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ABSTRACT: This study aimed to analyze the effect of phytogenic additives based on cardol, cardanol, and ricinoleic acid on the physico-
chemical qualities and biochemical parameters of Holstein cow milk. Nineteen animals were divided into the control (Gl) and treatment (GII)
groups. Prior to the beginning of the experiment, sodium monensin was removed from the feed provided to the animals. This study consisted
of two phases. In the first, animals from Gl received the standard diet, without additives, while animals from GII received the standard diet
supplemented with 10 g of phytogenic additives for 60 days. At the end of the first stage, the animals remained 30 days without receiving
additives and in the second phase the groups were inverted, and the GII again received the phytogenic additive during the subsequent 60
days. Physical-chemical analyzes of milk were performed at moments 0, 15, 30, 45 and 60 days of the experiment and the blood parameters
at times 0 and 60 days of the experiment were evaluated. There was no significant difference for the treatment x time interaction in any of the
variables, but there was a trend between groups for the CCS parameter and there was a statistical difference for the protein, as well as for
the AST. In this study it is observed that the addition of phytogenic additive modulating rumen fermentation based on cardol, cardanol and
ricinoleic acid does not compromise, in general, the quality of milk, with positive results for some specific parameters such as protein content
and aminotransferase.
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Efeito de uma mistura de aditivos fitogénicos alimentares nas propriedades fisico-quimicas do leite
e parametros bioquimicos de vacas leiteiras da raca holandés

RESUMO: Esse estudo teve por objetivo avaliar o efeito de um aditivo fitogénico a base de cardol, cardanol e dacido ricinoléico na qualidade
fisico-quimica do leite e perfil bioquimico de vacas da raga Holandés. Dezenove animais foram divididos em dois grupos: Grupo Controle
(GI) e Grupo Tratado (GII). Previamente ao inicio do experimento, retirou-se a monensina sodica da ra¢do fornecida aos animais. Este
estudo consistiu de duas fases, sendo que na primeira fase, os animais do GI receberam a dieta padrdo, sem aditivos, enquanto os animais
do grupo GII receberam a rag¢do padrdo suplementada com 10 g dos aditivos fitogénicos durante 60 dias. Ao final da primeira etapa, os
animais permaneceram 30 dias sem receber aditivos e na segunda fase os grupos foram invertidos, sendo que o GII novamente recebeu o
aditivo fitogénico durante os 60 dias subsequentes. Foram realizadas andlises fisico-quimicas do leite nos momentos 0, 15, 30, 45 e 60 dias do
experimento e avaliados os pardmetros sanguineos nos momentos 0 e 60 dias do experimento. Ndo se observou diferenga significativa para a
interagdo tratamento x tempo em nenhuma das varidveis, mas tendéncia entre grupos para o parametro de CCS, e houve diferenca estatistica
para a proteina, assim como para a AST. Neste estudo observa-se que a adi¢do de aditivo fitogénico modulador de fermentagdo ruminal a
base de cardol, cardanol e dcido ricinoléico ndo compromete, de forma geral, a qualidade do leite, tendo resultados positivos para alguns
pardmetros especificos como teor de proteina e aspartato aminotransferase.

Palavras -chave: aditivo fitogénico, qualidade do leite, perfil bioquimico, bovinos de leite.

INTRODUCTION

Milk quality is defined by the chemical
composition, physicochemical properties, and
hygiene parameters. These parameters are influenced
by diet, management practices, genetics, and animal
breeds, as well as body condition or health status of the
animals. Quality and hygiene status of raw milk and
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dairy products are evaluated based on the standards
for human health protection and conservation of the
nutritional properties of this food (PICININ et al.,
2017). Therefore, the health of cattle and a basic milk
quality control are essential to produce innocuous
dairy products (SANTOS & FONSECA, 2019).

The inclusion of food additives is a
common practice in ruminant nutrition. This measure
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is adopted as a strategy to promote the efficient use of
nutrients by ruminal microorganisms and to minimize
losses of energy and protein during fermentation.
Among the additives, ionophores have been used with
good results to improve the production efficiency of
dairy cows (DUFFIELD et al., 2008). But their use
is restricted in animal feeding due to reduced public
acceptance and increased scientific concern about
the safety of their use (JOUANY & MORGAVI,
2007). Yet, antimicrobials have been widely used in
the treatment of infectious cattle disease worldwide.
However, uncontrolled antimicrobial use, whether for
therapeutic or performance enhancement purposes,
has resulted in global concerns on antibiotic resistant
bacteria causing severe implications to animal and
public health (FAO, 2016). In this context, research
on using alternatives to reduce the use of many
chemical-based substances in cattle have been widely
reported, especially as enhancers of milk production
(CALSAMIGLIA et al., 2007; KHOLIF et al., 2020).

Among the alternatives, phytogenic
additives have stood out in cow feeding because of
antioxidant (OH et al., 2013) and anti-inflammatory
properties (OH et al., 2015) and due to the
improvement in the quality of milk and maintenance
of the physicochemical characteristics of milk without
harming the animals’ health (BORNEO; AGUIRRE,
2008; PRABHASANKAR et al., 2009; TORRES et
al., 2007; KHOLIF et al., 2020).

In addition to their antimicrobial effects,
phytogenic additives are considered effective rumen
modulators characterized by their anti-inflammatory
(VIEIRA et al., 2000), antioxidant (TREVISAN et
al., 2006), and gastroprotective properties (HAMAD
& MUBOFU, 2015). In addition, these compounds or
classes of additives, generally have an antimicrobial
effect and can alter the growth and metabolism
of several bacteria, including bacteria present in
the rumen, and, consequently, changing ruminal
fermentation (WALLACE, 2004). This action occurs
through the selection of Gram-negative bacteria and
inhibiting the growth of Gram-positive bacteria,
a situation that favors the increase of propionate
production and reduces the concentrations of acetic
acid, lactic acid and methane (SHINKAI et al., 2012).

Phenolic compounds such as anacardic
acid, cardanol, and cardol can inhibit the growth of
Gram-positive bacteria and promote the proliferation
of Gram-negative bacteria, thereby increasing
ruminal propionate production (IPHARRAGUERRE
& CLARK, 2003). Studies differ in relation to the
effects of using phytogenic additives in the feeding of
ruminants. Some authors havereported that phytogenic

additives can improve feed efficiency (CRUZ et
al., 2014; VALERO et al., 2016), and meat quality
of beef cattle (DO PRADO et al., 2016), as well as
have demonstrated the productive and physiological
responses of lactating dairy cows supplemented with
phytogenic feed ingredients (RODRIGUES et al.,
2019). According to GANDRA et al. (2014), there
was an increase in the milk production of cows that
received this phytogenic additive in relation to the
control group and a reduction of 2.15 kg in the CMS,
increasing the productive efficiency of the animals.
However, the performance of ruminants supplemented
with phytogenic additives has no specific response
pattern (KHIAOSA-ARD & ZEBELLI, 2013) and the
wide variety of compounds and doses used in animal
experimentation limits the comparison of results.
Much of the studies on the inclusion of phytogenic
additives in dairy cow diets were conducted in vitro
(KLEVENHUSEN et al., 2012), which makes it
difficult to standardize the dosage and fully elucidate
the effects of this compound. However, some in vivo
studies have been carried out in order to evaluate the
effectiveness of these functional oils and their ability
to manipulate rumen fermentation and, consequently,
improve the use of nutrients and the performance of
dairy cows (BENCHAAR et al., 2006; BENCHAAR
et al ., 2007). However, these data are insufficient in
relation to the research on dairy cattle performance.

The aim of this study was to assess the effect
of phytogenic additives based on cardol, cardanol, and
ricinoleic acid on the physicochemical properties and
the biochemical parameters of Holstein cow milk.

MATERIALS AND METHODS

Experimental design

The study was conducted on a dairy farm
where a semi-confined system is used. The farm is
located in Abelardo Luz County, in the western region
of Santa Catarina state, Brazil. Nineteen lactating
cows were allocated into two groups (GI: control;
GII: treatment). At the beginning of the study, eight
cows were primiparous and 11 were multiparous.
In addition, according to the animals’ milk days, for
each time and groups, three categories were created:
up to 100 days, between 100 and 200 days, and more
than 200 days.

Before the commencement of data
collection (30 days), monensin sodium salt was
removed from the animal feed. This study consisted of
two phases with GI as the control group, comprising
of nine animals, and GII as the treatment group of
10 animals. In the first phase, GI animals received
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the standard diet, without any additives, while the
animals in the GII group received the standard feed
supplemented with 10 g (5 g in the morning and 5 g in
the afternoon) of the phytogenic additives for 60 days
of milking. The phytogenic additive was previously
weighed and divided into packages, and then supplied
individually for each animal. At the end of the 60 days,
the animals were not fed with any phytogenic additives
for 30 days. In the second phase, the animal groups
were swapped. In other words, the animals that were
in the GI group were now in the GII group and vice-
versa. During the second phase, the GII group received
10 g (5 g in the morning and 5 g in the afternoon) of
the phytogenic additives with the feed for 60 days of
milking, completing a total of 150 experimental days.

Milk physico-chemical analyses were
performed (standard plate count [SPC], somatic cell
count [SCC], protein, fat, lactose, total solids, and
urea) and blood parameters (creatinine, urea, aspartate
aminotransferase [AST], cholesterol, and gamma-
glutamyl transferase [GGT]) were evaluated. For these
tests, the following schedule was used: milk samples
were collected on days 0, 15, 30, 45, and 60 of each
experimental phase, and blood samples were collected
on days 0 and 60 of each experimental phase.

Phytogenic additive

A phytogenic additive composed of
ricinoleic acid (castor oil), cardol and cardanol
(cashew oil) was used. These have antimicrobial
activity, allowing the manipulation of ruminal
fermentation, through selective inhibition against
Gram positive bacteria, since they cannot penetrate
the wall of Gram-negative bactéria because of their
hydrophilic characteristic.

Diet

Throughout the experimental period,
all animals were fed the same diet, consisting of

Table 1 - Bromatological analysis for the animal diet.

Sample PDM DM
(%) (%)
Silage 48.78 92.76
Feed - 87.56
Pasture 18.01 91.95

roughage (corn silage) in the trough (20 kg per day
and animal), Jiggs pasture grass, and standard feed.
The cattle feed was produced at the farm with the
following ingredients: corn kernels (52 kg), soybean
meal (32 kg), soybean kernels (9 kg), mineral salt (5
kg), sodium bicarbonate buffer (1 kg), and urea (1 kg).
The feed was given according to the animals’ average
production. A bromatological analysis of the feed is
described in table 1. The average milk production per
animal ranged from 28 to 35 L day™.

Milk physico-chemical analyses

Milk collection was performed on days 0,
15, 30, 45, and 60. Samples in collecting cups were
sent to the laboratory of the Holstein Cattle Breeder
Association of Parand state (Associagdo Paranaense
dos Criadores da Raga Holandés — APCBRH) for SCC,
SPC, urea, protein, lactose, fat, and total solids analyses.

The fat, urea, lactose, protein, and total
solids analyses were performed using the infrared
method, according to the international standard
(FIL-IDF Standard No. 141C: 2000). SCC and total
bacterial count (TBC) were performed using the flow
cytometry assay recommended by IDF Standard 148-
2: 2006 (International Dairy Federation [IDF], 2006).

Serum biochemical analyses

For serum  biochemical analyses,
venipunctures in the coccygeal veins were performed.
Blood samples were centrifuged at 3,000 xg for
10 min to obtain the serum specimens, which were
stored in microtubes at -80 °C.

Serum biochemical analyses
were performed by using a semi-automatic
spectrophotometer (Bio Plus 2000) at the Clinical
Pathology Laboratory of the University of West Santa
Catarina, Campus Xanxeré. The enzymes AST and
GGT and the metabolites cholesterol, creatinine, and
urea were analyzed using specific kits from Labtest

MM CP NDF ADF
(% na DM)

5.13 6.82 41.40 23.78

6.41 16.79 17.23 9.34

8.52 21.36 69.46 31.46

PDM, partial dry matter; DM, dry matter ; MM, mineral matter; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent

fiber.
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Diagnostica SA, Lagoa Santa, Brazil. The coefficient
of variation for each analysis was less than 10%.

Statistical analyses

The premises of normality and
homoscedasticity of the residues were previously
tested. When not answered, the data were transformed
using the Box-Cox methodology (BOX & COX,
1964). Results data were subjected to analysis of
variance, with repeated measures over time, using
the mixed procedure of the SAS (Statistical Analysis
System) (CODY, 2018). The fixed effects tests of the
model were verified by using F-test at 5% significance
level (P < 0.05), using the following model:

Y, = n + GROUP, + TIME, + DIM, +
GROUP/ TIME, + GROUP, "DIM, + REP,(GROUP)
+ MP + eijkl

Where: Yia = observed values for the
variables; | = mean score from several variables;
GROUP, = treatment effect (control and treated);
TIME = effect of collecting time (days 0, 15, 30, 45,
and 60); DIM, = effect of the days in milk category
(1: <100 days, 2: 100-200 days, and 3: >200 days).

GROUP;‘TIMEj = effect of the interaction between
treatments and collecting time; GROUP, "DIM, = effect
of the interaction between treatments and the days in
milk category; REP, (GROUP) = repetition effect in
the treatment (error a); MP= regression coefficient of
the milk production effect for each animal; and € is
the experimental residual error (error b).

RESULTS AND DISCUSSION

There was no significant difference between
GI and GII groups in SPC, fat, lactose, and urea results
for the time parameter (Table 2). However, there was
a significant difference in milk quality between the
groups, especially for protein, when phytogenic additives
based on cardol, cardanol, and ricinoleic acid were used
(Table 2). There was a not significant difference for SCC
between groups (P = 0.189), with real mean values of
264,460 cells mL"' and 131,290 cells mL™" in the GI and
GII samples, respectively, (Table 2 and Figure 1B). But,
this reduction of SCC in GII samples may be associated
with the positive effect of phytogenic additives. SCC is
a parameter related to the health of the mammary glands

Table 2 - Milk physico-chemical analyses for standard plate count (SPC), somatic cell count (SCC), fat, protein, lactose, and urea of
Holstein cows’ milk from the control group (GI) and the treated group (GII), who were supplemented with phytogenic additives

based on cardol, cardanol, and ricinoleic acid (GII).

Variant Group Mean” SEM
SPC GI 48.54 60.00
(CFU mL-1)

GII 131.29 59.04
ScC GI 264.46 47.85
(cells mL-1)

GII 150.57 47.08
Fat GI 391 0.11
(%)

GII 3.75 0.11
Protein GI 3.20a 0.10
(%)

GII 2.97b 0.07
Lactose GI 4.27 0.04
(%)

GII 4.33 0.04
Urea GI 18.25 0.39
(mg dL-1)

GII 17.41 0.39
Total solids GI 12.30 0.15

100

(¢/100¢) Gll 11.99 0.15

P value
Groups x Time Groups DIM DIM x Groups
0.505 0.591 0.726 0.208
0.392 0.189 0.930 0.252
0.483 0.296 0.1753 0.810
0.258 0.023 0.249 0.822
0.475 0.784 0.051 0.020
0.852 0.127 0.504 0.407
0.295 0.162 0.781 0.477

SEM: standard error of the mean. SPC: standard plate count. SCC: somatic cell count. CFU: colony forming unit. Different letters
indicate significant differences between groups (Pp < 0.05). DIM: Days in Milk; * Real mean.
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of cattle, and directly influences the quality of milk and
the organoleptic characteristics and shelf life of the dairy
products (SANTOS & FONSECA, 2019).

The effects of Days in Milk (DIM) on
milk components (Table 2) were tested, in which a
significant difference was observed for the interaction
DIM x Groups (P < 0.020) for lactose, in which the
animals of the GII had averages of lactose higher than
GI, especially within the DIM 1 category. Lactose is
one of the constituents of milk with less oscillation,
and has a high osmotic capacity, and the greater the
secretion of lactose, the greater the volume of milk
produced (BOTARO et al, 2011), therefore, an
important result of the applicability of additives used
in this study.

Thus, these natural phytogenic compounds
may be used as additives that have a similar performance
to that of monovalent ionophores. Additionally, the
phytogenic additives had an anti-inflammatory effect,
improving animal performance and decreasing somatic
cell counts (CALSAMIGLIA et al., 2007). Similarly, in
a study using 10 g of oregano extract as additives on

32 dairy cows (16 Holstein and 16 crossbred Holstein-
Gir), significant improvements in increased protein and
decreased SCC levels were observed. These results
suggest that catechins protect the epithelial tissue
of mammary glands from damage due to oxidative
processes and, thereby, contribute to the control and
prevention of mastitis (KOLLING et al., 2018).

It is also important to point out the effect of
SCC on other physico-chemical parameters. In a study
involving Holstein and crossbred cows, GONZALEZ
et al. (2003) found a significant difference (P < 0.01)
in the SCC parameters for protein and fat levels in
milk, and increase in SCC led to reduction in protein
levels and elevation of fat levels.

Evaluating the results for the SCC parameter, it
is observed that there was no statistical difference between
the groups. Similarly, BENCHAAR (2016) did not find
any change in the fat, protein, and lactose concentrations
of milk from cows fed up to 10 g day"' of phytogenic
additives. Similar to the study by GIANNENAS et al.
(2011), this study also did not find any positive effect of a
phytogenic additive (oregano) in the animal diet on SCC.
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Figure 1 - Milk physico-chemical analyses for GI and GII according to milking day. (A) Standard plate count (CFU mL™"); (B) Somatic
cell count (cells mL"); (C) Lactose (%); (D) Urea (%); (E) Protein (%); and (F) Fat (mg dL™); "Significant differences
between groups (P < 0.05). ** Data transformed by Box-Cox methodology.
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There was a significant difference between
the treatments for protein level (P = 0.023); GI and
GII showed mean protein levels of 3.20 and 2.97,
respectively, (Table 2 and Figure le). The animals
were primiparous and multiparous, between three and
six years old, and had a range of lactation from 60 to
232 days. Protein is the milk component that is least
influenced by seasonal variation but is dependent on
lactation duration and age. Research indicates that
protein increases with prolonged lactation, and higher
protein levels in milk tend to be produced from cows
over seven years old compared with protein levels in
milk from primiparous animals. Milk protein levels
can also be affected by the lactation stage, being lower
in the first three months, and increasing progressively
as lactation continues (LACERDA et al., 2014).
However, it is important to mention that even though
there was a difference between the groups in this study,
both groups maintained minimum protein parameters
during the study, as recommended by IN 76 of 2018
(MAPA, 2018). Nevertheless, in a study on Holstein
cow’s milk production and quality attributes according
to calving order, SOUZA et al. (2010) did not find any
significant effect in the number of lactation days on
protein level, with a mean value of 3.23%.

We also observed that the protein level
gradually increased in milk from GII cows (Figure le),
especially in the second phase of the study. This
increase in milk quality enhances product shelf-
life as well as providing a higher yield to the
dairy industry. Milk proteins are one of the most
beneficial constituents in milk, for both digestibility

and the high nutritional value of essential amino acids
(GONZALES et al., 2011). Milk protein levels were
increased on day 30 in the GI group, indicating an
increase in the lactose content (Figure le). It should
be noted that lactose is one of the milk constituents
with low oscillation, but a high osmotic capacity.
Decrease in lactose levels implies lower milk
production. Therefore, in a healthy mammary
gland, greater lactose secretion results in greater
milk volume production (BOTARO et al., 2011).
In relation to lactose levels, there was no difference
between GI and GII (P =0.784). Therefore, our results
are different from those of KUNG et al. (2008), who
replaced antibiotics and ionophores in ruminant feed
with a blend of essential oils to produce positive
changes to the physico-chemical properties of milk.
Table 3 and figure 2 show the biochemical
profile of cow milk in this study. The phytogenic
additives used had a positive effect on the AST
level (P = 0.019). GII presented parameters that
characterize clinically healthy animals. AST is an
important metabolic energy indicator that is used to
indicate metabolic problems related to compromised
nutritional status of dairy cattle. Normal AST levels
indicate a healthy animal (KANEKO et al., 2008).
The high activity of AST in the liver
of dairy cows leads to increased serum AST levels
indicating that the liver functions are compromised,
in acute or chronic forms. However, there is no simple
specific or direct method to identify the reason for the
increase in serum AST because its activity could be
increased due to muscle, renal, and pancreatic cell

Table 3 - Serum biochemical analyses for aspartate aminotransferase (AST), urea, cholesterol, gamma-glutamyl transferase (GGT), and
creatinine in Holstein cow milk from the control group (GI) and supplemented with phytogenic additives based on cardol,

cardanol, and ricinoleic acid (GII).

Variant Group Mean
G 105.070°
AST(UL"Y GII 88.012°
Urea (mg dL™) (?111 ;égjg
Cholesterol (mg dL™) CC:III 1236§i31
GI 33.909
GGT (UL GIl 34.795
Creatinine (mg dL™) ((}}III 1(1)53830

SEM P value

Groups x Time Groups
4.983
5119 0.674 0.019
2122 0.670 0.141
2.180
8.671
8.441 0.724 0.413
1.998
2052 0.430 0.757
0.055

.64 521

4.983 0.640 0.5

SEM: standard error of the mean. Different letters indicate significant differences between groups (P < 0.05).
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Figure 2 - Serum biochemical analyses for GI and GII on days 0 and
60. (A) AST (U L"); (B) Urea (mg dL"); (C) GGT (U L);
(D) Cholesterol (mg dL'); and (E) Creatinine (mg dL™);
“Significant differences between groups (P < 0.05).

injuries (KANEKO et al., 2008). AST has a positive
correlation with mammary gland activity as well as
liver and heart problems. Changes in liver function
due to hepatic fatty infiltration in dairy cows are
associated with increases in AST concentrations
(LAGOcetal.,2001). In this study, the serum AST level
was significantly different in GII animals compared

with that in GI animals (88.012 U L! and 105.070,
respectively, P = 0.019). These data are shown in
Table 3 and Figure 2a, and are considered normal
according to the serum biochemical standards for
dairy cattle, indicating that the animals are clinically
healthy. AST is an important marker for hepatic and
metabolic functions. Therefore, in this study, the
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phytogenic additives had a positive effect because
there was no evidence of liver function alteration
that would compromise both the cattle’s health and
productivity. There were no differences between the
control and treatment groups for the rest of the serum
parameters evaluated, based on the specified species
reference values.

CONCLUSION

This study demonstrated that the addition of
phytogenic additive modulating rumen fermentation
based on cardol, cardanol and ricinoleic acid does
not compromise, in general, the quality of milk, with
positive results for some specific parameters such as
protein content and aminotransferase and may have
contributed to the decrease in SCC of milk from
Holstein cows.
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