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Reaction of the grapevine to the early defoliation is to mitigate its effects through compensatory growth
by producing more lateral shoots with a greater number of leaves. In this study, we evaluated the us-
age of non-destructive and continuous measurements of mean and lateral leaf area on the same shoots
for the purpose of monitoring the leaf area development and calculating relative leaf expansion rate -
RLER during vegetation. This study has shown that the grapevine’s ability to recover its leaf area after
defoliation depends mainly on the time when the defoliation occurs. Early defoliated vines had time to
compensate removed leaves by producing more lateral shoots with a greater number of leaves, which
resulted in a larger leaf area. With the decrease in the intensity of shoot growth during vegetation, the
recovery ability decreases, therefore, compensatory growth is not enough to restore the reduced leaf
area. Based on the value of RLER, if defoliation is performed in the period of intensive growth of
shoots, it affects the stagnation of the emergence of new shoots and leaves over several days, followed
by a period of re-growth. Very slow or no growth of shoots and leaves occurred after the veraison stage.
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Introduction

Leaf removal from the shoots in the fruiting zone is be-
coming common practice in vineyards with high quality wine
cultivars in Serbia. The main aim of defoliation is to improve
vine microclimate conditions, especially light conditions, as
well as temperature and humidity inside the canopy (SMART
[1]; Poni & al. [2]). Improved microclimate conditions prompt
accumulation of dry matter in grapes, anthocyanins and poly-
phenol compounds in berry skins (KLIEWER [3]; HUNTER
& al. [4]; SABBATINI & al. [5]; BAIANO & 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]; MOLITOR & al. [8]; GAM-
BETTA & al. [9]). The effect of defoliation mainly depends
on its intensity and the time of application. Early defoliation,
carried out within the intensive shoot growing phase, causes
the photosynthetic shock due to the removal of the photo-
synthetically active area and decreases the whole-vine pho-
tosynthesis (PETRIE & al. [10]; PALLIOTTI & al. [11]).
Total shoot photosynthesis level can be reduced by up to 70%,
which causes a halt in the sink organs’ development (PONI
& al. [12]). These modifications of the source-sink balance
can affect the grape and berry structure (COOMBE, [13];
INTRIERI & al. [14]; SABBATINI & al. [5]). The most
pronounced changes in the structure of grapes and berries oc-
cur when defoliation is performed in the phenological stages
of flowering and fruit set, when intensive divisions of berry
cells of young berries take place (PONI & al. [15]). During
the fruit set, the number of pericarp cell layers is determined
and each halt in assimilator inflow results in a decreased
cell number. In most studies with defoliation, it is neces-
sary to assess the consequent effect of leaf removal on leaf
area change. Leaf area is an important element in the study
of plant physiology, particularly when exploring the photo-
synthetic activity, canopy light conditions and water balance
of the plant and when assessing the impact of cultural prac-
tices (BESLIC & al. [16]). Furthermore, unfavorable weather
conditions, especially hail, diseases and pests can affect the
loss of the leaves and reduction of the leaf area. The natural
reaction of the grapevine on defoliation is to mitigate its ef-
fects through compensatory growth. Compensatory growth is
defined as the restoration of morphological and physiological
changes that occur in plants following defoliation (COLLIN
& al. [17]). Grapevine has a strong capacity of compensation
by producing more lateral shoots with a greater number of
leaves (CANDOLFI-VASCONCELOS & KOBLET [18];
PETRIE & al. [19]; KURTURAL & al. [20]), which is a re-
sponse to the disturbed source: sink relation and balancing
act of the grapevine canopy upon manipulation (Hunter [21]).

The most common method of quantification of the compen-
sation is comparing the performance of defoliated and un-
touched plants (HILBERT & al. [22]; ANTEN & al. [23]).
In this study, compensatory growth is defined as an increase
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.

The main aim of this study was to evaluate the changes
in RLER caused by different defoliation times and to quan-
tify its role as an indicator of compensation.

Material and methodes

The study was conducted from 2014 to 2016 at a com-
mercial vineyard planted with Prokupac (Vitis vinifera L.)
variety grafted on Kober 5bb (V. berlandieri x V. riparia)
rootstock. Study plots were located at the Toplicki Vinogradi
Winery near Prokuplje, Serbia. The location of the trial (lat.
43.12057” N; long. 21.25031” E; alt. 359 m) belongs to the
vine-growing region of Toplica, wine district of Prokuplje. It
has a temperate continental climate with an annual mean air
temperature of 11.4°C and a seasonal mean temperature of
17,0°C. Total annual rainfall averages 556.7 mm, with 347.4
mm of rainfall during the growing season. The vineyard soil
type is a lessive cambisol that has favorable physical char-
acteristics. The vineyard was planted in 2009 with a plant-
ing space of 2.5 x 0.8 m (5000 plants per ha). The training
system is a double Cordon de Royat with a trunk height of
60 cm. At pruning, six 2-node spurs were kept on the per-
manent cordon corresponding to a bud-load of 12 nodes per
vine. The standard vineyard management practices, except
main and lateral shoot tipping, were carried out in the study
plots. The trials were set in a random complete block design
with three blocks and four treatments per block. Defoliation
was carried out by hand removal of six basal leaves. The
vines were tagged and randomly assigned to the following
treatments: (K) non-defoliated (control); (v1) removal of
the first six basal leaves at the phenological stage 65 (full
flowering: 50% of flowerhoods fallen according to BBCH
scale, LORENZ & al. [24]); (v2) removal of the first six
basal leaves at the phenological stage 73 (berries groat sized,
ovary diameter varying from 3-5 mm); (v3) removal of the
first six basal leaves at the stage 81 (ripening begining — ve-
raison, berries begin to color).

The single leaf area, main shoot leaf area and lateral
shoot leaf area were estimated according to BESLIC & al.
[25]. During the period of 15-31 May of each year, 50 leaves
were randomly collected from various vines in all experi-
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mental treatments. The leaves were immediately placed in
plastic bags and kept and transported in a field refrigerator.
Leaf area (LA) and the length of two inferior leaf veins (1)
were measured using a computer scanner and Adobe Photo-
shop 7.0 in laboratory conditions. These data were used to
calculate the regression between I and LA. The obtained for-
mula (LA=—-111.3242 + 14.4764 x |; 1> =0,98) was used for
non-destructive calculation of leaf surface on the basis of leaf
vein length data collected in the vineyard. Also, during the
period of 15-31 May, 30 shoots were labeled randomly from
each treatment and used for calculating the leaf area during
vegetation. The main shoot leaf area (MLA) was calculated
for all labeled shoots individually. Leaf number (NL), the
largest (Lmax) and the smallest leaf area (Lmin) was then
determined for each main shoot. Multiple regression analy-
sis was used to obtain the relationship between the depen-
dent variable MLA1 and three independent variables (NL,
Lmax and Smin). The obtained formula (MLA=—1688.43 +
128.36 x NL +4.83 x Lmax + 14.02 x Lmin; r* = 0.892) was
used for non-destructive calculation of leaf surface area for
main shoots. For the lateral shoots leaf area (LLA), the anal-
ogous formula was used: LLA= —520.212 + 50.462 x NLI
+4.806 x Lmax + 3.739 x Lmin; 1> = 0.974). According to
the obtained formula, MLA, LLA and total leaf area (TLA =
MLA + LLA) were calculated during tree vegetation in the
next periods: first measurement was between 70 to 75 days
after bud break (DAB); the second was between 85 to 90
DAB; the third was between 100 to 110 DAB and the fourth
was between 125 to 130 DAB. Continuous LA measurement
in these intervals was used for calculating the relative leaf
expansion rate (RLER) that was calculated based on the
following formula (DZAMIC & al. [26]):

RLER = (InLA, — InLA ) / (t, ~ t,)

LA, — leaf area at the beginning of the observation (t,),
LA, —leaf area at the end of the observation (t,)

Data were processed and analyzed by standard statistical
methods using software packages Statistica v.9.0 (StatSoft
Inc., Tulsa, OK, USA). Differences between the treatments
were tested by F test and Duncan’s multiple range test.

Results and discussion

During the period of investigation, defoliation reduced
the lateral leaf area in v1 vines by 40% more than the values
found in other variants and control plants in the first mea-
surements (DAB 70-75, Table 1). The first measurements of
the LA were carried out about 20 days after defoliation of
vl vines. At that moment, the balance between source:sink

organs was still not established after the removal of the basal
leaves that are the source organs, which caused stagnation in
vegetative development and delayed the lateral shoot emer-
gence. Removal of the photosynthetic most active leaves
from the fruiting zone during flowering causes a significant
decrease in the whole vine photosynthesis and modifies the
source:sink relationship (OLLAT & GAUDILLERE [27];
PETRIE & al. [10]; PONI & al. [12]; FRIONI & al. [28]).
In a similar investigation of the defoliation effect on Prok-
upac (Vitis vinifera L.), BESLIC & al. [16] emphasized a
growth stagnation of up to 30 days after basal leaf removal
in stage 65 (BBCH scale). The next measurements were car-
ried out in the second half of July (DAB 85-90), during in-
tensive shoot growth and 20 days after v2 defoliation. This
removal of leaves and lateral shoots from six basal nodes
was reflected on LLA on v2 vines, in which the LLA was
reduced by 50% compared to the control plants. Differences
between v1 and v3, and the control plants, respectively, were
statistically significant, too. A similar relationship between
values of LLA were in the third measurements, which were
carried out in a period of decreased growth of main and
lateral shoots. Many investigations of grapevine growth in
temperate climates, show that the intensity of shoot growth
decreases from mid-summer (Mullis & al. [29]). The third
measurements were performed before defoliation (v3), so
there was no reduction in LLA of v3 vines. The fourth mea-
surements of LLA were carried out after the defoliation at
verasion (v3), when the final leaf area was mostly achieved.
Defoliation of v3 vines reduced their LLA by 30% in com-
parison to the control plants. At the end of the observed pe-
riod, significant differences in LLA were obtained between
the control plants and v2, and v3, respectively. V1 vines had
a significantly larger LLA with regard to v3. It is evident
that the early defoliated vines (v1, v2) had time to compen-
sate removed leaves by producing more lateral shoots with a
greater number of leaves, which resulted in larger total LLA.
As the intensity of shoot growth decreased during the vegeta-
tion, compensation growth was not sufficient to recover the
reduction of total leaf area. The growth of new shoots and
leaves was induced by lost source organs. Many studies have
shown that early defoliation causes an increase in both main
and lateral leaf area as a compensatory response (WEAVER
[30]; CANDOLFI-VASCONCELOS & KOBLET [31];
HUNTER [21]; KURTURAL & al. [20]). In similar agro-
ecological and experimental conditions, STEFANOVIC
[32] obtained a significant increase in the lateral leaf area on
the early defoliated Cabernet Sauvignon compared to both
defoliated vines at veraison and nondefoliated ones. Autor
emphasizes that the early defoliated vines were able to re-
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Table 1. Average values of lateral leaf area (LLA) (m?) by measurement terms (2014 — 2016).

LLA
Days after budbreak V1 V2 V3 Control
1(70-75) 0.100* 0.177° 0.194° 0.193°
1I (85-90) 0.353% 0.195° 0.414° 0.408°
111 (100-105) 0.523° 0.415° 0.615¢ 0.629¢
1V (125-130) 0.689¢ 0.602° 0.532* 0.759¢

a,b,c Values were grouped based on Duncan’s multiple range test (o = 0.05), where different letters within the same row denote
significant diferences between treatments. K - control; v1- removal of the first six basal leaves at the phenological stage 65 (BBCH
scale); v2 - removal of the first six basal leaves at the phenological stage 73; v3 - removal of the first six basal leaves at the stage 81.

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

Non-destructive and continuous measurements of MLA
and LLA area based on the same shoots allowed for the
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
vine was the highest on v1 and the lowest on v2 vines (Fig-
ure 1).

RLER-1 of lateral shoots on v1 vines was 72% higher
than v2 and 41% higher than v3 and the control vines. The
reason for the high value at vl and low at v2, lies in the time
of defoliation and the time of LA measurements. The second
measurement of LA was performed about 40 days after v1
and 20 days after v2 defoliation. During that period, v1 vines
passed through a period of slow growth of the main shoots
caused by the carbon assimilation depression (OLLAT &
GAUDILLERE, [27]; PETRIE & al. [10]). This was fol-
lowed by a period of lateral shoot emergence and their inten-
sive growth as compensation for the removed leaves. These
results are consistent with the previous experiment on defo-
liation at flowering stage (CANDOLFI-VASCONCELOS
& KOBLET [18]; PASTORE & al. [33]; ACIMOVIC &
al. [34]). Unlike the v1 vines, v2 vines were still in the phase
of slow growth which was caused by recently performed de-
foliation. The third measurement of LA and calculation of
RLER-2 were 30 days after v2 and 10 days before v3 defoli-
ation. On Figure 1. we can see that v2 vines have the highest
RLER values compared to other variants, but the differences
are not so pronounced as in the previous measurement. The
values of the v2 vine are about 30% higher compared to oth-
er variants. As mentioned above, the third measurement was
performed during the period of slower growth of the main
and lateral shoots, so the level of compensatory growth is
lower compared to shoots whose leaves were removed in
the phase of intensive growth. The last measurement and
RLER-3 calculations were performed about 10 days after
v3 defoliation, in the veraison phase, when the growth of
shoots is either very slow, or it stops. This result is in ac-
cordance with the previous studies (PASTORE & al. [33];

STEFANOVIC [32]). The authors emphasize a significant
reduction in the total leaf area in defoliated vines in verai-
son stage because there was no leaf regrowth after veraison.
For the calculated RLER based on the first and last leaf area
measurements, a similar situation was obtained. The RLER
of the main, lateral and all shoots on the vine were highest
on vl compared to all the variants between which there was
no significant difference. This is consistent with the previous
condition when the early defoliated vines had time to com-
pensate removed leaves by producing more lateral shoots
with more leaves.

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
expansion rate. The grapevine’s ability to recover the leaf
area after defoliation depends mainly on the time when de-
foliation occurs. This study has shown that early defoliated
vines had time to compensate their removed leaves by pro-
ducing more lateral shoots with a greater number of leaves,
which resulted in a larger leaf area. Moreover, the results
show that with a decrease in the intensity of shoot growth
during vegetation, the recovery ability decreases, so the
compensatory growth is not enough to restore the reduced
leaf area. Based on the values of the relative leaf expansion
rate, it can be concluded that defoliation in the period of in-
tensive growth of shoots affects the stagnation of emergence
of new shoots and leaves for several days, followed by a
period of regrowth. Very slow or no growth of shoots and
leaves occurs after the veraison stage.
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Eosinophilic bronchopneumopathy, formerly known as PIE (Pulmonary Infiltration with Eosinophils) syn-
drome, is defined as an inflammatory pathology characterized by the presence of eosinophilic infiltrate in the
lungs and bronchiolary structures. (CECILE CLERCX,2007). Canine eosinophilic bronchopneumopathy has
been described similarly to that present in humans, highlighting tropism for the airways and lungs, but also the
multitude of factors with the potential to trigger, which is why most of them are ranked with idiopathic factor.
(Sol Kim et al,2021). Cases of eosinophilic bronchopneumopathy have been identified in most canine breeds,
and according to current studies, the predisposition for large breeds under the age of 6, such as rottweilers,
Siberian Husky and Alaskan Malamute, has been reported. (C. Clercx 2017). The present case is represented
by a male, canine, of the Husky breed, who showed clinical respiratory signs, these were correlated with
complementary examinations such as laboratory examinations, cardiological examination, radiological and
endoscopic examination. Based on the haematological results, which present a marked eosinophilia, a dif-
ferentiated diagnostic protocol was achieved compared to possible parasitosis and reactions of autoimmune
type. Differential clinical diagnosis was made against dirofilariosis, angiostrongiliosis, lupus erythematosus,
mycotic pneumopathies. PCR technique was used to determine the possible parasites present, sample collec-
tion with the help of endoscopy from the pulmonary infiltrate with cytological examination. The diagnosis of
certainty was established on the basis of histopathological examination. He underwent treatment with cortico-
steroids, the evolution being favorable within 14 days of initialization of the treatment, with complete healing.

Dogs; Husky; Eosinophilic reactions; Immunological response; Repiratory diseases.
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Canine eosinophilic bronchopneumopathy

Introduction

The acquired immune system, by its excessive action,
can produce inflammatory reactions with secondary tissue
destruction,autoimmunization or amyloidosis. The reactions
were classified into 4 basic types:

= Type I reaction - Immediate hypersensitivity

= Reaction type II - Antibody-mediated cytotoxics

= Reaction type I1I - Based on antigen-antibody complexes

= Type IV reaction - Cell-mediated immune reac-
tions (Merck Veterinary, page 823)

Eosinophilic bronchopneumopathy is classified as a loca-
lized immediate hypersensitivity reaction and is frequently
associated with inflammatory infiltrates in the lung, mar-
ked eosinophilia at the peripheral blood level and increased
changes in serum globulins.

Pulmonary eosinophilia can occur in response to para-
sitic diseases (for example, Dirofilaria Spp, Dirofilaria im-
mitis, Angiostrongylus vasorum), fungal (for example,
Aspergillus), neoplastic (neoplastic formations in the upper
or lower respiratory tract) or as an immunological response
to external stimuli (foreign body, powders, etc.).

The cited clinical changes include changes in the general
condition (apathy, exercise intolerance, breathlessness, de-
creased body weight) and changes in the respiratory system
such as the presence of mucus in the upper respiratory tract,
coughing, jetting, “wheezing”.

This study focuses on establishing the diagnosis and
correlating it with minimally invasive methods (ultrasound,
X-ray, endoscopy, and laboratory examinations).

Differentiated clinical diagnosis consists in the exclusion
of migratory or stationary parasitosis in the lung, pneumopa-
thies or cardiopathies.

Materials and Methods

Data about the environment and the owner: Urban envi-
ronment, lives in the apartment, the owner supports the lack
of other allergenic factors such as: cigarette smoke, deter-
gents, room perfume, etc.

I

Figure 1. The patient in the consultation room

Patient data: Canine, Siberian Husky, male aged 6 years,
32 kg at the time of the first consultation, without known
allergies.

Anamnesis: Presented in the clinic for general consulta-
tion, showing cough with occasional progressive bronchor-
rhea, progressive dyspnea, respiratory noises, weight loss,
intolerance to moderate and low efforts. Appetite present,
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
38°C, no lymphonodal reaction on palpation, no visible le-
sions in the chest, neck or skull. At the auscultation of the
heart does not show pathological breath, at the ausculta-
tion of the pulmonary area a breath is perceived, it presents
cough with bronchorrhea, without pathological secretions at
the level of the nostrils.

Tablel. Biochemical examination results:

Test Results Reference Interval LOW NORMAL HIGH
Catalyst Dx (April 15, 2022 2:53 PM)

GLU 98 mgldL T4 - 143 [ 1 | |
CREA 0.9 mgidL. 05-18 L 1 1 I |
BUN 16 mgldL 7-27 [ 1 T |
BUN/CREA 18

PHOS 4.2 mgidl 25-868

ca 9.7 mgidL 7.9-12.0

i 7.3 grdL 52-8.2

ALB 3.0 grdL. 23-40

GLOB 4.3 gral 25-45

ALBIGLOB o7

ALT TIUL 10-125

ALKE 197 WL 23-212

GGT & UL 0-11

TBIL 0.2 mgidL 0.0-09

CHOL 146 mgidL 110 - 320

AMYL 418 UL 500 - 1500 Low

LIPA 1147 UL 200 - 1800 |
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Table 2. Haematological examination results:

Tust Results Interval LOW NORMAL HIGH
ProCyte Dx {April 15, 2022 2:46 PM)

RBC 727 ML 5.65-8.67

HCT aT% ATI-BIT

HEB 163 gL 13.1-205

Mev BSE1L B15-T35

MEH 22409 22-259 | |

McHE 2L 320-379

ROW 201% 1346217 [ |

KRETIC 10%

RETIC 835 KipL 10.0- 1100 [ 1 1 |
RETIC-HGB 242p9 223.296 [ | | 1 |
WHC 2553KL 505-1678  HigH | 1 | | |
SNEL 459%

LM 152%

HMONG 2%

%EDS 4%

%BASO 03%

MEU NTEKAL  285-1164  HGH |
Lym 357 ik, 108 810 |
MONO 1.07 Kt a16-112

EOS 877 KA 006-123  HIGH

8450 .07 Kiul 0.00-0.10 |

FLT 169 Kip 140 - 484 F

ey 1BEL a7.132  HGH

POW 1321 21124 1

PCT 0.22% 0.14-046 1 1

Results SNAPshot 4Dx and blade/blade:
Immitis Ag - Undetected

Anaplasma spp. AglgG- Areactiv

B. Burgdorferi AglgG- Areactiv
Ehrlichia spp. AglgG- Areactiv
Negative microfilarias - blade/slide test

Table 3. Results SNAPshot 4Dx and blade/blade:
Test
SMNAPshot Dx (April 15, §

Results

AF_spp Negative
EC-EE Magative
HW Nagative
Lyme Negative

It is recommended complete biochemical and hemato-  Figure 2.

logical examination, SNAPshot 4Dx, radiography of the
skull, neck and chest.

It is observed changes at the level of pancreatic amylase
-419 U/ L (reported to 500-1500 U / L), without other bio-
chemical changes, but it is found that the globulins are at the
upper limit - 4.3g / dL (reported to 2.5-4.5 g / dL).

During the haematological examination, significant
changes were found in the white line, also called the line of
defense, represented by WBC = 25.53 K/uL (relative to
5.05-16.76 K/uL), NEU=11.75 K/uL (relative to 2.98-11.64 K/
pul), EOS=8.77 K/uL (relative to 0.06-1.23 K/u L),
MPV=13.6 fL (relative to 8.7- 13.2 fL), thus identifying an
important increase that marks obvious eosinophilia and mild
neutrophilism. Taking into account the present results, I would
also like to highlight the values of monocytes and basophils

at the upper limit. Figure 3.

Radiographic image view LL- right

Radiographic image view LL— left
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Chest radiographic image:

Radiographically, the broncho-alveolar pattern is obser-
ved, with highlighting the bronchogram and thickening of
the bronchiolary walls.

Following the laboratory results and the radiographic
examination, we decided the need to perform a complete
cardiological examination from which the following conclu-
sions resulted:

= Lack of important morpho-functional changes from the
hemodynamic point of view

= Low systolic pulmonary arterial hypertension (without
a pathology of the left heart present)

= Dilation of the pulmonary trunk and lower left and right
pulmonary arteries

= ECG: sinus rhythm

= Average of systolic and diastolic blood pressure
values=155/75 mmHg

= PCR testing is recommended for D. Immitis and Angi-
ostrongylus vasorum, suspected a pneumopathy.

Table 4. PCR Test Results:

Babesia spp. Undetected
Dirofilaria immitis Undetected
Dirofilaria repens Undetected

Anapiasma spp Undetected

Ehrlichia spp. Undetected

Hepatozoon canis Undetected
Mycoplasma haemocanis Undetected

ia spp. genome by gPCR and melting curve analysis

Genome identification Dirofilariaimmitis* by gPCR and melting curve analysis
Identification of genome Dirofilaria repens* by gPCR and analysis of melting curves
/Anaplasma spp. genome identification* by RT-gPCR and melt curve analysis
Identification of genome Ehrlichia spp.* by RT-gPCR and analysis of melting curves
Identification of Hepatozoon canis* genome by qPCR and melting curve analysis

ly is* genome

by gPCR

Results PCR negative for Babesia spp., Hepatozoon ca-
nis, Anaplasma spp., Ehrlichia spp, Mycoplasma haemoca-
nis, Dirofilaria immitis si repens.

Test result Angiostrongylus vasorum - Negative.

Table 5. Result test Angiostrongylus vasorum

TEST
Angio Detect

RESULT

Negative

To confirm the diagnosis of canine eosinophilic bron-
chopneumopathy we recommended performing a Tracheo-

Bronchoscopy by examining the upper and lower respiratory
segment and then taking tissue and bronchoalveolar fluid
from the pulmonary lobes.

Preparation and anesthesia:

Broncho-alveolar lavage is performed under general
inhalation anesthesia. Pre-anesthesia clinical examina-
tion does not reveal significant changes. The patient is
present, with good general condition, restless. It is de-
cided to administer premedication intramuscularly with
Dexmedetomidine (2mcg/kg), Butorphanol (0.3 mg/kg)
and Ketamine (1 mg/kg). After the administration of the
premedication, the patient is left in a quiet and dark room
for 15 minutes. After sedation, a peripheral venous cath-
eter is mounted and the induction stage is passed. This
stage is performed with Propofol, 2 mg/ kg, followed by
orotracheal intubation with endotracheal probe of 10 mm.
Maintenance is done with Isoflurane and oxygen. Moni-
toring during anesthesia includes monitoring of heart rate,
heart rate, oxygen saturation and blood pressure measured
non-invasively. Fluidotherapy is provided with Ringer, at
arate of 4 ml/ kg / h.

Endoscope penetrates through the epiglottis, to the tra-
chea and lungs parallel to the endotracheal probe, taking care
that the balloon of the endotracheal probe is not unfluted.
After the end of the procedure, the patient is still monitored,
until the complete awakening.

Broncho-alveolar lavage:

She tried to take a tissue sample with the help of the
biopsy brush but it was revealed the presence of a yellow-
ish secretion and the semi-hard / ceruminous consistency.
Sampling was carried out using the cytology brush and then
taking bronchoalveolar fluid. An amount of 3ml/kg of sterile
saline was introduced into the bronchi and then tried to ex-
tract it. The samples were collected from the resulting liquid
and scraped.

Image 1. Appearance of endoscopic
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Image 2. Appearance of pulmonary infiltrate

Result cytological preparation examination:

Cell-rich smear with mucus in moderate quantity, against
the background of the numerous inflammatory cells pres-
ent, the dominant being eosinophilia, neutrophils and mac-
rophages are additionally identified. Normal-looking bron-
cho-alveolar epithelial cells.

Cytological appearance indicates an acute inflammatory
process.

Treatment:

I instituted treatment with corticoids (methylpredniso-
lone) per os for two weeks. After a week, significant im-
provements in general condition are noted, with increased
exercise tolerance and a decrease in the presence and inten-
sity of cough.

The final diagnosis being idiopathic canine eosinophilic
bronchopneumopathy.

Conclusions

It is found hematological changes of importance at the
level of the defense line, the presence of significant eo-
sinophilia (7 times higher relative to the maximum value)
cited in such pathologies, WBC about twice as high as
the maximum value, mild neutrophilia, which orient the
diagnosis to pathologies of an inflammatory or parasitic
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-
portance of endoscopy with sampling and CT performance
is emphasized.

It supports the multitude of triggers of pulmonary local-
ized inflammatory reactions.

It is supported to make a differentiated diagnosis against
parasites with pulmonary tropism.

Image 3. Appearance after broncho-alveolar lavage

The presence of cough as a characteristic sign is sup-
ported, along with dyspnea to varying degrees and intoler-
ance to exertion.

Clinical signs improved significantly within a few days
after treatment with an oral corticosteroid.

The possibility of predisposition for the Husky breed,
under the age of 6 years, known and noted in the framework
of international veterinary studies, is supported.

It is argued the importance of having a general clinical
consultation and an annual cardiological specialist consulta-
tion.

The importance of blood examinations is supported at
least twice a year.
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Use of Stabilized rice bran for preparing Beef Burger
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Abstract This study was performed to investigate the effect of thermal processing (microwave oven, roasting by dry heat
at 130°, for 10 and 20 min. and steaming by using an autoclave under atmospheric pressure for 10 and 20 min.)
on the stability of rice bran and the utilization of microwave stabilized rice bran as fat replacers in preparing
a low-fat beef burger. The obtained results revealed that: rice bran contained high levels of carbohydrates and
moderate amounts of ether extract and crude protein. No differences were detected in the refractive index of
rice bran oil among the stabilization procedures, whereas slight differences were found in the case of specific
gravity. When rice bran oil was subjected to stabilized procedures, the acid value, iodine value, peroxide value,
saponification value, and unsaponifiable matter were reduced. Moreover, the total saturated fatty acids content
of rice bran oil increased as a result of subjecting to stabilization procedures whereas the total unsaturated fatty
acid content decreased. The results show that stabilized rice bran is effective in improving the chemical and

functional characteristics of a beef burger.

Keywor ds Stabilized rice bran, low-fat beef burger, fat replacer
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Use of Stabilized rice bran for preparing Beef Burger

Introduction

High-fat diets are associated with several types of dis-
eases, such as obesity, hypertension, cerebral apoplexy,
myocardial infarction, diabetics, and coronary heart diseases
Husak et al. [1], therefore many consumers now, are look-
ing for no fat or low-fat versions of their traditional foods.
Modern consumers interested in low-fat diets have led the
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
functionality. In addition, it possesses high levels of mono-
unsaturated fatty acid, oleic acid, and very high levels of
antioxidant compounds including tocopherols, tocotrienols,
and oryzanols Godber et al. [2]. However, rice bran, a by-
product of rice milling was considered unfit for prolonged
storage and consumption, because of the enzyme lipase, rice
bran is no longer used as waste material. The stabilized 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
hence used as a food additive. Its major use as an additive in
foods is due to the dietary fibers present in it which confer
upon it the characteristics of a good laxative Kim et al. [4].
Rice bran is a low-cost byproduct of rice (Oryza sativa L.),
which is widely grown in many places of the world Ruk-
mini, and Raghuram [5]. In 2014, the worldwide production
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
protein, fat, crude fiber, carbohydrates, vitamins, minerals,
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
[8]. In addition, rice bran contains 88-89 % neutral lipids,
3-4 % waxes, 2-4 % free fatty acids, and approximately 4
% unsaponifiable Kim et al. [9]. However, because of its
enzymatic activity following rice dehulling, rice bran oil’s
use is limited. Rice bran is abundant in lipids, and excessive
lipase activity in the presence of endogenous lipoxygenase
induces rancidification of these lipids Paucar-Menacho et al.
[10]. Because of the lipid deterioration susceptibility of the
rice bran. To avoid fatty acid release, increase shelf life, and
allow commercialization for human consumption, it must be

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
in the outer layers of the rice kernel which is responsible
for the hydrolysis of triglycerides yielding glycerol and free
fatty acids. Lipoxygenase and peroxidase are also key en-
zymes responsible for the instability of rice bran Orthoefer
[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
untraditional matter. Refined rice bran oil and crude rice
bran oil may contain 1.5-2.6% and 5% unsaponifiable mat-
ter, respectively, while the unsaponifiable content of many
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
prevent cardiovascular diseases. However, numerous natural
antioxidants may be added to meat products to enhance their
health advantages. Malekian et al. [15] This work was un-
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
milling of a combination of three Egyptian rice (Oryza sati-
va L.) cultivars, namely Sakha 101, 105, and 106, which are
popular short-grain japonica varieties consumed in Egypt.
Rice bran samples were collected at the Rice Research and
Training Center (RRTC) in Sakha, Kafrelsheikh Governor-
ate, Egypt, during the 2020 growing season. The red muscle
beef, kidney fat, and other components necessary to make
beef burgers were obtained from a local market in Ka-
frelsheikh. The analytical grade chemicals used in the study
were obtained from El-Gomhouria for Trading Chemicals
and Medical Appliances in Tanta City, Egypt.

Methods

Rice bran conditioning

The full-fat raw bran was cleaned by removing the husk,
and the samples collected were free of impurities.
Stabilization of rice bran

Rice bran samples were subjected to different stabi-
lization methods as follows: the control was unstabilized
rice bran (Un-RB); the first sample was stabilized by MW
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treatment at  900W, for 2 min. and manually mixed ev-
ery minute according to Faria et al. [16]. The second and
third samples were separately roasted in a hot-air oven at
130°C for 10 min. (HAO1) and 20 min. (HAO2), respec-
tively Bagchi et al. [17]. The fourth and fifth samples were
steamed in the autoclave under atmospheric pressure for 10
min. (Autoclave 1) and 20 min. (Autoclave 2), respectively
Rosniyana et al. [18]. Finally, the bran samples were stored
in the dark at -10°C in water-tight containers until further
analyses.

For the clearer presentation of the samples, I suggest
you to insert a table and present the final notation and main
parameters for each sample. These notations should be the
same in all article.

Preparation of beef burger with different percentage
of stabilized rice bran

Beef meat and kidney fat were grounded separately
grounded in a meat grinder. The beef burger was formulated
to contain: 80% grounded red beef meat, 20% grounded
kidney fat, 18% (w/w) water, 1.5% salt, 0.3% black pep-
per (powder), 0.2% red pepper (powder) and 0.2% cum-
in (powder) as outlined by Aleson-Carbonell et al. [19].
Other burger formulations were added by substitution of fat
at levels of 5%, 10%, 15%, and 20%) of microwave stabi-
lized rice bran.

Gross chemical composition of the samples

Moisture, protein, ether extract, and ash contents were
analyzed according to A.O.A.C. [20]. Total carbohydrates
were calculated by differences.

Rice bran oil extraction

Rice bran oil was extracted from all bran samples by
slurring with four volumes of food grade hexane at room
temperature for 1 hr. Hexane was evaporated in a rotary
evaporator at 400C Kahlon et al. [21] .

Physical and chemical parameters of extracted oils
Rice bran oils’ refractive index, specific gravity, acid val-
ue, peroxide value, iodine value, saponification value, and

unsaponifiable matter were determined using the procedures
described in A.O.A.C. [20].

The fatty acid profile of rice bran oil samples
was determined

The methyl ester of fatty acids in rice bran oil samples
was evaluated using gas chromatography (GC) in accor-
dance with the A.O.A.C. method [20].
Beef burger cooking parameters

The beef burger studied samples were cooked using an
electrical grill (Arcelik Mini Firin, Turkey) at 300 °C (the

distance between heat source and the sample was 4 cm) for
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-
ples were carried out by well-trained 20 panelists of Food
Technology Research Institute (FTRI). Panelists were asked
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
The data were statistically analyzed by paired samples
T test analysis of variance (ANOVA) procedure with SPSS

software (Version 16.0, SPSS Inc., Chicago, IL) software as
described by Steel, R.G. and Torrie [24].

Results and discussion

Chemical composition of rice bran samples

Many factors influence the chemical composition of rice
bran, including rice type, variance in organic compounds in
the soil, fertilizer used, climatic and environmental condi-
[25].
As a result, chemical compositions were obtained in order

tions, milling degree, and treatments El-Bana et al.

to investigate the previously indicated treatments and their
influence on the quality of the various samples. The results
presented in Table 1, shows the chemical composition of
Un-RB and rice bran after the various stabilizing processes
MW, HAO1, HAO2, and Autoclave 1 and 2. The moisture
content values of rice bran samples were significantly dif-
ferent at (P<0.05). The moisture content of HAO?2 rice bran
was lower than that of Un-RB and rice bran subjected to the
other stabilization procedures, this procedure may be effec-
tive for samples with a longer shelf life, less microbial con-
tamination, and some nutrient preservation. The obtained
results are in accordance with those of Abd El-Hady [26],
who reported that the moisture content of stabilized oils de-
pended on the processing temperature and duration of heat-
ing. Furthermore, moisture content plays a key role during
storage Amorim et al 2004 [27]. Also shown in Table (1)
the autoclaved rice bran samples (Autoclave 1 and 2) con-
tained the highest content of crude protein contents 16.94
and 17.04 %, respectively, followed by HAO2 (16.65%)
while the lowest crude protein content (15.34%) was found
in the control (Un-RB). These results are in line with those
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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Table 1. Gross chemical composition (%) of rice bran after different stabilization procedures.

Treatment Moisture Crude Protein  Ether Extract Ash Carbohydrates*
Un-stabilized 8.56a+ 15.34d 18.52d 8.7b 57.44a
Microwave 6.65¢+ 16.04c 20.32a 9.31a 54.33b
Hot Air Ovenl 6.60c+ 16.16¢ 19.42¢ 9.20a 55.22b
Hot Air Oven2 6.10d+ 16.65b 19.82b 9.40a 54.13b
Autoclave 1 7.30b+ 16.94a 19.32¢ 9.27a 54.47b
Autoclave 2 7.50b+ 17.04a 20.02a 9.40a 53.54d

+ Means with the same small superscript letters in a column are not significantly different at p< 0.05.

* Total carbohydrates were calculated by the difference.
(1) Un-stabilized (Un-RB).

(3) Hot Air Ovenl (HAO1) 130°C for 10 min.
(5) Autoclave 1: Steaming for 10 min.

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
break down cell structure, thereby improving the speed and
extent of oil extraction, or causing degradation of lipopro-
teins. These results are in agreement with those reported
by Vissers et al. [28]. As previously reported by other au-
thors, different stabilization techniques play an active role
in reducing enzymatic activity to a greater or lesser degree,
hence, increasing or decreasing oil extraction Lakkakula et
al. [29]. As shown in Table (1) the ash content of Un-RB
and stabilized rice bran ranged from 8.70 to 9.0%, and the
total carbohydrate content ranged from 54.13 to 57.44 %.
The present findings are similar to those reported by Abd
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

The physical characteristics of rice bran oil were deter-
mined, and the findings are shown in Table (2). One of the
most significant physical factors used in the identification
of fats and oils is the refractive index; it may be used to
measure the degree of saturation of oils. There were no sig-

(2) Microwave (MW) 900 W for 2min .
(4) Hot Air Oven2 (HAO2) 130°C for 20 min.
(6) Autoclave 2: Steaming for 20 min.

nificant changes in the refractive index of Un-RB (1.4603)
or stabilized rice bran oils (1.4671-1.5703) at (p 0.05) (Ta-
ble, 2). These findings are consistent with those of Kawase
et al. [30].

At 25°C, the specific gravity of oils extracted from un-
treated rice bran was 0.9152. These findings are consistent
with those of Iskander et al. [31]. The heat treatments, spe-
cifically the MW treatment, increased the specific gravity
of rice bran oil to 0.9281. Furthermore, the heat treatments
had a slight effect on specific gravity. However, there is a
non-linear relationship between temperature and the specific
gravity of oils as found by Davies [32]. The obtained results
are in agreement with those of Rizk et al. [33].

Chemical characteristics

The chemical properties of rice bran oil were determined
and the results are presented in Table (2). The acid and per-
oxide values of oil extracted from un-stabilized (Un-RB)
rice bran were (1.34% and 0.901 meq O2/kg oil), respec-
tively. These results are comparable to those reported by
Sanghi and Tiwle [34].

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
peroxide values reflect oil quality degradation as a function

Table 2. Physical and chemical properties of rice bran oil after different stabilization procedures.

Paramoters Stabilization Treatments
Control MW HAO1 HAO2 Autoclave 1 Autoclave 2

Refractive index (25°C) 1.4603a+ 1.4671a 1.4603a  1.4602a 1.4602a 1.4703a
Specific gravity (25°C) 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

Peroxide value (meq/kg oil) 0.901a+ 0.655¢ 0.838b 0.805¢ 0.751d 0.731d
Todine value (gI/100g oil) 107.20a+ 100.61f 106.10b  105.22¢ 102.10d 101.41e
Saponification value (mg KOH/g oil) ~ 196.12a+ 195.41b 195.55b  194.77¢ 194.10d 194.30d

Unsaponifiable matter (%) 4.52a+ 4.37b 4.31b 4.19¢ 4.16¢ 4.11c

+ Means with the same small superscript letters in rows are not significantly different at p< 0.05.

(1) Un-stabilized (Un-RB).
(3) Hot Air Ovenl (HAOT1) 130°C for 10 min.
(5) Autoclave 1: Steaming for 10 min.

(2) Microwave (MW) 900 W for 2 min.
(4) Hot Air Oven2 (HAO2) 130°C for 20 min.
(6) Autoclave 2: Steaming for 20 min.
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Table 3. Fatty acids (%) profile of o rice bran oil after different stabilization procedures.

Fatty acid Control* MW oil HAOL oil HAO2 oil Autol oil Auto? 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
Oleic, C18:1 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

of triacylglycerol hydrolysis and the further breakdown of
hydroperoxides Nagassapa et al. [35]. Furthermore, Auto-
clave 2 had a stronger effect on the acid and peroxide values
than Autoclave 1. In addition, autoclaving process was more
effective than the use of a hot-air oven treatment. Abdel-Aal
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
20 min. were more effective than those for 10 min. The io-
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
from 107.20 to 100.61 g /100g (Table 2). These results are
comparable to those reported by Iskander et al. and Abdel-
Aal, and Sosulski [31 and 36]. Furthermore, heat treatment
had an obvious effect on the iodine value of rice bran oil and
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)
showed that the saponification values of rice bran oils ranged
from 194.10 to 196.12 mg KOH/g. Crude rice bran oil con-
tains about 96% saponifiable matter and approximately 4%
un-saponifiable matter. These results are in agreement with
those of Orthoefer [12]. The stabilization process especially
in MW had a slight effect on the saponification value. These
results are comparable to those found by El-Sayed [37],
who reported that heat treatment had a small effect on sa-
ponifiable matter. In addition, the reduction of saponification
value of oils as a result of heating could be attributed to the

chemical reactions that led to the degeneration of products
other than free fatty acids Nagassapa et al. [35]. In addi-
tion, unsaponifiable matter including hydrocarbons, sterols,
vitamins, and pigments, usually play an important role in oil
stability. Table (2) shows that the unsaponifiable matter of
rice bran oil extracted from the Un-RB and stabilized rice
bran oil samples ranged from 4.11 to 4.52%. These results
confirmed that, rice bran oil has a large amount of unsaponi-
fiable matter. The results of unsaponifiable matter content
were in accordance with those reported by Kahlon et al. and
El-Sayed [21 and 37].

Fatty acids composition

The results presented in Table (3) show the fatty acid
composition of rice bran oil extracted from Un-RB and
stabilized (MW, HAO1, HAO2, Autoclave 1 and 2) rice
bran. Oleic acid (C18:1), linoleic acid (C18:2), and palmitic
acid (C 16:0) are the dominant fatty acids in Un-RB, and
stabilized rice bran oil were in the ranges of 41.06- 42.40;
34.55-36.40 and 17.40- 19.96%, respectively.

The concentrations of the major fatty acids, namely
C18:2, Cl18:land C16:0 of the investigated rice bran oils
generally agreed with those of Kahlon et al. and Amaras-
inghe and Gangodavilage [21 and 8], who studied the fatty
acid composition of 204 rice varieties and found that the
main fatty acids in rice bran oil were palmitic, oleic, and
linoleic acids, which were in the ranges of 13.9-22.1, 35.9—
49.2, and 27.3— 41.0%, respectively. The level of these fatty
acids depends on the variety and cultivation location of the
rice Gupta and Awad-Allah [38 and 39]. The reduction in
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
reactions. The results of the present study agree with those
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
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Table 4. Chemical (%) and cooking properties of beef burger supplemented with different levels
of microwave stabilized rice bran.

Chemical Characteristics Moisture Ash Crude Protein Crude Fat Carbohydrates*
Control **57.97e 1.88¢ 5270 e 2350 a 2192e
5% rice bran 58.55d 2.40d 54.80d 18.21b 24.59d
10% rice bran 59.35¢ 290 ¢ 56.95¢ 14.61 ¢ 2554 ¢
15% rice bran 60.40b 350b 58.10b 11.95d 26.45b
20% rice bran 61.20a 4.0l a 59.29a 9.70 e 27.00 a
cooking properties Control 5% rice bran 10% rice bran 15% rice bran 20% rice bran
Cooking Yield% +67.54 ¢ 72.08 d 77.82¢ 82.30b 86.30 a
Cooking Loss% 3246a 2792b 22.18¢ 17.70d 13.70 e
Shrinkage % 25.15a 20.86 b 16.89 ¢ 13.89d 11.69 ¢

*- carbohydrates were calculated by difference.

**Value in column with the same letters are not significantly different at p <0.5.
+- Values in rows with the same letter are not significantly different at p <0.5.

acids especially after (HAO2), while saturated fatty acids
increased. In contrast, MW processing caused a slight de-
crease in unsaturated fatty acids. The results of the present
study were in agreement with those obtained by Abd El-
Hady and El-Sayed [26 and 37].

Chemical and cooking properties of beef burger
supplemented with different levels of microwave stabilized
rice bran

Microwave stabilized rice bran with levels 5.0, 10.0,
15.0, and 20.0 % was used in the beef burger formula, and
the resultant beef burger was subjected to chemical charac-
terization and cooking properties determination. It should
be noted from the results shown in Table (4) that, the mois-
ture content of all-beef burgers containing stabilized rice
bran with levels (5.0, 10.0, 15.0 %, and 20.0 %) as fat re-
placer, increased significantly (p<0.05) with increasing of
replacement level of rice bran. The increment of moisture
content may be due to the capability of microwave stabi-
lized rice bran rich with fiber to hold more water via the
preparation and cooking process. These results are in agree-
ment with Ibrahium et al. and Sorour et al. [41 and 22],
who stated that dietary fiber source has the capacity to hold
three or four times the weight of water. For fat content of
the control, the beef burger had a high amount of fat with
significant difference from that of other treatments. Fur-
thermore, the fat content of all-beef burgers containing sta-
bilized rice bran with levels (5.0, 10.0, 15.0, and 20.0 %)
decreased significantly (p<0.05) with increasing of replace-
ment level of stabilized rice bran. These results agree with
Ibrahium et al. [41].
of the beef burger was increased as the replacement level

On the other hand, the protein content

increased. Furthermore, protein content percentages of beef
burger samples were 52.70,54.80 56.95,59.10, and 61.30 %
for the control sample and those formulated by replacing fat
with levels (5.0, 10.0,15.5, and 20.0 %). These results agree
with, Ibrahium et al. and Sorour et al. [41 and 22].

From analysis of data presented in the same Table (4)
it could be noticed that, the ratios of replacement levels in-
creased the total carbohydrates of samples were increased
with a significant difference in comparison with the control
beef burger. Meanwhile, the ash content in the beef burger
formula was significant differences at p>0.05. Data of the
present study are in agreement with those found by Mah-
moud and Badr [42]. According to the data in Table (4),
there were significant differences (P<0.05) between beef
burger control and all low-fat beef burger formulas prepared
with microwave stabilized rice bran for cooking properties.
Apparent also from the same Table that, cooking loss of beef
burgers enriched with stabilized rice bran decreased
with increasing the addition levels since beef burgers en-
riched with stabilized rice bran had cooking loss values
lower than that of control. The highest value of the cook-
ing loss was observed with beef burger control (32.46%)
while, the lowest value was observed with a low beef
burger stabilized
bran (13.70%). This may be related to the protein and fiber
content of microwave stabilized rice bran which could influ-

containing 20.0% microwave rice

ence the cooking loss of the beef burger since protein and
fibers could reduce the water loss during cooking by form-
ing gels as reported these results are in agreement with those
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
yield of beef burgers enriched with different levels of mi-
crowave stabilized rice bran is increased with increasing the
addition levels, since beef burgers enriched with microwave
stabilized rice bran had cooking yield values higher than that
of control. Burgers containing 20.0 % stabilized rice bran
had the highest cooking yield values while the control had
the lowest value. This may be related to the protein and fi-
bers content of stabilized rice bran which could influence
the cooking yield of the beef burger since protein and fibers
could reduce the water loss during cooking by forming gels
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as reported by Choi, et al., Ibrahium et al. and Han, et al. [45
and41 and 46].

The beef burger control had the highest values of shrink-
age and cooking loss (25.15 and 32.46 %). On the other
hand, using microwave stabilized rice bran at different lev-
els improved the shrinkage and cooking loss of low-fat beef
burgers in compare with those of high-fat beef burger con-
trol. These results are in harmony with those of Choi et al.
and Ibrahium et al. [43 and 41].

Sensory evaluation of beef burgers fortified by different
levels of microwave stabilized rice bran

Fortifying meat with other non-meat ingredients has
been done in the processed meat industry. This replacement
is done for many reasons, such as health or economic pur-
poses, and quality. The replacement of constituents from
animal sources with those from plants has been applied in
food manufacturing Egbert and Payne [47]. Data presented
in figure (1) showed the sensory properties of cooked beef
burger samples prepared with different levels of microwave
stabilized rice bran compared with control burger samples.
Results showed that there were no significant differences
in the score values of taste, odor, texture, tenderness, and
overall acceptability between control burgers and burg-
ers fortified by 5, 10, or 15% of microwave stabilized rice
bran. Therefore, a fortifying burger with microwave stabi-
lized rice bran till 15 % could be suggested to be made as
a burger with good quality and suitable sensorial quality .
These findings are in agreement with the results of Ibrahium
et al. [41] who showed that formulations of beef burgers
with partial replacement of beef fat with flaxseed oil and
rice bran produced acceptable samples compared to the con-
trol burger sample with a consistent texture, adequate juici-
ness, and good flavor. Rice fiber is neutral in taste and helps
to retain moisture and fat leading to producing of a more
succulent and juicy meat product Choi et al. [43] But the
burgers fortified with 20% microwave stabilized rice bran
were significantly different (P < 0.05) as compared with the
other samples. With regard to the color, taste, odor, texture,
tenderness, and overall acceptability, the burgers fortified
with 20% of microwave stabilized rice bran had the lowest
values.

Conclusions

Data obtained from this experiment indicated that un-sta-
bilized rice bran has higher free fatty acids and can be stopped
by stabilization treatment and improve oil extraction yield. In
addition, microwave stabilization of rice bran has advantages
over other stabilization methods. Furthermore, the beef burger
that is prepared from rice bran stabilized by microwave im-
proves chemical, cooking, and sensory properties.

Overall acceptability 9.5

Taste

(—m— Rice bran 20%)
\—e— Rice bran 15%|
4~ Rice bran 10%|
—w— Rice bran 5%
Control

Tenderness Odor

Texture

Figure 1. Organoleptic properties of beef burger supplemented
with different levels of microwave stabilized rice bran.
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Abstract The objective of this research is to study the possibility of utilizing kapreeta fish (like tuna) that has
low nutritional value because of its bloody dark flesh and presence of many blood vessels and sus-
ceptibility to rapid spoilage, therefore. Kapreeta fish was used to prepare a high nutritional value of
Surimi blends prepared from fish flesh supplemented with 15% level of soybean and rice bran protein
concentrates to suggest its protein as a new protein source. Various compositional and functional prop-
erties were assessed to determine the effect of this substitution treatment on the final product charac-
teristics. The obtained results revealed that: rice bran protein concentrate is considered a good source
of protein (72.90% on dry matter), more than 48.10 and 35.60% for soybean protein concentrate,
whereas ash content of soybean protein (5.83%) are higher than that its value of rice bran protein con-
centrate (4.47%). The two protein sources showed to be rich in essential amino acids and met human
requirements for all the essential amino acids since they have higher values than that recommended by
FAO/WHO (1991) pattern for children of 10-12 years.
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Introduction

Agriculture byproducts like rice bran store solar energy
in their chemical connections, making them a renewable
resource. According to FAOSTAT (2012), the world’s rice
output in 2010 was 696,324,394 metric tons (t), where-
as Egypt’s production was 5,724,103 metric tons (t) each
year (A.S.G.A., 2013). When paddy is milled, it generates
70% rice (endosperm) as the main product, along with 20%
husk, 8% bran and 2% germ. Approximately 90 percent of
the world’s rice bran is thrown away or used as a low-cost
animal feed component, with the remainder being used to
extract rice bran oil (Schramm et al., 2007; Zullaikah et
al., 2009 and Gul et al, 2015). During the milling process to
create white rice, a combination of rice bran (brown layer)
and germ is produced as a byproduct. Die Rice Bran Com-
position varies depending on the Rice Type and Variety as
well as the Rice Processing Methods and Climate Condi-
tions (Saikia and Deka, 2011). As a by-product of the rice
milling process, defatted rice bran is seen as a waste product.
Bioactive substances such as phenolics give it a significant
antioxidative effect (Devi and Arumughan, 2007; Mariod
et al, 2010). There are vital nutrients such as high-quality
proteins with distinct nutritional value (Gul et al, 2015). As
aresult of protein-energy malnutrition, which is a worldwide
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
use of chemical analysis, which is cheap and rapid, but does
not always match in vivo results, the assessment of protein
quality has depended on indirect methods such as chemical
analysis. Nutritionists use protein quality as a measure of
bioavailability to determine how well dietary proteins and
diets can meet metabolic needs for amino acids and nitrogen,
respectively (Gilani, 2012). In the food business, rice bran
protein concentrate (RBPC) has gained attention for its
unique nutritional value and nutraceutical characteristics.
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).

Soy protein is derived from soybeans. It is produced
from dehulled and defatted soybean meal. Only soybean
protein includes all of the necessary amino acids for human
nutrition and is a complete protein (Dudek, 2001).

As an important source of high-quality protein in
the human diet, fish has been known for a long time.
Scombromorous spp. (Kapreeta tuna-like fish) accounts for
around 8-10% of Egypt’s total marine fish harvest (Abu-

Tor, 2002). Egyptians dislike this type of fish because of
its crimson black flesh and many blood veins. This means
that significant quantities of raw materials are lost every
year because of their susceptibility to fast deterioration.
As a result, this fish must be used to produce commercial
fish products (Venugopal, 2003). Recently, fish processing
technology has been evolving in a way that focuses on
technological up-grading, diversity, and quality assurance.
Due to this, there is an increased demand for seafood/sea-
food-based convenience foods that may be eaten or cooked
right away (Ammar and Korish et al, 2009).

Fish flesh that has been mechanically deboned and cryo-
protectant-treated to extend its shelf life is known as surimi.
Wringing out the gel raises the concentration of myofibril
protein which increases the gel’s strength and flexibility. It
also eliminates fat and other unwanted things such as blood,
pigment and odoriferous materials. For example, shellfish
analogues can be created using this feature (Maqsood et al.,
2013). This work carried out to study the effect of partially
substitution of rice bran and soybean protein concentrates on
chemical, nutritional and organoleptic properties of Kapree-
ta tuna-like fish (Scombromorous Spp.) surimi.

Materials and Methods

Materials

Freshly mixtures of generated rice bran were collected
from Desouk rice milling Co., Desouk city, Kafr Elshiekh
Governorate, Egypt, then were stored at 4°C in polyethyl-
ene bags before use. While soybean protein concentrate was
obtained from Food Technology Research Institute, Agricul-
tural Research Center, Giza, Egypt during the winter season
of 2019. Kapreeta fish (Scombromorous Sp.) like tuna was
purchased from the local market of Alexandria City, Egypt
during the summer season of 2019. Samples were transport-
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),
spices (black pepper), salt and sunflower oil were bought
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 er al. (2009), defatted rice
bran (DRB) was produced using RB that had been newly
milled by defatting twice with hexane (1:3, w/v), followed
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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water was added to the defatted bran (1:10). By adding 4
ml of NaOH solution and stirring for 1 hour, the pH of the
slurry was adjusted to 9.0. (12,600g, 15 min). With HCI (4
M) acid, we adjusted the pH of the supernatant protein
solution to 4.5, agitated it for 30 minutes, and then left it
undisturbed for cold precipitation overnight (4°C). Protein
precipitates were rinsed three to four times with deionized
water after carefully removing the supernatant from the
solution. It was then lyophilized and pH adjusted to 7.0.
Rice bran protein concentrate was the name given to the
final product (RBPC).

Preparation of kapreeta fish

The samples were removed from the icebox and washed
by running tap water to remove the adhering sand and silt.
Then, treated by whiteness treatments by immersed in 5%
H,0, solutions in glass jars for 1 min to remove the blood
in fish flesh after removed the head, skin and viscera.
The flesh of kapreeta fish isolated from the bones, where
it was minced using meat mincer (molunix mincer HV«¢
France) (Fadl, 2014). The minced fish flesh used for prepar-
ing Surimi blends, as follows in Table (1). The samples of
Surimi blends were packed in polyethylene bags and stored
in a deep freezer (at -20 °C for 6 months) until analysis.

Frying of Surimi

Frozen Surimi blends were thawed at room temperature
to studied chemical, microbiological and organoleptic prop-

erties after frying with sunflower oil (at 230-250°C) for 5-10
min compared with unfired Surimi.

Proximate chemical composition of rice bran (RB),
defatted rice bran (DRB), rice bran protein
concentrate (RBPC) and soybean protein concentrates.
Moisture was assessed by drying it in air oven at 105°+
5°C until it had a uniform weight; Micro-Kjeldahl method
was used to determine crude protein content using nitrogen-
to protein conversion factors of 5.75 for rice bran and 5.71
soybean protein concentrate, the ether extract was carried
out in a Soxhlet apparatus using petroleum ether (40 - 60°C)
as the solvent. The ash content was determined by ashing
a known weight of a fat-free sample in refluxing 1.25 per-
cent (w/v) sulfuric acid and 1.25 percent (w/v) sodium hy-
droxide in an electric muffie at 550°C until complete ashing,
and the crude fiber content was determined by digesting a
known weight of a fat-free sample in refluxing 1.25 per-
cent (w/v) sulfuric acid and 1.25 percent (w/v) sodium hy-
droxide. Total and available carbohydrates were calculated
by difference. The procedures provided in A.O.A.C. (2000).
were used to determine all of the previously listed com-
pounds. All measurements were performed in triplicate.

Determination of minerals content

Minerals were measured using a 6N HCL after wet ash-
ing, and zinc, copper, iron, and manganese were assessed using
an atomic absorption spectrophotometer (Zeiss FMD3). Potas-

Table 1 Ingredients and mixtures of Surimi blends (%).

Ingredients (gm) Nol No2 No3 No4
Whitened kapreeta fish flesh (with 5%H,0,) 100 85 85 85
Rice bran protein concentrate 0 15 0 0
Soybean protein concentrate 0 0
Rice 10 10
Vegetables (green coriander and parsley) 3 3
Black pepper 1 1
Salt 1 1

Figure 1. Kapreeta (Like tuna fish)
the bone.

Figure 2. Separation of fish flesh from Figure 3. Whitening of the flesh

using H,0,
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Figure 4. Fresh and fried Surimi.

sium, sodium, and Calcium were measured using a flame pho-
tometer, and phosphorus was calculated photometrically using
a phosphorus molybdate complex spectrophotometer at 650 nm
and a standard curve, as reported in A. O. A. C. (2000).

Amino acid analysis

Shimadzu HPLC apparatus (Shimadzu, Kyoto, Japan)
was used to evaluate amino acid composition, which
included Shimadzu SIL RF10AxI fluorescence detectors,
a Shimadzu SCL-10Avp controller with a column oven,
and a Shimadzu SIL-10ADvp auto-sampler running the
CLASS-VP software (version 5.03). The column was Shim-
pack Amino-Na (6100mm) and flowed at 0.6 ml/min. The
excitation wavelength (EX) was 348 nm, while the emission
wavelength (Em) was 450 nm. Elution buffers were (A)
0.2M citrate buffer (pH 3.3), (B) 0.6M citrate+ 0.2 M boric
buffer (pH10), and (C) 0.2 M NaOH. Briefly, samples
were hydrolyzed using 6 N HCI/1% (w/v) phenol vapor at
110°C for 24 h in vacuo. The amino acids were treated with
o-phtalaldehyde (OPA) to form OPA-derivates, which were
then analysed using the above HPLC.

Determination of tryptophan

The tryptophan content of each sample
was calorically measured individually using

alkaline hydrolysis and p-dimethyl —amino
—benzaldehyde (DMAB) according to the
Miller (1967) technique. The tryptophan

concentration was determined using a standard
curve created under the same circumstances and
quantified spectrophotometrically at 590 nm.

Nuu iti l q ’.j/v deter '." ti \)
Nutritional qualities were calculated on the basis of the

amino acid profiles.

Chemical score for essential amino acids (AAS)

According to Pellet and Young, (1980) amino acid score
is defined as milligrams of essential amino acid per gram
nitrogen in tested protein divided by milligrams of essential
amino acid per gram nitrogen in the reference protein re-

ported by FAO/WHO (1991). The results were multiplied
by 100, and the amino acid that showed the lowest propor-
tion is called the limiting amino acid and the ratio obtained
was the score.

Essential amino acid/100 g tested protein
Essential amino acid/100 g protein in FAO/WHO

Chemical score =

Computed protein efficiency ratio (C-PER):

The computed technique for protein efficiency ratio (C-
PER) was determined using the regression equations pub-
lished by Alsmeyer et al. (1974), which are listed below:

C-PER =-0.468 + 0.454(LEU) — 0.105(TYR).

Where: LEU and TYR: amino acids leucine and ty-
rosin.

Biological value (BV) of protein:
Farag et al. (1996) estimated the biological value of

protein sources using the following equation:
Biological value (B.V.) =49.9 + 10.53 C-PER.

The net protein value (NPV)

Calculating the net protein value was as simple as multi-
plying the lowest amino acid score by the protein percentage
divided by 100.

NPV = (The lowest amino acid score * % protein)/ 100
The Essential Amino Acid Index (EAAI) was calculated

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

J [Lys xThreo x Val x Meth x Isoleu x leu x Phynylal x Histi x Trypl]a
- \J[Lys xThreo x Val x Meth x Isoleu x leu x Phynylal x Histi x Try‘pt]b

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-
ples was calculated using the formula below:
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L. . EAAT x %protein
Nutritional index [ %] :+

Measurement of protein quality by in vitro digestibility

In order to determine the digestibility of rice bran, soy-
bean, and whey proteins, the 4-enzyme technique provided
by AOAC (1984) was modified somewhat. With the addition
0f 0.1 N NaOH or HCL, at 37°C, 10 ml of crude protein (6.25
mg/ml) was adjusted to pH 8. One millileter of newly pro-
duced enzyme stock solution was added to the protein sus-
pension at 37°C for 10 minutes. As soon as the solution has
been incubated for 10 minutes. We added 1.1 mg/ml of pro-
tease enzyme in water (Solution B), incubated for 9 minutes
at 55°C, then for 1 minute at 37°C, and measured the pH. In
order to determine protein digestibility, the following equa-
tion was used:

% Digestibility = 234.84 - 22.56 (X)

Where: X = pH after 20 min incubation.

Determination of the antioxidant activity

A modified version of Fujinami et al. (2001) technique
was used to determine the radical-scavenging activity of
DPPH. It was dispersed at 0.50mmol/L of DPPH in etha-
nol. We added diluted bran extract or L-ascorbic acid (VC),
which was employed as a standard, to ImL of DPPH so-
lution, and the results were compared. For 20 minutes, at
25 °C, the mixture was violently shacked and kept in the
dark. We used a UV-1200 spectrophotometer (Shimadzu,
Kyoto) to evaluate the absorbance of the solution at 516nm
in comparison to 4mL of 50 % (v/v) ethanol in 4mL of 1mL
of diphenhydramine (DPPH) solution. The radical scaveng-
ing activity of the diluting extraction or VC liquid was de-
termined as the quantity of extract required to decrease the
original DPPH concentration by 50%:

Radical scavenging activity = (A - B +C) / Ax100 (%)

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
extraction absorbance without the DPPH solution. The radi-
cal scavenging activity was quantified in mmol-VC/g-bran
as VC equivalent antioxidant capacity. For each bran extrac-
tion, triple preparations were carried out.

Microbiological tests

Samples were prepared using the recommended methods
for the microbiological examination of food published by
A.P.H.A (American Public Health Association) (1971).
Fish samples were aseptically taken using sterilized knives
and placed in sterile containers. One gram of samples were
emulsified in 99 ml sterile distilled water in a sterile me-
chanical blender cup. Every determination was done in

triplicate. Total viable bacterial counts per gram of Surimi
were determined using standard techniques on plate count
agar (Difco). Incubation was carried out for 48 hours at 32°C
according to Deng et al. (1976).
were determine by plating on acidified potato dextrose

Mold and yeast counts

agar (Difco), and incubating duplicate plates at 25°c for 5
days (Nottingham,1971). Coliform bacterial counts were
determined by plating on crystal violet neutral red agar. The
plates were incubated at 25 °C for 4 — 5 days. The colonies
were count and reported as coli forms per gm of flesh (Not-
tingham, 1971).
Organoleptic properties

Organoleptic properties were evaluated for color, flavor,

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

Statistical analysis

One-way ANOVA was used to analyse all the data, with
Sigma Stat (v.3.5. Systat Software Inc.). Duncan’s novel
multiple range test found that there was a significant differ-
ence between treatment means at the P 0.05 level (Steel and
Torrie, 1980).

Results and discussion

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

The raw rice bran, defatted rice bran (DRB), rice
bran protein concentrate (RBPC), soybean protein (SP),
and whey protein concentrate (WP) were chemically
analyzed for their contents of moisture; protein; ether
extract; ash; crude fiber. Total and available carbohy-
drates were calculated by difference. The obtained data
are presented in Table (1). It could be noticed from the
results in Table (1) that the moisture content of RBPC
and SP were 3.91 and 7.30, respectively. Raw and defat-
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
of protein, (72.9%). It is also noted that the defatted rice
bran had significantly the highest ash content (11.30%).
On the other hand, the carbohydrate and crude fiber con-
tents indicated that there were significant differences
between the two sources of proteins. The obtained re-
sults are in agreement with the results of (Supathra et
al., 2008, Gul et al., 2015) they reported that full fat rice
bran were contained 8.5-12.6% moisture, 4.2-7.7% ash,
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-
ber (on dry weight basis).
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Table (1): Chemical composition of rice bran and soybean protein concentrates (g/100g dry matter).

Soybean protein Rice bran Components
concentrate Protein concentrate Defatted Raw
7.30° 3914 9.05¢ 9.05° Moisture
92.70° 96.09° 90.95¢ 90.95¢ Dry Matter
48.10° 72.90* 17.24¢ 14.29¢ Crude protein
6.02° 0.00 0.22 17.10° Ether extract
5.83¢ 4.47¢ 11.30° 9.37 Ash content
11.50° 0.02¢ 18.44° 15.29° Crude fiber
40.05¢ 22.63¢ 71.24¢ 59.24° Carbohydrate *
28.22¢ 22.61¢ 52.80° 43.95¢ Available carbohydrate **

Values followed by different letter in row are significantly different at p < 0.05.

Each value is an average of three determinations.

* Total carbohydrate was calculated by subtracting protein, ash, and ether extract (%) from the total mass of 100.
** Available carbohydrate obtained by subtracting crude fiber from total carbohydrate.

Mineral contents of rice bran
and soybean protein concentrates

Mineral contents of rice bran, soybean protein, and whey
protein concentrate were analysed and the results are present
in Table (2). The data in the mentioned table clearly shown
that phosphorus (680 mg/100) and potassium (2410 mg/100g)
were the predominant minerals of rice bran protein concentrate
and soybean protein concentrates, respectively. On the other
hand, calcium (38 mg/100g) and sodium (6.8 mg/100g) in rice
bran protein concentrate and sodium (123 mg/100g) in soy-
bean protein showed low amounts. The obtained results also
revealed that the three different protein sources used in this
study may provide a significant amount of minerals to meet
the human mineral requirements (Recommended Dietary Al-
lowance). However, only the whey protein concentrate showed
aratio Ca : P more than 1.0, but the other two types of proteins
showed avery low Ca : P ratios, (1 : 17.89 and 1 : 197 for rice
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
in Table (3) show the amino acid composition of RBPC and
SPC, along with the professional pattern recommended by
FAO/ WHO (1991) for school children (10-12 Yr). All the
three different types of protein, namely, of RBPC, SPC and
WPC, as indicated in Table (3) were rich in essential amino
acids and met human requirements for all the essential amino
acids. Protein of RBPC and SPC contained 51.39 and 53.60g
essential amino acid/100g protein respectively. These values
are higher than that recommended by FAO/WHO (1991)
pattern for children of 10-12 years (24.10 EAA/100g pro-
tein. Tryptophan had the lowest concentrations of essential
amino acids and valued 1.96, 2.12 and 2.07, followed by
sulfur containing amino acids (methionine + cystine) which
amounted 3.76, 4.62 and 5.43 g/100g protein), respectively.
Data presented in the same table cleary indicate that glutam-
ic acid (8.20 and 15.02 g/100g protein), followed by aspartic
acid (6.13 and 9.78 g /100g protein) were the most abundant
amino acids and form a major part of amino acids in RBPC
and SPC. The ratio of essential amino acids (EAA) to non-
essential amino acids (NEAA) ranged between 1.16 for the
SPC and 1.33 for the RBPC.

Table (2): Minerals content of rice bran and soybean protein concentrates (mg/100g on dry weight basis).

Mineral content (mg/100g) Rice bran protein concentrate Soybean protein concentrate
Macro-minerals
Calcium (Ca) 38° 377¢
Sodium (Na) 6.8¢ 123¢
Potassium (K) 4300 2410°
Phosphorus (p) 680" 743°
Trace elements
Zinc (Zn) 3.2¢ 5.5¢
Copper (Cu) 0.8 4.8°
Iron (Fe) 0.7" 15.0°
Manganese (Mn) 4.4¢ 12.2¢

"Values followed by the same letter in row are not significantly different at p < 0.05.
Values followed by different letter in row are significantly different at p < 0.05.
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In conclusion, it could be observed that some differences
in the amino acid contents were noted between the three dif-
ferent types of proteins. However, the content of all essential
amino acids was higher than those recommended by FAO/
WHO pattern. And, it is the essential amino acid content that
counts for the quality of protein and its capacity to satisfy
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
amino acids between the test protein and those of the
FAO/WHO npattern for children of 10- 12 years old. The
essential amino acid scores of protein from RBPC and
SPC are shown in Table (4). The data in Table (4) indicate
that all essential amino acids, except the histidine in whey
protein concentrate, of the three different proteins are in
excessive amounts. It is the young children who suffer from
malnutrition, and protein resembling the scoring pattern in

composition should provide essential amino acids in excess
when they are consumed by the older age group. The results
in Table (4) agreed with other findings by (Bhaskar et al.
2008; Ovissipour et al. 2009).

Nutritional quality of protein

Table (5) shows the data related to the protein efficien-
cy ratio (C-PER) and biological values of RBPC and SPC,
compared with casein as a reference protein, along with net
Protein Value (NPV), essential amino acid index (EAAI),
nutritional index (NI) and in vitro protein digestibility.

Methods based on in vitro (chemical and amino acids
bioassay) for assessment of protein quality are important.
The digestibility is important criterion that determine
the availability of physiologically active amino acids
and peptides and is affected by processing treatments
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. Amino acid composition of rice bran and soybean protein concentrates (g amino acid/100g protein)

(on dry weight basis).
FAO/WHO/ 1991 (10- Soybean protein Rice bran protein Amino acids
12yr) conc. conc. (g/100g protein)
Essential amino acids (EAA)
2.8 4.26 4.16 Threonine
2.5 6.16 6.15 Valine
2.8 8.16 7.80 Isoleucine
4.4 7.62 7.43 Leucine
4.4 8.77 8.72 Lysine
1.9 3.28 3.90 Histidine
22 231 1.88 Methionine
2.31 1.88 Cystine
4.62 3.76 Total sulfur amino acid
2.2 532 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 Y1=Total EAA
Non-essential amino acids (NEAA)
4.45 5.39 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 X = Total NEAA
100 90 DI
1.16 1.33 DINPN
47.56 49.67 A=X ¥ +%,

X1= sum of essential amino acids; X,= sum of non-essential amino acids.

*Methionine + cysteine (SAA); Phenylalanine + tyrosine (AAA).

'Amino acid scoring patterns: Theoretical standard of FAO/WHO/ UNU essential amino acids for children between 10 and 12 years

old (FAO/WHO/ UNU, 2007).
- Tryptophan was determined colorimetrically.
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Table 4. Chemical score (CS)” of essential amino acids of rice bran and soybean protein concentrates with respect to the
required pattern recommended by FAO/WHO (1991).

Soybean protein concentrate  Rice bran protein concentrate

CS 2/100g protein CS 2/100g protein

FAO/WHO recommended
pattern for 10-12 yr

Essential amino acids

children
.36 4.26 1.49 4.16 2.8 Threonine
2.46 6.16 2.46 6.15 2.5 Valine
291 8.16 2.79 7.80 2.8 Isoleucine
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+ttyrosine
2 2.12 2.18 1.96 0.9 Tryptophan

" Chemical score was calculated as a percentage of FAO/WHO, 1991 essential amino acids.

" Limiting amino acid

Table 5. Estimation of nutritional quality of rice bran and soybean protein concentrates and casein, based on their amino
acid composition.

Casein Soybean protein Rice bran protein
Parameters
concentrate concentrate

3.35 2.65 2.62 Computed protein efficiency ratio (C-PER)
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 Essential Amino Acid Index (EAAT)

1.16 0.87 1.27 Nutritional index (NI) (%)

95.30 90.50 85.20 In vitro protein digestibility

Table 6. DPPH radical scavenging (mmol-VUg) of rice bran and soybean protein concentrates and casein, based on amino
acid composition.

DPPH Radical scavenging (mmol of ascorbic acid (VCg)

Parameters

0.35* Rice bran protein concentrate
0.34° Soybean protein concentrate
0.09¢ Casein

Values superscripted with dissimilar letters (a, b and c) are significantly different (p < 0.05).

the highest digestibility value using trypsin was found for
RBPC (85.20%) in comparisons by SBPC (90.50%). More-
over, the digestibility found for casein was 95.30% 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). It is commonly acknowledged that the
DPPH free radical is a good model for assessing the
antioxidant properties of diverse samples. The ability
of antioxidants to scavenge DPPH radicals was linked
to their ability to donate hydrogen. It measures the
ability of substances to scavenge free radicals or donate

hydrogen atoms. In contrast to the extremely reactive
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
would do so by giving them one of their electrons, which
would prevent them from spreading. In this work, RBPCs
were evaluated for their ability to scavenge stable DPPH
radicals. This was followed by SPC (0.34mmol) and
then WPC (0.34mmol), with casein having the lowest
total antioxidant capacity and RBPC having the highest
total antioxidant capacity (Table 6).

Chemical composition of unwhitened and

whitened kapreeta fish flesh (Like tuna) (on dry
weight basis)

The results in Table (7) indicated that the chemical
composition differs between unwhitened and whitened
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Table 7. Chemical composition and minerals content of fresh and whitened Kapreeta fish (like tuna) flesh

(on dry weight basis).
Characteristics Kapreeta fish (fresh) Kapreeta fish (whitened with 5%H202)
Moisture % 77.80* 67.14°
Crude protein % 78.99° 82.30°
Ether extract % 6.80° 8.022
Ash % 6.46° 6.77°
Carbohydrates 7.75 2.91°
PH 6.92° 6.98°
Minerals content (mg/100g)

Ca 35.42* 35.35°

K 11.80° 12.60°

Na 25.40° 20.70°

P 18.40° 19.90*

Zn 28.10° 28.02°

Fe 109.22* 100.01®

Means within the same row of different letters are significantly different at (P < 0.05).

Table 8. Chemical composition of unfried and fried Surimi blends prepared from whitened Kapreeta fish flesh
supplemented with 15% level of soybean, whey and rice bran protein concentrates (On dry weight basis).

Surimi blends

Characteristics Nol N.O 2 . No3 .
%) (Control) (Added 15% rice bran protein (Added 15% soybean protein
concentrate) concentrate)

Unfired Fried Unfired Fried Unfired 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 11.38 498 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

kapreeta fish. It could be observed some changes as af-
fected by whiteness treatment. Crude protein, ether ex-
tract and ash content were higher in whitened kapreeta
fish, but moisture content and carbohydrate contents were
low. The results in the same Table indicated that the un-
whitened kapreeta fish had some higher minerals Na and
Fe than the unwhitened kapreeta fish and these results
agreed with those of (Abu-Tor, 2002a; Chaijan et al.,
2004; korish et al 2008 and Ammar and Kkorish, 2009).
Where they reported that fish whiteness causes a decrease
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 fish flesh supplemented
with 15% level of rice bran and soybean protein
concentrate

The results cleared in Table (8) showed that the chem-
ical composition of fried Surimi blends prepared from
whitened kapreeta fish flesh with (5% H,0,). Frying pro-
cess had noticeable effects on the chemical composition

of fried Surimi blends. The moisture content of unfried
Surimi blends were decreased by heat treatments of fry-
ing because of evaporated amounts of moisture during
frying. The previous results agree with Ammar (1999).
As for crude protein, there was a little decrease after the
frying process, this may be due to the effect of heat treat-
ment which might have caused the loss of some nitrog-
enous substances with separated fluids as well as volatil-
ization in the form of amines and other volatile nitrogen
substances. Ether extracts were increased by the frying
process however it was notably that fried Surimi blends
in sunflower oil. Ash content was decreased in all sam-
ples after frying. It was noticed that there is no difference
between ash content in fried Surimi blends. The carbo-
hydrate content showed a higher level in unfried Surimi
blends than in the fried ones. Finally, from the presented
results in Table (8) it could be observed that protein con-
tent and ash of prepared samples were in the same trend
as control but carbohydrate was higher than control. The
previous results are in agreement with those of (Ammar,
1999 and Fadl, 2014).
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Table 9. Organoleptic properties of fried Surimi blends prepared from whitened kapreeta fish flesh supplemented with
15% level of rice bran and soybean protein concentrates.

Organoleptic properties score

Fried Surimi blend: Overall
riec sufimi biends Appearance Color Odor Texture Taste Vera' .
acceptability
Nol(Control) 8 8 7 7 8 7.60
o -
No 2 (Added 15% rice bran protein 3 9 g 9 3 3.40
concentrate)
o -
No3 (Added 15% soybean protein 3 9 3 7 9 780
concentrate)

Organoleptic properties of fried Surimi blends
prepared from whitened kapreeta fish flesh
supplemented with 15% level of rice bran and
soybean protein concentrates:

The results showed in Table (9) show that the organo-
leptic score of fried Surimi blends (No 1) (control) prepped
from whitened kapreeta fish flesh (control) were 8, 8, 7, 7,
8, and 7.60 for appearance, color, odor, texture, taste, and
overall acceptability. While the organoleptic score of fried
Surimi blends prepared from whitened kapreeta fish supple-
mented with 15% level of rice bran and soybean protein con-
centrates were higher than control for the same properties
and overall acceptability were 8.40 and 7.80 for rice bran
and soybean. Our results cleared that, the addition of 15%
rice bran protein concentrates to the kapreeta fish during
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.

Table (10), cleared the microbiological qualities of un-
fired Surimi blends (fresh) prepared from whitened kapreeta
fish flesh. Total viable bacterial counts, molds & yeast, and
coliform were counted. From these results, we can notice
that Surimi blends No 2 were the lowest counts after steam
blanching as a sequence of heat temperature. The total vi-
able bacterial count showed a higher level in fresh control
kapreeta fish Surimi.

Our results agreed with those of (Kittikun et al., 2012)
who reported that the tuna-like fish Surimi does not contain
any coliforms, especially E. coli due to the water in which
tuna-like fish bred it is commonly free from E. coli but the
most bacterial isolates from Surimi includes Enterobacter
sp., and Providencia sp. Table (10) cleared the differences of
microbiological counts of fried Surimi blends prepared from
whitened kapreeta fish flesh. The total viable bacterial count
in fried Surimi blends No 1, No 2, and No 3 were 4.00x103,
3.3x10% and 4.2x10%, respectively. While, the molds and
yeast counts in these samples were 0.78x10%, 1.0x10? and
0.58%10? respectively. The results also cleared that, the coli-
form group not recorded in these samples. Finally, we can
conclude that samples prepared with 15% of two kinds of
added protein were less in counted microbiological qualities
in both. Our results agreed with those of Ammar (2004)
who reported that frying the fish destroys most bacteria,
molds, and yeasts in the fish.

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
essential amino acids was higher than the recommended by
FAO/WHO pattern for 10-12 year children. The nutritional
quality of the three different sources of protein was highly

Table 10. Microbiological qualities of fresh (unfried surimi blends (prepared from whitened kapreeta fish flesh (with 5 %

H

202)'

Microbiological qualities

Surimi blends Process Total viable bacterial Molds and yeast . .
Coliform bacterial counts
counts counts
Fresh 7.2 x 10° 5.8 x10° 2.1x102
Nol (Control Fried 2.00 x10° 0.78x10° Nil
No 2 (Added 15% rice bran protein Fresh 4.8 x10° 1.20x 10? Nil
concentrate) Fried 1.3 x10% 1.0x0? Nil
No3 (Added 15% soybean protein Fresh 5.0 x 10 1.30x10* Nil
concentrate) Fried 1.55 x 102 0.50x10? Nil

Value are Means + Standard Error. Means within the same row of different letters are significantly different at (P < 0.01).
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comparable to those of antioxidant activities showed closed

values and was higher than that of casein, a standard protein

source. Accordingly, it could be concluded that rice bran,

soybean, and whey protein concentrates can be recommend-

ed for preparing some food products. The tuna-like fish is of

poor nutritive value and is not appreciated among consum-

ers, so it can be utilized for the production of fish products

as the experiment source of protein. Then using it for Su-

rimi making with the addition of 15% of different sources of

protein concentrates will improve the feeding and nutritive
quality of this fish.
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This research paper aimed at evaluating the influence of ascorbic acid (AA) and tri-sodium phos-
phate (TSP) under different packaging condition on improving the shelf life and qualities of fillets of
Bagrus bayad cold fish at 4+1°C for 12 days. The microbiological analysis performed were the total
bacterial count (TBC), proteolytic bacterial count (PBC), lipolytic bacterial count (LBC), Coliform
count (CC), Staphylococcus aureus (SA), Salmonella & Shigella (SS) and yeast & mold (YM). The
obtained results indicated that all noticed analysis parameters (TBC, PBC, LBC, CC, SA, SS, YM, AA
and TSP).were gradually increased during storage period in different treatments. The increases of these
parameters were significantly higher (» <0.05) in control sample than samples treatment with (AA)
and (TSP). The obtained results also showed that there was a significant (p<0.05) extension of the
shelf-life through delaying the microbial growth of the samples treated with (TSP) and (AA), respec-
tively. In addition, the shelf-life and the storage period for these products were found to be less than 3
days for control sample and more than 12 days of samples treated with (TSP) under cold storage (4°C).
Therefore, the (TSP) had a high effectiveness for extending the shelf-life and enhancing quality attri-
butes of raw fish fillets during cold storage.
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Introduction

Fish is a valuable part of human nutrition because of
high content of protein and polyunsaturated fatty acids with
long chain (PUFAs) that are very useful due to their role
in prevention of human cardiovascular (KYKKIDOU &
al,[1]; OZOGUL & al, [2]). Fish fillets are considered bet-
ter than beef and chicken meat because of their high marine
protein efficiency rate (PER) and low-fat content contain-
ing long chain n-3 fatty acids, beneficial for health (CHURI
& al, [3]). The expansion of the fast-food industry and the
increased consumption of processed-meat products make it
necessary to reevaluate the quality characteristics of fresh
fish fillets products and to be available in the Egyptian mar-
ket. Although fish and fish products have therapeutic and
nutritional value, they have a short shelf-life, due to the vast
amounts of free amino acids and volatile nitrogen bases and
higher final pH that limit the useful life of the product be-
ing highly susceptible to oxidation of unsaturated fatty ac-
ids and this can affect the flavor, taste, texture, aroma, and
shelf-life (MEXIS & al, [4]). The microbial activity is in-
volved 12 million tons of seafood sector by occurring food
spoilage (KULAWIK & al, [5]). To prevent and delay the
quality changes that are caused by lipid oxidation in foods
and seafood, various synthetic antioxidants have been used.
However, with growing concerns regarding the safety of
synthetic antioxidants, natural antioxidants have been uti-
lized as a promising source of antioxidants that delay oxi-
dative developments to preserve fish quality. This effect is
referring to their favorable action to scavenge free radicals
and retard the effect of pathogens through its antibacterial
effects (SINGH & al, [6]). Bagrus bayad is so abundantly
represented in the river Nile. These are generally called cat-
fishes, of which 15 genera occur in the Nile system. Almost
36 common genus is Bagrus, which contain two species
Bagrus bayad and Bagrus docmac. They reach a length of
about a meter and their flesh is very good. B. bayad are ex-
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
enzymatic spoilage of fish (GHALY & al, [7]). Of these, or-
ganic acids are particularly suitable as they found naturally
in foods, are ‘generally recognized as safe’ (GRAS) (REY &
al, [8]). Organic acids consider preservatives factors through
lowering the pH of food and can penetrate the lipid mem-
brane of bacteria and destabilizing of pH inside the cyto-
plasm causing disturbing of bacteria metabolic interaction
and growth. Trisodium phosphate (TSP) as a preservative
agent can reduce the bacterial growth by destructive lipid
structure inside the bacterial cell membrane (MEREDIT &

al, [9]; SMYTH & 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
direct synergistic relationship with other antioxidants (AU-
BOURG & al, [11]). Besides the chemical and natural pre-
servatives agents, seafood products are requiring additional
care in packaging technique to prolong their shelf life with
keeping its quality. The packaging of fishery products and
fresh meat inside modified atmosphere is widely exploited to
delay microbial activity and enzymatic bad action (ZHANG
& al,[12]) or create a satisfied protection from deteriorative
effects and environmental effects. Nitrogen (N,) is an inert,
odorless, and tasteless gas. It is used as a filler to prevent
package collapse, because of its low solubility in water and
fat in gas packaging. The use of N, results in the reduction
in lipid oxidation and the inhibition in the growth of acrobic
spoilage microorganisms (MASNIYOM, [13]). Therefore,
this study was performed to detect the effect of (AA) and
tri-sodium phosphate under different packaging condition
on improve the quality and shelf life of Bagrus bayad fish
fillets during storage at 4+1°C by determination of physico-
chemical, microbial and sensory quality criteria so, shelf-life
periodically during cold storage.

Materials and Methods

Materials

Whole fresh Bayad fish (Bagrus bayad), were obtained
from river Nile near Motobus city, Kafr Elshiehk Governor-
ate, Egypt during March, 2018. Fish samples were transported
to the Laboratory of Food Technology Department, Faculty of
Agriculture, Kafrelshiekh University, in insulated cooler box-
es directly within 2 h of purchase and stored whole on ice in a
polystyrene box in a chill room at 2°C. The fish obtained with-
in 48 h of landing and were of a similar weight (1500 + 100g)
and long (35+ 2cm). Sunflower oil, wheat flour and NaCl ob-
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

Preparation of Bayad fillet

The fish samples were beheaded, gutted and washed with
tap water to remove all viscera, black membranes, swim
bladder and blood. Skin and bones were manually removed
and aseptically filleted to produce pure fillets (162 fillet
particles). The yield of flesh was about 48%. The filleted
samples were exposed to cold water for quick washing and
the weight of each fillet was adjusted to 200 + 5 g. After that,
three groups of samples were divided as indicated in Ta-
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ble (1). The first group was considered as blank control (BC)
that were submerged in sterile distilled water and directly
packed in high density polyethylene (HDPE) bags. T1 sub-
merged in 0.5% of ascorbic acid aqueous solution (AA treat-
ment 0.5%) and T3 were submerged in 0.5% of Tri-sodium
phosphate aqueous (TSP treatment 0.5%) respectively. After
5 minutes dipping time according to (TAHERI & al, [14]),
fillets were removed from all solutions and packaged in in-
dividual HDPE bags. All samples were packaged in three
different conditions: air, nitrogen and vacuum. After pack-
aging, first the fillets were stored by refrigerated in 4°+1C
for 15 days. For all types of fish fillets, microbiological anal-
ysis were carried out after 0, 6 hours and 3, 6, 9, 12 and 15
days and chemical, physico-chemical and microbial analysis
were conducted in three replications.

Fish was eviscerated, de-headed, skinned & filleted. The
split portions were weighed individually and their percent-
age of the total fish weight was calculated. The fillet per-
cent was calculated by: Fillet % = Fillet weight x 100 Total
weight.

Fish Yield: Fish was eviscerated, beheaded, skinned &
filleted. The split portions were weighed individually and
their percentage of the total fish weight was calculated. The
fillet percent was calculated by:

. Fillet weightx100
oy, — ZHIEt welght> 10U
Fillet% Total weight

Chemical analysis

The proximate analysis of raw samples fillets was inves-
tigated according to the AOAC, [15]). The moisture content
was determined by drying the samples in an air oven over-
night at 105+2°C to a constant weight, crude protein 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 °C) as a solvent; ash content by ashing in an electric
muffle at 550°C until constant weight.

Determination of pH

pH values were recorded by pH meter (Jenway, 3510,
UK) according to method of (GOULAS & KONTOMI-
NAS, [16]).

Determination of total volatile basic nitrogen (TVB-N)

The (TVB-N) values were calculated by method
of (KIRK & SAWYER, [17]). Briefly, the bases were steam
distilled into standard acid and the back-titration was per-
formed by standard alkali.

Determination of trimethylamine nitrogen (TMAN)

The TMAN values were calculated using the above stat-
ed TVB-N procedure after suitable modification: formalde-
hyde solution was utilized to slab the primary and secondary
amines (AMC, [18]).

Determination of 2-Thiobarbituric Acid (TBA)

2-Thiobarbituric acid (TBA) value of fish samples was
determined colorimetrically by using the method published
by (KIRK & SAWYER, [17]). TBA values was determined
as mg of malonaldehyde (MDA)/kg sample.

Water holding capacity (WHC)

(WHC) and plasticity (tenderness) were measured by
following the filter press method of SOLOVIEV [19], using
Placom Digetal Planimeter (KP-90 N).

Microbiological analysis

The samples of raw fish minced and fish fillets were
examined for microbial profile using standard proce-
dures (APHA, [20]) for total bacterial count (TBC) (30°C,
3 days) and Psychrophilic bacteria (PCB) (7°C, 10 days)
on plate count agar, yeast & mold (YM) counts on potato
dextrose agar (21°C, 5 days). The results were expressed as

log10cfu/g of sample.
Preparation of samples

Samples were prepared using the recommended meth-
ods for the microbiological examination of foods published
by (APHA, [20]). Samples were aseptically taken using
sterilized knives and placed in sterile containers. One gram
of samples was emulsified in 99 ml of distilled water in a
sterile mechanical blender for 1.5 min to give 1/100 dilution.
Serial dilutions were prepared to be used for counting sev-
eral types of bacteria and yeast and mold counts. Samples
were done in triplicates.

Table 1. Fish fillets treatments.

Packaging condition Additives (%) Treatment
Air
Under vacuum Control (Untreated) T1
Nitrogen
Air
Under vacuum Ascorbic acid (AA) 0.5% T2
Nitrogen
Air Tri-sodium phosphate (TSP) 0.5% T3
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A. Total bacterial counts (TBC)

TBC per one gram of sample were determined using
standard techniques on plate count agar medium (Difco).
Incubation was carried out at 37°C for 48 hours, according
to APHA, [20].

B. Coliform bacterial counts

Coliform bacterial counts were calculated by planting on
crystal violet neutral red agar medium (MacConkey agar).
The plates were incubated at 25°C for 4-5 days. The colo-
nies were counted and reported as total coliform per gram of
flesh (NOTTINGHAM, [21]).

C. Proteolytic bacterial counts (PBC)

Standard-plate counts procedure were followed, 5% skim
milk was added to medium; till medium became opaque.
Plates were incubated for 7 days at 30 °C. During incubation,
the plates were examined at intervals for growth and clear-
ing around the colonies. Before recording the results, the
plates were flooded with 1% solution of hydrochloric acid to
verify positive results. Colonies are rounded with clear zone
counting proteolytic bacteria (SALEH, [22]).

D. Lipolytic bacterial counts (LBC)

The nutrient agar medium was used for counting the
lipolytic bacterial content of the samples. Sterilized butter
fat (5%) was added to every plate before pouring the medi-
um, and vigorously hand shaking. The plates were incubated
at 25°C for3 days then, the plates were flood with copper
sulfate solution (20%) for10 min. Colonies appeared as blue
counting lipolytic bacteria (Manual, [23]).

E. Staphylococcus aureus:

Staphylococci, which are potential pathogens capable
of growing in high salt concentrations, were determined us-
ing surface planting on Baird-parker agar medium (ICMSF,
[24]).

F. Detection of Salmonella-Shigella

The detection of Salmonella was performed depending
on method described by (REFALI, [25]) using buffered pep-
tone as a pre-enrichment; while tetrathionate broth was used
as a selective enrichment, broth and S-S agar was used as a
selective plating media.

G. Mold and yeast counts

Mold and yeast counts were determinated by plating on
acidified potato dextrose agar (Difco), and incubating dupli-
cate plates at 25°C for 5 days (NOTTINGHAM, [21]).

Organoleptic evaluation of fish

Sensory evaluation of fish was performed by twenty ex-
perienced panelists on the basis of a 10-point degree of each

sample. The panelists were requested to assess the character-
istics of fish treatments on a scale from 10 to 0 (GELMAN
& al, [26]). The scores were given in the decreasing order
scale with 10-9 for excellent, 8-7 for good, 6-5 for fair and
acceptable, 4-3 for poor and 2-1 for very poor. The mean of
the scores given by the panel represented the overall sensory
quality. A score less than 5 indicates that the smoked herring
fish is rejected.

Statistical analysis

Data were subjected to Analysis of Variance (ANOVA).
The Least Significant Difference (LSD) procedure was
used to test for difference between means (significance was
defined at (p<0.05) as reported by (SNEDECOR & CO-
CHRAN, [27]).

Results and discussions

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

Mean values for the chemical analysis of untreated and
treated Bayad fish fillets are shown in Table (2). For raw fil-
lets; the moisture, crude protein, fat and ash contents were
79.7,78.1, 15.3 and 5.9% (on dry basis), respectively. From
these results, it could be noticed that the investigated fish is a
satisfied source of manufacturing fish fillet because belonged
to high protein content and the big size of fish gave high fil-
leting yield (48%) indicating that fish fillets that healthier
than traditional meat particularly due to the presence long
chain n-3 fatty acids and protein (OLIVEIRA& al, [28]).
From the data shown in Table (2) it can be observed that
fish fillets treated with TSP and backed with nitrogen have
the best chemical properties among of the other treatments.
These results are nearly accordance with obtained by (MO-
HAMED & al, [29]), who found that Bagrus bayad con-
tains 76% moisture, 18.48% crude protein, 3.17% crude fat
and 2.35% ash (on wet basis) and (MOHAMED & al, [29])
reported that the yield of mince from Bagrus bayad was
46.88%. Also, the obtained results are in the same line with
found by (EL-SHERIF & ABD ABD EL-GHAFOUR,
[30]; HUDALI, [31]). Physico-chemical changes of raw Bay-
ad fish during storage at 4 £1°C as affected with ascorbic
acid (AA 0.5%) or tri-sodium phosphate (TSP 0.5%) at dif-
ferent packaging conditions on chemical composition during
storage period pH value: Changes in pH value of different
Bayad fish fillets during cold storage at 4 £1°C are shown
in Table (2). The differences in pH means values between
different treated and untreated samples were insignifi-
cant (P<(0.05) at zero time of storage, the initial pH values
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of the control and samples treated with individually (AA)
and (TSP) were 6.15 and 6.18, respectively.

Also, the results indicated a significant (P<0.05) increase
in pH values in all fillets samples during storage period by
different rates, the highest incremental rates (pH value) were
detected in control sample reached to value of 6.94 at the end
of storage period compared with samples treated with (AA)
and (TSP) which reached to 6.30 and 6.42, respectively.

This reduction in pH values of samples treated with (AA)
and (TSP) compared with control indicates the effectiveness
of these (AA) and (TSP) as an antimicrobial agent so, it can
be used as a way of combating the growth of common mi-
croorganisms causes of food poisoning (FISHER & PHIL-
LIPS, [32]). The increase in pH values of all samples treated
with (0.5%) (AA) and (TSP) and untreated during the stor-
age period due to the protolytic enzymes that hydrolyzed
fish protein to simple proteins, polypeptides and amino acids
which were nutritious intermediate compounds as reported
by (KHALLAF, [33]). The obtained results were in the same
trend of those reported by (OZPOLAT & al, [34]). Total
volatile basic-nitrogen (TVB-N) content: The impact of the
individual tested control, ascorbic acid (AA) and tri-sodium
poly phosphate (TSP) on TVB-N values of cold stored fish
fillets was showed in Table (2), there were significant differ-
ences (p<0.05) in TVB-N values between treated fish fillets
samples (AA) and (TSP) and the control (untreated) at the
beginning of storage.

It is clear from the present results that at the begin-
ning of the storage, TVB-N value was 11.60 mg/100g (on
wet basis) for control fillets samples while, were 10.0 and
8.3 mg/100g for samples treated with (AA) and tri-sodium
poly phosphate, respectively. During cold storage, the sig-
nificant (p=0.05) increasing pattern in TVB-N values was
observed in all investigated fish fillets samples. This may be
due to the breakdown of proteins resulted from proteolytic
enzymes and microbial activity (EL-SHERIF & ABD EL-
GHAFOUR [30]; KHALLAF, [33]). The highest signifi-
cant (p<0.05) incremental of TVB-N value was recorded
in control sample. The treatments with (AA) and (TSP) re-
spectively, were more active in deferring the rate of TVB-N
increase during the cold storage period.

This may be due to the role of such chemical agents on
microbial population and bacterial growth as antimicrobial
agents (SACCHETTI & 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] they stated that 20 mg TVB-N/100g raw samples
indicates the spoilage of fish and minced meat.

Thus, control sample of investigated fish fillets considered
spoiled (22.15mg/100g) at 15 days of storage while, (AA)

and (TSP) sample (15.45 mg/100g) were not surpass the
favorable limit at the end of storage period (15 days). The
formation of TVB-N is generally related with the activity of
micro-organisms and the formation tends to be increase at
high microbial population (Chytiri & al, [37]). This finding
proves the effect of (AA) and (TSP) in reduction of the bac-
terial growth then, TVB-N. From results; (AA) and (TSP)
were the high effective of Bayad fish fillets in retarding the
rate of TVB-N increase, as well as in prolonging the shelf-
life of fish fillets throughout the subsequent cold storage (at
4 £ 1°C for 15 days) and treatments with (AA) and (TSP)
could be arranged descending according to the reduced
levels of TVB-N as follows: fish fillets treated with (AA)
and (TSP) respectively. These results are in agreement with
reported by (EL-SHERIF & ABD EL-GHAFOUR, [30];
OSHEBA & al, [38]; OZPOLAT, & al, [34]). Trimethylam-
ine Nitrogen (TMAN): is responsible for the pleasant fishy
odor that produced from partly effect of intrinsic enzymes
and through the bacterial activity (SHAKILA& al, [39]).

Changes in TMAN of different bayad fillets treatments
during cold storage are shown in Table 2. From statistical
analysis of these data it could be noticed that, their signifi-
cant differences (p>0.05) were recorded in TMAN values
between all treatments immediately after processing.

Meanwhile, TMAN values of all other treatments not
exceeded this limit at any time of cold storage. From Table
2, it could be noticed that, TMNA values were significant
decreased in TSP treatment especially with nitrogen com-
pared with both control sample and other treatments. TMAN
of treatment prepared with TSP reached the value 9.2 mg
N/100 g after12 days of cold storage, exceeding the upper
acceptability limit set by (EOS, [36]) for TMNA values of
fish products (10 mg N/100 g).

Thiobarbeturic acid (TBA) value

The influence of individually (AA) and (TSP) treat-
ments on the TBA values of Bayad fish fillets during cold
storage at 4+1°C for 15 days was determined. It could be
noticed from Table 2 that immediately after preparation (at
zero time of storage) there were no significant (p<0.05)
variances between the control and other treated samples.
The highest value of TBA was found in untreated fish fil-
lets sample; control (0.45 mg malonaldehyde (MDA)/kg
flesh), while the lowest value was noted in samples treated
with (AA) (0.26 mg MDA/kg) followed by samples treated
with (TSP) (0.38 mg MDA). These values of TBA were in-
creased (p<0.05) to 1.85 and 2.05 mg MDA/kg flesh, re-
spectively at the end of storage period (15 days). Therefore,
although the (AA) and (TSP) had significant (p<0.05) re-
duction effect on the TBA values, there was an increasing in
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TBA values in all different fish fillets samples throughout the
cold storage by different rates affecting by (AA) and (TSP)
and cold storage period.

The incremental in TBA values for all fish fillets samples
with increasing the cold storage time may be due to the self-
oxidation of fats, bacteriological and/or oxidative rancidity.
Thus, the control sample considered spoiled at 5 days of

storage (2.15 mg MDA) and sample treated with (AA) (2.05
mg MDA) spoiled at 15 days as reported by (SUMAN &
al, [40]) who indicate that TBA values of 2 mg MDA/kg
flesh or greater in meat such as beef are considered to be
rancid and (BONNELL, [41]) mentioned that fish and fish
products of good quality will have TBA value less than 2mg
MDA/kg flesh, while poorer quality fish will have 3-27mg

Table 2. Effect of treatment Bayad (Bagrus bayad) with ascorbic acid (AA 0.5%) or tri-sodium phosphate (TSP 0.5%) at
different packaging conditions on chemical composition during storage period (on dry weight basis).

Storage period (Day) Sale time (hour) Packaging Chemical
12 9 6 3 6 0 condition Treatment parameters
- - 76.5 77.2 78.0 79.7 Air
- - 77.0 77.5 78.6 79.7 Vacuum® Control (Untreated)?
- - 78.0 78.4 79.3 80.0 Nitrogen®
- 75.7 76.4 77 71.5 79.1 Air*
-- 76.0 76.7 71.3 78.0 79.3 Vacuum® Ascorbic acid (0.5 %)° Moisture (%)
- 76.4 77.2 78.0 79.2 79.9 Nitrogen®
- 76.2 77.0 78.0 79.2 80.0 Air®
- 77.4 78.2 79.0 79.5 80.1 Vacuum® Tri-sodium phosphate (0.5 %)*
- 78.1 793 80.0 80.6 80.1 Nitrogen®
- - 76.7 77.2 77.6 78.1 Air®
- - 77.2 77.4 779 78.2 Vacuum® Control (Untreated)*
- - 773 71.7 78.2 78.4 Nitrogen®
76.5 77.0 77.4 77.7 78.0 78.2 Air® .
768 772 775 779 781 783 Vacuum® Ascorbic acid (0.5 %y Crude protein (%)
77.0 77.4 77.6 77.8 78.0 78.2 Nitrogen®
76.7 77.1 77.3 77.6 77.8 78.0 Air®
76.9 773 71.5 77.7 71.9 78.1 Vacuum® Tri-sodium phosphate (0.5 %)®
77.0 773 71.7 78.0 78.2 78.4 Nitrogen®
- - 14.7 15.0 15.2 15.3 Air®
- - 14.9 15.1 15.2 15.3 Vacuum® Control (Untreated)*
- - 15.0 15.2 15.3 15.4 Nitrogen®
14.7 14.9 15.1 15.2 15.3 15.4 Air®
14.8 15.0 15.1 152 153 154 Vacuum® Ascorbic acid (0.5 %)* Ether extract ()
14.6 15.0 15.1 15.2 15.3 15.4 Nitrogen®
14.6 14.8 15.0 15.2 15.3 15.4 Air®
14.7 14.9 15.1 15.2 15.3 15.4 Vacuum® Tri-sodium phosphate (0.5 %)?
14.8 15.1 15.2 15.2 15.3 15.4 Nitrogen®
- - 7.5 6.8 6.4 5.9 Air*
-- -- 7.4 6.8 6.2 5.9 Vacuum® Control (Untreated)®
- - 7.3 6.7 6.3 5.9 Nitrogen®
7.8 7.6 7.2 6.7 6.3 5.9 Air*
7.7 7.3 7.0 6.6 6.3 5.9 Vacuum® Ascorbic acid (0.5 %)° Ash content (%)
7.5 7.1 6.7 6.3 6.1 5.7 Nitrogen®
7.9 7.5 7.3 6.8 6.4 6.0 Air*
7.8 7.4 7.2 6.8 6.3 6.0 Vacuum® Tri-sodium phosphate (0.5 %)®
7.8 7.4 7.2 6.7 6.3 6.0 Nitrogen®

All values given are means of three determinations.

Values followed by different letter in row are significantly different at p<0.05.
(a.b and c) : comparison of means by packaging condition at (P<0.05) by Duncan’s multiple comparison tests.
A, B and C: Comparison of means by treatment at (P<0.05) by Duncan’s multiple comparison tests.
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MDA/kg. Accordingly, the fillets samples treated with gin-
ger or rosemary in the current study would not deceive con-
sumers up to 15 days of storage. Finally, the obtained results
revealed that the treatment of Bayad fish fillets with (AA)
and (TSP), respectively led to extension (p<0.05) of their
shelf-life comparing with the control sample. These results
are in agreement with previous studies by (EL-SHERIF &
ABD EL-GHAFOUR, [30]; UCAK & al, [42]).

Physical changes of raw Bayad fish during storage
at 4 £1°C as affected by (AA) or tri-sodium poly
phosphate

As shown in Table (3), water holding and Tenderness
values were significantly decreased with increasing storage
period. Table (3): Effect of treatment Bayad (Bagrus bayad)
with ascorbic acid (AA) or tri-sodium phosphate (TSP) on
Physical parameters during storage period.

Microbiological load changes of raw Bayad fish
fillets during storage at 4 £1 °C as affected by (AA)
or tri-sodium poly phosphate

Total bacterial count (TBC)

Table (4) shows the changes of total bacterial count of
different fish fillets samples during cold storage as affected by

treated by (AA) and (TSP) individually. At zero time of stor-
age, control samples (untreated) recorded the highest mean
counts of TBC comparing to other samples treated with (AA)
and (TSP), that caused a significantly (»p<0.05) reduction in
microbial count of treated fish fillets immediately after prepa-
ration. The TBC of control and treatment samples with (AA)
and (TSP) fish fillets were gradually increased significant-
ly (p<0.05) during storage at 4+1°C with a highly increase
in control and depending on the kind treatment. The growth
of psychrophilic bacteria under this storage condition might
cause the noticed increase (OSHEBA & al, [38]). TBC (cfu/g
flesh) of control sample were 3.25 at zero time of storage in-
creased to 7.65 cfu/g fillets sample at the end of storage pe-
riod (15 days), while samples treated with (AA) and (TSP)
were 2.60 and 3.02 (cfu/g flesh) at zero time increased to 3.70
and 4.00 (cfu g"), respectively. This mentioned that (AA)
and (TSP) may be responsible for the antibacterial proper-
ties. Also, it could be detected that significant differenc-
es (P<0.05) (TSP) was noticed have strong inhibitory effect
against the growth of TBC followed by (AA). In this study
the raw fish fillets of control sample was considered accepted
until 6th day of storage and were rejected because TBC count
was exceeded than the maximum permissible level MPL (10°
numbers/g) was reported the acceptable limit of TBC for fil-

Table 3. Effect of treatment Bayad (Bagrus bayad) With ascorbic acid (AA) or tri-sodium phosphate (TSP) on Physical
parameters during storage period.

Storage period (Da; ; .
) j ? ( 5 Y 3 Sa616 time (hOl(.)ll’) l::z‘;l:il(?ng Treatment Physical parameters
- - 4.80 46 45 441 Aira
- - 4.71 4.6 4.53 4.40 Vacuuma Control (Untreated)A
4;9 4"7 4.63 4.55 4.46 4.38 Nitrolgenb WaFer holding
4.63 4.45 4.4 4.35 Aira o capacity (WHC) (g
475 4.63 4.60 4.45 4.39 4.33 Vacuumab Ascorb;c acid (0.5 water retained /g
4.72 4.68 4.55 443 437 432 Nitrogenb %A protein)
457 445 437 43 420 411 Aira o
450 438 428 417 410 400 Vacuumab Tri-sodium
4.44 4.30 4.19 4.11 4.05 3.95 Nitrogenb phosphate (0.5 %)B
- - 3.00 310 315 3.24 Aira
- - 3.30 3.12 3.17 3.20 Vacuuma ControlA (Untreated)
- - 3.00 3.05 3.12 3.17 Nitrogenb
277 283 2.92 300 3.08 315 Aira o
165 277 285 296 304 312 Vacuumb Ascorbic acid (0.5 Tendeness
2.61 275 2.83 294 3.02 3.08 Nitrogenb %8
257 2.65 273 285 294 3.00 Aira o
15 163 270 282 290 297 Vacuumb Trisodium
250 2.60 2.67 275 2.80 2.94 Nitrogenc phosphate (0.5 %)C

All values given are means of three determinations.

Values followed by different letter in row are significantly different at p<0.05.
(a.b and c) : comparison of means by packaging condition at (P<0.05) by Duncan’s multiple comparison tests.

A, B and C: Comparison of means by treatment at (P<0.05).
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lets, also MPL recommended by the International Commis-
sion on Microbiological Specifications for TBC in all fillets
products is below 7 log10cfu/g sample (ICMSF, [24]), while
the other fish fillets samples treated with (AA) and (TSP) re-
mained acceptable microbiologically and safe for consump-
tion up to 15 days storage at 4+1°C because the values were
below the MPL. Therefore, this study demonstrated that the
use of (0.5%) (TSP) decreased the microbial attendance of
cold raw Bayad fish fillets compared to the control. These re-
sults are in agreement with found by (OZPOLAT & al, [34])
and (BABATUNDE & ADEWUMI, [43])

Yeast & Mold (YM) counts

Results in Table (4) show the changes in the yeast and
mold of the different types of Bayad fish fillets during re-
frigerated storage at 4+1°C affected by addition individual-
ly (AA) and (TSP), at preparation. YM counts were not de-
tected in any of fillets samples at the 0™ day until 6thday of
storage. YM counts were detected in control samples (1.85
cfu/g) at 5" day. In treated fillets samples with (TSP), it
could be noticed that YM counts were appeared at the 10"
day in samples treated with (AA) (1.22 cfu/g) and at 15"
day in samples treated with (TSP) (1.20 cfu/g). On the other

Table 4. Effect of treatment Bayad (Bagrus bayad) with ascorbic acid (AA) or tri-sodium phosphate (TSP) on total viable
bacterial, molds & yeast, psychrophilic bacterial, Lipoletic bacteria and Protoletic bacteria counts during storage period.

Storage period (Day) Sale time (hour) Packa?g:ing Treatment Microbiological
12 9 6 3 6 0 condition parameters
- - 7.2 4.8 3.2 1.8 Air®
- - 6.5 3.6 2.5 1.6 Vacuum® Control (Untreated)®
- - 5.9 3.4 2.3 1.5 Nitrogen®
7.8 6.0 52 3.4 2.7 1.7 Air® Total bacterial
6.9 5.3 4.1 2.8 24 1.5 Vacuum” Ascorbic acid (0.5 %)*  counts (CFU/g x10°)
5.8 4.9 3.8 2.5 2.0 1.5 Nitrogen®
7.1 5.7 4.5 3.1 2.3 1.6 Air* Tri-sodium
6.4 4.7 3.4 2.9 2.1 1.4 decuumb. phosphate (0.5 %)C
5.6 4.4 32 2.5 1.8 1.4 Nitrogen®
- - 7.4 5.7 3.8 22 Air?
- - 7.0 5.3 3.5 2.0 Vacuum® Control (Untreated)”
- - 6.8 4.7 3.3 2.0 Nitrogen®
7.4 6.3 5.5 4.1 3.4 2.0 Air* Molds & yeast
6.9 5.4 4.6 3.7 2.7 1.9 Vacuum® Ascorbic acid® (0.5 %)  counts (CFU/g x10%)
6.6 4.9 4.1 33 2.5 1.8 Nitrogen®
8.4 6.7 5.9 4.4 3.6 2.1 Air® Tri-sodium
8.1 6.2 5.3 3.9 3.2 1.9 Vacuum® hosphate® (0.5 %
75 5.9 44 3.4 2.9 1.9 Nitrogen® phosphate® (0.5 %)
- - 7.0 5.3 4.1 3.0 Air*
- - 6.6 5.0 3.9 2.8 Vacuum® Control (Untreated)*
- - 6.0 4.5 3.8 2.6 Nitrogen®
8.1 6.3 4.9 3.8 3.0 2.5 Air* Lipoletic bacteria
7.2 6.8 4.2 3.5 2.9 2.3 Vacuum” Ascorbic acid (0.5 %)® )
6.7 55 4.0 35 27 2.1 Nitrogen® count (CFU/g x10%)
7.5 5.8 4.6 3.7 3.0 2.4 Air® Tri-sodium
6.6 5.4 4.3 3.4 2.7 2.2 Vacuum” oA
6.3 5.0 4.1 32 25 2.0 Nitrogen® phosphate (0.5 %)
5.7 4.3 3.1 2.3 Air®
52 4.0 2.7 1.8 Vacuum® Control (Untreated)©
4.8 3.7 2.5 1.8 Nitrogen®
72 5.6 4.8 34 2.6 1.8 Alr Protoletic bacteria
6.7 5.1 4.4 33 2.4 1.7 Vacuum® Ascorbic acid (0.5 %)® 5
6.4 49 4.0 32 22 1.6 Nitrogen® count (CFU/gx10%)
7.0 5.5 4.5 33 2.4 1.6 Air® Tri-sodium
6.3 5.0 4.2 3.1 2.3 1.6 Vacuum® o/\C
6.0 48 4.0 28 2.0 1.6 Nitrogen® phosphate (0.5 %)

All values given are means of three determinations.

Values followed by different letter in row are significantly different at p<0.05.
(a.b and c) : comparison of means by packaging condition at (P<0.05) by Duncan’s multiple comparison tests.

A, B and C: Comparison of means by treatment at (P<0.05).
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Table 5. Organoleptic properties of fried Bayad (Bagrus bayad) treated with ascorbic acid (AA) or tri-sodium
phosphate (TSP) at zero time

Organoleptic properties score

Treatment —
Appearance Color Odor Texture Taste Overall acceptability
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

Significance ( P <0.05)

Means of each column followed by the same letter are not significantly different at the 5% level according to Duncan's Multiple Range Test.

a, b, ¢ and d: Comparison of means by salting time.

hand, YM counts were gradually increased for all fish fil-
lets samples during cold storage as noticed in Table (4) and
a highly significant differences (P<0.05) between the con-
trol sample and other samples treated with (AA) and (TSP)
were noticed thus, the control sample was highest (p<0.05)
count until the final of storage period. At the end of storage
period, YM counts reached to (4.00 cfu/g) of control fillets
samples, while 2.55 and 2.90 of samples treated with (AA)
and (TSP), respectively. Therefore, the fillets sample treated
with (TSP) was the lowest YM counts followed by samples
treated with (AA) compared with control sample, this indi-
cated that (AA) and (TSP) have stronger effects against the
growth of yeast and molds than control in reduction of yeast
and molds population. So, the additions of (AA) and (TSP)
to fish fillets were extended product shelf life (15 day) com-
pared to the control (15 day). These results are in agreement
with reported by (EL-SHERIF & ABD EL-GHAFOUR,
[30]; IHEAGWARA, [44]; OZPOLAT & al, [34]). Finally,
all cold storage fish fillets treatments were completely free
from colifrom bacteria, staphylococcus aureus, 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 fish fillets
during cold storage at (4£1°C) as affected by (AA)
and (TSP):

The results of sensory analysis are one of the most im-
portant quality criteria used for determination of shelf life
of seafood. The changes of sensory properties (taste, color,
odor, texture and general acceptability) of fried Bayad fish
fillets treated individually with (AA) and (TSP) and untreat-
ed (control) during cold storage at (4+1°C) were recorded in
Table (5). It could be found that Bayad fish fillets at zero time
of storage had excellent scores for color and texture then
very good scores for flavor (taste and odor) immediately af-
ter preparation. Therefore, a noticeable significant (p<0.05)
difference could be observed between samples treated with
EOs and control in the case of taste and odor characteristics
during the storage period. EOS, [36] was found to have an

added advantage in terms of their synergistic effect against
oxidation and in enhancing the taste and odor. The decline
in overall acceptability of control samples as a result of this
difference in taste and odor was more prominent during 15-
20 days of storage and the off flavor formation was occurred.
While, there was no marked difference (p<0.05) between the
EOs treated samples and control in color and texture during
zero time till 10 days of storage then, a significant (p<0.05)
difference was found until the end of storage period. On the
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
and 4.2, respectively by 20 days of storage which was below
the acceptable limit of score (5) and was greatly deteriorated
being undesired as softening of texture and off odors was ap-
peared then, this product become rejected for consumers.

In the case of the other samples treated with EOs, the
scores were above of acceptable limit even after the end of
storage period (25 days). Hence, the scores of overall ac-
ceptability garlic, ginger and rosemary samples were 5.3,
6.5 and 5.8 respectively at the end of storage period (25
days) and was in the order samples, ginger > rosemary >
garlic. Therefore, Bayad fish fillets samples treated with
1.0% ginger showed the significant (p<0.05) highest mean
score of overall acceptability followed by samples treated
with 1.0% rosemary and treated with 1.0% garlic compared
with untreated samples (control) which rejected before 20
days of cold storage.

Even through the added EOs delayed oxidation and ex-
tending the shelf-life, their antioxidant activity reduced dur-
ing storage by increase significantly (p<0.05) differences
in all individual tested samples during the end of storage
periods.

Conclusion

In conclusion, the results obtained in this study showed
the tested ascorbic acid and tri-sodium phosphate had / or pre-
sented / antimicrobial properties that improved the physico-
chemical, microbiological and sensory quality attributes of
raw Bayad fish fillets during cold storage thus, extending the
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shelf life. This is justified by the low TVB-N, TBA, and pH
as well as bacteria, yeast and mold counts of fish fillets related
with EOS than untreated control samples. Sensory evaluation
revealed that shelf life of fish fillets samples was longest (P <
0.05) for samples treated with TSP as compared to the con-
trol (12 days) under storage at4+1°C. Therefore, the present
findings recommended that the TSP and AA should be utilized
for extending the shelf-life and enhancing quality attributes
and sensory properties of fish fillets during cold storage.
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Direct-Contact and Contact-free Treatment

Introduction

Plasma is a partially or fully ionized gas consisting of
various particles, such as electrons, positive/negative ions,
neutral atoms/molecules (can be radicals), excited atoms/
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-
peratures of the electrons with the temperatures of the oth-
er particles in plasma. While the temperatures (i.e. kinetic
energy) of the particles in the plasma are equal in thermal
plasmas, the temperatures of the electrons in non-thermal
plasmas are higher than the temperature of the other par-
ticles, and the gas temperature remains as low as room tem-
perature (Raizer, 1991; Grill, 1994). Non-thermal plasmas
have many advantages such as the effects of low tempera-
ture, low electric field, and the chemical interactions of the
active radicals have various applications. In the last decades,
non-thermal atmospheric pressure plasma sources, such as
corona, streamer, dielectric barrier discharge (DBD), surface
dielectric barrier discharge (SDBD), and plasma jet, have
attracted significant interest, because they do not require ex-
pensive vacuum equipment and can be readily applied (Lu et
al., 2016; Domonkos et al., 2021; Ilik et al., 2020).

Non-thermal Atmospheric Pressure Plasma jets (NTAP-
PJs) also belong to the large family of non-thermal atmo-
spheric pressure plasmas; they are discharged plasma that
can extend outside the plasma generation region between
electrodes into the surrounding ambient environments.
NTAPPIJs are playing an increasingly important role in vari-
ous plasma processing applications. This is because of their
practical capability to provide plasmas that are not spatially
bound or confined by electrodes (Laroussi and Akan, 2007;
Penkov et al., 2015). Moreover, they can be movable and
easily applied to samples with inner surfaces. NTAPPJs gen-
erated in air consist of different components such as neutral
atoms/molecules, radicals, excited atom/molecules, metasta-
bles, charged particles (ions and electrons), reactive oxygen
species (ROS), reactive nitrogen species (RNS), photons of
UV, visible, infrared, and thermal radiation, and electromag-
netic field, all of which may contribute to its antibacterial
properties (Khlyustova et al., 2019).

Among other applications, the treatment of temperature-
sensitive surfaces such as biological material is of interest, in
particular in the field of plasma medicine by the interaction
of plasma with living cells, tissues, and bacteria, e.g., for in-
activation or sterilization of bacteria, fungi, and spores, can-
cer treatment, wound healing, dentistry, genetics, and skin
treatment (Wu et al., 2016; Lin et al. 2016; Mashayekh et
al., 2015; Schmidt et al., 2017; Yaopromsiri et al., 2015; La-

roussi, 2015). The temperature-sensitive surface treatment of
NTAPPIJs has also produced amendatory results in the fields
of food safety (Pankaj et al., 2018), agriculture (Velichko et
al., 2019), and textile (Peran and Ercegovi¢, 2020 ).
Biological materials can be treated by plasma in two dif-
ferent methods (Akan and Cabuk, 2014; Saadati et al., 2018
; Malyavko et al., 2020; Dobrynin et al., 2009; Dobrynin et
al., 2011; Morris et al., 2009): Direct treatment is when the
biological sample to be treated is in direct contact with the
plasma. All plasma agents (plasma-generated species and
electromagnetic fields) come in contact with the sample. The
most important distinguishing feature of the direct plasma
treatment is that a significant flux of charges (ions and elec-
trons) reaches the surface of the sample. The second method
is the indirect treatment in which the biological sample is
placed at a non-contact distance from the plasma. In this
treatment, the charged particles do not play a role since they
recombine before reaching the sample, and the active agents
are blown to the treated sample. In indirect treatment, the ac-
tive uncharged species are typically delivered to the surface
via a flow of gas through a plasma region. Although mostly
active uncharged species (e.g., O, O,, OH, NO, O,) will be
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
in terms of bacterial inactivation rates. It is demonstrated
that direct treatment, where charged particles contact with
bacteria directly , produces inactivation much faster than the
indirect treatment, where plasma afterglow (post-discharge)
is delivered to the bacteria with a gas flow through the plas-
ma region (Dobrynin et al., 2011; Morris et al., 2009).
NTAPPIJs consist of a gas tube equipped with one or two
electrodes. The plasma is ignited inside the tube and trans-
ported to the outside as well as to the sample to be treated by
a gas flow. NTAPPJs can be distinguished between remote
plasmas, where the plasma is potential free and consists of
recombining active species, and active plasma jets where
the expanding plasma contains free and high energetic elec-
trons. In the latter case, the targeted sample forms a sec-
ond or third electrode. In many cases, the voltage does not
need to be directly connected to this sample electrode, but
some current may flow through the sample in the form of
either a small conduction current, displacement current, or
both. NTAPPJs can be classified into four categories, i.e.,
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
with any sample (cells or whole tissue), the discharge is like
a DBD. However, when the plasma jet is in contact with a
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sample, the discharge is running between the high voltage
electrode and the sample to be treated. In such a case, it no
longer operates as a DBD will work as a streamer, spark, or
arc discharge. The NTAPPJ used in this study is a DBD-like
jet with and without contact with P. aeruginosa planktonic
bacteria. Although NTAPPJs are accepted as remote or in-
direct plasma applications on a sample, DBD-like type jets
should be classified according to whether they are in contact
with the treated sample. DBD-like type jets change the jet
format and transit to spark or arc discharge when contacted
with the treated sample. In this case, they are separated from
the remote application method by transferring charged par-
ticles to the sample to be treated. In addition, when a DBD-
like type jet is in contact with a sample, it may create an
undesirable chemical or physical effect on the sample to be
treated. In this study, the effects of a DBD-like type jet ex-
posed to P. aeruginosa planktonic bacteria with and without
contact were investigated.

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-
spheric pressure plasma jet (NTAPPJ) device was used. A
schematic of the NTAPPJ device used, including the spec-
troscopic measurement system, is given in Fig. 1. In this
work, the NTAPPJ device was attached to a support with
the jet (plume) shooting downward. Petri dishes containing
P. aeruginosa planktonic bacteria evenly spread over agar

were put right under the plasma jet and on a platform the
height of which can be adjusted. In this way, the distance be-
tween the nozzle (end of the quartz tube) of the NTAPPJ and
the Petri dishes containing P. aeruginosa planktonic bacteria
to be treated, which is called the exposure distance (ED), can
be determined.

The NTAPPJ source consists of two concentric elec-
trodes through which a gas flow. By applying kHz power to
the inner electrode, the gas discharge is ignited. The ionized
gas from the plasma jet exits through a quartz glass tube,
where it is directed onto a substrate (in this study P. aerugi-
nosa planktonic bacteria) a few centimeters downstream. A
device that is very similar to the NTAPPJ device used in
this study was investigated in our previous article (Ilik and
Akan 2016). The NTAPP jet assembly consisted of a 100
mm-long quartz tube with a gas inlet, and the inner and outer
diameters of the quartz tube are 4 and 6 mm, respectively.
A coaxial dielectric barrier configuration was used for the
electrode geometry. A tungsten needle with a diameter of
0.5 mm and length of 150 mm is inserted into the center of
the quartz tube as a high-voltage electrode. The high-voltage
electrode is fixed at a distance of 3 mm away from the open
end (the nozzle) and it was insulated with rectangular cubi-
cal polyethylene material. A 0.70 mm-thick copper foil with
a 10 mm-width was used as the ground electrode and was
wrapped on the quartz tube with the outer edge of the elec-
trode at the downstream side being 20 mm away from the
orifice of the quartz tube.

High-purity He (99.999%) and Ar (99.999%) enter the
tube from the top side of the quartz tube, which is controlled
by a mass flow meter division in a range of 0-15 L/min.

Tungsten electrode

AC High £ "
Voltage @ N o

Exposure
distance

Figure 1. Schematic of the NTAPP jet device used.

Flowmeter

Quartz tube

Ground electrode
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A homemade power supply was developed to generate the
plasma using a sinusoidal high voltage. For all the inacti-
vation experiments reported in this letter, the peak-to-peak
voltage of a 15 kHz sinusoidal waveform was optimized and
then fixed at 18 kV.

In the NTAPPJ, the electron collisions excite the plasma
species to the higher atomic or molecular levels decaying
and emitting a photon at the specific wavelengths. These
processes can be detected and analyzed by recording the
emission spectrum. Optical Emission Spectroscopy (OES)
has been applied to identify the chemical species present in
the NTAPP jet (plume) when Ar and He is used as a work-
ing gas (Fig. 1). The emission spectrum for the Ar and He
NTAPP jets in the air was taken by an Ocean Optics mini-
spectrometer USB 2000+XR1-ES equipped with a 2048-
element linear silicon charge-coupled device (CCD) array
detector. The 300 grooves/mm grating and 10-mm wide slit
were used to evaluate spectra in the spectral resolution of the
spectrometer 0.1 nm.

Bacterial Strain and Growth Condition

The standard bacterial strain was stored in a deep freezer
(Eskisehir Osmangazi University, Biotechnology Labora-
tory) at -80°C. The bacterial strain was inoculated into Tryp-
tic Soy Broth (TSB) and incubated aerobically at 37°C for
24 hours. The strain was then subcultured on Tryptic Soy
Agar (TSA) under the same conditions. To determine the re-
gion of growth inhibition, an overnight bacterial culture was
diluted (1/1000) in sterile 0.9% saline, 100 pL of the diluted
bacterial suspension was then spread evenly on the surface
of the TSA plate. It was then immediately treated with the
NTAPP jets at specified times. After exposure to the plasma
jet, the plates were incubated for 24 hours at 37°C in a static
incubator, and photographs of the agar plates showing the
bacterial growth inhibition zones were taken using a digi-
tal camera. For control experiments, samples are treated by
working gas flowing at the same flow rate with the plasma
turned off. It should be noted that all experiments reported
in this letter were repeated three times and the results were
consistent with the same experimental conditions.

Results and Discussion

Non-thermal Atmospheric Pressure Plasma Jet
(NTAPPJ) Generation

The origin of non-equilibrium plasmas is based on the
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
applied. At low pressure, the positive ions generated in the
ionization process drift to the cathode and lead to secondary

electrons emission. This following delivery of free electrons
seeds new avalanches, and this is the main characteristic of
the Townsend-breakdown mechanism that leads to the gen-
eration of a self-sustained gas discharge such as a glow dis-
charge. At higher pressure, the number of ionizing collisions
per unit volume increases, and the breakdown mechanism
changes significantly. When electron avalanches generate a
space charge that locally enhances the electromagnetic field
applied, secondary electron avalanches are started in the gas
phase. The ionized region and its perturbation of the electro-
magnetic field grow rapidly and eventually form a separate
plasma channel (a streamer-breakdown mechanism) called a
streamer. A streamer propagates in the discharge region but
does not necessarily connect the two opposite electrodes.
Streamer discharges can undergo a transition to more intense
spark discharges when it reaches to opposite electrode. An
intense spark channel can transit into an arc discharge if the
power supply can deliver the necessary current (Bruggeman
etal., 2017).

When He is introduced to the NTAPPJ system given
in Fig. 1 with a gas flow rate of 5 L/min, the plasma jet is
formed in the filamentary mode as seen in Fig. 2a. When the
gas flow rate of He is increased to 10 L/min, the length of
the plasma jet increases as seen in Fig. 2b, and the plasma
jet appears more in diffusive mode. The length, shape, and
mode of the plasma jet in He were influenced by the gas flow
rate. In filamentary plasmas, in contrast to the mostly diffu-
sive plasmas, the activity of atmospheric pressure plasmas is
strictly localized. The formation mechanisms of the diffusive
and filamentary of NTAPPJs have been extensively studied
(Lietal., 2017). When the NTAPP jet generated in the diffu-
sive mode using He with a flow rate of 10 L/min is exposed
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
samples are directly contacted with the plasma jet (plume).
In this case, many streamers are formed in the area where
the plasma jet contacts the agar, and these streamers move
around the contact area without causing any visible dam-
age. The agar temperature measured with the standard K-
type thermocouple connected to a digital multimeter (Fluke
179) and IR thermometer (Benetech GM320) almost does
not change and remains around 25°C during the treatment
of 5 min. When the NTAPP jet generated in the filamentary
mode using He with a flow rate of 5 L/min is exposed to the
agar, the jet is formed in the spark discharge mode as seen
in Fig. 2d. In this case, streamers are not formed, and the jet
contacts a point on the agar producing a spot (like a small
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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 27°C.

2 v ;

; g 8 ;
I B %
Ea|E & o

Helium

Argon

Figure 2. Plasma modes that occur at different gas flow rates
and direct-contact treatment on the P. aeruginosa planktonic
bacteria with the NTAPPJ system.

As can be seen in Fig. 2e and Fig. 2f, the NTAPP jet in Ar
with a flow of 5 L/min, which was formed in the filamentary
mode, transits to the diffusive mode by shortening when the
Ar flow rate was increased to 10 L/min. When the NTAPP jet
generated in diffusive mode using Ar with a flow rate of 10 L/
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
filamentary mode using Ar with a flow rate of 5 L/min is ex-
posed to the agar, the jet is formed in the spark discharge mode
as seen in Fig. 2h. No chemical or physical effect was observed
on the agar treated by the spark discharge in the diffuse mode
of the NTAPP jet in Ar, while a spot was formed when the agar
is treated by the filamentary mode. When the agar plates were

treated by both modes of the NTAPP jet in Argon, the tempera-
ture of the agar has changed between 25-27 °C.

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

The P. aeruginosa bacterial samples are treated by the
NTAPPJ in two different ways, i.e., direct-contact and con-
tact-free treatments. For the direct-contact treatment, the
bacterial samples on the agar plates were placed right under
the plasma jet at an adjustable distance from the nozzle. The
bacterial samples were directly contacted with the plasma jet
to generate a spark discharge. The first group of the experi-
ment is done with Ar in the diffusive mode with a flow rate
of 10 L/min and the filamentary mode with a flow rate of 5
L/min, respectively. For the control experiment, the bacte-
rial samples are treated by the Ar at the same flow rate with
the plasma off (power off).

Control plates (no plasma and Ar gas exposure, and Ar gas
exposure without plasma ignition) exhibited consistent bacte-
rial lawns, whereas the NTAPPJ-treated plates of the P. aerug-
inosa bacterial strains were characterized by the presence of
clear zones (killing region) of growth inhibition (Fig. 3). The
yellow arrows show the bacteria growth inhibited region af-
ter the plasma treatment. The bacteria-containing agar plates
were placed under the NTAPPJ in Argon for the following
time intervals: 60, 120,180, and 300 seconds. After incuba-
tion, photographs of the agar plates, showing bacterial growth
inhibition zones, were taken using a digital camera. The Ar-
NTAPP jet-exposed plates showed significant bacterial inhibi-
tion zones which indicate the extent of bactericidal activity of
the plasma jet against P. aeruginosa. Although the maximum
diameter of the plasma jet (plume) observed in the NTAPPJ
in Ar is less than 2-3 mm in the filamentary mode and 4-6 mm
in the diffusive mode, inhibition zones of several centimeters
are obtained; which indicates that plasma-derived active spe-
cies are not confined within the visible plasma plume, rather
they are present in a larger volume around it. The observable
inhibition zone diameter increased with increasing plasma
exposure time as can be seen in Fig. 3. The inhibition zone
diameter of the filamentary mode-NTAPPJ direct-contact
treatment is smaller than that of the diffusive mode-NTAPPJ
direct-contact treatment when Ar is used as a working gas.
The damage on the agar plates by heating or etching was not
observed in the diffusive mode-NTAPPJ direct-contact treat-
ment (Fig. 3d), but spots were observed in the filamentary
mode treatment (Fig. 3¢). As mentioned earlier, the bacteria
are affected by charged particles and reactive species simulta-
neously in direct-contact treatment.

When all the processes in obtaining the results in Fig. 3,
when Ar is used as working gas, were repeated for He, the
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180 Sec.

300 Sec.

DIFFUSIVE

FILAMENTARY

Figure 3. Results of antibacterial direct-contact treatment of P. aeruginosa on the agar using the different A--NTAPPJ
working modes as well as different treatment times. a.) Control plate (no gas and plasma exposure), b.) Control plate (Argon
gas exposure without plasma ignition), ¢.) and d.) the variation of observable inhibition zone diameter with the Ar diffusive

and filamentary mode-plasma exposure times of 60, 120, 180, and 300 sec., respectively. ED was 20 mm.

results given in Fig. 4 were obtained. When He is used as a
working gas, the inhibition zone diameter in the diffusive
mode was larger than that of the filamentary mode of the
NTAPPIJ in direct-contact treatment.

Comparing the antibacterial efficacy of the NTAPP jets
in Ar and He after direct-contact with the bacteria, the di-
rect-contact treatment of the Ar-NTAPP jet on the bacteria
showed a more effective antibacterial efficacy than that of
the He-NTAPPJ.

For the contact-free treatment, the P. aeruginosa bacte-
rial samples on the agar plates were placed right under the
plasma jet at a distance where they will not contact with the
jet, that is, no spark discharge will occur. When the Ar and
He NTAPP jets were exposed to the bacteria without contact
in the diffuse mode, they produced a zone diameter, while no
significant antibacterial effect was observed in the filamen-
tary mode. When the Ar-NTAPPJ in the diffusive mode was

60 Sec.

CONTROL

exposed to the bacteria without contact, a larger inhibition
zone was observed than when the He-NTAPPJ in the dif-
fusive mode was exposed to the bacteria without contact as
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-
ously to charged particles (electrons and ions), UV/visible
light, reactive oxygen species (ROS) such as ozone (O,),
atomic oxygen (0O), electronically excited oxygen (O, ('A)),
superoxide (O,"), hydrogen peroxide (H,0,), hydroxyl radi-
cal (OH) and anion (OH"), reactive nitrogen species (RNS)
such as atomic nitrogen (N), electronically excited nitrogen
(N,(A)), nitric oxide (NO), and other excited molecular and
atomic species of working gas, all of which may contribute
to its antibacterial properties (Nicol et al., 2020; Brun et al.,
2018), and thus maximum inactivation effect is obtained
in this case. As the plasma jet is launched in the surround-

120 Sec.

180 Sec. 300 Sec.

DIFFUSIVE

>
E
&
:
=

Figure 4. Results of antibacterial direct-contact treatment of P. aeruginosa on the agar using the different He-NTAPPJ
working modes as well as different treatment times. a.) Control plate (no gas and plasma exposure), b.) Control plate
(Helium gas exposure without plasma ignition), ¢.) and d.) the variation of observable inhibition zone diameter with the He
diffusive and filamentary mode-plasma exposure times of 60, 120, 180, and 300 sec., respectively. ED was 20 mm.
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GAS CONTROL 60 Sec.

CONTROL

120 Sec. 180 Sec. 300 Sec.

ARGON

HELIUM

Figure 5. Results of antibacterial contact-free treatment of P. aeruginosa on the agar using the Ar and He NTAPPJs at
the different treatment times. a.) Control plates (no gas and plasma exposure), b.) Control plates (Argon and Helium gas
exposure without plasma ignition), ¢.) and d.) the variation of observable inhibition zone diameter with the Ar and He
contact-free NTAPPJ in the diffusive mode exposure times of 60, 120, 180, and 300 sec., respectively. ED was 60 mm.

ing room air, oxygen and nitrogen-based reactive species are
produced even if the plasma jet operating gas itself does not
contain oxygen or nitrogen. Hydroxyl (OH) is mainly pro-
duced by water molecules when struck by high-energy pho-
tons and high-speed electrons or molecules. The obtained
results of the contact-free NTAPP jet treatment in both Ar
and He show that it is less effective, probably due to the ab-
sence of charged species in the plasma jet. Bombardment on
the cell wall by charged particles, electrons, and ions (posi-
tive ions are generally N,*, while negative ions are O,") 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)

Fig. 6a and b show typical emission spectrums for the
Ar and He NTAPP jet in the air, taken by an Ocean Optics
mini-spectrometer USB 2000+XR1-ES as can be shown
in Fig. 1.
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We can compare the emission spectra between the He
and Ar NTAPPJs given in Fig. 6a and b. The emissions of ni-
trogen second positive band (N,), atomic oxygen band (O),
and OH band were observed in both plasmas, while the
emissions of nitric oxide (NO) and the first negative band
of nitrogen molecule ions (N,") were observed only in the
He-NTAP plasma jet. This is due to the ionization poten-
tial of nitrogen molecules, which is 15.5 eV. The metastable
levels of Ar are 11.5 and 11.7 eV; the energy provided from
Ar metastable atoms is not adequate for the ionization of
nitrogen molecules (Shao et al., 2012; Shao et al., 2015).
In pure He and Ar, the intensity of O line (777 nm) in the
Ar-NTAP plasma jet was slightly smaller than that in the
He-NTAP plasma jet, whereas the intensity of OH line in the
Ar-NTAP plasma jet was extremely higher than that in the
He-NTAP plasma jet. The ionization energy of He is 24.6
eV, and the energies of two kinds of He metastable formed
in gas discharge are 19.82 eV and 20.06 eV. Besides, as can
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Figure 6. Emission Spectrums of the NTAPP jet (plume) in a.) Argon, and b.) Helium.
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be known that all the upper and lower states related to the He
lines have enough energy, so any of the states related to the
observed He lines could excite any of the ground states N,
OH, and N," to their upper states related to those observed
lines through two or three body collisions (Shao et al., 2012;
Shao et al., 2015) The Ar-NTAP plasma jet contained a
higher concentration of excited OH radicals than that of the
He-NTAP plasma jet, which was related to its high-density
electrons and more suitable for inactivation.

The results show that the antibacterial efficacy of the Ar-
NTAP plasma jet is much better than that of the He-NTAP
plasma jet. Because of the lower ionization energy (15.8 eV)
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)
NTAP plasma jet, which will lead to a bigger discharge cur-
rent. This might be an explanation why the Ar direct-contact
plasma jet treatment on the P. aeruginosa is more efficient
than the He direct-contact NTAP plasma jet treatment.

From the results, it is expected that OH and charges are
the most important species for inactivation in treatment be-
tween He and Ar NTAP plasma jets. The main agent which
induces the difference of antibacterial efficacies between He
and Ar NTAP plasma jets is the OH radical and charge activ-
ity. The generation of ozone (O,) can also be checked by the
unique smell of ozone in the He and Ar NTAP plasma jets.
The Ar-NTAP plasma jet came out to have an intense fishy
smell of ozone compared with the He-NTAP plasma jet.
Because the lifetime of ozone is longer than other radicals
(Jablonowski et al., 2018), ozone might play a crucial role in
the inactivation process in the Ar-NTAP plasma jet.

Conclusions

The DBD-like NTAP plasma jet system used in this pa-
per generates the filamentary mode jet at low gas flow rates
and the diffuse mode jet at high gas flow rates. The NTAP
plasma jets in Ar and He generated in both modes create
a spark discharge when they are in contact with the agar
containing the P. aeruginosa bacteria. While the spark dis-
charges in contact with the agar in filamentary mode cause
a visible erosion on the agar, the spark discharges in contact
with the agar in diffusive mode do not cause any erosion.

The antibacterial efficacy of the Ar and He NTAPPJs for
various treatment times (60, 120, 180, and 300 sec.) were
investigated by treatment on the P. aeruginosa bacteria with-
out contact and with contact in both filamentary mode and
diffuse mode. We compare the effectiveness of direct-contact
and contact-free antibacterial treatment by the NTAPPJ gen-
erated using the same discharge setup using He and Ar and
demonstrate that the direct-contact treatment can achieve
antibacterial efficacy much better without any physical or

chemical erosion. The P. aeruginosa bacteria treatment by
direct-contact with the Ar-NTAPPJ showed more antibacte-
rial efficacy than direct-contact with the He-NTAPPJ.
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One of the most promising PET-hydrolysing enzyme, IsPETase, originates from ‘plastic-consuming’
bacteria Ideonella sakaiensis and operates at moderate temperatures (30-40 °C) in aqueous environ-
ment, showing far higher hydrolysing efficiency than several cutinases. Accordingly, the development
of proper recombinant expression system providing facile access to the isolated/purified IsPETase is
also of high interest. In our aim to produce active recombinant /sPETase, the unsuccessful expression
registered by employing several reported expression systems, directed us towards the optimization/
development of a facile/accessible recombinant expression system suitable for /sPETase production.
Testing several plasmid constructs, providing different N- or C-terminal affinity tags for the expression
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 /sPETase. After optimization of
the construct and expression host, the use of N-terminal His-tag and Rosetta-gami B expression host
provided recombinant /sPETase in high purity and titer-yield. The thermal denaturation profile and
PET-hydrolysing activity of the obtained IsPETase agree with the reported data, supporting proper
folding of the purified protein. The results support that the in vivo folding process of [sPETase might
be differently affected among the different E. coli host strains, moreover, underline the importance of
the proper selection of the cloning strategy for the successful expression of the ZsPETase.
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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
widely used plastics in the world and thus accumulates in the
environment at a staggering rate (W. COURTENE-JONES
& al. [1]; L. NIZZETTO & al. [2]; C. E. ENYOH & al.
[3]; C. L. WALLER & al. [4]; R. H. WARING & al. [5]; E.
S. GRUBER & al. [6]; K. RAGAERTA & al. [7]). Plastic
particles can be detected in both marine and terrestrial eco-
systems, from surface waters to deep-sea sediments, on the
shorelines of every continent, in soils and freshwater, even
in the polar regions, but are also present in the air (W. CO-
URTENE-JONES & al. [1]; L. NIZZETTO& al. [2]; C. E.
ENYOH & al. [3]; C. L. WALLER & al. [4]). Moreover,
plastic particles ingested by animals, enter the food chain
and accumulate in the organisms (W. COURTENE-JONES
& al. [1]; R. H. WARING & al. [5]), with more recent stud-
ies revealing their toxic effects (E. S. GRUBER & al. [6]),
however their long-term biological effect mainly remains
unexplored.

Recycling PET is one of the solutions for reducing plas-
tic pollution, which is already taking place at various rates
worldwide. However, the classic, thermomechanical PET re-
cycling, leads to a loss of the polymer's mechanical proper-
ties, while the chemical degradation/recycling requires harsh
conditions, consumes large amount of energy and generates
toxic secondary pollutants (K. RAGAERTA & al. [7]). In
2005, the possibility of enzymatic hydrolysis of PET films
was firstly reported (R. J. MULLER & al. [8]), followed by
further significant efforts to provide an industrially feasible
and efficient, eco-friendly, biocatalytic PET degradation
method (H. F. SON & al. (2020) [9]; H. P. AUSTIN & al.
[10]; Y. MA & al. [11]; H. Y. SAGONG & al. [12]; R. WEI
& al. [13]; F. KAWAI & al. (2019) [14]). One of the main
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,
thus the biocatalytic degradation efficiency being affected by
the different crystallinity degree among the different type of
PET pollutants (R. WEI & al. [13]). In this context enzyme
variants with improved stability under severe conditions,
such as high temperature and presence of swelling agents,
are highly desirable (F. KAWAI & al. (2019) [14]), reflect-
ing current research directions in enzymatic PET degrada-
tion (F. KAWAI & al. (2020) [15]). Among the enzymes
possessing PET-degrading activity, hydrolases such as cuti-
nases (T. BRUECKNER & al. [16a]; E. H. ACERO & al.
[16b]; F. KAWALI & al. (2017) [16¢]), lipases (M. A. M. E.

VERTOMMEN & al. [17]) and PETases (I. TANIGUCHI
& al. [18]) have been reported. One of the most promising
PET-hydrolysing enzyme, IsPETase, derives from ‘plastic-
consuming’ bacteria Ideonella sakaiensis (S. YOSHIDA
& al. [19]) and operates in aqueous environment with far
higher PET-hydrolysing efficiency at moderate temperatu-
res (30-40 °C) than cutinases from Humicola insolens (HiC)
and from Thermobifida fusca (TfCutl and 7fCut2), hydrola-
ses from Thermobifida fusca (TjjfH) or lipase from Candida
antarctica (S.JOO & al. [20]; H. F. SON & 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
expression system providing facile access to the isolated/pu-
rified ZsPETase is also of high interest.

In our aim to produce active recombinant /sPETase and
the unsuccessful set-up of several reported expression sys-
tems (H. F. SON & al. (2020) [9]; H. P. AUSTIN & al.
[10]; S. JOO & al. [20]; H. F. SON & al. (2019) [21]; G. J.
PALM & al. [22]; C. LIU & al. [23]; V. TOURNIER & al.
[24]; E. Z. L. ZHONG-JOHNSON & al. [25]) directed us
towards the optimization and development of facile/acces-
sible recombinant expression system suitable for the produc-
tion of the PET-degrading enzyme.

Materials and methods

Materials and instrumentation

Tris(hydroxymethyl)aminomethane (TRIS) was pur-
chased from Sigma-Aldrich (USA). The Bradford reagent
for protein concentration determinations was purchased
from VWR (USA). Technical grade solvents were dried
and/or freshly distilled prior to use, while HPLC-grade
solvents were purchased from Promochem LGC Standards
(Germany). The PET film (product nr. GF25214475-1-
EA), bis-(2-hydroxyethyl) terephthalate (BHET) was pur-
chased from Sigma-Aldrich. Terephthalic acid (TPA) was
purchased from Alfa Aesar, while mono-(2-hydroxyethyl)
terephthalic acid (MHET) was synthesized by previously
reported procedure (G. J. PALM & al. [22]). For PCR am-
plifications Phusion High Fidelity DNA Polymerase (2 U/
pL) from Thermo Fisher Scientific was used and a 96-well
Eppendorf Mastercycler ProS equipment. Plasmid extrac-
tion was performed using GenElute Plasmid Miniprep Kit
(Sigma-Aldrich), while the DNA isolation from agarose
gel was accomplished using QIAquick Gel Extraction Kit
(Qiagen). The T4 DNA Ligase was purchased from Jena
Bioscience. Desalting steps from the protein purification
procedure were performed using an AKTA purifier FPLC
(GE Healthcare/Amersham Biosciences) and HiTrap De-
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salting columns (Cytiva). UV-Vis measurements were
performed on an Agilent 8453 UV-vis spectrophotometer
and/or BioTek Epoch 2 microplate reader, using 96-well
UV-Microtiter microplates. Enzymatic PET-hydrolysis
reactions were carried out in an Eppendorf ThermoMixer
C, while HPLC analysis of the reaction samples was con-
ducted on Agilent 1200 instrument. The melting curves of
the recombinant proteins were measured using a Bio-Rad
CFX 96 Real-Time System and SYPRO Orange Protein
Gel Stain (Invitrogen).

Molecular cloning

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

The codon-optimized synthetic gene encoding the /s-
PETase, designed with Ncol, Ndel and Xhol restriction
sites (Table S1), was synthesized by Invitrogen and provid-
ed in pMA cloning vector. For subcloning into pET-21a(+)
expression vector with a C-terminal His6-tag, the synthetic
gene was PCR-amplified without the Stop codon, while
for subcloning into pET-15b restriction digestion was em-
ployed (the targeted and obtained constructs are presented
in Tables S2). Accordingly, the amplified gene or the pMA
vector harbouring the synthetic gene and empty pET-21a(+)
or pET-15b expression vector, respectively, were digested
with Ndel and Xhol restriction enzymes for 2 h at 37 °C.
The obtained DNA fragments were separated via agarose
gel electrophoresis, the DNA bands corresponding to the
insert and the recipient plasmid backbone being extracted
from the gel and purified. The ligation of the purified DNA
fragments was performed for 1 h at 22 °C using T4 DNA li-
gase, followed by transformation into E. coli TOP10 com-
petent cells. The obtained colonies were screened for their
insert-content using colony PCR. The plasmid DNA of pos-
itive colony/colonies was extracted, and further restriction
digestion confirmed the presence of insert gene (Fig. S1).
The final construct was transformed into different expres-
sion hosts (e.g. E. coli BL21-Gold (DE3), Rosetta (DE3)
pLysS, ArcticExpress (DE3), Rosetta-gami B (DE3)) via
heat shock/electroporation for further expression.

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

The first 81 nucleotides corresponding to the signal
peptide from the IsPETase sequence (residues 1-27) were
removed by PCR-amplification using as template DNA the
full-length ZsPETase 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,
followed by 30 amplification cycles, each of them involv-

ing denaturation at 98 °C for 10 s, annealing at 57 °C for
30 s and extension at 72 °C for 30 s; followed by a final
extension step at 72 °C for 10 minutes. The cloning of the
truncated ispetase gene into pET-21a(+) expression vector
was performed using the procedure described for the full-
length gene.

For the subcloning of the truncated gene into pET-15b
vector the optimized synthetic gene (see section 2.2.3) was
similarly amplified via PCR using the primers (Table S6)
allowing Stop codon reinsertion at the 3’-end of the gene.
The employed PCR protocol included initial denaturation at
98 °C for 30 s, followed by 30 amplification cycles, each of
them consisting of denaturation at 98 °C for 10 s, annealing
at 57 °C for 30 s and extension at 72 °C for 30 s; followed by
a final extension step at 72 °C for 10 minutes. The cloning
of the optimized ispetase(28-290) variant into pET-21a(+)
expression vector was performed using the procedure de-
scribed for full-length gene.

Site-directed mutagenesis for sequence optimization

To remove additional ORFs from the codon-optimized
synthetic gene encoding /sPETase, site-directed mutagene-
sis was performed using megaprimers (Table S4). The PCR
protocol consisted of initial denaturation at 98 °C for 30 s,
followed by 5 megaprimer amplification cycles (denatur-
ation at 98 °C for 10 s, annealing at 68 °C for 30 s, extension
at 72 °C for 2 minutes), followed by 25 cycles for plasmid
amplification (denaturation at 98 °C for 30 s and extension
at 72 °C for 4 minutes) and a final extension step at 72 °C for
10 minutes. The PCR reaction products were digested with
Dpnl restriction enzyme at 37 °C for 1 h to remove the DNA
template. 5 uL from the digested product was transformed
into E. coli XL1-Blue chemically competent cells via heat
shock. The plasmids isolated from the bacterial colonies
were sequenced (Biomi Ltd., G6d6l1l6) in order to confirm

the presence of the mutations.

Transformations into different E. coli hosts

The plasmids (pET-21a(+) or pET-15b) harbouring the
gene encoding the full-length or truncated /sPETase(28-290)
were transformed into 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 /sPETase(28-290) were transformed
into E. coli ArcticExpress (DE3) host cells via heat shock
following the recommendation from the producer. The plas-
mids (pET-21a(+) or pET-15b) harbouring the improved
variant of the gene encoding for truncated /sPETase(28-290)
were transformed into E. coli Rosetta-gami B (DE3) cells
via heat shock, following the producer’s guidelines.
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Protein expression and isolation

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

The recombinant E. coli strains harbouring the differ-
ent /sPETase encoding plasmid constructs were grown
overnight at 37 °C, in 5 mL Luria-Bertani (LB) medium
supplemented with carbenicillin and chloramphenicol.
Then, 4 x 0.5 L LB medium was inoculated with 2% (v/v)
of the prepared overnight culture and incubated at 37 °C,
220 rpm until OD,, = 0.6-0.7 was reached, at which point
induction with 0.5 mM (or 1, 1.5 mM) of IPTG was per-
formed, followed by overnight incubation at 20 °C (or, 18,
16 °C), at 180 rpm (or 160 rpm). The cells were harvested
by centrifugation at 3000 x g for 25 min at 4 °C, followed
by resuspension of the cell pellet in lysis buffer (20 mM
Tris.HCI, 100 mM NaCl, pH 7.0) and cell disruption by
sonication. The cell debris was discarded by centrifugation
at 10000 x g for 25 min at 4 °C and the /sPETase was puri-
fied from the cytosolic fraction by gravitational Ni-NTA af-
finity chromatography. After washing with low salt buffer
(50 mM HEPES, 30 mM KCI, pH 7.5) and high salt buffer
(50 mM HEPES, 300 mM KCI, pH 7.5), the non-specifi-
cally bound proteins were removed with 25 mM imidazole
containing buffer (20 mM Tris. HCL, 100 mM NaCl, pH
7.0), followed by the elution of His-tagged proteins with
300 mM imidazole (20 mM Tris.HCI, 100 mM NaCl, pH
7.0). The degree of protein expression and the purity of
the obtained fraction was investigated by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
(Fig. S2, Fig. S3) and/or Western blot using Mouse anti-
His antibody and Rabbit anti-mouse secondary antibody
(Invitrogen).
Expression and isolation using E. coli BL21 Gold (DE3)
host cells

The cell culture preparations for the recombinant E.
coli BL21-Gold (DE3) strains harbouring the different
IsPETase encoding plasmid constructs were performed
under similar conditions as described in section 2.4.1,
while the protein isolation protocol via Ni-NTA chroma-
tography followed the previously reported procedures (H.
F. SON & al. (2020) [9]; H. F. SON & al. (2019) [21).
The eluted protein fraction was subjected to desalting via
FPLC, using HiTrap Desalting columns (with Sephadex
G-25 resin) and Tris-buffer (20 mM Tris.HCI, 300 mM
NaCl, pH 8.0) as mobile phase. The degree of protein ex-
pression and the purity of the obtained fraction was in-
vestigated by SDS-PAGE (Fig. S11), while the protein
concentration was determined spectrophotometrically via
Bradford method.

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

In case of pET-21a(+) construct containing the improved
gene encoding the truncated /sPETase, the effect of different
cell growth conditions on the protein expression level has
been determined in a multi-factorial experiment (Table S5).
Accordingly, in each case 0.5 L LB medium was inoculated
with 2% (v/v) overnight culture and the cells were cultivated
at 37 °C, 200 rpm until OD; of 0.6-0.7 followed by in-
duction with different IPTG concentrations (Table S5) and
overnight incubation at 16 °C or 20 °C and 200 rpm. The
cells were harvested by centrifugation at 13000 x g for 10
min at 4 °C and suspended in Tris buffer (20 mM Tris.HCI,
100 mM NaCl, pH 7.0), followed by denaturation with SDS-
PAGE sample buffer. In case of investigating the autoinduc-
tion system ZYM auto inducible medium (F. W. STUDIER
[26]) was employed and cell growth was performed by over-
night incubation at 16 °C or 20 °C, at 200 rpm. The degree of
protein expression, within the samples taken from the differ-
ent phases of cell growth, was investigated by SDS-PAGE
and Western blot techniques.

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

The expression and isolation of the recombinant protein
was accomplished as described in the previously reported
procedures (H. F. SON & al. (2020) [9]; H. F. SON & al.
(2019) [21]). The desalting step was carried out as described
above.

In case of the truncated /sPETase(28-290) encoding the
improved gene/pET-21a(+) construct a similar multi-facto-
rial experiment was carried out as noted above, excepting
that the incubation of the cell culture was performed at 20
°C and 25 °C respectively. The degree of protein expression
and the purity of the obtained fraction was investigated by
SDS-PAGE (Fig. S10) and Western blot technique, while
the protein concentration was determined using the Brad-
ford method.

PET-hydrolysis reaction

PET-hydrolysis reactions were performed as previously
reported (H. F. SON & al. (2020) [9]; S. JOO & al. [20]; H.
F. SON & al. (2019) [21]) with slight modifications, using
10 mg of commercial PET film (Sigma-Aldrich) as substrate.
The film was soaked in 1 mL of pH 9.0 glycine/NaOH buffer
containing 500 nM of isolated /sPETase. The reaction mix-
ture was incubated at 45 °C (and/or 30 °C) for 20 h. Samples
of 100 pL were removed from the reaction mixture, and in
case of UV-activity assay, were analysed directly, while in
case of HPLC activity assessments, the reaction samples
were quenched by adding an equal volume of acetonitrile,
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vortexed and centrifuged (17000 x g, 3 minutes), followed
by acidification of the supernatant and filtering through a 0.2
uM nylon membrane.

Activity assessment by HPLC

The employed procedure was similar to previously re-
ported methods (H. F. SON & al. (2020) [9]; S. JOO &
al. [20]; H. F. SON & al. (2019) [21]; C. LIU & al. [23]),
using an Agilent 1200 HPLC system, equipped with DAAD
detector. The samples, retrieved from the biocatalytic PET-
hydrolysis reactions, were injected onto a Phenomenex Luna
C8(2) column (150x4.6 mm; 5 um), eluted with a flow rate
of 1.0 mL/min at 20 °C using a linear gradient elution of
the mobile phase consisting of (A) 0.1% formic acid solu-
tion and (B) acetonitrile, with varied composition of 15%
(B) to 27.5% (B) over 10 minutes elution time, monitoring
the product elution at 240 nm. All experiments were per-
formed in triplicate. TPA, MHET, and BHET (the total TPA)
content of the reaction samples, and implicitly the enzyme
activity, was determined based on calibration curves using
the authentic standard of TPA and BHET (Sigma-Aldrich)
and synthesized MHET.

Enzyme activity assessment via UV-Vis
spectroscopy

The PET-hydrolysis reaction was analysed using the
previously described bulk absorbance method (E. Z. L.
ZHONG-JOHNSON & al. [25]). UV-absorbance spectra
(Fig. S12) were determined for all three PET-hydrolysis
products (TPA, MHET and BHET) using their 0.1 mM solu-
tions in glycine/NaOH pH 9.0 buffer. Based on this, 235 nm
was selected as wavelength for UV-activity measurements
(Fig. 2B), since at this wavelength the absorbance of the
three compounds show the closest magnitude. Further, the
extinction coefficients at 235 nm within the glycine/NaOH
pH 9.0 buffer were determined for each hydrolysis product
separately, the results resembling the reported values (E. Z.
L. ZHONG-JOHNSON & al. [25]). Using the average ex-
tinction coefficient, the total product (TPA content) of the
samples from the PET-hydrolysis reaction could be deter-
mined through A, measurements.

Melting temperature (T, ) assessments

The thermostability measurements were performed us-
ing differential scanning fluorimetry (DSF). The protein
solutions at a concentration of 5-10 uM were mixed with
SYPRO Orange dye and glycine/NaOH (pH 9.0) buffer to
a final volume of 50 pL. The 5000x stock of the SYPRO
Orange dye solution was diluted to 200x with glycine/NaOH
(pH 9.0) buffer, then 5 pL of the diluted colorant was added
to each sample. The obtained protein samples were loaded

into a white-clear-Hard Shell 96-well PCR plate (Bio-Rad),
followed by sealing the plate with optically clear Microseal
B sealing tape (Bio-Rad). The melting curve of the samples
were then measured using the FAM and ROX channels of a
Bio-Rad CFX96 system, with 450-490 and 560-590 excita-
tion and 510-530 and 610-650 emission filters, respectively.
The samples were heated on a temperature range from 20
°C to 95 °C, while the melting temperature was determined
from the peaks of the first derivatives of the melting curve.

Results and discussion

For the production of recombinant /sPETase various
plasmid constructs, including the full-length ispetase gene
encoding 290 amino acids with an additional polyhistidine-
tag and different types of E. coli as expression host cells
have been reported (Table 1) (H. P. AUSTIN & al. [10]; E.
ERICKSON & al. [31]). On the other hand, in several works
(H. F. SON & al. (2020) [9]; S. JOO & al. [20]; H. F. SON
& al. (2019) [21]; G. J. PALM & al. [22]; C. L1U & al. [23];
V. TOURNIER & al. [24]; E. Z. L. ZHONG-JOHNSON
& al. [25]) the expression of [sPETase enzyme was perfor-
med from the truncated ispetase gene (amino acid residues
28-290), lacking the signal sequence (amino acid residues
1-27) (Table 1).

Accordingly, we targeted the expression and purifica-
tion of both the full-length or truncated ispetase genes. The
nucleotide sequence of IsPETase (Genbank: GAP38373.1)
was codon optimized and the synthetic gene (Table S1)
was used for cloning as full-length or truncated version into
pET-15b vector (Fig. S1), providing an N-terminal His-tag.
Expression in different E. coli host strains, Rosetta (DE3)
pLysS, BL21-Gold (DE3), proved to be unsuccessful, no de-
tectable (SDS-PAGE, Western-blot) /sPETase levels being
registered. The expression of recombinant /[sPETase with
N-terminal His-tag (Fig. S1) and protein purification by af-
finity chromatography revealed low protein yields (~1-2 mg
from 1 L culture) and no protein band at the expected size
of IsPETase (~30.1 kDa for full-length version and ~27.7
kDa for truncated /sPETase) (Fig. S2). Optimization of the
expression parameters, such as testing the effect of different
incubation temperatures (20 °C, 18 °C and 16 °C) (Fig. S3)
and the effect of IPTG concentration (0.1, 0.5 and 1 mM)
was also performed, however no expression of IsPETase
had been observed. The Western blot analysis revealed the
presence of His-tagged proteins with molecular weights <25
kDa within the induced cells, suggesting possible proteoly-
sis of the targeted protein, while no protein bands were de-
tected within the fractions resulted from protein purification
(Fig. S4).
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Table 1. Reported recombinant expression systems for the production of IsPETase.

IsPETase

Specific activity

E i E i E
Entry  encoding xpression Affinity tag xpression nz.yfne (mg_,.  /h/ Reference
vector host activity TPAq
gene mg, )
N-terminal . 8.6 uM TPA
- - eq ~
1 truncated pET-15b His -tag Rosetta gami-B 24 h 0.095 H.F. SON & al. [9, 21]
C-terminal
H. P. AUSTIN & al.
2 full-length  pET-21b(+) (modified) C41(DE3) [a] - [10] a
SxHis-tag
3 truncated pET-30a  not mentioned BL21 (DE3) [a] - X. MENG & al. [27]
N-terminal . 3 mg/L TPA
4 truncated pET-15b . Rosetta gami-B ) i ~0.027 S.JOO & al. [20]
His-tag in 18 h
C-terminal  ArcticExpress
5 t ted ET-21b b - LI 1. [23
runcate p His,-tag (DE3) [b] C.LIU & al. [23]
truncated . 0.7 (0.9)
ET-28b(+ C-t 1 P. WAGNER-EGEA &
6 (*Trx- (pET 5 2bE+;) Hfsmi;na Rosetta-gami 2 mgTPAcq/h/ 0.7 (0.9) al. [28]
IsPETase) P 518 mg, e, '
C-terminal
7 truncated  pET-21b(+) H:“;“ga Shuffle T7 [a] - G.J. PALM &al. [22]
C-terminal E.Z.L.
8 truncated  pET-21a(+) . T7 Express [b] - ZHONG-JOHNSON &
His -tag
° al. [25]
SP C-terminal ~2.5 mg/L/24 h
LamB, _ + - ~0. ) .
IsPETaseH* pET-22b(+) His,-tag 200 nM 0.017 H. SEO & al. [29]
pET32a ' BL21 trxB
11 full length not mentioned (DE3) (P. [c] - C. CHEN & al. [30]
(pPICZaA) .
pastoris X33)
PET-21b(+) ) 1.2 mM
-t 1 E. ERICKSON L.
12 full-length CHiemlma C41(DE3) aromatic ~0.28 C[ 3%0 &a
Sotag product in 24 h
C-terminal 10?2 /h/ V. TOURNIER & al.
13 truncated  pET-21b(+) erminal - po1 (DE3) Mrracy ~0.01 a
His -tag me, [24]

[a] The activity of the IsPETase not mentioned in conversional units, [b] only kinetic measurements performed towards napthyl ester polymers, [c]

reaction volume (for activity deduction) not stated.

* ispetase gene with a thioredoxin fusion domain (Trx) at the N-termini.

** Jeader sequence replaced with sec-dependent maltoporin signal peptide in order to produce extracellularly the ZsPETase.

Further, the truncated version of the IsPETase encod-
ing gene was subcloned into pET-21a(+) using restriction
sites Ndel and Xhol (Fig. S5 and Table S3), providing a
C-terminal His-tag to the recombinant protein, however suc-
cessful expression of IsPETase was not achieved, no protein
band at the expected size could be observed by SDS-PAGE
and Western-blot analysis (Fig. S6, Fig. S7). Additionally,
to exclude protein folding issues we tested the expression of
the truncated gene in E. coli ArcticExpress (DE3) host-cells,
derived from BL21-Gold (DE3), featuring chaperonins
Cpn60 and Cpnl0 that facilitate proper folding also at low
temperatures, strain previously being reported as success-
ful host for IsPETase production (C. LIU & al. [23]). Since
again /sPETase production was not detectable (Fig. S8), the
synthetic gene, codon optimized by Invitrogen, was further
optimized via the removal of the secondary open reading
frame through site-directed mutagenesis (Fig. S9, Table S4),
maintaining the encoded /sPETase sequence unaltered. The

obtained plasmid harbouring the truncated version of the
improved IsPETase in pET-21a(+), was transformed into E.
coli ArcticExpress (DE3) and Rosetta-gami B (DE3) cells,
the later also known to enhance the expression of genes with
rare codons and also to facilitate proper disulphide bond for-
mation within the protein-folding process (H. F. SON & al.
(2020) [9]; S. JOO & al. [20]; H. F. SON & al. (2019) [21];
P. WAGNER-EGEA & al. [28]). Within these two hosts the
production of IsPETase was attempted, varying the expres-
sion conditions (Table S5), such as medium type, induction
and cell-growth temperature. Despite the multi-factorial ex-
perimental set-up, the expression of the desired protein was
found to be unsuccessful.

In the final successful attempt, the use of an N-ter-
minal His-tag for the truncated, improved gene sequence
was considered. Accordingly, we subcloned the truncated,
overlapping ORF-lacking ispetase gene into the pET-15b
vector, then transformed the construct into both E. coli
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Figure 1. SDS-PAGE analysis of the isolation of mutant ZsPETase(28-290)-pET-15b using as host E. coli A) Rosetta-gami
B(DE3) cells (M-protein ladder, 1-eluted fraction (300 mM imidazole), 2-washing with 30 mM imidazole, 3-second flow-
through, 4-eluted protein after desalting) and B) BL21 Gold (DE3) cells (M-protein ladder, 1-eluted protein after desalting,
2- second flow-through, 3-washing with 30 mM imidazole). C) Melting temperature measurement of the obtained /sPETase

enzyme via differential scanning fluorimetry (DSF) (by plotting the negative first derivative of the fluorescence vs the
temperature).
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Figure 2. PET degrading activity of the produced recombinant /sPETase. A) Reaction scheme for the enzymatic PET
film degradation. B) Overlay UV absorbance spectra of terephthalic acid (TPA), mono-(2-hydroxyethyl) terephthalic acid
(MHET) and bis-(2-hydroxyethyl) terephthalate (BHET). C) Overlay of the HPLC chromatograms of 7) the separation of
TPA (1* peak), MHET (2" peak) and BHET (3" peak) during the measurements within standard curve assessment (blue) and
ii) of sample from the enzymatic PET hydrolysis reaction (after 24-hour reaction time) (orange).

BL21-Gold (DE3) and Rosetta-gami B (DE3) expression ly, using Rosetta-gami B as host /sPETase have been ob-
hosts. In both cases, the SDS-PAGE analysis revealed the  tained in high purity (>95% - estimated from SDS-PAGE
expression of a ~29 kDa protein, present also within the  — Fig. 1A) and titer yields of (2.5 mg/L ferment), while in
fraction eluted from the affinity chromatography (Fig. case of expression in E. coli BL21-Gold (DE3) host cells
1A, Fig. 1B, see also Fig. S10 and Fig. S11). Interesting-  significantly lower expression yields (1.5 mg/L ferment)
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and lower protein purity have been obtained (Fig. 1B).
These results strengthen that the formation of the two dis-
ulphide-bonds Cys203-Cys239 and Cys289-C273 found
within the crystal structures of IsPETase monomers (PDB
ID: 5XJH) are essential within protein expression in E.
coli host. Since Rosetta-gami B host cells with mutations
in both the thioredoxin reductase (##xB) and glutathione
reductase (gor) genes, enhanced disulphide bond forma-
tion in the E. coli cytoplasm, it also promoted the proper
folding and expression of /sPETase. Notable, that in our
case the same truncated gene version cloned with a C-
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,
disulphide bridge formation favouring, T7 Shuffle or T7
express E. coli hosts (G. J. PALM & al. [22]; E. Z. L.
ZHONG-JOHNSON & al. [25]). The proximity of the C-
terminal disulphide-bridge forming C289, and the disul-
phide bridge forming capability of Rosetta-gami B strains
seems of high importance for protein folding/stability, re-
flected in the more facile expression of N-terminal tagged
IsPETase.

Our results underline the importance of the selection/
optimization of the cloning strategy, revealing several non-
reported issues hindering the recombinant expression of Is-
PETase. Apparently, the reported data suggest that PETase
activity is not affected by the different N- or C-terminal posi-
tioning of the His-tag, however their in vivo folding process
might be differently affected in the employed E. coli hosts,
improperly folded ZsPETase being exposed to protease deg-
radation, as supported by our results.

The thermal stability assessment of the purified IsPETase
revealed a melting temperature of 46.2°C, (Fig. 1C), in
agreement with reported values (H. F. SON & al. (2020) [9];
H. P. AUSTIN & al. [10]; S. JOO & al. [20]; H. F. SON &
al. (2019) [21]; C. LIU & al. [23]; E. Z. L. ZHONG-JOHN-
SON & al. [25]). The activity of the obtained ZsPETase was
investigated within the hydrolysis reaction of PET film (Fig.
2) using previously reported HPLC (H. F. SON & al. (2020)
[9]; S. JOO & al. [20]; H. F. SON & al. (2019) [21]; V.
TOURNIER & al. [24]) and UV-spectroscopy (E. Z. L.
ZHONG-JOHNSON & al. [25]) methods.

During the analytical scale PET film degradation, we
monitored the formation of the three possible products
with terephthalic acid (TPA) content, bis-(2-hydroxyethyl)
terephthalate (BHET), mono-(2-hydroxyethyl) terephtha-
late (MHET) and TPA (Fig. 2A), from which the global
TPA quantity produced upon PET-hydrolysis could be ob-

tained. During the UV-spectroscopy based PETase-activi-
ty measurements the molar absorptivity for each reaction
product, BHET, MHET, TPA was determined (Fig. S12),
using, as previously reported (E. Z. L. ZHONG-JOHN-
SON & al. [25]), the medium molar absorptivity, for
products concentration assessments from UV-absorbance
measurements at 235 nm. Further, the PETase activ-
ity measurements were also performed by employing
HPLC procedures (H. F. SON & al. (2020) [9]; S. JOO
& al. [20]; H. F. SON & al. (2019) [21]; V. TOURNIER
& al. [24]), that upon adaptation provided baseline sepa-
ration of the three TPA unit containing PET-hydrolysis
product, TPA, MHET, BHET (Fig. 2C), while calibration
using their authentic standard solutions provided quanti-
fication of the total TPA content of the samples extracted
from enzymatic reactions (Fig. 2C).

Accordingly, the PET-hydrolysing activity of the pro-
duced IsPETase at 45 °C was 0.08 mg TPA produced / mg
enzyme / 1 h reaction time with the UV-assay, while HPLC
measurements revealed activity of 0.02 mg TPA produced /
mg enzyme / | h reaction time, both values being in accor-
dance with reported activity values (H. F. SON & al. (2020)
[9]; S. JOO & al. [20]; H. F. SON & al. (2019) [21]; V.
TOURNIER & al. [24]; H. SEO & al. [29]) and support that
the optimized expression system is suitable for the facile
production of /sPETase.

Conclusions

Within the present study we targeted the recombinant
expression of the leading PET-degrading enzyme, /sPETase.
Employing several reported expression systems, provid-
ing different N- or C-terminal affinity tags and various E.
coli expression hosts, we registered unsuccessful sPETase
expressions. Construct and expression host optimizations
revealed that the N-terminal His-tag and Rosetta-gami B
expression host provided /sPETase in high yield and pu-
rity. The thermal denaturation profile and PET-hydrolysing
activity of the isolated /sPETase was in agreement with re-
ported data, supporting its proper fold. The results, while
revealing several non-reported issues hindering the recom-
binant expression of IsPETase, suggest that the in vivo fold-
ing process of IsPETase might be differently affected among
the different E. coli hosts. The revealed issues/solutions un-
derline the importance of the selection/optimization of the
cloning strategy for the successful recombinant expression
of the IsPETase.
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Introduction

The accumulation of vast quantity of wastes created by
food industry produces major environmental issues as well
as economical financial losses. These wastes have been dis-
covered to be good sources of potentially important bioac-
tive compounds. Mango by-products, particularly peels
and seeds, are thought to be low-cost sources of nutritious
foods and nutraceuticals (JAHURUL et al., 2015). Man-
g0 (Mangifera indica) is a popular tropical fruit cultivated
mostly for its pulp. Mango seed (20-60% of the whole fruit)
is an abundant waste of the food industry and is increas-
ing due to the development of fruit production (DA SILVA
MEIRELES et al., 2010). The seeds represent 30—45% of
each mango’s weight, contingent on the variety, and remain
part which is commonly burned or discarded (ALENCAR
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
oil has a considerable amount of essential fatty acids (DI-
ARRA, 2014). Plant-derived proteins are becoming more
popular in the nutraceutical field as parts of functional foods
or substitutes of the environmentally costly production of
animal protein (LIMA-CABELLO et al., 2018).

Seed proteins may have preventative and protective ben-
efits against a variety of diseases such as obesity, cancer,
cardiovascular disease, hypercholesterolemia and diabetes
(VILLARINO et al., 2016). Furthermore, the health benefits
of uncovered proteins and their hydrolysates derived from
natural bioresources have been widely studied.

Various food proteins displayed distinguished anti-in-
flammatory effect in LPS-stimulated macrophages through
regulation the production of iNOS, inflammatory cytokines,
and COX-2 (AHN et al., 2012; UDENIGWE et al., 2013),
suggesting the possibility of extraction of multifunctional
proteins with anti-inflammatory activity.

Inflammation has been defined as a natural physiologi-
cal reaction to external factors such as physical or chemi-
cal stimulation or microbial poisons (KNALL, 2015; LIU et
al., 2018). Continued and excessive inflammation promoted
by the uncontrolled production of pro-inflammatory cytok-
ines like tumor necrosis factor (TNF-a), interferon gamma
(INFy),interleukin 6 (IL-6), interleukin 1 (IL-1), chemokines
(i.e. CCL2, CCLS5) ,reactive oxygen species (ROS), adhesion
molecules (i.e. ICAM-1, VCAM-1), and the overproduction
of nitric oxide (NO) and nitrogen intermediates might elicit
a characteristic situation of T2D progression (TURNER et
al., 2014).

Most commonly used medications, such as immunosup-
pressants, have not only been evaluated for efficacy, but also

for gastrointestinal side effects and cost, which has limited
its use as a medical remedy for a long time (SIEGEL, 2011).
Thus, the extraction techniques of natural bioactive com-
pounds as alternatives for industrial remedies are a good
choice to avoid their unfavorable side effects.

Response surface methodology (RSM) is an extraction
technique used for optimising a process that includes com-
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
of formulas which can provide outcomes to enhance extrac-
tion yields, extraction function and save time (ABDIN et al.,
2011; MOTA et al., 2003). In this work, use of MSK as prin-
cipal material to optimize extraction of functional protein by
using response surface technique that might be exploited as
potential extract to reduce inflammation effects instead of
industrial remedies and to reduce accumulation of wastes in
environment.

Materials and methods

Materials

The Murine RAW264.7 cells were procured from Nan-
jing University of Chinese Medicine (Nanjing, China). The
(ELISA) kits for nitric oxide (NO), TNF-o, IL-6, and IL-
1B were obtained from Jiancheng Bioengineering Institute
(Nanjing, China). Penicillin, LPS and MTT were obtained
from Sigma Chemical Co. The Primary and secondary an-
tibodies against anti-inflammatory mediators and B-actin
were obtained from Cell Signaling Technology (Danvers,
MA, USA). All other chemical reagents utilized were of
analytical grade.

Methods

Preparation of Mango seeds kernel

Mango seeds were exposed to tap water for washing
twice and air fan was directed to seeds for drying for 10 h on
20 °C. After that, the dried seeds were hammered to facilitate
obtaining the kernels by removing the outer cover by hand.
Then, an amount of warm sulphited tap water at 50 °C was
mixed with resulted kernels for 48 h and dried by tray drier
at 23 °C. The dried kernels were milled using a laboratory
electronic mill (BRAWN, Model 2001 DL, Germany) to get
soft powder. After that, the resulted fine powder was kept in
polyethylene bags at 4 °C until further analysis.

Extraction of Mango seeds kernel protein

The extraction process of Mango seeds kernel protein
(MSKP) was performed depending on reported method by
(SEGURA-CAMPOS et al., 2013) with minor modification.
Briefly, an amount of MSKP was suspended in phosphate
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buffer solution (pH 8) and subsequently incubated at tested
parameters (Time, temperature and buffer — to-sample ratio)
to investigate the optimization technique. The resulted solu-
tion was centrifuged for 1 h at 3000 rpm and 10°C and the
supernatant was obtained. The supernatant pH was adjusted
to 4 by using 2N HCI and the solution was mixed for 20 min
and the centrifuging step was repeated on the same condi-
tions. Finally, the precipitated was collected and freeze dried
on -50°C to afford MSKP.

Determination of protein content

The protein concentration of MSKP was calculated by
Bradford method (BRADFORD 1976) using UV/VIS spec-
trophotometer 722 (Shanghai Jinghua Science & Technol-
ogy Instruments Co., Ltd, China) at the wavelength of 595
nm and the standard curve was generated by using Bovine
Serum Albumin (BSA).

Response surface experimental design

The experimental design of RSM was conducted based
on the results of single — factor experiments. The single
factor experiments were performed by studying the effects
of the following parameters (temperature 30 — 60 °C, buf-
fer-to-sample 20-50 mL/g and time 40 -160 min) on pro-
tein yield to generate suitable indicators for the subsequent
Box—Behnken design (BBD). The BBD was done with the
three independent variables at three levels based on results
of single factor experiments. As indicated in (Table 1), the
complete BBD was composed of 17 suggested runs carried
out randomly, and the experimental design with five central
points was conducted to indicate the frequency of the meth-
od. The following second order polynomial equation was
utilized to investigate the linkage between the independent
variables and the responses in BBD.

n n n

B S B B Yy

=0 i#o i#i=1
where Y is assessed response, o indicates the intercept,
n belongs to the number of factors investigated, Bi, Bii and
Bij showing the linear (main effect), quadratic and cross
product model coefficients, respectively; Xi and Xj are the
points of the independent parameters.

SDS-PAGE analysis of MSKP
After applying optimized conditions, the resulted MSKP

was transferred for electrophoresis technique on a 10% poly-
acrylamide SDS gel by using Mini-Protean II electrophore-
sis cell (Bio-Rad, Hercules, CA, USA). After the application
of the washing gel, the staining process was performed by
using staining solution composed of glacial acetic acid, Coo-
massie blue, methanol with percentages of 10%, 0.1% and

20%, respectively for 3 h followed by additional distaining
using solution of 50% methanol and 10% glacial acetic acid.
The migration procedure was done under strength of 20 mA
per plate using a generator (PS 500-2 Sigma-Aldrich). The
image was taken using a digital camera.

Anti-inflammatory effect of MSKP. Determination the cell
viability of MSKP on RAW 264.7 cells
In the current study, MSKP optimized with the highest
yield was utilized to test the anti-inflammatory activity in
the following experiments. The MTT-colorimetric method
was used as indicated by method of LU et al. (2011). Briefly,
a density of 1 x 10° cells/mL from murine cells were cul-
tured under modified atmosphere (37°C and 5% CO,) in
DMEM consisted of 1% (v/v) antibiotic solution contained
streptomycin (100 IU/mL) and penicillin (100 IU/mL) with
10% (v/v) newborn calf serum. A 96-well culture plate was
filled with amount of (100 pL/well) from suspension of mu-
rine cells and incubated in incubator for 12 h. A volume of
100 pL of new medium containing various final concentra-
tions of MSKP was added to culture medium. DMEM alone
was represented as a blank control. Then, the plates were
incubated for extra 24 h and the suspension was replaced
by 50 pL of MTT in concentration of 1.0 mg/mL, and the
plates were incubated for additional 4 h. After discarding
of MTT, an amount of 150 puL. from DMSO was pipetted to
well. Then, the absorbance was recorded at 570 mm by mi-
croplate Reader, and the percentage of the viable cells were
determined by the subsequent equation.
Ab
A

Cell viability = b—‘"v‘* 100 (2)

control

Assay of nitrite oxide

According to our previous procedure (ABDIN et al.,
2020), after incubation of RAW 264.7 cells and different
concentrations of MSKP in 96-well plate for 150 min, the
LPS (1pg/mL) was transferred to each well and the plates
were transferred to incubator for further 24 h. The attendance
of nitrite (umol/L) was calculated using the Griess reagent
of ELISA kit which recommended by suggested protocols.

Assay of cytokine production

The ELISA kit (Invitrogen) protocol was utilized to de-
termine the amount of tested cytokine (Pg/mL). The prepa-
ration method to apply the protocol was done depending on
culture of cells into 96-well plate in density of 2 x 10° cells/
well and incubation overnight. Then, the cells were mixed
with MSKP for 60 min followed by the addition of LPS (1
pg/mL) for one day to induce inflammation. After collecting
the supernatant, the assay was performed typically accord-
ing to guidelines of protocol manufacturing.
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Western blot analysis

The western blot method was performed according to
(WAN et al., 2019) with suitable modification. Briefly, af-
ter treating cells with MSKP for interval times, the cells
were centrifuged and the supernatant of each sample with
equal protein content was electrophorized with 10% (SDS-
PAGE). After finishing running process, the protein on gel
was transferred to polyvinylidene difluoride membranes
by Semi-Dry Electrophoretic Transfer Cell. Then, the gel
membranes were exposed to solution of 5% skim milk in the
presence of tris buffered saline Tween 20 (TBST) for 120
min. After that, the blocked membranes were incubated with
specific primary antibodies. The next day, the membranes
were washed five times with TBST solution and exposed to
secondary antibody type (HRP-conjugated goat anti-rabbit
secondary antibody (1:50000)) for 120 min. The enhanced
chemiluminescence reagents (ECL, Amersham Biosciences,
UK) was utilized to visual each band and the Tanon 6000
imaging system was used to investigate the resulted bands.

Statistical analysis

The data of single factors experiment, cell viability and
anti-inflammatory activity were statistically analyzed by
one-way analysis of variance (ANOVA) by SPSS software.
The design expert software was exploited to perform experi-
mental design and analysis the data of RSM.

Results and discussion

Single factor investigation

Effect of temperature on protein yield

The extraction temperature had cleared effect on the pro-
tein content of mango seed kernel (MSK) as illustrated from
Figure 1A. The percentage of mango seed kernel protein
(MSKP) was significantly (p < 0.05) increased by heating
during the extraction process up to 50 °C. After that, sig-
nificant (p < 0.05) decrease was observed in MSKP. The
raising of temperature more than 50 °C could lead to oc-
currence of denaturation and eventually reduced the protein
solubility (YU etal., 2007). Additionally, the raising of tem-
perature could stimulate the interaction between protein and
other components inside seeds to form protein complexes
in which decreased the solubility of the protein (SIOW &
GAN 2014). Hence, the extraction temperature was selected
within the ranges of 45 to 55 °C for the subsequent optimiza-
tion study depending on steepest ascent techniques.

Effect of percentage of buffer-to-sample

As indicated in Figure 1 B, the buffer -to-sample ratios
from 20 to 50 mL/g were tested. At ratio of 40 mL/g, the

protein yield reached to the maximum value significantly.
However, by increasing the ratio to 50 mL/g there was non-
significant (p < 0.05) differences. The extractability of pro-
tein depends on the interactions between protein-protein
hydrophobic surface and protein solvent hydrophilic surface
(KRISTINSSON & HULTIN 2004). Additionally, with the
increase of solvent/solid ratio, the contact area between sol-
ute and solvent is also improved to stimulate the solubility of
bioactive components within the plants cells (ABDIN et al.,
2019).The main objective of the study was to maximize the
MSKP yield and as a result the ratios before 35 mL/g were
discarded and the ratios in ranges of 35 to 50 mL/g were
selected for the subsequent design.

A 804

704 b b

60 -

a
3
!

Protein content (mg/g)
@ B
S o
I 1

30 40 50 60
Temperature °C

70 b 2 a

20 30 40 50
Buffer -to-sample ratio (mL/g)

20 40 60 80 100 120 140 160 180
Time (min)

Fig. 1. Effects of temperature (A), buffer -to- sample ratio (B)
and time (c) on protein content.

Bars with different letters are significantly different (P < 0.05).
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Effect of time

As shown in Figure 1C, the extracted protein content
was significantly (p < 0.05) increased from 40 to 80 min.
Further extraction to 120 min did not illustrate any signifi-
cant (p > 0.05) changes in yield. Furthermore, the increasing
of extraction time more than 120 min caused significant (P <
0.05) decrease in MSKP content. The obtained results sug-
gested that extended extraction time did not enhance MSKP
extraction efficiency. Thus, the extraction time within the
range of 60 to 120 min was selected for further optimization
study. The selected extraction time was in the same trend of
previously work (SIOW & GAN 2014) who extracted bioac-

tive protein from cumin seed.

Designing BBD and response values

As observed from Table 1, the influences of three ex-
traction parameters: temperature (X,), buffer — to - sample
ratio (X,) and time (X,), on the MSKP yield were inves-
tigated using a BBD design. The ranges of each factor
(maximum and minimum) were selected depending on the
previous results of single factor experiment. The design sug-
gested 17 runs with 5 runs in central point at three levels
(minimum -1, central 0 and maximum +1). The protein yield
seemed to be varied depending on the extraction conditions
given. It could be noticed that the maximum protein yield
(45.5 mg/g) was obtained under the experimental conditions
of X, 55 °C, X, 42.5 mL/g and X, 120 min. The BBD tech-
nique was an ideal choice to extract protein from plant seeds
with high functionality (KUMAR et al., 2021).

Table 1. BBD and response values for Protein yield

Temperature X1 Buffer-to- Time Protein
Run C) sample X2 x3 yield
(mLg')  (min) (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

Analysis of ANOVA and model fitting.

The analysis of ANOVA was performed to investigate
the significance of model’s coefficient. In the current model,
the F-value (13.42) of protein content was significant and
the P-value of the lack of fit (0.1785) was not significant
relative to the pure errors. The non-significant values of
lack of fit implied that the current model equation was ad-
equate for predicting the extraction yield of MSKP under
any combination of temperature, buffer-to-sample and time
(WANG et al., 2016). Moreover, the determined variables
would be more significant if the absolute F-value becomes
greater and the P-value becomes smaller (ATKINSON &
DONEYV, 1992) which are in agreement with obtained data
in Table (2) .

Table 2. ANOVA for response surface quadratic mode

Sum of Mean

Source F-value P-value Signif.
Square square
Protein
content
Model 58.04 6.45 1342 0.0012  Signif.
X 1891 1891 39.35 0.0004
Temperature
KoBuller= g9 99 206  0.0027
to sample
X -Time 6.34 6.34 13.19  0.0084
XX, 0.48 0.48 0.99  0.3527
XX, 2.89 2.89 6.01 0.044
XX, 5.02 5.02 10.44 0.0144
Residual 3.36 0.48
Lack-of-fit 2.26 0.75 0.98 0.1785 'No.t
signif.
Pure error 1.1 0.28
Adj
R-Squared 0.8748
R-Squared  0.9452
C.V. 1.06

p values lower than 0.05 are statistically significant
yield value was obtained by the subsequent euation:

Yield = +66.40 +1.54 X, + 1.11 X2 + 0.89 X3 - 0.35
X1X2+ 0.85 X1X3 - 1.12 X2X3 - 0.98 X1? -1.45 X2?- 0.32
X3 3)

The fitted quadratic model for MKSP yield in coded
variables was generated in Eq. (3). The results of current
model emphasize that, the largest effect on MSKP yield was
in linear term of temperature X, buffer-to-sample X,, time
X, quadratic term and collaboration between temperature
X, & time X,, buffer-to-sample X, & time X, X ? and X*.
The values of the coefficient of (R?) and the adjusted coeffi-
cient of (adj.R?) of the predicted model for MSKP yield was
convergent, which suggested that there was a high degree of
correlation between the observed and predicted values.
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Figure 2. Response surface plots (A-C) and contour plots (D-F) showing effect of extraction variables on protein content.

Analysis of response surfaces

The three-dimensional shape in (Figure 2 A-C) and the
two-dimensional contour plots in (Figure 2 D-F) are generated
to describe the interaction effects between tested variables and
protein content. Circular contour plot expresses that the inter-
actions between the tested variables are non-significant, while
the elliptical contour shape suggests that the corresponding
variables are significant (MURALIDHAR et al., 2001).

Actually, the elliptical shape in (Figure 2 D-F) suggests
that the co-operation between the tested factors is signifi-
cant. The results are consistent with the results of ANOVA in
(Table 2), which indicated that interactions between the vari-
able factors (Temperature, buffer-to-sample and time) were
significant and have great effect on MSKP yield.

It was summarized that the optimal settings for the extrac-
tion of MSKP while using in range values of tested parameters
and maximized value of protein content (68.336%), were ex-
traction temperature 54.53 °C, buffer-to-sample values 41.79
mL/g and extraction time 120 min with desirability value of
0.471%. The additional verification of the practical experi-
ment was conducted based on the optimized predicted values
of tested parameters with slight modification in optimized
values to facilitate the practical experiment to be temperature
54.5 °C, buffer-to-sample values 42 mL/g and time 120 min.

As a result, a practical extraction yield of 68.72 = 0.52% (n =
3) was attained under the optimal extraction conditions, which
is in the same trend with the predict value.

SDS-Page characterization of MSKP

The SDS-page technique was utilized based on protein
electrophoretic mobility to notice protein bands as indi-
cated in (Figure 3). The electrophoresis patterns of MSKP
revealed that the MW was between 6 to 98 kDa. Depend-

Marker MSKP

202.9kDa
114.8 KD

27.0 KDa
17.0 KDa

Figure 3. SDS-PAGE profile of MSKP compared to standard
protein marker.
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ing on the globulin considers the principal storage protein
in seeds (ORRUNO & MORGAN, 2007) , the lowest bands
in MW may explain attendance of globulin with type (2S).
Additionally, another principal protein band of 27.6 kDa ex-
plained the presence of lectins , which was detected widely
in seeds (NASI et al., 2009). The obtained results were in the
same line of Siow et al. 2014 (SIOW & GAN, 2014).

Anti-inflammatory effect of MSKP

The anti-inflammatory effect of MSKP in LPS induced
RAW264.7 cells was determined through five determina-
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tions; cell viability, production of IL-1f, IL-6, TNF-a and
nitrite oxide (NO). Firstly, the cytotoxic concentration of
MSKP was observed using MTT assay by calculation of cell
viability. As shown in (Figure 4), MSKP showed no cyto-
toxic influence against RAW264.7 macrophages in all se-
lected concentrations except of 900 pg/mL. Thus, the tested
concentrations of 300, 500 and 700 pg/mL were utilized for
the subsequent determinations.

As shown in (Figure 5 A — C), the attendance of different
concentrations from MSKP in the cultured media caused re-
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Figure 4. Effects of MSKP concentrations on cell viability of RAW264.7.
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duction of proinflammatory mediators activity (IL-1B, IL-6
and TNF-a) in a dose-dependent style compared to those
of LPS treatment alone. The current results revealed that
MSKP may be beneficial for retarding inflammatory dis-
order. Similar results by the inhibition of the expression of
nuclear factor kB (NF-kB) or another transcription factor, as
well as the expression of genes for IL-1f, IL-6, and TNF-a
was observed by attendance of Salvia hispanica L. seeds
proteins inside culture media (CHAN-ZAPATA et al., 2019).
Additionally, the extracted protein from seeds of Myristica
fragrans showed inhibition of the production of interleukin
(IL)-6, IL-10, interferon inducible protein-10 and monocyte
chemotactic protein (MCP)-1, MCP-3 of RAW 264.7 mouse
macrophages (LEE & PARK, 2011).

After treatment with MSKP followed stimulation of
LPS, NO concentration in the cultured medium was inves-
tigated. As shown in (Figure 5 D), NO concentration by
LPS treatment was significantly decreased by pretreatment
with MSKP in a dose-dependent manner and it reached to
the lowest value by using concentration of 700 pg/mL of
MSKP in cell cultured media. NO is one of cellular media-
tors that is produced at inflammatory spots upon motivation
by LPS and the higher concentrations of NO in response to
inflammatory inducements is mediated by iNOS, leading
to different inflammation and entotoxemia (MORO et al.,
2012). Thus, the inhibition of NO is thought to be satisfied
technique for retarding of inflammatory reaction. The iNOS
and COX-2 might be affected by the extracted proteins from
seeds through downregulation of the expressions of mRNA
and protein and as a result lead to reduction of NO produc-
tion (MOON et al., 2019).

Further, Western blot experiment with phosphorylated
forms of antibodies following stimulation with LPS was

0.8+

Cell viability
o
o
1

o
»
1

o
[N}
1

0.0
0 300 500 700 900
MSKP concentration (ug/mL)

Figure 5. Effects of MSKP concentrations on production of
IL-1B (A), IL-6 (B), TNF-a (C), NO (D) and Western blot
analysis (E).

performed to prove the effect of MSKP on protein levels
of tested inflammatory cytokines. Electrophoresis and the
subsequent western blot analysis are essential to investigate
biochemical changes in cells and tissues exposed to tested
components (HIRANO, 2012). In line with the results ob-
tained from anti-inflammatory assays, clear decrescent in
protein expression levels of TNF-a, IL-1f, and IL-6 were
observed and it followed a concentration dependent pattern
(Figure 5 E) when cells were treated with MSKP compared
to LPS treatment group alone. At the highest concentration
of MSKP examined (700 pg/mL) these protein expressions
were almost totally inhibited.

Conclusion

In conclusion, the current investigation proved that the
single factors experiment had a significant influence on the
yield of MSKP. The application of RSM depending on single
factors results was successfully verified in the optimization
technique of MSKP and expressed on the most efficient ex-
traction conditions corresponding to extraction temperature
54.53 °C, buffer-to-sample values 41.79 mL/g and extraction
time 120 min with desirability value of 0.471%. The SDS-
PAGE results proved the findings of functional protein. The
resulted MSKP showed anti-inflammatory effect against NO
and proinflammatory cytokines. Further study of the chemi-
cal and biological properties of MSKP is recommended.

Acknowledgments

The study was supported by a project funded by Food
Technology Research Institute, Sakha branch, Agricultural
Research Center, Egypt and department of food science and
technology, Kafrelshiekh university, Egypt.

Conflict of interest

The authors declared that they have no conflict of interest

References

1. Abdin, M., Hamed, Y. S., Akhtar, H. M. S., Chen, D.,
Chen, G., Wan, P., & Zeng, X. (2020). Antioxidant and
anti-inflammatory activities of target anthocyanins di-
glucosides isolated from Syzygium cumini pulp by high
speed counter-current chromatography. Journal of food
biochemistry, 44(6), 1050-1062.

2. Abdin, M., Hamed, Y. S., Akhtar, H. M. S., Chen, D.,
Mukhtar, S., Wan, P., Riaz, A., & Zeng, X. (2019). Ex-
traction optimisation, antioxidant activity and inhibition
on a-amylase and pancreatic lipase of polyphenols from
the seeds of Syzygium cumini. /nternational journal of
food science & technology, 54(6), 2084-2093.

3524



Extraction optimization, characterization and anti-inflammatory activity of functional protein

Ahn, C.-B., Je, J.-Y., & Cho, Y.-S. (2012). Antioxidant
and anti-inflammatory peptide fraction from salmon by-
product protein hydrolysates by peptic hydrolysis. Food
Research International, 49(1), 92-98.

Alencar, W. S., Acayanka, E., Lima, E. C., Royer, B., de
Souza, F. E., Lameira, J., & Alves, C. N. (2012). Appli-
cation of Mangifera indica (mango) seeds as a biosor-
bent for removal of Victazol Orange 3R dye from aque-
ous solution and study of the biosorption mechanism.
Chemical Engineering Journal, 209, 577-588.
Atkinson, A. C., & Donev, A. N. (1992). Optimum ex-
perimental designs.

Bradford, M. M. (1976). A rapid and sensitive method
for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Analyti-
cal biochemistry, 72(1-2), 248-254.

Chan-Zapata, 1., Arana-Argéaez, V. E., Torres-Romero,
J. C., & Segura-Campos, M. R. (2019). Anti-inflamma-
tory effects of the protein hydrolysate and peptide frac-
tions isolated from Salvia hispanica L. seeds. Food and
Agricultural Immunology, 30(1), 786-803.

da Silva Meireles, C., Rodrigues Filho, G., Ferreira Jr,
M. F,, Cerqueira, D. A., Assung¢do, R. M. N., Ribeiro, E.
A. M., Poletto, P., & Zeni, M. (2010). Characterization
of asymmetric membranes of cellulose acetate from
biomass: Newspaper and mango seed. Carbohydrate
polymers, 80(3), 954-961.

Diarra, S. S. (2014). Potential of mango (Mangifera in-
dica L.) seed kernel as a feed ingredient for poultry: a re-
view. World's Poultry Science Journal, 70(2), 279-288.

. Hirano, S. (2012). Western blot analysis. In Nanotoxic-

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

. Jahurul, M., Zaidul, 1., Ghafoor, K., Al-Juhaimi, F. Y.,

Nyam, K.-L., Norulaini, N., Sahena, F., & Omar, A. M.
(2015). Mango (Mangifera indica L.) by-products and
their valuable components: A review. Food chemistry,
183, 173-180.

. Knall, C. (2015). A review of Parham’s 4th edition of the

immune system: A clear and clean immunology text. Jour-
nal of Microbiology & Biology Education, 16(1), 94-94.

. Kristinsson, H. G., & Hultin, H. O. (2004). Changes in

trout hemoglobin conformations and solubility after ex-
posure to acid and alkali pH. Journal of agricultural
and food chemistry, 52(11), 3633-3643.

. Kumar, M., Potkule, J., Patil, S., Saxena, S., Patil, P.,

Mageshwaran, V., Punia, S., Varghese, E., Mahapatra,
A., & Ashtaputre, N. (2021). Extraction of ultra-low
gossypol protein from cottonseed: Characterization
based on antioxidant activity, structural morphology
and functional group analysis. Lwt, 140, 110692.

15.

20.

21.

22.

23.

24.

25.

Lee, J. Y., & Park, W. (2011). Anti-inflammatory effect
of myristicin on RAW 264.7 macrophages stimulated
with polyinosinic-polycytidylic acid. Molecules, 16(8),
7132-7142.

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

Melser, S., Alché, V., Siddique, K. H., Singh, K. B.,
Alché, J. D., & Jimenez-Lopez, J. C. (2018). Ex vivo
and in vitro assessment of anti-inflammatory activity of
seed B-conglutin proteins from Lupinus angustifolius.
Journal of Functional Foods, 40, 510-519.

. Liu, H.-L., Kao, T.-H., Shiau, C.-Y., & Chen, B.-H.

(2018). Functional components in Scutellaria barbata
D. Don with anti-inflammatory activity on RAW 264.7
cells. Journal of food and drug analysis, 26(1), 31-40.

. Lu, C.-L., Li, Y.-M,, Fu, G.-Q., Yang, L., Jiang, J.-G.,

Zhu, L., Lin, F.-L., Chen, J., & Lin, Q.-S. (2011). Ex-
traction optimisation of daphnoretin from root bark of
Wikstroemia indica (L.) CA and its anti-tumour activity
tests. Food chemistry, 124(4), 1500-1506.

. Moon, S. W, Ahn, C.-B., Oh, Y., & Je, J.-Y. (2019). Lo-

tus (Nelumbo nucifera) seed protein isolate exerts anti-
inflammatory and antioxidant effects in LPS-stimulated
RAW264. 7 macrophages via inhibiting NF-kB and MAPK
pathways, and upregulating catalase activity. International
Journal of biological macromolecules, 134, 791-797.
Moro, C., Palacios, 1., Lozano, M., D’Arrigo, M., Guil-
lamon, E., Villares, A., Martinez, J. A., & Garcia-Lafu-
ente, A. (2012). Anti-inflammatory activity of methanolic
extracts from edible mushrooms in LPS activated RAW
264.7 macrophages. Food chemistry, 130(2), 350-355.
Mota, F. J., Ferreira, I. M., Cunha, S. C., Beatriz, M.,
& Oliveira, P. (2003). Optimisation of extraction proce-
dures for analysis of benzoic and sorbic acids in food-
stuffs. Food chemistry, 82(3), 469-473.

Muralidhar, R. V., Chirumamila, R., Marchant, R., &
Nigam, P. (2001). A response surface approach for the
comparison of lipase production by Candida cylindra-
cea using two different carbon sources. Biochemical
Engineering Journal, 9(1), 17-23.

Nasi, A., Picariello, G., & Ferranti, P. (2009). Proteomic
approaches to study structure, functions and toxicity of
legume seeds lectins. Perspectives for the assessment of
food quality and safety. Journal of Proteomics, 72(3),
527-538.

Orruno, E., & Morgan, M. (2007). Purification and
characterisation of the 7S globulin storage protein from
sesame (Sesamum indicum L.). Food chemistry, 100(3),
926-934.

Segura-Campos, M. R., Salazar-Vega, 1. M., Chel-Guer-
rero, L. A., & Betancur-Ancona, D. A. (2013). Biologi-

3525



BARAKAT AHMED BARAKAT et al

26.

27.

28.

29.

30.

cal potential of chia (Salvia hispanica L.) protein hy-
drolysates and their incorporation into functional foods.
LWT-Food Science and Technology, 50(2), 723-731.
Siegel, C. (2011). explaining risks of inflammatory
bowel disease therapy to patients. Alimentary pharma-
cology & therapeutics, 33(1), 23-32.

Siow, H.-L., & Gan, C.-Y. (2014). Functional protein from
cumin seed (Cuminum cyminum): optimization and char-
acterization studies. Food hydrocolloids, 41, 178-187.
Turner, M. D., Nedjai, B., Hurst, T., & Pennington, D.
J. (2014). Cytokines and chemokines: At the crossroads
of cell signalling and inflammatory disease. Biochimica
et Biophysica Acta (BBA)-Molecular Cell Research,
1843(11), 2563-2582.

Udenigwe, C. C., Je, J.-Y,, Cho, Y.-S., & Yada, R. Y.
(2013). Almond protein hydrolysate fraction modulates the
expression of proinflammatory cytokines and enzymes in
activated macrophages. Food & function, 4(5), 777-783.
Villarino, C., Jayasena, V., Coorey, R., Chakrabarti-
Bell, S., & Johnson, S. K. (2016). Nutritional, health,

31.

32.

33.

and technological functionality of lupin flour addition
to bread and other baked products: Benefits and chal-
lenges. Critical reviews in food science and nutrition,
56(5), 835-857.

Wan, P., Xie, M., Chen, G., Dai, Z., Hu, B., Zeng, X.,
& Sun, Y. (2019). Anti-inflammatory effects of di-
caffeoylquinic acids from Ilex kudingcha on lipopoly-
saccharide-treated RAW264. 7 macrophages and poten-
tial mechanisms. Food and chemical toxicology, 126,
332-342.

Wang, W., Wang, X., Ye, H., Hu, B., Zhou, L., Jabbar,
S., Zeng, X., & Shen, W. (2016). Optimization of ex-
traction, characterization and antioxidant activity of
polysaccharides from Brassica rapa L. International
Journal of biological macromolecules, 82, 979-988.
Yu, J., Ahmedna, M., & Goktepe, 1. (2007). Peanut pro-
tein concentrate: Production and functional properties
as affected by processing. Food chemistry, 103(1), 121-
129.E. H. ACERO & al. [16b]; F. KAWAI & al. (2017)
[16c]), lipases (M. A. M. E.

3526



Copyright © 2022 University of Bucharest Rom Biotechnol Lett. 2022; 27(3): 3527-3535
Printed in Romania. All rights reserved doi: 10.25083/rbl/27.3/3527.3535
ISSN print: 1224-5984

ISSN online: 2248-3942

D0ee

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

Original paper

Characterization of exopolysaccharide produced

Abstract

Keywords

by Ganoderma sp. TP

and its immunomodulatory properties

PRIYA S. VADNERKER?, TRUPTI K VYAS'*, CHINTAN V KAPADIA?

'Food Quality Testing Laboratory, N M College of Agriculture, Navsari Agricultural University,
Navsari — 396450, India,

“Department of Plant Molecular Biology and Biotechnology, Aspee College of Horticulture and For-
estry, Navsari Agricultural University, Navsari. 396450. Gujarat. India

Mushrooms have an excellent nutritional value and are referred to as healthy food. They are a good
source of carbohydrates, proteins, vitamins, and minerals while they are low in fat content. Mushrooms
are well known as rich sources of nutraceutical molecules also. They produce exopolysaccharides
(EPS), having high antioxidant activity. Hence, the present study aims to characterize a mushroom
exopolysaccharide for its antioxidant and antitumor activity. A mushroom sample was collected from
the Navsari Agricultural University, Navsari campus (20.9302° N, 72.9127° E). The sample was iden-
tified by morphological and 18S rRNA as Ganoderma sp TP (Accession No. MF614913). EPS was
extracted from the sample, and total carbohydrate 258.3+1.4 pg/ml content was measured. Chemical
characterization by FTIR, TLC, HPLC, and NMR analysis revealed that arabinose, lactose, and ribose
monomer were present in the structure. TGA analysis revealed 86.34 % weight loss after the second
stage. Rheological analysis suggested it is dilatants in nature. Antioxidant activity measured by ABTS
and DPPH showed 84.09 % and 86.45% antioxidant activity, respectively. Antitumor activity was ex-
amined using the MDA-MB-231 cell line and found 63.49% cell inhibition compared to control. Thus,
EPS produced by Ganoderma sp TP is novel from other reported EPS and positively affects tumor cell
growth reduction.
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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
well known for their medicinal properties. India, China, Ja-
pan, Korea, and some other South-Eastern countries have
used it for 3000 years as a medicinal mushroom in a num-
ber of diseases[1]. Molecules, which confer medicinal and
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
growth([2, 3, 4, 5], whereas; other shows potential antiviral,
antibacterial, antiparasitic, anti-inflammatory, and anti-dia-
betic properties[6].

Exopolysaccharides (EPS), high-molecular-weight car-
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
which have been very well reported for antioxidant activ-
ity, superoxide radical scavenging, reducing properties, lipid
peroxidation inhibition, suppression of proliferation and
oxidative stress, etc. Polysaccharides isolated from different
mushrooms like Agaricus, Calocybe, Ganoderma, Grifola,
Inonotus, Lentinus, Phellinus, Pholiota, Pleurotus, etc., are
also capable of providing antitumor activity[7].

Cancer remains one of the significant causes of death
worldwide. The most effective treatment strategy for cancer
is cytotoxic agent-based chemotherapy, which increases pa-
tient survival and has side effects that severely limit its clini-
cal effectiveness, such as the acquisition of drug resistance.
Consequently, an alternative option is required to combat the
side effect produced by chemotherapy. Hence, the present
study aims to characterize EPS for its antioxidant and anti-
tumor activity.

Materials and Methods

Collection and isolation of mushroom sample:

The mushroom sample used in present studies was col-
lected from Navsari Agricultural University, Navsari campus
(20.9302° N, 72.9127° E). The isolation of mycelium was
carried out on potato dextrose agar (PDA) plates. For the
isolation, a small piece of mushroom was inoculated in the
PDA plates in aseptic condition and plates were incubated at
25°C for 48-72 hours. Subsequently culture was purified and
stored on PDA slant at 4°C until the use.

Identification of mushroom

The morphological characterization was carried out mac-
roscopically by observing growth patterns of fungi and mi-
croscopically by wet mounting of fungi in lactophenol. For
molecular characterization DNA from mushroom sample
was extracted according to the methods described by Gra-
ham and coworkers [8]. Amplification of genomic DNA was
done by ITS1 and ITS4 primers. PCR conditions were set as
described by Kheni and Vyas [2]. Sequence was explored for
homology and submitted to GenBank.

Extraction of EPS

For EPS extraction, the sample was dried at 60 °C in
a hot air oven to remove water content. Fine powder was
prepared from dried samples using a blender for EPS extrac-
tion. Three different methods were used for EPS extraction
i.e., hot water extraction [9] ethanol extraction and methanol
extraction [10]. Among the different methods used, the ex-
traction method which produced higher EPS was used for
further work.

Quantification of carbohydrate content

The carbohydrate of crude sample and extracted EPS
was measured using the method mentioned by Dubois and
coworker [11].

Characterization of EPS

For chemical characterization, sample was partially puri-
fied as described by Kheni and Vyas[2]. After partial puri-
fication, characterization of EPS was carried out by FTIR,
TLC, HPLC, NMR and TGA analysis.

FT-IR

For characterization of EPS, dried EPS powder was
ground with KBr and pressed to obtain pellets. Infrared ab-
sorption spectra (Nicolet IR200 FT-IR Spectrometer) were
recorded on a FT-IR in the 4000-400 cm-1 range. KBr pellet
was used as the background reference.

Thin Layer Chromatography [12]

The sugars were detected by spotting the sample on sili-
ca gel 60 (F254 Merck, Germany) using ethyl acetate: acetic
acid:methanol:distilled water (60:15:15:10) as solvent 12.
The TLC plate was sprayed with anisaldehyde-sulfuric acid
reagent followed by heating at 100°C for 5-10 minutes for
the development of colored spots. Type of sugar present in
the sample was identified by comparing the Rf value of stan-
dard sugar runs along with the sample.

HPLC (High Performance Liquid Chromatography)

Hydrolyzed EPS sample was analyzed using an analyti-
cal HPLC coupled with an RI detector[2]. 0.1% H,SO, in
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water was used as a mobile phase and flow rate was 0.5 ml/
min. Analysis. The monomers in EPS were detected by an
RI detector.

NMR

To confirm the chemical structure, IH NMR and 13C
NMR analysis were carried out. Analysis was carried out
at Central Salt & Marine Chemical Research (CSMCRI),
Council of Scientific and Industrial Research (CSIR),
Bhavnagar, India.

TGA analysis

Thermogravimetric analysis (TGA) of the sample was
also carried out in the N2 atmosphere at the heating rate of
10 °C min. The pyrolysis pattern of the EPS was investi-
gated using a differential scanning calorimeter. The energy
level was scanned from 50 to 450 °C in N atmosphere.

Rheology

One of the important features of EPS is rheological behav-
ior, which has great impact in manufacturing, thickening and
stabilization and has potential industrial application. Flow
property of EPS solution was determined using Physica MCR
301 (Anton Paar) at shear rate from 0.01 s to 196 1000 s’
was applies for 5 mins at 25 °C.

Antioxidant activity

To estimate the antioxidant activity, three different meth-
ods viz. Ferric Reducing Antioxidant Power (FRAP) assay,
ABTS assay and DPPH assay were used. Antioxidant activ-
ity by FRAP assay was measured as a method described by
Benzie and Strain[13] and the result was expressed as Fell
pmol/gm. ABTS assay was measured as a method of Re and
coworker[14] (1999). Antioxidant activity by DPPH assay
was measured as mentioned by Garcia and Co-workers [15].

Antitumor Activity

Antitumor activity was measured in vitro by cell growth
inhibitory activity against the human breast cancer cell lines
(MDA-MB-231) by MTT assay[16]. For the assay, the cells
were grown in tissue culture flasks in Leibovitz medium at
37 °C. 105cells/ml was transferred to each well in 96-well
microtiter plate. The cells were allowed to grow for 24 hrs
and then treated with the sample. 100 pl test sample (con-
centration range from 100 — 1000 pg/ml) was added to the
wells and cells were further incubated for another 24 hrs at
37 °C in an incubator. 20 ul MTT (5 mg/ml in phosphate
buffered saline) was added after incubation to each well and
cells were further allowed to grow for 4 hrs. Media was re-
moved afterwards and100 pl dimethyl sulfoxide (DMSO)
was added to each well. The absorbance was measured on a
microplate reader (Multiskan, Thermo Scientific) at 570 nm.

Experiment was done in triplicate. Control comprised cell
growth without a test sample. The inhibition percentage was
calculated using the following formula:

Inhibition activity (%) = [(Acontrol-Asample)/Acontrol] x 100

Where, Acontrol was the absorbance of the control reac-
tion and Asample is the absorbance of the of the sample.

Results and Discussion

Collection and isolation of Mushrooms

A mushroom sample was collected from Navsari Agri-
cultural University, Navsari, Gujarat, India. A portion of the
mushroom sample was taken for isolation and purification of
mushroom. The rest of the biomass was dried at 60 °C. Isola-
tion and subsequent purification were done, and pure culture
was stored on a PDA slant at 4 °C until use.

Identification of mushroom

The pure culture was used to study the morphological
characteristic of the isolate. The isolate showed secondary
mycelia and clam connection when observed under a mi-
croscope with lactophenol cotton blue mounting stain. The
ITS region of 18S rRNA was amplified with ITS 1 and ITS
4 primers to identify the isolate. It produced a characteristic
amplicon of approximately 650bp (Fig la). Amplified PCR
product was sequenced at Saffron Life Sciences, India, and
resulted in sequenced data being aligned using the NCBI blast
tool. It showed homology with Ganoderma sp. Hence, it is
named Ganoderma sp TP (Fig 1b). The sequence data was
submitted to GenBank with accession number MF614913.

Extraction of EPS

EPS from the mushroom sample was extracted using
three different solvents for higher EPS recovery. EPS was
extracted by hot water, methanol, and ethanol extraction
methods. Maximum EPS was extracted using ethanol ex-
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Figure 1. DNA of mushroom (a) phylogenetic tree of
Ganoderma sp TP (b)

® Ganoderma applanatum
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traction (13.47 mg/g) followed by methanol (11.63 mg/g).
Hot water extraction extracted the least EPS (8.3 mg/g).
Ethanol extraction showed higher EPS production; hence, it
was used for further studies.

Quantification of carbohydrate content

To find out the amount of carbohydrate present in the
sample, 1 mg/ml of crude mushroom sample and extract-
ed EPS were separately analyzed by phenol sulphuric acid
method for carbohydrate content. Carbohydrate content was
48.65+0.07 (ng/ml) and 258.3+1.4 (ug/ml), respectively, in
mushroom and EPS samples.

Characterization of EPS

Various analyses like FTIR, TLC, HPLC, NMR TGA
were carried out to know the monomers of EPS.

FTIR analysis

The FTIR spectrum of an unhydrolyzed sample of Gano-
derma sp. TP EPS (Fig 2) showed the characteristic absor-
bance of polysaccharides. The absorption between 3426-
3000 cm-1 indicates the O-H stretching vibration of the
polysaccharide. The absorption band at 2924 cm-1 suggests
C-H stretching vibration. The instance absorption between
1150-900 cm-1 is characteristic of carbohydrates and cor-
responds to stretching vibrations of C-C, C-O-C, and C-O
occurring in glucopyranose structure. Thus, IR spectra con-
firmed the presence of sugar.
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Figure 2. FTIR spectrum of EPS Ganoderma sp TP

TLC analysis

To identify monomers of the EPS sample, partial puri-
fication of EPS was done using acid hydrolysis. Hydroly-
sis was monitored using TLC analysis at 1 hr intervals. The
product was completely hydrolyzed after 4 hrs of incubation
in a boiling water bath. Hydrolyzed product was neutralized
with sodium bicarbonate and used further for TLC analysis
and HPLC analysis. Three different spots were detected on
a thin layer chromatogram and had similar Rf values with
standard sugar arabinose, lactose, and ribose.

HPLC analysis

A partially purified sample was analyzed for the presence
of monomers in the EPS structure. Samples containing ara-
binose, lactose, and ribose were detected, matching standard
sugars. TLC results also corroborate with HPLC analysis.

NMR

EPS sample was characterized by 1H NMR and 13C
NMR analysis. In 1H NMR peak between 3.03 — 3.64 indi-
cates the sugar proton, whereas d 4.83 indicates the anomer-
ic carbon (Fig 3a). In 13C NMR peak at 63.657 indicated the
presence of C-6. The peak at 72.577 showed a large amount
of terminal C-6 branching at C-2 with § (1®3) linkage. The
peak at 106.15 indicates the anomeric carbon, whereas the
peak at 51.75 indicates amine and confirms the glycoprotein
structure (Fig 3b).

TGA analysis

EPS produced by isolate was characterized by TGA and
DSC analysis. Results of TGA analysis showed that EPS
from Ganoderma sp. TP takes place in two steps. Initially,
76.84 % weight loss was observed up to 140 °C with an
onset of 91 °C. After 140 °C, there is slow degradation ob-
served with continuous exotherm. The second weight loss
9.50 % was it up to 300 °C and after 300 °C. In the first step,
high % weight loss was due to moisture content and car-
boxyl group, which increased bond degradation with water
molecules. Second stage degradation at 300 °C corresponds
to a pyrolysis temperature. Total weight loss was 86.34 %
after the second stage.

Rheology

Shear stress and viscosity of EPS produced by Gano-
derma sp. TP was characterized by a rheometer. Results re-
vealed that it is non-Newtonian shear thickening, Dilatant in
nature as (n) is greater than one when fitted in the “power-law
model”. Hence it can also be used as a thickening agent.

Antioxidant activity

Antioxidant activity of EPS was measured using FRAP
assay. If molecules have the antioxidant ability, it converts
Felll molecule to Fell. Results revealed that EPS has 15.300
mM/gm antioxidant activities. The second assay used for an-
tioxidant activity was the ABTS assay. EPS showed 84.09 %
inhibition of radical ABTS molecules. The third assay used
for measuring antioxidant activity was the DPPH assay. In
this assay, EPS showed 86.45% antioxidant activity.

Antitumor activity

Antitumor activity was measured by cell viability using
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
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Figure 3. '"H NMR (a) and *C NMR (b) spectrum of EPS produced by Ganoderma sp. TP

were grown in Leibovitz media (Fig 4a). For MTT assay,
cells were grown in 96 well ELISA plates for 24 hrs. After
24 hrs of incubation, different concentrations of EPS (0.1 —
1 mg/ml) were added, and cells were further incubated for
24 hrs (Fig 4b). MTT solution was added in 96-well ELISA
plates containing pre-grown cells with different EPS con-
centrations and incubated for 4 hrs. Formazan produced af-
ter this incubation period was quantified using a scanning
multi-well spectrophotometer ELISA reader. The measured
absorbance directly correlates to the number of viable cells.
Cells were lysed after 24 hrs of incubation, as shown in Fig-
ure 4c. When most of the cells lysed, clumps of EPS were
also observed after 24 hours. In control, all wells showed
higher formazan production, whereas, in test samples, for-

mazan color production decreased gradually as EPS concen-
tration increased. Cell inhibition was started at a minimum
concentration of 0.1 mg/ml of EPS concentration, and maxi-
mum cell inhibition of 63.49 % was observed at 0.9 mg/ml
concentration.

Human beings are equipped with immune defense sys-
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 4. Normal growth of MDA-MB 231 breast cancer cell line (a), cell line with addition of EPS (b) Cell lysis in presence

of EPS after 24-hour incubation (c)
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In the present study, the mushroom was identified by
18S rDNA as Ganoderma sp. TP and submitted to Genbank.
Various methods were selected for the extraction of EPS.
Among three different methods used, maximum EPS was
recovered by ethanol extraction followed by methanol and
hot water extraction. Ethanol extraction showed a higher ex-
tractive index, and the results are in accordance with many
published data [17, 18, 19]. EPS extracted using ethanol ex-
traction method from Ganoderma sp. TP showed that it pro-
duced 13.47mg/g EPS. EPS contained 258.3+1.4pug/mg of
carbohydrate. Sasidhara and Bakki [20] reported 300 mg/g
of carbohydrates extracted from Ganoderma lucidum, which
is higher than our results. EPS production was lower in Gan-
oderma sp. TP compared to Ganoderma applanatum (241.8
mg/g) whereas carbohydrate content 303 + 1.29 mg/g is al-
most similar as reported by Osinska-Jaroszuk and coworker
[21]. Ubaidillah and coworker [22] reported 115.89% total
carbohydrate in EPS extracted from G. neojaponicum, which
is higher than EPS from Ganoderma sp.

Polysaccharides are made up of monomeric sugar linked
with glycosidic bonds. EPS structure may be homopolymer
or heteropolymer, either linear or containing branched side
chains linked with B- (1—6) glycosidic bonds [18]. Due to
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-
actions in higher organisms. FTIR analysis helps in the iden-
tification of characteristic bonds present in carbohydrates.
Various peaks present in the molecules confirm the carbohy-
drate structure. Our data are in accordance with the reported
EPS structure by FTIR analysis [23, 24, 25].

TLC and HPLC analysis of the exopolysaccharide ex-
tracted from Ganoderma sp. TP, showed the presence of ara-
binose, lactose, and ribose monomers. The polysaccharides
isolated from Ganoderma constitute glucose, mannose, ga-
lactose, fucose, xylose, and arabinose, with eight combina-
tions and different types of glycosidic linkages which can
be bound to protein or peptide residues [2, 26, 27, 28, 29,
30, 31]. Fraga and coworkers (2014) reported the presence
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-
tively [33]. Thus, it showed a different unique structure of
EPS.

EPS structure from Ganoderma sinense was character-
ized by NMR spectroscopy and revealed that it contained
mannose, glucosamine, glucuronic acid, N-acetyl- 3-D-glu-
cosamine, glucose, and galactose as EPS monomers [25].

Antioxidant activities of different mushrooms were evaluat-
ed previously by several researchers using various methods.
Methods such as 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging, 2,2’-azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) radical scavenging, ferric reducing
antioxidant power (FRAP), hydroxyl radical scavenging, su-
peroxide radical scavenging, nitric oxide (NO) scavenging,
and lipid peroxide inhibition assays were commonly used to
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-
dran and coworkers [38] reported lower antioxidant activ-
ity 63.75 + 2.47 % inhibition by ABTS assay from Gano-
derma lucidum, DPPH radical scavenging ability of crude
EPS of G. lucidum (82.3 +3.27 %) was similar to the DPPH
scavenging activity of Ganoderma sp. TP (84.58%) [38]. G.
lucidum showed 50% inhibition by 0.055 mg/ml of ethano-
lic extracted EPS using the DPPH assay, which is lower than
reported here [39].

Here, EPS extracted from Ganoderma sp. TP was evalu-
ated on the MDA-MB-231 breast cancer cell line by MTT
assay showed 63.49% inhibition of the tumor cell line at
0.9 mg/ml EPS concentration. Polysaccharides extracted
from G. lucidum showed 80.8% and 77.6% reduction in tu-
mor volume and tumor mass, respectively, of Ehrlich’s as-
cites carcinoma cells [40]. Polysaccharides PG-1 and PG-2
from G. lucidum have immunomodulatory properties and
showed an inhibitory effect on the growth of a human breast
cancer cell line MDA-MB-23141. Their results are in accor-
dance with our findings.

Ganoderma  sinense produces a polysaccharide
(GSRBPs) effective on the H1299 NSCLC cell line of non-
small-cell lung cancer (NSCLC) [41]. Thus, polysaccharide
GSRBPs can be effectively used to inhibit H1299 non-small-
cell lung cancer. A similar study also revealed that EPS ex-
tracted from Ganoderma sp. had been reported for its anti-
cancer activity against lung cancer line Murine Lewis lung
carcinoma (LLC1) [42]. In one study, the sandwich struc-
tured antitumor composite was designed with three layers
comprising the first top and bottom layers made from ethyl
cellulose-containing triterpenes from Ganoderma lucidum;
the second layer of polyvinyl alcohol have polysaccharide
from G. lucidum [43]. Carcinoma cells, such as SGC-7901,
A549, Hela, and Caco-2 were studied in vitro for antitumor
activity of the synthesized sandwich drug and found to have
IC50 of 51.2,90.7, 93.0, and 21.7 pg/mL, respectively. Not
only antitumor but exopolysaccharide from Ganoderma sp.
has also been reported for their antioxidant, antiviral, anti-
inflammatory, and immunomodulatory effects [44, 45]
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Conclusion

Ganoderma sp TP (Accession No. MF614913) contains
258.3+1.4 pg/ml carbohydrate in extracted exopolysac-
charide molecules. Chemical characterization of EPS by
various analyses revealed that Ganoderma sp TP contain-
ing novel monomer arabinose, lactose, and ribose monomer
were present in the structure. TGA analysis revealed 86.34
% weight loss after the second stage. EPS possesses higher
antioxidant activity measured by ABTS and DPPH suggests
that it can scavenge free radicals. EPS was able to sup-
press tumor cell lines, as evidenced by 63.49 % cell inhibi-
tion of the MDA-MB-231 cell line. Hence, EPS produced
by Ganoderma sp TP which is novel than other reported EPS
from Ganoderma sp., can be used as a potential immuno-
modulator. However, detailed in vivo studies required for
antitumor activity and clinical trials will be further helpful
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.
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I nfluence of elicitation on in vitro production of 2-Hydroxy-4-Methoxy Benzaldehyde (2H4MB), a
structural isomer of vanillin from callus suspension cultures of Decalepis hamiltonii was investigated.
In vitro culture conditions were optimized to induce callus, suspension culture and biomass followed
by metabolite production. Suspension cultures were established using leaf generated friable callus.
Maximum content of 2H4MB production 0.079 + 0.01 mg 100g' DW and biomass 197.5 + 1.5 gL"!
were observed by 4™ week of culturing. Elicitation was induced to suspension cultures by using m-
topolin (mT), sodium nitroprusside (SNP), and pectin individually at different concentrations. m-
topolin (15 uM), pectin (15 pM) and SNP (10 uM) supported 0.31 mgl100g’' DW, 0.27 mg100g' DW
and 0.21 mg100g™! of 2H4MB production respectively by 4™ week. This data infers that the elicitation
improves 2H4MB content in callus suspension cultures of D. hamiltonii.
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Introduction

Secondary metabolites produced by the plants have
wide range of application as industrial raw materials, in
medicines, food products as enzymes, and flavour etc.
Flavors originate from the natural sources mostly from
plants have high commercial value. Vanillin is one such
metabolite obtained from plants which has wide applica-
tion in flavoring industry. Vanilla planifolia and V. tahiten-
sis are major natural sources for the production of vanillin
flavor. Due to its high demand and inadequate availability
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
sweet fragrance can be readily used as alternative to syn-
thetic vanillin. 2H4MB is reported to synthesized through
phenyl propanoid pathway and present in few plant spe-
cies such as Decalepis hamiltonii, Hemidesmus indicus
(Mehmood Z & al [2]), Mondia whytei and root bark of
Periploca sepium (Yamashita Shi J &al [3]). Biochemical
characterization of key step involved in 2H4MB produc-
tion in D. hamiltonii was reported (Kamireddy K & al [4].
In Decalepis hamiltonii tubers 2H4MB constitutes 96%
of volatile oil, hence is the major aromatic compound and
its flavor extract is recognized as GRAS by United States
Food and Drug Authority (Nagarajan S & al [5]. This flavor
metabolite 2H4MB along with other bioactives reported to
have many bioactive properties like antioxidant antimicro-
bial, and hepatoprotective etc. (Pradeep M & al [6]. This
endemic plant D. hamiltonii familiar as swallow root, has
been constantly over exploited from ages for various ap-
plications for its rich aroma and bioactives and currently in
the state of endanger.

Plant tissue culture is a promising technique in which in
vitro production of secondary metabolites in plant cell sus-
pension cultures has been reported from various food and
medicinal plants (Dias MI & al [7]). In D.hamiltonii, tis-
sue culture technique is reported to be extensively used for
cultivation of plants using nodal explants (Obul Reddy B
& al [8]), (Sharma S & al [9]) shoot tips (Giridhar P & al
[10]), and in vitro rooting of micro shoots (Reddy BO & al
[11]). Similar, efforts were made to enhance production of
flavor metabolites through precursor feeding in callus cell
suspension cultures (Pradeep M & al [12]). Nitric oxide as a
bioactive molecule is biosynthesized during plant pathogen
interactions and reported to exhibit pro-oxidant as well as
antioxidant properties in plants (Delledonne M & al [13]).

It induces plant defense genes and accumulation of cyclic
acid that leads to expression of systemic acquired resistance
(Crawford NM & al [14]). Prior art indicates the presence
of NO in the plant kingdom and its connection in growth,
development (Beligni MV &al [15]), senescence (Jie TU &
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 (Xu J & al [19]), hypericin in
Hypericum perforatum (Xu MJ & al [20]), phenols and fla-
vonoids in Ginkgo biloba in vitro cultures (El-Beltagi HS &
al [21]). Meta-topolin (N°-(meta-hydroxybenzyl) adenine) is
a highly active aromatic, unconventional cytokinin isolated
and characterized from poplar leaves (Strnad M & al [22]).
Meta-t opolin (mT) has been shown to promote in vitro
shoot proliferation and improve quality of shoots in several
plant species (Aremu AO & al [23]). The potential of mT to
induce organogenesis from somatic embryo derived cotyle-
don explants in Cassava (Chauhan RD & al [24]), Opuntia
stricta (Souza M & al [25]) and Corylus colurna (Gentile A
& al [26]) was assessed. It is reported to prevent oxidative
stress in sugar cane micropropagation (Souza M & al [27])
and production of flavonoids in Amburana cearensis (Vas-
concelos INC & al [28]).

However, there are no reports regarding the influence of
elicitation on callus suspension cultures of D. hamiltonii. As
there is a demand in the market for natural flavor (Giridhar P
& al [29]), experiments to obtain flavor metabolites through
tissue culture will facilitate effective potentiation. Elicitation
is technique which was reported to be most significant ap-
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 (Kim HJ & al [32]), (Perez-Balibrea S & al [33]).
Accordingly, in the present study, investigations were car-
ried out to determine potential benefit of m-topolin, sodium
nitroprusside (SNP) and pectin for efficient augmentation of
flavour metabolites, since no such studies on 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
nitroprusside (SNP) of plant tissue culture grade were pur-
chased from Hi-media (Mumbai, India). 2H4MB standards
was supplied by Fluka (Switzerland) and pectin from Sig-
ma-Aldrich India. HPLC grade methanol and acetonitrile
obtained from Merck (Mumbai, India)
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Plant material and culture conditions

D. hamiltonii Wight & Arn., fruits were collected from
12-year-old plant grown at Departmental Garden in CSIR-
Central Food Technological Research Institute, Mysore, In-
dia. The seeds were separated from the dried capsule and
surface sterilization of seeds was done using 0.1% (w v')
mercuric chloride (Hi-media, Mumbai) for 5 min followed
by washing (4-5 times) with autoclaved distilled water
(Saini RK & al [30]). Sterilized seeds were inoculated in the
MS media with 0.2 uM gibberellic acid (GA,), (Murashige
T,& Skoog F [34]) containing 3% (wv') sucrose (Hi-media,
Mumbai) and 0.8% (wv') of agar (Hi-media, Mumbai) at
25 + 2 °C under 45 pumol.m? s! light for 16 h photoperiod.
The leaves of seedling were used as explant for callus induc-
tion.

Callus induction and development of suspension
cultures

Leaves from 6 weeks old seedling plant were used as
explants for callus induction. Leaves from seedling plant
were chopped (leaf 1 sq.cm) and inoculated in MS medium
containing 9.06 uM 2,4-D (2,4-D, Hi-media, Mumbai), in
combination with 2.32 uM Kinetin (Kin , Hi-media, Mum-
bai), 3% (w/v) sucrose, and 0.8% (w/v) agar for solid media
(not for suspension culture) (Pradeep M & al [12]). The pH
of the medium was adjusted to 5.8 and autoclaved at 121 °C
for 15 min. Callus cultures were maintained at 25 + 2 °C in
45 umol.m? s light for 16 h photoperiod. These calluses
were sub-cultured every 4 weeks. The friable callus mass
that was obtained after two subcultures was used for prepa-
ration of suspension cultures. This callus was transferred to
150 ml conical flasks containing 40 ml liquid medium and
grown for 8 weeks on a rotary shaker at 95 rpm at 24 +2 °C
in 16 h photoperiod.

Elicitor treatment

Preparation of elicitor stock solution

Stock solution of 1M concentration m-topolin was pre-
pared by dissolving in 0.5N KOH solution. Similarly, sodi-
um nitroprusside, and pectin stock solutions were prepared
in sterile distilled water. These stock solutions were steril-
ized by filtering through 0.22 pm PVDF membrane filters
(Durapore) and were inoculated in known concentration to
in vitro callus cell suspension cultures of D. hamiltonii.

Elicitation in callus suspension cultures

m-topolin, pectin, and SNP were added to callus sus-
pension cultures in different concentrations (10, 15 and 20
uM) for evaluation of callus growth and 2H4MB content.
Suspension cultures without elicitor was also maintained in

similar conditions as a control. Callus biomass was harvest-
ed from the suspension culture medium after every week (1%
to 4™ week) to record callus biomass accumulation as fresh
weight (FW) and content of 2H4MB. All the experiments
were performed with three replicates for each concentration
treatment and the experiment was conducted twice.

Extraction of metabolites

The 2H4MB content from the callus was extracted as
described earlier (Pradeep M & al [12]). Callus from sus-
pension cultures were separated using Whatman no.1 filter
paper. The solvent extract thus obtained was evaporated to
dryness under vacuum. The cell mass in the filter paper was
thoroughly washed with distilled water and dried in an oven
at 35°C for 12 h, weighed and powdered with mortar and
pestle. The powder thus obtained was extracted with 2 vol-
umes of ethyl acetate and centrifuged at 10,000 rpm for 15
min. The supernatant was concentrated and dried under vac-
uum. The dried residue was dissolved with a known volume
of methanol and the flavour attributing compounds such as
2H4MB were analyzed.

Screening of flavour metabolites
by HPLC and MS analysis

The major flavour ascribing metabolites quantifica-
tion and confirmation from the solvent extracts of D. ham-
iltonii callus was done by HPLC (SPD-20AD, Shimadzu,
Kyoto, Japan) and MS(QTof Ultima Waters Corporation,
Micro Mass UK) as reported earlier but with slight modi-
fication (Gururaj HB & al [35]). The isocratic mobile
phase contained Methanol: Acetonitrile: Water: Acetic acid
(47:10:42:1). C18 column (250 x 4.6 mm and 5-um diam-
eter) was used (Sunfire column, Waters Corporation, MA,
USA) for the sample separation and analysis. The flow rate
was maintained at 1 ml min™' throughout analysis and the de-
tection wavelength was 280 nm. The samples were respec-
tively injected and mean area for three replicate analyses
were calculated. Quantitative analysis was done based on
the area of standard (Fluka, Switzerland) for which known
amount was injected. 2H4MB in the samples were identified
based on the retention time for the corresponding standard.
The mass spectral data were accompanied by a Mass Lynux
4.0 SP4 data acquisition system. The ionization mode was
negative(Pradeep M & al [11]).

Statistical analysis

The experiments were conducted in a completely ran-
domized design with three replicates. Data were subjected to
an analysis of variance (ANOVA). To determine the signifi-
cant difference, Duncan’s multiple range test (DMRT) was
performed using SPSS software (Version 17).
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Results and discussion

Culture establishment

Cell suspension cultures were developed on MS medium
(without agar) containing 3% sucrose, with the combination
of 2 mgL"! 2,4-D and 0.5 mgL"! Kinetin , wherein the bio-
mass and 2H4MB content is observed to be good (Pradeep
M & al [12]). The callus cultures biomass was observed at
regular interval, which shows that the growth of the callus in
suspension cultures had some physical changes that include
color and texture. During the first week to second week, the
light greenish colored callus cells start changing their color
to green, later by 4th week it was friable and dark green with
197.52 £ 1.48 gL' of biomass and after 8 weeks they turn
brown with 184.23 + 1.84 gL' of biomass (Fig 2a ). Maxi-
mum 2H4MB production was recorded by 4th week (0.079
+ 0.01 mgl00g"' DW), but showed decline from 6th week
(0.003 +£0.014 mg100 g' DW) and 8th week (0.002 + 0.031
mg 100 g' DW).

Elicitation with m-topolin (mT)

Callus cultured on MS medium supplemented with
different concentration of m-topolin gave the highest level
of 2H4MB among the treatment when compared to con-
trol. The results obtained for D. hamiltonii callus cultures
suggest that their degree of differentiation had a signifi-
cant influence on the biochemical synthesis of 2H4MB.
However, significant accumulation of all the analyzed
flavour metabolites 2H4MB was evident with maximum
content at 4 weeks and then a depletion in the metabo-
lites content was observed. There was a gradual increase
in levels of flavour metabolites from 1st day to the 4th
week. The maximum accumulation of 2H4MB was re-
corded as 0.31 £ 0.01 mg 100 g' DW in 4 weeks grown
culture that supplemented with 15 uM mT as a cytokinin
inducer (Fig.4). HPLC analysis of ethyl acetate extract of
suspension cultures resulted in the detection of 2H4MB
with a retention time of 8.5 min at wavelength of 280 nm
in standard HPLC chromatogram. Quantitative HPLC de-
termination (Fig. 3) of respective metabolites in samples
showed that the contents of 2H4MB were notably higher
in mT treated suspension cultures. m- topolin is reported
to be used as an alternative to cytokinin in tissue culture
as it has a great influence on physiological property and
in production of quality explant (Aremu AO & al [23]),
(Ahmad N & al [35]). It was reported to improve in vitro
morphogenesis, rhizogenesis and increase biochemical
content in differ plants (Chauhan RD & al [23])( Gentile
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
AO & al [39]) reported higher phenolic production in
‘Williams’ banana treated with mT when compared to the
BA-treated and control (PGR-free) plants. It is reported
to prevent oxidative stress in sugar cane micro propaga-
tion (Souza M & al [24]) and production of flavonoids in
Amburana cearensis (Vasconcelos INC& al [28]).

Elicitation with Pectin

In the present study, pectin treatments to cultures
resulted in only moderate change in their biomass with
progressive increase from 2nd to 4th week (Fig. 5a) in
comparison to control. The maximum accumulation
of 2H4MB 0.29 + 0.01 mg 100g' DW was found in 4
weeks of cultured cells supplemented with 15 pM of pec-
tin (Fig. 5b). The addition of pectin has shown a signifi-
cant influence on cell growth in Gymnema sylvestre R.
Br (VeerashreeV & al [40]). Pectin involved in activat-
ing secondary metabolism in M. citrifolia cell suspension
cultures (Dornenburg H & al [41]), Calendula officinalis
(Wiktorowska & al [42]), and Hypericum adenotrichum
(Yamaner O & al [43]) was known. Pectin’s structure is
a practically and fundamentally diverse class of galac-
turonic acid rich polysaccharides which can go through
plentiful alteration with an accompanying change in
physicochemical properties (Wolf S & al [44]).

Elicitation with Sodium nitroprusside (SNP)

The results obtained for D. hamiltonii callus cultures
with SNP suggest that their degree of differentiation had
a significant influence on the biochemical synthesis of
2H4MB (Fig. 6). The maximum accumulation of 2H4MB
0.21£0.01 mgl00 g' DW was recorded in 4 weeks of cul-
tured cells supplemented with 10 uM concentration of SNP
and it was found to be significant (Fig. 6). In plants, vari-
ous environmental and hormonal stimuli are transmitted
either directly or indirectly by nitric oxide (NO) signalling
cascades (Delledonne M & al [13]), (Crawford NM & al
[14]). A good number of reports reveal the significance of
NO, and the usage of sodium nitroprusside (SNP) that form
a transition metal nitroxyl anion (NO-) complexes (Beligni
MV & al [15]), (Jie TU &al [16]). SNP in combination with
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

On the basis of our study augmented production of
2H4MB from callus suspension cultures has been demon-
strated. The feeding of m7', SNP and pectin to D. hamil-
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tonii callus suspension culture medium supports the aug-
mented accumulation of 2H4MB, with substantial increase
in 4.5 folds under m-topolin elicitation, followed by 3.6,
2.4 folds in presence of pectin and sodium nitroprusside,

which act as an inducer for the cells to increase the pro-
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
induction on medium bearing 2,4-D (9.06 uM) & kinetin (2.32 uM) (bar= 5 cm) D Callus cell suspension on medium with
9.06 uM 2,4-D and 2.32 uM kinetin after 4 weeks (bar=5 cm); E Rotary shaker with suspension cultures (bar=15cm)
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Figure 2. Callus growth and its 2H4MB quantification in suspension cultures. a) Callus biomass at different time intervals;

b) 2H4MB content in callus during its growth.
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Figure 3. Quantification of 2H4MB using HPLC and confirmation by MS-ESI. A) 2H4MB standard; B) Chromatogram of
Callus elicited with m-topolin ; C) MS fragment of 2H4MB Callus elicited with m-topolin
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Assessment of the antimicrobial activity of some essential oils against multi-resistant bacterial strains

Introduction

Volatile oils, also called essential oils, are secreted by
plant-specific secretory cells and tissues.These components
are a mixture of different substances, primarily mono and
sesquiterpenes [1, 2]. More than 5,000 compounds have
been identified in the composition of volatile oils, such as
mono and sesquiterpenes, aromatic compounds, phenylpro-
panes and diterpenes. Terpenic compounds are hydrocar-
bons and oxygenated derivatives such as oxides, ketones,
aldehydes, alcohols or their acids, and terpenic alcohols can
be esterified [2].

From vegetable products, volatile oils can be obtained
by entrainment (distillation) with water vapor, with volatile
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
growth [4, 5]. Our aim was to assess the antimicrobial activ-
ity of different essential oils, i.e. lavender, cloves, eucalyp-
tus, rosemary, thyme and oregano against multidrug resistant
bacterial strains belonging to the ESKAPE (Enterococcus

Table 1. Bacterial strains belonging
to the Staphylococcus aureus

faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, and
Enterobacter spp) group. The oils tested in the present study,
including lavender, cloves, eucalyptus, rosemary, thyme and
oregano were selected for their previously reported antibac-
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 Klebsiella (12 strains),
Acinetobacter (8 strains), Staphylococcus (5 strains) and
Pseudomonas (5 strains) genera. The sources of isolation are
specified in the tables below (tables 1, 2, 3, 4).

For the study, fresh cultures of 18-20 hours were ob-
tained by seeding the strains studied on solid TSA media
(Tripticase Soy Agar) and incubation at 37 °C.

The tested essential oils were acheved from commercial
producers, i.e. Fares and TrioVerde (Table 5).

Table 4. Bacterial strains belonging
to the Klebsiella pneumoniae

Number Bacterial strains Source of isolation X ) Source of
1 Staphylococcus aureus 882 Blood culture Number Bacterial strains isolation
2 Staphylococcus aureus 3118 Nasal exudate 1 Klebsiella pneumoniae 2583 Anal portage
Staphylococcus aureus . Central venous
3 Wound t 1 i
1003/1663 ound secretion 2 Klebsiella pneumoniae 1526 catheter
4 Staphylococcus aureus 2971 Nasal exudate 3 Klebsiella pneumoniae 2576 Anal portage
5 Staphylococcus aureus 3051 Nasal exudate 4 Klebsiella pneumoniae 2268 Urinalysis
5 Klebsiella pneumoniae 5662 Urinalysis
Table 2. Bacterial strains belonging 6 Klebsiella pneumoniae 5972/8850 Urinalysis
to the Pseudomonas aeruginosa 7 Klebsiella pneumoniae 6984 Wou.nd
secretions
Number Bacterial strains Source of isolation 3 Klebsiella pneumoniae 5670/8822 Urinalysis
1 Pseudomonas aeruginosa 5034  Tracheal secretions Wound
Central venous 9 Klebsiella pneumoniae 6003 .
2 Pseudomonas aeruginosa 914 secretions
catheter 10 Klebsiella pneumoniae 6980 Urinalysis
3 Pseudomonas aeruginosa 1044~ Wound secretion 11 Klebsiella pneumoniae 2460 Anal portage
Pseudomonas aeruginosa 1441 Urinalysis 12 Klebsiella pneumoniae 6982/4091 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 5. Bacterial strains belonging
to the Klebsiella pneumoniae

Code Name Provider
1 Lavender Fares
2 Cloves Fares
3 Eucalyptus (coTltains Eucalyp{us TrioVerde
globulus and limonene leaf oil)
Rosemary Fares
5 Thyme Fares
Oregano (contains essential oil
6 of Origanum vulgare, carvacrol, TrioVerde

linalol, thymol and limonene)
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Method of qualitative testing of the antimicrobial
activity of the essential oils

The testing was performed using the adapted diffusimet-
ric method (according to CLSI recommendations, 2019).

On the surface of the medium Mueller Hinton (without
glucose) agarized 2% (pH = 7.2 - 7.4), with the thickness
of 4 mm distributed in Petri dishes (@ = 10 cm) a stan-
dardized inoculum (a suspension in physiological water)
was seeded “in the canvas” sterile - AFS) from cultures of
18-20 h belonging to the studied bacterial strains, density
1.5 x 108 CFU / ml nephelometrically adjusted with McFar-
land 0.5 standard.

Subsequently, 10 pl of each essential oil sample was
placed in the spot on the surface of the seeded medium. Af-
ter their free diffusion, the plates were incubated for 16-18 h
at 37°C.

The sensitivity was evaluated by measuring the diam-
eters of the growth inhibition zones that appeared around
the spot. For some oil samples dilutions were performed in
dimethylsulfoxide (DMSO).

Method of the quantitative testing of the
antimicrobial activity of the essential oils

The serial microdilution method was performed in liquid
medium using the 96-well plates and liquid broth. The inten-

sity of bacterial growth has been appreciated by the absor-
bance value read spectrophotometrically at 620 nm allow-
ing to establish the minimal inhibitory concentration (MIC)
expressed in % of the undiluted essential oil. The MIC was
considered as the last concentration at which no microbial
growth was observed [7].

Results and Discussions

The results of the qualitative tests to evaluate the
antimicrobial activity of the essential oils

The qualitative tests performed by the adapted disc difu-
sion method allowed the evaluation of the degree of sensitiv-
ity of all 30 strains to the testes essential oils, by measuring
the values of all diameters of inhibition zones and calculat-
ing an average value/genus studied (tables 6 - 8). Thus, two
suggestive graphs could be drawn to highlight the compara-
tive results of this test (Figures 1, 2).

Analyzing the Figures 1 and 2, it can be seen that the
most effective oils proved to be the essential oils of thyme
and oregano which exhibited the largest diameters of the
growth zones of inhibition against all tested bacterial spe-
cies (fig. 2).

Oregano oil showed the best inhibitory activity against
P. aeruginosa strains, while thyme oil induced the largest

Table 6. Diameter values of growth inhibition zones for S. aureus strains

S. aureus-Diameter of the inhibition zone (mm)

Bacterial strain codes Lavender Clove Eucalyptus Rosemary Thyme Oregano
S. aureus 882 11 12 8 10 22% 27%
S. aureus 3118 12 19 15 10 23% 22%
S. aureus 1003/1663 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 DMSO (1/4)
Table 7. Diameter values of growth inhibition zones for P. aeruginosa strains
P. aeruginosa — Diameter of the inhibition zone (mm)
Bacterial strai
ac Z::Zess ram Lavander Clove Eucalyptus Rosemary Thyme Oregano
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%* 34k
Average diameters 10,5 20 11,833333 10,83333333 24,666667 37,6666667

* oil diluted in DMSO (1/4) ; ** oil diluted in DMSO (1/6)
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Table 8. Diameter values of growth inhibition zones for 4. baumannii strains

baumannii- Diameter of the inhibition zone (mm)

Bacterial strain codes ~ Lavander Clove Eucalyptus Rosemary Thyme Oregano
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

* oil diluted in DMSO (1/4) ; ** oil diluted in DMSO (1/6)

Table 9. Diameter values of growth inhibition zones for K. pneumoniae strains

K. pneumoniae- Diameter of the inhibition zone (mm)

Bacterial strain codes Lavander Clove Eucalyptus Rosemary Thyme Oregano
K. pneumoniae 2583 12 12 9 11 30%* 20%
K. pneumoniae 1526 11 10 9 9 19* 18%*
K. pneumoniae 2576 10 12 10 9 15% 13*
K. pneumoniae 2268 11 10 9 10 42% 32%
K. pneumoniae 5662 14 11 10 9 30%* 26*
K. pneumoniae 5972/8850 17 11 10 9 15* 16*
K. pneumoniae 6984 8 10 8 10 16* 11*
K. pneumoniae 5670/8822 14 10 9 9 24%* 29%
K. pneumoniae 6003 10 12 8 10 23% 30%
K. pneumoniae 6980 8 9 9 9 19* 14*
K. pneumoniae 2460 12 11 10 11 17* 18*
K. pneumoniae 6982/4091 11 16 10 10 25% 38*

Average diameters 11,81481481 11,7037037  9,4814815  9,814814815  22,777778  24,2592593
* oil diluted in DMSO DMSO (1/4)

m Lavender essential oil

m Cloves essential oil

m Eucalyptus essential oil
Rosemary essential oil

o & R R m Thyme essential oil

° W Oregano essential oil

Arithmetic means of the diameters
of the inhibition zones (mm)
R NN W
v o Lt o un O
23
.e

Bacterial species tested

Figure 1. Graphic representation of the values of the arithmetic means of the diameters of the growth inhibition zones.
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Figure 2. Graphic representation of the values of the arithmetic means of the growth diameters of the inhibition zones.

inhibitory diameter against S. aureus strains. Clove essential
oil also showed a more pronounced inhibitory effect on the
clinical strains of P. aeruginosa.

The binary serial dilution method in liquid growth me-
dium allowed the determination of the MIC values for each
sample of essential oil separately, at the end also establish-
ing an average CMI value / species tested. Analyzing fig.
3, it can be seen that the lowest CMI values were also re-
corded for the essential oils of oregano, cloves and thyme,
which confirms the qualitative tests on the most effective
oils.

Regarding the degree of sensitivity of bacterial strains,
it can be seen that the susceptibility profiles of the bac-
terial strains to the tested essential oils is similar, with
a very good activity of oregano, followed by thyme and
cloves demonstrated by the low MIC vales, while rose-

h

Klebsiella sp.

Acinetobacter sp.

Bacterial species tested

P. aeruginosa

S. aureus

0 0,002 0,004 0,006 0,008

mary, eucaliptus and lavender expressed much higher
MIC values (fig. 3).

Among the tested bacterial strains, the most susceptible
prove to be the S. aureus strains.

Conclusions

Following the interpretation of the results obtained
in this study, we can conclude that the most effective oils
proved to be the essential oils of thyme, oregano and cloves,
which exhibited the largest diameters of the growth zones of
inhibition against all tested bacterial strains belonging to the
ESKAPE group.

Oregano and clove oil showed the best inhibitory activ-
ity against P. aeruginosa strains, while thyme oil showed the
largest inhibitory diameter against S. aureus strains.

Oregano essential oil
Thyme essential oil
Rosemary essential oil
Eucalyptus essential oil
Cloves essential oil

Lavender essential oil

0,01

MIC values expressed as a percentage

Figure 3. Graphical representation of the degree of sensitivity to the action of different essential oils of clinical bacterial

strains.
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Regarding the results of the quantitative assay, the

susceptibility profiles of the bacterial strains to the test-

ed essential oils was relatively similar, the most active

bein, similarly to the qualitative assay results, the oreg-

ano, thyme and cloves. This experimental approach may

open new perspectives for developing novel strategies to

combat the emerging global threat of multiple drug resis-

tance.
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after 24 hours of incubation. The acid and bile resistance of probiotic bacteria remarkably varied with
the type of prebiotics. Acid and bile resistance properties of L. acidophilus LA-5 and L. acidophilus
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Effects of prebiotics on acid and bile resistance of Bifidobacterium lactis and Lactobacillus acidophilus

Introduction

The effects of probiotics and prebiotics on human health
are of great interest to both consumers and food manufac-
turers and always up to date. Probiotics, derived from the
Greek words meaning “for life”, are living microorganisms
which actively enhance health of consumers by improving
the balance of microbiota in the gut when ingested in suf-
ficient numbers (FULLER [1]). The health benefits attrib-
uted to probiotic bacteria can be summarized as nutritional
benefits, enhancing bio-availability of some minerals, syn-
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,
improved absorption, enhancement of bowel motility and
maintenance of mucosal integrity (COLLINS and GIB-
SON [2]; ZIEMER and GIBSON [3]; HOLZAPHEL and
SCHILLINGER [4]). The most commonly used probiot-
ics in many functional foods and nutritional supplements
are Bifidobacterium and Lactobacillus, the members of the
normal colonic bacterial flora. Bifidobacterium longum, B.
bifidum, B. breve, B. infantis, Lactobacillus plantarum,
L. acidophilus, L. helveticus, L. rhamnosus, L. reuteri and
L. casei are the most widely studied probiotic strains and
have been shown to exert a wide number of health ben-
efits (GIBSON and ROBERFROID [5]; GIBSON [6];
GISMONDO & al [7]; SHAH [8]; HOLZAPHEL and
SCHILLINGER [4]).

Probiotics in the normal intestinal microbiota need
some special carbohydrates called “prebiotics” for their
survival and growth. Prebiotics, such as fructo-oligosac-
charides, gluco-oligosaccharides galacto-oligosaccharides,
xylo-oligosaccharides, isomalto-oligosaccharides, gentio-
oligosaccharides, lactulose, lactitol, lactosucrose, polydex-
trose, pyrodextrin, raffinose, resistant starch and inulin are
non-digestible substances that provide a beneficial physi-
ological effect on the host by selectively stimulating the
favorable growth or activity of a limited number of pro-
biotic bacteria (GIBSON and ROBERFROID [5]; GIB-
SON [6]; ZIEMER and GIBSON [3]; GIBSON & al [9];
HOLZAPHEL and SCHILLINGER [14; TUOHY & al
[10]; SAMINATHAN & al [11]). Prebiotics are short-
chain carbohydrates that pass into the large intestine with-
out being digested in the stomach and small intestine. They
support the growth and activities of probiotic bacteria such
as Lactobacillus spp. and Bifidobacterium 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
bacteria dominate it. It is stated that systematic supple-
mentation of the diet with probiotics, prebiotics or syn-
biotics may ensure maintaining a proper equilibrium of
the microbiota in the gut (GIBSON and ROBERFROID
[5]; ZIEMER and GIBSON [3]; HOLZAPHEL and
SCHILLINGER [4]; TUOHY & al [10]). Prebiotic com-
pounds are consumed by probiotics as a carbon or energy
source in the colon. Increasing in the probiotics count in
the gut helps the reduction of gut pathogens. The benefi-
cial effects of probiotics in the gut depend on their vi-
ability and metabolic activity. To provide health benefits,
probiotics must reach to the large intestine in sufficient
numbers. It is recommended to consume about 10°— 10°
viable probiotic cells per day (LEE and SALMINEN
[12]). Therefore, the concentration of probiotic bacteria
in a functional food product is suggested to be 10% cfu
(colony forming unit)/g or over (SHORTT [13]). For sus-
taining positive effects in humans, the probiotic carrier
foods must contain a minimum viable microorganism
count of at the time of consumption. However, during
the processing, transportation, storage, and marketing
of probiotic products, probiotics are harmfully affected
by external adverse factors. Furthermore, to fulfill their
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-
teria reach the intestinal tract and meet with bile which
also reduce their survival. For this reason, it is extremely
important to select the appropriate carrier foods and pre-
biotics that will increase the resistance of the probiotics
and help them to pass adequately into the gastrointesti-
nal tract. Effects of prebiotics on growth and acidifying
activity of probiotic bacteria were determined as stated
in our previous study (MUMCU and TEMIZ [14]). The
results of our previous study indicated that an appropriate
prebiotic substance should be selected for each probiotic
bacterial strain for its good growth and acidifying perfor-
mance. In general, as the concentration of the prebiotics
increases, the growth and acidifying activity performance
of the probiotic strains increases.

Considering the potential influence of prebiotics on the
resistance of probiotics to the gastrointestinal conditions, the
aim of this study was to investigate the effects of the certain
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

Lactobacillus acidophilus ATCC 4356, L. acidophilus
LA-5 (Chr. Hansen, Denmark), Bifidobacterium bifidum
ATCC 15969 and B. animalis subsp. lactis BB-12 (B. lactis
BB-12; Chr. Hansen, Denmark), purchased in lyophilized
form, were used as probiotic test bacteria. L. acidophilus
cultures were activated in MRS broth (de Man, Rogosa and
Sharpe, Merck) at 37 °C for 24 hours. Bifidobacterium spp.
cultures were activated in RCM broth (Reinforced Clostrid-
ial Medium, Fluka) under anaerobic incubation conditions
by using anaerobic test kits (GENbox anaer, Biomérieux) at
37 °C for 24 hours.

Prebiotics

As prebiotics, commercial preparations of fructooligo-
saccharide (FOS; Dora/Orafti, Turkey), inulin (INU; Dora/
Orafti, Turkey), galactooligosaccharide (GOS; Oligomate55,
Yakult, Japan), soybean oligosaccharide (SOS; Calpis, Ja-
pan), and xylo-oligosaccharide (XOS; Suntory, Japan) were
used. Stock solutions of 10% prebiotic substances were pre-
pared in distilled water and filter-sterilized by using 0.45
pum pore size membrane filters (Millipore). Considering the
results of our previous study (MUMCU and TEMIZ [14]),
the prebiotics FOS and INU for L. acidophilus ATCC 4356
and L. acidophilus LA-5, GOS and SOS for Bifidobacterium
bifidum ATCC 15969, XOS and SOS for B. lactis BB-12
were used in the trials at 2% final concentration.

Basic growth media

MRS broth and RCM without glucose were used as basic
growth medium for the growth of L. acidophilus LA-5 and
B. lactis BB-12, respectively.

Saline solution with pH 1, 2 and 3 (similar to gastric
juice)

Saline solution (5 g/L NaCl) was adjusted to pH 1, 2 and
3 with 1 N HCI and then sterilized at 121 °C for 15 min.

Bile solution (similar to intestine)

Bile solution containing 0.5% bile (Ox bile, Merck) was
prepared in distilled water and then sterilized at 121 °C for
15 min.

Effects of prebiotics to acid tolerance (in vitro
assay)

For acid tolerance assay, the sterilized saline solutions
with pH 1, 2 and 3 were used as gastric juice media. Firstly,
the stock solution of the test prebiotic was transferred into
the basic growth medium (MRS broth or RCM without glu-
cose) with the final concentration of 2% (w/v). The basic
growth medium was used as negative control and glucose

(Merck) was used instead of the test prebiotic for compari-
son. Activated bacterial culture was added into the prebiotic
containing media with the final concentration of 1% (v/v)
and incubated at 37 °C for 24 h. After the incubation, bacte-
rial cultures were centrifuged at 3000 rpm for 10 min and
precipitates were suspended in 4 ml of sterile distilled wa-
ter. Inoculations of 2% (v/v) were made from the obtained
cell suspensions to saline solutions with pH values of 1, 2
and 3. The same amount of cell suspension was transferred
directly to 0.5% NaCl solution (pH 5.35) for control. These
inoculated solutions were incubated at 37 °C and viable cell
counts were assessed after 0, 1/2, 1, 2 and 3 hours of incuba-
tion. The effects of prebiotics on the acid-resistance property
of probiotic bacteria were evaluated based on the changes in
viable cell number levels.

Effects of prebiotics
to bile tolerance (in vitro assay)

For bile tolerance assay, the sterilized bile solution con-
taining 0.5% bile (similar to intestine) was used. Firstly, the
stock solution of the test prebiotic was transferred into the
basic growth medium (MRS broth or RCM without glu-
cose) with the final concentration of 2% (w/v).The basic
growth medium was used as negative control and glucose
(Merck) was used instead of the test prebiotic for compari-
son. Activated bacterial culture was added into the prebiotic
containing media with the final concentration of 1% (v/v)
and incubated at 37 °C for 24 h. After the incubation, the
cultures were centrifuged at 3000 rpm for 10 min and pre-
cipitates were suspended in 4 ml of sterile distilled water.
Inoculations of 2% (v/v) were made from the obtained cell
suspensions to 25 ml of sterile bile solution. Same amount
of cell suspension was transferred directly to 25 ml of sterile
distilled water for control. These inoculated solutions were
incubated at 37 °C and viable cell counts were assessed after
0, 3, 6 and 24 hours of incubation. The effects of prebiot-
ics on the bile resistance property of probiotic bacteria were
evaluated based on the changes in viable cell number levels
in bile-containing media.

Statistical analyses

SPSS 15.0 statistical software program was used in the
evaluation of the results. The differences in the treatments
were established by using the analysis of variance (ANO-
VA) test at 5% significant level.

Results and Dicussions

Probiotic bacteria should survive during the passage
through the stomach and the small intestine and reach
enough amount to be effective in the gastrointestinal tract
of the host. However, acid secretion in the stomach and bile
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secretion in the intestinal tract could significantly affect the
probiotic bacterial growth, survival and activities in the gut.
On the other hand, it is known that prebiotics can support
the growth and activities of probiotic bacteria in the gut. The
results of our previous study (MUMCU and TEMIZ [14])
indicated that an appropriate prebiotic substance should be
selected for each probiotic bacteria for its maximum growth
and acidifying activity. In general, as the concentration of
the prebiotics increases, the growth and acidifying activity of
the probiotic strains also increases. Lactobacillus acidophi-
lus ATCC 4356 and L. acidophilus LA-5 exhibited the best
growth with FOS and INU, Bifidobacterium bifidum ATCC
15696 with GOS and SOS, B. lactis BB-12 with XOS and
SOS. Considering these results, prebiotics FOS and INU for
L. acidophilus ATCC 4356 and L. acidophilus LA-5, GOS
and SOS for Bifidobacterium bifidum ATCC 15969, XOS
and SOS for B. lactis BB-12 were used at the highest con-
centration (2%) which stimulated the growth of probiotics
at maximum level in the trials of the present study. The sur-
vival capability of tested bacteria strains varied in terms of
prebiotics present in the growth medium. HERNANDEZ &
al [15] reported that resistance to gastrointestinal conditions
in Lactobacillus strains is dependent on the type of carbon
source and strain.

Effects of the prebiotics on acid resistance
of the probiotic bacteria

The effects of FOS and INU on the acid resistance of
L. acidophilus ATCC 4356 and L. acidophilus LA-5 were
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 L. acidophilus strains
were found to be sensitive to pH 1 medium. No viable bacte-
rial cell was determined at pH 1 after 30 min of incubation.
Since the results obtained by pH 3 trials were very close to
each other, the effects of FOS and INU on the acid resistance
property of both L. acidophilus strains were evaluated ac-
cording to the results obtained at pH 2 trials. As it can be
seen in Figure 1 and 2, there were important decreases in the
levels of viable bacterial cell especially after the first hour
of incubation at pH 2 medium. Both L. acidophilus strains
showed more acid-resistance when INU was included in the
growth medium. The initial viable bacterial cell levels of
both L. acidophilus strains were approximately 7 log CFU/
ml. The initial viable cell numbers of L. acidophilus ATCC
4356 and L. acidophilus LA-5 decreased to 4 log and 4.9 log
CFU/ml with INU, 2.9 log and 3.5 log CFU/ml with FOS,
and 2.4 log and 2.3 log CFU/ml with GLU, respectively
after 3 hours of incubation at pH 2. Compared to GLU, it
was observed that FOS also increased the acid resistance

property of these bacterial strains. Although L. acidophilus
ATCC 4356 displayed the best growth with FOS (MUMCU
and TEMIZ [14]), it is noteworthy that INU caused more
acid resistance in this bacterial strain than FOS. It was found
that the differences between the prebiotic substances and the
incubation period were significant in terms of the acid resis-
tance of both L. acidophilus strains (p<0.05). According to
the results of KOCER and UNAL’s study [16], it was also
found that supplementation with INU may increase the vi-
ability of L. acidophilus La-5 during the simulation of GI
conditions. At pH 3, the decreasing in the level of live bacte-
ria was much less than in pH 2. The changes in the bacterial
levels of L. acidophilus strains, grown in environments with
INU and FOS, during the incubation period in pH 3 were
found to be statistically insignificant (p<0.05), the changes
were very low decrease and almost close to the control.
When the results are evaluated in general, it is possible to
say that the acid resistance property of L. acidophilus LA-5
is higher than that of L. acidophilus ATCC 4356.

The effects of GOS and SOS on the acid resistance prop-
erty of B. bifidum ATCC 15696, and XOS and SOS on the
acid resistance property of B. lactis BB-12 were evaluated

=4—FOS-pH 2 —@—=FOS-pH3 ==&—INU-pH2
== GLU-pH2 =@ GLU-pH3 === Control

INU-pH-3

SRSV e N

VIABLE NUMBER (LOG
CFU/ML)
-

0,0 0,5 1,0 2,0 3,0
INCUBATION TIME (HOUR)
Figure 1. Effects of prebiotics on acid resistance of L.
acidophilus ATCC 4356 (viable cell count as log CFU/mL
at pH 1, 2 and 3)
——FOS-pH 2 == FOS-pH3 =—dr—INU-pH2 INU-pH-3

== GLU-pH2 ==@==GLU-pH3 === Control

N W R L %o
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Figure 2. Effects of prebiotics on acid resistance of L.
acidophilus LA-5 (viable cell count as log CFU/mL at pH
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 Bifidobacterium spp. strains were found
to be sensitive to pH 1 medium, as similarly L. acidophi-
lus strains. No viable bacterial cell was determined at pH 1
after 30 min of incubation. B. bifidum ATCC 15696 strain
showed much more acid sensitivity than B. lactis BB-12.
No viable B. bifidum ATCC 15696 cell was determined at
pH 2 after the first hour of incubation (Figure 3). In addi-
tion, the viable cell count results of B. bifidum ATCC 15696
obtained by pH 2 trials were very close to each other and the
difference was statistically insignificant. For this reason, the
effects of GOS and SOS on the acid resistance properties
of B. bifidum ATCC 15696 were compared according to the
results obtained by pH 3 trials. It was found that the differ-
ences between the prebiotic substances and the incubation
period were significant in terms of the the acid resistance
of B. bifidum ATCC 15696 strain (p<0.05). The initial vi-
able cell level (approximatelly 7 log (CFU/ml) of B. bifidum
ATCC 15696 decreased to 5.1, 3.8 and 4.5 log (CFU/ml)
with GOS, SOS and GLU, respectively after 3 hours of in-
cubation at pH 3. The acid resistance property of B. bifidum
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Figure 3. Effects of prebiotics on acid resistance of B.bifidum
ATCC 15696 (viable cell count as log CFU/mL at pH 1, 2
and 3)
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Figure 4. Effects of prebiotics on acid resistance of
B.animalis subsp. lactis BB-12 (viable cell count as log
CFU/mL at pH 1, 2 and 3)

ATCC 15696 was higher at pH 3 when GOS was included
in the growth medium. The fact that the number of viable
bacteria could not be determined at the end of 30 minutes
of incubation in pH 1 and after the first hour of incubati-
on in pH 2, it can be said that B. bifidum ATCC 15696 was
highly sensitive to pH 1 and 2 and the test prebiotics could
not be effective on the acid resistance property of this strain
at those pH values.

Contrary to the results from B. bifidum ATCC 15696 tri-
als, the viable cell count results of B. lactis BB-12 obtained
by pH 3 trials were very close to each other and the dif-
ference was statistically insignificant. For this reason, the
effects of XOS and SOS on the acid resistance properties
of B. lactis BB-12 were compared according to the results
obtained by pH 2 trials. It was found that the differences
between the prebiotic substances and the incubation period
were significant in terms of the the acid resistance of B. ani-
malis subsp. lactis BB-12 strain (p<0.05). The initial viable
cell level (approximatelly 7 log (CFU/ml) of this strain de-
creased to 5.3, 4.5 and 4.3 log (CFU/ml) with XOS, SOS
and GLU, respectively after 3 hours of incubation at pH 2.
XOS was more effective on the acid resistance property of
this strain than SOS. The common prebiotic examined for
both Bifidobacterium spp. strains was SOS. According to the
results obtained by SOS trials, it can be said that B. lactis
BB-12 is more acid resistant strain than B. bifidum ATCC
15696.

Effects of the prebiotics on bile resistance
of the probiotic bacteria

The effects of FOS and INU on the bile resistance prop-
erty of L. acidophilus ATCC 4356 and L. acidophilus LA-5
were evaluated according to the changes in the viable bacte-
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 L. acidophilus strains were approximately
7 log CFU/ml. The effects of the test prebiotics on the bile
resistance property of both L. acidophilus strains can be eas-
ily observed with the results obtained at the third hour of
incubation. The viable cell counts of L. acidophilus ATCC
4356 and L. acidophilus LA-5 detected at the third hour
of incubation were 6.3 and 6.9 log CFU/ml with INU, 5.5
and 5.5 log CFU/ml with FOS, and 4.7 and 5.3 log CFU/
ml with GLU containing media, respectively. At the sixth
hour of the incubation, the viable cell levels of L. acidophi-
lus ATCC 4356 were found to be very close to each other,
and at the end of the 24-hour incubation, the viable cells
could not be determined in any of the samples. In contrast,
the viable cell levels of L. acidophilus LA-5 at the third and
sixth hour of the incubation was significantly higher when
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the growth medium was included INU. It was found that the
differences between the prebiotic substances and the incuba-
tion period were significant in terms of the the bile resistance
of L. acidophilus strains (p<0.05). In the control samples,
sharp decreases in the number of viable bacteria were ob-
served in the transition from the sixth hour of incubation to
the 24-hour incubation of both test strains. The viable cell
level of L. acidophilus LA-5 was 4.1 log CFU/ml at the end
of the 24-hour incubation period in the medium containing
INU whereas no viable L. acidophilus ATCC 4356 cell was
determined at the end of 24-hour incubation. According to
these results, it is possible to say that bile resistance of L.
acidophilus LA-5 is much more higher than L. acidophilus
ATCC 4356. The prebiotic INU increased the bile resistance
properties of both L. acidophilus strains. However, INU had
a significantly more positive effect on the bile resistance of
L. acidophilus LA-5 during the incubation period compared
to L. acidophilus ATCC 4356.

The prebiotics GOS and SOS were used for the evalua-
tion of the bile resistance of B. bifidum ATCC 15696, where-
as XOS and SOS for B. lactis BB-12 (Figure 7 and Figure 8).
B. bifidum ATCC 15696 exhibited the highest bile resistance
property when the growth medium containing GOS. It was
found that the differences between prebiotic substances and
the incubation period were important in terms of their effects
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Figure 5. Effects of prebiotics on bile resistance of L.
acidophilus ATCC 4356 (viable cell count as log CFU/mL)
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Figure 6. Effects of prebiotics on bile resistance of L.
acidophilus LA-5 (viable cell count as log CFU/mL)

on the bile resistance (p<0.05). B. bifidum ATCC 15696 was
found to be seriously sensitive to 0.5% bile culture medium.
No viable bacterial cell was detected at the third hour of incu-
bation of the bile culture medium containing SOS, and at the
sixth hour of incubation when GOS and GLU were included
in the bile culture media. After three hours of the incubation,
the viable cell counts of B. bifidum ATCC 15696 decreased
to 4.2 and 3.1 log CFU/ml with GOS and GLU containing
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 BB-12 was found to be greatly resis-
tance to 0.5% bile culture medium. In all prebiotic trials, there
was very little reduction in the number of viable bacteria dur-
ing the incubation period. After 24 hours of incubation in bile
solutions, viable bacterial cell levels of B. lactis BB-12 were
determined as 4.8, 4.1 and 2.8 log CFU/ml with XOS, SOS
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 B. bifidum ATCC 15696. While the pre-
biotic XOS significantly increased the bile resistance of the
B. lactis BB-12 strain during the 24-hour incubation period,
GOS was able to increase the bile resistance of B. bifidum
ATCC 15696 strain only to a certain level until the third hour
of incubation (Figure 7 and Figure 8).
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Figure 7. Effects of prebiotics on bile resistance of B.bifidum
ATCC 15696 (viable cell count as log CFU/mL)
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Figure 8. Effects of prebiotics on bile resistance of B.animalis
subsp. lactis BB-12 (viable cell count as log CFU/mL)
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The overall results of the present study indicated that
commercial probiotic strains, L. acidophilus LA-5 and B.
lactis BB-12 exhibited higher acid and bile resistance char-
acteristics than the other two test probiotic strains. It is pos-
sible to compare the acid and bile resistance property of the
tested probiotic bacterial strains by looking at the viable cell
count results of the strains grown in the medium containing
GLU (Figure 1-8). In this sense, it was found that B. lactis
BB-12 was the most resistance strain to acid and bile. B.
lactis BB-12 showed higher survival rates compared to other
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 BB-12 in the bile medium was
determined as 2.8 log CFU/ml, whereas the presence of vi-
able cells could not be determined in the other probiotic
strains. Although B. lactis BB-12 showed more resistance to
acid and bile than the other strains, in fact a noteworthy de-
crease in the viable cell level occurred. KOCER and UNAL
[16] studied the effects of inulin, polydextrose and resistant
starch (Hi-maize) on viability of L. acidophilus La-5, B. ani-
malis subsp. lactis BB-12, and Streptococcus thermophilus
under simulated gastrointestinal conditions. They found that
B. animalis subsp. lactis BB--12 presented higher survival
rates under gastrointestinal stress than L. acidophilus La-5.
The higher survivability of B. animalis subsp. lactis BB-12
compared to that of L. acidophilus La-5 during in vitro simu-
lated gastrointestinal conditions has also been reported by
some other researchers (BEDANI & al [17]; BEDANI & al
[18]; CASAROTTI & al [19]; CASAROTTI and PENNA
[20]). CRITTENDEN & al [21] demonstrated that B. ani-
malis subsp. lactis BB-12 was both acid and protease toler-
ant among commercial strains. In a study of AMBALAM
& al [22], the high resistance property of B. animalis sub-
sp. lactis strains to the bile environment was also verified.
VERNAZZA & al [23] found that most bifidobacteria were
poorly resistant to strongly acidic conditions with the ex-
ception of B. lactis BB-12. It was stated that bile tolerances
of five Bifidobacterium strains were widely variable. B. lac-
tis BB-12 and B. infantis 20088 were able to grow in the
bile-containing medium as demonstrated by the high viable
counts. MADUREIRA & al [24] pointed out that resistance
property of a B. animalis strain to the simulated gastrointes-
tinal conditions (acid and bile environment) was higher than
those of L. casei and L. acidophilus strains.

Another essential result in the present study was the
positive effects of the tested prebiotics on improving acid
and bile resistance properties of the tested probiotic bacte-
ria. Certain prebiotics added to the growth media enhanced

the acid and bile resistance properties of the test probiotic
strains. Acid and bile resistant characteristics of L. acidophi-
lus ATCC 4356 and L. acidophilus LA-5 strains were higher
when INU was included in the growth medium. Acid and
bile resistance characteristics of B. bifidum ATCC 15969 and
B. lactis BB-12 were higher with GOS and XOS, respec-
tively. As a result, INU in the growth medium increased the
acid and bile resistance properties of LA-5 to a higher level
whereas acid and bile resistance properties of B. lactis BB-
12 were further enhanced when XOS was included in the
growth medium. These results emphasize the importance
of prebiotic selections to be added to the growth medium
for increasing the acid and bile resistance of the probiotic
strains.

The effect of the prebiotic preparations on the resistance
property of the probiotic strains in the simulated gastroin-
testinal conditions has been investigated by some research-
ers. KOCER and UNAL [24] showed that the acid and bile
resistance property of L. acidophilus La-5 was improved
by INU among three prebiotics, while the use of Hi-maize
resistant starch improved the acid and bile resistance prop-
erty of B. animalis BB-12. Nevertheless, there are also some
studies reported that the prebiotics, such as INU, had no ef-
fect on the survival of some commercial probiotics under
gastrointestinal conditions. The study of BEDANI & al
[17] showed that the addition of inulin and/or okara flour (a
byproduct of the soymilk industry) into the fermented soy
product (FSP) matrix did not affect the survival of L. acido-
philus La-5 and B. animalis BB-12 under in vitro simulated
gastrointestinal conditions. VERNAZZA & al [23] found
that GOS and IMO (isomaltooligosaccharide) among the
other substrates were generally well utilized by the tested
bifidobacteria strains. It was demonstrated that the prebiotic
GOS gave higher growth rates than XOS and was fermented
by all of the tested bifidobacteria.

On the other hand, it was stated that probiotic survival
in the simulated gastrointestinal conditions was dependent
upon the type of matrix (CASAROTTI & al [19]). CASA-
ROTTI & al [19] used MRS, milk and milk supplemented
with INU as the matrix and demonstrated that milk and INU
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 carrier. To exert its beneficial effects on the host,
probiotic bacteria should be viable in the product upon con-
sumption (SHAH [8]). Like prebiotics, the components of
the food can have a protective effect on probiotics in the
stomach and bile environment. WANG & al [25] demon-
strated that the delivery of L. casei Zhang through fermented
soymilk and bovine milk significantly enhanced the viability
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of the strain in simulated gastric transit when compared to
the pure culture suspended in sterile saline solution. For this
reason, it can be said that the use of foods as a carrier in
the intake of probiotics would be more appropriate. In ad-
dition, it was shown that the fermented milk with the fruit
flours (apple, banana and grape) improved L. acidophilus
tolerance to the simulated gastrointestinal conditions, spe-
cifically at days 14 and 28 of storage. Only banana flour had
a protective effect on B. animalis subsp. lactis after 28 days
of storage (CASAROTTI and PENNA [20]). The results of
the present study indicate that the type of prebiotic exhibit a
selective influence on the acid and bile resistance properties
of probiotics under simulated gastrointestinal conditions.

Conclusions

The beneficial effects of probiotics depend on their vi-
ability and metabolic activity in the gastrointestinal envi-
ronment. To provide health benefits, probiotics must reach
to the large intestine in sufficient viable numbers. The resis-
tance to low pH and bile salts are important for the growth
and survival of probiotics in the gastrointestinal tract, thus
the appropriate carrier foods and prebiotics should be se-
lected for assuring their adequate passing into the gut. The
in vitro analysis used in this study provided information
about the survival rate of probiotic bacteria under gastro-
intestinal conditions and the effect of test prebiotics on im-
proving the acid and bile resistance of the test probiotics.
There were important differences in the resistance charac-
teristics of probiotics to gastrointestinal conditions. As a
result of this study, it is possible to say that L. acidophilus
LA-5 and B. animalis subsp. lactis BB-12 were the most
resistant strains against acid and bile exposure than the
other strains, indicating that these strains would have an
increased chance of reaching to the large intestine in suf-
ficient viable numbers. Prebiotics increased the resistance
properties of probiotic organisms to gastrointestinal con-
ditions. However, the ability of prebiotics to increase the
acid and bile resistance properties of probiotics could vary
depending on the prebiotic type in the growth environment.
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-
ing an appropriate prebiotic and the supplementation with
prebiotics for the manufacture of functional products can
contribute to maintain the viability of probiotic bacteria
during the shelf-life of the product and in the gut. On the
other hand, the in vivo conditions are difficult to simulate
in the laboratory and the conditions of stomach and bile in

the gastrointestinal system may vary by individual hosts.
Thus, in vivo studies should be performed to confirm the
in vitro studies.
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Objective: To probe into the impact of ligustrazine on chondrocyte apoptosis in knee osteoarthritis (OA) and its pos-
sible mechanism.

Methods: Our team extracted the human primary chondrocytes to construct the IL-1f-induced chondrocyte damage
model, detected the impact of ligustrazine on chondrocyte apoptosis through TUNEL and Western blot, applied Western
blot to detect the impact of ligustrazine on matrix-degrading enzymes, matrix-associated proteins, as well as FAK/PI3K/
Akt pathway, using ELISA detected the impact of ligustrazine on MCP-1, IL8, PEG2 and NO levels, applied FAK/PI3K/
Akt pathway inhibitor PF573228 to inhibit FAK/PI3K/Akt pathway to detect whether the chondroprotective impact of
ligustrazine was inhibited, constructed a New Zealand rabbit osteoarthritis model, applied HE staining to evaluate the
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: Ligustrazine signally inhibited IL-1p-induced chondrocyte apoptosis, reduced Bax, caspase-9, caspase-3,
caspase-7, MMP3, MMP13, collagen X protein expression levels, and reduced MCP-1, IL8, PEG2, and MCP-1. NO
contents, promoted collagen II and aggrecan protein expression. Additionally, ligustrazine activated the FAK/PI3K/
Akt pathway, and applying PF573228 to inhibit the FAK/PI3K/Akt pathway abolished the chondroprotective impact of
ligustrazine. At the in vivo level, ligustrazine activated the FAK/PI3K/Akt pathway to inhibit Bax, caspase-9, caspase-3,
caspase-7, MMP3, MMP13, collagen X protein expression levels, promoted collagen II and aggrecan protein expression,
and improved cartilage histomorphology.

Conclusion: Ligustrazine exerts chondroprotective impact through FAK/PI3K/Akt pathway
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Introduction

Knee osteoarthritis (OA) is a universal clinical disease in
orthopedics, also known as proliferative arthritis in the knee.
It is a kind of osteoarthritis, which refers to the primary or
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
destroyed and deformed, and finally a degenerative disease of
knee joint dysfunction [l The main clinical manifestations are
slow onset and development of joint pain, stiffness, tender-
ness, crepitus, swelling with limited functional activities. In
severe cases, it is the key reason for joint dysfunction, even
pain and disability in the elderly ?. Every epidemiological
survey implies that 240 people out of 100,000 suffer from this
disease every year. The incidence of knee osteoarthritis is vi-
sually related to gender, age, BMI, occupation and other fac-
tors. Among them, the incidence of women is signally higher.
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 Bl

At present, joint replacement clinically is still the main
therapy for treating end-stage knee osteoarthritis, and there
is still a lack of effective methods to prevent knee osteoar-
thritis from entering end-stage (. OA pathogenesis has not
been fully studied. Among them, a large amount of evidence
reveals that chondrocyte apoptosis acts pivotally in OA oc-
currence and development, and the number of chondrocyte
apoptosis links closely with the severity of arthritis *. Chon-
drocytes are key in the structure of cartilage tissue. Mature
chondrocytes are extremely weak in proliferation. Once
chondrocytes enter the apoptotic process, they are almost
impossible to regenerate. This will eventually result in de-
clined extracellular matrix synthesis and enhanced degrada-
tion, thereby accelerating OA progression [, At present, it is
generally believed that inhibiting chondrocyte apoptosis is
available to delay OA progression.

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 .. In the past few decades, a large number
of research findings pointed out that ligustrazine has anti-
inflammatory, -oxidant, -platelet, and -apoptotic as well as
other pharmacological activities. In treating OA, ligustra-
zine has presented good clinical effect. First of all, studies
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-

tion and MMP-3, MMP-13, COX-2, iNOS, type X collagen
expressions, while increase TIMP-1 and type II collagen ex-
pressions. Additionally, other research findings indicate that
ligustrazine can significantly inhibit OA-induced increase
in oxidative stress, inhibit chondrocyte apoptosis, and re-
duce mitochondrial membrane potential . But at present,
the main mechanism of ligustrazine inhibiting chondrocyte
apoptosis is still not clear. In this work, our team intend to
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 !'”l. Here is a brief description in
the following. In accordance with the approved guidelines,
our team processed normal human articular cartilage tissues,
and later prepared the digested chondrocytes with 0.2% col-
lagenase II (Sigma) in Dulbecco’s modified Eagle’s medium
(DMEM, Invitrogen, USA). After filtration and centrifuga-
tion, our team washed them with sterile phosphate buffer
saline (PBS), and the cultured the extracted chondrocytes
in DMEM containing 10% fetal bovine serum (FBS, Invit-
rogen) at 37°C, 5% CO2 humidified incubator. We changed
the medium every two days, and obtained the first generation
of human-derived primary chondrocytes after two weeks.

Western blot

Our team lysed the cartilage or chondrocyte tissue was
with RIPA lysis buffer containing protease inhibitors, and
then centrifuged it in a low-temperature high-speed centri-
fuge at 14000xg 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-
tion with RIPA lysis buffer. After protein denaturation, our
team 20pg sample loading each, electrophoresed in 8-12%
SDS-polyacrylamide gel (Bio-Rad, USA), and later trans-
ferred to PVDF membrane. After blocking with 5% skim
milk for 1 hour, our team incubated the primary antibody
overnight at 4°C, later incubated the PVSF membrane with
the peroxidase-bound secondary antibody for 2 hours, per-
formed the color reaction through ECL, and quantified the
protein through Image J software.

TUNEL

In this work, our team applied the TUNEL to detect chon-
drocyte apoptosis in situ, spread the primary chondrocytes
in a 6-well plate, washed with PBS, fixed with 4% paraform-
aldehyde for 20 minutes, blocked with 5% BSA for 1 hour,
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and then treated with the TUNEL reaction mixture for 1 hour
(Roche), finally examined the apoptotic cells under micro-
scopes (LSM 510; Zeiss: Jena, Germany), and calculated the
percentage of TUENL-positive cells (apoptosis).

ELISA to detect IL8 and MCP-1 level

After the drug treatment, our team collected the super-
nate in cell culture solution, and detected IL-8 and MCP-1
contents in cell supernate via ELISA, collected the cells and
applied BCA to detect the total cell protein contents, and
expressed IL-8 and MCP-1 content as the ratio of protein
content (ng/g).

Detection of NO and PGE2 contents in cell
supernate

After the drug treatment, our team collected the supernate
in cell culture solution, and detected NO and PGE2 contents
in cell supernate via ELISA, and applied nitrate reductase to
determine the NO content at 550nm.

Animal feeding

In this work, our team purchased 80 male SD clean-
grade New Zealand rabbits from Beijing Weitong Lihua Ex-
perimental Animal Technology Co., Ltd. (production license
number: SCXK (Beijing) 2018-004, animal qualification
number: No.1100112011035947 ), kept all experimental
animals in a clean-grade animal room, with breeding tem-
perature at 20-26°C (daily temperature difference < 4°C),
and 40-70% relative humidity, artificial lighting, alternating
light and shade for 12 hours.

Osteoarthritis model !

In total 80 clean-grade New Zealand rabbits qualified
for quarantine, our team selected 20 at random as normal
control group, and the remaining animals were modeled.
After fasting overnight before surgery and weighing, our
team injected intraperitoneally 2% sodium pentobarbital
(60 mg/kg) into rabbits for anesthesia. After anesthesia,
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-
gery, spread surgical towels, applied a scalpel to make a
longitudinal incision on the inside of the knee, separated
the subcutaneous tissue to find the white patellar tendon,
and cut the joint capsule along the inner side, dislocated
the lateral patella (toward the outside of the knee), bent
the knee joint to find the anterior cruciate ligament, cut
and exposed the inner meniscus with ophthalmic scis-
sors, put the meniscus back into the joint cavity, straight-
ened the knee joint, reset the patella, and finally closed
the wound with suture layer by layer. Through the ante-
rior drawer test our team verified the operation findings.

Each animal was injected intramuscularly with 80,000
units of penicillin for 3 consecutive days. If an infected
animal was found, the number of injections could be
elevated. They were returned to the cage after surgery.
Treadmill exercise (20 m/min) was started on the second
day after the operation, for 6 consecutive days per week,
one day off, each time 30 min for 3 consecutive weeks.
Our team screened the successful animals molding, and
after random grouping, administered the animals in each
group in accordance with the dosage, concentration and
volume in the following table. The specific dosage was
in the following(Table 1)

Table 1. Test design for dosage

Groubs Dosage Volume The number
P (mg/kg) (ml/each) of animals
Normal 0 5 20
control group
Model control 0 ) 20
group
Ligustrazine
20 2 20
group me/ke
PF573228+
10mg/kg +
4 ligustrazine meke 2 20
20mg/kg
group

HE staining

Our team sacrificed the rabbits to be tested, separated
cartilage tissues, fixed with them 4% paraformaldehyde/
PBS (pH 7.4) for 24 hours, later embedded in paraffin to
prepare 20 um paraffin sections, applied HE staining kit
(Biyuntian Biological Technology Co., Ltd.) for staining in
strict accordance with the instructions.

Statistical experiment method

Our team applied descriptive analysis for general
status and other information, quantified indicators, and
calculated by group mean =+ standard deviation (. + SD ).
We performed the comparison between the two groups
through ¢ test, and p<0.05 was considered statistically
significant. In the comparison between multiple groups,
our team analyzed the data of various indicators based on
the following procedures:

Our team applied Levene’s to test the homogene-
ity of variance. If there was no statistical significance
(P>0.05), applied one-way analysis of variance (ANO-
VA) for statistical analysis. If ANOVA was statistically
significant (P<0.05), applied LSD for a comprehensive
comparison. If the variance was not uniform (P<0.05),
our team performed Dunnett’s T3 test for statistical
analysis and applied SPSS 23.0 for the above statistical
operations.
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Results decomposition activity. Therefore, our team applied 0, 3,

10, 15 pg/ml IL-1P to treat chondrocytes. Consistent with

IL-1p induced chondrocyte apoptosis literature reports, IL-1p increased apoptosis-related proteins

and increased metabolic activity expression levels, including caspase-9, caspase-3, and cas-
in a dose-dependent manner pase-7 in a dose-dependent manner (P<0.05) (Figure 1A).

The pathological process of osteoarthritis is manifested Additionally, IL-1B was up-regulated in a dose-dependent

as chondrocyte apoptosis, increased matrix degrading- ~manner by which it promoted matrix degrading-enzyme ex-
enzyme expression, enhanced extracellular matrix (ECM)  pression levels, like MMP3, MMP13, and collagen X (P<0.05),
degradation, and increased inflammatory factor expression ~ While down-regulated collagen II, and aggrecan protein expres-
in articular cartilage tissue. A large number of studies have  sion levels (P<0.05) (Figure 1B). Our subsequent research find-
revealed that exposure of chondrocytes to the pro-inflam-  ings pointed out that IL-1B increased MCP-1, IL-8, NO and
matory cytokine IL-1pB is available to induce pathological =~ PGE2 contents in a dose-dependent manner (P<0.05) (Figure
phenotypes similar to that in the articular chondrocytes dur-  1C), which indicates that IL-1p induces chondrocyte apoptosis
ing OA progression, including cell apoptosis and increased  and catabolism activity in a dose-dependent manner.

0 3 10 15 204
B - B Oug/mi IL-1B
3 g
A-caspase-9 -- -Aé B R el B 3ug/ml IL-1B
. S 3
= = = B 10 pg/ml IL-1B
22
L v
=3
GAPDH o
10+ .
0 3 10 15 By T 2 B0 Oug/ml IL-1B
z 3 = 3ug/mi IL-1B
s £
£e = 15ug/ml IL-1B
MMP13 s 2
- - - - Z
S o

MMP3 MMP13

MCP-1(ng/g)
IL8(ng/g)

PEG2(nglL)
NO pmol/L

Figure 1. IL-1p induced chondrocyte apoptosis and enhanced its metabolic activity in a dose-dependent manner.
Figure 1A Western blot to detect the impact of IL-1[ on apoptotic protein content such as caspase-9, caspase-3, and caspase-7
in chondrocytes (n=3). Figure 1B Western blot to detect the impact of IL-1f on chondrocyte matrix degrading enzymes like
MMP3, MMP13 as well as extracellular matrix collagen II, aggrecan and collagen X expression levels (n=3). Figure 1C
Impact of IL-1B on inflammation-related factor content like MCP-1, IL-8, NO and PGE2. ** represented the control group
V.S. IL-1B model group P<0.05;
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Figure 2. Ligustrazine inhibited IL-1p-induced chondrocytes apoptosis. Figure 2A Western blot test to detect the impact
of ligustrazine on caspase-9, caspase-3, caspase -7, Bax, cytochrome ¢ protein and other apoptotic protein levels (n=3).
Figure 2B TUNEL to detect the impact of ligustrazine on chondrocyte apoptosis level induced by IL-1f (n=3). ** represented
the control group V.S. IL-18 model group P<0.05; && represented the IL-1p model group V.S. Ligustrazine group P<0.05.

Ligustrazine inhibited IL-1-induced
chondrocyte apoptosis

Since articular cartilage completely relies on chondrocyte
to maintain the extracellular matrix, damage to chondrocyte
function and viability will result in articular cartilage failure.
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.

In this work, our team applied TUNEL and Western blot
to probe into the impact of ligustrazine on IL-1B-induced
chondrocyte apoptosis level. Our research pointed out that
in comparison with those in the IL-1f model group, ligus-
trazine could signally inhibit IL-1B-induced increase in
caspase-9, caspase-3, caspase-7, Bax, cytochrome ¢ protein
expressions (P<0.05) (Figure 2A). TUNEL findings pointed
out that in comparison with those in the IL-1f model group,
ligustrazine could visually inhibit the IL-1B-induced increase
in the number of apoptotic cells (P<0.05) (Figure 2B). Our
research findings indicate that ligustrazine is available to vi-
sually inhibit IL-1B-induced chondrocyte apoptosis.

Ligustrazine inhibited IL-1-induced
increase in inflammation-related factors
and metabolic activity
Aiming to further detect the impact of ligustrazine on
IL-1B-induced increase in inflammation-related factor lev-

els and enhanced metabolic activity, our team applied West-
ern blot to detect the impact of ligustrazine on MMP3 and
MMP13, as well as collagen II, aggrecan, and collagen X
protein expression levels. The experimental findings pointed
out that in comparison with those in the IL-1 model group,
ligustrazine could signally inhibit IL-1B-induced increase in
MMP3, MMP13, collagen X protein expressions (P<0.05).
Additionally, in comparison with those in the IL-1f mod-
el group, ligustrazine could visually increase collagen II
and aggrecan protein expressions inhibited by IL-1B (Fig-
ure 3A).

Our subsequent research findings pointed out that ligus-
trazine could signally inhibit the IL-1B-induced increase in
MCP-1, IL-8, NO and PGE2 levels (P<0.05) (Figure 3B).
The research findings indicate that ligustrazine inhibited IL-
1B-induced increase in inflammation-related factor level and
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
decomposition protein expression, and inflammation-related
factor expression. In this research, our team probed into the
influence of ligustrazine on the FAK/PI3K/Akt pathway.
Focal adhesion kinase (FAK) is a non-receptor tyrosine ki-
nase that accelerates cytoskeleton dynamics to regulate cell
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Figure 3. Ligustrazine inhibited IL-1B-induced increase in inflammation-related factor levels and enhanced
metabolic activity. Figure 3A Western blot to detect the impact of ligustrazine on IL-1B-induced MMP3, MMP13, collagen
11, aggrecan, and collagen X protein expression levels (n=3). Figure 3B Impact of ligustrazine on inflammation-related
factor level including MCP-1, IL-8, NO and PGE2. **represented the control group V.S. IL-1p model group P<0.05; &&
represented the IL-1p model group V.S. Ligustrazine group P<0.05.

movement. A large number of studies have pointed out that
the FAK/PI3K/Akt pathway acts pivotally in the pathologi-
cal process of osteoarthritis. In this work, our experimen-
tal findings pointed out that in comparison with the IL-1p
model group, ligustrazine could signally promote p-FAK/

Model TIM

Control

1.5+

1.0

Protein relative
expression level

p-Akt/Akt

FAK, p-PI3K/PI3K and p-Akt/Akt protein expression levels
(P<0.05) (Figure 4). Our findings pointed out that ligustra-
zine could activate the FAK/PI3K/Akt pathway, and its pro-
tective effect on chondrocytes may be related to the activa-
tion of the FAK/PI3K/Akt pathway.

B Control
B Model
= TIM

p-PI3K/PI3K  p-FAK/FAK

Figure 4. Ligustrazine activated the FAK/PI3K/Akt pathway. Western blot to detect the impact of ligustrazine on p-Akt/
Akt, p-PI3K/PI3K and p-FAK/FAK expression levels in chondrocytes (n=3). ** represented the control group V.S. IL-13
model group P<0.05; && represented the IL-1f model group V.S. Ligustrazine group P<0.05.

3564



Impact of ligustrazine on chondrocyte apoptosis in knee osteoarthritis through FAK/PI3K/Akt pathway

A Model TIM PF573228+TIM B
1500

MMP3

- o o :

MMPI13 1000

MCP-1(ng/g)

collagen X 500

aggrecan

Model

collagen II

GAPDH

» w a

Protein relative
expression level

NO pmol/L

o

& >
\"“ @"g

& °§°‘? @Qf'o
N Ny
& &9

B9 Model EH TIM  BH PF573228+TIM

C Model

10000
8000

&&

= —_

_&&T 2 6000 .
- =

_l_ % 4000
2000

Model

T
TIM PF573228+TIM AW, FPESZ32284TIM

s J_

PEG2(ng/L)

TI™M PF5732|28+T|M TIM PF573228+TIM

PF573228+TIM

Figure 5. Inhibiting FAK/PI3K/Akt pathway abolished the chondroprotective effect of ligustrazine. Figure SA Western
blot to detect the impact of inhibiting FAK/PI3K/Akt signaling pathway on the ability of ligustrazine to inhibit matrix
degradation (n=3). Figure 5B TUNEL to detect the impact of inhibiting FAK/PI3K/Akt signaling pathway on the anti-apoptotic
effect of ligustrazine (n=3). Figure 5C Impact of inhibiting FAK/PI3K/Akt signaling pathway on the anti-inflammatory effect
of ligustrazine (n=3). ** represented the ligustrazine group V.S. IL-1p model group P<0.05; && represented the ligustrazine

group V.S.PF573228 + ligustrazine group P<0.05.

Inhibiting FAK/PI3K/Akt pathway abolished the
chondroprotective effect of ligustrazine

In this work, with aim to further probe into whether
the protective effect of ligustrazine on chondrocytes was
achieved by activating the FAK/PI3K/Akt pathway, our
team applied PF573228 to inhibit the FAK/PI3K/Akt signal-
ing pathway in chondrocytes. PF573228 is a widely used
FAK signaling pathway inhibitor.

The TUNEL findings indicated that in comparison
with the ligustrazine group, the amount of apoptosis in the
PF573228+ligustrazine group elevated signally (P<0.05)
(Figure 5A). As shown in Figure 5B, in comparison with
the ligustrazine group, MMP3, MMP13, and collagen X ex-
pression levels in the PF573228+ligustrazine group elevated
(P<0.05), while collagen II and aggrecan expression levels
decreased signally (P<0.05). As shown in Figure 5C, in
comparison with the ligustrazine group, MCP-1, IL-8, NO
and PGE2 contents in the cells in the PF573228+ligustrazine

group elevated significantly (P<0.05). Our findings revealed
that ligustrazine could activate the FAK/PI3K/Akt pathway
to inhibit IL-1pB-induced chondrocyte apoptosis, elevate ma-
trix degradation activity, as well as inflammatory factor ex-

pression.

Ligustrazine improved OA-induced cartilage
damage through activating FAK/PI3K/Akt
pathway

Based on Western blot findings, ligustrazine could ac-
tivate the FAK/PI3K/Akt pathway. In comparison with the
model group, the p-Akt/Akt, p-PI3K/PI3K and p-FAK/FAK
protein expression levels elevated signally in the cartilage
tissue in the ligustrazine treatment group (P<0.05), while
those in the PF573228+ligustrazine group were visually de-
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
level, our team constructed a knee osteoarthritis model with
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Figure 6. Ligustrazine improved cartilage damage induced by osteoarthritis through activating FAK/PI3K/Akt
pathway. Figure 6A Western blot to detect the impacts of PF573228+Ligustrazine and Ligustrazine on FAK/PI3K/Akt
signaling pathway (n=3). Figure 6B HE staining to detect the impact of inhibiting FAK/PI3K/Akt signaling pathway
on the protective effect of ligustrazine on cartilage tissue morphology (n=3). ** represented the ligustrazine group V.S.
PF573228+ligustrazine group P<0.05; && represented the ligustrazine group V.S. model group P<0.05.

meniscus tear of the right knee joint to investigate the pro-
tection mechanism of ligustrazine on rabbit cartilage tissue
damage. The HE staining findings were shown in Figure 6B.
The experimental findings implied that the cartilage surface
of the model group had fallen off, the boundaries of each
layer disappeared, and chondrocytes decreased. The mor-
phology of articular cartilage in the ligustrazine group was
signally improved, while that in the PF573228+ligustrazine
group was visually worse.

Ligustrazine inhibited apoptosis induced by
osteoarthritis model and enhanced metabolic
activity

In this work, our team applied Western blot to deter-
mine the impact of ligustrazine and PF573228+ligustrazine
on apoptotic protein level in cartilage tissue. Our work
pointed out that in comparison with the model group, li-
gustrazine could visually inhibit the increase in caspase-9,
caspase-3, caspase-7, Bax, and cytochrome c¢ protein ex-
pression levels (P<0.05). Compared with the ligustrazine
group, PF573228+Ligustrazine signally elevated caspase-9,
caspase-3, caspase-7, Bax, and cytochrome ¢ protein expres-
sion levels (Figure 7A).

Subsequently, Western blot findings pointed out that in
comparison with the model group, ligustrazine could sig-
nally inhibit MMP3, MMP13, and collagen X expression
levels (P<0.05), and up-regulate collagen II and aggrecan
expression levels (P<0.05). In comparison with the ligus-
trazine group, PF573228+ligustrazine observably elevated
MMP3, MMP13, and collagen X expression levels (P<0.05),
while inhibited collagen II and aggrecan expression levels
(P<0.05) (Figure 7B).

Discussion

Knee osteoarthritis, among the most universal chronic
joint diseases, features a high incidence among the elderly
worldwide and is the main cause of disability. Knee osteoar-
thritis affects approximately 60% men and 70% women over
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 ['?. In the past few de-
cades, treatment strategies for knee osteoarthritis have been
greatly enriched, like non-drug, drug and surgical treatments
131 However, none of these treatments is available to com-
pletely reverse the cartilage destruction in OA progression.
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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
7B Western blot to detect the impact of PF573228+ligustrazine on MMP3, MMP13, collagen X, collagen II, and aggrecan
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.

Therefore, there is still an urgent need for new drugs for
knee osteoarthritis. Ligustrazine is the main active ingredi-
ent in the traditional Chinese medicine Ligusticum chuanx-
iong Hort. Recently, ligustrazine has also been confirmed as
a potential drug candidate for treating knee osteoarthritis 4],
Although clinical evidence reveals that ligustrazine is avail-
able to signally improve knee osteoarthritis, the relevant
molecular mechanism is still not clear.

In this work, our team studied the impact of ligustrazine
on knee osteoarthritis and IL-1B-induced chondrocyte dam-
age in vitro and in vivo. Our research findings indicate that
ligustrazine could reduce IL-1B-induced chondrocyte apop-
tosis through activating the FAK/PI3K/Akt pathway in vitro
and in vivo, inhibit the apoptotic proteins Bax, caspase-9,
caspase-3, caspase-7 protein expression level, as well as
matrix-degrading enzymes MMP3 and MMP13 expres-
sion levels, and reduce collagen X (index of chondrocyte
hypertrophy) protein expression level, and promote matrix
proteins collagen II and aggrecan expressions. Additionally,
ligustrazine could inhibit inflammatory factors MCP-1 and

IL8 contents in the supernate of primary chondrocytes and
reduce PEG2 and NO contents through activating the FAK/
PI3K/Akt pathway in vivo. In the pathological mechanism
of knee osteoarthritis, NO and PGE2 had the impact of in-
hibiting matrix synthesis !'*. In conclusion, our research
results implied that ligustrazine could inhibit chondrocyte
apoptosis, inhibit cartilage mechanism degradation, promote
cartilage matrix synthesis, and inhibit inflammatory factor
expression through activating the FAK/PI3K/Akt pathway.
In vitro and in vivo, ligustrazine can inhibit chondrocyte
apoptosis, cartilage mechanism degradation, and promote
cartilage matrix synthesis, which is in line with our research
findings. Studies by Ju and Xu ') 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 !'"). A large number of research findings
pointed out that the destruction of proteoglycan and col-
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lagen network in the cartilage matrix in knee osteoarthritis
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 ¥ For example, the research findings by Pulai
[ et al. pointed out that a5B1 integrin provides the binding
between the extracellular matrix and the chondrocyte skele-
ton, and blockinga5p1 integrin knockout 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
viability will result in articular cartilage failure. Therefore,
chondrocyte apoptosis will further promote cartilage degen-
eration. Our research results thus pointed out that one of the
mechanisms of ligustrazine in OA treatment may be that
ligustrazine is available to inhibit matrix degradation and
chondrocyte apoptosis induced by OA pathological condi-
tions.

Subsequently, our work also pointed out that ligustrazine
activates the FAK/PI3K/Akt pathway to inhibit chondrocyte
apoptosis, cartilage mechanism degradation, while promote
cartilage matrix synthesis. FAK is a key molecule in the
signal transduction pathway mediated by integrin, and FAK
phosphorylation is available to further activate the down-
stream PI3K/Akt pathway %, PI3K/Akt acts pivotally in the
pathological process of OA, and is closely related to chon-
drocyte growth, differentiation, apoptosis and matrix remod-
eling 'l For example, Tao ?? et al. pointed out that miR-34a
can promote articular chondrocyte proliferation and inhibit
its apoptosis through activating the PI3K/Akt pathway. Ad-
ditionally, Fan?¥ et al. pointed out that miR-155 is available
to inhibit cartilage matrix degradation and promote cartilage
matrix synthesis through activating PI3K/Akt. Consistent
with our findings, Yang > et al. pointed out that ligustrazine
can protect against myocardial injury induced by acute myo-
cardial ischemia through activating the PI3K/Akt pathway.
In summary, in vitro and in vivo ligustrazine is available to
reduce IL-1B-induced chondrocyte apoptosis, inhibit carti-
lage mechanism degradation, and promote cartilage matrix
synthesis through activating the FAK/PI3K/Akt pathway.
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Monkeypox Virus review

Introduction

The Monkeypox Virus was discovered in 1958 during
an outbreak in an animal facility in Copenhagen, Denmark
(AABB, 1). The first human case was diagnosed in 1970 in
a 9-month-old baby boy in Zaire (now the Democratic Re-
public of the Congo, DRC), and the infection has since then
been reported in a number of central and western African
countries(WHO, 2). The first monkeypox cases outside of
Africa were reported in 2003 in the US when an outbreak
occurred following importation of rodents from Africa, with
all people infected becoming ill after contact with pet prairie
dogs. Over the past 5 decades, monkeypox outbreaks have
been reported in 10 African countries and 4 countries out-
side Africa. In total, 219 confirmed cases have been reported
world wide from countries where the disease is not conside-
red to be endemic (BENVENUTO et al. 3).

Surveillance for human monkeypox infections in ende-
mic areas is a real challenge. Poor infrastructure, scarce re-
sources, inappropriate diagnostic specimens and/or lack of
specimen collection, and clinical difficulties in recognizing
monkeypox illness are some of the many problems encoun-
tered by surveillance systems. As more information is gained
from contemporary monkeypox cases, together with the data
from past efforts, it will be important to re-assess the cha-
racteristics of the disease that help differentiate monkeypox
from other rash illnesses (MCCOLLUM & DAMON, 4).

In 2022, 6027 laboratory confirmed cases of monkeypox
and three deaths have been reported from 59 countries/terri-
tories/areas in five WHO Regions (African, Americas, Eas-
tern Mediterranean, European, Western Pacific) (WHO, 5).

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
(SHCHELKUNOV et al. 6). Eight genera of Poxvirus are
discovered in vertebrate: Orthopoxvirus, Parapoxvirus,
Avipoxvirus, Capripoxvirus, Leporipoxvirus, Suipoxvirus,
Molluscipoxvirus and Yatapoxvirus. They all share a similar
DNA sequence with very similar antigens that have cross-
reactivity. Poxviruses include human smallpox virus (Vario-
la)(PHLN, 7), which was declared eradicated by the WHO
in 1980. Other poxviruses that can affect humans include
Cowpox, the virus used in the smallpox vaccine preparation
, Akhmeta virus and monkeypox virus (MPVX), as well
as other zoonotic species with epidemic potential (MAR-
TIN-DELGADO et al. 8). The reference Monkeypox virus,
available on NCBI with accession code NC_003010.1 and
derived from the sample Zaire-96-1-16, carries a 196,858 nu-

cleotide-long double-stranded DNA linear genome, contai-
ning 191 non-overlapping genes, and is a representative of
the CentralAfrican clade (GIORGI et al. 9).

Transmission of Monkeypox Virus

Aerosol transmission has been demonstrated in ani-
mals and may explain a nosocomial outbreak in the Central
African Republic (PETERSEN et al. 10). Indirect or direct
contact with live or dead animals is assumed to be the dri-
ver of human monkeypox infections in humans (LI et al.
11). Poverty and continued civil unrest force people to hunt
small mammals (bushmeat) to obtain protein-richfood, thus
increasing exposure to wild rodents, which may carry mon-
keypox (PETERSEN et al. 10).

Clinical characteristics

The incubation period for monkeypoxcan range from
5-21 days but usually falls within 7-14 days. Clinical presen-
tation of monkeypox infection can be similar to chickenpox,
caused by varicella-zoster virus. Symptoms usually begin
within 5 days of infection with fever and chills, headache,
muscle aches, back pain, fatigue, and swollen lymph nodes,
the latter symptom differentiating monkeypox from small-
pox (CCFSPH.IASTATE, 12). About 1-3 days, sometimes
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
trunk (Fig. 2) (LABORATORY GUIDELINES FOR THE
DETECTION OF MONKEYPOX VIRUS, 13). Notably,
monkeypox lesions can appear on the palms of the hands
and soles of the feet (75% of cases). Most individuals with
monkeypox experience rash with 1 to >100 skin lesions,
but there are cases when no rush occurs. In most patients,
symptoms of monkeypox are usually self-limiting and spon-
taneously resolve within 14-21 days. However, symptoms
can be severe and require medical care (POTTER et al. 14).

Diagnosis

WHO and CDC have put forth case definitions for mon-
keypox during the 2022 outbreak that combine clinical, epi-
demiologic, and laboratory data. Diagnostic assays include
virus isolation, electronmicroscopy, PCR, ELISA, and im-
munofluorescent antibody assay. Characteristic brick-shaped
poxvirus virions are found on electronmicroscopy. Histopa-
thologic analysis may demonstrate ballooning degeneration
of keratinocytes, prominent spongiosis, dermal edema, and
acute inflammation. CDC developed an IgM-capture and IgG
ELISA that demonstrated recent monkeypox virus infection.
Serum IgM and IgG were detected five and eight days after
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Figure 1. Images of individual monkeypox lesions (Photo credit: UK Health Security Agency)( LABORATORY
GUIDELINES FOR THE DETECTION OF MONKEYPOX VIRUS, 13).

onset of rash, respectively. If the diagnosis of monkeypox
is being considered, local and state public health officials,
along with the CDC, should be notified so that the samples
are quickly processed (Fig. 2)(ISAACS, 15).

Treatment

There is no specific treatment for human monkeypox
infection. Nor is there a specific vaccine fully protective
against monkeypox virus. Cross-reactivity with vaccinia
virus smallpox vaccine can provide cross immunity with
partial protection against infection and reduction in disease
severity, but with waning vaccine-derived immunity, the
strength of this protective effect is decreasing. Earlier vacci-
nia vaccines have suboptimal safety profiles, but later vac-

cines derived from viral variants that do not replicate within
cells, have been approved for use with human monkeypox
infection (HSE, 17).
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