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INTRODUCTION

Colostrum is the first secretion obtained from the 
mammary gland postpartum. Colostrum with sufficient 
good quality should be provided to the newborn calves. 
Calves offered colostrum with inadequate quality are 
highly exposed to the risk of mortality and morbidity 
throughout the pre-weaning period. Moreover, this de-
ficiency could be negatively reflected in the subsequent 
stages of calves’ future life. The quality of colostrum is 
interrelated with its Ig content. Three kinds of Ig exist 
in colostrum; IgG, IgM, and IgA (Geiger, 2020). IgG 
represents more than 85% of the total immunoglobulin 
(Turini et al., 2020). The concentration of IgG in colos-
trum is variable according to breed, lactation number, 
prepartum diet, calving season, dry period length, 
vaccination of the cow, and time of sample collection 
(Silva-Del-Río et al., 2017; Sutter et al., 2019). It has been 
reported that 30-50% of the colostrum contains insuf-
ficient amounts of IgG (Morrill et al., 2012; Bartier et al., 
2015). Besides, in some cases, the mother cow could not 
produce sufficient amounts of colostrum or produce 
low-quality colostrum. Therefore, dairy farms usually 
store the excess colostrum by freezing it to be used later. 
All of these matters emphasize the necessity to assess 
the colostrum quality before feeding the newborn calves 

and before storage. The mainly accepted methods for 
quantifying the colostrum IgG concentration are RID 
and ELISA (Gross et al., 2014). Both methods are per-
formed in the laboratory. They include many steps that 
need specific requirements and take time. Therefore, 
they are not suited for practical colostrum-quality con-
trol at the farm. On-farm tools for evaluating colostrum 
quality are urgently needed. Using color intensity or 
viscosity of colostrum to assess its quality is not an ac-
curate method because there was no correlation was 
established between the color intensity or viscosity of 
colostrum and IgG concentration (Gross et al., 2014). 
Besides, the colostrometer depends on measuring 
specific gravity. However, specific gravity is greatly 
related to protein concentration than IgG concentra-
tion. Additionally, their breakability and sensitivity to 
temperature have restricted their adoptions on the farm 
(Quigley et al., 2013). Brix has recently been acceptable. 
In comparison to a colostrometer, refractometers are 
easier to use, and smaller samples are needed, lower 
temperature dependence (Bielmann et al., 2010), and 
the high correlation to direct-estimation methods of IgG 
has been found (Bartier et al., 2015), it is around 0.6–0.7 
(Buczinski & Vandeweerd,  2016). The refractometer has 
been used to measure the brix% of a solution. The Brix 
scale is used to indicate the sugar content of a solution, 
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ABSTRACT

The objectives of the present study were to examine the association between the brix 
refractometer% and ELISA assays in the assessment of colostrum-IgG content and in studying 
the factors affecting this content. Contents of IgG in colostrum samples of 132 healthy 
primiparous  and  multiparous  Montbeliard x  Holstein cross dairy cows  kept in Egypt were evaluated 
using ELISA assay and brix refractometer%. The ELISA results showed that the IgG contents in the 
colostrum samples ranged from 5.96 to 114.84 mg/mL, with a mean of 57.07 mg/mL. Brix% results 
ranged from 15% to 35%, with a mean of 23.97%. The correlation and regression coefficients between 
ELISA(IgG) and brix% were significantly high (r=0.68 and r2=0.59, respectively). Prediction regression 
equation was ELISA(IgG)= 31.81+1.12(brix refractometer%). The effects of parity and season of 
calving on both ELISA(IgG) and brix% were significant. ELISA(IgG) and brix% were higher in cows 
≥ 3 lactations than those in the first and second lactations. Moreover, summer calving recorded higher 
ELISA(IgG) and brix% than autumn calving. Either ELISA(IgG) or brix% were not significantly 
affected by calf’s sex, single/twin births, or history of cows’ diseases. ELISA(IgG) and brix% had a 
significant positive correlation with calf’s birth weights and gestation lengths, while they recorded a 
non-significant correlation with dry-period length. It can be concluded that a refractometer is a simple 
on-farm tool to assess colostrum quality. Its high correlation with the lab analytical assay of ELISA 
confirms the validity of using refractometers by researchers in colostrum studies.
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but this scale has been modified for on-farm use in dairy 
farms. Brix of 22% is the appropriate identification of 
good-quality colostrum in dairy cattle (Bielmann et 
al., 2010). Assessment of IgG content of colostrum im-
mediately after calving cannot easily be done on-farm 
by direct methods. Therefore, brix refractometry can be 
used to estimate the total solids concentrations in colos-
trum indirectly by quantifying the refractive index of 
the solution (Buczinski & Vandeweerd, 2016). In Egypt, 
most dairy farms, if not all, do not evaluate the colos-
trum. The majority of them just discard the colostrum of 
heifers and use the colostrum of older cows either fresh 
or frozen. Some farms use calf colostrum replacers to 
avoid low-quality colostrum. The use of colostrum re-
placer adds extra economic burdens on farms. Although 
refractometers are cheap and easy to buy and use, they 
have not been used by any farm in Egypt. Moreover, the 
validity of refractometers to assess the colostrum qual-
ity of Montbeliard x Holstein cross dairy cows had not 
been examined. Therefore, the objectives of this study 
were to (1) establish the level of relationship between 
ELISA values (as the reference method) and the brix re-
fractometer% (as an on-farm tool) for measuring the IgG 
concentration of colostrum in Montbeliard x  Holstein 
cross dairy cows raised in Egypt and (2) to examine 
the validity to use brix in colostrum studies to replace 
laboratory assays by studying the factors affecting colos-
trum quality by the two methods of brix and ELISA and 
compare the trends of their results.

MATERIALS AND METHODS

Colostrum Sampling

The composite of first colostrum samples was col-
lected from 132 Montbeliard x Holstein cross cows (50% 
Holstein and 50% Montbeliard) kept in a commercial 
dairy farm in the West of Egypt. The samples were taken 
from healthy udders’ quarters for cows calved from 
June to October 2019. In total, 35% of the cows enrolled 
were the first-parity cows, 26% were the second-parity 
cows, and 39% were cows of the third-parity or more. 
Colostrum samples were collected into 50-mL plastic 
tubes labeled with cow numbers. Samples were stored 
at -20°C until IgG assessment. Data belonged to sam-
pled cows were got from the herd management software 
Dairy Comp 305 (Valley Ag Software, Tulare, CA). 

ELISA Assay

The IgG concentration of the colostrum was de-
termined using the bovine IgG ELISA quantitation set 
(catalog no. SG-60224 of Sino Gene Con Biotech Co., 
Ltd). The colostrum samples were prepared first to be 
ready for the ELISA assay. Colostrum samples were 
thawed at room temperature. About 10 mL of each 
colostrum sample was put into the centrifuge. 10 mL 
of ethyl acetate was added to the samples and centri-
fuged for 4000 X g for 10 minutes. Then 1 mL of ethyl 
acetate layer was put in another tube and evaporated 
under 60°C nitrogen. The residues were dissolved in a 
2 mL buffer. Purified IgG antibody was adopted to coat 
microtiter plate to make solid-phase antibody. Then IgG 

was added to the wells. IgG antibody was combined 
with horseradish peroxidase to form the antibody-
antigen-enzyme-antibody complex. After completing 
washing, tetramethylbenzidine was added as a soluble 
substrate. When tetramethyl benzidine became blue 
color at the catalysis of horseradish-peroxidase enzyme, 
a stop solution was added to stop the reaction. The color 
change was measured at a wavelength of 450 nm. The 
concentration of IgG in the samples was determined 
from the calibration curve of the absorbance values ob-
tained for the standards. 

Brix% Measurement

Brix% was measured by an optical refractometer 
with a scale from 0 to 35%. Samples with values exceed-
ed 35% were assigned a value of 35%. The optical appa-
ratus was read by the same one. One drop of colostrum 
was picked from the thawed plastic tube by a small 
pipette. The cover plate of the device was pressed down 
to spread the sample over the prism. The refractometer 
was moved towards a light source and look through the 
eyepiece. The lens was rotated while looking at it until 
the meter is in focus. Pressing down is kept on the cover 
plate while looking through the lens and reading the 
level between the blue and white sections. This is brix’s 
reading of the sample. The prism was cleaned with 
distilled water and dried with tissue paper in between 
samples.

Data Analysis

Data were statistically analyzed using SAS 9.2. The 
Univariate procedure was performed to estimate the 
frequencies and descriptive statistics of the observations.  
The correlation procedure was used to determine the 
level of the relationship between the ELISA(IgG) and 
brix%. Correlations among calf’s birth weight, gestation 
length, and dry period length with both ELISA(IgG) and 
brix% were also performed. Moreover, the regression 
procedure was used to develop a prediction equation to 
estimate the IgG concentration from brix%. The effects 
of parity, calving season, calf’s sex, single/twin births, 
and history of cows’ diseases on ELISA(IgG) and brix% 
were evaluated using ANOVA and the least-square 
method. The least-squares means were compared, and 
significance was stated at p<0.05.

RESULTS

The results of ELISA(IgG) measurements ranged 
from 5.96 to 104.84 mg/mL with a mean of 57.07 mg/
ml, whereas brix % ranged from 15 to 35% with a mean 
of 23.97% (Table 1). ELISA(IgG) results showed that 
almost 21% of colostrum samples had IgG concentra-
tions less than 50 mg/mL (Figure 1). Furthermore, brix% 
showed that 23% of samples had less than 18% (Figure 
2). Figures of 50 mg/mL IgG and 18% of brix are the 
minimum levels in which the concentration of immune 
bodies in colostrum should not be lower. Pearson’s 
correlation coefficients are presented in Table 2. Results 
showed that ELISA(IgG) and brix% were positively 
correlated (r= 0.68). The association was significant 
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(p<0.0001, Figure 3). The regression of ELISA(IgG) by 
brix refractometer% was strong and significant (r2= 
0.59, p<0.0001). The prediction equation of ELISA(IgG) 
by brix refractometer% was presented in Figure 4. Both 
ELISA(IgG) and brix (%) recorded a significant posi-
tive correlation with calf’s birth weight (p<0.0190 and 
p<0.0001, respectively) and gestation length (p<0.0230 
and p<0.0001, respectively). However, they recorded 
a non-significant positive correlation with dry period 
length. Results of factors affecting ELISA(IgG) and brix 
(%) were shown in Table 3. ELISA(IgG) was significantly 
affected by parity and season of calving (p<0.0001 and 
p<0.0301, respectively). The same effect of parity and 
season of calving was recorded with brix% (p<0.0001 
and p<0.0186, respectively). The effects of calf’s sex and 
single/twin births were insignificant. Lameness, abor-
tion, and mastitis were the most frequent diseases re-
corded for some cows enrolled in the present study. No 
significant association was found between these diseases 
and both ELISA(IgG) and brix %. But there was a trend 

of a decrease of ELISA(IgG), and brix% with cows had a 
history of diseases, namely mastitis.

DISCUSSION

ELISA(IgG) and Brix%

A wide range of IgG resulted in the present study 
(5.96-114.84 mg/mL). This result was comparable to 
Kessler et al. (2020a), reporting that ELISA(IgG) ranging 
from 18.8 to 106.0 mg/mL. The average IgG value of 
57.07 mg/mL resulted in the present study was lower 
than 94 g/L in a study of Holstein dairy cows in Canada 
(Bielmann et al., 2010), 74.4 g/L  (Shivley et al., 2018), 
and 110.5 mg/mL in German Holstein Friesian (Kessler 
et al., 2020 b). The IgG average was also lower than 
the results of 63.7 g/L (Bartier et al., 2015) and 68.8 g/L 
(Morrill et al., 2012). However, it was higher than 45.0 
g/L in a survey including 1,250 colostrum samples in 
Norway (Gulliksen et al., 2008) and 41.5 g/L in 189 co-
lostrum samples from Dutch cows (Verweij et al., 2014). 
Generally, high-quality colostrum should contain at 
least 50 mg/mL of IgG (Gulliksen et al., 2008). The wide 
range of colostrum IgG concentrations was also reported 
in many previous studies. Gulliksen et al. (2008) stated 
that the colostrum IgG content ranged from 4 to 235 g/L. 
Baumrucker et al. (2010) reported values of 9 to 166 g/L 
in a US study of 214 cows. This wide range in colostrum 
IgG refers to the great variation among cows. Moreover, 
those studies have quantified colostrum IgG using dif-
ferent laboratory-analysis techniques. Furthermore, 
differences in sample preparation between studies also 

Table 1.	 Descriptive statistics for 132 Montbeliard x Holstein 
cross dairy cows enrolled in a study to evaluate colos-
tral IgG content

Variables Mean SD Minimum Maximum
ELISA (IgG, mg/mL) 57.07 21.96 5.96 114.84
Brix (%) 23.97 5.26 15.00 35.00
Calf’s birth 
weight(kg)

32 3.52 19 49

Gestation length (d) 274 4.72 270 286
Dry period length (d) 60.73 4.65 53 71

Figure 1.	 Frequency distributions of IgG content measured by 
enzyme-linked immunosorbent assay (ELISA) for 132 
Monbilliard X Holstein cross dairy cows colostral 
samples. 

Figure 2.	 Frequency distributions of indirect IgG assessment by 
brix refractometer% for 132 Monbilliard X Holstein 
cross dairy cows colostral samples. 
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 Figure 2. Frequency distributions of indirect IgG assessment by brix 
refractometer% for 132 Monbilliard X Holstein cross dairy cows colostral 
samples.   
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Table 2.	 Correlation coefficient analysis among clostoral IgG content (ELISA and Brix%) and calf’s birth weight, gestation length, dry 
period length in Montbeliard x Holstein cross dairy cows 

Variables Brix% calf’s birth weight Gestation length Dry period length
ELISA(IgG) r= 0.68 r= 0.25 r= 0.24 r= 0.12

p= 0.0001                              p= 0.0190               p= 0.0230   p= 0.3551         
Brix% r= 0.43 r= 0.45 r= 0.15

p= 0.0001    p= 0.0001 p= 0.2431                       
Note: p<0.05 considered significant, r= correlation coefficient.
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 Figure 1.  Frequency distributions of IgG content measured by enzyme-linked 
immunosorbent assay (ELISA) for 132 Monbilliard X Holstein cross dairy cows 
colostral samples.   
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exist. For example, Baumrucker et al. (2010) removed 
the colostrum fat before the analysis but Morrill et al. 
(2012) did not do this protocol. In addition, many stud-
ies suggested a wide range of brix% readings. Brix% 
of the present study ranged from 15% to 35%.  This 
result fell within the range mentioned by Zentrich et 
al. (2019). They stated that colostrum quality varied 
between 9.3% and 42.0% brix. However, the current 
brix% mean is higher than 18.7% reported by Denholm 
et al. (2018), studying 281 bovine colostrum samples. The 
current study showed that more than 20% of the colos-
trum samples had a lower percentage of IgG than that 
recommended for calves. Therefore, it is highly recom-
mended  to assess the colostrum quality before feeding 
calves or storing them in colostrum banks. 

Correlation and Regression Coefficients

The present result of correlation (r= 0.68) between 
ELISA(IgG) and brix % was lower than 0.86 and 0.89 
reported by Morrill et al. (2015) and Hassan et al. (2020), 
respectively. Furthermore, regression coefficient (r2= 
0.59) was lower than r2= 0.73 and r2= 0.66 reported by 
Bielmann et al. (2010) and Løkke et al. (2016), respec-
tively. However, it was higher than r2= 0.43 reported 
by Bartier et al. (2015). The significant strong positive 
correlation between brix refractometer% and the direct 
laboratory analytical assay of ELISA proves that refrac-
tometer is acceptable as an on-farm tool for quantita-
tively evaluating colostrum IgG concentrations.

Figure 3.	 Correlation coefficient between enzyme-linked im-
munosorbent assay ELISA(IgG) concentration and 
brix refractometer % of 132 Monbilliard X Holstein 
cross dairy cows colostral samples. 
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Figure 3. Correlation Coefficient between enzyme-linked immunosorbent 
assay ELISA(IgG) concentration and brix refractometer % of 132 
Monbilliard X Holstein cross dairy cows colostral samples.   

 

Figure 4.	 Regression plot between enzyme-linked immuno-
sorbent assay (ELISA)IgG concentration and brix 
refractometer% of 132 Monbilliard X Holstein cross 
dairy cows colostral samples. Regression equation= 
ELISA(IgG) = 31.81+1.12(brix refractometer %). 
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(ELISA)IgG concentration and brix refractometer% of 132 Monbilliard X 
Holstein cross dairy cows colostral samples. Regression equation= ELISA(IgG) = 
31.81+1.12(brix refractometer %).  
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Table 3.	 ELISA(IgG) and Brix % by parity, the season of calving, calf's sex, single/twin births, and history of cows' diseases in 
Montbeliard x Holstein cross dairy cows 

Variables
ELISA(IgG) Brix %

No. Mean SE P-value Mean SE P-value
Parity

1st 47(35%) 47.82ᵇ 10.16 0.0003 21.59ᵇ       0.81 0.0001        
2nd 34(26%) 51.01ᵇ 13.33 21.62ᵇ 1.08
≥ 3rd 51(39%) 72.42ᵃ 7.12 27.42ᵃ 0.93

Season of calving
Summer 84(64%) 64.89ᵃ 9.76 0.0301                                     25.15ᵃ 0.66 0.0186               
Autumn 48(36%) 49.25ᵇ 12.02 22.67ᵇ 0.89

Calf's sex
Male 55(42%) 59.89 11.03 0.0669               24.13 0.93        0.8237
Female 77(58%) 54.25 10.10 23.87       0.72

Single/twin births 
Single 121(92%) 58.69 7.64 0.1520        23.97      0.55 0.0582               
Twins 11(8%) 55.41 14.26 27.85       1.94

History of cows' diseases        
Healthy 75(56.9%) 62.01 9.83 0.3639 26.25 0.72 0.5813        
Lameness 33(25%) 58.62 10.25 23.99 1.09
Abortion 11(8.3%) 56.12 14.12 24.69 1.85
Mastitis 13(9.8%) 51.41 12.00 22.98 1.75

Note: Means in the same column with different superscripts differ significantly (p<0.05). 
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Dry Period Length (DPL)

The association between IgG concentration in co-
lostrum and DPL was discussed in many studies, which 
included different trends. The result of the present study 
showed that ELISA(IgG) and brix % had no significant 
correlation with DPL. The same result was reported by 
Genc (2015), Mayasari et al. (2015), Cabral et al. (2016), 
Kessler et al. (2020a). Besides, no differences were found 
in colostrum IgG concentration in cows having either a 
40- or 60- DPL (Shoshani et al., 2014). On the other hand, 
Morrow (1976) stated that long dry periods might nega-
tively affect the colostrum IgG, which may lead to obe-
sity and raise the body condition score and weaken the 
immune system’s role to produce adequate antibodies. 
In addition, Le Cozler et al. (2016) reported a small posi-
tive correlation between DPL and colostrum IgG level. 
Besides, Dunn et al. (2017) found that cows with an 8- to 
12- wk dry period could produce greater IgG concentra-
tions in their colostrum than cows with dry periods less 
than 8 weeks in length. A comparable effect was stated 
by Cabral et al. (2016) for cows given no dry period or 
a shorter and longer dry period. Cows given no dry 
periods produced lower quality colostrum compared 
with cows given a dry period. In addition, Johnsen et al. 
(2019); Zentrich et al. (2019) reported that DPL had a sig-
nificant effect on the quality of the colostrum produced 
after birth. Therefore, the DPL of dairy cows is thought 
to be an important environmental factor in terms of the 
quality of the colostrum produced after birth. However, 
the optimal DPL in terms of colostrum quality is debat-
able (Kessler et al., 2020a). As long as the dry period is 
not completely eliminated, its length seems to be of little 
relevance in terms of colostrum quality (Dunn et al., 
2017; Kessler et al., 2020b).

Calf’s Birth Weight

The present study found a significant positive 
correlation between ELISA(IgG) and brix% with birth 
weight. This result was in agreement with (Berry et al., 
2004). They referred to the increase of IgG content with 
the cow parity (age), and the older cows are expected to 
provide weightier calves because of the moderate heri-
tability of animal size. Conversely, Kessler et al. (2020a), 
studying 29 multiparous Holstein cows, revealed that 
IgG concentration in colostrum was negatively associ-
ated with birth weight. 

Gestation Period Length (GL)

A significant positive correlation was found in the 
current study between ELISA(IgG) and brix % with GL. 
This result agreed with Baumrucker et al. (2016). They 
referred to the positive role of a prolonged period of 
gestation, which may reflect on the period of colostro-
genesis, including colostrum IgG content. Oppositely, a 
negative association was reported between GL and co-
lostrum IgG content by Kessler et al. (2020a). However, 
Kessler et al. (2020b) revealed no effect of GL on colos-
trum composition.

Factors affecting colostrum IgG in Montbeliard 
x Holstein Cross dairy cows parity.  Several studies fo-
cused on the effect of parity on colostrum quality. This 
effect was found to be statistically insignificant by Genc 
(2015) and Hoyraz et al. (2015). However, in the present 
study, a significant effect of parity on both ELISA(IgG) 
and brix% was found. They increased with the parity 
number. Primiparous cows recorded the lowest values, 
and multiparous cows ≥ 3 lactations recorded the high-
est ones. Significant effect of parity and increase of IgG 
concentration with the advance of parity order was also 
documented by several researchers (Conneely et al., 2013; 
Cabral et al., 2016; Dunn et al., 2017; Kessler et al., 2020b; 
Turini et al., 2020). This is because age is the main element 
affecting immunity where older cows, that are exposed 
to pathogens and vaccinations for a longer time during 
their life than younger cows lead to give colostrum with 
greater antibodies. However, the lowest colostrum qual-
ity was observed in the second parity, not the first one 
(Djoharjani et al., 2019; Johnsen et al., 2019). However, 
the authors did not give the reasons for that. Besides, 
Gulliksen et al. (2008) found that some young cows pro-
duced very good nutritional and immunological quality 
colostrum. Therefore, colostrum quality should continu-
ously be assessed before providing to calves to avoid re-
jecting the colostrum of young cows with sufficient qual-
ity (Shivley et al., 2018). 

Season of calving.  In the present study, ELISA(IgG) 
and brix% were significantly higher for cows calved 
during summer months compared to those calved 
in the autumn month. While, Gulliksen et al. (2008) 
reported that cows calved during August, September, 
and October produced colostrum of higher quality 
compared with cows calved during the other months. 
However,   Genc (2015)  reported that colostrum quality 
was lower in cows calved in the summer months.  Also, 
Conneely et al. (2013) found that cows calved in autumn 
had a significantly high IgG concentration compared to 
those calved in the spring season. This is while Dunn 
et al. (2017) reported that higher concentrations of IgG 
were recorded in the winter and IgG content was lowest 
in the spring and autumn. Moreover, the lowest quality 
of colostrum was attained during the winter. Gulliksen 
et al. (2008) reported that the distinct differences in 
climate among months and seasons lead to differ-
ences in the occurrence of disease, feeding availability, 
environmental temperature, or day length, which may 
affect the IgG production. Moreover, Gavin et al. (2018) 
found that colostrum production in multiparous cows 
was strongly correlated with photoperiod one month 
before and at calving. This observation would suggest 
that colostrogenesis is influenced by photoperiod, which 
differs across different seasons. In the current study, the 
low level of IgG in colostrum produced in autumn may 
be returned to the stressful conditions the cow facing 
during late pregnancy. They spent this period in the 
summer month when temperatures increased, and the 
diet components changed, such as the unavailability of 
Egyptian clover, the main green fodder, as it is available 
from December and May. 
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Calf’s sex.  In the present study, calf’s sex had no sig-
nificant effect on both ELISA(IgG) and brix%. This result 
agrees with Cabral et al. (2016) and Kessler et al. (2020a). 
On the contrary, Angulo et al. (2015) stated that the 
calf’s sex significantly influenced the IgG content of co-
lostrum. It was higher for males than for females. They 
attributed that to the dilution effect due to the condition 
that cows with a female calf produce higher quantities 
of colostrum than cows with a male calf.

Single/twin births.  In the present study, ELISA(IgG) 
and brix% were not affected by single/twin births. Twin 
births are not common in cattle, so studies did not give 
the care to investigate its association with colostrum 
quality. Twin births are common in small ruminants. 
A similar result was revealed by Argüello et al. (2006), 
reporting no differences in IgG levels with single and 
multiple litter sizes of ovine colostrum. However, 
Csapo´et al. (1994) found that IgG content was higher at 
parturition in twins’ ewes and goats than in single (118.4 
vs. 98.7 and 132.4 vs. 112.2 mg/mL of IgG, ewes and 
goats twin and single birth, respectively. 

History of cows’ diseases. Some cows enrolled in the 
present study had a history of diseases of lameness, 
abortion, and mastitis in the last previous lactation. 
Although, there were no significant differences among 
cows that had a history of these diseases compared 
to the healthy ones concerning their ELISA(IgG) and 
brix%. There was a trend of a decrease in colostrum 
quality with these diseases, namely for mastitis. As 
far as we know, there are no studies available on 
the association between lameness or abortion with 
colostrum IgG. But some researchers investigated the 
effect of mastitis infection on bovine colostrum IgG. 
However, this effect is not decisively defined, and 
studies results are conflicting. Denholm et al. (2018) 
reported no association between clinical mastitis in 
the previous lactation and colostrum IgG. Conversely, 
Maunsell  et al.  (1998) stated that colostrum yield and 
its IgG content were lower in cows with infected 
udders than cows with uninfected udders. Moreover, 
Cabral et al. (2016) referred to the importance of 
using teat  sealants and antibiotics at dry off to avoid 
mastitis  during dry periods, which can diminish 
colostrum quality. Puppel et al. (2020) concluded 
that the SCC of the first milking colostrum could be 
used as an indicator of colostrum quality. They found 
nearly double the concentration of first colostrum 
immunoglobulins in cows with SCC ≥ 400,000 cells/mL 
than in colostrum from cows with SCC ≤ 400,000 cells/
mL. Generally, it was noticeable that the values of brix% 
could give the same trend as the same as ELISA assay 
significant results such as parity order and season of 
calving in the current study. However, the factors had 
non-significant effects such as calf’s sex and single/
twin births different trends were obtained. The current 
study showed that values of brix% had the same trends 
of results when studying the factors affecting IgG 
concentration.

CONCLUSION

It can be concluded that a refractometer is an 
acceptable on-farm tool for quantitatively evaluating 
colostrum IgG concentrations of Montbeliard x Holstein 
cross dairy cows. Refractometers can also be used by 
researchers in colostrum studies, and the refractometer 
brix % achieved the same trends as the ELISA assay 
achieved when studying the factors affecting colostrum 
quality. The highest colostrum IgG content of 
Montbeliard x  Holstein cross dairy cows was scored by 
multiparous cows ≥ 3 lactations and by Summer-calving 
cows. Although, the no significant effect of the history of 
cow diseases on colostrum IgG content in this study, the 
trend of decrease of colostrum quality with this factor, 
particularly for mastitis, needs more researches.  
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