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ABSTRACT
Objective: To establish an inclusion recommendation for choline (herbal or synthetic) in fattening lambs’ 
diet based on productive performance and blood metabolites. 
Design/Methodology/Approach: A literature review was carried out of herbal and synthetic choline 
supplementation in the diet of fattening lambs. 
Results: The addition of protected choline chloride (50% purity) in the lamb’s diet should be less than 2.5 
g/kg DM in order not to cause a detrimental effect on the productive performance. On the other hand, the 
inclusion of herbal choline in lambs’ diet should be greater than 6 g/kg DM to have positive effects on body 
gain and feed conversion. 
Study Limitations/Implications: It is necessary to establish the requirement for choline in fattening lambs 
because studies where choline is supplemented show that the contribution of conventional ingredients is 
insufficient. 
Findings/Conclusions: The inclusion of herbal (6 g/kg DM) and synthetic (2.5 g/kg DM) choline in lambs’ diet 
improves body weight gain and modifies energy metabolites.
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INTRODUCTION
 Choline is a water-soluble vitamin of the B complex that is required in lambs’ 
nutrition, and its metabolites are important for the synthesis of proteins, phospholipids, 
acetylcholine, and the metabolism of hepatic fats (NRC, 2007). The choline obtained 
from the feed ingested is degraded significantly in the rumen and very little escapes 
ruminal degradation (Baldi and Pinotti, 2006). Although there are sources of protected 
choline (PC) available, they are generally not included in the diet because the 
requirement has not been established clearly, though its inclusion in the diet can 
improve the productive performance (NRC, 2007).
 Protected choline chloride (PCC) from ruminal degradation obtained synthetically 
has been the source of choline most frequently evaluated for small ruminants (Bryant 
et al., 1999; Godinez-Cruz et al., 2015; Habeeb et al., 2017), and lower doses of 2.5 g/
kg of DM showed beneficial effects in the productive performance of lambs (Li et al., 
2015).
 Another alternative to add choline to the diet is the use of plants with high content 
of choline conjugates that resist ruminal degradation. The results from studies 
show that the addition of herbal choline in the lamb’s diet (Godinez-Cruz et al., 2015; 
Martínez-Aispuro et al., 2019) and in the production ewe’s milk (Alba et al., 2020) make 
production more efficient. One of the advantages of the inclusion of herbal choline is 
that it contains primarily phosphatidylcholine, which enters directly to the animal’s 
metabolism (Godinez-Cruz et al., 2015; Crosby et al., 2017).
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 Therefore, the objective of this literature review is to attempt to establish a 
recommendation of choline inclusion (synthetic or herbal) in fattening lambs’ diets 
based on productive performance and blood metabolites.

Choline in ruminants
 Choline is a water-soluble vitamin from the B complex that must be synthesized 
endogenously, unlike other water-soluble vitamins. Choline is an essential nutrient for 
mammals, especially when methionine and folic acid are limited in the diet (Zeisel et 
al., 1991; Zeisel and Holmes-McNary, 2001). Choline, methionine, betaine, folic acid 
and vitamin B12 in the diet contribute to the choline requirements.
 Choline occupies a key position between the energy and protein metabolism 
in mammals. Choline per se plays an important role in the metabolism of lipids, 
particularly in lipid transport, as lipotropic agent, optimizing the balance between 
fat retained and fat metabolized by the liver (Baldi and Pinotti, 2006). Choline is a 
critical component for the synthesis of phospholipids (phosphatidylcholine), which 
has structural functions in the biological membranes and in the use of lipids by the 
tissues. Choline is also a component of neurotransmitters (acetylcholine), supporting 
the structural integrity and the signaling functions in cell membranes (Zeisel and 
Holmes-McNary, 2001). Choline is an important source of unstable methyl groups for 
the biosynthesis of other methyl compounds via betaine for methylation reactions, 
as in the cases of the formation of methionine from homocysteine and creatine from 
guanidinoacetic acid (NRC, 2007). Based on this last function, choline and methionine 
are exchangeable, as sources of methyl groups (Pinotti, 2012). The choline demand 
as methyl donor is probably the main factor that determines the speed with which 
choline induces metabolic inefficiency (Zeisel et al., 1991).
 In ruminants, choline from the diet is thoroughly degraded in the rumen, which is 
why its availability is low, while the demand from methyl compounds is particularly 
high, and it is likely that choline and methionine are scarce, as well as the other sources 
of methyl groups (Pinotti, 2012).
 From the point of view of animal nutrition, the relatively high sources of choline 
are soybean, soybean meal, rapeseed meal, fish meal and dry yeast, although its 
bioavailability is considered “moderate”. This is why it is thought that choline from 
the diet contributes insignificantly to the body reserve in adult ruminants (Pinotti 
et al., 2002). Studies in sheep show that 76% of the choline injected in the rumen is 
degraded as methane, while 15% was accumulated as trimethylamine. Under such 
conditions, less than 10% of the choline escapes the degradation from incorporation, 
such as phosphatidylcholine, in the structural membranes of ciliated protozoa (Neill et 
al., 1979).
 The data reviewed in this document are consistent with these assumptions and 
support the need of supplementation with choline protected from ruminal degradation 
for fattening lambs, which can improve the balance of the metabolism of methyl groups 
and the state of other nutrients.
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Protected choline chloride (PCC) in lambs
 Several feedstuffs used in ruminant nutrition contain choline, but this natural 
choline is degraded rapidly in the rumen, so it must be offered as choline protected 
from ruminal degradation in ruminant species (Kawas et al., 2020). In this review, the 
use of choline chloride is one of the main sources used to supplement choline within 
the diet of ruminants, although choline chloride is not well absorbed in the intestine 
and most of it is degraded in the rumen (Sharma and Erdman, 1989). Therefore, the 
incorporation of this choline must be protected from ruminal degradation, thus 
increasing the availability for intestinal absorption (Baldi and Pinotti, 2006). Other PCC 
problems are that commercial products differ in their choline content and degradability 
in the rumen (Kung et al., 2003; Brusemeister and Sudekum, 2006); in addition, it is only 
absorbed 61% of the choline chloride that reaches the duodenum (Veth et al., 2016).
 The evaluations with PCC products have improved milk production in cows (Sales 
et al., 2010; Jayaprakash et al., 2016), weight gain in beef cattle (Pinotti et al., 2009), and 
feed conversion and meat quality in fattening goats (Habeeb et al., 2017; Tu et al., 2020). 
Li et al. (2015), when supplementing different PCC concentrations at 50% purity (0.25, 
0.50 and 0.75%) in fattening lambs, observed a quadratic response in gain weight and 
feed conversion concluding that the best level was 2.5 g/kg of PCC, since with the levels 
of 0.50 and 0.75% the productive response had a detrimental effect. Bryant et al. (1999) 
observed that the ADG was reduced when using 2.5 and 5 g/kg DM of PCC (25% purity) 
in the lamb’s diet, but a similar response to the control treatment was obtained with 10 
g/kg DM of PCC. Kawas et al. (2020) evaluated different levels (0, 0.1, 0.2 and 0.3%) of a 
product with a concentration of 25% PCC in fattening lambs’ diet. The addition of PCC 
in the diet was not associated with the feed intake, weight gain, feed conversion, body 
weight, and carcass yield although more dorsal fat was obtained with higher levels of 
RPC.

Herbal choline in lambs 
 There is a commercial herbal additive (herbal choline) that contains 
phosphatidylcholine which shows natural resistance to ruminal degradation in sheep 
with the potential of replacing the PCC products (Godinez-Cruz et al., 2015; Crosby et 
al., 2017). Studies show that the inclusion of herbal choline in ruminants can improve 
milk production and general health (Gutiérrez et al., 2019; Mendoza et al., 2020).
 Martínez-Aispuro et al. (2019), when evaluating three levels of herbal choline (3, 6 
and 9 g/kg MS) in the diet, observed that the ADG and feed conversion improved with a 
linear response when increasing the additive, although a better productive response was 
observed when adding 6-9 g/kg of herbal choline. In another study (Rodríguez-Guerrero 
et al., 2018), the inclusion of 4 g/kg DM of herbal choline in the diet did not affect the 
growth response of fattening lambs, although it did affect the feed digestibility and the 
weight of the carcass. In an attempt to increase the availability of methyl compounds, 
these same authors (Rodríguez-Guerrero et al., 2018) combined herbal choline with 
protected methionine but they did not find any effect on the growth variables.
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 Herbal choline is a product based on herbs that concentrates only 16 g/kg of total 
choline conjugates, and in addition it contains other metabolites that could modify 
the growth performance and ruminal fermentation (Martínez-Aispuro et al., 2019; 
Mendoza et al., 2020). Crosby et al. (2017) observed that supplementation of ewes 
with 4 g/day of herbal choline from 30 days before and until 30 days after the birth 
increased the lamb’s birth weight, the milk production, and the content of oleic fatty 
acid in the milk. Roque-Jiménez et al. (2020) hypothesized that the active compounds 
of herbal choline have epigenetic properties that could impact the fetal development 
and growth of the offspring of ewes supplemented during the entire gestation with 
4 g/day; however, they only observed increments in milk production, quality of 
colostrum, and milk.
 Godinez-Cruz et al. (2015) attempted to compare the synthetic and herbal choline in 
fattening lambs without clear results, since when supplementing with 4 g/kg DM from 
both sources in sheep they found null effects on the productive response.

Effect of choline in lambs’ health
 Studies have shown that phosphatidylcholine and choline could stimulate the 
immune response (Lewis et al., 2015). Supplementation with herbal choline (5 g/day) 
in sheep in the transition period improved milk production (persistence in the peak of 
lactation and production) and general health (Alba et al., 2020). Goats growing under 
heat stress showed an increase in globulins when supplementing with PCC (Habeeb 
et al., 2017). The general health status in response to the intake of herbal choline was 
reflected in the increase of globulins (Martínez-Aispuro et al., 2019; Alba et al., 2020) 
and enzymes related to the immune system (Alba et al., 2020). 

Effect of supplementation with protected choline on lambs’ metabolism
 The increments in the concentration of choline in blood confirm that the 
supplementation of herbal choline is effective to incorporate this metabolite into the  
organism of sheep (Crosby et al., 2017; Martínez-Aispuro et al., 2019) and the PCC in goats 
(Habeeb et al., 2017). In humans, the levels of choline in plasma were reduced through 
the restriction of choline in the diet (Zeisel et al., 1991). Meanwhile, experiments in 
rats showed that phosphatidylcholine in the diet was effective to increase the level of 
choline in blood (Lewis et al., 2015).
 Studies in lambs reported that the inclusion of PCC or herbal choline in the diet 
increased the concentrations of non-esterified fatty acids (Bryant et al., 1999; Rodríguez-
Guerrero et al., 2018; Guo et al., 2020), cholesterol (Rodríguez-Guerrero et al., 2018), 
glucose, (Rodríguez-Guerrero et al., 2018; Martínez-Aispuro et al., 2019), low density 
lipoproteins (Li et al., 2015; Martínez-Aispuro et al., 2019; Guo et al., 2020), and reduced 
high density lipoproteins (Li et al., 2015) and triglycerides (Rodríguez-Guerrero et al., 
2018; Kawas et al., 2020).
 Choline could act by altering the intracellular signaling of the energy metabolism, 
and supplementation with choline to insulin resistance mice reduced the use of 
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glucose for the synthesis of fatty acids and triglycerides, and increased muscular 
glycogen (Taylor et al., 2017). Choline is associated with the receptors activated by 
peroxisome proliferators that regulate adipogenesis and lipogenesis (Yu et al., 2003), as 
well as adiponectin, which performs an important role in the regulation of metabolism 
of fatty acids and glucose. The change in the concentration of phosphatidylcholine in 
the organism can influence the biological activity and expression of genes that regulate 
the production of high and low density lipoproteins (Cole et al., 2012). In addition, 
choline in the liver through phosphatidylcholine is necessary for packaging and export 
triglycerides in the very low density lipoproteins (Noga and Vance, 2003).
 In experiments with lambs, Li et al. (2015) showed that the expression of several 
genes related to lipogenesis varied between the levels of PCC. However, the variables of 
the carcass and fat depots did not change in response to the levels of PCC (Bryant et al., 
1999; Li et al., 2015) despite the lipotropic effect of choline (Piepenbrink and Overton, 
2003) and the fact that the oxidized form of choline (betaine) reduces fat depots in 
other species (Eklund et al., 2005).
 Although herbal choline has a lower concentration of choline byproducts, it can offer 
similar results to PCC because herbal choline contains phosphatidylcholine (Godinez-
Cruz et al., 2015; Crosby et al., 2017). Phosphatidylcholine is the main phospholipid of 
ruminants, essential for the absorption and transport of lipids, maintenance of the cell 
membrane structures, cellular signaling, and lipoprotein synthesis (Zeisel and Holmes-
McNary, 2001). The metabolic path of phosphatidylcholine in the organism differs 
from that of free choline, since phosphatidylcholine requires less energy expense and 
does not require several metabolic processes to be available for the cells (Fagone and 
Jackowski, 2013). 

CONCLUSION 
 The inclusion of herbal (6 g kg1 DM) and synthetic (2.5 g kg1 DM) choline in 
lambs’ diet improves body weight gain. The inclusion of choline in the diet modifies 
the energy metabolites, which in turn make more efficient the productive response. 
Protected synthetic or herbal choline is resistant to rumen degradation, since this 
metabolite is present in the animal’s organism.
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