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goats
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This study aimed to evaluate the impact of thyme and/or garlic oil administration on growth
performance, immunity, antioxidant, biochemical parameters, and net farm income of Damascus
goats. Forty weaned Damascus goats were allocated into four groups. The first group was the

control without oral administration, while the 2nd (Th), 3rd (Gr), and 4th (ThGr) groups were orally
administrated by (2 ml/goat/day) of thyme oil, garlic oil and their mixture (1:1), respectively during
the whole experiment period. The final body weight of goats orally administered oil mixture was the
heaviest group, it was 10, 4.5 and 3.5% than the control, Th. and Gr. groups, respectively with better
feed conversion ratio and high net farm income. Goats of ThGr. group revealed the best immunity,
antioxidant and general health condition than the control group with 50% reduction of MDA. Liver
(AST, 33% and ALT, 38%) and kidney (creatinine, 88%) functions improved by oils mixtures orally
administration compared with the control group. LDL, triglyceride and cholesterol were reduced

by 47, 33 and 21% compared with the control group, respectively. Thus, mixture oil administration
(thyme and garlic at the ratio of 1:1, 2 ml/goat/day) improved growth (10%), antioxidant status (MDA
50%), liver (AST, 33% and ALT, 38%), kidney function (creatinine, 88%), the FCR (17.4%) and net farm
income (21%), of Damascus goats.

Keywords Damascus goats, Thyme and garlic essential oil, Growth performance, Net farm income,
Immunity, Antioxidant parameters

Goats are deemed one of the enormous animals in the tropic and semi-tropic environments. They adapt well to
various environmental circumstances'. During the last decade the world production of fresh and chilled goats’
meat increased by 23% with an increase of milk (13%) and fat (25%). On the other hand, goat meat (chilled and
fresh) production in Egypt decreased by 74%, while goat milk increased by 43%?>

Recently consumers are seeking for safe animal products without synthetic chemical residues®*. Also, the
European Union banned antibiotics usage in animal diets in 2006 regarding eco-friendly and healthy products®.
Therefore, researchers and breeders are trying to find natural products for promoting ruminant growth as herbal
plants and their 0ils**-%. Essential oils used in livestock rations’. They are a blend of naturally volatile and lipo-
philic with other substances in different values of terpene and phenylpropanoid that extracted from plants by
steam and/or water distillation''2,

Essential oils have an antibacterial, antifungal, antiviral, insecticidal, antioxidant, anti-inflammatory, and
immune-modulatory properties that amend the rumen fermentation profiles, and consequently improve animal
growth and production. This achieved by augmenting the activity of digestive enzymes, digestibility and diet
absorbance’*~'%, Worldwide utilizing mixtures of different essential oils to boost animal production'”'®. But more
attention should be paid for the oil selection to form possibly effective mixtures, because they may interact with
each other (additive, antagonistic or synergistic agents)'*.

!Department of Animal Production, Faculty of Agriculture, Benha University, Benha 13736, Egypt. 2Biochemistry
Department, Faculty of Agriculture, Zagazig University, Zagazig 44511, Egypt. *Department of Animal Husbandry
and Animal Wealth Development, Faculty of Veterinary Medicine, Damanhour University, Damanhour 22511,
Egypt. “Animal and Poultry Production Department, Faculty of Agriculture, Minia University, El-Minya 61519,
Egypt. *Department of Animal Wealth Development, Faculty of Veterinary Medicine, Zagazig University, Sharkia,
Egypt. “email: mohammed.nasr@zu.edu.eg

Scientific Reports|  (2024) 14:13173 | https://doi.org/10.1038/s41598-024-62417-0 nature portfolio


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-62417-0&domain=pdf

www.nature.com/scientificreports/

Garlic (Allium sativum) is a member of the family Liliaceace. It has antibacterial and antioxidant properties',
antihypertensive?®*, lipid-lowering effects*, enhances T-lymphocytes, natural killer cells, and interleukin-2%°.
Recently it showed a great reduction of gastrointestinal nematodes infection in goats®*. This may be attributed
to the various bioactive sulfur-containing compounds in garlic (alliin, diallyl sulfidess, and allicin) that connect
with sulthydryl groups of proteins to block the parasites’ physiological metabolism?*>*.

Thyme is an aromatic plant that is widely allocated in Europe, Asia and North Africa. It has ethnopharma-
cological relevance with several bioactive components. Thyme essential oil has an effect against Salmonella
Typhimurium, Staphylococcus aureus and Gram-positive bacteria than Gram-negative bacteria””?®. The economic
importance of thyme is linked to its essential oils?®. Thyme encompasses monoterpene phenols, carvacrol, thy-
mol and p-cymene, a-pinene, 1,8-cineole, camphor, linalool, borneol and y-terpinene?”*. Thymol (5-methyl-
2-isopropyl phenol) is one of the main components of thyme and oregano essential oils*”*!. To our knowledge,
there were few studies on this issue on goats. Therefore, the current study aimed to evaluate the potential impact
of thyme and garlic oil administration on Damascus goats’ growth performance, immunity, antioxidant, bio-
chemical parameters, and net farm income.

Materials and methods

All experimental procedures were accomplished with reference to the local Experimental Animal Care Com-
mittee and approved (20209) by the Institutional Committee of the Department of Animal Production, Faculty
of Agriculture, Benha University, Egypt.

Diet, experimental design and management

This study was carried out for three months (February to April 2021) at the experimental farm of the Faculty
of Agriculture, Benha University, Egypt with 40 weaned female Shami goats (Damascus) with 17.86+0.22 kg
average body weight and 6-8 months of age. Goats were fed on a basal diet and classified to four groups (10 goats
in each group), the first group was the control (cont; without any oral administration); the second (Th), third
(Gr) and fourth group (ThGr) were orally administrated by thyme oil (2 ml/goat/day), garlic oil (2 ml/goat/day)
and mixed oil (1 ml thyme + 1 ml garlic/goat/day), respectively just before feeding during the whole experiment
period (3 months). Goats were housed in individual pens (0.97 X 2.82 m) bedded with straw.

All experimental goats were individually weighed at the beginning of the experiment and every month until
the end of the experiment to the nearest 10 g. The average daily gain (ADG) was calculated using this formula:
ADG =Final body weight (kg) — Initial body weight (kg)/experimental duration (days). Both consumed diets and
refusals (if any) were recorded daily. Total and daily feed intake (TFI, DFI) and feed conversion ratio (FCR) were
then calculated. Feed conversion ratio (FCR) = Total feed intake (kg)/total weight gain (kg). Goats were housed
individually in hygienic metallic pens and supplied with clean water all time. The routine vaccination program
against infectious diseases and medications against internal and external parasites were applied.

The basal diet was formulated according to the recommendations of NRC?? (Table 1). The main components
of the thyme and garlic essential oil were represented in Tables 2 and 3, respectively). A Hewlett-Packard II 5890
gas chromatography (GC) system with an FID detector and an HP-5 ms capillary column (30 m % 0.25 mm, film
thickness 0.25 m) was used to analyze the essential oils. The temperatures of the injector and the detector were
set to 290 °C and 220 °C, respectively. The GC stove temperature was raised from 60 to 240 °C at 3 °C min™!
and held isothermally for 10 min. At a flowrate of 1 ml min™!, helium served as the carrier gas. Samples diluted
to 1:100 in diethyl ether by volume; in the spitless mode were manually injected. Quantitative information was
acquired electronically from FID region rate information without the utilization of amendment factors. Indi-
vidual component relative percentages expressed as percent peak area compared to the total composition of the
EO as determined by GC-MS analysis®>**.

Chemical analysis

Goat’s diet was analyzed according to AOAC®. Dry matter (DM) was measured by a hot air circulation oven
(Heraeus Ut20, Germany) at 105 °C for four hours (method no. 930.15). Ash was measured with a Burnout fur-
nace Ney Vulcan D-550, USA (method no. 942.05). Crude protein (CP) was measured with Kjeltec” system 2100,
FOSS-Sweden (method no. 984.13), and ether extract (EE) using Soxtec system 2045, FOSS-Sweden (method no.
920.39). Neutral detergent fiber (NDF) and acid detergent fiber (ADF) were measured®®. Organic matter (OM)
was measured from the difference between DM and ash.

Net farm income

Finance analysis has been done to assess and compare the profitability among the various groups. The net farm
income (NFI) was assessed®” from the difference between total income (TT) and total costs (TC). TI and TC were
individually assessed for each goat. TC include the feeding costs (diet plus oral oils), the labor costs (the price
farmers’ working hour multiplied by the number of hours employed per goat®®, veterinary care costs (vaccines,
and veterinary supervision). Water, electricity, and equipment maintenance in addition to costs of litter and
building rent value were also calculated per goat for each group. TI consisted of income value from marketable
goats’ body weight gain. All these variables were calculated in Dollars.

Blood sampling and analysis

Blood samples were collected at the end of the experiment from all experimental goats in the morning just
preceding feeding from the jugular vein to a clean dry test tube. The samples were left at room temperature
for 45-65 min and then centrifuged for 30 min at 4000 rpm. Serum was separated into clean dried glass vials
(5-7 ml) and stored frozen (- 20 °C) until analysis. Blood was analyzed for total protein®’, albumin, globulin
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Ingredients (g/kg) Goat’s diet
Yellow corn 310
Wheat bran 50
Wheat straw 230
Soybean meal 180
Cotton seed meal 40
Molasses 50
Egyptian clover 100
Sodium chloride 10
Calcium carbonate 5
Limestone 10
Di-calcium phosphate 5
Ammonium chloride 5
Vitamins and minerals mixture? 5

Chemical composition (g/kg)

Dry matter 904.5
Crude protein 151.6
Ether extract 35.0

Nitrogen-free extract (NFE)® 545.0
Crude fiber 159.6
Neutral detergent fiber (NDF) 3235
Acid detergent fiber (ADF) 206.7
Ash 108.8

Metabolizable energy (ME, Mcal/kg DM)* | 2.71

Table 1. Goats’ diet with its chemical composition. *Each 1 kg of vitamins and minerals mixture contains: Vit.
A =4,000,000 IU, Vit. D;=833,333.33 IU, Vit. E=5000 mg, Zn= 20,000 mg, Mg=23,333.33 mg, Fe=20,000 mg,
Cu=10,000 mg, I =1666.66 mg, Se =100 mg, Co=333.33 mg and Calcium carbonate up to 1 kg. "NFE
calculated as [100-(CP + EE +ash + CF)]. °ME (M]/kg DM) =0.012 CP +0.031 EE + 0.005 CF + 0.014 NFE
(calculated according to MAFF, 1975) and changed to Mcal (* 4.184).

Component Concentration (%)
2-Octen-1-ol 0.68
B-Myrcene 1.41
p-Cymol 0.17
Eucalyptol 1.33
y-Terpinene 7.54
cis-Sabinene hydrate 0.72
Borneol 3.42
1-Terpinen-4-ol 0.86
a-Terpineol 1.06
Thymol methyl ether 0.81
Thymol 38.68
Carvacrol methyl ether 1.77
Carvacrol 6.4
B-Caryophyllene 3.77
§-Cadinene 1.53
Caryophyllene oxide 1.56
Linalool 33

Table 2. The main components of the thyme essential oil. Gas chromatography/mass spectrometry (GC-MS)
was used to examine the chemical components of thyme essential oil.
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Component Percentage (%)
Diallyl sulfide 4.93
Methyl allyl disulfide 5.96
Dimethyl trisulfide 3.10
Allyl (Z)-1-propenyl disulfide 3.70
Methyl allyl trisulfide 17.13
3-Vinyl-[4H]-1,2-dithiin 0.85
Vinyl-[4H]-1,3-dithiin 3.20
Diallyl trisulfide 27.13
Diallyl tetrasulfide 2.60
Diallyl disulfide 25.50

Table 3. The main components of the garlic essential oil. Gas chromatography/mass spectrometry (GC-MS)
was used to examine the chemical components of garlic essential oil.

(by subtracting the albumin value from the total protein concentration), urea*!, creatinine, ALT and AST** with
commercial kits (Wako Pure Chemical Industries, Osaka, Japan). Single radial immune diffusion technique was
used to quantify total immunoglobulin IgA, IgM, IgG in blood serum (bind ARIDtm Blinding site limited, Bir-
mingham, UK) according to the method described by Fahey and McKelvey*. Serum malondialdehyde (MDA)
level was determined*!. Serum Superoxide Dismutase (SOD) activity was assayed at 420 nm on a UV-Vis Shi-
madzu spectrophotometer (2450)*. Catalase activity (CAT) was measured by the spectrophotometric method
based on the decomposition of H,0,*. Blood LDL, HDL, triglyceride, and cholesterol were measured*” with
commercial kits (Wako Pure Chemical Industries, Osaka, Japan).

Statistical analysis

The data were analyzed using one-way analysis of variance (ANOVA) (SAS: Statistical Analysis System software
version 2004). Shapiro-Wilk tests has been used to test the data normality and it was normally distributed.
Duncan’s multiple-range tests was used to determine the significance differences among groups. The applied
static model is as follows:

vij = 1 + Ti + e

Where yij is the observations, = general mean, Ti is the effect of iy, diet supplementation, wherei=1, 2, 3, and
4 and eij is the random error.

Ethical approval

All experimental procedures were accomplished with reference to the local Experimental Animal Care Com-
mittee and approved (20209) by the Institutional Committee of the Department of Animal Production, Faculty
of Agriculture, Benha University, Egypt. The current study is reported in accordance with ARRIVE guidelines.

Results

The thyme and garlic oil orally administration improved the growth performance, weight gain, average daily
gain, feed conversion ratio, and net farm income. The final body weight of goats orally supplemented with oil
mixture of thyme and garlic was the heaviest group. It was 10, 4.5 and 3.5% than the cont, Th. and Gr. groups,
respectively. The final weight gain and the average daily gain were the best of the goats orally supplemented with
mixture of garlic and thyme oil. They were 12.55 kg and 0.14 kg/day, respectively. Moreover, their feed conver-
sion was better (17, 11 and 7%) with high net farm income (21, 11.5 and 7%) compared with the cont, Th. and
Gr. groups, respectively (Table 4).

Thyme and garlic oils improved the goats’ immune status with better antioxidant levels. Goats of the ThGr
group revealed the best immunity, antioxidant and general health condition. IgA (21, 7 and 7%), SOD (62, 51 and
43%), CAT (27, 24 and 12%) and TAC (30, 25 and 21%) were better than the cont, Th and Gr groups, respectively
with a reduction of MDA by 50, 37 and 18%, respectively. The liver and kidney functions improved by thyme and
garlic oils orally supplementation. AST (33, 22 and 24%), ALT (38, 23 and 18%) and creatinine (88, 18 and 34%)
levels were reduced compared with the other three groups, respectively (Table 5). The total protein and globulin
were the highest in the group orally supplemented with the oil mixture compared with the other experimental
groups with better HDL in Gr. and ThGr. groups. While LDL was the lowest in ThGr. group. Concurrently, the
triglyceride and cholesterol were reduced by 33 and 21% compared with the cont group, respectively (Table 5).

Discussion
Thyme, garlic and their essential oils are natural alternatives that may be used for growth promoters and antibiot-
ics in ruminant rations®-®. Essential oils can be used in dairy cows’. This research aimed to evaluate the potential
impact of thyme and garlic oil orally administration to Damascus goats on growth performance, immunity,
antioxidant, biochemical parameters and net farm income.

It is tremendously challenging to compare the investigations that used various essential oils since the outcomes
will be established on several issues, such as oil composition, doses, extraction methods, route of administration,
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Parameter ‘ Control ‘ Thyme ‘ Garlic ‘ Thyme and garlic ‘ SEM ‘ P-value
Body weight (BW) (kg)

IBW 17.78 1800 |17.92 |17.75 0.86 0.99
BW1 20.97 21.80 |22.03 |21.88 0.83 0.58
BW2 24.32% 25.78% | 25.98% |26.38* 0.72 0.04
FW 27.57° 28.98® | 29.26® |30.30° 0.66 0.004
Weight gain (WG) (kg)

WGl 3.19° 3.80° 411° | 413 0.16 <0.001
WG2 3.35 3.98% | 3.95® | 450 0.23 <0.001
WG3 3.25 3.20 3.28 3.92 0.37 0.21
FWG 9.79¢ 10.98" | 11.34> |12.55° 0.39 <0.001
Average daily gain (ADG) (kg/day)

ADG1 0.113> | 0.135* | 0.146° | 0.147* 0.02 <0.001
ADG2 0.108" 0.128° | 0.127% | 0.145* 0.03 0.001
ADG3 0.108 0.106 | 0.109 | 0.130 0.05 0.20
ADG 0.110¢ 0.123° | 0.127° | 0.141° 0.01 <0.001
Total feed intake (TFI) (kg)

TFI1 17.42 17.75 | 17.80 | 18.15 0.36 0.56
TFI2 22.40 23.81 |23.60 |24.25 0.36 0.56
TFI3 25.99 2656 |26.19 |27.28 0.36 0.56
TFI 65.81 68.12 | 67.59 |69.68 1.07 0.56
Daily feed intake (DFI) (kg/day)

DFI [ 073 o7 [o75 [ o078 [004 [ 055
Feed conversion ratio (FCR) (feed/gain)

FCR1 5.46* 4.67° 433> 439" 0.35 <0.001
FCR2 6.68° 5.98% | 597 | 538" 0.46 0.003
FCR3 7.99 8.30 7.98 6.95 1.76 0.76
FCR 6.72¢ 620" | 5.96" 5.550 0.39 0.002
NFI 2.53 2.74% | 2.85® | 3.06° 0.24 0.003

Table 4. Effect of oral administration of thyme and/or garlic on growth performance, feed intake, feed
conversion and economic feed efficiency of weaned Damascus goats. SEM Standard error mean, BW Body
weight, WG Weight gain, ADG Average daily gain, TFI Total feed intake, FCR Feed conversion ratio. NFI Net
farm income during the 3 months of the experimental period (Benefit/cost ratio) with 5.66 and 0.33$ for each
kg of Shami goats body weight and feed intake, respectively. *>*Means within the same row with different
superscript letters differ significantly (p<0.05).

animal age and housing. The mixture of thyme and garlic oils improved the growth performance of Damascus
goats. It improved final body weight, ADG and FCR. These results were supported by others on rabbits and
lambs***. Zhong et al.*’ reported that garlic dietary supplementation augmented the average daily gain in lambs.
Moreover, Abdel-Wareth and Metwally*® stated that the daily weight gain and FCR of male Californian rabbits
were improved by thyme supplementation without any effect on daily feed intake. The current findings did not
show any significant variations among the various groups regarding total and daily feed intake supported by
others in beef cattle®®*!. There were conflicting results regarding FCR. Some authors reported that thyme and/
or garlic did not affect FCR*»*>-*, while others detect an improvement*®. The current findings were comparable
with Abdel-Wareth and Metwally*®. The reported feed intake, ADG and FCR of the current study were similar
to that performed on goats™.

The gastrointestinal nematodes infestation of small animals reduced the average daily gain (23-63%) in
lambs® and feed intake®®, feed digestion in calves*’, meat quality in lambs®® with an increase of FCR in sheep®.
Therefore, thyme and/or garlic supplementation reduced the parasitic load and consequently improved the
growth and productive performance of treated calves than the control group>’. Moreover, there was an increase
in the goats’ live weight treated with anthelmintic than in the control group. Dietary garlic oil supplementation
did not affect feed intake and average daily gain of lambs without parasitic infestation®. While Hasan et al.**
reported an increase in average daily gain (10.3%) of grazing goats suffered from internal parasites if they were
supplemented orally with garlic solution?.

The current study revealed that the oil mixture increased the final body weight by 10% which was comparable
to Hasan et al.** on grazing goats. This improvement may be attributable to several factors (a) the anthelmintic
effect of the thyme and garlic oils that reduced the gastrointestinal parasites which hampering the growth of small
ruminants leading to economic losses®>2, (b) the power antimicrobial activity against gram-positive and negative
bacteria through disruption the bacterial plasma membrane and glucose uptake reduction, while the beneficial
bacteria are less sensitive to the inhibitory effects of garlic?”%*¢*, (c) thyme methanolic extract may influence
the fermentation efficiency of rumen and may be used as a mitigating mediator of methane®, (d) improved the
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Parameters Control Thyme Garlic Thyme and garlic SEM P-value
IgA (mg/mL) 36.00° 40.50° 40.50° 43.50° 0.25 <0.001
IgM (mg/mL) 8.50 8.00 8.00 9.00 0.33 0.16
IgG (mg/mL) 158.50 172.00 171.50 171.50 11.97 0.82
SOD (UI/L) 0.96¢ 1.25¢ 1.45° 2.55 0.03 <0.001
MDA (U/L) 1.77% 1.42° 1.09¢ 0.89° 0.21 <0.001
CAT (U/L) 2.81¢ 2.88¢ 3.17b 3.56 0.03 <0.001
TAC (mmol/L) 10.39° 10.70° 11.05° 13.35% 0.22 <0.001
AST (U/T) 31.50° 27.00% 26.00* 21.00° 1.23 0.002
ALT (U/T) 29.00° 23.50 22.00%° 18.00° 1.01 <0.001
Creatinine (mg/dl) 7.06* 1.05¢ 1.31° 0.864 0.77 <0.001
Urea (mg/dL) 32.50 30.50 41.50 36.00 3.41 0.19
Total Protein (g/dL) 7.15° 7.30° 7.45° 8.15% 0.13 0.002
Albumin (g/dL) 3.75% 3.40° 4.10° 3.50° 0.08 <0.001
Globulin (g/dL) 3.40%° 3.90° 3.35¢ 4.65° 0.12 <0.001
LDL-c (mg/dL) 21.70° 21.50° 14.70 11.60° 0.61 <0.001
HDL-c (mg/dL) 42.50° 44.00 50.00° 51.50° 0.74 <0.001
Triglyceride(mg/dL) 15.00* 9.50 9.00° 10.00° 0.72 <0.001
Cholesterol (mg/dL) 75.00° 57.50° 75.00° 59.00° 0.43 <0.001

Table 5. Effect of oral administration of thyme and/or garlic on serum immunity, antioxidant and biochemical
parameters of weaned Damascus goats. SEM Standard error mean, MDA Malondialdehyde, CAT catalase,

SOD superoxide dismutase, TAC total antioxidant capacity, IgG Immunoglobulin G, IgA Immunoglobulin A,
IgM Immunoglobulin M, AST Aspartate aminotransferase, ALT Alanine aminotransferase, LDL-c low-density
lipoprotein-cholesterol, HDL-c High-density lipoprotein-cholesterol. **Means within the same row with
different superscript letters differ significantly (p <0.05).

digestibility and feed efficiency of growing lambs® through activation of ruminal bacteria, stimulation the secre-

tion and flow of bile, saliva and gastric enzymes®~* that may modify the microbial numbers in the rumen and
decreased the of dietary protein degradation with increasing N escape and protein flow to the small intestine,
consequently improved the nitrogen utilization”®”!, (e) increased the synthesis and activity of pancreatic enzymes,
enriching digestion, absorption and utilization of proteins in the small intestine’?, (f) reducing the proportion
of acetate with increasing the propionate’, (g) thymol may protect the microvilli’4. The current study revealed
that ThGr groups was the best regarding the net farm income. Better performance of the animal such as weight
gain and FCR will providing higher incomes, total profit margin with reducing production costs”>7¢.

El-Azrak et al.”” reported an improvement in the immune response and serum IgG following essential oil sup-
plementation of goats which supported the current results’®. This may be owned to the increasing phagocytosis
as observed in pigs”. Moreover, the essential oils may be reduced the animal stress because the stress reduced the
release of immunoglobulins®. Releasing somatostatin and adrenal corticosteroid hormones are accountable for
lowering the immunoglobulins production®’. Blood parameters are imperative tool for detecting the metabolic
syndromes®! and to estimate the physiological state of animals®>. MDA and glutathione are the foremost marker
of lipid peroxidation utilized for assessing the oxidative damage®*%4. Antioxidant enzymes (SOD) accomplish
an imperative role of antioxidant defenses®. Stress and high lipid peroxidation increased the production of ROS
that increased oxidative destruction and MDA level with a reduction of the antioxidant enzymes activity®*%.
Thymol boosts the total antioxidant condition in vivo® due to it improves the activity of antioxidant enzymes,
such as superoxide dismutase and catalase®.

Liver is an imperative organ in metabolic body processes. Serum Transaminases activities were represented
the damage and recovery of the liver cells and the pathological condition®"*? that are subtle to the toxic matters®.
This increase can be ascribed to liver or muscle damage, septicemia, and/or toxemia and their values are associ-
ated with the severity of cell damage®. Aba et al.*” stated that the normal level of goats AST (IU/1), ALT (IU/1),
albumin (g/dl) and cholesterol (mg/dl) were 28.60-92, 2.59-29.65, 2.75-3.86 and 33.84-132.42, respectively.
The oral administration of phytobiotics enhanced the liver function of rabbits®® which supported the current
findings. Ghoneem and Mahmoud® revealed that there was an increase of the AST (2.5%) and ALT (10%) lev-
els with thyme essential oil supplementation in Damascus goats. But Abdel-Wareth and Metwally* detected a
reduction of AST and ALT in male rabbits. Moreover, Usur* stated that essential oil reduced AST and ALT by
8 and 11%, respectively in goats. Vakili et al.”® reported that essential oils supplementation did not influence on
hepatic enzymes®”?%1%,

The creatinine level of the current study was comparable to that reported by Ghoneem and Mahmoud®”.
Thyme and/or garlic supplementation increased the serum creatinine and urea in goats®>>*”*”. On the other hand,
this study revealed a reduction of creatinine level that supported by Abdel-Wareth and Metwally*® in male rab-
bits. But others did not detect any difference®®!%'-1% in ewes, lambs and calves. Essential oils did not influence
the serum urea level that was supported by other”” in goats. The creatinine levels in this investigation are within
the normal reported range (0.6-1.1 mg/dl)»'*,
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The current finding regarding the levels of total protein, albumin and globulin was similar to the findings of
others in goats*>”. There have been conflicting results on the effect of orally supplemented mixture of thyme and
garlic oil on the total protein, albumin and globulin. Several authors have detected an increase of their levels'®~'%7.
While others have stated that there were no differences following thyme and/or garlic supplementation””*7-10%%10%,
The current outcomes were similar with the findings of the research that stated an increase of total protein and
globulin after orally administration of thyme and/or garlic oil.

The high levels of total protein and globulin in goats treated with oil mixture may be attributable to; (a) the
serum protein was positively associated with body weight and protein manufacture''*!!! and food protein'®!, (b)
they stimulate liver cells to multiplication the protein synthesis'®, (c) the improvements of ruminal microbial
protein synthesis” and crude protein digestibility””. On the other hand, there was a reduction of total protein
followed ginger oil supplementation due to the modification effect of essential oils on the ruminal microbial
population status and decreasing the contribution of Prevotella spp. that is chiefly accountable for protein deg-
radation and amino acids deamination and consequently, protein metabolism'!.

There have been inconsistent outcomes on the influence of orally supplemented thyme and/or garlic on goats’
cholesterol and triglycerides. Whereas several authors have reported that this supplementation reduced choles-
terol and triglycerides®»”11>114 in goats. Others did not detect any difference®”*8101198115 5 calves and lambs.
While others reported an increase of cholesterol and triglycerides’” in goats. Nonetheless, these results agreed
with the majority of studies that have reported a reduction cholesterol and triglycerides.

Cholesterol was responsible for the level of triglycerides in the blood. Thyme and garlic supplementation
reduced cholesterol and triglycerides by 11 and 18%°” in Damascus goats, 11 and 7%, respectively> in goats.
While the current study revealed 21 and 33% reductions of cholesterol and triglycerides, respectively. These
results may be attributed to; (a) decreasing the efficiency of enzymes or preventing the thiol enzymes such as
HMGCoA* and CoASH'' in liver, (b) the hypolipidemic and hypercholesterolemia characters of aromatic
plants and their essential oil'"’, (c) the metabolism of herbal plants product might prevent the production of
3-hydroxy-3-methylglutaryl CO. A enzyme, which influences the cholesterol synthesis''®. Moreover, the HDL
was increased by 21% followed the orally administration of the oil mixture that may be owned to decrease the
values of triglycerides, cholesterol and LDL'". Our finding regarding HDL was comparable with Meteab et al.!
who reported 39.06 mg/dl of HDL in Damascus goat.

Conclusions

Recently consumers are seeking for safe animal products without synthetic chemical residues. Therefore,
researchers and breeders are trying to find natural alternatives for growth promoters and antibiotics in ruminant
rations as herbal plants and their essential oils. Thus, mixture oil administration (thyme and garlic at the ratio of
1:1, 2 ml/goat/day) improved growth (10%), antioxidant status (MDA 50%), liver (AST, 33% and ALT, 38%), kid-
ney function (creatinine, 88%), the FCR (17.4%) and net farm income (21%), of Damascus goats. Therefore, this
study recommended supplementing goats with the mixture of thyme and garlic oil for better growth and health.

Data availability
The data is available on request. Dr.Tharwat Imbabi Tharwat.mohamed@fagr.bu.edu.eg.

Received: 10 September 2023; Accepted: 16 May 2024
Published online: 07 June 2024

References
1. Meteab, M., El-Sayed, H. M., El-Essawy, A. M., Nassar, M. S. & El-Bordeny, N. E. Impact of flaxseed inclusion in damascus goat’s
ration on digestibility, some blood parameters and reproductive performance. Arab. Univ. ]. Agric. Sci. 26, 2347-2357 (2019).
2. FAO. Food and Agriculture Organization of the United Nations. Retrieved on 10th January (2023). https://www.fao.org/faost
at/en/#data/QCL/visualize.
3. Alagawany, M. et al. Impact of dietary cold-pressed chia oil on growth, blood chemistry, haematology, immunity and antioxidant
status of growing Japanese quail. Ital. . Anim. Sci. 19(1), 896-904 (2020).
4. Nasr, M. A. F, El-Tarabany, M. S. & Toscano, M. J. Effects of divergent selection for growth on egg quality traits in Japanese
quail. Anim. Prod. Sci. 56(11), 1797-1802 (2015).
5. Jouany, J. P. & Morgavi, D. Use of ‘natural’ products as alternatives to antibiotic feed additives in ruminant production. Animal
1, 1443-1466 (2007).
6. Rofig, M. N. The use of plant essential oils as feed additives for ruminants. (2016).
7. Sallam, S. M. et al. Effect of some essential oils on in vitro methane emission. Arch. Anim. Nutr. 65, 203-214 (2011).
8. Yang, W. Z,, Benchaar, C., Ametaj, B. N. & Beauchemin, K. A. Dose response to eugenol supplementation in growing beef cattle:
Ruminal fermentation and intestinal digestion. Anim. Feed Sci. Technol. 158, 57-64 (2010).
9. Benchaar, C,, Petit, H., Berthiaume, R., Whyte, T. & Chouinard, P. Effects of addition of essential oils and monensin premix on
digestion, ruminal fermentation, milk production, and milk composition in dairy cows. J. Dairy Sci. 89, 4352-4364 (2006).
10. Belanche, A. et al. A meta-analysis describing the effects of the essential oils blend agolin ruminant on performance, rumen
fermentation and methane emissions in dairy cows. Animals 10, 620 (2020).
11. Benchaar, C. et al. Effects of essential oils on digestion, ruminal fermentation, rumen microbial populations, milk production,
and milk composition in dairy cows fed alfalfa silage or corn silage. J. Dairy Sci. 90, 886-897 (2007).
12. Calsamiglia, S., Busquet, M., Cardozo, P, Castillejos, L. & Ferret, A. Invited review: Essential oils as modifiers of rumen microbial
fermentation. J. Dairy Sci. 90, 2580-2595 (2007).
13. Bassolé, I. H. N. & Juliani, H. R. Essential oils in combination and their antimicrobial properties. Molecules 17, 3989-4006
(2012).
14. Ghosh, A, Ricke, S. C., Almeida, G. & Gibson, K. E. Combined application of essential oil compounds and bacteriophage to
inhibit growth of Staphylococcus aureus in vitro. Curr. Microbiol. 72, 426-435 (2016).
15. Kung, L. Jr., Williams, P., Schmidt, R. & Hu, W. A blend of essential plant oils used as an additive to alter silage fermentation or
used as a feed additive for lactating dairy cows. J. Dairy Sci. 91, 4793-4800 (2008).

Scientific Reports |

(2024) 14:13173 | https://doi.org/10.1038/s41598-024-62417-0 nature portfolio


https://www.fao.org/faostat/en/#data/QCL/visualize
https://www.fao.org/faostat/en/#data/QCL/visualize

www.nature.com/scientificreports/

16.

17.

18.

19.

20.

22.
23.

24,

25.

26.

27.

28.

29.

31.

32.

34.

35.
36.

37.

39.

40.

41.

42.

43.

44,

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Trombetta, D. et al. Mechanisms of antibacterial action of three monoterpenes. Antimicrob. Agents Chemother. 49, 2474-2478
(2005).

Nudda, A. et al. Sheep and goats respond differently to feeding strategies directed to improve the fatty acid profile of milk fat.
Animals 10, 1290 (2020).

Santos, M., Robinson, P.,, Williams, P. & Losa, R. Effects of addition of an essential oil complex to the diet of lactating dairy cows
on whole tract digestion of nutrients and productive performance. Anim. Feed Sci. Technol. 157, 64-71 (2010).

Sebesan, M. & Céraban, A. Analysis of the essential oils from thyme (Thymus vulgaris L.) and from peppermint (Mentha piperita
L.). Chem. Bull. Politeh. Univ. Timis 53, 1-2 (2008).

Rivlin, R. S. Historical perspective on the use of garlic. . Nutr. 131, 951S-954S (2001).

Sivam, G. P. Protection against Helicobacter pylori and other bacterial infections by garlic. J. Nutr. 131, 1106S-1108S (2001).
Silagy, C. & Neil, A. Garlic as a lipid lowering agent—A meta-analysis. J. R. Coll. Phys. Lond. 28, 39 (1994).

Tang, Z. et al. The preventing function of garlic on experimental oral precancer and its effect on natural killer cells, T-lymphocytes
and interleukin-2. Hunan Yi Ke Da Xue Xue Bao 22, 246-248 (1997).

Hasan, M. M. . et al. Effects of garlic supplementation on parasitic infestation, live weight, and hematological parameters in
Black Bengal goat. J. Adv. Vet. Anim. Res. 2, 326-331 (2015).

Amagase, H., Petesch, B. L., Matsuura, H., Kasuga, S. & Itakura, Y. Intake of garlic and its bioactive components. J. Nutr. 131,
9558-962S (2001).

Coppi, A., Cabinian, M., Mirelman, D. & Sinnis, P. Antimalarial activity of allicin, a biologically active compound from garlic
cloves. Antimicrob. Agents Chemother. 50, 1731-1737 (2006).

Burt, S. Essential oils: Their antibacterial properties and potential applications in foods—A review. Int. J. Food Microbiol. 94,
223-253 (2004).

Juven, B., Kanner, J., Schved, F. & Weisslowicz, H. Factors that interact with the antibacterial action of thyme essential oil and
its active constituents. J. Appl. Bacteriol. 76, 626-631 (1994).

Nieto, G. A review on applications and uses of thymus in the food industry. Plants 9, 961 (2020).

Fachini-Queiroz, E. C., Kummer, R., Estevao-Silva, C. E, Carvalho, M. D. B,, Cunha, J. M., Grespan, R., Bersani-Amado, C. A.,
Cuman, R. K. N. Effects of thymol and carvacrol, constituents of Thymus vulgaris L. essential oil, on the inflammatory response.
Evid. Based Complement. Altern. Med. 2012 (2012).

Benchaar, C. & Greathead, H. Essential oils and opportunities to mitigate enteric methane emissions from ruminants. Anim.
Feed Sci. Technol. 166, 338-355 (2011).

NRC. Nutrient requirements of small ruminants (2007).

Kimbaris, A. C., Kioulos, E., Koliopoulos, G., Polissiou, M. G. & Michaelakis, A. J. P. Coactivity of sulfide ingredients: A new
perspective of the larvicidal activity of garlic essential oil against mosquitoes. Pest Manag. Sci. Former. Pestic. Sci. 65(3), 249-254
(2009).

Mandras, N., Roana, J., Scalas, D., Del Re, S., Cavallo, L., Ghisetti, V., Tullio, V. The inhibition of non-albicans Candida species
and uncommon yeast pathogens by selected essential oils and their major compounds. Molecules. 26(16) (2021).

AOAC. Official Methods of Analysis, 16th ed (Association of official analytical chemists, 1995).

Van Soest, P. V., Robertson, ]. B. & Lewis, B. A. Methods for dietary fiber, neutral detergent fiber, and nonstarch polysaccharides
in relation to animal nutrition. J. Dairy Sci. 74, 3583-3597 (1991).

Sankhayan, P. Introduction to Farm Management (Tata McGrow-Hill, 1983).

Lama, S. P. et al. Growth and economic performance of kid production under different rearing systems and slaughter ages in
arid areas of Argentina. Small Rumin. Res. 110, 9-14 (2013).

Armstrong, W., Carr, C. Physiological chemistry: Laboratory directions 3:75 Buger Puplishing Co. (Burges publishing Co., 1964).
Doumas, B. T., Watson, W. A. & Biggs, H. G. Albumin standards and the measurement of serum albumin with bromcresol green.
Clin. Chim. Acta 31, 87-96 (1971).

Patton, C. J. & Crouch, S. Spectrophotometric and kinetics investigation of the Berthelot reaction for the determination of
ammonia. Anal. Chem. 49, 464-469 (1977).

Reitman, S. & Frankel, S. A colorimetric method for the determination of serum glutamic oxalacetic and glutamic pyruvic
transaminases. Am. J. Clin. Pathol. 28, 56-63 (1957).

Fahey, J. L. & McKelvey, E. M. Quantitative determination of serum immunoglobulins in antibody-agar plates. J. Immunol. 94,
84-90 (1965).

Karatepe, M. Simultaneous determination of ascorbic acid and free malondialdehyde in human serum by HPLC-UV. LC-GC
N. Am. 22, S104-S104 (2004).

Marklund, S. & Marklund, G. Involvement of the superoxide anion radical in the autoxidation of pyrogallol and a convenient
assay for superoxide dismutase. Eur. J. Biochem. 47, 469-474 (1974).

Aebi, H. Catalase in vitro. In Methods in Enzymology, vol. 105 121-126 (Elsevier, 1984).

Roeschlau, P, Bernt, E. & Gruber, W. Enzymatic determination of total cholesterol in serum. Z Klin Chem Klin Biochem 12, 226
(1974).

Abdel-Wareth, A. A. A. & Metwally, A. E. Productive and physiological response of male rabbits to dietary supplementation
with thyme essential oil. Animals (Basel) https://doi.org/10.3390/ani10101844 (2020).

Zhong, R. et al. Effects of feeding garlic powder on growth performance, rumen fermentation, and the health status of lambs
infected by gastrointestinal nematodes. Animals (Basel) https://doi.org/10.3390/ani9030102 (2019).

Benchaar, C. Diet supplementation with thyme oil and its main component thymol failed to favorably alter rumen fermentation,
improve nutrient utilization, or enhance milk production in dairy cows. J. Dairy Sci. 104, 324-336 (2021).

Khorrami, B., Vakili, A. R., Mesgaran, M. D. & Klevenhusen, F. Thyme and cinnamon essential oils: Potential alternatives for
monensin as a rumen modifier in beef production systems. Anim. Feed Sci. Technol. 200, 8-16 (2015).

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

Usur, J. O. Effects of thyme and garlic on growth and biochemical traits in goats. Development 31, 3 (2019).

Wanapat, M., Kang, S., Khejornsart, P. & Wanapat, S. Effects of plant herb combination supplementation on rumen fermentation
and nutrient digestibility in beef cattle. Asian-Australas J. Anim. Sci. 26, 1127-1136 (2013).

Singh, G, Singh, R., Verma, P. K., Singh, R. & Anand, A. Anthelmintic efficacy of aqueous extract of Butea monosperma (Lam.)
Kuntze against Haemonchus contortus of sheep and goats. J. Parasit. Dis. 39, 200-205 (2015).

van Houtert, M. F. & Sykes, A. R. Implications of nutrition for the ability of ruminants to withstand gastrointestinal nematode
infections. Int. J. Parasitol. 26, 1151-1167 (1996).

Blackburn, H. D. et al. Interaction of parasitism and nutrition and their effects on production and clinical parameters in goats.
Vet. Parasitol. 40, 99-112 (1991).

Zhong, R. Z., Li, H. Y., Fang, Y., Sun, H. X. & Zhou, D. W. Effects of dietary supplementation with green tea polyphenols on
digestion and meat quality in lambs infected with Haemonchus contortus. Meat Sci. 105, 1-7 (2015).

Mavrot, E, Hertzberg, H. & Torgerson, P. Effect of gastro-intestinal nematode infection on sheep performance: A systematic
review and meta-analysis. Parasit. Vectors 8, 557. https://doi.org/10.1186/s13071-015-1164-z (2015).

Scientific Reports |

(2024) 14:13173 |

https://doi.org/10.1038/s41598-024-62417-0 nature portfolio


https://doi.org/10.3390/ani10101844
https://doi.org/10.3390/ani9030102
https://doi.org/10.1186/s13071-015-1164-z

www.nature.com/scientificreports/

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.
82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.
93.

94.

95.

96.

97.

98.

Islam, M. S., Begum, E & Alam, M. S. Comparative efficacy of Aldazole, Fenvet and Ivomec Injection against natural infection
of gastrointestinal nematodes in goats. J. Anim. Vet. Adv. 2, 382-384 (2003).

Silvestre, A., Chartier, C., Sauvé, C. & Cabaret, ]. Relationship between helminth species diversity, intensity of infection and
breeding management in dairy goats. Vet. Parasitol. 94, 91-105 (2000).

Waller, P. J. Management and control of nematode parasites of small ruminants in the face of total anthelmintic failure. Trop.
Biomed. 21, 7-13 (2004).

Ambrosio, C. M., de Alencar, S. M., de Sousa, R. L., Moreno, A. M. & Da Gloria, E. M. Products. Antimicrobial activity of several
essential oils on pathogenic and beneficial bacteria. Ind. Crops 97, 128-136 (2017).

Cobellis, G., Trabalza-Marinucci, M. & Yu, Z. Critical evaluation of essential oils as rumen modifiers in ruminant nutrition: A
review. Sci. Total Environ. 545-546, 556-568 (2016).

Salamatazar, M., Doust-Nobar, R. S., Sis, N. M., Shahryar, H. A. & Asadi, Y. Evaluating effects of natural plant extract on ruminal
fermentation using in vitro gas production technique. Pak. J. Nutr. 11, 561 (2012).

El-Naggar, S., Abou-Ward, G., Tawila, M., Helal, E. & Ali, A. Feeds. Performance of lambs fed rations supplemented with thyme
essential oil. Egypt. J. Nutr. 20, 189-195 (2017).

El-Essawy, A. M., Abdou, A. R., Khattab, I. & Abdel-Wahed, A. Effect of addition of anise, clove and thyme essential oils on
barki lambs performance, digestibility, rumen fermentation, carcass characteristics and intramuscular fatty acids. Egypt. J. Nutr.
Feeds 22, 465-477 (2019).

El-Essawy, A. M., Abdou, A. R. & El-Gendy, M. H. 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 (2019).

Mirzaei-Aghsaghali, A., Syadati, S. A. & Fathi, H. Some of thyme (Thymus vulgaris) properties in ruminant’s nutrition. Ann.
Biol. Res. 3,1191-1195 (2012).

Mohamed, A. H., Sayed, H., Yacout, M. H. M. & El-Maghraby, M. M. Effect of Sunflower oil supplementation with or without
thyme leaves (Thymus vulgaris) on digestibility, milk production and milk fatty acid profile of dairy goats. Egypt. J. Sheep Goats
Sci. 12, 25-34 (2017).

Wallace, R. J., McEwan, N. R, McIntosh, E. M., Teferedegne, B. & Newbold, C. J. Natural products as manipulators of rumen
fermentation. Asian-Aust. J. Anim. Sci. 15, 1458-1468 (2002).

Mir, P. et al. Effects of increasing dietary grain on viscosity of duodenal digesta and plasma hormone, glucose and amino acid
concentrations in steers. Can. J. Anim. Sci. 80, 703-712 (2000).

Kholif, S. M., Morsy, T. A., Abdo, M. M., Matloup, O. H. & El-Ella, A. A. A. Effect of supplementing lactating goats rations with
garlic, cinnamon or ginger oils on milk yield, milk composition and milk fatty acids profile. J. Life Sci. 4, 27-34 (2012).
Shanoon, A. K. & Jassim, M. S. Effects of Thymus vulgaris and Zingiber officinale aqueous on semen parameters, testes weight
and histology measurements of broiler breeder male. Int. J. Poult. Sci. 11, 594 (2012).

Oliveira, A. B. et al. Productive and economic performance of goats of different genetic groups. Rev. bras. saiide Prod. Anim.
19(4), 381-390 (2018).

Sousa, W. H. et al. Biological and economic performance of feedlot lambs feeding on diets with different energy densities. Revista
Brasileira deZootecnia 41(5), 1285-1291 (2012).

El-Azrak, K. E. D. M., Morsy, A. S., Soltan, Y. A., Hashem, N. M. & Sallam, S. M. A. Impact of specific essential oils blend on
milk production, serum biochemical parameters and kid performance of goats. Anim. Biotechnol. 33, 1344-1352 (2022).
Wang, Y. et al. Effects of Yucca schidigera extract on fermentation and degradation of steroidal saponins in the rumen simulation
technique (RUSITEC). Anim. Feed Sci. Technol. 74, 143-153 (1998).

Cho, J. H. et al. Effects of essential oils supplementation on growth performance, IgG concentration and fecal noxious gas
concentration of weaned pigs. Asian-Aust. J. Anim. Sci. 19, 80-85 (2006).

Herman, J. P, Mueller, N. K. & Figueiredo, H. Role of GABA and glutamate circuitry in hypothalamo-pituitary-adrenocortical
stress integration. Ann. N.Y. Acad. Sci. 1018, 35-45 (2004).

Rotava, R. et al. Bioquimica sanguinea de frangos de corte alimentados com subprodutos da uva. Agrarian 1, 91-104 (2008).
Etim, N. N., Enyenihi, G. E., Williams, M. E., Udo, M. D. & Offiong, E. E. A. Haematological parameters: Indicators of the
physiological status of farm animals. Br. J. Sci. 10, 33-45 (2013).

Aengwanich, W. & Suttajit, M. Effect of polyphenols extracted from Tamarind (Tamarindus indica L.) seed coat on physiological
changes, heterophil/lymphocyte ratio, oxidative stress and body weight of broilers (Gallus domesticus) under chronic heat stress.
Anim. Sci. ]. 81, 264-270 (2010).

Sevanian, A., McLeod, L. Formation and biological reactivity of lipid peroxidation products. Free Radic. Toxicol. 47-70 (1997).
Seven, P. T. et al. Effects of propolis on selected blood indicators and antioxidant enzyme activities in broilers under heat stress.
Acta Vet. Brno. 78, 75-83 (2009).

Droge, W. Aging-related changes in the thiol/disulfide redox state: Implications for the use of thiol antioxidants. Exp. Gerontol.
37, 1333-1345 (2002).

Fang, Y. Z., Yang, S. & Wu, G. Free radicals, antioxidants, and nutrition. Nutrition 18, 872-879 (2002).

Simsek, U. G., Dalkilic, B., Ciftci, M. & Yuce, A. The influences of different stocking densities on some welfare indicators, lipid
peroxidation (MDA) and antioxidant enzyme activities (GSH, GSH-Px, CAT) in broiler chickens. J. Anim. Vet. Adv. 8, 1568-1572
(2009).

Venskutonis, P. R., Gruzdien, A., Tirzite, D., Tirzitis, G. Assessment of antioxidant activity of plant extracts by different methods.
99-107 (2005).

Deans, S. G., Simpson, E., Noble, R. C., MacPherson, A. & Penzes, L. Natural antioxidants from Thymus vulgaris (thyme) volatile
oil: The beneficial effects upon mammalian lipid metabolism. Acta Hortic. 332, 177-182 (1993).

Atsafack, S. S. et al. Toxicological studies of stem bark extract from Schefflera barteri Harms (Araliaceae). BMC Complement.
Altern. Med. 15, 1-9 (2015).

Jaensch, S. Diagnosis of avian hepatic disease. Semin. Avian Exotic Pet Med. 9, 126-135 (2000).

Gudiso, X. C., Hlatini, V. A., Ncobela, C. N., Chimonyo, M. & Mafongoya, P. L. Serum metabolites and weights of internal organs
of broilers fed on varying levels of Acacia angustissima leaf meal. Can. J. Anim. Sci. 99, 475-481 (2019).

Nobakht, A., Fard, B. H. The effects of using rice bran, enzyme and probiotic on performance, egg quality traits and blood
metabolites in laying hens. Iran. J. Anim. Sci. IJAS. 46 (2016).

Emeka, A. P, Ikechukwu, L. J. & Chima, N. I. Reference values for certain serum biochemical markers of liver damage in appar-
ently healthy Red Sokoto goats. Thai J. Vet. Med. 50(1), Article 10 (2020).

El-Ratel, I. T., Abdel-Khalek, A. K. E., Gabr, S. A., Hammad, M. E. & El-Morsy, H. L. Influence of allicin administration on
reproductive efficiency, immunity and lipid peroxidation of rabbit does under high ambient temperature. J. Anim. Physiol. Anim.
Nutr. 104, 539-548 (2020).

Ghoneem, W. M. A. & Mahmoud, A. E. M. Research article impact of incorporating Thymus vulgaris as leaves or essential oil
in damascus goats ration on lactation performance. Int. J. Dairy Sci. 17, 1-12 (2022).

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

Scientific Reports |

(2024) 14:13173 |

https://doi.org/10.1038/s41598-024-62417-0 nature portfolio



www.nature.com/scientificreports/

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.
111.

112.

113.

114.

115.

116.

117.

118.

119.

Alsaht, A. A, Bassiony, S. M., Abdel-Rahman, G. A. & Shehata, S. A. Effect of cinnamaldehyde thymol mixture on growth per-
formance and some ruminal and blood constituents in growing lambs fed high concentrate diet. Life Sci. J. 11, 240-248 (2014).
Kc, C., Mc, Y. & Wj, C. Effect of diallyl trisulfide-rich garlic oil on blood coagulation and plasma activity of anticoagulation
factors in rats. Food Chem. Toxicol. 45, 502-507 (2007).

El-Katcha, M. L, Soltan, M. A., Essi, M. S. Effect of garlic extract supplementation on growth performance, nutrient digestibility
and some blood serum biochemical changes of fattening lambs. Alex. J. Vet. Sci. 48 (2016).

Khamisabadi, H., Kafilzadeh, E, Charaien, B. Effect of thyme (Thymus vulgaris) or peppermint (Mentha piperita) on performance,
digestibility and blood metabolites of fattening Sanjabi lambs. Biharean biologist. 10 (2016).

Kholif, A. E. et al. Essential oils blend with a newly developed enzyme cocktail works synergistically to enhance feed utilization
and milk production of Farafra ewes in the subtropics. Small Rumin. Res. 161, 43-50 (2018).

Bartels, H., Bohmer, M. & Heierli, C. Serum creatinine determination without protein precipitation. Clin. Chim. Acta Int. J. Clin.
Chem. 37, 193-197 (1972).

El-Ashry, M. A,, El-Bordeny, N. E., Khattab, H. M. & El-Sayed, H. M. Effect of dietary supplemented with medicinal herbs on
nutrient digestibility and some blood metabolites of buffalo calves. Egypt. J. Nutr. Feeds 9, 179-191 (2006).

El-Nor, S. A., Khattab, H., Al-Alamy, H., Salem, F. & Abdo, M. Effect of some medicinal plants seeds in the rations on the pro-
ductive performance of lactating buffaloes. Int. J. Dairy Sci. 2, 348-355 (2007).

Soltan, M. A. 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 (2009).

El-Essawy, A. M., Anele, U. Y., Abdel-Wahed, A. M., Abdou, A. R. & Khattab, I. M. Effects of anise, clove and thyme essential
oils supplementation on rumen fermentation, blood metabolites, milk yield and milk composition in lactating goats. Anim.
Feed Sci. Technol. 271, 114760 (2021).

Hussein, J. S., Oraby, E S. & El-Shafey, N. Antihepatotoxic effect of garlic and onion oils on ethanol-induced liver injury in rats.
J. Appl. Sci. Res. 3, 1527-1533 (2007).

Coles, E. Veterinary Clinical Pathology, 4th ed 136-170 (WB Saunders Company, 1986).

El-Attar, A. & Rashd, M. Electrophoretic serum protein fractions in dwarf and normal layer hens and their correlations with
productive traits. Genet. Sel. Evol. 17, 283-290 (1985).

Ferme, D. et al. The effects of plant extracts on microbial community structure in a rumen-simulating continuous-culture system
as revealed by molecular profiling. Folia Microbiol. (Praha) 49, 151-155 (2004).

El-Hosseiny, H., Sabbah, M., Allam, M., El-Saadany, S. A., Abdel-ad, A. M., Zeid, A. M. Medicinal herbs and plants as feed addi-
tives for ruminant of using some medical herbs on growth performance of Zarabi kids. Proc. Conf. Anim. Prod. Kafr El-Sheikh
Egypt. 189-196 (2000).

Shamsaldin, Z. G., Mohammad, N. A., Nader, U. A., Salih, S. E. Effect of Garlic (Alliums stadium) oil supplementation on some
biochemical parameters and serum minerals of Awassi ewes. . Karbala Univ. 326-333 (2012).

Chaves, A. V. et al. Effects of cinnamaldehyde, garlic and juniper berry essential oils on rumen fermentation, blood metabolites,
growth performance, and carcass characteristics of growing lambs. Livest. Sci. 117, 215-224 (2008).

Shokrollahi, B., Hesami, S. M. & Baneh, H. The effect of garlic extract on growth, haematology and cell-mediated immune
response of newborn goat kids. J. Agric. Rural Dev. Trop. Subtrop. 117, 225-232 (2016).

Michel, J., Abd Rani, N. Z. & Husain, K. A review on the potential use of medicinal plants from Asteraceae and Lamiaceae plant
family in cardiovascular diseases. Front. Pharmacol. 11, 852. https://doi.org/10.3389/fphar.2020.00852 (2020).

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

Youssef, M. K. E., Ahmed, A. R,, Basta, I. W,, Abd-El-Reheem, A. M. A. & Salim, L. M. S. Effect of fortification of goat meat
products with flaxseed powder on the lipid profile, livers and kidneys functions of male Albino Rats. Assiut. J. Agric. Sci. 47,
405-421 (2016).

Acknowledgements
The authors extend their appreciation to the Faculty of Agriculture, Benha University for funding this research.

Author contributions

All authors contributed to the study conception and design. Material preparation, data collection and analysis
were performed by T.I,, TM.M.H., A H.A.E.A., A.A.T. and A.O. The first draft of the manuscript was written
by M.A.EN. and all authors commented on previous versions of the manuscript. All authors read and approved
the final manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation Funding Authority (STDF) in coop-
eration with The Egyptian Knowledge Bank (EKB). This work was supported by Faculty of Agriculture, Benha
University.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.A.EN.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2024) 14:13173 |

https://doi.org/10.1038/s41598-024-62417-0 nature portfolio


https://doi.org/10.3389/fphar.2020.00852
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |  (2024) 14:13173 | https://doi.org/10.1038/s41598-024-62417-0 nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Impacts of thyme andor garlic oils on growth, immunity, antioxidant and net farm income in Damascus goats
	Materials and methods
	Diet, experimental design and management
	Chemical analysis
	Net farm income
	Blood sampling and analysis
	Statistical analysis
	Ethical approval

	Results
	Discussion
	Conclusions
	References
	Acknowledgements


