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Relationship Between IgG Concentration, Milk Composition,
and Kid Serum IgG in Goat Colostrum and Milk during the
Early Postpartum Period *

In goats, due to the placental structure, the transfer of maternal immunoglobulins to the fetus
during pregnancy is limited. Therefore, kids must receive the necessary immunoglobulin G (IgG)
via colostrum after parturition for the development of their immune systems and protection against
infections. The aim of this study is to determine the time-dependent change in IgG concentration in
colostrum and milk of Murcia-Granada goats and the effect of this change on serum IgG levels in
kids; and also to evaluate the relationship between milk composition and 1gG concentration. The
study used 15 Murcia-Granada breed goats and their kids. Milk samples were taken from the goats
on days 0, 1, and 7 postpartum, and IgG concentration and milk composition were evaluated.
Serum samples were taken from the kids at the same time points, and serum IgG concentrations
were determined. According to the results obtained, the IgG concentration in goat milk was found
to be highest immediately after parturition (day 0) and showed a significant decrease in the
following days. The IgG concentration in kid serum, however, was found to increase significantly in
the first 24 hours after parturition. Additionally, although time-dependent changes in milk
composition were observed during the postpartum period, no consistent relationship was found
between these changes and IgG concentrations in milk or kid serum. In conclusion, colostrum and
milk IgG concentrations decreased during the postpartum period in Murcia-Granada goats,
whereas kid serum 1gG concentrations increased following colostrum intake, particularly within the
first 24 hours.
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Postpartum Erken Donemde Kegci Kolostrumu ve Siitiinde IgG, Sut Bilesimi ve
Yavru Serum IgG Arasindaki lligki

Kegilerde plasental yapi nedeniyle maternal imminoglobulinlerin gebelik sirasinda fetlise gegisi
sinirhdir. Bu nedenle oglaklar, dogumdan sonra bagisiklik sistemlerinin gelisimi ve enfeksiyonlara
karsi korunmalari igin gerekli immunoglobulin G'yi (IgG) kolostrum araciligiyla almak zorundadir.
Bu galismanin amaci, Murcia-Granada irki kegilerde kolostrum ve sutteki IgG konsantrasyonundaki
zamana bagli degisimi ve bu degdisimin oglak serum IgG dizeyleri lzerindeki etkisini belirlemek;
ayrica sut kompozisyonu ile 1IgG konsantrasyonu arasindaki iligkiyi degerlendirmektir. Calismada
15 adet Murcia-Granada irki kegi ve bunlarin oglaklari kullanildi. Dogum sonrasi 0., 1. ve 7.
glinlerde kegilerden sit 6rnekleri alinarak 1gG konsantrasyonu ve sit kompozisyonu degerlendirildi.
Ayni zaman noktalarinda oglaklardan serum o6rnekleri alinarak serum IgG konsantrasyonlari
belirlendi. Elde edilen sonuglara gore, kegi sitliindeki IgG konsantrasyonu dogumdan hemen sonra
(0. gun) en yuksek dizeyde bulundu ve takip eden glnlerde belirgin bir azalma gdésterdi. Oglak
serumundaki IgG konsantrasyonunun ise dogumdan sonraki ilk 24 saatte belirgin sekilde arttigi
tespit edildi. Ayrica, sut kompozisyonunda postpartum dénemde zamana bagdl degisiklikler
gozlenmis olmakla birlikte, bu degisiklikler ile sit ve oglak serumundaki IgG konsantrasyonlari
arasinda tutarl bir iliski bulunmamigtir. Sonug olarak, Murcia-Granada kegilerinde kolostrum ve siit
IgG konsantrasyonlarinin postpartum donemde azaldidi, buna karsilik oglak serum IgG
konsantrasyonunun kolostrum alimini takiben 6zellikle ilk 24 saat icerisinde arttigi belirlenmisgtir.
Bununla birlikte, sut IgG dizeyleri ile oglak serum IgG dizeyleri ve st bilesenleri ile 1gG
konsantrasyonlari arasinda anlamli veya tutarh bir iliski gdsterilememisgtir.

Anahtar Kelimeler: Kegi, immiinoglobiilin G, siit kompozisyonu, kolostrum

Introduction

In small ruminants, the transfer of immunoglobulins (Ig) from the mother to the
fetus during pregnancy is inhibited due to the structure of the placenta. Therefore, lambs
or kids receive colostrum in the first hours of their lives to acquire passive immunity,
which provides initial protection against infections, thus ensuring the necessary Ig
transfer (1). Passive immunity transfer depends on the immunoglobulin concentration in
colostrum. Goat colostrum also contains IgA, IgG, and IgM. However, 1gG is the most
abundant immunoglobulin incolostrum, making up 85% of the total amount (2, 3).

At parturition, kids have all these essential components of the immune system
present. However, in farm animals such as cows, sheep, and goats, kids are born
agammaglobulinemic due to the impermeability of the epitheliochorial placental

" This study was supported by Siirt University Agriculture and Livestock Specialization Center
Coordination Unit (2024-IHTVET-05).
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structure to maternal immunoglobulins (Ig) which must
be located on the placental barrier for the transfer of
maternal Ig to the fetus (4-6). Because of this feature,
the effective protection of newborn kids against
infections depends on passive immunity transfer via
colostrum using maternal Ig (7, 8). Passive immunity
transfer depends on the Ig concentration in colostrum.
Goat colostrum contains IgA, IgG, and IgM. IgG is the
most abundant in colostrum, accounting for 85% of the
total Ig (2, 3). Kids born to goats with low Ig content
have a weaker immune system, making them more
susceptible to diseases (2). If colostrum is not provided
in sufficient quantity or quality during the first hours of
life, the newborn faces a risk of failure in passive
immunity transfer. This leads to increased mortality (1).
Furthermore, adequate colostrum consumption is crucial
to meet the high energy demands of newborn small
ruminants in order to support their thermoregulation. To
achieve optimal immunity, baby goats need to consume
approximately 10% of their body weight in colostrum
during the first 12-14 hours (2). Several factors, such as
pup size, sex, colostrum quantity, colostrum suckling
duration, colostrum quality, and delay in colostrum
feeding, can directly affect passive immunity (9).
Ensuring that newborn kids receive high-quality
colostrum during the first hours of their lives is important
for developing a strong immune system (2). In newborn
infants, the ability of small intestinal enterocytes to
absorb 1gG from colostrum is at its maximum
immediately after parturition. However, it decreases
rapidly over time and disappears after approximately 24
hours. Whether the infant receives sufficient passive
immunity is closely related to both the concentration
(quality) of 1gG in the colostrum and the volume
(amount) received (2).

The aim of this study is to determine the time-
dependent changes in IgG concentration in goat
colostrum and serum IgG concentrations in kids
following colostrum intake. Furthermore, the study aims
to evaluate the composition of colostrum and milk
samples together with colostrum quality and milk quality,
and to determine the effect of these characteristics on
the development of passive immunity in kids.

Materials and Methods

Research and Publication Ethics: The study was
conducted at the Animal Breeding and Genetics
Application and Research Center of Siirt University. The
project received an ethics committee certificate from Siirt
University Experimental Animals Ethics Committee,
decision number 2024/08/58.

The study included 15 Murcia-Granada goats and
their 15 kids. To standardize environmental,
geographical, management, nutritional, and seasonal
conditions, the study was conducted on a single farm. All
pregnant goats were transferred to the designated
parturition paddocks during the last month of gestation.
Parturition was monitored, and only goats that gave
parturition naturally without assistance were included in
the study. Only goats that gave parturition to twins were
included in the study. In cases of twin parturitions, only
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one kid per dam was included, and the female kid was
selected for sampling. Blood samples were collected
from all 15 kids for serum IgG analysis. Colostrum and
milk samples were collected from the dams after
parturition to determine 1gG concentrations and milk
composition. However, for reasons related to sample
availability and study conditions, only 8 of the 15 dams
were included in the IgG and milk composition analyses.
After disinfecting the goats' teats with 70% alcohol
impregnated on a cotton swab, samples (approximately
3-5 mL) were collected aseptically into sterile plastic
tubes. Blood samples were taken from the kids after
parturition to measure 1gG concentrations (Day 0). They
were then fed colostrum equal to 10% of their body
weight within 15-30 minutes. Blood samples were taken
again 24 hours after colostrum feeding to measure 1gG
concentrations. Colostrum samples were also taken
again from the goats to measure 24-hour IgG
concentration and milk analysis. Milk samples were
taken again from the goats and blood samples from the
kids on the 7th day following parturition. Samples were
stored at -20°C until analysis. Animals showing signs of
mastitis or general deterioration were excluded from the
study. Similarly, kids showing any disease were also
excluded from the study.

Laboratory  Analysis: Immunoglobulin G
concentrations were measured in goat colostrum (day 0
and 1) and milk samples (day 7), as well as in kid serum
(day 0, 1 and 7), using species-specific ELISA kits. Goat
IgG concentrations in colostrum and milk samples were
determined using a commercial goat 1gG ELISA kit
(YLAO017GO, Shanghai YL Biotech Co., Ltd., China),
according to the manufacturer's instructions. The assay
had a detection range of 0.5-200 pg/mL, with intra-
assay and inter-assay coefficients of variation (CVs) of
<8% and <10%, respectively. Colostrum samples were
appropriately diluted according to the manufacturer's
recommendations, whereas serum samples were
analyzed using the recommended dilution protocol.
Results were expressed in ug/mL. Samples were stored
frozen until analysis and were subjected to a single
freeze—thaw cycle before analysis. Milk analyses (day O,
1 and 7) were performed using a milk analyzer selecting
species-specific animals. Milk composition was analyzed
using a MASTER PRO milk analyzer (Milkotester Ltd.,
Belovo, Bulgaria). The analyzer uses ultrasonic
technology and can be calibrated for different milk
species, including goat milk. For the present study, the
goat milk-specific calibration mode was selected
according to the manufacturer's instructions. The
analyzer requires a sample volume of approximately 20
mL, and samples were analyzed within the
manufacturer's recommended temperature range of 5—
40°C. Before analysis, colostrum and milk samples were
thoroughly homogenized to ensure a representative
sample. The analyzer was calibrated using the
manufacturer's calibration procedure before
measurements, and quality control was performed
according to the manufacturer's recommendations. The
measured parameters included fat, protein, lactose,
solids-not-fat (SNF), density, salts, and other milk quality
parameters available in the selected calibration mode.
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Statistical Analyses: Statistical analyses were
performed using the SPSS software package for
Windows (version 22.0; SPSS Inc., Chicago, IL, USA).
An a priori sample size estimation was performed using
G*Power software (version 3.1.9.7). Based on previously
reported longitudinal IgG kinetic data in neonatal goat
kids (15), a large effect size (Cohen's f=0.75) was
anticipated for postpartum time points. With a= 0.05, a
target statistical power (1-B) of 0.80, three repeated
measurements, and a non-sphericity correction €=0.64,
the minimum required sample size was calculated as
n=6. Therefore, the inclusion of 8 goat-kid pairs was
considered statistically adequate to detect temporal
variations while adhering to the 3Rs ethical principle of
animal reduction. The normality of the data distribution
was evaluated using the Shapiro—Wilk test. A one-way
repeated-measures analysis of variance (ANOVA) was
used to assess changes in kid serum 1gG, milk 1gG, and
milk composition parameters across time points (days O,
1, and 7). The assumption of sphericity was not met, and
the Greenhouse—Geisser correction was applied to
adjust the degrees of freedom. Tukey’s test was applied
for post-hoc pairwise comparisons between time points.
Data are presented as mean * standard error of the
mean (mean+SEM). Two-tailed Pearson correlation
analyses were conducted to evaluate the relationships
between milk IgG, kid serum IgG, and milk composition
parameters at each specific postnatal time point (days 0,
1, and 7), with linearity verified by visual inspection of
scatter plots. Given the exploratory nature of these
multiple  pairwise associations, correlations were
evaluated at an unadjusted significance level of p<0.05.
For all statistical analyses, the level of significance was
set at p<0.05.

Results

Figure 1 shows the time-dependent changes in
serum IgG concentrations of the kids. At the time of the
first sampling (day 0), serum IgG concentrations were
found to be low because the kids had not yet received
colostrum. Following the first blood sampling, colostrum
intake was ensured for the kids, and a significant
increase in serum IgG concentrations was observed in
the subsequent day 1 sampling. This increase can be
attributed to the absorption of IgG from colostrum into
the circulation via the intestinal tract. In the following
period, however, a decrease in serum IgG levels in the
kids occurred again due to the conversion of colostrum
into milk and the decrease in IgG concentration in the
milk. These findings highlight the critical role of
colostrum intake in providing passive immunity in
newborn kids and the temporal changes in serum IgG
levels related to the transition from colostrum to milk in
the postnatal period (Fa2s895=134.3, p<0.0001,
Greenhouse—Geisser £€=0.64).

Figure 2 also presents the time-dependent 1gG
concentration of goats. Colostrum is quite rich in 1gG.
Accordingly, the IgG concentration was highest in the
first milk expressed, i.e., colostrum. In the following
days, a gradual decrease in concentration was observed
(F(1.44,10.09=50.03, p<0.0001, £=0.72).
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Figure 3 shows the time-dependent changes in fat,
non-fat dry matter, protein, lactose, and salt content of
goat colostrum and milk; Figure 4 shows the density
values. It was determined that all milk composition
parameters examined were at their highest levels on day
0, i.e., during the colostrum period. These parameters
were observed to gradually decrease over time, reaching
their lowest levels on day 7 [(fat F.52,10.65=8.94,
p=0.0076, €=0.76), (non-fat dry matter F.60,11.16)=20.37,
p=0.0003, €=0.80), (protein F(1.29,9.03=31.48, p=0.0002,
€=0.65), (lactose F(1.28894=32.05, p=0.0002, €=0.64),
(salt F(1.431002=18.47, p=0.0008, €=0.72)]. Similarly,
changes were observed in density values over time
(F@.29,9.05=25.94, p=0.0004, €=0.65). Electrical
conductivity values did not exhibit a statistically
significant change across the evaluation period
(Fa.15806=1.01, p=0.3572, €=0.58). However, pairwise
comparisons revealed a minor decrease between day 0
and day 7 (p=0.0236).
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Figure 1. Temporal changes in kid serum immunoglobulin G
(g/L) levels on postnatal days 0, 1, and 7. Data are presented
as mean = standard error. Different letters (a, b, c) indicate
statistically significant differences between days (p<0.0001).

559
S04
454
404

354 %
. C

30 i ]

25

Milk 1gG (giL)

] L] |
Day 0 Day 1 Day T

Figure 2. Temporal changes in milk immunoglobulin G (g/L)
levels on postnatal days 0, 1, and 7. Data are presented as
mean + standard error. Different letters (a, b, c) indicate
statistically significant differences between days (p<0.0001).
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Figure 3. Temporal changes in milk fat (%), solids-not-
fat (SNF, %), protein (%), lactose (%), and salt (%)
levels collected on postnatal days 0, 1, and 7. Data are
presented as mean * standard error. Different letters on
the bars indicate statistically significant differences within
each parameter over time (p<0.05).
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Figure 4. Temporal changes in the density (g/mL) of
milk samples collected on postnatal days 0, 1, and 7.
Data are presented as mean = standard error. Different
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letters (a, b, ¢) indicate statistically significant differences
between days (p<0.001).

Table 1 presents the Pearson correlation analysis
used to evaluate the relationships between IgG
concentration and milk composition parameters (fat,
non-fat dry matter, protein, lactose, and salt) in milk
samples obtained on different postpartum days (days O,
1, and 7). The correlation coefficients and statistical
significance levels between IgG concentration and the
examined milk composition parameters are presented in
Table 1. A statistically significant positive correlation was
observed between milk IgG and salt content on day 7
(r=0.7859, p=0.0208), whereas no statistically significant
relationships were observed with the other parameters
across any of the evaluated time points (p>0.0551;
Table 1).

Table 2 shows the Pearson correlation analysis
used to evaluate the relationships between serum IgG
concentrations of kids on postnatal days 0, 1, and 7 and
the compositional parameters of goat milk. The
correlation coefficients (r) and statistical significance
levels between serum IgG concentration and milk
composition parameters are presented in Table 2. No
statistically significant relationships were observed
between kid serum 1IgG and milk composition
parameters across the evaluated time points (all p>0.07;
Table 2).

Table 3 shows the Pearson correlation analysis
analysis used to evaluate the relationship between milk
IgG concentration and serum IgG concentrations in kids
on postnatal days O, 1, and 7. The correlation
coefficients (r) and statistical significance levels between
milk 1gG concentration and kids serum 1gG levels are
presented in Table 3. The analysis revealed no
statistically significant correlation between milk 1gG
concentration and kid serum IgG concentration across
the evaluated time points (day 0: r=-0.0969, p=0.8195;
day 1: r=-0.6767, p=0.0653; day 7: r=-0.1023, p=0.8094;
Table 3).

Table 1. Pearson correlation coefficients (r) and p value between milk 1gG concentration and milk composition

parameters on different postpartum days (days 0, 1, and 7)

Variables 0. Day (r/p)

1. Day (r/p)

7. Day (r/p)

-0.4584/0.2534
0.4537/0.2589
0.0722/0.8651
-0.1365/0.7471
-0.0982/0.8170
0.6362/0.0899
-0.4929/0.2146

Milk 1gG - Milk %Fat

Milk 1gG - Milk %SNF

Milk 19G — Milk %Density
Milk 19G - Milk%Protein
Milk 1gG - Milk%Lactose
Milk 1gG - Milk%Salt

Milk 1gG - Milk Conductivity

0.3562/0.3865
-0.0260/0.9512
-0.0836/0.8441
-0.0291/0.9454
-0.0254/0.9523
-0.0303/0.9432
-0.1790/0.6714

0.5592/0.1496
0.6680/0.0702
0.5262/0.1804
0.6729/0.0674
0.6962/0.0551
0.7859/0.0208*
0.0931/0.8263

Values represent the Pearson correlation coefficient (r) and p value. *: Statistically significant at p<0.05. All other unmarked values

have p>0.05 and do not show a statistically significant relationship
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Table 2. Pearson correlation coefficients (r) and p value between IgG concentration in kid serum and milk composition

parameters on different postnatal days (days 0, 1, and 7)

Variables

0. Day (r/p)

1. Day (r/p) 7. Day (r/p)

Kid Serum IgG - Milk %Fat

Kid Serum IgG - Milk %SNF

Kid Serum IgG—Milk %Density
Kid Serum IgG - Milk%Protein
Kid Serum IgG - Milk%Lactose
Kid Serum IgG - Milk%Salt

Kid Serum IgG - Milk Conductivity

-0.3165/0.4450
0.2794/0.5028
-0.0642/0.8799
-0.1388/0.7431
-0.08987/0.8324
-0.0933/0.8260
-0.6037/0.1130

-0.6671/0.0707
-0.3186/0.4419
-0.2129/0.6127
-0.3126/0.4509
-0.329/0.4262
-0.3847/0.3467
0.3524/0.3919

0.2038/0.6284
0.2137/0.6114
0.0877/0.8364
0.2466/0.5560
0.1913/0.6499
0.167/0.6926
-0.4728/0.2367

Values represent the Pearson correlation coefficient (r) and p value. *: Statistically significant at p<0.05. All other unmarked values

have p>0.05 and do not show a statistically significant relationship.

Table 3. Pearson correlation coefficients (r) and p value between IgG concentration in milk and 1gG parameters in kid

serum on different postnatal days (days 0, 1, and 7)

Variables

0. Day (r/p)

1. Day (r/p) 7. Day (r/p)

Milk 1gG — Kid serum IgG

-0.0969/0.8195

-0.6767/0.0653 -0.1023/0.8094

Values represent the Pearson correlation coefficient (r) and p value. *: Statistically significant at p<0.05. All other unmarked values

have p>0.05 and do not show a statistically significant relationship.

Discussion

Colostrum intake is of great importance for viability
and passive immunity development in newborn animals.
Therefore, it is essential that the kids receive sufficient
colostrum, especially immediately after parturition (10).
However, the quantity and composition of colostrum
produced by mothers are influenced by various
environmental factors, including nutrition and the number
of kids per parturition (11). Another important issue is
reduced viability due to insufficient colostrum intake in
the first few hours after parturition, which can lead to
increased mortality rates (12). Therefore, ensuring the
most suitable source of colostrum is of great importance.
For this reason, colostrum specific to each species may
be provided to ensure easy transfer of immunoglobulins
to the kids (13). The most significant changes in
immunoglobulin levels occur in IgG and IgM. The
mortality rate of goat kids is closely related to the level of
IgG in the blood (14).

A decrease in 1gG concentration is expected over
time. The kids reach maximum IgG concentration
between 16 and 48 hours after ingesting colostrum.
Subsequently, the 1gG concentration in colostrum
decreases over time, and due to the transfer of IgG from
colostrum to milk, the 1gG concentration in the kids also
decreases. In a study conducted by Rodriquez et al. (15)
IgG, IgM, and IgA concentrations were examined. They
found these concentrations to be 40.0, 1.9, and 0.8
mg/ml, respectively, and reported that 1IgG showed a
rapid decrease at 10 hours. In this study, the average
IgG concentration, which was 47 mg/ml on the first day,
decreased to 32 mg/ml at 24 hours. Similarly, Moreno et
al. (14) monitored IgG concentration over a 10-hour
period in a study they conducted. It was observed that
the concentration, which was high in the first 3 hours,

gradually decreased in the following hours. In a study
conducted by Batmaz et al. (16) they found that the
highest rate of Passive Transfer Failure (PTF) was
observed on Day 1, and that lower rates of PTF were
seen on Days 2 and 3, depending on the time of
observation. In our study, IgG concentration decreased
over time. However, in the kid, the IgG concentration,
which was low on day 0, increased 24 hours after
colostrum intake.

Rodriquez et al. (15) reported that in their studies
on kids, 1gG concentrations showed a peak increase on
day 1, followed by a decrease, with the lowest
concentration on day 0. The results from Arguello et al.
(17) and Castro et al. (18) are consistent with this study.
In our study, concentrations were lowest on day O before
colostrum intake in kids; they showed a rapid increase
followed by a decrease on day 7.

Uztimur et al. (19) reported in a study on Angora
goats that IgG concentrations were higher in goats
giving parturition to twins and in those with a high
number of parturitions compared to those giving
parturition for the first time or in those giving parturition
to a single child. While some studies support this
information (20, 21), other studies have found no
correlation between lactation number and colostrum IgG
concentration (22, 23). In our study, IgG concentrations
were found to be high. This may be because we
selected animals that gave parturition to twins and were
in their second or third lactation.

A study conducted in Murcia—Granada goats
reported significant postpartum changes in several milk
components during the first 96 h after kidding, with
decreases in IgG, protein, and non-fat solids, whereas
lactose increased over time; fat concentration was not
significantly affected by postpartum day (24). Similarly,
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Mehra et al. (25) reported that fat, dry matter, SNF, and
IgG concentrations were higher in colostrum and
decreased progressively with time. Consistent with these
findings, our study also demonstrated a time-dependent
decrease in milk composition and IgG concentrations
during the early postpartum period. However, no
significant correlation was observed between milk
composition parameters and IgG concentration in our
study.

In conclusion, this study demonstrated that
colostrum IgG concentration decreased during the
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