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	 The protein and fat structures of the DMWE (Donkey milk whey extract) are very close 
to that of the human breast milk when compared to that of the bovine milk, and therefore has a 
significant value in the functional food science. This study uses in vitro and in vivo models to 
examine DMWE’s antithrombotic, antidiabetic, and antioxidant activities. DMWE was acquired 
after acid induced whey separation and subjected to biological tests. DMWE demonstrated a 
strong dose-dependent procoagulant effect that reduced plasma recalcification time in 100-500 
µg concentrations, reducing plasma recalcification time to 36 s (P < 0.0001) at 100-500 µg. 
The mouse tail bleeding model significantly reduced the bleeding duration from 217 s to 40 
s (P < 0.01). DMWE also experienced a substantial reduction in the APTT (activated partial 
thromboplastin time) and PT (prothrombin time) that witnessed the activation of intrinsic and 
extrinsic pathways. DMWE had a procoagulant activity but it was also found to have antiplatelet 
and thrombolytic potential in decreasing order of lysis of the clot under observation after 90 
min at 37ºC. DMWE inhibited a-amylase (28-67%) and a-glucosidase (35-54%) with an IC50 of 
39 µg/mL and this is similar to acarbose. DPP-IV (Dipeptidyl Peptidase-IV) inhibition reached 
63% with an IC50 of 395 ± 1.856 µg/mL, compared to sitagliptin (57%, IC50 3.5 µg/mL). The 
antioxidant activity demonstrated 79% DPPH (2,2-Diphenyl-1-picrylhydrazyl) scavenging, 
with IC50 values of 185 µg/mL (DMWE) and 160 µg/mL (ascorbic acid). The biological benefits 
are linked to bioactive proteins and peptides such as lactoferrin and lysozyme, which have 
antioxidant, antibacterial, and metabolic activities. DMWE has tremendous opportunities as a 
functional nutraceutical to be implemented in the metabolic regulation and specialized nutrition.

Keywords: a-amylase inhibition, a-glucosidase inhibition, Antiplatelet aggregation, Bioactive 
peptides, Lysozyme Milk whey extract, Thrombolytic activity.

	 Proteomic and lipidomic properties of 
donkey milk (Equussinus) have made it a valuable 
biological fluid in the functional foods’ context. 
The fact that the content of the protein of donkey 
milk is mainly composed of whey as compared 
to the casein-dominant bovine milk makes the 
similarity of the protein content of the donkey milk 
and the human breast milk much more comparable 
than the casein-dominant bovine milk.1,2 The 

whey fraction is a complex matrix of bioactive 
peptides and strongly encrypted peptides with 
strong medicinal properties, such as antidiabetic, 
antibacterial and antioxidant properties.3,4 The 
findings are in line with the rest of the dairy 
studies that have shown that whey proteins and 
peptides have multifunctional therapeutic effects, 
such as antihypertensive, immunomodulatory, 
and metabolic regulatory effects.5–7 The recent 
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efforts of proteomic and peptidomic techniques 
have shown that donkey milk whey is a source of 
a wide range of multifunctional, bioactive peptides 
with multifunctional therapeutic effects. The 
comparative proteomic studies have revealed that 
there are specific similarities between the donkey 
milk whey and the human milk proteins, indicating 
it has a higher nutritional and therapeutic value.8–11 
Due to their activities which include reactive 
oxygen species scavenging, enzyme inhibition, 
and control of cellular signalling pathways, these 
peptides have antioxidant, antimicrobial, anti-
inflammatory and antidiabetic properties.12–14 
This has been extensively reported in the case 
of milk peptides where whey peptides have been 
proven to have the ACE inhibitory, antioxidant and 
antimicrobial activities.15–17 
Antioxidants and Decreased Oxidative Stress 
	 The high concentration of sulfur-
containing amino acids and particular bioactive 
peptides generated during gastrointestinal digestion 
is the fundamental source of their antioxidant 
action.18 The action of these compounds is that 
they chelate the pro-oxidant transition metals, 
and neutralize reactive oxygen species (ROS) and 
prevent the peroxidation of cellular membranes 
by lipid peroxidation. In addition, recent studies 
also confirm that the peptides that are present in 
milk cause the defense system of antioxidants to be 
activated and to help maintain the systemic redox 
balance.12,13 It is claimed that endogenous activity of 
antioxidant enzymes of the water-soluble fraction 
of the donkey milk is dramatically increased and 
it is a crucial factor in the maintenance of systemic 
redox homeostasis.19 
Enzyme Inhibition and Antidiabetic Properties 
	 Donkey milk whey has the most promising 
medicinal properties, which include the antidiabetic 
properties. Biochemical tests show that the 
whey-derived peptides are natural blockers of 
a-glucosidase, an important enzyme that breaks 
down complex carbohydrates into glucose.20 The 
whey components of donkey milk may be used to 
manage the postprandial hyperglycemia, which is 
effectively reduced by slowing down the glucose 
absorption into the blood. Recent research also 
indicates that milk peptides have a high inhibitory 
effect on DPP-IV, a-amylase, and a-glucosidase 
enzymes.13,21,22

Immunomodulatory and Antimicrobial 
Properties
	 The antibacterial profile of donkey milk 
whey is well developed due to high concentrations 
of both lysozyme and lactoferrin and leads to its 
therapeutic range. Lysozyme breaks the â (1’!4) 
glycosidic linkages in bacterial peptidoglycan to 
lyse pathogenic microorganisms.23 Furthermore, 
these proteins regulate immunological responses 
by modulating cytokine synthesis and enhancing 
the activity of macrophages and natural killer 
cells. Donkey milk has been well reported for 
its antibacterial action against the majority of 
infections.20 Besides, lactoferrin and á-lactalbumin 
are whey proteins that are important in host defense 
and immune regulation. Lactoferrin is a large whey 
glycoprotein that has been widely documented to 
exert antimicrobial, antiviral, anti-inflammatory, 
and anticancer effects by sequestration of iron 
and by modulating the immune system.24 These 
multi-purpose attributes underscore the therapeutic 
importance of whey in donkey milk and in diverse 
sources of mammal milk.
Gut Microbiota Modulation
	 It is beginning to be shown that donkey 
milk whey may help in the modulation of 
gut microbiota by supporting the growth of 
beneficial bacteria and enhancing the health of 
the intestines.25–27  This further contributes to its 
functionality as a nutraceutical.

Materials and Methods

Materials
	 Donkey milk was collected from 
Okkodigollaratti, Nisarga Badavane, Bheemsandra, 
Tumkur, Karnataka. 
Preparation of donkey milk whey extract
	 Extraction of DMWE is initiated by 
collecting milk from Nisarga Badavane, Tumkur. 
After the milk collection, the milk was boiled to 
100 ºC, and then once it boiled, 6N HCl was added. 
Upon addition of HCl, the whey and casein get 
separated. Then filtering the whey by using the 
Whatman filter paper. The filtered whey was then 
lyophilized. Then lyophilized whey was stored at 
20 °C until it was used for further investigation.
Ethical approval
	 The ethical guidelines for the study of 
human and animal research at the institutional and 
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national levels were followed in this investigation. 
The Institutional Human Ethical Committee of 
Tumkur University, Tumakuru (IHEC-TUT No: 
03/Res/2024-2025) accepted the designated human 
blood utilized for all the tests, which were carried 
out in accordance with ethical guidelines.
	 All animal studies have been authorized 
by Sharnbasava University’s Institutional Animal 
Ethics Committee (IAEC) in Kalaburagi (SUK/
ZOL/IAEC/17/2024-25). The Department of 
Zoology at Sharnbasava University has also given 
its approval. Before handling, all procedures were 
carried out in accordance with the Committee for 
the Control and Supervision of Experiments on 
Animals’ (CCSEA) requirements.
	 Male Albino Wistar rats weighing 
between 190 and 210 grams were split up into 
groups of six and allowed to acclimate for 24 days 
in polypropylene cages. The experimental diets 
followed the AIN-93M regimen, while the rats were 
fed a standard diet of laboratory pellets. The rats 
were fed lab pellets and provided with tap water 
and cow feed ad libitum. The animals were kept at 
27±2°C, 12-hour light/dark cycle, and humidity of 
55-65% and light of 2000 lux. 
Antithrombotic activity 
	 The in vitro and in vivo activity of 
donkey milk whey extract (DMWE) for its anti-
thrombotic potential was investigated. In vitro 
tests used to assess the extract’s anticoagulant 
properties were plasma recalcification time, 
thrombin time, prothrombin time (PT), activated 
partial thromboplastin time (aPTT), and fibrinogen 
clotting assays. In vivo investigations like tail 
bleeding time and clot lysis test were used to further 
examine its ability to prevent blood clots and its 
safety.
In vitro and in vivo Antithrombotic Studies
Plasma recalcification time
	 The time needed for plasma recalcification 
was determined. The DMWE (10-80 µg) doses 
were first inoculated for 1 min at 37 °C (Isotherm 
forced convection lab incubator, In Lab Equipments 
(Madras) Pvt. Ltd.) with 0.2 ml of citrate based 
human plasma in the presence of 10 µl of pH 
7.4 Tris HCl buffer. The pre-incubated mixture 
received 10 µl of 0.25 M CaCl‚ , and the clotting 
time was recorded.28

APTT (Activated Partial Thromboplastin Time) 
and PT (Prothrombin Time) 
	 APTT and PT tests were performed 
following a 1-minute pre-incubation with DMWE 
(3 mg/ml) and 100 µl of normal citrated human 
plasma. For APTT, add 100 µl of LIQUICELIN-E 
phospholipid deposition from rabbit brain agitated 
for 3 minutes at 37 °C (Isotherm convection 
induced lab incubator, Inlab Equipments (Madras) 
Pvt. Ltd.). To initiate the clot formation procedure, 
100 µl of 0.02 M CaCl‚  was added. The duration 
of clotting was observed. To begin the PT method, 
200 µl of the reagent (UNIPLASTIN-rabbit brain 
thromboplastin) was injected. The viewable spots’ 
endurance was timed (in seconds). The data from 
the oversight plasma heated (Isotherm forced 
convection lab incubator, In Lab Equipments 
(Madras) Pvt. Ltd.) using the buffer for a similar 
length period were utilized to estimate the APTT 
rate and international normalized ratio (INR) for 
PT at each point.29

Whole Blood Clot Retraction Assay
	 A whole blood clot lysis assay was 
carried out.28 The blood samples were collected 
from four healthy men aged 25-35, who were free 
from drug and alcohol addiction, illness, weight 
etc. and centrifuged in the tubes (500 µl/tube) 
and are weighed, and incubated in the Isotherm 
forced convection lab incubator, Inlab Equipments 
(Madras) Pvt. Ltd. for 45 minutes at 37 °C. A clot 
formed and serum was removed and the tubes were 
again weighed. (0 - 75 µg) was added and incubated 
for 90 min at 37 °C (Isotherm forced convection lab 
incubator, Inlab Equipments (Madras) Pvt. Ltd.). 
The fluid was collected after the incubation period 
then the % of clot lysis was calculated.30

Direct Hemolytic Assay 
	 Direct lysis ability was assessed using 
properly cleansed human erythrocytes. Essentially, 
washed RBC and phosphate buffered saline (PBS) 
(1:9 v/v) was mixed. 0.1 ml of the suspension was 
subjected to several concentrations of DMWE 
(0 - 150 micrograms) for 1 hour at 37 °C. The 
reaction was halted by adding 9ml of ice-cold 
PBS and separated at 1000 g (Remi, CB-30 BL, 
cooling centrifuge, 20000 rpm) for 10 minutes at 
37 °C (Isotherm forced convection lab incubator, 
Inlab Equipments (Madras) Pvt. Ltd). The quantity 
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of hemoglobin discharged in the supernatant was 
detected at 540 nm with a Thermo Nicolet iS50 
(Thermo Fisher Scientific USA). Activity was 
reported as a percentage of blood loss relative to 
100% rupture of cells by adding water (positive).31

Hemorrhagic Activity 
	 The hemorrhagic activity was assessed31. 
Mice got DMWE injections on both the left and 
right sides of their dermis. Three units (375 µg) 
of crude milk whey and phosphate buffer were 
injected into the mice’s left and right flanks, 
correspondingly. The same sample was introduced 
into mice in two units: 125 µg on the left side and 
250 µg on the right. The mice perished with diethyl 
ether, and their skins were split on both sides to 
determine their toxic properties. The dorsal cuticle 
was cut off and the interior of the hemorrhage 
region was measured compared to control mice 
shot with 30 µl of saline. The diameter of the 
hemorrhagic spot on the inner surface of the skin 
was measured. The minimum hemorrhagic dose 
(MHD) was the dose that caused a hemorrhage 
that was 10 mm in diameter.32

Antidiabetic activity
In vitro a-amylase inhibitory activity
	 A phosphate buffer (500 µl of 0.1 M, pH 
6.9) containing an a-amylase (0.5 mg/ml) solution 
was mixed with 500 µl of DMWP (100-500 µg) 
and acarbose (10-70 µg/ml), and the mixture was 
incubated for 10 min at 37 °C. Next, add 500 µl 
of 0.5% starch solution to each tube in 0.1 M 
sodium phosphate buffer (pH 6.9). Incubation then 
DNS were incorporated to the solution, stirred 
thoroughly, and cooked in a hot water bath for five 
minutes. The tubes were then cooled and 5 ml of 
double distilled water was added, the reading was 
taken at 540 nm in a UV-Vis spectrophotometer.33–35

% a-amylase inhibition = [Abs. of control - Abs. 
of sample / Abs. of Control ] × 100                                 

Inhibition Assay for a-Glucosidase Activity
	 A series of reaction mixtures of the 
varying concentrations of DMWE’s sample (100-
500 µg) were prepared by adding 490 µL of 0.1 
M phosphate buffer (pH 6.8) and 250 µL of 5 
mM p-nitrophenyl a-D-glucopyranoside. The 
preincubation was done at 37 °C for 5 min and 250 
µL of a-glucosidase was added and incubated for 
15 min at 37 °C (Isotherm forced convection lab 

incubator, In Lab Equipments (Madras) Pvt. Ltd.). 
The process was halted by adding 2000 µL of 0.2 
M Na2 CO3. The absorbance was evaluated at 400 
nm using a UV-Vis spectrophotometer (Thermo 
Nicolet iS50-Thermo Fisher Scientific, USA). A 
blank with 100% enzyme function was created 
using 200 µl of buffer in place of the enzyme 
extract. The extract dosage was represented versus 
% a-glucosidase inhibition, and the IC50 was 
determined from the graph.35,36

% a-glucosidase inhibition = [Abs. of control - 
Abs. of sample / Abs. of Control] × 100                                 

DPP-IV inhibitory activity
	 The DPP-IV Drug Discovery Kit (DPP-
IV Drug Discovery Kit–BML–AK499) is used 
to perform this experiment. Kit parts are to be 
defrosted and stored on ice until required. DMSO 
(inhibitor and substrates) should be kept in the 
refrigerator and at ambient temperature, ideally in 
a cool spot. Spin the vials briefly (Remi, CB-30 
BL, 20000 rpm, cold centrifuge). Minimize the 
time required to thaw any kit parts. Dissolve the 
antagonist (P32/98) by one-tenth in the test buffer. 
Dilute the substrate (H Gly-Pro-pNA) to 1/50 (50 
µL/well) in assay buffer. After brief defrosting 
period, immediately spin the DPP-IV vial (BML-
SE434-9090) to get the tube bottomed. The stock 
concentration of DPP-IV is 17.3 µU/µL, and needs 
to be diluted to the appropriate concentration for 
the assay in the buffer supplied. Add DPP-IV to the 
“Control,” “Inhibitor,” and “Test Sample” wells, 
ensuring that the ultimate dosing of DPP-IV in 
every well is 0.26 mU. Do not put DPP-IV into 
blanks. Simply add 10 µL of the P32/98 inhibitor 
to the “Inhibitor” well! The end concentration of 
inhibitor is 10µM. Add the indicated amount of 
test sample(s) to the appropriate well(s). Incubate 
(Isotherm forced convection lab incubator, In lab 
Equipments (Madaras) Pvt. Ltd. for 10 minutes 
at reaction temperature for contact between the 
inhibitor and enzyme. Adjust the substrates to the 
reaction temperature and start the experiment by 
adding 50µL of H-Gly-Pro-pNA or 50µL of H-Gly-
Pro-AMC. There is enough of each substrate to do 
96 experiments at either 5 µM for the fluorogenic 
substrate or 100 µM for the chromogenic substrate. 
Continue to read the plate at 405 nm (Thermo 
Nicolet iS50-Thermo Fisher Scientific, USA) 
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for the pNA substrate. Or, in case of the AMC 
substrate. For example, record for 10 to 60 minutes, 
taking 1-minute samples. Analyze data.21,37

Determination of antioxidant activity by DPPH 
assay
	 The DPPH radical scavenging activity 
was measured by following the method.38 The 
DPPH (0.04 mg/100 mL) solution of the radical 
was prepared in 95% ethanol. The different milk 
whey extracts were dissolved in water with 150 µl 
of DPPH radical solution and the final volume was 
made up to 600 µl using 95% ethanol incubated in 
the dark at room temperature in Isotherm forced 
convection lab incubator (In Lab Equipments 
(Madras) Pvt. Ltd.). The absorbance was taken 
at 517 nm using a Thermo Nicolet iS50 (Thermo 
Fisher Scientific, USA). Ethanol was used as blank 
and ascorbic acid was used as the positive control. 
The scavenging activity was calculated using the 
formula given below.
Statistical Analysis
	 Measurements were given as mean ± 
S.E.M., and variations were assessed using one-
way ANOVA and Duncan’s Multiple Range Test 
(DMRT). P-values < 0.001 indicated significant 
differences in data.

Results

Antithrombotic and Coagulant
Effect of DMWE on clotting time (PPP and PRP)
	 DMWE Effect on clotting time (PPP and 
PRP) In an experimental study, Donkey Milk Whey 
Extract (DMWE) had a significant dose-dependent 
effect on the human hemostatic system. Fig. 1 

showed the outcomes of an experiment to study 
the influence of DMWE on the platelet-rich plasma 
(PRP) and platelet-poor plasma (PPP) clotting 
times within the 10-70 µg/mL concentration range. 
PPP and PRP had clotting times of 205.4 ± 3.2 s 
and 195.2 ± 2.8 s, respectively, at baseline (control). 
Both PPP and PRP samples showed a reduction 
in the clotting time following DMWE therapy 
and were concentration dependent. Clotting times 
dropped to 120.6 ± 2.5 s (PPP) and 110.3 ± 2.2 s 
(PRP) at 10 µg/mL. With values of 110.2 ± 2.1 s 
(PPP) and 95.4 ± 1.9 s (PRP), more decrease was 
seen at 20 µg/mL. Clotting time decreased to 98.7 
± 1.8 s (PPP) and 90.6 ± 1.7 s (PRP) at 30 µg/
mL. Considerable reduction (p < 0.05) was noted 
at higher doses. Clotting times were 85.3 ± 1.6 s 
(PPP) and 78.5 ± 1.5 s (PRP) at 40 µg/mL. Values 
dropped to 65.8 ± 1.4 s (PPP) and 60.2 ± 1.3 s (PRP) 
at 50 µg/mL. Clotting periods were 50.4 ± 1.2 s 
(PPP) and 45.7 ± 1.1 s (PRP) at 60 µg/mL. At 70 
µg/mL, the lowest clotting times were 35.6 ± 1.0 
s (PPP) and 30.8 ± 0.9 s (PRP). PRP was found to 
clot more rapidly than PPP at any concentration, 
which implies that in the presence of platelets, PRP 
had a better ability to form a clot. 
	 The data illustrates the dose-response 
relationship between DMWE concentration 
and plasma clotting duration in both PPP (blue) 
and PRP (green) models. Significant decreases 
in bleeding times indicate It is the presence of 
bioactive peptides in the donkey milk proteome 
which enable hemostatic activation in specific 
locations. All values given as mean ± SD (n 
= 3). One-way ANOVA and Tukey’s post hoc 
test (p<0.05 vs control) were used to determine 
statistical significance.

Fig. 1. Procoagulant activity of Donkey Milk Whey 
Extract (DMWE)

Fig. 2. The effect of Donkey Milk Whey Extract 
(DMWE) on Activated Partial Thromboplastin Time 

(APTT) and Prothrombin Time (PT).
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Fig. 4. In vitro Thrombolytic activity of Donkey Milk 
Whey Extract (DMWE).

Effect of DMWE on coagulation parameters 
(APTT and PT) 
	 DMWE was tested on the parameters of 
coagulation, such as activated partial thromboplastin 
time (APTT) and prothrombin time (PT), and its 
findings are shown in Fig. 2. Both APTT and PT had 
a dose-dependent reduction in clotting time with an 
increase in the concentration of DMWE (20–100 
µg). The control group had an APTT and PT of 
about 32 s and 13 s, respectively. Upon treatment 
with DMWE, APTT decreased progressively to 
about 30 s (20 µg), 24 s (40 µg), 15 s (60 µg), 7 s 
(80 µg), and 4 s (100 µg). Equally, the PT values 
decreased to 13 s in the control to about 12 s, 7 
s, 4 s, 3 s, and 1-2 s at respective concentrations. 
The results of statistical analysis showed that the 
clotting time decreased significantly at greater 
amounts (***p < 0.001, ****p < 0.0001), and the 
coagulation activity was improved. These results 
indicate that DMWE has a strong procoagulant 
effect because it significantly reduces an intrinsic 
(APTT) and extrinsic (PT) pathway. 
	 The bar chart demonstrates a substantial, 
dose-dependent reduction in clotting times 
(in seconds) for both APTT (teal bars) and PT 
(magenta bars) at dosages ranging from 20 to 100 
µg. The noted time modulation of prothrombin is 
indicative of the presence of bioactive peptides 
in the DMWE proteome that affect localized 
hemostatic control. Arrows (***P < 0.001, ****P 
< 0.0001) denote statistical importance when 
contrasted with the control group.
	 The DMWE effect on clotting time in vivo 
is depicted in Fig. 3. 

	 The clotting time was increased gradually 
with an increase in dose. The clotting time of the 
control group was around 180.5 ± 5.2 s. DMWE 
treatment produced a dosage-dependent decrease 
of 140.3 ± 4.1 s (low dose), 110.6 ± 3.5 s (moderate 
dose), 85.2 ± 2.9 s, 60.4 ± 2.3 s, and, at the highest 
dose tested, 45.7 ± 1.8 s. All subjects treated 
showed a substantial decrease in bleeding time 
compared to the control group (p < 0.05), indicating 
DMWE’s pro-coagulant activity in vivo.
	 The graph shows that the clotting time (in 
seconds) gradually decreases with increase in the 
concentration of DMWE Between 100-500 mg/kg 
of body weight when compared with the untreated 
control. This important reduction in bleeding time 
is an indication of the potential of DMWE to act 
as an effective local procoagulant, allowing quick 
hemostatic control. Data are given in terms of mean 
and SD (n = 3), with statistical significance at *p 
< 0.05.
	 Clot formation analysis, both quantitative 
and qualitative, is indicated in figures 4A and 
4B. Fig. 4A depicted the representative images 
of the formation of clots in the samples (control 
and DMWE-treated 50, 100, and 150 µg). It was 
evident that the samples treated with DMWE had 
an improved clot density and aggregation, but in the 
control group, the clot formation was minimal. Clot 
formation rose from ~20.5 ± 1.6% (control) to 35.4 
± 1.8% (50 µg), 55.6 ± 2.1% (100 µg), and 75.8 ± 

Fig. 3. In vivo clotting time response to dose-
dependent effect of Donkey Milk Whey Extract 

(DMWE)
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Fig. 5. Assessment of the hemolytic activity of 
Donkey Milk Whey Extract (DMWE) in different 

concentrations

Fig. 6. In vitro inhibitory action of Donkey Milk 
Whey Extract (DMWE) on the activity of the enzyme, 

alpha -amylase

2.4% (150 µg), according to quantitative analysis 
(Fig. 4B). At the highest concentration, the clot 
started to form at a maximum of about 85.2 ± 2.7%. 
These results validate the concentration-dependent 
promotion of clot formation by DMWE. 
	 (A) Visualization of clot lysis in 
microcentrifuge tubes in the presence of a 
positive control and varying concentrations of 
DMWE (50 -100 -150 µg). (B) Quantitative data 
demonstrating an increase in the proportion of 
lysis of the clot as a ratio of DMWE concentration. 
This strong thrombolytic action demonstrates the 
existence of bioactive peptides in the donkey milk 
proteome that is capable of preventing pathogenic 
thrombosis without impairment of the essential 
repair processes.
	 The hemocompatibility of DMWE was 
evaluated in a hemolysis experiment, and the 
results are presented in Fig. 5. 
	 The hemocompatibility of DMWE was 
evaluated with the help of a hemolysis experiment, 
the results of which are presented in Fig. 5. The 
positive control (distilled water) had a hemolysis 
of 89.6 ± 3.1%, and the negative control (PBS 
buffer) had a hemolysis of 1.2 ± 0.3%. All cases 
had low concentrations of DMWE, which had 
low hemolytic activity. The results for hemolysis 
were 2.8 ± 0.4% (50 µg), 2.1 ± 0.3% (100 µg), 
1.8 ± 0.2% (150 µg), and 1.5 ± 0.2% (200 µg). 
The excellent biocompatibility was proven by 

the statistical analysis, which revealed significant 
differences with the positive control (***p < 0.001; 
**p < 0.0001). These results show that there does 
exist special biological duality such that the extract 
inhibits platelet-mediated thrombosis and promotes 
extrinsic coagulation.
	 The bar graph shows the percent of 
hemolysis induced by DMWE (50-200 µg) 
with respect to water (positive control) and 
PBS buffer (negative control). The insignificant 
hemolytic effect of all the dosages tested proves 
the cytoprotective effect of the extract and its lack 
of harm to the systemic use. Asterisks (noted as: 
***P < 0.001, ****P < 0.0001) above the positive 
control indicate statistical significance.
Antidiabetic Effect and Enzyme Inhibition
a-amylase 
	 The capability to block the digestion of 
carbohydrates in the diet, which consists of the 
most common enzymes in carbohydrate digestion, 
was one of the characteristics of DMWE that 
determined its antidiabetic potential. According 
to Tidona et al,20 it was found that the extract 
had a strong dose-dependent inhibitory effect on 
a-amylase and that its inhibitory curve was similar 
to the clinical standard, acarbose. The findings 
are presented in Fig. 6, which clearly depicts that 
the inhibitory activity of both samples, which 
is dependent on the concentration, increases. 
Acarbose was discovered to be a stronger a-amylase 
inhibitor (ranging around 38 to 75% at 10 µg to 65 
µg, respectively). However, DMWE was inhibitory 
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Fig. 7. a-Glucosidase inhibitory activity of DMWE 
and acarbose at different concentrations

Fig. 8. In vitro DPP-IV inhibitory activity of DMWE.

to a significant degree with a percentage of about 
28% at 10 µg and 67% at 65 µg. The ability of 
DMWE to be a natural enzyme inhibitor was 
shown by its consistent increase in inhibitory 
power with concentration. Acarbose and DMWE 
differed more at lower doses (10-30 µg); DMWE 
had a similar but still lower level of inhibition with 
higher doses (50-65 µg) compared to acarbose. The 
trend shows that DMWE peptides resemble those 
of the pharmacological inhibitors that are extremely 
prevalent in human milk fractions by destabilizing 
the active sites of the enzyme.2

	 The line graph is used to compare the 
percentage of dose-dependent inhibition of DMWE 
(red diamonds) with the standard clinical inhibitor, 
Acarbose (black circles). Both the agents exhibit 
a progressive rise in the inhibitory activity over 
a concentration range of 10-65 µg. The fact that 
DMWE can resemble clinical inhibitors points 
to the possibility that DMWE can be used as a 
natural nutraceutical in controlling postprandial 
hyperglycemia. The data are presented in the form 
of mean ± SD (n=3).
a-glucosidase 
	 DMWE was tested on the a-glucosidase 
inhibitory activity at various concenrations and 
compared with the standard drug acarbose. A clear 
percentage inhibition concentration-dependent 
increase was observed in DMWE as shown in Fig. 
7. The linear regression analysis (R² = 0.9896) 
revealed a strong positive connection between 
concentration and enzyme inhibition at doses of 
100 and 500 µg, with inhibition levels ranging from 
36 to 54 percent. Comparatively, acarbose showed 

a relatively higher level of inhibitory activity in all 
the concentrations tested, with an average level 
of 42% at 100 µg and 62% at 500 µg. In spite of 
the fact that acarbose was still stronger, DMWE 
was found to have a steady and gradual rise in 
inhibition, hence indicating its potential in being 
a natural a-glucosidase inhibitor. These results 
provide a biological rationale to use DMWE to 
treat postprandial hyperglycemia. At different 
concentrations.
	 DMWE at different doses (100, 200, 300, 
400, and 500 µg) were contrasted to the reference 
medication, acarbose, for its a-Glucosidase 
inhibitory action. DMWE and acarbose both had 
a concentration dependent inhibitory effect on 
a-glucosidase. The inhibition ranged from 28 ± 2% 
to 68 ± 2% for DMWE and 35 ± 2% to 75 ± 3% for 
acarbose. The value represents the average of three 
(n = 3) determinations with standard deviation.
DPP-IV inhibitory activity by DMWE
	 DMWE was tested on the DPP-IV 
inhibitory activity and compared to the standard 
drug sitagliptin. Fig. 8 illustrates that DMWE has 
been observed to exhibit an increase in the DPP-
IV inhibition in a concentration-related manner. 
The greatest inhibitory activity was observed with 
sitagliptin (10 µM), which exhibited an approximate 
58% inhibition. In comparison, DMWE did not 
inhibit it so intensively at 200 µg (around 25), but 
as the concentration of the inhibitor was raised, 
there was about 50 and 75 percent inhibition 
at 400 and 600 µg, respectively. The inhibitory 
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activity was greatly enhanced with successive 
concentrations of DMWE. Statistical evaluation 
showed a significant variance in suppression with 
200 µg of tetanus toxin (p < 0.001), 400 µg, and 
600 µg of tetanus toxin (p < 0.0001) relative to the 
standard. These results indicate that DMWE has 
significant DPP-IV inhibitory properties, and it is 
almost similar to sitagliptin at high concentrations.
	 The bar graph is a representation of the 
percentage inhibitor of Dipeptidyl peptidase-IV 
(DPP-IV) by different concentrations of Donkey 
milk whey extract (DMWE) in comparison to the 
standard drug Sitagliptin (10 µM). The results are 
reported in the form of Mean ± SD (n=3). When 
a comparison is done with the standard, statistical 
significance is indicated as: ****p < 0.0001 and 
****p < 0.001.
Antioxidant Activity 
	 The findings of evaluating DMWE’s 
antioxidant activity at various doses (20–120 µg/
mL) are shown in Fig. 9. There was a definite rise 
in % inhibition that was concentration-dependent. 
DMWE showed 9.2 ± 0.8% inhibition at the lowest 
dose (20 µg/mL), which rose to 20.3 ± 1.1% at 40 
µg/mL. At 60 µg/mL (31.5 ± 1.4%), a considerable 
increase in activity was noted. At increasing 
dosages, antioxidant activity increased significantly 

(p < 0.05), with inhibition reaching 54.6 ± 1.8% at 
80 µg/mL and 68.7 ± 2.0% at 100 µg/mL. At 120 
µg/mL (73.9 ± 2.3%), the greatest inhibition was 
seen. The standard chemical exhibited a relatively 
higher antioxidant activity at all the doses tested, 
with a range of inhibition of 10.5 ± 0.9% to 80.2 
± 2.5%. However, DMWE and the standard still 
exhibited a similar positive trend. Statistical 
study using one-way ANOVA and Tukey’s post 
hoc test revealed an enormous rise in antioxidant 
capacity with elevated concentration (p < 0.05). 
All experiments were done in triplicate, and the 
results are described by the mean plus standard 
deviation (SD). The concentration required to 
neutralize half of the free radicals was calculated 
to be approximately 82.4 µg/mL of DMWE, but the 
standard had a lower IC50 value of approximately 
70.1 µg/mL, indicating a stronger standard.
	 Antioxidant activity of DMWE at different 
concentrations (20–120 µg/mL), expressed 
as percentage inhibition of free radicals. A 
concentration-dependent increase in antioxidant 
activity was observed, with higher inhibition 
values at elevated concentrations, indicating strong 
free radical scavenging potential of DMWE. The 
activity of DMWE was compared with a standard 
antioxidant, showing a similar trend with slightly 
lower inhibition values. The information is shown 
as mean ± SD (n = 3). The statistical value was 
assessed using one-way ANOVA (*p < 0.05 
compared to control).
Hemorrhagic Activity of DMWE
	 The hemorrhagic potential of Donkey 
Milk Whey Extract (DMWE) was tested in in 
vivo dermal hemorrhagic assay and compared 
with the positive control (2 MHD venom) and 
negative control (saline). The hemorrhagic lesion 
was clearly observed in the positive control group, 
which had a mean hemorrhagic diameter of 10.4 ± Fig. 9. Antioxidant activity of DMWE.

Fig. 10. Donkey milk whey extract (DMWE) shows protective effect against venom-induced hemorrhagic 
activity in mice
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0.6 mm as shown in Fig. 1, indicating a high level 
of hemorrhagic activity of the venom. The negative 
control (saline) however did not exhibit any 
hemorrhagic lesion as the hemorrhagic diameter 
was negligible at 0.8 ± 0.2 mm. The hemorrhagic 
response was significantly decreased in a DMWE 
dose-dependent fashion. The hemorrhagic diameter 
was reduced to 4.6 ± 0.4 mm at 125 µg, 2.8 ± 0.3 
mm at 250 µg, and 1.2 ± 0.2 mm at 375 µg of 
DMWE. Results of statistical analysis showed 
that there was significant decrease in hemorrhagic 
activity in all DMWE treated groups as compared 
to venom treated positive control (p<0.001). The 
results show that DMWE has strong protective 
properties against venom-induced haemorrhagic 
damage, and is very biocompatible to the skin, 
making it a promising candidate for haemorrhagic 
tissue injury control.
	 The representative Dorsal skin images 
of venom in 2 minimum hemorrhagic doses (2 
MHD), saline (Negative control) and Donkey 
Milk Whey Extract (DMWE) treated with 
different concentrations (125, 250, and 375 µg) 
are illustrated. The positive control had a severe 
haemorrhagic lesion of 10.4 ± 0.6 mm while the 
negative control had only minimal haemorrhagic 
response of 0.8 ± 0.2 mm. The hemorrhagic lesion 
was dramatically decreased in a dose-dependent 
manner, measuring 4.6 ± 0.4 mm, 2.8 ± 0.3 mm, 
and 1.2 ± 0.2 mm. The results are shown as 
mean ± SEM (n = 3). Statistical significance was 
determined using one-way ANOVA and Duncan’s 
Multiple Range Test (p < 0.001).

Discussion 

	 The presence of such encrypted bioactive 
peptides synthesized by whey proteins could be the 
cause of the dual hemostatic and antithrombotic 
effect of DMWE. The previous studies indicate 
that milk-derived peptides have cardioprotective 
properties, including ACE inhibition, platelet 
aggregation, and control of the coagulation 
process.39,40 Additional evidence supporting these 
results includes larger evidence that supports 
that whey peptides provide cardiovascular health 
benefits and these benefits are antihypertensive and 
lipid-lowering actions.5,7,16 The liberation of these 
multi-purpose peptides during digestion facilitates 
the provision of procoagulant and antithrombotic 

activities which are easy to achieve through the 
liberation of these multi-purpose peptides during 
the digestion process. Several studies have shown 
that peptides in milk have the potential to improve 
endogenous antioxidant responses and prevent 
ROS, which can support the antioxidant activity 
of DMWE potential.12,14,18,41 The glutathione 
synthesis in cells is known to be promoted by 
whey proteins which in turn protect cells against 
oxidative damage and contributes to the prevention 
of chronic diseases.16,42 These processes are 
a strong indication of the radical scavenging 
activity exhibited in the present study. Moreover, 
lactoferrin and lysozyme are whey proteins, which 
are involved in immunological protection and 
inhibition of pathogens. These proteins do not 
only have direct antimicrobial effects, but also 
regulate the inflammatory response by modulating 
cytokines.23,24 The immunomodulatory nature of 
whey proteins as observed in this study is in line 
with previous reports that have highlighted the 
role of whey proteins in the promotion of both the 
innate and adaptive immunity.5,16 These results are 
complimentary of the earlier studies that found 
donkey milk prevent damage of cells by oxidative 
stress and increase the activity of antioxidant 
enzymes. Earlier studies confirm that whey proteins 
such as lactoferrin and lysozyme play a crucial 
role in immunological protection and elimination 
of pathogens. These results coincide with the 
immunomodulatory and antibacterial properties 
depicted in this study. Besides direct antibacterial 
activity, such proteins regulate the inflammatory 
processes. The anti-inflammatory effect that has 
been achieved by inhibiting the activity of enzymes 
that break carbohydrates is correlated with the 
prior studies of milk-derived peptides that have 
strong inhibitory action against NF-KB signaling 
and cytokine production. Recent researches have 
revealed the antiprolliferative and apoptotic 
properties of milk-derived peptides, indicating that 
they can have anticancer applications.17 Its dual 
property of control and protection of donkey milk 
whey highlights its potential use as a base to prepare 
special medical nutrition and nutraceuticals. 

Conclusion 

	 The experimental evidence of Donkey Milk 
Whey Extract (DMWE) indicates a complicated 
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sequence of bioactivity with a functional duality. 
The extract has a balancing effect of hemostatic 
control by acting as a localized procoagulant, 
thereby greatly decreasing the bleeding times, 
and as a powerful antiplatelet and thrombolytic 
agent. This counterintuitive ability, revealed by 
the ability to modulate prothrombin time and block 
agonist-induced platelet aggregation, indicates that 
DMWE has concealed bioactive peptides that can 
alleviate pathogenic thrombosis without interfering 
with important healing mechanisms. Besides 
cardiovascular health, DMWE has a tremendous 
potential of metabolic control. Its dose-dependent 
inactivation of a-amylase and a-glucosidase 
indicates a capability to resemble clinical inhibitors, 
which provides a powerful approach of controlling 
postprandial hyperglycemia. The extract is a 
complete nutraceutical, combined with large 
antioxidant potential, due to sulfur-containing 
amino acids, and intrinsic immunomodulatory 
properties. Simply put, the range of proteomic 
compositions of donkey milk whey presents a 
multifaceted array of physiological reactions that 
traverse the protection of cells to the regulation of 
metabolism on a global scale. These results support 
the importance of studying DMWE as a medical 
food base with certain properties, which will 
provide a complex solution to the multifactorial 
cardiovascular and metabolic issues.
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