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INTRODUCTION

Vitamin C is an important antioxidant and pro-oxidant, 
which is required for the synthesis of  various hormones 
and neurotransmitters and is found in high concentrations 
in the brain and adrenal glands. It is a required cofactor 
in several enzymatic reactions, including the synthesis of  
carnitine, cholesterol, catecholamines, and collagen, and 
its participation in various components of  the immune 
system has been recognized (Ranjan et al., 2012; Matsui, 

2012; Akbari et al., 2016). Mammals have developed the 
ability to synthesize ascorbic acid in the liver and under 
normal conditions the requirement for vitamin C is met 
endogenously, however there are conditions where it can be 
limiting such as heat stress where blood levels of  vitamin C 
are reduced in lactating cows (Padilla et al., 2006), in cows 
with mastitis (Weiss et al., 2004; Kleczkowski et al., 2005; 
Ranjan et al., 2005a), or with liver failure (Matsui, 2012). 
So, use of  exogenous supplementation has been suggested 
(Ranjan et al., 2012).

A phytobiotic with secondary metabolites and with vitamin C, elaborated with Emblica officinalis and Ocimum sanctum (polyherbal vitamin 
C), was evaluated for milk production, reproductive performance, cytokines, and reactive oxygen species (ROS) production in first calving 
Holstein cows under heat stress conditions. Two hundred primiparous cows with 20 ± 6 days in milk (initial body weight 521 ± 70.0 kg) 
were fed a basal diet (19.40% CP; 1.43 Mcal/kg Nel dry matter (DM)) and randomly assigned to one of the treatments: 0 or 20 g/d of 
the polyherbal vitamin C was integrated daily into the diet with the fresh total mixed ration directly in the feeder. The experiment lasted 
131 days and measurements of production were made daily and milk composition every 30 days. Pregnancy was recorded at the first 
service and accumulated in the experimental period. Results showed that the production and composition of milk were not affected by 
the supplementation with polyherbal vitamin C, however, the accumulated gestation rate improved from 45.74 to 59.34% (P = 0.06), 
particularly that of the first service (20.21 to 34.06%; P = 0.03). Mastitis problems were reduced from 21.28 to 12.09% (P = 0.09). 
polyherbal vitamin C did not modify the production of IL-1β, while the serum levels of IL-6 decreased significantly (P <0.001) compared 
to the unsupplemtented cows. All these results indicate that the polyherbal vitamin C can improve the gestation rate of Holstein dairy 
cattle and have beneficial health effects by reducing mastitis problems. Also, polyherbal vitamin C can exert an anti-inflammatory effect 
by lowering IL-6 levels and reducing ROS production.
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There are several ruminally protected vitamin C products 
for inclusion in the diet (Matsui, 2012) and there are 
evaluations in dairy cattle (Weiss, 2001; Padilla et al., 2006; 
Guo et al., 2017) that show potential benefits that may be 
greater in lactating cows under heat stress (Matsui, 2012). 
However, dairy farmers do not supplement with this 
nutrient presumably because few sources are available, they 
are expensive, and the benefits are not reflected in milk 
production. That is why the impacts of  this vitamin must 
be evaluated in terms of  its impact on health and fertility 
in longer periods (Gutiérrez et al., 2019).

Synthetic vitamin C products have stability problems. So, 
natural plant alternatives with nutraceutical properties have 
been evaluated to replace synthetic vitamins (Martínez-
Aispuro et al., 2019; Mendoza et al., 2019; Gutiérrez et al., 
2019) and those sources could be profitable. There are 
reports that a phytogenic containing Phyllanthus emblica 
(Emblica officinalis) has the same potential as vitamin C to 
reduce heat stress in buffalo and dairy cattle (Haq et al., 
2013; Lakhani et al., 2017). Lozano et al. (2019) incorporated 
a polyherbal (C-Powder®) into the diet of  finishing sheep, 
improving the carcass yield and the antioxidant capacity of  
the meat (Lozano-Sánchez et al., 2021).

The objective of  this experiment was to evaluate the 
addition of  a polyherbal mixture based on Emblica officinalis 
and Ocimum sanctum (Ocimum tenuiflorum) (polyherbal 
vitamin C) in the diet of  first calving Holstein dairy cows in 
early lactation. Our hypothesis is that polyherbal vitamin C 
could improve milk production, reproductive performance, 
and reduce the veterinary problems in primiparous lactating 
cows under heat stress conditions.

MATERIALS AND METHODS

Cow’s performance
The experiment was conducted in a dairy production 
unit located in the Mexican region known as “Comarca 
Lagunera” in the state of  Durango (25° 39’ 14.5 “N 103° 
27’ 28.4” W; altitude 1,122 meters) with an arid climate 
warm (BWh) and an average annual temperature higher 
than 18 °C (21.1 °C) under heat stress according to the 
temperature-humidity index (THI: 0.81 × Air temperature 
+ ((relative air humidity/100) × (Air temperature - 14.4)) 
+ 46.4)) (Ruíz-García et al., 2018), considering the critical 
value when the THI value exceeds 65. The THI values 
during the months that the experiment lasted (August to 
November 2018) by hour were in average: 64.43 at 7:00 h; 
75.37 at 15:00 h; and 73.10 at 20:00 h; and only was below 
65 during earling hours in October and November, which 
maintened the cows under heat strees.

Two hundred primiparous Holstein-Friesian cows with 
20 ± 6 days in milk (initial live weight 521 ± 70.0 kg) 
were fed a basal diet (19.40% CP; 1.43 Mcal/kg NEl; 
NRC, 2001, Table  1) and 100 cows were assigned to 
the randomly to the following treatments: 0 or 20 g/d 
C-Powder® (Nuproxa Mexico, Nuproxa Swizterland, 
Indian Herbs Research & Supply Co. Ltd.). The 
polyherbal evaluated has vitamin C activity from gallic 
acid (5.1%), small hidrolizable tannins (12%) and asorbic 
acid (0.96%) (Lozano-Sanchez et al., 2021). Samples of  
the Polyherbal vitamin C were used to characterize the 
secondary metabolites by gas chromatography coupled 
to mass spectrometry (Table 2 and Fig. 1) as described by 
Roque-Jiménez et al (2020). In the feeder, the polyherbal 
vitamin C was mixed daily with the fresh total mixed 
ration. The experiment lasted 131 days and ended when 
the cows were 150 days in milk (DIM). Milk production 
was recorded daily using the automatic MDS-Milk® 
equipment and milk conductivity was checked daily in 
individual cows to diagnose of  mastitis (Mlsna Dairy 
Supply, Inc.) (Rutten et al., 2013; Antanaitis et al., 2015) 
and on days 0, 24, 53, 88, and 116 of  the experiment milk 
components (fat, protein, lactose, urea, and solid non-
fat (SNF)) were analyzed with a Milkoscan. Individual 
veterinary treatments, diagnoses and number hospital 
visits were recorded in the database from day 20 to 150 
DIM. This information was used to quantify the number 
of  antibiotic doses, immunostimulants and vitamins 
received by each cow and the prevalence of  diseases. 
Mastitis status was defined as a cow diagnosed and treated 
by the veterinarians in the farm.

Table 1: Composition of the basal diet of lactating Holstein 
cows in the dairy unit
Ingredients %
Rolled corn 29.34
Cottonsed meal 13.28
Alfalfa 12.51
Corn silage 11.40
Barley distilled grains 9.38
Soybean meal 6.22
Alfalfa silage 5.98
Soybean hulls 5.27
Bypass protein (46.4% Crude Protein) 3.74
Mineral premix 1.59
Inert fat 1.26
Micotoxin adsorbent 0.04
Chemical composition 

Dry matter, % 51.64
Crude protein, % 19.6
Rumen degradable protein, %a 10.4
Neutral Detergent Fiber, % 43.7
Acid Detergent Fiber, % 26.5
NEl, Mcal/kga 1.43

aNE, net energy, estimated with tables (NRC 2001).
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Cytokines analysis, macrophage culture and reactive 
oxygen species (ROS) production
Blood samples were collected on day 100 after parturition 
from healthy cows for cytokines analysis and macrophage 
culture from peripheral blood mononuclear cells (PBMCs) 
isolation. The levels of  plasma interleukin-1beta (IL-1β) 
and interleukin-6 (IL-6) were evaluated in samples from 
11 cows per treatment. The concentrations of  IL-1β and 
IL-6 were analyzed using commercially available ELISA kits 
specific for the bovine species (Pierce, Thermo Scientific, 
Rockford, IL, USA) according to the manufacturer’s 
instruction. All the samples were analyzed in duplicate.

Macrophages were obtained from PBMCs, as described by 
Benítez-Guzmán et al. (2019). Blood was collected from 
the caudal vein into 20 mL vacuum tubes with acid-citrate-
dextrose solution and maintained at 4 ◦C, blood samples 
were transferred into 50 mL conical tubes and centrifuged 
at 10000×g for 30 min at room temperature. Buffy coats 
were diluted in 30 mL of  citrated PBS pH 7.4, layered 
onto 15 mL of  Percoll (Pharmacia, Uppsala, Sweden) at 
a specific density of  1.077, and centrifuged at 1200×g for 
25 min. PBMCs were then removed from the interface 
between the plasma and Percoll solution at specific density 
of  1.077, pooled, diluted in 50 mL of  citrated phosphate 
buffered saline (PBS) (130 mM trisodium citric acid, 5% 
BSA and PBS0), and centrifuged at 500×g for 15 min. The 
cell pellets were then washed three times with citrated PBS 
at 500×g for 10 min, suspended in Roswell Park Memorial 
Institute media (RPMI) (Gibco, New  York, NY, USA) 
supplemented with 5 mM L-glutamine (Gibco, New York, 
NY, USA), 5 mM non-essential amino acids, 5 mM sodium 
pyruvate (Gibco, New York, NY, USA) and 20 mM sodium 
bicarbonate (CRPMI) containing 4% autologous serum to 
facilitate the adherence, and cultured overnight at 37◦C and 
5% CO2. Non-adherent cells were then removed by three 
washes with prewarmed PBS, and adherent monocytes were 
cultured, as described previously, in CRPMI plus 12.5% 
autologous serum for 12 days until they differentiated to 
macrophages. Flasks were chilled on ice for 45 min and 
macrophages were harvested by repeated gentle pipetting 
and suspended at densities indicated on each experiment.

Reactive Oxygen Species (ROS) production was determined 
via the nitro blue tetrazolium (NBT) reduction as described 
previously (Martinez-Cortés et  al., 2018). Macrophages 

Table 2: Chemical composition of the polyherbal C Powder® 
analyzed by GC‑MS
N° Compounds tR1

1 N‑Ethyl‑2‑phenethylamine 4.054
2 Cyclotrisiloxane, hexamethyl‑ 4.413
3 Oxirane, 3‑ethyl‑2,2‑dimethyl‑ 4.630
4 Thymol 8.604
5 2‑Propenoic acid, 2‑methyl‑, 1,2‑thanediyil ester 8.733
6 Phenol, 2‑methoxy‑3‑(2‑propenyl)‑ 9.111
7 Diphenyl ether 9.478
8 Cycloisolongifolene, 8,9‑dehydro‑ 9.685
9 2H‑2,4a‑Methanonaphthalene, 

1,3,4,5,6,7‑hexahydro‑1,1,5,5‑tetramethy
10.059

10 1H‑Benzocycloheptene, 2,4a, 5,6,7,8 10.339
11 1,3‑Cyclopentadiene, 1,2,3,4‑tetra 10.373
12 2‑Acetyl‑6‑methoxynaphthalene 10.432
13 Docosane 10.485
14 1‑(6‑Methoxynaphthalen‑2‑yl) ethanone 10.596
15 Aromadendrene, dehydro‑ 10.669
16 1,5,9‑Cyclododecatriene, 1,5,9‑trimethyl 10.809
17 3,4‑Dimethylbenzyl isothiocyanate 11.149
18 Caryophyllene oxide 11.204
19 1,1,1‑Trifluoro‑2‑(4‑methylphenyl) propan‑2‑ol 11.347
20 2,4‑Hexadiene, 2,3‑dimethyl‑ 11.525
21 Cyclohexanespiro‑5'‑(2',4',4'‑trimethyl‑2'‑oxazoline) 12.015
22 3‑Penten‑2‑one, 4‑bromo‑ 12.558
23 Quinoline, 1,2,3,4‑tetrahydro‑2‑methyl‑ 12.811
24 2‑Isopropylamino‑4‑methylbenzonitrile 12.981
25 1‑Imidazol‑1‑yl‑3‑methylbut‑2‑en‑1‑one 13.735
26 1‑Methoxy‑3‑(2‑hydroxyethyl) nonane 14.774
27 n‑Hexadecanoic acid 17.865
28 9,12‑Octadecadienoic acid (Z, Z)‑ 24.062
29 9‑Octadecenoic acid, (E)‑ 24.333
30 Hexadecanoic acid, 1,1‑dimethylethyl ester 26.437
31 Hexatriacontane 31.130
32 Octadecanoic acid, butyl ester 32.954
33 Tetracosane 33.121
34 Indole‑3‑carbinol 34.023
35 Nonadecane 34.213
36 3‑Indolethanamine 34.357
37 Bis (2‑ethylhexyl) phthalate 34.634
38 Hexacosane 34.999
39 2‑Ethylacridine 35.136
40 trans‑2‑Ethoxy‑b‑methyl‑b‑nitrostyrene 35.359
41 Propiophenone 35.475
42 Indolizine 35.530
43 Heptacosane 35.626
44 Octasiloxane 35.719
45 Docosane 36.223
46 2‑Ethylacridine 36.325
47 Cyclotrisiloxane 36.442
48 Eicosane 36.854
49 Triacontane 37.539
50 Cyclotrisiloxane, hexamethyl‑ 38.010
51 Gamma‑Tocopherol 38.101
52 Vitamin E 38.814
53 1,30‑Triacontanediol 39.712
54 Heneicosane, 11‑decyl‑ 40.273

Table 2: (Continued)
N° Compounds tR1

55 Gamma‑Sitosterol 40.950
56 1H‑Indole, 2‑methyl‑3‑phenyl‑ 41.030
57 Nonacosane 41.534
58 Taraxasterol 42.115
59 Hexatriacontane 43.053
1Retention time. 

(Contd...)
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were plated in 24-well plates. Macrophage priming 
was achieved by culturing cells with 100  ng/mL of  
Lipopolysaccharide (LPS) from Salmonella L6511 (Sigma 
Chemical Company, St. Louis, MO) in CRPMI plus 12% 
of  autologous serum for 22 h previous to analyze of  ROS. 
Subsequently, 20 μL of  NBT (Sigma Aldrich) (1 mg/mL) 
were added to every well and incubated for 20 min in 5% 
CO2 at 37 °C. Finally, a mix of  54 µL of  2 M KOH and 46 
µL of  dimethyl sulfoxide (Sigma-Aldrich) were added to 
dissolve formazan crystals and the formazan solution was 
transferred to a 96-well plate. The optical density (OD) was 
measured with a microplate spectrophotometer at 620 nm 
(multiskan GO plate reader, Thermo Fisher Scientific).

Statistical analyses
The normal distribution was tested in response variables 
with the Shapiro-Wilk test. Baseline body weight was used 
as a covariate for daily weight gain, final weight and milk 
yield (Steel et al., 1997). Milk yield and composition were 
analyzed with a linear mixed model. Initial body weight 
was not significant, therefore, the model with repeated 
measures included treatment effect (fixed), time of  lactation 
(fixed), and cows (random effect) within treatment (Littell 
et al., 1998). Biochemical variables measured once included 
treatment and random error in the model. Pregnancy rates 
and disease incidences were analyzed with the Chi-square 
test with Software R (Shim et al., 2019).

RESULTS

Dairy cattle performance
Milk production and composition were not affected by 
the dietary supplementation with the polyherbal vitamin 
C (P> 0.05; Table 3). Even when initial body weight had 
a significant effect as a covariate on body weight and daily 
live weight changes, the polyherbal had no effect on those 

variables (Table 3), while the pregnancy rate was improved 
particularly from the first service, improving from 20.21 
to 34.06% (P = 0.03) and in the accumulated increasing 
from 45.74 to 59.34% (P = 0.06). Regarding the effects 
of  polyherbal vitamin C on animal health, no changes 
were found in body weight, abortions or mortality, but a 
considerable reduction of  mastitis incidence was observed 
from 21.28 to 12.09% (P = 0.09) (Table 4). These results 
indicate that the polyherbal vitamin C reduces mastitis 
problems and improves reproductive parameters in 
lactating cows subjected to heat stress.

Anti-inflammatory effect of polyherbal vitamin C
The inflammatory cytokines IL-1β and IL-6 (Fig. 2) were 
detected in the serum of  both groups of  cows. Polyherbal 
vitamin C did not modify the production of  IL-1β 
(Fig. 2A), while the levels of  IL-6 decreased significantly 
(P <0.001, Fig. 2B) compared to the control group. Table 5 
shows the mean and differences of  both groups.

The polyherbal vitamin C did not modify the macrophage 
basal ROS levels compared to those of  the control group 
(Fig. 3). It was also observed a significant production of  
ROS in macrophages from the control group stimulated 
with LPS. Interestingly, when macrophages stimulated 
from cows that consumed the polyherbal vitamin C, it 
was detected a decrease in ROS production compared to 
those from the control group, indicating that the polyherbal 
vitamin C can exert an anti-inflammatory effect by lowering 
IL-6 levels and reducing ROS production (Table 6).

DISCUSSION

Dairy cattle performance
Previous studies have shown that lactating cows subjected 
to heat stress considerably decrease plasma concentrations 

Table 3: Least square means for milk production and composition in primiparous Holstein cows with or without polyherbal 
vitamin C supplementation

Control C‑Powder® 20 g/cow/d SEM P‑value for effect of treatment
n 94 91
Milk production, kg/d 35.60 35.32 0.594 0.73
Milk composition, g/kg

Fat 32.78 33.94 1.684 0.63
Protein 30.62 30.58 0.587 0.96
Solid non fat 89.46 89.22 0.585 0.78
Lactose 50.50 50.98 0.716 0.64
Urea, mg/dl 109.70 115.40 7.441 0.60
Initial BW kg, at 20 DIM 576.81 570.39 3.024 0.30
BW kg, at 66 DIM 491.92 499.21 2.942 0.22
BW kg, at 90 DIM 488.59 490.18 2.936 0.79
BW kg, at 120 DIM 492.55 491.56 2.982 0.62
BW kg, at 150 DIM 505.63 507.18 2.849 0.78
Live weight changes, kg/d ‑0.543 ‑0.482 0.029 0.14

SEM, standard error of the mean; DIM, days in milk. 
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of  vitamin C (Miller and Brezezinska-Slebodzinska, 
1993; Padilla et  al., 2006), however, as observed in this 
experiment, the impact of  supplementing with polyherbal 

vitamin C did not improve milk production. Some studies 
report a positive correlation between the performance 
of  milk components (protein, lactose and SNF) with 
the concentration of  ascorbic acid in plasma (Tanaka 
et al., 2008), but others report that there is no correlation 
(Santos et  al., 2001). The exposure of  cows to heat 
stress during the experiment could be a limitation for 
the cows to show changes in milk production, which is 
aggravated because high-performance cows must dissipate 
the metabolic heat associated with intake, fermentation 
heat (Mendoza et al., 2003) and caloric increment of  the 
metabolism related to the synthesis and secretion of  milk 
(Wolfenson and Roth, 2019).

Oxidative stress increases in dairy cattle after calving and 
under conditions of  heat stress and total ascorbic acid 
in plasma decreases significantly during the peripartum 
period (Tanaka et  al., 2011). It has been suggested that 
under conditions of  heat stress, the availability of  vitamin 
C in dairy cows is important to successfully adapt to stress 
as suggested by experimental data with goats (Sivakumar 
et al., 2010) and cattle (Ranjan et al., 2012).

Table 4: Effect of Polyherbal vitamin C supplementation on reproductive parameters and health events (%) of Holstein cows
Parameter Control C‑Powder® 20 g/cow/d Additive difference % Chi‑squared P‑value for effect of treatment
Gestation rate, %

1st service 20.87 59.34 +38.47 28.408 0.0001
Accumulated 45.74 59.34 +13.60 3.410 0.06

Diseases prevalence, %
Abortions 4.25 6.59 +2.34 0.49 0.48
Lameness 7.45 10.49 +3.54 0.69 0.40
Mastitis 21.28 12.09 ‑9.19 2.784 0.09
Respiratory 23.40 16.48 ‑6.92 1.377 0.24
Fever (non specific) 4.26 4.40 +0.14 0.002 0.96
Mortality 5.26 8.69 +3.0 0.84 0.35

Table 5: Least square means for interleukins IL‑6 and 
IL‑1beta (IL‑1β) in bovine serum from in primiparous Holstein 
cows with or without polyherbal vitamin C supplementation

Control C‑Powder® 
20 g/cow/d

SEM P‑value for effect of 
treatment

IL‑1β  
(pg/ml)

48.35 48.40 2.752 0.98

IL‑6 (pg/ml) 79.22 78.21 0.169 0.0004
SEM, standard error of the mean.

Table 6: Least square means for ROS production in bovine 
macrophages stimulated with LPS from primiparous Holstein 
cows with or without polyherbal vitamin C supplementation

Control C‑Powder® 
20 g/cow/d

SEM P‑value

Cells without 
LPS (OD)

0.1350 0.1412 0.0405 0.98

Cells with 
LPS (OD)

0.3284 0.1900 0.0326 0.001

LPS, Lipopolysaccharide; OD, optical density; SEM, standard error of the 
mean.

Fig 1. Total ion chromatogram of the volatile components and chemical composition in the Polyherbal vitamin C. Chemical composition of C 
Powder® by CG-MS
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The positive responses observed in fertility seem not 
to be associated with the liveweight changes even when 
polyherbal vitamin C supplemented cows tended to 
lose less weight (-0.482  kg/d) than the control group 
(-0.543  kg/d). Experiments with beef  cattle show no 
response in weight gain have to vitamin C however, some 
changes have been observed in body fat, suggesting that 
vitamin C may affect lipid metabolism (Oohashi et  al., 
2000; Mori et al., 2006; Pogge and Hansen, 2012; Pogge 
and Hansen, 2013; Matsuda and Takahashi, 2014). In the 
polyherbal plants (Emblica officinalis and Ocimum sanctum).

Polyherbal vitamin C plants contains secondary metabolites 
such as Thymol and Eugenol, and others (Khan, 2009; 
Joshi et  al., 2011) that have metabolic activity that can 
influence cholesterol regulations (Ovesnaâ et  al., 2004; 

Traber and Atkinson, 2007; Mastelić et al., 2008; Vance 
et al., 2013; Singh, 2013) which could have an impact in 
cholesterol metabolism in cows (Gross et al., 2015) and 
deserves further exploration. Thymol and Eugenol have 
also antioxidant properties (Mastelić et  al., 2008) and 
antimicrobial activity (Rhayour et al., 2002; Michiels et al., 
2007; Gutiérrez-Larraínzar et al., 2012).

There are reports where vitamin C has improved the 
pregnancy rate, the reproductive performance of  cattle 
and fertility in humans (Ranjan et al., 2012). The different 
functions of  vitamin C may explain the improvements 
in fertility observed in the supplemented cows with 
polyherbal. It can be speculated that the antioxidant effects 
help to give resistance to heat stress or that its additional 
availability had an effect at the hormonal level; vitamin C 
is required for the synthesis of  a large group of  hormones 
and neurotransmitters and plays a very important role in 
the biosynthesis of  steroids (Luck and Zhao, 1993). Ranjan 
et  al. (2012) reviewed the processes where vitamin  C 
can influence neuroendocrine regulation, highlighting, 
norepinephrine biosynthesis; as a reducing agent for the 
synthesis of  aldosterone in the adrenal gland, the release 
of  corticosteroids in the bovine adrenal gland, and the 
regulation of  oxytocin biosynthesis and release.

The higher fertility at the first service with the polyherbal 
mix reflects a better physiological condition in the 
conception rate. Vitamin C may be involved in some 
ovarian functions and integrity; it has been reported that 
there is a relationship between the size of  the ovaries and 
their concentration of  ascorbic acid (Khan and Das, 2012). 
An in vitro study showed that ascorbic acid is important for 
maintaining the integrity of  the follicle and may be involved 
in regulating the regeneration of  the extracellular matrix in 
cattle (Thomas et al., 2001). After conception, vitamin C 
may help maintain pregnancy. In vitro studies reported 

Fig  3. Polyherbal vitamin C decreases ROS production in bovine 
macrophages stimulated with LPS. A) The Reactive Oxygen Species 
(ROS) were detected in macrophages derived from monumental cells of 
peripheral blood of cows that received or not the C Powder® supplement. 
Some macrophages were stimulated with Lipopolysaccharide (LPS). 
SE, unstimulated macrophages; **P <0.001; OD, Optical Densities. 

Fig 2. Effect of Polyherbal vitamin C on the bovine serum leves of the inflammatory cytokines IL-1β and IL-6. A) Serum IL-1β levels of cows that 
received (Experimental) or not (Control) the C Powder® supplement. B) Serum IL-6 levels of cows that received (Experimental) or not (Control) 
the C Powder® supplement. 

A B
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that ascorbic acid improved buffalo embryo development 
(Saikhun et al., 2008). In this study, pregnancy and delivery 
were not recorded, but beneficial effects could be expected 
in these periods; lower concentrations of  ascorbic acid have 
been reported in retained placental tissues in animals that 
reported placental retention (Kankofer, 2001).

The reduction in mastitis with polyherbal with vitamin C 
activity is consistent with other reports. Dietary 
supplementation with ascorbyl-2-polyphosphate decreased 
the somatic cell count in the milk of  cows with endotoxin-
induced mastitis (Weiss and Hogan, 2007). Padilla et  al. 
(2006) found that heat stress decreases the plasma 
concentration of  vitamin C, as did mastitis in dairy cows 
(Weiss et al., 2004; Kleczkowski et al., 2005; Ranjan et al., 
2005a). In other studies with cattle and goats, the lower 
content of  ascorbic acid in plasma has been associated 
with the presence of  mastitis (Steffert, 1993; Gupta et al., 
1999; Ranjan et al., 2005a) and there is information where 
the administration of  vitamin C in the mastitis treatment 
improves response in cattle (Chaiyotwittayakun et al., 2002; 
Naresh et al., 2002; Ranjan et al., 2005b). Weiss and Hogan 
(2007) supplemented vitamin C (30 g/d) and observed a 
reduction in the somatic cell count. There are also reports 
where there was no relationship between somatic counts 
and plasma vitamin C without supplementation (Santos 
et  al., 2001) or where the intramammary response by 
vitamin C (25 g intravenous) was limited under conditions 
of  exposure to endotoxins (Chaiyotwittayakun et al., 2002).

There were no effects of  herbal C in the incidence of  
diseases as observed with other nutraceutical polyherbal 
products (Gutiérrez et al., 2019) and a greater impact on 
other diseases was expected due to reports por reports with 
vitamin C (Hemilä, 2017). Respiratory problems in cows 
did not show significant differences, but numerically they 
had a reduction of  4.69%. In humans, five controlled trials 
found significant effects of  vitamin C against pneumonia 
(Hemilä, 2017). Most of  the studies in dairy cattle have 
been carried out under heat stress conditions but polyherbal 
vitamin C could have benefits in cold climates considering 
that in humans and rodents vitamin C can protect against 
stress caused by hot and cold environments (Le Blanc et al., 
1954; Dugal, 1961; Strydom et al., 1976; Chang et al., 2016).

Heat stress has been shown to have negative effects on 
the secretory function of  the mammary gland (Silanikove 
et al., 2009) and to decrease the efficiency of  energy use for 
productive purposes (Rhoads et al., 2009; Wheelock et al., 
2010). In bovines under heat stress, available energy is the 
most limiting nutrient for lactating dairy cows (West, 2003). 
In response to elevated temperatures, in vitro epithelial cells 
of  the bovine mammary gland show abnormal morphology 
and show a reduction in cell proliferation (Collier et al., 

2006), suggesting that hyperthermia induced by heat stress 
compromises the function of  mammary cells.

Although there is no vitamin C deficiency in dairy cattle, 
it is known that, in some conditions, animals may not 
necessarily synthesize sufficient amounts of  ascorbic acid 
to reach optimal levels that prevent infection (Hemilä, 
2017). Its deficiency reduces resistance against infections 
and the inflammatory response, and its supplementation 
improves the activity of  antimicrobial and natural killer 
cells, improves the phagocytic capacity of  neutrophils 
and protection against oxidative damage, supports the 
proliferation of  lymphocytes and the production of  
interferon and contributes to the maintenance of  the 
integrity of  oxide reduction cells (Ranjan et  al., 2012; 
Akbari et al., 2016).

In intensive dairy farms, it has been considered that the 
first problem that generates economic losses is mastitis 
(clinical-subclinical), followed by reproductive disorders 
(Ózsvári, 2017). The herbal containing vitamin C could 
help to reduce economic losses due to reduced yield and 
discarded milk that can represent twice the costs of  drugs 
in mastitis (Seegers et al., 2003) and reduce veterinary costs 
for mastitis treatments and the fees of  veterinary doctors 
(Ghule et al., 2012).

Polyherbal vitamin C supplementation improved fertility 
at the first service which could reduce the interval between 
calvings. The estimated losses due to increasing the 
calving interval in dairy cattle can be USD 3 per cow/day 
(Ózsvári, 2017) and the estimates by De Vries (2006) 
range from USD 3.2 to 5.1/cow/day in dairy farms in 
the United States and some models indicate that these 
values may be underestimated by not considering all losses 
(milk production, fetal losses, additional reproductive 
interventions and replacement costs of  cows due to 
infertility), estimating that the losses can increase from 
USD 5.77 to 6.11/cow/day. Currently, ascorbic acid 
supplementation in dairy cattle diets in commercial 
stables is not common due to complications such as 
vitamin stability, availability of  products protected from 
degradation and costs, but the polyherbal mixture seems 
to be a viable alternative for its inclusion in large scale 
quantities.

Cytokines analysis, macrophage culture and reactive 
oxygen species (ROS) production
The favorable impact that was found on the pregnancy 
rate and the reduction in the incidence of  mastitis using 
polyherbal vitamin C could be due to the decrease in 
inflammatory parameters (IL-6 and ROS) in lactating 
cows subjected to heat stress. This is because dairy cows 
exposed to heat stress conditions are known to exhibit an 
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imbalance in animal health, including dysregulation of  the 
immune response (Bagath et al., 2019). This environmental 
condition promotes a pro-inflammatory state in cows. 
Further, the increase of  a pro-inflammatory environment 
is related to the alteration of  the metabolism and the 
excessive mobilization of  fats, which are also initiated by 
the invasion of  pathogens, tissue damage and excessive 
fat deposition (O’Boyle et  al., 2006; Loor et  al., 2013). 
It is widely known that during the postpartum period 
of  cows a systemic inflammation occurs with alteration 
of  metabolism, this is due to various factors such as 
excessive fat mobilization leading to the production of  
pro-inflammatory cytokines, tumor necrosis factor alpha 
(TNF)-α, and IL-6 (Trevisi et  al., 2012; Bradford et  al., 
2015). Proinflammatory cytokines inhibit intracellular 
signaling of  insulin, heightening insulin insensitivity and 
exacerbating the release of  non-esterified fatty acids 
(NEFA) from adipose tissue (De Koster et al., 2018) also 

stimulate the production of  acute phase proteins such as 
haptoglobin, which is commonly used as a biomarker of  
inflammation (Eckersall and Bell, 2010; Huzzey et al., 2011; 
McCarthy et al., 2016).

Elevated concentrations of  TNF-α, IL-1β and IL-6 
accompanied by insulin resistance resemble sterile 
inflammation and metabolic syndrome (Slattery et  al., 
2004; Fontana et al., 2007), The metabolic alteration found 
in dairy cattle is mainly due to the homeoretic change for 
milk production, when nutrient demand exceeds dietary 
intake, resulting in a state of  negative energy balance (NEB) 
(Drackley, 1999). The presence of  biomarkers of  metabolic 
stress and inflammation in dairy cows has been associated 
with diseases of  the reproductive and respiratory systems 
and mastitis (Osorio et al., 2014). The proinflammatory 
cytokines IL-6, IL-1, and TNF-α are commonly used to 
measure liver function in cows (Huzzey et al., 2011). Thus, 
IL-6 has been found to be elevated in periparturient cows 
with liver dysfunction and in early lactation cows with 
ketosis (Loor et al., 2007). Also, in metritis and endometritis, 
high concentrations of  haptoglobin, IL-1β and IL-6 have 
been found in cow serum, before the disease can be 
diagnosed (Huzzey et al., 2011).

In this way, several studies have shown the anti-inflammatory 
effects of  natural products that were supplemented in the 
diet of  cows (Gessner et al., 2017) exposed to heat stress 
(Hashemzadeh et al., 2014). This study demonstrated that 
dietary supplementation with polyherbal vitamin C in 
cows exposed to heat stress significantly decreased serum 
IL-6 levels. Which can lead to greater control over animal 
health, with a lower incidence of  mastitis and respiratory 
problems. Further, this result can explain the effect of  
the supplementation in health parameters, in general the 
animals show 12% of  mastitis and 16% of  respiratory 

problems less than control groups, this effect. These data 
suggest that polyherbal vitamin C has an important effect in 
the regulation of  metabolic status of  animals, Tocopherol 
(Vance et al., 2013), and Gamma-sitosterol (Singh, 2013), 
and Naproxen has an impact effect in the regulation of  
cyclooxygenases with narrow relation of  IL-6 regulation 
(Duggan et al., 2010).

Heat stress is known to increase the production of  ROS and 
presence of  several antioxidants in the polyherbal vitamin 
C could have an effect on ROS production in macrophages 
derived from PBMCs. Metabolic stress in cows causes an 
alteration in physiological homeostasis (Abuelo et al., 2015), 
increasing the mobilization of  body reserves from adipose 
tissue, generating a negative energy balance, immune and 
inflammatory dysfunction and increased production of  
ROS and species of  reactive nitrogen (Abuelo et al., 2019).

The decrease in macrophage ROS production activated 
by LPS from cows supplemented by polyherbal vitamin 
C compared with macrophage from control, suggest 
that polyherbal vitamin C has an important effect in the 
regulation of  ROS production and it could be important 
in the regulation of  oxidative stress. This could be possible 
because the effect of  all components of  polyherbal vitamin 
C described before with antioxidant activity like vitamins A, 
E and vitamin C (Bernabucci et al., 2014). Therefore, the 
regulation of  ROS production that was observed in this 
study when using polyherbal vitamin C under conditions of  
heat stress can be reflected in the physiological equilibrium 
shown by the experimental cows.

Several studies have determined the beneficial effect of  
vitamin C supplementation in the diet of  lactating cows, 
showing the need to generate new products that maintain 
the stability of  this vitamin (Hiatt et al., 2010; Matsui, 2012; 
Ranjan et al., 2012).

A major constituent of  the polyherbal vitamin C is 
Phyllanthus emblica (also known as Emblica officinalis) known 
as Amla in Ayurvedic medicine, a plant reported to 
contains ascorbic acid (Khopde et al., 2001; Scartezzini 
et  al., 2006) and significant levels of  gallo-tannoids 
that have vitamin  C activity (Pozharitskaya et  al., 
2007) with antioxidant activity (Velderrain-Rodríguez 
et  al., 2018). The Phyllanthus emblica plant that contains 
Emblicanin A, Emblicanin B, Pumigluconin, Pedunculagin, 
Gallo-ellagitannins and Rutin, which in studies with rats 
have shown outstanding antioxidant activity (Sabu and 
Kuttan, 2002; Bhattacharya et  al., 2002; Govindarajan 
et  al., 2005) and the two emblicanins enhanced the 
efficacy of  vitamin C in reducing dehydroascorbic acid to 
ascorbic acid (Ghosal et al., 1996; Bhattacharya et al., 2000; 
Scartezzini et al., 2006). The other plant Ocimum tenuiflorum 
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is also a medicinal plant recognized by its essential oils 
contents, phenols and flavonoids (Shackelford et  al., 
2009). The metabolites in the polyherbal vitamin C plants 
contains natural antioxidants, metabolites with bactericidal, 
anti-inflammatory properties, and others that can help 
improve animal well-being or reduce stress under certain 
conditions (Humer et al., 2018).

CONCLUSIONS

The polyherbal vitamin C with vitamin C activity in doses 
of  20 g/d of  in primiparous Holstein cows in early lactation 
under caloric stress conditions, improved gestation rate, 
and reduced mastitis problems. The metabolites with 
antioxidant activity in the polyherbal manifested an 
important effect in the regulation of  ROS production 
and it could be important in the regulation of  oxidative 
stress together with the regulation of  proinflammatories 
citokynes in cows under heat stress. Polyherbal vitamin C 
supplementation providing compounds with vitamin C 
activity, natural antioxidants and other with antimicrobials 
properties could have an important activity like metabolic 
modulator and inflammatory regulator in animals under 
important fisiological stress like fresh cows.

ACKNOWLEDGEMENTS

Authors acknowledge Nuproxa Mexico, Indian Herbs and 
Nuproxa Switzerland for donating the polyherbal mixtures.

Authors’ Contributions
All authors participated equally in the design of  the 
experiment, analysis and writing of  the manuscript.

REFERENCES

Abuelo, A., J. Hernandez, J. L. Benedito and C. Castillo. 2015. 
The importance of the oxidative status of dairy cattle in the 
periparturient period: Revisiting antioxidant supplementation. J. 
Anim. Physiol. Anim. Nutr. 99: 1003-1016.

Abuelo, A., J. Hernández, J.L. Benedito and C. Castillo. 2019. Redox 
biology in transition periods of dairy cattle: Role in the health of 
periparturient and neonatal animals. Antioxidants. 8: 20.

Akbari, A., G. Jelodar, S. Nazifi and J. Sajedianfard. 2016. An overview 
of the characteristics and function of vitamin c in various tissues: 
relying on its antioxidant function. Zahedan. J. Res. Med. Sci. 
18: e4037.

Antanaitis, R., V. Žilaitis, A. Kučinskas, V. Juozaitienė and K. 
Leonauskaitė. 2015. Changes in cow activity, milk yield, and milk 
conductivity before clinical diagnosis of ketosis, and acidosis. 
Vet. Med. Zoot. 70: 3-9.

Bagath, M., G. Krishnan, C. Devaraj, V.P. Rashamol, P. Pragna, 
A.M. Lees and V. Sejian. 2019. The impact of heat stress on 
the immune system in dairy cattle: A review. Res. Vet. Sci. 126: 
94-102.

Benítez-Guzmán, A., H. Esquivel-Solís, C. Romero-Torres, C. Arriaga-
Díaz and J.A. Gutiérrez-Pabello. 2019. Genetically related 
Mycobacterium bovis strains displayed differential intracellular 
growth in bovine macrophages. Vet. Sci. 6: 81.

Bernabucci, U., S. Biffani, L. Buggiotti, A. Vitali, N. Lacetera and A. 
Nardone. 2014. The effects of heat stress in Italian Holstein 
dairy cattle. J. Dairy Sci. 97: 471-486.

Bhattacharya, A., S. Ghosal and S. K. Bhattacharya. 2000. Antioxidant 
activity of tannoid principles of Emblica officinalis (amla) in 
chronic stress induced changes in rat brain. Indian J. Exp. Biol. 
38: 877-880.

Bhattacharya, S. K., A. Bhattacharya, K. Sairam and S. Ghosal. 
2002. Effect of bioactive tannoid principles of Emblica officinalis 
on ischemia reperfusion-induced oxidative stress in rat heart. 
Phytomedicine. 9: 171-174.

Bradford, B., K. Yuan, J. Farney, L. Mamedova and A. Carpenter. 
2015. Invited review: inflammation during the transition to 
lactation: new adventures with an old flame. J. Dairy Sci. 98: 
6631-6650.

Chaiyotwittayakun, A., R. J. Erskine, T. H. Bartlett, P. M. Herdt and 
R. J. Harmon. 2002. The effect of ascorbic acid and L-histidine 
therapy on acute mammary inflammation in dairy cattle. J. Dairy 
Sci. 85: 60-67.

Chang, C. Y., J. Y. Chen, S. H. Chen, T. J. Cheng, M. T. Lin and 
M. L. Hu. 2016. Therapeutic treatment with ascorbate rescues 
mice from heat stroke-induced death by attenuating systemic 
inflammatory response and hypothalamic neuronal damage. 
Free Radic. Biol. Med. 93: 84-93.

Collier, R. J., C. M. Stiening, B. C. Pollard, M. J. Van Baale, L. H. 
Baumgard, P. C. Gentry and P. M. Coussens. 2006. Use of gene 
expression micro-arrays for evaluating environmental stress 
tolerance at the cellular level in cattle. J. Anim. Sci. 84: 1-13.

De Koster, J., C. Strieder-Barboza, J. de Souza, A. L. Lock, and G. A. 
Contreras. 2018. Effects of body fat mobilization on macrophage 
infiltration in adipose tissue of early lactation dairy cows. J. Dairy 
Sci. 101: 7608-7613.

De Vries, A. 2006. Economic value of pregnancy in dairy cattle. J. 
Dairy Sci. 89: 3876-3885.

Drackley, J. K. 1999. ADSA foundation scholar award. Biology of dairy 
cows during the transition period: The final frontier. J. Dairy Sci. 
82: 2259-2273.

Dugal, L. P. 1961. Vitamin C in relation to cold temperature tolerance. 
Ann. N. Y. Acad. Sci. 92: 307-317.

Duggan, K. C., M. J. Walters, J. Musee, J. M. Harp, J. R. Kiefer, 
J. A. Oates and L. J. Marnett. 2010. Molecular basis for 
cyclooxygenase inhibition by the non-steroidal anti-inflammatory 
drug naproxen. J. Biol. Chem. 285: 34950-34959.

Eckersall, P. D. and R. Bell. 2010. Acute phase proteins: Biomarkers 
of infection and inflammation in veterinary medicine. Vet. J. 185: 
23-27.

Fontana, L., J. C. Eagon, M. E. Trujillo, P. E. Scherer and D. Klein. 
2007. Visceral fat adipokine secretion is associated with systemic 
inflammation in obese humans. Diabetes. 56: 1010-1013.

Gessner, D. K., R. Ringseis and K. Eder. 2017. Potential of plant 
polyphenols to combat oxidative stress and inflammatory 
processes in farm animals. J. Anim. Physiol. Anim. Nutr. 101: 
605-628.

Ghosal, S., V. K. Tripathi and S. Chauhan. 1996. Active constituents 
of Emblica officinalis: Part 1-the chemistry and antioxidant 
effects of two hydrolysable tannins, emblicanin A and B. Indian 
J. Chem. 35: 941-948.

Ghule, A., N. K. Verma, A. K. Cahuhan and P. D. Sawale. 2012. An 



Mendoza, et al.

Emir. J. Food Agric  ●  Vol 34  ●  Issue 3  ●  2022	 257

economic analysis of investment pattern cost of milk production 
and profitability of commercial dairy farms in Maharashtra. 
Indian J. Dairy Sci. 65: 329-336.

Govindarajan, R., M. Vijayakumar and P. Pushpangadan. 2005. 
Antioxidant approach to disease management and the role of 
‘Rasayana’herbs of Ayurveda. J. Ethnopharmacol. 99: 165-178.

Gross, J. J., E. C. Kessler, C. Albrecht and R. M. Bruckmaier. 2015. 
Response of the cholesterol metabolism to a negative energy 
balance in dairy cows depends on the lactational stage. PLoS 
One. 10: e0121956.

Guo, W. J., L. Zhen, J. X. Zhang, S. Lian, H. F. Si, J. R. Guo and 
H. M. Yang. 2017. Effect of feeding rumen-protected capsule 
containing niacin, K2SO4, Vitamin C, and gamma-aminobutyric 
acid on heat stress and performance of dairy cows. J. Therm. 
Biol. 69: 249-253.

Gupta, V. K., A. Kumar and S. D. Sharma. 1999. Plasma ascorbic 
acid in healthy and subclinical mastitic goats. Indian J. Vet. Med. 
19: 83-85.

Gutiérrez, A. R., A. Gutiérrez, C. Sánchez and G. D. Mendoza. 2019. 
Effect of including herbal choline in the diet of a dairy herd; a 
multiyear evaluation. Emir. J. Food Agric. 31: 477-481.

Gutiérrez-Larraínzar, M., J. Rúa, I. Caro, C. de Castro, D. de Arriaga, 
M. R. García-Armesto and P. del Valle. 2012. Evaluation of 
antimicrobial and antioxidant activities of natural phenolic 
compounds against foodborne pathogens and spoilage bacteria. 
Food Control. 26: 555-563.

Haq, A., D. Konwar and A. Khan. 2013. Effect of supplementation 
of ascorbic acid and amla powder on hematobiochemical 
parameters in crossbred dairy cows. Indian J. Anim. Nutr. 30: 
33-37.

Hashemzadeh, F., K. Mohammad, G. Gholam, K. Mahdi, R. Ahmad 
and Z. Qendrim. 2014. Effects of supplementation with a 
phytobiotics-rich herbal mixture on performance, udder health, 
and metabolic status of Holstein cows with various levels of milk 
somatic cell counts. J. Dairy Sci. 97: 7487-7497.

Hemilä, H. 2017. Review Vitamin C and Infections. Nutrients. 9: 339.
Hiatt, A. N., L. S. Taylor and L. J. Mauer. 2010. Influence of 

simultaneous variations in temperature and relative humidity on 
chemical stability of two Vitamin C forms and implications for 
shelf life models. J. Agric. Food Chem. 58: 3532-3540.

Humer, E., R. M. Petri, J. R. Aschenbach, B. J. Bradford, G. B. 
Penner, M. Tafaj, K. H. Südekum and Q. Zebeli. 2018. Invited 
review: Practical feeding management recommendations to 
mitigate the risk of subacute ruminal acidosis in dairy cattle. J. 
Dairy Sci. 101: 872-888.

Huzzey, J. M., D. V. Nydam, R. J. Grant and T. R. Overton. 2011. 
Associations of prepartum plasma cortisol, haptoglobin, 
fecal cortisol metabolites, and non-esterified fatty acids with 
postpartum health status in Holstein dairy cows. J. Dairy Sci. 
94: 5878-5889.

Joshi, B., G. P. Sah, B. B. Basnet, M. R. Bhatt, D. Sharma, K. Subedi, 
J. Pandey and R. Malla. 2011. Phytochemical extraction and 
antimicrobial properties of different medicinal plants: Ocimum 
sanctum (Tulsi), Eugenia caryophyllata (Clove), Achyranthes 
bidentata (Datiwan) and Azadirachta indica (Neem). J. Microbiol. 
Antimicrob. 3: 1-7.

Kankofer, M. 2001. Non-enzymatic antioxidative defense mechanisms 
against reactive oxygen species in bovine-retained and not-
retained placenta: Vitamin C and glutathione. Reprod. Domest. 
Anim. 36: 203-206.

Khan, K. H. 2009. Roles of Emblica officinalis in medicine a review. 
Bot. Res. Int. 2: 218-228.

Khan, F. A. and G. K. Das. 2012. Follicular characteristics and 
intrafollicular concentrations of nitric oxide and ascorbic acid 
during ovarian acyclicity in water buffalo (Bubalus bubalis). Trop. 
Anim. Health Prod. 44: 125-131.

Khopde, S. M., K. I. Priyadarsini, V. H. Mohan, B. Gawandi, J. G. 
Satav, J. V. Yakhmi, M. M. Banavaliker, M. K. Biyani and J. P. 
Mittal. 2001. Characterizing the antioxidant activity of amla 
(Phyllanthus emblica) extract. Curr. Sci. 81: 185-190.

Kleczkowski, M., W. Kluciński, A. Shaktur and J. Sikora. 2005. 
Concentration of ascorbic acid in the blood of cows with 
subclinical mastitis. Pol. J. Vet. Sci. 8: 121-125.

Lakhani, P., R. Jindal and S. Nayyar. 2017. Effect of supplementation 
of amla powder on biochemical parameters in summer stressed 
murrah buffaloes. Int. J. Curr. Microbiol. Appl. Sci. 6: 296-301.

Le Blanc, J., M. Stewart, G. Marier and M. G. Whillans. 1954. Studies 
on acclimatization and on the effect of ascorbic acid in men 
exposed to cold. Can. J. Biochem. Physiol. 32: 407-427.

Littell, R. C., P. R. Henry and C. B. Ammerman. 1998. Statistical 
analysis of repeated measures data using SAS procedures. J. 
Anim. Sci. 76: 1216-1231.

Loor, J. J., G. Bertoni, A. Hosseini, J. R. Roche and E. Trevisi. 
2013. Functional welfare using biochemical and molecular 
technologies to understand better the welfare state of peripartal 
dairy cattle. Anim. Prod. Sci. 53: 931-953.

Loor, J. J., R. E. Everts, M. Bionaz, H. M. Dann, D. E. Morin, 
R. Oliveira, S. L. Rodriguez-Zas, J. K. Drackley and H. A. Lewin. 
2007. Nutrition-induced ketosis alters metabolic and signaling 
gene networks in liver of periparturient dairy cows. Physiol. 
Genom. 32: 105-116.

Lozano-Sánchez, M., G. D. Mendoza-Martínez, J. A. Martínez-
García, M. E de la Torre-Hernández, F. H. Chamorro-Ramírez, 
J. A. Martínez-Aispuro, J. L. Cordero-Mora, M. T. Sánchez-
Torres, P. A. Hernández-García and R. Jones. 2021. Evaluation 
of polyherbal with Vitamin C activity on lamb performance and 
meat characteristics. Rev. Bras. Zootec. 50.

Lozano, S. M. I., J. A. Martínez, P. A. Hernández and G. D. Mendoza. 
2019. Impacto de una Fuente Poliherbal con Vitamina C en 
Comportamiento Productivo de Corderos y Características 
de la Canal. XIX Congreso Bienal de la Asociación Mexicana 
de Especialistas en Nutrición Animal A.C. (AMENA). Puerto 
Vallarta, México.

Luck, M. R. and Y. Zhao. 1993. Identification and measurement 
of collagen in the bovine corpus luteum and its relationship 
with ascorbic acid and tissue development. J. Reprod. Fertil. 
99: 647-652.

Martínez-Aispuro, J. A., G. D. Mendoza, J. L. Cordero-Mora, M. A. 
Ayala-Monter, M. T. Sánchez-Torres, J. L. Figueroa-Velasco, 
G. Vázquez-Silva and A. Gloria-Trujillo. 2019. Evaluation of an 
herbal choline feed plant additive in lamb feedlot rations. Rev. 
Bras. Zootec. 48: e20190020.

Martinez-Cortés, I., N. Acevedo, A. R. Olguin, A. Cortés-Hernández, 
V. Álvarez-Jiménez, M. C. Navarro, H. Sumano-López, 
L. Gutierrez, D. Martínez-Gómez, J. Maravillas-Montero, J. Loor, 
E. García-Zepeda and G. Soldevila. 2018. Tilmicosin modulates 
the innate immune response and preserves casein production in 
bovine mammary alveolar cells during Staphylococcus aureus 
infection. J. Anim. Sci. 97: 644-656.

Mastelić, J., I. Jerković, I. Blažević, M. Poljak-Blaži, S. Borović, I. 
Ivančić-Baće, V. Smrečki, N. Žarković, K. Brčić-Kostic, D. Vikić-
Topić and N. Müller. 2008. Comparative study on the antioxidant 
and biological activities of carvacrol, thymol, and eugenol 
derivatives. J. Agric. Food Chem. 56: 3989-3996.

Matsuda, K. and C. Takahashi. 2014. The effect of vitamin C 



Mendoza, et al.

258 	 Emir. J. Food Agric  ●  Vol 34  ●  Issue 3  ●  2022

supplementation during the late fattening stage on blood 
components and carcass characteristics in Japanese Black 
cattle. Jpn. J. Large Anim. Clin. 5: 9-14.

Matsui, T. 2012. Vitamin C nutrition in cattle. Asian Australas J. Anim. 
Sci. 25: 597-605.

McCarthy, M. M., T. Yasui, M. J. B. Felippe and T. R. Overton. 2016. 
Associations between the degree of early lactation inflammation 
and performance, metabolism, and immune function in dairy 
cows. J. Dairy Sci. 99: 680-700.

Mendoza, M. G., J. M. Pinos, V. Ricalde, E. Aranda, R. Rojo. 2003. 
Modelo de simulación para estimar el balance calórico de 
bovinos en pastoreo. Interciencia. 28: 202-207.

Mendoza, G. D., M. F. Oviedo, J. M. Pinos, H. A. Lee-Rangel, A. 
Vázquez, R. Flores and F. Pérez. 2019. Milk production in dairy 
cows supplemented with herbal choline and methionine. Rev. 
Fac. Cienc. Agrar. Univ. 52: 332-343.

Michiels, J., J. Missotten, D. Fremaut, S. De Smet and N. Dierick. 
2007. In vitro dose-response of carvacrol, thymol, eugenol and 
trans-cinnamaldehyde and interaction of combinations for the 
antimicrobial activity against the pig gut flora. Livest. Sci. 109: 
157-160.

Miller, J. K. and E. Brezezinska-Slebodzinska. 1993. Oxidative stress, 
antioxidants and animal function. J. Dairy Sci. 76: 2812-2823.

Mori, M., L. Padilla, T. Matsui, H. Yano, Y. Matsui and H. Yamada. 
2006. Effects of Vitamin C supplementation on plasma Vitamin C 
level and fattening traits in Japanese Black cattle on a fattening 
farm. Bull. Beef. Cattle Sci. 81: 15-19.

Naresh, R., S. K. Dwivedi, D. Swarup and R. C. Patra. 2002. 
Evaluation of ascorbic acid treatment in clinical and subclinical 
mastitis of dairy cows. Asian Australas J. Anim. Sci. 15: 905-911.

NRC. 2001. Nutrient requirements of Dairy cattle. Seventh revised 
edition, Washington, DC: The National Academic Press.

O’Boyle, N., C. M. Corl, J. C. Gandy and L. M. Sordillo. 2006. 
Relationship of body condition score and oxidant stress to 
tumor necrosis factor expression in dairy cattle. Vet. Immunol. 
Immunopathol. 113: 297-304.

Oohashi, H., H. Takizawa and M. Matsui. 2000. Effect of Vitamin 
C administration on the improvement of the meat quality in 
Japanese Black steers. Res. Bull Aichi Ken. Agric. Res. Cent. 
32: 207-214.

Osorio, J. S., E. R. Trevisi, P. Ji, J. K. Drackley, D. Luchini, G. Bertoni 
and J. J. Loor 2014. Biomarkers of inflammation, metabolism, 
and oxidative stress in blood, liver, and milk reveal a better 
immunometabolic status in peripartal cows supplemented with 
Smartamine M or MetaSmart. J. Dairy Sci. 97: 7437-7450.

Ovesnaâ, Z., A. V. Lkovaâ and K. H. Thovaâ. (2004). Taraxasterol and 
b-sitosterol: New naturally compounds with chemoprotective/
chemopreventive effects Minireview. Neoplasma. 51: 407-417.

Ózsvári, L. 2017. Economic cost of lameness in dairy cattle herds. J. 
Dairy Vet. Anim. Res. 6: 00176.

Padilla, L., T. Matsui, Y. Kamiya., M. Kamiya, M. Tanaka and H. Yano. 
2006. Heat stress decreases plasma Vitamin C concentration in 
lactating cows. Livest. Sci. 101: 300-304.

Pogge, D. J. and S. L. Hansen. 2012. Supplemental Vitamin C 
improves marbling in feedlot cattle consuming high sulfur diets. 
J. Anim. Sci. 91: 4303-4314.

Pogge, D. J. and S. L. Hansen. 2013. Effect of varying concentrations 
of Vitamin C on performance, blood metabolites, and carcass 
characteristics of steers consuming a common high-sulfur 
(0.55% S) diet. J. Anim. Sci. 91: 5754-5761.

Pozharitskaya, O. N., S. A. Ivanova, A. N Shikov and V. G. Makarov. 
2007. Separation and evaluation of free radical-scavenging 

activity of phenol components of Emblica officinalis extract by 
using an HPTLC-DPPH* method. J. Sep. Sci. 30: 1250-1254.

Ranjan, R., A, Ranjan, G. S. Dhaliwal and R. C. Patra. 2012. 
L-Ascorbic acid (Vitamin C) supplementation to optimize health 
and reproduction in cattle. Vet. Q. 32: 145-150.

Ranjan, R., D. Swarup, R. Naresh and R.C. Patra. 2005a. Enhanced 
erythrocytic lipid peroxides and reduced plasma ascorbic acid, 
and alteration in blood trace elements level in dairy cows with 
mastitis. Vet. Res. Commun. 29: 27-34.

Ranjan, R., D. Swarup, R. Naresh and R. C. Patra. 2005b. Ameliorative 
potential of L-ascorbic acid in bovine clinical mastitis. Indian J. 
Anim. Sci. 75: 174-177.

Rhayour, K., T. Bouchikhi, A. Tantaoui-Elaraki, K. Sendide and A. 
Remmal. 2002. The mechanism of bactericidal action of oregano 
and clove essential oils and of their phenolic major components 
on Escherichia coli and Bacillus subtilis. J. Essent. Oil Res. 15: 
356-362.

Rhoads, M. L., R. P. Rhoads, M. J. Van Baale, R. J. Collier, S. R. 
Sanders, W. J. Weber, B. A. Crooker and L. H. Baumgard. 2009. 
Effects of heat stress and plane of nutrition on lactating Holstein 
cows: I. Production, metabolism, and aspects of circulating 
somatotropin. J. Dairy Sci. 92: 1986-1989.

Roque-Jiménez. J. A., G. D. Mendoza-Martínez, A. Vázquez-
Valladolid, M. L. Guerrero-González, R. Flores-Ramírez, J. M. 
Pinos-Rodriguez, J. J. Loor, A. E. Relling and H. A. Lee-Rangel. 
2020. Supplemental herbal choline increases 5-hmC DNA on 
whole blood from pregnant ewes and offspring. Animals. 10: 
1277.

Ruíz-García, L. F., F. Carcelén-Cáceres and R. S. Sandoval-Monzón. 
2018. El índice temperatura-humedad máximo y la producción 
de leche de los establos en Lima-Perú. Arch. Zootec. 67: 99-107.

Rutten, C. J., A. G. J. Velthuis, W. Steeneveld and H. Hogeveen. 
2013. Invited review: Sensors to support health management on 
dairy farms. J. Dairy Sci. 96: 1928-1952.

Sabu, M. C. and R. Kuttan. 2002. Anti-diabetic activity of medicinal 
plants and its relationship with their antioxidant property. J. 
Ethnopharmacol. 81: 155-160.

Saikhun, K., T. Faisaikam, Z. Ming, K. H. Lu and Y. Kitiyanant. 
2008. Alfa-tocopherol and L-ascorbic acid increase the in vitro 
development of IVM/IVF swamp buffalo (Bubalus bubalis) 
embryos. Animal. 2: 1486-1490.

Santos, M. V., F. R. Lima, P. H. M. Rodrigues, S. B. M. Barros and 
L. F. L. da Fonseca. 2001. Plasma ascorbate concentrations are 
not correlated with milk somatic cell count and metabolic profile 
in lactating and dry cows. J. Dairy Sci. 84: 134-139.

Scartezzini, P., F. Antognoni, M. A. Raggi, F. Poli and C. Sabbioni. 
2006. Vitamin C content and antioxidant activity of the fruit and 
of the Ayurvedic preparation of Emblica officinalis Gaertn. J. 
Ethnopharmacol. 104: 113-118.

Seegers, H., C. Fourichon and F. Beaudeau. 2003. Production effects 
related to mastitis and mastitis economics in dairy cattle herds. 
Vet. Res. 34: 475-491.

Shackelford, L., S. R. Mentredd, J. Boateng, L. T. Walker, 
L. Shackelford, S. R. Mentreddy and S. Cedric. 2009. 
Determination of total phenolics, flavonoids and antioxidant and 
chemopreventive potential of basil (Ocimum basilicum L. and 
Ocimum tenuiflorum L.). Int. J. Cancer Res. 5: 130-143.

Shim, S. R., S. J. Kim, and J. Lee. 2019. Diagnostic test accuracy: 
Application and practice using R software. Epidemiol. Health. 
41: e2019007.

Silanikove, N., F. Shapiro and D. Shinder. 2009. Acute heat stress 
brings down milk secretion in dairy cows by up-regulating the 



Mendoza, et al.

Emir. J. Food Agric  ●  Vol 34  ●  Issue 3  ●  2022	 259

activity of the milk-borne negative feedback regulatory system. 
BMC Physiol. 9: 13.

Slattery, M. L., W. Samowitz, M. Hoffman, N. K. Ma, T. R. Levin and 
S. Neuhausen. 2004. Aspirin, NSAIDs, and colorectal cancer: 
possible involvement in an insulin-related pathway. Cancer 
Epidemiol. Biomarkers Prev. 13: 538-545.

Singh, A. 2013. Sitosterol as an antioxidant in frying oils. Food Chem. 
137: 62-67.

Sivakumar, A. V. N., G. Singh and V. P. Varshney. 2010. Antioxidants 
supplementation on acid base balance during heat stress in 
goats. Asian Australas J. Anim. Sci. 23: 1462-1468.

Steel, G. D. R., J. H. Torrie, D. A. Dickey. 1997. Principles and 
Procedures of Statistics. A Biometrical Approach. McGraw-Hill, 
New York.

Steffert, I. J. 1993. Compositional Changes in Cows Milk Associated 
with Health Problem. Bull Milk Fat Flavour Forum, New Zealand 
Dairy Research Institute, Palmerston, pp. 119-125.

Strydom, N. B., H. F. Kotze, W. H. Van der Walt and G. G. Rogers. 
1976. Effect of ascorbic acid on rate of heat acclimatization. J. 
Appl. Physiol. 41: 202-205.

Tanaka, M., Y. Kamiya, T. Suzuki, M. Kamiya and Y. Nakai. 2008. 
Relationship between milk production and plasma concentrations 
of oxidative stress markers during hot season in primiparous 
cows. Anim. Sci. J. 79: 481-486.

Tanaka, M., Y. Kamiya, T. Suzuki and Y. Nakai. 2011. Changes in 
oxidative status in periparturient dairy cows in hot conditions. 
Anim. Sci. J. 82: 320-324.

Thomas, F. H., R. Leask, V. Srsen, S. C. Riley, N. Spears and E. E. 
Telfer. 2001. Effect of ascorbic acid on health and morphology of 
bovine preantral follicle during long-term culture. Reproduction. 
122: 487-495.

Traber, M. G. and J. Atkinson. 2007. Vitamin E, antioxidant and 
nothing more. Free Radic. Biol. Med. 43: 4-15.

Trevisi, E., M. Amadori, S. Cogrossi, E. Razzuoli and G. Bertoni. 
2012. Metabolic stress and inflammatory response in high 
yielding, periparturient dairy cows. Res. Vet. Sci. 93: 695-704.

Vance, T. M., J. Su, E. T. Fontham, S. I. Koo and O. K. Chun. 2013. 
Dietary antioxidants and prostate cancer: A review. Nutr. Cancer. 
65: 793-801.

Velderrain-Rodríguez, G. R., H. Torres-Moreno, M. A. Villegas-Ochoa, 
J. F. Ayala-Zavala, R. E. Robles-Zepeda, A. Wall-Medrano 
and G. A. González-Aguilar. 2018. Gallic acid content and an 
antioxidant mechanism are responsible for the antiproliferative 
activity of “ataulfo” mango peel on LS180. Cells Mol. 23: 695.

Weiss, W. P. 2001. Effect of dietary Vitamin C on concentrations of 
ascorbic acid in plasma and milk. J. Dairy Sci. 84: 2302-2307.

Weiss, W. P., J. S. Hogan and K. L. Smith. 2004. Changes in Vitamin 
C concentrations in plasma and milk from dairy cows after an 
intramammary infusion of Escherichia coli. J. Dairy Sci. 87: 
32-37.

Weiss, W. P. and J. S. Hogan. 2007. Effects of dietary Vitamin C on 
neutrophil function and responses to intramammary infusion of 
lipopolysaccharide in periparturient dairy cows. J. Dairy Sci. 90: 
731-739.

West, J. W. 2003. Effects of heat-stress on production in dairy cattle. 
J. Dairy Sci. 86: 2131-2144.

Wheelock, J. B., R. P. Rhoads, M. J. Vanbaale, S. R. Sanders and 
L. H. Baumgard. 2010. Effects of heat stress on energetic 
metabolism in lactating Holstein cows. J. Dairy Sci. 93: 644-655.

Wolfenson, D. and Z. Roth. 2019. Impact of heat stress on cow 
reproduction and fertility. Anim. Front. 9: 32-38.


