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Summary — The influence of medium-chain fatty acids (5% coconut oil) introduced in a starter diet
(ALc) for 21 d after weaning was investigated in 230 Lacaune male lambs. They were weaned early,
intensively fattened during winter and slaughtered at a constant live-weight (39 kg). Comparisons
have been made regarding the individual growth rates and carcass qualities with an isocaloric and
isonitrogenous reference diet (ALr) from lamb sub-samples. During the period of actual starter diet
utilization, ALc induced a higher growth rate (+ 59%) independently of the weaning weight (Wto).
The feed conversion ratio was lower with ALc (P < 0.01). The induced weight difference remained af-
ter the lambs were fed on the same finishing diet. The growth pattern for the entire fattening period
was more regular with ALc, particularly when lamb weight was medium (12 kg) of light (Wto < 11 kg)
at weaning. The volatile fatty acid pattern in the rumen fluid over time (sampling with a rumen vacu-
um pump) and throughout the transition between starter and fattening diets (Rusitec procedure) did
not show a clear coconut oil effect. ALc induced a slight increase in the external fat layer at sfaugh-
ter 2 months later, especially in heavy lambs. Firmness and colour of subcutaneous fatty tissue were
not different, but ALc tended to result in firmer and whiter carcasses in the case of the heavier lambs
at weaning.

coconut oil / male lamb / growth / carcass

Résumé — Effet de l'incorporation d'huile de coprah dans I'aliment de post-sevrage sur la
croissance et les qualités de carcasse d'agneaux males, sevrés précocement et engraissés
intensivement durant I'hiver. L'influence des acides gras a chaine carbonée de moyenne longueur
(5% d'huile de coprah) introduits dans l'aliment starter (ALc) est examinée a partir de 230 agneaux
maéles Lacaune. Sevrés précocement et engraissés intensivement I'hiver, ils furent abattus a poids
constant (39 kg). Les performances de croissance individuelle et les qualités de carcasse sont com-
parées a celles d'un régime témoin (ALr) isoénergétique et iso-azoté. Pendant la phase de crois-
sance soumise a l'influence directe de l'aliment starter (0-20 j), ALc induit une plus forte vitesse de
croissance (+ 59%) indépendamment du poids au sevrage (Wto). Sur l'ensemble de l'engraisse-
ment, ALc induit de maniére rémanente l'augmentation de la vitesse de croissance. L'évolution de la
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courbe de croissance est plus réguliere avec Alc, particulierement quand les agneaux sont d'un
poids moyen (12 kg) ou léger (Wto < 11 kg). Durant la période de démarrage, l'indice de consomma-
tion est plus faible avec ALc. L'évolution des profils d'acides gras volatils dans le rumen et en fermen-
teur (Rusitec) durant la transition entre les régimes de démarrage et d'engraissement ne montre pas
d'effet de 'huile de coprah. ALc produit un léger accroissement du recouvrement du gras externe,
deux mois plus tard, surtout chez les agneaux lourds au départ. Dans I'ensemble, fermeté et couleur
du tissu gras sous-cutané ne différent pas. Cependant, les agneaux lourds au sevrage tendent a pré-

senter des carcasses plus fermes et plus blanches.

huile de coprah / agneau méle / croissance / carcasse

INTRODUCTION

The production of male lambs intensively
fed indoors on concentrates causes sever-
al problems. Feeding large amounts of
high starch diet to lambs results in a high
rate of propionic fermentation in the ru-
men. This trend produces inadequate car-
casses which often exhibit coloured oily
subcutaneous fats (Garton et al, 1972;
Molénat and Thériez, 1973; Orskov et al,
1975; Busboom et al, 1981). In another
connection, compensatory growth adjust-
ments take place when lambs are able to
govern their own apetite (Andrews and
Orskov, 1970; Ferrell et al, 1986; Turgeon
et al, 1986). The regularity of the growth
curve consequently depends on growth
rate in the post-weaning stage as lambs
enter the feed-lot. Water retention in tis-
sues and intensive protein anabolism (Fer-
rell et al, 1986) could result if this adjust-
ment occurs later in the finishing stage, ie
when lambs have reached up 30% of their
live weight at maturity and when lipid dep-
osition is normally increasing. These 2
events could conflict with building up good
quality fat deposits.

Therefore growth rate always depends
on the starter diet provided during the tran-
sitory post-weaning stage" if markedly de-
pressed growth appears at the outset of
this stage, compensatory growth could
take place later. This starter diet must pro-

vide medicinal protection for stressed
lambs and offer an easily convertible ener-
gy substrate. This is necessary since these
lambs are temporarily confronted with a
deficient energy intake. In most cases, it
leads to delayed growth or even to weight
loss (Bénévent, 1971; Lane and Albrecht,
1991). In this instance, the starter diet
must also compensate the lack of efficien-
cy of the enzymatic gut system, which at
this stage is still underdeveloped, particu-
larly as regards starch digestion (Leat and
Harrison, 1975). During this stage, the use
of dietary medium chain fatty acids to sup-
ply energy demand showed a high level of
efficiency with monogastric animals (Frost
and Wells, 1981; Benevenga et al, 1989;
Cera et al, 1989 for piglets; Jensen et al,
1986, for infants). Regarding preruminant
lambs, Aurousseau et al (1973) have sug-
gested that the introduction of coconut oll
in a milk-replacer diet has a direct effect on
growth rate. They also noticed a remaining
effect on fatness qualities in these lambs if
the latter were weaned and fattened in-
doors. Sutton et al (1983) reported a re-
duction of the butyric, isobutyric and isova-
leric acid contents in the ruminal fluid
induced by coconut oil fatty acids. It is
known that these volatile fatty acids are in-
ductors of odd and branched subcutane-
ous fatty acids (Garton et al, 1972). In co-
conut oil, lauric acid is well distributed. In
addition, with its immediate hepatic energy
use, it can be transformed into myristic and
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palmitic acids by elongation of the carbon
chain (Christie, 1981). It could then im-
prove fat hardness as palmitic acid is poor-
ly sensitive to fat cells desaturase activity
(Wahle, 1974). Bozzolo et al (1991) ob-
served a marked effect on early weaned
male lambs reared during summer follow-
ing the incorporation of coconut oil in the
starter diet. The difference was more than
+ 233% for average daily gain in the light
category of lambs at weaning (Wt < 11 kg)
and the carcasses were whiter. By assum-
ing a seasonal effect (hot weather) it was
necessary to confirm these results with
winter fed indoor lambs which are the ma-
jor product of the Roquefort area in
France.

MATERIAL AND METHODS

Animals and management

Two equilibrated lots of Dairy Lacaune male
lambs (230) were used in this experiment. They
were weaned early (< 35 d) and then fattened
indoors in the same sheep fold (GEBRO Rear-

ing Center), during winter and early spring (Jan-
uary—-March).

Two starter diets were compared. They con-
sisted of complete pelleted concentrated diets
(@ =4 mm; L =1+12 mm) and were fed ad libit-
um. The lambs received the former diets for 21
d (= 12 kg/lamb); straw complement was also
freely accessible. The first (ALr) was a commer-
cial diet and was used as a reference. The sec-
ond (AlLc) was supplied with 5% coconut oil
(table 1). Both diets were formulated to provided
isocaloric and isonitrogenous values. After-
wards, the same fattening finishing diet was pro-
vided to both lots. Foodstuff characteristics and
chemical composition (table Il), were deter-
mined according to JOCE procedures (1971,
1972, 1973). The estimated energy value (Gi-
ger-Reverdin et al, 1990) were close for both
diets (ME = 11.38 MJ/kg DM vs 11.70 MJ in
Alc), as were the proportions of crude protein
(18%). The total fat percentage was 2-fold high-
erin ALc (6% vs 3% in ALr). Coconut oil consti-
tuted 78% of the total fat in ALc. In the reference
diet, the percentage of animal fat (0.8% bone fat
in the formula) was 26%. Fatty acid composition
was determined by gas chromatography after
lipid extraction by the Folch procedure (Folch et
al, 1957) and methy! ester preparation accord-
ing to the AFNOR method (NFT 60-233). In ALc,
the proportion of saturated fatty acids (FA) was
higher than in ALr (58% vs 29%). On a dry mat-
ter basis, ALc had 3.4% saturated FA and 2.4%

Table |. Ingredient compositon of starter diets fed to lambs.

Constituents (g/kg fresh diet)

ALr (reference)

ALc (coconut oil)

Ground cereals 518
Brewers' grains 14
Citrus pulp 50
Dehydrated alfalfa meal 56
Ground peas 100
Soybean extracted meal 142
Sunflower extracted meal 11
Liquid molasses 50
Bone fat 6
Coconut oil -
Mineral mix 41
Additive (Z88 + Z20) 9

Vitamin mix (Z15) 3

281
17
51

200

100

118
80
50
50
41

9
3
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Table ll. Chemical composition and energy value of the experimental diets.

Composition of the diets

Starter diets

Constituents (g/kg) Fattening diet

ALr (reference) ALc (coconut)
Dry matter (DM) 902 904 905
Dry matter content (g/kg)
Ash 90 91 82
Acid detergent fiber 96 121 109
Lignin 29 33 30
Crude protein 176 181 165
Ether extract 28 58 32
ME (MJ/kg DM) @ 11.38 11.70 11.51
Composition of the dietary lipids (g/100 g total methylic esters)
C10 trb 2.6 tr
C12 tr 247 04
C14 1.2 9.1 1.8
Cld =1 0.3 0.2 tr
C15 0.4 0.2 0.3
Ci16 20.2 154 2141
Ci6=1 1.6 0.9 1.7
Antiso C17 0.5 0.3 0.4
c17 1.1 0.7 0.8
Ci7=1 1.1 0.5 0.6
c18 5.6 4.8 7.3
C18=1 27.8 18.5 30.1
C18=2 35.2 18.9 31.4
Ci18=3 49 27 37
C20 =1 0.3 0.2 0.2
T Saturated FA 28.8 58.3 32.1
¥ Unsaturated FA 71.2 417 67.8
L FA<C15 1.8 37.3 2.5

a ME estimated by the Giger—Reverdin predictive equation (1990); ® tr: trace level < 0.01 g.

unsaturated FA vs 0.8% and 2% in ALr. Of the
medium fatty acids, AlLc possessed a. higher
proportion than ALr (FA < Cy5 = 2.2% DM vs
0.5%). in particular, the lauric acid level
(present in coconut oil) constituted 25% of total
FA in ALc. ALr was more highly supplied with
Cig-o than ALc (35% vs 19% of total FA). This
was due to cereal and bone constituents.

The lambs were then fed until slaughter with
the growing-fattening diet gradually introduced

(for 5 d). The slaughtering decision took place
after a weekly sorting, when the live-weight of
lambs reached > 39 kg.

Measured parameters

Three groups of observations were made: a)
rearing and growing characteristics; b) develop-
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ment of the microbial activity in the rumen re-
flected by VFA production; and ¢) carcass char-
acteristics.

The first group included:

— Initial parameters: weight and age at start of
fattening (Agy; Wiy) and the littermate at birth
(Bl). These indicate lamb status before experi-
mentation.

— Average daily gains (ADG) during the various
growth stages (ADGy.o04, ADGog_s0a, ADGag 504,
ADGgy.q, ADGyg, ADGyyg) were computed
from individual lamb weight at 0, 20, 40 and 60
d of fattening, and at slaughter (S)).

— The total duration of fattening (Dufat) was re-
ported.

— Feed conversion ratio (FCR = kg ingested DM/
kg gain) were sequentially computed from the
amounts of food daily ingested in each lot. An
average ratio was calculated from the equation
FCRm = QdmADGm (Qdm = average weight of
DM eaten/day/lamb). Standard mean error (SE)
was estimated from the allometric identity be-
tween food ingested and animal live-weight ac-
cording to the relation (Bozzolo et a/, 1992):
SErcry = FCRm(b-1)[(Sdp;)2 + Sdpjuiy? +
2rSdP,SdP(H1)]O5(P,+P('+1))_1 with Pi and P(i+1)
being 2 successive live-weights, r the correlation
coefficient between them, and b the aliometric
coefficient throughout the entire period of fatten-
ing.

The second group was investigated by sam-
pling rumen fluid randomly taken from 6 lambs
in each group via a stomach vacuum pump at
20, 50 d of fattening and at slaughter. Analysis
of the volatile fatty acid content (VFA% in mol)
was performed by gas chromatography accord-
ing to Jouany's procedure (1982) for each sam-
ple. Concurrently, for each diet 2 semi-
continuous incubators (Rusitect) (Czerkawski
and Brekenridge, 1977) were inoculated with ru-
men fluid to follow the volatile fatty acid pattern
during the transition stage between the 2 suc-
cessive starter and fattening diets (at 20 d fat-
tening). Nylon bags were introduced every 24 h
and incubated for 48 h according to the proce-
dure of Blanchart et al (1989). Starter and fatten-
ing diets were provided with 12% straw comple-
ment (average consumption of lambs issued
from former controls) and monitored for 11 d
and 7 d respectively.

The third group reports the observations
made on chilled carcasses (4°C) 18 h after

slaughter. The main parameters were: carcass
weight (Wcar), kill-out percentage (KO%), con-
formation and external fat scores (Nconf, NFexf)
according to the EUROPA criteria. In more de-
taif, fat levels were investigated by measuring
the depth of dorsal fat (NFdo in mm) between
and beside the first and the second lumbar
vertebrae. Internal fat was estimated by the peri-
nephric fat weight (NFro in g) and inter-rib fat
development (Nfir) with a 5-step scale. Fat layer
qualities were estimated with a 4-level firmness
scale (NFirm 1 = soft and oily fat; 4 = very firm
fat) according to Bouillier-Oudot et al (1992) and
with 7 colouring levels (Ncoul 1 = white; 7 = light
bistre with greenish reflection) by comparison to
the Munsell toner (Bozzolo et al, 1990). The
same operator performed all the measurements
at the slaughterhouse.

Statistics

From a preliminary analysis of data, Wt ap-
peared to be correlated with the post-20-d vari-
ables. As intra-group linear responses were not
parallel, the covariance analysis procedure was
not adopted. Moreover, some losses of identifi-
cation (tip-tags) and mortality changed the initial
allocation. Subsamples of lambs were therefore
taken. These were evenly distributed around the
mean, with equilibrated class frequencies in
both diets and in respect of the normal distribu-
tion, as follows (fig 1):

-~ One standardized sampie for each treatment
was initially composed of an identical number of
randomly selected lambs in every kg division on
both sides of the average Wt (12 kg). This dis-
tribution resulted in 62 lambs in each diet group.

- Two marginal samples for each treatment
were composed of lambs (17 lambs per group)
with opposite weight characteristics at the start
(heavy > 13 kg; light < 11 kg) in order to investi-
gate the weight (Wiy) x diet cross-effect and the
main live-weight effect. The frequency classes
were equilibrated in each 500-g division from
the lower and the upper limits.

Comparisons were carried out with Student's
ttest for the first standardized sample. The sec-
ond sample was investigated by factorial vari-
ance analysis (2 x 2 [diets x weights], with
cross-effect and 17 replicates); each parameter
was treated independently.
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Fig 1. Frequency histograms. a. Standardized samples of lambs according to the weaning weight
(average Wi, = 12 kq; n = 62) for both diets (reference, coconut) and to the equilibrated a) 1 kg, divi-
sions around the average; b) samples of marginal lambs (light < 11 kg heavy > 13 kg; n = 17) with

equilibrated 500-g divisions.

As the rates of growth within time were auto-
correlated and as the matrix of variance and co-
variance was not spherical, the growth tenden-
cies were examined by individual polynomial
regression fitted on time. The resulting coeffi-
cients were subjected to variance analysis (Al-
len et al, 1983).

Feed conversion ratios were tested with Stu-
dent's ttest from the standard error estimated
on the whole lot.

The patterns of relative frequencies from
qualitative or ordinal data (NFirm, Ncoul, Bl
were compared by the ¥2 procedure. When pat-
terns were significantly different, each frequen-
cy was compared according to the diets by the
standardized normal variable procedure with
Yate's correction for continuity.

RESULTS

Growth parameters

Standardized samples (2 x [n = 62])

Table Il shows only a very significant dif-
ference on ADG between 0 and 20 d. It

was higher in AlLc than in the reference
diet when lambs were fed on starter diet
(+ 63%; P < 0.0001). During other stages,
growth rates did not differ from the refer-
ence. Within the entire fattening period
(0 d-Sl), the coconut diet tended to induce
better growth (+ 4%; P < 0.09) and thus to
reduce duration of fattening (-4 d; P <
0.11). Consequently, the pattern of the
growth curve in ALc was more regular (fig
2; table IV). Each of the polynomial adjust-
ment coefficients was different (P < 0.05)
between diets and notably the first 2 (ag
and ay) which influence the beginning of
the growth curve. The maximum growth
rate and corresponding average fattening
duration did not differ between the 2 diets
(ADGax = 406 Mg; Dyay = 70 d).

Samples of marginal lambs (heavy
and light; 4 x [n = 17])

The effect of the coconut oil was clearly
pronounced throughout the first stage (0-
20 d). It induced a mean relative increase
of + 59% on growth rate (178 g vs 112 g;
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Table lll. Standardized samples: influence of diets on growth and carcass parameters.

Initial husbandry characteristics of both the compared lots

Reference  SE  Coconut SE  Sa(%)
diet (ALr) diet (ALc)

No of lambs 62 62
Live-weight at start (Wio, kg) 11.9 0.17 12.0 0.17 NS
Age at start (Ago, d) 28 1.4 30 1.3 NS
Littermate at birth (Bl); relative frequency (%) Bl 1 27.6 0.4 23.6

Bi2 67.3 67.3 NS

BI3 5.1 9.1
Rearing parameters during investigated fattening stages
ADG 0-20d (g/d) P 115 9.8 188 1.7
ADG 20-40 d 340 10.8 328 10.9 NS
ADG 40-60 d 339 22.8 341 10.4 NS
ADG 60-Se 383 12.6 381 9.4 NS
ADG 0-S/ 307 5.3 320 49  (9%)
ADG 20-SI 357 6.5 355 6.4 NS
Live-weight at slaughter (W1S], kg) 40.5 0.1 40.6 0.1 NS
Duration of fattening (Dufat, d) 94.3 1.5 90.6 15 (11%)
Carcass parameters
Carcass weight (Wtcar, kg) 19.9 0.11 20.0 0.11 NS
Kill-out percentage (KO%) 51.8 0.20 52.0 0.20 NS
Nconf (conformation, EUROPA) 2.4 0.10 2.4 0.10 NS
NFext (external fat, EUROPA) 23 0.08 2.6 0.08 (6%)
DFdo (depth of dorsal fat, mmy) 2.4 0.23 2.6 0.20 NS
NFro (perinephric fat, g) 215 16.0 197 12.0 NS
NFrib (inter-rib fat, 1-5) 29 0.08 3.0 0.07 NS
NFirm (firmness, 1-4) 2.40 0.09 2.35 0.09 NS

a S significant levels of Fisher-Snedecor's F test for: ©* P<0.05; " P< 0.01;

*** P < 0.001; NS: non significant; (P >

0.20); ® ADG 0-20 d: average daily gain between 0 and 20 d of fattening.

P < 0.01) but there was no effect of start-
ing weight (table V). The second stage
(20-60 d) indicated essentially that heavy
lambs at the start exhibited the highest
growth (357 g vs 302 g; P < 0.01) without
diet effect. During the 40-60-d period no
significant difference was noted; only the
lightest weaning lambs tended to show a
higher compensatory growth than the
heavy lambs (ADG,q goq: 359 g vs 333 g).
During the last period (60 d-SJ), the lambs

fed on the Alc diet tended to maintain a
higher growth rate (ADGgg_g: 400 g vs 370
g; P < 0.05). Overall, during the fattening
period (0 d-Sh, starting with ALc provided
the best daily growth (322 g vs 305 g; P <
0.05). Similarly, the fattening duration of
the same group was shorter (89 d vs 91 d;
P < 0.05). The same could be seen for
heavy lambs at weaning (86 d vs 95 d; P<
0.001), without influence of the cross-
factors.
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Table IV. Growth patterns: comparison between polynomial regression coefficients fitted on fattening
time and according to the diets for the individual lamb's ADG (y = a0 + alt + a2t2 + a3t3). Levels of

significance of F a.

No of a0 at a2 a3 ADG,,° Dufat,,,°
lambs
Standardized sample
Diets (Alr, ALc) 62 - v ‘ NS NS
Sample of marginal lambs
Diets (ALr, ALc) 34 ** * 1% NS NS NS
Wito (heavy, light) 34 . - 11% -
Cross factors (Diets x Wto) 17 NS NS NS NS NS NS

a Level of significance for: * P < 0.05; ** P < 0.01; *** P < 0.001; NS: non significant for P < 0.20; ® ADG,

max. Maxi-

mum average daily gain; ¢ Dufat,,,,: time of fattening in respect to ADG,,,.

The pattern of growth curves displays a
smoother design as light lambs were fed
on AlLc at the start (table IV; fig 2). Diet ef-
fect was obvious at the beginning of fatten-
ing (ag and a,, P < 0.01). The effect of
lamb weight was also clearly indicated and
it more significantly affected the end of the
growth curve. The ADG maxima did not
differ, but the corresponding fattening days
indicated that the heavy lambs at the start
were those maturing earlier (Dufaty,,: 62
d vs83d; P<0.01).

Food conversion ratios

Alimentary efficiency of ALc diet was im-
proved during the post-weaning period (0-
20 d) in comparison with the reference diet
(FCR = 2.42 vs 3.18; P < 0.01; table VI).
Meanwhile, fattening with the same food-
stuff during the 20 d-slaughter period yield-
ed a reversal of alimentary efficiency
(FCR = 3.61 for AlL.c vs 3.35 for ALr;, P <
0.05).

The pattern moved from non significant
differences (throughout 20-40 d and 40—

60 d period between both diets) to signifi-
cant deterioration in ALc during the last fat-
tening stage (FCRgp.g = 3.9 vs 3.56 for
ALr; P < 0.05). During the entire fattening
period, alimentary efficiency in the 2 diets
was almost similar and FCR reached 3.35
kg ingested DM foodstuff/kg average live
weight gain. In the Alc diet, food conver-
sion ratios progressively increased
throughout the periods until they became
stable; this contrasted with the ALr diet in
which FCR development was discontinu-
ous. However, a sharp increase in FCR oc-
curred during the 40-60-d period in both
diets {(+1 and +1.25 for ALc and ALr re-
spectively). The decline in the alimentary
efficiency occurred when the respective
live weights were 26 kg (ALc) and 24 kg
(ALr) for the middle period (50 d).

Volatile fatty acids in the rumen fluid

With sampled rumen fluid, fattening time
had a significant effect. Over time, propion-
ic acid concentration decreased evenly
while acetic acid concentration increased.
Meanwhile, the final level of propionic acid
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Fig 2. Evolution of average daily gain (ADG, g/d) with the polynomial adjustment fitted on the fat-
tening duration according to the experimental diets (reference, coconut). A. Standardized samples (2
x (n = 62). B. Samples of marginal lambs, light or heavy weight at weaning (4 x (n = 17).

remained high (34%). ALc diet tended to
induce a slight increase in isovaleric acid
(P < 0.07) during the second stage of fat-
tening. Neither diet factor differed, nor was
the cross-effect consistent (table VII).

With Rusitec incubators, VFA pattern
differed between the 2 starter diets during
the first period (fig 3). The propionic acid
proportion declined regularly down to 25%
while the acetic acid percentage remained
stable (37%) for the AlLc diet. Taking the

reference diet (ALr), both C, and Cj acids
decreased at the same ratio over the start-
er period. Correlatively, the other VFA dis-
played an increasing pattern in both diets.
Meanwhile, butyric acid and particularly ca-
proic acid levels were lower in ALr than in
Alc. After transition and with the same fin-
ishing-fattening feed, the various acid pro-
portions in the incubators became more
stable. However, when C; and C, levels
were similar in ALc, the Cq proportion was
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Table VI. Diet effect on food conversion ratio (FCR) throughout fattening stages.

Food conversion Reference SE Coconut SEd S* (%) a
ratios diet (Alr) diet (ALc)

FCRY 0-20d 3.18 0.24 2.42 0.07 h
FCR 20-40d 2.54 0.22 292 0.09 12%
FCR 40-60d 3.79 0.34 3.92 0.12 NS
FCR 60-S/ 3.56 0.15 3.91 0.05 .
FCRO0-S/ 3.28 0.07 3.42 0.04 1%
FCR 20-S! 3.35 0.09 3.61 0.06 *
b(0-S/)¢c 1.52 0.24 1.56 0.13 NS

a §*: significant levels of Student's t, * P< 0.05; ** P < 0.01; NS: non significant; P> 0.20; ® FCR: kg ingested DM/kg
gain of live-weight; ¢ b: allometric coefficient on the entire fattening period; ¢ SE: standard error of mean estimated

by computation.

Table VII. Patterns of the fluid volatile fatty acids (VFA, molar %) in the rumen according to the diets

and to the fattening duration (DuFat, n = 6).

Diets Reference diet (ALr) Coconut diet (ALc) Fa
Dufat

20d 50d Slaughter 20d 50d Slaughter SE® Stage SxD Diets
VFA (%) 399 4641 51.0 40.6 47.3 47.3 1.6 NS NS
Propionic 44.4 427 342 426 394 339 2.1 NS NS
Isobutyric 0.2 1.3 1.2 0.3 0.4 1.7 0.3 NS NS
Butyric 11.1 6.7 8.0 11.7 8.4 10.0 1.5 * NS (19%)
Isovaleric 03 0.2 1.8 0.4 0.3 2.7 0.2 NS (7%)
Valeric 37 26 3.4 4.2 3.4 3.8 0.6 (18%) NS NS
Caproic 04 04 0.3 0.2 0.7 0.5 0.3 (6%) NS NS
a F: significant levels of Fisher—Snedecor's F for: *** P < 0.001; ** P < (0.01; * P < 0.05; NS: non significant for P <

0.20; from the variance analysis carried out on the transformed data: arcsin Vx.? SE: standard error of the mean.

prevalent in ALr. The proportion of Cg acid
in the 2 diets increased steadily.

Carcass parameters

Standardized sample of lambs at start

The differences in carcass parameters
failed to reach a level of significance (table

Ill). A slight increase in external fattening
was to be seen in ALc (NFext=2.6 vs2.3;
P < 0.07). Likewise, the distribution pattern
of the external fat layer qualities (firmness
and colour) was not significant in the over-
all pattern comparison (table VIII). How-
ever, the percentage of light-coloured car-
casses increased with AlLc (Ncoul 2:
35.5% vs 25.8% for ALr) with the reverse
observed for the light-bistre carcasses
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Fig 3. Fermentary pattern of volatile fatty acids
(%omol) during the transition period between
starter and fattening diets (Rusitec). a. Ref-
erence starter diet (ALr) for 11 d then fattening
diet. b. Coconut-oil starter diet (ALc) for 11 d
then fattening diet. — - C2; —+— C3; —&—
iC4; -—-¢--- C4, —A— iC5; —A— C5; —@— C6.

(Ncoul 4: 21% vs 30.6%). However, prob-
ably due to the small size of the sample,
the diferences were not significant. In the
lambs overall, the proportion of very firm
carcasses was poor (Nfirm 4: 3.2%); 38%
of white carcasses conformed to the com-
mercial requirements; 20% were reddish-
brown; 26% were light bistre; and 16%
were light yellow-coloured.

Sample of marginal lambs

In this sample, main diet effect was signifi-
cant for the external fat development
score. Coconut diet produced fatter car-
casses 2 months later (NFext = 2.8 vs 2.3,
P<0.001; NFdo=27mm vs 1.9 mm; P<
0.01; table V). However, internal fattening
tended to show a minor increase (NFro =
185g vs231 gin ALr; P<0.11).

The same pattern was relevant only for
heavy lambs in comparison with light ani-
mals for perinephric fat, notably for the co-
conut lot (NFro = 144 g vs 226 g for light
lambs). Finally, the firmness score tended
to be higher for heavy lambs especially
when fed on ALc (NFirm = 2.6 for AlLc
heavy vs 2.2 for ALc light; P < 0.08).

Table VII. Patterns of the fluid volatile fatty acids (VFA, molar %) in the rumen according to the diets

and to the fattening duration (Dufat; n = 6).

Diets Reference diet (ALr) Coconut diet (ALc) Fa
Dufat

20d 50d Slaughter 20d 50d Slaughter SEP Stage SxD  Diets
VFA (%) 399 4641 51.0 40.6 473 47.3 1.6 NS NS
Isobutyric 0.2 1.3 1.2 0.3 0.4 1.7 0.3 NS NS
Butyric 11.1 6.7 8.0 11.7 8.4 10.0 1.5 - NS (19%)
Isovaleric 03 02 1.8 0.4 0.3 2.7 0.2 NS (7%)
Valeric 37 26 3.4 4.2 3.4 3.8 0.6 (18%) NS NS
Caproic 04 04 0.3 0.2 0.7 0.5 0.3 (6%) NS NS
a F: significant levels of Fisher—Snedecor's F for: *** P < 0.001; ** P < 0.01; * P < 0.05; NS: non significant for P <

0.20; from the variance analysis carried out on the transformed data: arcsin x. ? SE: standard error of the mean.
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Table VIII. influence of fattening diet upon the subcutaneous fatty tissue quality (firmness and colour);
frequency patterns of standardized sample (n = 2 x 62).

NFirma 1 2 3
Diets
Reference (ALr) 8.0 46.8 41.9
Coconut (ALc) 12.9 41.9 419
Overall 10.5 44 .4 419
NCoul® 1 2 3
Diets
Reference (ALr) 8.0 25.8 17.7
Coconut (ALc) 6.5 355 16.1
Overall 7.3 30.6 16.9

4
3.2

3.2

3.2

4 5 6 7
30.6 1.6 9.7 6.5
21.0 4.8 8.1 8.1
25.8 3.2 8.9 7.3

8 NFirm - 1 = soft and oily; 4 = very hard; 2 = 0.86; P («) = 84%; ® NCoul: 1 = white, 2 = creamy white, 3 = light red-
dish brown, 4 = light bistre, 5 = brown reddish, 6 = light yellow, 7 = light bistre with greenish reflection; x® = 3.43; P

(@) = 76%.

The small number of lambs in the sub-
class (n = 17) was insufficient to compare
the pattern of frequencies for external fat
carcass colours.

DISCUSSION

Growth

Supplying 5% coconut oil in the starter diet
(78% total fatty matter) offered to early-
weaned male lambs reduced the difficul-
ties encountered at the transition stage.
These lambs reared in winter and fed on
ALc showed an improved growth rate dur-
ing the post-weaning period (+ 63% (table
) and + 58% (table V) for standardized
and marginal samples). There may also be
a reduction in loss of weight according to
the ADG levels which were independent of
live weight at the start (weaning weight fac-
tor, heavy or light, was not within the limits
of significance; table V). The stress adap-
tive period induced negative growth in the
immediate post-weaning stage (Thériez,

1985; Lane and Albrecht, 1991). The same
effect was observed (+ 9% and + 35%),
but was irregular according to the weight
class of lambs at weaning when they were
reared in summer (Bozzolo et al, 1991).
This difference was more pronounced for
the light lamb class in the summer trial
(+ 233% vs + 69% in winter) but not for the
heavy animals (—13% in summer vs + 50%
in winter). A possible explanation is that
the medium-chain fatty acids in the diet
(37% total FA constituents or 2.2% DM,
essentially in lauric acid form) are used as
a high-energy fuel. Moreover, they may
improve the amino acid balance as report-
ed by several authors for monogastric ani-
mals (Benevenga et al, 1989; Cera et al,
1989; Mahan, 1991) and for preruminant
lambs (Aurousseau et a/, 1989). This small
difference regarding the summer trial can
be attributed to the specific season effect.
This hypothesis can explain the higher en-
ergy demand for both lamb categories
(light and heavy) reared in winter and con-
fronted with cold. They were therefore
more sensitive to the high efficiency of the
medium-chain fatty acids. The best food
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conversion ratio obtained with coconut oil
(—24%) with a major alimentary fat content
(+ 52%) could strengthen this suggestion.
This advantage ensured an easier transi-
tion period. Finally, the delayed effect of
the coconut oil-starter diet induced more
regularity in the growth pattern than the
reference diet (fig 2). This was corroborat-
ed during the initial feeding period with
lambs fattened in summer. In the present
trial, post-20 d growth showed no differ-
ence. Therefore, the compensatory growth
did not allow the reference lamb group to
overcome the handicap accumulated dur-
ing the transition period. At least, the coco-
nut starter reduced fattening time by 4 d.
This further increased to 7 d in lambs
weighing < 11 kg at the beginning of the
trial.

Pattern of ruminal fermentation

Regarding fermentation in the rumen, the
development of volatile fatty acid patterns
within the fattening period attained more
normal proportions: the propionic acid lev-
el decreased from 43% to 34%. This trend
could be associated with straw intake
which increases with age and could pro-
duce better insalivation and a longer fer-
mentation time. However, the percentage
remained high in comparison with the pub-
lished data (@rskov et al, 1975; Murphy
and L'Estrange, 1977). On the contrary,
the butyric acid percentage was low (C4 <
10%). These values agree with the find-
ings of Sutton et al (1983), which were
based on non-protected coconut oil intro-
duced into the rumen. The development of
the volatile fatty acids in the Rusitec incu-
bators as the diet changes mainly dis-
played a difference between in vitro and in
vivo data. On the one hand, the caproic
acid proportion in both semi-continuous in-
cubators arose, probably due to its own
parameters (flow, artificial saliva quality, in-

ert walls). On the other hand, the trends
were similar when the relative values of in
vivo (between 20 d and 50 d) and in vitro
Rusitec data on the starter diets were ob-
served. The presence of coconut oil in-
duced a faster decrease in propionic acid
percentage, maintenance of the acetate
proportion and an increase in butyrate lev-
el. These tendencies were inconsistent
with Sutton's findings (1983). It is suggest-
ed that a possible cross-reaction with the
premix antibiotics (oxytetracyclin and lasa-
locid) included in both the starter diets
could be a possible explanation.

CARCASS QUALITIES

Carcass characteristics did not differ ex-
cept for the slight increase in external fat-
tening for lambs in the coconut oil group.
In particular, the firmness and colour of
carcasses did not deviate significantly from
the reference. This is in contrast with the
trend observed in the summer lamb trial
and the observations reported by Aurous-
seau et al (1973) where coconut oil in-
duced firmer and whiter carcasses. Never-
theless, we observed the same tendency
with the heavy lamb class in the marginal
sample (NFirm: 2.6 vs 2.3; P<0.09). Over-
all, firmness in the winter trial was re-
duced, notably for the coconut diet (very
firm grade: 3.2% vs 47.2% in summer trial
for ALc and 3.2% vs 16.7% for ALr). Simi-
larly, whiter carcasses were numerically
more significant in the entire summer trial
(NCoul 1-2: 60.7% vs 37.9% in winter).
The hypothesis of a lowering of the basal
metabolism with heat is assumed (Beede
and Collier, 1986). Then the cortisol/
progesterone balance could interfere with
insulin implication in lipogenesis. In chronic
thermal heat stress, the lower concentration
of cortisol and inversely the higher level of
progesterone induce insulin resistance in
the peripheral tissues (Guesnet and De-
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marne, 1987) and possibly a limitation in
adipocyte desaturase activity. Moreover,
the contribution of exogenous fatty acids,
which are mostly saturated in ruminants, is
enhanced in lipogenesis. On the contrary,
with cold, increased cortisol and thyroxin
levels increase the turnover of subcutane-
ous fatty tissue. Endogenous lipogenesis
could then result (in Christie, 1981), with a
higher desaturase activity (Wahle, 1974).

In this experiment, it should be also re-
called that the amounts of starter feed of-
fered were lighter than in the summer trial
(12 kg vs 17 kg). Therefore, the proportion
of the starter diet of the total feed intake
(only 13%) did not provide a large contribu-
tion to the deposition of fat in the subcuta-
neous tissue.

Besides, in the lambs fed on this diet,
fat deposition was low on account of their
young age (< 50 d on average). In heavy
lambs, a slight increase in external fatten-
ing and a slight decrease in perinephric fat
with ALc diet was noted. The regularity of
the growth curve and possible hormone-
dependent events probably influenced this
data. These factors are able to accelerate
precocity of heavy lambs. Thériez et al
(1973) reported the same observation. The
significant increase in feed conversion ra-
tio (+1) during the 40-60 d fattening
growth stage, when lambs average 30% of
their live weight at maturity possibly indi-
cates full development of the polygastric
function. Accordingly, the alimentary effi-
ciency of the supplied coconut oil starter
diet could be used over a longer time than
selected in the present study trial (21 d)
and could be extended for up to 35 d after
weaning.
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