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Abstract. This study seeks to comprehensively assess the impact of Rumen Protected Choline (RPC) 
supplementation on key parameters in dairy cows, including dry matter intake, milk yield, milk fat and protein 
composition, first estrus, open days, and Service per Conception (S/C). This research utilizes a quantitative meta-
analysis methodology to systematically evaluate and synthesize data. The treatment used is supplementation 
Rumen Protected Choline and the basal diet for control. Observed parameters include dry matter intake (DMI), 
milk yield (MY), milk fat content (MFC), milk protein content (MPC), service per conception (S/C), first estrus 
(FE), and open days (OD). The study went through five stages, namely database preparation, meta-analysis 
implementation, heterogeneity testing, summary effect testing, and publication bias measurement. Tools used 
include PDF software for filtering journals and data processing applications such as Microsoft Excel, OpenMEE 
Software, and Review Manager 5.4 for data interpretation. Based on the results of the meta-analysis, it is found 
that RPC supplementation significantly affects (p<0.05) the increase in milk production, milk protein content, 
and milk fat content. It is also capable of reducing S/C and open days, but it does not affect dry matter intake 
and first estrus. The findings of this study, derived from a meta-analysis, indicate that while RPC 
supplementation has no impact on feed intake, it significantly influences reproductive parameters. 
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Abstrak. Penelitian ini bertujuan untuk menilai secara komprehensif dampak suplementasi Rumen Protected 
Choline (RPC) terhadap parameter utama pada sapi perah, termasuk asupan bahan kering, produksi susu, 
komposisi lemak dan protein susu, estrus pertama, hari berahi, dan Service per Conception (S/C). Penelitian ini 
menggunakan metodologi meta-analisis kuantitatif untuk mengevaluasi dan mensintesis data secara sistematis. 
Perlakuan yang digunakan adalah suplementasi Rumen Protected Choline dan diet basal sebagai kontrol. 
Parameter yang diamati meliputi asupan bahan kering (DMI), produksi susu (MY), kandungan lemak susu (MFC), 
kandungan protein susu (MPC), service per conception (S/C), estrus pertama (FE), dan hari berahi (OD). Penelitian 
ini melalui lima tahap, yaitu persiapan basis data, implementasi meta-analisis, pengujian heterogenitas, 
pengujian efek ringkasan, dan pengukuran bias publikasi. Alat bantu yang digunakan antara lain perangkat lunak 
PDF untuk menyaring jurnal dan aplikasi pengolah data seperti Microsoft Excel, OpenMEE Software, dan Review 
Manager 5.4 untuk interpretasi data. Berdasarkan hasil meta-analisis, ditemukan bahwa suplementasi RPC 
secara signifikan memengaruhi (p<0,05) peningkatan produksi susu, kandungan protein susu, dan kandungan 
lemak susu. Suplementasi RPC juga mampu mengurangi S/C dan hari berahi, tetapi tidak memengaruhi asupan 
bahan kering dan estrus pertama. Temuan penelitian ini, yang berasal dari meta-analisis, menunjukkan bahwa 
meskipun suplementasi RPC tidak berdampak pada asupan pakan, namun secara signifikan memengaruhi 
parameter reproduksi. 

Kata kunci: produksi, reproduksi, kolin yang dilindungi rumen

Introduction 
Dairy cattle play a crucial role in Indonesia's 

livestock industry. However, the current 

population remains inadequate to meet national 

milk consumption demands, highlighting the 

need for herd expansion. A major challenge is 

low reproductive performance due to 

postpartum stress. Postpartum stress negatively 

impacts nutrient intake, affecting both 

production and reproduction. Nutrients 

consumed through feed are redirected to 

stabilize the body condition, resulting in 

Negative Energy Balance (NEB) (Grummer, 

2008). The body's response to NEB in dairy cattle 

involves mobilizing energy reserves, producing 

ketones to meet requirements. Excessive ketone 

production can lead to liver fat accumulation 

(McArt et al., 2015). 
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Choline serves as a key transporter of liver fat 

and is essential for the synthesis of 

phosphatidylcholine, a vital component of very-

low-density lipoproteins (VLDL) (Ardalan et al., 

2009) and for protein synthesis. Thus, 

supplementation benefits stressed cows by 

supporting gluconeogenesis and protein 

synthesis, aiding milk production and 

reproduction. 

Previous studies have reported mixed results 

on the effectiveness of RPC supplementation. 

Some report positive effects on milk production 

and reproduction (Zahra et al., 2006; Zom et al., 

2011), while others on the contrary (Morrison et 

al., 2018). Thus, a meta-analysis is necessary to 

provide more accurate insights into the effects 

of RPC supplementation in dairy cows. 

This study aims to assess the impact of RPC 

supplementation on dry matter intake, milk 

yield, milk fat and protein content, first estrus, 

open days, and Service per Conception (S/C) in 

dairy cows.  

Materials and Methods 
This meta-analysis is based on data obtained 

from internationally recognized and accredited 

journals. A literature search was conducted, 

yielding 310 journals in hopes of finding data 

related to each aspect of the study (Dry Matter 

Intake, MY, MFC, MPC, S/C, Calving Interval, and 

Empty Days). Among these, 14 relevant journals 

were identified and included in the analysis. The 

study utilized PDF software for journal screening 

and data processing applications such as 

Microsoft Excel, OpenMEE Software, and Review 

Manager 5.4 for data interpretation. 

Data Compilation 

This meta-analysis investigated the impact of 

RPC supplementation as an experimental 

treatment. This was done with the intention of 

observing the effects of RPC supplementation o 

DMI, MY, MFC, MPC, calving interval, and empty 

days, comparing results with the control group 

(without RPM supplementation) in Table 1. 

Table 1. Database of journal on the effect of rumen-protected choline supplementation on the 
production and reproduction of dairy cows. 

No Author Year Parameter Treatment Duration 

1 Amrutkar et al., 2015 S/C, FE RPC 160 d 

2 Acharya et al., 2020 S/C, FE RPC 90 d 

3 Ardalan et al., 2009 S/C, OD, FE RPC 112 d 

4 Çetin et al., 2018 MY RPC 81 d 

5 Chavda et al., 2022 S/C, FE RPC 90 d 

6 Davidson et al., 2008 MY, DMI, MPC, MFC RPC 112 d 

7 Elek et al., 2008 MY, DMI, MPC, MFC RPC 81 d 

8 Guretzky et al., 2006 MY, MPC, MFC RPC 42 d 

9 Hartwell et al., 2000 MY, DMI, MPC, MFC RPC 148 d 

10 Lunagariya et al., 2023 S/C RPC 121 d 

11 Mečionytė et al., 2022 S/C RPC 84 d 

12 Piepenbrink et al., 2003 MY, DMI RPC 84 d 

13 Pirestani and Aghakhani 2018 S/C, FE RPC 35 d 

14 Potts et al., 2020 MY, DMI, MPC, MFC RPC 55 d 

15 Toledo et al., 2017 MY, MPC, MFC RPC 96 d 

16 Xu et al., 2006 MY, DMI RPC 28 d 

17 Zahra et al., 2006 MY RPC 49 d 

18 Zhou et al., 2016 MY, DMI, MPC, MFC RPC 51 d 
Note: S/C (Service per conception), FE (First estrus), OD (Open days), MY (Milk yield), DMI (Dry matter intake), MPC (Milk 
protein content), MFC (Milk fat content)
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The Implementation Stage of Meta-Analysis 

The study commenced with data compilation, 

which involved selecting relevant studies for 

inclusion in the meta-analysis. The meta-analysis 

utilized secondary data obtained from published 

and publicly available journals. Studies included 

in the meta-analysis underwent a selection 

process based on inclusion and exclusion 

criteria. Studies were selected from English-

language international journals published 

between 2000 and 2023. These journals were 

identified through searches on databases such 

as SCOPUS, Science Direct, Wiley, PubMed, and 

Google Scholar, resulting in a total of 310 

journals. The identified journals then underwent 

further selection based on inclusion criteria, 

resulting in a final selection of 14 journals used 

in the meta-analysis. The data for this study were 

exclusively obtained from journals published 

between 2000 and 2023, using keywords such as 

Rumen Protected Choline, dry matter intake, 

milk fat content, milk protein content, milk yield, 

service per conception, open days, and calving 

interval to ensure relevant literature selection. 

Figure 1 presents the results of the article 

selection process, highlighting the inclusion of 

journals based on the Preferred Reporting Items 

for Systematic Reviews and Meta-Analysis 

(PRISMA) methodology, generated using Review 

Manager 5.4.1. The meta-analysis results are 

interpreted through effect size values, followed 

by publication bias assessment using a funnel 

plot and the fail-safe N method.  

Results  and Discussion 
Dry Matter Intake  

An analysis of 28 studies examined the effects of 

RPC on dry matter intake. The findings, including 

publication bias assessment, forest plot 

evaluation, and heterogeneity analysis, are 

summarized in Table 2. The findings indicate that 

RPC supplementation had no significant effect 

on dry matter intake (p≥0.05) compared to the 

control. However, publication bias was detected 

in studies with RPC treatment, as the Fail-Safe N 

value exceeded the Limit Fail-Safe N value. 

Figure 1. Article Selection and Evaluation using 

PRISMA Method 

Dry matter intake (DMI) plays a crucial role in 

providing the necessary nutrients for growth, 

production, and reproduction. Utomo and 

Miranti (2010) stated that the dry matter 

content in feed is essential for meeting these 

nutritional requirements. Several factors 

influence DMI, including animal health status 

and environmental conditions. A deficiency in 

dry matter intake will affect the BCS of dairy 

cows, subsequently altering hormone secretion, 

particularly substrate hormones derived from fat 

and energy reserves (Afif et al., 2023). During the 

transition period, an energy imbalance known as 

Negative Energy Balance (NEB) often occurs. 

NEB happens when the energy consumed by the 

body is not balanced with the energy used for 

production and basic needs (Baumgard et al., 

2006). Zhou et al. (2016) stated that animals 

experiencing NEB have an increased potential 

for ketosis. 

 

 

Article source: 
Scopus, Science DIrect, Wiley, 

Pubmed, Google Scholar 
(25.690) 

 

310 studies obtained from the keywords ; 
rumen protected methionine, dry matter 

intake, milk fat content, milk protein 
content, milk yield, service per 

conception, open days, first estrus 

 
40 studies were assessed for 
their eligibility in the meta-

analysis 

 
270 studies were not included 

in the meta-analysis 

 
18 studies were included in 

the meta-analysis 
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Table 2. The results of meta-analysis research on the effect of rumen-protected choline 
supplementation in dairy cows on Dry Matter Intake (DMI), Milk Yield (MY), Milk Protein Content 
(MPC), Milk Fat Content (MFC), Service per Conception (S/C), Open Days (OD), and Calving Interval 
(CI). 

Parameter 

Treatmenta Publication bias Forest Plot Het 

RPC Control 

Fail-

Safe N 

Value 

Fail-

Safe N 

Limit 

Estimate 
P-

Value 

Het P-

value 

DMI (kg) 16.4 ± 4.23 16.1 ± 4.15 0 150 0.131 0.124 0.461 

MY (kg) 35.6 ± 1.82 33.9 ± 1.82 117 110 0.428 0.008 <0.001 

MPC (kg) 1.11 ± 0.16 1.07 ± 0.17 45 80 0.410 0.027 0.004 

MFC (kg) 1.41 ± 0.26 1.37 ± 0.24 22 80 0.313 0.027 0.135 

S/C (times) 2.05 ± 0.26 2.50 ±0.27 35 45 -0.606 0.006 0.053 

OD (days) 107 ± 20.7 133 ± 30.5 39 35 -1.287 0.017 <0.001 

FE (days) 66.7 ±15.9 72.7 ± 19.0 0 35 -0.438 0.375 <0.001 

Note: DMI (Dry matter intake), MY (Milk yield), MPC (Milk protein content), MFC (Milk fat content), S/C (Service per 
conception), OD (Open days), FE (First estrus)

Incorporating RPC into the diet affects 

nutrient availability, enhancing metabolism and 

supporting milk synthesis. Nutrient availability 

plays a role in milk synthesis; higher intake 

results in increased milk production, and 

nutrient-rich feed such as choline, used for fatty 

acid transport in the liver, can yield good milk 

production results (Piepenbrink and Overton, 

2003). Sun et al. (2016) stated that RPC 

supplementation conserves amino acids for milk 

production, enabling nutrients to be utilized 

more efficiently to enhance the animal's 

metabolic health. 

Enhancing the animal's metabolic condition 

helps alleviate stress, promoting overall well-

being as metabolic processes stabilize. 

Elsaadawy et al. (2022) reported that choline 

supplementation improved energy balance, 

leading to increased feed intake by influencing 

feed consumption control via the nervous 

system. However, RPC does not directly affect 

feed intake, as its primary function is facilitating 

fatty acid transport in the liver. According to 

Rahmani et al. (2014), choline protected in the 

rumen (RPC) is given to dairy cows to increase 

choline supply to the small intestine, aiming to 

improve milk yield or its components, or reduce 

the development of fatty liver by increasing fat 

removal from the liver. 

Milk Yield 

An analysis of 20 studies investigated the 

effects of RPC on milk yield. The results, 

including publication bias assessment, forest 

plot evaluation, and heterogeneity analysis, are 

detailed in Table 2. The results indicate that RPC 

supplementation significantly increased milk 

production compared to the control (p<0.05). 

The estimated effect size for RPC is 0.428, 

categorized as moderate. Publication bias 

testing suggests no bias in the meta-analysis 

results. 

Milk yield is directly influenced by feed 

intake, as the nutrients derived from consumed 

feed serve as the building blocks for milk 

production. Tyler and Ensminger (2006) 

emphasized that milk biosynthesis relies on 

essential precursors and substrates obtained 

through digestion. In ruminant animals, glucose 

is produced in the liver through gluconeogenesis 

using volatile fatty acids (VFA, the main 

substrate), lactate, and amino acids as fuel, as 

well as through direct absorption from the 

intestine. With sufficient glucose supply, the 

mobilization of fat from adipose tissue for β-
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oxidation can decrease, saving amino acids for 

glycogen formation. RPC can reduce plasma 

cholesterol levels (Total Cholesterol and HDL-C) 

and increase glucose levels, leading to increased 

lactose levels (Sun et al., 2016). According to 

Alhusein (2018), an increase in lactose content in 

milk can improve milk production due to the role 

of lactose as an osmoregulator in the mammary 

gland. 

Studies on the impact of RPC 

supplementation on milk production have 

produced inconsistent findings. Zhou et al. 

(2016) reported that variations in milk yield 

among RPC-treated animals are influenced by 

factors such as the duration of supplementation, 

dosage levels, and the overall health status of 

the cows. Choline contributes to increased milk 

production by facilitating fatty acid absorption in 

the liver. Cetin et al. (2018) emphasized choline’s 

critical role in milk synthesis and component 

production, as it supports fatty acid transport in 

the liver and serves as a precursor for milk 

formation. 

Milk Protein Content  

An analysis of 14 studies evaluated the 

impact of RPC supplementation on milk protein 

content. Publication bias testing, forest plot, and 

heterogeneity analysis are presented in Table 2. 

The results indicate that RPC supplementation 

significantly increases milk protein content 

(p<0.05). The estimated effect size for RPC is 

0.410, categorized as moderate. However, 

publication bias was detected in the RPC 

treatment, as the Fail-Safe N value exceeded the 

Limit Fail-Safe N value. 

Milk protein is formed from nutrients that are 

absorbed into the bloodstream during digestion 

and subsequently utilized in the milk synthesis 

process. Prihatminingsih et al. (2015) stated that 

milk protein content depends on the protein 

composition of the feed, as an adequate supply 

of amino acids in the blood serves as precursors 

for milk production. An increase in RPC 

administration to milk protein is due to the 

utilization of fatty acids in the liver, and RPC 

administration provides an increased amount of 

nutrients that can be used as milk precursors. 

Additionally, choline supplementation has been 

proven to convserve methionine, an amino acid 

containing sulfur, for milk protein synthesis (Sun 

et al., 2016). 

Milk Fat Content 

An analysis of 14 studies examined the effects 

of RPC supplementation on milk fat content. The 

findings, including publication bias assessment, 

forest plot evaluation, and heterogeneity 

analysis, are summarized in Table 2. The findings 

indicate that RPC supplementation significantly 

increases milk fat content (p<0.05). The 

estimated effect size for RPC is 0.313, 

categorized as moderate. However, publication 

bias was detected, as the Fail-Safe N value 

exceeded the Limit Fail-Safe N value. 

Milk fat content is influenced by both the 

quality of feed and the physiological condition of 

lactating cows. Arifin (2011) stated that factors 

such as feed intake, climate conditions, cattle 

age, and management practices play a crucial 

role in determining milk fat levels. The observed 

increase in milk fat content following RPC 

supplementation suggests that choline enhances 

fatty acid transport. Elek et al. (2008) stated that 

choline plays a crucial role in facilitating fatty 

acid transport in the blood, thereby increasing 

the availability of fat for milk fat synthesis. 

Furthermore, Zhou et al. (2016) suggested that 

choline supplementation is particularly 

beneficial for cattle with compromised liver 

health, as it improves liver fat metabolism, 

enabling the body to utilize liver fat as a 

precursor for milk production. 

Service per Conception 

An analysis of seven studies investigated the 

effects of RPC supplementation on Service per 

Conception (S/C). The results, including 

publication bias assessment, forest plot 

evaluation, and heterogeneity analysis, are 
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presented in Table 2. The findings indicate that 

RPC supplementation significantly affects S/C 

(p<0.05). However, publication bias was 

detected, as the Fail-Safe N value exceeded the 

Limit Fail-Safe N value. 

Reproductive ability in animals is strongly 

influenced by their overall health, with Negative 

Energy Balance (NEB) significantly reducing 

fertility. Budiawan et al. (2015) emphasized that 

fertility is directly dependent on adequate 

nutrient intake, as deficiencies can disrupt 

metabolic functions and negatively impact 

reproductive performance. S/C in animals is 

closely related to accuracy in detecting animal 

estrus. Jaenudin et al. (2018) state that detecting 

estrus in animals significantly determines the 

success of animal mating, especially for animals 

undergoing artificial insemination. Animals 

experiencing NEB will undergo hormonal 

changes, often causing a decrease in gland 

function and a decrease in gonadotropin 

hormone secretion. Hendrawan et al. (2019) 

suggest that disruptions in gonadotropin 

hormone secretion in high-yield dairy cows are 

frequently caused by inadequate nutrient 

intake, which fails to support metabolic 

demands. Severe nutritional deficiencies can 

result in endocrine disturbances, delaying estrus 

onset. According to Sutiyono et al. (2017), such 

disturbances lead to low estrogen production, 

preventing cows from exhibiting clear estrus 

signs, a condition known as silent estrus. RPC 

supplementation has been found to significantly 

influence S/C by improving metabolic conditions 

and mitigating NEB, thereby supporting follicular 

development. According to Pirestani and 

Aghakhani (2018), choline administration can 

help animals reduce NEB, ensuring follicle 

development and livestock fertility are not 

compromised. 

Open Days 

A study on the effects of RPC on open days 

analyzed five studies. The results of publication 

bias testing, forest plot, and heterogeneity 

analysis are presented in Table 2. The results 

suggest that RPC supplementation leads to a 

significant reduction in open days in dairy cows 

(p<0.05). The estimated effect size for RPC is -

1.287, suggesting a strong influence on reducing 

open days. Publication bias testing suggests no 

bias in the meta-analysis results, as the Fail-Safe 

N value exceeded the Limit Fail-Safe N value. 

Following calving, dairy cows undergo 

physiological stress due to nutrient deficiencies, 

necessitating a recovery period before they are 

ready for mating and pregnancy. Atabany et al. 

(2008) emphasized that postpartum cows 

require sufficient time to regain their 

reproductive readiness for the next pregnancy. 

The normal duration of open days in dairy cows 

ranges from 85 to 115 days after calving 

(Izquierdo et al., 2008). Open days in dairy cows 

are influenced by various factors, including 

physiological conditions, nutrient consumption, 

and mating management. According to 

Lanyasunya et al. (2005), open days in animals 

are closely related to problems with the 

physiological condition of animals influenced by 

feed consumption and nutrient deficiencies. 

Nutrient deficiencies will adversely affect the 

production and reproduction abilities of cows. 

Wahyudi et al. (2013) highlight that high-yield 

dairy cows have increased energy demands, 

which can delay pregnancy due to elevated 

prolactin levels suppressing gonadotropin 

hormone secretion. RPC supplementation has 

been shown to significantly reduce open days in 

animals. Amrutkar et al. (2015) found that 

choline supplementation decreases NEB, leading 

to improved metabolic function and a decrease 

in open days. 

First Estrus 

A study on the effects of RPC on first estrus 

analyzed five studies. The results of publication 

bias testing, forest plot, and heterogeneity 

analysis are presented in Table 2. The results 

indicate that RPC supplementation has no 

significant effect on the timing of first estrus in 
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dairy cows (p≥0.05). However, publication bias 

was observed, as the Fail-Safe N value exceeded 

the Limit Fail-Safe N value. 

Conclusions 
The meta-analysis findings indicate that RPC 

supplementation positively enhances milk 

production, as well as milk protein and fat 

content. Furthermore, it significantly decreases 

the Service per Conception (S/C) ratio and the 

number of days open in dairy cows. However, 

RPC supplementation does not affect dry matter 

intake or the timing of the first estrus. 
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