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ABSTRACT
Introduction: Aging is a physiological process accompanied by cognitive decline, particularly in
memory deterioration. D-galactose is a reducing monosaccharide which, if systemically exposed,
causes accelerated senescence in several organs and is widely being used as an ideal agent to in-
duce brain aging in animal models. Goat milk is a food of high nutritional value which has been
demonstrated to possess strong antioxidant and anti-inflammatory properties. However, thus far,
little is known of its possible effects on the brain, especially on memory during aging. The present
study examined the efficiency of goat milk supplementation on memory performance in a D-
galactose induced aging rat model. Methods: Fifty-twomale Sprague Dawley rats were randomly
divided into four groups: 1) control group, 2) goatmilk treated group, 3) D-galactose treated group,
and 4) goat milk plus D-galactose treated group. D-galactose (120 mg/kg subcutaneously) and/or
goat milk (1 g/kg orally) were administered continuously for six weeks, preceded and followed by
novel object recognition and T-maze tests. Results: Prior to goat milk and D-galactose adminis-
tration, there was no significant difference (p>0.05) in memory performance among all groups. Six
weeks of D-galactose administration significantly decreased (p<0.001) short-term, long-term and
spatial memory performance. Goat milk supplementation in the D-galactose induced rats man-
aged to protect againstmemory decline, as exhibited by significantly higher (p<0.0001) short-term,
long-term and spatial memory performance of the D-galactose plus goat milk treated group, com-
pared to the D-galactose treated group. Conclusion: In conclusion, goat milk possesses memory-
enhancing effects and, hence. may be useful in protecting against age-related memory deficits.
Key words: Goat milk, memory, D-galactose, ageing

INTRODUCTION
The process of physiological aging is well-known to
eventually lead to cognitive decline. With the increase
in life expectancy there is an equal rise in the preva-
lence of cognitive decline and memory loss. The cog-
nitive changes associated with aging predominantly
include difficulty in retrieving memories1. Memory
alteration is the most common and sought upon cog-
nitive impairment accompanied with aging. Aging
itself is considered as the most eminent risk factor
for loss in cognitive function amongst older adults2,
thereby contributing to poor memory performance.
D-galactose (D-gal) is a reducing sugar that occurs
naturally in the body in small quantities. Excess
amounts of D-gal in the body may increase the quan-
tity of reactive oxygen species (ROS) and advanced
glycation end products (AGE), which cause consid-
erable brain oxidative damage leading to memory
impairment3. An injection of D-gal was first dis-
covered to cause neurological impairments by re-
searchers in China4. Since then, other studies have

concluded that D-gal effectively mimics cognitive im-
pairment and characters of the natural brain aging
process and, thus, causes significant learning and
memory impairment5,6. It was also discovered that
animals treated with D-gal essentially resemble their
naturally-aged control counterparts of 16- to 24-
months-old7; hence, it is widely considered as an ideal
agent for induction of aging in animal models.
Goat milk has high nutritional value and plays a vital
role in human nutrition. It is known to contain pro-
teins, vitamins, and fatty acids that possess immense
biological merit8,9. Goat milk possesses higher levels
of calcium, potassium and phosphorus- compared to
both human and cowmilk- and a substantially higher
protein concentration compared to human milk 10,11.
It is hypoallergic and its small fat globulesmake it eas-
ily digestible11. Thus, due to its composition, it is
widely used as a functional food to ameliorate health
status as well as reduce the risk of disease develop-
ment. Moreover, goat milk contains several bioactive
peptides with potent antioxidant capacity 12. Despite
various merits of adding goat milk to diet, there have
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been very few studies which have explored the role of
goat milk in memory and learning, and particularly,
during aging.
The aim of this study was to determine memory-
enhancing effects of goat milk supplementation in a
D-galactose-induced aging rat model. Three types of
memory were evaluated, including short-term recog-
nition, long-term recognition, and spatial memory.
Specifically, this study aimed to evaluate the effects
before and after six weeks of D-gal and/or goat milk
treatment on the different types of memory, as well as
to compare if there were differential effects across the
groups.

METHODS

Study design

A randomized controlled trial was conducted with a
total of 52male Sprague-Dawley rats (250-300 grams)
approximately 2-months of age. The rats were ran-
domly and equally dividing into four groups as follows
(n = 13 per group) : i) control group rats- orally and
subcutaneously administered with normal saline, ii)
goat milk treated rats- orally administered with 1g/kg
goat milk and subcutaneously injected with normal
saline, iii) D-gal treated rats- orally administered with
normal saline and subcutaneously injected with 120
mg/kg D-gal, and iv) D-gal and goat milk treated
rats- orally administered with goat milk and sub-
cutaneously injected with D-gal concomitantly. D-
gal (Sigma-Aldrich, USA) and goat milk (Salic Goat,
Muazz Marketing, Malaysia) were administered con-
tinuously for a period of six weeks, preceded and fol-
lowed by behavioral tests. The experimental proto-
col was approved by the Animal Ethics Committee,
Universiti Sains Malaysia (USM/IACUC/2017/(109)
(879).

Power analysis/ Determination of sample
size

In order to determine an adequate sample size, power
analysis was conducted in G*Power version 3.1 for a
one-way ANOVA with four groups13. Type 1 error
probability (α) and the power of the study were set
at 0.05 and 80%, respectively. Following the guide-
lines of Cohen14, an effects size of 0.50 was chosen.
The calculated sample size was 12 rats per group. A
dropout of 10% was expected, and therefore, the final
sample size was 13 rats per group.

Learning andmemory tests

Novel object recognition test (NORT)
The principle of novel object recognition test is based
on the innate preference of rats to explore novel ob-
jects as compared to familiar objects 15. The protocol
used to perform NORT was based on the guidelines
provided by previous research studies16. The test was
carried out in a transparent open apparatus (as shown
in Figure 1). The test began by placing the rat in the
empty apparatus for a duration of 10 minutes on the
first two days. On the third day, two similar objects
(A1 and A2) were placed in the open field at an equal
distance from each other and from the walls. The rat
was placed inside the open field facing away from the
objects for 5 minutes. Then, 2 hours later, one of the
familiar objects was replaced with a novel object (B)
and the rat was placed back in the arena to explore
for 5 minutes as a test for short-termmemory (STM).
The time spent to explore either objects was recorded
carefully. To test for long-term memory (LTM), after
24 hours, the previous novel object (B) was replaced
with a new novel object (C) and its place was swapped
with the familiar object to eliminate bias. Again, the
rat was placed in the open field for 5 minutes and the
time to explore both objects was recorded. In order
to score for STM and LTM, discrimination index (DI)
was calculated by dividing the difference of time used
to explore novel and familiar objects by the sum of
time spent to explore both novel and familiar objects
for each rat. The value for DI ranged from -1 to +1,
with -1 representing poor memory and +1 represent-
ing excellent memory.

T-maze
In order to test for spatial memory performance, a
spontaneous alteration protocol using a T-maze was
followed17. The test began with gently putting the an-
imal in the start arm and allowing it to choose a goal
arm (Figure 2). Once the goal arm was chosen, the
rat was confined to the chosen arm by quietly sliding
the guillotine door down for 30 seconds. After 30 sec-
onds, the animal was gently removed from the maze
and the guillotine door was lifted. Then, the animal
was placed back in themaze facing away from the goal
arms and allowed to choose one of the goal arms. If
the animal chose the other arm, as compared to the
arm chosen in the first time, the trail was considered
successful and a score of 1 was given. If the rat entered
the same arm as the one chosen initially, the trial was
considered unsuccessful and a score of zerowas given.
A total of 5 trials was conducted for each rat and the
score was given out of 5. The principle of alternation
is based on the fact that the animal prefers visiting the
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Figure 1: Schematic representation of the novel object recognition test. 1: Day 1 and day 2; the rat explores
empty arena; 2: Day 3; the rat explores two similar objects; 3: Day 3; the rat exploring the new object (B) after 2
hours of familiarization; 4: Day 4; the rat exploring the other novel object (C) after 24 hours of familiarization

less recently visited arm, thus implying that it would
need to recall whichwas the last arm it visited and thus
choose the novel arm18.

Statistical analyses
Statistical analysis for all the data was performed us-
ing SPSS version 24. Repeated measures ANOVA
with pairwise comparison with Bonferroni correc-
tion was used to determine any changes in the mem-
ory performance pre- and six-weeks post- interven-
tion/treatment within the groups. Before applying the
test, assumptions of normality, homogeneity of vari-
ances, and compound symmetry were checked and
were fulfilled. One-wayANOVAwith post-hoc Tukey
test was used to analyze any significant changes in
memory performance between the groups after six
weeks of D-gal and/or goat milk treatment. Before
applying the test, the data was tested for normal dis-
tribution using the normality test while homogeneity
of variance was measured using Levene’s test. Results
were presented as mean and standard error of mean
(S.E.M). Probability values that were less than 5% (p<

0.05) were considered as statistically significant.

RESULTS
Short-termmemory performance
There was a significant difference in mean STM
within the treatment groups based on time (F (1, 46)
= 7.77, p<0.01). The analyses were followed by pair-
wise comparison with confidence interval adjustment
by Bonferroni correction. The pairwise comparison
revealed a significant effect of D-gal on STM pre- and
post-treatment (F (1, 12) = 214.405, p < 0.001). There
was a significant improvement in STM among normal
rats after six weeks of goat milk administration (F (1,
11) = 5.235, p< 0.05). There was no significant differ-
ence in STM between pre- and post-treatment in D-
gal rats treated with goat milk, thereby suggesting the
protective effect of goat milk against harmful effects
of D-gal (F (1,12) = 0.920, p > 0.05) (Table 1). One-
way ANOVA revealed that the mean STM of the goat
milk group was significantly higher (p < 0.05) com-
pared to the control group, whereas the mean STM of
the D-gal group was significantly lower (p < 0.0001)
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Figure 2: Schematic representation of the T-maze. 1: The rat is placed in the start arm; 2: The rat chooses one
arm of the T-maze and is confined in the respective arm for 30 seconds; 3: The rat is placed back in start arm and
facing the opposite wall; 4: The rat selects the other arm compared to the first choice and alternates successfully

Table 1: Comparison of mean short-termmemory (STM) among four treatment groups

Time Treatment group Mean STM 95% Confidence interval

Pre-treatment Control .478 .360 - .595

Goat milk .472 .354 - .589

D-galactose .512 .400 - .625

D-gal+Goat milk .521 .408 - .633

Post-treatment Control .447 .358 - .535

Goat milk .625* .537 - .713

D-galactose -.272* -.357 - -.187

D-gal+Goat milk .511$ .426 - .596

Note: If the mean of one group does not overlap with corresponding confidence interval of another group, the mean STM is significantly
different between groups in that particular time of measurement
No significant difference between groups pre-treatment
∗significantly different from pre-treatment
$significantly different from D-gal group
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than that of the control group. The D-gal treated rats
supplemented with goat milk exhibited significantly
higher mean STM than the D-gal group (p < 0.0001)
(Figure 3).

Long-termmemory performance
There was a significant difference in mean LTM
within the treatment groups based on time (F (1, 46)
= 7.53, p<0.01). The analyses were followed by pair-
wise comparison with confidence interval adjustment
by Bonferroni correction. The pairwise comparison
revealed a significant effect of D-gal on LTM pre- and
post-treatment (F (1, 12) = 109.787, p< 0.001). There
was a significant improvement in LTM among normal
rats after six weeks of goat milk administration (F (1,
11) = 4.696, p< 0.05). There was no significant differ-
ence in LTM between pre- and post-treatment in D-
gal rats treated with goat milk, thereby suggesting the
protective effect of goat milk against harmful effects
of D-gal (F (1,12) = 0.139, p> 0.05) (Table 2). One-
way ANOVA demonstrated that the mean LTM of the
goat milk group was significantly different (p<0.05)
than the control group, whereas the mean LTM of
the D-gal group was significantly lower (p<0.0001)
than that of the control group. The D-gal treated rats
supplemented with goat milk exhibited significantly
higher mean LTM than the D-gal group (p<0.0001)
(Figure 4).

Spatial memory performance
There was no significant difference in mean spatial
memory within the treatment groups based on time
(F (1, 46) = 0.272, p > 0.05). However, there was
a significant difference in time of group interaction
(F (3, 46) = 10.53, p < 0.0001). Thus, the analy-
ses were followed by pairwise comparison with con-
fidence interval adjustment by Bonferroni correction.
The pairwise comparison revealed a significant effect
of D-gal on spatial memory performance of rats pre-
and post-treatment (F (1, 12) = 28.444, p< 0.001).
There was no significant difference between pre- and
post-treatment in D-gal rats treated with goat milk
(F (1, 12) = 0.806, p> 0.05) (Table 3). One-way
ANOVA revealed that the D-gal group exhibited sig-
nificantly lower mean spatial memory compared to
the control group (p<0.0001), whereas the D-gal rats
supplemented with goat milk exhibited significantly
higher mean spatial memory than the D-gal group
(p<0.0001) (Figure 5).

DISCUSSION
Aging is an inevitable process which spans various or-
gans of the body of which the brain is the most sus-
ceptible to aging. Memory deterioration is the most

significant manifestation of brain aging. Decline in
memory function results in poor quality of life which
adversely affects instrumental activities of daily liv-
ing (IADLs) and compliance with healthcare19. This
renders the older adults vulnerable to development of
further diseases and, thus, poor health status. It has
been estimated that by the year 2040, almost 81.1 mil-
lion people will be affected by dementia 20. Thus, it is
imperative to identify agents or supplements that may
help to prevent or delay memory decline.
Goat milk is well-known to possess several biologi-
cally useful properties. However, very few research
studies have explored its role in the brain, let alone
in cognition and memory performance. However, a
few studies have been conducted on either goat milk
or components richly present in goat milk, as well as
their effects on cognition and memory. According to
the results of our study, goat milk supplementation
successfully improved short- and long-term memory
performance of the normal rats. In addition, goat
milk was also able to protect against memory decline
in the D-gal-treated rats. This was demonstrated by
a significant difference in memory performance be-
tween the D-gal group and the D-gal group treated
with goat milk; the memory performance of the lat-
ter group was higher. Interestingly, the memory per-
formance of the D-gal rats treated with goat milk was
comparable to that of the normal control rats, suggest-
ing that goatmilk has the ability to normalizememory
functions.
Xu et al. (2015) reported that goat milk based for-
mula resulted in superior cognitive and spatial ability
in weaned Sprague Dawley rats, as compared to con-
trol rats and also as compared to rats supplemented
with cowmilk based formula9. Medeiros et al. (2018)
made use of goat whey, which is a by-product of
cheese curd production from goat milk, to test mem-
ory performance in moderately malnourished male
pups; they reported that goat whey was able to en-
hancememory performance in those pupswhen com-
pared with the pups in the control group21.
Besides these findings, a few studies have reported the
beneficial effects of the individual contents of goat
milk on memory and learning. It was reported that
the memory-enhancing effects of dried goat whey are
attributed to taurine, an amino acid found in goat
milk in abundance22. In addition, when added to
drinking water, taurine induced recovery of learning
and memory in a mouse model of Alzheimer’s dis-
ease23.
A few studies have also reported on the beneficial
effects, such as on memory performance, of sialic
acid (SA), which is abundantly present in goat milk.
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Figure 3: Comparison of mean short-term memory (STM) discriminative index before and after six weeks
of treatment and between different experimental groups. Data are presented as mean± SEM
#p<0.05, ###p<0.001: significant difference between pre-and post-treatment within group
∗p<0.05, ∗∗∗∗p< 0.0001: significantly different from control group
$$$$p<0.0001: significantly different from D-gal group

Figure 4: Comparison of mean long-termmemory (LTM) discriminative index before and after 6 weeks of
treatment and between different experimental groups. Data are presented as mean± SEM
#p<0.05, ###p<0.001: significant difference between pre-and post-treatment within group
∗p<0.05, ∗∗∗∗p<0.0001: significantly different from control group
$$$$p<0.0001: significantly different from D-gal group
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Table 2: Comparison of mean long-termmemory (LTM) among four treatment groups

Time Treatment group Mean LTM % Confidence interval

Pre-treatment Control .451 .335 - .567

Goat milk .442 .326 - .558

D-galactose .462 .351 - .574

D-gal+Goat milk .438 .327 - .550

Post-treatment Control .419 .313 - .525

Goat milk .622* .516 - .728

D-galactose -.536* -.638 - -.434

D-gal+Goat milk .470$ .368 - .572

Note: If the mean of one group does not overlap with corresponding confidence interval of another group, the mean LTM is significantly
different between groups in that particular time of measurement
No significant difference between groups pre-treatment
* significantly different from pre-treatment
$ significantly different from D-gal group

Table 3: Comparison of mean spatial memory among four treatment groups

Time Treatment group Mean spatial
memory

95% Confidence interval

Pre-treatment Control 3.417 3.071-3.763

Goat milk 3.583 3.237-3.929

D-galactose 3.538 3.206-3.871

D-gal+Goat milk 3.538 3.206-3.871

Post-treatment Control 3.75 3.319-4.181

Goat milk 4.000 3.569-4.431

D-galactose 2.308* 1.893-2.722

D-gal+Goat milk 3.769$ 3.355-4.183

Note: If the mean of one group does not overlap with corresponding confidence interval of another group, the mean spatial memory is
significantly different between groups in that particular time of measurement
No significant difference between groups pre-treatment
∗significantly different from pre-treatment
$significantly different from D-gal group

The SA profile of goat milk closely matches that of
human milk24. A positive correlation between SA
present in food source and greater cognitive devel-
opment in animals has also been reported25. Re-
searchers have demonstrated that rat pups performed
better at the memory and learning tests when they
consumed SA26. Furthermore, piglets that were ad-
ministered with SA from a food source exhibited im-
proved learning andmemory, when compared to con-
trols, as assessed by an 8-arm radial maze25.
Thus, it may be postulated that the memory-
enhancing property of goat milk is attributed to SA.
In a study by Kanato et al., (2008)27 it was discov-
ered that a homopolymer of SA, known as polysialic
acid (polySia), bound directly with a brain-derived

neurotrophic factor (BDNF) dimer to form a large
complex. This complex was discovered to be respon-
sible for enhancing BDNF expression by binding to
the BDNF receptors, TrkB and p75NTR.The complex
formation of BDNFwith polySia was also accountable
for upregulation of growth and survival of neuronal
cells. Since BDNF plays an imperative role in mem-
ory performance, it may be that by this mechanism,
SA improves memory.
Another component abundantly present in goat milk
is conjugated linoleic acid (CLA). A research study
demonstrated that when CLA was richly present in
the maternal diet, it led to enhanced brain devel-
opment and function in the rat progeny28. This
memory-enhancing potential of CLA may be due to

3569



Biomedical Research and Therapy, 7(1):3563-3571

Figure 5: Comparison of mean number of correct alternations before and after 6 weeks of treatment and
between different experimental groups. Data are presented as mean± SEM
###p<0.001: significant difference between pre- and post-treatment within group
∗∗∗∗p<0.0001: significantly different from control group
$$$$p<0.0001: significantly different from D-gal group

its strong antioxidant capacity. Since it is well-known
that oxidative stress leads to neuronal loss and mem-
ory impairment, and thus to brain aging29, the an-
tioxidant properties of CLAmay contribute to its neu-
roprotective effects.
World-wide, several health and nutritional organiza-
tions stress upon the importance of daily consump-
tion of dairy products to attain optimal health; they
also strongly recommend including dairy products in
one’s diet30. In this study, we demonstrated that goat
milk was able to protect against memory impairment
caused by D-gal. However, the results of our study
only explored the effects of whole goat milk, rather
than its individual constituents, on memory perfor-
mance. The use of whole goat milk renders it ambigu-
ous as to which component of goat milk was respon-
sible for the preservation of memory function. More-
over, the mechanism by which goat milk caused im-
provement inmemory functionwas also not explored.
There are various factors responsible for memory de-
cline, such as oxidative stress, neuronal loss, inflam-
mation, and decrease in brain neurotrophic factors,
all of which may be potential mechanisms of action
of goat milk. Further studies in these aspects may re-
veal useful information regarding the role of goatmilk
in memory preservation.

CONCLUSIONS
Considering the results of this study and those from
previous reported studies, we conclude that the addi-
tion of goat milk to the diet- early on or during old
age- may result in protection from memory decline.
Thus, goat milk supplementation to diet may even-
tually lead to better memory performance and, thus,
better quality of life.

ABBREVIATIONS
D-gal: D-galactose
ROS: Reactive oxygen species
AGE: Advanced glycation end products
NORT: Novel object recognition test
STM: Short-term memory
LTM: Long-term memory
DI: Discrimination index
SEM: Standard error of mean
IADL’s: Instrumental activities of daily living
SA: Sialic acid
CLA: Conjugated linoleic acid
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