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Abstract

Background and Objective: Medicinal plants and their Essential Qils (EO) are considered safe alternatives to antibiotics in animal
feeding. So, this study aimed to evaluate the effect of thyme leaves or EO on the lactation performance of Damascus goats.
Materials and Methods: Thirty-six multiparous lactating Damascus goats (4 years old, an average weight 35 kg) were divided into three
groups (12 animals each) after a week of parturition. Animals in the control group (C) were fed Egyptian clover ( 7rifolium alexandrinum)
plus concentrate feed mixture without additives at the ratio of 40:60, while the other experimental animals were fed control ration plus
1% thyme leaves of total DM (G1) or the equivalent as thyme essential oil (G2). Results: Data indicated that thyme addition in form of
leaves or Essential Oil (EO) significantly increased the digestibility of DM, OM and CP, decreased the digestibility of CF and fibre fractions
and improved TDN and DCP values. No significant effect of sampling time or thyme supplementation was observed on rumen
fermentation parameters. The highest milk and FCM yields and the lowest blood concentrations of cholesterol and triglycerides were
observed with thyme addition especially leaves form (G1). Moreover, decreases in total saturated fatty acids and increases in total
unsaturated fatty acids concentrations in milk were observed with thyme addition. Conclusion: It could be concluded that the
supplementation of lactating goat's ration especially with thyme leaves improved the digestibility, kids growth rate and produced the
highest milk yield with more healthy aspects for consumers.
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INTRODUCTION

Recently the high concern of the eco-friendly and healthy
means used in the improvement of animal production
resulted in banning the use of antibiotics in animal feeding in
2006 by the European Union' due to their potential residues
in milk and meat, meanwhile, their effects consequently on
human health. So, there has been an increasing interest to
search for natural alternatives for growth promoters and
feeding antibiotics in ruminant nutrition such as medicinal
plants and their essential oils?*. Essential Qils (EO) are a
mixture of volatile aromatic secondary metabolites that are
extracted from plants by steam and/or water distillation®.
Santos et a/® recorded an increase in milk fat content with
feeding EO mixture to dairy cows. However, the inclusion of
EO increased milk production decreased somatic cell count
and did not affect the milk composition of dairy ewes’.

Thyme is planted worldwide for many uses such as
culinary, medical and cosmetic perennial purposes.
Thyme is considered as antispasmodic, expectorant,
antiseptic, antimicrobial and antioxidant®. Thymol, a phenolic
monoterpene [(5-methyl-2-(1-methyl ethyl) phenol)] is one of
the major compounds of thyme (7Aymus vulgaris) and organo
(Origanum vulgaris) essential oils®. The strong antimicrobial
activity of thymol against a wide range of gram-positive and
negative bacteria'® is attributed to its ability in plasma
membrane disruption of bacteria and the reduction in
glucose uptake>'". Salamataza et a/'? suggested that thyme
methanolic extract can affect fermentation efficiency in the
rumen and could be used as a mitigating agent of methane.
Ebrahimi et a/' found that the addition of thyme (7Aymus
vulgaris) oil to the diet of Brown Swiss Neonatal calves
improved nutrient digestibility of DM and OM, with no
significant effect on feed intake and feed conversion ratio.
Also, no significant effects on DMI and feed efficiency with
thyme oil supplementation were observed with feedlot
Holstein calves' or with sheep'. While EI-Naggar et a/'®
indicated an improvement in digestibility and feed efficiency
of growing lambs with thyme oil supplementation. In contrast,
there were no significant effects of thyme leaves addition at
3% of DM on nutrient digestibility of lambs'’. Boutoial et a/'®
reported that using thyme leaves in rations of dairy goats
significantly increased the milk contents of fat, protein and
PUFA. In the same trend, El-Essawy et a/' recorded increases
in milk TS, the total antioxidant capacity and concentration of
USFA profile in the milk of Barki ewes fed the diet
supplemented with thyme EO.

The objectives of this study were to investigate the effects
of thyme addition as leaves or essential oil on digestibility,
nutritive value, milk production and its composition, growth

performance of kids, ruminal fermentation characteristics and
blood metabolites of Damascus lactating goats.

MATERIALS AND METHODS

Study area: The field trial of the current study was carried out
at Sheep and Goats Unit, Agriculture Experimental and
Research Station, Faculty of Agriculture, Cairo University
through the period from January to Mach, 2019. While the lab
analysis extended to August 2020.

Ethical approval: The protocol of the present study was
accepted by theInstitutional Animal Care and Use Committee,
Cairo University (IACUC) (Approval No. CU/II/F/22/21).

Thyme leaves and essential oils: Thyme (7Aymus vulgaris)
leaves were obtained from Beni Mazar districts, Minia
Governorate, Egypt. The fresh leaves were dried at shadow till
drying, then it was saved in polyethylene bags. A hydro
distillation method by Clevenger type apparatus was used to
extract the essential oil from fresh thyme leaves as described
by Vakili et a/'. Then the collected oil was dehydrated by
using anhydrous sodium sulfate. Oil percentage was
calculated (1.65%) and stored in the fridge until using. The
bioactive components in the thyme oil were determined by
Gas Chromatography-Mass Spectrometry (GC-MS) instrument
(a trace GC Ultra Gas Chromatographs (THERMO Scientific
Corp., USA), coupled with a THERMO mass spectrometer
detector (ISQ™EC Single Quadrupole Mass Spectrometer) at
the Department of Medicinal and Aromatic Plants Research,
National Research Center.

Thyme in the current study contained 42.70% Thymol,
2.93% Carvacrol, 17.41% p-Cymene, 15.62% y-Terpinene,
4.25% a-Terpinene, 1.65% Myrcene, 2.01% Linalool, 3.30%
a-Pinene, 1.91% B-Pinene, 3.72% B-Caryophyllene and 4.50%
Limonene.

Experimental animals and rations: Thirty-six multiparous
lactating Damascus goats, 4 years old and an average weight
35 kg, after 7 days of parturition were divided into three
groups (12 animals each) according to the milk production
then, the experimental groups were randomly assigned to
receive one of the experimental rations. The experiment lasted
for 80 days (30 days adaptation period, milk yield was
recorded 4 times with 2 weeks interval, then followed by
4 days for digestion trial and collection of rumen liquor and
blood samples). Kids were separated from their mothers and
changesin body weight of mothers and kids were determined
biweekly.
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Table 1: Chemical composition of the concentrate feed mixture, clover hay and
experimental ration

Feedstuffs
——————————————————————— *Experimental

Items CH CFM ration
DM 91.75 90.97 91.28
Chemical composition (%) (DM basis)

oM 88.47 94.83 92.29
Ash 11.53 517 771
CcpP 13.62 14.57 14.19
EE 1.49 2.58 2.14
CF 27.37 5.98 14.54
NFE 45.99 71.70 61.42
Fibre fraction (%)

NDF 43.83 29.87 3545
ADF 31.99 11.23 19.53
ADL 5.53 2.99 4,01
Cellulose 26.46 8.24 15.53
Hemi-cellulose 11.84 18.64 15.92

CH: Clover hay, CFM: Concentrate feed mixture and *Calculated

Animals in the control group (C) were fed Egyptian clover
(Trifolium alexandrinum) plus Concentrate Feed Mixture (CFM)
without additives, while the other experimental animals were
fed control ration plus 1% thyme leaves of total DM (G1) or the
equivalent as thyme essential oil (G2). The equivalent amount
of thyme essential oil was based on 0il% in thyme which was
1.65%. All animal groups were offered rations at 3% of LBW
(60% CFM: 40% Egyptian clover) to cover the total
requirements recommended by NRC®, Both thyme leaves (G1)
and EO (G2) were mixed with a small amount of CFM daily just
before feeding to ensure that animals consumed all amounts.
The concentrate feed mixture consists of 68% yellow corn,
13% wheat bran, 17% soybean meal, 0.5% common salt
and 1.5% limestone. The chemical compositions of the
experimental ratio are shown in Table 1.

Feeding procedures: The concentrate feed mixtures and
Egyptian clover were divided into two equal portions fed twice
daily at 0800 and 1600 hrs. Freshwater was always available.
Minerals blocks were available for all animals.

Milk sampling: Milk yield was recorded and milk samples
were collected four times during the collection period for all
animals by hand milking twice daily at 7 am and 5 pm.
Whereas, one-tenth of the morning and the evening milk
yields were mixed for each animal and stored at (-18°C) for
further analysis.

Digestion trial and faeces sampling: After the collection
period of milk, the digestion trial was performed using six
animals from each group for three successive days using the
bag technique to determine nutrient digestibility via the
Acid Insoluble Ash (AIA) method as described by Lee and

Hristov?'. Nutrient’s digestibility was calculated according to
the following formula:

Digestion
coefficient

Indicator in feed (%)
Indicator in feces (%)

=100-{ 100 x

N Nutrient in feces (%)
Nutrient in feed (%)

A subsample (10%) of total collected faeces was sprayed
with 10% sulfuric acid, then the drying process was done at
70°C for 24 hrs. The dried faeces were ground and stored for
chemical analysis.

Rumen liquor sampling: Rumen liquor samples were
collected at 0, 3 and 6 hrs. post-feeding by stomach tube from
the six animals at the end of the faeces collection period.
Samples were strained via two layers of cheesecloth, the
ruminal liquor pH was determined immediately using a
digital pH meter. Rumen fluid samples, after adding
ortho-phosphoric acid, were stored using glass bottles at deep
freeze (-18°C), then used for the analysis of Total Volatile Fatty
Acids (TVFA’s) and Ammonia Nitrogen (NH;-N).

Blood sampling: Blood samples were taken from the jugular
vein from the six animals on the last day of the experimental
period before the morning feeding in tubes containing
Ethylene Diamine Tetra Acetic Acid (EDTA) as an
anticoagulant. Blood plasma was obtained by centrifugation
of the blood samples at 4000 rpm for 20 min and kept at deep
freeze (-18°C) for further analysis.

Analytical procedures

Feeds and faeces analysis: Chemical analysis of feedstuffs
and faeces samples was carried out according to AOAC?. The
Nitrogen Free Extract (NFE) was calculated by difference. Fibre
fractions were determined in feeds and faeces according to
Van Soest et al®.

Rumen liquor analysis: VValues of rumen pH were determined
using Hanna digital pH meter. The concentration of
Ammonia-Nitrogen (NH;-N) in the rumen liquor was
determined by the Kjeldahl distillation method?. Rumen total
volatile fatty acids were estimated by steam distillation
method as recommended by Wang et a/*.

Blood plasma analysis: Blood plasma total protein and
creatinine were measured as mentioned by Tietz?®. Blood
plasma albumin was determined by the method of
Doumas et a/?*. Blood plasma urea, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total triglycerides,
total cholesterol and glucose were estimated according to
Reed?.
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Milk analysis: Total solids, fat, protein and lactose of milk
samples were analyzed by infrared spectrophotometer
(Foss Matic 120 Milko-Scan, Foss Q3 183 Electric, Hillered,
Denmark) as described by AOAC?. Solids not fat content of
milk was calculated by the difference between total solids
and fat content. Milk fatty acids profile was determined via
High-Pressure Liquid Chromatography (HPLC) according to
AOACZ,

Statistical analysis: The general linear model procedure of
SAS?was used for data analysis. Data of nutrients digestibility,
blood and milk were analyzed using one way ANOVA
procedure by following the next model:

Y, = p+R+E;
Where:
i = OverallmeanofY;
R; = Treatment effect
E; = Experimental error

While two-way ANOVA procedure was used to analyse the
data of pH, NH3-N and TVFA according to the following model:

Y;; = wtL AT+ LXT]+E;

= Experimental observation

u = General mean

L Effect of time

Effect of experimental rations

Interaction effect due to time and experimental
rations

=
X

=
I

The differences among means were separated according
to Duncan’s New Multiple Range Test.

RESULTS AND DISCUSSION

Nutrient’s digestibility and nutritive value: Data concerns
nutrients digestibility and nutritive value in Table 2 indicated
significantincreases (p<0.05) in digestibility of DM (73.09 and
72.14%), OM (76.10 and 74.62%) and CP (72.59 and 73.39%)
with G1 and G2, respectively compared with C (70.48, 73.75
and 70.69%), in the same order. Mirzaei-Aghsaghali et a/2
explained the digestion improvement with thyme EO addition
by the positive effect of herbs and spices and their active
compounds on activation of ruminal bacteria thatare involved

Table 2: Effect of thyme leaves or essential oil addition on nutrients digestibility
and nutritive value

Experimental groups

Items C Gl G2 +SE  p-value
Apparent digestibility (%)

DM 70.48>  73.09* 72.14® 048  0.026
oM 73.75°  76.10*  7462* 075 0.037
cP 7069 7259*  7339* 047 0.018
CF 65.89°  63.23* 61.56¢ 0.67 0.002
EE 72.76 7248  71.22 038 0227
NFE 76.35°  80.09* 78.11° 0.89 0.01
Fiber fractions

NDF 6243  60.16° 59.48° 0.53 0.027
ADF 63.01 62.57  61.12 0.41 0.136
Nutritive values (%)

TDN 7001 7218 70.77*  0.71 0.099
DCP 10.03 103 10.41 029  0.891

Different alphabetic letters means in the same row with various superscripts are
significantly different (p<0.05), C: (Control group) goats fed CFM+clover hay,
G1 and G2: Control group supplemented with thyme leaves or essential oil,
respectively, TDN: Total digestible nutrients and DCP: Digestible crude protein

in the digestion process or by stimulation the secretion of
bile salt, saliva or other digestive enzymes'. Also, this
improvement could be due to the anti-microbial properties of
the main active components identified in the thyme EO such
as thymol, carvacrol, pinene, p-cymene and limonene, which
inhibit some microbial activity and stimulate the digestion
process3®31,

In the same trend, EI-Naggar et a/'® and Ebrahimi et a/'3
reported increasesin DM and OM digestibility when thyme EO
was added to lambs or calves’ rations, respectively. The same
result was obtained by Mehrabadi et a/32 with /n vitro DM and
OM degradability when thyme leaves were added by 5, 10and
15% of concentrate DM. However, in other studies, neither
addition of thyme leaves®® nor thyme EQ'>'? had a significant
effect on DM and OM digestibility. In the same context, no
significant effect of thyme EO was detected on /n vitro DM3*
or OM degradability®>. The variations in the digestibility results
with EO addition could be attributed to many factors such as
dose, chemical composition, source of plant, extraction
procedures of EQ',

The improvement in CP digestibility may be due to the
anti-microbial effect of some phenolic compounds in EO such
as thymol, which can modulate the microbial population in
the rumen, which reduce the degradation of dietary protein,
increases N escape and increase the protein flow to the lower
gut, which result in improvement of nitrogen utilization3336,

In the same trend, significant’®* or insignificant
increases'® were recorded in CP digestibility either with thyme
leaves or EO addition.
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In contrast, a significant reduction in CF digestibility was
observed with thyme addition especially with EO being
61.56% compared with control being 65.89%. The same result
was obtained with NDF digestibility, with no significant effect
on ADF digestibility because of thyme addition. The NDF
digestibility was reduced by 3.6 and 4.7% with G1 and G2,
respectively. The decrease in CF and fibre fraction digestibility
may be attributed to the sensitivity of fibrolytic bacteria to
phenolic compounds as thymol found in thyme EO*. Also,
Cieslak et a/* indicated that, thymol may inhibit the growth
of certain microorganisms in the rumen, which affects
proteolysis and reduce fibre degradation.

In agreement with the previous results, Benchaar et a/3
noted a significant decrease /n vitro disappearance of NDF
with thyme EO supply. The same results in CF and NDF
digestibility were conducted by El-Essawy et a/'® when ewes’
ration supplemented with thyme EO, with no significant
effect on ADF digestibility. On the other hand, increases in
digestibility of CF'S, NDF and ADF' were reported with
thyme EO supply. While Khattab et a/3® observed no
significant effect of thyme leaves addition on /n vitro
disappearance of NDF and ADF.

The highest TDN value (72.18%) was recorded with thyme
leaves addition (G1), with no significant difference between
G1 and G2 (70.77%). This improvement may be due to the
increase in DM and OM digestibility with GT and G2. Although
DCP value was not significantly affected by thyme addition,
there was an improvement especially with EO supply because
of digestibility improvement of CP. The DCP values were 10.03,
10.30and 10.41% for C, G1 and G2, respectively.

Inagreementwith ourfindings, TDN and DCP values were
improved either with thyme leaves?® or EO addition's"°,

Rumen liquor parameters: Table 3 indicated no significant
(p<0.05) effect of sampling time or thyme supplementation

either in form of leaves or essential oil on rumen fermentation
parameters. The lack of significant effect of essential oils on
fermentation characteristics may be explained by the results
of McIntosh et a/* that the active EO dose that can affect
ruminal bacteria ranges from 35-360 mg L™, which cannot
be achieved by /n vivo trial. Also, Cardozo et a/*® and
Busquet et a/*! reported many factors that may eliminate the
effect of EO on rumen parameters such as inadequate dose,
concentrate to roughage ratio and adaption time, as longer
adaption time will result in more adaption of rumen
microorganisms to EO.

The mean values of ruminal pH ranged from 6.25 for C
and G1 to 6.28 for G2. Matching with our results, neither
thyme leaves addition'?538 nor essential oil'*'5'° had a
significant effect on ruminal pH value. However,
Benchaar et a/** recorded a significant increase /n vitro pH
value with thyme EO supply.

Current data showed insignificant decreases in NH3-N
concentrations either at 3 (26.73 and 26.12 mg/100 mL) and
6 hrs (24.65 and 24.04 mg/100 mL) post-feeding or the mean
value (24.96 and 24.63 mg/100 mL) with thyme addition
(G1 and G2), respectively compared with control
(29.66, 25.28 and 26.17, in the same order). Molero et a/*
indicated that, the active components in EO including thymol
may reduce proteolysis and degradation of amino acids in the
rumen because of reduction either inactivity of ammonia
producing bacteria or preventing their growth3°. The major
mode of action of these active components in herbal plants
was suggested by their reduction effect on adhesion sites of
ruminal bacteria to feed particles, which reduce the
deamination process and NH3 production>%. In the same
context, Evans and Martin®® noted that thymol may affect the
energy metabolism of Selenomonas ruminantium and
Streptococcus bovis, the major deamination bacteria in the
rumen.

Table 3: Effect of thyme leaves or essential oil addition on rumen parameters of lactating goats

Experimental groups

Items Sampling time (hrs) C G1 G2 +SE p-value
pH 0 6.73 6.60 6.68 0.15 0.953
3 5.68 537 5.48 0.25 0.903
6 6.35 6.77 6.69 0.1 0.267
Mean 6.25 6.25 6.28 0.19 0.997
NH;-N, mg/100 ml rumen liquor 0 23.58 23.50 23.72 0.41 0.982
3 29.66 26.73 26.12 0.77 0.127
6 25.28 24.65 24.04 0.45 0.601
Mean 26.17 24.96 2463 0.67 0.675
TVFA, mleg/100 ml rumen liquor 0 9.19 9.04 8.97 0.41 0.981
3 12.28 10.89 10.54 0.63 0.561
6 8.10 7.19 7.67 0.51 0.813
Mean 9.86 9.04 9.06 0.55 0.83

ab<Means in the same row with various superscripts are significantly different (p<0.05), C: (Control group) goats fed CFM+clover hay, G1 and G2: Control group

supplemented with thyme leaves or essential oil, respectively
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Patra and Yu* showed that reducing the deamination of
amino acids in the rumen may alter the digestion site of
protein to the intestine. In the same line, Bodas et a/*
reported that the decreases /n vitro CP disappearance and
NH3-N concentration may lead to an increase in the passage
of dietary protein to the intestine and improve the nitrogen
utilization by ruminants.

Inthe same trend, significant's'7*>% and insignificant'®3*38
decreases in the ruminal concentration of NH;-N were
reported with thyme addition. However, Benchaar et a/*,
Vakili et a/'*, Ahmed et a/*” and Ribeiro et a/' recorded no
significant effect.

Although the ruminal concentration of Total Volatile Fatty
Acids (TVFA's) was not affected by thyme supplementation,
there were insignificant decreases with G1 and G2 being
9.04 and 9.06 mL eq/100 mL compared with control being
9.68 mL eq/100 mL. Castillejos et a/* suggested that, the
reductionin TVFA’' s concentration with EO supply may be due
to the anti-microbial effect of thymol, which inhibits rumen
microorganisms and fermentation process. This anti-microbial
activity of thymol may be attributed to the hydroxyl group in
its structure, which reduce the membrane integrity of bacterial
cells and reduce glucose uptake®-',

Also, a reduction /n vitro TVFA's concentration was
observed when thyme EO was added by 30, 300 and
600 ppm* or 100 mL L' *, On the other hand, TVFA's
concentrations were not significantly changed with thyme
leaves or EO supply in many studies'193234,

Blood parameters: However, Table 4 showed no significant
differences among groups in blood concentrations of
Total Protein (TP), Albumin (ALB) and Globulin (GLO), there
were enhancement in TP (7.35 and 7.39 g dL7') and
ALB (4.27 and 4.36 g dL7') values with thyme addition

(G1and G2), respectively compared to 6.93 and 3.81 gdL "in
control. This result may be attributed to the improvement in
CP digestibility with thyme groups.

In the same trend, no significant effect was detected in
blood TP, ALB with the addition of either thyme EO' or thyme
leaves'. Also, Ebrahimi et a/™ did not find a significant
difference in serum TP among dairy calves supplemented
either with 1-or 2-ml thyme oil and control group. In contrast,
Soltan>2recorded increases in blood TP concentration with EO
supplementation at a level of 187 or 281 mg/day.

In the current study, there were decreases (p<0.05) in
concentrations of Blood Urea Nitrogen (BUN) with thyme
leaves (G1) being 22.36 mg dL~" or EO (G2) supply being
21.09 mg dL~' compared with control being 24.25 mg dL™".
The high correlation between BUN concentration and NH3-N
concentration in the rumen®>*, may explain the reduction in
BUN concentration in the current study by the inhibition effect
of EO on ruminal bacteria that is responsible for ammonia
production such as Peptostreptococcus anaerobius and
Clostridium astyklanay™'.

This reduction in BUN concentration is in accordance
with results obtained by El-Essawy et a/'°, who recorded
insignificant decreasesin BUN concentration with the addition
of thyme EO to ewes' ration. On the other hand, Vakili ez a/™,
Biricik et a/>> and Khamisabadi et a/'” found no significant
effect. While Seirafy and Sobhanirad>® reported a significant
increase in BUN concentration when 5 mL/day thyme oil was
added to Holstein suckling calves.

The present data indicated that blood creatinine and
glucose concentrations were not affected by thyme addition.
Also, Vakili et a/' and Khamisabadi et a/'” agree with the
previous result. However, a significant increase in glucose
concentration was observed by Ebrahimi et a/'* with thyme
EO supply.

Table 4: Effect of thyme leaves or essential oil addition on blood parameters of lactating goats

Experimental groups

Items C Gl G2 +SE p-value
Total proteins (g dL™") 6.93 735 739 0.10 0.119
Albumin (g dL™") 3.81 427 436 0.12 0.13
Globulin (g dL™") 3.12 3.08 3.03 0.02 0.131
Urea-N (mg dL™") 24.25° 22.36% 21.09° 0.96 0.106
Creatinine (mg dL™") 0.82 0.89 0.91 0.03 0.492
AST (U L) 86.18° 87.05 88.24° 0.39 0.065
ALT (IUL™) 12.41° 13.152 13.73° 0.29 0.018
Glucose (mg dL™") 52.19 53.54 52.87 0.34 0.305
Total cholesterol (mg dL™") 105.722 92.17¢ 94.51° 2.09 0.000
Total triglycerides (mg dL™") 19.08° 15.14¢ 15.65P 0.24 0.000

Different alphabetic letters means in the same row with various superscripts are significantly different (p<0.05), C: (Control group) goats fed CFM+clover hay, G1 and

G2: Control group supplemented with thyme leaves or essential oil, respectively, ALT: Alanine aminotransferase and AST: Aspartate aminotransferase

6
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Current results revealed that the highest (p<0.05)
concentrations of AST and ALT were recoded with thyme EO
addition (G2) being 88.24 and13.73 IU L, with no significant
difference between G1 (87.05 and 13.15 IU L") and G2
compared with control (86.18 and 12.41 IU L"), in the same
order.

In the same context, Seirafy and Sobhanirad*® noted
increases in AST and ALT concentrations with thyme EO
supply. While in the opposite to current findings, no
significant effect was detected by Vakili et al'
Khamisabadi et a/'” and El-Essawy et a/™®.

The lowest (p<0.05) Concentrations of Total Cholesterol
(CHOL) being 92.17 mg dL=" and Total Triglycerides (TRIG)
being 15.14 mg dL™' were observed with thyme leaves-
supplemented goats (G1), followed by those supplemented
with thyme EO (G2) being 94.51 and 15.65 mg dL~' compared
with the control group being 105.72 and 19.08 mg dL™',
respectively. Michel et a/> explained these reductions in
blood CHOL and TRIG concentrations by the hypolipidemic
and hypercholesterolemia properties of aromatic plants and
their EO. Also, it was indicated that the product of herbal
plants metabolism may inhibit the production of the enzyme
(3-hydroxy-3-methylglutaryl CO. A) that controls the
cholesterol synthesis*®,

In  matching with our results, Morsy et al*,
Khamisabadi et al', Seirafy and Sobhanirad*® and
El-Essawy et a/' reported decreases in blood CHOL and TRIG
concentrations with thyme leaves or EO addition. In contrast,
concentrations of CHOL and TRIG were not affected by the
addition of thyme EO in the study conducted by Vakili et a/™.

Milk yield, composition and feed efficiency: Data of Dry
Matter Intake (DMI), milk yield and composition, feed
efficiency in Table 5 showed an insignificant (p<0.05) increase
in DMI with thyme leaves supplementation (1215 g/day),

while DMI tended to be decreased insignificantly (p<0.05)
with thyme EO supply (1135 g/day) compared with control
(1175 g/day). The depression in total DMI with EO supply may
have resulted from palatability problems, which require an
encapsulation of EO to overcome that problem?®. Moreover,
Ribeiro et al’® cleared that mainly composed of EO may be
affected by sensory properties such as odour, flavour and
acceptability.

In the same trend, Khamisabadi et a/'’ recorded an
increase in DMI when lambs’ ration was supplemented with
thyme leaves. While decreases in DMI were observed with
blend EO addition to dairy cows’ ration%%6!, In contrast,
Seirafy and Sobhanirad*® reported an increase in total DMI
with thyme EO addition to Holstein suckling calves. However,
no effect of thyme leaves or EO addition on DMI was detected
by Vakili et al' El-Naggar et al's, Mohamed et a/®,
Ebrahimi et a/™, El-Essawy et a/' and Ribeiro et al". The
variation in DMI with EO supply may be attributed to many
factors such as EO source, diet type, the adaption of rumen
microbes to EO*%2, Furthermore, the chemical and physical
characteristics of the diet can affect DMI3#3,

Inthe current study, the highest (p<0.05) milk and 4% Fat
Corrected Milk (FCM) yields were observed with thyme leaves
addition (G1) being 1170 and 1133 g/h/day, respectively,
with no significant difference between G1 and G2
(1125 and 1059 g/h/day) compared with control
(935 and 939 g/h/day), in the same order. The increase in milk
yield with thyme addition maybe because of theimprovement
in DM and OM digestibility. In this context, many theories
explain the increase in milk production with thyme addition.
One of these theories indicated that the increase in milk
production with EO supply may be attributed to the change of
ruminal fermentation pattern, through reducing acetate:
Propionate ratio®®* or due to reduction in methane
production'. Also, it may be because of stimulating endocrine

Table 5: Effect of thyme leaves or essential oil addition on dry matter intake, milk yield and composition and feed efficiency

Experimental groups

Items C Gl G2 +SE p-value
DMI (g) 1175 1215 1135 - -
Milk yield (g/h/day) 935b 11708 11252 3832 0.010
4% FCM (g/h/day) 9390 11332 10592 38.75 0.030
Milk composition (%)

Fat 4.03 3.79 3.61 0.13 0.494
Protein 3.26 3.51 3.60 0.12 0.533
Lactose 477 468 478 0.15 0.965
TS 12.98 12.93 12.93 0.18 0.992
SNF 8.95 9.14 9.32 0.1 0.490
Ash 0.92 0.95 0.94 0.03 0.901
Feed efficiency

Milk yield/DMI (g g7") 0.80° 0.96* 0.992 0.03 0.009

Different alphabetic letters means in the same row with various superscripts are significantly different (p<0.05), C: (Control group) goats fed CFM+clover hay, G1 and
G2: Control group supplemented with thyme leaves or essential oil, respectively



Int. J. Dairy S5ci, 17(1): 1-12, 2022

glands in animals to release some hormones such as growth
hormone%, which stimulate milk production by elevating the
conversion rate of feed nutrients into milk®. Furthermore, the
antioxidant property of the thymol may inhibit the lipid
peroxidation of the free radicals, which protect the mammary
secretory cells and keep them healthy®” which lead to more
milk production.

In parallel to the previous results, Mohamed et a/*
recorded significant increases in milk and FCM yields when
dairy goats fed ration supplemented with thyme leaves. Also,
higher milk yield was recorded with EO addition to rations of
dairy cows®% or Chios dairy ewes’. Furthermore, Smeti et a/%°
demonstrated higher milk yield with goats supplemented with
rosemary leaves than those supplemented with rosemary EO.
On the other hand, EO addition had no significant effect on
milk yield of lactating goats®, lactating ewes' and dairy
COW56,60,70,71 .

Although milk composition was not affected either by
thyme leaves or EO supplementation, there were insignificant
decreases in fat contents (3.79 and 3.61%) and increases in
protein contents (3.51 and 3.60%) with thyme (G1 and G2),
respectively compared to 4.03 and 3.26% for control, in the
same order. The previous result could be a reflection of the
decrease in CF and the increase in CP digestibility (Table 2)
and the improvement in blood total protein (Table 4) with
thyme addition. Moreover, the reduction in NH;-N
concentration in the rumen (Table 3) may be an indicator of
improving the synthesis of microbial protein, which reflects on
higher milk protein content®3,

Table 6: Effect of thyme leaves or essential oil addition on milk fatty acids profile

In matching with current findings, Mohamed et a/* and
El-Essawy et a/' found that milk fat content was decreased
with thyme leaves or EO supply. Also, in coincidence with
present results, Morsy et a/*> and El-Essawy et a/'° reported an
increase in milk protein with EO addition. On contrary, no
change in milk fat content®! and protein content®”' was
detected with EO supply. However, Giannenas et a/’ and
Flores et a/”° did not record any effect of EO addition on milk
composition.

Feed efficiency (milk yield, g/DMI, g) was significantly
(p<0.05) improved with thyme leaves and EO addition by
20 and 24%, respectively compared with control.

Inagreement with our data, feed efficiency was improved
by 16.2% when dairy goats fed ration supplemented with
thyme leaves?3. Also, it was reported that the supplementation
of blend EQ improved feed efficiency of Chios dairy ewes” and
dairy cows?®87! However, El-Essawy et a/' found that the
addition of thyme EO to ration of lactating ewes did not affect
feed efficiency.

Milk fatty acids profile: The milk fatty acids profile in Table 6
indicated significant and insignificant decreases in C6:0 to
C15:1, C17:0, C18:0 and 20:0 with thyme addition. However,
C16:0, C16:1 and C18:1 to C18:3 were increased with both
thyme leaves and EO supply. As a coincidence to the previous
results, concentrations of Total Saturated Fatty Acids (TSFA)
were decreased (69.55 and 69.52%), while concentrations of
Total Unsaturated Fatty Acids (TUFA) being (30.45 and 30.48%)
and Total Poly Unsaturated Fatty Acids (TPUFA) being

Experimental groups

Items C G2 +SE p-value
Caproic acid (C6:0) 1.29 1.15 0.04 0.110
Caprylic acid (C8:0) 3.04° 2.67° 2.88® 0.16 0.029
Capric acid (C10:0) 11.24? 10.14° 10.02° 0.20 0.001
Lauric acid (C12:0) 5.96 5.82 0.14 0.879
Myristic acid (C14:0) 12132 11.32° 11.51% 0.32 0.069
Myristoleic acid (C14:1) 0.57 043 0.08 0.625
Pentadecanic acid (C15:0) 1.35 1.21 0.07 0.770
Ginkgolic acid (C15:1) 0.14 0.10 0.02 0.623
Palmitic acid (C16:0) 24.53 27.08 26.50 0.71 0.350
Palmitoleic acid (C16:1) 1.82° 2.19% 2.35° 0.19 0.035
Heptadecanoic acid (C17:0) 0.22 0.15 0.04 0.841
Stearic acid (C18:0) 11.43 10.02 047 0.331
Oleic acid (C18:1) 23.15 24.81 24.62 0.37 0.124
Linoleic acid (C18:2) 149 1.68 0.05 0.214
Linolenic acid (C18:3) 1.21 1.30 0.05 0.788
Arachidic acid (C20:0) 043 0.26 0.07 0.528
TSFA 71.62 69.55 69.52 0.82 0.547
TUFA 28.38° 30.45° 30.48° 0.45 0.065
TPUFA 2.70° 2.99° 2.98° 0.06 0.024

Different alphabetic letters means in the same row with various superscripts are significantly different (p<0.05), C: (Control group) goats fed CFM-+clover hay, G1 and
G2: Control group supplemented with thyme leaves or essential oil, respectively, TSFA: Total saturated fatty acids, TUFA: Total unsaturated fatty acids and TPUFA: Total

polyunsaturated fatty acids
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Table 7: Effect of thyme leaves or essential oil addition on kids’ performance

(1):1-12, 2022

Experimental groups
Items C Gl G2 +SE p-value
Birth BW (kg) 3.07 322 3.60 0.15 0.365
Final BW (kg) 9.32° 11.58° 11.22 0.41 0.030
Total BW gain (kg) 6.25° 8.36° 7.62° 0.38 0.022
Average daily gain (g) 83.33° 111.472 101.612 4.95 0.008

Different alphabetic letters means in the same row with various superscripts are significantly different (p<0.05), C: (Control group) goats fed CFM-+clover hay, G1 and
G2: Control group supplemented with thyme leaves or essential oil, respectively, average daily gain: Total BW gain, g/75 days

(2.99 and 2.98%) were increased either with thyme leaves
or EO addition, respectively compared with control being
71.62,28.38 and 2.70%, in the same order.

The decrease in TSFA and the increase in TUFA of milk
with thyme supplementation may be attributed to the high
anti-microbial properties of some phenolic compounds in
thyme such as thymol, eugenol and carvacrol, because of
the hydroxyl group in their structure®’? which negatively
affect both gram-negative and gram-positive bacteria’®
via disturbance in the cytoplasmic membrane'. These
compounds can inhibit the rumen microorganisms such as
bacteria’, which areinvolved in the biohydrogenation process
of unsaturated fatty acids in the rumen3:. Furthermore,
Tholstrup et a/”® indicated that, the reduction in saturated
fatty acidsis correlated with less blood cholesterol, as reported
in the present study (Table 4), which is considered as an
indicator for more quality and healthy milk to consumers.

In the same trend, milk fatty acids profile either of
lactating goats or ewes was improved because of EO
supply' or due to thyme leaves addition.

Kids’ performance: Table 7 revealed no significant difference
in birth Body Weight (BW) of kids among different groups. The
average values of birth BW were 3.07 kg for C, 3.22 kg for G1
and 3.60 kg for G2. However, final BW (11.58 and 11.22 kg),
total BW gain (8.36 and 7.62 kg) and Average Daily Gain (ADG)
(111.47 and 101.61 g) were significantly (p<0.05) increased for
kids of G1and G2, respectively compared with those of control
group being 9.32 kg, 6.25 kg and 83.33 g, in the same order.
These results may be attributed to theimprovementin energy
metabolism with thyme addition because of the thymol effect
on decreasing acetate and decreasing propionate production
without affecting total VFA3, Furthermore, residues of EO in
milk may improve the appetite and weight of kids due to the
digestion stimulant, antioxidant and antiseptic properties of
thymol'. Moreover, a positive correlation between the growth
rate of kids and milk production of mothers was reported by
Smeti et a/®, which matches with higher milk production with
thyme addition in the current study.

In the same context, significant increases in final BW and
ADG of kids and lambs were observed either with dairy goats
supplemented with thyme leaves® or with lactating ewes
supplemented with thyme EQ'?, in the same order. Moreover,
Smeti et a/%° demonstrated that kids of dairy goats who
received rosemary leaves had higher final BW and ADG than
those who received rosemary EO.

CONCLUSION

It could be concluded that both thyme forms (leaves or
EO) improved digestibility and lactation performance of
Damascus goats with no significant difference between the
two forms. However, the supplementation of lactating goat's
ration especially with thyme leaves recorded the best values
of DM and OM digestibility, TDN and kids’ growth rate, the
lowest concentrations of blood total cholesterol and
triglycerides and the highest milk production with more
healthy aspects for consumers.

SIGNIFICANCE STATEMENT

This study discovered that incorporating thyme
(Thymus vulgaris) especially in form of leaves could be used
successfully as a natural feed additive that can be beneficial
for lactating goats’ performance. Furthermore, it has the
potential to produce functional milk with a low concentration
of total saturated fatty acids and a high concentration of total
unsaturated fatty acids. This study will help the researchers to
investigate more natural alternatives for antibiotics.

REFERENCES

Jouany, J.P. and D.P. Morgavi, 2007. Use of natural products
as alternatives to antibiotic feed additives in ruminant
production. Animal, 1: 1443-1466.

Rofig, M.N., 2016. The use of plant essential oils as feed
additives for ruminants. Indonesian Bul. Anim. Vet. Sci.,
26:9-16.



10.

1.

12.

13.

14.

15.

Int. J. Dairy S5ci, 17(1): 1-12, 2022

Yang, W.Z,, C. Benchaar, B.N. Ametaj and K.A. Beauchemin,
2010.Dose response to eugenol supplementationin growing
beef cattle: Ruminal fermentation and intestinal digestion.
Anim. Feed Sci. Technol., 158: 57-64.

Sallam,S.M.A., S.A.M. Abdelgaleil, I.C.D. Bueno, M.E.A. Nasser,
R.C.Araujoand A.L.Abdalla, 201 1. Effect of some essential oils
on /n vitro methane emission. Arch. Anim. Nutr., 65:203-214.
Calsamiglia, S., M. Busquet, P.W. Cardozo, L. Castillejos and
A.Ferret, 2007. Essential oils as modifiers of rumen microbial
fermentation. J. Dairy Sci., 90: 2580-2595.

Santos, M.B., P.H. Robinson, P. Williams and R. Losa, 2010.
Effects of addition of an essential oil complex to the diet of
lactating dairy cows on whole tract digestion of nutrientsand
productive performance. Anim. Feed Sci. Technol., 157:64-71.
Giannenas, I., J. Skoufos, C. Giannakopoulos, M. Wiemann,
0. Gortzi, S. Lalas and I. Kyriazakis, 2011. Effects of essential
oils on milk production, milk composition, and rumen
microbiota in chios dairy ewes. J. Dairy Sci., 94: 5569-5577.
Mirzaei-Aghsaghali, A., S.A. Syadati and H. Fathi, 2012. Some
of thyme (7hymus vulgaris) properties in ruminant's nutrition.
Ann. Biol. Res., 3: 1191-1195.

Benchaar, C. and H. Greathead, 2011. Essential oils and
opportunities to mitigate enteric methane emissions from
ruminants. Anim. Feed. Sci. Technol., 166-167: 338-355.
Burt, S., 2004. Essential oils: Their antibacterial properties
and potential applications in foods: A review. Int. J. Food
Microbiol., 94: 223-253.

Benchaar, C, S. Calsamiglia, A.V. Chaves, G.R. Fraser,
D. Colombatto, T.A. McAllister and K.A. Beauchemin, 2008. A
review of plant-derived essential oils in ruminant nutrition
and production. Anim. Feed. Sci. Technol., 145: 209-228.
Salamataza, M., R.S. Doust-Noba, N.M. Sis, H.A. Shahryar and
Y. Asadi, 2012. Evaluating effects of natural plant extract
on ruminal fermentation using /n vitro gas production
technique. Pak. J. Nutr., 11: 561-565.

Ebrahimi, M.A., S. Sobhanirad and A.R. Bayat, 2018. Effects of
ajwain (7rachyspermum ammi) and thyme (7Thymus vulgaris)
oils on nutrients digestibility, blood parameters and growth
performance of brown swiss neonatal calves. Iran. J. Appl.
Anim. Sci., 8: 387-395.

Vakili, A.R., B. Khorrami, M.D. Mesgaran and E. Parand, 2013.
The effects of thyme and cinnamon essential oils on
performance, rumen fermentation and blood metabolites
in holstein calves consuming high concentrate diet.
Asian-Australsian J. Anim. Sci., 26: 935-944.

Ribeiro, A.D.B., M.V.C.F. Junior, D.M. Polizel, A.A. Miszura and
L.G.M. Gobato et a/, 2019. Thyme essential oil for sheep:
Effecton rumen fermentation, nutrient digestibility, nitrogen
metabolism, and growth. Arquivo Brasileiro Med. Vet.
Zootecnia, 71: 2065-2074.

10

16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

El-Naggar, S., G.A. Abou-Ward, M.A. Tawila, F.L.S. Helal and
AM. Ali, 2017. Performance of lambs fed rations
supplemented with thyme essential oil. Egypt. J. Nutr. Feeds,
20: 189-195.

Khamisabadi, H., F. Kafilzadeh and B. Charaien, 2016. Effect of
thyme (7hymus vulgaris) or peppermint (Mentha piperita) on
performance, digestibility and blood metabolites of fattening
sanjabi lambs. Biharean Biol., 10: 118-122.

Boutoial, K., V. Garcia, S. Rovira, E. Ferrandini, O. Abdelkhalek
and M.B. Lépez, 2013. Effect of feeding goats with distilled
and non-distilled thyme leaves (7hymus zygis subp. gracilis)
on milk and cheese properties. J. Dairy Res., 80: 448-456.
El-Essawy, A.M., A.R. Abdou and M.H. EI-Gendy, 2019. Impact
of anise, clove, and thyme essential oils as feed supplements
on the productive performance and digestion of Barki ewes.
Aust. J. Basic Appl. Sci., 13: 1-13.

NRC, 2007. Nutrient Requirements of Small Ruminants:
Sheep, Goats, Cervids, and New World Camelids. National
Academies Press Washington, D.C., ISBN: 9780309102131,
Pages: 362.

Lee, C. and AN. Hristov, 2013. Short communication:
Evaluation of acid-insoluble ash and indigestible neutral
detergent fiber as total-tract digestibility markers in dairy
cows fed corn silage-based diets. J. Dairy Sci., 96: 5295-5299.
AOAC,, 2012. Official Methods of Analysis of AOAC
International, Volume 1. 19th Edn., AOAC International, USA,
ISBN: 9780935584837.

van Soest, P.J., J.B. Robertson and B.A. Lewis, 1991. Methods
for dietary fiber, neutral detergent fiber and nonstarch
polysaccharides in relation to animal nutrition. J. Dairy Sci.,
74:3583-3597.

Wang, M., R. Wang, P.H. Janssen, XM. Zhang, X.Z. Sun,
D. Pacheco and Z.L. Tan, 2016. Sampling procedure for the
measurement of dissolved hydrogen and volatile fatty acids
in the rumen of dairy cows. J. Anim. Sci., 94: 1159-11609.
Tietz, N.W., 2006. Clinical Guide to Laboratory Tests. 4th Edn.,
W.B. Saunders Co., United States, ISBN-13 9781437719871,
Pages: 1952.

Doumas, B.T., W.A. Watson and H.G. Biggs, 1971. Albumin
standards and the measurement of serum albumin with
bromcresol green. Clin. Chim. Acta, 31: 87-96.

Reed, R., 2013. Clinical Chemistry: Learning Guide Series.
Abbott Laboratories, United States, Pages: 118.

AOAC., 2000. Official Methods of Analysis. 17th Edn.,
Association of Official Analytical Chemists, Arlington, VA,
USA.

SAS, 2000. Statistical Analysis System. 1st Edn., SAS Institute
Inc., Cary, United States.

Cobellis, G., M. Trabalza-Marinucci and Z. Yu, 2016. Critical
evaluation of essential oils as rumen modifiers in ruminant
nutrition: A review. Sci. Total Environ., 545: 556-568.



31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Int. J. Dairy S5ci, 17(1): 1-12, 2022

Ambrosio, CM.S., SM. de Alencar, RLM. de Sousa,
A.M.Morenoand E.M.D. Gloria, 2017. Antimicrobial activity of
several essential oils on pathogenic and beneficial bacteria.
Ind. Crops Prod., 97: 128-136.

Mehrabadi, M., A. Vakili, M. Danesh and M.R. Valizadeh, 2019.
Evaluation of potential new opportunities for herbal plants as
natural products on rumen fermentation patterns /in vitro.
Iran. J. Appl. Anim. Sci., 9: 205-216.

Mohamed, AH, HA. Sayed, MHM. Yacout and
M.M. El-Maghraby, 2017. Effect of sunflower oil
supplementation with or without thyme leaves (7Aymus
vulgaris) on digestibility, milk production and milk fatty acid
profile of dairy goats. Egypt. J. Sheep Goat Sci., 12: 25-34.
Benchaar, C, AV. Chaves, GR. Fraser, Y. Yang,
K.A.Beaucheminand T.A. McAllister, 2007. Effects of essential
oils and their components on /n vitro rumen microbial
fermentation. Can. J. Anim. Sci., 87: 413-419.

Roy, D., S.K. Tomar and V. Kumar, 2015. Rumen modulatory
effect of thyme, clove and peppermint oils /n vitro using
buffalo rumen liquor. Vet. World, 8: 203-207.

Wallace, R.J., N.R. McEwan, F.M. McInotoch, B. Teferedegne
and C.J. Newbold, 2002. Natural products as manipulators
of rumen fermentation. Asian-Australasian J. Anim. Sci.,
10: 1458-1468.

Cieslak, A., M. Szumacher-Strabel, A. Stochmal and
W. Oleszek, 2013. Plant components with specific activities
against rumen methanogens. Animal, 7: 253-265.

Khattab, M.S.A,, AM. Abd El Tawab, F.I. Hadhoud and
M.M. Shaaban, 2020. Utilizing of celery and thyme as ruminal
fermentation and digestibility modifier and reducing gas
production. Int. J. Dairy Sci., 15:22-27.

Mclntosh, F.M., P. Williams, R. Losa, R.J. Wallace, D. Beeverand
CJ. Newbold, 2003. Effects of essential oils on ruminal
microorganisms and their protein metabolism. Appl. Environ.
Microbiol., 69: 5011-5014.

Cardozo, P.W,, S. Calsamiglia, A. Ferret and C. Kamel, 2004.
Effects of natural plant extracts on ruminal protein
degradation and fermentation profilesin continuous culture.
J. Anim. Sci., 82: 3230-3236.

Busquet, M., S. Calsamiglia, A. Ferret and C. Kamel, 2006.
Plant extracts affect /n vitro rumen microbial fermentation.
J. Dairy Sci., 89: 761-771.

Molero, R., M. Ibars, S. Calsamiglia, A. Ferret and R. Losa, 2004.
Effects of a specific blend of essential oil compounds on dry
matter and crude protein degradability in heifers fed diets
with different forage to concentrate ratios. Anim. Feed Sci.
Technol.,, 114: 91-104.

Evans, J.D.and S.A. Martin, 2000. Effects of thymol on ruminal
microorganisms. Curr. Microbiol., 41: 336-340.

Patra, AK. and Z. Yu, 2012. Effects of essential oils on
methane production and fermentation by, and abundance
and diversity of, rumen microbial populations. Appl. Environ.
Microbiol., 78: 4271-4280.

1

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Bodas, R, N. Prieto, R. Garcia-Gonzélez, S. Andrés, F.J. Girdldez
and S. Lépez 2012. Manipulation of rumen fermentation
and methane production with plant secondary metabolites.
Anim. Feed Sci. Technol., 176: 78-93.

Baraz, H.,H.Jahani-Azizabadiand O. Azizi,2018. Simultaneous
use of thyme essential oil and disodium fumarate can

improve Jjn vitro ruminal microbial fermentation
characteristics. Vet. Res. Forum, 9: 193-198.
Ahmed, M.G, S.Z. El-Zarkouny, KA. El-Shazly and

S.M.A. Sallam, 2014. Impact of essential oils blend on
methane emission, rumen fermentation characteristics and
nutrient digestibility in Barki sheep. J. Agric. Sci., 6: 144-156.
Castillejos, L., S. Calsamiglia and A. Ferret, 2006. Effect of
essential oil active compounds on rumen microbial
fermentation and nutrient flow in /n vitro systems. J. Dairy
Sci., 89: 2649-2658.

Ultee, A., M.H.J. Bennik and R. Moezelaar, 2002. The phenolic
hydroxyl group of Carvacrol is essential for action against
the food-borne pathogen Bacillus cereus. Appl. Environ.
Microbiol., 68: 1561-1568.

Pei, R.S., F. Zhou, B.P. Ji and J. Xu, 2009. Evaluation of
combined antibacterial effects of eugenol, cinnamaldehyde,
thymol, and carvacrol against £ co/i with an improved
method. J. Food Sci., 74: M379-M383.

Bassole, ILH.N. and H.R. Juliani, 2012. Essential oils in
combination and their antimicrobial properties. Molecules,
17:3989-4006.

Soltan, M.A., 2009. Effect of essential oils supplementation on
growth performance, nutrient digestibility, health condition
of Holstein male calves during pre- and post-weaning
periods. Pak. J. Nutr., 8: 642-652.

Petit,H.V.and P.M.Flipot, 1992. Feed utilization of beef steers
fed grass as hay or silage with or without nitrogen
supplementation. J. Anim. Sci., 70: 876-883.

Davidson, S., B.A. Hopkins, D.E. Diaz, S.M. Bolt, C. Brownie,
V. Fellner and L.W. Whitlow, 2003. Effects of amounts and
degradability of dietary protein on lactation, nitrogen
utilization and excretion in early lactation holstein cows.
J. Dairy Sci., 86: 1681-1689.

Biricik, H., H.H. Oral, A.M. Talug, S.S. Cengiz, M. Koyuncu and
S. Dikmen, 2016. The effects of carvacrol and/or thymol on
the performance, blood and rumen parameters, and carcass
traits of merino sheep. Turk. J. Vet. Anim. Sci., 40: 651-659.
Seirafy, H. and S. Sobhanirad, 2017. Effects of oregano
(Origanum vulgare) and thyme (7hymus vulgaris) oils on
growth performance and blood parameters in holstein
suckling calves. Iran. J. Appl. Anim. Sci., 7: 585-593.

Michel, J., N.Z.A. Rani and K. Husain, 2020. A review on the
potential use of medicinal plants from asteraceae and
lamiaceae plant family in cardiovascular diseases. Front.
Pharmacol., Vol. 11. 10.3389/fphar.2020.00852.



58.

59.

60.

61.

62.

63.

64.

65.

66.

Int. J. Dairy S5ci, 17(1): 1-12, 2022

Sharpe, LJ. and A.J. Brown, 2013. Controlling cholesterol
synthesis beyond 3-hydroxy-3-methylglutaryl-CoA reductase
(HMGCR). J. Biol. Chem., 288: 18707-18715.

Morsy, T.A., SM. Kholif, O.H. Matloup, M.M. Abdo and
M.H. El-Shafie, 2012. Impact of anise, clove and juniper oils as
feed additives on the productive performance of lactating
goats. Int. J. Dairy Sci., 7: 20-28.

Tassoul, M.D. and R.D. Shaver, 2009. Effect of a mixture of
supplemental dietary plant essential oils on performance of
periparturient and early lactation dairy cows. J. Dairy Sci.,
92:1734-1740.

Al-Suwaiegh, S.B., S.A. Morshedy, A.T. Mansour, M.H. Ahmed,
S.M. Zahran, T.M. Alnemr and S.M.A. Sallam, 2020. Effect of
an essential oil blend on dairy cow performance during
treatmentand post-treatment periods. Sustainability, Vol. 12.
10.3390/5u12219123.

Geraci, J.I., A.D. Garciarena, G.A. Gagliostro, K.A. Beauchemin
and Dario Colombatto, 2012. Plant extracts containing
cinnamaldehyde, eugenol and capsicum oleoresin added to
feedlot cattle diets: Ruminal environment, short term intake
pattern and animal performance. Anim. Feed Sci. Technol.,
176:123-130.

Allen, M.S., 2000. Effects of diet on short-term regulation
of feed intake by lactating dairy cattle. J. Dairy Sci.,
83:1598-1624.

Da Silva, R.B.,, M.N. Pereira, R.C. de Araujo, W.D. Silva and
R.A.N. Pereira, 2020. A blend of essential oils improved feed
efficiency and affected ruminal and systemic variables of
dairy cows. Transl. Anim. Sci., 4: 182-193.
Svennersten-Sjaunja, K.and K. Olsson, 2005. Endocrinology of
milk production. Domest. Anim. Endocrinol., 29: 241-258.
AbuGhazaleh, A.A. and LD. Holmes, 2007. Diet
supplementation with fish oil and sunflower oil to increase
conjugated linoleic acid levels in milk fat of partially grazing
dairy cows. J. Dairy Sci., 90: 2897-2904.

12

67.

68.

69.

70.

71.

72.

73.

74.

75.

Miguel, M.G,, 2010. Antioxidant and anti-inflammatory
activities of essential oils: A short review. Molecules,
15:9252-9287.

Braun, H.S., K.T. Schrapers, K. Mahlkow-Nerge, F. Stumpffand
J.Rosendahl, 2019. Dietary supplementation of essential oils
in dairy cows: Evidence for stimulatory effects on nutrient
absorption. Animal, 13: 518-523.

Smeti, S., H. Hajji, K. Bouzid, J. Abdelmoula, F. Mufoz,
M. Mahouachi and N. Atti, 2015. Effects of Rosmarinus
officinalis L. as essential oils or in form of leaves
supplementation on goat’s production and metabolic statute.
Trop. Anim. Health Prod., 47: 451-457.

Flores, AJ., A.D. Garciarena, J.M.H. Vieyra, K.A. Beauchemin
and D. Colombatto, 2013. Effects of specific essential oil
compounds on the ruminal environment, milk production
and milk composition of lactating dairy cows at pasture.
Anim. Feed Sci. Technol., 186: 20-26.

Elcoso, G., B. Zweifel and A. Bach, 2019. Effects of a blend of
essential oils on milk yield and feed efficiency of lactating
dairy cows. Appl. Anim. Sci., 35:304-311.

Dorman, H.J.D. and S.G. Deans, 2000. Antimicrobial agents
from plants: Antibacterial activity of plant volatile oils.
J. Appl. Microbiol., 88: 308-316.

Lambert, RJ.W., P.N. Skandamis, P.J. Coote and G.J.E. Nychas,
2001. A study of the minimum inhibitory concentration and
mode of action of oregano essential oil, thymol and carvacrol.
J. Appl. Microbiol., 91: 453-462.

Greathead, H., 2003. Plants and plant extracts for improving
animal productivity. Proc. Nutr. Soc., 62: 279-290.
Tholstrup, T., B. Vessby and B. Sandstrom, 2003. Difference in
effect of myristic and stearic acid on plasma HDL cholesterol
within 24 h in young men. Eur. J. Clin. Nutr., 57: 735-742.



	IJDS.pdf
	Page 1


