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SUMMARY
In an eight-week feeding trial, water-washed

and non-extracted raw, autoclaved or toasted
and extracted neem kernels were tested for
chemical content and as dietary protein con-
centrates. Heat treatment of the kernel lasted 10
min. Each of them was used at two rates of 15.0
and 22.5% to replace similar rates of groundnut
cake. The diets contained similar levels of protein
(23.0%) and metabolizable energy (13.0 MJ/kg);
and each was offered to 45 broiler chicks ad
libitum. The results revealed that neem kernel is
high in crude oil, moderately rich in crude protein
and lysine but low in cystine and methionine. Heat
treatment non-significantly decreased leucine and
lysine values while other amino acids remained
stable. Weight gain was best (p<0.05) with
autoclaved neem, similar between groundnut cake
and toasted neem groups, but least (p<0.05) with
raw neem diet. However, food efficiency did not
differ (p>0.05) among the dietary groups. Intake of
neem diets decreased (p<0.05) during the second
week of feeding, but increased at similar rates
with that of control diet by week 3. Thereafter,
consumption of autoclaved neem diet became
outstanding ((p<0.01) until week 6. On the contrary,
appetite of birds for raw neem diet sharply
decreased (p<0.01) from week 5 afterward.
Weight gain of birds followed the trend of food
intake except that the rate of gain slowed down
(p<0.05) especially with control diet at week 7 of

feeding. Broilers utilized food the most between
weeks 3 and 6. Neem diets increased (p<0.05)
relative weight of liver, pancreas and small intestine
but the non-extracted neem diets decreased
(p<0.05) abdominal fat accretion.

RESUMEN

En un experimento de alimentación de ocho
semanas de duración, se estudió la composición
química y la utiilidad como concentrado proteico
alimenticio de las semillas de neem (Azadirachta
indica), lavadas con agua y no extraidas, en
bruto, sometidas al autoclave o tostadas y
extraidas. El tratamiento con calor de la semilla
duró 10 minutos. Cada una de las presentaciones
fue empleada a proporciones de 15 y 22,5% para
sustituir a cantidades similares de torta de caca-
huete. Las dietas contenían similares niveles de
proteína (23,0%) y energía metabolizable (13,0
MJ/kg) y cada una de ellas fue ofrecida ad libitum
a 45 pollos broiler. Los resultados revelaron que
la semilla de neem tiene alto contenido de aceite
bruto, es moderadamente rica en proteína bruta y
lisina pero baja en cistina y metionina. El tratamien-
to térmico disminuyó la concentración de leucina
y lisina en forma no significativa mientras que
otros aminoacidos permanecieron estables. La
ganancia de peso fue mejor (p<0,05) en el grupo
con el neem pasado por el autoclave, fue similar
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en los grupos con la torta de cacahuete y el neem
tostado y peor (p<0,05) con la dieta a base de
neem sin tratar. Sin embargo, no hubo diferencias
en la eficiencia alimenticia entre los distintos gru-
pos (p>0,05). La ingestión de las dietas con neem
disminuyó (p<0,05) durante la segunda semana
de alimentación, pero aumentó de manera similar
a la de la dieta control durante la semana 3. El
consumo de la dieta con neem tratado en autocla-
ve resultó llamativo (p<0,01) hasta la semana 6.
Por el contrario, el apetito de las aves para la dieta
con neem descendió acusadamente (p<0,01) a
partir de la semana 5. La ganancia de peso de las
aves siguió la misma tendencia que la ingestión de
alimento, excepto que la ganancia de peso con la
dieta control a la semana 7 de alimentación des-
cendió notablemente (p<0,05). Las aves emplea-
ron el alimento especialmente entre las semanas
tres y seis. Las dietas con neem aumentaron
(p<0,05) el peso relativo del hígado, del páncreas
y del intestino delgado, pero las dietas no extraidas
disminuyeron la acumulación de grasa abdominal
(p<0,05).

INTRODUCTION

The inadequate supply and high cost of
conventional feeds are some of the factors
that motivate nutritionists to intensify efforts
in search of relatively cheaper and readily
available local ones. Neem tree is a potential
good source of animal feed. It is grown
widely in Northern Nigeria principally to
reduce the rate of desertification. Currently
scientists are focusing more attention on
the tree for various reasons. These include
identification of pesticides, antimicrobial
and male anti-fertility properties of neem.
Also, uses of its products as fertilizers,
animal feed and in the treatment of malaria
(Uko and Kamalu, 2001) are being explored.
In a series of studies (Uko, 2003), raw and
non-extracted neem seed kernel was
reported to be detrimental to the health of
cockerel chicks. Autoclaving for 10 min
ameliorated the necrotizing effect but did
not improve upon its feeding quality.
However, combined heat treatment and
water washing rendered the kernel as good
protein supplement compared to groundnut

cake (Uko, 2003). Even though the processed
neem kernel supported final weight of
broilers similar to groundnut cake, growth
rate of the experimental birds fluctuated
throughout the period of feeding trial. One
reasonable way of monitoring the trend
would be to maintain weekly records of
weight changes and food consumption of
the birds. It would also enable the pattern of
food efficiency to be determined and broiler
production optimised. Consequently the
study examined weekly growth rates, food
consumption, and efficiency of weight gain
of broilers using raw or heat-treated neem
seed kernels.

MATERIALS AND METHODS

Three neem kernel products (raw,
autoclaved or toasted and extracted) were
employed as protein supplements to replace
similar levels of groundnut cake of basal
diet. Heating lasted 10 min. Before incor-
poration into diets at 15.5 and 22.5%, each,
they were separately soaked in water at a
ratio of 1:2 (wt/vol.) for 24 hours, dried and
their chemical (AOAC, 1990) and amino acid
(Hill et al., 1979) contents determined. The
seven diets were similar in crude protein
(23%) and metabolizable energy (13 MJ/kg)
concentration (table I). Levels of blood and
fishmeals were adjusted to balance the
quantity and quality of dietary proteins,
respectively. Each diet was fed ad libitum
as mash to a group of 45, 3- day-old, Anak
2000 broiler chicks of initial weight of 49.5
±3.6 g (mean ± standard deviation (s.d.)).
The birds were further subdivided into 5
replicates of 9 chicks and feeding trial lasted
56 days. Distribution of chicks was evenly
done to maintain similar weight among the
groups and sub-groups. The chicks were
reared in electrically heated wooden cages
and lighting was continuous for 42 days
before returning to natural lighting of about
12 hours per day. Weights of chicks at day
3 of age and weekly thereafter along with
those of weekly food consumption were
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recorded. From these, efficiency of weight
gain (gain: food) was calculated.

On day 56 of the study five chickens
randomly selected from each dietary group
were weighed. Immediately afterward, they
were exanguinated following a 6 hours fast
but free access to water was allowed. All the
visceral organs and abdominal fats were
isolated and weighed fresh. Portions of the
heart, lungs, liver, spleen, kidneys and
jejunum were fixed in 10% formal saline for
histology. The tissues were trimmed,
embedded in molten wax and sections of 5
µm thick were cut and stained with
haematoxylin and eosin for light microscopy.
The carcasses were de-feathered and
weighed for the determination of carcass
relative weight.

Analysis of variance followed by
Duncan's multiple range test as outlined by
Steel and Torrie (1980) were used to analyse
the data collected during the experiment.

 RESULTS

Crude protein, oil and amino acid content
of neem kernels are shown in table II. Protein
and oil of raw and autoclaved neem kernels
were similar but these were either lower or
higher than protein or oil of toasted neem
kernel, respectively. Heat treatment appa-
rently decreased leucine and lysine values
of neem kernels whereas other amino acids
appeared to be stable. Table III shows
growth performance of birds as influenced
by dietary treatment. Consequent upon

Table I. Composition (%) of control and neem kernel diets. (Composición de las dietas control
y con neem).

Feed ingredients GNC (Control) Raw neem Autoclaved neem Toasted neem

Raw full-fat neem - 15.0 22.5 - - - -
Autoclaved full-fat neem - - - 15.0 22.5 - -
Toasted/deoiled neem - - - - - 15.0 22.5
Groundnut cake 29.0 15.2 9.2 15.7 9.2 13.4 5.6
Maize grains 50.6 47.8 45.8 47.3 45.8 49.7 48.9
Blood meal 2.0 3.0 3.5 3.0 3.5 2.5 3.0
Fish meal 5.0 6.0 6.5 6.0 6.5 6.0 6.5
Palm oil 3.0 2.5 2.0 2.5 2.0 3.0 3.0
Wheat bran 6.7 6.7 6.7 6.7 6.7 6.7 6.7
Bone meal 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Limestone 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Sodium chloride 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Premix1 0.25 0.25 0.25 0.25 0.25 0.25 0.25
DL-methionine 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Determined:
Dry matter 95.6 95.6 95.2 95.4 95.8 95.8 95.8
Protein (Nx 6.25) 23.4 22.8 22.7 22.8 22.6 22.5 22.6
Methionine2 0.050 0.051 0.051 0.050 0.051 0.052 0.052
Lysine2 0.105 0.115 0.112 0.112 0.115 0.118 0.115
ME (MJ/kg)2 12.23 12.66 13.09 12.68 13.08 12.25 12.50

1Vitamin and mineral premix contain the following per kg diet: Vitamins A, 10,000 IU; D3,3,000 IU; E, 8.0
IU; K, 2.0 mg; B6, 1.2 mg; B12, 0.12 µg; Niacin, 1.0 mg; Pantothenic acid, 7.0 mg; Folic acid, 0.6 mg; Choline
chloride, 500 mg; Minerals: Fe, 60 mg; Mn, 80 Mg; Mg, 100 mg; Cu, 8.0 mg; Zn, 50 mg; Co, 0.45 µg; I, 2.0
mg; Se, 0.1 mg; 2Calculated.
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greatest (p<0.05) appetite of birds for
autoclaved neem diet, the latter diet
significantly (p<0.05) accelerated body mass
of birds better than other diets. Broiler chicks
offered control, raw neem or toasted neem

diets consumed similar quantities of feeds
and gained weight at similar rates. At 22.5%
raw neem kernel in diet, however, feed intake
and weight of birds on this diet were the
poorest (p<0.05). Feed efficiency, on the
other hand, did not differ (p>0.05) among
the dietary groups.

Weekly food consumption, weight gains
and efficiency of food utilization are
graphically summarised in figures 1, 2 and
3, respectively. At the first week of feeding
only birds on the toasted neem diet had
depressed (p<0.05) appetite. But by week 2,
all the neem diets were ingested less (p<
0.05) than that of the control diet. Thereafter
(week 3) no differences (p<0.05) were
observed in appetite of birds for any of the
diets. At week 4 through 6, however, intake
of autoclaved neem diet became outstanding
(p<0.01). This was in contrast with the sharp
decrease (p<0.01) in ingestion of raw neem
diet from weeks 5 through 8. The trend of
weight gain was similar to that of food
consumption. An exception was that during
weeks 3 and 4, birds on raw or toasted neem
diets gained least (p<0.05) weight. Similarly
at week 7, weight of birds fed the control diet
nosedived (p<0.01) to the level of that of
birds on raw neem diet before it rose again
by week 8. Initial food efficiency was poorer
(p<0.05) with all the neem diets, especially

Table II. Chemical and amino acid content
(%) of non-extracted raw, autoclaved, and
toasted and extracted neem kernels. (Compo-
sición quimica y contenido de aminoácidos % de
las semillas de neem no extraidas, en bruto, y
extraidas, pasadas por autoclave y tostadas).

Chemical/ Raw Autoclaved Toasted
Amino acid neem neem neem

Crude protein 27.5 27.7 34.0
Ether extract 45.3 45.7 26.1
Amino acid
Arginine 0.87 0.81 0.91
Cystine 0.53 0.50 0.52
Glycine 3.39 3.73 3.70
Histidine 1.84 1.73 1.83
Isoleucine 1.64 1.59 1.73
Leucine 2.67 1.95 1.58
Lysine 3.30 2.90 2.92
Methionine 0.55 0.56 0.63
Phenylalanine 1.83 1.86 1.85
Serine 2.25 2.07 2.29
Threonine 1.86 2.04 1.96
Tyrosine 2.52 2.43 2.64
Valine 1.27 1.27 1.37

Table III. Growth-related performance of broilers on control or neem kernel diets (mean ±
s.d). (Crecimiento de pollos broiler alimentados con las dietas control o con neem (medias ± e.e.).

Performance
Diets Weight gain Food intake Food efficiency

(g/bird/day) (g/bird/day) (gain/ food)

Control 23.2±2.4b 51.8±3.2b 0.48±0.12
15.0% raw neem 21.9±1.3 b 48.3±2.5 b 0.47±0.08
22.5% raw neem 18.1±1.4 c 42.0±2.5c 0.42±0.09
15.0% autoclaved neem 25.2±2.0a 51.6±3.0b 0.50±0.12
22.5% autoclaved neem 27.6±1.6 a 57.4±3.2a 0.47±0.14
15.0% toasted neem 23.8±1.9 b 51.0±3.0 b 0.43±0.05
22.5% toasted neem 21.6±2.6 b 53.6±3.5 b 0.40±0.09

abcMeans in a column bearing different superscripts differ (p<0.05).
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with the autoclaved neem diet (p<0.01). In
week 2, there was compensatory impro-
vement (p<0.05) in the ratio with autoclaved
neem diet. At weeks 3 and 4, all the neem
diets were poorly ((p<0.05) utilized; and the

depression was more pronounced (p<0.05)
with raw and toasted neem diets. From week
5 and thereafter no difference (p>0.05) in the
ratio was noticed among the dietary groups;
save the unexpected decrease (p<0.05) with

Figure 1. Trend of food consumption (g/bird/
day) of broilers fed groundnut cake or neem
kernel diets (mean ± S.D). (Tendencia de con-
sumo de alimento (g/ave/dia) por broilers alimen-
tados con torta de cacahuete o dietas a base de
semilla de neem (mean ± S.D)).
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Figure 2. Weekly weight gain (g/bird/day) of
broilers offered control or experimental diets
(mean ± SD). (Ganancia semanal de peso (g/
ave/día) en broilers que consumían las dietas
control o experimentales (media ± SD)).
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control diet at week 7. Overall, broilers seem
to utilize food most efficiently between
weeks 3 and 6 of age.

Carcass and organ percentages are
contained in table IV. The control diet
stimulated production of heavier carcass
and lighter spleen and kidneys compared to
those of chickens fed neem diets, but the
differences did not attain significance.
However neem diets significantly (p<0.05)
increased the weight of liver, pancreas and
small intestine; but the pancreatic and in-
testinal weights of chickens fed low level of
raw neem kernel or the intestinal mass of
birds offered 15.0% toasted neem diet were
comparable to those of control group.
Similarly, raw and autoclaved neem diets
reduced (p<0.05) abdominal fat deposition
contrary to the effect of control or extracted
neem diets.

Microscopic lesions were seen in birds
on high level of raw neem diet and the
organs mostly affected included small

intestine and liver. In the small intestine
there was mild necrosis of mucosal
epithelium with marked infiltration of
leucocytes (heterophils, macrophages,
lymphocytes and few plasma cells). The
liver showed few foci of hepatocellular
dropout at the periportal areas with
mononuclear cell infiltration and blood
accumulation in the liver sinusoids.

DISCUSSION

The values obtained for protein and oil
composition of neem kernel in this study
were similar to those reported by James et
al. (1997). They reported 26.86% crude
protein and 45.40% crude lipid. The higher
protein figure recorded for toasted and
extracted neem kernel was due to oil
extraction, which increased the concen-
tration of other nutrients. The decline in
leucine and lysine, particularly the latter, in
the heat-treated neem kernels may have

Table IV Carcass yield and organ weights (%) of broiler chicken on control diet and un-
extracted raw, autoclaved or toasted and extracted neem kernel cake diets. (Rendimiento canal
y peso de los órganos (%) de pollos broiler alimentados con la dieta control, neem no extraido, y neem
extraido y tratado en autoclave o tostado).

Carcass/organ1 Control Raw neem Autoclaved neem Toasted neem
weights (GNC) 150 225 150 225 150 225 SEM

Carcass yield 82.8 79.8 77.6 78.3 78.5 78.5 77.2 1.50
Heart 0.46 0.46 0.41 0.44 0.47 0.48 0.50 0.036
Lungs 0.57 0.57 0.58 0.49 0.46 0.52 0.47 0.059
Liver 1.98c 2.48a 2.08bc 2.24b 2.25b 2.34a 2.25b 0.076
Spleen 0.09 0.12 0.13 0.12 0.12 0.13 0.13 0.019
Kidneys 0.65 0.82 0.70 0.76 0.78 0.79 0.74 0.061
Gizzard 1.56 1.36 1.67 1.53 1.16 1.28 1.36 0.157
Proventriculus 0.36 0.43 0.36 0.35 0.35 0.33 0.31 0.018
Pancreas 0.16b 0.14b 0.17a 0.19a 0.22a 0.19a 0.20a 0.013
Duodenum 0.79b 0.88ab 1.13a 0.98a 1.09b 0.63c 0.94a 0.068
Jejunum/ileum 2.92b 2.67b 4.36a 3.41a 4.07b 2.71a 3.50a 0.278
Coeca 0.51 0.51 0.55 0.59 0.56 0.51 0.52 0.058
Colon 0.15 0.15 0.17 0.17 0.15 0.16 0.16 0.021
Abdominal fat 3.13a 2.43b 2.93b 2.50b 2.19b 3.38a 3.31a 0.386

1Organ weights were compared with live weight of birds at slaughter.
abcMeans in a row with different letters differ (p<0.05).
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resulted from Maillard reaction (Alaise and
Linden, 1999). The superior weight of birds
fed autoclaved neem diets may be attributed
to the processing method rather than any
other factor. The diets were similar in all
other respect except the mode of heat
application. The similarity in weight gain
and food intake of birds fed control or
toasted neem diets indicate that the residue
(neem cake) can replace groundnut cake in
conventional diets for broiler chicks. The
poorer performance of birds on raw neem
diets was, perhaps, due to neem toxicity.
This was further supported by the non-
significant differences in feed efficiency.
Hence the in- appetence explains lower
weight of birds on raw neem diets and not
indigestion of the diets.

Data on weekly food consumption and
efficiency of utilization were analyzed to
observe the trend of growth responses to
neem protein. Within the first two weeks,
chicks had experienced toxicity from neem
toxins and therefore, restricted consumption
of neem diets. However by week 3 of feeding,
it appears they had developed some
tolerance; hence consumed neem diets as
much as that of control diet. Moreover,
overtime those fed autoclaved neem diets
consumed more food in compensation for
the initial low intake. On the contrary, the
depressed ingestion of raw neem diets was,
presumably, due to high toxin concen-
trations. The sudden decreased weight gain,
especially of broilers on the control diet
during week 7, probably arose from in-
apparent pathogenic challenge; although
the non-concomitant decline in food intake
confounded explanation of the result.
However, the improved weight of birds in
week 8 indicated recovery of birds from the
challenge. The initial poor food efficiency
from neem diets indicates that low weight
gain of birds on these diets was due to poor
digestion. However, the lack of neem effect
on the efficiencies from week 5 and above
suggests low food consumption rather than
poor absorption. In general, it is evident

that broilers utilize food efficiently during
the first six weeks of life; thereafter the
efficiency worsened. Hence a level of food
restriction during the later stage of growth
that can improve the efficiency and optimize
productivity of birds should be determined
in future studies. Note that arithmetic mean
of data from the two levels (15.0 and 22.5%)
of each neem product (raw, autoclaved and
toasted neem kernels) was used to reduce
number of curves for the purpose of clarity.
Moreover trends of the data from the two
rates of each neem product were very similar
and would not give additional information if
used singly.

Neem diets elicited more feather produc-
tion than groundnut cake. This manifested
by thick feather cover of birds on neem diets
compared to sparse feather production of
the reference group. The resultant effect
was the marginally higher carcass yield from
the reference in relation to the test groups.
The enlargement of liver and small intestine
in this study was characterized by inflamma-
tory response to neem toxins instead of
hypertrophy of the cellular components.

Data on abdominal fat revealed that neem
oil lowered fat deposition. Ketkar (1976) had
shown neem oil to contain higher unsa-
turated than saturated fatty acids; and the
degree of fatty acid saturation is directly
related to the amount of blood lipids (Grundy
and Denke, 1990: Katan et al., 1994; Zulet et
al., 1999) and consequently to fat depo-
sition.

CONCLUSION

Finally the study showed that auto-
claving or toasting reduced leucine and
lysine profile. Hence when used, the diet
would require supplementation with the
deficient amino acids. Heat treatment
followed by water washing sufficiently re-
moved neem toxins and the cakes could
serve as plant protein concentrates in
poultry diets. Although neem diets depre-
ssed weight gain initially, birds developed
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tolerance to neem toxins overtime without
negative effect on the overall weight gain.
Autoclaved and non-extracted neem kernel
produced the highest food efficiency. Its
use may, therefore, be popularized in

developing countries where use has not yet
been found for neem oil. Even when oil is
extracted, the residue can replace groundnut
cake without deleterious effect on the growth
of broiler chicks.
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