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Abstract: The study aimed to evaluate the impact of different levels of betaine and thyme oil
as growth promoters in broiler chickens. 600 broiler chickens (Cobb 500) a total number for
experimental design at 1day of age were randomly chosen and distributed into 10 groups (60
broilers chickens / each group), that were fed different doses of betaine and thyme oil, except
for the control group. broiler chickens of each group were nearly equal in averages body
weight from one day of age. Each group sub-divided into three replicates, each of 20 broiler
chickens. The experimental group was processed broiler chickens under similar hygienic and
environmental conditions as the control group. Broiler chickens were housed in floor
systems, and experimental treatments significantly improved growth performance and
cecum properties comparison the control group, liver function, triglycerides, total
cholesterol, hormones markers and immune and growth response genes). The highest live
body weight of EG10 and EG9 groups were (2046.08 and 2009.75 g) as well as found in other
experimental group when comparison the CG1 group (1789.5 g) in a row. Moreover, feed
conversion ratio of EG10 and EG9 groups were (1.48 and 1.51) as well as found in other
experimental group when comparison the CG1 group (1.70). While EG10, EG9 and other
experimental group when comparison the CG1 group had a significant enrichment effect on
the intestinal beneficial bacteria. The study concluded that the most effective interaction
between betaine 500 mg and the experimental group ten had the most significant effect and
thyme oil (50 mg) in liter as well as interaction between betaine 250 mg and thyme oil (50
mg) in liter of water has highly significant effect on live body weight and FCR. The study
demonstrated a significant positive impact on blood physiology in experimental groups EG10,
EG9, EG2, and other experimental groups respectively comparison the control group (CG1)
without any significant side effects on broiler chickens.
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Introduction
The main advantage of natural growth promoters is to low risk regarding bacterial resistance or undesired

residues in broiler chick’s products such as meat, milk or eggs (Manner, 2011). Poultry is one of the most
common food industries globally Chicken is the most popularly raised type, with over 90 billion tons of chicken
meat produced each year (FAO, 2017). The European Union has banned the use of antibiotics at sub-therapeutic
levels for disease prevention or growth promotion They've also prohibited antibiotics as growth promoters
altogether (Delsol et al., 2005). Therefore, the search for alternative feed supplements has surged, with
essential herbs being a top choice as a replacement for antibiotic growth promoters, potentially providing
similar benefits. (Huyghebaert et al., 2011). The requirement for total sulfur amino acids can be met by either
methionine alone or a suitable mixture of methionine and betaine. (Moon and Gatlin, 2002). In addition, choline
oxidation may be a rate-limiting step in betaine synthesis, as pig diets with dietary betaine showed higher
efficiency in addition to choline. (Siljander-Rasi et al., 2003). Betaine has the potential to reduce poultry's
methionine requirement by 40-60%. (Harding et al., 2001). The study found that growth performance and feed
efficiency in broiler chicks were linearly influenced by methionine and betaine supplementation, with betaine
being twice as efficient as methionine. (Virtanen and Rosi, 1995). Multiple studies have shown that betaine and
methionine cannot be substituted. (Schutte et al.,, 1997 and McDevitt et al., 2000). Feed additives are widely
recognized as a significant alternative to antibiotics in animal production as feed additives. Losa and Kohler
(2001) reported the study investigated the reduction of Clostridium perfringens in the intestine of poultry
supplemented with a commercial preparation of essential oils in its diet. Marija et al. (2015) stated that
essential oils obtained from plant extracts possess antimicrobial and antioxidant properties, derived from
volatile molecules produced by secondary metabolism of aromatic and medicinal plants. The study suggests
that it may disrupt the bacterial cell wall's function by affecting its lipopolysaccharide content, leading to
increased cell membrane permeability. Faleiro (2011). Natural phytogenic feed additives like garlic, cinnamon,
anise, coriander, oregano, pepper, chili, nettle, rosemary, and thyme can potentially enhance farm animal
performance. (Zivkovi¢ et al.,, 2019 and Alloui et al., 2014). The majority of studies on the effects of various
herbs on broiler performance have reported positive effects on gain, feed conversion and carcass quality
(Puvacaetal, 2014)

So, from the previously mentioned fact, the study aims to investigate the impact of different levels of Betaine
supplementation and Thyme oil on broiler chickens' productivity, immune parameters, caecum properties,
metabolic response, and growth-related gene expression. Results show positive effects on production
performance, suggesting these additives can be a perfect feed for broiler chickens, maintain health, and
improve poultry growth.

MATERIALS AND METHODS

Ethical approval

We were collected all samples as per standard procedure without giving any stress or harm to the animals and
the study was conducted according to Cairo University at Institutional Animal Care and Use Committee (CU-
IACUC) Veterinary Medical and Agricultural Sciences Sector, Egypt under approval code # CU/I1/F/14/24+#.

Experimental design

600 broiler chickens one-day old with average initial body weight of 45 * 1.27 g strain Cobb 500, both genders,
were randomly assigned to 10 similar groups (60 chickens individuals each) under identical environmental
conditions; Control group (CG1) processed to feed on balanced diet without any additives in drinking water,
Experimental group 2 (EG2) was processed a balanced diet containing 50 mg thyme oil per liter of water,
Experimental group 3 (EG3) processed to fed balanced diet with the addition of 50 mg betaine per liter of water,
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Experimental group 4 (EG4) was processed a balanced diet containing 100 mg betaine per liter of water,
Experimental group 5 (EG5) was processed a balanced diet containing 250 mg betaine per liter of water,
Experimental group 6 (EG6) was processed a balanced diet containing 500 mg betaine per liter of water,
Experimental group 7 (EG7) was processed a balanced diet containing with a mixture of 50 mg betaine with
50 mg from thyme oil at liter of water, Experimental group 8 (EG8) was processed a balanced diet containing
with a mixture of 100 mg betaine with 50 mg from thyme oil at liter of water, Experimental group 9 (EG9) was
processed a balanced diet containing with a mixture of 250 mg betaine with 50 mg from thyme oil at liter of
water and finally, Experimental group 10 (EG10) was processed a balanced diet containing with a mixture of
500 mg betaine with 50 mg from thyme oil at liter of water. The experiment concluded with the slaughtering
of animals under tranquilization in accordance with Islamic guidelines, as reported by Awan and Muhammad
Sohaib (2016).

Thyme oil have sourced from center of Al-Gabry for extract essential oil at Giza, Egypt. Betaine sourced from
Regional Center for Food and Feed (RCFF), Giza governorate, Egypt. As well as product of Thyme underwent
testing for its active ingredients at the Organic Pollutants department by Gas chromatography-mass
spectrometry. Experimental diets were created to meet all the nutrient requirements of broiler chickens which
calculated, The diet of Cobb 500 hybrid was used according to the manufacturer's ambient recommendations,
as illustrated in the standard diet table (1) as mentioned to (StaniSic et al.,2023). Gas chromatography-mass
spectrometry to analysis of thyme oil's phenolic compounds to revealed the highest active ingredients such as
Carvacrol that showed retention times of compound at 9 minutes and also, Thymol that showed retention times
of compound at 10 minutes., at the data presented in figure (1).

Table 1. Composition and calculated chemical analysis of experimental diet of broiler chickens

Ingredients (%) Starter diet (1- 21 day) Finisher diet (22-35 day)
Yellow corn 50.74 58.82
Soybean Meal (44%) 41.96 33.73
Corn oil 3.09 3.96
Di-calcium phosphate 1.72 1.35
Calcium carbonate 1.07 0.90
Sodium bicarbonate 0.15 0.16
L-Lysine (99%) 0.2 0.13
L-Threonine 0.09 0.03
DL-Methionine (99%) 0.23 0.18
Salt 0.25 0.24
Vitamin * 0.25 0.25
Mineral** 0.25 0.25
Total 100 100
Chemical composition***

Crude protein(CP) % 22.71 18.93
Crude fiber(CF)% 4.21 3.84
Ether extract(EE)% 5.01 5.65
Dry Matter(DM)% 89.40 89.30
Metabolism energy(ME) 2930 3100
Kcal/Kg

* Vitamin following is provided per kg of diet: vitamin A, 9000 IU; vitamin D3, 2000 IU; vitamin E, 36 mg;
vitamin K3, 2 mg; vitamin B1, 1.75 mg; vitamin B2, 6.6 mg; vitamin B6, 2.94 mg; vitamin B12, 0.015 mg; nicotinic
acid, 29.7 mg; folic acid, 1 mg.
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** Mineral following is provided per kg of diet: Calcium Pantothenate 9.8 mg; choline chloride, 250 mg; Mn,
99.2 mg; Zn, 84.7 mg; Cu, 10 mg; Fe, 50 mg; Se, 0.2 mg; I, 0.99 mg. *** The calculation was made based on

(Stanisi¢ et al.,2023).
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Figure 1. The GC-MS/MS instrument was used to analyze the chromatogram of Thyme oil.

Determination of thyme oil

Gas chromatography-mass spectrometry to analysis of thyme oil's phenolic compounds to revealed the highest
active ingredients such as Carvacrol that showed a peak area % of compound at 23.22 % and also, Thymol that
showed a peak area % of compound at 13.71 % as determined by Patricia et al. (2013) at the data presented in
figure (1).The data from Figure (1) that confirms the main components of thyme, Thymol and Carvacrol, as per
previous studies by Karousou et al. (2005), Ortega-Nieblas et al. (2011) and Amiri (2012)

Growth performance parameters

Broiler chickens in experimental and control groups were fed ad libitum were breeding under similar
management conditions, diet and water, with measured to determine average live body weight at (Table 2) and
actual feed conversion ratio at (Table 3). Broiler chickens were individually weighed weekly before being
served in the morning meal, a process that continued for a period of five weeks. The feed conversion ratio (g
feed/g body weight) and body weight values were recorded.

Caecum properties

The experiment involved killing nine broiler chickens, collecting their gastrointestinal tract, and estimating
caecum count to determine cecal microflora for beneficial and pathogenic bacteria. Cecal appendix fluid was
collected and the beneficial bacteria count of Enterococcus species and Lactobacillus acidophilus was measured
without delay, a selective dehydrated media Slantz and Bartly agar; de Man Rogosa and Sharpe agar (MRS)
from company (LabM a Neogen, United Kingdom), in a row. The pathogenic bacteria content was determined
using Brilliant Green agar and Violet Red Bile agar, with Salmonella Spp count and E. coli count estimated
through serial dilutions and inoculation into sterile petri dishes. Samples of caecum microbial species count
were prepared, analyzed, agar was added, and the temperature required for incubating the bacteria was
determined according to methods was according to Ahmed et al. (2020).

Serum biochemical parameters
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Collecting blood samples has been from nine broiler chickens per treatment after slaughtering, also, plasma
was collected and stored at (-20°C) to estimate total protein and also, aspartate aminotransferase (AST) also,
alanine aminotransferase (ALT), total cholesterol, triglycerides. These constituents were measured using
commercial kits from (DiaSya Diagnostic, Germany) according to manufacturer's instructions. the Analysis
methods of blood samples previous as described by Ahmed et al. (2020). Radioimmunoassay (RIA) used to
determined serum hormones (T3, T4 and TSH) according to Wartofsky and Burman (1982) and Bolognani et
al. (2001).

Relative quantification of gene expression:

The GLM procedure was used to analyze the effects of treatments on gene expression, comparing each sample's
relative expression to a control comparison the 3-actin gene and calculated according to the delta-delta Ct guide
"AACt" method as reported by Pfaffl. (2001) and (Yuan et al. (2006).

Statistical analysis

Final data analyzed by General Linear Models (GLM) procedure of the SAS program SAS (2004). Duncan's
multiple range test was utilized to compare liver gene expression levels, revealing statistically significant
treatments at (P < 0.05).

The statistical model used during the experimental period is as follows:

Yijk= p + Ti + Bj + (TB)j + eijx

Where:

Yijk = is the kth outcome in the it level of T and jt level of B.

u = is the overall mean,

Ti = the main effect of factor (T).

Bj = the main effect of factor (B).

Ti*Bj =the effect of the interaction between factor T, B

eijk = is a random error.

The Duncan of multiple range test was used to identify significant differences among means (Duncan,1955).

RESULTS AND DISCUSSION

Growth performance

Data found in Table (2) show averages of live body weight was significant effect by using thyme oil extract,
betaine and both as feed additives revealed that interaction between thyme and betaine concentration 500 mg,
also 250 mg /L had significantly the highest value of live body weight (P<0.05) when comparison the control
group followed by the interaction thyme and betaine (Table 2). These results were significantly (P<0.05) in
agreement with those obtained with Placha et al. (2013) explained that Thyme oil, which improves intestinal
health, was associated with the highest weight gain. In addition, these results agreed with those reported by
Waldenstedt et al. (1999) who stated that betaine as a single supplement increase body weight. These results
agreement with Attia et al. (2005) reported that in general betaine supplementation at medium or high dose
improved body weight gain, betaine supplementation at 0.035 and 0.070% linearly increased body weight gain
by 5.1 and 9.0% respectively.

The study concluded that thyme, betaine, and mixtures had better effects on performance properties than the
control group, suggesting a synergistic effect between essential oil and betaine in poultry nutrition.

Table 2. The effect of The effect of Thyme, Betaine and interaction between them on average live body weight
(g/chicken/d) of broiler chickens during the experimental periods aged 35 days
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Live Body Weight (g) at day

Treatments( mg/L) . . First period Second period Whole period
Initial weight 4 43'4) (14-28 d) (1-35 d)
Thyme(Thy)
Thy0= Control 45.97+0.04 514.9+2.22b 1465.5+6.49b 1789.5+8.27b
Thy1= 50 47.3£1.39 539.5+2.21a 1496.2+5.872 1954.5+7.12a
P-value 0.3313 <0.0001 0.0001 <0.0001
Betaine (Bet)
BetO=Control 46.09+0.07 529.20+4.412 1422.88+12.02¢ 1765.43+16.234
Bet1=50 46.01+£0.07 524.00+3.482 1496.61+7.76P 1875.30£10.90b
Bet2=100 45.86+0.07 525.87+3.272 1443.04+7.38¢ 1803.89+10.83¢
Bet3=250 49.39+3.49 524.08+3.1542 1510.17+8.52b 1950.59+10.912
Bet4=500 45.88+0.06 532.83+3.92a2 1531.54+9.382 1967.06+£12.412
P-value 0.4265 0.3104 <0.0001 <0.0001
Interaction
ThyO X Bet0 46.12+0.10 505.75+5.184 1387.41+£16.51f 1643.91+£15.05h
ThyO X Betl 46.05£0.10 519.00+5.37¢ 1482.03+12.52¢ 1805.86+12.76f
ThyO X Bet2 45.83+0.11 519.25+4.65¢ 1437.33+£10.28¢ 1712.67+10.358
ThyO X Bet3 45.94+0.10 514.16+4.29¢ 1513.90+12.76b 1889.40+13.914
ThyO X Bet4 45.90£0.10 516.33+5.19¢ 1505.50+£13.65P 1886.69+15.22de
Thy1 X Bet0 46.05£0.10 552.66+5.752 1457.17+£16.404 1876.83+18.60¢
Thy1 X Betl 45.98+0.09 529.00+4.40b 1511.19+8.87b 1944.74+12.16¢
Thy1 X Bet2 45.90+0.09 532.50+4.48b 1448.75+£10.634 1893.56+9.054
Thy1 X Bet3 52.84+6.98 534.00+4.27b 1506.50+11.39b 2009.75+12.77b
Thy1 X Bet4 45.86+0.09 549.33+5.092 1557.58+12.082 2046.08+13.182
P-value 0.4173 0.0007 0.0201 0.0005

ah Mean+ SME in same row with different superscripts are significantly (P<0.05) different, Significance
(P<0.05); Non-Significant (P>0.05).

The study presented in Table (3) displays the FCR. that EG10 and EG9 (1.48 and 1.51) had the lowest FCR
groups and betaine followed by the other experimental groups, Thyme and mixture both had significant better
effects on growth performance properties respectively if comparison the control group. indicating a synergistic
effect between essential oil and betaine in poultry nutrition.,, While the value obtained in the control
group(CG1) was the highest indicated that, interaction between thyme and betaine had the best effect on FCR
followed. This result was confirmed by those obtained by El-Husseiny et al. (2007) showed that The study
found that the feed consumption, conversion, and efficiency increased with an increase in betaine levels up to
0.75 g/kg diet. The findings contradict Waldenstedt et al.'s (1999) findings, which suggested that betaine
supplementation in broilers did not significantly impact feed intake and conversion ratio. In addition, Hassan
etal. (2005) reported that the addition of betaine to the diet improved feed conversion in broiler.

Table 3. The effect of Thyme, Betaine and interaction between them on Feed Conversion Ratio (FCR) of broiler
chickens during the experimental periods aged 35 days

Feed Conversion Ratio (feed g: gain g) at day

Treatments( mg/L)
First period(1-13 d) Second period(14-28 d) Whole period(1-35 d)
Thyme(Thy)
Thy0= Control 1.05+0.01= 1.40£0.01= 1.70+0.012
Thy1= 50 0.97+0.01b 1.36+0.01b 1.55+0.01b
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P-value <0.0001 <0.0001 <0.0001
Betaine (Bet)

Bet0=Control 1.05+0.01a 1.45+0.01a 1.73+£0.012
Bet1=50 1.02+0.01b 1.3740.01¢ 1.62+0.01¢
Bet2=100 1.01+0.01b 1.41+0.01b 1.68+0.01b
Bet3=250 1.00+0.01b 1.35+0.01cd 1.56%0.01d
Bet4=500 0.97+0.01¢ 1.33+0.01d 1.54+0.014
P-value <0.0001 <0.0001 <0.0001
Interaction

Thy0 X Bet0 1.15+0.01a 1.50+0.01a 1.85+0.01a
ThyO X Betl 1.04+0.01b 1.3940.01¢ 1.68+0.01¢
ThyO X Bet2 1.02+0.01¢ 1.42+0.01b 1.77+0.01b
ThyO X Bet3 1.03+£0.01¢ 1.35+0.01d 1.61+0.014
ThyO X Bet4 1.01+£0.01d 1.36£0.01d 1.61+£0.01d
Thy1 X BetO 0.95+0.01f 1.40£0.01¢ 1.62%0.01d
Thy1 X Bet1 1.00+0.01d 1.35+0.01d 1.56%0.01¢
Thy1 X Bet2 0.99+0.01de 1.41+0.01b 1.60£0.01d
Thy1 X Bet3 0.98+0.01¢ 1.35+0.01d 1.51+0.01f
Thy1 X Bet4 0.93+0.018 1.30£0.01e 1.48+0.01s
P-value <0.0001 0.0004 <0.0001

ag Meant* SME in same row with different superscripts are significantly (P<0.05) different. Significance
(P<0.05); Non-Significant (P>0.05).

Cecum properties

Table (4) demonstrates that essential oils and betaine positively affect the caecum properties of poultry,
improving, controlling harmful bacteria, and stimulating beneficial bacteria growth, comparison the control
group. This finding was confirmed by those reported by Boliikbasi and Erhan (2007) discovered that thyme, at
concentrations of 0.1% and 0.5%, significantly reduced E.coli levels in laying hen feces comparison the control
group., Also Cross et al. (2002) found that thyme oil reduced count of coliforms. Essential oils exhibit
antimicrobial activity linked to phenolic compounds like Thymol and Carvacrol, the information provided
aligns with the statements made by other authors. (Karaman et al., 2001; Rota et al., 2008).

Essential oils and probiotics improved intestinal gram-positive microflora growth, reduced salmonella and
E.coli colonization, and positively impacted Lactobacillus and Enterococcus count, according to Mookiah et al.
(2014) 's study. (The highest number of colony forming units of the helpful bacteria was recorded in
experimental treatment groups which were treated with thyme oil, betaine and Mixture of Thyme and betaine).
All treatments had significantly higher counts if comparison the count recorded in the control group. The study
found that groups treated with Thyme and betaine showed a significant bear effect on salmonella and E.col;,
with the added mixture also showing similar effects comparison the control group. All treatments had a
significant positive effect on the count of harmful bacteria if comparison the control group and this result
agreement with Boliikbasi and Erhan (2007) emphasized that essential oil stimulates beneficial bacteria
growth, reducing harmful microbes' growth and multiplication in the intestines, thus enhancing the life and
existence of the intestines. Also, in vitro studies have demonstrated that essential oils possess antibacterial
properties against Escherichia coli and Salmonella typhimurium, as reported by Cosention et al. (1999).

Table 4. The effect of Thyme, Betaine and interaction between them on cecum properties of broiler chickens
during the experimental periods aged 35 days

Cecum bacterial count at cfu/g

Lactobacillus Enterococcus
Treatments(mg/L)  qgcidophilus species count as E. coli count Salmonella Count
count as (logio (logiocfu/g) as (logio cfu/g) as (log10 cfu/g)

cfu/g)
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Thyme(Thy)

ThyO= Control 6.49+0.11b 6.04+0.18b 3.08+0.282 1.02+0.372
Thy1= 50 7.17£0.072 6.87+0.072 1.39+0.08P ob
P-value <0.0001 <0.0001 <0.0001 <0.0001
Betaine (Bet)

BetO=Control 6.20+0.214 5.43+0.374 3.78+0.512 2.55+0.762
Bet1=50 6.90+0.07v 6.67+0.07° 2.75+0.45P Opb
Bet2=100 6.61+0.16¢ 6.29+0.12¢ 1.94+0.16¢ ob
Bet3=250 7.10+0.102b 6.81+0.12P 1.53+0.084 Opb
Bet4=500 7.33+0.122 7.09+0.102 1.19+0.11¢ ob
P-value <0.0001 <0.0001 <0.0001 <0.0001
Interaction

ThyO X Bet0 5.54+0.04h 4.21+0.111 5.47+0.112 5.1£0.032
Thy0 X Betl 6.87+0.04¢ 6.79+0.064 4.25+0.09b ob

Thy0 X Bet2 6.21+0.218 5.94+0.13h 2.48+0.07¢ Opb

Thy0 X Bet3 6.80+0.10f 6.45+0.118 1.81+0.03¢ ob

Thy0 X Bet4 7.01+0.12¢ 6.83+0.07¢ 1.40+0.05f (I

Thy1 X Bet0 6.87+0.16¢ 6.65+0.15¢ 2.10+£0.124 Opb

Thy1 X Bet1 6.94+0.144 6.55+0.13f 1.25+0.09s ob

Thy1 X Bet2 7.01+0.07¢ 6.63+0.08¢ 1.40+0.04f Opb

Thy1 X Bet3 7.41+0.06> 7.17+0.08b 1.25+0.04s ob

Thy1 X Bet4 7.65+0.112 7.35+0.132 0.98+0.19h Opb
P-value 0.0002 <0.0001 <0.0001 <0.0001

ai Mean+ SME in same row with different superscripts are significantly (P<0.05) different.(logio cfu/g) the
count of microbial colony-forming units (CFU) has expressed as logarithmic (log1o) transformation per gram of
cecum content. Significance (P<0.05); Non-Significant (P>0.05).

Blood Parameters

Data presented in table (5) that the study revealed that all treatments significantly increased TSH, T3 and T4
levels compared to the control group at 35 days of age. This finding was similar to that obtained by Beisel.
(1982) who reported that Feed additives, significantly improved T3, T4, and TSH values in broiler feed,
highlighting the important of nutrition in immune system development and function. that reported, nutrition
plays an important role in the development and function of the immune system. However, feed additives can
increase thyroxin (T4) levels in broiler, suggesting that incorporating living organisms can enhance TSH effects
as reported that Aluwong et al. (2012).

Table 5. The effect of Thyme, Betaine and interaction between them on hormones indices in broiler chickens
during the experimental periods aged 35 days

Indices
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Treatments( T3 T4 TSH

mg/L) (ng/dl) (ug/dl) (ulU/mL)
Thyme(Thy)

ThyO= Control 221.23+6.01b 0.81+0.04b 0.04+0.001P
Thy1= 50 259.93+5.734 1.18+0.062 0.06+0.0012
P-value <0.0001 <0.0001 <0.0001
Betaine (Bet)

BetO=Control 210.5+10.26¢ 0.76+0.044 0.02+0.001¢
Bet1=50 224.42+6.764 0.80+0.054 0.03+0.0014
Bet2=100 235.1245.71¢ 0.95+0.07¢ 0.05+0.001¢
Bet3=250 250.55+6.38b 1.05+0.07b 0.07+0.001b
Bet4=500 282.31+8.824 1.40+0.102 0.08+0.0012
P-value <0.0001 <0.0001 <0.0001
Interaction

ThyO0 X Bet0 184.10+2.98i 0.64+0.01h 0.01+0.001f
Thy0 X Bet1 206.77+2.03h 0.66+0.02h 0.01+0.001f
ThyO X Bet2 220.22+0.64s 0.75+0.018 0.02+0.001¢
ThyO X Bet3 234.45+4.10¢f 0.85+0.01f 0.07+0.001P
ThyO0 X Bet4 260.60+3.44c 1.13+0.04¢ 0.08+0.0012p
Thy1 X Bet0 236.90+4.30f 0.88+0.01¢ 0.03+0.0014
Thy1 X Bet1 242.07+£1.31¢ 0.94+0.034 0.06+0.001¢
Thy1 X Bet2 250.02+2.044 1.16+0.04¢ 0.07+£0.001b
Thy1 X Bet3 266.65+0.81b 1.25+0.02b 0.07+0.001P
Thy1 X Bet4 304.02+6.102 1.67%0.012 0.09+0.0012
P-value 0.0078 <0.0001 <0.0001

ai Meanx SME in the same row with different superscripts are significantly (P<0.05) different. Significance
(P<0.05); Non-Significant (P>0.05).

Table 6. The effect of Thyme, Betaine and interaction between them on some blood parameters of the broiler
chickens during the experimental periods aged 35 days

Parameters
Treatments( ALT - Total Triglycerides
mg/1) AST (U/L) Total protein cholesterol (mg/dl)
(U/L) (g/dl) (mg/dl)

Thyme(Thy)
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Thy0= Control 254.46+10.652 17.13+0.842 4.26+0.132 145.43+5.40> 91.56+2.89>
Thy1= 50 279.60+9.16>  19.96+0.90> 4.96+0.07b 109.50+2.302  70.66+1.822
P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Betaine (Bet)

Bet0=Control 247.33+22.78c 15.58+1.42¢ 3.84+(0.28d al1b40.58i11.54 89.33+6.91a
Bet1=50 227.00+2.484  15.41+0.46c 4.39+0.06¢ 147.58+7.762  88.16%5.142
Bet2=100 228.91+5.86¢  16.00£0.38< 4.54+0.07¢ 134.08+5.08>  86.50+2.702
Bet3=250 305.50+5.16>  19.75+0.44> 4.97+0.07b 112.25+3.84c  75.41+2.43b
Bet4=500 326.41+4.272  26.00+0.992 5.3+0.1a 102.83+2.734  66.16+1.62¢
P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Interaction

ThyO X Bet0 179.66+21.17¢ 11.33+£0.768 2.95+0.19! 177.50+4.732  110.33+3.372
Thy0 X Bet1 227.00+3.05¢  14.83+0.70f 4.22+0.09h 170.504£6.52>  103.16+2.84P
Thy0 X Bet2 239.50+9.75¢  16.33+0.61¢ 4.38+0.108 149.83+£3.28¢  92.83+2.07¢
ThyO X Bet3 306.66+2.27¢ 19.50+0.71¢  4.75+0.064 122.00+4.764  82.00+1.864
ThyO0 X Bet4 319.50+5.20>  23.66+1.08> 4.98+0.02¢ 107.33£3.73¢  69.50+1.33¢f
Thy1 X Bet0 315.00+2.16>  19.83+1.07¢ 4.73+0.04¢ 103.66+4.37f  68.33+4.75f
Thy1 X Bet1 227.00x4.23¢  16.00£0.57¢ 4.56+0.04f 124.66+£3.569  73.16%4.30¢
Thy1 X Bet2 218.33+3.39f 15.66+0.49¢ 4.70£0.06¢ 118.33£1.99¢  80.16+3.434
Thy1 X Bet3 304.33+x10.56c  20.00+0.57¢ 5.20+0.05P 102.50+£2.06f  68.83+2.30f
Thy1 X Bet4 333.33%5.852  28.33+0.982 5.62+0.052 98.33+3.298 62.83%£2.328
P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

ai Meanz SME in the same row with different superscripts are significantly (P<0.05) different. Significance
(P<0.05); Non-Significant (P>0.05).

The table (6) showed that, all treatments caused increase in some measured parameters which indicated
harmful positive effect on liver enzymes (ALT and AST), Total protein. These results were agreed with those
obtained with Attia et al. (2005) reported that there was significant effect of methionine level on AST and ALT.
Broiler chicks fed diet containing 0.37 and 0.42% methionine showed lower AST and ALT than those fed the
basal diet. They also added that, betaine supplementation had no significant effect on most of serum
constituents except for ALT where a decrease was shown of birds fed diet containing 0.07% betaine. As general,
a progressive decrease in serum ALT with increasing betaine supplementation to groups fed diets containing
0.32 and 0.37% methionine level.

In addition, result in table (6) that agree with reported Su et al. (2009) reported that betaine treatment for
broiler was significantly increased AST and ALT (P<0.05) comparison the control diet. At another study for
blood parameters, it is clear from Similar table (6) that, all treatments comparison the control group (G1) had
significant highest by reducing effect of Triglycerides and Total cholesterol as an indication of positive effect
on the physiology of the experimental animals. These results were similar to the report of Shabaan (2012) who
stated that broiler chicks fed the low energy diets supplemented with a mixture of 0.15% thyme and 0.15%
cumin gave recorded lower values of plasma total protein as comparison the control group. So, it is perceived
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both Thyme oil and betaine had harmful effect on liver function and blood protein. These data are in agreement
with Lee etal. (2003) reported that, Thymol and Carvacrol have effects on growth performance and triglyceride
metabolism in broiler chickens and reducing plasma triglyceride concentrations.

Gene expression

Table (7) demonstrates that essential oils and betaine positively affect Mucinsz play an essential role in the
prevention of infection by pathogens. through the results showed MUC: has perfect effect on EG10,9,2,6 beaters
than EG7,5,3,8,4, that highly significant comparted to as well as control (CG1) Mucin is a major constituent of
the mucosal layer. Mucinz (MUC2) is the primary mucin produced and secreted by goblet cells in intestinal
epithelial tissue under normal physiological conditions. When the expression of mucins in the intestinal
epithelium declines, mucosal barrier function may be weakened, leading to increased susceptibility to
pathogenic agents (Kunikata et al,, 2002)

AT the similar table showed that IL-6 has proinflammatory cytokines that increase with inflammation,
indicating the activation of microglial cells. through the results showed IL-6 has beater effect on EG2 and EG10
that highly significant comparted to the other treatment group as well as control CG1.

Table 7. The effect of Thyme, Betaine and interaction between them on some on immune and growth
performance gene response markers (Interleukiné (IL6) and Mucin2) of the broiler chickens during the
experimental periods aged 35 days

immune response and growth genes markers

Treatment(mg/L) IL6 MUC2

CG1=Control 1.02b+ 0.13 3.168+1.28
EG2= Thyme 50 5.292+0.53 7.200£0.77
EG3= Betaine 50 1.410+0.41 3.258+1.74
EG4= Betaine 100 1.38b+0.39 4.12f+0.67
EG5= Betaine 250 1.77b+0.59 6.11e+1.75
EG6= Betaine 500 1.06v+0.16 6.75:+1.73
EG7=Thyme 50* Betaine 50 1.50°+0.25 4.06f£0.73
EG8=Thyme 50* Betaine 100 2.76+0.28 6.609+1.93
EG9=Thyme 50* Betaine 250 2.40°+0.54 7.33b+1.54
EG10=Thyme 50* Betaine 500 5.602+1.85 8.722+1.85

ag Means with different superscript in the same column are significantly different at P<0.05. Significance
(P<0.05); Non-Significant (P>0.05).
CONCLUSION

The study suggests that thyme oil and betaine can be used as feed additives for broiler chickens, as they
promote growth, improve performance, and stimulate immunity without significant side effects. We were
recommended that mixture of Betaine 500 mg and thyme oil (50 mg) at liter of water has high significantly
positive effect on live body weight as well as feed conversion ratio, based on the above observation it was
concluded that, a good positive effect on the blood physiology significantly for immune response and growth
genes of the experimental broilers comparison the control group.
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