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THE MILK IGF-2 LEVEL IS POSITIVELY CORRELATED
WITH MILK YIELD IN ANATOLIAN WATER BUFFALOES

Hakan Guler!, Gul Fatma Yarim?*, Murat Yarim?, Ozkan Duru®and Ayris Gokceoglu®

ABSTRACT

The aim of this study was to investigate
the relationship between milk insulin-like growth
factor-2 (IGF-2) concentration and milk yield
in Anatolian water buffaloes. This study was
conducted on milk samples from 80 Anatolian
water buffaloes. Milk samples collected from
buffaloes were evaluated for subclinical mastitis.
For this purpose, the California mastitis test and
somatic cell count were performed in milk samples
taken from four different mammary lobes of
buffaloes. The milk IGF-2 level was determined by
an enzyme-linked immunosorbent assay kit. Milk
IGF-2 concentration ranged from 21.6 ng/ml - 63.2
ng/ml in Anatolian water buffaloes. The IGF-2
concentration in Anatolian water buffaloes milk
was 40.1£8.5 ng/ml. Milk IGF-2 was positively
correlated with milk yield (r*=0.941, P<0.01). Our
results showed that milk IGF-2 concentration was
associated with milk yield in Anatolian buffaloes.
These findings show that locally synthesized IGF-2
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can affect milk yield. This study contributes to the
understanding of the composition of buffalo milk,
which has an important value in human nutrition.
It is recommended to confirm the results of similar
measurements in milk from other animal species

used for human consumption.
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INTRODUCTION

Milk is the healthiest food for every
newborn, which can meet its nutritional needs
differ according to yield and composition. Milk
is an excellent source of well-balanced nutrients
and also exhibits a range of biological activities
that affect digestion, metabolic responses to
absorbed nutrients, growth and development of

certain organs, and resistance to disease. Breed,
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diet, lactation stage, frequency and method of
milking, as well as meteorological conditions, all
have an impact on the quantity of milk’s bioactive
components (Tripaldi and Palocci, 2008). In recent
years, the use of buffalo milk in human nutrition is
gaining increasing popularity due to its therapeutic
properties (Colarow et al., 2003; D’Onofrio et
al., 2019). Buffalo milk is considered excellent
because of its valuable nutrient profile (Li et al.,
2020). When compared to the milk of other animal
species, buffalo milk has a number of significant
advantages. High dry matter and fat content
compared to cow’s milk increase the demand for
buffalo milk in dairy products technology (Salman
et al., 2014; Arrichiello et al., 2022). In addition to
traditional laboratory methods, scientific studies
on the level of components in milk have gained
momentum in order to monitor udder health in
dairy herds and to determine the quality of raw milk
(Sadek et al., 2017; Simdes et al., 2018; De Matteis
et al., 2021; Raj et al., 2021). The relationship
between the content of buffalo milk and milk yield
has been reported (El-Moghazy et al., 2015).
Insulin-like growth factor-2 (IGF-2), a
mitogenic peptide hormone influences the activities
of numerous tissues, including the mammary
gland, ovary, skeletal muscle, adipose tissue, and
bone (Hovey et al., 2003; Fiedler et al., 2006;
Wilson et al., 2006; Spicer and Aad, 2007; Wang et
al., 2019). IGF-2 is primarily produced by the liver
in adults, but it is also produced by numerous other
tissues, where it is then released into the pericellular
fluid. Additionally, other abundant sources are the
placenta and the fetus (Nielsen, 1992). Significant
fetal growth retardation occurs in IGF-2 knockout
mice, particularly in the first several weeks of
pregnancy In mice, during sexual maturity and

early pregnancy, the level of IGF-2 mRNA in the
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mammary gland is increased simultaneously with
prolactin receptor expression (Baker et al., 1993).
IGF-2 regulates cell growth, differentiation, and
metabolism through endocrine, autocrine, and
paracrine effects (Morali ef al., 2000; Piecewicz et
al., 2012).

The non-hormonal factors such as growth
factors may be effective on the milk composition.
It is well documented that growth factors have
an impact on milk yield (Grochowska et al.,
2001). IGF-2 plays a role in postnatal growth and
differentiation of the mammary gland (Plath-
Gabler et al., 2001). Locally produced IGF-2 has
been proven to mediate the action of prolactin,
which causes an increase in alveolar formation,
ductal branching, and alveolar development in
the mammary gland (Hovey et al., 2003). IGF-2
is a potential candidate gene for quantitative trait
loci (QTL) affecting milk production (Ron et al.,
2007). The relationship between IGF-1/SnaBI
gene polymorphism and milk production and
milk components in dairy cattle has been reported
(Bonakdar et al., 2010). There are limited reports
of IGF-2 levels in mother’s milk (Elmlinger et
al., 2007; Milsom et al., 2008; Goelz et al., 2009)
and cow’s milk (Kang et al., 2007). The level of
IGF-2 in milk, which is a valuable human food, is
very important for human health because IGF-2 is
linked to conditions such as diabetes, obesity, and
cancer. Though the relationship between IGF-1 and
milk yield was demonstrated (Taylor et al., 2004;
Szewczuk et al., 2013), the possible role of IGF-2
on milk yield was limited investigatedTo the best
of our knowledge, this study is the first to assess
the IGF-2 milk concentration and its connection to

milk production in Anatolian water buffaloes.



MATERIALS AND METHODS

Collection of milk samples

This study was conducted on milk samples
from 80 Anatolian water buffaloes from Samsun,
a city on the north coast of Turkey from April to
October 2021. Anatolian water buffaloes were 3
to 8 years old and in the middle of their lactation
period. Individual milk samples from each buffalo
were collected during the morning milking. Milk
yield from all individual milkings of the buffaloes
involved in the study was recorded daily.

Milk samples collected from buffaloes
were evaluated for subclinical mastitis. For this
purpose, following the California mastitis test
(CMT), somatic cell count (SCC) was applied to
milk samples taken from four different mammary
lobes of buffaloes. The CMT test was performed
according to the method reported by Schalm et al.
(1971). Milking was performed from 4 separate
udder lobes of buffaloes into the CMT test cup,
and after equalizing the amount of milk in the
chambers, CMT solution was added (milk/CMT;
1/1) and the color and consistency change was
scored as +, ++, and +++ by rotating in circular
motions.

Somatic cell counting in raw milk was
performed by the microscopic method (Kilicoglu et
al., 1989). According to this method, milk samples
taken into 10 ml glass tubes were centrifuged at
1550 g for 10 minutes, and the top milk cream
was removed, then tubes were kept upside down
in the port tube for 20 minutes. The sediment at
the bottom of the tubes was taken on the slide with
the help of a loop and physiological saline was
dropped. After the preparations were dried at room
temperature, they were stained with 0.2% toluidine
blue and the cells in 15 to 20 microscope fields

were counted in an immersion lens by dripping
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cedar oil. The mean cell number was determined
by dividing the counted cell area by the number of
fields, and the number of somatic cells in 1 ml of

milk was calculated.

IGF-2 measurement

The milk IGF-2 level was measured by an
enzyme-linked immunosorbent assay (ELISA) kit
(MBS734487, MyBioSource, Inc. San Diego, CA,
USA) following the manufacturer’s protocol. The
sensitivity of the kit was 0.1 ng/ml, the range was
from 10 to 250 ng/ml. Briefly, balance solution
of 10 pl dispensed milk samples of 100 pl/well
or standards of 100 pl/well. Phosphate-buffered
saline of 100 ul (pH 7.0 to 7.2) were pipetted in
the blank control wells. Except for controls, 50 pl
of conjugate were added to wells were incubated
with for 1 h at 37°C. Substrates A and B volume
of 50 ul were pipetted to each well after five
washes, and then incubated for 15 minutes at 37°C
in dark. After 50 pl of stop solution was ppetted to
each well, and the absorbance of microplate was
recorded in a microplate reader (Infinite F50, Tecan
Austria GmbH, Grodig, Austria). The milk IGF-2
concentrations were determined using the standard
curve. The intra- and interassay coefficients of

variation were 7.7 and 3.0%, respectively.

Statistical evaluation

Statistical analysis was performed in the
statistical package program (SPSS Statistics
V22.0, IBM Corporation, Armonk, NY). Data
was presented as meantstandard deviation (SD).
To evaluate normality of data Shapiro-Wilks test
was used. Following, Levene’s test was performed
to test for homogeneity of variances. Correlations
between milk IGF-2 concentration and milk yield
was calculated by Spearman’s correlation test. A

P-value of <0.05 was considered significant.
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RESULTS

Daily milk yield in Anatolian water
buffaloes was in the range of 2 to 9 I/day and an
average of 5.9+1.7 l/day. Box-and-Whisker plot of
the milk yield of the Anatolian water buffaloes was
presented in Figure 1.

The milk IGF-2 level in Anatolian water
buffaloes was in the range of 21.6 to 63.2 ng/
ml and an average of 40.1+8.5 ng/ml. Box-and-
Whisker plot of the milk IGF-2 concentration of
the Anatolian water buffaloes was presented in
Figure 2.

A positive correlation between the milk
yield and the milk IGF-2 concentration was
determined (’=0.941, P<0.01). A scatterplot of
correlations between milk yield and milk IGF-2
concentration of the Anatolian water buffaloes was

presented in Figure 3.

DISCUSSION

Buffaloes contribute significantly to total
milk production in the world. Increasing interest
in buffalo milk and its products has allowed
buffalo production to approach the dairy industry.
There is increasing interest in research in buffalo
milk due to its bioactive substance content and
health benefits. As the therapeutic potential
of the bioactive compounds in buffalo milk is
proven, interest in buffalo milk is increasing all
over the world (Colarow et al., 2003; Servillo et
al., 2018; D’Onofrio et al., 2019; Tatullo et al.,
2022). Compared with fermented cow’s milk
products, those made with buffalo milk have been
found to show better bacterial viability in vitro
gastrointestinal digestion, and buffalo milk has

been reported to have a potential protective effect
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on the human microbiome (da Silva et al., 2020).
Buffalo milk has many important superior and
advantageous properties compared to the milk of
other animal species and is considered an excellent
food due to its valuable nutritional profile (Colarow
et al., 2003; Salman et al., 2014; D’Onofrio et al.,
2019; Li et al., 2020; Arrichiello et al., 2022).
Although the role of growth factors on cow milk
yield is recognized, growth factor levels and their
effects on milk yield in the buffalo milk are limited.
The present study is the first report evaluating the
relationship between milk IGF-2 concentration and
milk yield in Anatolian water buffaloes.

IGF-2

factors proven to play a role in mammary gland

is one of the peptide growth
development and is expressed in developing
mammary glands of both IGF-2 and its primary
signal receptor, IGF-IR (Forsyth ef al., 1999; Allar
and Wood, 2004). Locally produced IGF-2 has
been reported to mediate the effect of prolactin,
which induces an increase in alveolar formation,
ductal branching, and alveolar development in the
mammary gland (Hovey et al., 2003). IGFBP-2 has
an important function during postnatal growth and
differentiation of mammary epithelium (Allar and
Wood, 2004). Locally secreted IGF-2 is known
to mediate mammogenesis (Plath-Gabler et al.,
2001). In mouse primary mammary epithelial
cells, IGF-2 has been shown to mediate prolactin-
related morphogenesis in the mammary epithelium
(Brisken et al.,2002). The level of IGF-2 in mother’s
milk 4 to 9 months after birth is 10 to 25 ng/ml has
been determined (Elmlinger et al., 2007; Milsom et
al., 2008). The average level of IGF-2 in the milk of
the mothers who were between the 5 to 46™ of their
lactation days was 34.14 ng/ml has been recorded
(Goelz et al., 2009). In a study conducted on 70
Holstein cows on two separate farms in Kyoung-ki
province, milk IGF-2 concentrations ranged from
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Figure 1. Box-and-Whisker plot of the milk yields of the Anatolian water buffaloes (n= 80).
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Figure 2. Concentration of milk IGF-2 in Anatolian water buffaloes (n=80).
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Figure 3. Scatterplot of correlations between milk yield and milk IGF-2 concentration of the Anatolian water
buffaloes (n=80). Spearman’s correlation test (r*=0.941, P<0.01).

118.5 to 137.7 ng/ml on one farm and 140.7 to 165.6
ng/ml on the other farm, and these levels are not
affected by the lactation period has been reported
(Kang et al., 2007).

IGF2 plays a role in various types of
carcinogenesis, and genetic and epigenetic factors
are responsible for IGF-2 overexpression (Nosho et
al.,2004). It has been suggested that the synergistic
crosstalk signaling of IGF-2 with estrogen receptors
may promote breast cancer progression independent
of estrogen and provide new therapeutic targets for
the treatment of breast cancer patients (Richardson
et al., 2011). In addition, inter-individual genetic
variations in IGF-2 have been associated with body
weight and obesity (Roth et al., 2002; Faienza et
al., 2010). Considering that IGF-2 plays a role in
various types of cancer and obesity, the amount of
IGF-2 obtained from food is important for health.
Although IGF-2 has mitogenic effects on the
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mammary gland, ovary, skeletal muscle, adipose
tissue, and bone, it is necessary to be careful
about the intake of exogenous IGF-2 in terms of
obesity and various cancer risks. In our study, it
was determined that the IGF-2 level of Anatolian
buffaloes milk (40.1+8.5 ng/ml) in the middle of
the lactation period was very close to the level
in mother’s milk (Elmlinger et al., 2007, Milsom
et al., 2008; Goelz et al., 2009), and quite low
compared to cow’s milk (Kang et al., 2007). Our
findings indicate that Anatolian buffalo milk is a
safer food than cow’s milk in terms of IGF-2 levels.

Growth factors are associated with milk
yield. Holstein-Friesian dairy cows with higher
peak milk yield have been reported to have lower
plasma IGF-1 concentrations (Taylor et al., 2004).
According to these researchers, the level of IGF-1
in cows’ milk peaked in the first week following

calving, dropped sharply the next month, and did



not rise again. IGF-1/SnaBI gene polymorphism
affects milk production and milk components in
dairy cattle (Bonakdar et al., 2010). Our study’s
results show a strong relationship between the
milk IGF-2 level and daily milk production in
Anatolian water buffaloes (r>=0.941, P<0.01). A
positive relationship between IGF-2 with milk
yield has been reported previously. IGF-2 genotype
has been reported that predictive of milk yield and
composition in Polish Holstein-Friesian -cattle
(Bagnicka et al., 2010). IGF-2 is known to be a
local regulator of lactogenesis. The local infusion
of IGF-2 increases milk synthesis in goats has been
reported (Prosser et al., 1994).

In this study, we determined that the
level of IGF-2 in Anatolian buffalo milk is close
to breast milk. This finding shows that buffalo
milk is good food in terms of IGF-2 level, both in
infant feeding, in childhood, and/or throughout
life. In addition, milk IGF-2 level had a positively
correlated with milk yield in Anatolian water
buffaloes. This indicates the stimulating effect
of locally produced IGF-2 in mammary tissue on
milk production. Mammary epithelial cell-derived
IGF-2 may contribute to this effect by acting in an
autocrine or paracrine manner on mammary gland
development. It is recommended that this study be
approved with similar analyzes in the milk of other

dairy animals and other buffalo breeds.
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