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INTRODUCTION

Despite the statistical problem of  pseudoreplication, 
multiyear comparison studies have been conducted in 
dairy cattle to evaluate genetic advances with dietary 
interactions in fertility and longevity (Harris and Kolver, 
2001), long-term grazing assessments (Coffey et al., 2018), 
and to assess the impact of  technology transfer in dairy 
cattle in tropics (Cárdenas-Bejarano et al., 2016) and is an 
alternative to provide more information than that obtained 
in experimental conditions over short time periods.

Choline is a nutrient that can have a great impact in 
production and health of  dairy cattle, yet its requirements 
have not been precisely defined (NRC, 2001). Experiments 
with ruminally protected choline (RPC) have shown that 
milk production and health of  dairy cattle can be improved 
and the incidence of  fatty liver problems reduced when 
RPC is provided during late transition and early postpartum 
periods (Piepenbrink and Overton, 2003, Pinotti et al., 

2003, Lima et al., 2012). Despite the scientific evidence 
compiled in several reviews (Pinotti et al., 2010; Sales et 
al., 2010; Jayaprakash et al., 2017), RPC is not included 
in many milk production units because the relative 
profitability appears small when analyzed solely from milk 
yield without considering other long-term benefits from 
its inclusion. There is one plant feed additive containing 
phosphatidylcholine with the potential to replace RCP 
products that shows natural resistance to ruminal 
degradation in sheep studies (Godinez-Cruz et al., 2015; 
Crosby et al., 2017) and with greater profitability than the 
choline chloride products. The herbal product contains 
Achyrantes Aspera, Trachyspermum ammi, Azadirachta Indica, 
Citrullus Colocynthis and Andrographis paniculata and has been 
evaluated in dairy cattle with positive responses in milk 
production (Mendoza et al., 2019; Cañada et al., 2018). It is 
known that some of  the plants reported in the phytogenic 
additive have a wide range of  antimicrobial and antioxidant 
activities through secondary metabolites which stimulate 
the immune system (Upadhaya and Kim, 2015; Frankič 

A linear mixed model and chi-squared tests were used to estimate the effects of the dietary inclusion of herbal choline at 0.071 % of 
the diet in the entire dairy herd (target dose of 17 g/d in lactating cows) using data from six years in a commercial farm. The feed plant 
additive (BioCholine) was included in the premix spanning three years (2016-2018) feeding 442 cows average per year and information 
was compared with the three previous years (2013 – 2015; 424 cows average per year). Energy corrected milk in the period 2016-2018 
was increased by 1.57% (p<0.001) compared to years 2013-2016 (36.36 vs. 35.80 kg/d). Fertility in cows during first lactation was 
improved (P<0.01) with the feed plant additive (45.33 vs. 37.0%). The period feeding herbal choline (2016-2018) showed a reduction 
(p<0.0001) in abortions (15.65 to 7.29%) and clinical (p<0.005; 12.59 to 6.95%) and subclinical mastitis (p<0.05; 8.65 to 5.22%) 
and in respiratory disorders (p<0.10; 12.42 to 8.56%) whereas hypocalcaemia incidence was increased (p<0.01) from 1.73 to 6.22%. 
Total herd replacement was reduced during the years 2016-2018 by 5.73% (p<0.05) without effects in mortality. Inclusion of the plant 
feed additives containing conjugates of choline improved milk yield, fertility in first lactation cows and important health indicators which 
help to reduced herd replacement.
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et al, 2009). Some of  the plants reported in the herbal 
product contains volatile metabolites such as 2-Undecenal, 
8-p-menthane diamine, 4-vinylguaiacol, β-pinene, p-cresol 
(Mendoza et al., 2019) some aldehydes with bacteriostatic 
and bactericidal effects (Widhalm et al., 2016; Esatbeyoglu 
et al., 2015; Zhu et al., 2017). Therefore, a multi-year 
study was conducted to evaluate the incorporation of  an 
herbal product to provide dietary choline to an entire dairy 
herd for three years, comparing production, health and 
replacements data with the average of  the three previous 
years, maintaining the same management practices.

MATERIAL AND METHODS

Experimental data
The study was conducted at the commercial dairy herd El 
Tepeyac Hidalgo, Mexico (20° 13’ 29’’ N, 99° 02’ 52’’ W, 
2000 m above sea level) with annual mean temperature of  
15.64° C (hottest 25.67° C and coldest 7.21° C average 
respectively). Data from six years were used to compare 
the inclusion of  BioCholine in the nuclei premix of  the 
farm, comparing 2016-2018 (442 cows) versus the previous 
three-year period (2013 – 2015, 424 cows average per 
year; Table 1). The farms used a crossbreeding rotational 
program using Holstein x Montbeliarde x Swedish Red; 
using Holstein cows, using semen from Montbeliarde bulls; 
next generation semen from Swedish Red, the resulting 
generation is bred with semen from Holstein. Rations are 
formulated on NRC (2001) requirements for the different 
physiological stages based on ryegrass silage, corn silage, 
triticale silage, canola meal, soybean meal, corn grain, 
and a formulated premix including commercial sources 
of  ruminally protected protein and inert fat, mineral and 
vitamins without ruminally protected choline. BioCholine 
is an herbal product made with plants native to India 
including Achyrantes Aspera, Trachyspermum ammi, Azadirachta 
Indica, Citrullus Colocynthis and Andrographis paniculata. Since 
2017 the feed plant additive BioCholine (Nuproxa, Mexico, 
Indian Herbs) was included in the premix at 0.071% of  
total mixed ration with a target intake of  17 g/d of  feed 
plant additive in cows consuming 24 kg/DM. Aside from 
normal variations in feed quality, diets over the years did 
not change significantly.

Milk production was recorded daily using an automatic 
equipment Afi-lite Plus which also records milk conductivity 
for the daily diagnosis of  ketosis and mastitis (Antanaitis 
et al., 2015). Milk composition (fat, protein, lactose, total 
solids and non-fatty solids) and cell counts were measured 
in an automatic Foss Analyzer. Individual veterinary 
problems were analyzed from the database by cow per 
year and information on reproductive performance was 
obtained from the databases up to 365 days (Williams 

et al., 2005). The variable selected to compare milk yield 
and quality was energy corrected milk (ECM) because 
it determines the amount of  energy in the milk based 
upon milk, fat and protein (Reist et al., 2002), calculated 
as ECM = [(0.327 • kg milk) + (12.95 kg fat) + (7.2 kg 
protein)]; milk corrected fat was also calculated (Bertoni 
and Trevisi, 2013).

Statistical analysis
Milk yield was tested for normality and milk across years 
was compared with a linear mixed model (Coffey et al., 
2018) with the following model: Yij = µ + τ i + aj + eij, 
in which µ is the year-treatment mean value, τi is the year-
treatment effect (fixed), aj is the effect of  animal, and eij is 
the error term. Means by year were compared with a Tukey 
test and then a specific orthogonal contrast for milk yield 
average 2013-216 versus 2016-2018 was tested to evaluate 
the incorporation of  the feed plant additive. Number of  
diseases and replacement data were expressed in percentage 
and tested using chi square test (Kim, 2017). Data were 
analyzed using the JMP7 software (Sall et al., 2012).

RESULTS AND DISCUSSION

Energy corrected milk showed a normal distribution 
(Shapiro-Wilk 0.998, p< 0.07) with a mean of  36.08 ± 
1.20 kg/d, median 36.09 and mode 35.20. The ECM 
comparison among years is presented in Table 1. The 
contrast used to test the inclusion of  feed plant additive 
was significant (p<0.001) and ECM in 2016-2018 was 
higher representing an increment of  1.57% and when 
comparison was done with energy corrected fat results were 
similar with an increment of  1.15% (Table 2). In multi-

Table 1: Multiyear comparison of energy corrected milk with 
or without herbal choline
Year ECM Min Max C.V. No. 

cows
2013 35.11d 33.05 38.95 2.83 422
2014 36.31b 33.70 39.09 2.86 423
2015 36.01c 32.36 39.63 3.72 427
2016 36.84a 33.23 38.98 2.82 433
2017 36.11cb 34.06 41.23 2.21 438
2018 36.15cb 35.38 41.23 3.18 457
ECM: energy corrected milk; C.V.: coefficient of variation. abcMeans with 
different superscript differ (p<0.05).

Table 2: Contrast comparison of milk yield among years with 
feed plant additive
Milk yield 2013‑2015 2015‑2018 SEM Contrast 

p‑value
ECM kg/d 35.80b 36.36a 0.056 0.0001
FCM kg/d 35.93b 36.34a 0.063 0.0001
ECM: energy corrected milk; FCM: fat corrected milk; SEM: Standard 
error of the mean. abcMeans within row with different superscript 
differ (p<0.0001).
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year evaluations there are environmental factors, genetics 
merit or interactions that can affect the results (Coffey 
et al., 2018), but the rotational cross used in the farm is 
designed to maintain heterosis and milk production yield 
and quality. The number of  animals in the heard (Table 1) 
reflected a minor replacement which in the multiyear study 
is reflecting an improvement in reproductive performance 
and health characteristics with low heritability (Donagh 
et al., 2011). The effects of  the feed additive are clearly 
shown when comparing the contrasts of  the years in milk 
(Table 2), where the changes are similar to those observed 
in controlled experiments with the same phytogenic 
(Mendoza et al., 2019). In another evaluation of  the same 
herbal choline, Holstein cows received 15 grams/d for 
90 days after calving and increased milk production by 
3% (Mendoza et al., 2019). The same herbal product was 
evaluated in different doses with Holstein, Jersey and cross 
cows (0, 10 and 20 grams/cow/day) for 90 days (Cañada 
et al., 2018) showing a linear response in milk production 
(5 %). Evaluations with RPC products have improved milk 
yield from 7 to 8% over the control (Scheer et al., 2002, 
Jayaprakash et al., 2017) but there is a dose response (Pinotti 
et al., 2010, Sales et al., 2010). The polyherbal evaluated in 
this study is a standardized mixture of  choline conjugates 
which have previously been shown capable of  replacing 
synthetic RPC in lamb and ewe diets (Godinez-Cruz et al., 
2105; Crosby et al., 2017).

Effects of  herbal choline are shown in Table 3. Fertility in 
cows during first lactation was improved by 8.33% (p<0.01) 
with the inclusion of  the feed plant additive. Comparing 
health disorders in the periods 2013-2015 versus 2016-2018 
it was observed there was a reduction (p<0.0001) of  4.8% 

in abortions, 5.45% reduction in clinical mastitis (p<0.005) 
and 3.44% reduction in subclinical mastitis (p<0.04); 
respiratory problems were also reduced (p<0.06) by 
3.87%. In contrast, hypocalcaemia incidence was increased 
(p<0.0001) by 9.75% while other problems were unaffected 
by inclusion of  the feed plant additive. Total replacement 
percentage was reduced by 5.73% (p<0.04) without effects 
in mortality. Most of  the evaluations using rumen protected 
choline have been conducted using cows in the transition 
period and during the early lactation stage (Pinotti et al., 
2010; Sun et al., 2016; Lima et al., 2012; Piepenbrink and 
Overton, 2003) and there are few experiments extending 
until 70 days postpartum (Ardalan et al., 2010; Davidson 
et al., 2008; Cañada et al., 2018). In commercial herds, the 
use of  RPC is usually not extended throughout the entire 
lactation because of  the costs of  the products. The feed 
plant additive with choline allows its incorporation for 
extended periods to obtain the benefits of  the nutrient 
and economical evaluations of  RPC. Herbal choline 
supplemented to lambs feed indicated that herbal sources 
are more profitable (Lee et al., 2016).

The increase in hypocalcaemia cases (Table 3) may be 
due to the increase in milk production resulting from 
the inclusion of  herbal choline. Higher milk yields have 
been accompanied by increasing metabolic problems and 
declining longevity and fertility (Oltenacu and Broom, 
2010). However, in the case of  choline the negative effects 
are compensated by improvement in the energetic status 
of  the cows. Since replacements in the unit were reduced 
over two years and the fertility was not negatively affected, 
it would appear that the productive life of  the cows was 
not negatively affected, and other diseases were reduced 

Table 3: Multiyear comparison of productive parameters (%) with or without feed plant choline
Parameter 2013‑2016 2017‑2018 Additive difference% 95% confidence interval Chi‑squared p‑value
Fertility (%)
 Overall 35.00 37.33 2.33  -4.0639 to 8.6866 0.508 0.47
 1st lactation 37.00 45.33 8.33 1.7719 to 14.7810 6.189 0.012
 2nd lactation 34.67 34.33 -0.33  -5.9675 to 6.6556 0.011 0.91
 3rd lactation 33.33 33.67 0.33  -5.9355 to 6.5991 0.011 0.91
 Multipars 34.00 34.00 0.00  -6.2960 to 6.2837 0.0 1.0
Diseases (%)
 Abortions 15.65 7.29 -8.36 4.1408 to 12.6580 14.976 0.0001
 Lameness 23.90 24.48 0.59 -5.1301 to 6.2656 0.04 0.84
 Digestive 11.56 9.12 -2.44 -1.6344 to 6.5647 1.391 0.23
 Hypocalcaemia 1.73 6.22 4.49 1.9146 to 7.2816 11.290 0.0008
 Clinical mastitis 12.59 6.95 -5.65 1.6900 to 9.6779 7.842 0.005
 Subclinical-mastitis 8.65 5.22 -3.44 0.0307 to 6.9382 3.959 0.04
 Metritis 7.55 6.55 -1.00 -2.4531 to 4.5071 0.330 0.56
 Respiratory 12.42 8.56 -3.87 -0.2320 to 8.0124 3.442 0.06
 Retained placent 8.88 8.73 -0.14  -3.6615 to 3.9950 0.006 0.93
Replacement % 26.72 20.98 -5.73 0.0640 to 11.3914 3.928 0.04
Mortality 2.18 1.47 -0.72  -1.1964 to 2.7417 0.611 0.43
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with supplementation of  the plant additive choline. Choline 
supplementation with RPC sources have reduced ketosis 
problems and increased milk production (Baldi and Pinotti, 
2006; Sales et al., 2016). Lima et al. (2012) reported that 
the energetic status of  cows and morbidity in general are 
also improved and supplemental choline did not affect 
pregnancy rate as observed in this evaluation and others 
(Ardalan et al., 2009).

As observed in our study (Table 3), it has been 
demonstrated that supplementing bypass choline to 
cows before calving reduces mastitis problems and 
general morbidity (Lima et al., 2012). The reduction in 
replacements in the herd when fed the plant additive 
could be explained by improvements in health due to the 
metabolic functions of  choline, particularly those that 
stimulate immune response (Lewis et al., 2016). Cows 
supplemented with RPC showed improved immunological 
functions (Sun et al., 2016, Vailati-Riboni et al., 2017). 
Choline is also part of  the platelet activating factor (1-alkyl-
2-acetyl-sn-glycero-3-phosphocholine), a potent activator 
of  immune response (Prescott et al., 2000). Choline 
has protective functions of  the mitochondria, increases 
cellular antioxidant capacity, decreases triglycerides in liver 
cells, and promotes lipid catabolism and the elimination 
of  radicals (Zhu et al., 2014). In addition, choline and 
its metabolites perform other functions, participating 
as a methyl donor and in the synthesis of  acetylcholine 
and phosphatidylcholine (PCho) and phosphatidylserine 
(Finkelstein, 2000); PCho is the main phospholipid in 
cell membranes throughout the body (Li and Vance, 
2008), PCho participates in the synthesis and export of  
triglycerides in very low-density lipoproteins (VLDL) 
in the liver (Zeisel, 2006) and PCho is required for the 
synthesis of  dipalmitoyl-phosphatidylcholine, the main 
active surfactant component on the surface of  the lungs 
(Gutierrez et al., 2015). PCho is also a precursor of  
sphingomyelin (Tayebati et al., 2015). The dietary PCho 
stimulates formation of  IL-2 and the expression of  CD25, 
CD28, CD71 in the spleen (Lewis et al., 2016) improving 
the immune response.

A multiyear evaluation provided the opportunity to 
make global analyses assessing changes in milk yield, 
reductions in metabolic problems and other production 
diseases as well as fertility to evaluate the overall herd 
economic impact (Oltenacu and Broom, 2010). Losses 
due to clinical and subclinical mastitis are significant per 
cow per year (Hogeveen et al., 2011). It is important to 
consider that not all the positive responses observed in 
cows’ health may be associated solely with choline but 
may be attributable to other metabolites from the feed 
plant additive. It could be due to the change in the genetic 
makeup, also.

CONCLUSIONS

The multiyear evaluation allowed to detect beneficial 
effects of  choline inclusion from the feed plant additive 
improving milk yield and fertility in first lactation cows, 
reducing abortions, mastitis (clinical and subclinical), 
respiratory problems and reducing the need for herd 
replacements. However, hypocalcaemia disorders were 
increased, presumably associated with a higher yield. 
Overall evaluation indicates that the inclusion of  the 
feed plant additives containing conjugates of  choline at 
0.071 % of  the diet is an alternative to improve dairy farm 
profitability.
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