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Abstract
Background and Objective: Early weaning seems to be a feasible practice that could have interesting possibilities from a productive point
of view. While, the rabbits during weaning period are sensitive to multifactorial digestive disorders. Therefore, the aim of the study was
to evaluate the response of early weaning rabbits at 21 days for 6 days supplementation with a mixture of mentha, cumin extracts and
cow milk (MCM), compared with rabbits weaned at 2 and 27 days without supplementation. Materials and Methods: A total of 288
weaned rabbits were used from four breeds (New Zealand White, California, Chinchilla and Rex). Rabbits were divided into three treated
groups, each group containing 96 rabbits. The 1st group was kits weaned at 27 days (G27), the 2nd group at 21 days (G21) and the 3rd
group at 21 days (GS21) and supplemented for 6 days with a fresh mixture of MCM. At 27 days of age, blood samples were taken form
36 rabbit (12 from each treatment). During the growth period of rabbits’ individual live body weight and feed consumption were recorded
weekly and feed conversion efficiency was calculated. At the end of the experiment (70 days of age) 36 male rabbits (12 from each
treatment) were slaughtered for carcass traits evaluation and meat analysis. Results: The live body weight and the average daily gain were
significantly (p<0.05) improved when 21 days weaned rabbits were supplemented with MCM mixture (GS21), compared with groups G27
and G21. The MCM mixture was more effective without any adverse effect on the blood biochemical changes at 27 days of age. The
supplemented group (GS21) showed lower digestive disorders cases. At 70 days of age, the MCM mixture improved some carcass traits
and increased crude protein and ash contents in the rabbit meat (GS21). Moreover, group GS21 showed significantly lower feed cost per
kilogram weight gain and higher performance index and economic efficiency values. Conclusion: In summary, supplementing with the
MCM mixture could improve significantly the early weaned rabbit performance (21 days of age) without any adverse effect.
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INTRODUCTION

Weaning in rabbits is a complex step causing dietary,
environmental   and   psychological   stresses   influencing
gastro-intestinal  tract  development,  feed  intake  and
adaptation to the weaning diet1. The most used rabbits
weaning  systems  are  traditional  weaning  (over  35-42  days
post-partum),    semi-intensive    weaning    (at    28-35   days
post-partum)    and    intensive    weaning    (at    21-28    days
post-partum)2.  Generally,  earlier  weaning  has  some
advantages for both kits and dams: Specific starter diets could
better cover kit nutritional requirements3-5, improves the
health status of the doe and its body condition3,6,7 and shorter
lactation periods could reduce the doe energy output for milk
production  and  consequently,  body  energy  deficit8.  Up  to
18-20 days, rabbits ingest only milk, while from this point
onwards they begin to consume solid feed as well, initially in
small quantities and subsequently, as their mother's milk yield
diminishes in ever increasing quantities9. After 20-25 days, the
maternal milk production decreases progressively10. Therefore,
early weaning at 21-25 days seems to be a feasible practice
that could have interesting possibilities from a productive
point of view6. Although, artificial milk feeding for early
weaning kits is technically possible and used previously by
McNitt and Moody Jr.11,12 and Ferguson et al.13, despite the
potential benefits, these methods had not been accepted by
the commercial industry. The high cost of artificial milk and
the degree of skill involved are limitations of these methods.
However, the period of 10-15 days after weaning is the most
critical   period   when   rabbits   are   most   susceptible   to
gastro-intestinal infections and at greatest risk of a fatal
outcome14,15. In this period, rabbits are sensitive to
multifactorial digestive disorders, which can determine high
mortality rate16, so intensive use of antibiotics occurs. The
World Health Organization (WHO) has recently identified
antibiotic resistance as a major problem for public health on
a global scale17. Therefore, there are strategies to reduce
antibiotic use in rabbit production include the use of
prebiotics, probiotics, organic acids, synbiotics, enzymes,
immune  modulators  and  plants  and  their  extracts18-20.
Regarding medical plants and their extracts, mainly acting as
antioxidants, antimicrobial agents, immune and digestion
stimulants. Therefore, generally they can improve the
productive performances21. However, cumin (Cuminum
cyminum L.) seeds yields 2.5-4.0% essential oil which has
reputation as an important economic drug because of their
stomach,  diuretic,  carminative,  stimulant,  astringent  and
their biological activities (antimicrobial, antifungal, antiviral,
antitumor and anti-inflammatory)22,23, hypoglycemic agents24

and rabbit growth promoter25. Moreover, Mentha piperita is
one of the world's oldest medicinal herbs, this plant is
containing about 1.2-1.5% essential oils17. The principal
components  of  the  oil  are  menthol  (35-55%),  menthone
(20-30%) and menthylacetate (3-10%)26. However, evidence
about the effect of feeding cumin and mentha extracts mixed
with fresh cow milk on early weaning rabbit performance is
scarce and not sufficient. Therefore, the aim of this study was
to evaluate the response of early weaning rabbits at 21 days
for 6 days supplementation with a mixture of mentha, cumin
extracts and cow milk (MCM), compared with 21 and 27 days
without any supplementation on the growth performance,
blood plasma constituents, carcass traits, digestive disorders
and meat quality of growing rabbits.

MATERIALS AND METHODS

A total number of 36 female rabbits at 12-15 weeks of age
were  used  in  this  study  from  four  breeds  (New  Zealand
White,  California,  Chinchilla,  Rex).  Does  were  randomly
distributed to 3 groups having nearly similar average weights
(12 does each). The study was performed on 288 of kits and
subdivided randomly into 3 groups according to weaning age,
the 1st group was rabbits weaned at age of 27 days (G27), the
2nd group was weaned at 21 days (G21) and the 3rd group
was weaned at 21 days supplemented with the tested mixture
(GS21)  for  6  days.  Weaning   rabbits   were   group   housed
in  galvanized  wire  cages  (4  rabbits/cage),  measuring
(33×50×25 cm) until slaughtering and were kept under the
same managerial conditions. Each cage was supplied with a
feeder and a stainless-steel nipple for drinking. Two liters of
the mixture were prepared by soaking dry Mentha piperita
leaves (4 g) and Cuminum cyminum  (10 g) for 5 min in 1 L of
distilled boiled water. Then the extract was filtered and mixed
with 1 L fresh cow milk (MCM mixture) and used at 40EC for
the rabbits weaned at 21 days of age once a day (9 am). The
chemical composition of the MCM mixture was 1.52% protein,
2.49% fat, 4.06% solid not fat and 2.13% lactose (measured by
milk analyzer lactoscan). The MCM mixture provided by using
the water system and after recording the MCM consumption
the system was cleaned twice by using hot water and then
refill with fresh water. Rabbits fed a commercial rabbit pelleted
diet once a day from the beginning until the end of the
experiment, which was formulated to meet their nutrient
requirements27. During the growth period of rabbits (70 days
of age) individual live body weight and feed consumption
were recorded weekly and feed conversion efficiency was
calculated. At 27 days of age, blood samples were taken from
36  weaned  rabbits  by  slaughtering  12  rabbits  from  each
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group, of 3 replicates for each breed. Blood samples were
taken immediately after the slaughter of rabbits, two blood
samples from each animal were taken into test tubes and the
first tube contained EDTA, while 2nd tube without any
addition (non-heparinize). Blood samples in tubes contained
EDTA were used to perform complete blood picture. Tubes
without any addition (non-heparinized) were centrifuged at
4000 rpm for 10 min to separate clear serum, which were
stored  at  -20EC  until  determination  of  blood  constituents,
liver function enzyme alanine aminotransferase (ALT), red
blood cells, white blood cells, total protein, albumin, globulin
and hemoglobin by using commercial kits. At the end  of  the 
experiment  (70  days  of  age)  36  male  rabbits (12 from each
treatment) were randomly taken after being fasted for 12 h
and slaughtered for carcass traits evaluation and meat
analysis. Meat samples were collected from 36 male rabbits of
each breed separately and were subjected to analysis for
water, crude protein, ether extract (fat) and ash according to
AOAC28. From these values, the energy value was calculated
equation for:

EC (kJ/100 g) = 16.75×Protein content+37.68×Fat content29

Data were statistically analyzed using the general linear
model SAS30 for complete randomized design. The significant
differences among means were assigned using Duncan
multiple range test method31.

RESULTS AND DISCUSSION

The average live body weight and average daily gain of
growing rabbits are presented in Table 1. Results obtained
showed that at 27 days of kits age the live body weight and
the average daily gain were significantly (p<0.05) improved
when 21 days weaned rabbits were supplemented with MCM
mixture (GS21), compared with groups G27 and G21.
Generally, all rabbits' breeds used in the study had the same
trend of growth performance, since the four breeds in group
GS21 had the highest growth values, compared with the same
breeds in the other tested groups (G27) and (G21)32. However,
at 34 days, because of the weaning shock the rabbits
supplemented with MCM mixture showed a significant
decrease (p<0.05) in daily gain and live body weight.
Generally, the final weight of group GS21 was significantly
higher than groups G27 and G21 by about 8.43 and 3.02%,
respectively. Group GS21 showed the highest significant
(p<0.05) total daily gain (29.09 g dayG1), compared with other
groups G27 and G21 (26.29 and 28.27 g dayG1, respectively).
Similar result of a higher live weight of the early weaned
rabbits  was  recorded  at  35  days  of  age  by  Xiccato  et  al.33,

Table 1: Effect of rearing systems on body weight and daily gain of growing
rabbits

Parameters G27 G21 GS21 ±SEM
Body weight (g)
21 days 320.05 323.75 316.12 3.48
27 days 362.06b 366.74b 381.49a 4.32
34 days 443.29c 483.11a 460.56b 6.33
41 days 568.65b 647.83a 647.60a 7.46
48 days 750.10c 814.34b 876.14a 8.55
55 days 976.97b 962.13b 1094.50a 8.06
62 days 1201.85c 1253.14b 1362.08a 9.81
Final weight (g) 1467.39c 1554.07b 1602.45a 10.95
Daily weight gain (g dayG1)
21-27 days 6.00b 6.23b 9.34a 0.36
27-34 days 11.43b 16.65a 11.42b 0.57
34-41 days 17.91c 23.53b 26.72a 0.73
41-48 days 25.92c 23.79b 32.65a 0.63
48-55 days 32.41a 21.11b 31.19a 0.75
55-62 days 32.12c 41.57a 38.23b 0.86
62-69 days 37.93b 42.99a 34.34c 0.96
Total daily gain (g) 26.29c 28.27b 29.09a 0.25
a-cMean in the same row with different superscripts are significantly different at
p<0.05

Table 2: Effect of rearing systems on blood plasma constituents of growing
rabbits at 27 days of age

Parameters G27 G21 GS21 ±SEM
Total protein (g dLG1) 4.79a 4.13b 4.66a 0.12
Albumin (g dLG1) 2.58a 2.21b 2.55a 0.08
Globulin (g dLG1) 2.22 2.01 2.08 0.11
A/G ratio (g dLG1) 1.16 1.10 1.23 0.02
Hemoglobin (g dLG1) 11.10 10.86 11.17 0.25
Red blood cells (×106 mmG3) 4.00 3.97 4.01 0.05
White blood cells (×106 mmG3) 3725.00 3687.50 4037.50 121.57
Alanine aminotransferase (ALT) (U LG1) 17.36b 19.94a 20.36a 0.76
a,bMean in the same row with different superscripts are significantly different at
p<0.05

Gidenne  and  Fortun-Lamothe34  and  Zita  et  al.35.  While,
Tumova et al.36 and Rajeshwari et al.37 did not find any
significant differences of early weaning in live weight during
the time of fattening. By contrast, the negative effect of early
weaning on final live weight was found5,35,38-40. On the other
hand, researches using artificial milk11,13 formula reported
slower post-weaning growth rates for 14 days weaned kits and
artificial milk fed to 21 days versus 28 days weaned kits nursed
by dams. Moreover, a number of experiments have provided
evidence that young rabbits reach slaughter weight 6-9 days
earlier as a result of the rearing by two does41-45.

Data presented in Table 2 cleared decreases at 27 days of
age in blood protein fractions (total protein, albumin and
globulin) and A/G ratio in rabbits weaned at 21 days of age
(G21). While, no significant differences (p<0.05) were detected
in blood protein fractions between rabbits weaned at 21 days
supplemented with MCM mixture (GS21) and that weaned at
27 days (G27). In this way, there were no significant differences
in   hemoglobin,   RBC   and   WBC   concentrations  among  all
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Table 3: Effect of rearing systems on frequency of some digestive disturbances
cases in growing rabbits

Parameters (%) No. G27 G21 GS21
Diarrhea incidence 24 54.17 33.33 12.50
Bloat incidence 9 55.56 22.22 22.22
Coccidiosis incidence 5 40.00 40.00 20.00

Table 4: Effect of rearing systems on carcass traits of growing rabbits slaughtered
at 70 days of age

Parameters G27 G21 GS21 ±SEM
Pre-slaughter weight (g) 1317.92c 1420.42b 1476.25a 8.16
Carcass (g) 713.34c 757.50b 791.67a 7.36
Dressing (%) 54.13 53.33 53.63 1.12
Head (g) 79.17b 81.25ab 85.00a 1.38
Hind legs (g) 170.00b 190.83a 200.42a 3.39
Fore legs (g) 95.83c 102.50b 107.92a 1.38
Liver (g) 46.25b 56.25a 56.25a 1.56
Kidney (g) 12.38b 14.22a 14.08a 0.44
Heart (g) 5.48a 5.04b 5.77a 0.18
Spleen (g) 1.33 1.33 1.43 0.05
Lung (g) 12.50b 17.08a 14.58b 0.80
a-cMean in the same row with different superscripts are significantly different at
p<0.05

Table 5: Effect of rearing systems on chemical composition (%) and meat quality
of growing rabbits at 70 days of age

Parameters G27 G21 GS21 ±SEM
Dry matter 25.40 24.80 25.50 0.40
Crude protein 78.00b 84.20a 84.00a 1.80
Crude fat 12.40 10.60 11.70 1.00
Ash 3.40b 4.80a 4.30a 0.20
Energy value (kJ/100 g) 450.80 448.30 470.70 11.80
pH 7.21 7.27 7.28 0.03
WHC 32.90 33.19 33.51 2.18
PWC 0.27b 0.28a 0.29a 0.00
PWFC 0.25b 0.27a 0.28a 0.00
Feder value 3.50 3.60 3.50 0.10
a,bMean   in   the   same   row   with   different   superscripts   are   significantly
different at p<0.05, WHC: Water holding capacity, PWC: Protein-water coefficient
= (protein%/water%), PWFC: Protein-water-fat coefficient = (protein%/
moisture%+fat%), Feder value = (moisture%/organic not fat%)

studied groups. The liver enzyme (ALT) was increased
significantly (p<0.05) in rabbits weaned at 21 days (groups
G21 and GS21) when compared with that weaned at 27 days.
However, a late weaning used almost to reduce mortality
during fattening, probably because of the milk protective
role46,47. Later weaned rabbits could also present a more
mature immune system2. Moreover, significant effects of
cumin seeds and its essential oil on New Zeland White rabbits
growing performance, digestibility and some metabolic
enzymes functions were observed25. In the present study,
supplementing the early weaned rabbits at 21 days of age
with the MCM mixture was more effective without any adverse
effect on the blood biochemical changes at 27 days of age and
animal health in general.

Table 3 showed that supplementing the early weaning
rabbits with MCM mixture (GS21) caused lower digestive
disorders cases, compared with other groups (G27) and (G21).
Generally, during the experiment few digestive troubles and
no cases of mortality were observed, an exceptional
occurrence in rabbit breeding may be partly explained by the
good management and environmental conditions. However,
in the present study mortality was not affected by the
weaning age. According to Trocino et al.48 and Xiccato et al.33,
the weaning age also did not affect the mortality. While,
Gidenne and Fortun-Lamothe34 and Zita et al.35 reported
higher mortalities in the early weaned rabbits at 21 days.

Carcass traits of slaughtered rabbits for different groups
are shown in Table 4. There were significant differences
(p<0.05) in the final slaughter body weight and carcass weight
among the different groups. It could be noticed that the
supplemented group (GS21) with the MCM mixture showed
the highest final slaughter body weight and carcass weight
(1476.25   and  706.67  g,  respectively),  compared  with  the
21 days weaned rabbits G21 (1420.42 and 676.25 g,
respectively)   and   the   27   days   weaned   rabbits   G27
(1317.92 and 634.17 g, respectively). The MCM mixture
increased significant (p<0.0) the carcass fore legs weight of
the 21 days weaned rabbits (GS21). In general, the carcass
hind legs and the giblets weights (liver and kidney) were
significantly affected with the early weaning (G21 and GS21),
compared with 27 days weaned rabbits (G27). However, there
was no significant effect detected for dressing percentage
among tested groups. Generally, little is known about carcass
performance of early weaned rabbits. Zita et al.35 found that
the weaning age influenced the slaughter and carcass
characteristics (except the drip loss percentage and dressing
out percentage) and was insignificantly higher in rabbits
weaned at 21 days of age in comparison with rabbits weaned
at 35 days of age. While, Bivolarski et al.39 indicated a
statistically significant lower body mass and dressing
percentage in early weaned rabbits at 21 days of age as
compared to normally weaned animals at 35 days.

According to the statistical analysis of data in Table 5, it
could be noticed that, there was no significant (p<0.05)
impact due to the early weaning and the supplementation
with MCM mixture on dry matter, crude fat, energy value, pH,
WHC and feder value of rabbit's meat at 70 days of age.
However, there were significant increases (p<0.05) in crude
protein and ash contents in the meat of early weaned groups
(G21 and GS21), compared with the 27 days weaned rabbits
(G27). Similarly, the same trend was detected in the texture
indices (PWC and PWFC). The less value of PWC and PWFC, the
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Table 6: Effect of rearing systems on economic efficiency of growing rabbits
Parameters G27 G21 GS21 ±SEM
Total weight gain (g) 1147.34c 1230.32b 1286.33a 14.40
Total MCM intake (mL) - - 225.52 2.21
Daily water intake (mL) 8.53b 9.04b 10.30a 0.25
Daily dry matter intake (g) 73.81c 79.64b 80.48a 0.07
Water intake/dry matter (mL gG1) 0.116b 0.114b 0.128a 0.02
Feed conversion ratio* (g gG1) 2.79a 2.82a 2.76b 0.01
Feed cost/weight gain (LE) 10.13a 10.16a 9.99b 0.03
Performance index# 52.59b 55.11b 58.06a 2.14
Economic efficiency$ 127.05b 126.38b 130.23a 3.02
a-cMeans in the same row with different superscripts are significantly different at
p<0.05. The prevailing price per kilogram at the time of study was 3.60 LE for
commercial rabbit diet and 1.45 LE LG1 for MCM mixture. While selling prices of
1 kg rabbit live body weight was 23 LE, *Feed conversion ratio = Dry matter/total
gain, #Performance index = (live body weight/feed conversion)×100, $Economic
efficiency = ((Price of 1 kg live body weight-feed cost kgG1 weight  gain)/feed
cost kgG1 weight gain)×100

more tenderness of the meat is vice versa. The significant
increase of the texture indices in G21 and GS21 groups may be
due to the increase in protein content and the decrease in fat
and moisture content. Generally, the present results clarify
that   there   were   no   significant   differences   between   the
21    days    weaned    rabbits,    neither    supplemented    nor
non-supplemented with MCM mixture, in the tested meat
chemical composition and its quality traits, but they
significantly differed with 27 days weaned rabbits for some
traits.

Results in Table 6 showed that the daily water intake, dry
mater intake and water intake/dry matter intake increased
significantly (p<0.05) when supplementing rabbits weaned at
21 days with the MCM mixture (GS21), compared with the
other tested groups (G27) and (G21). Additionally, results
detected significantly lower values (p<0.05) in the feed
conversion ratio and feed cost/weight gain due to the
supplementation with MCM mixture (GS21). The performance
index  and  the  economic  efficiency  values  of  the
supplemented group (GS21) surpassed the group (G27) by
about 9.42 and 2.44%, respectively. On the other hand, no
significant (p<0.05) differences were detected in this aspect
between the two groups G27 and G21. Similarly, some studies
demonstrated that the early weaned rabbits at 21 days had a
higher feed consumption in comparison with rabbits weaned
at 28 and 35 days of age36,40,49,50. While, some studies reported
that early weaning age did not influence feed consumption5,35.

CONCLUSION

There was a tendency for increasing rabbits live body
weight with animals age advanced in all groups. However,
such effects were more pronounced with supplementing
rabbits weaned at 21 days of age with the tested MCM mixture
for 6 days. The MCM  mixture  improved  the  21  days  weaned

rabbits' growth performance, did not affect the blood
biochemical fractions, caused lower digestive disorders and
improved some carcass traits. From the economical point of
view, supplementing 21 days weaned rabbits with the MCM
mixture showed significantly lower feed coast per kilogram
gain, higher performance index and economic efficiency,
compared with rabbits weaned at 27 and 21 days without
supplementation. Generally, as a result of rearing 21 days
weaned rabbits with the MCM mixture, rabbits reached the
slaughter weight about 6 days earlier than rabbits weaned at
27 days.
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