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ABSTRACT

This study analyses the effects of diets containing four inclusion levels of citrus pulp on the quality and composition
of longissimus lumborum and the hind leg meats in growing rabbits. The longissimus lumborum had a lower
ultimate pH than the hind leg. The latter had higher moisture, crude fat and cholesterol as compared to the
longissimus lumborum meats. The hind leg meats had a lower proportion of C18:1n-9 and C20:4n-6 and a higher
percentage of C16:0 and C18:2n-6 than the longissimus lumborum . Citrus pulp diets increased meat ultimate pH
and reduced the water holding capacity as compared to the control diet. Meat from animals given citrus pulp had
lower crude protein and moisture and higher cured fat and cholesterol content in comparison to that from the
control group. The proportions of intramuscular unsaturated and polyunsaturated fatty acids were higher in the
citrus pulp group as compared to the control one. In particular, 14% citrus group showed the highest crude protein
content, unsaturated and polyunsaturated fatty acids percentages than other experimental groups. Overall, the use
of a citrus pulp included in rabbit diets did not reduced quality and, therefore, it seems to be a possible ingredient
to promote the exploitation of citrus by-product and reduce feeding costs.

Keywords: Citrus pulp; Rabbit; The longissimus lumbborumaté&he hind leg meats; Meat quality;
Fatty acids

INTRODUCTION

In the last 50 years, word rabbit meat productias increased by 2.5-fold up to about 1.7 milliamstmn
2011. China is currently the world’s leading proeiu¢700, 000 t/year). Currently, rabbit is in nexd
nearly 10 million tons a year of feed in China. fehis a huge pressure on a steady supply of caowaht
fodder. Hence, it is critical to develop unconvenél fodder resources. Chongging is not only thma
producer of rabbit meat products but also the eatimunt of the citrus in China. Based on these
considerations, making full use of citrus pulp fded rabbits can reduce feed costs and promote the
development of rabbit farming. The objective obtkiudy was to evaluate the use of citrus pul@liiit

diet and the effect on meat quality, with an emjshais intramuscular fatty acid composition.

MATERIALSAND METHODS

Experimental design

At 45 days of age, eighty Ira rabbits were dividetd four homogeneous groups and fed one of four
experimental diets for 30 days, at which time thiebits were 75 days old. Animals were kept under
controlled environmental conditions (at room tenapeare 25 °C, a relative humidity of ca 65% and 12
h of light per day) and two rabbits per cage. Dgitime study, rabbits were fed two times a day agel f
drinking water. At the end of experiment (75 dajsage), all rabbits were fasted 24 h before slaeight
The carcasses were prepared by removing the skén, paws, genital organs, urinary bladder and
digestive tract, as recommended by Blasco et 883)L Hot carcasses were immediately chilled a4 °
After 24 h of storage at 4 °C, thengissimus lumborumuscles and the hind leg meats were carefully
dissected. All the samples were immediately fraaer20 °C until analyzed.
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Physical characteristics of rabbit meat

Ultimate pH (pHu) was measured at 24 h with a Krdakital pH meter (Broadly Corp, Sartorius AG,
Germany) after homogenization of 1 g of raw musete30 s in 10 mL of 5 M iodoacetate (Korkeala,
Maki-Petais, Alanko, & Sorvettula, 1984).The watetding capacity (WHC) was determined with the
modified methodology (Nakamura & Katoh, 1985). Tdample (10g) was centrifuged for 30 min at
5000 g (5810, Eppendorf Company, Germany). Aftemtrdegation, the sample was absorbed the
surface moisture by filter paper and reweighed. iE#seilt was expressed as the percentage of moisture
realized from the sample to the initial moisturetemt. Colour was evaluated on 2 cm-thick muscle
slices cut 24 h post-mortem. Instrumental meat wokxpressed as’ Ilightness), a(redness), b
(yellowness) according to the CIE lab system (QI#86) was measured with a Ultra S can PRO (light
source: [gs, visual angle: 0°). Before measurement, each samas allowed to bloom for 1 h. For each
sample three measurements were taken perpendjctddte cut surface of the muscle.

Cooking losses (%) were determined as follows: 2tluck of muscle sample (10 g) was sealed in
plastic bags and immersed in a water-bath at 70rft€ the core temperature reached 70 °C. Then the
bags were cooled to room temperature, blotted dtly filter paper and reweighed. Cooking losses
were then calculated by measuring the weight diffee before and after cooking and expressed as a
percentage.

Calculations and statistical analyses

The statistical analyses were performed using thR8S5(1999) software package (version 16.0 for
windows, SPSS inc, USA). The data are presentetheadeast square means and least significant
differences at 5%.

RESULTSAND DISCUSSION

Physical and chemical characteristics of rabbit meat

The physical and chemical traits of rabbit meateastrown in Table 1. Ultimate pH of meats was lower
(p<0.05) in the control samples as compared tocitnas pulp ones, probably because of the higher
glycogen deposition in the control dietonsistent with previous study Lanza M (2004). Heosve
Caparra et al. (2007) and Rodrigues et al. (20@Bhdt report a significant effect of dried citrpslp
diets on lamb meat ultimate pH. The hind leg shoaé&iher (p<0.05) ultimate pH as compared to the
longissimus lumborumD’Agata et al. (2009) showed the similar resualigrey coloured Italy rabbits
meat.

Table 1: Physical and chemical characteristics analysiti®fangissimus lumborurfLL) muscles and
the hind leg (HL) of rabbits (means + S.E; n =1&1) &xperimental diets (% of citrus pulp)

Control Citrus 7% Citrus 14% Citrus 21%

LL HL LL HL LL HL LL HL
Physical variables of musclesat 24 h post-mortem
pHu 5.79 6.14' 597 6.17 6.01° 6.17 597 6.1
Lightness (L*) 55.92+1.51 58.64+1.66 56.51+2.03 57.53+2.17 58.13+0.62 60.09+0.72 56.42+2.48 60.09+2.12
Redness (a*) 0.60+0.84 -0.41+0.08  0.36+0.08  -0.47+0.02  0.43+0.08 -051+0.06  0.40+0.08 -0.87+0.0f
Yellowness (b*) 10.1740.41 9.35+0.2¢  10.21+0.30  9.78+0.44  10.61+0.3%4  9.31+0.34  10.78+0.47 9.62+0.26
WHC % 73.66+0.89 72.80+0.26 72.23+1.08° 71.23+x1.28° 71.05+0.64 69.16+0.78  71.01+0.82 68.72+0.83
Cooking loss % 17.44+0.85 12.31+0.10 19.76+0.28  15.16+0.3%  23.66+0.49 19.39+1.0f 24.00+0.82 20.05+0.62
Proximate analyses
Moisture % 75.2240.39 74.63+0.36  74.70+0.78 75142055  74.52+1.73 74.89+0.15 73.97+0.44 74.96+1.5%
Crude protein % 21.86+0.87 21.83+0.44 20.73+0.08 20.38+0.18 21.44+0.58" 21.18+0.25° 20.34+0.5% 20.21+0.7%
Crude fat % 1.1240.66 1.27+0.04  1.15:0.0% 1.29+0.03 1.23+0.08 1.42+0.08  1.21+0.08" 1.53+0.06
gg‘/’i%sgsm' 6543+1.80 72824278 65.14:17F 7099+230 6693313 70.88+3.87 66.90:262 69.63+2.98
a,b,c,d,AB,C

Means in the same row with unlike superscriptsediff<0.05.
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Meat lightness (L*) and meat yellowness (b*) weoe affected by diet (p>0.05). The dietary treatment
affected meat redness (a*), with higher values oregsin meat from rabbits in the control group
compared to citrus pulp groups (p<0.05). The Cittd% group has a highest L* values than other
experimental groups. The L* value of LL muscleseviawer than HL meats, but the value of a* and b*
were higher. This difference can be explained lghhiltimate pH possibly resulting in a dark colour
(Sales & Mellet, 1996). Because of the different@ammmal species, Inserra et al. (2014) reported th

meat from lambs fed with conventional feedstuffedid to be yellower than meat from lambs fed with
citrus pulp. Cerisuelo et al. (2010) indicated ttheg meat colour have no effect of feeding pighwit

citrus pulp.

Rabbits meat fatty acid composition

Table 2: Fatty acid content of thengissimus lumborur(LL) muscles and the hind leg (HL) of rabbits
(means £ S.E; n =10) fed experimental diets (%tai€ pulp)

Fatty acid(% Control Citrus 7% Citrus 14% Citrus 21%
total FA) LL HL LL HL LL HL LL HL
C14:0 1.23+0.08 1.2240.02 1.1740.01 1.56+0.06 10083 1.26+0.03 1.34+0.04 1.71+0.01
C14:1n-6 0.510.01 0.510.01 0.480.01 0.50+0.01 55#0.02 0.5620.02 0.58+0.02 0.62+0.01
C15:0 1.24+0.02 1.1740.03 0.98+0.05 1.04+0.02 10002 1.29+0.04 1.05+0.02 1.16+0.05
C16:0 27.45+0.46 28.25+0.06 27.3740.16 27.55:0.28 26.98+0.22 27.06+0.14 26.89+0.18 27.32+0.48
C16:1n-7 0.54+0.01 0.74%0.01 0.630.02 0.88+0.01 23£0.01 0.2520.02 0.80+0.02 0.89+0.02
C17:0 0.6520.02 0.70+0.02 0.64+0.01 0.650.01 01T 0.810.01 0.75+0.02 0.81+0.02
C17:1 0.64+0.02 0.58+0.04 0.550.02 0.41+0.01 072% 0.67+0.02 0.93+0.05 0.45+0.04
C18:0 9.41+0.09 10.3020.20  9.63+0.18  9.45+0.28  956+0.15  9.19+0.16  9.39+0.2F  9.84+0.28°

C18:1n-9 19.18+0.08 18.18+0.05 18.28+0.18 18.18+0.22 17.34+0.12 16.47+0.08 17.64+0.15 17.77+0.1%
C18:1n-7 0.47+0.01 1.04+0.01 0.55+0.01 1.14+0.02 87£0.03 0.85+0.07 0.70+0.01 1.01+0.03
C18:2n-6 24.65+0.31 24.66:0.18 24.50+0.12° 25.33+0.18 23.91:028 26.05:0.1f 23.83:0.18 25.36:0.27

C18:3n-3 1.34+0.03  1.50+0.08 1.21+0.08 1.60+0.028  1.48+0.07  1.50+0.08  1.77+0.04 1.28+0.03
C20:0 0.46+0.02 0.10+0.01 0.09+0.01 0.08+0.01 00092 0.09+0.01 0.09+0.01 0.09+0.01
C20:1n-9 0.16+0.01 0.21+0.01 0.19+0.01 0.22+0.01 21£0.01 0.19+0.01 0.20+0.01 0.21+0.02
C20:2n-6 0.16+0.01 0.14+0.01 0.37+0.02 0.32+0.02 15£0.01 0.13+0.01 0.38+0.01 0.31+0.02
C20:3n-6 0.58+0.02 0.69+0.02 0.72+0.01 0.62+0.03 72£0.03 0.73+0.02 0.79+0.01 0.58+0.01
C20:4n-6 7.56+0.12 6.08+0.14  8.55+0.2%  7.19+0.17  9.34+0.38  8.35+0.25  9.01+0.37  6.91+0.18
C20:5n-3 1.84+0.03  1.88+0.08 1.99+0.04  1.54#0.04  2.03+0.09 2.0020.0§  1.90:0.07  2.16+0.16
C22:5n-3 0.79+0.04 0.84+0.04 0.91+0.02 0.73+0.01 0940.02 0.95+0.04 0.86+0.01 0.57+0.02
C22:6n-3 1.15+0.10 1.22+0.02 1.20+0.04 1.03+0.03 6340.07 1.61+0.05 1.100.03 0.84+0.02
SFA 40.45+0.20 41724025 39.89+0.14 40.34+0.3% 39.73+0.44 39.70+0.18 39.50:0.18  41.04+0.28
UFA 59.55+0.17 58.28+0.67 60.11+0.28 59.66+0.53 60.27+0.14 60.30+0.1%8 60.50+0.12  58.96+0.12
MUFA 21.50+0.28 20.68+0.24 20.67+0.13 20.91+0.32 19.92+0.05 18.32+0.14 20.86+0.1% 20.51+0.39
PUFA 38.06+0.18 37.59+0.39  39.44+0.28 38.76+0.58 40.35:+0.39 41.99+0.28 39.64+0.22 38.45+0.43°
P/S 0.94+0.01  0.90+0.02  0.99+0.02  0.96+0.0%  1.02+0.08  1.06+0.0%  0.99+0.0f  0.94+0.08®
n-6/n-3 6.54+0.1%5 5.89+0.1f  6.52+0.08  6.94+0.0§ 555+0.08 591+0.14  5.83x0.07  6.97+0.1%

The intramuscular fatty acid compositions are shinviiable 2. The pattern of FAs in the diet was
pointed out that the saturated fatty acids (SFA) polyunsaturated fatty acids (PUFA) were the main
fatty acids while monounsaturated fatty acids (MYR#ere less presented. The higher percentages
were for palmitic acid (PA, C16:0), oleic acid (O818:1n-9) and linoleic acid (LA, C18:2n-6). Sinmila
experimental results have been found in Hernan2@@8) and Ramirez (2005). PA ranged from 26.98
to 28.28, OAranged from 16.47 to 19.18 while LAged from 23.83 to 26.05 of total FA, respectively.
From a nutritional point of view, the high unsatedlipid profile makes meat interesting for folliogy
healthy lifestyle (Dalle Zotte et al., 2011). Theoortion of total saturated fatty acids was lower
(p<0.05) in the citrus pulp groups as comparedht d¢ontrol samples. In particular, PA decreased
(p<0.05) in citrus pulp meats. Meat from the citpudp treatment showed a higher (p<0.05) total PUFA
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content as compared to control meats, relatinghiglaer percentage of C20:4n-6 (p<0.05), giving ris
to a lower saturated/unsaturated ratio. Lanza (Rpgbrted an increasing level of polyunsaturatibn
intramuscular fatty acids in the meat from ostfeth a citrus pulp based-diet.

CONCLUSION

In this study, the use of citrus pulp in rabbittdidhad no significantly reduced the meat quality.
Moreover, the proportion of total polyunsaturatattyf acids was higher in the citrus pulp groups as
compared to the control samples. The finding isebieral as reducing saturated fatty acids intake
reduces the risk of coronary disease. Overall€ipulp can be used in growing rabbits and citd#s 1
group tend to be higher polyunsaturated fatty adidshould be encouraged not only in order to cedu
feeding costs but also enhanced nutritional valgavever, further research will be necessary tafglar
the absorption and metabolism of citrus pulp bivactomponents.

ACKNOWLEDGMENTS

The study was supported by National Rabbit Indudtechnology System Program (Grant No.
CARS-44-D-1) , China Specialized Fund for the BaRiesearch Program of College(Grant No.
2120133197) Ministry of Agriculture Public Welfardadustry Science and Technology Research
Program (Grant No0.201303144) and was aid financidly National Science and Technology
Supporting Project (Grant No. 2011BAD36B03).

REFERENCES

AOAC Official Method 996.06 Fat (Total, SaturatedddJnsaturated ) in Food§&irst Action 1996, Revised 2001.
AOAC , 2005.Official Methods of Analysis (18th Editi). Arlington, VA, USA.

Bampidis, V. A., Robinson, P. H.,2006. Citrus by-pro as a ruminant feeds: a reviéwiimal Feed Science and Technology,
128,175-217.

Blasco, A., Ouhayoun, J., 1993. Harmonization deda and terminology in rabbit meat reseaktbrld Rabbit Res. 1, 3-10.

Caparra, P., Foti, F., Sinatra, M. C., Mammola, CSarullo, V., Postorino, S., Scerra, V.., 2000eé&ifof fresh orange pulp on
growth and intramuscular fat in lamhls. Proceedings of the 14th National Congress SIPAW€tri sul mare (ltaly),
237-240

CIE, Commission International d’Eclairage. (1986).ivhetry (2 ed.)Publication CIE15.2. Vienna: CIE.

Caparra, P., Foti, F., Scerra, M., Sinatra, M. Cerfa; V. , 2007.Solar-dried citrus pulp as an atéve Energy source in lamb
diets: effects on growth and carcass and meattguainall Ruminant Research, 68,303-311.

806



