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and Serum Cholesterol in Rabbits
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Abstract: Problem statement: Literature data on the effect of dietary fat onwgito performance in
rabbits are inconclusive. For commercial rabbitduadion it is relevant to know to what extent digta
fat level and type can be manipulated. In the miestudy serum cholesterol was also analyzed
because its relation to the amount and type oadidat was not known for rabbit&pproach: Young
growing rabbits were fed diets containing one ofirfdifferent levels (5.2-41.8 energy %) of
either coconut fat or corn oil. Fat was added ® diets at the expense of an isoenergetic amount
of corn starch and dextrose in a 1:1 ratio. Thesdieere in pelleted form and suppliad libitum.
Results: Increasing fat intakes in the form of either codofati or corn oil enhanced weight gain and
improved feed efficiency. The effect of coconutviats maximal at 20.9 energy % (9.9%, w/w) and the
greatest effect of corn oil was seen at an inctusiwel of 41.8 energy % (20.2%, w/w). As would be
expected, replacement of dietary corn oil by cotdat significantly decreased serum cholesterol
concentrations. The cholesterol-lowering effectaf oil versus coconut fat increased markedly with
higher dietary inclusion levels of faConclusion: The addition of fat to the diet improved growth
performance. It is suggested to find out whether pnesent observations can be applied in the
formulation of diets for fryer rabbits. The new ebgation for rabbits is that the hypocholesterotemi
response to corn oil increased with higher intakels.
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INTRODUCTION of carbohydrates rather than an isoenergetic amount
(Beynen, 1988a).

The requirement of dietary fat by rabbits has been  The isoenergetic replacement of carbohydrates by
set at 2% (w/w) of a diet containing 90% (w/w) afd corn oil has been found to improve growth in rabbit
matter (National Research Council, 1977). Sincatpla irrespective of whether the animals were fed retstd,
foodstuffs form the basis of rabbit diets, theisoenergetic amounts of feed (Van Maretrml., 1989)
recommended amount of dietary fat will provide or had free access to feed (Beynen, 1988b). After t
sufficient essential fatty acids and it is likelyat the 1988 review (Beynen, 1988a), seven more studies on
absorption of fat soluble vitamins will be adequétats  fat intake and growth performance by rabbits hasenb
represent a concentrated form of energy and aeaser published. In four studies, only the effect of thpe of
in fat will increase energy density of the diet.afi  fat was studied (Kellegt al., 1988; Abdelhamid, 1989;
increase in dietary level does not negatively dffecFernandez and Fraga, 1996; Cokbal., 1993) and in
feed intake, it should enhance growth performarfce othree studies there were multiple dietary variabtes
rabbits, but an overview of six published studiesaddition to fat type and level (Santorstal., 1987;
showed controversial results (Beynen, 1988a). Thé&gboet al., 2004; Chen and Li, 2008). Maertens (1998)
discrepancies between the outcome of the varioustated in a literature review that the additionfaifto
studies most likely is explained by different the diet of fryer rabbits may not alter growth gtbut
background compositions of the experimental dietsmay favorably influence feed efficiency. This
the use of different types of fat and the additmin statement is based on studies with inappropriate
extra fat to the diet at the expense of an equadhiwe design (Beynen, 1988a), whereas reports showing
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enhanced growth after fat addition to the diet (Bay, Table 1: Composition of the experimental diets

1988b; Van Maneret al., 1989) were not reviewed Energy percentage of dietary fat

(Maertens, 1998). For commercial rabbit produciion 5.2 10.5 20.9 41.8

still is relevant to address the question to whdem  Ingredient g

dietary fat level and type influence growth perfamoe . 10 10 10 10

when feed is freely available. Thus, we communi@ate Coconut fat/corn oil 10/10 30/30 70/70 150/150

study with young growing rabbits fead liitum on o s jis R lmwm o o

diets containing different levels of either cocofattor  Constant componerits 468.3 468.3 468.3 468.3

corn oil and we determined growth and feed intake. ~ Total 1000 975 925 825
The type of fat in the diet is the major determina kJ metabolisable energy'g

of serum cholesterol concentrations in humansnergy density 13.7 14.0 14.8 16.6

(Kritchevsky, 2001). Replacement of saturated bychemicalanalyss — g/100g

omega-6 polyunsaturated fatty acids lowers seruntrude fat 3.0 5.3 9.9 20.2

cholesterol and formulas have been developed t&rude protein 15.2 155 165 18.3

predict the quantitative effects (Mensiﬂkal., 2003)_ . Percentage of metabolisable energy from fat émuleded on the

. o basis of the ingredient composition. The followiergergy values for
In spite of the vast amount of quantitative date t metabolisable energy were used (K):dProtein, 16.5; fat, 35.8; fiber,

mechanism by which omega-6 polyunsaturated fattyi.1; carbohydrates, 15.8; The constant components consisted of (g):
acids lower serum cholesterol remains obscure. Theasein, 160; molasses, 100; cellulose, 150, dizalghosphate, 6.1;

rabbit is often used in studies on cholesterol bwitam calcium carbonate, 6.2; magnesium carbonate, Cagnesium oxide,

. . . 0.3; potassium carbonate, 18.0; sodium chloridg, tamin premix,
and in qualitative terms, the effect of dietarytigie on 12.0; mineral premix, 10.0. The composition of ¥itamin and mineral

serum cholesterol res_emb|es that in humans (Beynefemix has been described earlier (Beyeea., 1986);% Calculated
and Katan, 1989; Kritchevsky, 1991). However, theon the basis of the ingredient composition

effect of dietary fat type and level in a dose-mwse
fashion has not been studied so that the interstio
between type and level are still poorly understoo
(Kritchevsky, 2001). The present study on growth
performance of rabbits offered the opportunity tiedg
the effect of dietary fat amount and type on serumyan
cholesterol concentrations. Thus, in addition ® diata
on growth performance, we also report the serum an
liver cholesterol concentrations found in the r&hbi

the rabbits were killed by cervical dislocation anuing
4dhe carotid arteries and jugular veins. Livers were
removed and weighed. Serum and liver cholesterot we
analyzed as described (Yuangklasgl., 2005).
The data were subjected to two-way ANOVA to
tify statistically significant effects of fayge, fat
Evel and the interaction between type and levéle T
vel of statistical significance was pre-set adj05.

RESULTS
MATERIALSAND METHODS
Table 2 summarizes the observations on growth
Random-bred, male rabbits of the New ZealandPerformance. Final body weights were systematically
strain were used. The rabbits were housed indiViglua lower in the rabbits fed the diets containing caddat
as described earlier (Beynest al., 1986, Beynen, than in their counterparts fed the diets with corh
1988b). Food and water were providaetlibitum. Increasing the level of corn oil in the diet proddca
On arrival in the animal house, the rabbits, whichdoSe-dependent increase in final body weight. Befwe

were aged about 6 weeks, were maintained 0|§'2 and .20'9 energy % coconut fat. in the.diet, an
commercial rabbit pellets for two weeks. Subsedyent g]lir?r?esrz Ivr\]/acsogc;gllljtv\];?tl:] I'Fffglﬁ %aéi(:?ecgﬁl bodyght:

on the basis of their body weights, the rabbitsewer The diet effects on fir?al bod .wei ht were
allocated to the experimental diets given in Table Y g

: ) ) . paralleled by those on feed intake. Increasingléewé
Each.d|etary group cons_|sted of 8 animals. T.heSd'etcorn oil or coconut fat in the diet raised feedaka, but
contained four levels of either coconut fat or coilras

only for coconut fat the highest inclusion levetiueed
fat source. Extra fat was added to the low-fat dighe  feeq intake substantially. The addition of incregsi

expense of an isoenergetic amount of corn starch amymounts of corn oil or coconut fat to the diet gathg
dextrose in a 1:1 ratio. The diets were in pellé@th.  improved feed conversion, except for the highesllef
The experimental period lasted 56 days. Bodycoconut fat which lowered feed efficiency to a alu
weights and feed intake were measured. One weedmilar to those seen on the diets with lowestéattent.
before the beginning and at the end of the expetime The energy intake per unit of weight gain was iaseel
blood samples were taken from the lateral ear f@in for the diet with the highest level of coconut fatit for
cholesterol determination. At the end of the eixpent,  the other three diets containing coconut fat it giaslar.

61



American J. Animal & Vet. i, 5 (1): 60-64, 2010

Table 2: Body weights, feed intake and feed coneeris rabbits fed the experimental diets
Energy percentage of dietary fat

Type of fat 5.2 10.5 20.9 41.8 Significahce
Body weight, kg

Day 0

Coconut 1.69+0.05 1.66+0.05 1.72+0.05 1.69+0.04

Corn 1.68+0.06 1.68+0.05 1.71+0.05 1.71+0.05

Day 56

Coconut 2.92+0.11 3.15+0.10 3.28+0.09 2.73+0.16 TAAXT
Corn 3.01+0.12 3.27+0.11 3.36+0.13 3.85+0.12

Feed intake, g day™

Coconut 85.1+4.9 99.4+4.4 100.0+3.7 72.5%4.0 A, T, AXT
Corn 94.6+5.6 103.6+5.5 107.546.1 116.1+4.3

Feed conversion, g feed g™ gain

Coconut 3.88+0.08 3.73+0.07 3.59+0.06 3.92+0.13 AT
Corn 3.99+0.11 3.65+0.14 3.68+0.18 3.06£0.12

Energy conversion, kJ g™ gain

Coconut 53.2+1.10 52.2+0.98 53.2+0.89 65.1+2.16 AXT,
Corn 54.7+1.51 60.0+1.96 54.0+2.66 50.0+1.99

Results are expressed as means+SE for 8 rabbitdigtary group, except for the rabbits fed the 2eh@rgy percentage corn-oil diet, which
consisted of 7 animals. Significance was calculated by analysis of varearA: Effect of amount of fat; T: Effect of typé fat; AXT: Effect of
interaction; NS: No Significant effect of amountlagpe of fat

Table 3: Serum and liver cholesterol concentratiomabbits fed the experimental diets
Energy percentage of dietary fat

Type of fat 5.2 10.5 20.9 41.8 Significahce
Serum cholesterol, mmol L™

Day-7

Coconut 1.54+0.10 1.51+0.08 1.57+0.10 1.52+0.11

Corn 1.49+0.11 1.44+0.09 1.43+0.14 1.53+0.17

Day 56

Coconut 6.85+1.16 6.50£1.20 8.54+1.29 12.34+2.67 , AXIT
Corn 5.74+1.29 5.3710.74 3.48+0.54 2.7510.45

Liver weight g

Coconut 100.5+4.7 119.745.7 121.545.2 80.1+10.4 T AX
Corn 118.3+9.2 116.2+9.1 86.9+4.5 114.5+11.4

Liver cholesterol, pmol g™

Coconut 10.01+0.59 9.27+0.90 9.0610.77 10.79+1.48 S N
Corn 7.7910.64 8.931+0.91 8.37+0.77 9.41+1.35

Results are expressed as means+SE for 8 rabbitdigtary group, except for the rabbits fed the 2eh@rgy percentage corn-oil diet, which
consisted of 7 animals. Significance was calculated by analysis of vararA: Effect of amount of fat; T: Effect of typé fat; AXT: Effect of
interaction; NS: No Significant effect of amountagpe of fat

For the diets with corn oil, energy conversion wasst composition as those used in the present studytheyt
favorable at the highest inclusion level. were fed restricted amounts of feed to equalizeggne
There were clear effects of dietary fat type andintake (Van Maneret al., 1989). In that study it was
amount on serum cholesterol concentrations (Taple 3found that increased corn oil intake raised weggin in
The feeding of corn oil instead of coconut fat ata dose-dependent fashion up to 20.9 energy % idi¢he
identical inclusion levels consistently reducedBecause the rabbits were fed isoenergetic amounts o
cholesterol concentrations. Increasing dietaryllewé  feed, it would appear that growth is more efficiiith
coconut fat raised cholesterol concentrations, eder dietary energy in the form of fat than carbohydsate
increasing levels of corn oil caused a dose-dep#nde Alternatively, it could be suggested that highifaakes
decrease. Liver cholesterol concentrations were nathange carcass composition towards a higher protein

affected by dietary fat type and amount. content and thus higher water content so that body
weight becomes increased. However, there is no
DISCUSSION evidence for an effect of increased fat intake arcass

composition (Beyneret al., 1989; Cobost al., 1993;
In an earlier study, rabbits were fed differentFernandez and Fraga, 1996). The present studyhwhic
dietary levels of corn oil in diets with identical was carried out undead libitum conditions, also shows
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that increasing dietary corn oil level up to 20i@rgy %  1981). The new observation for rabbits is that the
in the diet increases final body weight, but eventar  cholesterol-lowering effect of corn oil versus coabfat
41.8 energy % weight gain was raised. Moreover feeis greater at higher dietary inclusion levels. lthep
intake was increased in a dose-dependent fashign, bwords, there is a dose-response relationship betwee
feed conversion became more favorable. Thus, high ¢ dietary fat level and serum cholesterol. Extra cotdat
oil intakes most likely had promoted the efficienafy ~above 10.5 energy percentage in the diet raisagmser
feed utilization. This effect might be related e recent ~ cholesterol, whereas extra corn oil had a loweeifict.
observation that a high fat intake by rabbits stites In an extensive meta-analysis of studies in humans,
insulin secretion (Zhaet al., 2008). Mensink et al. (2003) computed that serum total
This study shows a clear effect of the type obfat cholesterol will incr(_aas_e by 0.036 _ mmol™*Lwhen
growth performance. Dietary coconut fat raised Ifina Crbohydrates constituting 1% of dietary energy are
body weight up to an inclusion level of 20.9 enetgy replaced by saturated fatty acids, whereas with
but at the 41.8 energy % level weight gain hackfall replacement by mo_nounsaturated or polyunsaturated
Feed intake showed the same pattern. Increasiakast [atty acids th_elre is a decrease by 0.Gil
of coconut fat improved feed efficiency, but at the9-021 mmol L, respectively. In the rabbits, an

highest level feed efficiency worsened. Possibhg t mcreass/ i_n coconOLIJt fgtdand corg oil frorr;] ?eli“?
high amount of coconut fat had a negative impact orgnergy 0 Increased and decreased serum cholesgero

- : - 49 and 2.99 mmol &, respectively. When assumin
pglatabnlty. _The lower feed intake ha_\d increaskd t that coconut fat and corn g" contgin 50% of set&dag
?Agtigegag?f?ge%fcengregcéﬁ]seedlefg Tﬂg:gg?enc%ﬂiouor polyunsaturated fatty acids as the only cholebte
studies have also )s/hown an effect of the t .e Db aetermining fatty acids, the application of thenfiota

. yp of Mensinket al. (2003) would predict an increase by
growth performance. Abdelhamld (1989) found that0.65 mmol " after feeding coconut fat and a decrease
beef tallow gnhanced feed |r_1take and growth Whe'ﬂ)y 0.38 mmol " after feeding corn oil. At the fixed fat
compared with cotton seed oil or hydrogenated palmgye| of 41.8 energy %, there is a replacement of
oil. Lard versus soybean oil has been reporte@w®@i  ga¢rated by polyunsaturated fatty acids which eduws
feed intake and improve feed efficiency (Chen and L t5| in serum cholesterol by 9.59 mmol™L The
2008). Likewise, butter instead of groundnut oil hregicted lowering in humans would be 1.03 mmdl L
lowered feed intake and improved feed efficiencyThys it appears that rabbits are extremely sessit
(Egboet al., 2004). Kelleyet al. (1988) observed greater the cholesterolemic effect of dietary fat type. dn
weight gain on diets containing either safflowek @i qualitative sense, the rabbit may be a model tdystu

linseed oil when compared with hydrogenated soybeagffects of dietary fats on serum cholesterol metaim
oil or menhaden oil. In other studies there waeffiect  put in quantitative terms it is not.

of fat type on growth performance (Fernandez and
Fraga, 1996; Santonghal., 1987). Thus, taken all data CONCLUSION

together the issue of dietary fat type and growth In conclusion, this study, in which rabbits haeefr

performance in rabbits does not yet form a cleetupe. :
Feeding of the low-fat, experimental diets was@CCeSS to feed, has demonstrated that increasing fa

associated with a marked increase in serum chotgste intakes in the_ form (.Jf elther_ coconut fat or C.Or.'h 0
(Table 3). This increase is explained by theenhancgq weight gain and_ improved feed eff|c_|ency.
hypercholesterolemic activity of the casein comprne The posmvel (_effect of corn 9" has also been ?W'“er .

in the experimental diets (Beynenal., 1983). Coconut under conditions of restricted, isoenergetic fegdin
fat is rich in saturated fatty acids, lauric, mggsand ~ (Van Manenet al., 1989). The ‘EffeCt of coconut fat
palmitic acid together comprising about 70% of ftota WaS maximal at 20.9 energy % and the maximum
fatty acids. Corn oil, on the other hand, is richthe  €fféct of corn oil was seen at an inclusion leviedb.8
polyunsaturated omega-6 fatty acid, linoleic atle  €nergy %. In this study, semipurified diets wered.dt
amount being about 53% of total fatty acids. Theelle =~ Would be important to see whether the present
of palmitic and oleic acid in corn oil are about46d  Observations can be applied in practical diet
25%. It is well-known that oils rich in linoleic mc  formulation for fryer rabbits.

lower serum cholesterol concentrations in rablbitsen

compared with saturated fatty acids (Kritchevsky, REFERENCES

1991). The present data confirm that replacement ofpdelhamid, A.M., 1989. Possibility of fat addition

dietary corn oil by coconut fat significantly deases the rabbit diets. Arch. Anim. Nutr., 39: 729-739.
serum cholesterol concentrations (Beynen and West, puiD: 2818194 '
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