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Abstract
Background and Objective: Chitosan has many functional properties and biological activities. This work aimed to prepare and
characterize Chitosan Nanoparticles (CN). Then, evaluate the hypolipidemic and antioxidant effect of CN in rats. Incorporate CN in camel
yogurt and evaluation of yogurt properties. Materials and Methods: Chitosan Nanoparticles (CN) were prepared and analyzed for the
size, zeta potential and poly Polydispersity Index (PDI). Total 24 rats were divided into 4 groups, the negative control group was fed on
the basal diet and the positive control group was fed on a High-Fat Diet (HFD), the group I and II were fed on the HFD+(CC) or (CN). The
feeding period  was  6  weeks.  Prepared  and  Characterization  stirred  camel  yogurt  fortified  by CN. Results: CN the size was 27.20 nm,
ζ-potential+38.78. After the feeding period for CN and CC groups were a decrease in body weight, serum lipid profile and liver function
in both tested groups and an increase in HDL-cholesterol and an increase in antioxidants in the CN group more than that in the CC group
was observed. mRNA expression with qPCR for hepatic PPARγ, HL, GSS and CYP2E1 genes was performed to investigate the alterations
in their levels after CN treatment on the liver of rats fed with HFD. Conclusion: CN possesses the ability to improve the impairment of lipid
metabolism as strongly associated with gene expressions related to lipogenesis and oxidative stress. Also, the addition of 2% CN to camel
yogurt gave sensory acceptable and microbiological quality.
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INTRODUCTION

Chitosan  is   biocompatible   and   biodegradable  and
has  many  various  beneficial  biological activities like
antimicrobial,   antitumor,    radio-protective1,  Anti-
inflammation2,   anti-oxidation3,    antitumor4,  Immune-
stimulating effects5,  antimicrobial  and  wound  healing
activities6.  Chitosan   also    has    Anti-coagulant    effects7, 
anti-fungal activities8 and hypocholesterolemia effects9.
Chitosan is regarded as an Anti-diabetic agent that decreases
plasma glucose in diabetic rats10. Also, influences the
bodyweight through its regulation of lipid and carbohydrate
metabolism11. Chitosan is applicable in food production
because of its properties sorption properties and the ability to
restore the intestinal microflora. The chitosan action
mechanism on pathogenic microbial flora is associated with
the integrity violation of their outer membrane composed of
lipopolysaccharides, glycoproteins, phospholipids. It is shown
that chitosan enhances the nonspecific resistance to adverse
environmental factors. Besides, it can stimulate the growth of
Bifidobacterium and beneficial intestinal flora1. Despite the
well-known benefits of utilizing chitosan in food industries,
additional studies need to be done to optimize chitosan’s
formulations and enhance its physicochemical properties for
different uses.

Currently, chitosan is using use in the dairy industry is very
promising1. Yogurt is one of the most popular fermented
foods and widely consumed as a functional food in many
countries for its good taste and nutritional properties and as
an excellent vehicle for delivering probiotics to consumers
especially when prepared stirred yogurt from Camel’s milk
which contains all the essential nutrients and is considered to
be good nutritional sources for the human diet in many parts
of the world12 and which can use the chitosan nanoparticles
for prepared functional yogurt.

Hyperlipidemia is the presence of  abnormal levels of
lipids in the blood  and  is  marked  by  elevated  cholesterol
Low-Density  Lipoprotein  (LDL)  and   low   or   unaltered 
High-Density Lipoproteins (HDL) levels in the blood13.
Hyperlipidemia is a major cause of atherosclerosis and the risk
of atherosclerosis can be judged by the parameter of
Atherosclerosis Index (AI)14.

This study aims to prepare chitosan nanoparticles,
characterization and investigate their physicochemical
properties. Also, aims to evaluate the hypolipidemic and
antioxidant effect of chitosan nanoparticle in rats and
Application of it in functional camel yogurt with the
characterization  of  yogurt  for  physicochemical,
microbiological and sensory evaluation.

MATERIALS AND METHODS

Materials: Fresh camel's milk was obtained from Barajeel,
Giza, Egypt. The gross composition of raw camel's milk was
11.33% Total solids, 3.03% Protein, 4.0% Fat, 0.70% Ash, 0.51%
Vitamin D, 3.6% Lactose, 0.15% Titratable acidity and 6.60 PH.
Bovine sodium caseinate and Chitosan were obtained from
Sigma Aldrich (St. Louis, MO, USA). Two commercial
lyophilized DVS mixed  bacterial  starters,  namely: Yo-Fast1
containing Lactobacillus   (Lb.)   delbrueckii   ssp.  Bulgaricus
and Streptococcus thermophiles as a yogurt starter and ABT-5
containing Bifidobacterium (B). Lactis and Bifidobacterium
animalis  with  potential  probiotic  properties were supplied
by the Chr-Hansen company (Horsholm, Denmark). Freeze-
dried bacterial starters were activated separately in sterilized
(121EC/10 min) skimmed cow’s milk (0.1% fat and 10% SNF)
using 0.02% (W/V) inoculums. The activated cultures were
used for inoculation of the camel’s milk. All chemicals were of
analytical grade. The study was carried out at the Department
of Dairy, National Research Centre and Department of Dairy
Science and Technology, Menoufia University Shibin Elkom
and animal house, NODCAR, Egypt from September, 2019-
March, 2020).

Animals: Female Sprague Dawley rats weighing 140±20 g
were obtained from the animal house of the National
Organization for Drug Control and Research, Giza, Egypt.
Animals were housed in cages under standard conditions of a
12/12 hrs dark/light cycle, temperature 25±2EC and relative
humidity. They were allowed free access to water and food
and left for a week for acclimatization. The investigation
complies with the guide for the care and uses laboratory
animals (NODCAR/II/25/19). The experimental protocol was
approved by the Institutional Ethics Committee of NODCAR,
Giza, Egypt.

Preparation  of  chitosan  nanoparticles:  Chitosan
nanoparticles were prepared based on the ionotropic gelation
between chitosan and sodium tripolyphosphate according to
Sivakami et al.15.

Size and morphology of chitosan nanoparticles: Chitosan
nanoparticles were analyzed for their particle size and
distribution using ZS/ZEN3600 Zetasizer (Malvern Instruments
Ltd., UK). Scanning Electron Microscopy (JEOL JSM6300 SEM,
Tokyo, Japan) was used to acquire the morphology of dried
nanoparticles according to Sivakami et al.15.
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Experimental design: Twenty four rats have randomly divided
into four groups six rats for each as follow, negative control
group (NF), fed on basal diet according to A.O.A.C.16, Positive
control group (HF) fed on a high fat diet containing lard 10%,
protein 10%, cholesterol 1.5%, bill salt 0.2% and basal diet
78.3%17.

Group I and II were fed on a high fat diet and given
Commercial Chitosan (CC) or Chitosan Nanoparticle (CN)
received 3 mg kgG1 per day for 6 weeks, During the
experimental period, body weight was recorded and the
blood sample was taken from the orbital plexus of an eye of
each rat after 3 weeks and at the end of the experiment.
Serum was separated by centrifugation at 3000 xg for 10 min
and used for serum biochemical analysis. At the end of the
experimental rats were sacrificed, the liver was excised and
used for biochemical assay.

Serum biochemical parameters: Total lipids, Triglyceride (TG),
Total  Cholesterol  (TC)  and  High-Density Lipoprotein
Cholesterol (HDL.C)  were  measured and Low-Density
Lipoprotein Cholesterol (LDL.C), Atherogenic Index (AI) was
calculated   by   Friedewald  equations  according  to
Hellstrand  et  al.18:

LDL.C (mmol LG1) = TC-HDL.C

TC HDL.CAI = 
HDL.C


The activities of the Alanine Aminotransferase (ALT) and
Aspartate Aminotransferase (AST) were determined according
to the method of Reitman and Frankel19, the protein was
determined according to the method of Dumas20. Albumin
was determined according to the method of (Dumas20 and
globulin was calculated as follows:

Total globulin = Total proteins-total albumins

Reduced glutathione (GSH) was estimated by its reaction
with  dithiobis-2-nitrobenzoic acid (DTNB) according to
Beutler et al.21 and catalase (CAT) activity was determined
according to Aebi22.

Liver oxidant/antioxidant parameters: To measure ROS
production, Nitro Blue Tetrazolium (NBT) was converted into
formazan by superoxide anion23. Total Antioxidant Capacity
(TAC) was determined according to Huang et al.24 using TAC
Assay Kit Cat. No. MAK187 Sigma co.

Table 1: Oligonucleotide primer design for genes analyzed by quantitative
reverse transcription PCR

Genes Primer pairs
GAPDH F 5'-AATGCATCCTGCA CCACCA A-3'

R 5'-GATGCCATAT TCATTGT CATA-3'
PPAR( F 5'-TGATATCGACCAGCTGAACC-3'

R 5'-GTCCTCCAGCTGTTCGCCA-3'
HL F 5'- GAACACAGTGCAGACCATAATGCT-3'

R 5'- TTCAGGTCACATTTCACGAAGACTT-3'
cyp2E1 F 5'-AATGGACCTACCTGGAAGGAC-3'

R 5'-CCTCTGGATCCGGCTCTCATT-3'
GSS F 5'- CCTACATCCTCATGGAGAAGA-3'

R 5'- AGAAGAGGAGTGCCAAGTACA-3'

mRNA gene expression by quantitative real-time reverse
transcription PCR: Specimens (20 mg) from liver tissue of rats
in the four groups were used to extract total RNA using Qiazol
reagent (Qiagen, Germantown, MD, USA), then transformed to
complementary DNA (cDNA) using cDNA Synthesis Kit
(RevertAidTM H Minus Reverse Transcriptase, Fermentas,
Thermo Fisher Scientific Inc., Canada) according to the
manufacturer’s protocol. For gene expression analysis, the
quantitative real-time PCR was carried out in a 20 µL reaction
mixture using the QuantiFast SYBR Green fluorescence RT-PCR
kit (Bioneer Inc. Korea). Target genes were analyzed by
quantitative real-time reverse transcription PCR (qRT-PCR)
using Applied Biosystems (Foster City, CA) 7900 Fast Real-Time
PCR System. Primers were designed for qRTPCR and
sequences of the used primers are given in Table 1. A house-
keeping gene, GAPDH, was used as an internal control to
normalize the qRT-PCR data. The expression level of a gene in
a given sample was represented as a fold change against the
control group.

Preparation of plain stirred yoghurt: The stirred camel milk
yogurt is manufactured using the method described by
Soliman and Shehata12, with slight modification. Manufacture
yogurt had to be modified slightly as was added NaCas and
difficult to see if the chitosan was dissolved fully, it was pre-
dissolved and the solution was added to the milk. Raw camel
milk was warmed to 40EC and fortified with 3% (w/v) sodium
caseinate and sugar 10% (w/v). The mixture was blended
using an electrically operated blender. Then, the addition of
chitosan solution) with different concentrations (0.0, 0.1, 0.2
and 0.3%, wt. voLG1) of Commercial Chitosan (CC) or Chitosan
Nanoparticles  (CN) were added into the milk. Then the
mixture was homogenized at 1000 psi in a single-stage
homogenizer Rannie homogenizer Copenhagen, Denmark.
The samples were heated at 85EC for 30 min, followed by
cooling to 42-43EC.  The  milk samples were inoculated with
3% (v  vG1)  of mixed (1:1) Yo-Fast1 and ABT-5 activated culture
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(108-109 CFU mLG1) and inoculated at 43±1EC for 6-8 hrs until
a firm curd was obtained. Then stored at 4EC for 1 day and
stirred using the mixer to prepare the stirred camel milk
samples.

Physicochemical analysis: Yogurt camel milk samples were
analyzed in triplicate. Physical parameters (pH, acidity) and
color analysis  were  conducted  via  Hunter colorimeter
(Hunter Ultra Scan VIS) according to Hunter and Harold24 and
chemical parameters (total solids, total protein, fat content
and Ash) were determined according to the methods
described by AOAC17. The total carbohydrates in milk and
yogurt samples  were  determined  as  described by
Krishnaveni et al.25. Viscosity was measured according to
Soliman and Shehata12 using a Bohlin coaxial cylinder
viscometer (Bohlin Instrument Inc., Sweden). Sensory
evaluation, the scorecard was designed as described by
Soliman and Shehata12.

Microbiological analysis:  Preparation  and  sterilization  of
the serial diluent were done as described by Richardson26.
Enumeration of Streptococcus thermophiles was carried out
using a modified M-17 medium and that of Lactobacillus
bulgaricus  was  done  on  a  modified MRS medium. The
plates were incubated at 37EC for 48 hrs. Pour plate
techniques using a plate count agar medium incubated at
32EC for 48 hrs were used for the total bacterial count. The
colonies were counted according to Marshall27. The
identification of purified colonies was carried out according to
Barrow and Feltham28.

Statistical analysis: Data  are  expressed  as means±SE.
Comparisons across groups were performed with one-way
analysis of variance (ANOVA) followed by Duncan multiple
comparison  tests  using  software  of Statistical Package for
the Social Sciences (SPSS Statistics version 25, USA). The
presence of different superscripts over the column indicates
a significant difference at p<0.05.

RESULTS AND DISCUSSION

Size and zeta-potential of chitosan nanoparticles: Chitosan
nanoparticles were prepared based on the ionotropic gelation
interactions between positively charged amino groups NH2 on
chitosan and negative tri polyphosphate ions at the ambient
room temperature to form NH+3 29.

The particle size, PDI and zeta potential of chitosan
nanoparticles using Malvern zeta-sizer were shown in Table 2.
Findings show that the minimum particle size of chitosan
nanoparticles  was  27.20±6  nm. Also, the poly-dispersibility
index was 0.602. As shown in Table 2, the chitosan
nanoparticles had a zeta-potential of +38.78±7.65 mV.

Surface morphology:  The particle morphology
characterization can aid us in a better understanding of the
changes in morphological or structural of materials when
subjected to nano-sizing. The Scanning Electron Microscope
(SEM) for commercial chitosan (A) which appears as Monolith
particles the large size when the chitosan nanoparticles (B)
appear as nano-beads are close (Fig. 1a, b).

Effect  of  chitosan  nanoparticles  on  rat’s  body weight:
Gradually increasing in body weight of rats (Table 3) fed on a
High Fat diet (HF group) which was significantly more than
that of the negative control group which was fed on a basal
diet, percentage of body weight gain increased at the end of
experimental in values of 77.37 and 24.34 in the two groups,
respectively. On the other hand, feeding on a diet containing
commercial chitosan or chitosan nanoparticles showed a
gradual decrease in body weight in both groups during and at
the end of the experiment with non-significant differences
between  them  compared  to  the  HF  group   in  percentage

Table 2: Size and zeta-potential of Chitosan nanoparticles
Sample Size (nm) PDI Zeta-potential (mv)
CN 27.20±6 0.602 +38.78±7.65
CC 545±35 0.39 +32.75±1.29
CN: Chitosan nanoparticles, CC: Chitosan commercial, PDI: Poly-dispersibility
index

Table 3: Effect of commercial chitosan and nanoparticle chitosan on body weight (g) after three and six weeks in rats fed on a high fat diet
Feeding period (weeks)
-----------------------------------------------------------------------------------------------------------------------------------------------

Animal groups Initial 3 weeks GBW (%) 6 weeks (final) GBW (%)
NF 151.33±2.11a 168.83±1.78a 11.56 188.17±2.76a 24.34
HF 149.33±2.67a 200.00±2.71b 35.75 261.33±3.74b 77.37
GI 148.00±3.65a 195.50±5.08b 33.90 176.00±1.09a 22.50
GII 148.67±7.99a 188.16±2.76b 30.96 173.66±1.62a 18.94
Mean values with different superscript letters in the same row are significantly different at Duncan test, p<0.05), NF (control negative): Rats fed on a basal diet, HF
(Positive control): Rats fed on a high fat basal diet, GI: Rats fed on a commercial chitosan+high fat basal diet, GII: Rats fed on nanoparticles chitosan+high fat basal diet
GBW: Gain body weight ratio
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Fig. 1(a-b): Scanning Electron Microscopy (SEM) micrograph of (a) Commercial Chitosan and (b) Nanoparticles chitosan

Table 4: Effect of commercial chitosan and nanoparticles chitosan on lipid profile after three and six weeks in rats fed on the high fat diet
Groups
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parameters NF HF GI GII
3 weeks
T. Lipids 240.75±14.55a 633.18±9.89b 511.27±19.74c 389.00±5.33d

Triglyceride 88.86±2.16a 129.91±1.80b 125.61±1.60b 106.99±3.51c

T. Cholesterol 92.24±1.57a 186.95±3.15b 140.90±0.99c 126.25±1.09d

HDL-cholesterol 71.37±1.32a 53.86±0.52b 53.14±0.34b 52.57±0.62b

LDL-cholesterol 21.53±1.73a 133.08±3.23b 87.94±0.93c 73.61±1.16d

6 weeks
T. Lipids 244.80±14.55a 708.14±8.64b 376.18±9.98c 288.96±7.15d

Triglyceride 88.86±2.16a 159.17±2.10b 117.35±2.20c 82.89±2.39a

T. Cholesterol 92.24±1.60a 218.73±6.48b 116.41±3.30c 92.16±93.81a

HDL-cholesterol 71.37±1.34a 38.39±0.72b 71.15±1.30a 73.75±0.70a

LDL-cholesterol 24.15±1.74a 188.17±11.49b 45.43±1.30c 23.63±0.70a

Mean values with different superscript letters in the same row are significantly different at Duncan test, p<0.05), NF (control negative): Rats fed on a basal diet, HF
(Positive control): Rats fed on the high fat basal diet, GI: Rats fed on a commercial chitosan+high fat basal diet, GII: Rats fed on nanoparticles chitosan+high fat basal
diet HDL: High-density lipoprotein, LDL: Low-density lipoprotein

values of 33.90, 30.96 and 35.75 in the three groups
respectively, significant decreases in body weight gain in both
groups compared to HF group was observed at the end of the
experiment in percentage values of 22.5, 18.94 and 77.37 for
GI, GII and HF group, respectively. The results showed that the
best effect on B.W. was found in rats fed on chitosan
nanoparticles (GII) followed by those fed on commercial
chitosan (GI) these results were in agreement with the
previous research30. This result suggested that both found that
body weight gains of groups fed on chitosan nanoparticles
were lower than the groups fed on ordinary chitosan31. Also,
it was more  effective  in  inhibiting the increased body
weights of rats. Generally, the biological activity of particles
vice versa was proportional to their size. Smaller particles
occupy less volume, resulting in a larger number of particles

with a greater surface area per unit mass, thus, the potential
for biological interaction was increased32.

Biochemical analysis
Effect of commercial chitosan and nanoparticles on lipids
profile: The effect of feeding on a basal diet supplemented
with commercial chitosan or chitosan nanoparticles in the
prevention of hyperlipidemia was illustrated in Table 4,
gradually increases were found in lipids parameters including,
total lipids, triglycerides, total cholesterol, LDL- cholesterol and
decrease in HDL-cholesterol in the group fed on high fat diet
(HF group) values of 708.14,159.17, 218.73,188.17 and 38.39 in
the aforementioned parameters respectively compared to the
negative control group in values of 244.8,88.86,92.24, 24.15
and 71.37 at the end of the experiment. The tested groups GI
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Fig. 2: Coronary risk factor
All values are expressed as mean±SEM. “a" refers to a significant change from NF (control negative): Rats fed on a basal diet at p<0.05; “b” refers to a significant
change from HF (Positive control): Rats fed on the high-fat basal diet at p<0.05.  HF+CC:    Rats fed on a commercial chitosan+high-fat basal diet, HF+NC: Rats
fed on nanoparticle chitosan+high-fat basal diet

and GII which were fed on a basal diet containing commercial
chitosan or  chitosan  nanoparticles  respectively showed
gradually significant  decreases  in  all  lipid  parameters
compared to the HF group, the highest decrease was shown
in the  chitosan  nanoparticles  group  (GII)  followed by
commercial chitosan group (GI) in values of 288.96, 82.89,
92.16  and  23.63  for  GII and in values of 376.18, 117.35,
116.41 and 45.43 in GI group  in  the aforementioned
parameter at the end of the feeding period, which significant
increase  in  HDL-cholesterol  was found with the greatest
value in GII followed by GI in values of 73.75 and 71.15
compared to HF group in value of 38.39. Chitosan may exert
an effect on fecal bacterial enzyme functions. Infeed in with
high cholesterol change the level of short-chain fatty acid
concentrations and extend the beneficial effect to the distal
colon in rats33  also,    orally    administered   chitosan,  about
1.2 g/day per 8 weeks caused a reduction of total and LDL
cholesterol34.
Chitosan had fat-binding capability between positively

charged amino groups and negatively charged carboxyl
groups of fatty acid and bile salt35, this leads to the higher
activity of the LDL-receptor and thus lowers LDL-C plasma
levels36 and conducive to increasing excretion in feces and
reducing TG, besides, to decrease of TG and TC in comparison
with HF group37. Also, chitosan has been shown to increase
serum HDL-C, containing particle that removes excess
cholesterol from tissues and delivers them to the liver for
excretion38.

Chitosan nanoparticles were a better cholesterol-binding
capacity than commercial chitosan because nanoparticles
have a small particle size and exceptionally large surface area
for adsorbing organic compounds such as lipids and fatty
acids39. Also, it could effectively lower the plasma and liver

lipid levels in rats40. The particle size decreases in a larger
number of particle surface area per unit mass and, thus,
increased potential for biological interaction41. Very high
significant increases in AI and LDL.C/HDL.C ratio were found
in a high fat group at the end of the experimental period in
values of 4.69 and 4.89 and decrease in HDL.C/TC ratio in value
of 0.17 compared to NF group in values of 0.29, 0.30 and 0.77
in the three parameters respectively at the end of the
experiment as seen in Fig. 2. Tested groups that were fed on
HF commercial chitosan (GI) or HF chitosan nanoparticles (GII)
showed a significant decrease in AI and LDL, CL/HDL.C ratio
values of 0.63 and 0.64 for GI and 0.26 and 0.31 for GII in the
two parameters, respectively compared to the HF group in
values of 4.69 and 4.89 in Fig. 2.
While HDL.C/TC  ratio showed an increase in values of

0.60 and 0.78 for GI and GII respectively compared to the HF
group in value of 0.17 at the end of the experiment.
The best effect was observed in GII in the three

parameters  which  recovered  the changes in the HF group
and the values were the nearest to NF group values. GI
commit in second place with less effect than those in GII.
Omari-Siaw  et  al.42,  found  increases  in  AI  which is a
representative marker of atherosclerosis (plaque or lipid
deposition in aorta and liver) compared to HF.  The lowering
of the atherogenic index by chitosan binds to negatively
charged molecules such as lipids and proteins at pH above
their isoelectric point, also it was  shown  that behaves as a
fiber in  the  gastrointestinal  tract and increases the amount
of eliminated fat in the stool43. The decrease in AI reduced
cardiac risk and therefore revealing the good anti-
hyperlipidemic activity of nanoparticle formulation and low
LDL/HDL ratio is an indicator of lower risk for coronary
disease44.
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Table 5: Effect of commercial chitosan and nanoparticle chitosan on function liver after three and six weeks in rats fed on high fat diets
Groups
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parameters NF HF GI GII
3 weeks
AST 46.26±0.62a 53.04±1.31b 49.12±0.79b 47.56±1.52a

ALT 43.57±0.34a 55.04±1.07b 54.67±0.93b 53.00±1.06b

Total protein 7.37±0.06a 7.76±0.15ab 7.22±0.01a 7.25±0.01a

Albumin 3.41±0.01a 3.25±0.009b 3.27±0.05b 3.36±0.05ab

Globulin 3.96±0 03a 4.51±0.10b 3.95±0.06a 3.98±0.15a

6 weeks
AST 46.09±0.52a 60.20±0.65b 45.62±0.48a 44.56±0.37a

ALT 43.51±0.41a 60.97±0.54b 47.16±1.38c 42.95±0.729a

Total protein 7.54±0.20a 7.72±0.22b 7.54±0.16a 7.44±0.11a

Albumin 3.27±0.03a 3.37±0.03a 3.43±0.06a 3.41±0.06a

Globulin 4.27±0.61a 4.35±0.16a 4.11±0.09a 4.03±0.15a

Mean values with different superscript letters in the same row are significantly different at Duncan test, p<0.05), NF (control negative): Rats fed on a basal diet, HF
(Positive control): Rats fed on the high fat basal diet, GI: Rats fed on a commercial chitosan+high fat basal diet, GII: Rats fed on nanoparticles chitosan+high fat basal
diet, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase

Table 6: Effect of commercial chitosan and chitosan nanoparticles on oxidative stress after three and six weeks in rats fed on high fat diets
Groups
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parameters NF HF GI GII
3 weeks
GSH (mmol dLG1) 44.83±0.43a 32.92±1.08b 36.46±0.58c 38.85±1.95c

CAT (IU LG1) 74.10±2.01a 45.82±1.02b 40.53±0.63c 46.28±0.69b

6 weeks
GSH (mmol dLG1) 44.50±0.47a 27.11±0.56b 42.89±0.75a 44.91±0.33a

CAT(IU LG1) 71.99±1.67a 37.18±0.67b 63.56±0.83c 73.96±1.29a

Mean values with different superscript letters in the same row are significantly different at Duncan test, p<0.05), NF (control negative): Rats fed on a basal diet, HF
(Positive control): Rats fed on the high fat basal diet, GI: Rats fed on a commercial chitosan+high fat basal diet, GII: Rats fed on nanoparticles chitosan+high fat basal
diet, GSH: Glutathione, CAT: Catalase

Effect of chitosan and nanoparticles on liver function: Data
in Table 5 showed a significant reduction in ALT and AST
activity in the two tested groups (GI and GII) compared with
the HF control group, with the greatest reduction values in GII
which with fed on chitosan nanoparticle in values of 44.56 and
42.95, followed by GI which was fed on commercial chitosan
in values of 45.62 and 47.16, compared to HF group in values
of 60.20 and 60.79, respectively De Souza Predes et al.45

reported that the increased back to damages the structural
integrity of the liver because they are located in the cytoplasm
and are released into the circulation after hepatocyte damage.
The groups feeding on a high fat diet containing commercial
chitosan (GI) or chitosan nanoparticles (GII) showed significant
decreases compared to HF control, non-significant changes
compared to negative control was found and non-significant
changes between them Liu et al.46 reported that high- and
low-molecular-weight chitosan supplementations, effect
differences  in  the  intestinal  absorption efficiency of and
their adsorption capacity  of  dietary lipids may outcome on
the regulation  of  blood  and liver lipid metabolism. Also, the
high-dose chitosan (10 mg kgG1) treatment group
demonstrated the most marked improvement as indicated by

reduced hepatocellular damage and improved fibrotic liver
status. On the other hand, non-significant changes were found
in, total protein among normal, HF and tested groups.

Effect of chitosan and nanoparticles on serum antioxidant
parameters: Results presented in Table 6 demonstrated the
effect of commercial chitosan and chitosan nanoparticles on
the activity of glutathione (GSH) and catalase (CAT) content.
The mean values of serum GSH level and CAT activity in the HF
group were significantly lower at (p<0.05) than that in the NF
group in values of 27.11 and 37.18 for the two parameters
respectively at the end of the feeding period. Tested groups
that were fed on commercial chitosan (GI) and chitosan
nanoparticles (GII) showed significant increases in both
parameters in values of 42.89 and 44.91 also 63.56 and 73.96
at the end of the feeding period compared to the HF group in
values of 27.11 and 37.18 in the two parameters, respectively.
The best results were found in the nanoparticle chitosan
group which recovered the decreases in the HF group,
followed by the GI group which was fed on HF commercial
chitosan. Treatment with CS preserves antioxidant enzymes,
particularly   the    glutathione-dependent   system,  increases
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Fig. 3(a-b): Effect of commercial and nanoparticles of chitosan on ROS (a) and TAC (b) levels in rat liver
All values are expressed as mean±SEM. “a” refers to a significant change from NF (control negative): Rats fed on a basal diet at p<0.05; “b” refers to a
significant change from HF (Positive control): Rats fed on the high-fat basal diet at p<0.05.  HF+CC:  Rats fed on a commercial chitosan+high-fat basal
diet, HF+NC: Rats fed on nanoparticle chitosan+high-fat basal diet

Fig. 4: mRNA gene expression by quantitative real-time reverse transcription PCR
All values are expressed as mean±SEM. “a” refers to a significant change from NF (control negative): Rats fed on a basal diet at p<0.05; “b” refers to a significant
change from HF (Positive control): Rats fed on the high-fat basal diet at p<0.05.  HF+CC: Rats fed on a commercial chitosan+high-fat basal diet, HF+NC: Rats
fed on nanoparticle chitosan+high-fat basal diet

antioxidant  potential  and  restores  redox   balance.
Therefore, CS decreases lipids and proteins oxidation and
attenuates cellular damage47.  Generally,  supplementation
with  antioxidants   could  be the protective agent against
many  diseases  attributed  to  a  high fat diet32. It has also
been can effectively reduce  the  atherogenic  lipoprotein
profile  in   patients   with   hyperlipidemia  and 
atherosclerosis.

Effect of commercial and nanoparticles chitosan on ROS,
TAC and mRNA gene expression in rat liver: The results of
hepatic ROS and TAC in female rats are shown in Fig. 3a, b.
ROS level significantly increases in HF diet-fed  rats  than  in
the control group and treatment with both CC and NC can
reduce this elevation significantly to normal levels (Fig. 3a). On

Contrary, TAC levels were decreased significantly in rats feed
on the High fat diet than in control and both treatments
increase this reduction (Fig. 3b).
Changes in gene expression were quantified by qRT-PCR

analysis using liver samples of rats from all tested groups. The
qRT-PCR analysis showed that the gene expression profiles
were very similar to the control group results regarding the
direction (up-or down-regulation) and degree of differences
in expression (Fig. 4). Hepatic PPARγ, HL, GSS and CYP2E1
expressions significantly increased in HFD rats as compared
with the control rats, which were significantly decreased by
chitosan and chitosan nanoparticle supplementation (p<0.05).
Collectively, the results have confirmed the efficiency of
chitosan nanoparticles to reverse the impairments induced by
HFD in female rats.
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Table 7: Physicochemical properties of stirred camel milk yoghurt and fortified with CC or CN
Parameters Control 0.1 CC 0.2 CC 0.3 CC 0.1 CN 0.2 CN 0.3 CN
Chemical characterization (g/100 g)
Total solids 24.15±0.11 24.17±0.09 24.16±0.18 24.17±0.12 24.16±0.15 24.15±0.12 24.17±0.13
Protein 5.79±0.01 5.78±0.02 5.77±0.05 5.76±0.03 5.78±0.15 5.77±0.10 5.76±0.09
Fat 4.00±0.05 4.05±0.05 4.00±0.10 4.05±0.05 4.10±0.05 4.05±0.05 4.05±0.10
Total sugars 11.61±0.22 11.9±0.15 11.61±0.17 11.39±0.16 11.59±0.11 11.49±0.15 11.41±0.08
Ash 0.76±0.04 0.77±0.06 0.76±0.05 0.75±0.07 0.78±0.10 0.79±0.13 0.81±0.05
Physical characterization (Colour analysis)
L* 93.65±0.05 93.25±0.36 93.10±0.04 93.08±0.01 93.70±0.04 93.76±0.09 93.77±0.04
a* -0.58±0.01 -0.52±0.01 -0.50±0.01 -0.43±0.01 - 0.59±0.01 -0.57±0.01 -0.44±0.01
b* 7.22±0.07 7.20±0.08 7.18±0.02 6.99±0.04 7.21±0.08 7.20±0.04 7.19±0.05
CN: Chitosan nanoparticles, CC: Chitosan commercial, Data presented are the means of triplicates±SD a,bMean in the same row followed by different superscript letters
differ significantly (p<0.05) L*: Value measuring black (0)/white (100); a*: Value measuring green (-)/red (+); b*: Value measuring blue (-)/yellow (+)

Up-regulation of mRNA of tested genes and an increase
in ROS levels and decreases TAC activity in rats group fed on
high fat diet resulted in our study in agreement with Xu et al.48

in which hyperlipidemia causes an increase in the production
of ROS through glucose auto-oxidation to induce oxidative
stress. Chitosan has been shown to reduce the absorption of
dietary fat and cholesterol and effectively improve
hyperlipidemia in vivo37. The focus of the current study was to
determine whether changes in gene expression in the liver
induced by a high fat diet could be attenuated or prevented
by supplement with the same dose of commercial chitosan
and nanoparticle chitosan. In the present study, we measured
gene expression in the liver from rats that were kept on a high
fat diet and commercial chitosan and nanoparticles chitosan
supplement, with a focus on those genes involved in lipid
homeostasis and reactive oxygen species metabolism. The
results showed that HFD up-regulated these genes and
chitosan treatment considerably restored mRNA levels of
these genes compared with the control rat group.
Observations have suggested that the expressions of hepatic
PPAR γ and LH were regulated by nutritional and/or metabolic
signals49. Also, increased mitochondrial accumulation of
CYP2E1 was accompanied by an increase in mitochondrial
ROS production as well as increased GSS50.

Physicochemical properties of chitosan stirred camel milk
yoghurt types: The chemical composition of stirred camel
milk in the control and fortified with 0.1, 0.2 and 0.3
Commercial Chitosan (CC) or Nanoparticle Chitosan (CN)
(Table 7).  The  findings  of  total  solids  were  statistically
insignificant (p<0.05) for the addition of 0.0, 0.1, 0.2 and 0.3 CC
of 24.15, 24.17, 24.16 and 24.17, respectively or 24.16, 24.15,
24.17 for addition 0.1, 0.2 and 0.3% of CN, respectively.
Likewise, for total protein and fat ratio were statistically
insignificant (p<0.05) affect for additions. But, the results of
ash (%) for samples fortified with 0.01, 0.2 and 0.3% CN were

statistically  significant    (p<0.05)   when   increased  from
0.76-0.81%. The changes of color by the effect of fortification
of CC, CN with different ratios (0.1, 0.2 and 0.3%) on Values of
L*, a* and b* were illustrated (Table 7). The value L* was
decreased with increasing the addition of CC from 0.1-0.3%
(wt voLG1) was 93.25-93.08. While the addition of CN 0.1-0.3
caused an increase of 93.70-93.77, respectively. The values of
a* and b* affected by additions CC or CN were finding that
when increased the ratio additions from 0.1-0.3% (wt voLG1)
was decreased all values for a* and b*.

Variation of titratable acidity and pH of plain stirred yogurt
and fortified with CC or CN: Chitosan types (CC and CN) have
a statistically significant effect on pH and acidity (lactic acid %)
of yogurt samples (p<0.05) Fig. 5a, b. Control stirred camel
milk yogurt had increased its acidity than others of those
significantly different from other CC and CN. It was found that
when adding chitosan in its natural form (CC) affects reducing
acidity much higher than if it was added in the nanoparticles
of chitosan (CN). This effect is evident at 0.3% of CC form than
in CN form. 0.3% CC added yogurt has the lowest acid
production rate than it's in 0.3% CN and other samples
fortified with CC or CN chitosan in stirred camel milk yogurt. At
2 weeks to three weeks of post-production, acidity was nearly
the same trended for all treatments (Fig. 5a). It may be that
chitosan forms (CC and CN) have inhibited the growth of lactic
acid bacteria and reduced acid production. Lactic Acid
bacteria inhibition by the interaction of anionic groups of the
cell surface with the positive charge of chitosan caused the
formation of an impermeable layer around the bacteria cell,
which prevents the transport of essential nutrients51. They
have noticed another mechanism of inhibition actions of
chitosan by Aranaz et al.52. Represented in the binding of
chitosan to DNA triggers inhibition of mRNA synthesis through
penetration of the microbial nuclei by chitosan and interfering
with  the  synthesis  of  mRNA and proteins. The fermentation
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Fig. 5(a-b): Mean values and variation of (a) Titratable acidity and (b) pH of plain stirred yogurt
Fortified with (0.1, 0.2 and 0.3%) of CC or CN for 20 days under 4EC refrigeration

Table 8: Changes in the survival of Lactic acid bacteria (CFU mLG1) during cold storage for 21 days
Storage period (day)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Samples 1 5 9 14 21
Control 8.90×1010 4.45×1010 6.75×109 1.57×109 1.61×109

0.1 CC 6.55×1010 5.95×109 2.31×109 1.18×109 9.05×108

0.2 CC 2.85×1010 2.25×109 1.41×109 8.27×108 7.65×108

0.3 CC 1.16×109 7.09×108 4.23×108 2.02×108 1.35×108

0.1 CN 7.25×1010 9.45×109 5.18×109 3.02×109 1.79×109

0.2 CN 6.65×1010 8.95×109 4.45×109 2.35×109 1.08×109

0.3 CN 9.87×109 4.74×109 3.05×109 4.85×108 2.0×108

CN: Chitosan nanoparticles, CC: Chitosan Commercial

time of the camel milk yogurt samples with different ratios
and forms of CC or CN chitosan not much affected when
compared with control. Low pH value (pH 4.6) at the end of
fermentation can be caused by the antibacterial activity of
chitosan. Where chitosan forms were inversely affected by pH,
with higher activity at lower pH value, these results agreed
with51.
The results in Fig. 5b showed that the pH of the stirred

camel milk yogurt and fortified with different ratios (0.1, 0.2
and 0.3%) of CC or CN was measured for 21 days with 7 days
interval. The effect of the addition of CC or CN was
significantly on the pH of stirred camel milk fortified with
different  forms  of  Chitosan (p<0.05). The Plain stirred camel

milk yogurt CN. It was found that when adding chitosan in its
natural form (CC) affected increasing pH much higher than if
it was added in the nanoparticles of chitosan (CN). The pH of
yogurt added 0.3% CC has maintained at a high pH level to the
pH of plain camel milk yogurt and it was significantly different
from others (p<0.05).

Changes in the survival of lactic acid bacteria (cfu mLG1)
during cold storage for 21 days: The data of Table 8
illustrated the changes of count (L. bulgaricus and Strep.
thermophilus)  in  stirred  camel  milk  yogurt  and fortified
with CC or CN added during stored at 4EC for 21 days. The
total  count  of  lactic  acid  bacteria  (L.  bulgaricus  and Strep.
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Table 9: Coliform, E. coli,  yeast and mold counts (cfu gG1) of stirred camel milk yogurt samples and fortified with CC and CN during cold storage at 4EC
Storage period (day)
--------------------------------------------------------------------------------------------------------------------------------

Concentration Yeast 10G1 dilution Moulds 10G1 dilution
of sample --------------------------------------------------------- ---------------------------------------------------------
(% wt volG1) 1 7 14 21 1 7 14 21 Coliform E. coli
Control Nil Nil Nil Nil Nil 1 2 4 Negative Negative
0.1 CC Nil Nil Nil Nil Nil Nil Nil Nil Negative Negative
0.2 CC Nil Nil Nil Nil Nil Nil Nil Nil Negative Negative
0.3 CC Nil Nil Nil Nil Nil Nil Nil Nil Negative Negative
0.1 CN Nil Nil Nil Nil Nil Nil Nil Nil Negative Negative
0.2 CN Nil Nil Nil Nil Nil Nil Nil Nil Negative Negative
0.3 CN Nil Nil Nil Nil Nil Nil Nil Nil Negative Negative
CN: Chitosan nanoparticles, CC: Chitosan Commercial, PDI: Poly-dispersibility index

Table 10: Sensory evaluation of stirred camel’s milk yogurt fortified with different ratios of CC or CN when fresh and after 21 days of storage at 5±1EC
Flavor 50 Body and texture 35 Color 15
----------------------------------------------------- --------------------------------------------------- ---------------------------------------------

Samples Fresh 21days Fresh 21 days Fresh 21 days
Control 44.50±1.29  42.00±0.82 30.00±0.82 29.25±0.96 11.5±0.58 11.00±0.82
0.1 CC 44.75±1.89 42.75±0.82 31.75±0.96 30.00±0.82 10.75±1.26 10.25±0.58
0.2 CC 45.25±2.22 43.00±1.29 33.00±0.82 31.00±1.63 10.00±0.82 9.50±1.15
0.3 CC 45.25±1.96 43.50±1.50 33.20±2.06 31.25±0.96 9.75±0.50 9.25±0.86
0.1 CN 45.25±0.82 43.00±0.82 31.50±0.86 30.75±0.50 12.25±0.96 11.00±0.82
0.2 CN 47.75±2.08 44.50±2.58 34.25±0.96 32.50±1.29 13.50±0.58 11.75±0.50
0.3 CN 46.25±1.50 44.00±1.41 34.50±1.76 32.75±0.96 13.75±0.50 11.50±1.29
CN: Chitosan nanoparticles, CC: Chitosan commercial, PDI: Poly-dispersibility index

thermophilus) in control stirred camel milk yogurt was the
greatest count of 8.90×1010 compared to yogurt fortified with
different ratios from CC or CN. Moreover, increasing the
concentrations of CC or CN from 0.1-0.3% (wt voLG1) on the
first-day storage showed a statistically significant (p<0.05)
decrease in the mean microbial counts from 6.55×1010-
1.16×109 CFU mLG1 and 7.25×10G10 9.87×109 CFU mLG1,
respectively. All samples showed a decrease in the mean
microbial counts during storage periods.
Coliform, E. coli, yeast and mould counts (cfu gG1) of

stirred camel milk yogurt samples and fortified with CC and CN
during cold storage at 4EC.
Also, all the samples were not contaminated with Coliform

and Escherichia coli and it showed by the absence of air
bubble formation in the test tube. The result of Table 9
showed  that  there  was  some mould growth in control
stirred camel milk yogurt while the samples fortified with CC
or CN  have  successfully   controlled  the  mould  growth for
21 days.
The results could be explained by the fact that chitosan

forms (CC or CN) affect antimicrobial51. NoH et al.53 noted that
chitosan markedly inhibited the growth of gram-positive
bacteria such as Staphylococcus aureus, Lactobacillus
bulgaricus,  Lactobacillus  plantarum  and Lactobacillus brevis.
It detected that chitosan has the direct intervention of fungal
growth and activation of several defense processes and it has
good antimicrobial activity against mould54.

Viscosity: The viscosity values of all the samples studied
increased sharply increased with different ratios addition from
CC or CN. The result of Fig. 6 showed the highest viscosity
value for stirred camel milk fortified with 0.6% CN, then 0.4%
CN. Therefore, the viscosity improves by adding chitosan in
the nano form more than adding it as a commercial form.
Similar results were reported by Habtegebriel and Admassu55

for camel’s milk fortified with pectin as a stabilizer.

Sensory evaluation: The data of Table 10 showed the sensory
evaluation of the control camel’s yogurt and Camel yogurt
fortified with 0.1, 0.2 and 0.3% CC or CN fresh and after 21 days
of cold  storage.  The  samples   were   sensory   evaluated  by
15 trained panelists from the Dairy department, National
Research center, for color, body and texture and flavor. The
statistical analysis of fresh yogurt samples showed a significant
(p<0.05) effect for adding Chitosan on all parameters of
sensory. The body and Texture were affected by an increased
ratio of addition CC (0.1-0.3) from 31.75-33.20, while the
control of 30. Also, color and flavor take the same trend.
Notably, the effect of addition chitosan nanoparticles gives the
best significant (p<0.05) scoring of sensory acceptability for an
addition 0.2% chitosan nanoparticle for all parameters flavour,
body and texture and color of 47.75, 34.25 and 13.50,
respectively.  The same trend for all samples was found with
21  days  of  cold storage as those obtained from fresh
samples.

558



Pak. J. Biol. Sci., 24 (5): 548-561, 2021

Fig. 6: Viscosity of stirred camel’s milk fortified with different ratios of CC or CN at 5EC

CONCLUSION

The findings of the current study support the argument
that HFD induces hyperlipidemia. Furthermore, in the present
analyses of the rat liver mRNA, increased PPARγ, HL, GSS and
CYP2E1 expressions indicated that high fat diet-induced lipid
metabolism disorder and oxidative damage. Chitosan
nanoparticles  supplementation  significantly  suppresses high
fat-diet-induced damage. The results expand the current
understanding of hyperlipidemia induced by HFD and provide
a potential interventional strategy by supplementing chitosan.
Besides, we used CN in the manufacture of yogurt, which had
the effect of improving the acceptability of all parameters of
the functional stirred camel yogurt. Can applicable Chitosan
nanoparticles in the production of yogurt and the best ratio of
addition 0.2% CN, because of her functional properties and
more economical than commercial chitosan. Where, these
effects improving the viscosity and appearance and also
activate the starter bacteria, prevent the emergence of fungi
and yeasts and improves the sensory and technological
properties of the functional stirred camel yogurt.

SIGNIFICANCE STATEMENT

The present study found the chitosan nanoparticle
supplementation  significantly  suppresses  high fat-diet-
induced damage. Additionally, the results are to expand the
current understanding of hyperlipidemia induced by HFD and
provide a potential interventional strategy by supplementing
chitosan. Also, can applicable Chitosan nanoparticles in the
production of yogurt and the best ratio from chitosan-
nanoparticle addition is 0.2%, because of her functional
properties and more economically than commercial chitosan.
Furthermore, chitosan nanoparticles affect improving viscosity
and appearance and also activate the starter bacteria, prevent

the emergence of fungi and yeasts and improve the sensory
acceptability and technological properties of the functional
stirred camel yogurt. Hence, it is recommended to use
chitosan nanoparticles in functional dairy products.
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