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Abstract
Background: An advanced age associated pathology is decreasing cognitive ability and impeding
antioxidant system integrity. Adverse drug reactions have prompted the need for complementary and
alternative medicine dietary therapy. Buffalo milk is reported to have high levels of various nutrients
which makes it an ideal candidate for complementary dietary therapy. However, its effects on oxidation,
fatigue, learning and memory potential remains to be explored.

Results: Compared with cow milk, buffalo milk showed better anti-fatigue effect evidenced by improved
force swimming time, elevated lactate dehydrogenase, hepatic glycogen, and decline of blood urea
nitrogen (P<0.05), especially in young female mice. Pasteurized buffalo milk (PBM) and high-temperature
treatment sterilized buffalo milk (HTBM) both rescued the serum and liver anti-oxidative enzymes
impaired by D-galactose treatment. However, PBM supplement showed higher liver superoxide dismutase
(P<0.05) and glutathione peroxidase level (P<0.05) than HTBM in D-galactose induced aging mice. PBM
and HTBM both enhanced the priority and discrimination indexes for object recognition and locations
tests in D-galactose induced aging mice model. Supplement of PBM or HTBM successfully restored brain
superoxide dismutase, glutathione peroxidase levels, and brain protein content in D-galactose induced
aging mice (P<0.05). Meanwhile, the elevated malondialdehyde levels were also decreased (P<0.05) by
either PBM or HTBM treatment.

Conclusion: Our present study established that buffalo milk, as a natural dairy product, could alleviate
fatigue in young mice, and rescue oxidative stress and promote learning and memory in aging mice.
Pasteurized buffalo milk showed more favorable effects on aging mice when compared with high-
temperature treatment sterilized buffalo milk.

Background
Aging, either pathological or physiological, is an intricate biological process, leading to the debilitation of
tissues and organs culminating in multiple chronic diseases and contributing to morbidity and mortality
[1]. One of the accepted theories for multifaceted and complicated aging process is oxidative stress [2, 3].
Reactive oxygen species (ROS) such as hydroxyl radicals, superoxide anions, and hydrogen peroxide
(H2O2) are natural byproducts of cellular metabolism [4, 5]. Enhanced levels of these ROS by-products
beyond antioxidant capacity damage cell membrane, alters cellular permeability and induces cytotoxic
reaction. Accordingly, aging increases susceptibility to diseases including vascular aging disorders [6, 7],
diabetes [8], muscle dysfunction [9], macular degeneration [10], Alzheimer’s disease (AD) [11, 12], skin
diseases [13], and a series of other diseases [14, 15].

Fueled by increased lifespan and low fertility, it is estimated that individuals 60 and over will account for
32.2% of the total population by 2100 [16]. A rise in the global aging population is coupled with a high
prevalence of aging-associated diseases [17] and conditions, that can cause fatigue, decreased
resistance, and a decline in learning and memory function. Hence, aging-related diseases are a serious
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threat to human health and low quality of life among elderly people. Several drugs are available for
reversing learning and memory loss induced by aging. However, aging also leads to altered
pharmacokinetics in the elderly leading to adverse drug reactions (ADRs) [18], including palatability, and
swallowing [19]. Many studies highlighted that, like conventional medications, alternative remedies can
have biological effects and suggested oral liquid formulations for older adults to reduce palatability and
swallowing [19].

D-galactose (D-gal), a stimulant of natural aging in mice is widely used for anti-aging and tissue damage
research [20, 21]. Within normal threshold D-gal a reducing sugar and natural constituent of the body
completely metabolized in the body. Beyond normal threshold, D-gal is converted to aldose hydrogen
peroxide and galactose oxidase in the body, leading to the rapid generation of superoxide anion and
oxygen-derived free radicals [22]. Studies have reported that D-gal-induced oxidative stress is involved in
cognitive impairment, neurotoxicity, tissue injury, and in�ammation [23].

Buffalo milk is the second-largest source of milk supply and has high levels of fat, protein, ash, and
lactose than cow milk, and is rich in calcium, magnesium, tocopherol (vitamin E), taurine, free amino
acids, and conjugated linoleic acid [24]. The high nutritive value of buffalo milk indicates its potential as
growth and health promoter. Nevertheless, systemic research concerning buffalo milk function as
antioxidant, anti-fatigue, and effect on learning and memory remains to be explored. In this study, we
employed a young and aging mice model to test the viability of buffalo milk on anti-fatigue, and
antioxidant activity and its effect on learning and memory, respectively.

Materials And Methods

Chemicals and reagents
The assay kits for BUN (Cat.: C013), LDH (Cat.: A020), hepatic glycogen (Cat.: A043), SOD (Cat.: A001),
GSH-Px (Cat.: A005), and MDA (Cat.: A005) were purchased from Nanjing Jincheng Biotechnology
Institute (Nanjing, China). Vitamin C (Vc), Taurine (Tau) and Acetamide Pyrrolidone (AP) were purchased
from Sinopharm Chemical Reagent Co. Ltd (Shanghai, China). To induce the aging mice model, D-
galactose (Cat.: G0750) was purchased from Sigma-Aldrich (St Louis, MO, USA). Other than, the
aforementioned chemicals used were of analytical grade.

Animals and experimental design
For this study, ethical approval (Approval ID: SCXK (Hubei) 20080005) was granted by the Hubei
Research Center of Experimental Animals. All experimental protocols executed were in accordance with
the guidelines of the Committee of Animal Research Institute, Huazhong Agricultural University, China.
Kunming strain (KM) mice obtained from the Hubei Provincial Center for Disease Control were bred at the
experimental animal center of Huazhong Agricultural University provided 12 h light/dark cycle with water
and food ad libitum.
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In the anti-fatigue experiment, after one week of adoption time, 4-weeks old males (n = 80) and females
(n = 80) mice were placed into four groups, including control, taurine (Tau), pasteurized buffalo milk
(PBM), and pasteurized cow milk groups. Each group included 20 mice. Half of each group (n = 10) was
used for detecting forced swimming time and changes in physiological and biochemical indexes,
respectively. The control and Tau group mice received free drinking water and the taurine aqueous
solution respectively, while PBM and PCM group were given free drinking pasteurized buffalo or cow milk
for four weeks, respectively. Then forced swimming time was determined using exhaustive swimming
exercise (ESE) test and biochemical index was performed.

During an antioxidant and learning aptitude and memory experiments, after one week of adoption time, a
total (n = 100) 4-week-old mice were divided into 10 groups (n = 10), �ve groups for each experiment. The
four groups (control, D-gal, D-PBM, and D-HTBM) were the same between the two experiments except for
positive control D-Vc and D-AP for antioxidants, and learning and memory, respectively. Except for control
(physiological saline solution: 0.1 ml/10 gm/day) other groups received D-gal (800 mg/kg/day)
subcutaneously in the back of the neck up for 8 weeks up to week 12. During the 8-weeks experiment the
control, D-gal, D-Vc, D-AP, D-PBM, and D-HTBM group were given free drinking water, PBM (11.50 ± 
0.04 ml/day), HTBM (11.59 ± 0.03 ml/day), aqueous solution of Vc (200 mg/kg/day) and
acetamidepyrrolidone (400 mg/kg/day), respectively. The biochemical index and the behavioral test (ORT
& OLT) were performed when the mice were 12 weeks old.

D-galactose induced aging mouse model
We induced aging mouse model using D-gal (800 mg/kg/day) subcutaneously behind the neck for four
weeks consecutively. Biochemical index (SOD & GSH-Px) for serum, liver, and brain and MDA contents
were detected to con�rm that aging mouse model was constructed successfully.

Exhaustive swimming exercise (ESE) test and forced
swimming time
To determine force swimming time, after four weeks of treatment, with slight modi�cation, the ESE test
was used to evaluate the exercise performance [25]. Mouse from each group was taken out after 12
hours fasting, for swimming exercise, before loaded (5% of individual body weight) with the constant
pressure (lead �sh sinkers, attached to the tail). The mice were individually carried out in a square
swimming pool (60 × 45 × 45 cm) with 30-cm water depth maintained at 25 ± 1 °C. For measuring the
strength of each mouse, swimming time was recorded from the beginning to exhaustion characterized by
loss of coordinated movements and failure to return to the surface within 7 seconds. The swimming
period was de�ned as the time spent for �oating, struggling, and making basic movements until
exhaustion and possible drowning.

Biochemical index determination
For biochemical analysis of the brain, liver, and serum, mice were sacri�ced by cervical dislocation to
collect liver and brain tissue. Cerebral cortex and liver were dissected; tissues were rinsed with the ice-cold
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isotonic solution and homogenized in ice-cold physiological saline. Homogenates (10%) were centrifuged
at 4000 × g at 4 °C for 10 min, and supernatants were used for biochemical analysis. Blood samples were
collected through orbital enucleation. Fresh blood sample was allowed to stand at room temperature for
2 hours, followed by centrifuging at 4000 × g at 4 °C for 10 min, and the supernatants were used for
biochemical analysis. SOD, GSH-Px, LDH, BUN, MDA, and hepatic glycogen were detected using the kit
method following the manufacturer’s instructions.

Behavioral test
Object recognition test (ORT) and object location test (OLT) were performed by slightly modifying the
method described by Murakami Y et al. [26]. The apparatus used was of poly (vinyl chloride) made
square arena (40 × 28 × 20 cm), walls and �oor were painted gray and white, respectively. The recognition
objects were of different shapes and visually distinguishable. For avoiding the build-up of olfactory cues,
75% ethanol was used to clean the boxing arena with objects. The animals were exposed to the empty
box in three sessions of 10-min each, to adapt the apparatus and test room. The two phases of ORT, a
sample phase trial and a test phase trial had a 1 h interval. In the former phase trial, following �rst 5 min
in box, each mouse was exposed to two identical sample stimuli, objects A and B (each 3 × 3 × 6 cm white
cubes) for the next 5 min, and the total time spent to explore the two objects and returned to its cage was
recorded. In the later phase trial, one of the two objects is replaced by object C (the cylinder is 3 cm in
diameter and 6 cm high) (Figure S1), and the time difference for exploring each of the objects was
recorded.

The sample phase trials of the OLT were similar to those of the ORT, with a slightly different in the size
and shape of objects (two cylinders: A and B, 3 cm diameter and 5 cm height each). In the test phase trial,
their identical copies, one in the same position, replaced the objects, whereas the other one was moved to
the adjacent corner to change the position diagonally. In the test phase trials, both objects were equally
familiar with the animals, but the location was changed for one (Figure S2). The mice were exposed to
the objects for 5 min and the total time spent exploring each of the two objects was measured.

A discrimination index (DI) and priority index (PID) was calculated according to the following equation:

DI = (Tn − Tf) / (Tf + Tn)

PID = Tn / (Tf + Tn)

Where Tn and Tf stand for the time spent within 5 mint to explore new and familiar objects, respectively.

Statistical analysis
All the experimental data were presented as mean ± S.EM. The Student t-test and One-way analysis of
variance (ANOVA) were used to determine the statistically signi�cant difference between, and among the
experimental groups using SPSS software version 20 (SPSS Inc., Chicago, IL, USA). Different letters
illustrate the signi�cant differences (LSD test) between samples (P < 0.05).



Page 6/20

Results
Buffalo milk is more effect to rescue fatigue than cow milk in young adult mouse model

Many cross-sectional studies infer that females have a higher capacity to resist fatigue than males [27].
Herein, we studied the anti-fatigue effects of buffalo milk in female and male mice, separately. In male
mice, anti-fatigues effects of pasteurized buffalo milk (PBM) were compared with pasteurized cow milk
(PCM) (Fig. 1). Taurine (Tau) can increase the exercise tolerance, and reduce exercise-induced fatigue by
modulating pro-in�ammatory factors [28], so we employed Taurine as a positive control. Bodyweight
curve identi�ed that PBM treated mice had a trend of the slight increase in body weight than control,
PCM, and Tau groups (Fig. 1a). Forced swimming time and biomarkers such as hepatic glycogen, blood
urea nitrogen (BUN), and lactate dehydrogenase (LDH) concentration were used as indicators to evaluate
anti-fatigue capacity [29, 30]. There was no signi�cant difference in forced swimming time among the
four groups of male mice (P > 0.05) (Fig. 1b). In male mice, LDL levels in PCM group is lower than Tau
and PBM groups (Fig. 1c). BUN concentrations of PBM and Tau groups was signi�cantly lower than that
of control and PCM groups (P < 0.05) (Fig. 1d). Hepatic glycogen content of PBM groups were
signi�cantly increased in the Tau group when compared with the PCM group (P < 0.05) (Fig. 1e).

In female mice, the average bodyweight of the PBM group was slightly higher, but there were no
signi�cant differences with other groups (P > 0.05) (Fig. 2a). Compared with the control group, the forced
swimming time in the Tau and PBM groups increased signi�cantly (P < 0.05) (Fig. 2b). The serum LDH
concentration of Tau, PBM, and PCM groups was elevated compared to the control group (P < 0.05)
(Fig. 2c). The BUN concentration was signi�cantly lower in all treatment groups than control and the PBM
group exhibiting lowest BUN levels (Fig. 2d). Hepatic glycogen content among the four groups was non-
signi�cant (P > 0.05) (Fig. 2e). These results indicate that pasteurized buffalo milk had a better anti-
fatigue effect on female mice.

Pasteurized buffalo milk has better antioxidant effects than high temperature sterilized buffalo milk in D-
galactose induced aging mice model

Aging reduces the e�ciency of anti-oxidative enzymes rendering older people more susceptible to free
radical stress and oxidative insult [31]. Chronic exposure of Dgalactose (D-gal) is a well-established
model to induce accelerated aging in mice [32]. Based on better antifatigue effects of PBM in in young
mice model, we employed D-gal induced aging model to evaluate whether PBM or/and high temperature
sterilized buffalo milk (PTBM) could rescue oxidative stress induced by aging. Antioxidant enzymes such
as superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) function as scavengers for superoxide
and hydrogen to inhibit ROS-induced damage and serve as biomarkers of oxidative stress [33]. D-gal
treatment signi�cantly decreased SOD (P < 0.05) and GSH-Px (P < 0.05) levels in serum, whereas levels of
MDA were increased (P < 0.05). Besides, the GSH-Px was also signi�cantly downregulated, and MDA was
upregulated in liver tissue (Fig. 3). These indicated the successful establishment of the D-gal induced
aging mouse model. Vitamin C (Vc) which has potent antioxidant and scavenging ability of hydroxyl
radical and superoxide anion [34], was used as a positive control. There was no difference between the
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average daily consumption between pasteurized and high temperature sterilized buffalo milk (Table S1).
Nonetheless, the total body weight gains of D-PBM increased signi�cantly than the D-gal group (P < 0.05)
(Table 1), while other groups had no signi�cant difference. These results indicated that PBM has more
favorable bodyweight competence in D-gal induced aging mice.

Table 1
Effect of pasteurized and high temperature sterilized buffalo milk on body weight of ageing mice

Groups
(n = 10)

Initial
weight
(g)

0–4 weeks
weight gain (g)

4–8 weeks
weight gain (g)

Total weight
gain (g)

Weight gain compared
to control (%)

Control 24.45 ± 
0.57a

6.93 ± 0.61ab 2.93 ± 0.71ab 9.86 ± 
1.19ab

——

D-gal 24.47 ± 
0.51a

6.89 ± 0.45ab 1.57 ± 0.16a 8.46 ± 0.45a -14.20%

D-Vc 24.48 ± 
0.60a

6.45 ± 0.53a 2.05 ± 0.21ab 8.5 ± 0.57a -13.79%

D-PBM 24.56 ± 
0.56a

8.44 ± 0.74b 3.04 ± 0.73b 11.47 ± 
1.38b

16.36%

D-HTBM 24.38 ± 
0.49a

7.54 ± 0.72ab 2.75 ± 0.35ab 10.28 ± 
0.72ab

4.28%

Data are expressed as means ± standard error (n = 10), different letters in the same column indicate
signi�cant differences (ANOVA, LSD test) between samples (P < 0.05).

We next assessed serum antioxidant effects of buffalo milk on biochemical parameters related to
antioxidant competence in aging mice (Fig. 3). Compared with the D-gal group, the serum SOD activity of
the D-Vc group, D-PBM group, and the D-HTBM group increased signi�cantly (P < 0.05) in the serum
(Fig. 3a). Vc, PBM, and HTBM treatments all diminished elevated MDA levels induced by D-gal (Fig. 3c).
The serum MDA level of the D-PBM group was signi�cantly lower than the D-Vc group (Fig. 3c).
Compared with the D-gal group, the activity of GSH-Px in the serum of the D-gal induced aging mice
supplied with Vc (D-Vc), PBM (D-PBM), or HTBM (D-HTBM) groups signi�cantly increased (P < 0.05)
(Fig. 3e). PBM and Vc treatment restored the GSH-Px to control levels (Fig. 3e). However, GSH-Px in the
HTBM group was signi�cantly lower than the control group (P < 0.05) (Fig. 3e).

We then detected the effects of buffalo milk related to oxidative stress in the liver in our aging mouse
model. The liver SOD activity of the D-PBM group signi�cantly increased when compared with all the
other groups (P < 0.05) (Fig. 3b). Both Vc, PBM, and HTBM were able to decrease MDA concentrations to
basal levels (Fig. 3d), indicating that Vc and buffalo milk can alleviate the age-induced increase of MDA.
Compared with the D-gal group, liver GSH-Px activities of D-Vc, D-PBM groups were signi�cantly
increased (P < 0.05), but HTBM treatment failed to reinforce D-gal induced decline of GSH-Px (Fig. 3f).
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These results showed that buffalo milk and Vc had boosted antioxidant effects on aging mice by
increasing SOD, GSH-Px content, and decreasing MDA levels. More importantly, pasteurized buffalo milk
has a better antioxidant effect than high-temperature buffalo milk.

Pasteurized and high-temperature sterilized buffalo milk
boosted learning and memory in D-galactose induced aging
mice
We next evaluated the effect of buffalo milk on learning and memory capacity by employing the D-
galactose induced aging mice model. The physiological basis of animal learning and memory ability is a
conditioned re�ex. The main conditioned re�ex tests include passive avoidance task, spontaneous novel
object recognition, and object location recognition, and Morris water-maze procedure [35]. Results of
object recognition test (ORT) (Fig. 4a, b), and object location test (OLT) (Fig. 4c, d) showed that the
priority index (PID) and the discrimination index (DI) of the D-gal group were signi�cantly lower than the
control group (P < 0.05). Besides, the D-gal group had signi�cantly lower GSH-PX, SOD, and higher MDA
levels than the control group (P < 0.05) (Fig. 5), which con�rmed the success of the aging mice model.

In the ORT experiment, the PID was signi�cantly increased in D-gal induced aging mice supplied with AP
(D-AP), D-PBM, and D-HTBM group (Fig. 4a). Consistently, the discrimination index of the D-gal group was
also successfully rescued by AP, PBM, or HTBM treatment (Fig. 4b). In the OLT experiment, compared with
the D-gal group, both the DI and PID of the D-AP, the D-PBM, and the D-HTBM groups increased
signi�cantly (P < 0.05) (Fig. 4c, d). These data suggested that buffalo milk could improve the decline in
learning and memory capacity caused by D-gal induced aging.

Subsequently, the biochemical indicators (SOD, GSH-Px, and MDA) related to oxidation in the brain were
examined. Compared with the D-gal group, the brain SOD and GSH-Px activities of the D-AP, D-PBM, and
D-HTBM groups increased signi�cantly (Fig. 5a, c), while MDA activity was signi�cantly decreased in D-
AP and D-PBM groups (P < 0.05) (Fig. 5b). Finally, we detected the brain protein content in different
groups, the brain protein content of the D-gal group was signi�cantly lower than that of the control group
while a substantial increase was observed in D-AP (13.38%), D-PBM (16.20%), and D-HTBM (14.43%)
compared to the D-gal group (P < 0.05) (Fig. 5d).

Discussion
With ever-growing population, and increased number of elder people (> 60 year), global rise of impaired
cognitive behavior and integrity of the antioxidant system warns to �nd natural remedies as medication
is complicated in older adults. Biochemical index (LDL, BUN, Hepatic Glycogen, SOD, GSH-Px and MDA)
of body �uids and tissues are indicator of fatigue, oxidative stress induce damage, and neurological
functions including cognitive behavior and learning and memory [33, 36–38]. In this study, we employed
young mice model to demonstrate the anti-fatigue property of buffalo milk, the buffalo milk showed a
better fatigue relief effect especially in female young mice. By employing D-galactose induced aging mice
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model, our results supported that, buffalo milk, especially pasteurized buffalo milk, can rescue oxidative
stress, and boost learning and memory capacity as evidenced by increased endogenous antioxidants
(SOD & GSH-Px) in serum, liver, and decreased MDA contents.

Many cross-sectional studies have demonstrated that females have a greater capacity to resist fatigue
than males [27]. Forced swimming time and biomarkers such as hepatic glycogen, BUN, and LDH
concentration are often used as indicators to evaluate anti-fatigue [29, 30]. In the present study, we found
that PBM rescued fatigue more signi�cantly in female than male mice. We observed a decline of BUN in
both male and female mice. However, elevated serum LDH and hepatic glycogen were seen only in
females that had increased swimming time. It concludes and con�rms the effect of sex in�uence on the
anti-fatigue response. LDH activity re�ects the rate of lactic acid metabolism, signi�cantly affects the
elimination of fatigue, hence high LDH levels indicate that animals are more adaptive to exercise [39]. In
the process of strenuous exercise, in addition to glucose, hepatic glycogen is the primary source of
energy. Increased liver glycogen reserves are conducive to greater exercise endurance and capacity [40].
This is in line with our results of increased hepatic glycogen contents in the PBM treated group which
showed less fatigue. Constant and high-intensity labor results in the accumulation of metabolites in the
body and is the main cause of physical fatigue [41]. In our �ndings, forced swimming time signi�cantly
increased with PBM in female mice indicating they were less fatigued. Various studies have identi�ed a
broad range of bioactive peptides that have been reported to in�uence antioxidant activities. Bovine β-
casein (dairy products) derived PGPIPN, an immunomodulatory peptide (Pro-Gly-Pro-Ile-Pro-Asn), can
enhance resistance to fatigue [42]. Buffalo milk is rich in casein [24], which may produce more PGPIPN
and relieve anti-fatigue effects. In addition, EAMAPK (β-CN, f115-120), an antioxidant peptide has been
identi�ed in buffalo milk and reported to inhibit ROS release and increased antioxidant response [43].
Buffalo dairy products derived peptides VLPVPQK (β-CN, f185-191) and AVPYPQR (β-CN, f192-197) have
also been identi�ed that possess a strong antioxidant potential [44].

Oxidative stress is associated with multiple disease states and considered to be a primary cause of aging
[45]. Excessive ROS can activate endogenous antioxidant defense mechanisms, leading to an increase in
antioxidant enzymes especially SOD and GSH-Px. SOD effectively converts O2- into hydrogen peroxide
and hydroxyl radical [46]. It balance the ROS and reactive nitrogen levels to limit their potential toxicity
and in�uence physiological changes associated with aging [47]. Free radical-induced tissue damage
generates lipid peroxidation by-products such as malondialdehyde (MDA) and modi�cation of proteins
with MDA [48], can re�ect anti-oxidant levels of the body to some extent.

Our �ndings conclude that PBM can rescue aging-induced oxidative stress by increasing liver SOD, GSH-
Px, and declining MDA contents. Moreover, ORT and OLT experiments showed D-PBM could improve
decline in age-associated learning and memory capacity. Studies have shown that buffalo milk peptide
can improve antioxidant capacity in D-gal model aging mice [49]. Bioactive peptides in fermented buffalo
yogurt display increased antioxidant activity [50]. In addition, some β-casein neuropeptides (LHLPLPL, β-
CN f148-154) in gastrointestinal digest of dairy function as prolyl oligo peptidase (POP) inhibitors. POP
inhibitors reverse the depletion of neuropeptide induced by aging or neurodegenerative disorders and
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improve the cognitive and neurological functions. It con�rms the possible role of POP in pathological
conditions such as Parkinson’s and Alzheimer’s diseases [51].

Conclusion
Our study highlight that pasteurized buffalo milk could strengthen the anti-fatigue ability in female young
mice, rescue oxidative stress damage, and boost learning and memory in aging mice. Hence, further
research is warranted to explore bioactive compounds of buffalo milk with anti-fatigue and boosting
effects on learning and memory in humans, as well as underlying mechanisms.
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Figure 1

Effect of pasteurized buffalo milk and cow milk on the anti-fatigue index of male mice. a Male ice body
weight curve in different treatment groups. b Forced swimming time in different treatment groups. c
Lactate dehydrogenase (LDH), d blood urea nitrogen (BUN) and e hepatic glycogen content in the male
mice serum from control, and taurine (Tau), pasteurized buffalo milk (PBM), pasteurized cow milk (PCM)
treatment groups. Data are expressed as means ± S.E.M (n=20). Different letters illustrate the signi�cant
differences between groups (P<0.05).
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Figure 2

Effect of pasteurized buffalo and cow milk on the anti-fatigue index of female young mice. a Female
mice body weight curve in different treatment groups. b Forced swimming time in different treatment
groups. c Lactate dehydrogenase (LDH), d blood urea nitrogen (BUN), and e hepatic glycogen content in
the female mice serum from control, and taurine (Tau), pasteurized buffalo milk (PBM), pasteurized cow
milk (PCM) treatment groups. Data are expressed as means ± S.E.M (n=20). Different letters illustrate the
signi�cant differences between groups (P<0.05).
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Figure 3

Effects of pasteurized and high temperature sterilized buffalo milk on biochemical parameters related to
oxidants in serum and liver in D-galactose (D-gal) induced aging mice. a Serum and b liver superoxide
dismutase (SOD) levels in different treatment groups. c Serum and d liver malondialdehyde (MDA) levels
in different treatment groups. e Serum and f liver glutathione peroxidase (GSH-Px) levels in different
treatment groups. Data are expressed as means ± S.E.M (n=10). Different letters illustrate the signi�cant
differences between group (P<0.05).
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Figure 4

Effects of pasteurized and high-temperature sterilization buffalo milk on object recognition test (ORT)
and object location test (OLT) of D-galactose aging mice. a Priority index (PID), b discrimination index
(DI) indicated by ORT. c PID, and d DI indicated by OLT. Data are expressed as means ± S.E.M (n=10).
Different letters illustrated the signi�cant differences between samples (P<0.05).
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Figure 5

Effects of pasteurized and high temperature sterilized buffalo milk on brain biochemical parameters
related to oxidantative stress in D-galactose induced aging mice. a Brain Superoxide dismutase (SOD)
level, b Malondialdehyde (MDA) level, c glutathione peroxidase (GSH-Px) level, and d brain protein content
in control, D-galactose (D-gal), D-gal induced aging mice supplied with acetamide pyrrolidone (D-gal +
AP), pasteurized buffalo milk (D-gal + P) or high-temperature sterilized buffalo milk (D-gal + HT). Data are
expressed as means ± S.E.M (n=10). Different letters illustrated the signi�cant differences between
samples (P<0.05).
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