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ABSTRACT

The current study was aimed to investigate the effect of beta-casein protein (§-CN)
hydrolyzate, purified from Iraqgi camel milk, on blood glucose levels, oral glucose tolerance
test (OGTT), the levels of insulin, insulin-like growth factor 1 (IGF-1), level of liver enzymes
[aspartate aminotransferase (AST), alanine aminotransferase (ALT)] and the lipid profile
status of alloxan-induced diabetes rats. The results indicated that the B-CN protein
hydrolysates at concentrations of 50 and 100 mg/kg showed a significant (p<0.05) reduction in
the level of blood glucose during fasting and in (OGTT). However, there were, significant
increasing (p<0.05) in the level of insulin, GF-1 and the level of high-density lipoproteins
(HDL-C), meanwhile, a significant decreasing were observed on levels of liver enzymes AST
and ALT, the levels of cholesterol (TC), triglycerides (TG), low-density lipoproteins (LDL-C),
and very low-density lipoproteins (VLDL-C). The findings of this study suggest camel milk -
CN protein hydrolysates could be as natural alternative product for the pharmacology
medication in controlling the high blood glucose, increasing the concentration of insulin and
IGF-1, in addition to controlliny the levels of lipids and liver enzymes at the normal limit.
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INTRODUCTION rate of 783 million diabetics (Sun et al.,2022).
Diabetes is a chronic metabolic disorder Insulin resistance is a fundamental feature of
characterized by a high level of glucose in the diabetes, obesity, as well as cardiovascular
blood due to a complete or relative deficiency disease, and contributes to many metabolic
in the secretion of the hormone insulin, or the syndrome abnormalities. Insulin resistance is
occurrence of insulin resistance. The spread of defined as an abnormal response to normal
diabetes has increased significantly in all insulin levels in the body, or a situation where
countries of the world in recent years a greater-than-normal insulin concentration
(Khashan, and Majeed, .2024; Yuen et may be necessary for a normal response
al.,2021). World Health Organization (WHO) (Hameed, and Al-Ameri, .2022). Controlling
reports indicate that the incidence of diabetes blood glucose levels has become one of the
continues to rise annually, and according to essential effects in the management of
estimates by the International Diabetes diabetes, and there are several
Federation (IDF), the prevalence of diabetes in pharmacological methods to control blood
2021 is estimated among people between the glucose levels, including stimulating insulin
ages of 20 and 79 years, all over the world by secretion, protecting beta cells, and others
10.5%, as more than 536.6 million cases of (Pappachan et al.,2019). However, long-term
diabetes have been diagnosed. This number is use of blood glucose-lowering medications
expected to rise to 643 million by 2030. In and insulin leads to side effects associated
2045, the percentage may rise to 12.2%, with a with  hypoglycemia, renal insufficiency,
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digestive system disorders, as well as
hypertension ~ (Abdukarim et al.,2019;
DeMarsilis et al.,2022). Camel milk proteins
have received attention from many researchers
in the past few years because camel milk and
the proteins derived from it possess many

functional, therapeutic, and nutritional
properties for human health, including
anticoagulant, anti-inflammatory, lipid-
lowering, anti- hypertensive,

immunomodulatory activity, antidiabetic type
2, and hypercholesterolemia (Mudgil, and
Magsood, 2023; Redha et al.,2022). This was
confirmed by many laboratory studies
conducted in vivo using experimental animals,
as they found biologically active hydrolyzates
and peptides derived from camel milk provide
many biological and physiological functions,
which have a major role in reducing high
blood pressure, high antidiabetic, intestinal
pathogens, and others (Althnaibat et al.,2024;
Su et al.,2024). Several studies have been
shown that hydrolyzed camel milk proteins
have much stronger and higher antidiabetic
properties when compared to intact, non-
hydrolyzed camel milk proteins (Kilari et
al.,2021; Mudgil et al.,2018; Wang et
al.,2020). It was found that the hydrolyzates of
B-CN protein of camel milk resulting from the
enzymatic hydrolysis using pepsin showed
high activity against two Gram-positive strains
bacteria, namely Listeria innocuas ATCC
33090 and Escherichia Coli ATCC,
antioxidants, antimicrobials, and ACE
inhibition  (Almi-Sebbane et al.,2018;
Ganzorig et al.,2020; Mati et al.,2017;
Tagliazucchi et al.,2016). Interestingly, camel
milk is one of the main sources that contain
bioactive compounds and strong anti-diabetic
properties, such as proteins, and insulin-like
hormone, containing a low percentage of
cholesterol, and lactose that is providing
nutrition and many health benefits for humans
(Oselu et al.,2022; Redha et al.,2022).
Therefore, the current study aimed to evaluate
the role of B-CN protein hydrolyzates isolated
from camel milk against diabetes, the
concentration of insulin levels, insulin-like
hormone, lipids, and liver enzymes in rats with
alloxan-induced diabetes.
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MATERIALS AND METHODS

Casein  preparation, isolation,  and
purification of B-CN protein: Raw camel
milk was obtained from the local Iraqi breed
from Al-Najaf Governorate. The milk was
transported under refrigeration, directly to the
laboratories of the College of Agricultural
Engineering  Scfiences / University of
Baghdad, the milk fat was separated by
refrigerated centrifugation at 2500 RPM for 20
minutes at 4°C, and the fat layer was removed
manually. Acid casein was prepared by
precipitating the casein with HCL (1M) at pH
4.3, Then the casein was separated using
centrifugation at a speed of 4000 RPM for 20
minutes at a temperature of 4°C. The casein
was obtained in the form of a white
precipitate, and was washed three times with
distilled water, then dried and preserved by
freezing, the B-CN protein was isolated and
purified using ion exchange technique on a
cellulose DEAE column with dimensions of
3.5 x 15 cm, and the gel filtration technique
Sephadex G-100 column with dimensions of
63 x 1.5 cm, according to the method
mentioned by Doosh. (2022).

Confirmation of B-CN protein purity: To
confirm the purity of the B-CN protein, the
method described by Hadeel and Khalida,
(2023) was adopted with some modifications,
as the polyacrylamide gel electrophoresis
method was used in the presence of (SDS-
PAGE) and comparing them with the standard
proteins and standard B-CN protein (bovine).
Hydrolysis of B-CN protein: Hydrolysis was
carried out according to the method described
by Al-Shaikh, and Doosh. (2024) with some
modifications by dissolving 0.1 g of B-CN
with 10 ml distilled water, and the pH was
adjusted to 2 using (0.1 M) hydrochloric acid
to suit the working conditions of the pepsin
enzyme, then the pH was adjusted to 8 using
(1 M) of NaOH to suit the working conditions
of trypsin. As for the synergistic 1:1 pH
change using NaOH and HCI, the enzymatic
reaction was stopped by exposing the mixture
to a temperature of 95°C for 10 minutes, and
then the samples were centrifuged at 15000
RPM for 10 minutes at 4°C. The supernatant
was collected and freeze-dried. The degree of
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hydrolysis was estimated using the method
described by Emrerk et al., (2021).
Experimental animals: This experiment was
conducted using 50 male albino rats aged 2-3
months and weights ranging from 200-250 g,
which were obtained from the Faculty of
Science / University of Kufa. The rats were
placed in metal cages furnished with sawdust,
and they were housed in a room with
controlled laboratory conditions in terms of
humidity 52+3% and temperatures 25°+2, as
for the lighting, it was 12 hours of darkness
and 12 hours of light, and it was left for seven
days to acclimatize, food and water were given
continuously and in sufficient quantities
throughout the experiment period. After the
acclimation period, 40 of experimental rate,
fasting for 12 hours, were injected via
intraperitonealy ~ with  alloxan  prepared
immediately at a concentration of 80 mg/kg of
body weight (B.W) to induces diabetes and left
for three days, after examining the blood
glucose of the rats through the diabetic
examination device and confirming the
occurrence of the infection, as the glucose
level ranged from 250-430 mg/dl, the rats were
randomly distributed into four groups, with 10
rats for each group

Experimental design: Fifty rats were
randomly divided into five groups (n=10), as
each group contained 10 rats and was
designated as follows:

Group 1. Normal control group without
diabetes (C-), the rats were given a
commercial diet and distilled water.

Group 2. Control group with alloxan-induced
diabetes (C*), were fed a high-fat 6% diet and
distilled water.

Group 3 and 4. alloxan-induced diabetes (G1
and G2), were fed a high-fat diet 6% and
distilled water, and orally-ingested with
50,100 mg/kg B.W. of B-CN protein
hydrolyzates

Group 5. alloxan-induced diabetes (G3), were
fed a high-fat diet 6% and distilled water, and
orally-ingested with 7.14 mg/kg B.W. of
metformin.

Throughout the trial period, weekly
monitoring of fasting blood glucose levels was
conducted.
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Blood samples collection: At the end of the
experiment, food and water were pending from
rats for 12 hours, the rats were anesthetized,
blood samples were drawn from the hearts of
all rats placed in anticoagulant test tubes, and
left for an hour, central blood was centrifuged,
then at 3000 RPM for 15 minutes to obtain the
serum and storage at -20 °C for biochemical
tests.

Measurement of fasting blood glucose levels
Fasting blood glucose levels were monitored
and measured twice a week continuously to
confirm hyperglycemia using an Accu-Check
blood glucose meter after drawing blood from
the tail.

Oral glucose tolerance test: At the end of the
30-day experiment, an oral glucose tolerance
(OGTT) was tested after fasting for 12 hours,
and then all rats were orally administered
glucose (2.5 g/kg B.W), the concentration of
blood glucose levels was measured at 0, 30,
60,90, and 120 minutes by drawing a drop of
blood from the tail, using an (Accu-Check)
glucose meter to (Ghanbari et al.,2016;
Haddad, and Doosh ,2023).

Estimating the concentration of insulin and
IGF-1 in blood serum: The level of insulin in
the blood serum was determined by the ELISA
method, using BT Lab's Kit and following the
manufacturer's instructions.

Estimating the level of liver enzymes (AST)
and (ALT): AST and ALT levels in liver and
serum samples were determined according to
the method prescribed by Ismail et al., (2018).
Estimation of blood lipid level

Total cholesterol levels TC, TG, and HDL-C ¢
were estimated by enzymatic method using
ready-made diagnostic reagent (Kit) Kits
prepared by the company and following the
manufacturer's manual, while LDL-C proteins
and VLDL-C proteins were calculated
according to the following equations:
LDL-C concentration (mg/dl)
cholesterol - [(HDL-C) + (VLDL-C)].
VLDL-C concentration (mg/dl)
(Triglycerides / 5).

Statistical analysis: The results were analyzed
statistically using the GenStat Release 12.1
program a completely randomized design
(CRD) was wused, and the significant
differences between the means were compared

Total


https://doi.org/10.36103/b7dvqv91

Iraqi Journal of Agricultural Sciences —2026:57(3):1047-1061
P-ISSN: 0075- 0530 /E-ISSN: 2410-0862
DOI: https://doi.org/10.36103/b7dvgv9l

using Duncan's test at a significance level (p >

0.05).
RESULTS AND DISCUSSION
B-CN protein purification wusing ion

exchange technology and gel filtration:
After the B-CN protein was obtained by
primary  purification using the urea
fractionation method from the total caseinate,
it was purified by ion exchange
chromatography on the DEAD-Cellulose
column and the gel filtration chromatography.
The results in Figure (1-A) show the
appearance of two protein peaks, the first
appeared in the tubes (5-11), and the second
peak appeared in tubes (15-28), which
represents the B-CN, and the result was

consistent with the findings of Ellouze et al.,
(2021) , Who indicated that purification of j3-
CN by ion-exchange chromatography method
is contaminated with other proteins such as k-
CN. to obtain pure B-CN protein, final
purification was carried out by gel filtration
chromatography  method, depending on
molecular weight, the results in Figure (1-B)
showed the presence of one peak of proteins in
pure form, which is the protein B-CN, the
tubes containing B-CN were then collected and
lyophilized, This result was consistent with the
findings of AlKhalidy and Dosh.,(2022) who
found only one peak when sheep's milk B-CN
protein was fractionated using gel filtration
technique
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Figure 1. Purification of camel milk $-CN (A) using ion exchange chromatography technique
on DEAD-Cellulose column and (B) by gel filtration technique using Sephadex G-100

SDS-PAGE analysis of camel milk B-CN
protein.The (SDS-PAGE) was carried out to
ascertain the purity of the extracted protein,
and the results as shown in Figure (2-A)
showed the appearance of two protein bands,
the first bands represents the f-CN protein and
the second band is traces of K-CN protein
associated with the B-CN protein. This result is
consistent with the findings of Mohamed et
al.,(2022) who stated that the protein purified
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using the ion exchange technique was
contaminated with K-CN, Figure (2-B) also
shows the appearance of $-CN protein in one
pure bands (after gel filtration) in a
polyacrylamide gel, and this confirms its
purity and the bands of B-CN is free of any
traces of the other caseins such as K-CN, This
result agreed with what found by Ellouze et
al.,(2021).
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Figure 2. Purification of the B-CN protein by SDS-PAGE (A) by ion exchange chromatography
technique (B) by gel filtration chromatography technique, where S1 = Ladder protein, S2 =p -CN
standard, S3 in (A) = B-CN resulting from purification by ion exchange, S3 in (B) = p-CN resulting
from the purification by gel filtration

Hydrolysis of §-CN protein

Figure (3) shows the degree of hydrolysis
(DH%) of the B-CN protein purified from
camel milk by the degradation enzymes Pepsin
and trypsin individually and indeed the
synergism of both enzymes in a ratio of 1:1 for
8 hours to obtain B-CN protein hydrolysates,
has been noticed from the figure an increase
in DH with time preceding, B-CN protein
hydrolysate were obtained by pepsin, trypsin,
and Synergistic after 8 hours, as the values of
DH reached 52.165,44.563,48.267%
respectively, These results were consistent

with those found by Taghipour et al.,(2023)
and Vorob'ev,(2022) who observed an increase
in the degree of degradation with the time of
decomposition. The highest degree of
decomposition after 8 hours was recorded by
the synergistic action of the two enzymes,
reaching 52.16%. The results agreed with the
findings of Akan, (2021), as it was found that
the DH value for the synergistic action of the
B-CN protein decomposing reached 53.06%,
he reported that the peptides he obtained from
camel milk caseinate were anti-diabetic and
powerful antioxidants.
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Figure 3. Degree of enzymatic hydrolysis the B-CN protein using the pepsin, trypsin, and
their mixture in a 1:1 ratio
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Effect of CN-B protein hydrolysates on
blood glucose level : The results in Table (1)
show the effect of oral dosing with B-CN
protein hydrolyzates isolated from camel milk
on blood glucose level, injection rats with
alloxan led to an increase in the level of blood
glucose level at a high level of significance at
(p<0.05) at the first week of the experiment for
all treatments (C*, G1, G2, and G3) being
336.3, 327.0, 338.1, 328.9 mg/dl respectively,

compared to the negative control treatment C
which recorded the lowest level of glucose
concentration in the adult blood 105.7 mg/dl.
The highest concentration of glucose was
recorded by G2 group it the first week of
experiment, these results were consistent with
those obtained by Chen et al., (2024) who
observed an increase in blood glucose
concentration in all STZ-injected treatments to
varying degrees at the beginning of the trial.

Table 1. Effect of p-CN Protein Hydrolyzates on Blood Glucose Concentration Level in rats

Blood glucose level (mg/dl)
Meanz SD
Treatme Average of Average of Average of Average of
nts the first week the second week the third week the fourth week
c a a a a
105.7+8.693 105.7+7.342 108.64+6.973 109.94+4.375
c b c d d
336.3+58.43 350.4+55.46 359.0+56.99 350.9+54.86
G1 b b c c
327.0+38.57 302.3+19.05 208.0+22.05 161.3+8.036
G2 b b b ab
338.1+50.34 286.7+24.94 156.9+4.298 127.9+4.451
G3 b b c ab
328.9+51.43 299.7+41.84 193.6+26.84 149.9+10.67
(p<0I._0.§).D. 49.20 37.39 37.39 27.73

Mean + SD (n=10). \The different small letters within the Rows indicate a significant difference at (p<0.05)) according to
Duncan's test. (C) Control natural, (C*) diabetic control, (G1l) diabetic and treated of B-CN protein hydrolyzates
(50mg/kg/day), (G2) diabetic and treated of $-CN protein hydrolyzates (100 mg/kg/day), (G3) diabetic and treated group of

metformin (7.14 mg/kg/day).

The results of the statistical analysis at the end
of the experiment also indicated, that dosing
with B-CN protein hydrolyzates isolated from
camel milk led to significant decrease (p<0.05)
in the blood glucose level in the group of
diabetic rats, represented by G1 and G2, as it
reached 161.3. and 127.9 mg/dl, compared
with the positive control C*, which recorded
the highest level of 350.9 mg/dl, the G2
treatment which was dosed with 100 mg/kg -
CN hydrolyzates, recorded the lowest blood
glucose level, 127.9 mg/100 ml these results
were consistent with Kilari et al.,(2021), who
found that dosing rats with camel milk protein
hydrolyzates was strongly, effective in
lowering blood glucose levels at a higher level
of significance at the end of the experiment
than at the beginning of the experiment.
Additionally, these findings agreed with what
was found by Chen et al., (2024), who
observed a significant decrease (p<0.05) in
blood glucose in group which treated with
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camel milk protein hydrolysates. This decrease
in glucose level may be attributed to the strong
role of B-CN hydrolyzates and due to high
concentration of insulin in camel milk (three
times higher than in cow's milk). In addition,
camel milk insulin is a natural protein that
leads to reducing glucose levels naturally
without affecting the body, it also shows its
hypoglycemic effect when taken orally,
because it resists breakdown by stomach
acidity and enzymes as it is encapsulated in
nanoparticles, it is not exposed to digestion
and remains available for intestinal absorption
(Korish et al.,2020).

Effect of B-CN protein hydrolyzates on
glucose tolerance test: An oral glucose
tolerance test (OGTT) was performed at the
end of the experiment, the results showed in
Figure (4) the changes occurring in blood
glucose levels at 0-120 minutes after fasting in
all treatments, it is noted that blood glucose
levels in all treatments at time zero (0 minutes)
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of glucose tolerance were within the normal
range, except for the positive control C*
treatment with diabetes and the untreated one,
which reached 151.33 mg/dl, after 30 minutes,
the blood glucose concentration increased in

all treatments, At the 60th minute, blood
glucose levels began to decrease in the group
of rats treated with C°, G1, G2, and G3, and in
contrast, its level increased in the group C* of
rats even at 120 minutes.
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G3 97.33 261 196.3 134.7 116.3

Figure 4. oral glucose tolerance pattern after 120minet for all treatment

The results indicated a significant decrease in
the probability level (p<0.05) in blood glucose
levels in experimental animals in treatments
Gl, G2, and G3, blood glucose levels
decreased to the normal limit, reaching 106.3,
102.3, and 116.3 mg/dl compared to treatment
C™ in which the glucose level reached 110.3
mg/dl, as for treatment C*, an increase in the
level of glucose in the blood was observed,
reaching 457.7 mg/dl, these results were
consistent with what was reported by Yu et
al.,(2024), who found a significant increase in
the level of blood glucose during fasting in the
diabetic and negative control group compared
to the control positive group and the other
treatments, the findings also agreed with
Kilari et al.,(2021) found, where a decrease in
the level of glucose concentration in the blood
was found in rats in which glucose was
introduced and treated with camel milk
compared to its high level in diabetic rats and
left untreated.

Effect of B-CN protein hydrolysates on
insulin level and IGF-1: Table (2) shows the
effect of oral dosing with different
concentration of camel milk B-CN
hydrolyzates on insulin levels and IGF-1, in
comparison with the negative control
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treatment C°, the positive control C*, and the
G3 treatment that was dosed with metformin.
The results show an increase in the level of
insulin in the group G1, G2, and G3, as the
rate of increase reached 3.75, 42.49, and
3.04%, compared to the C- treatment, as for
the group of rats in the G* treatment that had
diabetes and were left without treatment until
the end of the experiment, it was recorded the
highest rate of decrease in insulin level
reached -44.86% compared to the C group.
These results agreed with Taher, (Taher,2016)
who found a decrease in the level of insulin in
alloxan induces diabetes rabbits, this could be
attributed to the alloxan, which caused
pancreas and liver damage and thus affected
the secretion of insulin by beta cells in the
islets of lenkerhans. These results agreed with
the findings of Jandal and Naji, (2021), as a
significant decrease was found in the
concentration of insulin levels in the blood of
alloxan-induced diabetes rats compared to the
negative control group. This result also agreed
with the findings of Mansour et al., (2027),
who found a decrease in the insulin level in
diabetic rats that were left without treatment,
and an increase in its level in a group of
diabetic rats that were treated with camel milk.
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Table 2. Effect of p-CN protein hydrolyzates at different concentrations on the levels of
insulin and I, insulin-like growth factor 1 (IGF-1) in experimental animals

Mean+ SD
Treatments Insulin(U/ml) Per%;r;[r?ggs % IGF-1 (ng/ml) Peri%rgr?ggs %
c b b 0
5.779 0.132 50.5+7.302

¢ 3.186: 0.362 -44.86 34.152.473 4268
Gl 5.99620.135 3.75 65.1¢b7.977 941
G2 8.23540.207 4249 67.5f12.38 13.44
G3 5.95520.280 3.04 4240774 -28.73

" <o.IBSS)'D' 0.4366 — 13,57 —

Mean + SD (n=10). \The different small letters within the Rows indicate a significant difference at (p<0.05)) according to Duncan's test. (C)
Control natural, (C*) diabetic control, (G1) diabetic and treated of §-CN protein hydrolyzates (50mg/kg/day), (G2) diabetic and treated of B-
CN protein hydrolyzates (100 mg/kg/day), (G3) diabetic and treated group of metformin (7.14 mg/kg/day).

The results in Table (2) indicate that the f-CN
protein hydrolyzates isolated from camel milk
at different concentrations increased the level
of IGF-1 concentration compared to the
control treatment. The G2 treatment group of
rats recorded the highest percentage of
increase, reaching 13.44% followed by group
G1, with an increase rate of 9.41%, compared
to treatment C. This result is consistent with
the findings of Hassan, and. Bayoumi, (2010),
that camel milk led to a significant increase in
IGF-1 in the group of infected rats treated with
camel milk compared to the group of untreated
rats. The lowest decrease in the level of IGF-1
concentration was recorded by the C*
treatment, with -42.68% decrease, followed by
the G3 treatment, as the decrease rate reached
-28.73% compared to the C" treatment.

Effect of p-CN protein hydrolyzates on liver
enzymes (AST and ALT) level: Table (3)

illustrates indicate the effect of oral dosing
with camel milk B-CN hydrolyzates at
different concentration on the level and
functions of liver enzymes ALT and AST, as
compared with the negative control treatment
C., the positive control C*, and the G3
treatment that was dosed with metformin. a
significant increase (p<0.05) was noticed in
the level of ALT and AST enzymes in group
C* with diabetes, (66.5 and 43.8%)
respectively, compared to C° group. This
increase in the concentration of liver enzymes
is attributed to damages in liver tissue as a
result of injection with alloxan. Consequently,
necrosis or damage in liver cells causes the
diffusion of the enzymes outside the damaged
cells, to blood stream and the high
concentration of liver enzymes AST and ALT
in blood serum is one of the main indicators of
diabetes (Rafagat et al.,2023).

Table 3. Effect of B-CN protein hydrolyzates at different concentrations on AST and ALT
liver Enzyme levels concentration for experimental animals

Mean+ SD
Treatments ALT(U/L) Pe?;:‘;ﬁges % AST(UIL) Pert(:;r;t:g:s "
¢ 50.43£0.850 2045 142.1001.253 -39.94
¢ 52.9614.042 0 204.3343.250 0
el 40.4021.253 -51.89 154.4042.022 2443
©2 33.4041.700 6022 136.9052.800 -33.00
e3 54.5043.251 3510 161.17d¢2.329 -2l12
L.S.D. (p<0.05) 5.157 — 4418 _

Mean £ SD (n=10). \The different small letters within the Rows indicate a significant difference at (p<0.05) according to Duncan's test. (C°)
Control natural, (C*) diabetic control, (G1) diabetic and treated of §-CN protein hydrolyzates (50mg/kg/day), (G2) diabetic and treated of p-

CN protein hydrolyzates (100 mg/kg/day), (G3) diabetic and treated group of metformin (7.14 mg/kg/day).
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The results in Table (3) indicate that oral
dosing with camel milk B-CN protein
hydrolyzates resulted in improved liver
function for G1 and G2 group, as a significant
decrease (P<0.05) in the concentrations of
liver enzymes ALT and AST in the G1 group,
(-51.89 and -24.43%) compared to positive
control G*. G2 group, is recorded the highest
percentage of decrease in liver enzymes levels
being (-60.22 and -33.00%) compared to
positive control G*. The group G3 also showed
a decrease in the concentration of liver
enzymes reaching -35.10 and -21.12%,
respectively, these results were consistent with
the results of many established studies
conducted on experimental animals, which
found a significant increase in the
concentration of liver enzymes in the group of
rats with diabetes induced by alloxan. A
significant  decrease  (p<0.05) in the
concentrations of liver enzymes ALT and AST
in the group of rats treated with hydrolysates
camel milk proteins and camel milk proteins
(Hussain et al.,2021; Kilari et al.,2021;
Mailam, 2017; Shafiq et al.,2024).

Effect of B-CN protein hydrolyzates on
Lipid Profile: Table (4) shows the effect of
oral dosing with different concentrations of -
CN protein hydrolyzates on the level of T.C,

TG, VLDL-C and LDL-C serum in rats under
study, and compared with negative control C-,
positive control C* and G3 group which was
dosed with metformin. The results indicated a
significant increase at the probability level (p
< 0.05) in lipid profiles TC, TG, LDL-C, and
VLDL-C in the group C*, by different
percentages of 40.84, 84.14, 78.34, and
84.14%. and a decrease in the level of
beneficial proteins (HDL-C), with a decrease
rate of -52.58% compared to the group of C-,
the reason may be attributed to the lack of
insulin, which in turn leads to a change in the
lipoprotein synthesis in the liver in diabetic
rats, as well as a decline the activity of some
enzymes that affected by the absence or lack
of insulin, such as lipoprotein lipase (LPL) and
cholesterol ester transport protein (CETP),
thus reduces the activity of the hepatic lipase
enzyme and many stages of biologically active
LPL synthesis. These findings are consistent
with several studies by researchers who found
an increase in lipid profiles and low HDL-C
levels in experimental animals with alloxan-
induced diabetes or streptozotocin, which were
not treated compared to the natural control
group (Hauwa’u et al.,2023; Mansour,2017;
Yu et al.,2024).

Table 4. Effect of B-CN protein hydrolysates at different concentrations on Lipid profile in the
blood serum of experimental animals

Meanz+ SD
Treatments T.C T.G HDL-C LDL-C VLDL-C
mg/d| mg/d| mg/d| mg/dl mg/d|
ab b c b b
C 60.47+ 32.80+1 17.61+0.2 36.30+3.2 6.560+0.3
3.774 .630 06 86 26
c d a c d
c* 85.17+ 60.40+0 8.35+0.40 64.74+4.6 12.080+0.
4.606 .854 9 85 171
b b c b b
Gl 62.10+ 35.70+3 17.41+0.6 37.55+0.9 7.140+0.6
1.253 .148 12 69 30
a a d a a
G2 55.20+ 28.43+1 20.54+0.6 28.97+2.8 5.687+0.2
2.606 172 66 28 34
b c b b c
G3 61.03+ 40.87+0 14.58+1.5 38.28+1.8 8.173+0.0
1.716 404 10 28 808
005 L.S.D.(p< 5.564 3.134 1.480 5.459 0.6267

Mean + SD (n=10). \The different small letters within the Rows indicate a significant difference at (p<0.05)) according to
Duncan's test. (C) Control natural, (C*) diabetic control, (G1) diabetic and treated of B-CN protein hydrolyzates
(50mg/kg/day), (G2) diabetic and treated of B-CN protein hydrolyzates (100 mg/kg/day),(G3) diabetic and treated group of

metformin (7.14 mg/kg/day).
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The results in Table (4) indicate a significant
decrease in the level of TC, TG, LDL-C, and
VLDL-C and a significant increase in HDL
levels in the blood serum of the G1 and G2
group, which were dosed with B-CN protein
hydrolysates at a concentration of 50 and 100
mg/kg B.W compared to group C* as the
highest reduction percentage in lipid profile
was recorded in G2 group, being (-35.19, -
52.93, -55.25, -52.93%), respectively, The
decreasing percentage for the G1 treatment
was (-27.08, -40.89, -42.00, and -40.89%)
respectively compared to the G* group, while
the increasing percentages in the HDL level in
the blood serum of the G1 and G2 group were
108.50 and 145.98% respectively compared to
the C  treatment, the reason is due to the
positive role of B-CN protein hydrolysates in
lowering the levels of TC, TG, LDL-C, and
VLDL-C and raising the level of HDL-C
insulin and IGF-1 as well, the presence of
insulin and IGF-1 at a normal level in the
blood is one of the necessary factors for
regulating lipoproteins metabolism, which can
inhibit lipoprotein lipase activity, Therefore,
any disorder in the insulin level (absence or
decrease) is related in one way or another to
the proportion of HDL-C in the blood, and
therefore its presence is important in
increasing the level of HDL-C in the blood
(Alhamid, and Mousawi, 2022; Alshuniaber et
al.,2022). These results agreed with the
findings of Chen et al.,(2024) that there was a
significant decrease (p < 0.05) in the levels of
TC, TG, LDL-C, and VLDL-C, In negative
control group compared with STZ-induced
diabetes, group agreed with what EI-Bahr et
al.,(2023) findings who observed a significant
decrease in the group of rats fed camel milk
and a diet containing 1% cholesterol compared
to the group of rats that were fed a diet
containing 1% cholesterol. Kilari et al.,(2021)
stated that camel milk protein hydrolysates led
to a significant reduction in T.C, TG, LDL-C,
and VLDL-C, in the diabetic rats group that
was fed camel milk protein hydrolysates
compared to positive group, It also agreed with
Khalid et al.,(2023) that camel milk can be a
useful complementary therapy in the treatment
of patients suffering from type 1 and type 2
diabetes, This is due its high ability to reduce
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the levels of TC, TG, and LDL in the blood,
and increase the level of HDL.
CONCLUSION

Camel milk B-CN protein hydrolyzates was
significantly effective in lowering blood
glucose to the normal limit, increasing the
level of insulin and IGF-1, reducing the levels
of liver enzymes ALT and AST, and
decreasing the levels of T.C, TG, and LDL-C.
VLDL-C and making it within normal limits,
and increasing the high-density proteins
(HDL) in alloxan-induced diabetes rats as
compared to the C* positive control,
Therefore, it can be considered an supportive
treatment for diabetic and health promotion.
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