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Abstract

Keywords

Vetiver introduced as perennial grass crop in Mediterranean basin is tested for its potential fodder abil-
ity. E  ects of nitrogen (N) fertilization, on growth, yield and forage quality parameters were assessed 
during two cropping seasons using a randomized complete block design with three replicates. Three N 
levels as ammonium-nitrate, were tested: 0, 30 and 60 kg N ha-1. Results showed that biomass increases 
under maximum N rate compared to control. The improvements in fresh and dry weights were 39.61% 
and 257.14%, respectively. Second cutting increased DY by 14.70% compared to  rst cut. Forage yield 
increase was closely related to a rise of number of tillers by 24.7% under 60 kg N ha-1. The increased 
tillers enhanced forage yield by 14% during cropping seasons. N produced a linear increase in crude 
protein under 30 and 60 kg N ha-1 of 40% and 63.8%, respectively. In addition, the increase of leaf 
cellulose content was less impacted by N fertilization allowing vetiver to be more digestible forage. 
The results showed that vetiver could be grown as a forage crop in Mediterranean areas. N fertiliza-
tion since a low rate of 30 kg N ha-1 is su   cient to stimulate regrowth, increase biomass yield and 
nutritional value.

Chrysopogon zizanioides, dry yield, fodder, crude protein, Mediterranean climate.
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Introduction 
Pasture and fodder crops are among the main world ag-

riculture sowing species, occupying 70% of the world land 
agricultural area and providing 85% of ruminant protein 
needs [1,2]. In Tunisia, rangeland and permanent grasslands 
cover about 4.8 million ha and su  er from overgrazing and 
low productivity [3]. Forage crops are sown on approximate-
ly 321 000 ha representing only 6% of the arable agricultural 
area, leading to cover only19% of the livestock needs with 
715 million UF [4]. Forage de  cit is the result of several 
limiting factors such as water shortage, rainfall irregularities 
and frequent droughts [5,6], as well as empirical cultivation 
practices especially nitrogen (N) fertilization.

In Tunisia, Avena sativa is the main forage specie occu-
pying 70% of total forage area [7]. Thus, several forage spe-
cies have been introduced to primarily  ll the forage de  cit, 
such as Atriplex nummularia, Accacia salicina and Erharta 
calycina. Recently, vetiver (Chrysopogon zizanioides) native 
to the tropics and subtropics [8,9] has been introduced in Tu-
nisia as a perennial grass species. C. zizanioides L. belongs 
to the Poaceae family. The vetiver adaptability to Mediter-
ranean conditions characterized by increasing temperature 
and day length signi  cantly increased plant height [10]. In 
the Mediterranean areas, these range of temperature and 
photosynthesis conditions are obtained mainly from April to 
September and are considered as optimum growth period. 

The genus C. zizanioides is characterized by its extreme 
hardiness and adaptability to wide pedo-climatic condi-
tions [11,12]. Moreover, the plant is used in many countries 
for water conservation, land stabilization, phytoremediation, 
and bioethanol production [13 15]. C. zizanioides is charac-
terized by high levels of crude protein, carotene, lutein and 
high-quality edible herbage for cattle and goats, particularly 
in the vegetative growth stages [16]. Fresh yield, dry yield 
and crude protein are considered as the main components of 
forage quality for the grassland species [17].

Few studies highlighted the opportunities of cropping C. 
zizanioides in rainfed conditions through the evaluation of its 
N fertilization and cutting responses. The present study aimed 
to emphases the impact of N fertilization, cutting and crop-
ping seasons on vetiver growth, yield and forage quality.  

Materials and methods

 Experimental site 
A two-year  eld study was conducted from 2015 to 2017 

at the experimental station of Agricultural Hight School of 
Mateur, Tunisia (37°03’15’’N., 9°37’11’’E., Altitude 20 m). 
This area is characterized by a Mediterranean sub-humid cli-
mate conditions.

The experiment was carried out on a silty-clay soil tex-
ture characterizing the exploited vetiver root depths. Prior 
to seeding, soil samples from each plot were taken and 
analyzed. The soil showed an average of 1.93% total or-
ganic carbon (TOC) and a low total organic nitrogen (TN) 
of 0.2%.

Cultural practices and Experimental design
The plants were obtained from 25 cm long vetiver cut-

tings, grown for one month in greenhouse on brown peat 
substrate. Vetiver  eld transplantation was released on July 
15th, 2015 on a follow  eld. The experiment was arranged 
as Randomized Complete Block Design (RCBD) with three 
replications; 36 plants were placed in experimental units of 
9 m2 (3×3 m). The plots were constituted by four rows spaced 
by 0.5 m and plots spacing was 3 m. Before transplantation, 
a homogenization cut was released to keep plant height to 10 
cm above the ground. A manual weeding was carried out dur-
ing initial plant growth stages. All the plots were irrigated by 
sprinkling (3 bars) when evaporation was 70 mm from the 
surface of evaporation pan class “A”. Three level N fertiliza-
tion as ammonium nitrates (33.5% N) were tested: (0, 30 and 
60 kg N ha1).  The N treatments were spread manually after 
each cutting on a moist soil (20% humidity). After 21 days of 
plant growth, vetiver plants were cut. During each year, two 
cuts were applied separated by 21 days.

Measured parameters and data analysis
Plant height (H) and leaf chlorophyll content (Ch) were 

weekly measured on nine plants per treatment for 21 days. 
After three weeks of plant growth and to ovoid edge e  ects, 
 ve plants per plot in the two middle rows were cut and 

weighed. The nitrate content (Nc) was determined on 20 g 
of fresh leaves cut into thin strips and then ground until juice 
is extracted, which is then analyzed with nitrat-chek No3

- 

meter (LAQUA twin, HORIBA).
The leaves (L) and stems (S) of each plant were separat-

ed and weighed. The leaf per stem ratio (L/S) is then calcu-
lated. Leaves and stems were separately cut into 1 cm layers 
dried at 60°C for 48 h to calculate ratio of leaves dry matter 
per stems dry matter (DMl/ DMs). The forage yield (kg/m-2) 
was estimated randomly using 0.5 m2 quadrates on each plot.

Dried samples were used to analyze plant nutritive com-
ponents. The dried matter content of the entire plant (DMp) 
was obtained by keeping the fresh samples at 80°C in 
forced air oven till constant weight. Ashes (Ash) was deter-
mined after burning the samples in mu   e furnace at 550°C 
for 10 h while the organic matter (OM) is than calculated 
from the weight loss. The crude protein (CP) was carried 
out by micro-kjeldhal digestion [18]. Crude cellulose (Cel) 
was determined using FIBERSAC procedures outlined by 
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ANKOM method (AOCS procedures Ba 6a-05). Extractible 
ether was determined using Soxhlet (ISO 6492:1999). The 
calcium content of plants (Ca) was determined by SAAF 
method (ISO6869:2000), and the concentration of phospho-
rous (P) were estimated by spectrophotometric method (ISO 
6491:1998).

Collected data were subjected to analysis of variance us-
ing the GLM procedure. The treatment means di  erences 
were compared using Tukey HSD test (P < 0.05).  Pearson 
correlation coe   cient was determined for all the measured 
components for two cropping seasons and two cutting un-
der three N treatments. The stepwise analysis was released 
upon vetiver fresh forage yield (FY) as the most important 
forage yield components as dependent variable the choice 
of predictive variables is carried out by an automatic pro-
cedure. All statistical analysis were released using Statistica 
12.0 (TIBCO Software).

Results

Impact of weather growth conditions 
on vetiver growth

As a perennial crop, vetiver growth started in March 
with a maximum during summer season characterized by in-
creased temperature reaching a mean temperature of 27.3°C 

in August. The growth is completely stopped in winter where 
minimum mean temperature reached 11.3°C in January. The 
average annual rainfall (30 years, 1984-2014) was 547 mm, 
of which over 70% occurred between November and March. 
During the two cropping seasons 2015-2016 and 2016-2017, 
precipitation was 17.9% and 22.12% below the thirty’s year 
average. The maximum values of evapotranspiration were 
recorded during July and August, with an average of 208.1 
mm and 201.7 mm, respectively (Figure 1).

Agronomic parameters

Vetiver growth

Statistical analysis showed signi  cant e  ect (P < 0.01) of 
N fertilization, cropping seasons (Cs), cutting (Cut), N×Cs, 
and Cs×Cut interactions on vetiver growth parameters as plant 
height (H) and number of tillers per plant (Nt) (Table 2). 

The maximum H and Nt were obtained under 60 kg N 
ha-1 with respective increase of 31.64% and 31.64% com-
pared to control (0 kg N ha-1). H reached its maximum after 
two cropping seasons (113.73 cm) and in Cut1 (114.7 cm). 
The same trend of increase was observed for Nt after two 
cropping seasons reaching 36.07 tillers per plant in the sec-
ond cropping season of 2016-2017. Meanwhile, maximum 
Nt was noted after Cut2 with an increase of 16.85% com-
pared to Cut1 (Figure 2, A).
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Table 1. Physical and chemical properties of the experimental  eld soil.
Depth (cm) pH C (%) SI (%) S  (%) TOC (%) TN (%) CaCO3T (%) CaCO3act (%)

0-30 8.3 22.5 57.3 17.3 1.9 0.2 20.1 10.1
30-60 8.4 21.6 57.3 18.3 2.08 0.21 20.9 9.8
60-90 8.5 18.5 52 16.1 1.83 0.21 19.9 10.1

C: clay, SI: silt, S: sand, TOC: total organic carbon, TN: total organic nitrogen, CaCO3T: total 
limestone, CaCO3act: active limestone

Figure 1. Precipitation (P), reference evapotranspiration (ETo) and mean air temperature (Ta) during the two cropping season 
assays.
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Results showed a signi  cant e  ect (P < 0.01) of N, Cs, 
Cut and Cs×Cut on Plant fresh weight (FWP) (Table 3). 
Maximum N fertilization (60 kg N ha-1) increased FWP and 
DMp respectively by 55.17% and 12.36% compared to con-
trol. FWp increased signi  cantly after Cut2 by 20.42% and 
after two years cropping by 31.85%.

Moreover, the L/S ratio was a  ected signi  cantly by N, 
Cs and N×Cs. Maximum L/S (1.91) was observed under con-
trol conditions and was reduced since 30 kg N ha-1 (Table 2). 

Results showed a signi  cant e  ect (P < 0.01) of only Cs 
on the ratio of leaves dry matter per stems dry matter (DMl 

/ DMs). The maximum leaf growth was observed in the  rst 
cropping season of 2015-2016 with an increase of 3.98%. 

Vetiver chlorophyll and nitrate content

Results showed a signi  cant e  ect of N (P < 0.01) and 
Cs×Cut (P < 0.05) on Leaf chlorophyll content, estimated by 
SPAD (Ch). The maximum SPAD measured three weeks (21 
days) after each cutting, was reached since 30 kg N ha-1 (Table 2).

Leaf nitrate content (Nc) showed signi  cant (P < 0.01) 
e  ects on the interactions N×Cs, N×Cut and Cs×Cut. The 
maximum Nc was reached at maximum N fertilization rate 
with 73.14% increase compared to control. The second cut-
ting (Cut2) and cropping season (2016-2017) were among a 
respective increase of 53.9% and 57.76% compared to con-
trol. The same trend of increase was observed for Nc under 
Cs, Cut and N fertilization. Maximum Nc increase was ob-
served under maximum N input in second cropping season 
in Cut2 (Figure 2, B). 

Vetiver forage yield
The analyzed data showed that fresh forage yield (FY) 

was signi  cantly (P < 0.01) a  ected by N, Cs, Cut, N×Cut, 
N×Cs and Cs×Cut (Table 2). N and N×Cs showed signi  -
cant e  ects (P < 0.01) on dry forage yield (DY). FY and DY 
increased under maximum N fertilization rate respectively 
by 39.62% and 252.11% compared to control. The same 
trend was noted for Cut2 with 13.2% and 14.74% increase 
respectively for FY and DY, compared to Cut1. The second 
Cs (2016 - 2017) was higher for both vetiver forage yield as 
FY and DY by 53.81% and 60.71%, respectively. 

Both yield components as (FY and DY) increased with 
rising N rates, cropping seasons and number of cutting.

Vetiver forage quality
Vetiver forage quality components were evaluated after 

each cutting. The results showed that cellulose content (Cel) 
was under the signi  cant e  ects (P < 0.01) of N, Cs, Cut, 
N×Cut, N×Cs and Cs×Cut (Table 2).

Increasing N rates was associated with Cel increase 
reaching 14.18% in average under 60 Kg N ha-1 compared 
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Figure 2. Variation of main morphologic (A), physiologic (B) and forage quality parameters (C) of vetiver grown during 
two cropping seasons (2015-2016 and 2016-2017), under three nitrogen fertilization rates (0, 30 and 60 kg N ha-1) and two 
cuttings (MW1 and MW2). A: plant height (H) and number of tillers per plant (Nt). B: Nitrate Content of leaves (Nc) and 
Fresh forage yield (FY); C: Crude protein content (CP) and cellulose leaf content (Cel).

to control (Table 2). This trend was more pronounced in 
Cut2 during second cropping season. In addition, cutting 
increased vetiver cellulose accumulation by 7.3% in Cut2 
compared to Cut1 (Figure 2, C). 

Results showed a signi  cant e  ect (P < 0.01) of all 
studied factors and the interaction of N×Cut×Cs on the 

ashes (Ash) (Table 2). N fertilization increased vetiver Ash 
content with a maximum in Cut1 during the  rst cropping 
season (2015-2016). In average, Ash increase by 12.81% 
under 60 kg N ha-1compared to control. The maximum 
increase was observed under Cut1 (6.44%) and in  rst 
Cs (5.67%).    
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The analyzed data showed crude protein content (CP) 
was signi  cantly (P < 0.01) a  ected by N, Cs, Cut, N×Cs, 
and Cs×Cut (Table 2). N fertilization resulted in a signi  cant 
and linear increase in crude protein content. This increase 
was maintained during the two growing seasons. Maximum 
values were recorded at 60 kg N ha-1, with an increase of 
67% over the control. On the other hand, in unfertilized 
plots, there was a drop of 22% in the second year. The low-
est value was recorded during the Cut2 (Figure 2, C).

Results showed a signi  cant e  ect (P < 0.01) of all stud-
ied factors and interaction N×Cut×Cs on the organic matter 
content (OM) (Table 2). 

N input has decreased the OM content of vetiver. This de-
crease was more marked under 60 kg N ha-1. The minimum 
OM was recorded during Cut1 in  rst cropping seasons with 
81.67%, the Maximum was observed during the Cut2 in the 
second cropping seasons for the control with 85.85%. 

N and N×Cut interaction showed a signi  cant e  ect (P < 
0.01) on leaves calcium content (Ca) of vetiver (Table 2). Ca in 
vetiver leaves increased with a maximum of 48% under 60 kg 
N ha-1 over the control. Moreover, variations between the cuts 
were only observed under 60 kg N ha-1 (Data not Shown).

Vetiver phosphorus (P) content is signi  cantly (P < 
0.01) a  ected by N and Cs. P decreased with N fertiliza-
tion. Maximum decrease (13.24%) was observed under 
60 kg N ha-1 (Table 2).  

Vetiver extractible ether (EE) content is signi  cantly (P < 
0.01) a  ected by N and Cs. The maximum EE content was 
registered during the  rst cropping season, since 30 kg N ha-1 

with an increase of 51.32% compared to control (Table 2).

Correlation analysis of agronomic and forage 
quality parameters

Relationship between all agronomic and forage quality 
parameters were evaluated using Pearson’s correlation anal-
ysis. FY under 60 kg N ha-1 were positively correlated with 

FWp, DMp, Nc and DY. A negative correlation was found 
between Ch and FY 60 kg N ha

-1 (r=-0.507). Positive correlation 
showed between FY30 kg N ha

-1
 and FWp, Nc, and DY. While, 

FY0 kg N ha
-1

 was negatively correlated with DMl / DMs (r=-
0.573), EE (r=-0.847) and CP (r=-0.604). In the other hand, 
the lowest rate of nitrogen (0 kg N ha-1) were positively cor-
related with Cel and Ca. A positive correlation was showed 
between Nt and three level of nitrogen fertilization with re-
spectively, FY0 kg N ha

-1 (r=0.681), FY30 kg N ha
-1 (r=0.799) and 

FY 60 kg N ha
-1

 (r=0.755) (Table 4).
Nt, FWp, Nc, FY was positively correlated with DY under 

30 and 60 (kg N ha-1). A negative correlation was observed 
between DY0 kg N ha

-1
 and Nt (r=-0.769), L/S ratio (r=-0.733) 

and Cel (r=-0.617). While, DY0 kg N ha
-1 was positively corre-

lated with EE (r=0.529) and CP (r=0.891) (Table 4).
CP 0 kg N ha

-1 was positively correlated with DMl/DMs (r=0.508), 
DY (r=0.891) and EE (r=0.680). While a negative correlation was 
noted between CP 0 kg N ha

-1 and Nt (r=-0.771), L/S ra tio (r=-0.550), 
FY (r=-0.604), Cel (r=-0.693). A negative correlation was noted 
between EE and P under CP 30 kg N ha

-1 with respectively (r=- 0.17) 
and (r=-0.506) (Table 4).

Stepwise analysis
Stepwise analysis was released upon vetiver fresh for-

age yield (FY) most important forage yield components as 
dependent variable and DY, DMP, DMS, DMl and FWs as 
independent variables.

For FY under 0, 30 and 60 kg N ha-1, the independent 
variable that was  rst chosen by the model was DY followed 
by DMP. Both parameters accounts for 99% of the FY de-
spite N fertilization (Table 3). Then, DMs and FWs are cho-
sen by the model even if their contribution is low.   

Discussion

Agronomic parameters
In the present investigation, N fertilization impacted 

growth and development of vetiver during the two crop-
ping seasons (2015-2016) and (2016-2017). Plant height 
increased linearly with N increased rates. Similar results 
were highlighted by Mondyagu et al. [19] for C. zizanioides, 
where 200 mg N l-1 lead the plant height to reach a maximum 
of 105.0 cm under controlled conditions. For forage species 
as oats, 100 kg N ha-1 as urea increases height by 33% [20]. 

On the other hand, growth has also been a  ected by tem-
peratures. During the second year and after mowing, plant 
height was signi  cantly reduced in all three treatments, 
regardless the N rates. This decrease is attributable to low 
temperatures recorded from October to November ranging 
from 16.7 to 12.1°C. Temperature is one of the main factors 
driving growth kinetics of perennial forage species [21,22]. 

Table 3. Multiple linear regression (stepwise) explain-
ing fresh forage yield (FY) variation within nitrogen 

fertilization rate as a dependent variable, and all measured 
parameters as independent variables.

Treatments Variable chosen R2

FY 0 kg N ha
-1

DY 0.97**

DY, DMp 0.99**

DY, DMp, DMs 0.99**

FY 30 kg N ha
-1 DY 0.95**

DY, DMp 0.99**

FY 60 kg N ha
-1

DY 0.98**

DY, DMp 0.99**

DY, DMp, DMl 0.99**

DY, DMp, DMl, FWs 0.99*

* P< 0.05; ** P< 0.01.
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Vetiver is a tropical specie adapted to areas with tempera-
tures ranging from 21°C to 44.5°C [23,24]. In Mediterra-
nean, temperatures varying between 21°C and 29°C stimu-
lates optimal vetiver vegetative growth [10]. 

A signi  cant decrease in height was recorded in the con-
trol during the second cropping season. Such result could be 
attributed to the signi  cant increase of the number of tillers/
plant. The same observation was registered in forage crop 
such as Megathyrsus maximus [25]. Indeed, vetiver is a spe-
cies known for its high tillering potential [26]. Moreover, 
vetiver well known as phytoremediation plant can uptake 
all soil nutrients content [27], to built-up its aerial biomass 
during the  rst cropping season, leading to poor soil during 
the second year of growth.                                          

N have growth e  ect during vetiver  rst cropping year 
which is the installation growth stage for perennial crops. 
During spring growth restart, the N stored in vetiver long 
and developed roots from the  rst cropping season [29], are 
among the reborn of vegetative aerial part. The same obser-
vation was registered in forage crop such as Lolium perenne 
L. [30], Cichorium intylus [31] as well as grassland [32,33]. 
After last cutting concomitant with low temperatures, the 
suppression of photosynthetic tissues and resulting decrease 
of CO2 assimilation are among a lack of available carbon to 
sustain regrowth [30]. Moreover, such conditions available 
impact negatively N mineral absorption and assimilation 
during the growth recovery stage [33]. 

N supply induced increase in vetiver fresh yield m-2. 
This increase was maintained during the two growing sea-
sons with a maximum reached in the second year across N 
rates. The same results were obtained for perennial forage 
species as Brachiara brizantha [34] Phalaris arundina-
cea [35], Miscantus [36] and Miscantus×giganteus [37]. 
In addition, N positively impacted FY components as fresh 
weight/plant and number of tillers/plant. Those results 
are in complete consistency of Lee et al. [38] studies on 
Miscantus×giganteus and Panicum virgantum. Moreover, 
studies on Panicum virgantum reached similar conclusions, 
emphasizing the importance of tiller/plant density as a selec-
tion criterion for increasing biomass production [39,40].

Interaction of N fertilization×Cs raised vetiver DY. N 
positive impact on forage crops dry matter production was 
well documented on Leymus chinensis grasslad [42], Sor-
ghum bicolor [43,43] and hybrid Sorghum×Sudan [44]. 
Vetiver optimum DY appears to require lower N fertiliza-
tion rate (60 kg N ha-1) compared to other forage crops as 
Maize (Zea maïs) which need 150 to 300 Kg N ha-1 to reach 
maximum DY [45,46]. This fact is partially attributed to 
vetiver root N uptake ability from deep and large exploited 
soil volume. Thus, vetiver as phytoremediation species, can 
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uptake soil mineral elements N [19], heavy metals [47], Ra-
diocesuim [48] and crude-oil from contaminated soil [49]. 
In fact, vetiver use its long and developed roots as a Sink for 
all harmful components as for heavy metals leading to ac-
cumulate up to 24.5 mg kg-1 plomb of roots dry matter [50]. 
Moreover, foliar nitrate (Nc) levels increase as N fertiliza-
tion rates and was found to be correlated to DY as reported 
for perennial ryegrass (Lolium perenne) [51-52].

Forage quality
 CP as well as quality components depends on soil N 

content [53], issued from mineral and/or organic origins. 
Vetiver were grown under the low organic matter con-
tent (OM) (1.8-2%) which limits mineralization and thus 
available N. Results showed that N fertilization rates im-
proved vetiver forage quality mainly for crude protein con-
tent (CP). Same observations were registered by Coblenz et 
al. [54], on oat showing 37% increase of CP under 80 kg N 
ha-1 and by Oliveira et al. [55], on Megathyrsus maximus 
showing 55.7 % increase of CP under 50 kg N ha-1. In fact, 
N is the main constitutive component of plant proteins with 
an average of 1.5% of shoot dry matter [56]. This positive 
e  ect has been widely described in literature as for brome 
grass (Bromus diandrus) [56], reed canary grass (Phalaris 
arundinacea) [35], timothy (Phleum pratense) [57], and for 
oats (Avena sativa) [58]. Increased forage grass CP content 
promotes ruminant’s ingestion. In fact, low CP limits the ef-
 ciency of microbial digestion, as well as the level of PDI 

intake [59].
Moreover, N fertilization increased vetiver shoot Cel 

content. The increase of Cel under N fertilization was previ-
ously reported for oat [60], and sorghum [61]. It’s clear that 
N induced both proteins and cellulose biosynthesis process. 
Several authors have already described the relationships be-
tween the processes of protein and cellulose biosynthesis in 
plants as for Lepidium sativum [62], Picea abies [63], Ara-
bidopsis thaliana [64-66]. At the anthesis, sorghum bicolor 
cellulose and hemicellulose contents varied between 20.5% 
- 27.5% and 18.7% - 23.2% respectively [67]. Moreover, 
cropping seasons, growth stages and cuts positively impact-
ed Alfalfa crude protein content in leaves and stems as well 
as crude  ber content in stems [68].

N fertilization increased both leaves / plants ratio and 
plant dry matter content (DMp). Meanwhile, results showed 
that N decreased ratio of fresh weight and dry matter leaves/
stems. Those results are due in part to vetiver perennial 
growth kinetics in  uenced by its old and new tissues com-
position. In fact, perennial plants, as Lollium perenne, have 
very complex carbon distribution models due at the presence 
of carbon in old tissues [69]. Thus, allocation and realloca-

tion of carbon in plants are strongly correlated to Source-Sink 
relationship mainly under stress conditions [70]. Increase in 
total leaves are considered as essential forage crops aptitude. 
Leaves had higher digestibly, lower  ber content and higher 
protein content [71]. At grazing, the total ruminant’s inges-
tion is strongly correlated with green leaves biomass [72].

Forage mineral composition is dependent on plant growth 
stage and mineral fertilization [73,74]. The absorption of 
mineral elements must adjust to kinetic of development of 
new plant tissues and therefore to the absorption and me-
tabolism dynamics of nitrogen and carbon [68]. Thus, ashes 
content (Ash) increased under N fertilization rates as already 
reported for Sorghum bicolor with 10% increase under 100 
kg N ha-1 [75]. However, for other species as Sudan grass 
no signi  cant e  ect was found for N fertilization on leaves 
mineral content [76].

Results showed that N fertilization promoted calcium 
shoot accumulation and decreased total phosphorus content. 
It’s well documented that Ca and P content decreased with 
plant growth [77]. N fertilization for fodder species as Ber-
muda grass, increased Ca and P levels [78]. In fact, N rate 
of 448 kg ha-1 allowed an increase of P and Ca contents. The 
same trend of ca increase was observed for vetiver under 
only 60 kg N ha-1. These facts indicate the ability of vetiver 
to o  er high level of ca and mineral to feed qualitatively 
livestock.

Conclusion
Vetiver presents agronomic interest for the Mediterra-

nean areas, due to its adaptability and very high yield po-
tential compared to other forage crops. This two-year study 
proved that using the same technical package of other sum-
mer perennial forage crops as N fertilization rates, growing 
seasons and mowing signi  cantly improved growth, yield 
and nutritional quality the vetiver and those since 30 Kg N 
ha-1. Maximum N rate of 60 Kg N ha-1 allowed vetiver to 
reach optimum development and spring regrowth after the 
winter dormant growth stage, as well as after each mow-
ing. Compared with other fodder grasses such as sorghum 
or corn, the N requirements of vetiver are fairly contained, 
limiting production costs and N pollution. The introduction 
of this species into the fodder production systems of Medi-
terranean countries could have an agronomic and ecological 
interest.
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Abstract

Keywords

This work was conducted to prepare cat  sh burgers (CFB) using some fresh vegetables such as carrot, 
cauli  ower and mixture of them. Vegetables were partially substituted of cat  sh meat at di  erent levels 
of (2.5, 5, 10, 15 and 20%), compared with the control sample (without vegetables). Sensory properties 
were done in di  erent sessions by a trained panel and generic consumers to assess product acceptability. 
The best samples were 2.5, 5 and 15% of cauli  ower, carrots and mixture, respectively, which were se-
lected from organoleptic values and analyzed. The addition of vegetables to cat  sh burger showed better 
cooking properties like decrease cooking loss, increase moisture retention, cooking yield and shrinkage. 
Proximate chemical composition, minerals, and vitamins (A, C and E) were determined. A little decrease 
in moisture and protein of prepared samples was reported compared with the control, furthermore, carrot 
and cauli  ower improved the ash,  ber, fat and minerals content of CFB, except potassium (K) in burger 
forti  ed with 5% carrot as well as Mg, Zn and Fe in burger forti  ed with cauli  ower and mixture veg-
etables. Also, adding investigated samples to CFB increased vitamin A and E compared with the control, 
but vitamin C was not de  ned in all samples including the control.

Cat  sh burger; Carrot; Cauli  ower; Vitamins; Minerals.
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Introduction
Many studies have been demonstrated on high-quality 

 shery fast food products such as  sh  ngers,  sh crackers, 
 sh balls,  sh cake and  sh burgers. In recent years, consum-

ers preference has signi  cantly directed towards fast foods 
consumption since there has been rapid urbanization and an 
increase in the working women population. The working peo-
ple along with new generation students and young people are 
now more interested in fast foods. Cat  sh (Clarias gariepi-
nus) is mainly fresh water  sh species that are well adapted to 
enclosed water and resistant to handling and diseases. 

It is produced in Egypt in large quantities together with 
the Nile  shery, especially in Nasser’s lake, in the  rst pond 
in Wadi El-Rayan Lake and together with  sh farming and 
other freshwater lakes. Cat  sh is considered a good nutri-
tionally food because it contains vitamins, minerals, protein 
and unsaturated fatty acids (Nelson et al., 2016). However, 
many consumers do not prefer it in the fresh form because 
of its shape is undesirable for the consumer. One of the most 
important mince based products is the cat  sh burgers (CFB). 
CFB is a tasty and popular item in the fast foods industry. 

Vegetables are vital among food crops because they pro-
vide humans with the necessary amounts of several vitamins 
and minerals. It is considered a rich source of folic acid, car-
otene, ribo  avin, ascorbic acid and minerals (Van Duyn et 
al., 2000; Woodside et al., 2013 and Amao, 2018 ). Adding 
fresh vegetables to animal and  sh meats is useful in provid-
ing them with some vitamins, minerals and dietary  ber, and 
reduces the fat content in them, in addition to being eco-
nomically bene  cial for the high prices of meat and  sh.

Carrot (Daucus carota) is one of the important widely 
consumed root vegetables, a good source of beta carotene, 
iron, pectin, dietary  ber, minerals etc. It is known as a 
source of phenolic compounds and carotenoids, which in-
hibits lipid oxidation (Soria et al., 2009). Cauli  ower (Bras-
sica oleracea l. var. botrytis) has been mentioned as a vi-
tal source of vitamin B6, dietary  ber, folic acid, vitamin 
B5 and minerals and contain many bioactive compounds, 
especially organo sulphur phytochemicals possessing anti-
carcinogenic activity and other phytochemicals, which are 
known to have antioxidants activity (Hegazy and Ammar, 
2019). Antioxidants included in these vegetables help the 
body against oxidative stress. Among Brassica vegetables, 
kale, broccoli and Brussels sprouts are satis  ed sources of 
antioxidants, carotenoids and vitamins (Pods dek., 2007). 
They may protect humans from chronic diseases, such as 
cancer and cardiovascular disease.

The objectives of this work were to evaluate the e  ect 
of adding various levels of (cauli  ower, carrot and mix of 

them) as natural sources of antioxidants and dietary  ber on 
chemical composition, minerals content, vitamins, cooking 
properties and sensory characteristics of CFB. 

Materials and methods

Materials
Fresh vegetables, such as carrot (carr) (Daucus carota), 

cauli  ower ( cauf) (Brassica oleracea L. var. botrytis), and 
food additives including rusk powder, sugar, salt, garlic, 
onion powder and spices mixture (black pepper, coriander, 
cumin, cardamon, red pepper, cubeb and clove) were bought 
from the local market in Kafr El-Sheikh, Egypt .

 Fresh cat  sh (Clarias gariepinus) was bought from the 
local  sh market in Kafr El-Sheikh, Egypt. 

 Chemicals and reagents (analytical grade) were pur-
chased from El-Gomhoria Company for chemicals and drug, 
Tanta city, Egypt. 

Proximate chemical composition of vegetables, 
minced cat  sh and CFB

 The proximate chemical composition of vegetables, 
minced cat  sh and cat  sh burgers (CFB) was preformed de-
pending on AOAC. (2011).

 Total carbohydrate was estimated by di  erence as fol-
lows: Carbohydrates (%) = 100 - (crude protein + crude fat 
+ ash).

The available carbohydrates were calculated by di  er-
ence according to the sequence equation: Available Carbo-
hydrates (%) = 100 - (crude  bers + ash + crude protein + 
crude fat).

Cat  sh burger preparation  
All black membranes, viscera, blood and swim blad-

der were removed from cat  sh samples after they were be-
headed, gutted and rinsed with tap water. Pure  llets were 
produced by removing skin and bones. Flesh parts (about 
47%) were sliced into  llets. The  llets were dipped in 1.0% 
chilled brine solution contained 0.5% acetic acid for 5 min 
to clean and remove any  shy odor, and  llets were drained. 
A kitchen meat mincer with a 3 mm diameter plate was used 
to mince the drained  llets.                                                   

Minced cat  sh was blended with various additives that 
are contained in (Table 1) (Al-Bulushi et al., 2005). Some 
modi  cations were done by replacing the cat  sh meat with 
 ve di  erent levels (2.5, 5,10,15 and 20 %) of fresh car-

rot, cauli  ower and the mix of carrot and cauli  ower in the 
same proportions (1:1 w/w) of the previous  ve mixings, but 
equally between cauli  ower and carrot. 

 Every prepared CFB formula was separated into equal 
parts separately (50 g weight), placed between two sheets of 
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transparent casings and gently pressed to reach the desired 
burger size. (8.5 cm and 1 cm of diameter and thickness, 
resepctively) using forming machine (manually operated) 
(NOAW-A  etacrane, Italy). CFB cooked by frying with a 
little oil at 170 Cº for 10 min (5 min per side). 

Sensory properties of burgers 
Sensory of properties prepared cooked CFB forti  ed by 

various levels (2.5, 5, 10, 15, and 20%) of Carrot, Cauli-
 ower, and mixture of them were evaluated as described by 

Crehan et al., (2007).

Determination of minerals content
Minerals content of fresh vegetables and produced burg-

ers were measured by using atomic absorption spectropho-
tometer (BB model Avanta  mar GBC, Australia) as de-
scribed in the AOAC methods ( AOAC 2008). 

Determination of Vitamins
The method of AOAC. (2008) was used to determine vi-

tamin A content of fresh vegetables, and CFB.
Vitamin C was analyzed for used fresh vegetables and 

produced CFB using HPLC reverse phase coupled with a 
Diode Array detector (DAD). A wight of  5 g from sam-
ple  was weighted into a 0.1 L  ask. In 20 ml of Tris (2- 
carboxyethyle)-phosphine hydrochloride acid solution the 
sample was dissolved and acidi  ed. The solution was di-
luted to 100 mL with 1 % TCA solution and was shaken. 
The mixture was  ltered by 0.45 mm membrane  lter and 

Table 1. Substitution levels of the vegetables (Carrot, cauli  ower and mixture of them) used 
in the preparation of cat  sh burger.

Substitution Level of Minced 
 sh (%)

Carrot, cauli  ower or mixture of 
them (g)

Minced cat  sh (g)

0 - 75.00
2.5 1.75 73.25
5 3.50 71.50
10 7.50 67.50
15 11.25 63.75
20 15.00 60.00

 
Table 2. Recipes of CFB.

% Ingredients
75.0 Fish mince
9.0 Sun  ower oil
8.0 Starch
2.0 Salt
0.40 Sod. Bicarbonate
2.50 Onion
0.08 Garlic
0.30 Polyphosphate
2.00 Spices mix

*Spices mixture composed of 32% black pepper, 22.5% coriander, 15% cumin, 10% cardamom, 
9% red pepper, 7.5% cubeb and 4% clove.

put into HPLC vial for VC determination (Brause et al., 
2003). To analyse Vitamin E, HPLC ( Diode Array and 
Fluorescent detector) was used. The sample (5 g) was put 
into a  ask (250 ml). The pyrogallol acid was added, af-
ter that, 40 ml of 95% ethanol was added. Saponi  cation 
process was done by 50% KOH (10 mL). 10 mL of glacial 
acetic acid was added to neutralize the KOH (Deveries and 
Silvera, 2002). Vitamin E was extracted into a mixture of 
tetrahydrofuran (THF) and ethanol (1:1) solution. The ex-
tract was  ltered using a 0.45 1m membrane  lter into a 
HPLC vial for analysis.   

Cooking properties of di  erent  sh burgers

Cooking loss

The cooking loss of the prepared burgers was calcu-
lated using the formula of Essa and Elsebaie (2018). As 
following:

Weight of  raw burger (g)–Weight of  cooked burger (g)
Weight of  raw burger (g)% Cooking loss= ×100

Cooking yield and moisture retentions
Cooking yield fat, moisture retentions were measured as 

reported by Aleson et al., (2005)  according to the following 
equations.             

% Cooking yield = Weight of raw burger (g)/ Weight of 
cooked burger (g) × 100

% Moisture retention = moisture of raw burger /mois-
ture of cooked burger × 100

Shrinkage and the thickness decrease measurements
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Shrinkage and thickness increase were measured accord-
ing to equations described by Berry, (1992 ) as follows: 

Diameter of uncooked sample (cm)–Diameter of cooked sample (cm)
Diameter of  uncooked sample (cm)% Shrinkage = ×100

Thickness of  raw sample (cm)– 
–Thickness of  cooked sample (cm)

Thickness of  raw sample (cm)% Thickness increase= ×100

Statistical analysis
 All results were studied to analysis of variance by one-

way ANOVA by Sigma Stat (v.3.5. Systat Software Inc.). 
The signi  cant variance between the means of treatments 
was estimated at the P  0.05 level by Duncan’s new multiple 
range test (Steel and Torrie, 1981).                                                        

Results and discussions

Chemical composition of fresh carrot cauli  ower 
and minced cat  sh 

Chemical composition of fresh carrot, cauli  ower and 
minced cat  sh was shown in Table (3). The results reported 
that carrot contained 88.21, 5.52, 0.86, 4.57, 7.00 and 82.48 
% for moisture, crude protein, fat, ash, crude  bers and 
available carbohydrates on (dry weight), respectively. These 
values are nearly with slight di  erences with those obtained 
by Karmoker et al., (2011) and Sultana et al., (2014).

Also, chemical composition in cauli  ower were 91.54, 
23.21, 7.75, 8.36, 12.06, 8.46 and 36.62% for moisture, 
crude protein, fat, ash, crude  bers and available carbohy-
drates on (dry weight), respectively. These results were very 
close to that found by Aamer and Emara, (2016) and Baloch 
et al., (2015).

Additionally, the results showed that the chemical com-
position of fresh minced cat  sh were 62.23, 5.01, 23.15 and 
9.61 for moisture, protein, fat and carbohydrates, respective-
ly. These results were agreement with that found by Dale 
(2001), who found that the components of proximate com-
position in  ve samples to be quite consistent. The proxi-
mate composition ranged from 7.0 to 4.9 % moisture, crude 

Figure 1. Hedonic sensory properties of cooked cat  sh burgers forti  ed by di  erent levels of (A) carrot, (B) cauli  ower and 
(C) mixture of them.

protein ranged from 59.2 to 61.9, fat 8.2-9.3 %, ash 22.8-
24.1 % and crude  bers were 0.3-0.5 %. 

Minerals and vitamins content of fresh carrot 
and cauli  ower  

Results in Table (4) showed that fresh carrot and cauli-
 ower have high content of all minerals. The results revealed 

that carrot contained 929.80, 122.80, 7.19, 4.03, 17.85, 0.33, 
6.09 and 109.41 mg/100g, for Na, Ca, Mg, Zn, Fe, K, Cu 
and P, respectively. These results were higher than the re-
sults noticed by Butnariu and Butu, (2015). Cauli  ower con-
tained 313.85, 125.55, 7.01, 3.32, 3.91, 304, 3.91 and 456.04 
mg/100g for Na, Ca, Mg, Zn, Fe, K, Cu and P respectively. 
These results are nearly to the result obtained by Abou-Taleb 
(2015) and Aamer and Emara, (2016). 

Moreover, carrot and cauli  ower are rich in vitamins con-
tent, carrot had 15264.13, 689.95, 40.65, while cauli  ower 
contains 2061.69, 1196.87, 26.01 IU, and mg/100g for vita-
mins A, C, and E, respectively. These results are higher than 
those obtained by Butnariu and  Butu, (2015). 

Sensory properties of CFB
Data presented in Fig. 1, showed the sensory properties 

of cooked burger samples prepared with di  erent levels of 
vegetables (carrot, cauli  ower and mixture of them). Results 
indicated that there were no signi  cant di  erences at p  
0.05 for color, taste, odor, texture, tenderness, Juiciness and 
overall acceptability between prepared burgers forti  ed by 
vegetables and the control burger. Therefore, from these re-
sults supplemented burger with 5% carrot, 2.5% cauli  ower 
and 15% mixture of them could be recommended to be pro-
duced as burger with good quality acceptable sensory qual-
ity attributes.

Chemical composition of cooked CFB                                           
 Moisture, protein, fat, ash and total carbohydrates con-

tents of the cooked control and forti  ed CFB with di  erent 
levels of carrot, cauli  ower, and mixture of them (5, 2.5 and 
15 %) were shown in Table (5). The results showed that the 
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control of cooked burger (CB0) contained 47.06% moisture, 
55.27 % protein, 28.14 % fat, 7.58 % ash and 9.01 % car-
bohydrates. From the tabulated data, it could be noticed that 
moisture content of cooked CFB decreased by adding veg-
etables. The decrease in moisture is due to the addition of 
fresh vegetables.  These observation is in the line with Kas-
sem and Emara, (2010), who stated that cooking of the burg-
er patties reduced that there was about 5-7% less moisture, 
and Modi et al.(2004) reported that frying resulted in about 
10% less moisture. The protein contents of cooked CFB had 
a trend like that of moisture. The decrease of protein con-
tents in cooked CFB may be associated to the decrease in 
amount of cat  sh meat, and this is good to have burger rich 
in vegetarian protein. On the other hand, adding vegetables 
caused signi  cantly increases in fat,  ber, and ash content 
in all samples including control. Increasing fat content may 
be related to the increase of  ber content by adding high ra-
tio of vegetables that leads to absorb more oil when frying, 
or increasing fat content may be related to  the oil used in 
frying process. A similar observation has been reported by 
(Dzudie et al.,2002). for beef patties prepared with common 
bean  our and in bu  alo meat patties prepared using di  er-
ent legume  ours (Modi et al.,2004). Increase both crude 
 ber and ash in this vegetable CFB due to the fact that veg-

etables are a rich source of crude  ber and minerals, and 
this is consistent with Aamer and Emara, (2016). Addition of 
dehydrated cauli  ower powder with di  erent levels to  sh 
burger treatments led to increase in both of crude  bers and 
ash. Also, Kassem and Emara, (2010), who reported that 1% 
high ash depending on the formulation used in production 
of burger patties.  Modi et al. (2004) reported that 0.4–1.2% 
higher ash content irrespective of binders.

Minerals content of CFB 
Table (6) showed that adding fresh carrots at 5% in cat  sh 

burger CarrB2 caused increment in sodium (1395.0 to1434.4 
mg/100g), calcium (106.25 to 334.3 mg/100g), magnesium 
(95.625 to 120.0 mg/100g), Zinc (16.125 to 20.19 mg/100g), 
iron (7.0 to 7.15 mg/100g), and phosphorus (55.23 to 82.58 
mg/100g) than control prepared without adding vegetables.

However, potassium content was decreased with little 
amount with adding fresh carrot from (1240.0 to1238.75 
mg/100g). In cat  sh burger forti  ed with 2.5 % cauli  ower 
CaufB1  there was also an excess of sodium, calcium and 
phosphorous, with a de  ciency in magnesium, zinc, iron and 
potassium. As for the cat  sh burger forti  ed with a mixture 
of carrot and cauli  ower CMB4 at a rate of 15%, with a 
ratio of 1: 1, an increase in the elements of sodium, calcium, 
potassium and phosphorus was observed with a decrease in 
the elements of magnesium, zinc and iron. As for the copper 

content of the CFB, it was absent in all samples, including 
the control sample. High level of Na content in each  sh 
burger treatments might be due to salt addition with 2% dur-
ing manufacturing process. However, the studied  sh burger 
still considered as a good source for minerals needed for hu-
man (Aamer and Emara, 2016).                                                                               

Vitamins content of CFB
Table (7) illustrated vitamins content of CFB with add-

ing vegetables comparing with control sample prepared from 
cat  sh meat only. CFB with 5% fresh carrot (CarrB2) was 
high in vitamin A content as the ratio increased from 694.81 
to 1506.57 comparing with the control (CB0). In CFB forti-
 ed with 2.5% cauli  ower (CaufB1) was also increased in it’s 

content of vitamin A to 725.354, but with a smaller percent-
age than CFB forti  ed with carrot due to the higher vitamin 
A content of carrot than cauli  ower as shown in Table (1). 
As for the sample containing 15% mixture of carrot and cau-
li  ower in a 1:1 ratio, it increased in content of vitamin A, 
but by average rate in the previous samples. The vitamin E 
content of CFB had a trend like that of vitamin A. These re-
sults are in the same trend with the  ndings Sule et al.(2019). 
Incorporation of carrot powder into pasta resulted increase in 
beta carotene a pro-vitamin A and vitamin E. As beta carotene 
not detected in pasta from 100% wheat  our. Highest value 
of 6.13mg/100g was obtained for 30% carrot enriched pasta. 
Vitamin E increased from (0.68 to 1.54mg/100g).  Also, these 
results were in conformity with those reported by Bell et al. 
(2006), and James & Nwabueze  (2013).

Cooking properties of burgers
The cooking properties of forti  ed and non-forti  ed burg-

ers are presented in Fig. 2A. The results showed that, the addi-
tion of vegetables to burgers a  ected cooking characteristics 
of the burgers. Cooking yield was increased in burgers with an 
increase in vegetables level compared to control. The cooking 
yield was increased from 53.66% for CB0 to 59, 52, 61.34 
and 58.75 % for CarrB2, CaufB1 and CMB4 burgers forti  ed 
with 5, 2.5 and 15 % carrot, cauli  ower and mixture of them 
respectively. These results are in agreement with (Aleson-
Carbonell et al., 2005 ; Naveena et al., 2006; Besbes et al., 
2008; Alakali et al., 2010 and Al-Juhaimi et al., 2016) , who 
recorded similar results for the cooking yield in patties for-
mulated with lemon albedo,  nger millet  our, pea and wheat 
 ber concentrate, bambara groundnut seed  our and moringa 

seed  our, respectively. Also, El Zeny et al. (2019) found that 
cooking yield was increased in burgers with an increase in 
the chicory roots powder adding level compared to control. 
They explained this observation by the ability of these ma-
terials to the fat and water retention capacity and capability 
to keep moisture and fat in the patty matrix. As apparent in 
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Table 3. Chemical composition of fresh carrot, cauli  ower and minced cat  sh (dry weight).            

Materials Moisture Protein Fat Ash Fiber Dry matter
Total

Carbohydrate
Available 

Carbohydrates
Fresh carrot 88.21±1.56 5.27± 0.75 0.68±0.08 4.57± 0.43 7.00±0.187 11.79±1.56 89.48±1.04 82.48±1.35

Fresh 
cauli  ower 91.54± .54 23.21±0.14 7.75±0.91 8.36±0.55 12.06±1.56 8.46±0.68 48.62±1.31 36.62±1.36

Minced 
cat  sh 9.17±0.11 62.23±0.25 5.01±1.55 23.15±1.41 0.43±0.36 90.83±1.15 9.61±1.03 9.18±0.77

Data are represented as mean ± standard deviation (n=3). Values with the same superscript in the same column are not 
signi  cant.

Table 4. Minerals (mg /100 g) and vitamins (IU and mg /100 g)  content of fresh carrot and cauli  ower.
vitamins (IU and mg /100 g) Minerals (mg /100 g)

Vitamin (E) Vitamin (C) Vitamin (A) P Cu K Fe Zn Mg Ca Na
Vegetable
Sample

40.65 689.95 15264.13 109.41 6.09 .330 17.85 4.03 7.19 122.80 929.80 Fresh carrot

26.01 1196.87
2061.69

456.042 3.91 304 3.91 3.32 7.01 125.55 313.85
Fresh 

cauli  ower

Table 5. Chemical composition of cooked burger forti  ed with di  erent levels of carrot, cauli  ower and mixture of carrot 
and cauli  ower (dry weight).                                                                                                                               

Available
Carbohydrates

Total
Carbohydrate

Dry matter Fiber Ash Fat Protein Moisture Formulations

6.93±0.67 9.01±0.11 52.94±1.31 2.08±0.25 7.58±0.86 28.14±1.77 55.27±0.76 47.06±1.33
CB0

( control)
15.97±2.36 18.08±1.04 58.82±2.93 2.11±0.24 8.31±1.36 28.16±0.85 45.45±1.72 41.18±3.62 CarrB2
13.52±1.10 15.93±1.51 57.14±0.78 2.41±0.88 8.81±0.83 28.96±2.13 46.30±1.06 42.86±0.71 CaufB1
7.35±0.28 10.05±3.21 45.05±0.52 2.70±0.15 10.35±1.39 31.35±0.66  47.8±4.05 45.45±1.3 CMB4

Where: CB0, cooked cat  sh burger (control); CarrB2, cooked cat  sh burger forti  ed with 5 % carrot; CaufB1, cooked 
burger forti  ed with 2.5 % cauli  ower and CMB4; cooked cat  sh burger forti  ed with 15% mixture carrot and cauli  ower. 
Data are represented as mean ± standard deviation (n=3). 

Table 6. Minerals content of cooked cat  sh burgers forti  ed with di  erent levels of carrot, cauli  ower and mixture of 
carrot and cauli  ower (mg/100g). 

Minerals (mg/100g)
Na Ca Mg Zn Fe K Cu P

Formulations
CB0

( control)
1395.0 106.25 95.625 16.125 7.0 1240.0 Nd 55.23

CarrB2 1434.4 334.3 120.0 20.19 7.15 1238.75 Nd 82.58
CaufB1 1481.8 119.38 75.625 14.06 6.6 1231.25 Nd 106.78
CMB4 1417.0 116.88 71.875 14.75 5.950 1263.75 Nd 77.32

Where: CB0, cooked cat  sh burger  (control); CarrB2, cooked cat  sh burger forti  ed with 5 % carrot; CaufB1, cooked 
burger forti  ed with 2.5 % cauli  ower and CMB4; cooked cat  sh burger forti  ed with 15 % mixture carrot and cauli  ower.                                                                                                       

Table 7 Vitamins content of cooked cat  sh burger forti  ed with di  erent levels of carrot, cauli  ower and mixture carrot 
and cauli  ower.

Formulations
Vitamin A
(IU/100 g)

Vitamin C
(mg/100 g)

Vitamin E (mg/100 g)

CB0
( control)

694.81 ND 23.916

CarrB2 1506.57 ND 30.28
CaufB1 725.354 ND 24.004
CMB4 850.90 ND 24.970

Where: CB0, cooked cat  sh burger (control); CarrB2, cooked cat  sh burger forti  ed with 5 % carrot; CaufB1, cooked 
burger forti  ed with 2.5% cauli  ower and CMB4; cooked cat  sh burger forti  ed with 15 % mixture carrot and cauli  ower. 
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Fig. 2A, the addition of fresh vegetables lessen the moisture 
retention of cooked burgers, where they were decreased with 
the increase of fresh vegetables level comparing to control 
sample. The decrease in moisture retention of the burgers may 
be caused to the decreases in the water absorption capacity 
of protein.  Fig. 2B showed that the addition of fresh carrot, 
cauli  ower and mixture of them at 5, 2.5, 15 %, respectively, 
was reduced the cooking loss compared to control CFB sam-
ple. The percentage of shrinkage was decreased with the fresh 
vegetables level and di  ered with the varying levels of fresh 
vegetables   in burgers Fig. 2B. The control burger showed 
the highest shrinkage percent, 4.39 %, compared to 3.51, 1.3 
and 1.97 % for CarrB2, CaufB1 and CMB4 burgers, respec-
tively. The denaturation of protein cat  sh, water evaporation 
and drainage of melted fat and juices during cooking process 
are related to the shrinkage ( Alakali et al.,2010; Al-Juhaimi 
et al., 2016). 

As in the case of cooking loss and reduction in diameter, 
the highest thickness increase was observed in the control 
beef burgers (14.29 %). The thickness increase decreased 
with increasing the amount of fresh vegetables added, where 
the burger forti  ed with 15 % mixture of fresh vegetables 
had the lowest thickness increase followed by forti  ed with 
2.5 and 5 % cauli  ower and carrot. These results are in the 
line with Selani et al. (2015), and Heydari, et al.(2016). This 
action could be attributed to the binding and the stabilizing 
properties of fresh vegetables.

Conclusion
Addition of vegetables to CFB showed improvement in 

the cooking properties such as increase cooking yield, de-

Figure 2. Cooking properties (%) of cat  sh burgers forti  ed with di  erent levels of carrot, cauli  ower and mixture of carrot 
and cauli  ower (A) cooking yield, moisture retention and cooking loss, (B) shrinkage and thickness increase. Where: CB0, 
cooked cat  sh burger (control); CarrB2, cooked cat  sh burger forti  ed with 5 % carrot; CaufB1, cooked burger forti  ed 
with 2.5 % cauli  ower and CMB4; cooked cat  sh burger forti  ed with 15 % mixture carrot and cauli  ower. Data are 
represented as mean ± standard deviation (n=3). Values with the same superscript in the same column are not signi  cant.

crease cooking loss, moisture retention and shrinkage. Prox-
imate chemical composition, minerals, and vitamins (A, C 
and E) were determined to evaluate the nutritional value of 
prepared burger. It was observed that there are a little de-
crease in moisture and protein of prepared samples than con-
trol, further more carrot and cauli  ower improved the ash, 
 ber, fat and minerals content of,CFB except potassium (K) 

in burger forti  ed with 5% carrot as well as Mg, Zn and Fe 
in burger forti  ed with cauli  ower and mixture vegetables. 
Also, adding vegetables to CFB increased vitamin A and E 
than control, but vitamin C was absent in all samples includ-
ing the control.
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Highlights
• Carrot and cauli  ower were added in a fresh form to 

the cat  sh burger.
• The cooking properties of forti  ed and non-forti  ed 

cooked cat  sh burgers were determined.
• The chemical composition, minerals and vitamins 

content of cooked cat  sh burger were measured.
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• The sensory properties of prepared cat  sh burger 
forti  ed by vegetables and the control cat  sh burger 
were evaluated.
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Introduction
Excessive use of antibiotics in zootechnics poses a great 

risk to sustainable agriculture and human health worldwide. 
Antibiotic resistance (AR) is a typical “One Health” prob-
lem, a  ecting humans, animals and the environment [1,2,3]. 
In recent decades, the intensive use of antibiotics, world-
wide, in livestock farming, has led to the development and 
enrichment of various environments in antibiotic-resistant 
bacteria (ARB) and antibiotic-resistance genes (ARGs), and 
the subsequent application of manure contributes to the high 
resistance to antibiotics in the soil [1]. Approximately 58% 
of the antibiotics consumed in the veterinary sector are ex-
creted in the environment, more than half reaching the soil, 
where antibiotic residues can negatively a  ect microbial 
processes in the environment  [4].

The development of large-scale animal feeding opera-
tions increased the need for widespread use of antibiotics 
in the treatment of veterinary infections, disease prevention 
and growth promotion. Antibiotics have been often included 
in the past in feed additives in small doses to promote the 
growth of animals used for meat, being excreted in non-
metabolized forms or as active metabolites [5,6]. Antibiotics 
administered to animals o  er selective advantages for ARB 
that develop in the animal intestine being eliminated in feces 
and possibly in the environment. The AR can rapidly spread 
among microbial populations by horizontal gene transfer 
(HGT), facilitated by mobile genetic elements (MGE), such 
as plasmids, integrons, transposomes and genetic tapes [5].

Manure composting is a common practice which could 
e  ectively reduce the relative abundance of ARGs and 
MGE, however, the  eld application of compost may still 
pose potential risks to humans and crops due to the presence 
of antibiotic residues, ARGs and pathogens.

In this context, in this paper we will present the diversity 
of resistant enteric pathogens with zoonotic potential present 
in manure, the determining factors for reducing the risks of 
human exposure to antimicrobial resistance (AMR) and the 
evaluation of di  erent strategies of intervention on manure 
to reduce the risk of exposure to AMR.

Antibiotics, ARB and the abundance of 
ARGs in soil and manure

 Antibiotics are a heterogeneous group of chemi-
cals that have a low molecular weight, and are produced by 
microorganisms through biosynthesis processes, which stop 
or inhibit the microbial growth and multiplication [7]. The 
synthesis of antibiotics has thus evolved as an ecological 
competitive mechanism. Microorganisms from the group of 
actinomycetes, Gram-positive bacilli and microscopic  la-

mentous fungi are the main antibiotic producers [7]. Di  er-
ent antibiotics act di  erently, given the nature of their struc-
ture and the degree of a   nity to certain target sites in the 
bacterial cell [8,7,9]. Some antibiotics inhibit the synthesis 
of cell walls (e.g., beta-lactams and vancomycin) block-
ing the functioning of enzymes involved in the synthesis of 
peptidoglycans. Another category of antibiotics changes the 
permeability of the plasma membrane (e.g., gramicidin, pol-
ymyxin, nystatin). Most classes of antibiotics interfere with 
protein synthesis (e.g., tetracyclines and aminoglycosides) 
disrupting bacterial metabolism, resulting in microbial death 
or growth and multiplication inhibition. There are also anti-
biotics that interfere with the synthesis of nucleic acids (e.g., 
 uroquinolones, rifamycin) [10].

 Since the early 50s, antimicrobials have been widely ad-
opted for non-human applications, most importantly as feed 
additives [11].

Farm animal husbandry has intensi  ed the need for 
widespread use of veterinary antibiotics in the treatment 
of infections, prevention of diseases and promotion of the 
growth of animals used for meat [12, 13, 14].  According 
to “The State of the World’s Antibiotics”, two-thirds of all 
antibiotics produced each year worldwide (65,000 tons out 
of 100,000 tons) are used to treat and raise farm animal [15]. 
In the global top of sales of antibiotics for animal use in 
2009 are macrolides, penicillins and tetracyclines, which are 
very important for human medicine [16]. The most common 
antibiotics present in manure from pigs and turkeys are tet-
racyclines, tylosin, sulfamethazine, monesin, penicillin and 
nicarbazine [17,18, 19].

Antibiotic-resistant bacteria that are constantly found in 
animal feces can also be found in manure (e.g., Extended-
Spectrum Beta-Lactamase-producing E. coli (ESB) and Me-
thicillin-Resistant Staphylococcus aureus (MRSA) [20,21]. 
In soil and surface waters, antibiotics have been identi  ed, 
such as macrolides, sulfonamides, sulfadimethoxine, tetra-
cycline, lincomycins, chloramphenicol, chlortetracycline, 
sulfamethazine, trimethoprim [1]. The use of antibiotics in 
livestock production is equal to or even higher than in the 
human population, thus, the Union of Researchers reported 
that around 11 million kg of antibiotics were used for non-
therapeutic purposes in the pig, poultry and cattle industries 
as growth promoters. This aggressive use clearly suggests 
the idea that large amounts of antibiotics end up in waste-
water treatment plants and manure, and that is why environ-
mental reservoirs are seen as the main hotspots for various 
microorganisms to achieve antibiotic resistance [22]. 

Manure from animals treated with antibiotics is a direct 
source of antibiotics and ARB, and thus the application of 
manure on the soil increases the level of BRA and ARGs in 
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the soil [23]. When animals consume antibiotics, they are re-
leased into the feces and up to 90% urine [12, 24]. In a study 
performed in the Netherlands on pig and cattle farms, the 
most common recovered antibiotics were oxytetracycline, 
doxycycline and sulfadiazine, followed by tetracycline, lin-
comycin and tylosin. More than a third of the fecal samples 
contained more than one antibiotic. The authors concluded 
that the sum of the concentrations of di  erent antibiotics in 
a sample exceeded the concentrations required to select an-
tibiotic resistance.

The indiscriminate and abusive use of antibiotics has led 
to the accumulation of higher concentrations of antibiotics 
in the environment. The sources by which antibiotics can be 
released into the environment are diverse, including human 
waste streams, as well as waste from veterinary use and ani-
mal husbandry [25,26]. Antibiotics used for prophylaxis or 
therapy in humans contaminate human waste streams, also 
antibiotics used in animals to promote growth, prevent and 
treat diseases, also contaminate animal waste streams. Thus, 
they are considered the main sources of antibiotic release 
into the environment [27, 15]. This is due to the fact that the 
administered antibiotics are not completely metabolized and 
are released unchanged in the environment, that is, water, 
manure or soils. Depending on the speci  c antibiotic and 
the dose administered, as well as the species and age of the 
animals, the amount and speed with which antibiotics are 
released into the environment are di  erent [28], [29].

 Antibiotics and their metabolites contained in manure 
from farm animals can leak through the pile to surface and 
groundwater, as well as into the soil.  This phenomenon often 
occurs with antibiotics with high a   nity in water or that are 
soluble in water, thus making their spread and ecotoxicity in 
the environment faster, and widely [30]. In fact, antibiotics 
can also be introduced into the environment by fertilizing 
the soil with raw animal manure, irrigation with wastewa-
ter generated from farmed activities or by accidental release 
through runo   from the farm [31,26]. Even the dust can be 
contaminated with antibiotics from farms and could serve 
equally as another way of their release into the environment 
[32]. Chee-Sanford et al. [33] also highlighted the release of 
antibiotics into the environment through the dispersion of 
food and the accidental spill of products [26].

Antibiotic resistance genes from the soil can enter the food 
chain through contaminated crops or groundwater, and can 
have serious consequences for human health. Studies evalu-
ating the impact of fertilization with organic fertilizers have 
shown that excessive use of sulfonamides can lead to increase 
abundance of ARGs in the soil, but such increases are  eet-
ing when manure is applied at recommended rates. The ap-
plication of manure can a  ect the composition and functional 

properties of microbial communities in the soil. A number of 
researches have been conducted using RT-qPCR on ARGs as-
sociated with agriculture to quantify several resistance genes 
groups, such as tetracycline resistance genes (e.g., tetG, tetM, 
tetPB) and sulfonamide resistance genes (e.g. sul1, sul2). Also 
based on quantitative PCR (HT-qPCR) analyses, it has been 
shown that hundreds of ARGs encoding resistance to amino-
glycosides, tetracycline, macrolides, multidrug, chloram-
phenicol, beta-lactams and sulfonamide can be investigated 
simultaneously in manure and composts [34,35,5].

Antibiotics and heavy metals as 
selection agents for antimicrobial 
resistance in manure

The consumption of antibiotics is the main determinant 
of the emergence of new mechanisms of antimicrobial re-
sistance. It should be noted that antimicrobial resistance 
is a natural phenomenon, preceding the modern selective 
pressure of the clinical use of antibiotics, as many BRA and 
ARGs have been identi  ed in original environments [36].  
Residues of antibiotics or other categories of substances 
(such as heavy metals and biocidal products) together with 
a large and diverse population of antimicrobial-resistant mi-
croorganisms, both both pathogens and environmental and 
commensal bacteria belonging to the intestinal microbiota, 
can also form an environment conducive to the emergence 
of new forms of resistance [37-43].

Resistance gives the bacterium the ability to survive at 
cytotoxic concentrations of antibiotic. In the presence of anti-
biotics, resistant bacteria can survive and even multiply. The 
bacteria have developed a remarkable ability to develop resis-
tance to every antibiotic introduced into the clinic. With the 
introduction into the clinic of a new antibiotic, the develop-
ment of resistance is inevitable, and the rate of appearance 
of bacterial strains resistant to new drugs is of the order of 
1%, but after 8-12 years of intensive use of antibiotics in the 
human clinic and in animal husbandry, bacterial strains with 
multiple resistance have become very frequent [7]. After the 
application of fertilizers, the abundance of ARGs increased, 
which indicates a transfer of resistance genes from manure 
into the soil [44]. The vertical  ow of genes involves the 
transmission of genetic information in successive generations 
of cells, along with the division, while the HGT is achieved 
by transferring genetic information between bacteria, in other 
ways than by division [7]. The HGT can be achieved between 
the donor bacterium, phages, free DNA or from dead cells and 
living cells through three di  erent mechanisms, i.e. conjuga-
tion, transformation and transduction, occurring both in the 
clinic and in the natural environment [44,45,46].  



The contribution of manure to antibiotic resistance

3355

The acquisition of resistance genes by human patho-
gens from environmental bacteria has been demonstrated in 
several cases, such as the CTX-M, a gene encoding for an 
extended spectrum -lactamase, which originated from en-
vironmental bacteria [47,48,49,50].

An important reservoir for transferable plasmids car-
rying ARGs is the manure from pigs, used to fertilize the 
soil. A study by Binh et al. in Germany on pig manure dem-
onstrated the frequent presence of plasmid bla-TEM, sul1, 
sul2 and sul3 [51]. The presence of selective agents such as 
antibiotics, heavy metals and disinfectants combined with 
ARGs, MGEs and various microorganisms create an ideal 
environment for generating resistance through mutation or 
genetic transfer [22].

The literature on investigating ARB and ARGs in manure 
has shown that most studies have focused on investigating 
pathogenic strains such as Escherichia coli and Salmonella 
spp., and few studies have focused on investigating other gen-
era such as Campylobacter sp.  and Enterocccus sp. [52].

In cattle manure have been identi  ed bacterial strains be-
longing to the multi-resistant Enterobacteriaceae (speci  -
cally Salmonella spp.), Campylobacter, methicillin-resistant 
Staphylococcus aureus (MRSA) and vancomycin-resistant 
Enterococci (VRE) (53-56).

Heavy metal contamination functions as a selective 
agent for AMR. The agricultural practices are a major source 
of soil contamination with moderate to highly toxic metals, 
such as mercury, lead, cadmium, copper, and zinc [5], which 
can accumulate at critical concentrations and may trigger 
co-selection of AMR [57]. Heavy metals such as iron, co-
balt, manganese, copper and zinc are used as nutritional ad-
ditives in animal feed. 

Heavy metals together with antibiotics used in agricul-
ture, discharged into the environment can cause a combined 
selection and co-selection e  ect for ARB, and therefore ma-
nure-enriched soils from antibiotic-treated animals can play 
an important role in evolution of ARB [58].

Antibiotics and heavy metal products are frequently used 
by farmers during feeding, in the treatment of infections and 
to limit the spread of infections to animals [59]. Exposure to 
these substances may increase the likelihood of RA selection 
and co-selection.

The toxicity of heavy metals di  ers from one bacterial 
species to another, being involved mainly in di  erent physi-
ological functions, but their toxicity depends very much on 
the concentration.

Environmental conditions greatly in  uence the toxicity 
of heavy metals. The pH value, the concentration of organic 
matter and the redox potential could a  ect the concentration 
and bioavailability of heavy metals in soil, sediments and 

water. For example, the amount of O2 in  uences the redox 
potential and therefore a  ects the solubility of some heavy 
metals. The decomposition in water of high concentrations 
of organic matter leads to a decrease in oxygen levels to an-
aerobicity, which decreases the solubility of cadmium and 
zinc. Low pH values   increase the solubility of lead, cadmi-
um and zinc [60].

It has been shown that bacteria in the environment can 
adapt to the ecological conditions of the environment, mani-
festing di  erent degrees of sensitivity to toxic metals. The 
sensitivity of bacteria to the action of heavy metals is quite 
complex, studies haing shown that Gram-positive bacteria 
are more sensitive to heavy metals than Gram-negative bac-
teria, but this sensitivity may di  er even in bacteria belong-
ing to the same genus [58].

To avoid cellular degradation caused by heavy metal 
toxicity, bacteria have developed tolerance mechanisms 
for heavy metals. The formation or complex sequestration 
of toxic metals shows that during metal binding, the con-
centration of free toxic ions in the cytoplasm is minimized. 
Biosorption of toxic metals takes place at the level of cell 
membranes, cell walls and extracellular polymeric substance 
(EPS) of bio  lms [61, 62, 63].

Another mechanism of tolerance to heavy metals is de-
toxi  cation by reducing the intracellular ions [64]. A well-
understood example is the mercury reductase (Mer A) pro-
tein encoded by the merA gene. This MerA protein reduces 
Hg2+ to the less toxic Hg0, that will di  use from the cell due 
to its low evaporation point [65, 66].

Extrusion of toxic ions by e   ux systems is another 
mechanism by which bacteria tolerate the heavy metal [66]. 
The out  ow of inorganic metal anionic arsenite is mediated 
by a membrane protein in Gram-positive bacteria, while in 
the Gram-negative ones it requires an additional ATPase 
subunit.

The relationship between soil resilience 
and human health

Human health has been directly correlated with the envi-
ronment (i.e., habitat and its components, including plants, 
animals, microorganisms, and other human beings) and the 
food quality [67, 68]. Given the human population constant 
growing and living conditions changing, food shortages and 
growing demands for increased production of animal protein 
for human consumption around the world, there is an acute 
need for improving agricultural and industrial productivity 
[69]. The use of antibiotics in agriculture to meet the needs 
of the growing human population has been associated with 
several bene  ts and thus, it is anticipated that in the future 
almost all animals slaughtered and consumed as food will 
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be treated with antibiotics [70]. However, the consumption 
of meat, milk and eggs contaminated with antibiotic resi-
dues usually has an extraordinary negative impact on human 
health. E  ects of antibiotic contamination can be direct or 
indirect, due to the high dose of residues, which could ac-
cumulate over an extended period [70]. They can manifest 
as hypersensitivity reactions to drugs, aplastic anemia, carci-
nogenic, mutagenic, immunological and teratogenic e  ects, 
nephropathy, hepatotoxicity, disruption of normal intestinal 
microbiota etc. [26].

The literature demonstrates the transmission of ARB and 
ARGs from animals to humans [71, 72, 73]. A recent review 
of the literature suggests that only 5% of the studies claim 
that there is no link between antibiotic use and AMR in hu-
mans, while 72% of the studies provided evidence in favor 
of transmitting AMR to humans [74].

Through the frequent use of the same antibiotics with 
similar modes of action, both for animal and human pur-
poses, the transferability of AMR from animals to humans is 
very probable [75]. Resistance can be transferred from ani-
mal to animal or animal to human, either by direct contact 
or indirectly through the food chain, water, mud-fertilized 
soils and manure [76]. Contamination with ARB and ARGs 
can be achieved directly by immediate exposure to animals 
and biological substances, including urine, feces, milk, and 
saliva, or indirectly by contact or ingestion of contaminated 
animals and food derived from them [77, 26]. On the other 
hand, ARB can be transmitted from humans, including farm 
workers and their families, to food-bearing animals because 
it has been observed that the digestive tract and skin of these 
people contain a large number of commensal bacteria, es-
pecially S. aureus [78]. However, the risk of transmission 
depends on geographical location, ethnic / cultural practices, 
religion, hygiene status, farm size and type of integrated ag-
riculture [79, 26].

Manure together with wastewater are among the main 
environmental reservoirs of AMR. Following direct spread-
ing on the ground, ARB and ARGs may be released into the 
environment by penetration into surface waters, aerosoliza-
tion or through crops (foodborne infections), all of which 
increasing the risk of human or animal exposure [14].

Animal husbandry operations on farms that use antibiotics 
are closely linked to the development of ARM in animal care-
givers, meat processors and residents close to females [23].

After Woolhouse et al. [80], AMR in animal husbandry 
can be viewed from four di  erent points of view consid-
ered as part of a farm described as an ecosystem [78]: farm 
animals (cattle, pigs, poultry, sheep), animal products, farm 
workers, farm environmental sites (water, soil, feed, waste-
water, sewage, lagoon, manure and sludge after treatment).

 Farm animals are an essential component in understand-
ing the interaction between humans, animals and the envi-
ronment in terms of bacteria, antibiotics and the movement 
of antibiotic resistance genes [80]. The digestive tract of 
animals and farm workers is colonized with various micro-
organisms, including bacteria and resistant forms, thus being 
the most important reservoir of microorganisms that play a 
vital role in disseminating and acquiring resistant bacteria 
and resistance genes [78, 26].

In a study conducted on a number of 1872 farmers and 
residents in the vicinity of farms in Germany, a country 
with a high density of closed animal farms, B. Bisdor   et 
al. demonstrated that 1% of the general population and 24 
of the investigated farmers were positive for MRSA ST398. 
The risk factor for MRSA-ST398 strain colonization in the 
neighboring population was the repeated contact of a fam-
ily member with animals, as well as regular visits to private 
farms. Contact with pigs has been the main risk factor for 
colonization among farmers [81]. The highest exposure for 
farmers was found in poultry farms [82].

Recent studies have shown that multi-drug-resistant S. 
aureus isolates have been identi  ed in aerosols inside chick-
en farms, and over 80% of these isolates carry the mecA gene. 
For employees and local residents, inhaling bacteria from 
the air was the direct route of exposure, indicating a signi  -
cant health risk associated with aerosol exposure [83].

The impact of manure treatment on the 
persistence and proliferation of AMR

Treatment methods used to limit the occurrence and 
spread of AMR should lead to inactivation of pathogens 
and, in addition, to the destruction of ARGs [84]. Compost-
ing and anaerobic digestion techniques are widely used for 
manure recycling.

Aerobic composting is a controlled process by which 
various groups of microorganisms decompose organic mate-
rials, producing secondary and inorganic organic compounds 
[85]. This method uses the biological oxidation process, an 
aerobic, thermophilic process of decomposition and micro-
bial synthesis of organic substances from organic waste of 
plant or animal origin.

Aerobic composting lasts about 45 days, and the tem-
peratures reached during this process are 65-70ºC. Degrada-
tion of ARGs requires longer exposure to high temperatures. 
Laboratory studies have shown that temperatures above 70ºC 
completely degrade bacterial DNA, ARGs are reduced, and 
therefore hyperthermophilic composting is more e   cient 
than conventional composting, during which temperatures 
can reach 90ºC [86].
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Some studies have shown that exposure to higher tem-
peratures and longer duration of the thermophilic phase 
greatly increases the e  ectiveness of reducing antibiotics 
during composting. Thus, composting has been suggested 
as a practical and economical intervention strategy to reduce 
the concentration of antibiotics in manure, before its appli-
cation in the  eld [27]. In 2012, Kim showed in a study that 
composting reduced the concentration of extractable tetra-
cycline by up to 96%, sulfonamides by 99% and macrolides 
by 95% [87].

There is limited information on the degradation of antibi-
otics during composting. A study conducted by Van Dijk and 
Keukens (2000) showed that the concentration of sulfochloro-
pyramine in poultry manure decreased by 58-82% after 8 days 
of composting. Following the storage of the same manure af-
ter composting, for 3 months, an additional 33% reduction in 
the concentration of antibiotics was observed [27].

A study by Min Gou et al. in 2018 aimed to examine 
a broad spectrum of ARGs during the aerobic composting 
process and compare the e  ects of manure and compost ap-
plication on the abundance, diversity and dynamics of these 
ARGs and bacteria associated with organic fertilizers and 
compost after a period of 4 months in the laboratory micro-
cosm incubated in the soil taken from the  eld. Quantita-
tive PCR analyzes detected a total of 144 ARGs in all soil 
samples, from untreated manure and composted manure, 
with multidrug-resistance and resistance to macrolide-lin-
cosamide-streptogramin B, aminoglycosides, tetracycline, 

- lactam. By incubating the microcosm for 120 days in the 
laboratory, the diversity and abundance of ARGs in manure-
treated soils were signi  cantly higher than in composted 
manure-treated soils. The level of AMR decreased rapidly 
over time in all samples of composted manure. The network 
analysis revealed interactions between ARGs and MGE in 
manure-treated soils compared to compost-treated soils, 
suggesting that the ARGs mobility potential was lower in 
compost-modi  ed soils [88].

Anaerobic digestion is another biological method recom-
mended to treat the manure before its application in the  eld. 
Elimination of the antibiotic during such an operation is due 
to temperature-dependent abiotic processes, such as adsorp-
tion and degradation [89, 90].

Another e  ective strategy to reduce the abundance and 
spread of ARGs in the soil is the application of biochar on 
the soil. Recently, the e  ects of biochar action on soil ARGs 
were studied and, based on the results, a signi  cant change 
was observed in the microbial communities after the ad-
dition of biochar to soil. Di  erent types of agricultural or 
household waste prepared from di  erent raw materials cause 
di  erent changes in the structures of the microbial commu-

nity. The change in bacterial phylogenetic compositions can 
result in a change in ARGs and, therefore, the addition of 
di  erent biofuels to composting manure can have e  ects on 
the relative abundance of ARGs in the soil [91].

Conclusions
Soil is a natural source of antibiotics and ARGs, and 

their excessive use increases the risk of spreading AMR 
through manure. The presence and release of heavy metals 
in the environment trigger co-selection of antibiotic resis-
tance in bacteria. Further, horizontal gene transfer mediated 
by mobile genetic elements increases the risk of spreading 
ARGs from soil microorganisms to human pathogens. Thus, 
well-managed aerobic compost treatments that reach higher 
peak temperatures (> 60°C) are more e  ective in reducing 
antibiotic residues. Similarly, thermophilic anaerobic digest-
ers that operate under steady state may be more e  ective at 
reducing antibiotic residues than mesophilic or anaerobic la-
goons. ARGs often persist through these systems, although 
optimal management and higher temperature are a feasible 
method to more e   ciently reduce the abundance of ARGs 
due to additional dehydration of the compost pile [92, 93].

Biochar added to a composting system favors the opti-
mization of the composting process and its  nal quality, by 
stabilizing and reducing toxicity. Recent studies have shown 
that the combined application of biochar and compost de-
creases the bioavailability and absorption of contaminants 
in compost [94, 91].

Additional research leading to the development of sensi-
tive and accurate analytical techniques to measure the con-
centrations of antibiotic residues, but also the clari  cation 
of the routes of antibiotic-associated contaminants in the 
ecosystem. In-depth research is required for optimization of 
the anaerobic digestion process of liquid manure, with em-
phasis on the elimination of antibiotic residues, streamlin-
ing the composting procedure to minimize AMR in manure 
and the subsequent dissemination of environmental ARGs 
in the food chain, as well the development of management 
programs for risk assessment regarding the research of min-
imum threshold concentrations that induce or support the 
spread of AMR in the environment.
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Abstract

Keywords

Silver carp (H. molitrix) is one of the most popular species in  sh farms around the world. In this 
paper, the bioactive properties of four protein hydrolysates from silver carp residues obtained with 
papain,  avourzyme, alcalase and combination of  avourzyme & alcalase treatment were analyzed. 
Physicochemical characterization showed that the alcalase extract had the highest extraction yield 
of 52.07%, presented 90.33% protein content and the highest degree of hydrolysis (76.23%). Gel 
electrophoresis pattern indicated that hydrolysate obtained with alcalase contains most peptides with 
a molecular weight below 15 kDa, while those present in the hydrolysate obtained with  avourzyme 
& alcalase had a molecular weight between 10-15 kDa. The e  ect of protein hydrolysates on DPPH 
free radicals inhibition varied between 47.37-50.14%, the highest value of antioxidant activity being 
recorded for hydrolysate obtained with papain. The hydrolysates presented antihypertensive potential 
determined as inhibition of angiotensin-converting enzyme, with the highest activity in the case of  a-
vourzyme & alcalase extract. The  sh protein hydrolysates were cytocompatible in a normal  broblast 
culture, NCTC cell line showing cell viability over 80% for all variants. When cultivated in Hep-2 
cancer cells at 10 mg/ml, the protein hydrolysates obtained by  papain and  avourzyme & alcalase 
mixture decreased the cell viability, indication antitumoral potential. In conclusion, the  sh protein 
hydrolysates demonstrated important bioactive properties, including antioxidant, antihypertensive and 
antiproliferative activity.

bioactive peptides,  sh hydrolysate, antioxidant, antihypertensive, antitumoral
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Introduction 
Fish processing industry generates huge amount of 

wastes (skin, scales, bones, internal organs) that could be 
valorized to extract useful compounds, such as collagen, 
gelatin, bioactive peptides and minerals using physicochem-
ical and enzymatic methods. 

Fish protein hydrolysis can be performed by chemical 
(acidic, basic) or enzymatic treatment. The latter is easier 
to control, because enzymes cut proteins at certain sites re-
sulting in certain peptides and the best results are obtained 
under speci  c conditions (pH, temperature, exposure time). 
The enzymes used for this purpose can have microbial (  a-
vourzyme, alcalase, neutrase, protamex), plant (bromelain, 
 cin, papain) and animal (trypsin, pepsin, chymotrypsin) 

origin (Gao, 2021). Protein hydrolysates, resulting from the 
hydrolysis of native proteins, contain polypeptides and small 
bioactive peptides of 2-20 amino acids (Chalamaiah, 2012). 
Previous studies have showed that  sh hydrolysates present 
antioxidant properties both in vitro and in vivo, antitumor, 
anti-in  ammatory, antihypertensive, neuroprotective and 
antibacterial properties (Gao, 2021). The bene  cial proper-
ties of the hydrolysates depend on the hydrolysis degree of 
the peptide extracts, composition and size of the constituent 
peptides. 

Silver carp is a freshwater  sh of the cyprinid family 
found in farms around the world. The by-products result-
ing from its processing could be used to obtain protein hy-
drolysates and bioactive peptides by enzymatic hydrolysis. 
It was previously showed that enzyme hydrolysates of sil-
ver carp white muscle obtained by alcalase,  avourzyme, 
neutrase, papain, pepsin, protamex and trypsin treatment 
presented antioxidant activity with the highest value in the 
case of pepsin hydrolysates (Zhong et al., 2011). Analyzing 
silver crap  ns hydrolysates obtained with papain, alcalase, 
neutrase or trypsin, the highest antioxidant activity was re-
ported in the case of alcalase and trypsin treatment (Zhang et 
al., 2020). Wang studied the enzymatic hydrolysates of sil-
ver carp muscle in terms of antioxidant properties assessed 
as free radicals inhibition and their biological properties in 
Caco2 cell cultures (Wang et al., 2021).

The present paper aimed to obtain enzymatic protein hy-
drolysates from silver carp waste tissues (bones, meat, skin) 
using the following types of enzymes: papain,  avourzyme, 
alcalase, and a combined treatment with  avourzyme & 
alcalase. The physicochemical characterization of the four 
hydrolysates was performed in terms of extraction yield, 
protein content, degree of hydrolysis and gel electropho-
resis, then their antioxidant and antihypertensive activity 
assessment, while the biological evaluation consisted of 

biocompatibility and antiproliferative activity testing using 
stabilized cell lines.

Materials and methods

Obtaining  sh protein hydrolysates
Fish waste tissues were pretreated by washing, decalci-

 cation and delipidization and then subjected to hydroly-
sis with papain in phosphate bu  er 7.5 g/ml at pH 6,  a-
vourzyme in phosphate bu  er 4.5 g/ml at pH 7, alcalase 
in phosphate bu  er 4.5 g/ml at pH 8 and a combined treat-
ment with  avourzyme at pH 7 followed by alcalase at pH 8 
(Zamora-Sillero, 2018).

Yield and protein concentration
The extraction yield was calculated as percentage report-

ed to the amount of initial tissue put into work, based on the 
dry weight, according to the following formula.

Extraction yield (%) =  nal dry weight product / initial 
dry weight of raw material x 100 

Protein quanti  cation was done using Biuret assay based 
on reaction of CuSO4 with peptide bonds resulting in a pur-
ple colored complex. The absorbance was read at 540 nm 
at a Spectrostar nano microplate reader (BMG Labtech). A 
standard curve was built using bovine serum albumin in a 
range of 0-200 g/ml to calculate the protein concentration 
(Zheng et al., 2017)

Determination of the degree of hydrolysis using 
TNBS assay

The TNBS assay was used to quantify the free amino 
groups in the protein hydrolysate samples (Adler-Nissen 
1969). Trinitrobenzenesulfonic acid (TNBS) reagent was 
prepared in 0.05 M Tris bu  er, pH 8.3.  A solution of L-
leucine was used as standard. Absorbance was read at 346 
nm at a V-650 UV-VIS spectrophotometer (Jasco, Japan).

Gel electrophoresis
Samples of protein hydrolysates were migrated in Tri-

cine-SDS-polyacrylamide gel in 10-20% gradient of con-
centration, alongside a molecular weight marker. Before mi-
gration, the samples were mixed with Tricine SDS sample 
bu  er and a reducing agent. After migration, the proteins 
were  xed in the gel by incubation in 85% o-phosphoric 
acid solution containing methanol, for 60 min. Then, the gel 
was stained by incubation in Coomassie blue solution, for 
12 h and destained in 25% methanolic solution (Schagger, 
2006).

Antioxidant activity assay
The antioxidant activity was analyzed using DPPH meth-

od (Zhang et al., 2011). This method is based on reducing 



TOMA AGNES et al

3364

the DPPH radical in solution, which has red-purple color, 
turning to yellow colored solution. The absorbance was read 
at 520 nm using a V-650 UV-VIS spectrophotometer (Jasco, 
Japan). The degree of inhibition of the DPPH radical was 
calculated using the formula:

%DPPH inhibition=(1–sample absorbance/blank 
absorbance)×100

Determination of angiotensin-converting enzyme 
(ACE) inhibition

To determine the inhibitory potential of protein hydro-
lysates on the ACE, the samples were mixed with the sub-
strate hippuryl-L-histidyl-L-leucine solution, dissolved in 
sodium borate bu  er and NaCl, and then, with ACE. The 
absorbance was measured at 228 nm. The inhibition of the 
enzyme activity was expressed as percentage from initial ac-
tivity (Papadimitriou et al 2012).

Cell cytotoxicity tests
The cytotoxicity evaluation of peptides samples was 

performed according to the standard SR-EN IS 10993. The 
samples were tested in vitro on normal mouse  broblast 
NCTC cells and human tumor epithelial Hep-2 cells, using 
MTT cell viability assay.After 48 hours of treatment, the 
samples were treated with tetrazolium bromide salt solution 
(MTT) and isopropanol. The absorbance of resulted solu-
tions was measured at the wavelength of 570 nm, using a 
Berthold plates reader (Germany). Cell viability was deter-
mined with the formula: %cell viability=(sample O.D./con-
trol O.D.)×100, where the viability of the Control culture is 
considered to be 100%.

Results and discussion

Yield and protein content
The extraction yield and protein content of the four enzy-

matic hydrolysates varied between 20.94-52.07% and 32.32-
95%, respectively (Table 1). The lowest extraction yield was 
recorded in the case of papain hydrolysis (20.94%), but the 
extract had the highest protein content of 95%. These val-
ues were higher than those obtained by Noman et al. (2018) 
which reported values of 17.47% for yield and 79.67% for 
protein content as results of Chinese stugeron hydrolysis with 
papain. The hydrolysate obtained by alcalase treatment had 

the highest extraction yield (52.07%), which was 248.66% 
higher than the papain hydrolysate yield, while the protein 
content was 90.33%. In the case of hydrolysates prepared 
by  avourzyme and  avourzyme & alcalase treatment, the 
extraction yields were 48.4% and 50.4%, respectively, while 
the protein content was 32.32% and 58.11%, respectively.

Degree of hydrolysis
The degree of hydrolysis performed with di  erent en-

zymatic treatments in  uences the peptides size and their 
biological properties. In our study, the degree of hydrolysis 
after treatment with papain,  avourzyme and alcalase varied 
between 61.4 -76.23% (Table 1). The highest degree of hy-
drolysis was obtained in the case of alcalase treatment. Simi-
lar results regarding the degree of hydrolysis of  sh proteins 
after alcalase and papain treatment were reported by Je et 
al. (2007) in a study analyzing the hydrolysates from tuna 
backbone. Other researches noted higher hydrolysis degree 
of peptide extracts from  sh by-products obtained with al-
calase, compared to that of extracts obtained with other en-
zymes (papain, neutrase,  avourenzyme, protamex) (Idow 
et al., 2018; Zhang et al. al., 2021).

Gel electrophoresis
The pattern of protein hydrolysates migration in 10-20% 

gradient gels of SDS-tricine-polyacrylamide gel allowed the 
evaluation of their molecular weight. Following electropho-
resis, polypeptides with a molecular weight between 10-15 
kDa were observed in high proportion in all analyzed hydro-
lysates (Fig. 1). The hydrolysate obtained by  avourzyme 
treatment also presented peptides with molecular weight 
around 40 kDa. Instead, the hydrolyzate obtained by alcal-
ase treatment contained  mainly peptides with low molecular 
weight between 3-12 kDa. Previous studies of Roslan et al. 
(2014) reported the presence of low molecular weight pep-
tides (below 3.5 kDa)  in the protein hydrolysate obtained 
from tilapia by-products using alcalase, as showed the SDS-
tricine-polyacrylamide electrophoresis analysis.

Antioxidant activity
In our study, the enzymatic hydrolysis of  sh by-products 

resulted in bioactive peptides able to neutralize free radicals 
by donating an electron or a proton. Determination of the 
antioxidant activity by DPPH assay in the obtained hydro-
lysates showed that the values of DPPH radicals inhibition 

Table 1. Extraction yield, protein content and hydrolysis degree of protein 
hydrolysates. The results are expressed as mean ± SD (n=3). 

Papain 
hydrolysate     

Flavourzyme 
hydrolysate

Alcalase 
hydrolysate

Flavourzyme & 
alcalase hydrolysate

Extraction yield [%] 20.94 ±2.52 48.45 ±2.77 52.07 ±2.31 50.40±2.64
Protein content [%] 95.00 ±0.035 32.32 ±0.02 90.33 ±0.013 58.11 ±0.021

Hydrolysis degree [%] 61.40 ±0.26 66.33 ±0.1 76.23 ±0.15 67.50±0.23
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degree varied in a narrow range between 47.37-50.14%, 
at a concentration of 10 mg/ml enzyme  sh hydrolysate 
(Fig. 2).

Numerous studies have demonstrated the antioxidant ef-
fects of di  erent  sh hydrolysates obtained with di  erent en-
zymatic Peptides isolated from bones, meat, viscera and skin 
with alcalase, chymotrypsin, papain, pepsin,  avourzyme, 
protamex, neutrase have been shown to have antioxidant 
activity (Chalamaiah et al., 2012; Idow et al., 2018; Tacias-
Pascacio et al., 2021). Je et al. (2007) analyzed the degree 
of inhibition of several hydrolysates obtained by treatment 
of tuna backbone with di  erent enzymes and reported the 
highest value in the case of papain (36.72%) and the lowest 
in the case of alcalase (4.82%). Other studies analyzing the 
antioxidant activity of enzymatic hydrolysates from Alaska 
pollock skin by DPPH assay showed similar values of inhi-
bition degree (32-50%) and the highest antioxidant activity 
for peptides extract obtained by  avourzyme treatment (Jia 
et al., 2010). Li et al (2012) reported that higher DPPH inhi-
bition degree was noted in the case of hydrolyzate of grass 
carp meat obtained with papain compare to the one obtained 
with alcalase. (Li et al., 2012).

Antihypertensive activity
ACE inhibitors prevent the occurrence of high blood 

pressure by inhibiting the enzyme that catalyzes the con-
version of angiotensin I to angiotensin II, which is a vaso-
constrictor (Lee et al., 2010). In our study, the enzymatic 
hydrolysates showed ACE inhibition potential, whose val-
ues varied between 50.75-63.65% (Fig. 3). The enzymatic 
hydrolysate obtained with alcalase showed a slightly higher 
degree of ACE inhibition than that obtained with papain. 
Similar results were reported by Lee et al. (2010) for the 
hydrolysates obtained by treating the tuna skeleton with sev-
eral enzymes, including papain and alcalase, observing that 
alcalase hydrolysate had a slightly higher antihypertensive 

activity than papain hydrolysate. As in our case, the degree 
hydrolysis of the alcalase extract was higher than that of 
papain, and this may in  uence the antihypertensive activity 
(Lee et al., 2010). Also Choonpicharn et al. (2015) found 
that gelatin hydrolysate from Nile tilapia skin obtained with 
alcalase exhibited an increased antihypertensive activity 
than papain hydrolysate.

Biocompatibility and antiproliferative activity
The results of biocompatibility test performed in normal 

 broblast cells (NCTC cell line) have showed variable cell 
viability when cultivated in the presence of protein hydro-
lysates, depending on the samples concentration (3-6 mg/ml) 
(Fig. 4). In the case of papain hydrolysate, the values of cell 
viability were higher than 80% for all tested concentrations. 
The  avourzyme hydrolysate was cytocompatible (cell vi-
ability over 80%) at concentrations ranging between 3-6 mg/
ml, and induced a decrease of cell viability down to 58.5% at 
a concentration of 10 mg/ml protein hydrolysate in the culture 
media. Similar variation was observed in the case of alcalase 
hydrolysate, but the cell viability values decreased to 73.94 
and 48.7%, at 8 and 10 mg/ml, respectively, the last value 
representing the lowest viability in the experiment. The  a-
vourzyme and alcalase hydrolysate induced an increase of the 

Figure 1. Gel electrophoresis of protein hydrolysates obtained 
by papain (1),  avourzyme (2), alcalase (3) and  avourzyme 
& alcalase (4) treatment. A low molecular weight marker 
(1.7-40 kDa) (5) was migrated in the same gel.

Figure 2. The antioxidant activity of the enzymatic 
hydrolysates determined as DPPH free radicals inhibition. 
The results are expressed as mean ± SD (n=3).

Figure 3. Inhibition potential of protein hydrolysates on 
ACE. The results are expressed as mean ± SD (n=3).
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cell viability at concentrations between 3-6 mg/ml, showing 
stimulation of cell metabolism. Thus, the values of cell viabil-
ity (103.12%-107.41%) were higher than that in the control 
sample (100%). At higher concentrations, the cell viability 
decreased down to 80.5%. All hydrolysates were cytocom-
patible, excepting the  avourzyme and alcalase extracts, at 
8-10 mg/mL.

The evaluation of the antiproliferative activity was 
performed in a stabilized line of Hep-2 tumor cells in the 
presence of di  erent samples concentrations (3-10 mg/ml). 
Antiproliferative activity of the analyzed  sh protein hydro-
lysates increased proportionally with their concentration, 
thus reaching the maximum value at the concentration of 10 
mg/ml. The protein hydrolysates obtained by combined treat-
ment with  avourzyme and alcalase applied in the culture 
of Hep-2 cancer cells, at 10 mg/ml concentration, showed 
lower cell viability (29.58%) than the identical treatment in 
NCTC cell culture (80.5%) (Fig. 5). 

The antiproliferative character was also observed in the 
case of papain extract at 10 mg/ml concentration, because 
the cell viability of Hep-2 cells was 39.8%, while in NCTC 
cells identically treated was 80.7%. In the case of hydro-

lysates obtained with separate alcalase and  avourzyme, the 
viability of Hep-2 cells was 34.7% and 47.2% at 10 mg/ml 
concentrations, but they were cytotoxic for normal NCTC 
cells. Thus, the protein hydrolysates obtained with papain 
and combined  avourzyme-alcalase treatment had antipro-
liferative activity in Hep-2 tumor cells.

Previous studies on the bioactive properties of roe or 
 sh peptides showed their antiproliferative e  ect. Half-  n 

anchovy pepsin hydrolysate had antiproliferative e  ect on 
DU-145 human prostate cancer cell line, 1299 human lung 
cancer cell line and 109 esophagus cancer cell line (Song et 
al., 2011). Rohu roe pepsin hydrolysate showed antiprolif-
erative e  ect against Caco-2 cells (Chalamaiah et al., 2015). 
Two peptides obtained from tuna dark muscle using papain 
and protease XXIII showed antiproliferative e  ect on hu-
man breast cancer cell line MCF-7 (Zamora-Sillero, 2018).

Conclusions
The protein hydrolysates obtained from silver carp tissue 

waste (skin, bones, meat) by enzymatic treatment with pa-
pain,  avourzyme and alcalase demonstrated important bio-
active properties, including antioxidant, antihypertensive and 
antiproliferative activity. The study recommends their further 
analysis as ingredients of novel valuable nutraceuticals.
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Abstract

Keywords

Aim: This study aimed to clarify the anti-  brotic potential of bone marrow-derived mesenchymal stem 
cells (BM-MSCs), compared to conditioned media (CM), in amiodarone (AD)-induced lung  brosis. 
Methods: A total of 64 Wistar rats were categorized into eight groups: negative control group, positive 
control group, 3 AD-challenged-BM-MSCs-treated groups (1, 2 and 4 months) and 3 AD-challenged-
CM-treated groups (1, 2 and 4 months). Serum macrophage in  ammatory protein 2 (MIP-2) levels 
were measured. Gene expression levels of TGF- 1, SMAD3 and S100A4, were estimated in the lung 
tissues. Results: Treatment with BM-MSCs/CM mediated a signi  cant reduction in serum MIP-2 con-
centrations, while downregulating AD-induced up-regulation of lung TGF- 1, SMAD3 and S100A4 
gene expression levels. BM-MSCs transplantation revealed better e  ect than CM in mitigating lung 
 brosis. Conclusion: BM-MSCs advance anti-  brotic e  ect on lung  brosis by targeting in  amma-

tory response and TGF- 1 signaling.

Amiodarone; conditioned media; in  ammatory response; lung  brosis; mesenchymal stem cells; 
TGF- 1 signaling
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Introduction
Stem cells are accounted as cells with unique biological 

nature owing to their capability to self-renewing and di  er-
entiation into multiple cell types. Stem cell-based therapy is 
emerging as a potential therapeutic opportunity for treatment 
of numerous disorders. Mesenchymal stem cells (MSCs) are 
multipotent adult stem cells that are derived from di  erent 
tissues and can be utilized as an alternative to embryonic 
stem cells (Kang et al, 2019). Mesenchymal stem cells have 
emerged as promising therapeutic options in regenerative 
medicine (Motavaf et al, 2016) for the treatment of various 
diseases (Bianco et al, 2013; Farini et al, 2014), including 
lung  brosis particularly on the experimental level (Gotts 
and Matthay, 2011; Akram et al, 2013). Mesenchymal stem 
cells transplantation has been reported to induce repair of 
the damaged lung tissues through suppressing in  ammation 
and collagen deposition (Ortiz et al, 2003; Rojas et al, 2005). 
Since studies in animal models and patients indicated that 
low number of transplanted MSCs localized to the target tis-
sue and transdi  erentiate to appropriate cell lineage and the 
regenerative potential of MSCs has been found at least in 
part to be mediated via their paracrine actions, the use of 
MSC conditioned media has been suggested to improve tis-
sue regeneration following injury (Ionescu et al, 2012). 

Lung  brosis is an aggressive and lethal form of inter-
stitial lung diseases (Noble et al, 2012). This devastating 
disease is often fatal within 3-5 years after diagnosis (Ley et 
al, 2011), and the currently available treatment options are 
of unproven bene  t with lung transplantation being the only 
de  nitive therapy (Aslam et al, 2009), emphasizing the ur-
gent need for development of novel therapeutic strategies. 

It is well known that the recruitment and activation of in-
 ammatory cells leads to the release of in  ammatory mediators 

that have an essential role in the stimulation and proliferation of 
cells involved in  brotic processes (Noble et al, 2012). Further, 
it has been previously demonstrated that the angiogenic CXC 
chemokine, macrophage in  ammatory protein 2 (MIP-2), is an 
important factor that regulates angiogenesis during the devel-
opment of PF (Keane et al, 1999).  

Transforming growth factor beta 1 (TGF- 1), a pro-  -
brogenic cytokine, has long been believed to be a central 
mediator of the lung  brotic response (Allen and Spiteri, 
2002). TGF- 1 signals are transduced by transmembrane 
serine/threonine kinase receptors. The intracellular signal-
ing pathway downstream of TGF- 1 receptors has been 
found to be mediated by a family of transcription factors, 
known as the SMAD proteins, and among these, mothers 
against decapentaplegic homolog 2 (SMAD2) and SMAD3 
are direct substrates of the TGF-  type I receptor (Flanders, 

2004). The contribution of TGF- 1 to  brosis has been ob-
served to be mediated mainly through the Smad-dependent 
signaling axis (Heldin and Moustakas, 2012). Of note, calci-
um-binding protein A4  (S100A4), a regulator of numerous 
cellular processes crucial to  brotic progression (Donato et 
al, 2013), has been found to be a target of TGF- 1 signal-
ing (Matsuura et al, 2010). 

The current study mainly focused on assessing the 
anti-  brotic outcome of bone marrow mesenchymal stem 
cells (BM-MSCs) versus bone marrow mesenchymal stem 
cells conditioned media (BM-MSCs-CM) against amio-
darone-induced lung  brosis in rats, exploring their e  ect 
on in  ammatory response and TGF- 1/Smad3/S100A4 sig-
naling.  

Materials and methods

BM-MSCs isolation, propagation, 
characterization, and labelling

Bone marrow cells were collected from decapitated 
adult male Wistar rats by  ushing the medullary cavity of 
the excised femur and tibia with Gibco Dulbecco’s Modi-
 ed Eagle’s medium (DMEM)-high glucose  (Biowest, 

France). Mononuclear cells were puri  ed by density gradi-
ent centrifugation at 400×g for 30 minutes using GE Health-
care Ficoll-Paque Premium (Sigma-Aldrich, St. Louis, 
MO, USA). After three washes with phosphate-bu  ered 
saline (PBS) (Biowest, France), puri  ed cells were plated 
into 25 cm2 cell culture  asks in a complete culture me-
dium (DMEM-high glucose supplemented with 30% fetal 
bovine serum [FBS], 1% non-essential amino acids and 1% 
penicillin/streptomycin (Biowest, France), and maintained 
at 37°C in a humidi  ed incubator with 5% CO2. After 48 
hours, the culture medium was replaced with a fresh me-
dium and non-adherent cells were discarded. The adherent 
cells (BM-MSCs) were grown in the complete culture me-
dium to 80–90% con  uency, de  ned as passage zero (P0) 
cells. The P0 cells were washed with PBS (Gibco, Ther-
mo Fisher Scienti  c, Waltham, MA, USA) and harvested 
by incubation with 0.25 % trypsin-EDTA solution (Biowest, 
France) for 5 minutes at 37°C. The detached cells were cen-
trifuged at 200×g for 10 minutes, resuspended in complete 
culture medium, counted, and plated as P1 in cell culture 
 asks at a density of 1×106 cells/  ask. The culture medium 

was replaced every third day over a 10–14-day period. For 
each passage, the cells were seeded and grown similarly. 
As cells reached 80-90% con  uency, cells were harvested 
and passaged by trypsinization (Alhadlaq and Mao, 2004). 
BM-MSCs were morphologically identi  ed by their charac-
teristic  broblast-like spindle appearance. At the 3rd passage, 
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cells were immunephenotyped to determine the expression 
of various cell surface antigens. In brief, cells were harvested 
by trypsinization, washed by PBS, aliquoted at a concentra-
tion of 0.5×106 cells/mL, and stained for 30 minutes at room 
temperature in the dark with a set of monoclonal antibod-
ies, including phycoerythrin-conjugated CD14, CD34 and 
CD44 (Invitrogen, Thermo Fisher Scienti  c, Waltham, MA, 
USA). Stained cells were washed twice with PBS, resus-
pended in PBS, and analyzed by the COULTER EPICS XL 
 ow cytometer, using the SYSTEM II software (Beckman 

Coulter,  Brea, CA, USA), according to the manufacturer’s 
protocol (Dominici et al, 2006; Abdel Halim et al, 2020). Im-
munophenotyping demonstrated that the cells were positive 
for the typical MSC markers, CD44+ (90.4%), and negative 
for the hematopoietic lineage markers, CD14  (5.80%) and 
CD34  (4.59 %).  The third passage BM-MSCs were in-
cubated with Ferumoxides injectable solution (Feridex IV, 
Berlex Laboratories, Cedar Knolls, NJ, USA), a sterile aque-
ous colloid of dextran-coated superparamagnetic iron oxide 
nanoparticles, at a  nal concentration of 25 g/mL, and poly-
L-lysine (PLL, Sigma-Aldrich, St. Louis, MO, USA), at a  -
nal concentration of 375 ng/mL to boost the incorporation of 
the nanoparticles, for 24 hours. Feridex was mixed with PLL 
and shaken for 30 minutes at room temperature before being 
added to the cells in supplemented DMEM. After incubation 
with FePLL mixture, prussian blue staining was conducted 
to visualize the iron particles in Ferumoxides-labeled BM-
MSCs. Brie  y, BM-MSCs were harvested by trypsinization, 
washed twice with PBS, transferred to cytospin slides,  xed 
with 4% glutaraldehyde, washed with PBS, incubated for 30 
minutes with 2% potassium ferric-ferrocyanide (Perl’s re-
agent, Sigma-Aldrich, St. Louis, MO, USA) in 3.7% hydro-
chloric acid, washed 3 times with PBS, counterstained with 
nuclear fast red, and assessed for labelling e   ciency using 
light microscopy (Balakumaran et al, 2010). 

Generation of mesenchymal stem cells conditioned 
medium (MSCs-CM)

Passage 3 MSCs at 80–90% con  uence was washed 
twice with PBS and maintained in supplemented FBS-free 
DMEM for 24 hours. The medium from equal numbers of 
cells in each culture (3×106 cells) was collected, centrifuged 
at 400×g for 20 minutes, and concentrated 10-fold using an 
Amicon Ultra Centrifugal Filter (Sigma-Aldrich, St. Louis, 
MO, USA) with a molecular weight cut-o   of 10 kDa. Con-
centrated CM was  lter-sterilized and stored at 80°C for 
later use (Ionescu et al, 2012).

Experimental model of lung  brosis induced by 
amiodarone 

Amiodarone hydrochloride (Cordarone) was obtained 
from Sano   pharmaceutical company (Paris, France) as 200 
mg tablets. A fresh solution was prepared by dissolving AD 
in Saline, 0.85% with 0.05% Tween 80 (Hardy Diagnostics, 
Santa Maria, CA, USA) before each administration. To induce 
PF, rats were given a daily dose of 30 mg/kg body weight AD 
by oral gavage for 3 months (Kolettis et al, 2007).

Study design
A total of 64 adult male Wistar rats, with a body weight 

of 100–120 g, procured from the holding company for bio-
logical products and vaccines, Giza, Egypt, were maintained 
in ventilated polypropylene cages in a speci  ed pathogen-
free air-conditioned (25°C and 50% humidity) room, with 
12 hours-light/dark cycles and  free access to a commercial 
standard pellet diet (PMI Nutrition, Shoreview, MN, USA) 
and fresh drinking water throughout the study period, in the 
animal care facility at the National Research Centre (NRC), 
Giza, Egypt. Rats were allowed to adapt in the animal care 
facility for one week before any experimentation. All proce-
dures were done with proper approval of medical Research 
Ethics committee of the NRC, Giza, Egypt (Approval ID: 
17-096), and in compliance with the guidelines of the Na-
tional Institutes of Health (NIH) for the care and use of labo-
ratory animals, 8th edition, 2011.

Rats were randomly allocated into 8 groups (8 rats/
group), including a negative control  (vehicle, saline) 
group, a positive control (AD) group, 3 BM-MSCs-treated 
groups (for post-treatment durations of 1, 2 and 4 months) 
and 3 CM-treated groups (for post-treatment durations of 1, 
2 and 4 months).  

The negative control rats were given 0.5 mL of Saline, 
0.85% with 0.05% Tween 80/day by oral gavage for 3 
months, whereas positive control rats as well as BM-MSCs- 
and CM-treated rats were orally given 0.5 mL of 30 mg/
kg body weight AD once daily for 3 months. Following the 
3-months AD administration, rats of the BM-MSCs- and 
CM-treated groups were given a single intravenous injection 
with 3×106 BM-MSCs in 0.5 mL PBS and 0.5 mL CM (Yu 
et al, 2015), respectively, whereas the positive control rats 
were given a single intravenous injection with 0.5 mL PBS, 
through the tail vein.       

Blood collection, dissection, and tissues 
preparation   

At the end of the experimental interval of 7 months, nega-
tive and positive control rats were sacri  ced by decapitation, 
whereas rats of the 3 BM-MSCs- and 3 CM-treated groups 
were sacri  ced by decapitation at 1, 2 and 4 months follow-
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ing BM-MSCs or -CM injection. Blood samples were col-
lected from the orbital sinus and serum samples were sepa-
rated by centrifugation, snap-frozen in liquid nitrogen, and 
stored at 80 °C for subsequent analysis. Both lungs were 
immediately excised and divided into four separate lobes. 
The largest lobe was  xed in 10% neutral bu  ered formalin 
for 24 hours, dehydrated through a graded alcohol, and em-
bedded in para   n wax for histopathological analysis. The 
remaining three lobes were snap-frozen in liquid nitrogen 
and stored at 80 °C for later gene expression analysis. 

Histopathological procedures
Para   n-embedded lung tissues were cut into as 5 m 

thick slices by using microtome, mounted on glass slides, 
and stained with hematoxylin and eosin (H&E) (Sigma-Al-
drich, St. Louis, MO, USA) according to the standard meth-
od (Mohamed et al, 2014) with little modi  cation to visu-
alize morphological deformation of the lung tissues, with 
Masson’s trichrome (Sigma-Aldrich, St. Louis, MO, USA) 
to assess collagen  bers accumulation, and with prussian 
blue to track the Ferumoxides-labeled BM-MSCs, using 
light microscopy (Olympus BX51 microscope, Shinjuku, 
Tokyo, Japan).

Biochemical assay 
Serum macrophage in  ammatory protein 2 (MIP-2) lev-

els were determined by a commercial “Sandwich” enzyme-
linked immunosorbent assay (ELISA; Elabscience, Hous-
ton, TX, USA), according to the standard protocol provided 
by the manufacturer. 

Quantitative genes expression analyses 
Transforming growth factor beta 1 (TGF- 1), mothers 

against decapentaplegic homolog 3 (SMAD3) and S100 cal-
cium-binding protein A4  (S100A4) gene expression lev-
els were determined in lung tissues using quantitative real-
time polymerase chain reaction (qPCR). The sequences of 
forward and reverse primers used for qPCRs are listed in 
Table 1.

In brief, lung tissues total RNA was puri  ed using Invit-
rogen PureLink RNA Mini Kit  (Thermo Fisher Scienti  c, 

Waltham, MA, USA) following the manufacturer’s instruc-
tions. Complementary DNA (cDNA) was synthesized us-
ing SensiFAST cDNA Synthesis Kit (Bioline, London, UK) 
according to the manufacturer’s instructions. Quantitative 
measurement of gene expression levels was conducted using 
QuantiNova SYBR Green PCR kit (Qiagen, Valencia, CA, 
USA) according to the manufacturer’s recommendations. 
Stratagen Mx3000P Real-Time PCR System (Agilent, Santa 
Clara, CA, USA) was used for quantitative real-time analy-
sis. Relative gene expression was analyzed by the compara-
tive Ct method (2 Ct) (Livak and Schmittgen, 2001), using 

-actin (ACTB) as the endogenous control. For AD-treated 
rats, data were expressed as the fold change in gene expres-
sion in the AD-treated rats normalized to the expression 
levels of the endogenous control and relative to the saline-
treated rats, whereas for the BM-MSCs- or CM-treated rats, 
data were expressed as the fold change in gene expression 
in the BM-MSCs- or CM-treated rats normalized to the ex-
pression levels of the endogenous control and relative to the 
AD-treated rats. 

Statistics 
The statistical package for the social sciences (SPSS 

Statistics for Windows, Version 23.0; IBM Corp., Armonk, 
NY, USA) was used for statistical analysis of data. Variables 
were expressed as mean ± standard deviation (SD) if nor-
mally distributed and compared using the independent Stu-
dent’s t-test or one-way analysis of variance (ANOVA) as 
appropriate. On contrary, variables were expressed as me-
dian (interquartile range, IQR: 25th quartile to 75th quartile) 
if not normally distributed and compared using the non-
parametric Mann–Whitney U test or Kruskal-Wallis test as 
appropriate. P values were two-sided, and a P value of less 
than 0.05 was considered statistically signi  cant. 

Results

Histological alteration of lung tissue
Our previously published manuscript (Abdel Halim et al, 

2020) reported that hematoxylin and eosin (H&E) stained 

Table 1. The sequence of forward and reverse primers used for qPCR 
Gene Gene ID Primer type Primer sequence  (5`  3`)

ACTB 81822
FP
RP

CCCATCTATGAGGGTTACGC
TTTAATGTCACGCACGATTTC

TGFB1  59086
FP
RP

GGAGCCACTGCCCATCGTCTACTAC
GGAGCGCACGATCATGTTGGAC

SMAD3 25631
FP
RP

AGGGCTTTGAGGCTGTCTACC
ACCCGATCCCTTTACTCCCA

S100A4 24615
FP
RP 

AGCTACTGACCAGGGAGCTG
TGCAGGACAGGAAGACACAG

FP, forward primer; RP, reverse primer.



ALYAA S. ABDEL HALIM et al

3372

lung tissue sections from rats given vehicle showed normal 
lung structure, while rats given AD exhibited the characteris-
tic histological changes of AD-induced PF model, as indicat-
ed by notable pathological alterations of lung structure. BM-
MSCs/CM treatment markedly improved the lung histology, 
with BM-MSCs/CM-treated rats possess less pathological 
alterations compared with AD-treated rats, demonstrating 
that the injection of BM-MSCs/CM exerted a considerable 
anti-  brotic in  uence.  Noteworthy, the alleviation of AD-
induced histopathological changes was more apparent in 
BM-MSCs-treated rats than those treated with CM. At 1-, 
2-, and 4-months following treatment with BM-MSCs/CM, 
 brosis-associated histological alterations were ameliorated 

with di  ering degrees according to the time interval. 

Collagen  bers deposition in lung tissue
In our previously published manuscript (Abdel Halim et 

al, 2020), vehicle-administered rats stained with Masson’s 
trichrome showed normal collagen  bers distribution sur-
rounding the bronchioles and blood vessels as well as in be-
tween the air alveoli. On the other hand, lung tissue sections 
from AD-administered rats revealed intense collagen  bers 
accumulation, demonstrating that AD resulted in a signi  -

cant increase in collagen deposition. The AD-induced colla-
gen accumulation was signi  cantly reduced by treatment of 
the AD-administered rats with BM-MSCs/CM. Clearly, the 
collagen accumulation-reducing ability of BM-MSCs was 
more apparent than that of CM. At 2 and 4 months following 
BM-MSCs/CM treatment, the collagen amount determined 
in the lung tissue sections were remarkably decreased; how-
ever, at 1 month following BM-MSCs/CM treatment, the 
BM-MSCs/CM did not exhibit the same ability to decrease 
the collagen accumulation. These  ndings underscore the 
di  ering collagen accumulation-reducing in  uences of BM-
MSCs and CM kept treating AD-administered rats for vari-
ous time intervals.  

Ferumoxides-labeled BM-MSCs tracking  
As evidenced in our prior manuscript (Abdel Halim et al, 

2020), at 1, 2 and 4 months post-BM-MSCs treatment, Prus-
sian blue staining displayed slight, moderate, and extensive 
BM-MSCs homing, respectively, as manifested by mild, 
moderate, and highly positive blue staining, respectively. 
In fact, BM-MSCs homing at 4 months post-BM-MSCs 
treatment was signi  cantly superior to that at 2 months’ 
post-treatment, which was considerably higher than that at 
1-month post-treatment. 

Impact of BM-MSCs/CM treatment on 
in  ammatory response  

To assess the e  ect of BM-MSCs/CM on in  ammatory 
response, serum level of MIP2 was determined. As shown 
in Figure 1, AD administration resulted in a signi  cant en-
hancement (p<0.05) in the serum concentration of MIP2 ver-
sus the saline-administered rats, as documented by marked 
increase in MIP2 concentration by 1165% in AD-adminis-
tered rats. BM-MSCs or CM treatment attenuated AD-in-
duced elevation in the serum concentration of MIP2. This 
 nding is manifested by a signi  cant reduction (p<0.05) in 

MIP2 concentration by 31%, 80% and 88% at 1, 2 and 4 
months post-treatment with BM-MSCs respectively. Also, 
CM injection signi  cantly suppressed (p<0.05) MIP2 con-
centrations by 16%, 43% and 69% at 1, 2 and 4 months 
post-treatment, respectively, when compared to AD group. 
Following AD administration, 4 months post-BM-MSCs 
or -CM treatment performed signi  cantly better than 1 and 
2 months post-treatment in reducing MIP-2 levels. Also, 2 
months post-BM-MSCs or -CM treatment displayed signi  -
cantly better than 1 month post-treatment in reducing MIP-2 
concentrations. In general, BM-MSCs treatments were more 
e   cacious than CM treatments in reducing MIP-2 concen-
trations.  

Figure 1. Serum concentrations of MIP-2 in vehicle- and 
AD-administered rats as well as at 1, 2 and 4 months post-
BM-MSCs and -CM treatments. AD, amiodarone; BM-
MSCs, bone marrow derived-mesenchymal stem cells; 
CM, conditioned media; MIP-2, macrophage in  ammatory 
protein 2. 
Data are represented as mean ± SD.
a: statistical di  erence compared to the vehicle group.
b: statistical di  erence compared to the AD group.
c: statistical di  erence compared to the AD+BM-MSCs at 
1 month group. 
d: statistical di  erence compared to the AD+BM-MSCs at 
2 months group.  
e: statistical di  erence compared to the AD+BM-MSCs at 4 
months group.  
f: statistical di  erence compared to the AD+CM at 1 month 
group.
g: statistical di  erence between the AD+CM at 2 and 4 
months groups.
*, P<0.05.
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E  ect of BM-MSCs/CM treatment on TGF- 1/
Smad3/S100A4 signaling

Gene expression levels of TGF- 1, SMAD3 and S100A4 
were determined in lung tissues to assess the e  ect of BM-
MSCs/CM treatment on TGF- 1/Smad3/S100A4 signaling 
pathway. As shown in Figure 2, after induction of lung  -
brosis by AD, there was a signi  cant upregulation (P<0.05) 
in the lung expression level of genes encoding TGF- 1, 
SMAD3 and S100A4 in comparison to vehicle-administered 

group. Following infusion of BM-MSCs or BM-MSCs-CM, 
the lung expression level of TGF- 1, SMAD3 and S100A4 
genes were signi  cantly downregulated at 1, 2 and 4 months 
post-treatments, versus the AD-administered group.      

Noteworthy, 4 months post-BM-MSCs treatment pro-
duced signi  cantly (P<0.05) better performance than 1 
month post-treatment in downregulating the expression 
level of TGF- 1, SMAD3 and S100A4 in the lung, under-
scoring the various in  uences of BM-MSCs kept treating 
the AD-administered rats for various time intervals. How-
ever, the transcript levels of lung TGF- 1, SMAD3 and 
S100A4 genes at 4 months post-BM-MSCs treatment were 
lower than those at the 2 months post-BM-MSCs treat-
ment, but this di  erence did not meet the criteria for statisti-
cal signi  cance (P>0.05), demonstrating that both 2 and 4 
months post-BM-MSCs treatments were equally e  ective in 
downregulating the mRNA level of TGF- 1, SMAD3 and 
S100A4 genes. Except for SMAD3, the gene expression lev-
els of TGF- 1 and S100A4 at the 2 months post-BM-MSCs 
treatment did not di  er signi  cantly from those at the 1 
month post-BM-MSCs treatment, indicating that both 1 and 
2 months post-BM-MSCs treatments were of equal e  ect 
in downregulating the mRNA level of TGF- 1 and S100A4 
genes but not of SMAD3.   

Concerning the infusion of BM-MSCs-CM, there was 
no signi  cant di  erence (P>0.05) in the transcript level of 
lung TGF- 1, SMAD3 and S100A4 genes among 1, 2 and 
4 months post BM-MSCs-CM treatment, suggesting that 
BM-MSCs-CM treatment at all time points were equally 
e  ective in downregulating the transcript level of TGF- 1, 
SMAD3 and S100A4 genes.     

Overall, BM-MSCs treatment displayed signi  cant-
ly (P<0.05) better e  ect than BM-MSCs-CM treatment 
in downregulating AD-induced upregulation in the gene 
expression levels of TGF- 1, SMAD3 and S100A4 in the 
lung.   

Discussion
Current treatment options for PF are limited (Fernandez 

and Eickelberg, 2012) and there is no e  ective therapy ca-
pable of improving or at least suppressing the progressive 
course of the disease (King et al, 2011). MSCs have gained 
increasing interest as a promising cell-based therapeutic ap-
proach in several disease, including PF (Parekkadan and 
Milwid, 2010). 

In the current research, BM-MSCs/ BM-MSCs-CM infu-
sion evoked an obvious improvement in the architectural in-
tegrity of lung tissue. Moreover, treatment with BM-MSCs/
BM-MSCs-CM signi  cantly blunted collagen deposition in 
the lung of AD-administered rats as evidenced by reduced 

Figure 2. Lung tissue mRNA levels of S100A4 (A), 
SMAD3 (B) and TGF- 1 (C) in AD-administered rats as well 
as at 1, 2 and 4 months post-BM-MSCs and -CM treatments. 
Data are expressed as median (interquartile range, IQR: 25th 
quartile to 75th quartile) of Log2 fold change. For AD-treated 
rats, the fold change is the gene expression in the AD-treated 
rats normalized to the expression levels of -actin and 
relative to the saline-treated rats, whereas for the BM-MSCs- 
or BM-MSCs-CM-treated rats, the fold change is the gene 
expression in the BM-MSCs- or BM-MSCs-CM -treated rats 
normalized to the expression levels of -actin and relative 
to the AD-treated rats. AD, amiodarone; BM-MSCs, bone 
marrow derived-mesenchymal stem cells; BM-MSCs-CM, 
conditioned media; S100A4, S100 calcium-binding protein 
A4; SMAD3, mothers against decapentaplegic homolog 3; 
TGF- 1, transforming growth factor beta 1. *: statistical 
signi  cance when compared to the AD group (P<0.05).
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collagen deposition in Masson’s trichrome-stained lung sec-
tions. At 1, 2 and 4 months post-treatment, BM-MSCs have 
been detected in damaged lung, as manifested by positive 
Prussian blue staining, emphasizing the concept that alloge-
neic or xenogeneic MSCs could accommodate in hosts after 
infusion (Javazon et al, 2004), thus, indicating the potential-
ity of BM-MSCs to relocate to the in  ammatory sites and 
migrate into the lung tissue following the intravenous injec-
tion, to trigger repair and regeneration of lung tissue. 

The production of humoral mediators by damaged lung 
that induce stem cell proliferation could cause local prolif-
eration of stem cells mobilized from the bone marrow (or 
delivered as a stem cell transplant), or could be a signaling 
mechanism to the bone marrow to expand the pool of pro-
genitor cells in response to tissue damage. The generation of 
substances chemotactic for stem cells by damaged lung may 
aid in explaining the selective accommodation of these pro-
genitor cells to sites of tissue damage. In acute lung injury, a 
pro-in  ammatory immune response has been initiated within 
the injured lung, and pro-in  ammatory cytokines have been 
secreted, which can induce the homing of MSCs to the dam-
aged lung (Yagi et al, 2010). Importantly, it has been pro-
posed that most of the exogenously administered MSCs had 
disappeared shortly following administration, irrespective of 
the way of administration utilized; but these cells were able 
to stimulate longer-term paracrine e  ects that persisted long 
after they had been vanished, asserting that MSCs might still 
be able to alleviate lung damage despite gradually declining 
in numbers post-administration (De Becker and Riet, 2016). 
Another critical characteristic of MSCs linked to their reten-
tion in the lung following systemic administration. A previ-
ous study has mentioned that intravenous infusion of MSCs 
results in their homogeneous distribution into the lung pa-
renchyma (Gao et al, 2001), ascribable to a well-de  ned 
cell-trapping phenomenon happening in the lung microvas-
culature (Schrepfer et al, 2007). 

The studies advocated in the past two decades suggested 
that MSCs mediate their actions via engraftment in the lung 
and di  erentiation into alveolar cells. The notion of di  eren-
tiation is supported by studies in which transplanted MSCs 
adopted lung cell phenotypes in lung injury models (Ortiz et 
al, 2003; Rojas et al, 2005). The anti-in  ammatory activity 
of MSCs has also been suggested as a potential therapeutic 
mechanism in lung damage. It has been demonstrated that the 
inhibition of the prolonged local in  ammatory response may 
furnish an environment more suitable to the normal repair 
process. Additionally, the decline in in  ammatory cytokine 
expression supports the documentation that MSCs suppress 
the in  ammatory reaction through the activation/inhibition of 

critical cytokines, resulting in alterations in the local cytokine 
environment in favor of tissue repair (Matthay et al, 2010).  

Few studies reported that the use of MSCs may carry 
some risks to the patient (Lepperdinger et al, 2008), there-
fore, the administration of MSCs-CM may confer an alterna-
tive therapeutic option for lung injury. The intratracheal ad-
ministration of BM-MSCs-CM has shown to protect against 
PF in terms of lung in  ammation and collagen accumulation 
in a lung  brosis model induced by bleo mycin. Furthermore, 
it has been stated that BM-MSCs-CM has the potential to 
reduce apoptosis of alveolar epithelial cells (AECs), stimu-
late AECs regeneration and suppress development of lung 
 brosis. It has been suggested that the therapeutic impact 

of BM-MSCs-CM on AECs may be linked with the epithe-
lial speci  c growth factors released by BM-MSCs and the 
synergistic e  ects of these factors (Shen et al, 2015). BM-
MSCs-CM has shown to have dynamic in  uences relating to 
 brotic therapy, stimulating both the migration and prolifer-

ation of AECs while inhibiting the activation and prolifera-
tion of pulmonary  broblasts, supporting the potential role 
of BM-MSCs-CM in tissue repair (Akram et al, 2013). It 
has been mentioned that MSCs-CM contain multiple factors 
that may confer therapeutic bene  t, remarkably resolving 
lipopolysaccharide (LPS)-induced lung injury by ameliorat-
ing lung in  ammation. MSCs-CM have been found to most-
ly contribute to the reprograming modulation of monocytes–
macrophages, from a proin  ammatory M1 phenotype to an 
anti-in  ammatory M2 phenotype (Ionescu et al, 2012). 

A growing body of evidence indicates that excessive 
cytokine-mediated in  ammation plays a key role in the ini-
tiation of PF. In the present study, there was a signi  cant 
elevation in the serum concentrations of MIP2 in AD-treated 
rats as compared to control rats. Treatment with BM-MSCs 
or CM produced a remarkable drop in serum MIP2 concen-
trations. In a mouse model of bleomycin-induced PF, the 
MIP-2 protein levels in lung tissue homogenates of bleo-
mycin-treated mice have been found to be signi  cantly in-
creased, in comparison to saline-treated control mice (Keane 
et al, 1999). Additionally, in a model of endotoxin-induced 
lung injury in mice, the intrapulmonary administration of 
BM-MSCs has been shown to mediate a reduction of MIP-2 
levels in the bronchoalveolar lavage (BAL)  uid and plas-
ma, hence, mitigating lung injury, a bene  cial e  ect that has 
been shown to be mediated by a shift from a proin  amma-
tory to an anti-in  ammatory response (Gupta et al, 2007). 
Furthermore, it has been documented that BM-MSCs have 
a profound anti-in  ammatory e  ect in endotoxin-induced 
lung injury in mice by markedly blunting the BAL  uid 
MIP-2 levels (Hao et al, 2015).  
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Transforming growth factor beta 1 (TGF- 1) has been 
shown to play a pivotal role in the pathogenesis of PF (Al-
len and Spiteri, 2002). It is widely reported that TGF- 1 
mediated  brotic tissue remodeling by increasing the 
production and decreasing the degradation of connective 
tissue (Bartram and Speer, 2004). In a rat model of AD-
induced lung  brosis, TGF- 1 (mRNA and protein) expres-
sion in the lung has been found to be upregulated relative 
to controls (Chung et al, 2001). In addition, in a rat model 
of bleomycin-induced lung injury, the TGF- 1 mRNA lev-
els have been recorded to be upregulated following intra-
tracheal perfusion of bleomycin.  The present results are in 
complete agreement with the previous report indicating that 
the engraftment of BM-MSCs attenuates lung injury and 
 brosis as evidenced by signi  cant reduction in the TGF-
1 mRNA levels in injured rat lungs (Zhao et al, 2008). 

Moreover, in a double dose bleomycin-induced model of 
lung injury, intravenous infusion of BM-MSCs has been 
shown to reduce TGF- 1 protein levels in lung tissue 
lysates (Moodley et al, 2013). It has been reported that the 
intratracheal administration of bleomycin causes an eleva-
tion in the lung protein levels of TGF- 1. Treatment with 
BM-MSCs reduced TGF- 1 protein levels, suggesting that 
the anti-  brotic action of BM-MSCs might be mediated by 
down-regulating lung expression of TGF- 1 protein (Yu et 
al, 2015). Smads comprise a family of structurally similar 
proteins that are the main signal transducers for receptors 
of the TGF-  superfamily, and TGF- 1/Smad2/3 signaling 
is one of the main pathways involved in a variety of pulmo-
nary  brogenesis processes, including in  ammation, epi-
thelial to mesenchymal transition (EMT), and extracellular 
matrix deposition (Flanders, 2004). It has been demonstrat-
ed that the pro-  brogenic TGF- 1 signaling is mediated 
predominantly via the Smad-dependent pathways (Heldin 
and Moustakas, 2012). In a bleomycin-induced PF model 
in mice, induced pluripotent stem cells (iPSCs) intravenous 
administration remarkably suppressed bleomycin-mediat-
ed activation of TGF- 1/Smad2/3 in lung tissues (Zhou et 
al, 2016). Calcium-binding protein A4  (S100A4), a cal-
cium binding protein, is a regulator of a number of cellular 
processes important to the progression of  brosis (Donato 
et al, 2013). In a prior genome-wide transcriptional analy-
sis, idiopathic pulmonary  brosis (IPF) mesenchymal pro-
genitor cells (MPCs) have been shown to express higher 
levels of S100A4 compared with control MPCs (Xia et al, 
2014). The mechanism by which S100A4 imparts  bro-
genic properties to IPF MPCs has been proposed to involve 
high nuclear levels of S100A4, which function to promote 
p53 proteasomal degradation, stimulating IPF MPC prolif-
eration and expansion of the IPF MPC population (Xia et 

al, 2017).  Previously, it has been documented that in the 
process of  brosis, epithelial cells can be transformed into 
 broblasts, a process called EMT, suggesting that EMT 

might be involved in many  brotic diseases. Additionally, 
it has been reported that TGF- 1 is a powerful mediator of 
EMT. Interestingly, S100A4 has been shown to be a target 
of TGF- 1 signaling, suggesting that S100A4 might be a 
key factor in TGF- 1-induced EMT (Matsuura et al, 2010). 
Recently, S100A4 expression has been found to be induced 
by the TGF- 1 pathway (Ning et al, 2018).

It has been demonstrated that MSCs and MSCs-CM ex-
ert observable cytoprotective e  ects in a human relevant 
pre-clinical model of chronic obstructive pulmonary dis-
ease. These protective in  uences were mediated via MSCs 
secretion of soluble mediators. Of note, MSCs-CM has been 
shown to be less e  ective than MSCs and this is likely as-
cribed to the capability of MSCs to continually release sol-
uble factors (Kennelly et al, 2016). These  ndings showed 
parallelism with our study as the infusion of BM-MSCs 
revealed more favorable impact than BM-MSCs-CM in at-
tenuating lung  brosis induced by AD. The therapeutic ef-
 cacy of BM-MSCs might be partly attributed to enhanced 

mobilization of BM-MSCs to the  brotic lung tissue.
In the present approach, maintaining the rats in AD-

induced lung  brosis group with BM-MSCs for prolonged 
time intervals showed a better  brosis-attenuating in  u-
ence than of short time Likewise, keeping the BM-MSCs-
CM-treated rats for extended time intervals revealed a 
better e  ect in ameliorating lung  brosis than in case of 
limited time. 

Conclusions
Taken together, our data provide insight into the molec-

ular mechanisms, namely, down-regulating in  ammatory 
response and TGF- 1 signaling, behind the potent e  ec-
tiveness of BM-MSCs as anti-  brotic candidates, and fur-
ther reinforce the feasibility of BM-MSCs transplantation 
in the treatment of PF. Additionally, the present  ndings 
justify the optimal treatment period of BM-MSCs in PF in-
duced by AD. BM-MSCs-based therapy may represent an 
innovative e  ective approach against lung  brosis. Never-
theless, further studies using more pathologically oriented 
lung  brosis models will be required in the advance to-
wards clinical settings.

Acronyms and abbreviations
BM-MSCs- bone marrow-derived mesenchymal stem 

cells; CM -conditioned media; AD -amiodarone; TGF- 1-
transforming growth factor beta 1; SMAD3 -mothers against 
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decapentaplegic homolog; S100A4 -S100 calcium-binding 
protein A4; MIP-2 -macrophage in  ammatory protein 2.
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Abstract

Keywords

The present study aims to characterize the globe artichoke parts, receptacle (AR) and bracts (AB), and 
to evaluate the quality characteristics of  sh burger formulated by partial substitution of Mackerel  sh 
meat with di  erent level of both AR and AB. Physicochemical, cooking measurements and sensory 
characteristics of  sh burgers were analyzed. The study results showed that the used artichoke parts 
had high protein, crude  ber, inulin and ascorbic acid contents. Total phenolics content of AR and AB 
was 43.1 and 38.2 (mg galic acid equivalent/g), respectively. The addition of artichoke parts to  sh 
burger showed improvement in the cooking properties for instance increase cooking yield and decrease 
cooking loss and shrinkage, without noteworthy di  erences in sensory properties. Moreover, it was 
concluded that artichoke parts could be a great source of health-promoting phenolic compounds with 
high antioxidant activity. Therefore, our results could promote the consumption of artichoke parts and 
their using in di  erent industrial food applications. 
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Introduction
The globe artichoke (Cynara scolymus L.) is a large this-

tle and herbaceous perennial plant, that belongs to the family 
of Asteraceae (sun  ower family). It is an ancient crop and 
medicinal plant, the therapeutic potential of artichoke was 
known to the ancient Egyptians, Greeks and Romans (Lat-
tanzio et al., 2009). As of 2017, the total production/yield 
quantities of artichokes in the world were 1505328 tons 
over an area of 122390 ha. Top globe artichoke producers 
in 2017 were Italy (387803 ton), Spain (223150 ton) and 
Egypt (185695 ton) (FAO, 2017). In addition, in 2018, Italy, 
Egypt and Spain recorded the highest volumes of artichoke 
consumption with 394.000, 319.000 and 196.000 K tons, re-
spectively, which represents about 54% of global consump-
tion. In 2019, the total world production of artichokes was 
approximately 1.6 million tons (FAOSTAT, 2019). 

The artichoke fruit can be consumed in many ways, raw, 
steamed, fried, boiled, and used as ingredient in many reci-
pes (Pandino et al., 2011). The edible part, lower part (recep-
tacle), of artichoke accounts 10–18% of the total weight head 
whereas, the core parts (inner bracts and receptacle) represent 
about 40%. The by-products of artichoke fruit (stems, leaves, 
outer bracts) account around 80% of the biomass. They can 
be used to extract nutraceuticals and food additives (Lattanzio 
et al., 2009; Ciancolini et al., 2013). Fresh artichokes have a 
low calories and fat content (Fratianni et al., 2007; Pandino 
et al., 2011), are an excellent source of vitamins and rich in 
dietary  ber, polyphenolic compounds, hydroxylcinnamates, 
 avones, antioxidants and minerals (potassium, sodium, phos-

phorus). These compounds help to improve the body’s immu-
nity against many diseases (Lattanzio et al., 2009; Abd-Elhak 
et al., 2014). Plant polyphenolic compounds are the richest 
source of antioxidants in our diet (Manach et al., 2004). El-
Sohaimy (2014) found that classic globe artichoke contain 
72% moisture, 14 % protein, 2% lipids, 73% carbohydrates 
and 30 mg GAE/g DM total phenolic compounds. Artichoke 
parts (receptacle and bracts) are good source of inulin. Inulin, 
a highly water-soluble carbohydrate, is used in human nutri-
tion and food industry due to its healthy and long chain length 
inulins (López-Molina et al., 2005; Cli  ord & Brown, 2006; 
Lattanzio et al., 2009; Costabile et al., 2010). 

Burgers are one of the most preferred fast foods, which 
contain more trans fatty acids, so it can cause obesity, coro-
nary disease and diabetes. Vegetables and fruits are part of 
a healthy diet, which could help prevent major diseases, if 
consumed daily in su   cient amounts. They are an excellent 
and cheap source of minerals. Dietary  ber intake through 
meat replaced with fruits and vegetables is related to pre-
vent against the risk of major dietary problems and many 

diseases (Abd-Elhak et al., 2014). Recently, the usage of 
natural plant parts in improving the shelf-life of foods is a 
promising technology due to its substances that have nutri-
tional and functional properties (Burt, 2004; Badawy & Ali, 
2018). Meat replacement with added non-meat constitu-
ents has been applied in meat industries. This replacement 
is used for several reasons for example, health, quality and 
economic purposes. Egbert and Payne (2009) and Badawy 
and Ali, (2018) replaced the animal meat source with plant 
parts in food industry such as burger To our knowledge, the 
bracts and receptacle of artichoke were not thoroughly re-
searched. Therefore, the goal of this study was to character-
ize two di  erent parts of artichoke fruit (bracts and recep-
tacle). Moreover, incorporation of these parts with di  erent 
quantities in  sh burger preparation by replacing of meat 
to test its e  ect on their chemical, cooking, nutritional and 
sensory properties.

Materials and methods

Materials 
The globe artichoke fruits, Cynara scolymus variety, were 

obtained from a farm at Kafr El-Dour origin, EL-Behera, 
Egypt. Mackerel  sh and ingredients of burger such as: spices, 
starch onion, salt, garlic, and re  ned sun  ower oil were bought 
from Kafr El-Sheikh local market, Egypt. Standards phenols, 
1,1 Diphenyl-2-Picrylhydrazyl (DPPH) and 6-hydroxi-2,5,7,8-
tetramethylcromane-2-carboxylic acid (Trolox, TE), were ac-
quired from Sigma company, St. Louis, MO, USA.

Methods 

Preparation of artichoke powders

 Artichoke fruits were washed with water and manually 
cleaned. Subsequently artichoke receptacle and bracts were 
manually separated and dried in an electric oven at 50±2 ºC 
for 48h. Afterwards, these parts were cut into small pieces 
and powdered in a Moulinex hammer mill. Finally, the pow-
ders were stored in polyethylene airtight bags at refrigerated 
temperatures (4 ºC) until analysis and use in burger formula-
tions. 

Preparation of  sh burgers

Four Mackerel  sh burger formulations were designed 
according to Youse   et al., (2018) with minor modi  cations. 
The  sh meat was replaced with di  erent levels (2.5, 5 and 
10 %) of artichoke parts. All ingredients (2% NaCl, 2% 
oil, 2% spices, onion, ginger, hot spices, garlic, green chili 
paste) were mixed together in a blender and the prepared 
paste was added to minced  sh and mixed with artichoke 
parts. After that, samples with a weight of 60 g, thickness 
of around one cm and diameter of around seven cm were 
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prepared. The burger samples were stored at -18±2 °C until 
further analyses.

Thermal treatment

Fresh prepared burgers were fried using sun  ower oil in 
stainless steel pan at 160± 10 °C for about 6 min (3 min for 
each side).

Determination of chemical composition of AR and AB 
and burgers

Moisture content was determined as the loss in weight 
after drying in an electrical air oven at 105 oC to reach a con-
stant weight. Crude protein content was determined by the 
Micro-Kjeldahl method using the nitrogen- to protein con-
version factor of 6.25. Ether extract was performed in a Sox-
hlet apparatus for 6 hours using petroleum ether (40-60 ºC) 
as a solvent. Ash content was determined using the mu   e at 
550 ºC. The crude  ber was determined in sample free from 
moisture and fat that remained after digestion with weak 
acid and base. All the above mentioned determinations were 
carried out followed the methods described in the AOAC 
(2011). The total carbohydrates were calculated as follows: 
Total carbohydrates (%) = 100 - (protein + ash + fat). All 
analyses were carried out in triplicate determinations.

Preparation of AR and AB extracts

Methanolic extracts were obtained from dried powders 
as follows:1.5 g of dried powders was mixed with 20 ml of 
absolute methanol. The mixtures were stirred at 100 rpm for 
24 h at room temperature. Then, the mixtures were  ltrated 
and stored at refrigerated temperatures (4 ºC) till analysis 
(Ziada, 2002).

Determination of total polyphenolics content

The total polyphenolics content of extracts were evaluat-
ed as described in Bonoli et al., (2004). one gram of sample 
was macerated in 50 ml of di  erent solvents (99% methanol, 
95% ethanol, 70% aqueous methanol, 70% aqueous ethanol 
and water) at room temperature for 1, 2, 3, 4, 6, 8 and 24 hrs. 
Moreover, 60 and 90 ºC for 5 and 10 min were used. The 
extracts were  ltrated.  300 l of  ltrates were added to 300 

l of Folin Ciocalteu’s reagent, then 2.4 ml of 7.5% sodium 
carbonate solution was added and the mixture was incubated 
in the dark for half hour. Absorbance was then read at 760 
nm using a UV spectrophotometer (Varian, Melbourne, VIC, 
Australia). Gallic acid was used as the standard. The con-
tent of total polyphenolics was calculated as mg gallic acid 
equivalent (GAE)/ g dried powders.

Determination of antioxidant capacity of artichoke parts

Antioxidant capacity of artichoke parts was determined 
using DPPH assay as illustrated in details in Badawy and 

Ali, (2018). One mL of 0.15 mM DPPH solution in 95% eth-
anol was added to one mL extract. The mixture was stored 
for 30 min in the dark at room temperature. The absorbance 
was measured at 517 nm using PG Instruments T80 UV/
VIS Spectrophotometer. Trolox (TE) was used to make the 
standard curve and the antioxidant activity was calculated as 

M TE/100g dried powders.

Determination of inulin in artichoke parts

The procedure recommended by Prosky and Hoebregs 
(1999) was used to determine the inulin content in artichoke 
receptacle and bracts. One gram of dried powder was ex-
tracted with 25 ml distilled water at 40 oC. The extract was 
mixed with 5 ml of 1.0 N lead acetate solution and 5 ml satu-
rated solution of sodium phosphate dibasic then  ltered and 
the supernatant was removed. The residue was washed again 
with distilled water after that, the combined  supernatant and 
washing water were diluted to 100 ml using distilled water. 
Two ml of the extract was added to 2 ml of folin reagent 
and the mixture was heated for 90 minutes in a water bath. 
After heating, the mixture was titrated with 0.01 N standard 
potassium-permanganate solution until a faint rose colour 
appeared. The inulin content was estimated using the fol-
lowing equation:

1.85 ml of 0.01 N potassium permanganate 
solution = 1 mg inulin

Determination of ascorbic acid in AR and AB

Ascorbic acid content of artichoke receptacle and bracts 
was evaluated using Folin- Ciocalteu Reagent depending on 
the method reported by Dashman et al., (1991). Twenty ml 
of extract was transferred into 100 ml volumetric  ask fol-
lowed by 2 ml of 10% TCA solution and diluted to 100 ml 
with distilled water. The mixture was swirled gently for 1 
minute and left to stand for 1 minute and  ltered with What-
man  lter (no 542). Brie  y 30 mg of ascorbic acid were add-
ed to 10 ml distilled water to prepare the standard solution. 
One ml of the standard solution and extract was mixed with 3 
ml of distilled water and 0.4 ml of Folin reagent.  After that, 
the mixture was incubated for 10 min at room temperature. 
The absorbance of the mixtures was read at 760 nm using a 
UV spectrophotometer (Varian, Melbourne, VIC, Australia).  
The results were expressed as g per 100g fresh weight.

Determination of mineral contents:

Mineral contents (Ca, Mg, Na, Fe, P, Zn, and Mn) were 
determined depending on the methods of AOAC (2011). 
Five grams of dried sample were dry ashed in mu   e fur-
nace maintained at 550°C for 2 hr. The ash was cooled in 
desiccators and then weighed. After weighing, the ash was 
dissolved in a solution of 1:1 ratio of H2O: HCl, in which 
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the concentration of the  nal mixture was 6N HCl. Calcium, 
Magnesium, iron and zinc were determined using the atomic 
absorption sepectrophotometer (Zeiss FMD3). Sodium and 
potassium were determined by  ame photometer. Phospho-
rus (P) was estimated photometrically of phosphorus mo-
lybdate complex by spectrophotometer at a wavelength of 
650 nm, using a standard curve according to the methods 
described in the AOAC (2011). 

Energy value of prepared burgers

Energy value of prepared burgers (on wet weight basis) 
was calculated as reported in AOAC (2011). Where, one 
gram of protein, lipid and available carbohydrates gives 
4.27, 9.02 and 4.10 Kcal, respectively.

Physical properties of prepared burgers

Protein-water-fat coe   cient (PWFC), water-protein co-
e   cient (WPC) and protein - water coe   cient (PWC) were 
calculated as reported by Tsuladze (1972) and Feder value as 
reported by Pearson (1970).

Cooking properties of burgers

The percentage of burger shrinkage, cooking yield, mois-
ture retention and the cooking loss of the prepared burgers were 
calculated according to equations planned by Berry (1992), 
Aleson-Carbonell et al., (2005) and Akwetey and Knipe (2012). 
respectively and found in Badawy and Ali (2018).

Sensory evaluation of prepared  sh burgers

Sensory  properties  of cooked  sh burgers forti  ed with 
artichoke parts were evaluated through hedonic test, by 25 
panelists from the sta   members of the Food Industry De-
partment, Faculty of Agriculture, Kafrelsheikh University, 
as mentioned in Meilgaard et al., (2007). Panelists were 
asked to give numerical values ranging from 0 to 10 for the 
sample’s characteristics, taste, odor, texture, color, appear-
ance and overall. The panelists were asked to have mouths 
rinsed with water between each sample.

Statistical Analysis

The results were statistically analyzed using T test analy-
sis of variance (ANOVA) procedure by SPSS (Version 16.0) 
software.

Results and Discussion

Chemical composition of AR and AB
The chemical composition of studied artichoke parts 

(AR and AB) was determined, and the results are shown 
in Table (1). The results reported that receptacle from arti-
choke contained 84.4, 11.50, 2.6, 4.1, 9.51 and 81.8 % for 
moisture, crude protein, fat, ash, crude  bers and total car-
bohydrates (on dry weight basis), respectively. While, the 
chemical composition of bracts was 74, 5.2, 2.1, 3.9, 10.6 
and 88.8 % for moisture, crude protein, fat, ash, crude  bers 
and total carbohydrates, respectively. Shalaby (2000) found 
that chemical composition of artichoke bracts was 85.32±0.4 
moisture, 69.11±1.2% total carbohydrates, 11.10±1.0% 
crude protein, 2.85±0.2% ether extract, 26.0±2.1% crude  -
bers, 16.10±1.2% ash (on dry weight basis). While, Gomaa 
(2010) and Claus et al., (2015) stated that artichoke recep-
tacle was found to have 12.90 and 24.27% protein, 1.41 and 
1.34 % fat and 6.20 and 12.32 % ash and artichoke bracts 
recorded low protein (11.60 and 10.35%), fat (1.31 and 2.04 
%) contents, where ash content was (10.10 and 5.37 %), re-
spectively. These di  erences may be related to the varieties, 
origin and conditions of agriculture.

The results presented in Table (1) show that inulin and 
ascorbic acid were found in two studied parts. Furthermore, 
Table (1) indicated remarkable di  erences in inulin and ascor-
bic acid contents among the di  erent parts, where receptacle 
showed 32.9 and 0.89%, while bracts showed 21.8 and 0.34 
%, respectively. These data are in the line with (Lattanzio et 
al., 2000; Sharara & Ghoneim, 2011) who reported that inu-
lin content in artichoke is more than 30%. Shalaby (2000) re-

Table 1. Chemical composition (on dry weight basis) of some artichoke parts
Parameters AR AB
Moisture % 84.5± 0.10a 74±1.20b

Crude Protein % 11.5±1.10a 5.2±0.17b

Ether extract % 2.6±1.30a 2.1±1.11b

Ash % 4.1±0.23a 3.9±1.00a

Crude  bers % 9.5±0.19b 10.6±0.30a

Total carbohydrates % 81.8±2.7b 88.8±3.21a

Inulin % 32.9±0.22a 21.8±0.31b

Ascorbic acid % 0.89±0.23a 0.34±0.21b

Total phenolics mg GAE/g 43.1±0.12a 38.3± 0.21b

Total  avonoids mg QE/g 8.6±0.14a 7.8±0.17b

Antioxidant activities ( M TE/g sample) 53.5± 1.10a 31.9± 1.14b

Where: AR; Artichoke Receptacle and AB; Artichoke Bracts.
Values followed by the same letter in a row are not signi  cantly di  erent P  0.05
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ported that the inulin content of bracts was 10.89±1.1%. The 
results of assays of total phenolics and  avonoids content and 
antioxidant activity assays of receptacle and bracts are also 
listed in Table (1). The results of total phenolics content are in 
agreement with El Sohaimy (2014), who found that the total 
phenolic content (TPC) in methanol extract of globe artichoke 
was 30.70±1.87 mg GAE/g dry sample). While, they are high-
er than the results reported by Rejeb et al., (2020), who found 
that the TPC content for the bracts of two di  erent artichoke 
varieties was (15.262 and 10.726 mg GAE/ g DW). These 
di  erences may be related to the varieties, origin and condi-
tions of agriculture. As shown in Table (1) the total  avonoids 
and antioxidant activity contents di  er also depending on the 
fruit parts. The highest values were recorded for receptacle 
compared to bracts. The signi  cant di  erences between the 
results were found, where it was clear that receptacle had the 
highest phenolics and  avonoids content and antioxidant ac-
tivity compared to bracts part. This trend is similar to the re-
sults found by El Sayed et al., (2018). The highest antioxidant 
activity content of receptacle compared to bracts is related to 
the total phenolic and  avonoids content.

Minerals content of some artichoke parts
The results in Table (2) indicate that artichoke is a great 

source of minerals such as potassium, sodium, manganese 
and calcium. Potassium presented as the highest value of
mineral, 1807.5 and 1875.0 (mg/100g DM) by receptacle 
and bracts, respectively. While, sodium existing as 1285.0 
and 365.3 mg/100 g DM by receptacle and bracts, respec-
tively. Moreover, trace elements such as iron and copper 
were detected in both artichoke parts. These results are simi-
lar to the  ndings of El Sayed et al., (2018) who reported 
that macro elements of artichoke extract contained high con-
tents of Na, Ca, and Mg and traces from Zn, Fe, Mn, and Cr.

Table 2. Minerals content (mg/100g on dry weight basis) 
of some artichoke parts

Elements Amounts
AR % of total AB % of total

K 1807.5 45 1875.0 68.5
Na 1285.0 32 365.3 13.4
Mg 713.7 17.7 387.8 14.2
Ca 191.3 4.8 89.4 3.2
P 9.6 0.24 5.6 0.24
Fe 8.0 0.21 10.1 0.38
Cu 1.9 0.05 1.9 0.08

Total 4016 100 2735 100
Where: AR; Artichoke Receptacle and AB; Artichoke Bracts.
Values followed by the same letter in a column are not 

signi  cantly di  erent P  0.05

In  uence of the artichoke parts level on chemical 
composition of prepared  sh burgers

The moisture, protein, fat, ash, crude  ber and total car-
bohydrates contents of the raw and cooked controls and for-
ti  ed  sh burgers with di  erent levels (2.5, 5 and 10 %) of 
some artichoke parts (receptacle and bracts) were listed in 
Tables (3 and 4). The results exposed that the control of un-
cooked burger contained 71.7 % moisture, 46.1 % protein, 
12.27% fat, 3.74 % ash, 0.5 crude  ber and 37.89 % carbo-
hydrates, while the control of cooked burger contained 68.3 
% moisture, 45.6 %protein, 19.29 % fat, 3.71 % ash, 0.4 
crude  ber and 31.4 % carbohydrates. 

From the presented data, it could be observed that the 
moisture content of uncooked burgers decreased as the level 
of receptacle and bracts increased, but the decreasing rate 
was not signi  cant. Serdaroglu (2006) stated a reduction in 
moisture content of beef burgers formed with the  our of oat 
due to an increase in solid contents., In contrary, the mois-
ture content of cooked burgers increased slowly as the level 
of artichoke parts increased, but the increasing rate was not 
signi  cant between the levels of artichoke powders. It has 
been informed that during cooking,  sh burgers lose mois-
ture during evaporation and drip (Sheridan & Shilton, 2002), 
which could be because the adding of receptacle and bracts 
decreases evaporation and drip causing a signi  cant in-
crease in the content of moisture of forti  ed cooked burgers. 
In addition, protein and ether extract contents of raw burg-
ers decreased as the amount of artichoke parts increased, 
while, ash, crude  ber and carbohydrates increased with 
the increasing of artichoke parts. These could be related to 
the lower content of crude fat and protein in Artichoke parts 
than in  sh. On the other hand, in cooked samples, all de-
termined constituents except protein content increased with 
the increasing of Artichoke parts. Hassaballa et al., (2009), 
Al-Juhaimi , (2016) and Badawy and Ali (2018) reported 
that an increase in protein, fat and ash contents in burgers, 
forti  ed with moringa and mashed pumpkin and potato and 
marjoram after cooking processes was observed.

In  uence of the artichoke parts level on 
physicochemical properties of  sh burgers

The results showed that, PWC, PWFC and Feder value 
of  sh burgers were gradually decreased by increasing lev-
els of dried Artichoke parts compared to control sample. 
While WPC increased with increasing levels of dried Ar-
tichoke parts. So that, tenderness of burger was increased. 
This result might be due to the decrease in protein content of 
all prepared burgers as a result to denaturation and aggrega-
tion of protein. These results are in the line with the results 
of Hegazy (2004) and El - Refai et al., (2014). Moreover, the 
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results showed that the feder numbers of prepared burgers 
were less than 4. Therefore, they are in good quality (Pear-
son, 1970).

In  uence of the artichoke parts level on cooking 
properties of  sh burgers

The cooking properties of forti  ed and unforti  ed  sh 
burgers are presented in Table (6). The data exposed that, 
the addition of artichoke parts (receptacle and bracts) to  sh 
burgers in  uenced on the cooking characteristics of pre-
pared burgers. The cooking yield was increased in burgers 
with an increase in the artichoke amount compared to con-
trol. The cooking yield was increased from 95.24 % for con-
trol to 96.12, 96.32 and 97.76 % for burgers forti  ed with 
2.5, 5 and 10 % receptacle, and to 94.30, 94.74 and 95.55 
% for ones forti  ed with 2.5, 5 and 10 %, bracts, respec-
tively. These results agree with Al-Juhaimi et al., (2016) and 
Badawy and Ali (2018), who stated similar trends for the 

cooking yield in burgers forti  ed with moringa seed powder 
and marjoram leaves, respectively. Alakali et al., (2010) also 
found the same results for the cooking yield of beef  forti  ed 
with groundnut seed powder. They explained this observa-
tion by the ability of these materials to the water and fat 
retention capacity, in addition to ability to maintain fat and 
moisture in the patty matrix. 

As apparent in Table (6), the addition of receptacle 
and bracts of artichoke improved the moisture retention of 
cooked burgers, where they were increased with the increase 
of artichoke level compared to control. This results can be 
explained by the increasing of the water absorption capac-
ity of protein and the gelatinization of starch during cook-
ing process in addition to the swelling of the  ber (Modi et 
al., 2004). This result is important since high water retention 
positively in  uences properties of meat or  sh products such 
as juiciness and texture. The results obtained for fat uptake 

Table 3. Chemical composition (on dry weight basis) of raw  sh burgers
Formulations Moisture Protein Fat Ash Crude  ber Total Carbohydrates

Control 71.7±0.12ns 46.1a±0.22a 12.27±0.03a 3.74±0.05c 0.5±0.05d 37.89
2.5% AR 71.6±0.06 45.3±0.07a 12.17±0.08a 3.81±0.07c 0.7±0.03c 38.72
5.0% AR 71.5±0.14 44.2±0.09b 12.04±0.12a 4.06±0.02b 0.9±0.18c 39.7
10% AR 71.3±0.70 43.1±0.03b 11.83±0.04b 4.14±0.09b 1.2±0.07b 40.93
2.5% AB 70.2±0.01 44.9±0.11a 12.21±0.02b 4.05±0.10b 1.1±0.04b 38.84
5.0% AB 70.1±0.09 43.6±0.05b 12.10±0.09b 4.41±0.18a 1.7±0.15a 39.89
10% AB 69.8±0.00 42.3c±0.01c 12.00±0.05a 4.75±0.14a 2.1±0.09a 40.95

Where: AR; Artichoke Receptacle and AB; Artichoke Bracts.
Values followed by the same letter in a column are not signi  cantly di  erent P  0.05

Table 4. Chemical composition (on dry weight basis) of cooked  sh burgers
Formulations Moisture Protein Fat Ash Crude  ber Total Carbohydrates

Control 68.3±0.08ns 45.6±0.05a 19.29±0.01ns 3.71±0.21c 0.4±0.02d 31.4
2.5% AR 68.5±0.11 44.7±0.19a 19.47±0.08 3.86±0.06c 0.6±0.05c 31.97
5.0% AR 68.7±0.06 43.9±0.08b 19.71±0.18 3.96±0.02c 0.8±0.03c 32.68
10% AR 68.9±0.02 42.8±0.03c 19.88±0.01 4.10±0.09b 1.1±0.01b 33.22
2.5% AB 68.7±0.09 45.0±0.16a 19.38±0.07 4.10±0.00b 1.0±0.22b 31.52
5.0% AB 69.2±0.20 43.7±0.11b 19.63±0.13 4.51±0.11a 1.6±0.03a 32.16
10% AB 69.6±0.07 42.5±0.11c 19.87±0.00 4.86±0.06a 2.0±0.02a 32.77

Where: AR; Artichoke Receptacle and AB; Artichoke Bracts.
Values followed by the same letter in a column are not signi  cantly di  erent P  0.0

Table 5. Physicochemical properties and energy value of  sh burger forti  ed with di  erent levels of artichoke
Formulations PWC PWFC WPC Feder value Energy value

Control 0.18±0.03b 0.17±0.07b 5.49±0.17b 3.02±0.12a 154.07
2.5% AR 0.18±0.02b 0.17±0.05b 5.56±0.15b 2.99±0.14a 155.56
5.0% AR 0.18±0.02b 0.17±0.04b 5.67±0.16a 2.98±0.15a 155.28
10% AR 0.17±0.01c 0.17±0.07b 5.76±0.17a 2.96±0.11a 153.53
2.5% AB 0.19±0.04a 0.18±0.06a 5.51±0.12b 2.81±0.13b 154.02
5.0% AB 0.19±0.03a 0.18±0.02a 5.54±0.13b 2.80±0.14b 154.28
10% AB 0.18±0.05b 0.17±0.03b 5.58±0.11b 2.77±0.15b 147.98

Where: AR; Artichoke Receptacle and AB; Artichoke Bracts.
Values followed by the same letter in a column are not signi  cantly di  erent P  0.05
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of cooked  sh burgers (Table 6) showed the same result that 
observed for moisture retention. The raise in fat retention 
may be related to the fact that the swelling of the  ber and 
starch in addition to the fat absorbed by the  ber can be in-
teract with the protein of the crushed meat matrix to avoid 
migration of fat from the product (Alakali et al., 2010). Table 
(6) also shows that the addition of artichoke parts was de-
creased the cooking loss compared to control burger sample 
with values of 4.72 for control burger and 3.80, 3.52 and 
2.86 % for burgers forti  ed with 2.5, 5 and 10 % receptacle, 
while the values decreased to 4.64, 4.53, 4.34 % for burgers 
forti  ed with 2.5, 5 and 10 %, bracts, respectively. This im-
provement in cooking loss was occurred by the addition of 
orange peel and marjoram leaves which is able to bind water 
and fat (Eldemery, 2010; Mahmoud et al., 2017; Badawy 
& Ali, 2018). Fibers decreased the cooking loss of burgers 
because of their high ability to retain moisture and fat in the 
medium (Besbes et al., 2008).The percentage of shrinkage 
was decreased with the artichoke level increased (Table 6). 

Bracts part showed more decrease than receptacle part, 
where the control burger showed the highest shrinkage per-
cent, 7.14 %, compared to 5.71, 3.57 and 2.85 % for burgers 
forti  ed with 2.5, 5 and 10 %receptacle, and to 4.28, 2.86 
and 1.34 % for burgers forti  ed with 2.5, 5 and 10 %, bracts, 
respectively. The denaturation of protein meat, water evap-
oration and juices during cooking process is associated to 

the shrinkage (Alakali et al., 2010; Al-Juhaimi et al., 2016).  
The lower shrinkage observed in  sh burgers forti  ed with 
artichoke parts compared to the unforti  ed burgers might be 
due to the stabilizing and binding characteristics of portions 
used, which retain the meat particles together and banned 
changes in the juice losses, moisture and accordingly the 
shape of the product as reported by Naveena et al., (2006) 
and Al-Juhaimi et al., (2016).

In  uence of the artichoke parts level on sensory 
properties of cooked  sh burgers

Results presented in Table (7) show the mean sensory 
scores of cooked  sh burger samples prepared with di  er-
ent levels of artichoke parts. The addition of non-meat in-
gredient to  sh usually decreases its quality and the main 
problem is to keep it at the level as close as possible to the 
full-meat product. Results indicated that there were no sig-
ni  cant di  erences at p  0.05 for color, odor, texture,  a-
vor and overall acceptability between cooked burgers forti-
 ed by di  erent levels of artichoke and the control burger. 

Fish burgers which were not forti  ed with dried artichoke 
or were forti  ed with 2.5 and 5% dried artichoke parts had 
better organoleptic properties compared to burgers forti  ed 
with 10%. Therefore, supplemented burger with Artichoke 
till 5 % could be recommended to be produced as burger 
with good quality acceptable sensory quality attributes.

Table 6. Cooking properties of  sh burgers forti  ed by di  erent levels of Artichoke
Formulations Cooking yield (%) Cooking loss (%) Shrinkage (%) Moisture retention (%) Oil uptake %

Control 95.24±1.67d 4.72±0.16a 7.14±0.12a 95.25±1.07c 57.2±0.37e

2.5% AR 96.12±1.38c 3.80±0.21b 5.71±0.15b 95.67±1.21c 59.98±0.39d

5.0% AR 96.78±1.34b 3.52±0.25b 3.57±0.17c 96.08±1.17b 63.70±0.32b

10% AR 97.87±1.42a 2.68±0.18c 2.85±0.13d 96. 63±1.31b 68.47±0.34a

2.5% AB 96.45±1.51b 4.64±0.17a 4.28±0.18c 97.86±1.27a 58.72±0.37d

5.0% AB 96.10±1.33c 4.53±0.15a 2.86±0.14d 98.71±1.31a 62.23±0.41c

10% AB 96.66±1.61b 4.34±0.18a 1.34±0.16e 99.71±1.19a 65.58±0.38b

Where: AR; Artichoke Receptacle and AB; Artichoke Bracts.
Values followed by the same letter in a column are not signi  cantly di  erent P  0.05

Table 7. Sensory evaluation of cooked  sh burgers forti  ed by di  erent levels of artichoke
Sensory properties FormulationsOverall Acceptability Texture Odor Taste Color

8.42±0.67a 8.58±0.51a 8.67±0.49a 8.08±0.90b 8.75±0.8a Control
8.83±0.39a 8.75±0.45a 8.67±0.50a 8.92±0.29a 8.67±0.9a 2.5% AR
8.43±0.90a 8.25±0.97b 8.25±0.82b 8.17±0.94b 8.17±1.1a 5.0% AR
7.93±0.79b 7.67±1.83c 8.00±1.51b 8.30±1.22b 8.33±0.7a 10% AR
8.50±0.74a 8.17±0.94b 8.00±0.95b 7.92±1.00b 8.81±1.1a 2.5% AB
7.92±0.90b 7.83±0.83c 8.00±0.82b 7.25±1.24c 7.16±0.7b 5.0% AB
7.17±1.40c 7.08±1.38d 7.42±1.51c 7.08±1.78c 6.83±1.3b 10% AB

Where: AR; Artichoke Receptacle and AB; Artichoke Bracts.
Values followed by the same letter in a column are not signi  cantly di  erent P  0.05
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Conclusions
The results of this study showed that powders of arti-

choke parts (receptacle and bracts) are important sources of 
minerals (K, Na. Mg and Ca), bioactive compounds (phe-
nolic compounds), inulin and vitamin C. In addition, these 
powders have antioxidant potential being bene  cial in a 
healthy diet for prevention of diseases caused by free radi-
cals. Dried receptacle and bracts of artichoke can be used 
for food forti  cation and as functional food in  sh products. 
Forti  cation with dried artichoke at levels 2.5, 5 and 10% 
caused good e  ects on all physicochemical properties and 
cooking properties of  sh burgers at zero time. Fish burgers 
which were not forti  ed with dried artichoke or were forti-
 ed with 2.5 and 5% dried artichoke had better organoleptic 

properties compared to burgers forti  ed with 10%. There-
fore, powders prepared from artichoke parts can be used as 
functional ingredients and can be used to fortify food prod-
ucts (  sh, bakery and pastry products, especially) in order to 
increase the nutritional and their antioxidant potential, but 
also as sweetening agent for products for diabetics. The re-
sults indicated that used artichoke parts has high potential as 
a binder for use in burger production in addition to its health 
and nutritional bene  ts. Further studies are needed to char-
acterize artichoke parts.
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Abstract

Keywords

To the Research and Development Station for Plants Culture on Sands, D buleni, in the period 2020-
2021, in a plum orchard, di  erent doses of compost were applied obtained from sludge resulting from 
the processing of domestic wastewater. Soil analyzes, in the second year after the application of com-
post, showed an improvement in the content of nitrogen, phosphorus and potassium, with higher val-
ues at doses of 60-80t / ha compost. Organic carbon showed values between 0.13% in the control 
version and 0.69% in the fertilized variant with 80t / ha compost. Regarding the soil reaction, a slight 
reduction of pH was observed with increasing amount of compost. The results obtained regarding the 
heavy metals in the soil showed increases in all the analyzed elements, with the increase of the amount 
of compost, but the values obtained do not exceed the maximum allowed limits in EU countries. The 
highest values were determined to dose of 60t / ha of compost, at which the manganese content in-
creased from 180 mg to 414 mg, copper from 10.1 mg to 43.9 mg, and zinc from 15.6 mg to 39.3 mg. 
These results lead to the premise of the careful use of composts obtained from sludge resulting from 
the processing of domestic wastewater as fertilizer in the orchards.
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Introduction 
The use in agriculture of the sludge resulting from the 

processing of domestic wastewater is one of the methods 
of their release and a form of enhancement of their content 
in organic matter and nutrients. Many studies have been 
published on the bene  cial e  ects of changes in sewage 
sludge on crop production and the physical and chemical 
properties of the soil. The addition of sludge to the soil 
is known to improve the physical properties of the soil, 
increasing water content, increasing water retention, in-
creased aggregation, soil increased aeration, higher perme-
ability, increasing water in  ltration and decreasing surface 
crust (HUSSEIN [12]). The application of sewage sludge 
by mixing it with the 30 cm soil layer has proven to be 
e  ective in improving the physical, chemical and fertility 
proprieties of the soil. Also, the use of residual sludge as 
organic manure is considered as a necessary source of nu-
trients for plants (HUSSEIN [12]).

Some studies reported that the application of sewage 
sludge decreased soil pH and increased the quantity of total 
soluble salts, organic carbon and soil cation exchange ca-
pacity (ANTOLIN & al., [2]). They also found that the ap-
plication of sewage sludge increased the content of heavy 
metals extractable from the soil (Cd, Cu, Mn, Pd and Zn) 
and increased the N-NH4 + content from the soil. 

MENDOZA & al., [18] reported that organic and extract-
able matter increased with the addition of sludge to the soil, 
while soil pH decreased.

Globally, researches on the application of sludge 
composts to fruit trees is much more numerous, and the 
results obtained argue for their use in agriculture. The ap-
plication of sludge (biosolids) over several years in apri-
cot (Prunus armeniaca L.) plantations, on sandy soils, 
did not lead to a reduction in fruit production, although 
fruit ripening was generally delayed, but the percentage 
of ripened fruit at the same time was higher at higher bio-
solids doses. Although the C and N content of the soil has 
increased with the long-term application of biosolids, it 
is recommended prudence on its negative e  ect on fruit 
production (GARY & al., [11]). Researches conducted by 
ANGIN (& al., [1]) in a cherry plantation showed that 
the application of sewage sludge not only improved the 
chemical properties of the soil, but also led to an increase 
in nutrient content of cherry leaves. The application of 
sewage sludge has increased the content of heavy metals 
in the soil. However, the critical values were not exceed-
ed and was not re  ected in the heavy metal content of the 
leaves. The most e  ective application rate was 7.5 kg per 
tree. Studies should be continued to evaluate the e  ects of 
residual sludge on trees throughout the growing season, 

as well as on the parameters of vegetative growth, yield 
and fruit quality.

MEHMET (& al., [17]), after a study on the apple spe-
cies, showed that the application of sewage sludge in in-
stallments of 0, 10, 20, 40 and 60 kg / tree for four years, 
led to an increase in the production of fruits, annual growth, 
and leaves content in N, Mg, Fe, Mn, Zn and Cu at the end 
of the study. The results indicated that the repeated appli-
cation of sludge in apple plantations did not cause toxic-
ity to leaves and fruits. However, long-term application of 
sludge can lead to the accumulation of Zn, Cu and Ni in the 
soil and plant.

The high content of organic matter and the amount of 
residual sludge nutrients are a guarantee of agronomic ben-
e  ts. At the same time, the use of sludge from wastewater 
makes possible reusing the organic waste and has many ad-
vantages. There is insu   cient organic matter in agricultural 
soil, a serious problem in areas with a Mediterranean climate 
where high summer temperatures promote high annual min-
eralization of organic matter (ANTOLIN & al., [2]). Tur-
key’s agricultural lands, especially the eastern ones, the soils 
of the Anatolian region are generally low content in organic 
matter. Therefore, these soils favor the application of sew-
age sludge as an organic amendment and the provision of 
nutrients for these soils with a relatively low risk of pollu-
tion (BOZKURT & al., [5]). An increase in soil organic mat-
ter and other nutrients after the application of sewage sludge 
has been observed by other researchers (BROFAS G., & al., 
[6], GARCIA-GILL[9]).

The use of sewage sludge improves soil structure by 
increasing the stability of aggregates, which leads to im-
prove water retention capacity, aeration and reduction ero-
sion (SORT & al., [25])., BARGEZAR., & al., [4]). Simi-
larly, many researches have shown the bene  cial e  ects of 
applying sewage sludge on production to di  erent crops 
(VIATOR & al., [28], BARBOSA & al., [3]., Korboulewsky 
[15]., MATA- GONZALES[16]). 

PINAMONTI & al., [22] tested the compost of sludge in 
di  erent apple orchards. The resulted data showed that the 
sludge can be used for soil fertilization without any short/ me-
dium term danger to the environment or crops. NEILSEN & 
al., [20], they initiated an experiment to evaluate the e  ects of 
municipal biosolid on an 8-year-old plantation. The applica-
tion of biosolid often increased in the leaves the concentration 
of Zn, Cu and Mn, but the increases were modest. 

At the national level, researches have been carried 
out in fruit growing on the use of compost from sludge. 
For fruit trees are relevant the researches undertaken by 
SUMEDREA & al., [27], and NICOLA & al., [21], on the 
apple species, which showed that the application of the 
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same amounts of manure and sludge per volume of plant-
ing substrate at 0-30 cm compared to the depth of 0-60 cm 
did not show a signi  cant di  erence in tree growth. At the 
same application rates, manure induced a more intense and 
earlier growth of annual shoots and cross-section of tree 
trunks compared to urban sludge. Also, in the apple or-
chard, IANCU & al., [13], showed that the use of sludge as 
a fertilizer in agriculture prevents environmental pollution, 
which is mainly caused by some infestations of pathogens 
or the high content of chemicals above the maximum limits 
admitted by law. SMITH, & al., [24] shows that the long-
term accumulation of heavy metals in the soil is an impor-
tant concern, as they can have important consequences on 
the quality of the human food chain, plant toxicity and soil 
microbial processes and, once applied, have long-lasting 
e  ects  in the ground.

 In the present study was evaluated the sandy soil chemi-
cal compounds after use of urban sludge as fertilizer in a 
plum orchard.

Materials and Methods 

Study area
The study was conducted in a plum experimental 

plot of the Research and Development Station for Plants 
Culture on Sands, D buleni. The orchard was estab-
lished in 2014 year, with Stanley cultivar.  The experi-
mental plot was located at 43 80 60 N and 24 05 97 East 
on a sandy soil poor in nitrogen (0.02-0.06%), medium 
to well supplied with phosphorus 24-107 ppm) and low 
supplied with exchangeable potassium (15-38ppm). The 
organic carbon content was low (0.07-0.49%), charac-
teristic of sandy soils, and the soil reaction was mod-
erately acidic to neutral (pHH2O = 6.36-7.10). To evalu-
ated the effect of urban sludge compost as fertilizer, in 
2020 year in the first decade of April,  a single factor 
experiment was designed (five experimental variants 
with four replicates) the experimental factors with the 
following graduations: V1=0 tons/hectar; V2=20 tons/
hectar; V3=40 tons/hectar; V4 = 60 tons/hectar; V5=80 
tons/hectar (t/ha)  of urban sludge compost obtained at 
the Mioveni wastewater treatment plant applied as fer-
tilizer, the doses was mixing to the 30 cm soil depth. 
The compost was applied in compliance with the Envi-
ronmental Acquis ([*** 29, 30, 31]).  

Soil sampling and laboratory analysis
 In the study period 2020-2021, for evaluated the soil 

chemical characteristics the following determinations 
were made: total nitrogen  by Kjeldahl method (KJEL-
DAHL [14]);  the extractable phosphorus (P-AL) by 

Egner - Riem Domingo method, by which phosphates 
are extracted from the soil sample with a solution of ac-
etate - ammonium lactate at pH - 5.75, and the extracted 
phosphate anion is determined calorimetrically as - mo-
lybdenum blue; the changeable potassium (K-AL) by 
Egner-Riem Domingo method which the hydrogen and 
ammonium ions of the extraction solution replace by ex-
change the potassium ions in exchangeable form from 
the soil sample which are thus passed into the solution 
(EGNER  & al.[8]).  The potassium dosing in the solu-
tion thus obtained is done by flame emission photometry; 
the organic carbon by the method of wet oxidation and 
titrimetric dosing (gogoasa modification); the soil pH by 
the potentiometric method; the determination of the con-
tent of heavy metals in the soil, before the application 
of the compost and after the application was performed 
at National Research and Development Institute for Soil 
Science, Agrochemistry and Environment Bucharest. The 
geoaccumulation index of heavy metal in soil (Igeo) was 
calculated after formula: Igeo = log2 (Cn /1.5xBn) (MULER 
[19])   where Cn is the measured concentration of the ele-
ment in sewage sludge (mg/kg ) and Bn is the geochemi-
cal background value in soil. The constant value 1.5 is 
introduced for better analysis of the natural variability of 
the content of the chosen substance in the environment.

Vegetable material sampling and laboratory 
analysis

After the administration of the compost, during the pe-
riod of intense growth of the shoots, leaves samples were 
collected to determine the nitrogen, phosphorus and potassi-
um content of the plants. The chemical content in the leaves 
during the period of intense growth of shoots was evaluated 
by the following methods:  the total nitrogen by the Kjeldahl 
method; the total phosphorus by the colorimetric method; 
the total potassium by method of dosing by  ame emission 
photometry.

Statistical analyses
The obtained results were statistically analyzed using the 

analysis of variance (ANOVA). Means were compared us-
ing Duncan`s multiple range test at 0.05 probability levels.

Results and discussion

The chemical composition of the soil before the 
application of the sewage sludge compost

The results obtained regarding the chemical composition 
of the soil before the application of the sewage sludge com-
post used as fertilizer, show that soil is poorly provisioned 
in total nitrogen (0.03%), also the average soil content in 
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phosphorus (87 ppm), potassium (20 ppm)  is normal after 
R U A & CHIRIAC [23]  the organic carbon content was 
low (0,29 %) (Table 1). The heavy metals content before 
sewage sludge compost applied in plum orchard was under 
the normal limits after Order 756/1997 (Table 2).

The in  uence of compost application on plum 
leaves chemicals characteristic

The values of the total nitrogen content from plum leaves, 
after fertilization in the plantation, divided the 5 fertilization 
variants into 3 statistical classes. The di  erences registered 

between the fertilization variants are between 5.50-12.3%. 
The highest values of leaf content in total nitrogen and po-
tassium were recorded in plants of variant V5, respectively 
80t compost/ha in 2020 year and in 2021 year the highest 
value were registered on V4 variant. In our case, the dif-
ferences between the total nitrogen values in leaf registered 
in  rst and in the second year were between 0.42% - 9.1%. 
Regarding the phosphorus content of the leaves, the high-
est value was registered for fertilized plants with a dose of 
20t/ha (0.33%) in 2020 year and in the second year, 2021 
the highest value was registered on V5 variant (0.44%). The 

Table 1. Chemical composition of the soil in the plum, before applying the compost

Dose of compost 
applied (t/ha)

Depth
(cm)

Total 
nitrogen 

content Nt 
(%)

Extractable 
phosphorus 

(ppm)

Exchangeable 
potassium

(ppm)

Organic 
carbon

(%)
pH

V1-0
0-30 0.04 62 38 0.38 6.66
30-60 0.05 53 26 0.21 6.36
60-90 0.03 40 20 0.18 6.70

V2-20
0-30 0.06 65 26 0.46 6.56
30-60 0.01 52 20 0.35 7.00
60-90 0.02 46 20 0.43 6.87

V3-40
0-30 0.04 46 26 0.41 6.87
30-60 0.02 24 15 0.07 7.10
60-90 0.02 34 15 0.21 6.86

V4-60
0-30 0.02 73 32 0.07 6.96
30-60 0.04 77 26 0.21 7.00
60-90 0.03 62 20 0.42 6.95

V5-80
0-30 0.04 82 20 0.49 6.87
30-60 0.03 72 20 0.21 6.80
60-90 0.02 107 20 0.17 6.76

Average 0.03 87 20 0.29 6.81

Table 2. Analysis of heavy metals and microelements (mg/kg dry soil) from sandy to plum soil
Depth
 (cm)

Cd Cu Co Mn Ni Pb Zn

0-30 0.066 10.1 4.03 180 7.50 6.12 15.6
30-60 0.043 8.56 3.13 147 7.78 5.47 14.6

Normal limits  
after Order 

756/1997
1-3 20-100 15-30 900 20-75 20-50 100-300

Table 3. The in  uence of compost application on the nitrogen, phosphorus and potassium content of the plum leaves in 
2020-2021 year

Dose of compost 
applied (t/ha)

Total nitrogen
(%)

Total phosphorus
(%)

Total potassium
(%)

2020 2021 2020 2021 2020 2021
V1- 0 2.06 c* 1.96 e 0.26 b 0.24 d 2.05 d 1.38 e 
V2-20 2.05 c 2.23 d 0.33 a 0.29 c 2.19 cd 1.87 d
V3-40 2.18 b 2.40 b 0.25 b 0.37 b 2.28 c 1.99 c
V4-60 2.23 b 2.80 a 0.29 ab 0.39 b 2.71 b 2.79 b
V5-80 2.35 a 2.36 c 0.29 ab 0.44 a 2.92 a 2.96 a

*Di  erent letters indicate signi  cant di  erences for the probability P 0.05 according to Duncan’s multiple range test.
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di  erences assured statistically, in the case of the phospho-
rus content in the leaves, vary between 12.1-21.2%, and be-
tween 17.2%-44.5% in 2021 (table 3). The values recorded 
to the potassium leaves content showed the highest value in 
the study period on the V5 variant (2.92 % in 2020 year, and 
2.96 in 2021year) (table 3).

The in  uence of compost application 
on the chemical characteristics of sandy soil 
pro  le, in plum orchard.

 The total nitrogen content of the soil after  sewage sludge 
compost applied as fertilizer in the plum orchard, presented 
in table 4,  was between 0.03% for the control variant (V1) 
and 0.10% for the  V5  (80t/ha). That show, an increase of 
total nitrogen with di  erences between the studied variants 
till 30%. The di  erences between the analyzed variants are 
statistically assured, the same situation is with the content 
of extractable phosphorus and exchangeable potassium were 
the di  erences between V1 variant and the other studied 
variants rise progressively with the sewage sludge compost 
dose till 47%.

 The organic carbon showed values between 0.13% 
in the depth of 60-90 cm for the control variant (V1) and 
0.69% in the depth of 0-30 cm for the variant fertilized 
with 80 t/ha compost (V5). As for the soil reaction, a slight 
decrease in pH can be observed with increasing amount of 
compost (table 4). 

Between the amount of nitrogen in the compost and the 
content of total nitrogen, extractable phosphorus and ex-
changeable potassium in the soil, polynomial correlations 
were established, given by second degree equations, with 

signi  cant correlation factors. Nitrogen and potassium (av-
erage content per pro  le 0-90cm) accumulate in the soil with 
increasing amount of compost, and phosphorus increases 
with increasing of nitrogen content in compost to the nitro-
gen values in compost of 1000 kg/ha (Figure 2 1).

In the second year after sewage sludge compost applied 
used as fertilizer in plum orchard, the  heavy metals soil con-
tent show for  ve from seven elements analyzed the  highest 
content in the v4 variant, on the deeep 0-30 cm, with dif-
ferences between 30.4 and 2.2% (table 5). Also, the highest 
value in soil cobalt content was recorded on V4 variant to 
the depth 60-90 cm. In case of soil nickel content the high-
est values (20.7 mg/kg) was recorded on variant V5, on 30-
90cm depth. For all the havy metals analyzed, the di  er-
ences between the fertilizer variants applied, were ensured 
from a statistical point of view (Table 5).

The geoaccumulation index according to MULER [19] 
cited by DÍAZ-DE-ALBA & al.[7], is associated with a 
qualitative scale of pollution status: Igeo < 0 indicates prac-
tically unpolluted status; Igeo = 0–1 denotes unpolluted to 
moderately polluted status; Igeo = 1–2 is moderately polluted 
status; Igeo = 2–3 represents moderately to strongly polluted 
status; Igeo = 3–4 is strongly polluted status; Igeo = 4–5 is 
strongly to extremely strong polluted status; and Igeo > 5 is 
extremely polluted status. In our study, after Igeo was calcu-
lated for all seven metals studied, for Cd heavy metal, the 
sandy soil was high polluted on V4 and moderate polluted 
on others studied variants. For the other heavy metals ana-
lyzed after Igeo calculated the soil was characterized as no 
polluted (table 6). 

Table 4. The chemical composition of sandy soil pro  le, in plum orchard after compost application, 2021 year
Dose of 
compost 

applied (t/ha)

Depth
(cm)

Total nitrogen
 (%)

Extractable 
phosphorus

(ppm)

Exchangeable 
potassium

(ppm)

Organic carbon
(%)

pH

V1-0

0-30 0.04 c 53gh 32 i 0.35 i 6.70 ab
30-60 0.03 c 51 h 38 h 0.49 g 6.60 b
60-90 0.03 c 47 i 36 h 0.13 k 6.62 b

V2-20

0-30 0.04 c 66 e 32 i 0.63 c 6.29 c
30-60 0.04 c 59 f 42 g 0.35 i 6.95 a
60-90 0.03 c 52 h 30 i 0.24 j 6.70 ab

V3-40

0-30 0.05 bc 66 e 32 i 0.58 d 6.54 bc
30-60 0.05 bc 76 cd 45 f 0.66 b 6.64 b
60-90 0.03 c 64 e 50 e 0.55 e 6.48 bc

V4-60

0-30 0.07 bc 78 c 38 h 0.70 a 6.51 bc
30-60 0.06 bc 86 b 57 d 0.60 d 6.66 b
60-90 0.04 bc 56 fg 63 c 0.45 h 6.57 b

V5-80
0-30 0.10 a 74 d 57 d 0.69 a 6.48 bc
30-60 0.07 bc 96 a 77 b 0.57 de 6.77 ab
60-90 0.06 bc 73 d 84 a 0.52 f 6.65 b

*Di  erent letters indicate signi  cant di  erences for the probability P 0.05 according to Duncan’s multiple range test.
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The  results obtained by NICOLA & PARASCHIV [19], 
in an apple orchard, show  that in the  rst year after sludge 
compost applied the soil contamination with Cd, Pb, Zn ap-
peared to a dose of 60t/ha, versus to the second year after 
compost applied, when the pollution moderately was iden-
tify to a dose of 40 t/ha compost. So, they show that heavy 

metals are trapped in soluble compounds and are made avail-
able with changing environmental conditions. 

In whatever way, after the studies made by ANTOLIN  &  
al.[2], IANCU &  al. [13], Bozkurt & al.[15], ANGIN  &  al. 
[1] long-term application of sludge compost can lead to the 
accumulation of Zn, Cu and Ni in the soil and in plant, also.

Figure 1.  Correlation between the amount of nitrogen in the compost and the content of total nitrogen, extractable phosphorus 
and exchangeable potassium in the soil for the plum species, 2021

Table 5. The sandy soil heavy metals content (mg/kg dry soil) in the second year after the application of the urban sluge 
as fertilizer

Dose of 
compost 

applied (t/ha)

Depth
(cm)

Cd
(mg/kg)

Cu
(mg/kg)

Co
(mg/kg)

Mn
(mg/kg)

Ni
(mg/kg)

Pb
(mg/kg)

Zn
(mg/kg)

V1-0

0-30 0.066 e 10.01i 4.03 b 180 l 7.50 i 6.12 b 15.6 j
30-60 0.043 g 8.56 k 3.13 c 147 n 7.78 i 5.47 d 14.6 k
60-90 0.035 h 5.36 e 2.15 d 120 o 7.80 i 4.32e 13.82 l

V2-20
0-30 0.064 e 39.8 b n.d** 316 f 6.67 j 4.41e 23.2 f
30-60 n.d** 23.8 e n.d** 250 k 9.40 g 3.11g 18.6 h
60-90 0.081 d 8.9 jk 3.01 c 306 h 11.6 f 4.97d 31.8 b

V3-40
0-30     n.d** 24.0 e 1.63 c 323 e 7.83 i 5.71c 24.9 e

30-60     n.d** 21.3 f 1.55 e 274 j 8.95 h 4.43e 20.7 g
60-90     n.d** 13.9 h 3.02 c 175 m 12.9 e 4.01 f 13.6 e

V4-60
0-30 0.201a 43.9 a 1.51 e 414 a 17.6 b 6.63a 39.3 a

30-60 0.118 b 25.8 d 3.07 c 352 b 17.7 b 6.42ab 30.1 c
60-90  n.d** 9.7 ij 4.21 a 297 i 17.1 c 3.27g 16.9 i

V5-80
0-30 0.091 c 33.5 e n.d** 346 c 15.7 d 4.59 e 26.4 d

30-60 0.088 c 19.3 g 1.48 e 311 g 20.7 a 4.24ef 26.3 d
60-90 0.056 f 14.5 h 2.23 d 332 a 20.7 a 3.35g 26.8 d

  *Di  erent letters indicate signi  cant di  erences for the probability P 0.05 according to Duncan’s multiple range test;  n.d** - not detected    
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Conclusion 
Soil analyzes in the second year after the application of 

compost to the plum orchard showed an improvement in the 
content of nitrogen, phosphorus and potassium, with higher 
values at doses of 60-80 t/ha compost. The organic carbon 
showed values between 0.13% in the depth of 60-90 cm for 
the control variant and 0.69% in the depth of 0-30 cm for the 
variant fertilized with 80 t/ha compost, results that indicate 
a reduced to middle states. Regarding the soil reaction, a 
slight reduction of pH was observed with increasing amount 
of compost. 

The results obtained regarding the heavy metals in the 
soil in the second year after the application of the com-

post, showed increases to all the analyzed microelements, 
with the increase of the amount of compost, but the valu-
es obtained do not exceed the maximum allowed limits. 
The highest values were determined at a dose of 60t/ha of 
compost, for which the manganese content increased from 
180 mg to 414 mg, copper from 10.1 mg to 43.9 mg, and 
zinc from 15.6 mg to 39.3 mg. The values obtained for the 
analyzed microelements, in the conditions of sandy soils, 
in the second year from the compost administration lead to 
the premise of the careful use of composts obtained from 
sludges resulting from domestic wastewater treatment in 
orchards.  Regarding the analysis of the macroelements in 
the leaves, the results obtained show that the increase in 

Table 6. The degree of sandy soil heavy metals pollution in the second year after the application of the urban sludge 
compost as fertilizer

Dose of compost 
applied (t/ha)

The analized 
metal

Heavy metal content of 
fertilized soil (mg/kg)

Havy metal content 
of compost (mg/kg of 

d.m)

The 
Igeo 

index

Degree of heavy metal 
pollution in the soil

V1=0 Cd 0.066
Cu 10.1
Co 4.03
Mn 180
Ni 7.50
Pb 6.12
Zn 15.6

V2=20 Cd 0.064 1.04 1.0 moderate pollution
Cu 39.8 72.36 0.0 pollution no
Co 0.021 38.75 0.0 pollution no
Mn 316 446.14 0.0 pollution no
Ni 6.67 29.53 0.2 pollution no
Pb 4.41 32.21 0.3 pollution no
Zn 23.2 557.0 0.1 pollution no

V3=40 Cd 0.091 2.0 moderate pollution
Cu 24.0 0.1 pollution no
Co 1.63 0.8 pollution no
Mn 323 0.0 pollution no
Ni 7.83 0.2 pollution no
Pb 5.71 0.2 pollution no
Zn 24.9 0.1 pollution no

V4=60 Cd 0.201 3.2 high pollution
Cu 43.9 0.0 pollution no
Co 1.51 0.8 pollution no
Mn 414 0.0 pollution no
Ni 17.6 0.1 pollution no
Pb 6.63 0.2 pollution no
Zn 39.3 0.1 pollution no

V5=80 Cd 0.091 2.3 moderate pollution
Cu 33.5 0.0 pollution no
Co 0.001 0.0 pollution no
Mn 346 1.2 moderatte pollution
Ni 15.7 0.1 pollution no
Pb 4.59 0.3 pollution no
Zn 26.4 0.1 pollution no
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the amount of compost led to the increase of the content 
of the three macroelements, both in the  rst year and in 
the second year, and the highest values were recorded in 
fertilized variants with 60 and 80t /ha.

Acknowledgements
 The research from this paper was supported from 

the project ADER 7.3.10. Research on the use of compost 
obtained from sludge resulting from the treatment of domes-
tic wastewater as fertilizer in fruit growing in compliance 
with the Environmental Acquis, funded by the Ministry of 
Agriculture and Rural Development.

References
1. ANGIN, R. ASLANTAS, M. KOSE, H. KARAKURT, 

G. OZKAN. Changes in chemical properties of soil and 
sour cherry as a result of sewage sludge application I. 
Hort. Sci.  Vol. 39, No. 2: 61–66 (2012).

2. ANTOLIN M.C., PASCUAL I., GARCIA C., POLO 
A., SANHEZ-DIAZ M. Growth yield and solute con-
tent of barley in soils treated with sewage sludge under 
semiarid Mediterranean conditions. Field Crops Res. 
94, 224 (2005).

3. BARBOSA G.M., FILHO T. Agriculture utilization 
of sewage sludge: e  ect on the chemical and physical 
properties of soils and on the productivity and recovery 
of degraded areas. Ciencias Agrarias (Londrina) 27, 
565 (2006).

4.  BARGEZAR A.R., YOUSEFI A., DARYASHENAS A. 
The e  ect of addition of di  erent amounts and types of 
organic materials on soil physical properties and yield 
of wheat. Plant And Soil 247, 295 (2002).

5. BOZKURT M.A., CIMRIN K.M. The e  ects of sewage 
sludge applications on nutrient and heavy metal con-
centration in a calcareous soil. Fresen Environ Bull. 12, 
1354 (2003).

6. BROFAS G., MICHOPOULAS P., ALIFRAGIS 
D., Sewage sludge as an amendment for calcareo-
us bauxite mine spoils reclamation. J. Environ. Qual. 
29,811 (2000).

7. DÍAZ-DE-ALBA M., GRANADO-CASTRO M.D., 
GALINDO-RIAÑOM.D., CASANUEVA-MARENCO  
M.J. Comprehensive assessment and potential ecologi-
cal risk of trace element pollution (as, ni, co and cr) 
in aquatic environmental samples from an industrial-
ized area. Int. J. Environ. Res. Public Health , 18, 7348. 
https://doi.org/10.3390/ijerph18147348 (2021)

8. EGNER, H., RIEHM, H., DOMINGO, W.R. Untersuc-
hungen über die chemische bodenanalyse als grundlage 
für die beurteilung des nährsto  zustandes der böden. 

ii. chemische extractionsmethoden zur phosporund ka-
liumbestimmung. Annals Royal Agricultural College, 
Sweden, 26: 199-215 (1960). 

9. GARCIA-GILL J.C., PLAZA C., SENESI N., BRU-
NETTI G., POLO A. E  ects of sewage sludge amend-
ment of humic acids and microbiological properties 
of semiarid mediterranean soil. Biol. Fertil. Soils 39, 
320 (2004)

10. GARCIA-GILL J.C., PLAZA C., SENESI N., BRU-
NETTI G., POLO A. E  ects of sewage sludge amend-
ment of humic acids and microbiological properties 
of semiarid mediterranean soil. Biol. Fertil. Soils 39, 
320 (2004).

11. GARY S. BANUELOS, SAJEEMAS PASAKDEE, 
SHARON E. BENES, CRAIG A. Long-term applica-
tion of biosolids on apricot production, Communica-
tions in Soil Science and Plant Analysis, 38: 1533-
1549 (2007).

12. HUSSEIN  A.H.A. Impact of sewage sludge as organic 
manure on some soil properties, growth, yield and nutri-
ent contents of cucumber crop. Journal of Applied Sci-
ences, 9: 1401-1411 (2009).

13. IANCU M., SUMEDREA D., DUMITRU M., EU-
GENIA GAMENT, PREDESCU C., MIHAELA UL-
MEANU, MIRELA SOCACIU, TOGOE I., TUDOR L. 
In  uence of the urban sludge used as fertilizer on the 
chemical components of soil and leaves of Idared apple,  
Fruit growing research, vol. XXIV, p. 187-195 (2008).

14. KJELDAHL J. New method for the determination of 
nitrogen. Chemestry News., 48(1240):101-102 (1983).

15. KORBOULEWSKY N., BONIN G., MASSIANI C. 
Biological and ecophysiological reactions of white wall 
rocket grown on sewage sludge compost. Environ Poll. 
117, 36 (2002).

16. MATA-GONZÁLEZ, R. SOSEBEE RE. WAN C. Ni-
trogen in desert grasses as a  ected by biosolids. their 
time of application and soil water content. Arid Land 
Research and Management; 18(4):385–395 (2004).

17. MEHMET A. B., TARIK Y., AY E Y. The use of sew-
age sludge as an organic matter source in apple trees, 
Pol. J. Environ. Stud., 19(2):267–274 (2010).

18. MENDOZA, J., G. TATIANA, C. GABRIELA AND 
S.M. NILSA. Metal availability and uptake by sorghum 
plants grown in soils amended with sludge from di  er-
ent treatments. Chemosphere, 65: 2304-2312 (2006).

19. MULLER G. Index of geoacumulation in sediments of 
the Rhine River. GeoJournal, 4, 108-118(1969).

20. NEILSEN G.H., HOGUE E.J., FORGE T., NEILSEN 
D., KUCHTA S. Nutritional implications of biosolis 



Study of use sewage sludge compost as fertilizer 

3397

and paper mulch applications in high density apple or-
chards. Can J Plant Sci. 87, 551 (2007).

21. NICOLA C., PARASCHIV M. Use of urban sluge 
compost as fertilizant on apple orchards. Fruit grow-
ing research, vol. XXXVII, p: 103-114. doi10.33045/fgr.
v37.2021.15 (2021).

22. PINAMONTI F., STRINGARI G., GASPERI F., 
ZORZI G. The use of compost: its e  ects on heavy me-
tal levels in soil and plants. Resour Conserv Recy. 21, 
129 (1997).

23. RAU A, C., CHIRIAC A. Metodologia de analiz  
a plantei pentru evaluarea st rii de nutri ie minerale. 
Ed. Academiei Române de tiin e Agricole i Silvi-
ce (1980).

24. SMITH S. R. A critical review of the bioavailability and 
impacts of heavy metals in municipal solid waste com-
posts compared to sewage sludge, Environment Inter-
national 35, 142–156 (2009).

25. SORT X., ALCANIZ J.M. E  ects of sewage sludge 
amendment on soil aggregation. Land Degrad. Devel-
op. 10, 3 (1999).

26. STILES W.C. Nitrogen management in orchard. Cap. 
IV in “Tree Fruit Nutrition”. Shortcourse proceedings. 
Ed. by Peterson A.B. and Stebens R.G.. Yakima. Wash-
ington (1994).

27. SUMEDREA D. IANCU M. CHITU E. Influence 
of urban sludge used as fertilizer on Idared apple 
behavior,  Fruit growing research, vol XXIV, p. 178-
186 (2008).

28. VIATOR R.P., KOVAR J.L., HALLMARK W.B, Gyp-
sum and compost e  ects on sugarcane root growth, 
yield and plant nutrients. Agron J. 94, 1332 (2002).

29. ***1999. Council Directive 1999/31/EC of 26 April 
199 on the land  ll of waste.

30. ***2006 Commission Regulation (EC) No.1881/2006 
of 19 December 2006 setting maximum levels for cer-
tain contaminants in foodstu   (Text with EEA rele-
vance).

31. *** 2008 Commission Regulation (EC) No.834/2007 
on organic production and labeling of organic pro-
ducts with regard to organic production, labeling and 
control.



Copyright © 2022 University of Bucharest
Printed in Romania. All rights reserved
ISSN print: 1224-5984
ISSN online: 2248-3942 

Original paper

Performance of fungus-tolerant grapevine cultivars 
in different production systems

Fungus-tolerant grapevine cultivars
DRAGOSLAV IVANIŠEVI 1, MLADEN I. KALAJDŽI 1*, PREDRAG 
BOŽOVI 1, NEMANJA BRZAKOVI

1Department of Fruit growing, Viticulture, Horticulture and Landscape architecture, Faculty of 
Agriculture, Trg Dositeja Obradovi a 8, Novi Sad 21000, Serbia

MLADEN KALAJDŽI , e-mail: mladen.kalajdzic@polj.uns.ac.rs *Corresponding author:

Received for publication: January.10, 2022
Accepted: April, 11,2022 

Abstract

Keywords

Several fungus-tolerant grapevine cultivars have been created and have already found their place in 
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in these production systems were also examined. The results suggest that grape quality obtained by 
NoPes&MinFert was at the same level as that achieved by conventional methods, while the yield loss 
in NoPes&MinFert was on average <20% compared to the conventional system. Although the number 
of in  orescences per node and yield were higher in conventional production, NoPes&MinFert pro-
duction showed satis  ed yield that exceeded 10 t/ha. Wine sensory analyses showed that production 
NoPes&MinFert achieved better wine score compared to the wines derived from the Conventional 
production.
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Introduction
Application of the synthetic fungicides is a common 

practice in the conventional grape production. According 
to PETERLUNGER & al [1] viticulture in Europe accounts 
3% of the total agricultural land and applies 65% of all fun-
gicides used in whole agriculture. Due to increasing concern 
for the human health and the protection of the environment, 
nature friendly production systems should be applied instead 
of conventional. 

In last few decades, organic viticulture has been inten-
sively promoted (BARTOLUCCI [2]; MEISSNER & al. [3]) 
but it seems without success (MASSON & al. [4]). Most 
producers are reluctant to grow grapes organically due to the 
need to comply with integrated pest management schemes 
(GEIER [5]). Also, limiting factors in organic production is 
yield reduction by 8 to 16% (GUESMI & al., [6]). 

On the other hand, organic viticulture enhances micro-
bial diversity (HENDGEN & al. [7]) and  oral diversity 
(NASCIMBENE & al [8]). Moreover, organic vineyards 
have been shown to host consistently richer communities of 
both vascular plants and butter  ies compared to their con-
ventional counterparts (PUIGMONTSERRAT & al. [9]). In 
organic production the grape quality is enhanced and with-
out fungicides residues, compared to conventional (CRIN-
NION [10]). Also, organic products have better nutritional 
and sensory characteristics (GRANATO & al. [11]), and 
higher antioxidant activity (TASSONI & al. [12]).

However, organic viticulture approaches are very strict 
and in many cases di   cult to apply. 

Cultivars such as Merlot and Chardonnay are very sensi-
tive to pathogens and therefore alternative cultivars should 
be cultivated.

The main goal of grapevine breeding stations around the 
world is creation of cultivars that are resistant to fungal dis-
eases while yielding adequate grape quality (PETERLUNG-
ER & al. [1], TÖPFER & al. [13]). Resistant grapevine cul-
tivars can be grown without use of pesticides or, in some 
years, require only a small portion of the fungicide applica-
tions that are necessary for cultivating traditional cultivars. 
Grapevine breeding in Serbia has been conducted since the 
middle of the 20th century, aiming to develop grape cultivars 
with improved grape quality, higher yield and enhanced tol-
erance to stress factors. As a result, several new grapevine 
cultivars suitable for organic production have been created. 
Some fungus tolerant cultivars such as Backa and Panonia 
have already found their place in vineyards in Serbia, Hun-
gary, and some other countries. 

The aim of the present study was to investigate the ef-
fects of Conventional and NoPes&MinFert production sys-

tems on productive characteristics of grape cultivars Backa 
and Panonia in the 2015-2018 period. 

Material and methods
The experiment was performed, at the Experimental  eld 

of University of Novi Sad, Faculty of Agriculture situated in 
Sremski Karlovci (45º10´ N, 20º10´ E), 150 m, above sea lev-
el during four consecutive seasons (2015-2018), on the two 
Serbian wine grape cultivars: Backa (VIVC number 21272) 
and Panonia, (VIVC number 23765) which are less suscep-
tible to fungal diseases. Backa (Petra x Bianca), released in 
2004, is highly vigorous cultivar with mid-compact bunch-
es. Wines made of Backa are light bodied wines, Panonia 
(one Hungarian tolerant genotype -((Kunbarat x Traminer) 
x Bianca) x Riesling), also released in 2004, is less vigorous 
compared to Backa with loose bunches. Moreover, Panonia 
has ideal shoot positioning in the canopy with small laterals. 
Panonia has full body wines similar to Riesling. 

The vines were pruned to a modi  ed Guyot (one arched 
cane of 12 buds and one spur of 2 buds), with an average 
of 14 buds per vine. Vines were planted in 2000 with 2.8 m 
space between rows and 1.6 m separation between pair of 
vines in a row. Rows had an East-West orientation. 

Two production systems were performed: 
NoPes&MinFert–without use of pesticides and mineral 

fertilizers; Grass mixture was established as cover crop in 
between the rows. Every second row was ploughed. Weeds 
in between the vines were controlled mechanically. 

Conventional- pesticides and mineral fertilizers were ap-
plied as is usual in modern viticultural practice. Grass mix-
ture was established as cover crop in between the rows. Ev-
ery second row was ploughed. Weeds in between the vines 
were controlled by Glyfosav, herbicide produced by the 
company Chemical Agrosava (Belgrade, Serbia). The aver-
age amount of 50 kg N, 50 kg P and 70 kg K per hectare was 
applied each autmun. 

The experiment was designed as a randomized complete 
block, in which a total of 24 vines of each cultivar/produc-
tion system combination (Backa/NoPes&MinFert, Backa/
conventional, Panonia/NoPes&MinFert and Panonia/con-
ventional) were grouped into 3 blocks of 8 vines. 

The climate conditions at the experimental site, includ-
ing mean monthly air temperatures (°C) and mean monthly 
precipitation (mm) for the period 2015-2018 are presented 
in Figure 1.

 Phenological observations
Three key phenological stages of the grapevine were ex-

amined. BBCH scale was used to identify the development 
stage.
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 BBCH-07- the beginning of budburst i.e. the date when 
green shoot tips became visible; BBCH-60- the beginning 
of  owering i.e. the date when  rst  ower hoods were de-
tached from the receptacle; and BBCH-80-the beginning of 
veraison i.e. the date when berries begun to develop cultivar-
speci  c color (COMBE [14]).

Fruitfulness parameters
In the season 2015 fruitfulness of the nodes and shoots 

on 10 vines per combination cultivar/production were evalu-
ated. Percentage of the nodes that arose in the shoot/s were 
calculated by dividing number of the bud-bursted nodes 
with total nodes. The number of in  orescences per node and 
number of in  orescences per shoot were recorded when the 
shoot’s length was approximately 15-20 cm.

Harvest parameters
Yield was determined at harvest by weighing all the 

grapes. Average cluster weight was obtained by dividing the 
weight of all clusters in replicate with the number of clus-
ters. 

Average cluster weight (g)=Weight of all clusters(g)
Number of clusters

After crashing, the sugar content in the must was mea-
sured with Oechsle hydrometer. Titratable acidity was mea-
sured by titration of grape juice sample (10 ml) against 0,1 
M NaOH, in the presence of bromothymol blue as an in-
dicator, until changing color of the indicator. The Botrytis 
incidence was determined by visual assessment of the health 
status of the clusters at harvest time, expressed as percentage 
of infected clusters.

Tolerance to low winter temperatures
The bud tolerance to low winter temperatures was ex-

amined under laboratory conditions. Samples of 10 canes 
(one-year old wood, with 10 nodes) were collected three 
times during the winter 2017/2018 (end of December, end 
of January and middle of February). The canes were stored 
in cold chamber for 24 h at -5 °C. After that, the tempera-
ture was decreased for 3 °C each hour, until the temperature 
reached -21 °C. After 12 hours the cold chamber was turned 
o  . The canes were left until the temperature in cold cham-
ber reached the room temperature (CINDRI  & al. [15]) 
and after 7 days the bud assesion was performed. The buds 
exposed to low temperatures were classi  ed in three catego-
ries: alive, partially alive and frozen.

Microvini  cation and wine sensory analysis
From each replicate, grapes were destemmed and 

crushed. The liquid phase was separated and 10 mg L-1 SO2 
was added. Then the liquid phase was left for one day and 

then racked before being inoculated with Saccharomyces 
cerevisiae (Uvaferm BDX). Fermentation was conducted 
in 5 L glass fermenters. After the end of fermentation, the 
wines were racked in the bottles.

Wine sensory analysis was performed  ve months af-
ter the end of fermentation by  ve trained academic sta   
members of the Faculty of Technology and Faculty of Agri-
culture from the University of Novi Sad. Buxbaum method 
was used to score the wine samples (0-20 points), assessing 
appearance (maximum 2 points), color (2), aroma and bou-
quet (4) and other characteristics, such as sugar, acidity, and 
astringency (scoring maximum of 12 points in total for these 
traits related to taste). All samples were presented to each 
assessor at the same time. The order of sample presentation 
was completely randomized, and individual samples were 
identi  ed by assigning each a random number. Bread cubes 
were provided to cleanse the palate between samples during 
evaluation.

Statistical analyses
Statistical analyses (multifactorial ANOVA) were per-

formed using R software. Duncan’s test was used to test the 
signi  cance of di  erences (p < 0.05) among the mean values 
of measured parameters. Graphs were generated using the 
ggplot2 package.

Results
Weather conditions varies among the years (Figure 1). 

In general, summers were hot and dry, particularly in 2015 
and 2017. Precipitation amount was the highest in May and 
June; cumulative precipitation value for these months was 
the highest in 2016 (268 mm).

Phenological stages, including beginning of budburst, 
 owering, veraison and harvest date di  ered among culti-

vars (Table 1). However, di  erent production systems did 
not a  ect the phenology and harvest date, therefore grapes 
from both NoPes&MinFert and conventional plots were har-
vested same day.

Conventional production of Panonia had a higher per-
centage of the nodes that arose in the shoot/s compared to 

Figure 1. Variations of weather conditions among the years.
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Table 1. Dates for the beginning of the main phenological stages and harvest (2015-2018).

Year
GDD*
(°C)

Cultivar
Beginning of 

bud-burst
Beginning of 

 owering
Beginning of 

veraison
Harvest 

date

2015 1925
Backa 8 April 19 May 15 July 31 August

Panonia 8 April 19 May 15 July 31 August

2016 1740
Backa 2 April 22. May 14 July 05 September

Panonia 1 April 20. May 03 July 05 September

2017 1880
Backa 27 March 25 May 18 July 23 August

Panonia 25 March 25 May 18 July 23. August

2018 2074
Backa 3 April 06 May 8 July 20 August

Panonia 2 April 06 May 7 July 20 August
2015-
2018

1904
Backa 4 April 18 May 13 July 29 August

Panonia 3 April 17 May 9 July 29 August
*GDD- Growing Degree Days is a temperature derived index using average temperatures above a 10 °C base (April - 
October)

Table 2. Shoot fruitfulness of Backa and Panonia in NoPes&MinFert and conventional production systems in 2015. 

Cultivar Production system

Nodes that 
arose in 

the shoot 
(%)

Number of 
developed shoots

Number of fruitful 
shoots

Fruitful shoots (%)

Spur Cane Spur Cane Spur Cane

Backa
NoPes&MinFert 85.1 ab 2.0 7.2 b 1.7 6.0 b 86.7 83.4 b

Conventional 94.9 a 1.8 9.0 a 1.8 8.6 a 100.0 96.2 a

Panonia
NoPes&MinFert 75.8 b 1.8 6.5 b 1.7 5.4 b 95.8 86.4 b

Conventional 88.1 a 1.7 6.6 b 1.6 5.8 b 85.8 89.7 ab

Di  erent letters in superscript indicate signi  cant di  erence among the mean values (Duncan’s test, p<0.05).

 Table 3. Number of in  orescences per node, shoot and fruitful shoot depend on the production system in 2015. 

Cultivar Production system Number of in  orescences
per node per shoot per fruitful shoot

Ba ka
NoPes&MinFert 1.19 c 1.47 b 1.74 b

Conventional 1.69 a 1.67 ab 1.73 b

Panonia
NoPes&MinFert 1.44 b 1.84 a 2.11 a

Conventional 1.73 a 1.92 a 2.16 a

Di  erent letters in superscript indicate signi  cant di  erence among the mean values (Duncan’s test, p<0.05). 

NoPes&MinFert counterpart (Table 2). In the conventional 
production of Backa, the number of developed shoots and 
number of fruitful shoots were signi  cantly higher com-
pared to all other treatments.

Conventional production system of booth cultivars 
had signi  cantly higher number of in  orescences per 
node compared to NoPes&MinFert production (Table 3). 
NoPes&MinFert production of Backa had signi  cantly 
lower number of in  orescences per shoot (irrespectively to 
its fruitfulness) compared to booth production systems of 
Panonia. Panonia had more in  orescences per fruitful shoot 
compared to Backa, while no di  erence was observed be-
tween production systems.

In booth cultivars the number of in  orescences per node 
was higher in a vine treated through conventionally methods 
compared to NoPes&MinFert (Figure 2). In conventional 
production of Backa number of in  orescences per node 
showed an increase from the beginning (1) until the node 
number 7. Then, the slight decrease in number of in  ores-
cences per node was observed. In NoPes&MinFert produc-
tion system of Backa number of in  orescences per node 
showed higher variation.

Figure 2. Comparison between number of in  orescences per 
node in a vine treated through conventionally methods and 
NoPes&MinFert.
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In conventional and NoPes&MinFert production 
systems of Panonia, number of inflorescences showed 
an increase from the base until second and third node, 
respectively. Then, in booth production systems of 
Panonia a slight decrease in number of inflorescences 
was detected.

In 2015, both Backa and Panonia, had signi  cantly higher 
yield in the conventional compared to the NoPes&MinFert 
production (39 and 32 %, higher respectively) (Table 4). In 
2016 in the conventional production of Panonia the yield 
was 28% higher compared to NoPes&MinFert production. 
In 2018, Backa showed 46% higher yield in the conven-

Table 4. Yield and grape quality of Backa and Panonia in NoPes&MinFert and conventional production systems, 
in 2015-2018 years.

Cultivar Production systems Yield (kg m-2) Cluster weight (g)
Total soluble 

solids (%)
Titratable 

acidity (g l-1)
Botrytis sp. 

incidence (%)
2015.

Backa
NoPes&MinFert 0.86 b 269.9 a 21.47 6.07 0.0 

Conventional 1.41 a 163.3 b 20.73 6.53 0.0 

Panonia
NoPes&MinFert 0.97 b 240.3 a 23.97 8.37 0.0 

Conventional 1.43 a 220.0 ab 24.13 7.97 0.0 
2016.

Backa
NoPes&MinFert 1.90 ab 270.0 a 22.4 7.27 0.33 

Conventional 1.66 ab 266.7 a 19.2 7.83 3.00 

Panonia
NoPes&MinFert 1.54 b 156.7 b 24.9 9.43 0.00 

Conventional 2.14 a 223.3 ab 23.2 8.76 2.33 
2017.

Backa
NoPes&MinFert 1.90 a 313.3 a 21.36 6.13 0.33 

Conventional 1.28 bc 326.7 a 23.86 5.67 0.00 

Panonia
NoPes&MinFert 1.54 ab 186.7 b 24.13 7.83 0.00 

Conventional 0.77 c 190.0 b 27.06 6.90 0.00 
2018.

Backa
NoPes&MinFert 1.18 b 253.3 b 21.53 5.80 3.33 

Conventional 2.19 a 356.7 a 21.40 5.63 0.00 

Panonia
NoPes&MinFert 1.05 b 241.7 b 25.63 6.93 0.00 

Conventional 1.13 b 195.0 b 25.10 7.63 0.00 
2015-2018 (average)

Ba ka
NoPes&MinFert 1.46 276.4 21.69 6.32 1.00 

Conventional 1.63 278.3 21.29 6.41 0.75 

Panonia
NoPes&MinFert 1.27 206.3 24.67 8.15 0.58 

Conventional 1.37 207.1 24.86 7.81 0.00 
Di  erent letters in superscript indicate signi  cant di  erence among the mean values (Duncan’s test, p<0.05). If the interaction 
(Year x Cultivar x Production) was not obseved multiple comparisons was not performed; the e  ects of other factors are 
present in Table 5.

Table 5. Statistical signi  cance of the folowing experimental factors: year, cultivar and production system.
Factor Yield (kg m-2) Cluster weight (g) Sugar (%) Titratable acidity (g l-1) Botrytis sp. incidence (%)
Year ** * ** ** **

Cultivar ** ** ** ** *
Production 

system
ns ns ns ns ns

Year x Cultivar ** ** ns ns ns
Year x 

Production 
system

** * ** ns **

Cultivar x 
Production 

system
ns ns ns ns ns

Year x Cultivar 
x Production 

system
** ** ns ns ns

*, **, ns indicate signi  cant at p < 0.05, 0.01, or non signi  cant, respectively.
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tional compared to the NoPes&MinFert production, while 
no di  erence was observed for Panonia. Moreover, Backa 
showed higher yield compared to Panonia.

In the seasons 2015 and 2018, Backa had signi  cantly 
higher cluster weight in the conventional compared to 
NoPes&MinFert production. The highest cluster weight was 
recorded in the conventional production of Backa in 2018. 
On average, Backa had 70 g heavier clusters compared to 
Panonia.

The cultivars showed satis  ed tolerance to the incidence 
of Botrytis sp.(Table 4). However, Backa was more sensitive 
particularly in the organic production during 2017 and 2018, 
while in 2016 both cultivars were more sensitive in conven-
tional production. 

In 2016, higher sugar percentage was recorded in the 
NoPes&MinFert production. Contrary, in 2017 both Backa 
and Panonia had higher sugar percentage in the conventional 
compared to NoPes&MinFert production. Panonia accumu-
lated signi  cantly higher sugar in the grape juice (24.8%) 
compared to Backa (21.5%).

Titratable acidity varies particularly among the seasons 
and between cultivars. Thus, the highest titratable acidity 
(8.32 on average) was observed in 2016, while the lowest 

in 2018 (6.5 g l-1). During the experiment Panonia had sig-
ni  cantly higher titratable acidity (7.98 g l-1) compared to 
Backa (6.37).

Both cultivars, Backa and Panonia, had less frozen buds 
in NoPes&MinFert compared to conventional production 
(Figure 3.). The highest di  erence in frozen buds between 

Table 6. Total wine score of Backa and Panonia in NoPes&MinFert and conventional production 
systems, in 2015-2018 years.

Cultivar Production systems Color Clarity Aroma Taste Total score
2015.

Backa
NoPes&MinFert 2.0 2.0 3.3 10.6 17.9

Conventional 2.0 2.0 3.0 10.1 17.1

Panonia
NoPes&MinFert 2.0 2.0 3.2 10.2 17.4

Conventional 2.0 2.0 2.9 10.2 17.1
2016.

Backa
NoPes&MinFert 2.0 2.0 3.0 11.2 18.2

Conventional 2.0 2.0 3.0 10.9 17.9

Panonia
NoPes&MinFert 2.0 2.0 3.3 11.4 18.7

Conventional 2.0 2.0 3.3 11.3 18.6
2017.

Backa
NoPes&MinFert 2.0 2.0 3.4 10.7 18.1

Conventional 2.0 2.0 3.5 10.5 18.0

Panonia
NoPes&MinFert 2.0 2.0 3.4 10.9 18.3

Conventional 2.0 2.0 3.3 10.6 17.9
2018.

Backa
NoPes&MinFert 2.0 2.0 3.2 10.8 18.0

Conventional 2.0 2.0 3.2 10.7 17.9

Panonia
NoPes&MinFert 2.0 2.0 3.1 11.3 18.4

Conventional 2.0 2.0 3.1 11.1 18.2
2015-2018 (average)

Backa
NoPes&MinFert 2.0 2.0 3.2 10.9 18.1

Conventional 2.0 2.0 3.1 10.8 17.9

Panonia
NoPes&MinFert 2.0 2.0 3.2 10.8 18.0

Conventional 2.0 2.0 3.2 10.5 17.7
Buxbaum method was used to score the wine samples (0-20 points), assessing appearance (maximum 
2 points), color (2), aroma and bouquet (4) and other characteristics, such as sugar, acidity, and astringency 
(scoring maximum of 12 points in total for these traits related to taste).

Comparison between frozen buds of cultivars Backa and 
Panonia in NoPes&MinFert and conventional production. 
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production systems was observed in Panonia at the end of 
December 2017 (44% necroted buds in NoPes&MinFert 
compared to 84 in Conventional production). Moreover, 
both cultivars showed the lowest cold hardiness at the end 
of the winter. In the February 2018, in NoPes&MinFert pro-
duction of Panonia all bud categories (primary and second-
ary) in the winter buds were damaged. 

The wines of booth cultivars achieved higher score in the 
NoPes&MinFert production compared to the conventional 
counterpart (Table 6). There were no di  erences among the 
treatments in the scores for wine color and clarity and each 
wine achieved a maximum (2 points) for these traits. The 
wine of Backa had a slightly better scores for and taste in 
the NoPes&MinFert compared to conventional production. 
The taste of the wine of Panonia, which is simmilar to the 
wine of its ancestor Riesling, achieved higher score in the 
NoPes&MinFert compared to the conventional production.

Discussion
Production without use of pesticides and mineral fertil-

izers - NoPes&MinFert, was similar to organic viticulture 
practices. Higher percentage of developed shoots and fruit-
full shoots in conventional compared to NoPes&MinFert 
production, results in higher number of in  orescences per 
node. Our results are in agreement with (DÖRING & al. 
[16]) who found that organic production, had signi  cantly 
lower growth and yield compared to integrated system. The 
lower yield in NoPes&MinFert compared to conventional 
production can be the result of the signi  cantly lower clus-
ter weight in the organic system and aligns with the  nd-
ings reported by DÖRING & al. [16]. Moreover, it could 
be the result of lower bunch compactness (MEIßNER [17]). 
DÖRING & al. [18] posted that a decrease in soil moisture 
content under organic and biodynamic viticulture is likely to 
be responsible for the lower yield. However, POOL & ROB-
INSON [19] did not observe any di  erences in the number 
of berries/clusters and the average cluster weight between 
di  erent management systems. It is speculated that di  er-
ence in yield between conventional and organic production 
may be due to yield losses due to pests. Meta-analysis of 362 
paired sets of organic–conventional yield data, noting that 
organic yields are on average 80% of conventional yields, 
but variation is substantial (21% standard deviation) (DE 
PONTI & al. [20]). In that research, authors also observed 
that the organic yield gap signi  cantly di  ered between crop 
groups and regions (DE PONTI & al. [20]). 

In a number of experiments (TASSONI & al. [12]; 
DÖRING & al. [16]) the grape juice sugar concentration of 
organically managed vines was almost same as that of con-
ventionally managed vines. In our experiment the e  ect of 

production system on sugar concentration in the grape juice 
was inconclusive and depends on the interaction of weather 
conditions during the season (year) and cultivar. Titratable 
acidity in the grape juice was not a  ected by the production 
system which is in agreement with DORING & al. [16].

Our results for Backa and Panonia are supported by those 
obtained by DANNER [21], who observed a higher Botrytis 
sp. incidence in the production without spraying compared 
to conventional production. Conversely, some authors (PIKE 
[22], MEIßNER [17]) reported lower incidence of Botrytis 
sp. in organic vineyards. However, PIKE [22] conducted the 
experiment in Australian climate conditions where the dis-
ease pressure is low. In our experiment, the lower number 
of developed shoots could results in lower canopy density 
and better aeration around clusters which prevents Botrytis 
incidence (IVANIŠEVIC & al. [23]. Backa and Panonia are 
early ripening cultivars (end of the August) that can be har-
vested before the onset of unfavorable weather conditions in 
September and October. 

NoPes&MinFert production showed higher bud freezing 
tolerance compared the conventional production. Enhanced 
tolerance to low temperatures in organic production can be 
related to lower yield. WAMPLE & WOLF [24] observed 
that Chardonnay had a greater freezing tolerance in the low 
than in the high crop load vines. CINDRI  & al. [15] ob-
served that in the conditions of North Serbia (Vojvodina) 
majority of the cultivars have the highest tolerance to low 
temperatures in the last decade of January and in the middle 
of February. However, some cultivars tolerant to fungal dis-
eases are the most susceptible to low temperatures in the 
middle of February (CINDRI  & al. [15]), as it was the case 
in our study. 

In our study we observed enhanced wine aroma in the 
NoPes&MinFert production of Backa compared to con-
ventional counterpart. Satis  ed sensory properties of the 
organic wines, such as  avor intensity, wine body and a gen-
eral acceptance were also observed in Italy (LANTE & al. 
[25]). Organic grapevines, grown with reduced pesticides, 
are more stressed by pathogens compared to conventionally 
grown grapevines and produce more aroma related com-
pounds (MARTIN & RASMUSSEN [26]). In one study 
that presents di  erences between organic and conventional 
production in central Italy,  organic wines had higher over-
all acceptance by the sensory panel (BENI & ROSSI [27]). 
Wines of Trebbiano and Sangiovese from the conventional 
production in the same study, were described as unbalanced 
and acidic, compared to the organic wines (BENI & ROSSI 
[27]). In our study, sugar-acid ratio in the grape juice was 
improved by the the NoPes&MinFert production system of 
Panonia (lower sugar and higher acidity–Table 4). Therefore, 
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it seems that better sugar-acid ratio in the NoPes&MinFert 
production improves the wine balance which is particularly 
important in hot and dry seasons. 

Conclusions
Findings yielded by the present study show that fungus-

tolerant grape cultivars Backa and Panonia are suitable 
for the production without use of pesticides. Although the 
number of in  orescences per node and yield were higher 
in conventional production, NoPes&MinFert production 
showed satis  ed yield that exceeded 10 t/ha. Moreover, 
NoPes&MinFert production showed enhanced bud toler-
ance to low winter temperatures compared to conventional 
counterpart. Grape chemical composition was similar in 
both productions while the wines from NoPes&MinFert pro-
duction achieved higher score in the wine sensory analyses. 
Di  erences between cultivars in yield and grape chemical 
composition were also observed. The studied cultivars allow 
sustainable grape production in the moderately continental 
climate conditions.
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Abstract

Keywords

Breast cancer is the most widely recognized malignancy in women and is the second most common 
and important cause of cancer death in women. Currently, there is no e  ective approach to avoid 
breast cancer, as its motivation is not yet fully understood. The common problems of women in re-
cent years are breast cancer. The problem of breast cancer classi  cation has been the main problem 
in recent years. This article gives a reasonable idea of the readiness of the mammogram image to  nd 
out the area a  ected by cancer, which is a vital advance in breast cancer detection. Therefore, the 
research focuses on examining and analyzing the image processing of cancerous diseases, especially 
breast cancer. When detecting breast cancer, images are obtained from a mammogram and subjected 
to treatment. The arti  cial neural network (ANN) plays an important role in this regard, in particular 
in the application of biomedical image processing for the early diagnosis of breast cancer. It is actually 
detected by these steps. Preprocessing, image splitting, attribute extraction and categorization. An av-
erage vector  lter is used to perform the preprocessing operation. Helps eliminate noise and turn RGB 
image into grayscale image. Vessel segmentation is used to segment the image. To perform entity ex-
traction, the technique of the Binary Local Scale Model (MLBP) method is used and optimized using 
the Robust Propagation Neural Network Classi  er (RBPNN). Using MLBP, 12 functional derivatives 
were extracted. The extraction is performed on the basis of color, texture and shape. It plays an impor-
tant role in detection. Finally, for the classi  cation of the extracted function, RBPNN is performed and 
then analyzes the test data with the trained data. To prove its usefulness, it produces great precision 
compared to other current games. The accuracy of this suggested analysis is 97%.

Vector Median  lter, Vessel segmentation, Robust back Propogation Neural Network (RBPNN), Mul-
tiscale Local Binary Pattern(MLBP)
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Introduction
Breast cancer is the leading cause of death among 

women and the most frequently reported non-dermal can-
cer in women [1]. Breast cancer occurs when breast tissue 
becomes abnormal and uncontrollable and decomposes. 
These abnormal cells form a large tissue and are trans-
formed into tumors. The diagnosis can soon be cured nor-
mally. Therefore, it is important to provide an adequate 
procedure to detect the initial symptoms of breast cancer. 
The  rst symptoms of breast cancer are scaly and small 
lumps, which can only be determined by advanced technol-
ogy. Micro calci  cations are fragments of very small cal-
cium deposits present in the soft tissues of the breast [2]. 
Tumor detection in breast tissue is often more di   cult than 
microcalci  cation. The reason is not only the large di  er-
ence in size and shape, but also the fact that mammography 
tumors usually show contrast with poor images [3]. The dif-
 culty in classifying benign and malignant microcalci  ca-

tion also poses serious problems for medical imaging. The 
radiologist’s automatic classi  cation can help distinguish 
between benign and malignant tendencies. Therefore, this 
article investigates arti  cial neural networks (ANNs) that 
can be used as automated classi  cations. In medical imag-
ing, arti  cial neural networks are applied to various data 
classi  cation and pattern recognition activities [4]. As far 
as diagnostic and medical detection techniques are con-
cerned, X-ray mammography is currently in common use 
in clinical practice [5] due to its low cost and ease of use. 
Although there are some limitations in the mammogra-
phy detection process, since reliability is low in the dense 
breasts of young women or women, they resist the surgi-
cal invention, which is the most e  ective recommendation 
method that can be detected.  rst in breast cancer. The sen-
sitivity of the fatty breast is also high and the detection 
performance of microcalci  cation is excellent [6]. In the 
part of the results, the mammogram is very large, which is 
necessary to examine the number of radiologists who can 
cause eye fatigue due to incorrect diagnoses.

In many degrees, they can re  ect subtle variations. 
Therefore, the speci  c choice of image characteristics 
can lead to separate classi  cation decisions. It can be 
classi  ed as  1. The statistically dependent form, such 
as Support Vector Machine. 2. Basic form of Don‘s rule, 
how to determine trees and approximate sets. 3. Arti  cial 
neural network [5]. Medical research on breast cancer is 
not true because a challenge is early recognition of the 
lack of the appropriate method [6]. By improving in the 
 eld of advancement, the contributions of information 

technology o  er a new dimension in terms of medical 

imaging. By investing in the distinctive feature that can-
not be in the cancer area, there are other areas as well. In 
terms of imaging techniques, it can be easy to detect the 
cancerous mass that may be a  ected in the breast region.
In the diagnosis phase, three steps are to be performed 
for cancer detection and classi  cation. (1) Initial step is 
done in pre-processed mamogram image to detect the Re-
gion of Interest and hence locating the tumor region. (2) 
Extracting the feature by using expert knowledge such 
as texture, color, shape and density of the tumor (3) and 
 nally by classifying the feature vector analyse whether 

ritis a malignant or benign tumor. To obtain the accurate 
result, Researchers have used several techniques for de-
tection and processing of image. Gaussian  lter and me-
dian  lter are used in this proposed work to perform pre-
processing. Pre-processing is done to transform a color 
image to a gray scale image, and its main function is to 
remove the salt and pepper smell. After pre-processing it 
undergoes segmentation using threshold-based technique 
and GLCM uses the function extracted. It describes the 
gray distribution over all pixels which is a second order 
joint condition probability. The main purpose of feature 
extraction algorithm is to minimize the original dataset 
image by measuring ensured features. In GLCM, the gray 
scale textual features were extracted. From the extracted 
feature, computation is to be performed to obtain mean, 
standard deviation, entropy, auto correlation, correlation 
etc. The feature which is extracted can be classi  ed by 
using classi  er [6]. Various supervised techniques were 
used for identifying the abnormalities which occurs in the 
breast cancer, Arti  cial Neural network is used [8]. It re-
lates the test data to an accurate outcome with quali  ed 
collection. 

Related Works
In Lashkari [7], to classify the tissues as normal and 

abnormal using the Gabor wavelet and therefore the ANN 
that can maximize precision, the radiologist’s moment is re-
corded. In arti  cial vision, as well as in image processing 
technique, it transforms the factor into wavelet Gabor. The 
result of combinations of neural networks has great potential 
for unknown cases with an accuracy of 97%.

The Vikas Chaurasia and Saurabh Pal classi  cation of 
supervised learning performance is compared with some 
classi  cation techniques to  nd the breast cancer, such as the 
SVM-RBF core, decision trees (J48), RBF neural networks, 
Naïve Bayes, therefore simple CART. The SVM-RBF core 
achieves a better precision result than the other classi  cation 
techniques proposed in the Wisconsin breast cancer datasets 
(original) that achieve an accuracy of 96.84%.
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Xin-Sheng Zhang (2014) illustrates the detection and 
classi  cation of microcalci  cation (MC) groups. Classi-
 cation problems result from poor learning functionality 

for test samples among the set of learning samples called 
visual parts vocabulary. A rich vocabulary of training sam-
ples for visual information is created manually with a se-
ries of samples consisting of MC parts, therefore not MC 
parts[9].

Liyang Wei (2009) propose, the exam is the means of 
using retrieved comparative and to improve the presentation 
of a digital classi  er. The reasoning method is that by adapt-
ing the addition of adjacent adjacent data to the classi  er, 
the accuracy of the characteristics on these lines can be im-
proved, and a “second score” beyond the radiologist can be 
obtained. The results of mammography tests in a database 
show that the recovery-based methodology proposed with 
a multipurpose support vector machine (SVM) can improve 
the performance from 0.78 to 0.82[10 ].

Ayman A. AbuBaker 2015, proposes a strategy capable 
of improving exposure to computer-aided diagnosis (CAD) 
by distinguishing and consequently organizing microcal-
ci  cations (MC) in the mammographic image with preci-
sion and competence using multiple channels of facts and 
a change in deterioration wavelet. . This new method has 
proven to be di   cult to recognize CM in mammography im-
ages reaching a high evident positive level of 98.1% and a 
low false positive rate of 0.63 groups / image for MIAS and 
USF databases [11].

Identifying the e  ectiveness of microcalci  cation can be 
prohibited because the contrast of the mammography image 
is low, as is the amount of lower breast tissue. using the spa-
tial dependency matrix of the gray level (GLSDM) and the 
methods based on the Gabor channel. A total of 120 regions 
of interest (ROI) extracted from 55 mammographic images 
from the miniMias database, including ordinary and micro-
calci  cation images[12]

Proposed Methodology
The proposed system proposes a simple and orderly pro-

cedure for detecting cancer sites from mammograms. Our 
goal was to divide the cancer site into the mammogram im-
ages. Therefore, the research focuses on examining and ana-
lyzing the image processing of cancer diseases, especially 
breast cancer. Mammographic images are produced and pro-
cessed in breast cancer imaging. Breast cancer image data is 
collected and processed using the proposed approach. Fig-
ure 1 presents a summary of the  ow chart of the proposed 
approach. In the primary stage of image processing, image 
data is collected using the mammography image acquisition 
method, followed by a  ltering approach to eliminate noise.

Feature 
Extrac�on 

Feature 
Op�miza�on

Vessel 
Segmenta�on 

Contrast 
Enhancement 

Mamogram 
Image  

Median Filter 

Vector Median 
Filter 

Classifica�on  
RBPNN

Performance 
Parameter

Image Pre-processing:

Gaussian Filter:

Used to emphasize pixel values   for accurate cancer de-
tection. It mainly consists of two processes, namely noise 
reduction and improvement. A central vector  lter is used to 
eliminate denoising of the coronary artery image, and adap-
tive histogram equalization technology is used to further en-
hance the denoised image.

Step 1: Update the center pixel value based on the sur-
rounding pixels using the following equation (1) as,

  (1) 

Where
xc = Center pixel in 3x3 sub window
xi = Surrounding pixels
N = Number of pixels in 3x3 sub window.
Step 2: After updating the center pixel in the 3x3 sub-

window, adjust the surrounding pixels above the center 
pixel with respect to the intensity value, and then the 3x3 
sub window will calculate the median of the center pixel 
replacement.

Step 3: Continue this process until there are no more 
pixels in the image.

Based on the discussions, the preprocessed echocardio-
gram images are depicted in  gure 3.

RGB Image Conversion into Gray scale image
The methods used in converting color image to gray 

scale image is (1) Average methodWeighedmethod. W
hileconvertingRGBtograyscaleimage,wehavetocompute
the average of three colors and make as a result a single 
value reflecting the brightness of that pixel. Comput-
ing the average from each pixel is performed by using 
theequation,

Average of three colors =   (3)
 

Figure 1. Block diagram of RBPNN classi  er

Pre-processing:
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Since the obtained brightness is often dominated by the 
green component. So “human oriented” method is taken to 
compute a weighted average. It is calculated by using,

0.3R+0.59G+0.11B     (4)
after conversion. To provide an enhanced image bright-

ness error can be achieved by using the 

           (5)

g(i,j) is the reference image and fc(i,j) indicates the de-
graded result.

Extracting ROI
Images can be segmented into constituent objects or re-

gions. In image analysis, segmentation plays the main role. 
The goal of segmentation is that the regions of interest isolate 
the problem and its characteristics. By suddenly dividing the 
image, the intensity changes, like the edges of the image, as 
well as the region that is divided, which can be similar de-
pending on the set of prede  ned criteria. In medical imaging, 
the cancer-based application uses e   cient segmentation [15].

Linear Iterative Vessel Segmentation
Operation for segmentation requires identifying and eval-

uating the features. The purpose of the linear iterative ves-
sel segmentation is to adjust the medium k by two essential 
di  erences to produce superpixels: Limit the search space to 
an area proportional to the size of the superpixel, and signi  -
cantly reduce the number of calculations for optimal distance. 
This reduces linear complexity regardless of the number of 
pixels N and the number of superpixels k. Weighted distance 
measurement combines color and spatial proximity while 
controlling the size and miniaturization of superpixels.

E   cient pixel compression and constant pixel size de-
termine the performance of the blood vessel separation algo-
rithm. The e   ciency of the algorithm is measured by detect-
ing the limit and measuring the error in between.

The maximum possible color distance between two ad-
jacent colors in space (assumed as an RGB input image) 
is limited and determined according to the size of the spa-
tial distance image. To apply the Euclidean distance to this 
space, you need to normalize the spatial distance. Therefore, 
a new distance measurement (D) was applied to take into 
account the size of the superpixels, improving the color uni-
formity and proximity of the pixels in this space and the ex-
pected cluster size and range is described in the following 
equations (2), (3) and (4).

 

               (2) 

      (3) 

    (4) 

Where
D = Distance measurement of cluster
dc = Represent Color of distance between pixel a and b 
ds = Represent Spatial distance between pixel a and b
S = Size of pixel (S×S)
Ra, Ga, Ba = Color Components of Pixel a
Rb, Gb, Bb = Color Components of Pixel b

Algorithm for image segmentation

step1: begin 

step2: initialize clusters H. 

step3: Read feature graph G. 

step4: read preprocessed image Img. 

step5: for each group Hi of H

Select Random Nodes from G. 

H = 

X- Available nodes of G. 

End.

step6: for each cluster Hi from H

For each Node Ni from Hi 

Compute Energy E = 
∅

If E<= Eth then // Eth- Energy threshold 

Assign Ni with Hi 

Else 

Continue;

End

End

End

step7: read user feedback 

Read Eth. 

Go to step 4. 

step8: stop. 

Based on the previous steps of the algorithm, the regions 
a  ected by the tumor are extracted and processed using the 
local binary model on multiple scales to derive their actual 
characteristics. 

Feature extraction using GLCM
GLCM stands for Gray Level Co-occurance Matrix 

which examines the statistical method when examining 
the spatial relationship of pixels. GLCM calculates the 
pair of pixels with speci  c values   as well as a speci  c 
spatial relationship that occurs in the image, as well as 
extracting the statistical measurements from the matrix. 
This type of statistics provides information on the texture 
of the images [16]. 



Early detection of breast cancer using robust back propagation neural network classi ier 

3411

Algorithm:

Step 1: Quantizing the data, the specimen being taken is 
treated as a single image pixel and the specimen value is the 
intensity of that pixel. 

Step 2: (i) Construct the GLCM as a square N×M ma-
trix. 

             (ii) Render symmetric GLCM
            (a) Make a transposed copy of the GLCM.
            (b) Include the copy in the GLCM itself.
             (iii) Normalize the GLCM.
(a) Divide every component by the sum of all elements.
 (b)  The elements of the GLCM are considered as prob-

abilities of  nding the relationship i, j in window size W.
Step 3: Calculate the role you chose. This tests by using 

the GLCM values. Those four characteristics aid in decid-
ing.

Energy:

It is also known to be second moment uniformity, or an-
gular. In the GLCM it generates the number of square ele-
ments. It reckoned as follows,

Contrast: 

This analyses the local di  erences in the gray level co-
occurrence matrix.

Correlation:

It tests the occurrence of joint probability of speci  ed 
pairs of pixels.

Homogeneity:

It tests the proximity of element distribution within the 
GLCM

Where pij denotes the element i, j. N represents the num-
ber of measures. Using the equation to estimate the strength 
of all reference pixels,

Enhanced ANN Feature Optimisation
In this paper, the Enhance Arti  cial Neural Network 

(ANN) classi  er is used for the classi  cation of breast 
cancer. The simple elements are made up of neural net-
works inspired by biological neurons that work in par-

allel. The neural network is trained to perform speci  c 
functions that are adapted to the weight of the elements 
[17]. To get the desired output that can be driven by the 
neural network. The computational model works simi-
larly to neurons calculated in the human brain. Based on 
the output comparison, the network is adjusted and the 
target that corresponds to the network output. Training 
and testing are two steps to the enhanced ANN classi  er. 
The accuracy of the classi  cation depends on the training. 
The features are extracted from selected mammography 
images which are used for inputs that can be trained with 
the improved ANN classi  er to classify the images as ma-
lignant and therefore benign.

Figure 2. Structure of feature optimization

Robust Back Propagation Neural Network 
Classi  er

In testing / recognition, the Robust Back Propagation 
Neural Network Classi  er(RBPNN) is used to classify new 
images by comparing the extracted characteristics with the 
characteristics of the unknown sample image from mam-
mography. RBPNN has been con  gured, which is to load 
trained data or test data to correct the problem, namely the 
classi  cation problem and the clustering problem. To solve 
problems, the neural network is highly capable of solving 
complex data for the derivation of meaning. Sometimes it 
is very common to  nd the use of trends, but it is complex 
and cannot be solved even by machines. A neuron is a true 
function of the input vector (V1, V2 ... Vk). The output ob-
tained is

where NHid is the number of hidden neurons, wnh is the as-
signed weight of the n-h link of the network and Vh is the 
output of the hth output neuron and yn is the output of the nth 
hidden neuron.

Performance Metric:

The performance measures metrics of the algorithm is 
calculated by:
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Accuracy–The accuracy of Classi  cation is the percent-
age of instances which is classi  ed correctly by the model. 
The formula for accuracy is:

Speci  city–Commonly used in two class problems 
which is measures as particular class. It is negative class 
propagation which is predicted negatively as well as called 
as true negative rate. The formula is 

Recall / Sensitivity- Classi  cation model ability mea-
sures for certain selective class instance from the dataset. 
It is actually positive propagation, the prediction is positive 
one. The formula used for:

Results & Discussion
In this section, discuss the results breast cancer de-

tection of di  erent sample images. The following  gure 
shows the output of the preprocessed image, i.e. the input 
image of breast cancer is preprocessed using a medium 
 ltering technique to eliminate noise. The preprocessed 

image is provided as input for the extracting part of the 
function. ROI extraction is used for the feature extrac-
tion process. Figure 3 as shown below. The segmented 
image is shown in Figure 4. The image extracted from the 
function can be used for the segmentation process. The 
image of breast cancer is segmented into images without 
ROI and ROI. The image without ROI is shown below in 
Figures 2–4.

Thus, the segmented breast images and the accuracy of 
the tumor is recognized by using preprocessing and convolu-

tional neural techniques where it classi  es the the type of the 
tumor whether it is malignant or benigntumor. The simulated 
results are shown below.

By using GLCM, 12 feature derivatives were extracted. 
Extraction is done based on color, texture and shape. Those 
parameters are given Table 1.

Output Results
Due to the successful calculation of 12 di  erent features, 

it helps to recognize the tumor of the mammogram images 
with the maximum precision (91.69%) compared to other 
classi  ers. The method e   ciently calculates the output value 
also minimizes the deviation in calculating the output value. 
Based on the discussion, the graphical analysis of the classi-
 cation accuracy obtained is shown in Figure 5. In terms of 

energy, entropy, comparison correlation and homogeneity, 

Table 1. Parameters of GLCM
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the proposed segmentation algorithm is superior to the cur-
rent RBPNN algorithm [11-12].

From Table 2, it is clearly demonstrated that the RBPNN 
approach achieves the maximum accuracy value while se-
lecting the exact tumor location from the breast cancer im-
ages. The e  ectiveness of the discussed system is assessed 
on 6 di  erent mammogram images.

From the Table 3 analysis, the RBPNN attains the maxi-
mum sensitivity results when compared to other classi  ers 
such as Enhanced ANN, Regression, with adaboost and sup-
port vector machine. Based on the tabular value, sensitivity 
results graphical analysis is illustrated in  gure 8.

From the Table 4, it clearly depicted that introduced ro-
bust backpropagation neural network (RBNN) approach at-

Figure 5. Classi  cation of RBPNN Classi  er

Table 2. Accuracy of di  erent classi  ers

Classi  er
Accuracy (%)

Image 1 Image 2 Image 3 Image 4 Image 5 Image 6
RBPNN 89.64 86.31 90.76 91.69 89.48 92.22

Enhanced ANN 86.73 85.29 87.01 86.79 86.89 87.02
Regression 84.29 82.78 84.9 85.28 84.38 86.309
Adaboost 82.72 83.28 85.82 84.89 84.93 85.03

SVM 86.33 86.92 88.56 89.36 86.12 88.76
Table 3: Sensitivity of di  erent classi  ers

Classi  er Sensitivity (%)
Image 1 Image 2 Image 3 Image 4 Image 5 Image 6

RBPNN 97.30 96.37 97.35 97.452 96.76 97.32
Enhanced ANN 96.73 96.89 96.01 95.79 94.89 94.02

Regression 92.29 91.78 94.9 92.28 91.38 91.309
Adaboost 88.3 89.28 87.82 90.89 90.93 89.03

SVM 94.56 95.24 93.67 94.26 93.45 92.15
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tains the high speci  city value while classifying the exact 
tumor location from the mamogram images. The discussed 
system e   ciency is evaluated on the 6 di  erent mamogram 
images. Based on the tabular value, sensitivity results graph-
ical analysis is illustrated in  gure 9.

Table 5. Performance of Various Classi  ers
Classi  er Accuracy Sensitivity Speci  city 
RBPNN 91.69 97.452 98.13

Enhanced ANN 86.79 95.79 95.65
Regression 85.28 92.28 89.82
Adaboost 84.89 90.89 83.78

SVM 89.36 94.26 92.31

According to the Table 5, the breast cancer detection in 
mammogram images,e   ciency is determined using di  er-
ent metrics. From the discussion, the RBPNN attains the 
maximum results on mammogram images compared to the 
other methods. 

Conclusion
The main cause of death for women is breast cancer. 

To prevent cancer, early detection is important, which has 
been proven; Diagnosis can be timely treatment and peri-
odic detection.When detecting breast cancer, images are 
obtained from a mammogram and subjected to treatment. 
The main objective is to examine the e  ectiveness of the 
data mining technique for classifying breast cancer data. 
In this work, image processing involves several stages, 
such as preprocessing, segmentation, feature extraction, 
classi  cation of mammographic images. The results can 
therefore be used to improve the RBPNN method for 
detecting cancer and also to easily distinguish between 
malignant and benign. Compared to conventional classi-
 ers, the proposed RBPNN accuracy is 91.69%, sensitiv-

ity is 97.452%, and speci  city is 97.452%  The results 
can therefore be used to improve the RBPNN method for 
detecting cancer and also to easily distinguish between 
malignant and benign. This can help the doctor analyze 
the stage of cancer so that the su  ering patient also takes 
the necessary treatment. In the future, apply breast cancer 
survival prediction models to two parameters for cancer 
patients: benign and malignant.
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Abstract

Keywords

Cancer a  ects an increasing number of people every year, a  ecting many families and representing 
a major problem for health systems in all countries. As chemotherapy is one of the most widely used 
therapeutic approaches, usually following surgical resection of the tumour mass, its adverse e  ects 
have made it necessary to  nd alternative, less toxic ways for treating cancer. These include nanopar-
ticles, especially those containing Ag and/or Pt, some nonpathogenic, attenuated or genetically engi-
neered bacteria can exhibit a destructive potential on tumors, especially when they carry antitumor 
genes or antineoplastic agents, cationic antimicrobial peptides, modi  ed to mitigate their harmful 
e  ects, and immunotherapy, such as  immune checkpoint inhibitors.
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Introduction
One of the main public health problems a  ecting society 

today is the high incidence of cancer. In addition to com-
plications caused by the primary tumour and possible me-
tastases, cancer patients are more susceptible to complica-
tions after infections caused by Streptococcus pneumoniae, 
Staphylococcus spp., Escherichia coli, Klebsiella pneumo-
niae, Pseudomonas aeruginosa, Helicobacter pylori and 
Candida spp.. On the other hand, the patients chronically 
infected with S. aureus, A. baumannii, P. aeruginosa and 
Enterobacter are immunosuppressed and have a higher risk 
of developing cancer (Rodriguez et al., 2019). In the treat-
ment of cancer, standard therapeutic management requires 
surgical resection, chemotherapy and radiotherapy. Tumour 
resection is an invasive method and ensures the removal of 
the primary tumour and possible metastases, and in some 
cases can ensure a cure. Most of the time, however, after 
resection, the cancer patient undergoes chemotherapy. This 
involves the administration of a platinum-based or other 
chemical agents, either by infusion or orally, which inhibits 
the multiplication of tumoral cells. It has also non-speci  c 
toxic e  ects on normal cells, causing symptoms such as 
sickness, vomiting, numbness in the extremities, hair loss, 
etc. Since tumour cells exposed to chemotherapeutic agents 
increase their enzymatic capacity to detoxify drugs and 
repair DNA, they could become drug resistant, leading to 
tumour recurrence. Some patients cannot tolerate the treat-
ment for the entire period of administration and it has to be 
stopped prematurely. In case of tumors resistant to chemo-
therapy, radiotherapy is prescribed. The standard treatment 
involves irradiating the site of the tumour cell deposits with 
a dose high enough to destroy them, especially when they 
are therapeutically sensitised. Because radiation a  ects any 
tissue it passes through, healthy tissues are a  ected by ra-
diation. Unfortunately, none of these therapeutic approaches 
can always permanently eliminate the pool of tumour cells; 
so, the risk of neoplasm recurrence remains, especially in 
very aggressive tumours such as mucinous tumours, whose 
cells are extra-protected by their mucus secretion. Alterna-
tive strategies such as nanoparticles (NPs), non-pathogenic 
bacteria, antimicrobial cationic peptides, immunotherapy) 
have been developed to at least partially eliminate its side 
e  ects. 

NPs in cancer treatment
Nanotechnology is a multidisciplinary domain of chem-

istry, microengineering, biology and medicine with applica-
tions in therapy and  ghting against bacterial resistance and 
neoplasia (Tudose et al., 2016). Against bacteria, Ag NPs 

act by perforating the bacterial cell wall, forming reactive 
oxygen species (ROS), inhibiting aerobic respiration and 
damaging DNA. Ag NPs are also active on transforming cell 
lines and tumors by altering mitochondrial function, block-
ing the cell cycle and activating apoptosis (Tianyuan Shi et 
al., 2018; Albule  et al., 2017). The e  ect depends on the 
concentration, size and coating material of the NPs. NPs 
consisting of Ag-Pt inhibit glioblastoma and melanoma cell 
lines. Platinum binds to DNA and kills the cells by apoptosis 
or necrosis. Like all chemotherapeutic agents, cisplatin is 
not selective for malignant cells, and, because lower toxic-
ity, NPs with Pt are more e   cient in stopping cancer devel-
opment (Lopez Ruiz et al., 2020).

Therapy with nonpathogenic bacteria
Some bacteria are potentially carcinogenic promoters by 

stimulation of the in  ammatory reaction in infective process: 
H pylori is a potentially gastric carcinoma inductor; Salmo-
nella typhi can induce hepatobiliary carcinoma, Campy-
lobacter jejuni leads to small intestine lymphoma; Chlamyd-
ia psittaci is an inductor for eye lymphoma; Mycobacterium 
tuberculosis can lead to lung cancer; Citrobacter rodentium 
induces human colorectal cancer (CRC); Porphyromonas 
gingivalis, which is present in the oral cavity is a potentially 
inductor for pancreatic cancer (Song et al., 2018). 

On the other side, bacteria reported to have potential anti-
cancer activity include species of Salmonella, Clostridium, 
Bi  dobacterium, Lactobacillus, Escherichia, Pseudomonas, 
Caulobacter, Listeria, Proteus, BCG and Streptococcus. 
The routes of action and their use in treating cancer are di-
verse. Nonpathogenic or genetically modi  ed bacteria with 
tropism for neoplastic tissue can have direct anticancer ac-
tion through oncolytic activity, by secreting toxins and en-
zymes (proteases and lipases). Tumour produces attractant 
molecules for bacteria that penetrate ECM to the central 
region of the tumour, where hypoxic medium is favorable 
to obligate and facultative anaerobes: Clostridium spp., Bi-
 dobacterium spp., E. coli. After tumour colonization, quo-
rum sensing commutes the genetic program that changes the 
tumour microenvironment and produces cell lysis (Zargar et 
al., 2019). BCG is used for treating bladder tumours (Mo-
rales et al., 1976; Ma  ezini, 2006). In anaerobic conditions, 
E. coli stimulates cell immune response mediated by TCD8 
cytolytic lymphocytes (Song et al., 2018) and the monocytes 
(macrophages) from the tumor tissue containing bacteria re-
lease TNF-innate immunity factor with cytolytic e  ect. 

Molecules synthesized and released by bacteria can in-
hibit tumour growth (enzymes such as lipases and proteases) 
or have toxicologically speci  c anti-tumour potential (bac-
teriocins). P. gingivalis is one of the few bacteria that syn-
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thesize peptidyl arginine deiminase (PAD), an angiogenic 
agent e   cient in leukemia treatment (Ye Ni et al., 2008) 
and against arginine auxotroph neoplasia-hepatocellular 
carcinoma and melanoma. Bacteriocins (piocines, colicines, 
pediocins, microcines) are antimicrobial cationic peptides 
produced by many bacterial species, with speci  c toxic po-
tential against di  erent malignant cell lines: breast, colon, 
HeLa (Cornnut et al., 2018; Song et al., 2018).

Some of the bacterial toxins, such as diphtheria toxin 
(TD), bind to antigens on the surface of tumor cells, inhibit-
ing the EGF production. The TD-HB-EGF complex is re-
leased by endocytosis, and the lytic A subunit (activity) of 
TD is eliminated inside the cell. Ligand-conjugated toxins 
(Pseudomonas exotoxin, ricin DT) can be therapeutically ef-
fective, but must be targeted to speci  c cell membrane sites. 
C. novyi spores have a non-lethal toxin (Patyar et al., 2010) 
and when  injected in mice with neoplasia produce lytic de-
struction of tumors (Baindara & Mandal, 2020); 

Live attenuated or genetically engineered bacterial cells 
have the ability to carry and spread tumorigenic molecules, 
releasing them mainly in hypoxic and anaerobic regions of 
solid tumors, with a potentially destructive e  ect on primary 
neoplasia (Patyar et al., 2010; Song et al., 2018). They can 

also be modi  ed to carry genes for anti-cancer lytic proteins 
or can be used as vehicles for antineoplastic agents to be 
released into solid tumors (Patyar et al., 2010). Genetical-
ly engineered Salmonella cells synthesize LPS that do not 
stimulate proin  ammatory cytokines and thus lower the risk 
of septic shock. Oral administration of genetically modi  ed 
probiotics or enteric administration of heterologous bacte-
ria, either probiotics or fecal transplantation, can be used for 
treating blood neoplasia, sarcoma and melanoma. 

The main limiting factors in the use of bacteria for the 
treatment of cancer stem from the fact that, in the dose re-
quired for therapy, bacteria become toxic, with systemic in-
fection posing a major risk of toxicity. Also, bacteria incom-
pletely lyse the tumour mass and act only in hypoxic regions 
without a  ecting metastases that do not have anaerobic con-
ditions (Patyar et al., 2010).

Antimicrobial cationic peptides
Although chemotherapeutic agents produce side ef-

fects on normal cells and tissues, they continue to be the 
main therapeutic option in cancer, but a new therapeutic ap-
proach with less toxicity is emerging. This is represented by 
new molecules with selective action and anti-infective and 
anti-tumour speci  city: toxins, immunotoxins, enzymes, 
peptides, bacteriocins (also peptides) and a wide range of 
proteins (Karpinski & Adamczak, 2018). Of particular im-
portance are antimicrobial peptides (AMPs) with antitumor 
activity, which can speci  cally target tumor cells and are 
classi  ed into two categories: (a) peptides active on bacteria 
and malignant cells with no side e  ects on mammalian cells, 
and (b) peptides that are toxic on tumor cells, bacterial cells, 
but also on healthy cells (Rodriguez et al., 2019). Antimicro-
bial peptides are synthesized by plants, invertebrates, verte-
brates and represent a major part of their innate immunity in 
thousands of chemical variants (Wu et al., 2010). Antimicro-
bial peptides from animal sources are small molecules, with 
chains of 6-100 amino acids, and very diverse chemically. 
They are classi  ed according to their secondary structure into 

-fold peptides, -helical loop peptides and linear peptides 
(Gr di teanu Pîrc l bioru et al., 2021). The discovery of the 
therapeutic e  ects of cationic antimicrobial peptides began 
with the observation that they favor the restoration of the 
balance of the resident microbiota. Synthesized by probiotic 
bacteria, they have antimicrobial and immunomodulatory 
e  ects and antimicrobial properties, inhibiting the synthesis 
of LPS-induced proin  ammatory cytokines and recruiting 
antigen presenting cells. A family of antimicrobial peptides, 
defensins, are important players in innate immunity and play 
a role in defense (Hancock & Sahl, 2006; Giuliani & Nico-
letto, 2007). The lytic properties of AMPs allow them to be 
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Anti-tumor IR stimulation by: 1. Gap junctions between 
DC and tumour cells, that facilitates the transfer of tumour 
antigenic peptides to DC and then recruitment of T1 and T2, 
T3 lymphocytes; 2. Synthesis and secretion of antigenic signals 
for immune cells, that release cytokines; 3. RNAi and RNA 
synthesis with antitumor lytic e  ect; 4. Toxins with antitumor 
e  ect (modi  ed after Baindara & Mandal, 2020).



Anti-cancer alternative therapies

3419

considered as a therapeutic option in the treatment of malig-
nancies: magainins from Xenopus skin lyse hematopoietic 
cells and solid tumour cells, with limited e  ect on normal 
lymphocytes (Zaslo  ,1987; Makovitzki et al., 2009). The 
next level of investigation is the chemical synthesis of cat-
ionic AMPs with therapeutic potential in cancer. AMPs are 
positively charged and have amphipathic properties, making 
it possible for them to bind, via electrostatic interaction, to 
intensively negatively charged membrane of malignant cells 
due to the rich presence of phosphatidyl serine, glycopro-
teins and glucosamines. By penetrating into the intracellular 
space, AMPs reach mitochondria, which they inactivate and 
cause cell death through necrosis or apoptosis. Thus, am-
phipathic cationic AMPs can be an e   cient source of antine-
oplastic agents (Giuliani & Nicoletto, 2007; Hung Lun Chu 
et al., 2015; Deslouches & Di, 2017). 

Therapeutic use of AMPs is limited by in vivo instabil-
ity at the internal pH, high price and toxicity against normal 
cells (Giuliani & Nicoletto, 2007). Also, AMPs could even-
tually resistant tumour cells. Peptidomimetics synthesized 
by coupling AMPs with a substituted amine have a signi  -
cant anti-tumour activity and a low toxicity on normal cells 
(Huan Li et al., 2021). Another attempt to overcome the lim-
itation in the therapeutic use of AMPs was the replacement 
of amino acids with D forms in vivo and in vitro (Papo et al., 
2009), or association of AMPs with nanomaterials (titanium 
padded with calcium sulphate), which increases their stabil-
ity  (Kazemzadeh-Narbat et al., 2010). 

Anti-metabolites
Next-generation sulphonamides inhibit the activity of 

matrix metalloproteinases (MMPs). Their discovery led to 
the synthesis of TNF  converting enzyme inhibitors (TACE) 
with great potential for reducing in  ammation. MMP and 
TACE have a synergistic action in the pathophysiology of tu-
mour invasion (Supuran et al., 2003, Cierpial et al., 2020).

Immunotherapy
Malignant cells have evolved various strategies to over-

come host immunity, and the basic concept of immunother-
apy (IT) is the immune checkpoint inhibition (ICI). ICI im-
munotherapy methodology is considered to be particularly 
successful in solid tumours (Martins Lopes et al., 2020). One 
of the checkpoints is PD binding to the L1 ligand (PD-1 pro-
grammed cell death protein 1; L1-ligand 1). PD1 is expressed 
on lymphocytes, and PD-L1 is expressed on tumor cells and 
APCs. Binding of PD1 to ligand 1 inactivates T lymphocytes 
and blocks the immune response (IR). The anti PD-1 and anti 
PD-L1 monoclonal antibodies (MAB) abrogates the inhibito-
ry e  ect of anti-tumor cytotoxic T lymphocyte activation and 
has been introduced in advanced non-small cell lung cancer 
(NSCLC). Patient survival was signi  cantly improved. The 
outcome after ICI treatment is heterogeneous, being bene  -
cial for a small number of patients. One explanation could be 
the physiology of the microbiota acting on the anti-tumour ef-
fect of therapy targeting an ICI checkpoint. Chronic mitomy-
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cin (anthracycline antibiotic) therapy indicates dysbiosis and 
greatly diminishes the e  ect of AMC immunotherapy targeting 
the PD-1-L1 checkpoint (Reed et al., 2019; Schett et al., 2020; 
Derosa et al., 2020). Another checkpoint for IR is CTL-4 (cy-
totoxic T lymphocyte-associated protein 4=CD152). CTL-4 
is a cytotoxic T lymphocyte membrane receptor that is ac-
tivated upon binding of CD80 (or CD86) ligand expressed 
on CPA. The CTL-4 receptor triggers an inhibitory signal 
in activated T lymphocytes. Speci  c anti-CTL-4 mAbs are 
used in metastatic melanoma therapy. The therapeutic e  ect 
of MAB is diminished or reversed in germ-free animals or 
animals treated with broad-spectrum antibiotics (Pianbianco 
et al., 2018; Dubin et al., 2016). The e   cacy of anti PD-1 
anti PD-L1 and anti CTL-4 immunotherapy is in  uenced by 
the physiological status of the microbiota. Bi  dobacterium 
stimulates T lymphocytes. Antibiotics, through changes in 
microbiota have reversed the favorable e  ect of treatments 
targeting ICI in most cancer patients (Bertrand et al., 2018; 
Vetizou &Trinchieri, 2018, Gopalakrishnan et al., 2018; Ming 
Yi et al., 2018; Elkrief et al., 2019; Garajova, 2021).

Conclusions
Finding alternative routes to chemotherapy in the treat-

ment of cancer is a great challenge for researchers in the 
 eld of human biology and in this regard there are several 

promising research directions, represented by the use of 
metal nanoparticles, nonpathogenic bacteria with direct an-
ti-tumor e  ect or which transport and release various com-
pounds into the tumor microenvironment, cationic antimi-
crobial modi  ed peptides and immunotherapeutic methods 
inhibiting the immune checkpoints.

Acknowledgements
This research was funded by ICUB, grant number 

2153/01.02.2022, the Ministry of Research, Innovation and 
Digitalization through Program 1—Development of the na-
tional R&D system, Subprogram 1.2—Institutional perfor-
mance—Financing projects for excellence in RDI, Contract 
no. 41 PFE/30.12.2021 and UEFISCDI-FDI 2022-0675. The 
funders had no role in the design of the study; in the collec-
tion, analyses, or interpretation of data; in the writing of the 
manuscript or in the decision to publish the results.

Bibliography
   

1. Albule  et al., Nanostructures for Cancer Therapy 2017. 
Book chapter Part of DOI: 10.1016/B978-0-323-46144-
3.00001-5EID: 2-s2.0-8504062037

2. Baindara P., Mandal M.S., Bacteria and bacterial an-
ticancer agents as a promising alternative for cancer 

therapeutics. Biochimie, vol. 177, 2020, pag. 164/189, 
2018. doi:10.1016/j.biochi.2020.07.020

3. Bertrand R. et al., Gut microbiome in  uences e   cacy 
of PD-1 based immunotherapy against epithelial tumors.
Science. 2018 jan 5; 359 (6371): 91-98. doi:10.1126/
Science.aan3706

4. Cierpial T. et al., Fluoroaryl analogs of sulforaphane–A 
group of compounds of anticancer and anticrobial  ac-
tivity. Bioorg chem.2020 jan; 94:103454. doi:10.1016/j.
bioorg.2019.103454

5. Cornut G et al., Antineoplastic properties of Bac-
teriocins: revisiting potential active agents. Am J 
Clin Oncol. 2008, 31(4): 399-404.  doi:10.1097/
COC.=B=13e31815e456d

6. Derosa L. et al., Negative association of antibiotics on 
clinical activity of immune checkpoint inhibitors in pa-
tients with advanced renal cell and non-small-cell lung 
cancer. Onco-Immunology, vol 29, issue 6, P 1437-1444, 
2018.  doi:https:doi.org/10.10.1093/annonc/mdy103

7. Deslouches B.&Peter DiY., Antimicrobial peptides with 
selective antitumor  mechanisms: project for antican-
cer applications. Oncotarget.2017, jul 11;8(28):46651. 
doi:18632/oncotarget.16743

8. Dubin K et al., Intestinal microbiome analysis iden-
tify melanoma patients at risk for checkpoint-blo-
cade-induced colitis. Nat Commun. 2016;7:10391.  
doi:10.1038/ncomms10391

9. Elkrief A. et al., The intimate relationship between mi-
crobiota and cancer immunotherapy. Gut microbes. 2019; 
10(3):424.428. doi:10.1080/19490976.218.1527167

10. Garajova Ingrid et al., The role of the microbiome in 
drug resistance in gastrointestinal cancers. doi.org/10.1
080/14737140.2021.1844007

11. Giuliani A.P.G.&Nicoletto S.F., Antimicrobial peptides: 
an overview of a promising class of therapeutics. Cen-
tral European Journal of Biology. 2007; 2(1):1-33)

12. Gopalakrishnan et al., Gut microbiome modulates re-
sponse to anti-PD-1 immunotherapy in melanoma 
patients. Science.2018 Jan 5; 359(6371) 97-103. 
Doi:10.1126/science.aan4236.Epub2017 Nov 2. 

13. Gradisteanu Pircalabioru G., Popa L.I., Marutescu L., 
Gheorghe I., Popa M., Czobor Barbu I., Cristescu R., 
Chi  riuc M.C., Bacteriocins in the Era of Antibiotic Re-
sistance: Rising to the Challenge. Pharmaceutics. 2021 
Feb 2;13(2):196. doi: 10.3390/pharmaceutics13020196. 
PMID: 33540560; PMCID: PMC7912925.

14. Hancock R.E.W.&Sahl H.G., Antimicrobial and host 
defense peptides as new anti-infective therapeutic strat-
egies. Nature Biotechnology 24, 1551-1557 (2006) 



Anti-cancer alternative therapies

3421

15. Huan Li et al., Antimicrobial and antitumor activity of 
peptidomimetics synthesized from amino acids. Bioor-
ganic chemistry, vol 106, jauary 2021. doi: 10.1016/j.
bioorg.2020.104506

16. Hung-Lun Chu et al., Novel antimicrobial peptides with 
high anticancer activity and selectivity. May 13, 2015. 
doi:10.1371/journal.pone.0126390

17. Karpinski T., Adamczak A., Anticancer Activity of 
Bacterial Proteins and Peptides. Pharmaceutics, 2018 
Jun;10(2):54  doi:10.3390/pharmaceutics10020054

18. Kazemzadeh-Narbat M. et al., Antimicrobial peptides 
on calcium phosphate coated titan for the prevention 
of implant-associated infections. Biomaterials. 2010; 
31:9519-26. 10.1016/j.biomaterials.2010.08.035

19. Lopez Ruiz A. et al., Novel Silver-Platinum Nano-
particles for Anticancer and Antimicrobial Appli-
cations. Int J Nanomedicine. 2020; 15:169-179. 
doi:10.2147/IJN.S176737

20. Ma  ezini M.R., Intravesical BCG versus Mitomycin C 
for Ta and T1 bladder cancer. European Urology 2006, 
50613710

21. Makovitzki A et al., Suppression of Human solid tumor 
growth in mice by intratumor and systemic inocula-
tion of histidine-rich and pH-dependent host defense-
like lytic peptides. Can Res.2009;69(8):3458-63.  
doi:10.10.1158/0008-5472.CAN-08-3021

22. Martins Lopez M.S. et al., Antibiotics, cancer risk and 
oncologic treatment e   cacy: a practical review of 
the literature. Ecancermedicalscience. 2020;14:1106.  
doi:3332/cancer.2020.1106

23. Ming Yi et al., Gut microbiome modulates e   cacy of 
immune check point inhibitors. Hematol Oncol. 2018 
Mar 27; 11(1):47. doi:10.1186/s13045-018-0592-6

24. Morales A et al., Intracavitary BCG in the treatment 
of super  cial bladder tumors. J Urol. (1976), 10.1016/
s0022-5347(17)58737-610.1016/j.juro.2016

25. Papo N et al., A Novel lytic peptide composed of 
DL-aminoacids selectively kills cancer cells in culture 
and in mice. J. Biol Chem.2009; 30(4):660-8. 10.1016/j.
peptides.2008.12.019

26. Patyar S. et al., Bacteria in Cancer therapy: a novel ex-
perimental strategy. J. Biomed Sci. 2010 Mar 23; 17(1). 
doi:10.1186/1432-0127-17-21

27. Pianbianco C. et al., Pharmacomicrobiomics: exploiting 
the drug-microbiota interactions in cancer therapies–Mi-
crobiome. 2018;6:92. doi:10.1186/s40168-018-0483-7

28. Reed J.P. et al., Gut microbiome, antibiotic use 
and immunotherapy responsiveness in cancer. Ann 
Transl Med. 2019; 7(suppl 8):S309.  doi:10.21037/
atm.21037.2019.10.27

29. Rodriguez G et al., Bacterial Proteinaceous Compounds 
with multiple activities toward Cancers and Microbial 
Infection. Front Microbiol. 2019; 10:1690.  doi:10.3389/
fmicb.2019.01690

30. Schett Anne et al., Predictive impact of antibiotics in 
patients with advanced non small lung cancer receiving 
immune checkpoint inhibitors. Cancer Chemother Phar-
macol. 2020; 85(1): 121-131. doi:10.10.1007/s00280-
019-03993-1

31. Song Shiyu et al., The role of bacteria in cancer thera-
py- enemies in the past, but allies at present. Infectious 
Agents and Cancer 13, Article number 9 (2018)

32. Supuran T. Claudiu et al., Protease inhibitors of the sul-
fonamide type: Anticancer, antiin  amatory and antivi-
ral agents–9 May 2003. doi.org/10.1002/med.10047

33. Tianyuan Shi et al., Cytotoxicity of Silver Nanoparti-
cles against Bacteria and Tumor Cells. Current Protein 
& Peptide Science vol 19, issue 6, 2018. doi:10.2174/1
389203718666161108092149

34. Tudose M et al., Multifunctional Silver Nanoparticles-
Decorated Silica Functionalized with Retinoic Acid 
with Anti-Proliferative and Antimicrobial Properties. 
Journal of Inorganic and Organometallic Polymers and 
Materials2016 | Journal article DOI: 10.1007/s10904-
016-0407-6EID: 2-s2.0-8497815334

35. Vetizou Marie, Trinchieri G., Anti-PD-1 in the wonder 
gut-land. Cell Res, 2018 Mar; 28(3):263-264.

36. Wu Dongdong et al., Peptide-based cancer therapy: op-
portunity and challenge. Cancer Lett. 2014; 351(1):13-
22. 10.1016/j.canlet.2014.05.002

37. Ye Ni et al., Arginin deiminase–a potential anti-tumor 
drug. Cancer Lett. 2008 Mar; 261(1):1-11. doi:10.1016/j.
canlet.2007.11.038

38. Zargar Amin et al., Overcoming the challenges of can-
cer drug resistance through bacterial-mediated therapy. 
Chronic Diseases and Translational Medicine, vol 5, is-
sue 4, December 2019, pag 258-266. doi:org/10.1016/j.
cdtm.2019.11.001

39.  Zaslo   M., Magainins–a class of antimicrobial peptides 
from Xenopus skin: isolation, caracterization of two ac-
tive forms and partial cDNA sequence of a precursor. 
Proc Natl Acad. Sci. USA 84, 5449-5453 (1987)



Copyright © 2022 University of Bucharest
Printed in Romania. All rights reserved
ISSN print: 1224-5984
ISSN online: 2248-3942 

Review

Antitumor antibiotics: representatives, mechanisms 
of action and side effects 

GRIGORE MIHAESCU1, MARIAN CONSTANTIN2,3*, OCTAVIAN 
ANDRONIC4, ALEXANDRA BOLOCAN4, ILINCA VLAD5, ROXANA FILIP6,7

1Faculty of Biology, University of Bucharest, 030018 Bucharest, Romania
2Institute of Biology Bucharest of Romanian Academy, 296 Splaiul Independentei, 060031 Bucharest, 
Romania
3Fellow of the Research Institute of the University of Bucharest, ICUB, Bucharest, Romania
4General Surgery, University of Medicine and Pharmacy “Carol Davila”, 020021 Bucharest, Romania
5Department of Pharmaceutical Chemistry, Faculty of Pharmacy, “Carol Davila” University of Medicine 
and Pharmacy, 6 Traian Vuia, 020956 Bucharest, Romania
6Faculty of Medicine and Biological Sciences, Stefan cel Mare University of Suceava, 720229 Suceava, 
Romania
7Regional County Emergency Hospital, 720284 Suceava, Romania

cvgmarian@gmail.com *Corresponding author:

Received for publication: May, 16, 2022
Accepted: May, 20, 2022

Abstract

Keywords

Bacteria and fungi synthesize various compounds necessary for their own metabolism, as well as 
compounds that kill other microbial strains and species from the environment in which they grow, 
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present the mechanisms of action, main representatives and side e  ects of these anti-cancer agents.
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Introduction
Bacteria and fungi synthesize various compounds neces-

sary for their own metabolism, as well as compounds that kill 
other microbial strains and species from the environment in 
which they grow, to ensure their access to su   cient supplies. 
In 1909, American bone surgeon and cancer researcher Wil-
liam Coley (1909) has prepared native supernatants from pure 
culture of Streptomyces pyogenes and Serratia marcescens, 
which he administered to 1200 neoplastic patients. The results 
were encouraging: tumour regression in 52 of them, and out 
of these, 30 patients were completely recovered. Its discovery 
preceded with 19 years the discovery of the very  rst antimi-
crobial compound, penicillin, by Alexander Fleming, in 1928, 
which opened a new era in infections treatment. Since then, 
the antibiotic classes of anthracyclines, peptides and quinolo-
nes, were proved to have speci  c inhibitory e  ects on tumour 
cells and anti-bacterial cells, some of their members being 
used as anti-cancer agents with high clinical importance (Rao 
et al., 1962). The purpose of this minireview is to present the 
mechanisms of action, main representatives and side e  ects 
of these anti-cancer agents.

Anthracyclines
Anthracyclines are polyketides (condensed planar het-

erocycles) containing anthracene as core structure (  g.1). 
Polyketides are complex molecules, belonging to the group 
of actinobacteria secondary metabolites, mainly synthesized 
by members of Streptomyces group, or to the semisynthetic 
derivatives containing 7,8,9,10-tetrahidrotetracen-5.12 qui-
none structure. According to Katz & Donadio (1993), there 
are two classes of polyketides: aromatic and complex. They 
have both antitumor and antibacterial activity. The  rst mem-
bers of this group of compounds were reported by Brock-
man and Bauer (1950) and their use as anti-tumour agents 
started with daunorubicin discovery. Natural anthracyclines 
are isolated from fungal species, while the synthetic ones 
are obtained by glycosylation with rodosamine (including 
amino sugars), daunosamine and neutral glycosides. Some 
of them, such as aglycon, are usually inactive, but amongst 
hundreds of anthracyclines molecular analogues with anti-
tumoral and antimicrobial activity, FDA approved a small 
number for clinical administration: actinomycin D (dactino-
mycin), daunorubicin, doxorubicin, epirubicin, idarubicin, 
mitomycin, mitoxantrone, plicamycin, valrubicin, enediyne, 
guanorycin, etc. (Saeidnia, 2015). Some of these are ac-
tive, especially after chemical change, irrespective of cell 
cycle stage, even in G0, inhibiting proliferation, acting as 
pro-apoptosis and anti-epithelial-mesenchymal transition 
factors, thus inhibiting metastasis (Zhou J, 2013). Anthracy-

clines inhibit oxidative phosphorylation in mitochondria, in-
hibit DNA and RNA polymerases, DNA repairing enzymes, 
metallothionein synthesis (a protein synthesized by intesti-
nal epithelial cells that inhibits Cu absorption, its synthesis 
being stimulated by Zn), topoisomerase I and II, helicase, 
stimulates free radicals release and the non-nucleolytic 
cleavage (Robert J & Gianni L,  1993).

Doxorubycin (adriamycin) was isolated from Str. peu-
cetius and is a cytotoxic antibiotic with major importance 
in di  erent types of neoplasia, including pediatric cancer 
(Hayward et al., 2013, Preet et al., 2015, Gao Yuan et al., 
2020; Cheng et al., 2017). It has an amphiphilic (amphipath-
ic) molecule; the water insoluble anthracycline ring is lipo-
philic and the saturated end of the cycle with numerous –OH 
groups associated with aminated carbohydrate daunosamine 
forms a hydrophilic center. The molecule is amphoteric be-
cause contains acid functions in phenolic groups and alka-
line ones in the amino group of the carbohydrate. Doxoruby-
cin binds to the cell membrane and plasmatic proteins and 
disturbs numerous cell functions. Enzymatic reduction of 
doxorubicin, by electron acceptance under the action of oxi-
dases, dehydrogenases and reductases generates extremely 
active species, including free OH• radicals. Doxorubycin is 
also a DNA intercalating agent, blocking DNA and RNA 
replication and transcription and thus protein synthesis in 
cells with high growth and division rate. It also interacts 
with topoisomerase II forming complexes that break the 
DNA molecule. Cardiotoxicity of doxorubycin is explained 
by the inhibitory activity on topoisomerase and glutathione 
peroxidase, leading to increased oxidative stress in the ab-
sence of catalase in these cells (Thorn et al., 2011; Cagel 
et al., 2017; Hayward et al., 2013; Takemura & Fujiwara, 
2007, Minotti et al., 2004).

Daunorubicin (daunomycin) is a glycoside derivative of 
anthracycline fermentation which contains an anthraquinone 
ring and daunosamine (an amino sugar). Daunorubicin rap-
idly penetrates cell, it accumulates in nucleus, intercalates 
in the DNA strand and daunosamine stabilizes the complex 
by additional interactions making the di  erence between 
daunorubicin and other intercalation agents as ethidium bro-
mide – which establishes interactions only in the interca-
lation site. Another probable target being topoisomerase II, 
daunorubicin is an e   cient inhibitor of DNA replication and 
transcription. By oxidation and reduction of anthraquinone, 
daunorubicin can generate cytotoxic free O2•  radicals, ex-
plaining the cumulative cardiotoxicity (Bloom  eld et al., 
1973; Marco et al.,1977).

Epirubicin is a DNA intercalating chemotherapeutic 
agent and also a topoisomerase II inhibitor (Cragg & New-
man, RAPT vol 33) (Waters et al., 1999). 
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Mitoxantrone (anthracenedione) inhibits lipid peroxida-
tion, has a low toxicity to cardiac muscle, it contains no car-
bohydrate groups and produces no reactive oxygen species 
(Fox et al., 1986).

Plicamycin has inhibitory e  ect against several neoplasia. 
It binds DNA sequences rich in GC in any stage of cell cycle, 
inhibits RNA and protein synthesis (Thurlimann et al., 1992).

Idarubicin is an anthracycline antibiotic with antimitot-
ic and cytotoxic activity acting by DNA intercalation and 
topoisomerase II inhibition (Robert J & Gianni L, 1993).

The three members of mitomycin family:  mitomycin 
A, mitomycin B, and mitomycin C are isolated from Str. 
caespitosus. After activation inside the cell by a reductase, 
mitomycin binds on a DNA single chain by alkylation, but 
also forms transversal links between chains. The e  ect is 
DNA depolymerization, with replication, transcription and 
protein synthesis inhibition (Verweij et al,1990; Tomasz & 
Palom,1997, Bradner, 2001).

Peptide antibiotics
Actinomycines are a family of 50 chromopeptide antibi-

otics, but only two have therapeutic value. Actinomycin D 

(dactinomycin) is synthesized by Str. antibioticus on a variety 
of chemically de  ned media and on complex organic media, 
and it is the  rst antibiotic which was proved to have antitu-
mor activity (1943). Its molecule contains an aromatic group 
(polyphenolic ring) that binds with two cyclic polypeptide 
chains (  g. 2). Actinomycin D interacts with absolute speci-
 city with deoxyguanine in DNA, similarly in eukaryotic and 

prokaryotic cells: the aromatic ring intercalates inside the 
DNA double helix at GC pairs, and the cyclic peptide remains 
outside and induces single and double strand breaks. Actino-
mycin D also inhibits RNA polymerase (inhibiting replication 
and transcription) and has played an important role in mRNA 
discovery. After RNA polymerase-catalyzed transcription is 
blocked, the synthesis of all forms of RNA, including those 
undergoing synthesis, is stopped. The antibiotic is not active 
on Gram negative bacteria because of reduced permeability, 
but spheroplasts are sensitive. Actinomycin D does not bind 
to RNA or mcDNA, and its a   nity for double-stranded DNA 
depends on the guanine content, as synthetic double-stranded 
polynucleotides do not interact with the antibiotic (Farhane 
et al., 2018; Koba & Konopa, 2005). Actinomycin D has cy-
totoxic and antineoplastic e  ects, inducing P53-independent 
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cell apoptosis (Prouvot et al., 2018; Dactinomycine accessed 
20 February 2018; Hazel et al.,1983).

Spergualin is a water-soluble peptide possessing a spe-
cial chemical structure: it has a C-terminal guanidyl group 
and a C-terminal polyamine. It stimulates T-cell-mediated 
cytotoxic immunity (Umezawa K &Takeuki T, 1987; Um-
ezawa H et al., 1987, Nishikawa et al., 1986).

Bleomycin’s molecule consists of a central heptapeptide 
that represents the binding site of di  erent groups under the 
action of halogenases and transferases therefore generating 
a large structural diversity. Bleomycin was discovered by 
Hamao Umezawa (1962) in Str. verticillus cultures  ltrates 
bacterium. All bleomycins have the same general structure, 
but di  er by function group attached to the terminal amino 
group (ACS - Chemistry for life, 2020). The natural form 
is a mixture of two glycopeptide antibiotics: Bleomycin A2 
and Bleomycin B2, bound with 3 carbohydrate residues. 
Bleomycin binds DNA and possibly RNA. In the pres-
ence of Fe+2 forms a pseudoenzyme that interacts with O2 
resulting in the release of superoxide (in vitro O2 ) and OH  
groups that cleave DNA resulting single and double strand 
breaks (Segerman et al., 2013). Bleomycin sulfate is used 
to treat Hodgkin and non-Hodgkin lymphoma, squamous 
cell carcinomas and cancer-related pleural e  usion. Some 
bacterial and tumour cells encode a bleomycin-inactivating 
hydrolase, which hydrolyses the amide group attached to be-
ta-amino alanine. The protection degree against bleomycin 
depends on hydrolase level (Sugiyama &  Kugamai, 2002; 
Bayer et al., 1992; Baindara & Mandal, 2020, Latta et al., 
2015; Egger et al., 2013).

Salinomycin is a monocarboxylic polyether isolated 
from Str.albus (Miyazaki et al., 1974) and is used as an an-
tibacterial, antifungal, antiparasitic and antitumoral drug 
(Hyun-Gyo Lee et al., 2017, Zhou et al., 2013, Gupta et al., 
2009). The polyether skeleton acts as a cationic ionophore, 
forming complexes with metal cations and interfering with 

the ion exchange function of the cell membrane. It binds 
to monovalent cations (Na > K > Cs) and divalent cations 
(Sr > Ca > Mg), having high a   nity for K ions, and inter-
feres with its transmembrane potential. Both in vivo and in 
vitro, it induces ROI (extracellular reactive oxygen inter-
mediates) release and apoptosis of leukemic CD4 cells, but 
not of CD4 cells sampled from healthy individuals (Piperno 
et al., 2016). Salinomycin is EMT and metastases inhibi-
tor (Chen 2014).

Quinolones
Quinolones (also called 4-quinolones) are a family of 

molecules that share the quinolinic nucleus. They are the 
 rst synthetic antimicrobial agents obtained by synthesis. 

Changes in the chemical structure of nalidixic acid have giv-
en rise to the new generation quinolones or  uoroquinolones 
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(nor  oxacin, pe  oxacin, o  oxacin, cipro  oxacin, levo  ox-
acin etc.) which have an extended antibacterial spectrum. 
Along with beta-lactams and macrolides, quinolones are 
one of the most widely used antimicrobial agents used in 
humans. Quinolones inhibit the DNA gyrase quickly stop-
ping the replicative DNA synthesis. Quinolones are toxic to 
mammalian cells in vitro and in vivo experimental models 
(Goto & Wang 1985; Warren, 1985; Liu, 1989).

Among  uoroquinolones, the most used is cipro  oxacin, 
which has a wider antibacterial spectrum compared to nalidixic 
acid. In cipro  oxacin molecule,  uorine ensures activity on 
Gram-positive bacteria, piperazine group increases anti-enter-
obacteria activity and piperazine and cyclopropyl groups enable 
anti-Pseudomonas activity. Cipro  oxacin is widely used in the 
therapy of urinary, respiratory and gastrointestinal infections. It 
is also active on cell lines from human and animal bladder neo-
plasia. Cipro  oxacin has anti-proliferative and pro-apoptosis 
e  ects, since gemi  oxacin is EMT (anti- epithelial-mesenchy-
mal transition) and metastases inhibitor (Chen 2014).

Conclusions
Since the discovery of their antitumor e  ect, three main 

classes of antibiotics were used as adjuvants in cancer thera-
pies: anthracyclines, peptide antibiotics and quinolones. They 
have both antimicrobial and antitumoral activity, being able 
to induce DNA breaks and to inhibit DNA and RNA synthe-
sis and protein synthesis. Through these mechanisms, the 
antitumor antibiotics inhibit EMT and metastases formation 
(salinomycin, gemi  oxacin), induce P53-independent cell 
apoptosis, stimulate T-cell-mediated cytotoxic immunity, thus  
exhibiting anti-proliferative and pro-apoptosis e  ects.
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Abstract

Keywords

Determination of analgesic e  ects of di  erent substances is important since this a very complex process 
that occur in the human body. The purpose of the present study was to evaluate the analgesic e  ect of caf-
feine and nicotine, both alone and in combination, using writhing test and hot plate test. The study used 
Swiss albino strain male mice, weighting 25 to 35 grams. The substances were administered subcutane-
ously. In the  rst experiments ca  eine was administered in doses of 1 mg/kg and 5mg/kg and nicotine in 
doses of 1 mg/kg and 4 mg/kg. The last experiment evaluated the association between ca  eine 5 mg/kg 
and nicotine 4 mg/kg. 30 minutes after administration, both doses of ca  eine caused an antinociceptive 
e  ect, while nicotine induced analgesia only when the dose was increased to 4 mg/kg bw. Furthermore, 
when administered simultaneously, the two substances behaved like potentiating each other’s e  ect, but 
additional research is needed in order to understand the mechanism of action.
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Introduction      
Pain is de  ned, according to the International Associa-

tion for the Study of Pain, as an unpleasant sensory and emo-
tional experience associated with actual or potential tissue 
damage or described in terms of such damage [1]. Each indi-
vidual describes pain di  erently, according to his past expe-
riences and particular genetic background, but it is generally 
accepted that the human body uses this unpleasant sensation 
as an alarming signal to remove the injurious stimuli.

Physiologically, pain is classi  ed as slow and fast pain, 
both categories serving di  erent transmission pathways, but 
identical receptors, respectively the free nerve endings. One 
essential characteristic of nociceptive receptors is the lack of 
adaptation towards distress which massively in  uences the 
perception of pain.

Existing studies show that natural plant extracts are able 
to in  uence nociception, among other biological properties, 
like the antioxidative, anti-in  ammatory, antiulcerogenic or 
immunomodulatory ones. Plantago species is a good exam-
ple with its biologically active agents:  avonoids, iridoids, 
ca  eic acid derivatives, polysaccharides, glycosides and 
terpenoids. Radu N and the team investigated the analgesic 
e  ects of various Plantago species. The study conducted of 
N. Radu et al. [2] proved the existence of a connection be-
tween polysaccharide extracts of Plantago species and pain 
perception; this study showed that polysaccharide extracts 
of Plantago species decreased analgesia. Further research 
showed that  avonoid extracts have no analgesic e  ects [3]. 
Moreover, a study that assessed the antinociceptive e  ect of 
iridoid extracts showed a partial analgesic response during 
writhing tests [4].

Ca  eine is the most popular psychostimulant in the 
world, mostly consumed as co  ee. It is a natural meth-
ylxanthine which stimulates the central nervous system, 
increases clinical alertness and generates restlessness by 
acting as a phosphodiesterase inhibitor, adenosine receptor 
antagonist and intracellular calcium modulator [5]. How-
ever, the biological e  ects of ca  eine are predominantly 
provided by antagonizing adenosine receptors and a  ect-
ing the adenosinergic tonus, which explains its e  ects 
when used acutely [6].

As mentioned above, ca  eine inhibits adenosine recep-
tors (A1, A2A, A2B, A3) which all show e  ects on spinal 
glial cells regarding the adjustment of nociception. How-
ever, recent studies indicate ca  eine has more a   nity at 
A1, A2A and A3 receptors compared to the A2B ones [7]. 
Even if adenosine receptors have similar distributions, they 
modulate nociception di  erently and, consequently, these 
complex mechanisms in  uence the way ca  eine behaves 

towards analgesia. Nevertheless, recent data indicates oc-
currence of di  erences between genders that should be 
considered while assessing the e   cacy of adenosine-based 
analgesics [7].

Nicotine, a highly addictive alkaloid found in tobacco 
plants, has both stimulatory and inhibitory e  ects on ace-
tylcholine release. The mechanism of action depends on the 
administered dose and the predominance of either sympa-
thetic or parasympathetic innervation of the selected organ 
system. Regarding the central nervous system (CNS), nico-
tine causes stimulation, thus improving concentration and 
reaction time. It diminishes stress and anxiety levels, while 
recent studies suggest nicotine could also have analgesic ef-
fects [8]. 

Several studies that investigated the role of nicotine in 
inducing antinociception by modulating the release of neu-
rotransmitters, such as acetylcholine [8, 9, 10], glutamic 
acid [11] and other neuromodulators (dopamine, serotonin, 
noradrenaline) [8]. Hormonal signaling is implied as well, as 
in the case of corticotropin-releasing hormone [12]. 

Most importantly, nicotine, commonly consumed as cig-
arettes, is toxic and highly addictive, the addiction potential 
being in  uenced by genetic factors [13].  Considering these, 
nicotine is considered as it one of the most dangerous drugs 
available for everyday use. 

Based on these literature data, our aim was to assess 
the way ca  eine and nicotine a  ect analgesia and if both 
substances in  uence each other throughout the three experi-
ments we conducted.

Material and methods
The analgesic e  ects of ca  eine and nicotine were eval-

uated in three experiments on mice. The purpose of the  rst 
experiment was to study the sensitivity to pain 30 minutes 
after the administration of one dose of ca  eine. The second 
experiment aimed to assess the analgesic e  ect of a single 
dose of nicotine 30 minutes after administration and the last 
experiment studied the identical behavior 30 minutes after 
administering simultaneously ca  eine and nicotine.

The hot-plate and writhing tests were used to determine 
the analgesic e  ect of ca  eine and nicotine. Pre-adminis-
tered analgesic drugs, such as opioids, increase pain toler-
ance, the animal thus spending more time on the heated plate 
and writhing less compared to the control group.

3 groups of 12 albino male mice were used for con-
ducting the experiments with ca  eine and nicotine alone, 
while the third experiment, which combined both sub-
stances, used 4 groups of 12 albino male mice. All the 
animals weighted between 25 and 30 grams and were pro-
vided by the “Carol Davila” University of Medicine and 
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Pharmacy Bucharest bio-base. The mice were brought 
to the laboratory 24 hours prior to the start of the tests 
and were kept in standard environmental conditions with 
ad libitum access to food and water. The animals were 
housed in plexiglass cages (bed of wood chips), 12 mice 
per cage. The ambient temperature was set between 21  
and 24  while the relative humidity was maintained be-
tween 45% and 60%.

The  rst experiment implied the administration of one 
dose of ca  eine - 1 mg/kg bw or 5 mg/kg bw compared to 
the second experiment where nicotine was used in single 
doses of 1 mg/kg bw or 4 mg/kg bw. Finally, the third stage 
of our study combined ca  eine 5 mg/kg bw and nicotine 
4 mg/kg bw. Both substances were provided by Sigma Al-
drich and were dissolved in 9‰ sodium chloride in order 
to administer 0.1 mL/10 g bw of solution. Additionally, all 
control groups received 0.1 mL/10 g bw of saline solution 
and each writhing test required 0.15 mL/10 g of acetic acid 
in concentration of 0.75%. The acetic acid was injected in-
traperitoneally while the other substances were administered 
subcutaneously. 

All three experiments implied conducting hot-plate and 
writhing tests 30 minutes after injecting subcutaneously caf-
feine, nicotine or sodium chloride.

In the hot-plate test, the mouse is placed individually on 
a plate previously heated to 55  and maintained at this tem-
perature. Physiologically, after feeling the excessive heat, 
the animal starts licking its paw or attempts escaping by 
jumping on the side of the plate. The timer was started when 
all 4 paws of the mouse touched the plate and stopped when 
the animal began licking its paw. The cut-o   time for the 
reaction was 30 seconds. In the writhing test, after injecting 
intraperitoneally an irritant such as acetic acid, the abdomi-
nal muscles start contracting and the animal acquire antal-
gic positions by pressing its back on the  oor. We chose to 
measure the number of contortions performed in 5 minutes. 
If a substance increases the average amount of time spent 
on the hot-plate and decreases the number of contortions, 
compared to the control, it is considered to have analgesic 
e  ects.

The study was approved by the local ethics committee 
of “Carol Davila” University of Medicine and Pharmacy, 
Bucharest. The ethical agreement obtained was in concor-
dance with the European Directive 86/609/EEC/24.11.1986 
and with Governmental Decision 37/30.01.2002 referring to 
protection of experimental animals.

The obtained data was analyzed using Microsoft O   ce-
Excel. Means and standard deviations were calculated for 
each group and then, the Student-t test was applied. Results 
were considered statistically signi  cant if p < 0.05.

Results and Discussion

Evaluation of antinociceptive e  ect 30 minutes 
after administering ca  eine

During the writhing test, the group that received 1 mg/kg 
bw of ca  eine had a decreased number of contortions, with 
an average of 14.33 writhings, compared to the control group 
which presented an average of 22.25 (p < 0.05). The 5 mg/
kg bw dose determined mice to behave similarly, the average 
number of contortions being 15.16, lower than the result of 
22.25 obtained by the control group (p < 0.05) (Fig.1). 

Figure 1. Writhing test: evaluation of antinociceptive e  ect 
30 minutes after administering ca  eine 1mg, 5mg and control.

Figure 2. Hot-plate test: evaluation of antinociceptive e  ect 
30 minutes after administering ca  eine 1mg, 5mg and control

In the hot-plate test, animals that were administered 1 
mg/kg bw of ca  eine spent, on average, 9.48 seconds on the 
heated surface, in contrast with the 7.88 seconds registered 
by those belonging to the control group (p < 0.05). Also, the 
dose of 5 mg/kg bw of ca  eine caused an increased average 
amount of time, 9.52 seconds (Fig. 2), in comparison to con-
trol group’s 7.88 seconds (p < 0.05). 

Evaluation of pain relief 30 minutes after 
administering nicotine

The writhing test conducted with the group which received 
1 mg/kg bw of nicotine showed a diminished average number 
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of contortions, respectively 21.25, but the result is statistically 
insigni  cant considering the 22.5 average of the control group 
(Fig. 3). The batch injected with 4 mg/kg bw of nicotine per-
formed, on average, 14.58 writhings, well below the average 
of the control group – 22.5 contortions (p<0.05).  

During the hot-plate test, 5 mg/kg bw of ca  eine increased 
the average amount of time to 9.56 seconds, 4 mg/kg bw of 
nicotine did it to 10.37 seconds, while the control group man-
aged to stay only 8.45 seconds on the plate (p < 0.05). As ex-
pected, combining the two substances led to a better outcome, 
which was 11.19 seconds, well above the average of 8.45 sec-
onds achieved by the control (p < 0.05) (Fig. 6).

Figure 3. Writhing test: evaluation of antinociceptive e  ect 
30 minutes after administering nicotine 1mg, 4mg and control

Figure 6. Hot-plate test: evaluation of analgesia 30 minutes 
after administering the combination of ca  eine and nicotine 

Figure 5. Writhing test: evaluation of analgesia 30 minutes 
after administering the combination of ca  eine and nicotine 

Figure 4. Hot-plate test: evaluation of antinociceptive e  ect 
30 minutes after administering nicotine 1mg, 4mg and control

The hot-plate test revealed that 1 mg/kg bw of nicotine 
had induced a slight decrease - 7,64 seconds - in the aver-
age period of time the animals spent on the heated surface, 
which is statistically insigni  cant compared to the mean 
achieved by the control group – 7.84 seconds. In contrast, 
the mice treated with 4 mg/kg bw of nicotine (Fig. 4) re-
sisted for an average of 10.08 seconds, far greater than the 
control group –7.84 seconds (p < 0.05). 

Evaluation of analgesia 30 minutes after 
administering ca  eine and nicotine together

Regarding the writhing test, 5 mg/kg bw of ca  eine de-
termined an average number of 14.5 contortions, 4 mg/kg bw 
of nicotine obtained a mean of 13.5, while the control group 
recorded an average of 22.08 (p < 0.05 for each substance). 
Injecting simultaneously the previous doses of both drugs, 
the average number of contortions was 11.5 compared to the 
control group – 22.08 contortions (p < 0.05) (Fig. 5). 

Conclusions
The results of the present study showed that, 30 minutes 

after administration, both doses of ca  eine (1 mg/kg bw, 
5 mg/kg bw) caused an antinociceptive e  ect by increas-
ing pain tolerance throughout all experiments while only 
the high dose of 4mg/kg bw of nicotine induced analgesia. 
When administered simultaneously, the two substances be-
haved like potentiating each other’s e  ect, but additional 
research is needed in order to understand the mechanism of 
action.

In addition, lower dose of ca  eine proved to have simi-
lar or even better antinociceptive e  ect than the higher dose 
which could represent a starting point for further studies.
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Sea buckthorn, Hippophae spp., a dioecious shrub, is considered for a very long time a wonder plant, 
due to the fact that the leaves and berries contain a myriad of biological compounds which have been 
used in many domains related to human and animal health. For that reason, there is a huge market 
demand for elite varieties, resistant to biotic and abiotic stress. Because the traditional breeding and 
propagation methods are limited in their ability to produce such varieties so, plant biotechniques, en-
compassing plant tissue culture and genetic engineering have been applied. However, the development 
of optimal in vitro multiplication strategies of Hippophae spp. is very di   cult, because sea buckthorn 
explants are sensitive to their sterilization treatment, plant growth regulators and nutrient composition 
of the culture medium. This paper is a review of the progress made in the application of the modern 
biotechnological tools in order to preserve genetic resources for mass production of sea buckthorn and 
create new varieties.
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Introduction 
Sea buckthorn, Hippophae spp., is a dioecious shrub wide-

spread in the temperate zone of Europe and Asia particularly 
in the Himalayas, at an altitude ranging between 2,100–3,600 
m (CHAUHAN & al. [1]). It is considered a unique medicinal 
and aromatic plant, used from the most ancient times, many 
researchers considering that it has “momentous economic 
potential” and is predicted as the “next major health food” 
(SMALL & al [2]).  In addition, due to the strong root system 
it is used in the recovery of areas a  ected by erosion and land-
slides; in symbiosis with Frankia sp. it  xes the atmospheric 
nitrogen with 2-fold higher rate than soya (CHEN & al. [3]).

Leaves and fruits of sea buckthorn biological compounds 
yields many important, with tremendous medicinal and 
pharmacological applications (Yang & Kallio [4], Zeb [5], 
CSERNATONI & al. [6], R CHIERIU & al. [7]). Not only 
that sea buckthorn berry vitamin content is much higher than 
in any other cultivated fruit or vegetable, but also these are 
rich in carotenoids,  avonoids, steroids, tannins, minerals, 
enzymes, amino acids, essential oils, and essential fatty acids 
(BARL & al. [8]). The leaves contain considerable amounts 
of proteins (averaging 20-21%) (LI & al. [9]) and triacylg-
lycerols, free fatty acids, carotenoids, aldehydes, and triter-
penes, which exhibit pharmacological properties. Tannins, 
 avonoids and other secondary metabolites have also been 

isolated from sea buckthorn leaves (GARCIA-GONZALES 
& al [10], TOLKACHEV & SHEICHENKO [11]).

The vulnerability of sea buckthorn to a variety of biotic 
and abiotic stress factors and the limitations of conventional 
breeding and propagation methods (KALIA & al. [12]) re-
quire the application of plant biotechniques, encompassing 
plant tissue culture and genetic engineering.  The purpose of 
these actions is to create and preserve elite planting material 
for species of the genus Hippophae. In vitro tissue culture and 
micropropagation assays, of Hippophae sp have been reported 
since 1988 (MONTPETIT & LALONDE [13]), but from the 
beginning, it has been shown that clonal multiplication in sea 
buckthorn raised some di   culties, like low micropropagation 
ability, lower rooting rates and serious browning (YANG & 
al. [14]).  During the past few years considerable progress has 
been made in the callus, organ and embryos cultures, regard-
ing aspects related to selection and sterilization of explants, 
choosing of optimal media to induce callus, roots, somatic 
embryos, preventing browning, transplanting and acclimati-
zation of the seedling (KALIA & al. [12]) 

This paper is a review of the progress made in the ap-
plication of the modern biotechnological tools in order to 
preserve genetic resources for mass production of sea buck-
thorn and create new varieties. 

Organogenesis, embryogenesis 
and callus formation

Two strategies can be used for in vitro plant cultivation 
in order to regenerate a new individual: using explants (like 
roots, leaf, stems,  ower) to obtain organs (either shoots or 
roots) and/or inducing the formation of embryos (namely 
somatic embryos) from di  erent plant materials (BHATIA 
& BERA [15]).

Organogenesis can be either direct or indirect. The di-
rect organogenesis refers to the direct formation of buds or 
shoots from plant tissue with no intermediate callus stage. 
This regeneration strategy is used to reduce operational costs 
for plant propagation (because it generates high number of 
plant/explant), to produce transgenic plants and for clonal 
propagation since it ensures the production of uniform plant-
ing material without genetic variation (MUGUERZA & al. 
[16]). Indirect organogenesis refers to process in which plant 
organs are derived from a calli mass and is usually used for 
production of transgenic plant either by regeneration of a 
plant from transformed callus or by developing callus and 
shoots from an initial transformed explant (FRUGIS [17]). 

The in vitro embryogenesis is the process in which a 
bipolar structure embryo-like can regenerate from somatic 
cells (any plant cell other than a gamete or germ cell) (AR-
NOLD & al. [18]). Because of the embryo origin in tissue 
culture, this process is named somatic embryogenesis (SE) 
and it can be direct or indirect. In direct somatic embryo-
genesis the embryo-like structures are formed from already 
di  erentiated cells, without intermediate callus generation. 
Indirect SE involves the formation of callus, which is then 
treated with di  erent phytohormone combinations in order 
to form embryos (HUANG & al. [19]) 

Factors in  uencing in vitro plant cell 
culture

There are three main factors in  uencing in vitro plant 
regeneration, either by organogenesis or embryogenesis: 
explant type and age, phytohormone balance and growth 
conditions.

Explant
For inducing organogenesis, di  erent parts of the plant 

have been used: leaf disks, stems, roots, sepals, but, the opti-
mal explant type is usually adjusted for each plant species. 

Hippophae sp. are particularly hard to multiplicate in 
vitro, drawbacks being low proliferation rate, vitri  cation, 
medium browning, poor rotting and di  erent response to in 
vitro multiplication protocols due to genotypic di  erences 
between di  erent species/cultivars (SRISKANDARAJAH 
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& LUNDGUIST [20]). The success of in vitro micropropa-
gation is determined by the quality of explants which, in 
turn, in  uences their response to subsequent treatments. 
Factors like physiological state of the tissue, time of the 
year when the explants are collected and cultured in  uence 
the proliferation rate and the success of subcultures and 
acclimatization (KALIA & al. [12]).  Regarding the type of 
the explant, in the recent years di  erent parts of the plants 
have been used in order to regenerate sea buckthorn via ei-
ther direct or indirect organogenesis. For example, LEE & 
al. [21] used cotyledons and leaf segments for induction of 
adventitious buds, SAIKIA & HADIQUE [22] used cotyle-
donary node explants excised from aseptically germinated 
seedlings of Hippophae salicifolia, while CHAUHAN & 
al. [1] successfully regenerated and acclimatized H. salici-
folia plants generated via in vitro direct organogenesis 
starting from nodal segments of mature shrubs. RUAN et 
al. [23], summarizes, in a 2007 review paper, all types of 
explants used, up to that date, for in vitro regeneration of 
sea buckthorn plants: apical and axillar meristems, stem 
segments, axillary buds, leaves. 

For successful in vitro regeneration, the age of the ex-
plants should also be taken into consideration. For exam-
ple, in a study conducted in 2009, SRISKANDARAJAH & 
LUNDGUIST [24] compared the performances of shoot for-
mation of di  erent age leaf explants and concluded that the 
segments collected from seedlings had a higher regeneration 
rate than those collected from mature shrubs.

Till now there are only a limited number of studies re-
porting successful micropropagation via embryogenesis 
(LIU & al. [25], SRISKANDARAJAH & LUNDGUIST 
[24]). LIU & al. [25] showed that the cotyledon and hypo-
cotyl explants were not as responsive as leaf explants for 
somatic embryogenesis, but most of somatic embryos were 
able to germinate and develop into complete plantlets, with 
survival rates ranging from 30 to 55% after 2 months in a 
greenhouse. However, in the process of somatic embryogen-
esis abnormal embryos were also formed (jointed embryos, 
abnormal bud embryos, embryos with one or multiple coty-
ledons). SRISKANDARAJAH & LUNDGUIST [24] used 
as explants leaves from 3-4 months old juvenile seedlings 
and from adult plants and also cotyledons and hypocotyls 
collected from 5 days old seedlings.  They reported that the 
somatic embryogenesis was induced from all types of ex-
plants, with the embryos forming directly on the explant, 
without going through the callus phase. However, the fre-
quency of somatic embryogenesis was di  erent between the 
explants, the highest percent of somatic embryos being ob-
tained from juvenile and adult leaf explants (65% and, 78% 
respectively). 

Sterilization methods 
One of the most important steps in initiating an in vitro 

cell culture is the sterilization of the explants. When using 
explants from seedling germinated in control lab conditions, 
the contamination is not an issue, but plant tissue from natu-
ral or greenhouses may be contaminated by various micro-
arthropods (mites, trips, and their vectors), microorganisms 
(  lamentous fungi, yeasts, bacteria), viruses, and viroids (AL-
TAN & al. [26], DA SILVA & al. [27], HESAMI & al. [28]) 
so appropriate and suitable treatments are required before the 
initiation of in vitro culture (MIHALJEVI  & al. [29]). There 
are numerous factors that can in  uence the performance of 
the sterilization process: type, age and size of the explant, the 
conditions of cultivation and physiological state of the stock 
plant and the types of disinfectant, their concentration and time 
of treatment (DA SILVA & al. [27]). In plant in vitro culture 
technologies, di  erent types of disinfectants have been used, 
starting from calcium hypochlorite or sodium hypochlorite, 
mercury chloride, hydrogen peroxide, silver nitrate up to fun-
gicides and antibiotics (MIHALJEVI  & al. [29], NONGAL-
LEIMA & al. [30]). Some research (NONGALLEIMA & al. 
[30], DA SILVA & al. [27], HESAMI & al. [31]) indicate that 
using a longer time of treatment along with a more concen-
trated disinfectant the greater the e   ciency of the sterilization 
process will be. However, the same researches point out that 
there is a negative correlation between the high concentration 
of the disinfectant and the explant viability, and also the sur-
vival and regeneration potential of plant tissues that will be 
used to initiate the in vitro culture. For example, when 2-3 
cm shoot tips explants of H. rhamnoides were sterilized with 
a NaClO solution with 4-5% active Cl for 10 minutes, the 
survival rate was only between 16,5% - 21% (depending on 
the media used), with 15-25% of the cultures dying out of 
fungous and bacterial contamination and the rest 46.7-64.6% 
dying of browning. The researchers concluded that the high 
rate of mortality at the initiation stage was probably due to 
the high concentration of NaClO, because when a 2-3% ac-
tive Cl solution and an 8 minutes sterilization time was used, 
the survival rates were much higher (between 27% and 95%, 
depending on the media used) (YAO [32]).  Therefore, in or-
der to obtain the best results of asepsis, the concentration of 
disinfectant solutions as well as the treatment time of the plant 
material must be adapted to the type, age, cultivation condi-
tions and to the species from which the explant comes. 

In Hippophae sp. micropropagation, di  erent types of 
sterilization methods, solutions, concentrations and exposure 
times have been used. CHAUHON & al. [1] applied di  erent 
pretreatments to the explants (consisting of nodal parts ex-
cised from twigs of H. salicifolia): liquid detergent (Teepol, 
5 –10 drops/100 ml.) followed by washing with Tween-20 (2 
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drops/100 ml solution) in gentle agitating conditions for about 
5 minutes, and again washed under running tap water followed 
by fungicide treatment [0.1% Bavistin (50% carbendazim 
WP)] for 10 minutes. The surface sterilization was performed 
either with mercuric chloride solution or sodium hypochlorite 
(4% available chlorine) in various concentrations for di  er-
ent time duration. The best results (80% uninfected green ex-
plants) were obtained when explants were treated with HgCl2 
solution (0.10% w/v) for 7 minutes. SRISKANDARAJAH 

& LUNDGUIST [24] sterilized on the surface their nodal 
stems and leaves from juvenile seedlings and adult tree ex-
plants with 1,5% (v/v) NaOCl and 0,03% (v/v) Tween 20 for 
20 minutes, followed by 1 minute rinsing with 70% ethanol 
and their highest percentages of organogenesis was 85% (for 
juvenile leaf explants) and 75% (for adult explants). A sum-
mary of the di  erent types of sterilization methods, solutions, 
concentrations and exposure times which have been used in 
various researches is presented in Table 1. 

Table 1. Sterilization of Hippophae sp. explants

Species used Type of explant
Initial washing/

pretreatment
Surface sterilization Refrences

H. rhamnoides
shoot tips from 
2-3 years old 
culture plant

70% ethanol - 1min
- NaCIO solution with 4-5% active 

Cl – 10 min
YAO, 1995 [32]

H. rhamnoides 
variants 

Sinensin and 
Indian Summer

stem segments DW – 30 sec
- 10% javex solution (5,25% NaOCl 

+ 0,1% Tween 20) – 12 min
LUMMERDING, 2001 [33]

H. rhamnoides seeds
W+5 drops of 

Tween-20

- 70 % ethanol - 5 min
- 30 % NaOCl e plus two drops of 

Tween-20 per 100 cm3 solution – 1 h
LIU & al., 2007 [25]

H. rhamnoides
nodal stem 

cuttings
-

- 1.5% (v/v) NaOCl and 0.03% (v/v) 
Tween 20 - 20 min,

- rinsed with 70% ethanol - 1 min,

SRISKANDARAJAH & 
LUNDQUIST, 2009 [24]

H, rhamnoides 
ssp turkestanika

active bud
- 0.1% detergent (2 Hours), 

- Tetracycline (2 Hours), 70% EtOH 
(4 Min) and 0.1 % HgCl2 (6 Min)

SINGH & GUPTA, 2014 [34]

dormant bud

- 0.1% detergent (5 Hours), 
-Tetracycline (over night), 70% 

EtOH (15 Min) and 0.1 % HgCl 2 
(18 Min).

H. salicifolia nodal segments

-wash in liquid
detergent (Teepol, 

5–10 drops /100 ml.)
- washing with 
Tween-20 (2 
drops/100 ml 

solution) in gentle 
agitating conditions 

- 5 min.
- fungicide treatment 
[0.1% Bavistin (50% 

carbendazim
WP) - 10 min.

- HgCl2 solution (0.10% w/v) - 7 
min.

CHAUHON & al., 2019 [1]

H. salicifolia
Buds, leaves, and 

soft stem parts

-1.500 mg L 1 
ascorbic acid and 
citric acid (each) 

solution – 1 h
-  DDW  3 to 4 times 

– 30 min

- 0.1% (v/v) Tween® 20 + 5.0% (v/v) 
sodium hypochlorite solution (4.5% 

total active chlorine - 20 min.
- 4% (w/v) Bavistin solution 

dissolved in autoclaved DDW – 1h
-  70% (v/v) ethanol – 70 s.

- 0.01% (w/v) HgCl2 – 3 min

TRIVEDI & al, 2020 [35]

H. rhamnoides seeds
- 70% ethanol - 30 s - 50% NaOCl solution – 30 min

- methanol surface heating treatment
LEE & al., 2021 [21]

W = water, DW = deionized water, DDW = double distilled water
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Plant growth media and regulators
It is well known that direct organogenesis is promoted if 

high concentrations of either auxins (which favors the for-
mation of roots) or cytokinin (which favors the formation of 
shoots) are used (HUSAINI & al. [36]). A balance of both 
auxin and cytokinin leads to the development of mass of un-
di  erentiated cells known as callus, whereas media with no 
or reduced auxin content promotes the development of so-
matic embryos. Auxins are also responsible for establishing 
cell polarity in the embryo (apical and basal axis) (MAFTEI 
& NICUTA [37]). In the case of somatic embryogenesis, it 
has been suggested that cytokinin thidiazuron-TDZ is more 
e  ective than other cytokinins for somatic embryogenesis 
(MAFTEI & NICUTA [37]), but recent studies (SRISKAN-
DARAJAH & LUNDQUIST [24], LIU & al. [25]) have 
shown that other phytohormones, like Kin, IAA, NAA and 
BA can induce direct embryogenesis.

Media
For in vitro regeneration via direct or indirect organo-

genesis of sea buckthorn, the most used media for callus 
induction or direct organogenesis is MS (MURASHIGE& 
SKOOG [38]) (Table 2) but in the recent years other media 
have been used, like WPM (Woody Plant Media) (LIU & 
al. [25], LEE & al. [21], LLOYD & MCCOWN [39]), SH 
media (LIU & al. [25], SCHENK & HILDEBRANDT [40]), 
or other combinations, with di  erent degrees of success. 
TRIVEDI & al., 2020 [35],  rst inoculated the buds on plain 
agar medium (water agar medium without micromineral 
and macromineral nutrients), which consisted of 1.2% (w/v) 
agar-agar type 1 supplemented with 0.01% (w/v) myo-inosi-
tol and 3% (w/v) sucrose) and incubated them for 12-14 days 
before being transferred to MS medium or WPM containing 
3% (w/v) sucrose, 0.01% (w/v) polyvinylpyrrolidone (PVP) 
and 0.8% (w/v) agar-agar type. LEE & al., 2021 [21], used 
WPM mixed with 2.5% glucose and 0.5% sucrose to induce 
root formation with cotyledons and leaf explants. 

Initiation media PGRs (Plant Growth Regulators)
  One of the most important activities of the initiation 

stage of every in vitro culture is the control of the phenolic 
compounds released into the medium and their oxidation, 
which may cause medium browning. This is a defensive 
reaction of wounded plant tissues and is induced by plant 
age, the cutting of the tissue segment, the application of 
chemicals, or even from over rigorous washing with water 
and detergents (GARCIA-GONZALES & al. [10]). Another 
physiological problem that may arise in in vitro cultures is 
hyperhydricity of tissues (formerly called “vitri  cation”, 
term currently used to characterize cryopreserved tissues) 

(KEVERS & al. [41]). Hyperhydric plants have curled leaves 
with deformed, glassy, and brittle shoots containing excess 
amount of water. The accumulation of excessive amounts of 
water causes severe problems during in vitro propagation, 
organogenesis, germplasm maintenance, cryopreservation, 
and acclimatization (SOUNDARARAJAN & al. [20])

The initiation phase of an in vitro culture is  nalized, i.e. 
the explant is “introduced and established”, when the ex-
plant shows a morphogenic response characterized by mul-
tiplication and/or di  erentiation of the plant tissues such as: 
shoots, roots, leaves or production of calli (CHRISTENS-
EN & al. [42]).  

In organ culture of sea buckthorn, di  erent initiation me-
dia have been used, most of them being a combination of an 
auxin and a cytokinin (usually BA = 6-benzyladenine), but 
high levels of PGRs such as BA, kinetin and 2, 4-D (2,4-di-
chlorophenoxy acetic acid) has been shown to induce hyper-
trophy and mortality (RUAN & al. [23], KALIA & al. [12]).  
SUN [43], GUO & XU [44], XU & LIANG [45] reported 
that the best initiation media for meristematic explants con-
tained auxins (NAA = -naphthaleneacetic acid  or IBA = 
indole-3-butyric acid) at much lower concentration (0,003 – 
0,01mg/L), then cytokinin BA (0,3 mg/L), while KANG & 
al. [46] and ZHOU & al. [47] used a balanced combination 
of IAA/NAA and BA (0,5 mg/L). CHAUHON & al. [1] used 
a BA (1.0 mg L-1) + NAA (0.5 mg L-1) + Adenine Sulphate 
(50.0 mg L-1) combination to initiate an in vitro culture of 
H. salicifolia starting from nodal segments. There are also 
reports of initiation media containing only one type of phy-
tohormone, either BA (LIU & al. [25]) either IBA (ZHAO 
& al. [47]). SRISKANDARAJAH & LUNDQUIST [24] 
showed that other growth regulators, including GA3 (Gib-
berellic acid), growth-enhancing medium additives such 
as carbon sources and CPPU [N-(2- chloro-4-pyridyl) N-
phenylurea] also enhanced the shoot production, since pre-
culturing in WPM resulted in a tenfold higher production of 
shoots per root system.

Multiplication and regeneration media PGRs
Sea buckthorn is one of the most recalcitrant plants re-

garding in vitro propagation, explants having very speci  c 
requirements for PGR and nutrient composition of the cul-
ture media. (GUPTA & SIGH [48]). The optimal PGR type 
and concentrations of media for direct organogenesis of 
Hippophae sp. explants vary considerably between scienti  c 
reports. For example, SUN [43], ZHOU & al. [49], ZHOU& 
al. [47],  obtained the best results for rooting when using a 
combination of auxins (either NAA or IBA) and cytokinin 
(either KT or BA) (Table 2), SRISKANDARAJAH & LUN-
DQUIST [24] used a combination of BAP and TDZ (Thidi-
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Table 2. Plant growth media and regulators for tissue and organ culture in Hippophae sp. 

Species/varieties Explant Optimal initiation media
Optimal multiplication 

media
Refrecnces

Organogenesis

H. rhamnoides
Nodal segments, apical 

meristems
full MS with 7.6 mM 
sucrose + 1 M BA  

MONTPETIT & 
LALONDE, 1988 [13]

H. rhamnoides ssp. 
sinensis

Stem segments,
lateral bud

½ B5 + IBA 0.4 mg/L + 
sucrose 1.5 % + agar 0.46 %

½ B5 + IBA 0.2 mg/L + IAA 
0.2 mg/L

ZHAO & al., 1989 [5]

H. rhamnoides ssp. 
mongolica

Meristem
MS + IBA 0.01 mg/L +

BA 0.2 mg/L
GUO & XU, 2000 [43]

H. rhamnoides ssp. 
sinensis

Cotyledon,
hypocotyl, and

meristem of
aseptic seedling

¼MS + 6-BA 0.30 mg/L
+ NAA 0.002 mg/L

¼MS + NAA 0.05 mg/L
+ IBA 0.2_mg/L

XU & LIANG, 2001 
[45]

H. rhamnoides ssp. 
sinensis 

Nodal segments MS + 1mg/ml TDZ
LUMMERDING, 2001 

[33]
H. rhamnoides ssp. 

sinensis and H. 
rhamnoides ssp. 

mongolica

Stem segments
½B5 + 6-BA 0.5 mg/L +

IAA 0.5_mg/L
½B5 + IAA (0.3-0.5_

mg/L) YANG & al., 2004 [14]

H. rhamnoides ssp. 
mongolica

Apical
meristem

MS + NAA 0.03 mg/L
~0.05 mg/L + KT 0.3

mg/L ~ 0.5_mg/L

MS + NAA 0.002 mg/L
+ KT 1.0_mg/L SUN, 2005 [43]

H. rhamnoides ssp. 
mongolica

Bud B5 + 6-BA 0.5 mg/L + NAA 
0.5 ~ 1.0 mg/L

½B5 + 6-BA 0.1 mg/L
+ NAA 1.0 mg/L

ZHOU & al., 2005 [46]

H. rhamnoides ssp. 
mongolica

Meristem
½MS + 6-BA 1.0_mg/L +IAA 

0.5 mg/L
ZHOU & al., 2006 [49]Hydroponic

leaves
½MS + 6-BA 0.5 mg/L +
KT 0.2 mg/L + NAA 0.02

mg/L

½B5 + 6-BA 0.3_mg/L +
IBA 0.4 mg/L

H. rhamnoides L
Nodal segments, 

leaves,
cotyledons, hypocotyls

WPM + 11 M BA + 5,811 M 
GA3 +2,65 11 M NAA

MS + 4,5 11 M TDZ + 2,2 
11 M BA + 0,53 11 M 

NAA

SRISKANDARAJAH 
& LUNDQUIST, 2009 

[24]

H. rhamnoides ssp. 
turkestanica 

Nodal segments with 
active

and dormant buds
Gupta and Singh 

MS + 1ppM IBA
WPM with 3% sucrose + 1 
ppm BAP + 0,5 ppm IAA

SINGH & GUPTA, 
2014 [34]

H. salicifolia Nodal segments
MS + 1,0 mg/L BA + 0,5 mg/l 

NAA + 50 mg/L ADS
½ MS + 1,0 mg/L IBA

CHAUCHAN & al, 
2019 [1]

H. salicifolia 
dormant and active 

buds

1.2% (w/v) agar supplemented 
with 0.01% (w/v) myo-inositol 

and 3% (w/v)
sucrose

MS + 10 mg/L BA, 3 mg/L 
IAA + 2 mg/L GA3

WPM + 10 mg/L KN + 3 
mg/L IAA + 2 mg/L GA3

TRIVEDI & al., 2019 
[35]

H. rhamnoides L
Cotyledons, leaf 

segments
WMP + 1,0mg/l BA + 1,0 
mg/L KN + 5 mg/l IAA

WMP + 1,0mg/l BA + 1,0 
mg/L KN  + 5 mg/l IAA

LEE & al., 2021 [21]

Embryogenesis 

H. rhamnoides L
cotyledons, hypocotyle, 

leaves
WMP + 0,5 mg/L BA

SH + 1,0 mg/L KN + 
0,5mg/L IAA

LIU & al., 2007 [25]

H. rhamnoides L. 
NAA 

Leaves
MS + 2 M CPPU +0,53 

M NAA + 2,2 M/13,2 
M BA 

SRISKANDARAJAH 
& LUNDQUIST, 2009 

[24]
Media: MS = Murashige and Skoog (1962); B5 = B5 basic media (Gamborg, 1968, [50]), WMP = Woody Plant medium 

(Lloyd and McCown, 1980, [39]), SH = Schenk and Hildebrandt medium, (1972) [40]
Plant growth regulators: BA = 6-benzyladenine; IAA = indole-3-acetic acid; IBA = indole-3-butyric acid; KT = kinetin; 

NAA = -naphthaleneacetic acid, TZD = Thidiazuron, ADS = adenin sulfat, GB3 =  Gibberellic acid, CPPU = N-(2-chloro-
4-pyridyl) N-phenylurea,
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azuron) or GA3, BA and IAA to induce shoot organogenesis 
from either leaf explants or roots of intact seedlings, while 
SINGH & GUPTA [34] used a combination of BAP and 
IAA. SUN [43] indicated that the best rooting media was 
0.002mg/L NAA + 1.0mg/L KN. Other researchers obtained 
the best results when using only BAP or TDZ (KALIA & al. 
[12]), while CHAUHON & al. [1] showed that, out of the 3 
auxins tried for rooting of in vitro grown shoots (IBA 0.5–
1.5 mg L-1, IAA 0.5–1.5 mg L-1, NAA 0.5–1.5 mg L-1), the 
IBA (1.0 mg L-1) gave maximum (60 ± 1.30%) rooting, with 
an average of 3.60 ± 0.09 roots per shoot after 8 weeks. 

There are only a few reports of in vitro embryogenesis 
for Hippophae species. LIU & al., [25] successfully ob-
tained somatic embryos after 40 days, using WPM medium 
supplemented with 0.5 mg dm-3 BA in absence of IBA. The 
 rst globular somatic embryos were formed after 20 days at 

the edges of cotyledon and leaf sections and over the surface 
of hypocotyls without callus formation and they proliferated 
and produced secondary embryos or embryo masses when 
transferred onto fresh media by the 45th day of culture. 

SRISKANDARAJAH & LUNDQUIST [24] induced the 
formation of somatic embryos in MS-based medium supple-
mented with 2.0 lM CPPU, 0.53 lM NAA and varying con-
centrations of BA. They also observed a correlation between 
MS salt strength, BA concentration and age of the explant; 
the most e  ective media for juvenile explants was the com-
bination of half strength MS salts and 2.2 l M BA, while for 
the adult explants the most e  ective was the combination 
full-strength MS salts and 13.2 l M BA. 

 Plant regeneration and acclimatization
From the numerous studies presenting organ and embryo 

cultures of Hippophae sp., only few reported successful 
plant regeneration and, moreover, in the majority of cases, 
the regeneration rate was lower, even less than 10%. RUAN 
& al. [23], YAO [32] constructed a micropropagation system 
using WPM supplemented with BAP (0.125-0.25 mg/L for 
initiation and 0.4-1.0 mg/L for multiplication) and reported 
that after a period of 45 days growth in propagators the plants 
were transplanted to pots in a greenhouse and after more 40 
days some plants were more than 30 cm high. At that time 
were planted in the  eld where grew normally.  LUMMERD-
ING [33] successfully micropropagated H. rhamnoides ssp. 
sinensis using chokecherry media (SBM) with 50% macro-
elements of MS basic media, but only 11 of the 427 rooted 
plants could survive transplanting. SRISKANDARAJAH 
& LUNDQUIST [24], successfully acclimatized plantlets 
in sand-vermiculite-perlite medium after rooting the shoots 
treated with IBA in medium supplemented with 6.15 lM 
IBA. LEE & al., [2] reported that shoots that have been im-

mersed for a 3 to 5 seconds in 100 ppm and 1,000 ppm of 
IBA and NAA solution, and then cultured in a sterilized soil, 
supplemented with ½ WPM (pH 5.7) formed roots. Plantlets 
with tiny roots were transplanted using mixed soil in outside 
condition and covered with a transparent acrylic plate which 
was removed after 3 weeks. The author doesn’t present if 
any of these plantlets have survived. LIU & al., [25] report-
ed that the survival rate of plantlets developed from somatic 
embryos induced from leaves, cotyledons and hypocotyls 
ranged from 30 to 55 % after growing in the greenhouse for 
2 months. CHAUHON & al. [1] successfully transferred in 
the  eld regenerated plants of Himalayan H. salicifolia after 
the plantlets were  rst transferred to ¼ MS medium with 2% 
sucrose.  After that, they were cultivated for 2-3 weeks in 
trays containing vermiculite in a mist chamber at tempera-
ture 30 ± 200C and watered with 1/5 MS medium.  

Conclusion and future perspectives 
The development from the last few years in the  eld of 

in vitro micropropagation of Hippophae sp is spectacular, 
but the vast majority of researchers agree that much remains 
to be done. First of all, it is necessary to develop protocols 
that will generate comparable results when applied in dif-
ferent laboratories. However, in order to achieve this, it is 
essential to establish correlations between the genotype of 
the donor plant and the micropropagation protocol. This is 
not an easy task, because the genus Hippophae comprises 7 
species and numerous subspecies, only H. rhamnoides in-
cluding 8 subspecies. Therefore, for the realization of any 
correlations between the genotypic particularities and the 
speci  c requirements for PGR and nutrient composition of 
the culture media it is essential to perform complex genetic 
analyzes of the genomes of the species of interest, such as 
complete genomes sequencing and extensive characteriza-
tion of genetic diversity and genetic relationships among 
and between di  erent cultivars or species. 

This comprehensive genetic analysis, along with e   -
cient regeneration protocols are indispensable for obtain-
ing genetic modi  ed plants with improved traits regarding 
yield and harvesting and that can exceed the various types 
of pests, pathogens and climatic constraints that Hippophae 
species are vulnerable.  
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Abstract

Keywords

This study examined the e  ects of LVEF-assisted freezing-thawing on beef loin (Longissimus dorsi) 
quality and texture. In this work, the quality of beef specimens at 15, 30, and 45 cm from the LVEF plate 
(test group) and without LVEF treatment (control group) was examined during freezing-thawing. LVEF 
aided freezing (LVEFF) sped up beef freezing and thawing by 32.46% and 32.60% at 30 cm layer spacing 
(LVEF-30). LVEF30 created the smallest, most homogeneous ice crystals and less injured muscle  bre 
tissue. SEM indicated that LVEF30 preserved muscle  bre and perimysium structure, and muscle  bre 
gaps did not expand. Z-line and M-line were generally intact, while A-band and I-band were distinct and 
readable, indicating that LVEF30 preserved myo  brillar structure e   ciently. LVEF30’s L*, a*, and C 
values were substantially higher than the control group (P0.05) and fresh meat (P0.05). LVEF-30 reduced 
thawing loss, cooking loss, and drip protein content by 52.10%, 31.313%, and 15.97%. In conclusion, 
LVEF can improve the quality of thawed beef by reducing quality loss during freezing-thawing, and 30 
cm is the best distance from the electrostatic  eld generation plate.

beef, freezing-thawing, low voltage electrostatic  eld, texture and electric  eld
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Introduction 
Beef is an important animal food resource, which can sup-

ply with high-quality protein and essential nutrients such as 
essential amino acids, unsaturated fatty acids, minerals, and 
vitamins [1, 2]. Freezing is a well-acknowledged method for 
long-term preservation of meat by slowing microbial growth 
rates and loss of meat quality[3]. Currently, airblast freezing 
(ABF) has been mentioned to be the principal freezing method 
for meat industry. However, huge ice crystals could be formed 
in meat owing to slow freezing rate of ABF, resulting in the 
deterioration in meat quality including protein denaturation, 
texture damage and  avour loss [4]. During freezing pro-
cess, the migration of the intracellular water to intermolecular 
water will occur, resulting in the production of massive ice 
crystals and subsequent mechanical damage to muscle  bers, 
which may cause the texture degradation [5]. On the other 
side, muscle cells become unable to re-absorb the water that 
migrates outside of the cell in the process of thawing because 
of the breakdown of the cell membrane and tissues construc-
tion, leading to  uid loss [6]. These unanticipated alterations 
may signi  cantly impair the quality of prepared beef products 
and are thus undesirable to customers. Therefore, great e  orts 
should be made on the prevention of formation and growth of 
huge ice crystals throughout freezing storage. The quality of 
frozen products consists on the quantity of ice crystals as well 
as their size and distribution inside the material [7]. Therefore, 
there have been numerous studies performed to determine the 
best method for increasing the number of ice crystals or re-
ducing their size. These can be achieved either by increasing 
the freezing rate or applying new emerging technologies, e.g. 
high-pressure-assisted freezing, power ultrasound-assisted 
immersion freezing and magnetic  elds assisted freezing 
[8].  Compared with the above methods, the electrostatic  eld 
assisted-freezing technology has the advantages of high ef-
 ciency, low equipment cost, and simple operation [9].  The 

decrease of free energy owing to the reorientation of water 
molecules and the development of a more ordered cluster 
structure might be the possible mechanism of electric  eld-
assisted freezing [10]. Among these methods, the use of static 
electric  elds (SEF) has been considered because to its sig-
ni  cant in  uence on nucleation, ease of operation, and low 
energy consumption. It can also simply be incorporated with 
available commercially freezers [10]. Recently some investi-
gations have been done on the impact of the electro-freezing 
on real food system (pork meat and lamb meat) [11, 12], but 
these studies emphasize on the possibility of improving qual-
ity characteristics of food materials under electro-freezing. 
Currently, electrostatic  eld applying for food preservation 
has been receiving considerable attention. The use of a high 

voltage electrostatic  eld is a signi  cant non-thermal pro-
cessing technique which has been used in the advancement 
of meat freezing and thawing [13]. However, certain limi-
tations in the application of HVEF still exist, such as high 
energy consumption and security concern. In this regard, the 
use of low voltage electrostatic  eld (the output voltage does 
not exceed 2 500 V, and the current does not exceed 0.2 mA) 
is more energy-saving, safe, and widely applicable. Qian et 
al [14] investigated LVEF’s in  uence on the rates of thawing 
and thawed beef quality, indicating that thawing with LVEF 
may reduce thawing time and maintain the muscular micro-
structure e   ciently. Low-voltage electrostatic  eld, as a new 
type of non-thermal technology, has attracted widespread at-
tention and provides new ideas for the technical innovation of 
meat freezing and thawing. However, the application of low-
voltage electrostatic  elds in food storage and preservation is 
still in the initial stage, and its application in meat freeze-thaw 
technology is rarely reported. In this study, low voltage elec-
trostatic  eld at di  erent distances from the electrostatic gen-
erating plate was utilized in beef freezing thawing process. 
The freezing and thawing characteristics, colour properties, 
textural pro  le, microstructure and ice crystals morphology 
in muscle  ber tissue of LVEF-assisted freezing (LVEFF) 
samples and AF samples were detected to evaluate the quality 
promotion of LVEF-assisted freezing-thawing process. This 
study provides experimental and theoretical basis for the ap-
plication of low-voltage electrostatic  eld technology to assist 
meat freezing and thawing process.

Materials and methods

Beef samples preparation
Sixteen beef loins (Longissimus dorsi) pieces (5 cm × 

4 cm × 4 cm, the average weight of 85.0 ± 2.0 g per each 
one) were purchased from a local butchery in Kafr El-shiekh 
governorate, Egypt. These pieces were taken from the steer 
carcass (Holstein × Baladi cross breed, age of 18 months) 
and were kept for 24 h after slaughter at chilling temperature 
(5°C) and rapidly transported to the laboratory in an ice box 
in order to minimize the changes.

 LVEF experimental apparatus
The electrostatic  eld device used in this experiment 

is composed of an electrostatic  eld generator (AC220V, 
50/60Hz) and a plate electrode (14 cm ×12 cm). The output 
voltage of the electrostatic  eld generator is 2 500 V and 
the current is 0.2 mA, which is a low voltage electrostatic 
 eld (LVEF). To perform freezing treatment under LVEF, 

the prepared beef cubes were placed on a copper plate (14 
cm × 12 cm) which is  xed on a chamber. The layer spacing 
was set at 15 cm, 30 cm, and 45 cm respectively. The treat-



In luence of using low voltage electrostatic ield during freezing and thawing processes on beef quality

34453445

ment chamber was placed in a cold incubator (YC-520L, 
MELNG, China) at -18°C or freezing process and 4  for 
thawing process. The schematic diagram of the LVEFF-T 
system is shown in Fig. 1.      

Beef samples freezing and thawing process
Sixteen meat samples were randomly divided into 4 

groups. The beef that was naturally frozen and thawed (no 
electrostatic  eld was applied) was the control group, and the 
beef that was frozen and thawed under low voltage electro-
static  eld was the test group. The beef in the test group was 
divided into 3 groups depending on the distance away from 
the electrostatic  eld generating plate. The distances are 15, 
30, and 45 cm, respectively. After packaging with transparent 
polyethylene  lm, the freezing test was carried out in a quick-
freezer at –18°C. When the core temperature of the meat sam-
ples dropped to –18°C, the meat samples are considered to be 
completely frozen. After freezing process, the meat sample 
was placed in a 4°C refrigerator for thawing test. When the 
center temperature of the meat sample reaches to 4°C, the 
meat sample is considered to be completely thawed.

Temperature monitoring
Before freezing, a  ber optic thermocouple (Digi-

Sense® Traceable® Kangaroo) was inserted into the center 
of each sample. The temperature was recorded at the interval 
of 1 min during freezing and thawing process and LOGGER 
1.8.2 software was used to obtain the data.

Determination of color di  erence
Hunter Lab Colorimeter (MiniScan XE Plus, Reston, 

VA) has been directly used to measure the brightness value 
L*, redness value a*, and yellowness value b* of the sample 
surface. The colorimeter is calibrated with a white board be-

fore use. Each sample was tested in parallel 5 times (select 
the four corners of the square meat sample and the geometric 
center of the meat sample) and calculate the chroma value 
C*. The formula for calculating C* value is as follows:

Drip measurement
Drip loss was determined by weighing the samples before 

and after thawing, and calculated as the di  erence between 
initial and  nal weight, and expressed in percentage, accord-
ing to a modi  cation of the method of Zhang and Ding [15]. 
Total protein content of the drip was determined using the 
biuret procedure described by Ngapo et al [16]. 

Cooking loss 

The cooking loss was calculated using the method of Hu 
et al [13]. Meat specimens were separately placed in poly-
ethylene sachets and cooked at 80°C by immersion in water 
till its internal temperature reached 75°C. Cooked specimens 
were cooled with running water until they reached room 
temperature, then wiped dry with  lter paper and weighed. 
The cooking loss (%) is calculated as follows:

Texture properties measurement 
For meat samples textural analysis, cubes (1cm×1cm×1cm) 

were cut along the direction of the  ber at the geometric cen-
ter of the thawed meat sample. Texture pro  le analyses (TPA) 
were done via a texture analyzer (Cometech B, Taiwan), and 
each processed sample is measured 3 times in parallel, and 
the result is the average of the 3 measurements. The selected 
4 analysis indicators are elasticity, hardness, cohesiveness and 

Figure 1. Schematic diagram of the LVEFF equipment.
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springiness. Measurement parameters: probe P35; lateral front 
velocity 2.0 mm/s; center measurement velocity 1.0 mm/s; 
post-measurement velocity 5.0 mm/s; compression ratio 40%; 
the interval between two probe measurements 5.00 s; trigger 
type is automatic. 

Shear force measurement
The pre-treatment of the samples in shear force analysis 

was the same as that in the textural analysis. The sample was 
cut parallel to the  ber direction and sheared with a Warner-
Bratzler shear force (WBSF) device attached to a universal 
testing machine (Cometech, B type, Taiwan) with a 55 Kg 
tension/ compression load cell and the crosshead speed was 
set at 200 mm/min [17]. Each processed sample was mea-
sured 5 times in parallel, and the average value of the 5 mea-
surements was taken. 

Ice crystal morphology in muscle tissue 
observation

The ice crystal morphology was observed by light mi-
croscopy followed the indirect method called isothermal 
freezing substitution technique reported by Dalvi-Isfahan et 
al [11]. For each freezing treatment, cut 3 small rectangu-
lar cubes (5 mm × 4 mm × 4 mm),  x them with Carnoy 
solution, and let them stand at 4  for 20 h. The samples 
were then dehydrated at 4  with ethanol solutions of gradi-
ent concentrations (70%–100%, v/v). Then, the dehydrated 
sample was immersed in n-butanol and let to stand for 30 
min (repeated 3 times). The samples were soaked in wax to 
ensure  xation of the meat tissue. The samples were then 
embedded in para   n, and let it stand for 1 h (repeated 3 
times) to facilitate slicing. Slices were obtained using a mi-
crotome and were subjected to 0.4% brilliant blue water so-
lution for 3 min, followed by microscopic analysis.

Scanning electron microscopy (SEM)
SEM analysis was performed as described by Zhang and 

Ding [15] with slight modi  cation. The samples were cut 
into blocks (2 mm × 2 mm × 5 mm) from the central part 
with a scalpel. The blocks were  xed in 2.5% glutaraldehyde 

in 0.1 M phosphate bu  er (pH 7.3) for 48 h. After washing 
with 0.1 M phosphate bu  er (pH 7.3), the blocks were  xed 
in 1% osmium tetroxide in 0.1 M phosphate bu  er (pH 7.3) 
for 1 h. The blocks were then washed with distilled water 
before being dehydrated with a succession of ethanol solu-
tions, dried, and coated by gold. A scanning electron micro-
scope (LEO 440i, UK) was used to examine and photograph 
cross sections of myo  bers from the specimens at a magni-
 cation of ×500.

Transmission electron microscopy (TEM)
The samples were cut into blocks (4 mm × 4 mm × 

2 mm) from the central part with a scalpel. The blocks 
were  xed, rinsed, and dehydrated as described in 
Section 2.11. After drying, the longitudinal sections 
were prepared on ultra-thin microtome, stained with
uranyl acetate and lead citrate, and observed with a trans-
mission electron microscope (H-7500, Hitachi, Japan) at a 
magni  cation of × 40,000.

Statistical analysis
The measurements were determined as the results of 3 

parallel determinations, expressed as the mean ± standard 
deviation. ANOVA were performed using the general linear 
regression model of SPSS (Ver.16.0, 2007) analysis soft-
ware (P  0.05).

Results and discussion

Freezing and thawing processes temperature 
monitoring

The temperatures used for freezing and thawing of meat 
samples are -18  and 4  respectively. In order to study 
the in  uence of the low-voltage electrostatic  eld on the 
freezing-thawing process of beef, the temperature changes 
in the thermal center of di  erent processed meat samples 
were compared. Time spent of di  erent freezing stages and 
thawing process of the control group and the test groups 
were presented in Table 1.

Table 1.  Time consumed at various freezing phases and thawing process of beef under various freezing techniques

Treatments
Precooling stage 

(min)
Phase transition

stage (min)
Deep cooling
stage (min)

Total freezing
time (min)

Total thawing
time (min)

LVEF-15 162.73 ±6.32Bd 86.83±5.93Ce 289.16± 5.69Cb 538.72±7.81Ca 236.13± 3.42Cc
LVEF-30 138.41 ±8.61Dd 75.29± 4.35De 282.79± 5.28Db 496.49±7.06Da 210.32± 2.91Dc
LVEF-45 151.92 ±7.84Cd 99.37± 6.70Be 343.07± 8.09Bb 594.36±6.88Ba 267.69± 3.16Bc

AbF 186.59±9.27Ad 112.16± 9.60Ae 436.45± 8.57Ab 735.20±8.75Aa 312.08± 2.07Ac
Data are presented as mean±SD (n = 3).
AbF: air-blast freezing; LVEF: low voltage electric-  eld assisted freezing at di  erent discharge gaps (15 cm, 30 cm and 

45 cm).
Means with di  erent superscripts (A-D) uppercase letters in a column are signi  cantly di  erent at P  0.05.
Means with di  erent superscripts (a-e) lowercase letters in a row are signi  cantly di  erent at P  0.05.
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The freezing process was divided into three distinct 
stages, namely, the pre-cooling phase (in which the meat is 
cooled from its initial temperature to the freezing point), the 
phase transition (- 1 ~ - 5 ) (which represents the crystal-
lization process of the water in muscle), and the deep freez-
ing stage (in which the temperature decreased to the  nal 
temperature) [18]. 

Treatments under layer spacing of 15 cm (LVEF-15), 30 
cm (LVEF-30) and 45 cm (LVEF-45) passed the maximum 
ice crystal formation stage lasted 86.83±5.93, 75.29±4.35 
and 99.37±6.70 min respectively, while the control group 
(AbF) passed the maximum ice crystal formation stage for 
112.16±9.60 min. It can be seen that the three groups of pro-
cessed samples shorten the time taken to pass the maximum 
ice crystal formation stage when the meat is frozen to various 
degrees, indicating that the electrostatic  eld a  ects the wa-
ter phase change process during meat freezing. Among them, 
LVEF-30 lasted the shortest time, which was 59.3% shorter 
than the control (AbF).  The entire freezing process begins 
to cool down from 5 , and ends when the sample center 
temperature reaches –18 . The freezing time required for 
the treatment group LVEF15, LVEF30, and LVEF45 were 
538.72±7.81, 496.49±7.06 and 594.36±6.88 min, while the 
freezing time required for the control group was 735.20±8.75 
min. The freezing time required for the samples under the 
electrostatic  eld was signi  cantly lower than that of the 
control group where LVEFF-30 reduced freezing time the 

most (47.1%). In this experiment, the meat sample is consid-
ered to be completely thawed when the center temperature 
of the meat sample reaches 1 .  As can be seen from Table 
1, the thawing time required for the test group LVEF15, 
LVEF30, and LVEF45 are 236.13±3.42, 210.32±2.91 and 
267.69±3.16 min, while the thawing time required for the 
control group was 312.08±2.07 min. Moreover, thawing 
process under the electrostatic  eld signi  cantly (P  0.05) 
reduced the thawing time of the frozen meat, and LVEFF-30 
was the most e   cient one, where the thawing process was 
accelerated by 32.69%. These results suggested that, under 
the low-voltage electrostatic  eld, the meat freezes fast, and 
the ice crystals grown are small in size. When thawed, tran-
sitioning to the water molecules state is easy. 

In addition, some studies stated that meat thawing in the 
same way, in an electrostatic  eld environment, can accel-
erate the breaking of hydrogen bonds in the ice structure, 
and the thawing speed will increase [14]. The electric  eld 
strength at a distance of 30 cm from the discharge plate 
can e  ectively improve the freezing-thawing e   ciency of 
meat.

Morphology of ice crystals in frozen beef tissues
Fig. 2 shows the ice crystal morphology after freezing 

under di  erent LVEFF and AbF conditions. It can be seen 
from Fig. 2 that the muscle  ber tissue structure of fresh beef 
is uniform and dense, with very small gaps between muscle 

Figure 2. Micrograph of beef muscle  bers and ice crystals formed after di  erent freezing treatments (200×)

A = Fresh sample, B = samples freeze and thawed in air blast freezer (AbF), C = LVEF-15, D = LVEF-30, and E = LVEF-45.
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 bers. During the freezing process of muscles, water crystal-
lizes in the tissues and increases in volume. The growth of 
ice crystals leads to the destruction of muscle tissues. The 
ice crystals formed in the control group (AbF) were large in 
size and small in number, and distributed chaotically in the 
muscle tissue. 

However, the ice crystals produced in the test group were 
small in shape, large in number and evenly distributed. Con-
trol group and test group muscle  ber tissue was damaged by 
ice crystals to di  erent degrees: the beef muscle  bers of the 
control group were obviously damaged and su  ered severe 
mechanical damage while, the test group beef muscle  ber 
tissue structure was maintained well and was less a  ected 
by ice crystals. Among all groups, the LVEF30 treatment 
maintained muscle  ber tissue structure well and caused a 
relatively small degree of damage to the muscle  ber by ice 
crystals. This is due to the fact that the meat sample is fro-
zen at a distance of 30 cm from the discharge plate and had 
ice crystals small in volume and uniformly distributed. Our 
results are consistent with those in the study of Kiani et al 
[19] and Dalvi-Isfahan et al [11] where they reported that in 

the perspective of the thermodynamic law, electric-  eld can 
modify and lower the free energy barrier for ice nucleation, 
leading to the enhancement of the nucleation rate and the 
number of ice nuclei, and consequently, the size of the re-
sulted ice crystals is relatively smaller.

Beef color parameters
Changes in beef color within the normal range will 

not have much impact on its nutritional value and  avor. 
However, as an important indicator of meat sensory quality, 
the color and luster largely a  ect consumers’ preferences. 
The L* value and a* value of the  esh color represents the 
brightness value and the redness value of the  esh sample. 
The higher L* value means the better meat gloss, and the 
higher a* value refers to better meat color and fresher meat. 
The higher C (chroma) value indicates better meat bright-
ness [20]. It can be seen from Fig. 3 that, the L* value, a* 
value and C value of the frozen meat sample have decreased 
to various degrees compared with fresh meat samples. The 
L* value, a* value and C value of the control group (AbF) 
after freezing were 34.12, 18.72 and 21.63, which were sig-

Figure 3. Changes in beef color after di  erent freezing and thawing treatments.

Data are presented as mean±SD. 

Means with di  erent lowercase letters are signi  cantly di  erent at P  0.05.
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ni  cantly lower than 39.71, 22.40 and 24.96 registered for 
the fresh meat sample (P  0.05). However, the test group 
frozen under low-voltage electrostatic  eld conditions main-
tained the better color of the meat sample, and the LVEF30 
test group had the most obvious e  ect.  The L*, a* and C 
values   of the LVEF30 group after freezing were 37.95, 22.68 
and 25.19, which were signi  cantly higher than those of the 
control group (P  0.05), and there was no signi  cant dif-
ference compared with fresh meat samples (P  0.05). The 
meat sample loses too much water after thawing and the L* 
value is signi  cantly lower than that of the fresh meat sam-
ple. In addition, if the meat sample has been in contact with 
air for too long, the increase in the oxidation rate of myo-
globin reduces the a* and C values [19]. Hence, the beef in 
the test group after thawing has a higher color and freshness 
compared with the control. The L*, a* and C values   of the 
LVEF30 in the test group after thawing are of 39.56, 21.75 
and 23.68 which were signi  cantly higher than 31.87, 17.52 
and 20.03 in the control group (P  0.05).

Thawing loss, drip protein content 
and cooking loss

After the muscle is frozen, the water crystal volume 
increases, causing the muscle cell membrane break-crack-
ing, drip loss occurs when thawing, and a large amount of 
soluble protein is lost with the drip, resulting in a serious 
decline in the meat nutritional value [21]. As shown in Fig. 
4A, the thawing loss of frozen beef cubes specimens ex-
posed to LVEF15, LVEF30 and LVEF45 were 5.48±0.52%, 
4.10±0.31%, and 4.20±0.44%, respectively, which were 
signi  cantly lower (P  0.05) than that of AbF specimens 
(8.56±0.47%). In the four treatment groups, the LVEF30 
specimen showed the lowest rate of thawing loss, while the 
thawing loss rate of the LVEF45 specimen was somewhat 
less than that of LVEF15. According to Leygonie et al [3], 
ice melting in cell exo-spaces could lead to water  ow into 
endo-spaces and their eventual re-absorption via dehydrated 
 bers and denatured proteins. 

According to Qian et al [14], the electrostatic  eld can 
enhance the renaturation of freezing-induced denaturated 
myo  brillar proteins and preserve the bonding capability 
amongst protein and water throughout the thawing step. 
This might account for the lower thawing loss of frozen beef 
cubes when treated with LVEF. Data presented in Fig. 4B in-
dicated that the drip protein content of LVEF15, LVEF30 and 
LVEF45 in the test group were 10.84±0.19%, 9.31±0.25% 
and 9.72±0.13%, which were signi  cantly lower (P  0.05) 
than the control group (11.08± 0.16%). Fig. 4C revealed that 
the LVEF30 specimen had the lowest cooking loss (19.98± 
1.16%), which was signi  cantly lower (P 0.05) than that of 

AbF (29.09±1.25%), LVEF15 (22.35±1.20%) and LVEF45 
(21.62±1.13%). The obtained results showed that the elec-
trostatic  eld-assisted freeze-thaw process can e  ectively 
improve the water retention of beef and signi  cantly reduce 
the nutrient loss of beef after thawing. Among all investigat-
ed groups, the LVEF30 treatment group resented a reduced 
thawing loss rate, cooking loss rate, and drip protein con-
tent by 4.46%, 9.11%, and 1.77% compared with the control 
group (AbF). Generally, water retention of meat samples 
was the best in all meat samples treated with LVEF. Also, 
results in Figure 4 (A, B and C) show that meat muscle  bers 
treated with LVEF30 are minimally damaged by ice crystals 
during freezing, and that drip loss is better suppressed dur-
ing thawing. Same results were reported by Qian et al [14], 
where applying LVEF in the thawing process of raw beef 
could signi  cantly decrease the thawing loss of the thawed 
beef compared with air thawing.

Figure 4. E  ects of di  erent freezing and thawing treatments 
on thawing loss (A), Drip protein content (B) and cooking 
loss(C).

Data are presented as mean±SD. 

Means with di  erent lowercase letters are signi  cantly 
di  erent at P  0.05.
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Beef texture characteristics and shear force
Textural parameters are also an essential quality indica-

tor for meat products, which may be assessed by hardness, 
chewiness and cohesiveness of the meat [22]. In this ex-
periment, the texture characteristics and shear force of fresh 
meat samples and freeze-thaw beef under di  erent condi-
tions were analyzed (Table 2). The results indicated that the 
elasticity of LVEF15, LVEF30 and LVEF45 beef in the ex-
perimental group were 641.65±38.09N, 613.57±33.18N and 
594.10±56.53N, which were signi  cantly greater (P  0.05) 
than the control group (479.81±41.29N). Notably, the hard-
ness of the experimental group LVEF30 and LVEF45 was 
439.76±21.50N and 448.30±22.29N, which was signi  cant-
ly lower (P 0.05) than the control group (512.73±18.32N). 
This could be due to the dry and matte surface of meat 
caused by the thawing loss.  However, the cohesiveness of 
the LVEF groups was not signi  cantly di  erent from that of 
the fresh specimen (P  0.05).

 LVEFF had a signi  cant enhancement on parameter 
(P 0.05). After the freezing procedure the springiness of the 
beef cubes diminished. None signi  cant variation (P 0.05) 
was found in the springiness values among LVEF-15, LVEF-
30, LVEF-45 and the fresh beef specimen. Frozen beef tends 
to have more strength and lower softness than fresh meat 
owing to muscle  bers deteriorating and muscle drip loss 
after thawing stage [3]. The water is released from the myo-
 brils, and muscle  bers are less water-hydrated throughout 

the thawing process. The decreased hardness and increased 
springiness may potentially be due to muscular cell physical 
disruption (which will be shown later in Fig. 5A). Further, 
the shear force values of LVEFF samples were signi  cantly 
lower than that of control (AbF) sample. As shear force re-
 ects the muscle tenderness, and better tenderness is associ-

ated with lower shear force value [23]. Thus, electrostatic 
 eld assisted freeze-thaw can signi  cantly improve the tex-

ture characteristics and maintain better tenderness of thawed 
beef. Additionally, the textural characteristics of the sample 
frozen with LVEFF-30 were the best among all samples. Our 
results were consistent with Dalvi-Isfahan et al [11].

Microstructure of beef Myo  bril

Scanning electron microscope

Fresh and frozen-thawed beef under di  erent conditions 
were observed by scanning electron microscopy to analyze 
the integrity of muscle  ber bundles and perimuscular mem-
branes, as well as the gaps between muscle  ber bundles. 
The results are shown in Figure 5A (photographed at ×500). 
It can be seen from Figure 5A, that the muscle  ber bundles 
and perimuscular membrane structure of fresh beef are com-
plete, the muscle  ber bundles are tightly arranged, and the 
gaps in the muscle bundles are small. After thawing, the in-
tegrity of beef muscle  bers is lost, the arrangement of mus-
cle  ber bundles is loose, the space between muscle bundles 
is large, and the structure of the myo  bril cells membrane 
is broken. The beef muscle  bers of the control group were 
severely deformed, and some areas were even hollow. Com-
pared with the control group, the muscle microstructure 
of the test group is relatively complete, the muscle  ber 
bundles are arranged tightly and the gaps are smaller, and 
the degree of damage to the fascia is less. Among all inves-
tigated groups, the LVEF15 and LVEF30 meat samples in 
the test group e  ectively maintained the structure of muscle 
 ber bundles and perineurium after thawing, and the gaps 

between muscle  ber bundles did not expand signi  cantly. 
The perimysium in muscle is elastic and can maintain the in-
tegrity of muscle tissue and the dense arrangement of muscle 
 ber bundles. The destruction of the perimysium will cause 

the gaps between the muscle  ber bundles to increase, and 
the water will leak out more easily, the water retention of the 
muscles will decrease, and serious drip loss will occur.

Transmission electron microscope
Muscle  ber bundle longitudinal sections of fresh and 

frozen-thawed beef under di  erent conditions were ob-
served by transmission electron microscope and the results 
are shown in Fig. 5 (magni  cation 40000×). Fig. 5B shows 
that the fresh meat myo  bril structure is completed, the mus-
cle  ber bundles are tightly arranged, the A-band and the I-
band are clearly distinguishable, and the Z-line and M-line 

Table 2. E  ects of di  erent freezing and thawing treatments on texture of beef
Treatments Elasticity/ N Hardness/ N Cohesiveness Springiness /N Shear force/N

Fresh 783.42±56.37a 423.89±20.12d 0.56±0.02a 0.98±0.01a 2.33±0.07c
LVEF-15 641.65±38.09b 457.92±17.27b 0.52.±0.04a 0.95±0.03a 2.26±0.04c
LVEF-30 613.57±33.18b 439.76±21.50cd 0.56±0.03a 0.97±0.02a 2.01±0.09d
LVEF-45 594.10±56.53c 448.30±22.29c 0..53±0.02a 0.96±0.01a 2.58±0.07b

AbF 479.81±41.29d 512.73±18.32a 0.46±0.05b 0.81±0.03b 3.96±0.05a
Data are presented as mean±SD (n = 5).
AbF: air-blast freezing; LVEF: low voltage electric-  eld assisted freezing at di  erent discharge gaps (15 cm, 30 cm and 

45 cm).
Means with di  erent superscripts (a-d) lowercase letters in a column are signi  cantly di  erent at P  0.05.
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are obvious and complete. In the control group after thaw-
ing, the Z-line of the meat sample was broken, the M-line 
was blurred, and the A and I zones were severely damaged. 
Thawing meat samples under LVEFF15 or LVEF30 kept Z-
line and M-line relatively compelled, and the A and I belts 
are still clearly identi  able. This shows that the low elec-
trostatic  eld assisted freezing and thawing can e  ectively 
maintain the structural integrity of beef muscle  ber tissue. 
Feng et al [24] found a signi  cant correlation between the 
integrity of myo  brils and the water retention characteristics 
of muscles by studying the relationship between muscle tis-
sue changes and water retention.  

a  ect the quality of beef to various degrees. In this study, 
the use of an electrostatic  eld to assist the freeze-thaw pro-
cess of beef, compared with natural freeze-thaw, can e  ec-
tively slow down the quality deterioration of beef during the 
freeze-thaw process and improve the quality of thawed beef 
as follows: 

1) The freezing-thawing e   ciency of beef under low-
voltage electrostatic  eld has been signi  cantly improved 
(P 0.05). The ice crystals grown during the freezing process 
are small in size and evenly distributed in the muscle tissue. 
The damage to the muscle tissue is light, and the muscle 
 ber bundle structure is more complete and dense.

2) After thawing, the water holding capacity of beef is 
improved and the nutrient loss is reduced. Among them, the 
freeze-thaw at a distance of 30 cm from the electrostatic 
plate, the drip loss rate, cooking loss rate and the drip pro-
tein content are reduced by 4.46, 9.11, and 1.77 percentage 
points respectively compared with the natural freeze-thaw, 
the di  erence being signi  cant (P 0.05).

3) The color and texture characteristics of thawed beef 
are e  ectively maintained. The L* value, a* value and C 
value of the frozen-thawed meat sample at a distance of 
30 cm from the electrostatic plate were signi  cantly high-
er (P 0.05) than the natural freeze-thaw (AbF); Elasticity, 
hardness, cohesiveness and springiness were signi  cantly 
higher than those of natural frozen-thawed meat (P 0.05).

4) Compared with the other test groups, the frozen-
thawed meat sample at a distance of 30 cm from the elec-
trostatic plate has a brighter color, better texture and water 
retention performance.
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