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EFFECT OF DIETARY PALM KERNEL OIL SUPPLEMENTATION
ON BIOTIN REQUIREMENT OF BROILERS

R. A. Oloyo' and B. K. Ogunmodede®
Abstract

An expenmenr was conducted to study the effect of feeding supplemental palm kernel-oil on the
- biotin requirement of broilers. A total of 480 day-old broilers were fed varying levels of palm
. kernel oil (0% and 2%) and biotin (40, 80, 120, 160, 200 and 240 ug/kg diet) in a 2 x 6.
... factorial arrangement of treatments. The results showed that 2% supplemental palm kernel oil
-+ affected the minimum biotin requirement and the appearance of biotin deficiency symptoms.
- Incidence of dermatitis, mortality (due to fatty liver and kidney syndrome) and leg deformities
- were lower in presence of the oil supplement. Lower amount of biotin (120 ug/kg diet) was
 required in the presence of supplemental palm kernel oil as compared with that needed (160
" © ug/kg diet) to prevent biotin deficiency symptoms in chicks fed diets without svpplemental oil.
. Feed utilization data indicated that 120 ug biotin/kg diet was required to promote better feed
. intake and body weight gain whether or not supplemental palm kernel oil was fed.
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Introduction

Involvement of biotin-dependent enzymes in the pathway of long-chain fatty acid synthesis

- and in the conversion of linoleic acid to arachidonic acid (Wakil and Bressler, 1962) is

suggestive of a possible effect on biotin requirement for fat metabolism. Indeed, incidence of
fatty liver and kidney syndrome (FLKS), a biotin deficiency symptom in chicken was
demonstrated to be significantly affected by the type and content of fat in the diet (Blair ef al,
1975; Whitehead et al, 1975). Roland and Edwards (1971) observed that in chicks, the
dermatitis of biotin deficiency resembled due to the deficiency of essential fatty acids.*

The objective of this study was to investigate the effect of dietary supplemental palm kernel oil
(PKO) on the biotin requirement of broilers. The PKO was chosen in this study because its

inclusion in poultry diets is becoming increasingly popular in Nigeria.

1Dept of Science Laboratory Technology, Federal Polytechnic, P.M.B. 50 Ilaro, Ogun State, Nigeria.
Department of Animal Science, University of lbadan Ibadan, Nigeria.
(Received : 18 De:cembcr 1997)
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-Materials and Methods

Duplicate groups of day-old commercial broilers with 20 chxcks per group were given a basal
biotin-deficient diet (Diet 1; Table 1) supplemented with biotin to achieve graded levels of 40,

80, 120, 160, 200 and 240 pug biotin/kg diet. Broilers were housed in deep litter pens, 20 birds
per pen (4,1 m?), and.they, were supplied with feed and: clean water ad libitum. Experimental
birds were kept on these treatments.for a period of 28 days. All birds that died were sent to the.

veterinary clinic, Faculty of Veterinary: Medicine,: Umversnty of Ibadan for post mortem
examination.

Lwewe1ghts were measured at 1 and 28 days of age. Feed intake was recordecl on a weekly
basis. Weight gain and feecl cfflclency (gamffeed intake) were calculated. Weekly records of
incidence of dermatitis (mild to very severe signs), FLKS mortality and incidence of leg
deformities in terms of the percentage of birds within a treatment showing either (i) legs with

crooked toes, or (ii) legs with bowed or twisted toes, or (iii) difficulty in standmg or walking
were kept.

At the 28th day, 2 ml of blood was collected in heparinized tubes from wing veins of each of
four replicate samples of experimental chicks randomly selected from each treatment for the
~ determination of glucose (Dub()lb et-al, 1956) and free fatty acids (Pezuson, 1976) contents.
These birds were. sl ghtercd then the 11vers and kxdneys were excised, drained of flmd with
blotting paper and __'_elghed Thcse organs were freeze-dried and- kept for subsequent
estlmatxon of total_ __'_p1d (Folch er 3 ) and _t1_1g1ycer1de (Fletche1 1968) contents

Diet 2 was formulated by mcludmg PKO in the blotm—dehcwnt basal diet (Dlet JEX at 2% level

Biotin- clef1c;1ent dlet”wﬂ;h 2% 011 mclusmn therefme served as the second basal diet. Graded
levels of blotm ‘were: added to the basal diet with 2% oﬂ to plov1de exper]mental diets.
contalnmg 40, 80 120 160, 200 ancl 240 [.tg blot:ln/kg chet

These d1ets were fed to. duphcate gloups of 20 daywold CthkS each for a peuod of 28 days. The

liveweight, wclght gain, feed: intake, feed eﬂflclency, and 1n01dence of dermatms FLKS
mortality and leg deforrmt1es were recorded

Results obtained in this study were subjected to analysm of variance in accordance with the

procedures of Steel and Torrie (1960). The differences between treatment means were tested
using the multiple range test of Duncan (1955).

Results

Feed Utilization and Biotin-Related Features:

At 28 days of age, birds given 40 and 80 pg biotin/kg diet with or without supplemental 2%
PKO consumed significantly less feed, gained less weight and had 1owe_r body weight
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Table 1 Compomtmn of basal biotin-deficient diets

_ Ingredlents s i ] " Diet 1 (%) ] - -Diet 2 (%)
S "'Yc].lowmame = : ol 3 _ | 54.0. 49.5
" PalmKemelmeal : 180 18.0

“'_-j“t-:'.-Bloodmeal S i - o 10.0 K
- " Fishmeal = ' g 35
_-_-'__":,“\'Bréwersgrain &l : ' =122 ' 12:2
Oyl .. : 1.0 ' 2.0
. -Bonemeal ' - - 2.0 3.0
~ Vitamin/Mineral prcmlx* ' : R T 0.1
S wiSalt(NaCl): - . . s 02" “ w02
~_PalmKerneloil ' I 0.0 . 20
o aemls o 100.0 > - 100.0
* Calculated composition _ ' .
- Crude protein (%) - 21.26 it 21.25
" Metabolizable energy (Kacal/kg) i 2741.92 2751.82
" ME/CP , _ 128.73 s 129.48
 Fat(%) 350 . 550
. Linoleic acid (%) 1.40 : 1.33
~ Biotin(\gkg) : ' 38.90 T 3620
Crude fibre (%) 5.61 5.52

~+Premix provides the following vitamins and minerals per kg of diet: Vitamin A, 8,000 i.u.; Vitamin D3, 1500 i.u;
Vitamin. E, 3 iu.; Menadione sodium bisulphite (Vitamin K), 1.5 mg.; Vitamin B,, 2.5 mg.; Calcium d-
panthothenate, 3 mg.; Nicotinic acid, 8 mg.; Vitamin Bg, 0.3 mg.; Vitamin By, 0.008 mg.; Iron, 15 mg.; Manganese,
25mg;; C(}ppu 2.5 mg.; Zine, 10:mg.; Todine, 0.3 mg.

r (P<O 05) than those given 120 to 240 pg biotin/kg diet (Table 2). Comparing the performance
of birds on-the same dietary biotin levels with or without oil supplementation indicated that the

~addition of 2% oil to:the diet led to a marked reduction in feed intake, poorer body weight gain
- and lighter body welght at 28 days of age.

A 160 pg blotm;’kg was qu1te satisfactory level to prevent FLKS morta.hty and leg deformities
~ in the absence of oil, a lower level of 120 pg of the vitamin was required in the presence of

- - 2% PKO to prevent FLKS mortality and leg deformities, - Although dietary biotin level of 240

. pg/kg prevented the occurrence of dermatitis in the birds whether or nottheir ‘diets were
- supplemented with PKO, the levels of 120, 160 and 200 ug/kg kept the incidence of such
~ lesion-at a minimum level whether the diets were supplemented with or without 2% PKO.

_:"--The overa]l mean values during the 28-day experimental period clearly showed lower
~incidence of all the biotin-related features when diets were supplemented with 2% PKO. The
~overall mean values of dermatitis, FLKS mortality ‘and. leg-deformities -of birds -fed diets
- supplemented-with 2% PKO were 13.8, 1.7-and 1.7% respectively, being lower than the values
~+0f 20.0, 3.3 and 2.5% recorded for the corresponding unsupplemented diets.
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Weights and Lipid Contents of Liver and Kidney

Weights and total lipid contents of liver and kidney were significantly (P<0.05) affected by
the dietary biotin level when the diets were not supplemented with oil, yet no appreciable
effects on these parameters were obtained when the diets were supplemented with 2% PKO
(Table 3). In the affected group, weights and total lipid contents of livers and kidneys of .
chicks given 40 and 80 pg biotin/kg diet were appreciably higher than those of birds given
120 to 240 pg/kg diet. However, the supplementation of 2% oil to the diet had a great effect in

decreasing the weight and total lipid contents of liver and kidney, compared with those of the
unsupplemented diets.

Whether or not the diets were supplemented with 2% oil, birds given 40 and 80 pg biotin/kg
gave significantly (P<0.05) higher liver and kidney triglyceride content and triglyceride
- percentages of total lipid than those given 120 to 240 pg/kg. The additionof 2% PKO to diets

containing 40 and 80 pg biotin/kg significantly (P<0.05) decrcased the total  lipid
concentrations in both organs.

‘Blood Glucose and Free Fatty Acids

Whether or not diets were supplemented with 2% oil, blood glucose concentration increased
with increasing dietary biotin levels, whereas the reverse occurred with blood free fatty acids
content (Table 4). : _ '
L - Discussion

' Feed Utilization G EREFG AR

Essentially of biotin for better feed utilization and growth in chicken has been demonstrated,
and the reported values of its requirement for growth in broilers varied from 0.09 mg/kg to
0.17 mg/kg depending on the composition of the test diets (Wagstaff er al, :1961;
Ogunmodede, 1978; Whitehead and Bannister, 1980; NRC, 1994). Results of this study
-indicated that 120 pg/kg was required to promote better feed intake and growth whether or not
PKO was included in the diet. The reduction in feed intake of birds fed 40 and 80 pg biotin/kg

might be due to the reduction in their free movement as a result of the abnormal devclopment
of leg bones as well as the dermal lesions/developed in the feet.

Supplementation of diets with fat mcreased transit time of mgesta in the gastro-mtestmal tract
with consequent reduction in feed intake (Maner et al., 1962; Mateos et al., 1982). Also poor
performance of broiler chicks fed high fat rations were attributed to the failure of such rations
to provide sufficient amino acids and perhaps other essential nutrients required in the higher
energy ration (Leong et al., 1955; Sunde, 1956). Indeed, Rand et al., (1958); and Marion and
Woodroof (1965) noted that body weight and feed efficiency were greater at higher levels of
protein when diets were supplemented”with fat. Since the two basal diets used in this study
(Table 1) had similar protein contents, the 2% supplemental oil in the second basal diet (Diet
2) might have raised the protein requirement of birds for maximum body weight gain.

Therefore, poorer weight gain in birds given 2% supplemental oil may be attributed to the
lower dietary nutrient intake. -



Table 2.  Feed utilization and incidence of dermatitis, FLKS mortality and leg deformities in broﬂers fed diets supplemented with
biotin and palm kernel oil at 28 days of age. .

Biotin level Ol Body weight ~ Body weight gain Feed intake Feed efficiency Dermatitis ~ FLKS mortality Leg deformitics
(ng/kg) . (%) ) (g/bird/day) (¢/bird/day) (g gain/g feed) (%) (%) (%)
40 0 252.3de* 7.58bc 26.07b 0.29 60.0a 10.0a 7.5a
80 0 266.5cd 8.09b 25.55b 0.32 45.0b 7.5b 5.0b
120 0 310.0a 9.64a 29.16a 0.33 10.0c 2.5d i 230
160 0 297.5ab 9.20a 28.79%a 0.32 2.5d 0.0e 0.0d
200 0 297.5ab 9.20a 29.20a 0.32 2.5d _ 0.0e 0.0d
240 0 300.0ab 9.29a .28.61a 0.32 0.0d 0.0e 0.0d
Mean 287.3 8.83 27.90 0.32 20.0 33 2.5
40 2 229.0d 6.75¢ 22.50c 0.30 45.0b 7.5b 5.0b
.80 2 237.0d 7.04¢ 21.29¢ 0.33 30.0b 2.5d 5.0b
120 2 286.0c 8.79ab 25.63b 0.34 2.5d 0.0e 0.0d
160 2 270.0c 8.21b 25.34b 0.32 2.5d 0.0e 0.0d
200 2 264.0c 8.00b 25.30b 0.32 2.5d 0.0e 0.0d
240 2 272.0c ; 8.29b 25.91b 0.32 0.0d 0.0e 0.0d
Mean 259.7 . 7.84 24.33 0.32 13.8 1.7 1.7
+SEM 7.24 . 025 0.70 3.62E-03 6.05 1.04 0.71

* Means within a column for each variable with no common subscript differ significantly (P<0.05)
*% SEM, Standard error of the mean.
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Table 3.  Weight and lipid contents of liver and kidney from broilers fed diets supplemented with biotin and palm kernel oil at
28 days of age. e .

Biotinlevel Oi]"

(ugke) . (%) Lives e B Kidney
weight Totallipid . Triglyceride  ‘Triglyceride = Weight Total lipid  Triglyceride  Trigly-ceride
(g) - (mgg)  (mg/g) -(% Total Lipid) (&) (mg/g) (mg/g) (% Total Lipid)
40 - 0 9.56a* 299.1a 210,023 : 0830 e 0356 349.5a 247.9a 70.9a
80 0 9.11ab 254.1b 7o al694b i il LAt a3 5] 322.5a 225.1b 67.7a
120 0 8.29bc 169.9cd 3o 279 9d i LTl e 309 189.7bc 60.0e 31.6¢c
160 0 7.90bc 160.9d PRNa30d T e s g 14 196.3bc 63.1e 32.1c
200 0 8.00bc 163.0cd - = 75.3d L heedd e e 313 187.4bc 56.0e 29.9¢
240 0 7.65¢ 159,54 & 74.9d h e ada Rd : 2.96 190.0bc 60.5e 30.8¢c
Mean 8.42 201.1 T3, e SRS 323 - 240.9 118.8 43.8
40 2 7.34cd 188.5¢ 100.9c¢ S 53 8hc 2.86 212.5b 1433¢c - 67.4a
80 2 6.50d 183.2cd 96.5¢ 52.7¢c 2.81 204.5bc 104.6d 51.4b
120 2 7.50cd  167.7cd 76.4d i, 45,505 3.46 168.7¢ 49.9¢. 29.6¢
160 2 734cd  ° 165.8cd £75.8d 5 & L A5.7d: o sl 186.6bc 61.4e . 32.9c g
200 2 7.48cd 166.0cd 77.5d SR A6 d e 3.02 191.5bc 54.7e - 28.6¢ =
240 2 7.50cd 166.8cd - 78.6d A 47.2d T by 13105 - 189.4bc 56.8¢ - :30.0¢ i
Mean Y 2 : : e . - i =
' - 7.28 173.0 843 . 486 _ 3.08 1922 78.4 - 40.0 >
+SEM - CAE Y 5
0.228 12.09 1204 2.29 10.068 16.29 19.32 4.76 )
* Means within a column for each variable with no common subscript differ significantly (P<0.03) §
*% SEM, Standard error of the mean. “I' -




lermatitis characteristic of biotin deficiency (Ogunmodede, 1978; Whitehead and
ter, 1978) developed distinctly by the second week in the affected birds. The foot pads
‘swollen and contained- hﬂCl‘ﬂDllhdglC fissures. Cr'lcked and swollen areas occurred on
s on the bottom of the feet. While Ogunmodecle (1978) 1ep01tud that 120 pg biotin/kg
__revented dermal lesions in broiler chicks, Whlleh(,‘ld and Bannister (1978) reported that

ty of foot lesions was only reduced by i 11101'3asmg the level of biotin supplementation but
vas not eliminated by 500 ng/kg. "The plesent results indicated that whelc:d's a minimum of
:60 g biotin/kg was required to effectively reduce the incidence rate in chicks fed diets

without supplemental oil, at least 120 g biotin/kg was needed to reduce the incidence when
o PKO was added to the diets. ;

fo_nnation on the effect of dietary fat on the severity of dermal lesion characteristic of biotin
ficiency seemed to suggest that the type and nature of free f'ltty acid predominating in the
dietary fat might be an important factor. Maize and olive oils, reported to have aggravated the
severity of dermal lesion in chicks (Roland and Edwards, 1971; Whitehead et al., 1976), are
unsaturated in nature, whereas coconut oil and hydrogenated cotlon sced oil that were reported
to reduce severity of lesions are saturated in nature (Godin and Spensley), 1971). Roland and
Edwards (1971) suggested that the beneficial action of saturated fatty acids on the dermal
lesions in biotin-deficient chicks might be by influencing bacterial synthesis of biotin in the
gastro- -intestinal ‘tract. Whitehead and Bannister (1980) estimated the quantity of biotin
contributed from microbial synthesis in broiler fed ad libirum at 7 to 8 weeks of age to be 5-
10% of the amount required for growth. Dubos (1947) showed that long chain fatty acids
exert a toxic effect on bacteria and their toxicity was directly related to the number of
unsaturated bonds in-the:molecule. Mohrhauer er.al - (1967) also showed that myristic acid
as-effective in' the inhibition of chain elongation' systems in the microsomes. PKO is
aturated in nature: and it:is rich in myristic acid (Godin and Spensley; 1971). Its inclusion in

he:diet of broiler may- logically decrease the incidence and requirement for biotin in the
rﬁvention of dermatitis. -

atty Lwel and Kldney Syndrome

e-FLKS, ‘a-metabolic disorder is characterized by molbid:ly followecl by dn,ath in young
ks, is variable in its occurrence.- Mortality can be as high as 20% in occasional outbreaks
, even when mortality is not apparent there is often a low background incidence (Bannister,
+1976). In FLKS-affected chicken, Whitehead (1975) and Wight and Siller (1975) noted that
e liver and kidney were enlarged because of marked involvement in fatty infiltration.
riglyceride was confirmed to be the main extra lipid in these organs (Johnson et al., 1972;
;1975). Also, elevated plasma free fatty acid and markedly reduced glucos_e level
observed in affected birds (Bannister et al., 1975; Balnave et al, 1977). Furthermore,
d.et al., (1976) indicated that the primary ‘abnormality in FLKS condition is the
hep'ltlc gluconeogenesis. via pyruvate carboxylase, a blolm -dependent enzyme, and
.1n several hypoglycaemia which was believed to be the cause of death.
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Significantly higher liver weight, lipid (total lipid and triglyceride) contents of liver and
kidneys, and blood free fatty acid concentration and lower glucose content in blood of birds
given 40 and 80 pg biotin/kg diet supplemented with and without PKO indicated
hypoglycaemia condition and excessive lipid deposition in the organs, hence higher incidence
of FLKS mortality recorded in these groups of birds. Incidence of FLKS can be reduced by
increasing the level of dietary fat (Blair ez al., 1975; Whitehead et al., 1975) and eliminated by
biotin supplementation in the diet (Whltehead et al., 1976). The results of this study showed
that in addition to reducing the inc.derce of FLKS mortality, 2% supplemental PKO lowered
the birds’ biotin requirement for preventing its syndrome. |

Table 4. Effect of supplemental biotin and palm kernel oil levels on | the blood glucoseanci free
fatty acids contents of broilers at 28 days of age.

Biotin level (ug/kg) | Qil (%) ' | & Glucose (mgfml] | Free fatty acids (mg/ml)
40 0 0.61d* _ 0.90a
80 0 0.63cd 0.74b
120 0 0.69cd : 0.53¢
160 0 0.78bc 0.46¢
200 0 0.89ab :0.51c
240 0 0.94a ; - 0.46¢
40 2 ‘0.66cd: ;- 1.02a
80 2 0.75bc 0.72a
120 B 10.82ab ' =057
160 2% 0.95a : 0.59¢c
200 2 0.99a 0.59¢
240 Traih apiems e L0l 0.57¢
+SEM#** . 2 0. 040 : : 0.048

Depression of lipid contents of liver and kldneys duc to 2% supplementai oil was an indication of
reduced lipid deposition in both-organs. Hill et al., (1958) observed a meastrable depression of
lipogenesis in rat liver due to the presence of 2% fat in the diet. The depression was later
identified by Bortz et al. (1963) to be enzymatic in nature and thus indicated that the block was
localized at the step involving the carboxylation of acetyl CoA. Whitehead et al. (1978) reported
that liver pyruvate carboxylase activity was low in birds fed a diet causing a high incidence of
FLKS but the addition of fat to this diet reduced the activity of another biotin-dependent enzyme,
acetyl CoA carboxylase. This enzyme seemed to be able to sequester, biotin preferentially, thus a
decrease in its activity allows more biotin to become available for pyruvate carboxylase. This
explains why the oil inclusion in the ration reduced dietary biotin requirement of the chicken,

Leg Deformities

There is ample evidences supporting that biotin is involved in causing leg bone abnormalities in°
chicken (Cook et al., 1984 a;b). Perosis, chondrodystrophy, crooked tibia and shortened or
twisted tarsometatarsus were the deformities reported in biotin-deficient chicks. Leg deformities
observed among the experimental broilers given 40 to 80 pg biotin/kg diet without supplemental
oil and those given 40 to 80 pg biotin/kg diet supplemented with 2% oil included crooked toes
bowed or twisted toes with majority of affected birds having difficulty in standing or walking.
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Conclusion

It may be concluded that 2% supplemental PKO affected the minimum biotin requirement of
broiler chicks. Lower amount of biotin (120 pg/kg) was needed in the presence of oil
compared with that needed (160 pg/kg) in the absence of PKO to prevent incidence of
dermatitis, FLKS mortality and leg deformities. However, feed utilization data indicated that

whether or not supplemented oil was given, 120 g biotin/kg was required to promote better
feed intake and body weight gain.
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