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Abstract: Essential oils (EOs) and their active components are attracting a lot of attention as sustainable
feed additives due to their known antimicrobial properties against a variety of microorganisms,
including bacteria, protozoa, and fungi. They also have biological therapeutic, antioxidant, and flavor
properties. They can be used for modifying the rumen environment and improving animal productivity.
The present study was designed to investigate the effect of supplementation with 2.5 and 5 g/head/day
of an essential oils blend (EOB) of clove, oregano, and juniper in equal proportions on milk production
and quality, and physiological status of early lactating Holstein dairy cows for 8 weeks of treatment
followed by 8 weeks of posttreatment. The results revealed an improvement in milk yield (p < 0.02)
and feed efficiency (p < 0.001) with EOB at a dose of 2.5 g/head/day. The percentages of milk protein
and lactose were increased (p < 0.03) with a high dose of EOB inclusion during the treatment period
as compared with the control group. Milk fat percentage, fat-corrected milk, and energy-corrected
milk were not significantly affected by EOB supplementation. The supplementation of EOB tended
to decrease milk total bacterial and somatic cell counts when compared to the control group.
The supplementation of EOB at both doses increased serum total protein (p < 0.02) and globulin
(p < 0.05), and decreased cholesterol level (p < 0.001) and creatinine (p < 0.001) as compared to the
control group. Furthermore, the results show that the low dose of EOB had more desirable effects on
milk yield, milk total bacterial count, milk somatic cell count, and feed efficiency than the high dose,
suggesting that lower doses may not inhibit rumen microbial populations. Moreover, the low doses
of EOB could be used as sustainable natural alternatives to antibiotics in livestock diets.

Keywords: essential oil blend; milk production; milk constituents; feed efficiency; alternative feed
additives; dairy cows

1. Introduction

Modifying the rumen environment to improve animal productivity has been a major focus in
ruminant nutrition for several decades. Antibiotic and ionophores have been used to manipulate
rumen microbial populations and improve animal productivity and health since their discovery in
the 1970s [1]. Nevertheless, the use of antibiotics as feed additives in dairy cow diets is banned in the

Sustainability 2020, 12, 9123; doi:10.3390/su12219123 www.mdpi.com/journal/sustainability


http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0002-9389-9259
https://orcid.org/0000-0002-5963-5276
http://dx.doi.org/10.3390/su12219123
http://www.mdpi.com/journal/sustainability
https://www.mdpi.com/2071-1050/12/21/9123?type=check_update&version=2

Sustainability 2020, 12, 9123 2of 16

European Union due to the potential of residual appearance in milk and animal-derived foods [2],
and the possible rise of antibiotic-resistant bacteria, which would be of great risk to human health [3].
There is a greater interest in using natural feed additives as sustainable feed additives,
including probiotics [4], organic acids [5], exogenous enzymes [6], propolis [7], and plant secondary
compounds [8,9]. These compounds could be used instead of antibiotics to change ruminal fermentation
and enhance feed efficiency in ruminants [10]. The plant secondary compounds are classified as
saponins, tannins, and essential oils (EOs) [11]. Essential oils are natural volatile components that
occur in any organ of plants, including roots, stems, leaves, flowers, and fruits [9], which can be
extracted by steam distillation [12]. Structurally, EOs are divided into two groups, namely terpenoids
(monoterpenoids and sesquiterpenoids) and phenylpropanoids [11]. They contain a mixture of
compounds, including acids, alcohols, aldehydes, acyclic esters or lactones, and nitrogen- and
sulfur-containing compounds [13]. The concentration of active components in EOs can vary widely
depending on the cultivar, growing conditions, or processing methods for EO extraction [14].

Essential oils and their active components are attracting a lot of attention due to their known
antimicrobial properties against a variety of microorganisms, including bacteria, protozoa, and fungi [9].
They also have biological therapeutic, antioxidant, and flavor properties [11]. In particular, clove
(Syzygium aromaticum) EO has been used anciently as a flavoring agent and antimicrobial material in
food. It is also used as an antiseptic in oral infections anesthetic, a topical application to alleviate pain
and to boost healing [15]. Lately, it has proven its antifungal and antibacterial activities against a wide
range of gram-positive and gram-negative bacteria, insecticidal, anticarcinogenic, and antioxidant
properties [15,16]. The main components of clove EO are eugenol (78.72%), 3-caryophyllene (8.82%) and
eugenyl acetate (8.74%) [17]. Eugenol is a phenylpropanoid compound with a phenolic structure [11]
and is primarily responsible for a wide range of pharmacological and biological properties of clove
EO[15].

Moreover, oregano (Origanum spp.) EO contains large and variable quantities of carvacrol and
thymol, which constitute about 78 to 82% of the total oil [18-20]. Carvacrol is a naturally occurring
isomer of thymol [21], and both are monoterpenoids and phenolic compounds. The other constituents
of oregano EO are monoterpene hydrocarbons (5 to 7%) including y-terpinene and p-cymene [20].
Oregano EO has strong biological activities including antimicrobial activity against a wide range of
gram-positive and gram-negative bacteria, anti-inflammatory, and antioxidation [18,22].

Additionally, juniper berry (Juniperus oxycedrus) EO is largely comprised of monoterpenoid
hydrocarbons (66.2-74.8%), such as «-pinene (51.4%), myrcene (8.3%), sabinene (5.8%), limonene
(5.1%), and B-pinene (5.0%) [23]. Moreover, the second major component group of juniper berries
EO is sesquiterpenes (16.8-17.3%) [24]. Juniper berries EO and their extracts were traditionally used
for medicinal and flavoring purposes and have wide applications in pharmaceuticals, perfumery,
aromatherapy, and food preparations [25]. Juniper berries EO has strong antioxidant properties,
whereas its antioxidant activity is attributable to electron transfer [23]. Juniper berries EO has diuretic,
antiseptic, antimicrobial, and antiradical properties [26].

From the previous studies, the combinations of EOs could have additive, synergistic, or antagonistic
effects on the productivity of ruminants [27-31]. This interaction among EO components may cause
positive changes in ruminal fermentation [32-34] but the combination that will cause this success is
still unknown [27]. The effects of dietary EOs or their combinations on the performance of dairy cattle
were variably with conflicting results. Few studies reported that feed intake was increased with the
inclusion of EOB [35]. However, other research stated that the inclusion of EOB either decreased [36]
or did not affect feed intake [37,38]. Additionally, the effects of EOB on milk yield and composition are
even conflicting. Several studies reported that milk yield and composition were not affected by the
addition of EOB in lactating cows [39]. However, other studies showed that milk yield and composition
were increased by the addition of EOB in lactating cows [40] and lactating ewes [41].

To our knowledge, the effect of clove, oregano, and juniper EOs combination on productive
performance of lactating dairy Holstein cows has not been investigated before. Therefore,
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this experiment was conducted to evaluate the effects of clove, oregano, and juniper EOs combination
with different levels on milk production, composition and quality, dry matter intake, feed efficiency,
and hemato-biochemical parameters of early lactating dairy Holstein cows.

2. Materials and Methods

2.1. Experimental Animals and Management

A total of 33 healthy and parasite-free Holstein dairy cows (477 + 13.3 kg live body weight; BW)
at early lactation (2 weeks after parturition) were grouped according to the parity and productivity in
a randomized complete block design. According to parity, each group included 6 heifers in their first
calving stage and 5 multiparous cows (2.87 + 0.17). According to productivity, the heifers were classified
based on milk production (21.92 + 0.95 kg/day) in the first 2 weeks after calving. Moreover, the milk
yield of cows (23.06 + 1.22 kg/day) in the last lactation season was considered in the experimental
design (allocation of the cows in each group).

The cows were housed in semishaded barns with subdivision. The cows were individually
distributed into 3 equal groups. The first group was the control (without EOB supplementation);
the second group was classified as the EOB; 5 group, which received EOB at a dose of 2.5 g/head/day;
and the third group was classified as EOBs5y, which received EOB at a dose of 5.0 g/head/day.
The selected doses were applied according to our previous work [42] and literature [43,44].

In this study, the investigated EOB was prepared in the laboratory by mixing equal proportions of
clove (S. aromaticum), oregano (O. majorana), and juniper (J. oxycedrus) EOs. The individual dose of EOB
was mixed daily in the concentrate mixture immediately before the morning feeding. These EOs were
procured by El Captain, Company (Cap Pharm) for Extracting Natural Oils, Plants, and Cosmetics;
El Obour City, Cairo, Egypt. The study started at 2 weeks after calving as adaptation period and
the experiment lasted for 16 weeks, which was divided into 2 periods as follows: 8 weeks as the
treatment period (with EOB supplementation) and 8 weeks as the post-treatment period (without EOB
supplementation) to investigate an extended effect of EOB supplementation after stopping treatment.

The feeding experiment was carried out at the Milk Production Project, Faculty of Agriculture
(El-Shatby), Alexandria University, Egypt. Laboratory analyses were conducted at the Laboratories
of Animal Nutrition at the Faculty of Agriculture (El-Shatby) and the Faculty of Agriculture (Saba
Basha), Alexandria University, Egypt. The care and management of cows were approved by the Ethical
Committee of Alexandria University [Approval No. AU: 14/20/05/11/3/09].

2.2. Ration and Feeding Regime

The cows were individually fed with the concentrate mixture and Egyptian green clover
(Trifolium alexandrinumy). The cows fed the ration ad libitum, and the feed was offered 3 times daily at
6:00, 12:00, and 18:00, and the refusals were recorded daily to determine feed intake. The concentrate
mixture and Egyptian green clover were fed separately at proportions 1:2 as fed basis, respectively,
with free access to fresh water. The diet was formulated to provide the nutrient requirements of
early lactating dairy cows [45]. Samples of the concentrate mixture and Egyptian green clover were
separately collected every 2 weeks and dried in a forced air-oven at 60 °C for 72 h to determine dry
matter intake (DMI). The dried samples were ground by electric grinder machine (500 g, DAMAIL,
Zhejiang, China) to pass through a 1 mm screen and stored until chemical analysis for dry matter (DM,
was determined by oven drying at 105 °C for 24 h), ether extract (EE), crude protein (CP), and ash,
which were performed according to AOAC [46]. Neutral detergent fiber (NDF) and acid detergent fiber
(ADF) were determined without using sodium sulfite or c-amylase [47]. Lignin (sa) was determined by
the solubilization of cellulose with sulfuric acid (720 mL/L) [48]. These fiber fractions were sequentially
measured using an ANKOM fiber analyzer using the same sample in ANKOM filter bags and expressed
exclusive of residual ash. The concentrations of hemicellulose and cellulose were estimated as the
differences between NDF and ADEF, and between ADF and lignin, respectively. Nonfiber carbohydrates
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were calculated as the following: Equation = 1000 — (NDF + CP + EE + ash), and organic matter (OM)
was calculated as the difference between DM and ash. The ingredients and chemical composition of
the concentrate mixture and green Egyptian clover for lactating dairy cows are presented in (Table 1).

Table 1. Ingredients of concentrate mixture and chemical composition of concentrate mixture and
green Egyptian clover fed to dairy cows.

Ingredients of Concentrate Mixture (g/kg of DM Basis)
Ground yellow corn 330
Wheat bran 300
Cottonseed meal 280
Soybean meal 50
Calcium carbonate 20
Sodium chloride 10
Di-calcium phosphate 7
Trace minerals ! 3
Chemical Composition Concentrate Mixture Egyptian Clover
(g/kg of DM Basis) (g/kg of DM Basis) (g/kg of DM Basis)
Dry matter 900.6 157.7
Organic matter 961.4 857.0
Ash 38.6 143.0
Crude protein 178.1 169.4
Ether extract 57.9 26.2
Neutral detergent fiber 601.4 619.6
Acid detergent fiber 167.1 364.8
Lignin (sa) 479 103.3
Non-fiber carbohydrates 124.0 41.8
Hemicellulose 4343 254.8
Cellulose 119.1 260.7

1 Trace minerals contained the following nutrients per kg (g/kg): manganese sulfate, 12.58; zinc sulfate, 9.3;
copper sulfate, 3.2; ferrous sulfate, 16.67; calcium iodate, 0.081; sodium selenite, 0.4; magnesium oxide, 9.4;
cobalt sulfate, 0.2; and, sodium chloride added to kg, manufactured by Dyno Vet Company, Alexandria, Egypt.
Hemicellulose = neutral detergent fiber—acid detergent fiber, cellulose = acid detergent fiber—lignin (sa), nonfiber
carbohydrates = 1000— (neutral detergent fiber + crude protein + ether extract + ash).

2.3. Milk Yield and Composition

The cows were machine-milked 3 times daily at 5:00, 11:00, and 21:00. Milk yield (MY) for each cow
was individually recorded weekly during the treatment and post-treatment periods. Feed efficiency
(FE) was calculated by dividing the MY by the DMI. The samples were analyzed immediately for milk
fat, protein, lactose, solids-not-fat (SNF), ash contents, and milk density by the infrared method using
Milk Analyzer (Milkotester Instruments Inc., Belovo, Bulgaria).

Fat-corrected milk (FCM; 4%) was calculated based on 4% fat using the following equation [49]:

FCM (kg/day) = (0.4 x MY) + (15.0 x fat yield)

Moreover, energy-corrected milk (ECM) was computed based on 3.5% fat and 3.2% protein using
the following equation [50]:

ECM (kg/day) = (0.327 x MY) + (12.95 x fat yield) + (7.20 X protein yield)

2.4. Milk Total Bacterial Acount

The milk total bacterial count (TBC) was measured every 4 weeks at the treatment and
post-treatment periods. Raw milk samples (25 mL from each cow) were aseptically collected in
the morning using a sterile screwed test tube. The collected samples were kept in an icebox and
then processed immediately after delivery to the laboratory. The milk TBC was accomplished by the
standard plate count [51]. A milk sample from each cow was diluted in sterilized saline with ratios
ranging from 107! to 107°. Then, the diluted milk samples were incubated using sterilized nutrient
agar media (CM 0003 nutrient agar, OXOID Ltd., Basingstoke, Hampshire, UK) at 32 °C for 48 h.
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The colonies of bacteria were recorded, and the plates with colonies that were lower than 30 and higher
than 300 (contaminated plates) were excluded. The number of colonies counted on the Petri dishes
was multiplied by the reciprocal of the proper dilution rate to obtain milk TBC.

2.5. Milk Somatic Cell Count

The milk somatic cell count (SCC) was measured every 2 weeks of the treatment period and every
4 weeks of the post-treatment period using Ekomilk SCAN Somatic Celbothyzer (Bulteh 2000 Ltd.,
Stara Zagora, Bulgaria).

2.6. Hematological and Serum Biochemical Parameters

Blood samples were collected via venipuncture procedure using evacuated tubes from the tail of
experimental cows every 2 weeks at the treatment and post-treatment periods. The blood samples were
divided into 2 proportions. The first part contained an anticoagulant (Ethylenediaminotetraacetate,
EDTA coated vacuum tube) and used for hematological assay. In brief, the red blood cells count
(RBCs) was manually counted using a standard Neubauer cell counting chamber after diluting blood
samples 200 times with a diluting fluid (10% sodium sulphate, 2% sodium chloride and mercuric
chloride 1% solution). White blood cells (WBCs) were manually counted using a standard Neubauer
cell counting chamber and after diluting blood samples 20 times with a diluting fluid (1.5% glacial
acetic acid solution and a few crystals of gentian violet). Hemoglobin was determined by commercial
kits (Biodiagnostic Co, Cairo, Egypt).

The second part was collected without using an anticoagulant (plan vacuum tube), allowed blood
to clot for 30 min at 25 °C, and then centrifuged at 750x g for 20 min and the top yellow serum layer
pipetted. The serum samples were stored frozen at —20 °C until use.

Total protein, albumin, total cholesterol, triglycerides, urea-N, creatinine, and glucose
concentrations were determined in serum colorimetrically using a visible light spectrophotometer
using commercial kits manufactured by Stanbio Diagnostic Company, Germany. Serum globulin value
was calculated by subtracting the serum albumin value from serum total protein value.

2.7. Statistical Analyses

The statistical data of the experiment were analyzed as repeated measurements using the mixed
procedure of SAS separately for the treatment period and the post-treatment period [52]. The data
of dry matter intake, milk yield and composition, hematological, and serum biochemical parameters
were statistically analyzed using the factorial model including the effects of treatment, time, and their
interaction as follows:

Yijk =u+EQ; + T] + EOTIJ + Ay + €ijk

where 1 is the overall mean, EO; is a fixed effect of the EO concentration, Tj is the fixed effect of the
weeks, EOTj; is the interaction between EO concentration and weeks, Ay is a random effect of the cow
in each treatment, and ey is the random error assumed to be independent and normally distributed
with mean = 0 and variance = 02.

Multiple comparisons among the means were carried out by Duncan, considering P < 0.05 as
significant [53]. The nonparametric variables (TBC and SCC) were analyzed in the log transformed form.

3. Results

3.1. Milk Yield and Feed Efficiency

The results in Table 2 illustrate the effect of the supplementation with EOB (mixed equal proportions
of clove, oregano, and juniper EOs) at doses of 2.5 and 5 g/head/day on DMI, MY, FCM, ECM, and FE
(kg of MY/kg of DMI). The trial lasted for 8 weeks as a treatment period followed by 8 weeks as a
post-treatment period (without EOB supplementation). The results showed that DMI was decreased
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(p < 0.001) with both doses of EOB compared with the control group during the treatment period
and was not affected during the post-treatment period. Additionally, the treatment with EOB had a
significant effect (p < 0.001) over the weeks for DMI during the treatment and post-treatment periods.
Moreover, there was a significant interaction between weeks and treatments for DMI during the
post-treatment period.

Table 2. The effect of different levels of essential oil blend supplementation on dry matter intake, milk
yield, fat-corrected milk, energy-corrected milk, and feed efficiency of early lactating dairy cows (n = 11;

mean =+ SE).
Value
Items Control EOB,5 EOBs, T p W TXW
DMI (kg/day) Treatment 20.71 +0.03 @ 20.51 + 0.04P 20.50 + 0.04 0001 0001 081
y Post-treatment 20.65 = 0.08 20.76 + 0.07 20.69 = 0.08 046 0001 001
MY (kg/day) Treatment 25.76 + 031 P 26.84 +0.222 26.17 +0.29 2 002 0001 082
Y Post-treatment 23.94 + 0.42 24.99 + 0.42 24.71 + 0.4 0.20 0.24 0.64
FCM (kg/day) Treatment 2425+ 052 2529 +0.22 24.87 +0.28 0.14 030 0.35
Yy Post-treatment 22.48 + 0.49 23.95 + 0.53 23.53 = 0.64 0.18 0.64 0.81
ECM (kg/day) Treatment 25.74 + 051 26.81 + 0.37 26.32 + 0.40 021 032 0.4
Y Post-treatment 2391 +0.55 2527 + 0.58 24.93 + 0.69 033 036 0.89
. Treatment 1.24+0.02° 1.31+0.012 1.28 +0.01 % 0.001 054 0.79
FE (kg millskg DMD 1, 1 treatment 116 + 0.02 1.20 + 0.02 119 + 0.02 038 0.04 0.77

Means with different superscripts within the same row are significantly different (p < 0.05). EOB: essential oil blend,
DMI: dry matter intake, MY: milk yield, FCM: fat-corrected milk, ECM: energy-corrected milk, FE: feed efficiency, T:
treatment, W: weeks, T X W: treatment X weeks. EOB; mixed equal proportions of clove, oregano, and juniper EOs,
EOB; 5; 2.5 g/head/day of EOB, and EOBs ; 5.0 g/head/day of EOB.

The lactating dairy cows that received EOB, 5 produced more milk (p < 0.02) by 4.3% as compared
with nonsupplemented cows during the treatment period. This effect continued insignificantly
during the post-treatment period. Moreover, MY was affected significantly (p < 0.001) along the time
of the treatments. Fat-corrected milk and ECM were not affected significantly by the dietary EOB
supplementation in comparison with the control group during the treatment and post-treatment periods.

Feed efficiency was improved (p < 0.001) by adding EOB; 5 (1.31 kg MY/kg DMI) as compared with
the control group (1.24 kg MY/kg DMI) during the treatment period, however, no significant extended
effect founded during the post-treatment period. Additionally, there was a significant difference in the
interaction between treatment and weeks for FE during the post-treatment period.

3.2. Milk Composition

The results presented in Table 3 summarize the effects of dietary EOB supplementation on the milk
composition of early lactating dairy cows. The results showed that cows fed with EOB supplementation
did not affect milk fat percentage during the treatment and post-treatment periods. The percentage of
milk protein was increased (p < 0.03) with a high dose of EOB inclusion during the treatment period
and insignificant during the post-treatment period as compared with the control group. The effect of
weeks on milk protein percentage was significant (p < 0.001) during the treatment period.

Table 3. The effect of different levels of essential o0il blend supplementation on milk composition of
early lactating dairy cows (1 = 11; mean + SE).

Items Control EOB35 EOBs, T P ‘Y; lue TxW
Fat (%) Treatment 3.60 + 0.06 3.62 +0.05 3.66 + 0.05 039 034 0.25
Post-treatment 3.64 + 0. 08 3.67 +0.06 3.76 + 0.08 053 091 0.99
Protein (%) Treatment 3.05 +0.01° 3.06 £0.01° 3.09 +0.012 0.03  0.001 0.70
Post-treatment 3.06 = 0.02 3.07 £ 0.02 3.12 £ 0.03 0.16 1.00 0.97
Treatment 421+0.03b 4.22 +0.03 2P 428 +0.042 0.03  0.04 0.51

Lactose (%) Post-treatment 419 + 0.04 4.22 +0.06 428 +0.05 051 050 097
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Table 3. Cont.

Items Control EOB; 5 EOBs, T 4 Xe’xlue TxW
SNF (%) Treatment 7.83 +0.05 7.87 +0.05 7.90 + 0.04 0.37 0.32 0.96
Post-treatment 7.85 +0.08 7.91 + 0.06 7.94 + 0.07 0.87 0.18 0.90
Ash (%) Treatment 0.57 +0.01° 0.58 £0.012 0.60 +0.012 0.001  0.01 0.49
Post-treatment 0.60 +0.01° 0.61 +0.01 2P 0.63+0.012 0.02 0.97 0.96
Density Treatment 27.02 +0.14 27.15+0.13 2729 +0.13 0.36 0.03 0.95
Post-treatment 27.24 +0.18 27.32 £0.16 27.82+0.18 0.06 0.79 0.37

Means with different superscripts within the same row are significantly different (p < 0.05). EOB, essential oil blend;
SNF, solids not-fat; T, treatment; W, weeks; T x W, treatment X weeks. EOB, mixing equal proportions of clove,
oregano and juniper EOs; EOB; 5, 2.5 g/head/day of EOB; EOBs g, 5.0 g/head/day of EOB.

The milk lactose percentage was increased (p < 0.03) with the EOBs  inclusion during the treatment
period and insignificantly increased during the post-treatment period. The effect of weeks on milk
lactose percentage was significant (p < 0.04) during the treatment period. Milk SNF percentage showed
no significant difference with EOB inclusion during the treatment and post-treatment periods.

The milk ash percentage was increased (p < 0.001, 0.02) with the EOB, 5 and EOB5 ¢ inclusions
during the treatment period and with EOB;5y during the post-treatment period compared with the
control group. The effect of weeks on milk ash percentage was significant (p < 0.01) during the treatment
period. The density of milk remained to be without any noticeable changes by EOB supplementation
in both the treatment and post-treatment periods. However, there was a significant effect (p < 0.03) on
milk density through the weeks during the treatment period.

3.3. Milk Total Bacterial and Somatic Cell Counts

The effects of the dietary supplementation of two doses of EOB on milk TBC and SCC are presented
in Figure 1. The milk TBC showed an insignificant reduction by 20.7 and 17.9% with EOB, 5 and EOBs ,
respectively, compared with the control group during the treatment period. This effect was expanded
during the post-treatment period. Whereas there was an insignificant decrease of TBC by about 13.7
and 12.6% with EOB, 5 and EOBs g, respectively, compared to the control group. Moreover, the weeks
of the trial, as well as the interaction between time and treatment, had insignificant effects on TBC.

B Control O EOB;; E EOBsy,
3501
Treatment p value = 0.25 Treatment p value = 0.54 I'rcatment p value = 0.28 Treatment p value = 0.81
3004 Weeks p Value = 0.26 Weeks p value = 0.41 Week p value = 0.31 Week p value = 0.99
T x W p value = 0.09 T x W pvalue =0.78 T x W pvalue =0.77 T x W p value = 0.68
2504

2004

1004

e e
0- T T T T

Treatment Post-treatment Treatment Post-treatment

Total bacterial count (x10° mI™" milk) Somatic cell count (% 10° ml™! milk)

Figure 1. The effect of different levels of essential oil blend supplementation on milk total bacterial
count and somatic cell count of early lactating dairy cows.

Similar trends were observed with milk SCC, where both treatments (EOB, 5 and EOB;5 ) caused
an insignificant reduction by 20.6 and 9.9% of SCC, respectively, compared with the control group
during the treatment period. Furthermore, the same trend was observed during the post-treatment
period. Additionally, the effects of time, as well as the time X treatment interactions, were insignificant.
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3.4. Hematology and Serum Biochemical Evaluation

The hematological investigation in terms of RBCs, WBCs and Hb of cows fed EOB supplemented
diets did not show any significant changes among groups during treatment and post-treatment periods
(Table 4). There was a significant effect of time for RBCs during the post-treatment period and for
WBCs during the treatment period. Additionally, there was a significant effect of time X treatment
interactions for WBCs during the treatment and post-treatment periods.

Table 4. The effect of different levels of essential oil blend supplementation on red blood cells count,
white blood cells count and hemoglobin of early lactating dairy cows (n = 11; mean + SE).

Val
Items Control EOB,5 EOBs T p Vavue TxW
Treatment 6.49 + 0.08 6.48 + 0.08 6.37 + 0.08 052 071 082
6 3
RBCs (x10°/mm?” blood)  pi ¢eatment 6.63+0.11 6.63 +0.13 6.64 +0.10 011 004 008
Treatment 7.66 +0.20 7.32 % 0.20 7.35 + 0.17 039 005  0.00
3 3
WECs (x10°/mm” blood)  p o\ 4 atment 7324025 7.35 + 0.24 7.7 + 026 043 091 003
Treatment 9.42 +0.13 9.76 + 0.15 9.59 +0.13 066 013 052
Hb value (g/dL blood) Post-treatment 9.97 +0.19 10.00 = 0.18 9.97 +0.21 047 072 086

EOB, essential oil blend; RBCs, red blood cells count; WBCs, white blood cells count; Hb, hemoglobin; T, treatment;
W, weeks; T X W, treatment X weeks. EOB, mixing equal proportions of clove, oregano and juniper EOs; EOB; 5, 2.5
g/head/day of EOB; EOBs, 5.0 g/head/day of EOB.

Meanwhile, the effects of EOB appeared in serum biochemical metabolites of treated animals
(Table 5). The supplementation of EOB at both doses increased total protein (p < 0.02) and globulin
(p < 0.05) during the treatment period and this effect continued during the post-treatment period,
especially with EOB, 5 treatment. There was a significant effect of time for protein and globulin
during the post-treatment period. The supplementation of EOB; 5 increased albumin (p < 0.05)
during the post-treatment period. The cholesterol levels were decreased (p < 0.001) with both EOB
supplementation treatments compared to the control group, during treatment and post-treatment
periods. Further, the effects of time, as well as the time X treatment interactions were significant for
cholesterol concentration during the treatment period. Triglycerides concentration was not significantly
affected with treatments. The creatinine levels were decreased (p < 0.001) with both EOB doses during
the treatment period. Additionally, there were significant effects of time as well as the time X treatment
interactions for creatinine level during the treatment period. Meanwhile, urea and glucose levels were
not affected with EOB treatments during treatment and post-treatment periods.

Table 5. The effect of different levels of essential oil blend supplementation on serum biochemical
parameters of early lactating dairy cows (1 = 11; mean =+ SE).

Value
Items Control EOBys EOBs, T P W TxW
. Treatment 7.77 £0.12° 8.12+0.092 8.11+£0.082 0.02 0.57 0.52
Total protein (g/dL) b b
Post-treatment 7.62 +0.11 8.04+0.162 7.67 £0.11 0.05 0.07 0.90
Albumin (g/dL) Treatment 3.60 + 0.05 3.64 £ 0.06b 3.74 + 0.05 0.16 0.48 0.51
Post-treatment 3.73+£0.092 3.49 £ 0.07 3.70 +£ 0.06 2 0.05 0.10 0.57
. Treatment 418 +0.12b 448 +0.092 4.37 £0.092 0.05 0.20 0.28
Globul dL
obulin (/dL) Post-treatment ~ 3.88 + 0.14° 4550142 397 +0.14° 0001 001 076
Treatment 176.77 +4.96 2 150.13 +2.78 b 152.53 + 4.83 P 0.001  0.001 0.03
Cholesterol (mg/dL) e b b ’ . ’
Post-treatment 188.10 + 4.06 2 162.13 + 5.30 170.78 + 6.20 0.001 0.40 0.67
Triglycerides (mg/dL) Treatment 42.40 +1.02 39.87 £0.77 41.94 +0.77 0.08 0.04 0.37
Post-treatment 42.70 +1.28 44.00 + 1.26 4229 +1.14 0.59 0.52 0.28
Urea-N (mg/dL) Treatment 34.97 + 0.66 33.52 + 0.66 33.88 + 0.68 0.21 0.001 0.48
Post-treatment 33.20 + 0.95 33.62 +0.92 32.65 + 0.83 0.75 0.93 0.22
a b b
Creatinine (mg/dL) Treatment 2.78 £ 0.09 2.22 +0.20 2.36 + 0.19 0.001  0.001 0.001
Post-treatment 291 +0.11 3.10 £ 0.14 3.14 + 0.09 0.25 0.04 0.06
Glucose (mg/dL) Treatment 85.18 + 1.04 84.20 + 0.94 83.73 + 0.81 0.54 0.40 0.90
& Post-treatment 83.66 + 1.45 83.14 + 1.50 83.78 + 1.34 0.94 0.65 0.22

Means with different superscripts within the same row are significantly different (p < 0.05). EOB, essential oil blend;
T, treatment; W, weeks; T x W, treatment X weeks. EOB, mixing equal proportions of clove, oregano and juniper
EOs; EOB; 5, 2.5 g/head/day of EOB; EOBs g, 5.0 g/head/day of EOB.
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4. Discussion

4.1. Dry Matter Intake and Feed Efficiency

The improvement of animal performance is one of the main goals of ruminant nutrition, and the
way to attain this could be fulfilled by modifying animal feed intake and eating behavior. Recently,
EOs of several spices and herbs have been used as feed additives to promote animal growth and
production [29-31]. However, there are conflicting results regarding the effect of EOs on feed intake in the
ruminants that were reviewed. The effect of EOs on DMI of lactating cows in the present study showed a
significant decrease with the dietary supplementation of EOB at the two doses (2.5 and 5.0 g/head/day).
In the same manner, DMI reduced in dairy cattle received EOB supplementation [36,44], sheep received
eucalyptus [54], and beef cattle received a mixture of cinnamaldehyde and eugenol [55].

One possible explanation for the reduction in DMI is that EOs could possess an irritating odor
and smell of the ration, which could be related to less palatability of the animal diet. In contrast,
the DMI was not affected by EOB supplementation in lactating cows [30,31,56], dairy goats [57],
and sheep [37]. Moreover, juniper berry EO supplementation showed no effect on DMI in lactating
cows [43] and lambs [58]. Additionally, adding oregano EO at a dose of 250 mg/head/day did not
influence the feed intake of sheep [59]. Moreover, DMI was not affected by adding anise, clove,
and juniper EOs to lactating Damascus goats at a dose of 2 mL/head/day compared with the control
group [60]. However, the EOB (CRINA ruminant®) supplementation increased DMI of cows [35].
Further, the EO supplementation increased DMI in fistulated nonlactating dairy cows [29]. Accordingly,
several factors might lead to variations in the effect of EOs on DMI, such as EO sources and doses; diet
types and interactions; and the adaptation of microbial populations in the rumen to the EOs [61].

The current results showed that supplementing EOB; 5 to the diet of lactating cows improved
(p £0.001) FE (1.31 MY/kg of DMI) compared with the control group (1.24 MY/kg of DMI) by reducing
DMI and increasing milk yield. The improvement of FE could be associated with an increasing trend
of milk fat concentration relative to the control group. Similar to the present results, FE was higher
than that of the control group by the addition of EOB in the diet of lactating cows [36,62] and lactating
ewes [41]. Furthermore, the FE of dairy cows was increased by the combination of EOs, which may
be associated with changes in rumen fermentation when supplementing EOs [30,31,62]. In another
note, the supplementing with EOB (CRINA ruminant®) at a dose of 1.2 g/head/day did not affect FE in
lactating cows [35].

4.2. Milk Yield and Composition

Milk yield, composition, and quality are important factors affecting the dairy farm'’s profitability.
The current findings indicated that MY increased (p < 0.02) in cows supplemented with EOB at doses
of 2.5 and 5.0 g/head/day during the treatment period. The results of the current study coincided
with the previous findings, which found that the lactating cows fed diets supplemented with EOB
tended to produce more milk than the control cows [35,36]. Furthermore, the supplementation with
1.5 mL/head/day of EOB increased (p < 0.05) MY in ewes when compared to the control group [63].
The supplementation with 500 mg/ kg DM of commercial EOB increased (p < 0.001) cow’s milk
production [64]. The increase in MY with supplementation of EOB may be due to the higher ruminal
total volatile fatty acids, the change in ruminal fermentation profile, and the reduction of methane
production [3,11,42]. The mode of action of EOB on ruminal fermentation is throughout reducing
the molar proportion of acetate and increasing the proportion of propionate, resulting in decreasing
acetate-to-propionate ratio and less methane energy loss [11,62].

Furthermore, the increase in MY with supplementation of EOB could be due to an increase in
endocrine stimulation of the animals [65], such as growth hormones, which promotes milk production
by elevating the rate of change of nutrients from the body to the mammary gland, and glucocorticoids
render for the start and maintenance of lactation [66]. Moreover, EOs components such as eugenol
(the major constituent of clove EO), and thymol and carvacrol (the main constituents of oregano EO),
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and terpene hydrocarbons (the major component of juniper EO) have strong antioxidant properties [67].
Consequently, they have inhibitory activity against lipid peroxidation by interrupting chain reactions
of free radical [67]. This results in in protecting and maintaining mammary secretory cell healthy;,
secretory activity, and the eject ability of alveoli through antioxidant effects [68]. An opposite trend,
EOB supplementation had no significant effect on the MY of lactating dairy cows [28,40,56]. The reasons
for the discrepancies between studies are difficult to explain but could be related to differences in
dietary EOB inclusion levels, feed intake, diet composition, lactation stage, and the trial duration.
More long-term studies are required to evaluate the effect of EOB supplementation on milk production
in lactating dairy cows [44].

It is known that Holstein cows have the lowest fat and protein content, and they produce more milk.
Therefore, they generally have a higher total yield of fat and protein than other breeds [69]. Moreover,
the percentages of MY and milk composition are negatively correlated (-0.3) to the percentages of MY
and fat [70]. The current findings showed that EOB; 5 supplementation in the dairy cow diet under
the experimental conditions did not affect FCM and fat percentage. In the same line, the milk fat
percentage of Holstein cows was not affected by the addition of EOB (CRINA ruminant®) at a dose of
0.750 g/head/day [56], the mixture of equal proportions of cinnamaldehyde and eugenol at different
levels [71], and 500 mg/ kg DM of a commercial blend of cashew nut shell liquid and castor oil [64].
In contrast to the current findings, the milk fat percentage and milk fat yield were higher in Holstein
cows supplemented with 1 g/head/day of EOB [40]. Additionally, there were an increase in MY, milk
fat, and FCM in dairy cows fed with 1.2 g of a commercial EOB [31].

The present results demonstrate that the percentage of protein was increased (p < 0.03) with EOB
inclusion at the higher dose in the dairy cow diet. In accordance, the milk protein of dairy cows was
increased by supplementing EOB [56] or a commercial blend of cashew nut shell liquid and castor
oil [64]. The increase in milk protein with EOs additives could be due to the improvement of ruminal
microbial protein synthesis as a result of decreasing ruminal NHj3 concentration [42]. However, contrary
to the present findings, the milk protein was not affected by the addition of EOB at different levels to the
diet of Holstein cows [35,44,71] or lactating ewes [41]. However, the addition of 1.2 g/head/day of EOB
(CRINA ruminant®) decreased the milk protein content by 0.15% units than the control group [36].

The milk lactose percentage was increased (p < 0.03) in lactating cows supplemented with
EOBs . In the same manner, there was a significant increase in milk lactose concentration with cows
supplemented with 0.750 g/head/day of EOB [56] or 500 mg/kg DM of a commercial blend of cashew nut
shell liquid and castor oil [64], and ewes supplemented with 1.5 mL/head/day of EOB [63]. The increase
in the milk lactose may be due to a parallel increase in the amount of glucose transport and uptake by
the mammary glands [72]. On the contrary, lactose concentration was not affected by supplementing a
blend of cinnamaldehyde and garlic oils at a dose of 300 mg/cow/day [28].

4.3. Milk Total Bacterial Count and Somatic Cell Count

Milk TBC and SCC play a key role in monitoring the milk quality, the degree of udder health,
and the efficiency of management. The mammary glands synthesize milk from specialized cells.
Therefore, milk is virtually sterile when secreted into the alveoli of the udder [73]. After this stage
of milk production, some factors can generally cause microbial contamination of milk and increase
milk TBC, such as internal and external udder environment, milk-handling surfaces, and storage
equipment [74]. It is noteworthy that milk SCC of a healthy cow includes 75 to 85% leukocytes and 15
to 25% epithelial cells [75]. Udder health abnormalities are linked to a significant increase in milk SCC
(rate of 5 to 20%), and it can cause a reduction in MY [76]. The high milk SCC negatively affects not
only MY but also milk composition and quality [77].

The present findings reveal that the means of milk TBC showed an insignificant reduction by 20.7
and 17.9% with EOB, 5 and EOBs g, respectively, compared with the control group. The improvement of
the microbial profile of milk was also enhanced during the post-treatment period. Moreover, the current
results showed that the addition of EOB, 5 and EOBs  to the cow’s diet caused an insignificant decrease
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of 20.6 and 9.9% in milk SCC, respectively, compared to the control group. Similar to the current
results, the milk SSC of lactating cows was lower by dietary supplementation with EOB (CRINA
ruminant®) at a dose of 150 mg/kg of the concentrated feed [41] or blend of cinnamaldehyde and
garlic oil at a dose of 300 mg/cow/day [28]. The reduction in Milk TBC and SCC by the addition of
EOB, 5 and EOBs ) to the cow’s diet may be due to the antimicrobial effects of EOs [11]. In the same
vein, the phytogenic additives as EOs have antimicrobial, antiviral, anthelmintic, and coccidiostat
activities [65]. Essential oils show broad-spectrum inhibitory activities against several bacteria [78,79]
via different modes of action, including the lipophilic characteristic of EOs causing it to be easily
permeable through the cell wall and cell membrane. Besides, the interaction of EOs constituents with
polysaccharides, fatty acids, and phospholipids leads to the disorder of membrane integrity, loss of the
cell contents, confusion in proton pump activity, and thus cell death [80]. Furthermore, the denaturation
of cellular proteins is an important mechanism of action of EOs [79,81]. Moreover, phenolic hydroxyl
group, which was found in EOs, accrues in the lipid phase of the membrane which results in the
expansion of the phospholipids bilayer and increasing spaces and modulate ion infiltration [82].

4.4. Hematological Parameters and Blood Metabolites

Regarding the physiological performance of lactating cows fed diets supplemented with EOB in
the present study, the results did not show any significant changes in RBCs, WBCs counts, and Hb
level with different EOB supplemented groups. In the same line, yearling steers and growing beef
heifers fed diets supplemented with cinnamaldehyde did not affect plasma haptoglobin level and
WBCs [83,84]. Additionally, lactating cows fed diets supplemented with juniper or garlic oils did not
express any changes in WBCs count and differential leukocyte count [43].

Meanwhile, the EOB supplementation exerted significant effects on blood metabolites in the
present study. Serum total protein, albumin, and globulin concentrations were increased with the
dietary supplementation of EOB in the current study. In accordance, the dietary supplementation of
different essential oils (anise, clove, and juniper; 2 mL EO/head/day) and EOB significantly increased
total protein, albumin, and globulin [60,63]. However, sheep fed garlic EO or lambs fed an EOB
(thymol, carvacrol, eugenol, limonene, and cinnamaldehyde) supplemented diet did not affect plasma
total protein and albumin [38,85]. The improvement of serum protein of animals fed EOB in the present
study could be due to the EOs content of phytochemicals, whereas, the phytogenic additives as EOs
have immune stimulation, and anti-inflammatory and antioxidative activities [65].

Moreover, serum total cholesterol was significantly decreased in cows fed the EOB supplemented
diet in the present study. In the same sense, early lactating cows fed EOB (containing cinnamaldehyde
and diallyl disulphide) supplemented diet had lower cholesterol concentration even during heat
stress [86]. Additionally, EOs (anise, clove, and juniper EOs; 2 mL/head/day) supplementation
decreased cholesterol in lactating Damascus goats [60]. The change of cholesterol level in the present
study could be attributed to the effect of EOs supplementation on feed intake, rumen fermentation
and increasing propionate, butyrate, and valerate, which could slow down the triacylglycerol and
cholesterol synthesis in hepatocytes and may change the lipid profile of blood [87].

The present findings revealed serum urea-N concentration was not affected in lactating cows fed
EOB supplemented diets compared to the control group. In contrast, serum urea-N concentration
decreased in lambs fed a supplemented diet with cinnamaldehyde [88]. EOs (anise, clove, juniper,
Allicin, zingiberene, and citral) decreased blood urea-N concentration in lactating Damascus goats
and a non-lactating dairy cow, respectively [29,60]. However, the current results indicated that the
serum creatinine concentration was decreased (p < 0.001) with both doses of EOB supplementation
compared to the control. In the same manner, the EOB (carvacrol, cinnamaldehyde, and capsaicin)
supplementation decreased serum creatinine level in calves [89].

The glucose level did not differ significantly among different studied treatments in the present
study. In agreement, the glucose level of early lactating dairy cows fed EOB (Crina® ruminant)
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supplemented diets was not affected by treatment. Additionally, Damascus goats and growing lambs
fed different EO or EOB did not show significant alteration in glucose levels [7,38].

5. Conclusions

Based on the results, it can be concluded that the dietary supplementation with 2.5 and 5 g/head/day
of essential oil blend (EOB, mixed equal proportions of clove, oregano, and juniper essential oils in
the laboratory) for early lactating cows improved milk yield, feed efficiency, some parameters of milk
composition, and animal hemato-biochemical status. In addition, EOB supplementation reduced milk
total bacterial and milk somatic cell counts. Furthermore, it is better to supplement lower doses of EOB
in the diets of lactating cows than higher doses, suggesting that lower doses may not inhibit rumen
microbial populations. Moreover, the post-treatment effect of EOB supplementation of dairy cows had
no clear effect, since some investigated parameters maintained their level during the post-treatment
period while others were retarded. Therefore, the addition of EOB in livestock diets has beneficial effects
on lactating animal performance and could be used as sustainable natural alternative to antibiotics.
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