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SUMMARY

lemon grass oil (LGO) on growth performance, nutrient digestibility, carcass traits and meat quality

during heat stress. Ninety New Zealand White (NZW) rabbits were randomly divided into three
groups, each in three replicates and fed diets supplemented with 0,100 and 150 mg LGO /kg diet during
summer season in Egypt. Diets and water were allowed ad-libitum to rabbits and the experiment lasted for 8
weeks. The results showed that supplemented LGO significantly improved final body weight; body weight gain
and feed conversion ratio. The addition of LGO significantly improved DM, CP, CF and NFE digestible
coefficients and the nutritive value (TDN and DCP) compared with control group. Supplemented growing
rabbit diets with LGO significantly increased carcass, dressing, giblet, liver and heart percentages and
significantly decreased abdominal fat and shoulder fat percentages compared with control group. The meat
content of total protein was significantly increased, while total cholesterol and triglycerides were significantly
decreased compared to control. Supplemented diet with LGO suppressed MDA concentration in rabbit meat.
Both drip loss and cooking loss percentages in meat were significantly decreased. The results concluded that
supplementing growing New-Zeland White rabbit diets with lemon grass oil alleviated the adverse effects of
heat stress on all experimental parameters.

This study was aimed to evaluate the impact of supplementing growing New-Zeland rabbit diets with
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INTRODUCTION

During last years, many researchers focused on the productive performance and carcass yield of rabbit
meat (Zotte, 2002). Rabbit meat considered a good source of protein because it is rich in protein and less
fat than other meat. Also, it contains linoleic acid and minerals which is easy to digest for humans. Also,
it is rich in polyamine, selenium and antioxidant vitamins (Zotte, and Szendroe, 2011). Rabbits are
considered one the most sensitive animal to high ambient temperature (Marai, et al., 2002 and Maertens
and Gidenne, 2016). The genetic improvement in rabbit production makes rabbit sensitive to
environmental stress such as the rise in temperature (Marai, et al., 2007). The same authors reported that
the rise in ambient temperature in summer lead to heat stress in rabbits which cause many adverse effects
to rabbit production. There must be a balance between heat gain and heat loss, so heat stress cause
disturbances thermoregulatory system in rabbits (Jimoh and Ewuola, 2016). Heat stress in rabbits causes
thermal imbalance due to change in biochemical profile and physiological adjustment (Chiericato, et al.,
1994). Also, the rise in ambient temperature causes oxidative stress (Jimoh, et al., 2017), which leads to
decreases in rabbit production performance and has a bad effect on rabbit health (Lodovici, et al., 2003
and Abdel-Khalek, 2013). Also, Zeferino, et al. (2011) found that heat stress badly impact production
performance, carcass and meat quality.

Essential oils from the medicinal plants being aromatic have an anti-bacterial activities (Burt, 2004).
Phenolic compounds in essential oils considered as natural antioxidants which affected oxidative
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reactions (Sharma, et al., 2017). Lemon grass (Cymbopogon citratus) is an aromatic perennial plant of
the family Poaceae; it is used in traditional therapeutic in many countries; it contains 0.035% essential
oil; lemon grass oil (LGO) is a volatile oil that could be extracted directly using steam extraction from
fresh lemon grass (Maleeg, et al., 2000; Aftab, et al., 2011; Tarkang, et al., 2012).

Bharti, et al., (2013) reported that the essential oil of lemon grass contains citral, limonene, citronellol,
a-terpineol, caffeic acid, geranial, geraniol, chlorogenic acid, kaempferol, myrcene, burneol, nerol, neral,
elemicin, apigenin, luteolin, quercetin, and geranyl acetate. Furthermore, Kassahun and Gezu, (2019)
discovered that lemon grass oil contains about twenty volatile components included alpha-pinen, D-
limonene eucalyptol, and eucalyptol. All these compounds lead to the pharmaceutical activities of lemon
grass oil such as its antioxidant (Masuda, et al., 2008), antibacterial (Wannissorn, et al., 2005), antifungal
(Nakagawa, et al., 2003), and anti-inflammatory (Abe, et al., 2004) activities. The aim of this study was
to investigate the effect of supplemented growing New-Zeland rabbit diets with 0, 100 and 150 mg
lemon grass oil during heat stress.

MATERIALS AND METHODS

At 6 weeks of age, 90 weaned New Zealand White (NZW) rabbits were divided into 3 groups. Each
group contains three replicate with 10 rabbits in each replicate. The first group was the control (without
LGO supplementation), and the other two groups were fed diet supplemented with 100 and 150 mg
LGO/ kg diet, respectively. Diets and drinking water were supplied ad-libitum and the experiment lasted
for 8 weeks. Rabbits were individually housed in wire cages. Basal diet was formulated according to
NRC (1977) as described in Table 1. All diets were iso-nitrogenous and iso-energetic. Rabbits were
reared under heat stress conditions in summer season in Egypt (temperature ranged between 30 °C to 42
°C and, humidity from 45 to 70%).

Table (1): Composition and calculated analysis of the basal experimental diet of growing New-
Zealand White (NZW) rabbits.

Ingredient % Calculated Analysis? On DM bases %
Corn, ground 31.95 Dry matter 87.80
Soybean meal 44% 11.50 Crude protein 16.00
Berseem hay 39.00 Crude fibre 13.04
Wheat bran 11.50 Ether extract 7.80
Molasses 5.00 Nitrogen free-extract 54,57
NaCl 0.50 Total phosphorus 0.35
DL-Methionine 0.25 Calcium 0.59
Premix* 0.30 DE (Kcal/kg diet) 2669

1. Mineral and vitamin mixture supplied per kg of diet: Vitamin A 60000 IU, Vitamin D3; 900 Ul, Vitamin E; 40 mg,
vitamin K3; 2 mg, Vitamin Bl; 2mg, Vitamin B2; 4 mg, Vitamin B6; 2 mg , Vitamin B12; 10ug, Folic acid; 10 mg,
Pantothenic acid; 7 mg, Nicotinic acid; 50 mg, Biotin; 50 ug, Choline chloride; 250 mg, I; 0.2 mg, Mn; 85 mg, Cu; 5
mg, Zn; 50 mg, Fe; 50 mg, Co; 0.1 mg, , Selenium; 0.1 mg.

2. According to NRC (1977).

Growth performance of growing rabbit was measured by weekly recorded of live body weight and
feed intake and calculated weight gain and feed conversion ratio. At the end of the growth experiment,
samples of feed and feces were daily collected form rabbit (6 per each treatment) which individually
housed in metabolic cages, for determining nutrients digestibility. Chemical analyses of diets and feces
were done according to the classical methods (AOAC, 1996), while, digestibility of nutrients was
measured as described by Cheeke, (1987). Thenafter, three rabbits of each treatment were slaughtered
and hot carcass, liver, kidneys, heart, abdominal fat and shoulder fat were weighed and calculated as
percentage from live body weight to determine carcass characteristics. After slaughtering, the L.
lumborum muscles (between the 1st and 7th lumbar vertebra) were used to determine meat quality.
Mixture of meat were stored on -20°C for 4 days then total protein, total cholesterol, triglycerides and
malondialdehyde (MDA) contents were measured by colorimetric methods using analytical kits produced
by Biodiagnostic Company, Egypt. Drip loss (DL) was determined according to Lundstrém and
Malmfors, (1985), whereas, the cooking loss was determined according to Omojola and Adesehinwa,
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(2006). Data were statistically analyzed by the general linear model (GLM) procedure of SAS User's
guide (SAS, 2001) using the following fixed model:
Yij=p+Ti+eij
Where, Y ij = The observed value of a given dependent variable,
p = Overall adjusted mean,
Ti = Fixed effect of the treatments, i=1,2 .............. 5,
e ij = Random error of the model.
The differences between means were analyzed by Duncan's New Multiple Range test (Duncan, 1955).

RESULTS AND DISCUSSION

The effect of supplemented growing New-Zeland rabbit diets with LGO during summer season are
represented in Table2. Final live weight and total weight gain were significantly improved with LGO
supplementation, while total feed intake were not significantly affected. Final live weight was increased
by 8.3 and 14.36%, and total weight gain by 11.03 and 20.06% for diet supplemented with 100, 150 mg
LGO, respectively, compared with control. Furthermore, values of feed conversion ratio were
significantly (P<0.01) improved by 14.66 and 19.65% for diet supplemented with 100, 150 mg LGO,
respectively, compared with control group.

These results are in agreement with Al-Sagheer, et al., (2017) who found that supplementing diets with
LGO during heat stress improved live body weight and daily body weight gain and feed conversion ratio.
Similarly, Tiwari, et al., (2019) reported that supplementing broiler chickens diet with LGO improved
growth performance. Although, an elevation in ambient temperature (Chiericato, et al., 1993) may lead
to an imbalance in rabbit body temperature (Ondruska, et al., 2011) which results in disturbances in their
thermoregulatory system (Jimoh and Ewuola, 2016), and caused rabbits exposed to an oxidative stress
(Jimoh, et al., 2017). However, adding LGO to rabbit diets alleviated heat stress effect on rabbit which
improved growth performance because LGO have an antioxidant activity (Masuda, et al., 2008). Also,
LGO have an antibacterial (Wannissorn, et al., 2005) and antimicrobial activity (Oussalah, et al., 2007)
which may lead to growth performance improvement.

Table (2): Effect of supplementing rabbit diets with LGO on performance during summer season.

Item 0 mg LGO 100 mg LGO 150 mg LGO SEM Sig
Initial live weight 648.33 656.67 646.67 0.5 NS
Final live weight 2310b 2501.67a 2641.67a 83.05 **
Total weight gain 1661.67b 1845a 1995a 75.52 *x
Total feed intake 5666.7 5360 5450 15.87 NS
FCR 3.41a 2.91b 2.74b 0.02 ol

a, b, c,.... Means within each row have no similar letters are significantly different (P < 0.01), LGO= Lemon grass
oil, SEM= standard error of means.

Table (3): Effect of supplementing rabbit diets with LGO on performance during summer season.

Item 0mg LGO 100mg LGO 150 mg LGO SEM Sig
DM 64.29° 67.392 67.6 0.97 *x
oM 76.94 77.66 78.4 0.47 NS
CP 71.54° 74.442 74.232 0.68 *x
CF 52.45P 54.66% 55.492 0.89 *
EE 60.29 61.34 61.13 1.14 NS
NFE 80.2° 81.992 81.59% 0.52 *
Nutritive value (%DM)

TDN 68.57° 70.452 70.282 0.3 ol
DCP 12.13° 12.622 12.592 0.02 kel
a, b, c,.... Means within each row have no similar letters are significantly different (P < 0.01), LGO= Lemon grass

oil, SEM= standard error of means.
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The digestible coefficient of DM, CP, CF and NFE were significantly increased with LGO
supplementation, while OM and EE were insignificantly affected (Table 3). On the other hand, the
nutritive value (TDN and DCP) were significantly increased with LGO supplementation compared with
control group. In this connection, Habeeb, et al., (1992) reported that heat stressed rabbits showed
decrease in digestibility of DM by 7.9%, CP by 8.1%, CF by 1.0% because heat stress decreased the
production of digestive enzymes. In connection with digestible coefficient of CP and DCP, Al-Sagheer,
et al., (2017) reported a significantly (P<0.05) increase by supplementing growing rabbit diets with LGO
during heat stress compared with control group. The improvement in nutrients digestibility and nutritive
values may be due to that LGO contains citral, a-myrcene, and cis-geraniol (Al-Sagheer, et al., 2017),
which have an antioxidant activity (Masuda, et al., 2008).

Data of carcass characteristics are presented in Table 4. Carcass, dressing and giblet percentages were
significantly higher in supplemented groups compared with control. Carcass percentages were increased
by 8.82 and 16.14%, and dressing percentages by 13.46 and 15.44% for diet supplemented with 100, 150
mg LGO, respectively, compared with control. Both liver and kidney percentages increased with LGO
supplementation compared with control, while heart percentages were insignificantly increased. The
result showed that abdominal fat percentages were significantly decreased by 37.59 and 46.81%, and
shoulder fat percentages were significantly decreased by 9.52 and 57.14% for diet supplemented with
100, 150 mg LGO, respectively, compared with control. In this respect, Zeferino, et al., (2013) reported
that carcass percentage decreased with an increase in ambient temperature. Al-Sagheer, et al., (2017)
disagree with our results, they found that dressing percentage were not significantly affected with LGO
supplementation during heat stress. While, Omer, et al., (2010) mentioned that dressing percentages were
significantly (P<0.05) increased with supplementing New-Zealand White male rabbit diets with 0.5%
lemon grass at 8 weeks of age.

Table (4): Effect of supplementing rabbit diets with LGO on carcass characteristics during
summer season.

Item 0 mg LGO 100 mg LGO 150 mg LGO SEM Sig
Carcass% 51.71° 56.272 60.22 5.17 *x
Dressing % 61.85°¢ 67" 71.42 4.5 *x
Giblets % 3.87° 4.81% 5.632 0.23 wx

Liver % 3 3.74%® 4552 0.18 *x
Heart % 0.33 0.36 0.4 0.002 NS
Kidney % 0.54° 0.722 0.672 0.004 *
Abdominal fat % 1.418 0.88° 0.75° 0.07 *
Shoulder fat % 0.21° 0.19% 0.09° 0.003 *

a, b, c,.... Means within each row have no similar letters are significantly different (P < 0.01), LGO= Lemon grass

oil, SEM= standard error of means.

The effects of dietary supplementation with LGO during heat stress on meat quality of New-Zeland
white growing rabbits are presented in Table 5.

Table (5): Effect of supplementing rabbit diets with LGO on carcass characteristics during
summer season.

Item 0mg 100 mg LGO 150 mg SEM Si
Total protein (mg/100q) 5.67° 6.28 6.5% 0.05 **
Total cholesterol (mg/100g) 2.072 1.87° 1.79° 2.9 ol
Triglycerides (mg/dl) 1.142 0.09° 0.09° 2.4 *
Malondialdehyde (MDA) 5.12 4,77 4.49° 0.05 *
Drip loss % 23.492 19.57° 18.07° 2.83 *
Cooking loss % 34.74° 33.03° 30° 1.13 *x

a, b, c,.... Means within each row have no similar letters are significantly different (P < 0.01), LGO= Lemon grass
oil, SEM= standard error of means.

There were a significant improve in meat content of total protein by 9.46 and 14.63% for diet
supplemented with 100, 150 mg LGO, respectively, compared with control. Both total cholesterol and
triglycerides were significantly decreased. Moreover, malondialdehyde (MDA) concentrations were
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significantly decreased by 6.47 and 11.96% for diet supplemented with 100, 150 mg LGO, respectively,
compared with control. Drip loss and cooking loss percentages were significantly decreased with LGO
supplementation. Similar to our findings reported herein, Al-Sagheer et al., (2017) reported that MDA
concentrations were significantly (P< 0.05) decreased in LGO supplemented diet compared with control
during heat stress, and this may be due to the antioxidant activity of LGO on meat quality which can
increase the shelf life of meat (Masuda, et al., 2008).

CONCLUSION

In conclusion, it could be concluded that supplementing growing New-Zeland white diet with 150
mg/kg lemon grass oil during heat stress alleviated the adverse effect of heat stress and improved growth
performance, nutrients digestibility, carcass characteristics and meat quality.
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