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Abstract 
    In this study, 73 non-pregnant and clinically healthy and lactating Holstein cows without any clinical signs, and 
with a mean parity of 3.2 ± 1.4, days in milk at the beginning of study 110 ± 20 days, body condition scour (BCS) 
of about 3.2 ± 0.3, and milk production rate of 48± 10 kg were selected and randomly placed in two treatment and 
control groups. In the treatment group (n=36), arginine (155 μmol / kg body weight) was injected once every 8 
hours a day for 6 days, and in the control group (n=37) saline solution (0.11 ml/kg body weight, once every 8 
hours a day) was injected for 6 days. The results showed that there was no difference between the treatment and 
the controle group in terms of milk production (38.5 and 36 kg, P=0.3), fat (3.7 and 3.8%, P=0.8) and protein (3.1 
and 3.1%, P=0.5) levels.  It was concluded from this study that the use of arginine after the peak of milk production 
could not increase the fat, protein, and production levels of milk. 
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Introduction 
    Many hormonal and non-hormonal 
products have been used to increase the 
milk production levels before or after the 
peak of milk production in dairy cows. 
Abomasal infusions of protein increased 
milk production via the changes in plasma 
concentrations of galactopoietic hormones 
(Clark, 1975). Growth hormone increased 
milk protein concentration and milk 
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production levels (Burton et al, 1994) in 
mild and/or late-lactation in ewes (Chiofalo 
et al, 1999; Sallam et al, 2005) goats 
(Disenhaus et al, 1995) and cattle (Hayashi 
et al, 2009). Thyroid hormones or iodinated 
casein (thyroprotein) have been used 
toincrease milk production (Squires, 2003), 
but any net benefit has not been 
encountered. 
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    Arginine is a conditionally essential amino 
acid that enhances casein synthesis in bovine 
mammary epithelial cells, so it should be able 
to enhance milk production (Wang et al, 
2014). On the other hand, intravenous 
injection of arginine increases plasma 
concentrations of somatotropin (bST), nitric 
oxide (NO) (Mepham, 1982; Moncadaand 
and Higgs, 1993), insulin, prolactin, and 
placental lactogen in plasma of ruminants 
(Hertelendy et al, 1968; Chew et al, 1984; 
Hertelendy et al, 1969; Hertelendy et al, 
1970; McAtee, 1971; McAtee and Trenkle, 
1971; Davis, 1972). On the other hand, 
growth hormone or bovone somatotopin 
(bST) promotes some degrees of insulin 
resistance, lipolysis and β-hydroxy botyric 
ascid (BHBA), non esteified fat ascid 
(NEFA),oxidative stress (Zheng et al, 2018) 
and reduced glucose consumption 
(Azarbayejani and Mohammadsadegh, 
2021; Oliveira et al, 2016), and total 
antioxidant capacity (TAC)(Zheng et al, 
2018). The last findings probably show the 
reason for the decrease in milk in some 
studies following the use of arginine. 
    This article aimed to study the 
quantitative and qualitative change in the 
milk of Holstein cows after 6 days of 
intravenous injection of arginine at 110 
days after calving. 
 
 
Materials and method 
Farms and animals' selection 
    Two dairy herds with about 3000 milking 
cows (HF=100%) and the same 
management around Varamin city in 
Tehran province were selected. The study 
was conducted from December 2018 (cold 
month in the region) to May 2019
(temperate month in the region) during 7 
months. The cattle corral pen was a free 
stall, and the diet was adjusted by TMR 
twice a day based on the National Research 
council (NRC 2001). The average annual 
milk was 41 kg, and the animals were 
milked three times a day.To provide the 
required livestock in the study, 73 non-

pregnant and clinically healthy and 
lactating Holstein cows without any clinical 
signs, and with a mean parity of 3.2 ± 1.4, 
days in milk at the beginning of the study 
110 ± 20 days, BCS of about 3.2 ± 0.3 and 
milk production rate of 48± 10 kg were 
selected and randomly devided into two 
experimental and control groups. 
    Since the effect of arginine injection on 
the milk production before (Ding et al. 
2019) and during the peak of lactation 
(Chew et al. 1984) was previously 
investigated, its effect after the peak of 
lactation and in the period carried out in this 
article was planned. 
 
Animal groups and treatments 
    In the experimental group (n=36 cows), 
arginine (Arginine HCl, Merk co. 
Germany) was intravenously injected into 
jugular vein (155 μmol / kg body weight, 
equivalent to 0.032 gr/kg) once every 8 
hours a day for 6 days based on Lassala et 
al. 2009; however, in the control group 
(n=37 cows) saline solution (daily 0.11 
ml/kg body weight, every 8 hours) was 
injected once every 8 hours a day for 6 days 
as a placebo. 
 
Blood and milk samplings 
    Milk samples were taken before and after 
8 hours of the last arginine injection. 
    Before and after the arginine injection 
period, and daily milk production was 
estimated from all animals and milk 
samples were prepared and sent to the 
laboratory to measure the amount of fat and 
protein. 
    Blood samples were taken from the 
Coccidia vein and were prepared in 9 ml 
vacuum silicone tubes. Then the samples 
were placed in the environmental condition 
for one hour and then, using a centrifuge at 
a speed of 3000 rpm for 10 minutes, and 
their serum was isolated and placed at -70 
°C. A refrigerator was used to carry the 
sample to the laboratory with a temperature 
of -4 °C so that the samples would not be 
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frozen and heat stress would not damage the 
samples. 
 
Laboratory tests 
    Nitric oxide (ELISA 96 NATRIX 
diagnostic kit of Navand Salamat co., 
IRAN; with product code 15042NS(, total 
antioxidant capacity (ELISA 96 diagnostic 
kit NAXIFER test of Navand Salamat co., 
IRAN; with product code 15012NS), Non 
esterified fatty acid (ELISA 96 RANBUT 
test kit by RANDOX English co., IRAN; 
with product code RX MONZA FA - 115), 
and beta-hydroxybutyric acid (ELISA 96 
RANBUT test kit by RANDOX English 
co., IRAN; with product code RX 
MONAZA RB - 1007) were measured in 
serum samples in the laboratory. 
 
Definition of research variables  
    In this study, arginine treatment was 
considered as an independent variable, the 
level of fat, protein, and production of milk 
as the dependent variable, and parity, days 
in milk, and BCS as confounding 
variables.Since the use of arginine could 
also increase the serum concentration of 
NEFA, bHBA, TAC, and NO, recent 
variables were also considered as under 
monitoring dependent variables. 
 
Statistical analysis of data 
    In comparing statistical analysis of 
quantitative data such as fat, protein and the 
levels of milk production, serum 
concentrations of nitric oxide, total 
antioxidant capacity, NEFA and bHBA, 
first Shapiro-Wilk test and Kolmogorov-
Smirnov test were used to check the 
normality of the distribution. Quantitative 
normal data were compared with the 
Student T-test and abnormal data were 
compared with Wilcoxon-rank-Sign and 
Mann-Whitney-U test. The 95% statistical 
confidence interval and the probability of 
type 1 error or significance level was 
considered 0.05. IBM SPSS version 24 
(2018) and MEDICAL version 13 (2015)
Software were used in data analysis. 

Results 
    Shapiro-Wilk and Kolmogorov-Smirnov 
tests showed that none of the measurable 
research data had a normal distribution.The 
median milk production after the study was 
38.5 kg in the experimental, and 36 kg in the 
control group (P = 0.3) (Table 3-1).  The 
median milk production before the study 
(P=0.70) and also the difference in milk 
production (P=0.80) before and after 
injection in the two groups were not 
significantly different (Table 3-1). The 
median milk fat content after the study was 
3.8% in the control group and 3.7% in the 
experimental group (P = 0.8) (Table 3-1). 
The median milk protein after the study in 
the control group was 1 3. and in the 
experimental group was 3.1% (P = 0.5) 
(Table 3-1). The median bHBA was 0.32 
mg in the control, and 0.33 mg /ml in the 
experimental group (P = 0.2) (Table 2-
3).The median NEFA was 0.2 mg in the 
control and 0.3 mg / ml in the experimental 
group (p = 0.13).The median NO was 1.3 in 
the control, and 2.4 mg /ml in the 
experimental group (p = 0.1).The median 
TAC was 0.32 in the control and 0.27 mg 
/ml in the experimental group (p = 0.001). 
    In comparison to confounder variables, 
the median age in the control was 1690 and 
in the experimental group was 1676 days (P 
= 0.37). The median parity in control was 3 
and in the experimental group was 2.5 (P = 
0.16). The median BCS in both groups was 
3.2 (P = 0.8).  The median interval between 
parturition and the beginning of the study 
was 221 days in the control and 211 days in 
the experimental group (P = 0.1).The 
median milk production before the start of 
the study was 44.7 kg in the control group 
and 40.7 kg in the experimental group (P = 
0.7). The median amount of peak milk 
production before the start of the study in 
the control was 49.2 kg and in the 
experimental group it was 47.5 kg (P = 0.9). 
The median milk somatic cell count in the 
control was 48,000, and in the experimental 
group 95,000 (P = 0.00); however, both
were at the normal range. 
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Table 1. Comparison of milk, fat, and protein production before and after the study 
between the control and experimental groups 

Data 
Groups 

P= control Arginine treated 
Mean SD Median 95% CI Mean SD Median 95% CI 

Milk (kg)after study 36.5 10.9 36 31.1 - 40.7 36.5 37.9 5.6 38.5 0.3 
Milk fat (%) 3.6 0.5 3.8 3.4 - 3.8 3.6 1 3.7 3.6 - 3.9 0.8 
Milk pro (%) 3.1 0.2 3.1 3.0 - 3.2 3.1 0.3 3.1 3.7 - 3.2 0.5 

Milk (kg) before 
study 

42.1 5.2 44.7 38.20- 46. 41.7 8 40.8 38.4 - 44.2 0.7 

Milk difference -4.16 3.3 -4.7 -6.6 - -2.9 -5.3 6.8 -3.7 -5.5 - -1.6 0.8 

 
 

B 
 
 
 

 

A 
 
 
 
 

 

 
D 
 
 
 

 
C 
 
 

Figure 1. Comparison of NEFA (A), bHBA (B),TAC (C), and Nitric Oxide (D) levels at the end of the 
study between the control and experimental (arginine treated) groups. 
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Discussion 
    The main hypothesis of the present study 
was that the use of arginine increases milk 
production while no significant increase 
was observed in our results.The lack of milk 
increase in the present article is consistent 
with the results of some research. Twelve 
days infusion of 25 g/day L-arginine in 
goats could not increase milk production 
and concentrations of bST in plasma(Gow 
et al, 1979). 
    The lack of milk increase in the present 
paper conflicts with the results of some 
studies. It is reported that daily injections of 
0.1/kg body weight L-arginine into the 
jugular vein of 8 cows during a 4 to 5-min 
period for about 7 d just before parturition 
caused plasma concentrations of prepartum 
bST, prolactin, and insulin, and postpartum 
milk production to increase (Chew et al, 
1984).On the other hand, infusion of Arg 
via the jugular vein from 20 days after 
calving for one week in 6 Holstein cows 
had a positive effect on the synthesis of 
milk protein (Ding et al, 2019). One of the 
possible reasons for not increasing milk
with Arginine consumption in the present 
study could be the low amount of 
medication used.We used about 19.2 g per 
injection in Holstein cows with about 600 
kg, but Chew (1984) used about 60 grams 
per day of arginine and observed an increase 
in milk production. Nevertheless, Vicini et 
al, (1988) could not increase milk 
production of cows by infusion or 
intravenous injection of L-arginine. They 
concluded that the lack of changes in milk 
production and milk composition suggest 
that acute increases in somatotropin with 
concomitant increases in insulin are not 
sufficient to stimulate the synthesis of milk 
and milk components by cows during 
established lactation.In most trials, the 
intravenous injection of arginine was for a 
short time, usually about 5 min, and 
produced a brief increase in plasma 
hormone concentrations (Hertelendy et al, 
1968; Chew et al, 1984; Hertelendy et al,
1969; Hertelendy et al, 1970; McAtee, 

1971; McAtee and Trenkle, 1971; Davis, 
1972). Repeated injections or perfusion of 
the drug into the serum may have better 
results in milk production. Interestingly, 
similar to the present study, Vicini et al, 
(1988) used L-arginine after the peak of 
milk lactation; similarly, they did not 
observe an increase in milk production.
Increasing the duration of arginine injection 
increases the possibility of increasing milk 
production. The reason for our limited use 
of arginine was the fear of its potential 
dangers such as insulin resistance, ketosis 
and increased BHAB and NEFA. 
    Another hypothesis of the study was that 
if the injection of arginine increases milk 
production, it may reduce the concentration 
of fat and protein in milk, but none of the 
desired changes were observed. 
    The confounding variables were 
compared because their differences could 
affect milk or fat and milk protein 
production apart from the arginine 
effect.The similarity of confounding 
variables such as age, parity, SCC, and the 
intervals between parturition to the 
beginning of the study between the two 
groups showed that the amount of milk or 
fat and milk protein production is not 
affected and only the independent variable 
(use of arginine) can affect them. 
    Since arginine causes an increase in NO 
nitric oxide (Moncada and Higgs, 1993; 
Mepham, 1982), changes in arginine could 
be due to an increase of NO serum 
concentration; so, it was evaluated but no 
change was observed between groups. 
    On the other hand, increasing the 
absorption, excretion, and catabolism of 
fatty acids may also provide a possibility of 
altering the release of reactive oxygen 
species (ROS) (Seifert et al. 2010), so 
serum concentration of TAC was used to 
measure the release of reactive oxygen 
species (ROS). In our findings, TAC 
decreased, which could be a sign of the 
consumption of effective factors in active
oxygen control. According to the findings 
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of Zheng et al, (2013), the use of 1.5% L-
arginine supplementation caused oxidative 
stress in weaned piglets. The findings of
Zheng et al, ( 2018) on low-birth-weight 
piglets showed that the use of 1% L-
arginine oral supplement in a route separate 

from the nitric oxide pathway increased the 
antioxidant capacity. 
    It was concluded, from this study, that the 
injection of arginine in Holstein cows did 
not change fat, protein, and milk 
production. 
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ا قاوما  1402هاـ1ـ

شر ،ر ماوپزكي ،1،ها1402103

و  ئیر چري، ط شتاري یر اا  یر  ید

نیآ ا د یما

ریر 1احمد جید ،2*ر ضر ،3اهرآ شا  ،4ر یما 5

1ر ،سار ،ل آ شگا ،سار د ،کپز شکد ،مو تر توآ 

2ر ،سار ،ل آ شگا ،سار د ،کپز شکد ،گاا و ر ،شیا

3 ،سار د ،کپز شکد ،گاا و ر ،اتار ،سار ،ل آ شگا 

4یما  اا ر ،خصص تر توآ ر شهد، شهد، فر شگا ،کپز شکد ،ث وید ا 

5ر شهد، شهد، فر شگا ،کپز شکد ،گاا و ر ،تا

:ياف ذير:5/8/1401تايخ 9/9/1401تايخ

چکید

عطا  73 عد گییا ا  ینا ل ی د ینا ظر   یر ا ستآ یر شتا ا 4/1±2/3

عطا تد یر ا20±110د عی ،2/3±3/0یر وید یز 10±48تخا رویو   دد

( ا ر  رتند. ر نتر  یما ر   صاn=36( نیآ ر155( )د  روی ر ویکر8 ا

د    ا6( اد ر   n=37( مک وح )11/0یر )د  روی ر 8یتر )  ا  ا

د6( یر وید   شا تا د. ز 5/3836،روی3/0=P( ر ،)7/38/3،د8/0=P( ئیر  )1/3

5/0=Pد،1/3 شا دآ   تا دد. شا فا اد  یما ر  یر  )،عطا  ر   د

 تفام یر وید ی   نیآ.و یر وید ط  ئیر ،ر ز ا ود

یدک مایرک ر  ئیر ،شتا ایر وید آینوید، ،نیآ :
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