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ABSTRACT

This study evaluated the effect of herbal choline (Ch) and chelated minerals (CM), alone or 
combined, on growth and rumen bacteria in rams. Four entire male Katahdin sheep with initial 
live weight of 25 ± 0.5 kg were randomly distributed in a 4 × 4 Latin square, where each period 
consisted of 21 d (7 d of adaptation to the diet and 14 d for sample collection). Rams were housed in 
metabolic cages and fed a basal diet (BD) for growth containing 1.17 Mcal of NEG and 14% CP. The 
treatments evaluated were: T1) Basal diet (Control, BD); T2) BD + 4 g herbal choline (Ch); T3) BD + 
1 g of chelated minerals (CM); and T4) BD + 4 g of Ch + 1 g of CM (BD+Ch+CM). The treatments Ch 
alone or in combination with CM improved daily weight gain (p < 0.05), without showing changes in 
dry matter intake, ruminal pH, or in total, cellulolytic and lactic acid bacterial populations (p > 0.05). 
The addition of choline alone or in combination with chelated minerals improves daily weight gain, 
without altering the pH or ruminal bacteria in rams.
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INTRODUCTION

According to the animal genetic improvement, 
nutritional requirements have increased. 
Specifically, the choline requirement is greater 
than that provided by the ingredients used in the 
formulation of the diet or by the synthesis of the 
microorganisms inhabiting the rumen (Mendoza 
et al., 2019). The use of rumen-protected choline 
(RPC) has shown that it is a limiting nutrient in 
milk and beef cattle production (Zhou et al., 2016). 
As a B complex vitamin, choline is an essential 
nutrient for the optimal development of the 
animal due its activity in metabolic pathways and 
the use of metabolite forms (phosphatidylcholine, 
lysophosphatidylcholine and sphingomyelin), 
which are constituents of cell membranes and 
have an important function in lipid metabolism 
and cell signalling (Jian et al., 2014).

The evaluation of herbal products in ruminant 
production has shown that choline is an 
alternative to improve meat production in sheep 
(Jin et al., 2023), goats (Mendoza et al., 2019), steers 
and milk production in dairy cows (Holdorf et al., 
2023; Martínez et al., 2021). Previous studies have 
shown that RPC supplementation in ruminants 
increased choline availability, which in turn 
improved milk production, availability and fat 
content, while it also increased protein content in 
milk and daily weight gain in sheep at doses of 
up to 2.5 g kg-1 DM of RPC in the diet (Huang et 
al., 2023; Li et al., 2015).

Products based on herbal choline (Ch) 
available in the market are polyherbal mixtures 
with different effects on animal health, including 
antioxidant, antiparasitic, nephroprotective, 
antimicrobial, anti-inflammatory properties, 
also being a source of betaine (Tatke et al., 2014; 
Okhuarobo et al., 2014) or important sources of 
choline in the form of phosphatidylcholine and 
phosphatidylserine (Baldissera et al., 2019). It 
has been reported that the combination of RPC 
and methionine, which is not degradable in the 
rumen, could function as bioactive compounds 
that help prevent and protect ruminants from 
diseases, mainly in the peripartum (Zhou et 
al., 2016). Polyherbal mixtures of choline and 
methionine have been evaluated and classified 
as nutrients with nutraceutical properties 
(Mendoza et al., 2019). As the RPC, the chelated 
minerals pass through the rumen and get 
absorbed intact post-ruminally in the intestine; 
these chelates accomplishing blood plasma 
are intact and released at the site of utilization 
(Gayathri and Panda, 2018). In this study, it was 
hypothesized that supplementation of choline 
and chelated minerals improves productive 
performance without having negative effects on 

the environment and ruminal microorganisms in 
ewes.

Therefore, this study aimed to determine the 
effect of the addition of choline and chelated 
minerals on dry matter intake, daily weight 
gain, feed efficiency, and concentrations of total, 
cellulolytic and lactic acid bacteria, as well as on 
rumen pH in Katahdin rams.

MATERIALS AND METHODS

Study site. The experiment was carried out in the 
Agricultural Health Laboratory of the University 
Center for Technology Transfer (CUTT) “San 
Ramón” of the Faculty of Agricultural Sciences; 
Campus V of the Autonomous University of 
Chiapas, Villaflores, Chiapas (16°27’59” LN and 
93°28’43” WL). The predominant climate is warm 
subhumid (AW1) (W)(i´) g, with an average 
annual rainfall of 1200 mm distributed from the 
months of June to November, with an average 
temperature of 22 °C and an altitude of 591 m 
(INEGI, 2023).

Animals and treatments. Four entire male 
Katahdin sheep with initial live weight of 
25 ± 0.5 kg were randomly distributed in a 
4 × 4 Latin square, with four treatments and 
four experimental periods (repetitions). Each 
experimental period consisted of 21 d, 7 d for 
adaptation of the animals to the diet and 14 d 
for sample collection. The appropriate ethical 
review committee approval was obtained. The 
authors confirm that they followed the standards 
of the Universidad Autónoma de Chiapas for 
the protection of animals used for scientific 
purposes, in accordance with the Mexican 
official norm of technical specifications for the 
production, care, and use of laboratory animals 
(NOM-062-ZOO-1999). The rams were housed 
in individual metabolic cages of 1.2 m2, provided 
with automatic waterers and metal feeders. Each 
of them was dewormed externally with Fipronil 
2% (1 mg kg-1 percutaneous BW) and internally 
with oral Albendazole (5 mg kg-1 BW).

Experimental diets. A basal diet (BD) containing 
1.170 Mcal of NEG and 14% of CP was formulated, 
considering the nutritional requirements of the 
NRC (2007), for a weight gain of up to 200 g per 
day. The chemical composition of this diet was 
subsequently determined using the AOAC (2016) 
methods. The neutral detergent fiber (NDF) 
and acid detergent fiber (ADF) contents were 
determined according to the technique described 
by Van Soest (1991). The evaluated treatments 
were: T1) Basal diet (Control, BD); T2) BD + 4 
g herbal choline (Ch); T3) BD + 1 g of chelated 
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minerals (CM); and T4) BD + 4 g of Ch + 1 g of 
CM (BD+Ch+CM). The herbal choline doses of 4 g 
in the experimental diets were applied according 
at the manufacturer’s recommendation of 4 – 6 g/
animal/day for small ruminants of BioCholine® 

(Nuproxa, Etoy, Switzerland). BioCholine® is a 
commercial polyherbal mixture powder based of 
the plants Achyranthes aspera, Azadirachta indica, 
Trachyspermum ammi, Citrullus colocynthis and 
Andrographis paniculate. The chelated minerals 
(Biotecap®, Jalisco, Mexico) used are a mixture 
of minerals containing Se, 500 ppm; Zn, 2500 
ppm; I, 30 ppm; Co, 30 ppm; Cr, 500 ppm; Cu, 
200 ppm; Mn, 2500 ppm; and Fe, 1500 ppm. Both 
compounds were added directly to the diet and 
mixed manually to ensure a uniform distribution. 
The diets were packaged and stored at room 
temperature. The feed was offered at 08:00 and 
16:00 h, in addition to providing freshwater ad 
libitum (Table 1). 

Consumption and daily weight gain. After an 
experimental period of 21 d, the first 7 d were 
used for the adaptation of the animals to the 
experimental diets, recording individual daily 
consumption; daily dry matter intake (DMI, g 
d-1) was estimated by difference between the 
feed offered and rejected by each animal per 
day. The rams were weighed at the beginning of 
the experiment and every week before morning 
feeding in order to calculate daily weight gain 
(DWG, g d-1). The feed conversion (FC) was 

calculated by dividing the DMI by the DWG in 
each treatment and experimental period.

Rumen liquid. On the last day of each 
experimental period, two hours after the 8:00 
a.m. feeding, 50 mL of fresh ruminal fluid was 
extracted with an oesophageal probe. The probe 
was composed of a metal probing head with 
several holes and a plastic tube of 150 cm long 
and 14 mm diameter, which ended in a plastic rod 
to facilitate the fluid collection and the cleaning. 
In each experimental period, the ruminal fluid 
extracted from each ram was filtered with sterile 
gauze to remove solid fractions of digesta. The 
pH was measured with a potentiometer (Orión 
A250, Orion Research, Inc. USA).

Concentration of total, cellulolytic and lactic 
acid bacteria. A culture medium was prepared 
to establish the concentration of total bacteria 
(TB) and cellulolytic bacteria (CB), using the 
technique described by Ley de Coss et al. (2013). 
The anaerobic culture medium contained: 0.06 
g of D-(+)-glucose + 0.06 g D-cellobiose + 0.06 
g starch (J. T. Baker, México, México), 30 mL 
of clarified ruminal fluid, 5.0 mL of mineral 
solution I [6 g K2HPO4 (Meyer, CdMex, MExico) 
in 1000 mL of H2O], 5.0 mL of mineral solution 
II [6 g KH2PO4 (Meyer) + 6 g (NH4)2SO4 (Meyer) 
+ 12 g NaCl (Meyer) + 2.45 g MgSO4 (Meyer) + 
1.6 g CaCl2·H2O (Fermont, Monterrey, NL) in 
1000 mL of H2O], 2.0 mL of 8% Na2CO3 solution 

Table 1. Ingredients and chemical composition of the experimental basal diet.

Ingredients  %
Maize meal 31.00
Soybean meal 20.00
Rumen by-pass fat* 2.00
Maize stover 39.00
Molasses 5.00
Salt 1.00
Mineral mix¥ 2.00

Chemical composition  
Dry matter 68.60
Crude protein 14.00
Ether extract  4.80
Neutral detergent fiber 26.60
Acid detergent fiber 15.10
Calcium 0.90
Phosphorus 0.36
Net energy gain (Mcal kg-1) 1.17

*Palm oil (Palm fatty acid distillate, Palmalife®, Mexico).
¥Mineral mix: Ca, 20%; P, 3%; Mg, 6.5%; and S, 0.5%.
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(Meyer), 2.0 mL of sulfide-cysteine solution [2.5 
g L–cysteine (Sigma-Aldrich, México, México) 
in 15 mL of 2N NaOH (Meyer) + 2.5 g Na2S-
9H2O (Meyer) volumetric in 100 mL H2O], 0.2 
g peptone trypticase (MCD Lab) and 0.1 mL of 
0.1% resazurin solution (Sigma-Aldrich). After 
measuring pH, the extracted rumen fluid was 
immediately taken to an incubator at 39 °C, to 
subsequently inoculate 0.5 mL of rumen fluid 
to the culture media in triplicate. For counting 
lactic acid bacteria (LAB), an enriched anaerobic 
MRS medium (Sigma®) was used. The amount 
of total, cellulolytic and lactic acid bacteria 
was determined by the most probable number 
technique (Harrigan and Cance, 1990).

Experimental design and statistical analysis. 
A 4 x 4 Latin square design was used with the 
following statistical model:

Yijk = µ + Hi + Cj + Tk + εijk

Where: Yijk = Response variable, µ = General 
mean, Hi = Effect of the ith period (row) Cj = Effect 
of the jth animal (column), Tk = Effect of the kth 
treatment (diet) εijk = Error experimental. 

DMI, DWG, FC and ruminal pH data were 
analysed using PROC GLM from SAS (2011). The 
statistical model included the effect of the period, 
the animal, and the treatment. Each data set was 
tested for normality using Levene’s test, while 
non-parametric analyses were used for data that 
differed significantly from a normal distribution 
(p < 0.05). For the variable total, cellulolytic and 
lactic acid bacteria, the same model (PROC GLM) 
was used using the Kruskal-Wallis test, with 
independent rank data (Wilcoxon). Means were 
compared using the Tukey’s test. Significance 
was declared at a p-value ≤ 0.05.

RESULTS AND DISCUSION

Table 2 shows the response to the addition of 
choline and chelated minerals to the diet of rams 
on DMI, FC, and DWG. Treatments with additives 
(Ch and CM) had no effect on the final weight and 
DMI of the sheep (p >0.05), but better numerical 
values were observed in diets that combined both 
additives. The DWG increased in the treatment 
with the additives, with a better response in the 
diet added with Ch + CM (p <0.05), followed by 
the diet with Ch, and with less effect with the BD 
+ CM or the control diet. This same result was 
found in the FC (p <0.05), where the mixture of 
both additives (Ch + CM) was superior compared 
to the other treatments. 

The use of protected choline in ruminants 
improved the productive variables of the animals 
subjected to its consumption, even showing 
greater milk production and muscle synthesis 
during growth. In goats, a higher DMI has 
been observed when they received protected 
choline, reporting feed consumption of up to 
1800 g animal-1 d-1, and with an increase in milk 
production, as well as a higher weight in lambs at 
birth (Ardalan et al., 2011; El-Grendy et al., 2012; 
Suárez et al., 2023). Kawas et al. (2020) reported no 
significant differences in dry matter intake (DMI) 
and FC among supplementation doses of 0, 0.1, 
0.2, and 0.3% RPC on dry-matter basis of feedlot 
Saint Croix lambs. In the present study, the DMI 
did not show a change due to the addition of Ch, 
CM or their combination, but there was an effect 
on DWG and FC due to the addition of Ch or its 
combination with CM. This effect is similar to 
what was found in goats fed with the addition of 
Ch in doses of 4 and 8 g animal-1 d-1 to the diet, 
showing improved DWG and milk production 
values (Supriyati et al., 2016).

At doses of 0.0, 5.0 and 7.5 g kg-1 of DM, 

Table 2. Dry matter intake (DMI, g d-1), daily weight gain (DWG, g d-1) and feed conversion (FC) of 
Katahdin rams fed with experimental diets. 

                                                 Treatments1 
                 BD     BD+Ch        BD+CM     BD+Ch+CM     SEM7

IW2 25.5 24.5 25.0 25.5 0.71
FW3 33.0 32.4 32.2 33.8 0.71
DWG4  311.6b 328.2ab 301.3b 347.0a 13.61
DMI5  1251.8 1233.8 1240.0 1209.8 36.01
FC6 4.0b 3.8ab 4.1b 3.5a 1.96

1 BD = Basal diet, control; BD + Ch = Basal Diet + 4 g of herbal choline; BD + CM= 
Base diet + 1 g of chelated minerals; BD +Ch + CM= Basal diet + 4 g of Ch + 1 g 
of CM (BD+Ch+CM). 2 IW: Initial weight; 3 FW: Final weight; 4 DMI: dry matter 
intake; 5 DWG: daily weight gain. 6 FC: Feeding conversion; 7 SEM: standard error 
of the mean.
a, b: Values with different literals in the same row are different (p <0.05).
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protected choline in the diet of rams reduced the 
DMI, DWG and feed conversion; however, a low 
DMI but a higher DWG were observed with the 
dose of 2.5% g kg-1 of DM (Li et al., 2015). The effect 
of RPC depends on bioavailability and rumen 
passing, not only on the dose. In this sense, Kawas 
et al. (2020) argued that this situation has not been 
elucidated in small ruminants. Methionine and 
choline are nutrients that promote the synthesis 
of phosphatidylcholine, increasing low-density 
lipoproteins (LDL) synthesized in ruminants, 
facilitating the absorption and transport of lipids 
to the liver.

In diets deficient in proteins, folates and amino 
acids (AA), particularly methionine and choline, 
have shown the potential for the synthesis of LDL 
due to a dependent effect on the profile of AA 
absorbed from the small intestine in ruminants. 
Therefore, it is important to add a source of the 
protein degradable in the rumen (PDR) and 
non-degradable in the rumen (PNDR) to diets, 
due to the effect they have on the concentration 
of ruminal microorganisms and the passage 
of microbial protein of high biological value 
towards the abomasum and the subsequent 
absorption of AA in the small intestine by 
animals (Ardalan et al., 2011). Choline is an 
essential nutrient for mammals. When there is 
an insufficient supply of methionine and folates 
in the diet, vitamin B12 also intervenes in this 
process. The dynamic interactions between 
these components introduced the concept of 
choline as a vitamin-like compound. Two types 
of choline functions are known: choline per se, 
for which the choline moiety is required; and 
methyl donor. Choline alone plays an important 
role in lipid metabolism, particularly in lipid 
transport, as a lipotropic agent. Choline is also 
an important source of labile methyl groups for 
the biosynthesis of other methylated compounds. 
Based on this second function, choline and 
methionine are interchangeable as sources of 
methyl groups. Therefore, choline occupies a key 
position between energy and protein metabolism 
in mammals (Ardalan et al., 2011; Suárez et al., 
2023).

However, the metabolism of choline and 
the methyl group in ruminants is different. In 
ruminant adults, choline is extensively degraded 
in the rumen; dietary choline contributes 
insignificantly to the body choline reserve; and 
the metabolism of methyl groups is generally 
conservative with a relatively low rate of methyl 
catabolism and a high rate of de novo synthesis 
of methyl groups to the tetrahydrofolate (THF) 
system. This may be exacerbated in lactating 
dairy ruminants, in which dietary availability of 
choline is almost non-existent, but production 

of methylated compounds in milk is high, while 
methionine and other sources of methyl groups 
are likely to be scarce, especially at the beginning 
of breastfeeding. Considering this, the hypothesis 
that choline may be a limiting nutrient for milk 
production has been formulated and tested in 
several studies (Supriyati et al., 2016; Suárez et 
al., 2023).

Martinez et al. (2019) reported that herbal 
choline can be included at 6 g kg-1 of DM to 
improve male Hampshire × Suffolk lambs 
performance in finishing diets by the presence 
of phosphatidylcholine in blood, but argued 
that levels of 9 g Kg-1 of DM could affect 
ruminal fermentation due the presence of other 
metabolites. This effect was observed with the 
highest DWG in the Ch and CM treatments, 
with no effects on the total bacterial population 
in the rumen of all animals in all treatments. On 
the other hand, Rodríguez et al. (2018) reported 
that supplementation with RPC and biocholine 
did not improve the performance of lambs in 
the growth phase. However, in both additives, 
beneficial effects were observed on hepatic 
metabolism with higher blood levels of non-
esterified fatty acids, glucose and cholesterol 
compared to control animals, demonstrating 
that there is lipid mobilization of Pelibuey x East 
Friesian lambs in growth phase.

The effect of the additives in the ram diets on 
the pH and concentration of ruminal bacteria is 
presented in Table 3. The concentration of total, 
cellulolytic and lactic acid bacteria did not change 
(p >0.05) due to the treatments used in this study. 
Concentrations of TB and LAB were higher in 
the diet with Ch + CM, but lower in terms of CB. 
Regarding rumen pH, there were no significant 
differences between treatments (p >0.05).

Several studies have evaluated the use of 
herbal mixtures in dairy cattle (Gutierrez et al., 
2019; Imaz et al., 2022), where photogenic extracts 
and their secondary metabolites have been shown 
to possess antimicrobial properties that stimulate 
the immune system (Upadhaya and Kim, 2017). 
Mendoza et al. (2019) argued that the presence 
of volatile metabolites, such as 2-Undecenal, 
8-p-menthane diamine, 4-vinylguaiacol, β-pinene 
and p-cresol, have bacteriostatic and bactericidal 
effects. In the present study, however, there was 
no reduction in the concentration of the groups 
of ruminal bacteria analysed (BT, CB and LAB), 
while an increase in the concentration of LAB 
was observed in the treatments that combined 
both additives. In addition, the effect of Ch in 
combination with CM on the concentrations of TB, 
CB and LAB in the rumen of fattening rams was 
homogeneous in all treatments, and thus there 
were no significant changes in these bacterial 
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groups. The concentrations of TB, CB and LAB are 
within the normal concentrations reported in the 
rumen. These findings highlight the importance 
of considering dietary composition as a crucial 
factor in the modulation of ruminal microbiota 
groups.

Arce-Cordero et al. (2022) reported that 
unprotected choline chloride in diets with 30% 
NDF particularly decreases the abundance of 
bacterial involved in fiber degradation and 
increases abundance of bacteria mostly involved 
in degradation of non-structural carbohydrates 
and propionate synthesis. Diets low in NDF 
reduce the pH of the rumen, decreasing the 
metabolic efficiency of bacteria in the synthesis 
of microbial protein. Therefore, it is necessary 
to ensure adequate levels of PDR and PNDR, 
which increase ammonia (NH3) content and the 
microbial protein synthesis, having an impact on 
the production levels of those animals to which 
Ch is added to the diet. Guo et al. (2020) found no 
significant differences with the supplementation 
of RPC on ruminal pH in pregnant ewes 
suffering from negative energy balance. Increased 
microbial protein synthesis reduces the demand 
for essential AA, thereby diluting the potential 
effects of protected choline. Furthermore, high 
levels of NH3 help regulate rumen pH, with the 
consequence of increasing the cost of ATP for the 
biosynthesis and excretion of urea by the liver and 
kidney (Ardalan et al., 2011; Holdorf et al., 2023).

In the present study, the combination of Ch 
and CM showed the best values, probably due to 
a greater flow of AA such as histidine (Lee et al., 
2012), which improves the productive response 
of the animal due to greater concentration and 
bacteria development in the rumen of the animal. 
In fact, the synergy between the metabolism of 
methionine and choline was observed. Methionine 
is used for the synthesis of choline, and thus it is 

necessary to cover the CP requirements in the 
diets of the treated animals as carried out in this 
study (CP, 14%), mainly for the sheep growth and 
development stages.

It is important to consider that herbal 
additives are mixtures of plants or specific plant 
parts containing the highest concentration of 
biologically active molecules that have an effect on 
ruminal fermentation as well as a positive impact 
on production (Kolling et al., 2018). For instance, 
herbal mixtures with phosphatidylcholine in 
synergy with methionine have been shown to 
improve health and production of dairy cows 
(Mendoza et al., 2019; Gutiérrez et al., 2019). In 
addition, natural products have antioxidant 
activity that allows the prevention and treatment 
of diseases, inhibition of bacterial growth, 
modulation of metabolic pathways and an 
improvement in animal health and productive 
development (Kholif and Olafadehan, 2021). 
Furthermore, it has been reported that the 
microbial population of the rumen degrades 
the choline added to the diet, which implies 
increasing is dose. However, the use of protected 
choline in dairy cattle has shown a positive effect 
on milk production (de Veth et al., 2016; Liu et 
al., 2019). In beef cattle and goats, the addition 
of rumen non-degradable choline chloride at 
lower dietary concentrations has improved feed 
conversion and DWG (Habeeb et al., 2017). RPC 
probably protected liver function by transporting 
non-esterified fatty acids (NEFA) out of the 
liver and utilized by other tissues (Guo et al., 
2020), while Cu and Zn sulphates, as chelated 
minerals, improved liver function. Lambs 
supplemented with Cu and Zn-Met reflected 
higher concentrations of Cu and Zn in serum and 
wool, and thus are easily absorbed through the 
intestinal mucosa and transported intact (Shinde 
et al., 2013).

Table 3.  Effect of herbal choline and chelated minerals on the pH and concentration of ruminal 
bacteria.

                                                           Treatments1 
                      BD       BD + Ch        BD + CM       BD + Ch + CM        SEM5

TB2 ×1012 1.43 2.59 2.21 3.56 2.51
CB3 ×108 25.00 25.50 27.50 23.50 6.51
LAB4 ×109 2.17 2.00 1.75 2.64 2.14
Ruminal pH  6.65 6.55 6.65 6.62 0.20
1 DB = Basal diet, control; BD + Ch = Basal diet + 4 g of herbal choline; BD + CM= Basal diet + 
1 g de chelated minerals; BD +Ch + CM= Basal Diet + 4 g de Ch + 1 g de CM (BD+Ch+CM). 
2 TB: Total bacteria; 3 CB: Cellulolytic bacteria; 4 LAB: Lactic acid bacteria; 5 SEM: Standard 
error of the mean.
The values   are similar between treatments (p >0.05).
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CONCLUSIONS

The inclusion of herbal choline combined with 
chelated minerals in the diet of rams improves 
feed conversion and daily weight gain, without 
affecting dry matter intake and the stability of the 
ruminal bacteria. The herbal choline (BioCholine®) 
under this study showed potential as alternative 
feed resource to improve feeding conversion ratio 
in fattening hair sheep in southeastern Mexico.
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