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Introduction
Leaf removal from the shoots in the fruiting zone is be-

cultivars in Serbia. The main aim of defoliation is to improve 
vine microclimate conditions, especially light conditions, as 

accumulation of dry matter in grapes, anthocyanins and poly-
phenol compounds in berry skins (  [3]; HUNTER 
& al. [4];  & al. [5];  & al. [6]). Better 
aeration of canopy and greater penetration of fungicide re-
duce the degree of damage caused by disease, especially of 
grey rot (GUBLER & al. [7];  & al. [8]; GAM-
BETTA
on its intensity and the time of application. Early defoliation, 

the photosynthetic shock due to the removal of the photo-
-

tosynthesis (  & al. [10];  & al. [11]). 
Total shoot photosynthesis level can be reduced by up to 70%, 

 (  

, [13]; 
 & al. [14];  & al. [5]). The most 

pronounced changes in the structure of grapes and berries oc-

cells of young berries take place (  & al. [15]). During 
the fruit set, the number of pericarp cell layers is determined 

-

area change. Leaf area is an important element in the study 
-

-
tices (

loss of the leaves and reduction of the leaf area. The natural 
reaction of the grapevine on defoliation is to mitigate its ef-

 
& al. [17]). Grapevine has a strong capacity of compensation 

leaves (  &  [18]; 
 & al. [19]; KURTURAL -

sponse to the disturbed source: sink relation and balancing 
act of the grapevine canopy upon manipulation (Hunter [21]). 

-
sation is comparing the performance of defoliated and un-
touched plants (  & al. [22]; ANTEN & al. [23]). 

in relative leaf expansion rate – RLER of defoliated vines 
relative to untouched vines. Non-destructive and continuous 
measurements of mean and lateral leaf area based on the same 
shoots enabled the monitoring of the leaf area development 
and the calculation of the relative leaf expansion rate - RLER 
during vegetation. 

-
tify its role as an indicator of compensation.

Material and methodes
-

Vitis vinifera L.) 
variety grafted on Kober 5bb (V. berlandieri × V. riparia) 

Winery near Prokuplje, Serbia. The location of the trial (lat. 
43.12057” N; long. 21.25031” E; alt. 359 m) belongs to the 

temperature of 11.4°C and a seasonal mean temperature of 

type is a lessive cambisol that has favorable physical char-
-

ing space of 2.5 × 0.8 m (5000 plants per ha). The training 

-
manent cordon corresponding to a bud-load of 12 nodes per 
vine. The standard vineyard management practices, except 

treatments: (K) non-defoliated (control); (v1) removal of 

scale, 
basal leaves at the phenological stage 73 (berries groat sized, 
ovary diameter varying from 3-5 mm); (v3) removal of the 

-
raison, berries begin to color).

The single leaf area, main shoot leaf area and lateral 
 & al. 

[25]. During the period of 15-31 May of each year, 50 leaves 
-
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-

-
2

non-destructive calculation of leaf surface on the basis of leaf 
vein length data collected in the vineyard. Also, during the 

each treatment and used for calculating the leaf area during 

for all labeled shoots individually. Leaf number (NL), the 

determined for each main shoot. Multiple regression analy-
-

dent variable MLA1 and three independent variables (NL, 

128.36 × NL + 4.83 × Lmax + 14.02 × Lmin; r2

used for non-destructive calculation of leaf surface area for 
main shoots. For the lateral shoots leaf area (LLA), the anal-

+ 4.806 × Lmax + 3.739 × Lmin; r2 = 0.974). According to 
the obtained formula, MLA, LLA and total leaf area (TLA = 

 & al. [26]):

RLER = (lnLA2 – lnLA1 2 – t1) 

LA1 – leaf area at the beginning of the observation (t1), 
LA2 – leaf area at the end of the observation (t2)

Results and discussion
During the period of investigation, defoliation reduced 

the lateral leaf area in v1 vines by 40% more than the values 
-

vegetative development and delayed the lateral shoot emer-
gence. Removal of the photosynthetic most active leaves 

source:sink relationship (  &  [27]; 
 & al. [10];  & al. [12];  & al. [28]). 

-
upac (Vitis vinifera L.),  & al. [16] emphasized a 

-
-

removal of leaves and lateral shoots from six basal nodes 

decreases from mid-summer (Mullis & al. [29]). The third 

-

Defoliation of v3 vines reduced their LLA by 30% in com-
parison to the control plants. At the end of the observed pe-

the control plants and v2, and v3, respectively. V1 vines had 

that the early defoliated vines (v1, v2) had time to compen-

-

and lateral leaf area as a compensatory response (WEAVER 
[30]; -  &  [31]; 
HUNTER [21]; KURTURAL -
ecological and experimental conditions,  

the early defoliated Cabernet Sauvignon compared to both 
defoliated vines at veraison and nondefoliated ones. Autor 

-
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cover their leaf area as a compensatory response to the leaf 
removal.

Non-destructive and continuous measurements of MLA 

monitoring of LA development and calculation of the RLER 
during vegetation. After the second measurements of LA, 
RLER-1 of the main and lateral shoots and all shoots on the 

-
ure 1). 

than v2 and 41% higher than v3 and the control vines. The 

of defoliation and the time of LA measurements. The second 

and 20 days after v2 defoliation. During that period, v1 vines 

caused by the carbon assimilation depression (  & 
, [27]; -

-

-
-  

&  [18];  & al. [33];  & 

-
foliation. The third measurement of LA and calculation of 

-

are not so pronounced as in the previous measurement. The 
values of the v2 vine are about 30% higher compared to oth-

-
 & al. [33]; 

reduction in the total leaf area in defoliated vines in verai-

-
pensate removed leaves by producing more lateral shoots 

Conclusions
Non-destructive and continuous measurements of leaf 

area based on the same shoots enabled the monitoring of the 
leaf area development and the calculation of the relative leaf 

-

vines had time to compensate their removed leaves by pro-

during vegetation, the recovery ability decreases, so the 

leaf area. Based on the values of the relative leaf expansion 
rate, it can be concluded that defoliation in the period of in-

leaves occurs after the veraison stage. 
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Figure 1. Relative leaf expansion rate (cm2 2d) of main (A), lateral (B) and total shoots (C). K - control; 
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Siberian Husky and Alaskan Malamute, has been reported. (C. Clercx 2017). The present case is represented 

complementary examinations such as laboratory examinations, cardiological examination, radiological and 
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-
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Introduction

destruction,autoimmunization or amyloidosis. The reactions 

 
 
 
 -

tions (Merck Veterinary, page 823)
-

-
ked eosinophilia at the peripheral blood level and increased 
changes in serum globulins.

Pulmonary eosinophilia can occur in response to para-
-

mitis, Angiostrongylus vasorum), fungal (for example, 
Aspergillus), neoplastic (neoplastic formations in the upper 

The cited clinical changes include changes in the general 
condition (apathy, exercise intolerance, breathlessness, de-

such as the presence of mucus in the upper respiratory tract, 

This study focuses on establishing the diagnosis and 

of migratory or stationary parasitosis in the lung, pneumopa-
thies or cardiopathies.

Materials and Methods
Data about the environment and the owner: Urban envi-

of other allergenic factors such as: cigarette smoke, deter-
gents, room perfume, etc. 

Patient data: Canine, Siberian Husky, male aged 6 years, 

allergies.
Anamnesis: Presented in the clinic for general consulta-

-

defecates and urinates normally.

Clinical data:
General clinical examination: good maintenance con-

dition, proper conformation, altered general condition, ap-
parent pink-normal mucous membranes, body temperature 

-
sions in the chest, neck or skull. At the auscultation of the 

-
tion of the pulmonary area a breath is perceived, it presents 

the level of the nostrils.

Figure 1. The patient in the consultation room

Table1. Biochemical examination results:
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-
logical examination, SNAPshot 4Dx, radiography of the 
skull, neck and chest.

-
chemical changes, but it is found that the globulins are at the 

 
 

 
MPV=13.6 fL (relative to 8.7- 13.2 fL), thus identifying an 
important increase that marks obvious eosinophilia and mild 

also like to highlight the values of monocytes and basophils 
at the upper limit.

Table 2. Haematological examination results:

Table 3

Figure 2.

Figure 3.
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Chest radiographic image:
Radiographically, the broncho-alveolar pattern is obser-

-
sions resulted: 

 Lack of important morpho-functional changes from the 

 
a pathology of the left heart present)

 
pulmonary arteries

 ECG: sinus rhythm
 Average of systolic and diastolic blood pressure 

 -
ostrongylus vasorum, suspected a pneumopathy.

Table 4.  PCR Test Results:
Babesia spp. Undetected

Undetected
Undetected

 spp Undetected
Ehrlichia spp. Undetected

Undetected
Undetected

Results PCR negative for Babesia spp., -
nis,  spp., Ehrlichia spp, -
nis,  si .

Test result Angiostrongylus vasorum - Negative.

Table 5.  Result test Angiostrongylus vasorum

from the pulmonary lobes.

Preparation and anesthesia:
Broncho-alveolar lavage is performed under general 

inhalation anesthesia. Pre-anesthesia clinical examina-

-

for 15 minutes. After sedation, a peripheral venous cath-
eter is mounted and the induction stage is passed. This 

-
toring during anesthesia includes monitoring of heart rate, 
heart rate, oxygen saturation and blood pressure measured 

Endoscope penetrates through the epiglottis, to the tra-
chea and lungs parallel to the endotracheal probe, taking care 

After the end of the procedure, the patient is still monitored, 

Broncho-alveolar lavage:

-

-

and scraped.

-
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Result cytological preparation examination:

-
ent, the dominant being eosinophilia, neutrophils and mac-

-
cho-alveolar epithelial cells.

process.

Treatment:
-
-

exercise tolerance and a decrease in the presence and inten-
sity of cough.

bronchopneumopathy.

Conclusions

-
sinophilia (7 times higher relative to the maximum value) 

order.
The lack of changes in serum proteins is emphasized, but 

the presence of values close to the upper limit indicated by 
the apparatus is mentioned.

The possibility of the presence or absence of radiological 
signs indicating a pneumopathy is recognized and the im-

is emphasized.
-

The presence of cough as a characteristic sign is sup-
-

ance to exertion.

The possibility of predisposition for the Husky breed, 

of international veterinary studies, is supported.

consultation and an annual cardiological specialist consulta-
tion.

The importance of blood examinations is supported at 

Con ict of interest
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Introduction
-

eases, such as obesity, hypertension, cerebral apoplexy, 
myocardial infarction, diabetics, and coronary heart diseases 
Husak -

food industry to develop or modify traditional food products 
in order to contain less fat. Rice bran has recently been used 
in ground beef products for both nutritive and antioxidant 

-
unsaturated fatty acid, oleic acid, and very high levels of 
antioxidant compounds including tocopherols, tocotrienols, 

storage and consumption, because of the enzyme lipase, rice 

bran (SRB) is an allergen-free functional ingredient that can 
replace some of all of the traditional binders in meat products 
Lee et al. [3]. Moreover, rice bran is highly nutritious and 

upon it the characteristics of a good laxative Kim et al.  [4]. 
), 
-

of paddy rice exceeded 738 million metric tonnes (MMT), 
yielding around 70 MMT of bran FAO/UN [6]. Rice bran is a 
considerable byproduct of the rice milling process, account-
ing for 5-10% of milled rice. The bran is a good source of 

essential unsaturated fatty acids, and phenolics Saenjum et 
al. [7]. Rice bran oil is usually used as an excellent cooking 
medium because of its nutritional superiority, abundant mi-
cronutrients longer shelf-life stability at high temperatures, 
and better taste provided to food items.

The amount of rice bran components vary according to 
rice type, storage, climate conditions, rice bran stabilization, 
and processing methods Amarasinghe and Gangodavilage 

use is limited. Rice bran is abundant in lipids, and excessive 
lipase activity in the presence of endogenous lipoxygenase 

[10]. Because of the lipid deterioration susceptibility of the 
rice bran. To avoid fatty acid release, increase shelf life, and 

enzymatically inactivated immediately after bran extraction 
Herfel et al.  [11]. Rice bran cannot be used as a food com-
ponent because of the instability that occurs during storage. 
This instability refers to the lipase enzyme activity present 

for the hydrolysis of triglycerides yielding glycerol and free 
fatty acids. Lipoxygenase and peroxidase are also key en-

[12]. Rice bran oil stands out among the healthiest and most 
nutritious edible oils. Rice bran oil has a fatty acid com-
position that is around 19% saturated (palmitic acid), 42% 
monounsaturated (oleic acid), and 39% polyunsaturated (li-
noleic acid) Mezouari et al. [13]. When compared to other 
vegetable oils, crude rice bran oil is noted for its relevant 

-

commonly used oilseed oils is normally 0.4- 0.6% Krishna 
et al. [14]. Currently, there is an increased interest in the 
use of dietary antioxidants, including vitamins C and E, to 

antioxidants may be added to meat products to enhance their 
-

dertaken to study the possibility of using stabilized rice bran 
as a food additive for preparing healthy beef burgers.

Materials and methods 

Materials
Rice bran samples have been collected as a byproduct of 

-

popular short-grain japonica varieties consumed in Egypt. 

Training Center (RRTC) in Sakha, Kafrelsheikh Governor-

beef, kidney fat, and other components necessary to make 
-

frelsheikh. The analytical grade chemicals used in the study 

and Medical Appliances in Tanta City, Egypt.

Methods 

Rice bran  conditioning

Stabilization of rice bran

-



et al

3468

treatment at  900W,  for 2 min. and manually mixed ev-
ery minute according to Faria et al. [16]. The second and 

-

steamed in the autoclave under atmospheric pressure for 10 
min. (Autoclave 1) and 20 min. (Autoclave 2), respectively 

analyses.

parameters for each sample. These notations should be the 
same in all article.

 
of stabilized rice bran

to contain: 80% grounded red beef meat, 20% grounded 
-
-

-
lized rice bran. 

Gross chemical composition of the samples 

Rice bran oil extraction 

evaporator at 40oC Kahlon et al. [21] . 

Physical and chemical parameters of extracted oils

-

 
was determined

The methyl ester of fatty acids in rice bran oil samples 
-

Beef burger cooking parameters

electrical grill (Arcelik Mini Firin, Turkey) at 300 °C (the 

a total of 10 min, 6 min one side and 4 min in the other side 
Sorour et al.  [22]. 

Beef burger organoleptic properties

The Sensory characteristics of the cooked burger sam-

to evaluate color, taste, odor, texture, tenderness, and overall 
acceptability, of cooked samples according to the method 
described by Badr, and El-Waseif [23].

Statistical analysis

described by Steel, R.G. and Torrie [24].  

Results and discussion 

Chemical composition of rice bran samples

bran, including rice type, variance in organic compounds in 
the soil, fertilizer used, climatic and environmental condi-
tions, milling degree, and treatments El-Bana et al.  [25]. 

to investigate the previously indicated treatments and their 

Un-RB and rice bran after the various stabilizing processes 

-

-
-

tamination, and some nutrient preservation. The obtained 

-
pended on the processing temperature and duration of heat-
ing. Furthermore, moisture content plays a key role during 

the autoclaved rice bran samples (Autoclave 1 and 2) con-
tained the highest content of crude protein contents 16.94 

obtained by Bagchi et al. [17].
Based on ether extract, Un-RB and stabilized rice bran 

contained 18.52 to 20.32% crude fat (Table, 1). Further-
more, stabilization by either dry or moist heat helped to in-
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crease the ether extract levels in rice bran. The augmentation 
of oil extractability could be related to the ability of heat to 
cause the fat in the cells to coalesce into oil droplets and 

extent of oil extraction, or causing degradation of lipopro-

by Vissers et al. [28].  As previously reported by other au-

in reducing enzymatic activity to a greater or lesser degree, 
hence, increasing or decreasing oil extraction Lakkakula et 

and stabilized rice bran ranged from 8.70 to 9.0%, and the 
total carbohydrate content ranged from 54.13 to 57.44 %. 

El-Hady and Bagchi et al. [26 and 17]. 

Physical and chemical characteristics of oils 
obtained from rice bran after various stabilizing 
processes

Physical characteristics

-

of fats and oils is the refractive index; it may be used to 
-

or stabilized rice bran oils (1.4671-1.5703) at (p 0.05) (Ta-

et al. [30]. 
At 25o -

-

of rice bran oil to 0.9281. Furthermore, the heat treatments 

gravity of oils as found by Davies [32].  The obtained results 

Chemical characteristics

and the results are  presented in Table (2). The acid and per-
oxide values of oil extracted from un-stabilized (Un-RB) 

-
tively. These results are comparable to those reported by 

The heat treatments especially MW led to a decline in 
both acid and peroxide values. Such results may be due to 
the inhibition of lipase activity in rice bran by heat. Acid and 

Table 1. 
Treatment Moisture Crude Protein Ether Extract Ash Carbohydrates*
Un-stabilized 8.56a+ 15.34d 18.52d 8.7b 57.44a

6.65c+ 16.04c 20.32a 9.31a 54.33b
6.60c+ 16.16c 19.42c 9.20a 55.22b
6.10d+ 16.65b 19.82b 9.40a 54.13b

Autoclave 1 7.30b+ 16.94a 19.32c 9.27a 54.47b
Autoclave 2 7.50b+ 17.04a 20.02a 9.40a 53.54d

(5)  Autoclave 1: Steaming for 10 min.                        (6)    Autoclave 2: Steaming for 20 min.

Table 2. 

Parameters
Stabilization Treatments

Control MW Autoclave 1 Autoclave 2
Refractive index (25ºC) 1.4603a+ 1.4671a 1.4603a 1.4602a 1.4602a 1.4703a

0.9152b+ 0.9281a 0.9144b 0.9162b 0.9252a 0.9201ab
Acid value (%) 1.34a+ 1.11d 1.29b 1.21c 1.15d 1.13d

0.901a+ 0.655e 0.838b 0.805c 0.751d 0.731d
107.20a+ 100.61f 106.10b 105.22c 102.10d 101.41e
196.12a+ 195.41b 195.55b 194.77c 194.10d 194.30d
4.52a+ 4.37b 4.31b 4.19c 4.16c 4.11c

(5)  Autoclave 1: Steaming for 10 min.                            (6)    Autoclave 2: Steaming for 20 min.



et al

3470

hydroperoxides Nagassapa et al. [35]. Furthermore, Auto-

and Sosulski [36],  stated that steam treating of some grains 
for 5 min. led to a reduction in the acid value of their oils 
and that steaming oat for one minute reduced the peroxi-
dase activity to 40-60% of that in the control, moreover,  the 
reduction reached 95% of the original activity after steam-
ing for 3 min. Additionally, El-Sayed [37], stated that, heat 
treatments especially steaming, led to the decline of both 
acid and peroxide values, in addition to heat treatments for 

-
dine value also indicates the stability of oil against oxida-
tion, since it represents the degree of unsaturation of oils 
and measures their vulnerability to oxidation Nagassapa et 
al. [35]. The iodine values of the rice bran samples varied 

Aal, and Sosulski [31 and 36]. Furthermore, heat treatment 

played an active role in decreasing the iodine value. This 
result could be related to the destruction of double bonds in 
the unsaturated fatty acids of oils as a function of heating 
as found by Nagassapa et al [35]. The results in Table (2) 

-

results are comparable to those found by El-Sayed [37], 
-

value of oils as a result of heating could be attributed to the 

chemical reactions that led to the degeneration of products 
-

vitamins, and pigments, usually play an important role in oil 

rice bran oil extracted from the Un-RB and stabilized rice 
bran oil samples ranged from 4.11 to 4.52%. These results 

-

El-Sayed [21 and 37].

Fatty acids composition

composition of rice bran oil extracted from Un-RB and 

acid (C 16:0) are the dominant fatty acids in Un-RB, and 

34.55- 36.40 and 17.40- 19.96%, respectively.
The concentrations of the major fatty acids, namely 

C18:2, C18:1and C16:0 of the investigated rice bran oils 
-

acid composition of 204 rice varieties and found that the 

49.2, and 27.3– 41.0%, respectively. The level of these fatty 
acids depends on the variety and cultivation location of the 

oleic and linoleic acids represents a decrease in the yield-
ed free fatty acids that might be expected during storage. 
Conditions especially conditions that promoting oxidation 

obtained by Krishna [40]. Concerning thermal processing, 
the results presented in Table (3) revealed that thermal pro-
cessing of rice bran caused a decrease in unsaturated fatty 

Table 3. 
Fatty acid Control*  MW oil Auto1 oil Auto2 oil
Myristic, C14:0 0.55 0.57 0.75 0.77 0.69 0.72
Palmitic, C16:0 17.40 17.80 19.65 19.96 19.0 19.30
Palmitoleic, C16:1 0.13 0.14 0.23 0.23 0.16 0.20
Stearic, C18:0 1.72 1.76 2.3 2.34 1.79 2.09

42.40 42.10 41.17 41.06 41.72 41.42
Linoleic, C18:2 36.40 36.30 34.75 34.55 35.30 35.0
Linolenic, C18:3 0.80 0.76 0.67 0.63 0.76 0.73
Eicosenoic, C20:1 0.60 0.57 0.48 0.46 0.58 0.54
TSFA** (%) 19.67 20.13 22.70 23.07 21.48 22.11
TUSFA** (%) 80.33 79.87 77.30 76.93 78.52 77.89

*- Control = oil extracted from Un-RB.
**TSFA = Total saturated fatty acids, **TUSFA = Total unsaturated fatty acids
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-
crease in unsaturated fatty acids. The results of the present 

Hady and El-Sayed [26 and 37].  

Chemical and cooking properties of beef burger 

rice bran

-

-
ture content of all-beef burgers containing stabilized rice 

-

replacement level of rice bran. The increment of moisture 
-

preparation and cooking process. These results are in agree-

 
-

thermore, the fat content of all-beef burgers containing sta-

-

increased. Furthermore, protein content percentages of beef 

for the control sample and those formulated by replacing fat 

From analysis of data presented in the same Table (4) 
it could be noticed that, the ratios of replacement levels in-

-
moud and Badr [42]. According to the data in Table (4),  

Apparent also from the same Table that, cooking loss of beef 

-

-

 
-

ence the cooking loss of the beef burger since protein and 
-

of Choi et al. and Gibis et al. [43 and 44]. From the results 
presented in this Table, it could be noticed that cooking the 

-

stabilized rice bran had cooking yield values higher than that 
of control. Burgers containing 20.0 % stabilized rice bran 

-

Table 4.  

Chemical Characteristics Moisture Ash Crude Protein Crude Fat Carbohydrates*
Control

5% rice bran
10% rice bran
15% rice bran
20% rice bran

**57.97e
58.55d
59.35c
60.40b
61.20a

1.88e
2.40 d
2.90 c
3.50 b
4.01 a

52.70 e
54.80 d
56.95 c
58.10 b
59.29 a

23.50 a
18.21 b
14.61 c
11.95 d
9.70 e

21.92 e
24.59 d
25.54 c
26.45 b
27.00 a

cooking properties Control 5% rice bran 10% rice bran 15% rice bran 20% rice bran

Cooking Loss%
Shrinkage % 

+67.54 e
32.46 a
25.15 a

72.08 d
27.92 b
20.86 b

77.82 c
22.18 c
16.89 c

82.30 b
17.70 d
13.89 d

86.30 a
13.70 e
11.69 e
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and41 and 46].     
The beef burger control had the highest values of shrink-

-

-

been done in the processed meat industry. This replacement 
is done for many reasons, such as health or economic pur-

food manufacturing Egbert and Payne [47]. Data presented 

in the score values of taste, odor, texture, tenderness, and 
-

-
lized rice bran till 15 % could be suggested to be made as 

rice bran produced acceptable samples compared to the con-
-

to retain moisture and fat leading to producing of a more 
succulent and juicy meat product Choi et al. [43] But the 

other samples. With regard to the color, taste, odor, texture, 

values.

Conclusions
Data obtained from this experiment indicated that un-sta-

bilized rice bran has higher free fatty acids and can be stopped 

over other stabilization methods. Furthermore, the beef burger 
-

proves chemical, cooking, and sensory properties.
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Introduction
Agriculture byproducts like rice bran store solar energy 

resource. According to FAOSTAT (2012),
-

year (A.S.G.A., 2013). When paddy is milled, it generates 

husk, 8% bran and 2% germ. Approximately 90 percent of 

extract rice bran oil (Schramm et al., 2007; Zullaikah et 
al., 2009 and Gul et al, 2015). During the milling process to 

and germ is produced as a byproduct. Die Rice Bran Com-
position varies depending on the Rice Type and Variety as 

-
tions (Saikia and Deka, 2011). As a by-product of the rice 

(Devi and Arumughan, 2007; Mariod 
et al, 2010)

(Gul et al, 2015). As 

concern, especially in poorer nations, proteins are considered 
the most important macronutrient for humans. Recent years 
have seen a rise in interest regarding the possible use of 
protein from under-utilized biomass sources, such as oil meal 
and legumes (Otten et al., 2006). Because of the limited 

diets can meet metabolic needs for amino acids and nitrogen, 
respectively (Gilani, 2012)
protein concentrate (RBPC) has gained attention for its 

Even though rice bran protein has the potential to be a novel 
kind of protein, very little research has been done on its 
nutritional value (Han et al., 2015).

protein includes all of the necessary amino acids for human 
nutrition and is a complete protein (Dudek, 2001).

Scombromorous
 (Abu-

Tor, 2002)

year because of their susceptibility to fast deterioration. 

(Venugopal, 2003)

 
-

food-based convenience foods that may be eaten or cooked 
Ammar and Korish et al, 2009).

-

analogues can be created using this feature (Maqsood et al., 
2013)
substitution of rice bran and soybean protein concentrates on 
chemical, nutritional and organoleptic properties of Kapree-

 surimi.

Materials and Methods

Materials
Freshly mixtures

from Desouk rice milling Co., Desouk city, Kafr Elshiekh 
Governorate, -
ene bags before use. While soybean protein concentrate
obtained from -
tural Research Center, Giza, Egypt during the 
of 20 Scombromorous Sp
purchased from the local market of Alexandria City, Egypt 

-
ed directly in icebox (at 5-10°C) to the laboratory of food 
technology department, faculty of Agriculture, Kafrelsheikh 
University. Rice, vegetables (green coriander and parsley), 

from the local market of Kafrelsheikh city. El-Gomhoria 
Company for Chemicals and Drugs in Egypt supplied the 
chemicals utilized in this investigation.

 Methods

Defatting and rice bran protein concentrating

According to Kaewka et al. (2009), defatted rice 

by air drying overnight in the fume-hood, grinding in 
sample mill, and sieving through a 0.5-mm screen. Distilled 
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solution to 4.5, agitated it for 30 minutes, and then left it 
undisturbed for cold precipitation overnight (4°C). Protein 

H2 2 solutions in glass jars for 1 min to remove the blood 

France) (Fadl, 2014). -

in a deep freezer (at -20 °C for 6 months) until analysis.

Frying of Surimi

to studied chemical, microbiological and organoleptic prop-

Proximate chemical composition of rice bran (RB), 
defatted rice bran (DRB), rice bran protein 
concentrate (RBPC) and soybean protein concentrates. 

to protein conversion factors of 5.75 for rice bran and 5.71 

out in a Soxhlet apparatus using petroleum ether (40 - 60°C) 

-
-

-
-

droxide. Total and available carbohydrates
 The procedures provided in A.O.A.C. (2000). 

-
pounds. 

Determination of minerals content

-

an atomic absorption spectrophotometer (Zeiss FMD3). Potas-

Table 1 
No1 No2 No3 No4

2 2) 100 85 85 85
Rice bran protein concentrate 0 15 0 0
Soybean protein concentrate 0 0 15 -

Rice 10 10 10 10
Vegetables (green coriander and parsley) 3 3 3 3

Black pepper 1 1 1 1
Salt 1 1 1 1

Figure 1. Figure 2.
the bone.

Figure 3.
using H2 2
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-

a phosphorus molybdate complex spectrophotometer at 650 nm 
and a standard curve, as reported in A. O. A. C. (2000).

Amino acid analysis

then analysed using the above HPLC.

Determination of tryptophan 

The tryptophan content of each sample 
 calorically measured individually using 

alkaline hydrolysis and p-dimethyl –amino 
–benzaldehyde (DMAB) according to the 

curve created under the same circumstances and 

Nutritional quality determinations

According to Pellet and Young, (1980) amino acid score 

nitrogen in tested protein divided by milligrams of essential 
amino acid per gram nitrogen in the reference protein re-

ported by FAO/WHO (1991). 
-

tion is called the limiting amino acid and the ratio obtained 

Chemical score = in protein  g  amino Essential
protein  testedg  amino Essential

-
lished by Alsmeyer et al. (1974)

Where: -
rosin. 

Farag et al. (1996) estimated the biological value of 

Biological value (B.V.) = 49.9 + 10.53 C-PER.

-

divided by 100.

using the method of Labuda et al. (1982) according to the 
equation below:

Where: [lysine, tryptophan, isoleucine, valine, threonine, 
leucine, phenylalanine, histidine, and methionine]

a. in test sample and [lysine, tryptophan, isoleucine, va-
line, threonine, leucine, phenylalanine, histidine and the sum 
of methionine and cystine] 

b. content of the same amino acids in standard pro-
tein (%), respectively. The nutritional index of the food sam-

Figure 4. Fresh and fried Surimi.
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-

-
-

pension at 37°C for 10 minutes. As soon as the solution has 
-

-

% Digestibility = 234.84 - 22.56 (X)

Fujinami et al. (2001)

-
nol. We added diluted bran extract or L-ascorbic acid (VC), 

-

dark. We used a UV-1200 spectrophotometer (Shimadzu, 
Kyoto) to evaluate the absorbance of the solution at 516nm 

of diphenhydramine (DPPH) solution. The radical scaveng-
-

original DPPH concentration by 50%: 
Radical scavenging activity = (A - B +C) / A×100 (%)
Where: A represents the starting absorbance of the blank, 

B represents the absorbance of the diluted extract and DPPH 
solution mixture at 20 minutes, and C represents the diluted 

-

-

Microbiological tests

for the microbiological examination of food published by 
A.P.H.A (American Public Health Association) (1971). 

-

triplicate. Total viable bacterial counts per gram of Surimi 

oC 
according to Deng et al. (1976).  Mold and yeast counts 

agar (Difco), and incubating duplicate plates at 25°c for 5 
days (Nottingham,1971
determined by plating on crystal violet neutral red agar. The 

oC for 4 – 5 days. The colonies 
(Not-

tingham, 1971).

Organoleptic properties

texture, and overall acceptability during processing steps. A 
group 10 as described by Teeny and Miyauchi (1972). 

Statistical analysis

-
(Steel and 

Torrie, 1980).

Results and discussion

Chemical composition of rice bran, soybean, and 
whey protein concentrate:

bran protein concentrate (RBPC), soybean protein (SP), 

analyzed for their contents of moisture; protein; ether 
extract; ash; crude fiber. Total and available carbohy-
drates 

results in Table (1) that the moisture content of RBPC 
-

ted rice bran had 9.05% moisture content for each one. 
Concerning the crude protein content, results disclose 
that the protein content of RBPC had the highest amount 

bran had significantly the highest ash content (11.30%). 
-

-
(Supathra et 

al., 2008, Gul et al., 2015) they reported that full fat rice 

8.0-18.9% ether extract, 8.8-15.2% protein, 22.2-44.8% 
total carbohydrates and 18.3-30.5% for total dietary fi-
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Mineral contents of rice bran  
and soybean protein concentrates 

-

-

bran and soy protein concentrates, respectively).   

Amino acid composition
The amino acids composition of rice bran protein 

concentrate (RBPC) is given in Table (3). Besides the amino 

acid composition of soybean protein concentrate (SPC). Data 

FAO/ WHO (1991)

acids. Protein of RBPC and SPC contained 51.39 and 53.60g 

-

Data presented in the same table cleary indicate that glutam-

amino acids and form a major part of amino acids in RBPC 
and SPC. The ratio of essential amino acids (EAA) to non-

SPC and 1.33 for the RBPC.

Soybean protein 
concentrate

Rice bran
ComponentsProtein concentrate Defatted

7.30b 3.91d 9.05c 9.05a Moisture
92.70b 96.09c 90.95d 90.95c Dry Matter
48.10a 72.90a 17.24d 14.29c Crude protein
6.02b 0.00 0.22 17.10a Ether extract
5.83c 4.47d 11.30b 9.37a Ash content 
11.50b 0.02d 18.44a 15.29a

40.05c 22.63e 71.24c 59.24b Carbohydrate *
28.22d 22.61e 52.80a 43.95c Available carbohydrate **

Each value is an average of three determinations.
* Total carbohydrate

Rice bran protein concentrate Soybean protein concentrate
Macro-minerals
Calcium (Ca) 38c 377c

Sodium (Na) 6.8d 123d

Potassium (K) 430b 2410a

Phosphorus (p) 680a 743b

Trace elements
Zinc (Zn) 3.2e 5.5f

Copper (Cu) 0.8f 4.8f

0.7f 15.0e

Manganese (Mn) 4.4e 12.2e

*
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-

the needs for essential amino acids.

Chemical score of essential amino acid
Chemical score provides an estimate of the nutritive 

value of a protein by comparing the levels of essential 

hildren of 10- 12 years old. The 
essential amino acid scores of protein from RBPC and 

malnutrition, and protein resembling the scoring pattern in 

composition should provide essential amino acids in excess 

(Bhaskar et al. 
2008; Ovissipour et al. 2009). 

Nutritional quality of protein 
Table -

cy ratio (C-PER) and biological values of RBPC and SPC, 

Methods based on in vitro (chemical and amino acids 

The digestibility is important criterion that determine 
the availability of physiologically active amino acids 

Dudek (2001). The true digestibility values of the proteins 
of RBPCs and the standard protein (casein) found are dif-
ferent from each other. The result in Table (5) indicated that 

Table 3  

12yr)
Soybean protein 

conc.
Rice bran protein 

conc.
Amino acids

2.8 4.26 4.16
Essential amino acids (EAA)

Threonine
2.5 6.16 6.15 Valine
2.8 8.16 7.80
4.4 7.62 7.43 Leucine
4.4 8.77 8.72 Lysine
1.9 3.28 3.90 Histidine
2.2 2.31 1.88 Methionine

2.31 1.88 Cystine
4.62 3.76 Total sulfur amino acid

2.2 5.32 4.84 Phenylalanine
3.29 2.67 Tyrosine
8.61 7.51 Total aromatic amino acids

0.9 2.12 1.96 Tryptophan*
24.10 53.60 51.39

4.45 5.39
Non-essential amino acids (NEAA)

Proline
9.78 6.13 Aspartic
3.72 2.26 Serine

15.02 8.20 Glutamic
3.66 3.26 Glycine
3.74 6.13 Alanine
6.03 7.24 Arginine

46.40 38.61 2= Total NEAA
100 90 = 1 2 
1.16 1.33 2

47.56 49.67 1 2 
 2= sum of non-essential amino acids. 

*Methionine + cysteine (SAA); Phenylalanine + tyrosine (AAA).
1
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RBPC (85.20%) in comparisons by SBPC (90.50%). More-
Mune 

et al. (2011). 

DPPH radical-scavenging activity of rice bran 
protein concentrates (RBPCs)

Some of the chemicals in rice bran have been found 
to have antioxidant action. Vitamin E (Tocopherols and 
Tocotrienols), phytosterols, oryzanol, and amino acids, 
notably arginine, histidine, cystein, and methionine, 
are examples of these substances (Sereewatthanawut 
et al, 2008)
DPPH free radical is a good model for assessing the 
antioxidant properties of diverse samples. The ability 

ability of substances to scavenge free radicals or donate 

peroxyl and hydroxyl radicals that are involved in lipid 
peroxidation and tissue damage in biological systems, 
DPPH is a stable synthetic radical (Intarasirisawat et 
al., 2012). Chemicals that can neutralize free radicals 

total antioxidant capacity and RBPC having the highest 
total antioxidant capacity (Table 6).

Chemical composition of unwhitened and 
whitened kapreeta sh esh (Like tuna) (on dry 
weight basis)

The results in Table (7) indicated that the chemical 

Table 4. Chemical score (CS)* 

Soybean protein concentrate Rice bran protein concentrate
pattern for 10-12 yr 

children
Essential amino acids

CS CS

.36 4.26 1.49 4.16 2.8 Threonine
2.46 6.16 2.46 6.15 2.5 Valine
2.91 8.16 2.79 7.80 2.8
1.73 7.62 1.69 7.43 4.4 Leucine
1.99 8.77 1.98 8.72 4.4 Lysine
1.73 3.28 2.05 3.90 1.9 Histidine
2.1 4.62 1.71 3.76 2.2 Methionine+cystine
3.91 8.61 3.41 7.51 2.2 Phenylalanine+tyrosine

2 2.12 2.18 1.96 0.9 Tryptophan
* , 1991 essential amino acids.
* * Limiting amino acid

Table 5.
acid composition.

Casein Soybean protein 
concentrate

Rice bran protein 
concentrate

Parameters

3.35 2.65 2.62
85.20 77.80 77.49 Biological value (B.V)
0.78 1.02 1.37 Net protein value (NPV)
1.55 1.81 1.75
1.16 0.87 1.27

95.30 90.50 85.20

Table 6.
acid composition.

Parameters
0.35a Rice bran protein concentrate
0.34b Soybean protein concentrate
0.09c Casein
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-
-

-

(Abu-Tor, 2002a; Chaijan et al., 
2004; korish et al 2008 and Ammar and korish, 2009). 

of moisture, carbohydrates, and some minerals but in-
creases the concentration of crude protein, ether extract, 
and ash. 

Chemical composition of Surimi blends prepared 
from whitened kapreeta sh esh supplemented 
with 15% level of rice bran and soybean protein 
concentrate

-
ical composition of fried Surimi blends prepared from 

2 2). Frying pro-

of fried Surimi blends. The moisture content of unfried 
-

ing because of evaporated amounts of moisture during 
Ammar (1999). 

As 
-
-
-

ization in the form of amines and other volatile nitrogen 
substances.

-

-

blends than in the fried ones. Finally, from the presented 
results in Table (8) it could be observed that protein con-

 (Ammar, 
1999 and Fadl, 2014).

Table 7.  

Characteristics
Moisture % 77.80a 67.14b

Crude protein % 78.99b 82.30a

Ether extract % 6.80b 8.02a

Ash % 6.46b 6.77a

Carbohydrates 7.75a 2.91b

PH 6.92b 6.98a

Ca 35.42a 35.35b

K 11.80b 12.60a

Na 25.40a 20.70b

P 18.40b 19.90a

Zn 28.10a 28.02b

Fe 109.22A 100.01B

 
Table 8. 

Characteristics
(%)

Surimi blends
No1

(Control)
No 2

(Added 15% rice bran protein 
concentrate)

No3
(Added 15% soybean protein 

concentrate)
Fried Fried Fried

Moisture 65.58 42.35 62.53 43.24 63.85 42.06
Crude protein 65.67 64.31 62.27 60.31 60.51 59.50
Ether extract 5.41 11.38 4.98 10.65 4.60 10.30

Ash  6.20 5.80 6.68 6.23 6.82 5.64
Carbohydrates 22.72 18.51 26.07 22.81 28.07 24.56
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Organoleptic properties of fried Surimi blends 
prepared from whitened kapreeta sh esh 
supplemented with 15% level of rice bran and 
soybean protein concentrates:

-
leptic score of fried Surimi blends (No 1) (control) prepped 

8, and 7.60 for appearance, color, odor, texture, taste, and 
overall acceptability. While the organoleptic score of fried 

-
-

Surimi making improved the organoleptic characters of the 
Surimi Ammar and Korish (2009).

Microbiological properties of unfried and fried 
Surimi blends supplemented with 15% level of rice 
bran and soybean protein concentrates.

-

-

(Kittikun et al., 2012) 

any coliforms, especially E. coli
E. coli but the 

most bacterial isolates from Surimi includes Enterobacter 
sp., and Providencia
microbiological counts of fried Surimi blends prepared from 

3, 
3.3×103 and 4.2×103, respectively. While, the molds and 

2, 1.0×102 and 
0.58×102 respectively. The results also cleared that, the coli-

Ammar (2004) 

Conclusions
From the previous results, it could be concluded that all 

three types of protein, the cereal one, the legume, and the 
animal source are considered important sources of protein, 
ash content, carbohydrate, and minerals especially potas-
sium phosphorus, iron, and manganese. The content of all 

Table 9.
15% level of rice bran and soybean protein concentrates.

Fried Surimi blends        
Appearance Color Texture Taste

acceptability
  No1(Control) 8 8 7 7 8 7.60

No 2 (Added 15% rice bran protein 
concentrate)

8 9 8 9 8 8.40

No3 (Added 15% soybean protein 
concentrate)

8 9 8 7 9 7.80

Table 10.
H2 2). 

Surimi blends Process Total viable bacterial 
counts

Molds and yeast 
counts

Coliform bacterial counts

  No1(Control)
Fresh 7.2 × 103 5.8 ×103 2.1 × 10 2

Fried 2.00 ×102 0.78×102 Nil
No 2 (Added 15% rice bran protein 

concentrate)
Fresh 4.8 × 103 1.20× 102 Nil
Fried 1.3 × 102 1.0×02 Nil

No3 (Added 15% soybean protein 
concentrate)

Fresh 5.0 × 103 1.30×102 Nil
Fried 1.55 × 102 0.50×102 Nil
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source. Accordingly, it could be concluded that rice bran, 
-

poor nutritive value and is not appreciated among consum-

as the experiment source of protein. Then using it for Su-
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Introduction
Fish is a valuable part of human nutrition because of  

long chain (PUFAs) that are very useful due to their role 
in prevention of human cardiovascular (  & 
al,[1]; -
ter than beef and chicken meat because of their high marine 

-
 (CHURi 

& al, [3]). The expansion of the fast-food industry and the 
increased consumption of processed-meat products make it 

-

nutritional value, they have a short shelf-life,  due to the vast 
amounts of free amino acids and volatile nitrogen bases and 

-
ing highly susceptible to oxidation of unsaturated fatty ac-

shelf-life (  & al, [4]). The microbial activity is in-
volved  12 million tons of seafood sector by occurring food 
spoilage (  & al, [5]). To prevent and delay the 

and seafood, various synthetic antioxidants have been used. 

synthetic antioxidants, natural antioxidants have been uti-
lized as a promising source of antioxidants that delay oxi-

referring to their favorable action to scavenge free radicals 

 & al, [6]). Bagrus bayad is so abundantly 
represented in the river Nile. These are generally called cat-

Bagrus bayad and Bagrus docmac. They reach a length of 
-

tensively dispersed in river Nile and lakes. Recently, there 
has been increasing interest in the utilization of chemical 
preservatives to control microbial, oxidative and autolytic 

-
ganic acids are particularly suitable as they found naturally 

 & 

-
brane of bacteria and destabilizing of pH inside the cyto-
plasm causing disturbing of bacteria metabolic interaction 

structure inside the bacterial cell membrane (  & 

al, [9];  & al, [10]). Ascorbic acid can be used as 
an antioxidant agent to increase shelf life of processed food 
and conserves. This acid is a strong antioxidant and has a 

AU-
 & al, [11]). Besides the chemical and natural pre-

delay microbial activity and enzymatic bad action (ZHANG 

2) is an inert, 

fat in gas packaging. The use of N2 results in the reduction 

spoilage microorganisms ( , [13]). Therefore, 

Bagrus bayad

periodically during cold storage.

Materials and Methods 

Materials
Bagrus bayad

from river Nile near Motobus city, Kafr Elshiehk Governor-

to the Laboratory of Food Technology Department, Faculty of 
Agriculture, Kafrelshiekh University, in insulated cooler box-

-

-
tained from local market in Kafr El-Sheikh city. Ascorbic acid 
and tri-sodium phosphate (Merck Co., Germany) obtained 
from El-Gomhoria Com. Tanta city. 

Methods

-
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packed in high density polyethylene (HDPE) bags. T1 sub-
-

5 minutes dipping time according to (TAHERI & al, [14]), 
-

-

-

days and chemical, physico-chemical and microbial analysis 

-
-

Fillet%= 

Chemical analysis

-
tigated according to the AOAC, [15]). The moisture content 

-

by using the Micro-Kjeldahl method to determine the total 
nitrogen and multiply its value by the factor of 6.25; ether 
extract, in a Soxhlet apparatus using the petroleum ether (40 
-60 ºC) as a solvent; ash content by ashing in an electric 

Determination of pH

UK) according to method of (  & -
NAS, [16]). 

of (  & 
-

formed by standard alkali. 

Determination of trimethylamine nitrogen (TMAN)  

-
-

amines (AMC, [18]). 

determined colorimetrically by using the method published 
by (

Water holding capacity (WHC)

 [19], using 
Placom Digetal Planimeter (KP-90 N). 

Microbiological analysis 

-
dures (APHA, [20]) for total bacterial count (TBC) (30°C, 
3 days) and Psychrophilic bacteria (PCB) (7°C, 10 days) 

Preparation of samples 

-
ods for the microbiological examination of foods published 
by (APHA, [20]).

-
eral types of bacteria and yeast and mold counts. Samples 

Table 1.
Packaging condition Additives (%) Treatment

Air
Control (Untreated) T1Under vacuum

Nitrogen
Air

Ascorbic acid (AA) 0.5% T2Under vacuum
Nitrogen

Air Tri-sodium phosphate (TSP) 0.5% T3
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to APHA, [20]. 

B. Coliform bacterial counts 

crystal violet neutral red agar medium (MacConkey agar). 
oC for 4-5 days. The colo-

, [21]). 

oC. During incubation, 
-

ing around the colonies. Before recording the results, the 

counting proteolytic bacteria (SALEH, [22]). 

lipolytic bacterial content of the samples. Sterilized butter 
-

sulfate solution (20%) for10 min. Colonies appeared as blue 
counting lipolytic bacteria (Manual, [23]). 

E. Staphylococcus aureus:

-
ing surface planting on Baird-parker agar medium (ICMSF, 
[24]). 

F. Detection of Salmonella-Shigella

The detection of Salmonella
on method described by ( -

selective plating media.

G. Mold and yeast counts

-
cate plates at 25°C for 5 days ( , [21]). 

-
perienced panelists on the basis of a 10-point degree of each 

-
GELMAN 

acceptable, 4-3 for poor and 2-1 for very poor. The mean of 
the scores given by the panel represented the overall sensory 

Statistical analysis

) as reported by ( -
CHRAN, [27]).

Results and discussions 

Proximate composition of raw Bayad sh llets 
treated and untreated with ascorbic acid (AA) or 
tri-sodium poly phosphate (TSP): 

Mean values for the chemical analysis of untreated and 
-

79.7, 78.1, 15.3 and 5.9% (on dry basis), respectively. From 

-

than traditional meat particularly due to the presence long 
chain n-3 fatty acids and protein ( & al, [28]). 

the best chemical properties among of the other treatments. 
-

HAMED Bagrus bayad con-
tains 76% moisture, 18.48% crude protein, 3.17% crude fat 

 & al, [29]) 
reported that the yield of mince from Bagrus bayad

found by (  
[30]; -

acid (AA 0.5%) or tri-sodium phosphate (TSP 0.5%) at dif-
ferent packaging conditions on chemical composition during 

-
cant ( ) at zero time of storage, the initial pH values 
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) increase 

detected in control sample reached to value of 6.94 at the end 

of these (AA) and (TSP) as an antimicrobial agent so, it can 
-

croorganisms causes of food poisoning ( -
, [32]). The increase in pH values of all samples treated 

-
age period due to the protolytic enzymes that hydrolyzed 

by (KHALLAF
trend of those reported by (  & al, [34]). Total 
volatile basic-nitrogen (TVB-N) content: The impact of the 
individual tested control, ascorbic acid (AA) and tri-sodium 

-
ences (
samples (AA) and (TSP) and the control (untreated) at the 
beginning of storage. 

-

poly phosphate, respectively. During cold storage, the sig-

enzymes and microbial activity (
; KHALLAF, -

cant (
-

increase during the cold storage period. 
This may be due to the role of such chemical agents on 

agents (  & al, [35]). At the end of cold storage 
period, the TVB-N values for all samples except control did 
not exceed the acceptable limit stipulated and mentioned by 
EOS, [36]

favorable limit at the end of storage period (15 days). The 

micro-organisms and the formation tends to be increase at 

-

could be arranged descending according to the reduced 

reported by (  [30]; 
& al, [38]; , & al, [34]). Trimethylam-

and through the bacterial activity (SHAKILA& al, [39]). 

-

exceeded this limit at any time of cold storage. From Table 

-

acceptability limit set by (EOS, [36]) for TMNA values of 

Thiobarbeturic acid (TBA) value
-

noticed from Table 2 that immediately after preparation (at 
) 

-

-
creased ( -
spectively at the end of storage period (15 days). Therefore, 

) re-
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and cold storage period. 

Thus, the control sample considered spoiled at 5 days of 

mg MDA) spoiled at 15 days as reported by (SUMAN & 

rancid and (

Table 2.

Storage period (Day) Sale time (hour) Packaging 
condition

Treatment
Chemical 

parameters12 9 6 3 6 0
-- -- 76.5 77.2 78.0 79.7 Airc

Control (Untreated)B

Moisture (%)

-- -- 77.0 77.5 78.6 79.7 Vacuumb

-- -- 78.0 78.4 79.3 80.0 Nitrogena

-- 75.7 76.4 77 77.5 79.1 Airc

Ascorbic acid (0.5 %)C-- 76.0 76.7 77.3 78.0 79.3 Vacuumb

-- 76.4 77.2 78.0 79.2 79.9 Nitrogena

-- 76.2 77.0 78.0 79.2 80.0 Airb

Tri-sodium phosphate (0.5 %)A-- 77.4 78.2 79.0 79.5 80.1 Vacuumb

-- 78.1 79.3 80.0 80.6 80.1 Nitrogena

-- -- 76.7 77.2 77.6 78.1 Airc

Control (Untreated)A

Crude protein (%)

-- -- 77.2 77.4 77.9 78.2 Vacuumb

-- -- 77.3 77.7 78.2 78.4 Nitrogena

76.5 77.0 77.4 77.7 78.0 78.2 Airb

Ascorbic acid (0.5 %)AB76.8 77.2 77.5 77.9 78.1 78.3 Vacuumab

77.0 77.4 77.6 77.8 78.0 78.2 Nitrogena

76.7 77.1 77.3 77.6 77.8 78.0 Airc

Tri-sodium phosphate (0.5 %)B76.9 77.3 77.5 77.7 77.9 78.1 Vacuumb

77.0 77.3 77.7 78.0 78.2 78.4 Nitrogena

-- -- 14.7 15.0 15.2 15.3 Airc

Control (Untreated)A

Ether extract (%)

-- -- 14.9 15.1 15.2 15.3 Vacuumb

-- -- 15.0 15.2 15.3 15.4 Nitrogena

14.7 14.9 15.1 15.2 15.3 15.4 Airc

Ascorbic acid (0.5 %)A14.8 15.0 15.1 15.2 15.3 15.4 Vacuumb

14.6 15.0 15.1 15.2 15.3 15.4 Nitrogena

14.6 14.8 15.0 15.2 15.3 15.4 Airc

Tri-sodium phosphate (0.5 %)B14.7 14.9 15.1 15.2 15.3 15.4 Vacuumb

14.8 15.1 15.2 15.2 15.3 15.4 Nitrogena

-- -- 7.5 6.8 6.4 5.9 Aira

Control (Untreated)C

Ash content (%)

-- -- 7.4 6.8 6.2 5.9 Vacuumab

-- -- 7.3 6.7 6.3 5.9 Nitrogenb

7.8 7.6 7.2 6.7 6.3 5.9 Aira

Ascorbic acid (0.5 %)B7.7 7.3 7.0 6.6 6.3 5.9 Vacuumab

7.5 7.1 6.7 6.3 6.1 5.7 Nitrogenb

7.9 7.5 7.3 6.8 6.4 6.0 Aira

Tri-sodium phosphate (0.5 %)B7.8 7.4 7.2 6.8 6.3 6.0 Vacuumb

7.8 7.4 7.2 6.7 6.3 6.0 Nitrogenb

All values given are means of three determinations.
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-
-

sumers up to 15 days of storage. Finally, the obtained results 

and (TSP), respectively led to extension ( ) of their 

, [30]; UÇAK & al, [42]).

Physical changes of raw Bayad sh during storage 
at 4 1 C as a ected by (AA) or tri-sodium poly 
phosphate

Bagrus bayad) 

Physical parameters during storage period. 

Microbiological load changes of raw Bayad sh 
llets during storage at 4 1 C as a ected by (AA) 

or tri-sodium poly phosphate

Total bacterial count (TBC)

treated by (AA) and (TSP) individually. At zero time of stor-
age, control samples (untreated) recorded the highest mean 

) reduction in 
-

-
ly (

of psychrophilic bacteria under this storage condition might 
cause the noticed increase (

-
-

and 4.00 (cfu g-1), respectively. This mentioned that (AA) 
and (TSP) may be responsible for the antibacterial proper-

-
es (

6 
-

Table 3.  ascorbic acid (AA) or tri-sodium phosphate (TSP) on Physical 
parameters during storage period.

Storage period (Day) Sale time (hour) Packaging 
condition

Treatment Physical parameters12 9 6 3 6 0
-- -- 4.80 4.6 4.5 4.41 Aira

Control (Untreated)A

Water holding 
capacity (WHC) (g 

protein)

-- -- 4.71 4.6 4.53 4.40 Vacuuma
-- -- 4.63 4.55 4.46 4.38 Nitrogenb

4.79 4.7 4.63 4.45 4.4 4.35 Aira
Ascorbic acid (0.5 

%)A
4.75 4.63 4.60 4.45 4.39 4.33 Vacuumab
4.72 4.68 4.55 4.43 4.37 4.32 Nitrogenb
4.57 4.45 4.37 4.3 4.20 4.11 Aira

Tri-sodium 
phosphate (0.5 %)B

4.50 4.38 4.28 4.17 4.10 4.00 Vacuumab
4.44 4.30 4.19 4.11 4.05 3.95 Nitrogenb

-- -- 3.00 3.10 3.15 3.24 Aira
ControlA (Untreated)

Tenderness

-- -- 3.30 3.12 3.17 3.20 Vacuuma
-- -- 3.00 3.05 3.12 3.17 Nitrogenb

2.77 2.83 2.92 3.00 3.08 3.15 Aira
Ascorbic acid (0.5 

%)B
2.65 2.77 2.85 2.96 3.04 3.12 Vacuumb
2.61 2.75 2.83 2.94 3.02 3.08 Nitrogenb
257 2.65 2.73 2.85 2.94 3.00 Aira

Tri-sodium 
phosphate (0.5 %)C

2.54 2.63 2.70 2.82 2.90 2.97 Vacuumb
2.50 2.60 2.67 2.75 2.80 2.94 Nitrogenc

All values given are means of three determinations.

(a.b and c) : comparison of means by packaging condition at (
A, B and C: Comparison of means by treatment at ( ).
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-

(ICMSF, [24]),
-

mained acceptable microbiologically and safe for consump-

use of (0.5%) (TSP) decreased the microbial attendance of 
-

 & al, [34]) 
and (  [43])

Yeast & Mold (YM) counts 

-
-
-

th day until 6thday of 

th

th 
th 

Table 4.
bacterial, molds & yeast, psychrophilic bacterial, Lipoletic bacteria and Protoletic bacteria counts during storage period.

Storage period (Day) Sale time (hour) Packaging 
condition

Treatment
Microbiological 

parameters12 9 6 3 6 0
- - 7.2 4.8 3.2 1.8 Aira

Control (Untreated)B

Total bacterial 
5)

- - 6.5 3.6 2.5 1.6 Vacuumb

- - 5.9 3.4 2.3 1.5 Nitrogenc

7.8 6.0 5.2 3.4 2.7 1.7 Aira

Ascorbic acid (0.5 %)A6.9 5.3 4.1 2.8 2.4 1.5 Vacuumb

5.8 4.9 3.8 2.5 2.0 1.5 Nitrogenc

7.1 5.7 4.5 3.1 2.3 1.6 Aira

Tri-sodium 
phosphate (0.5 %)C6.4 4.7 3.4 2.9 2.1 1.4 Vacuumb

5.6 4.4 3.2 2.5 1.8 1.4 Nitrogenc

- - 7.4 5.7 3.8 2.2 Aira

Control (Untreated)A

Molds & yeast 
3)

- - 7.0 5.3 3.5 2.0 Vacuumb

- - 6.8 4.7 3.3 2.0 Nitrogenc

7.4 6.3 5.5 4.1 3.4 2.0 Aira

Ascorbic acidC (0.5 %)6.9 5.4 4.6 3.7 2.7 1.9 Vacuumb

6.6 4.9 4.1 3.3 2.5 1.8 Nitrogenc

8.4 6.7 5.9 4.4 3.6 2.1 Aira

Tri-sodium 
phosphateB (0.5 %)

8.1 6.2 5.3 3.9 3.2 1.9 Vacuumb

7.5 5.9 4.4 3.4 2.9 1.9 Nitrogenc

- - 7.0 5.3 4.1 3.0 Aira

Control (Untreated)A

Lipoletic bacteria 
2)

- - 6.6 5.0 3.9 2.8 Vacuumb

- - 6.0 4.5 3.8 2.6 Nitrogenc

8.1 6.3 4.9 3.8 3.0 2.5 Aira

Ascorbic acid (0.5 %)B7.2 6.8 4.2 3.5 2.9 2.3 Vacuumb

6.7 5.5 4.0 3.5 2.7 2.1 Nitrogena

7.5 5.8 4.6 3.7 3.0 2.4 Aira

Tri-sodium 
phosphate (0.5 %)A6.6 5.4 4.3 3.4 2.7 2.2 Vacuumb

6.3 5.0 4.1 3.2 2.5 2.0 Nitrogenc

5.7 4.3 3.1 2.3 Aira

Control (Untreated)C

Protoletic bacteria 
3)

5.2 4.0 2.7 1.8 Vacuumb

4.8 3.7 2.5 1.8 Nitrogenc

7.2 5.6 4.8 3.4 2.6 1.8 Airc

Ascorbic acid (0.5 %)B6.7 5.1 4.4 3.3 2.4 1.7 Vacuuma

6.4 4.9 4.0 3.2 2.2 1.6 Nitrogenb

7.0 5.5 4.5 3.3 2.4 1.6 Aira

Tri-sodium 
phosphate (0.5 %)C6.3 5.0 4.2 3.1 2.3 1.6 Vacuumb

6.0 4.8 4.0 2.8 2.0 1.6 Nitrogenc

All values given are means of three determinations.
.

(a.b and c) : comparison of means by packaging condition at (
A, B and C: Comparison of means by treatment at ( ).
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-
lets samples during cold storage as noticed in Table (4) and 

-

) 

-

and molds population. So, the additions of (AA) and (TSP) 
-

pared to the control (15 day). These results are in agreement 
, 

[30]; , [44]; & al, [34]). Finally, 

from colifrom bacteria, , salmonella 
and Shigella either at a zero-time or along cold-storage pe-
riods, indicating good level of hygiene during the handling, 
processing and storage. 

Sensory properties changes of Bayad sh llets 
during cold storage at (4 1 C) as a ected by (AA) 
and (TSP): 

The results of sensory analysis are one of the most im-

of seafood. The changes of sensory properties (taste, color, 

-

of storage had excellent scores for color and texture then 
-
) 

during the storage period. EOS, [36]

oxidation and in enhancing the taste and odor. The decline 
in overall acceptability of control samples as a result of this 

) 

other hand, the taste, color, odor, texture and overall accept-
ability scores of control sample reached to 4.0, 4.5, 4.5, 4.2 

-
peared then, this product become rejected for consumers. 

storage period (25 days). Hence, the scores of overall ac-

6.5 and 5.8 respectively at the end of storage period (25 

days of cold storage. 
-

tending the shelf-life, their antioxidant activity reduced dur-

in all individual tested samples during the end of storage 
periods. 

Conclusion

-

Table 5.
phosphate (TSP) at zero time

Treatment
Appearance Color Texture Taste

 ControlC (Untreated) 8.5 7.5 8.3 8.0 8.1 8.08

Ascorbic acidB (0.5%) 8.5 8.2 8.7 8.5 7.8 8.34

Tri-sodium phosphateA (0.5%) 9.0 8.7 8.6 8.6 8.8 8.74

s Multiple Range Test.
a, b, c and d: Comparison of means by salting time. 
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Introduction
Plasma is a partially or fully ionized gas consisting of 

molecules (can be metastables), and photons (UV, visible, 
and thermal radiation). Plasmas are generally divided into 
thermal and non-thermal in terms of comparing the tem-

-
er particles in plasma. While the temperatures (i.e. kinetic 

plasmas, the temperatures of the electrons in non-thermal 
plasmas are higher than the temperature of the other par-

-
perature (Raizer, 1991; Grill, 1994). Non-thermal plasmas 

-

non-thermal atmospheric pressure plasma sources, such as 
corona, streamer, dielectric barrier discharge (DBD), surface 
dielectric barrier discharge (SDBD), and plasma jet, have 

-

Non-thermal Atmospheric Pressure Plasma jets (NTAP-
-

spheric pressure plasmas; they are discharged plasma that 

electrodes into the surrounding ambient environments. 
-

ous plasma processing applications. This is because of their 
practical capability to provide plasmas that are not spatially 

Penkov et al., 2015). Moreover, they can be movable and 
-

-
bles, charged particles (ions and electrons), reactive oxygen 

UV, visible, infrared, and thermal radiation, and electromag-

properties (Khlyustova et al., 2019). 
Among other applications, the treatment of temperature-

sensitive surfaces such as biological material is of interest, in 

-
activation or sterilization of bacteria, fungi, and spores, can-

treatment (Wu et al., 2016; Lin et al. 2016; Mashayekh et 
-

roussi, 2015). The temperature-sensitive surface treatment of 

of food safety (Pankaj et al., 2018), agriculture (Velichko et 

-
ferent methods (Akan and Çabuk, 2014; Saadati et al., 2018 
; Malyavko et al., 2020; Dobrynin et al., 2009; Dobrynin et 

plasma. All plasma agents (plasma-generated species and 

most important distinguishing feature of the direct plasma 
-

trons) reaches the surface of the sample. The second method 

treatment, the charged particles do not play a role since they 
recombine before reaching the sample, and the active agents 

-
tive uncharged species are typically delivered to the surface 

2 3

the acting agents , many of the short-lived neutral reactive 
oxygen or nitrogen species also do not reach the sample. 
To date, direct and indirect treatment of bacteria using non-
thermal atmospheric pressure plasma in the air is compared 

bacteria directly , produces inactivation much faster than the 

-
ma region (Dobrynin et al., 2011; Morris et al., 2009). 

electrodes. The plasma is ignited inside the tube and trans-

the expanding plasma contains free and high energetic elec-
-

need to be directly connected to this sample electrode, but 

either a small conduction current, displacement current, or 

dielectric-free electrode (DFE) jets, dielectric barrier dis-
charge (DBD) jets, DBD-like jets, and single electrode (SE) 
jets (Lu et al., 2012). When the plasma jet is not in contact 
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P. aeruginosa planktonic 
-

direct plasma applications on a sample, DBD-like type jets 

the remote application method by transferring charged par-

-
posed to P. aeruginosa

Experimental

Non-thermal Atmospheric Pressure Plasma Jet 
(NTAPPJ) System

For the non-thermal plasma treatment of P. aerugi-
nosa planktonic bacteria, a homemade non-thermal atmo-

-

P. aeruginosa planktonic bacteria evenly spread over agar 

-

the Petri dishes containing P. aeruginosa planktonic bacteria 

be determined.
-

the inner electrode, the gas discharge is ignited. The ionized 

P. aerugi-
nosa

Akan 2016). The NTAPP jet assembly consisted of a 100 

0.5 mm and length of 150 mm is inserted into the center of 

-

-

High-purity He (99.999%) and Ar (99.999%) enter the 

Figure 1. Schematic of the NTAPP jet device used.
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plasma using a sinusoidal high voltage. For all the inacti-
vation experiments reported in this letter, the peak-to-peak 

species to the higher atomic or molecular levels decaying 

processes can be detected and analyzed by recording the 

has been applied to identify the chemical species present in 
-

ing gas (Fig. 1). The emission spectrum for the Ar and He 

element linear silicon charge-coupled device (CCD) array 

spectrometer 0.1 nm.

Bacterial Strain and Growth Condition

-
-

tic Soy Broth (TSB) and incubated aerobically at 37°C for 

Agar (TSA) under the same conditions. To determine the re-

-
tal camera. For control experiments, samples are treated by 

Results and Discussion

Non-thermal Atmospheric Pressure Plasma Jet 
(NTAPPJ) Generation

development of electron avalanches. The main ionization 
mechanism in most gases is direct electron impact ioniza-
tion by free electrons accelerated by the electric voltage 

ionization process drift to the cathode and lead to secondary 

-
-

charge. At higher pressure, the number of ionizing collisions 

applied, secondary electron avalanches are started in the gas 
phase. The ionized region and its perturbation of the electro-

streamer. A streamer propagates in the discharge region but 

Streamer discharges can undergo a transition to more intense 

intense spark channel can transit into an arc discharge if the 

et al., 2017). 

the plasma jet increases as seen in Fig. 2b, and the plasma 

-
sive plasmas, the activity of atmospheric pressure plasmas is 

-

to the agar in the petri dish containing P. aeruginosa plank-
tonic bacteria, the jet transits to the spark discharge mode as 
seen in Fig. 2c. For the direct-contact treatment, the bacterial 
samples on the agar plates are placed right under the plasma 
jet at an adjustable distance from the nozzle. The bacterial 

the plasma jet contacts the agar, and these streamers move 
-

type thermocouple connected to a digital multimeter (Fluke 

not change and remains around 25oC during the treatment 

agar, the jet is formed in the spark discharge mode as seen 

contacts a point on the agar producing a spot (like a small 



TAMER AKAN et al

3502

point). This spot may create a physical or chemical erosion 
on the agar. After 5 minutes of treatment, the agar tempera-
ture increased up to 27oC. 

treated by both modes of the NTAPP jet in Argon, the tempera-
oC.

Antibacterial E cacy of Direct-Contact and Contact-
free Treatment of the NTAPPJ on P. aeruginosa

The P. aeruginosa bacterial samples are treated by the 
-

tact-free treatments. For the direct-contact treatment, the 

the plasma jet at an adjustable distance from the nozzle. The 

-

-

Control plates (no plasma and Ar gas exposure, and Ar gas 
-

P. aerug-
inosa

-
ter the plasma treatment. The bacteria-containing agar plates 

time intervals: 60, 120,180, and 300 seconds. After incuba-

-

the plasma jet against P. aeruginosa. Although the maximum 

-

they are present in a larger volume around it. The observable 

exposure time as can be seen in Fig. 3. The inhibition zone 

-

mode treatment (Fig. 3e). As mentioned earlier, the bacteria 
-

neously in direct-contact treatment.
When all the processes in obtaining the results in Fig. 3, 

As can be seen in Fig. 2e and Fig. 2f, the NTAPP jet in Ar 

min is exposed to the agar, the jet transits to the spark discharge 
mode as seen in Fig. 2g. When the NTAPP jet generated in the 

-
posed to the agar, the jet is formed in the spark discharge mode 

Figure 2.
and direct-contact treatment on the P. aeruginosa planktonic 
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-
rect-contact treatment of the Ar-NTAPP jet on the bacteria 

For the contact-free treatment, the P. aeruginosa bacte-

-

-

can be seen in Fig. 5.
When the P. aeruginosa are treated by the NTAPP jet in 

direct-contact using Ar and He, they are exposed simultane-

3), 

2 (
1

2
–), hydrogen peroxide (H2 2), hydroxyl radi-

–), reactive nitrogen species (RNS) 
such as atomic nitrogen (N), electronically excited nitrogen 
(N2

to its antibacterial properties (Nicol et al., 2020; Brun et al., 

in this case. As the plasma jet is launched in the surround-

Figure 3. Results of antibacterial direct-contact treatment of P. aeruginosa
a.) Control plate (no gas and plasma exposure), b.) Control plate (Argon 

c.) and d.)

Figure 4. Results of antibacterial direct-contact treatment of P. aeruginosa
a.) Control plate (no gas and plasma exposure), b.) Control plate 

c.) and d.)
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ing room air, oxygen and nitrogen-based reactive species are 
produced even if the plasma jet operating gas itself does not 

-
-

results of the contact-free NTAPP jet treatment in both Ar 
-

sence of charged species in the plasma jet. Bombardment on 
-

tive ions are generally N2
+

2
–) can 

break chemical bonds, cause erosion through etching, for-
mation of lesions and openings in the membranes, inducing 
further penetration of plasma toxic compounds inside a bac-
terial cell (Dobrynin et al., 2009; Bourke et al., 2017)

in Fig. 1.

-
trogen second positive band (N2

of nitrogen molecule ions (N2
+

He-NTAP plasma jet. This is due to the ionization poten-

levels of Ar are 11.5 and 11.7 eV; the energy provided from 

nitrogen molecules (Shao et al., 2012; Shao et al., 2015). 

He-NTAP plasma jet.  The ionization energy of He is 24.6 

in gas discharge are 19.82 eV and 20.06 eV. Besides, as can 

Figure 5. Results of antibacterial contact-free treatment of P. aeruginosa
a.) Control plates (no gas and plasma exposure), b.) Control plates (Argon and Helium gas 

c.) and d.)

Figure 6. Emission Spectrums of the NTAPP jet (plume) in a.) Argon, and b.) Helium.
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lines have enough energy, so any of the states related to the 
observed He lines could excite any of the ground states N2, 

2
+ to their upper states related to those observed 

Shao et al., 2015) The Ar-NTAP plasma jet contained a 

electrons and more suitable for inactivation. 

NTAP plasma jet is much better than that of the He-NTAP 

of Ar, there are more ions and electrons in the Ar-NTAP 
plasma jet than that in the He (ionization energy is 24.6 eV) 

-

plasma jet treatment on the P. aeruginosa
than the He direct-contact NTAP plasma jet treatment.  

the most important species for inactivation in treatment be-

-

3) can also be checked by the 

Because the lifetime of ozone is longer than other radicals 

the inactivation process in the Ar-NTAP plasma jet.

Conclusions
The DBD-like NTAP plasma jet system used in this pa-

plasma jets in Ar and He generated in both modes create 

containing the P. aeruginosa bacteria. While the spark dis-

a visible erosion on the agar, the spark discharges in contact 

investigated by treatment on the P. aeruginosa -

 
-

erated using the same discharge setup using He and Ar and 
demonstrate that the direct-contact treatment can achieve 

chemical erosion. The P. aeruginosa bacteria treatment by 
-
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Is
bacteria Ideonella sakaiensis and operates -

IsPETase is 
also of high interest. IsPETase, the unsuccessful expression 

IsPETase production. 

of full-length or truncated (residues 28-290) IsPETase and various E. coli expression hosts, revealed 
several non-reported issues hindering the recombinant expression of IsPETase. After optimization of 
the construct and expression host, the use of N-terminal His-tag and Rosetta-gami B expression host 
provided recombinant Is
PET-hydrolysing activity of the obtained Is

in vivo folding process of IsPETase might 
E. coli host strains, moreover, underline the importance of 

the proper selection of the cloning strategy for the successful expression of the IsPETase. 
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Introduction
Since several decades, polyethylene terephthalate (PET), 

the polymerization product of ethylene glycol (EG) and 
terephthalate (TPA), is one of the most produced and most 

environment at a staggering rate (
& al. [1]; al. [2]; al. 
[3]; C. L. WALLER & al. al. [5]; E. 
S. GRUBER & al. [6]; K. RAGAERTA & al. [7]). Plastic 
particles can be detected in both marine and terrestrial eco-

in the polar regions, but are also present in the air ( -
al. [1]; al. [2]; C. E. 

al. [3]; C. L. WALLER & al. [4]). Moreover, 
plastic particles ingested by animals, enter the food chain 
and accumulate in the organisms (
& al. [1]; al. [5]), -

E. S. GRUBER & al. [6]), 

unexplored.
Recycling PET is one of the solutions for reducing plas-

-
cycling, leads to a loss of the polymer`s mechanical proper-

conditions, consumes large amount of energy and generates 
toxic secondary pollutants (K. RAGAERTA & al. [7]

R. & al. [8]

method (H. & al. & al. 
& al. & al.

& al. & al. (2019) [14]
obstacles remained the inaccessibility of the amorphous do-
mains of the PET polymer for the enzymatic attack, due to 
the high glass transition temperature (around 75 °C) of PET, 

PET pollutants ( & al. [13]

are highly desirable ( & al. (2019) [14] -
ing current research directions in enzymatic PET degrada-
tion ( & al. (2020) [15]). Among the enzymes 
possessing PET-degrading activity, hydrolases such as cuti-
nases (T. BRUECKNER & al. [16a & al. 
[16b & al. (2017) [16c]), lipases (M. A. M. E. 

 & al. [17]) and PETases (  
& al. [18]
PET-hydrolysing enzyme, IsPETase, derives from ‘plastic-

Ideonella sakaiensis (
& al. [19]) and operates 

-
res (30-40 °C) than cutinases from Humicola insolens (HiC) 
and from  (TfCut1 and TfCut2), hydrola-
ses from  (TjjfH) or lipase from Candida 
antarctica ( & al. & al. (2019) [21]). 
Since, in order to carry out the PET-degradation, IsPETase 
needs to be secreted extracellularly or to be used as isolated 
enzyme biocatalyst, the development of proper recombinant 

-
IsPETase is also of high interest.

IsPETase and 
the unsuccessful set-up of several reported expression sys-
tems ( & al. & al. 

& al. & al. (2019) 
PALM & al. & al. & al. 

& al. [25]) directed us 
-

sible recombinant expression system suitable for the produc-
tion of the PET-degrading enzyme.

Materials and methods

Materials and instrumentation
-

chased from Sigma-Aldrich (USA). The Bradford reagent 

-
-

reported procedure ( & al. [22]). For PCR am-

-

-
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performed on an Agilent 8453 UV-vis spectrophotometer 

UV-Microtiter microplates. Enzymatic PET-hydrolysis 

-
ducted on Agilent 1200 instrument. The melting curves of 

Molecular cloning

Cloning the synthetic full-length ispetase gene  
into pET-15b and pET-21a(+) vectors

The codon-optimized synthetic gene encoding the Is-

sites (Table S1 -
ed in pMA cloning vector. For subcloning into pET-21a(+) 

-
ployed (the targeted and obtained constructs are presented 
in Tables S2
vector harbouring the synthetic gene and empty pET-21a(+) 

gel electrophoresis, the DNA bands corresponding to the 
insert and the recipient plasmid backbone being extracted 

-
E. coli -

insert-content using colony PCR. The plasmid DNA of pos-

Fig. S1). 
-

sion hosts (e.g. E. coli BL21-Gold (DE3), Rosetta (DE3) 
pLysS, ArcticExpress (DE3), Rosetta-gami B (DE3)) via 

Molecular cloning of truncated IsPETase (28-290) gene 
into pET-21a(+) and pET-15b vectors

peptide from the Is

full-length IsPETase encoding synthetic gene and the cor-
respondingly designed primers from Table S3. The PCR 
protocol consisted of initial denaturation at 98 °C for 30 s, 

-

ing denaturation at 98 °C for 10 s, annealing at 57 °C for 

extension step at 72 °C for 10 minutes. The cloning of the 
truncated gene into pET-21a(+) expression vector 

length gene.
For the subcloning of the truncated gene into pET-15b 

vector the optimized synthetic gene (see section 2.2.3
Table S6) 

The employed PCR protocol included initial denaturation at 

them consisting of denaturation at 98 °C for 10 s, annealing 

of the optimized  variant into pET-21a(+) 
-

scribed for full-length gene.

Site-directed mutagenesis for sequence optimization 

synthetic gene encoding IsPETase, site-directed mutagene-
Table S4). The PCR 

protocol consisted of initial denaturation at 98 °C for 30 s, 
-

ation at 98 °C for 10 s, annealing at 68 °C for 30 s, extension 

into E. coli
shock. The plasmids isolated from the bacterial colonies 

the presence of the mutations.

Transformations into di erent E. coli hosts
The plasmids (pET-21a(+) or pET-15b) harbouring the 

gene encoding the full-length or truncated IsPETase(28-290) 
 E. coli Rosetta (DE3) pLysS chemi-

cally competent cells via heat shock and into E. coli BL21-
Gold (DE3) electrocompetent cells by electroporation. The 
plasmids (pET-21a(+) or pET-15b) harbouring the gene en-
coding the truncated Is
into E. coli ArcticExpress (DE3) host cells via heat shock 

-
mids (pET-21a(+) or pET-15b) harbouring the improved 
variant of the gene encoding for truncated IsPETase(28-290) 

E. coli Rosetta-gami B (DE3) cells 
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Protein expression and isolation

Expression and isolation using E. coli Rosetta (DE3) 
pLysS host cells

The recombinant E. coli -
ent Is
overnight at 37 °C, in 5 mL Luria-Bertani (LB) medium 

of the prepared overnight culture and incubated at 37 °C, 

600

-

by centrifugation at 3000 x g

Tris.HCl, 100 mM NaCl, pH 7.0) and cell disruption by 

at 10000 x g for 25 min at 4 °C and the Is -
-

-

300 mM imidazole (20 mM Tris.HCl, 100 mM NaCl, pH 
7.0). The degree of protein expression and the purity of 

sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) 
(Fig. S2, Fig. S3
His antibody and Rabbit anti-mouse secondary antibody 

Expression and isolation using E. coli BL21 Gold (DE3) 
host cells

The cell culture preparations for the recombinant E. 
coli
Is
under similar conditions as described in section 2.4.1, 

-
H. 

& al. & al. (2019) [21). 

NaCl, pH 8.0) as mobile phase. The degree of protein ex-
-

vestigated by SDS-PAGE (Fig. S11

Bradford method.

Expression and isolation using E. coli ArcticExpress 
(DE3) as host

gene encoding the truncated Is

been determined in a multi-factorial experiment (Table S5). 

600 -
Table S5) and 

overnight incubation at 16 °C or 20 °C and 200 rpm. The 
g for 10 

-

[26] -
night incubation at 16 °C or 20 °C, at 200 rpm. The degree of 

-

Expression and isolation using E. coli Rosetta-gami B 
(DE3) host cells

The expression and isolation of the recombinant protein 

procedures ( & al. & al. 
(2019) [21]
above.

IsPETase(28-290) encoding the 
-

°C and 25 °C respectively. The degree of protein expression 

SDS-PAGE (Fig. S10
-

ford method.

PET-hydrolysis reaction 

reported ( & al. & al. [20]; H. 
& al. (2019) [21]) 

containing 500 nM of isolated IsPETase. The reaction mix-

case of HPLC activity assessments, the reaction samples 
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vortexed and centrifuged (17000 x g

Activity assessment by HPLC
-

ported methods ( & al. (2020) & 
al. & al. (2019) & al. [23]), 

detector. The samples, retrieved from the biocatalytic PET-

the mobile phase consisting of (A) 0.1% formic acid solu-

(B) to 27.5% (B) over 10 minutes elution time, monitoring 
-

formed in triplicate. TPA, MHET, and BHET (the total TPA) 
content of the reaction samples, and implicitly the enzyme 

the authentic standard of TPA and BHET (Sigma-Aldrich) 
and synthesized MHET.

Enzyme activity assessment via UV-Vis 
spectroscopy

previously described bulk absorbance method (E. Z. L. 
& al. [25]). UV-absorbance spectra 

(Fig. S12
products (TPA, MHET and BHET) using their 0.1 mM solu-

(Fig. 2B

separately, the results resembling the reported values (E. Z. 
& al. [25]). Using the average ex-

samples from the PET-hydrolysis reaction could be deter-
mined through A235 measurements.

Melting temperature (TM) assessments
-

B sealing tape (Bio-Rad). The melting curve of the samples 

-

Results and discussion
For the production of recombinant IsPETase various 

plasmid constructs, including the full-length  gene 

E. coli as expression host cells 
have been reported (Table 1

( & al. (2020) & al. 
& al. (2019) & al. & al. [23]; 

& al.
& al. [25]) the expression of Is -
med from the truncated  gene (amino acid residues 

1-27) (Table 1). 
-

tion of both the full-length or truncated  genes. The 
IsPETase (Genbank: GAP38373.1) 

Table S1) 

pET-15b vector (Fig. S1), providing an N-terminal His-tag. 
E. coli host strains, Rosetta (DE3) 

pLysS, BL21-Gold (DE3), proved to be unsuccessful, no de-
tectable (SDS-PAGE, Western-blot) IsPETase levels being 
registered. The expression of recombinant Is
N-terminal His-tag (Fig. S1 -

from 1 L culture) and no protein band at the expected size 
of Is
kDa for truncated IsPETase) (Fig. S2

incubation temperatures (20 °C, 18 °C and 16 °C) (Fig. S3) 

IsPETase 
had been observed. The Western blot analysis revealed the 

-
-

(Fig. S4).
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Further, the truncated version of the IsPETase encod-
ing 

Fig. S5 and Table S3), providing a 
-

cessful expression of Is
band at the expected size could be observed by SDS-PAGE 
and Western-blot analysis (Fig. S6, Fig. S7). Additionally, 

the truncated gene in E. coli ArcticExpress (DE3) host-cells, 
derived from BL21-Gold (DE3), featuring chaperonins 

temperatures, strain previously being reported as success-
ful host for IsPETase production (  & al. [23]). Since 
again Is Fig. S8), the 

optimized via the removal of the secondary open reading 
frame through site-directed mutagenesis (Fig. S9, Table S4), 
maintaining the encoded Is

obtained plasmid harbouring the truncated version of the 
improved Is E. 
coli ArcticExpress (DE3) and Rosetta-gami B (DE3) cells, 

rare codons and also to facilitate proper disulphide bond for-
& al. 

& al. & al. (2019) [21]; 
P. WAGNER-EGEA & al. [28]
production of Is -
sion conditions (Table S5), such as medium type, induction 

-

found to be unsuccessful.
N-ter-

gene into the pET-15b 
vector, then transformed the construct into both E. coli 

Table 1. Reported recombinant expression systems for the production of IsPETase.

Entry
IsPETase 
encoding 

gene

Expression 
vector

A nity tag
Expression 

host
Enzyme 
activity

Speci c activity 
(mgTPAeq/h/
mgIsPETase)

Reference

1 truncated pET-15b
N-terminal 

His6-tag
Rosetta gami-B

 
in 24 h

 & al. [9, 21]

2 full-length pET-21b(+)
C-terminal 

5xHis-tag
C41(DE3) [a] -

& al. 
[10]

3 truncated pET-30a not mentioned BL21 (DE3) [a] -  & al. [27]

4 truncated pET-15b
N-terminal 

His6-tag
Rosetta gami-B

 
in 18 h

 & al. [20]

5 truncated pET-21b
C-terminal 

His6-tag
ArcticExpress 

(DE3)
[b] -  & al. [23]

6
truncated 

(*Trx-
IsPETase)

pET-28b(+) 
(pET-32b(+))

C-terminal 
His6-tag

Rosetta-gami 2
0.7 (0.9) 

mg
mgIsPETase

0.7 (0.9)
P. WAGNER-EGEA & 

al. [28]

7 truncated pET-21b(+)
C-terminal 

His6-tag
 T7 [a] -  & al. [22]

8 truncated pET-21a(+)
C-terminal 

His6-tag
T7 Express [b] -

E. Z. L. 
 & 

al. [25]

9
SPLamB.

IsPETase**
pET-22b(+)

C-terminal 
His6-tag

-
200 nM

 & al. [29]

11 full length
pET32a 

not mentioned
BL21 trxB 
(DE3) (P. [c] - C. CHEN & al. [30]

12 full-length
pET-21b(+)

C-terminal 
His6-tag

C41(DE3)
1.2 mM 
aromatic 

product in 24 h

 & al. 
[31]

13 truncated pET-21b(+)
C-terminal 

His6-tag
BL21 (DE3)

10-2 mg
mgIsPETase

 & al. 
[24]

[a] The activity of the IsPETase not mentioned in conversional units, [b] only k

reaction volume (for activity deduction) not stated.
* 
** sec-dependent maltoporin signal peptide in order to produce extracellularly the IsPETase.
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BL21-Gold (DE3) and Rosetta-gami B (DE3) expression 

Fig. 
1A, Fig. 1B, see also Fig. S10 and Fig. S11 -

ly, using Rosetta-gami B as host IsPETase have been ob-

– Fig. 1A
case of expression in E. coli BL21-Gold (DE3) host cells 

Figure 1. SDS-PAGE analysis of the isolation of mutant IsPETase(28-290)-pET-15b using as host E. coli A) Rosetta-gami 

through, 4-eluted protein after desalting) and B) BL21 Gold (DE3) cells (M-protein ladder, 1-eluted protein after desalting, 
 C) Melting temperature measurement of the obtained IsPETase 

temperature).

Figure 2. PET degrading activity of the produced recombinant IsPETase. A) Reaction scheme for the enzymatic PET 
B)

(MHET) and bis-(2-hydroxyethyl) terephthalate (BHET). C) i) the separation of 
TPA (1st peak), MHET (2nd peak) and BHET (3rd

 of sample from the enzymatic PET hydrolysis reaction (after 24-hour reaction time) (orange).
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Fig. 1B). 
-

ulphide-bonds Cys203-Cys239 and Cys289-C273 found 
IsPETase monomers (PDB 

E. 
coli
in both the thioredoxin reductase (trxB) and glutathione 
reductase (gor) genes, enhanced disulphide bond forma-
tion in the E. coli cytoplasm, it also promoted the proper 
folding and expression of IsPETase. Notable, that in our 

terminal His6-tag in the pET-21a(+) vector repeatedly 
resulted in unsuccessful protein expression even in Ro-
setta-gami B, despite successful expression of similar C-
terminal His6-tagged IsPETase encoding truncated genes 
in pET-21a(+) constructs being reported, albeit in other, 

express E. coli hosts ( & al. [22]; E. Z. L. 
& al. [25]). The proximity of the C-

terminal disulphide-bridge forming C289, and the disul-
phide bridge forming capability of Rosetta-gami B strains 

-
N-terminal tagged 

IsPETase. 

optimization of the cloning strategy, revealing several non-
reported issues hindering the recombinant expression of Is-
PETase. Apparently, the reported data suggest that PETase 

-
in vivo folding process 

E. coli hosts, 
improperly folded IsPETase being exposed to protease deg-
radation, as supported by our results. 

IsPETase 
revealed a melting temperature of 46.2°C, (Fig. 1C), in 

& al. (2020) [9]; 
& al. & al. & 

al. (2019) & al. -
& al. [25]). The activity of the obtained Is

Fig. 
2) using previously reported HPLC ( & al. (2020) 

& al. & al. (2019) [21]; V. 
& al. [24]) and UV-spectroscopy (E. Z. L. 

& al. [25]) methods. 

monitored the formation of the three possible products 

terephthalate (BHET), mono-(2-hydroxyethyl) terephtha-
late (MHET) and TPA (Fig. 2A

-

tained. During the UV-spectroscopy based PETase-activi-
ty measurements the molar absorptivity for each reaction 

Fig. S12), 
using, as previously reported ( -

& al. [25]), the medium molar absorptivity, for 
products concentration assessments from UV-absorbance 
measurements at 235 nm. Further, the PETase activ-

HPLC procedures ( & al. (2020)
& al. & al. (2019) 
& al. [24]), that upon adaptation provided baseline sepa-
ration of the three TPA unit containing PET-hydrolysis 
product, TPA, MHET, BHET (Fig. 2C

-

from enzymatic reactions (Fig. 2C). 
Accordingly, the PET-hydrolysing activity of the pro-

duced Is

-
& al. (2020) 

& al. & al. (2019) [21]; V. 
& al. & al. [29]) and support that 

the optimized expression system is suitable for the facile 
production of IsPETase.

Conclusions

expression of the leading PET-degrading enzyme, IsPETase. 
Employing several reported expression systems, provid-

E. 
coli IsPETase 
expressions. Construct and expression host optimizations 
revealed that the N-terminal His-tag and Rosetta-gami B 
expression host provided IsPETase in high yield and pu-

activity of the isolated Is -

revealing several non-reported issues hindering the recom-
binant expression of IsPETase, suggest that the in vivo fold-
ing process of Is

E. coli -

cloning strategy for the successful recombinant expression 
of the IsPETase.
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Introduction

-
covered to be good sources of potentially important bioac-
tive compounds. Mango by-products, particularly peels 

-
go (Mangifera indica) is a popular tropical fruit cultivated 

 fruit) 
is -

et al., 2012). Mango seed kernels (MSK) contain 85-80% of 
carbohydrates, 6-13% of proteins and 6-16% of fats.  Mango 
seed kernels (MSKP) contain essential amino acids and its 

-
ARRA, 2014). Plant-derived proteins are becoming more 

or substitutes of the environmentally costly production of 

Seed proteins may have preventative and protective ben-

cardiovascular disease, hypercholesterolemia and diabetes 

of uncovered proteins and their hydrolysates derived from 

Various food proteins displayed distinguished anti-in-

suggesting the possibility of extraction of multifunctional 

-
cal reaction to external factors such as physical or chemi-

-

a characteristic situation of T2D progression (TURNER et 
al., 2014).

Most commonly used medications, such as immunosup-

-
pounds as alternatives for industrial remedies are a good 

Response surface methodology (RSM) is an extraction 
-

plex calculations. This method creates suitable experimen-
tal design that incorporates all of the tested variables and 
utilizes the data entry from the experiment to produce a set 

-

-
cipal material to optimize extraction of functional protein by 

environment. 

Materials and methods

Materials
-

jing University of Chinese Medicine (Nanjing, China). The 

from Sigma Chemical Co. The Primary and secondary an-

analytical grade.

Methods

Preparation of Mango seeds kernel

20 o

obtaining the kernels by removing the outer cover by hand. 

electronic mill (BRAWN, Model 2001 DL, Germany) to get 

polyethylene bags at 4 °C until further analysis.

Extraction of Mango seeds kernel protein

The extraction process of Mango seeds kernel protein 
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-

-

Determination of protein content

-
-

Serum Albumin (BSA).

Response surface experimental design

on the results of single – factor experiments. The single 

-
-

three independent variables at three levels based on results 
of single factor experiments. As indicated in (Table 1), the 

-

variables and the responses in BBD.

points of the independent parameters.

After applying optimized conditions, the resulted MSKP 
-
-

sis cell (Bio-Rad, Hercules, CA, USA). After the application 

using staining solution composed of glacial acetic acid, Coo-

using solution of 50% methanol and 10% glacial acetic acid. 

per plate using a generator (PS 500-2 Sigma-Aldrich). The 

a density of 1 × 105 -

2) in 

-
rine cells and incubated in incubator for 12 h. A volume of 

-

-

Assay of nitrite oxide

Assay of cytokine production

-
-

5

-
ing to guidelines of protocol manufacturing.
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Fig. 1.
and time (c) on protein content.

).

Western blot analysis

-

by Semi-Dry Electrophoretic Transfer Cell. Then, the gel 

secondary antibody type (HRP-conjugated goat anti-rabbit 
secondary antibody (1:50000)) for 120 min. The enhanced 
chemiluminescence reagents (ECL, Amersham Biosciences, 

Statistical analysis

The data of single factors experiment, cell viability and 

-
mental design and analysis the data of RSM.

Results and discussion

Single factor investigation

-
tein content of mango seed kernel (MSK) as illustrated from 
Figure 1A. The percentage of mango seed kernel protein 

) increased by heating 
-

-
currence of denaturation and eventually reduced the protein 

-

other components inside seeds to form protein complexes  

-

-

hydrophobic surface and protein solvent hydrophilic surface 

-
ute and solvent is also improved to stimulate the solubility of 
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) increased from 40 to 80 min. 
-

cant ( ) changes in yield. Furthermore, the increasing 

0.05) decrease in MSKP content. The obtained results sug-
gested that extended extraction time did not enhance MSKP 

-
tive protein from cumin seed.

-

1

2 3 -
tigated using a BBD design. The ranges of each factor 

previous results of single factor experiment. The design sug-

(minimum -1, central 0 and maximum +1). The protein yield 
seemed to be varied depending on the extraction conditions 

1 2 3 120 min. The BBD tech-

Table 1. BBD and response values for Protein yield

Run Temperature X1 
( C) 

Bu er-to-
sample X2 

(mLg-1)

Time 
x3

 (min)

Protein 
yield 

(mg/g)
1 55 42.5 60 65.05
2 50 42.5 90 66.55
3 50 42.5 90 66.67
4 45 42.5 120 63.44
5 50 50 120 65.59
6 55 35 90 64.66
7 50 42.5 90 65.62
8 50 42.5 90 66.17
9 45 50 90 63.96
10 50 35 60 61.42
11 45 35 90 61.65
12 50 50 60 66.49
13 55 42.5 120 68.97
14 55 50 90 65.59
15 45 42.5 60 62.92
16 50 35 120 65.00
17 50 42.5 90 66.99

the F
the P

-

(WANG et al., 2016). Moreover, the determined variables 
F-value becomes 

greater and the P

in Table (2) .
Table 2. 

Source Sum of 
Square

Mean 
square Signif.

Protein 
content
Model 58.04 6.45 13.42 0.0012 Signif.

X1- 
Temperature 18.91 18.91 39.35 0.0004

X2

to sample 9.9 9.9 20.6 0.0027

X3-Time 6.34 6.34 13.19 0.0084
1 2 0.48 0.48 0.99 0.3527
1 3 2.89 2.89 6.01 0.044
2 3 5.02 5.02 10.44 0.0144

Residual 3.36 0.48

2.26 0.75 0.98 0.1785
Not 

signif.
Pure error 1.1 0.28

Adj 0.8748

0.9452
C.V. 1.06

X1 + 1.11 X2 + 0.89 X3 - 0.35 
X1X2+ 0.85 X1X3 - 1.12 X2X3 2 -1.45 X22 - 0.32 
X32           (3)

1 2, time 

3

1 3 2 3 1
2

2
2.  

2 -
cient of (adj.R2
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Figure 2.

Figure 3.
protein marker.

Analysis of response surfaces
The three-dimensional shape in (Figure 2 A-C) and the 

protein content. Circular contour plot expresses that the inter-

the elliptical contour shape suggests that the corresponding 

Actually, the elliptical shape in (Figure 2 D-F) suggests 
-

-

-

-

-

values to facilitate the practical experiment to be temperature 

 SDS-Page characterization of MSKP

electrophoretic mobility to notice protein bands as indi-
cated in (Figure 3). The electrophoresis patterns of MSKP 

-
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Figure 4.

ing on the globulin considers the principal storage protein 

Additionally, another principal protein band of 27.6 kDa ex-

Anti-in ammatory e ect of MSKP

-

-
-

concentrations from MSKP in the cultured media caused re-
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Figure 5.

analysis (E).

of LPS treatment alone. The current results revealed that 
-

order. Similar results by the inhibition of the expression of 

 L. seeds 
proteins inside culture media (CHAN-ZAPATA et al., 2019). 
Additionally, the extracted protein from seeds of Myristica 
fragrans 

chemotactic protein (MCP)-1, MCP-3 of RAW 264.7 mouse 
macrophages (LEE & PARK, 2011).

-

-

-

biochemical changes in cells and tissues exposed to tested 
-

to LPS treatment group alone. At the highest concentration 

Conclusion

yield of MSKP. The application of RSM depending on single 

-
traction conditions corresponding to extraction temperature 

-
cal and biological properties of MSKP is recommended.

Acknowledgments

Research Center, Egypt and department of food science and 
technology, Kafrelshiekh university, Egypt.

Con ict of interest

References
1. 

glucosides isolated from Syzygium cumini pulp by high 
Journal of food 

(6), 1050-1062.
2. 

-
traction optimisation, antioxidant activity and inhibition 

the seeds of Syzygium cumini. International journal of 
(6), 2084-2093.



3525

3. 
-

product protein hydrolysates by peptic hydrolysis. Food 
(1), 92-98.

4. Alencar, W. S., Acayanka, E., Lima, E. C., Royer, B., de 
-

cation of Mangifera indica (mango) seeds as a biosor-
-

ous solution and study of the biosorption mechanism. 
, 577-588.

5. Atkinson, A. C., & Donev, A. N. (1992). -
.

6. Bradford, M. M. (1976). A rapid and sensitive method 

utilizing the principle of protein-dye binding. Analyti-
(1-2), 248-254.

7. 
-
-

tions isolated from Salvia hispanica L. seeds. Food and 
(1), 786-803.

8. 

A. M., Poletto, P., & Zeni, M. (2010). Characterization 
of asymmetric membranes of cellulose acetate from 

Carbohydrate 
(3), 954-961.

9. Diarra, S. S. (2014). Potential of mango (Mangifera in-
dica L.) seed kernel as a feed ingredient for poultry: a re-

(2), 279-288.
10. Nanotoxic-

ity,  (pp. 87-97): Springer.
11. 

(2015). Mango (Mangifera indica L.) by-products and 

183, 173-180.
12. 

immune system: A clear and clean immunology text. Jour-
(1), 94-94.

13. 
trout hemoglobin conformations and solubility after ex-
posure to acid and alkali pH. Journal of agricultural 

(11), 3633-3643.
14. 

gossypol protein from cottonseed: Characterization 
based on antioxidant activity, structural morphology 
and functional group analysis. , 110692.

15. 
of myristicin on RAW 264.7 macrophages stimulated 

(8), 
7132-7142.

16. Lima-Cabello, E., Morales-Santana, S., Foley, R. C., 

, 510-519.
17. 

(2018). Functional components in Scutellaria barbata 

cells. (1), 31-40.
18. 

-
traction optimisation of daphnoretin from root bark of 
Wikstroemia indica (L.) CA and its anti-tumour activity 
tests. (4), 1500-1506.

19. -
tus (Nelumbo nucifera) seed protein isolate exerts anti-

International 
, 791-797.

20. -
-

extracts from edible mushrooms in LPS activated RAW 
264.7 macrophages. (2), 350-355.

21. 
-

dures for analysis of benzoic and sorbic acids in food-
(3), 469-473.

22. Muralidhar, R. V., Chirumamila, R., Marchant, R., & 
Nigam, P. (2001). A response surface approach for the 
comparison of lipase production by Candida cylindra-

Biochemical 
(1), 17-23.

23. Nasi, A., Picariello, G., & Ferranti, P. (2009). Proteomic 
approaches to study structure, functions and toxicity of 
legume seeds lectins. Perspectives for the assessment of 

(3), 
527-538.

24. 
characterisation of the 7S globulin storage protein from 
sesame (Sesamum indicum L.). (3), 
926-934.

25. -
rero, L. A., & Betancur-Ancona, D. A. (2013). Biologi-



BARAKAT AHMED BARAKAT  et al

3526

cal potential of chia (Salvia hispanica L.) protein hy-
drolysates and their incorporation into functional foods. 

(2), 723-731.
26. 

-
(1), 23-32.

27. 
cumin seed (Cuminum cyminum): optimization and char-
acterization studies. , 178-187.

28. Turner, M. D., Nedjai, B., Hurst, T., & Pennington, D. 

Biochimica 

1843(11), 2563-2582.
29. 

(2013). Almond protein hydrolysate fraction modulates the 

activated macrophages. (5), 777-783.
30. 

-
lenges. 
56(5), 835-857.

31. 
-
-

saccharide-treated RAW264. 7 macrophages and poten-
tial mechanisms. , 
332-342.

32. 
-

traction, characterization and antioxidant activity of 
polysaccharides from Brassica rapa L. International 

, 979-988.
33. -

tein concentrate: Production and functional properties 
(1), 121-

129. & al. [16b & al. (2017) 
[16c]), lipases (M. A. M. E. 



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

Original paper

Characterization of exopolysaccharide produced  
by Ganoderma sp. TP  

and its immunomodulatory properties
PRI A S. AD ER ER1, TRUPTI  AS1*, CHI TA   APADIA2

1Food Quality Testing Laboratory, N M College of Agriculture, Navsari Agricultural University, 

2Department of Plant Molecular Biology and Biotechnology, Aspee College of Horticulture and For-

 *Corresponding author:

Received for publication, August, 8, 2022
Accepted, August 11, 2022

Abstract

Keywords

Mushrooms have an excellent nutritional value and are referred to as healthy food. They are a good 

(EPS), having high antioxidant activity. Hence, the present study aims to characterize a mushroom 

-

stage. Rheological analysis suggested it is dilatants in nature. Antioxidant activity measured by ABTS 
-

amined using the MDA-MB-231 cell line and found 63.49% cell inhibition compared to control. Thus, 
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Introduction
Medicinal mushrooms are used for their health-pro-

moting properties and nutritional value and as a possible 
complementary for treating diseases. Many mushrooms are 

-
pan, Korea, and some other South-Eastern countries have 
used it for 3000 years as a medicinal mushroom in a num-

or nutritional properties to mushrooms, are called bioactive 
molecules. Some mushroom metabolites, including polysac-
charides, glycoprotein, and proteoglycans, have the poten-
tial to modulate immune system response and inhibit tumor 

-
betic properties[6].

-
bohydrates secreted by an organism into the surrounding en-
vironment, are composed of sugar residues. The Biochemi-
cal properties of the EPSs depend on the primary structure of 
the EPS. The kind of glycosidic bonds and monomer types 
are important in determining their medicinal properties. 
Many medicinal mushrooms produce exopolysaccharides 

-
ity, superoxide radical scavenging, reducing properties, lipid 
peroxidation inhibition, suppression of proliferation and 

mushrooms like 
 etc., are 

also capable of providing antitumor activity[7]. 

-
-

study aims to characterize EPS for its antioxidant and anti-
tumor activity. 

Materials and Methods

Collection and isolation of mushroom sample:
-

lected from Navsari Agricultural University, Navsari campus 

carried out on potato dextrose agar (PDA) plates. For the 

stored on PDA slant at 4°C until the use.

Identi cation of mushroom
-
-

molecular characterization DNA from mushroom sample 
-

homology and submitted to GenBank.

Extraction of EPS 

prepared from dried samples using a blender for EPS extrac-

-

uanti cation of carbohydrate content  
The carbohydrate of crude sample and extracted EPS 

Characterization of EPS
-
-

TLC, HPLC, NMR and TGA analysis.

-

Thin Layer Chromatography [12] 

-
ca gel 60 (F254 Merck, Germany) using ethyl acetate: acetic 

the development of colored spots. Type of sugar present in 
-

HPLC (High Performance Liquid Chromatography) 

-

2 4 in 
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NMR

TGA analysis

also carried out in the N2 atmosphere at the heating rate of 
-

Rheology
-

301 (Anton Paar) at shear rate from 0.01 s-1 to 196 1000 s-1 
C.  

Antioxidant activity 
-

-

Antitumor Activity

inhibitory activity against the human breast cancer cell lines 
(MDA-MB-231) by MTT assay[16]. For the assay, the cells 

-

-

-
tion and Asample is the absorbance of the of the sample.

Results and Discussion

Collection and isolation of Mushrooms
-

-

Identi cation of mushroom

-

Ganoderma sp. Hence, it is 
named Ganoderma

Extraction of EPS

-

Figure 1. DNA of mushroom (a) phylogenetic tree of 
Ganoderma sp TP (b)
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uanti cation of carbohydrate content  

-

mushroom and EPS samples. 

Characterization of EPS

FTIR analysis

-
-

polysaccharide. The absorption band at 2924 cm-1 suggests 

1150-900 cm-1 is characteristic of carbohydrates and cor-

-

 HPLC analysis

of monomers in the EPS structure. Samples containing ara-

NMR

-
-

structure (Fig 3b). 

TGA analysis

-

-

molecules. Second stage degradation at 300 ºC corresponds 

after the second stage.

Rheology
Shear stress and viscosity of EPS produced by Gano-

-

model”. Hence it can also be used as a thickening agent.

Antioxidant activity

-

inhibition of radical ABTS molecules. The third assay used 

 Antitumor activity

an MTT assay. The assay is based on the cleavage of the tet-
razolium salt MTT in the presence of an electron-coupling 
reagent. To examine antitumor activity, MDA-MB-231 cells 

Figure 2. Ganoderma sp TP

TLC analysis

To identify monomers of the EPS sample, partial puri-
-

standard sugar arabinose, lactose, and ribose.
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-
centrations and incubated for 4 hrs. Formazan produced af-

absorbance directly correlates to the number of viable cells. 
-

-

mazan color production decreased gradually as EPS concen-

-

concentration.
-

tems to neutralize free radicals as free radicals could dam-
age macromolecules, resulting in serious diseases. Many 
researchers have been done exploring potential natural 
antioxidants to reduce oxidative damage. Mushrooms are 
one such source of sustainable bioactive compounds that 
have been consumed for thousands of years. Polysaccha-
rides are important bioactive components produced by 
many mushrooms.

Figure 3. 1H NMR (a) and 13C NMR (b) spectrum of EPS produced by Ganoderma sp. TP

Figure 4.
of EPS after 24-hour incubation (c)
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18S rDNA as Ganoderma sp. TP and submitted to Genbank. 

-

published data [17, 18, 19]. EPS extracted using ethanol ex-
traction method from Ganoderma -

of carbohydrates extracted from Ganoderma lucidum
Gan-

oderma sp. TP compared to  (241.8 
-

carbohydrate in EPS extracted from 
is higher than EPS from Ganoderma sp.

Polysaccharides are made up of monomeric sugar linked 

or heteropolymer, either linear or containing branched side 

the versatile nature of EPS, it carries much biological infor-
mation and helps identify structural diversity. These diverse 
structures provide regulatory mechanisms for cell-cell inter-

-

-

TLC and HPLC analysis of the exopolysaccharide ex-
tracted from Ganoderma -
binose, lactose, and ribose monomers. The polysaccharides 
isolated from Ganoderma constitute glucose, mannose, ga-

-

be bound to protein or peptide residues [2, 26, 27, 28, 29, 

of glucose, galactose, and mannose in the ratio of 69–93%, 
4–19%, 2–8%, and 1–5%, respectively, in the EPS extracted 
from Ganoderma lucidum [32]. EPS extracted from Gano-
derma lucidum contained glucose, galactose, mannose, ara-
binose, and rhamnose in a ratio of 332:55:32:13:3, respec-

EPS.
EPS structure from Ganoderma sinense -

ized by NMR spectroscopy and revealed that it contained 
mannose, glucosamine, glucuronic acid, N-acetyl- ß-D-glu-
cosamine, glucose, and galactose as EPS monomers [25]. 

-
ed previously by several researchers using various methods. 
Methods such as 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

6-sulfonic acid) (ABTS) radical scavenging, ferric reducing 
-

determine the antioxidant activities of polysaccharides from 
various kinds of samples [34, 35, 36, 37(pp. 119 –132)]. 
The result of antioxidant activity by EPS suggests that it has 
almost similar activity by ABTS and DPPH assay. Mahen-

-
Gano-

derma lucidum, DPPH radical scavenging ability of crude 
EPS of G. lucidum
scavenging activity of Ganoderma sp. TP (84.58%) [38]. G. 
lucidum -

reported here [39].
Here, EPS extracted from Ganoderma -

ated on the MDA-MB-231 breast cancer cell line by MTT 

from G. lucidum -
-

cites carcinoma cells [40]. Polysaccharides PG-1 and PG-2 
from G. lucidum have immunomodulatory properties and 

cancer cell line MDA-MB-23141. Their results are in accor-

Ganoderma sinense produces a polysaccharide 

small-cell lung cancer (NSCLC) [41]. Thus, polysaccharide 

cell lung cancer. A similar study also revealed that EPS ex-
tracted from Ganoderma sp. had been reported for its anti-

-

cellulose-containing triterpenes from Ganoderma lucidum; 
the second layer of polyvinyl alcohol have polysaccharide 
from G. lucidum [43]. Carcinoma cells, such as SGC-7901, 

only antitumor but exopolysaccharide from Ganoderma sp. 
has also been reported for their antioxidant, antiviral, anti-
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Conclusion
Ganoderma sp TP (Accession No. MF614913) contains 

-
charide molecules. Chemical characterization of EPS by 
various analyses revealed that Ganoderma sp TP contain-
ing novel monomer arabinose, lactose, and ribose monomer 

antioxidant activity measured by ABTS and DPPH suggests 
-

press tumor cell lines, as evidenced by 63.49 % cell inhibi-
tion of the MDA-MB-231 cell line. Hence, EPS produced 
by Ganoderma
from Ganoderma sp., can be used as a potential immuno-

in insight mechanism as an antitumor agent. Thus, EPS ex-
tracted from Ganoderma sp TP can be used as a food supple-
ment to boost immunity.

Acknowledgments

of Microbiology, Vanbandhu College of Veterinary Science 
& Animal Husbandry, Kamdhenu University for providing 
laboratory facility to conduct MTT assay. 

Con icts of Interest

References
1. 

22(2) ,634 (2021). 
2. -

saccharide produced by Ganoderma sp TV1 and its po-

Prod from Nat, 7, 72,80 (2017). 
3. -

-

and other biological potentials. Front Pharmacol, 11, 
6023 (2021). 

4. 
Promising anticancer activity of polysaccharides and 
other macromolecules derived from oyster mushroom 

(Pleurotus  -
mol, 182, 1628, 1637 (2021).

5. 

Ganoderma formosanum exopolysaccharides inhibit tu-

11251 (2021).
6. -

-

Antioxidants, 10(12), 1899 (2021). 
7. -

2, 1,15 (2012). 
8. 

method for prepration of a fungal genomic DNA for PCR 

9. 
ZHANG, Chemical composition and antitumor activity 
of polysaccharide from 
Res, 5,1251, 1260 (2011).   

10. 
-

Carbo-
hydr Res, 344, 217, 222 (2009).

11. -
-

mination of sugars. Nature,  168,167(1951).  
12. Sugars and Derivatives In : 

, 2nd ed, E. STAHL, eds.,  

1969, pp. 807 – 837.
13. 

the FRAP assay. Analyt Biochem, 239, 70, 76 (1996).
14. 

activity applyi ng an improved ABTS radical cation 
decolorization assay. Free Radical Biol Med, 26 ,1231, 
1237 (1999).

15. 

by DPPH assay of potential solutions to be applied on 

16. 
-

17. 
-

ride from mycelial culture of Grifola frondosa and its 



PRIYA S. VADNERKER et al

3534

-

Microbiol Lett, 251, 347, 354 (2005). 
18. -

-
search. Carbohydr Polym, 90, 1395, 1410 (2012). 

19. 
-
-

tory activity from fermentation broth of Morchella coni-
ca

20. 

21. -

-
opolysaccharide from  as a 

-

10 (2014).  
22. -

-
lular polysaccharides of -
azeki) and characterization of their immunomodulatory 

23. -

-
Lentinus edodes heterogalactan: Antinociceptive 

537 (2008).
24. -

polysaccharides from medicinal mushroom Ganoderma 
lucidum
Plants Res, 7(31), 2323, 2329 (2013). 

25. 

monosaccharide composition of Ganoderma lucidum 
exopolysaccharide and on activities of related enzymes. 
Carbo Pol, 133, 104, 109 (2015). 

26. 
M.M. RAHMAN, An antioxidant polysaccharide from 
Ganoderma lucidum induces apoptotic activity in breast 
cancer cell line. bioRxiv 2022. 

27. -
moting of Polysaccharides Extracted from Ganoderma 
lucidum. Nutrients, 13(8), 2725, 1, 14 (2021).    

28. 
Ganoderma 

lucidum
Bacteroides ovatus and B. uniformis
Foods, 92, 105069, 1, 11 (2022).

29. 

the Polypore Fungus Ganoderma resinaceum
and Structure. Polymers, 14, 255, 1, 18 (2022).

30. 

-
munomodulatory Activity of a High Molecular Weight 
Polysaccharide From Ganoderma lucidum. Front Nutr, 
9, 846080,1,12 (2022).

31. 

WU, Genetic diversity and main functional composi-
tion of Lingzhi strains from main producing areas in 
China. AMB Expr, 11, 119, 1, 13 (2021). 

32. 
-

Ganoderma lucidum 
exopolysaccharides structural features. Carbohydr 
Polym, 111, 936, 946 (2014). 

33. 

polysaccharide from submerged cultured Ganoderma 
lucidum. Arch Pharm Res, 37, 1530, 1537 (2014). 

34. -

-
-

Food Res, 4, 100130 ,1, 19 (2021). 
35. -

dant activity of the polysaccharides extracted from Ly-
cium barbarum
497 (2007).

36. 
Pleurotus 

eryngii after heat treatments. Food Chem, 197, 240, 249 
(2016). 

37. 
-

dant and antiviral properties to boost immunity against 
Immunity boosting functional foods to 



Characterization of exopolysaccharide produced by Ganoderma sp. TP 

3535

combat COVID-19. 1st

Abingdon, 2021, pp 119 – 132.
38. 

Antioxidant properties of Ganoderma Lucidum crude 

39. -

capacities of Ganoderma lucidum (Curtis) P. Karst 
and Funalia trogii (Berk.) Bondartsev & Singer by 

.
512, 516 (2011). 

40. 

-

non-clinical studies. Nutrients, 13(6), 1, 25 (2021). 
41.  

Ganoderma 
Sinense - rice bran fermentation products and their anti-

tumor activities on non-small-cell lung cancer. BMC 
Complement Med Ther, 21, 169 (2021). 

42. 

CHEN, WSG, a glucose-rich polysaccharide from Gan-
oderma lucidum

-
mers, 13, 4353 (2021). 

43. 
drug release from electrospun multi-layer nanostruc-

44. 

Compounds and Antioxidant Activity of Four Native 
Species of the Ganodermataceae Family (Agaricomy-

23(8), 65, 
76 (2021).

45. 
-

19. Food Chem Adv, 1, 100023, 1, 16 (2022). 



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

Original paper

In vitro elicitation supports the enrichment 
of 2H4MB production in callus suspension cultures 

of D. hamiltonii Wight & Arn
UMASHA AR PPADA, PRADEEP MATAM, GIRIDHAR PAR ATAM*

Ph :- +91-8212516501; Email address: giridharp@cftri.res.in (P.Giridhar);  
 *Corresponding author:

Received for publication: June, 10, 2022 
Accepted: July 11, 2022

Abstract

Keywords

in vitro production of 2-Hydroxy-4-Methoxy Benzaldehyde (2H4MB), a 
structural isomer of vanillin from callus suspension cultures of 
In vitro

-1 -1 
th m-

topolin  (m m-
-1 DW, 0.27 mg100g-1 DW 

and 0.21 mg100g-1 of 2H4MB production respectively by 4th

improves 2H4MB content in callus suspension cultures of D. hamiltonii.
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Introduction
Secondary metabolites produced by the plants have 

. 
Flavors originate from the natural sources mostly from 
plants have high commercial value. Vanillin is one such 

-
and V. tahiten-

sis are major natural sources for the production of vanillin 

of natural vanillin, synthetically manufactured vanillin is 
brought in to application to meet the demand. But this has 
not been readily accepted in some countries due to regula-
tory guidelines thereby natural vanillin is having persistent 
demand (Vaithanomsat P & al [1]). 2-Hydroxy-4-meth-
oxybenzaldehyde (2H4MB) is an isomer of vanillin, has 

-
thetic vanillin. 2H4MB is reported to synthesized through 

-
cies such as 
(Mehmood Z & al [2]), Mondia whytei and root bark of 

 [3]). Biochemical 
characterization of key step involved in 2H4MB produc-
tion in D. hamiltonii  

tubers 2H4MB constitutes 96% 
of volatile oil, hence is the major aromatic compound and 

have many bioactive properties like antioxidant antimicro-
bial, and hepatoprotective etc. (Pradeep M & al [6]. This 
endemic plant D. hamiltonii
been constantly over exploited from ages for various ap-
plications for its rich aroma and bioactives and currently in 
the state of endanger. 

in 
vitro production of secondary metabolites in plant cell sus-
pension cultures has been reported from various food and 

 tis-

& al [8]), (Sharma S & al [9]) shoot tips (Giridhar P & al 
[10]), and in vitro

suspension cultures (Pradeep M & al [12]). Nitric oxide as a 
bioactive molecule is biosynthesized during plant pathogen 

antioxidant properties in plants (Delledonne M & al [13]). 

al [16]), defense responses (Arun M & al [17]) and in vitro 
regeneration (Tan BC & al [18]). SNP at high concentrations 
stimulated various secondary metabolites such as catharan-
thine in Catharantuse roseus 

-
vonoids in Ginkgo biloba in vitro cultures (El-Beltagi HS & 
al [21]). Meta-topolin (N6-(meta-hydroxybenzyl) adenine) is 
a highly active aromatic, unconventional cytokinin isolated 
and characterized from poplar leaves (Strnad M & al [22]). 
Meta-t opolin (m in vitro 

mT to 
induce organogenesis from somatic embryo derived cotyle-
don explants in Cassava (Chauhan RD & al [24]), 
stricta (Souza M & al [25]) and Corylus colurna (Gentile A 

stress in sugar cane micropropagation (Souza M & al [27]) 
Amburana cearensis (Vas-

elicitation on callus suspension cultures of D. hamiltonii. As 

-
proach in enhancement of metabolites (Saini RK& al [30]), 
(Sridevi V & al [31]). Biotic and abiotic elicitors are report-
ed to increase accumulation of metabolites in plant in vitro 
and in vivo

-
m-topolin, sodium 

D. hamiltonii 
and its metabolites are available. 

Materials and methods 

Chemicals
Murashige and Skoog medium, 2, 4-Dichlorophenoxy-

acetic acid, (2, 4-D ), Kinetin (Kn ), m-topolin and Sodium 
-

-
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Plant material and culture conditions
D. hamiltonii Wight & Arn., 

-

-1) 

3), (Murashige 
.v-1) sucrose (Hi-media, 

.v-1) of agar (Hi-media, Mumbai) at 
-2 s-1 light for 16 h photoperiod. 

-
tion. 

Callus induction and development of suspension 
cultures 

explants for callus induction. Leaves from seedling plant 

-

(not for suspension culture) (Pradeep M & al [12]). The pH 

-2 s-1 light for 16 h photoperiod. These calluses 

-

in 16 h photoperiod.

Elicitor treatment 

Preparation of elicitor stock solution

Stock solution of 1M concentration m- -
-

-

in vitro callus cell suspension cultures of D. hamiltonii.

Elicitation in callus suspension cultures

m- -

-
st 

to 4th

Extraction of metabolites 

described earlier (Pradeep M & al [12]). Callus from sus-

at 350 

-
umes of ethyl acetate and centrifuged at 10,000 rpm for 15 

-

Screening of avour metabolites  
by HPLC and MS analysis 

-
D. ham-

iltonii

-

phase contained Methanol: Acetonitrile: Water: Acetic acid 
-

-1 throughout analysis and the de-
-

tively injected and mean area for three replicate analyses 

based on the retention time for the corresponding standard. 

negative(Pradeep M & al [11]). 

Statistical analysis
-

-
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Results and discussion

Culture establishment

of 2 mgL-1 2,4-D and 0.5 mgL-1 -
mass and 2H4MB content is observed to be good (Pradeep 

suspension cultures had some physical changes that include 

light greenish colored callus cells start changing their color 

-1

-1 of biomass (Fig 2a ). Maxi-

-1

-1

mg 100 g-1 DW).

m-topolin gave the highest level 
-

trol. The results obtained for D. hamiltonii callus cultures 
-

-

-
-1

mT as a cytokinin 
inducer (Fig.4). HPLC analysis of ethyl acetate extract of 
suspension cultures resulted in the detection of 2H4MB 

in standard HPLC chromatogram. Quantitative HPLC de-
termination (Fig. 3) of respective metabolites in samples 

in mT treated suspension cultures. m- topolin is reported 
to be used as an alternative to cytokinin in tissue culture 

in vitro 
morphogenesis, rhizogenesis and increase biochemical 

A & al [26], (Ahmad A & al [37]). Meta-topolin induced 
in vitro regeneration and enhanced the secondary metabo-

lites in the leaf tissues (Khanam MN & al [38]). (Aremu 

mT

to prevent oxidative stress in sugar cane micro propaga-

Amburana cearensis

Elicitation with Pectin 

comparison to control. The maximum accumulation 
-1

-
-

Gymnema sylvestre R. 
Br (VeerashreeV & al [40]). Pectin involved in activat-
ing secondary metabolism in M. citrifolia cell suspension 
cultures (Dornenburg H & al [41]), 

 [42] , and 

a practically and fundamentally diverse class of galac-

physicochemical properties (Wolf S & al [44]). 

 Elicitation with Sodium nitroprusside (SNP)

The results obtained for D. hamiltonii callus cultures 

2H4MB (Fig. 6). The maximum accumulation of 2H4MB 
-1 -

-
ous environmental and hormonal stimuli are transmitted 

auxin 2,4-D is reported to improve cell division that leads 
to embryonic cell formation in Medicago sativa (Ahmad 
N & al [36]) and shoot multiplication in vanilla (Tan BC 
& al [18]).

Conclusion 

2H4MB from callus suspension cultures has been demon-
strated. The feeding of mT , SNP and pectin to D. hamil-
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tonii callus suspension culture medium supports the aug-

in 4.5 folds under m
2.4 folds in presence of pectin and sodium nitroprusside, 

-
duction of 2H4MB. The optimized culture conditions con-
ceivably can be applied for scale-up studies for 2H4MB 
production.

Figure 1. A In vitro plants germinated from seeds (bar=10 cm); B In vitro seedlings of D. hamiltonii (bar=10 cm); C Callus 
  D

 E 

Figure 2. a)
b)

Figure 3 A) 2H4MB standard; B) Chromatogram of 
C) 
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Introduction
Volatile oils, also called essential oils, are secreted by 

-
panes and diterpenes. Terpenic compounds are hydrocar-
bons and oxygenated derivatives such as oxides, ketones, 
aldehydes, alcohols or their acids, and terpenic alcohols can 

From vegetable products, volatile oils can be obtained 

apolar solvents, by means of fats or by pressing [3].
Volatile oils provide important pharmacological proper-

ties, incuding the inhib ition of  antibiotic-resistant bacteria 
-
-

tus, rosemary, thyme and oregano against multidrug resistant 
bacterial strains belonging to the ESKAPE (Enterococcus 

and 
) group. The oils tested in the present study, 

including lavender, cloves, eucalyptus, rosemary, thyme and 
-

terial, bacteriostatic and antiseptic properties [2, 6].

Materials and methods
The study included 30 bacterial strains, both Gram posi-

tive and Gram negative, isolated from patients admitted to the 
Cardiovascular Surgery section of a hospital in Bucharest.

The strains belonged to the  (12 strains), 
Acinetobacter (8 strains),  (5 strains) and 
Pseudomonas (5 strains) genera. The sources of isolation are 

-
tained by seeding the strains studied on solid TSA media 
( ) and incubation at 37 oC.

producers, i.e. Fares and TrioVerde (Table 5). 

Table 1. Bacterial strains belonging  
to the  aureus

Number Bacterial strains Source of isolation
1 882 Blood culture
2  3118 Nasal exudate

3 Wound secretion

4 2971 Nasal exudate
5 3051 Nasal exudate

Table 2. Bacterial strains belonging  
to the  Pseudomonas aeruginosa 

Number Bacterial strains Source of isolation
1 Pseudomonas aeruginosa 5034 Tracheal secretions

2 Pseudomonas aeruginosa 914
Central venous 

catheter
3 Pseudomonas aeruginosa 1044 Wound secretion
4 Pseudomonas aeruginosa 1441 Urinalysis
5 Pseudomonas aeruginosa 845 Blood culture

Table 3. Bacterial strains belonging  
to the Acinetobacter baumannii

Number Bacterial strains Source of isolation
1 Acinetobacter baumannii 1989 Wound secretions
2 Acinetobacter baumannii 1177 Wound secretions
3 Acinetobacter baumannii 475 Tracheal secretions
4 Acinetobacter baumannii 437 Tracheal secretions
5 Acinetobacter baumannii 863 Wound secretions
6 Acinetobacter baumannii 693 Wound secretions
7 Acinetobacter baumannii 621 Tracheal secretions
8 Acinetobacter baumannii 676 Tracheal secretions

Table 4. Bacterial strains belonging  
to the 

Number Bacterial strains 
Source of 
isolation

1  2583 Anal portage

2  1526
Central venous 

catheter
3   2576 Anal portage
4  2268 Urinalysis
5  5662 Urinalysis
6 Urinalysis

7  6984
Wound  

secretions
8 Urinalysis

9  6003
Wound  

secretions
10  6980 Urinalysis
11  2460 Anal portage
12 Urinalysis

Table 5. Bacterial strains belonging  
to the 

Code Name Provider
1 Lavender Fares
2 Cloves Fares

3
Eucalyptus (contains 
globulus and limonene leaf oil)

TrioVerde

4 Rosemary Fares
5 Thyme Fares

6 of Origanum vulgare, carvacrol, 
linalol, thymol and limonene)

TrioVerde
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Method of qualitative testing of the antimicrobial 
activity of the essential oils

-

of 4 mm distributed in Petri dishes (Ø = 10 cm) a stan-

18-20 h belonging to the studied bacterial strains, density 
-

land 0.5 standard.

placed in the spot on the surface of the seeded medium. Af-

at 37°C. 
-

Method of  the quantitative testing of the 
antimicrobial activity of the essential oils

-

-
-

Results and Discussions

The results of the qualitative tests to evaluate the 
antimicrobial activity of the essential oils

-
-

ity of all 30 strains to the testes essential oils, by measuring 
the values   of all diameters of inhibition zones and calculat-

-
tive results of this test (Figures 1, 2).

Analyzing the Figures 1 and 2, it can be seen that the 

-

P. aeruginosa

Table 6. S. aureus strains

S. aureus-Diameter of the inhibition zone (mm)
Bacterial strain codes Lavender Clove Eucalyptus Rosemary Thyme

S. aureus 882 11 12 8 10 22* 27*

S. aureus 3118 12 19 15 10 23* 22*

S. aureus 20 15 10 8 22* 31*

S. aureus 2971 9 13 13 14 40* 33*

S. aureus 3051 10 12 16 12 45* 33*
Average diameters 12,42857143 15,1428571 13,285714 10,71428571 28,285714 30,8571429

 * oil diluted in  

Table 7. P. aeruginosa strains

P. aeruginosa – Diameter of the inhibition zone (mm)
Bacterial strain 

codes
Lavander Clove Eucalyptus Rosemary Thyme

P. aeruginosa 5034 11 14 15 11 23** 32**

P. aeruginosa 914 9 27 12 12 28* 40*

P. aeruginosa 1044 9 11 10 9 19* 36*

P. aeruginosa 1441 10 28 12 11 26** 40**

P. aeruginosa 845 11 20 11 11 22** 34**

Average diameters 10,5 20 11,833333 10,83333333 24,666667 37,6666667
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Table 8. A. baumannii strains

baumannii- Diameter of the inhibition zone (mm)

Bacterial strain codes Lavander Clove Eucalyptus Rosemary Thyme

A. baumannii 1989 13 16 20 12 32* 38*

A. baumannii 1177 10 12 9 10 21* 22*

A. baumannii 475 13 16 9 9 25** 15**

A. baumannii 437 11 14 10 10 26* 39*

 A. baumannii 863 17 11 19 10 17* 30*

 A. baumannii 693 16 20 20 23 40** 39**

 A. baumannii 621 15 18 17 10 23** 28**

A. baumannii 676 11 9 10 10 35* 36*

Average diameters 13 13,8947368 12,736842 10,89473684 24,473684 29,8421053

Table 9.  strains

. - Diameter of the inhibition zone (mm)

Bacterial strain codes Lavander Clove Eucalyptus Rosemary Thyme

 2583 12 12 9 11 30* 20*

 1526 11 10 9 9 19* 18*

 2576 10 12 10 9 15* 13*

 2268 11 10 9 10 42* 32*

 5662 14 11 10 9 30* 26*

 17 11 10 9 15* 16*

 6984 8 10 8 10 16* 11*

 14 10 9 9 24* 29*

 6003 10 12 8 10 23* 30*

 6980 8 9 9 9 19* 14*

 2460 12 11 10 11 17* 18*

 11 16 10 10 25* 38*

Average diameters 11,81481481 11,7037037 9,4814815 9,814814815 22,777778 24,2592593

Figure 1.
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inhibitory diameter against S. aureus strains. Clove essential 

clinical strains of P. aeruginosa.
-

sample of essential oil separately, at the end also establish-

-
corded for the essential oils of oregano, cloves and thyme, 

oils.
Regarding the degree of sensitivity of bacterial strains, 

-

-

mary, eucaliptus and lavender expressed much higher 

Among the tested bacterial strains, the most susceptible 
prove to be the S. aureus strains.

Conclusions

proved to be the essential oils of thyme, oregano and cloves, 

inhibition against all tested bacterial strains belonging to the 
ESKAPE group. 

-
ity against P. aeruginosa
largest inhibitory diameter against S. aureus strains.

Figure 2.

Figure 3.
strains.
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-

-
ano, thyme and cloves. This experimental approach may 

combat the emerging global threat of multiple drug resis-
tance.
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Introduction

are of great interest to both consumers and food manufac-

-
FULLER -

uted to probiotic bacteria can be summarized as nutritional 
-

thesis of vitamins, increase in natural resistance to infec-
tious diseases of the intestinal tract, prevention of diarrhea, 
reduction of serum cholesterol and lactose intolerance, en-
hancement of immune system, pre-digestion of proteins, 

maintenance of mucosal integrity (  and -
 [2];  and  [3];  and 

 [4]). The most commonly used probiot-
ics in many functional foods and nutritional supplements 
are  and Lactobacillus, the members of the 

, B. 
, B. breve, B. infantis, , 

, L. helveticus, L. rhamnosus, L. reuteri and 
L. casei

-
 and  [5];  [6]; 

 & al [7]; SHAH [8];  and 
 [4]).

Prebiotics, such as fructo-oligosac-
charides, gluco-oligosaccharides galacto-oligosaccharides, 
xylo-oligosaccharides, isomalto-oligosaccharides, gentio-
oligosaccharides, lactulose, lactitol, lactosucrose, polydex-

-

-
biotic bacteria (  and  [5]; -

 [6];  and  [3];  & al [9]; 
 and  [14;  & al 

[10];  & al [11]). Prebiotics are short-
-

out being digested in the stomach and small intestine. They 

as Lactobacillus spp. and  spp. in the large 
intestine. The synergic combinations of probiotics and 
prebiotics in nutritional supplements and foods are called 
synbiotics. 

The human gastrointestinal tract is a kinetic micro-
ecosystem that enables normal physiological functions of 
host organism unless harmful and potentially pathogenic 

-
-

the microbiota in the gut (  and  
[5]; and  [3];   and 

 [4];  & al [10]). Prebiotic com-
pounds are consumed by probiotics as a carbon or energy 

-
-

6 – 109 
viable probiotic cells per day (LEE and  
[12]). Therefore, the concentration of probiotic bacteria 
in a functional food product is suggested to be 108 cfu 

-

foods must contain a minimum viable microorganism 

the processing, transportation, storage, and marketing 

crucial role, probiotics must survive in the acidic condi-
tions of the stomach and be delivered to the intestines in 
high numbers. After stomach passage, the probiotic bac-

also reduce their survival. For this reason, it is extremely 
important to select the appropriate carrier foods and pre-

-
nal tract. 

in our previous study (MUMCU and  [14]). The 
results of our previous study indicated that an appropriate 
prebiotic substance should be selected for each probiotic 

-

of the probiotic strains increases. 

resistance of probiotics to the gastrointestinal conditions, the 

prebiotics on the resistance and viability of probiotic bacte-
ria in vitro acid and bile environment (as simulated gastroin-
testinal conditions). 
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Materials and methods

Probiotic cultures
 ATCC 4356,  

LA-5 (Chr. Hansen, Denmark),  
ATCC 15969 and B. animalis subsp. lactis BB-12 (B. lactis 
BB-12; Chr. Hansen, Denmark), purchased in lyophilized 

 

Sharpe, Merck) at 37 °C for 24 hours. spp. 
-

ial Medium, Fluka) under anaerobic incubation conditions 

37 °C for 24 hours.

Prebiotics
As prebiotics, commercial preparations of fructooligo-

-

-

results of our previous study (MUMCU and  [14]), 
 ATCC 4356 

and 
B. lactis BB-12 

Basic growth media

 LA-5 and 
B. lactis BB-12, respectively.

juice)

oC for 15 min.
Bile solution (similar to intestine)

oC for 
15 min.

E ects of prebiotics to acid tolerance (  
assay)

For acid tolerance assay, the sterilized saline solutions 

-

-

and incubated at 37 °C for 24 h. After the incubation, bacte-

-

directly to 0.5% NaCl solution (pH 5.35) for control. These 

-

viable cell number levels.

E ects of prebiotics  
to bile tolerance (  assay) 

For bile tolerance assay, the sterilized bile solution con-

-

-

and incubated at 37 °C for 24 h. After the incubation, the 
-

suspensions to 25 ml of sterile bile solution. Same amount 

-

evaluated based on the changes in viable cell number levels 
in bile-containing media.

Statistical analyses 

-

Results and Dicussions
Probiotic bacteria should survive during the passage 

through the stomach and the small intestine and reach 
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results of our previous study (MUMCU and  [14]) 
indicated that an appropriate prebiotic substance should be 

the probiotic strains also increases. -
lus ATCC 4356 and  LA-5 exhibited the best 

 ATCC 
B. lactis

 ATCC 4356 and 

B. lactis -

at maximum level in the trials of the present study. The sur-
vival capability of tested bacteria strains varied in terms of 

HERNANDEZ & 
al [15] reported that resistance to gastrointestinal conditions 
in Lactobacillus strains is dependent on the type of carbon 
source and strain. 

E ects of the prebiotics on acid resistance  
of the probiotic bacteria

 ATCC 4356 and 
evaluated according to the changes in the viable bacterial 
cell numbers during 3 hours of incubation at pH 1, pH 2 and 
pH 3 (Figure 1 and Figure 2). Both  strains 

-

property of both -
cording to the results obtained at pH 2 trials. As it can be 

of incubation at pH 2 medium. Both  strains 

both 
ml. The initial viable cell numbers of  ATCC 
4356 and  LA-5 decreased to 4 log and 4.9 log 

after 3 hours of incubation at pH 2. 

 
(MUMCU 

-
tance of both  strains ( ). According to 
the results of  and UNAL

-
ability of 
conditions. -

levels of 

 LA-5 
 ATCC 4356.

-
erty of 
acid resistance property of B. lactis

Figure 1. L. 

at pH 1, 2 and 3)

Figure 2. L. 

1, 2 and 3)
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according to the changes in the viable bacterial cell numbers 
during 3 h of incubation at pH 1, pH 2 and pH 3 (Figure 3 
and Figure 4). Both 
to be sensitive to pH 1 medium, as similarly -
lus
after 30 min of incubation.  ATCC 15696 strain 

B. lactis BB-12. 
No viable 

-
tion,  the viable cell count results of  ATCC 15696 

of 
-

of  ATCC 15696 strain ( ). The initial vi-
 

-
cubation at pH 3. The acid resistance property of  

-
 

highly sensitive to pH 1 and 2 and the test prebiotics could 

at those pH values.
Contrary to the results from  ATCC 15696 tri-

als, the viable cell count results of B. lactis BB-12 obtained 
-

of B. lactis

B. ani-
malis subsp. lactis BB-12 strain ( ). The initial viable 

-

and GLU, respectively after 3 hours of incubation at pH 2. 

both 
B. lactis 

BB-12 is more acid resistant strain than  ATCC 
15696.

E ects of the prebiotics on bile resistance  
of the probiotic bacteria

-
erty of  ATCC 4356 and  LA-5 

-
rial cell numbers during 24 hours of incubation at 0.5% bile 
solution (Figure 5 and Figure 6). The initial viable bacterial 
cell levels of both 

resistance property of both  strains can be eas-

incubation. The viable cell counts of  ATCC 
4356 and  LA-5 detected at the third hour 

hour of the incubation, the viable cell levels of -
lus
and at the end of the 24-hour incubation, the viable cells 

the viable cell levels of  LA-5 at the third and 

Figure 3.  

and 3)

Figure 4.
B.animalis subsp. lactis BB-12 (viable cell count as log 
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-

of  strains (
-

served in the transition from the sixth hour of incubation to 
the 24-hour incubation of both test strains. The viable cell 
level of 
of the 24-hour incubation period in the medium containing 

determined at the end of 24-hour incubation. According to 
these results, it is possible to say that bile resistance of L. 

 LA-5 is much more higher than  

properties of  both 

 LA-5 during the incubation period compared 
to  ATCC 4356.

-
tion of the bile resistance of -

B. lactis BB-12 (Figure 7 and Figure 8). 
 ATCC 15696 exhibited the highest bile resistance 

on the bile resistance ( ). 
found to be seriously sensitive to 0.5% bile culture medium. 

-

in the bile culture media. After three hours of the incubation, 
the viable cell counts of  ATCC 15696 decreased 

media, respectively. At the end of the 24 hour incubation, the 
presence of viable cells could not be detected in the control 
sample either. B. lactis -
tance to 0.5% bile culture medium. 

-
ing the incubation period. After 24 hours of incubation in bile 
solutions, viable bacterial cell levels of B. lactis

and GLU containing bile culture media, respectively. When 
the results obtained are evaluated comparatively, it is pos-
sible to say that the bile resistance of B. lactis BB-12 is much 
higher than that of  ATCC 15696. While the pre-

B. lactis BB-12 strain during the 24-hour incubation period, 
 

ATCC 15696 strain only to a certain level until the third hour 
of incubation (Figure 7 and Figure 8).

Figure 5. L. 

Figure 6. L. 

Figure 7.  

Figure 8. B.animalis 
subsp. lactis
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The overall results of the present study indicated that 
commercial probiotic strains,  LA-5 and B. 
lactis BB-12 exhibited higher acid and bile resistance char-

-
sible to compare the acid and bile resistance property of the 
tested probiotic bacterial strains by looking at the viable cell 

B. lactis 
B. 

lactis
tested bacteria strains. While the viability of the other pro-
biotic strains in the acid medium decreased 4.5-7 log units, 
the viable bacterial cell level of B. lactis BB-12 decreased 
around 2.7 log unit only. After 24 hours of incubation, the 
viable cell level of B. lactis

-
able cells could not be determined in the other probiotic 
strains. Although B. lactis

-
crease in the viable cell level occurred.  and UNAL 

starch (Hi-maize) on viability of  La-5, B. ani-
malis subsp. lactis BB-12, and 
under simulated gastrointestinal conditions. They found that 
B. animalis subsp. lactis BB--12 presented higher survival 
rates under gastrointestinal stress than  La-5. 
The higher survivability of B. animalis subsp. lactis BB-12 
compared to that of  La-5 during in vitro simu-
lated gastrointestinal conditions has also been reported by 
some other researchers (  & al [17];  & al 
[18];  & al [19];   and PENNA 
[20]). & al [21] demonstrated that B. ani-
malis subsp. lactis -

AMBALAM 
& al [22], the high resistance property of B. animalis sub-
sp. lactis
VERNAZZA

-
ception of B. lactis

B. lac-
tis BB-12 and B. infantis
bile-containing medium as demonstrated by the high viable 
counts.   & al [24] pointed out that resistance 
property of a B. animalis strain to the simulated gastrointes-

those of L. casei and  strains.

and bile resistance properties of the tested probiotic bacte-
ria. enhanced 

the acid and bile resistance properties of the test probiotic 
strains. Acid and bile resistant characteristics of -
lus ATCC 4356 and 

bile resistance characteristics of  ATCC 15969 and 
B. lactis -

acid and bile resistance properties of LA-5 to a higher level 
lactis BB-

for increasing the acid and bile resistance of the probiotic 
strains. 

property of the probiotic strains in the simulated gastroin-
testinal conditions has been investigated by some research-
ers.  and UNAL
resistance property of 

resistant starch improved the acid and bile resistance prop-
erty of B. animalis BB-12. Nevertheless, there are also some 

-
fect on the survival of some commercial probiotics under 
gastrointestinal conditions. The study of  & al 

byproduct of the soymilk industry) into the fermented soy 
L. acido-

 La-5 and B. animalis BB-12 under in vitro simulated 
gastrointestinal conditions. VERNAZZA & al [23] found 

upon the type of matrix (  & al [19]). CASA-
 & al [19] used MRS, milk and milk supplemented 

protected the probiotic strains from the deleterious condi-
tions of the gastrointestinal conditions. These results suggest 
that it is critical to formulate the food matrix to be used as 

probiotic bacteria should be viable in the product upon con-
sumption (SHAH [8]). Like prebiotics, the components of 

stomach and bile environment.  WANG & al [25] demon-
strated that the delivery of L. casei Zhang through fermented 
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the pure culture suspended in sterile saline solution. For this 
reason, it can be said that the use of foods as a carrier in 

-

 
tolerance to the simulated gastrointestinal conditions, spe-

B. animalis subsp. lactis after 28 days 
of storage (  and PENNA [20]). The results of 
the present study indicate that the type of prebiotic exhibit a 

of probiotics under simulated gastrointestinal conditions.

Conclusions
-

ability and metabolic activity in the gastrointestinal envi-

-

and survival of probiotics in the gastrointestinal tract, thus 
the appropriate carrier foods and prebiotics should be se-

in vitro analysis used in this study provided information 
about the survival rate of probiotic bacteria under gastro-

-
proving the acid and bile resistance of the test probiotics. 

-
teristics of probiotics to gastrointestinal conditions. As a 
result of this study, it is possible to say that  
LA-5 and B. animalis subsp. lactis
resistant strains against acid and bile exposure than the 

increased chance of reaching to the large intestine in suf-

properties of probiotic organisms to gastrointestinal con-

acid and bile resistance properties of probiotics could vary 

The results of this study indicated that the selection of ap-
propriate probiotics and their appropriate prebiotics to be 
added to functional products is very important. The results 
suggest that it is critical to formulate the food matrix to be 
used as probiotic and prebiotic carrier. Therefore, choos-

prebiotics for the manufacture of functional products can 
contribute to maintain the viability of probiotic bacteria 

other hand, the in vivo
in the laboratory and the conditions of stomach and bile in 

the gastrointestinal system may vary by individual hosts. 
Thus, in vivo
in vitro studies. 
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Objective: -
sible mechanism. 
Methods: 
model, detected the impact of ligustrazine on chondrocyte apoptosis through TUNEL and Western blot, applied Western 

impacts of ligustrazine and ligustrazine+PF573228 on cartilage histomorphology, and applied Western blot to detect the 
impacts of ligustrazine and ligustrazine+PF573228 on apoptotic proteins, matrix-degrading enzymes and matrix-related 
proteins in cartilage tissue. 
Results: 

and improved cartilage histomorphology. 
Conclusion: 
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Introduction

secondary degeneration and structural disorder of the articular 
cartilage of the knee joint. Accompanied by subchondral hy-
perosteogeny and cartilage exfoliation, the joints are gradually 

knee joint dysfunction [1]. The main clinical manifestations are 
-

severe cases, it is the key reason for joint dysfunction, even 
pain and disability in the elderly [2]. Every epidemiological 

disease every year. The incidence of knee osteoarthritis is vi-
-

For men, the elderly is at high risk of knee osteoarthritis. The 
prevalence rate can reach about 50% for people over 65, and 
about 80% for those over 75 [3].

At present, joint replacement clinically is still the main 
therapy for treating end-stage knee osteoarthritis, and there 

-
thritis from entering end-stage [4]

been fully studied. Among them, a large amount of evidence 
-

currence and development, and the number of chondrocyte 
[5]. Chon-

drocytes are key in the structure of cartilage tissue. Mature 

chondrocytes enter the apoptotic process, they are almost 
-

clined extracellular matrix synthesis and enhanced degrada-
[6]. At present, it is 

generally believed that inhibiting chondrocyte apoptosis is 

Ligustrazine is the main active ingredient in the tradi-
tional Chinese medicine Ligusticum chuanxiong Hort. Li-
gustrazine injection has long been applied to treat ischemic 
stroke, coronary heart disease, diabetic nephropathy, and 
knee arthritis [7]

-

have pointed out that ligustrazine is available to signally 
inhibit osteoarthritis-induced articular cartilage degrada-
tion. For example, the research by Liang [8] et al. pointed 
out that ligustrazine is available to reduce GAG degrada-

-

in oxidative stress, inhibit chondrocyte apoptosis, and re-
duce mitochondrial membrane potential [9]. But at present, 
the main mechanism of ligustrazine inhibiting chondrocyte 

probe into the main mechanism of ligustrazine inhibiting 
chondrocyte apoptosis, thus providing a basis for the clinical 
application of ligustrazine.

Methods

Primary chondrocyte culture
The isolation and culture of human-derived chondro-

cytes are as described above [10]. Here is a brief description in 

our team processed normal human articular cartilage tissues, 
-

-

saline (PBS), and the cultured the extracted chondrocytes 
-

Western blot

-
fuge at 14000×g for 30 min at 4°C, and taken the supernate. 
We applied the BCA experiment to determine the protein 
content of the sample and adjusted it to the same concentra-

SDS-polyacrylamide gel (Bio-Rad, USA), and later trans-

milk for 1 hour, our team incubated the primary antibody 

the peroxidase-bound secondary antibody for 2 hours, per-

TUNEL
-

drocyte apoptosis in situ, spread the primary chondrocytes 
-
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-

percentage of TUENL-positive cells (apoptosis).

ELISA to detect IL8 and MCP-1 level
After the drug treatment, our team collected the super-

applied BCA to detect the total cell protein contents, and 

Detection of NO and PGE2 contents in cell 
supernate

After the drug treatment, our team collected the supernate 

Animal feeding

-
perimental Animal Technology Co., Ltd. (production license 

number: No.1100112011035947 ), kept all experimental 
-

light and shade for 12 hours.

Osteoarthritis model [11]

team injected intraperitoneally 2% sodium pentobarbital 

made rabbits lie supine and fixed them, performed skin 
preparation skin on the right knee joint, and measured 
it. Later our team routinely disinfected the scope of sur-

longitudinal incision on the inside of the knee, separated 

and cut the joint capsule along the inner side, dislocated 

the knee joint to find the anterior cruciate ligament, cut 
-

sors, put the meniscus back into the joint cavity, straight-
ened the knee joint, reset the patella, and finally closed 

-

after random grouping, administered the animals in each 

Table 1. Test design for dosage

Groups 
Dosage 
(mg/kg)

Volume 
(ml/each)

The number 
of animals 

1
Normal 

control group 
0 2 20

2
Model control 

group 
0 2 20

3
Ligustrazine 

group
2 20

4
PF573228+ 
ligustrazine 

group
2 20

HE staining 

(Biyuntian Biological Technology Co., Ltd.) for staining in 

Statistical experiment method

X SD ).  

through t

our team analyzed the data of various indicators based on 

-

(P -

significant (P
P

analysis and applied SPSS 23.0 for the above statistical 
operations.
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Results

IL-1  induced chondrocyte apoptosis  
and increased metabolic activity  
in a dose-dependent manner

The pathological process of osteoarthritis is manifested 
as chondrocyte apoptosis, increased matrix degrading-
enzyme expression, enhanced extracellular matrix (ECM) 

in articular cartilage tissue. A large number of studies have 
-

phenotypes similar to that in the articular chondrocytes dur-

decomposition activity. Therefore, our team applied 0, 3, 

expression levels, including caspase-9, caspase-3, and cas-
pase-7 in a dose-dependent manner (P<0.05) (Figure 1A).

-
P<0.05), 

-
sion levels (P -

PGE2 contents in a dose-dependent manner (P<0.05) (Figure 

and catabolism activity in a dose-dependent manner.

Figure 1. IL-1  induced  chondrocyte apoptosis and enhanced its metabolic activity in a dose-dependent manner. 

P<0.05;
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Ligustrazine inhibited IL-1 -induced  
chondrocyte apoptosis 

Since articular cartilage completely relies on chondrocyte 
to maintain the extracellular matrix, damage to chondrocyte 

The degree of cartilage damage is certainly related to chon-
drocyte apoptosis. Chondrocyte apoptosis and matrix loss 
may form a positive feedback loop that promotes each other.

-

caspase-9, caspase-3, caspase-7, Bax, cytochrome c protein 
expressions (P

in the number of apoptotic cells (P
-

Ligustrazine inhibited IL-1 -induced  
increase in in ammation-related factors  
and metabolic activity

Aiming to further detect the impact of ligustrazine on 
-

els and enhanced metabolic activity, our team applied West-
ern blot to detect the impact of ligustrazine on MMP3 and 

P<0.05). 
-

-
ure 3A).

-

P<0.05) (Figure 3B). 

the metabolic activity.

Ligustrazine activated FAK/PI3K/Akt pathways
Aiming to probe into the relative mechanism of ligus-

trazine inhibiting chondrocyte apoptosis, increase in matrix 

Focal adhesion kinase (FAK) is a non-receptor tyrosine ki-
nase that accelerates cytoskeleton dynamics to regulate cell 

Figure 2. Ligustrazine inhibited IL-1 -induced chondrocytes apoptosis. Figure 2A Western blot test to detect the impact 
of ligustrazine on caspase-9, caspase-3, caspase -7, Bax, cytochrome c protein and other apoptotic protein levels (n=3). 

P P<0.05.
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movement. A large number of studies have pointed out that 
-
-

(P -
-
-

Figure 3. Ligustrazine inhibited IL-1 -induced increase in in ammation-related factor levels and enhanced 
metabolic activity. 

P<0.05; && 
P<0.05.

Figure 4. Ligustrazine activated the FAK/PI3K/Akt pathway. 

model group P P<0.05.
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Inhibiting FAK/PI3K/Akt pathway abolished the 
chondroprotective e ect of ligustrazine

-

PF573228+ligustrazine group elevated signally (P<0.05) 

-
pression levels in the PF573228+ligustrazine group elevated 
(P
decreased signally (P

and PGE2 contents in the cells in the PF573228+ligustrazine 

P

-
-

pression.

Ligustrazine improved OA-induced cartilage 
damage through activating FAK/PI3K/Akt 
pathway

-

protein expression levels elevated signally in the cartilage 
tissue in the ligustrazine treatment group (P

-
creased (P<0.05) (Figure 6A).

Aiming to further probe into the protective mechanism of 
ligustrazine on rabbit cartilage tissue damage at the in vivo 

Figure 5. Inhibiting FAK/PI3K/Akt pathway abolished the chondroprotective e ect of ligustrazine. Figure 5A Western 

P<0.05; && represented the ligustrazine 
group V.S.PF573228 + ligustrazine group P<0.05.
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meniscus tear of the right knee joint to investigate the pro-
tection mechanism of ligustrazine on rabbit cartilage tissue 

layer disappeared, and chondrocytes decreased. The mor-

Ligustrazine inhibited apoptosis induced by 
osteoarthritis model and enhanced metabolic 
activity 

-
mine the impact of ligustrazine and PF573228+ligustrazine 

-
gustrazine could visually inhibit the increase in caspase-9, 
caspase-3, caspase-7, Bax, and cytochrome c protein ex-
pression levels (P
group, PF573228+Ligustrazine signally elevated caspase-9, 
caspase-3, caspase-7, Bax, and cytochrome c protein expres-
sion levels (Figure 7A).

-

levels (P
expression levels (P -
trazine group, PF573228+ligustrazine observably elevated 

P<0.05), 

(P<0.05) (Figure 7B).

Discussion 
Knee osteoarthritis, among the most universal chronic 

joint diseases, features a high incidence among the elderly 
-

65. Due to aging population, the rising rate of obesity, and 
the lack of clear treatments to prevent the progression of this 
disease, its harm is still increasing [12] -
cades, treatment strategies for knee osteoarthritis have been 
greatly enriched, like non-drug, drug and surgical treatments 
[13] -

Figure 6. Ligustrazine improved cartilage damage induced by osteoarthritis through activating FAK/PI3K/Akt 
pathway. 

PF573228+ligustrazine group P<0.05; && represented the ligustrazine group V.S. model group P<0.05.
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Figure 7. Ligustrazine inhibited cell apoptosis induced by osteoarthritis model and enhanced metabolic activity. 
Figure 7A Western blot to detect the impact of PF573228+ligustrazine on apoptosis-related protein expression (n=3). Figure 

expression levels (n=3). ** represented the ligustrazine group V.S. PF573228+ligustrazine group P<0.05; && represented 
the ligustrazine group V.S. the model group P<0.05.

knee osteoarthritis. Ligustrazine is the main active ingredi-
ent in the traditional Chinese medicine Ligusticum chuanx-
iong Hort
a potential drug candidate for treating knee osteoarthritis [14]. 
Although clinical evidence reveals that ligustrazine is avail-
able to signally improve knee osteoarthritis, the relevant 
molecular mechanism is still not clear.

-
age in vitro and in vivo

-
in vitro 

and in vivo, inhibit the apoptotic proteins Bax, caspase-9, 

matrix-degrading enzymes MMP3 and MMP13 expres-

hypertrophy) protein expression level, and promote matrix 

in vivo
-

hibiting matrix synthesis [15]

results implied that ligustrazine could inhibit chondrocyte 
apoptosis, inhibit cartilage mechanism degradation, promote 

In vitro and in vivo, ligustrazine can inhibit chondrocyte 
apoptosis, cartilage mechanism degradation, and promote 

[16] pointed out that, ligus-
trazine inhibits chondrocyte apoptosis ex vivo and in vivo, 
protects cartilage tissue morphology, and inhibits cartilage 
mechanism degradation. As the only resident cells in car-
tilage tissue, chondrocytes adhere to the adjacent extracel-
lular matrix to survive. This phenomenon is called anchor-
age dependence [17]

pointed out that the destruction of proteoglycan and col-
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is the main pathological feature of cartilage degeneration. 
Therefore, the possible reason for chondrocyte apoptosis is 
under that pathological environment of knee osteoarthritis, 
the anchorage of chondrocytes to the extracellular matrix is 
destroyed [18]

[19]

-
in vitro is available 

to signally promote chondrocyte apoptosis. Since articular 
cartilage completely relies on chondrocyte to maintain the 
extracellular matrix, damage to chondrocyte function and 

-

ligustrazine is available to inhibit matrix degradation and 
-

tions.

cartilage matrix synthesis. FAK is a key molecule in the 

-
[20]

-
-

eling [21]. For example, Tao [22] et al. pointed out that miR-34a 
can promote articular chondrocyte proliferation and inhibit 

-
ditionally, Fan [23] et al. pointed out that miR-155 is available 
to inhibit cartilage matrix degradation and promote cartilage 

[24] et al. pointed out that ligustrazine 
can protect against myocardial injury induced by acute myo-

in vitro and in vivo ligustrazine is available to 
-

lage mechanism degradation, and promote cartilage matrix 
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Introduction

an outbreak in an animal facility in Copenhagen, Denmark 

-
public of the Congo, DRC), and the infection has since then 

been reported in 10 African countries and 4 countries out-

-

Surveillance for human monkeypox infections in ende-
mic areas is a real challenge. Poor infrastructure, scarce re-

monkeypox illness are some of the many problems encoun-
tered by surveillance systems. As more information is gained 

-

-
-

Characteristics of Poxvirus
The family Poxviridae consists of complex double 

stranded DNA viruses that are distinguished by their repli-
cation in the cytoplasm of vertebrate or invertebrate cells 

discovered in vertebrate: , , 
, , , , 

 and . They all share a similar 

reactivity. Poxviruses include human smallpox virus (Vario-

-

-

cleotide-long double-stranded DNA linear genome, contai-
ning 191 non-overlapping genes, and is a representative of 

Transmission of Monkeypox Virus 
Aerosol transmission has been demonstrated in ani-

mals and may explain a nosocomial outbreak in the Central 

-

11). Poverty and continued civil unrest force people to hunt 
small mammals (bushmeat) to obtain protein-richfood, thus 

-
keypox (PETERSEN et al. 10).

Clinical characteristics
The incubation period for monkeypoxcan range from 

-
tation of monkeypox infection can be similar to chickenpox, 
caused by varicella-zoster virus. Symptoms usually begin 

-

later, after the initial onset of symptoms, a rash or lesions 
can appear, usually beginning on the face and spreading 
throughout the body, often to the extremities rather than the 

monkeypox lesions can appear on the palms of the hands 

symptoms of monkeypox are usually self-limiting and spon-

Diagnosis
-

keypox during the 2022 outbreak that combine clinical, epi-
demiologic, and laboratory data. Diagnostic assays include 

-

poxvirus virions are found on electronmicroscopy. Histopa-
thologic analysis may demonstrate ballooning degeneration 
of keratinocytes, prominent spongiosis, dermal edema, and 
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Treatment

partial protection against infection and reduction in disease 

-
-

infection (HSE, 17).
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