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Effect of probiotic feed
additives on broiler
chickens health and

performance

Original Research, B21
Alloui N, Chafai S, Alloui MN.

Online J. Anim. Feed Res., 2(2): 103-107, 2012.
ABSTRACT: Antibiotics were very important pieces of the puzzle that enabled the
poultry production to move from a backyard flock based industry to the large-scale
production facilities of today. Public health professionals have suggested that the use
of subtherapeutic antibiotics in animal production may be partially responsible for the
development of antibiotic resistant bacterial populations. The probiotics may be
substituted by antibiotics (growth promoting) in certain cases. Pediococcus acidilactici
is a bacterial probiotic used in this experience. 16000 broiler chickens were assigned
in two experimental groups: treatment (10° cfu/kg of feed of Pediococcus acidilactici
MA18/5M) and control. In each group 8000 broiler chickens were allocated in the
same batch and divided by a physical barrier. Individual live weight of a sample of 200
birds for each group from day O to day 56 was measured weekly. Feed intake, feed
efficiency, mortality, carcass quality, serum lipids (cholesterol and triglycerides) and
number of white blood cells, were recorded per group. The administration of
Pediococcus acidilactici affected positively the growth performance of broilers
(2586.43 vs. 2252.79 g, p<0.01) and feed conversion ratio (2.00 vs. 2.5). There were
no significant difference between groups in dressing, breast meat and thigh percent, at
the end of day 56. Analysis of variance showed significant difference between
treatments for serum lipids (p<0.01). Mortality was almost similar in both groups (6.56
vs. 6.51). The numbers of white blood cells were significantly affected by dietary
treatment (p<0.01).

Key words: Probiotic, Broiler chickens, Health and Performance of production

Utilization of Leucaena
(Leucaena
leucocephala) leaf meal
as partial replacement
for fishmeal in the diet
of broiler chickens

Fish Meal

Original Research, B22
Zanu HK, Mustapha M and Addo Nartey M. 2012.

Online J. Anim. Feed Res., 2(2): 108-112, 2012.
ABSTRACT: A six-week experiment was conducted to assess the response of cobb
broiler chicks to diets containing varying levels (0%, 5%, 10% and 15%) of Leucaena
leaf meal (LLM). The 4 dietary treatments were allocated to the birds in a completely
randomized design. Each treatment consisted of three replicates and fifteen birds per
replicate. The birds were fed experimental starter diets (14-28 d) and finisher diets (28-
56 d). Feed and water were provided ad libitum. Final weight, growth rate and feed
conversion ratio significantly (P<0.05) declined as the level of LLM in the diets
increased. Dressed and carcass weights also reduced significantly (P<0.05) with
increasing level of LLM in the diets. All organ characteristics except liver kidney were
significantly (P<0.05) affected by dietary treatments. Haematological variables were
also not affected (P<0.05). The total cholesterol and Low Density Lipoprotein of serum
decreased (P<0.05) when LLM was included to the diets. Feed cost reduced when
LLM was incorporated in the diets, but the net revenue declined as LLM in diet
increased. In this study inclusion of LLM in diets for broiler chickens did not affect their
health status, but depressed their growth.

Key words: Feed cost, Haematology, Leucaena leaf meal, Performance, Serum
biochemistry

Anti-nutritional factors
in sorghum: chemistry,
mode of action and
effects on livestock and
poultry

Original Research, B23
Etuk EB, Okeudo NJ, Esonu BO, Udedibie ABI. 2012.

Online J. Anim. Feed Res., 2(2): 112-119, 2012.
ABSTRACT: Sorghum basically contains two major anti-nutritional factors; tannin, a
polyphenolic compound located in the grain and, dhurrin a cyanogenic glucoside located mainly in
the aerial shoot and sprouted seeds. Tannins are high in sorghum with brown pericarp and no testa
and very low in unpigmented grains. The main anti-nutritional effects of tannins are: reduction in
voluntary feed intake due to reduced palatability, diminished digestibility and utilisation of nutrients,
adverse effects upon metabolism and toxicity. The level of tannins present in sorghum seems to be
the predominant factor that influences its nutritional value. Drying, soaking, grinding and pelleting
appear to reduce tannin content in feedstuffs while diet supplementation with methyl group donors
like choline and methionine reduce the problems associated with tannins in livestock. Dhurrin, on
enzyme action readily yields hydrogen cyanide (HCN). The quantity of HCN in sorghum varies with
cultivar and the growth condition but diminishes with age. Excess cyanide ion can quickly produce
anoxia of the central nervous system through inactivating the cytochrome oxidase system and death
can result within a few seconds. Making fodder into hay or silage however, destroys the poison.
Key words: Tannin, Dhurrin, Sorghum, Livestock, Poultry

Breed, Sex And Ambient
Temperature Effects on
Duration of Behavioural
Traits of Rabbits
(Oryctolagus
Cunniculus) Reared in
The Humid Tropics

Original Research, B24
Ogbu CC, Ani AO, Nwogwugwu P.

Online J. Anim. Feed Res., 2(2): 120-126, 2012.
ABSTRACT: Breed, sex and ambient temperature effects on the nocturnal and diurnal
duration of feed and water intakes, standing and lying down behaviour of rabbits were
investigated. Twelve male and female weaner rabbits (New Zealand White, Dutch
Black and American Chinchilla, 8 weeks old) were housed individually in cells
measuring 51 cm x 51 cm each. They were fed an 18% Crude Protein pelleted diet,
forages (Centrosema pubescens, Ipomea batatas and Tridax procumbens) and water
ad libitum for 8 weeks. Data were collected at three hourly intervals from 18:00 hrs to
06:00 hrs (nocturnal) and from 06:00 hrs to 18:00 hrs (diurnal). Durations of feed
intake, water intake, lying down and standing were measured. Ambient temperature
differed significantly (P < 0.05) between test periods. Breed and sex did not influence
the parameters studied. While ambient temperature significantly (P < 0.05) influenced
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all traits, test period significantly (P < 0.05) influenced duration of water intake,
duration of standing and duration of lying down but not duration of feed intake.
Interaction effects of test period x ambient temperature affected (P < 0.05) duration of
water intake and duration of lying down within the nocturnal period and duration of
feed intake, duration of water intake and duration of lying down within the diurnal
period. Highly significant (P < 0.01) phenotypic correlation was observed between
duration of feed intake and duration of standing (r, = 0.10), duration of feed intake and
duration of lying down (r, = - 0.46), duration of water intake and duration of standing (r,
= 0.09), duration of water intake and duration of lying down (r, = - 0.29), ambient
temperature and duration of water intake (r, = 0.64), duration of standing and duration
of lying down (r, = - 0.51) and between ambient temperature and duration of lying
down (r, = - 0.42).

Key words: Ambient Temperature, Behavioural Trait, Diurnal, Ethology, Nocturnal,
Rabbit, Stress, Test Period, Thermoneutrality

Nutrient digestibility,
carcass characteristics
and plasma metabolites

in kids fed diets
supplemented with
chromium methionine

Original Research, B25
Emami A, Zali A., Ganjkhanlou M., Akbari Afjani A.

Online J. Anim. Feed Res., 2(2): 127-132, 2012.
ABSTRACT: This study was carried out to evaluate the effects of different levels of
chromium methionine (CrMet) on nutrient digestibility, carcass characteristics and
plasma metabolites of male kids. Thirty-two male Mahabadi goat kids (average initial
body weight (BW) = 22+2 kg, 4 months) were allocated in a completely randomized
design with four treatments: 1) control (without Cr), 2) 0.5, 3) 1 and 4) 1.5 mg Cr as Cr-
Met/animal/day. Diets were same (ratio of forage: concentrate was 30:70) except for
top-dress addition of Cr-Met and fed in two equal meals (08.00 and 16.00h), Also orts
collected before morning meal. Animals were kept in individual pens for 100 days. Kids
were slaughtered at the end of the experiment and carcass characteristics determined.
The results showed that dressing percentage was not affected by treatment, but, Cr
supplementation reduced 10th rib back fat thickness by 30.30% (P<0.01), and tended
to increase longissimus muscle area (P<0.09). Supplemental Cr increased percentage
of neck (P<0.05) and proximal pelvic limb (P<0.08). Addition of different levels of Cr-
Met failed to significantly effect on (P>0.01) the post-prandial changes in plasma levels
of cholesterol, urea N, total protein, triglyceride and albumin, However, post-prandial of
plasma glucose decreased by Cr (P<0.05). NDF and organic matter digestibility
increased in the kids fed added dietary Cr compared with the control group. it was
concluded that diet supplementation with chromium methionine could be improved
nutrient digestibility, carcass characteristics and peripheral glucose utilization in goat
kids.

Key words: Chromium-methionine,
metabolites, Glocuse

Mahabadi goat kid, Digestibility, Plasma

Level of adoption and
constraints of scientific
backyard poultry rearing

practices in rural tribal

areas of Sikkim, India

T BN A

Original Research, B26
Nath B.G., Toppo S., Chandra R., Chatlod L.R., Mohanty A.K.
Online J. Anim. Feed Res., 2(2): 133-138, 2012.

ABSTRACT: A study was conducted on level of adoption and constraints of backyard
poultry rearing practices in rural tribal areas of Sikkim. The data were collected from
125 respondents of Dzongu area, North Sikkim through personal interview with the
help of questionnaire. From the present study it was found that 64.8% respondents
were medium level adopters followed by high level (19.2%) and low level (16%)
adopters. Housing (43.2%) were highly adopted followed by feeding and watering
(41.6%), marketing (40.0%), general management (39.2%), health care practices
(36.8%) and breeding practice (33.6%). The overall adoption of different backyard
poultry rearing practices showed medium level adoption. Non availability of backyard
poultry chicks, non-availability of medicine, high incidence of diseases, lack of
knowledge about scientific practices, lack of market, attack of predators etc. were the
major constraints faced by backyard poultry farmers. The study also pointed some
suggestions for solving the constraints regarding backyard poultry rearing practices in
Dzongu, North Sikkim.

Key words: Adoption, Backyard poultry, Farming practice, Constraint, Scientific

Effects of different
silage preservatives on
silage quality of
Pennesitum Purpureum
harvested at different
harvesting periods

Original Research, B27
Sebolai TM, Aganga AA, Nsinamwa M and Moreki JC.

Online J. Anim. Feed Res., 2(2): 139-144, 2012.
ABSTRACT: The study was conducted to determine the effects of preservatives on
the chemical composition of elephant grass (P. purpureum Bana cv.) harvested from
N-fertilized and unfertilized treatments at different periods (3, 6 and 9 months). The
plants were grown on 1% November 2008 and harvested every 3 months until July
2009. The grass was chopped and a 500 g sample obtained and was mixed with 4%
molasses, 4% molasses+0.25% urea and 2.5% dicalcium phosphate, respectively with
plain silage as a control. The samples were ensiled with respective preservative in
duplicates and were analyzed for pH and proximate after 30 days of ensiling.
Molasses added silage had a higher (P<0.05) DM at 3 months on both N-fertilized and
unfertilized treatments, whereas molasses added silage prepared from unfertilized
treatment harvested at 3 months of growth, had lowest (P<0.05) pH and was highly
(P<0.05) digestible but digestibility declined as the plant matured.

Key words: Elephant grass, Harvesting periods, Silage preservatives, Silage quality.

Characteristics and
constraints of pig
production under rural

Original Research, B28
Nath B.G., Chandra R., Toppo S., Chatlod L.R., Mohanty A.K.

Online J. Anim. Feed Res., 2(2): 145-148, 2012.
ABSTRACT: The present study was undertaken to know the production and
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condition in Sikkim

management practices followed by the farmers and the common constraint of pig
production in rural area of Sikkim. The data were collected from 100 respondents
through personal interview with the help of questionnaire on different aspects namely
housing, breeding, feeding, health care, management practices, economics and the
common problems for pig production. In the present study it was observed that 95%
farmers constructed their pigsty with locally available wood/bamboo with traditional
system. Majority (60%) of the farmers reared cross-bred pigs and offered kitchen
waste to their pigs while only 5% of them offered concentrate feeds. Vaccination and
deworming was followed by 30 per cent and 35 per cent of farmers respectively. Daily
cleaning of pigsty was followed by 50 percent of the farmers and castration and
weaning was to be practiced by majority of farmers. Special attention to the pregnant
sows and care after farrowing was followed by 69 and 75 per cent respectively.
Farmers market their pigs at the age of 1 year or above when they attained the body
weight of 85-90 kg or more. Lack of adequate credit facilities, inadequate scientific
knowledge on pig farming, lack of veterinary facility, lack of breeding and lack of
marketing facilities were observed to be the major constraints perceived by the
farmers. The study revealed that the development of pig production is necessary in
this area as it will not only fulfill the demand but also help to uplift the economic status
of farmers.

Key words: Production, Constraint, Pig, Breeding, Economic, Feeding, Health,
Housing, Sikkim

Prediction of corrected
in situ forage protein
degradability by the

Cornell method

Original Research, B29
Avornyo FK.

Online J. Anim. Feed Res., 2(2): 149-154, 2012.
ABSTRACT: An experiment was conducted on eight fibrous feeds to compare the
Cornell rumen degradable protein values with those of the in situ method that have
been corrected for microbial contamination. Samples of hay, sugarbeet pulp, dried
lucerne, maize silage, peahaulm silage, fermented whole crop wheat and two different
grass silages were used for the Cornell method. A corresponding in situ experiment
was carried out on the same samples to estimate their rumen degradable protein
values. Regression was used to relate the Cornell rumen degradable protein to that of
the in situ technique. Rumen degradable protein estimates observed using the Cornell
method were, on average, 0.06 and 0.16 lower than their corresponding in situ
uncorrected and corrected values, respectively, with the latter being statistically
significant (P<0.01). However, regression analysis between the Cornell and the in situ
uncorrected rumen degradable protein, using all eight feeds, was statistically
significant (r* 0.59; P<0.05). The relationship did not improve when the Cornell values
were compared with the in situ corrected values for the eight feeds (r? 0.55; P<0.05).
On the basis of inadequate preparation of the peahaulm silage sample for the in situ
experiment, it was removed from the data set and the ensuing equation accounted for
0.89 of the variability in the in situ uncorrected rumen degradable protein (P<0.01). A
better agreement was observed between the Cornell and the in situ corrected rumen
degradable protein (r* 0.95; P<0.001). The Cornell method therefore significantly
correlated with the in situ technique for fibrous feeds. Correlation between the
methods could improve if microbial contamination was removed from the analysis. The
in situ rumen degradable protein values appeared to be bigger than the associated
Cornell values. The Cornell adopted rates of degradation therefore need to be
evaluated.

Key words: Cornell, in situ, protein, forages, degradability, feeds

Rearing of fry to
fingerling of Saul
(Channa striatus) on
artificial diets

Original Research, B30
Srivastava PP, Dayal R, Chowdhary S, Jena JK, Raizada S.,
Sharma P.

Online J. Anim. Feed Res., 2(2): 155-161, 2012.
ABSTRACT: Three diets (F1, F2 and F3) containing protein levels of 38.60 to 38.98 %
crude protein were used to assess the growth performances of Channa striatus fry
(weight 0.52+0.0 to 0.53+0.02 g) in a completely randomized experiment design in five
replicate set for 12 weeks. The fry were reared in 15 FRP tanks at a stocking density
of 100 fry m®and fed ad libitum. The diets F1 and F3 showed significantly (P<0.05) low
survival levels of 74+1.2% and 76+4.4% in comparison to diets F2 (82+3.1%) 84" day
of rearing. The net biomass gain %, length gain %, SGR, PER and per day weight gain
were found significantly (P<0.05) higher and FCR low with diet F2 in comparison to
diets F1 and F3. The proximate analysis of carcass showed that the fishes fed diets F2
had significantly (P<0.5) higher deposition of crude protein and lipids in the tissue. The
study revealed that the growth performance of C. striatus fry is better in feed F2 and
the fry could be reared to fingerling size on formulated diets.

Key words: Channa striatus, Survival, Growth

Vitamin ds induced
hypercalcemic response
in threatened bronze
feather back
(Notopterus notopterus,
Pallas)

Original Research, B31
Srivastava SM, Srivastava PP, Dayal R, Chowdhary S, Lakra WS,
Singh SP, Pandey AK.

Online J. Anim. Feed Res., 2(2): 162-165, 2012.
ABSTRACT: Vitamin Ds (0.0 1U.100 g body weight (BW)™.day”, 100 1U.100 g BW".day"
! 500 1U.100 g BW'.day' and 1000 1U.100 g BW'.day") was administered intra-
peritoneally (ip) to the freshwater threatened Bronze Featherback, Notopterus
notopterus kept in freshwater for 9 days. Analyses of serum calcium levels were
performed at O, 6 hr. and 1, 2, 3, 5 and 9 days (four grow-out Notopterus notopterus
from each group of ip doses at each interval). Administration of vitamin D5 elevated the
maximum serum calcium elevation occurred at day 2 freshwater in 500 1U.100 g BW"
'day” (11.2+0.92 mg.dL") and in 1000 1U.100 g BW".day” (12.0+0.46 mg.dL") of the
fish maintained in the fresh water. There was gradual decrease in calcium levels from
day 3 and became normocalcemia on day 9. Out of the three concentrations of ip
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Vitamin Ds (100 1U.100 g BW".day”, 500 1U.100 g BW".day” and 1000 1U.100 g BW
! day™) the sharp elevation of serum calcium recorded in both 500 1U.100 g BW.day’
and 1000 1U.100 g BW'.day". The control (0.0 1U.100 g BW".day") fish serum calcium
behaves like normocalcemia (8.25+0.21 mg.dL") in every sampling up to day 2.
Results demonstrated that ip Vitamin D3 exerted a dose-dependent and pronounced
hypercalcemic effect in freshwater threatened Bronze Featherback, Notopterus
notopterus.

Key words: Notopterus notopterus, Threatened fish, Vitamin D3, Hypercalcemia

Comparison of three
approaches of
estimating protein b2
and b3 degradation
rates in the rumen of
sheep

Original Research, B32
Avornyo F.K.
Online J. Anim. Feed Res., 2(2): 166-173 2012.

ABSTRACT: A method that involved the gravimetric measurement of the amounts of
feed protein B2 (feed protein that is insoluble in borate phosphate buffer but soluble in
neutral detergent solution) and protein B3 (feed protein that is insoluble in neutral
detergent solution but soluble in acid detergent solution) that remain after each in situ
incubation period, was used to obtain the degradation rates of these protein pools in
six different feeds. These degradation rates were then compared with degradation
rates provided by the Cornell Net Carbohydrate and Protein System for nominally
similar feeds in order to establish the extent of agreement between these sets of data.
Curve peeling technique was also used on the in situ results of this experiment to
generate degradation rates for comparison with the gravimetric and the Cornell values.
The study showed that the gravimetric, the curve peeling and the Cornell values were
not statistically different for the degradation rates of protein B2 even though the
gravimetric estimates were the highest followed by curve peeling and then the Cornell
values. For protein B3, the degradation rate estimated with the gravimetric method
was highest followed by the curve peeling method and then the Cornell values
(P<0.01). The degradation rates assigned to protein B3 in the Cornell databank needs
re-examination. There is a need for further application of the gravimetric technique to
establish if it gives higher estimates of the degradation rates of proteins B2 and B3 in a
range of feedstuffs.

Key words: Gravimetric method, Cornell, In situ, Degradation rate, Curve peeling

Comparative study of
WLR of Channa striatus
of fry- fingerling, grow-

outs and adults of
gangetic plains

Original Research, B33
Dayal R, Srivastava PP, Bhatnagar A, Chowdhary S, Lakra WS,
Raizada S, Yadav AK. 2012.

Online J. Anim. Feed Res., 2(2): 174-176, 2012.
ABSTRACT: In the present study the Weight — Length relationships (WLR) are
described for the three stages of life of the Snakehead, Saul, Channa striatus,
collected from the districts of Barabanki, Lucknow and Unnao in Uttar Pradesh in
2008-09. Method used for analysis of fisheries data on the WLR is (W=aL") and this
study reports the parameters ‘a’ and ‘b’ of the length—weight relationships for one
hundred numbers of fry/ fingerlings, thirty-seven grow-out fishes and eighty-nine
number of adult fishes collected from the same geographical area. The weight and
total length of fry/ fingerlings ranged from 340 to 650 mg and 35 to 45 mm respectively
(a=WI/L?, 0.0060 to 0.0088; log W=log a + b*(log L), 3.92821 to 4.72919; b=(log W-log
a)/log L, 3.89643 to 4.11143). The recorded weight and total length of the grow-outs
ranged between 9 to 93g and 10.9 to 25.4 cm respectively (a=W/L>, 0.0082 to 0.0146;
log W=log a + b*(log L), 0.95424 to 1.96848; b= (log W-log a)/log L, 3.0). In case of
adults the weight and total length recorded ranged between 74 to 476g and 22.9 to
42.4 cm respectively (a=W/L? 0.0054 to 0.0121; log W=log a + b*(log L), 2.39029 to
4.17039; b=(log W-log a)/log L, 3.40747 to 3.95845). Since fishes were collected
during the months of April - May, 2008 and November, 2009, the parameters
estimated in this study are considered only for these seasons, because WLR are not
constant over the entire year and vary according to factors such as temperature, food
availability, feeding rate, gonadal development and spawning period. The result
suggests that these fishes grow in a pattern from early life stage to adult if grown in the
same environmental conditions.

Key words: Weight-Length, Channa striatus, Fry, Fingerlings, Grow-outs, Adults,
Gangetic plains

Current status,
challenges and
opportunities of rabbit
production in Botswana

Original Research, B34
Moreki JC and Seabo D

Online J. Anim. Feed Res., 2(2): 177-181, 2012.
ABSTRACT: This review highlights the current status of rabbit production, challenges
facing the industry and opportunities available. Rabbit farming in Botswana is in its
infancy and the rabbit population is estimated to be less than 1000. However, this
value is a gross underestimate due to poor monitoring by government extension
services. In Botswana, rabbits are mainly kept in the backyards, indicating that
intensive systems have not yet been developed. Rabbits have small body size, short
gestation period, high reproductive potential, rapid growth rate and ability to utilize
forages. Compared to beef, chicken, mutton, chevon and chicken, rabbit meat has low
cholesterol, high protein and low fat contents. Rabbit production can be integrated into
small farming systems, with the rabbits being fed on crop residues, weeds, poultry
droppings, and kitchen and garden wastes. The manure can be used to fertilize soils.
The major challenges in rabbit production are inadequacy of breeding stock,
inadequate rabbit feeds, poor management (feeding, housing and health care), lack of
research support, lack of technical support from extension services, lack of access to
credit and inadequate supply of equipment. The major opportunity available to the
rearers is that the market is vast due to the small rabbit population in the country. The
attributes of rabbits suggest that rabbit farming is likely to play an important role in
nutrition, poverty alleviation and food security, especially in countries with higher
unemployment levels and HIV/AIDS prevalence rates such as Botswana.
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Use of stylosanthes
hamata and Sida acuta
as sole feeds for rabbits
(Oryctolagus cuniculus)

Original Research, B35
Naandam J, Padi BAY, Bigol P, Mensah-Kumi R.

Online J. Anim. Feed Res., 2(2): 182-188, 2012.
ABSTRACT: A 42-day feeding trial was conducted to determine whether Stylosanthes
hamata and Sida acuta could be used as sole feeds for local weaner rabbits. The
experimental diets had three treatments with three replicates each in a Completely
Randomized Design. The experimental diets were T1 (100% Stylosanthes hamata),
T2 (50% Stylosanthes hamata 50% Sida acuta) and T3 (100% Sida acuta). The
growth parameters measured/calculated were mean weekly and total feed intake (g),
mean weekly and total weight gain (g) and final weight (g). Blood parameters
considered included haemoglobin (Hb), packed cell volume (PCV), red blood cells
(RBC), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH),
mean corpuscular haemoglobin concentration (MCHC) and white blood cell (WBC)
differential counts (neutrophils, lymphocytes, eosinophils, and monocytes).
Additionally, meat colour, juiciness, tenderness and flavour were also noted after
animals were sacrificed. Data was analyzed using ANOVA in GenStat (Discovery
Edition). There were significant differences (P<0.05) in mean weekly feed intake, total
feed intake, mean weekly weight gain, total weight gain and final weight between
treatments. T3 animals consumed the highest feed yet T2 animals had the heaviest
weight gain at the end of the experiment. Whereas there were no significant
differences (P>0.05) between treatments for MCHC and WBC differential counts like
neutrophils lymphocytes and eosinophils, significant differences (P<0.05) were
observed between treatments for PCV, RBC, MCV and monocytes. The sole
Stylosanthes hamata feed significantly (P<0.05) improved meat colour and juiciness,
whiles tenderness and flavour, did not record any significant differences (P>0.05)
between treatments. The results suggest that Stylosanthes hamata and Sida acuta
may have a potential to enhance rabbit growth as a combined feed. Any negative
effect on rabbit health either when fed individually or in combination was inconclusive
and Stylosanthes in particular as sole feed could improve colour and juiciness of rabbit
meat.

Key words: Blood indicators, Growth performance, Meat quality,
Stylosanthes spp.

Sida spp.,

Nutritive profiles in
different size groups
and body parts of
common whelk
Hemifuses pugilinus
(born, 1778) from
Pazhayar, southeast
coast of India

Original Research, B36
Sekar V, Ravi V, Dhinakaran A, Rajasekaran R, llayaraja C.
Online J. Anim. Feed Res., 2(2): 189-196, 2012.

ABSTRACT: The aim of this study was to determine instead of levels of protein, fat,
carbohydrates (proximate composition) and essential fatty acids of different body parts
as well as male and female of extensive marine whelk H. pugilinus on dry weight
basis. There was a significant difference in protein, lipid, carbohydrate and water
contents between various size groups as well as sex (P<0.05). Total protein content
was found to be varying from 30.58+0.75 (digestive diverticula) to 57.23+1.48%
(Gonads) in size group Il of the female body parts respectively, the carbohydrate
3.66+0.28 to 10.35+0.14 whereas the lipid 10.18+0.04 to 14.67+0.35. The water
content varied from 58+1.41 minimum digestive diverticula and maximum in 85+1.41
other body tissues. There was considerably 17 fatty acid composition were identified
belongs to ten in saturated fatty acids four were monounsaturated fatty acid and 3
were polyunsaturated fatty acid among these, C16:0 (22.62%) and C18:0 (14.45%)
were the major components saturated fatty acids and C18: 1 (5.3%) and C20:4n6
(8.66%) were found major mono and poly unsaturated fatty acids. All groups have
good source of the nutritive value particularly the size group Il (80-100 mm) is effectual
results for the present findings and it's symptomatic of their high nutritional quality for
human consumption.

Key words: Common whelk, Fatty acids, Mollusc, Nutritional composition, Pazhayar
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Original Research, B37
Lebda MA, Taha NM, Korshom MA, Mandour AEIA, El-

Morshedy AM.

Online J. Anim. Feed Res., 2(2): 197-202, 2012.
ABSTRACT: The aim of the present study was to investigate the effects of different
ginger rhizome treatments on hepatic oxidative stress markers and antioxidant status.
Also, the study was extended to show the serum lipid profile, liver and kidney functions
and serum glucose. Forty male New Zealand rabbits were allocated into four groups
(10 rabbits in each); control, ginger powder, hot extract of ginger and cold extract of
ginger. The results revealed that administration of ginger in its different forms
significantly reduced malondialdehyde (MDA) level, glutathione peroxidase (GPX) and
glutathione-S-transferase (GST) activities, meanwhile, the reduced glutathione (GSH)
was significantly increased in liver. Moreover, ginger treatment depleted serum
triacylglycerol (TAG), total cholesterol and low density lipoprotein-cholesterol (LDL-c)
while the high density lipoprotein-cholesterol (HDL-c) was increased. Ginger
administration improved liver functions but unfortunately, the serum creatinine and
glucose levels were increased. We concluded that ginger especially hot extract
maintain the antioxidant activities, improve liver functions and reduce lipid
peroxidation.

Key words: Ginger, Cholesterol, Malondialdehyde, Glutathione
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Effect of growth stages
and range systems on
vegetation attributes,
carrying capacity,
stocking rate and forage
productivity, North
Kordofan, Sudan

ABSTRACT: The range vegetation attributes, carrying capacity, stocking rates and
forage productivity were studied in close and open range systems at the flowering and
seed setting stages during the September and November 2010, respectively, in El
Rosa (El-khuwei locality). Sampling was done by locating 2Km? in close and open
range systems in a radiating manner from the centre of each site. Completely
Randomized Design (CRD) was used to analyses treatments. Biomass production of
plants and plant cover at the flowering stage in the close range system were
significantly (P<0.0001) higher than that at the seed setting stage in the open range
system. The plant density was significant (P<0.05) higher in the close rang system at
the flowering stage and lower at the seed setting stage in the open range system. Bare
soil and litter was significantly higher (P<0.0001) in the open range system during the
seed setting stage and lower in the close range system during the flowering stage.
Forage productivity of plants and shrubs browse kg/ha on rangeland was significantly
higher (P<0.05) in the close range system during the flowering stage and lower in
open range system at the seed setting stage. Carrying capacity was significantly
higher (P<0.0001) in the close range system at the seed setting stage and lower in the
open range at the flowering stage. Stoking rates in open range system during the seed
setting stage was significantly higher (P<0.0001) and lower in the close range system
during the seed setting stage. The frequencies of Huskneet (Cenchrus biflorus), Bano,
(Eragrostis tremula), Difra (Echinocloa colonum), leflef Luffa aegyptiaca, Gaw (Aristida
sp), Shuleny Zornia glochidiata and Aborakhus Andropogon gayanus were higher in
close system during the two stages of growth. Plants such as Abodaib Ceraotheca
sesamoid, Bigual Blepharis linarifolia, Tmrfar (Oldenlandia senegalensis), Rabaa
(Zalea sp), Himeira Hymerocardia, Diresa (Tribulus terrestris) and Huntot Merremia
pinnata recorded higher frequencies in close range system during the flowering stage
than in the open range system during the seed setting stage. The Nuida Sida
cordofolia had highest frequency in the open range system during the two stages of
growth.

Key words: Biomass, Cover, Density, Bare Soil, Litter and Frequency, Forage
Productivity, Carrying Capacity, Stoking Rates

The effects of parity
number, season and
year of calving of
Sudanese Zebu cattle
(Butana) on the lactation
curve and milk yield

Original Research, B39
Ahmed MMM, Ariek KDA, Bushara |, A/\Wabab KA.

Online J. Anim. Feed Res., 2(2): 210-214, 2012.
ABSTRACT: The present study was conducted to investigate the effects of parity
number, season and year of calving of Sudanese Zebu cattle (Butana) on the lactation
curve and milk yield. A Wood's model (1967) was adopted for the description of the
curve, it is a gamma function utilized for regression of milk yield on time lapse post-
partum. The regression equation is presented by [Y ) = an® e"]; where: Y is the total
milk yield for n" week, a, is the initial milk yield and is considered as a factor which
could influence the height of the curve across time but has no effect on the curve. b is
the rate of increase of milk yield pre-peak and is considered as the linear constant that
measures the average slope of the curve during the increase phase. c is the rate of
decrease of milk post-peak, a linear constant that describes the rate of change of the
slope of the curve during the decline phase and determines the slope of the curve
during this phase. Records of 178 cows were taken from the fifth days of lactation till
30 weeks from the year 1994 — 2001. The records were grouped according to parity
(till eight parities), season of calving (dry and wet summer and winter) and year of
calving. The results revealed that effect of parity on initial milk yield, although
significant, but variable. The peak week, persistency and rate of increase of milk pre-
peak were the highest (P<0.01) in parity 1 compared to other parities. However, rate of
decrease post-peak was not affected by parity number. Peak yield and total yield
increased steadily from parity one to parity 6 then decreased. Calving weight
increased significantly (P<0.01) from 1 to 8. Season of calving was shown to have a
significant effect on initial milk yield, a, peak week and persistency where, a, was the
highest (P<0.01) in wet summer than winter and dry summer and hence was
increased to the maximum peak during wet summer with shorter persistency around
the peak compared to dry summer and winter. Year of calving significantly affected the
rate of decrease post-peak, c, peak yield, weekly and total milk yields. It was shown
that cows that calved in year 1997 and 2000 had the lowest (P<0.01) rate of decrease
in milk yield, weekly and total yields.

Key words: Butana, Parity Number, Season of Calving, Lactation Curve, Milk Yield

Effect of Parity on live
Body weight, Daily Milk
Yield and Lactation
length of Sudanese
Kenana Cattle

Original Research, B40
Musa AM, Idam NZ and Elamin KM. 2012.

Online J. Anim. Feed Res., 2(2): 215-217, 2012.
ABSTRACT: Effect of parity (PA) on live body weight, daily milk yield and lactation
length of Sudanese Kenana cattle breed were investigated using a surveyed random
sample comprised of (200) animals on different numbers of parities, animals were
reared on natural pastures. All parameters were determinated by standard statistical
analysis models with multivariate ANOVA when daily milk yield (DMY), Live body
weight (LBwt) and lactation length (LL) as response and parity numbers (PA;, PA;,
PA; and PA,;) as independent (P<0.05). The results revealed that parities had a
significant effect on all quantitative parameters that investigated. These differences
between observed means were separated using Duncan multiple range tests with
equal variances assumed. This suggests that parities could be used as independent
factor for estimation of quantitative parameters with relatively high accuracy in
Sudanese Kenana cattle breed.

Key words: Parity, Live body weight, Daily Milk Yield, Lactation length, Kenana Cattle,
Sudan
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EFFECT OF PROBIOTIC FEED ADDITIVES ON BROILER CHICKENS
HEALTH AND PERFORMANCE

N. ALLOUI*, S. CHAFAI%, M.N. ALLOUI2

1ESPA laboratory, Poultry Sciences Division, Batna University, Algeria
2National Research Institute of Animal Production, Balice, Poland

*Email: ridan2002@hotmail.com

ABSTRACT: Antibiotics were very important pieces of the puzzle that enabled the poultry production
to move from a backyard flock based industry to the large-scale production facilities of today. Public
health professionals have suggested that the use of subtherapeutic antibiotics in animal production
may be partially responsible for the development of antibiotic resistant bacterial populations. The
probiotics may be substituted by antibiotics (growth promoting) in certain cases. Pediococcus
acidilactici is a bacterial probiotic used in this experience. 16000 broiler chickens were assigned in
two experimental groups: treatment (10° cfu/kg of feed of Pediococcus acidilactici MA18/5M) and
control. In each group 8000 broiler chickens were allocated in the same batch and divided by a
physical barrier. Individual live weight of a sample of 200 birds for each group from day O to day 56
was measured weekly. Feed intake, feed efficiency, mortality, carcass quality, serum lipids
(cholesterol and triglycerides) and number of white blood cells, were recorded per group. The
administration of Pediococcus acidilactici affected positively the growth performance of broilers
(2586.43 vs. 2252.79 g, p<0.01) and feed conversion ratio (2.00 vs. 2.5). There were no significant
difference between groups in dressing, breast meat and thigh percent, at the end of day 56. Analysis
of variance showed significant difference between treatments for serum lipids (p<0.01). Mortality
was almost similar in both groups (6.56 vs. 6.51). The numbers of white blood cells were significantly
affected by dietary treatment (p<0.01).

EITOENT TN

Key words: Probiotic, Broiler chickens, Health and Performance of production
INTRODUCTION

The development of resistance to certain antibiotics poses real problems to the animal and public health
(Barton, 2000; Hofacre et al. 2001). Consequently, many additives (prebiotics, probiotics, symbiotics...) raise a
particular interest as products of substitution to antibiotics in order to improve the production performances and
the health of animals (Bach, 2001; Revington, 2002).

Pediococcus acidilactici is a probiotic bacterium that presents positive effects on the balance and the role of
the intestinal flora; it also reinforces the immune defense and improves the production performances of animals
(Jin et al. 2000; Coppola and Turnes, 2004; Stella, 2005).

The objective of this study is to evaluate in field conditions, the effect of probiotic feed additive (Pediococcus
acidilactici) on the production performances (feed intake, weight gain, feed ratio and carcass yield), and on the
blood lipids concentration and the immunity of broiler chickens.

MATERIALS AND METHODES

Place of the study

The trial has been conducted at the Poultry Center of Tazoult (Batna), Algeria. This centre is constituted of 10
buildings having the same technical features (materials of construction, surface area, extractors, pad colling, food
and watering chains). Buildings having served to the experimentation have a surface area of 1000 m?2,

Animals

The trial has been conducted on 16 000 chicks of the strain ISA 15, coming from the same hatchery. They
were allocated to two treatment groups of 8000 chicks each (control group and experimental group), raised
separately in two identical buildings. Animals have been followed during all the trial period of 56 days of raising. At
each weighing, 200 subjects were chosen randomly from both groups for individual weighing.
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Feed

The feed is supplied by the centre of Tazoult that possesses its own unit of feed manufacture. Three types of
feed have been distributed according to periods of raising: a starter feed (d0-d21), a grower feed (d22-d42) and a
finisher feed (d43-d56) (Table 1).

Two treatments have been compared in this survey:

A control group (Cont.) receiving a classic feed based on maize and soybean meal and an experimental group
(Exp.) fed with the same feed than the (Cont.) combined with 10° ufc of Pediococcus acidilactici (MY 18/5M) /kg ,
equivalent to 100 grams of probiotic per ton of feed. Neither antibiotic, nor anticoccidial has been added to the
feed.

Measured parameters

During the experimental period, feed intake, individual live weight of 200 birds per group, feed ratio and
mortality rate have been measured weekly for both treatment groups.

At the end the experimental period 20 chickens from each group have been sacrificed then weighed in order
to determine the carcass yield. Two types of yields have been calculated: weight of fat/weight of the carcass and
weight of carcass eviscerated/weight of carcass non-eviscerated. The carcass yield permits to measure the
probiotic effect on the quality of the carcass.

The number of white blood cells, the serum cholesterol and triglycerides concentration have been determined
by blood withdrawals done on 80 chickens chosen randomly from each treatment group.

Statistical analyses were carried out using ANOVA and the general linear model procedures (GLM) of SPSS
version 16.0 (SPSS Inc. Chicago, IL, USA), followed the post-hoc was performed by turkey test to determine the level
of significance among mean values. The p-values less than 0.01 were considered to be significant.

RESULTS AND DISCUSSION

Broiler chickens performance

Results of production performances are summarised in Table 2. The evolution of the live weight of the
Experimental group is marked, from the sixth week, by a significantly higher live weight than the Control
(1703.67+34.4 vs. 1574.11+33.39 g). The average live weight at the end of the experimental period is 2586.48 g
and 2252.79 g for the (Exp.) and (Cont.) group respectively, which corresponds to an improvement of 12.89%.

These results agree with the works of Cavazonni et al. (1998) and Stella (2005). Kabir et al. (2004) observed
an improvement of the chickens’ weights with other probiotics; however Karaoglu and Dardug (2005) did not
establish any effect with Saccharomyces cerevisiae.

During all raising phases, chickens having received a supplemented diet with P. acidilactici presented feed
ratios lower than the Control (Table 3). At the eighth week, chickens of the (Cont.) group had a feed ratio slightly
higher than that of the (Exp.) group (2.45 vs. 2.37) respectively. Studies done by Pelicano et al. (2004); Silva et al.
(2000); Franco et al. (2005) demonstrated an improvement of the feed ratio with chickens fed on probiotics such
as Bacillus subtilis, Lactobacillus acidophilus, Saccharomyces cerevisiae and Enterococcus faecium. Johri (2004)
did not observe any positive effect on the feed ratio of the chickens when Streptococcus lactis was incorporated in
the feed.

The mortality rate in the two treatment groups is almost identical (6.57 vs. 6.51). Siwicki et al. (2005),
Ramirez (2005) proved a reduction of the mortality rate due to the addition of probiotics in feeds of chickens.

Results concerning the carcass yield and the abdominal fat are summarised in Table 4. There was a clear
influence of the use of P. acididilactici on the final quality of chickens’ carcasses, a significant improvement
((p£0.01) of the carcass yield is noted (60.40 vs. 66.32%) for (Cont.) and (Exp.) respectively. However there was no
significant reduction in the abdominal fat yield for the (Exp.) group in relation to the (Cont.) (1.90 vs. 2.27%).
Kalavathy et al. (2003, 2006); Miazzo et al. (2005) observed a significant reduction of the abdominal fat content of
the chickens, whereas Pelicano et al. (2004) and Arslan (2004) did not observe any effect of probiotics on the
carcass yield of the chickens.

White blood-cells count

The number of white blood cells has been influenced by the addition of the probiotic in the diet. A significant
difference (p<0.01) has been observed between the (Cont.) group (25260 + 3258 /mm3) and the (Exp.) group
(30365 + 3210 /mms3). (Table3). Sharef et al. (2009); Al-Mansour et al, (2011) observed that chicks fed
supplemented diets with yeast culture in the rate of 1.5 g/kg had significantly (p<0.05) lower white blood cell
counts compared to control

Serum lipids concentration

The analysis of serum lipids’ concentration of the broiler chickens is summarised in the table 5. The content
in lipids of blood that is represented by triglycerides and cholesterol is reduced in a significant manner (p<0.01) in
the group of chickens receiving P. acidilactici, during all raising phases. This could be explained by the fact that
probiotics may possess the property of reducing cholesterol in the blood, which is due to the inhibition of the
hepatic synthesis of cholesterol, and to their capacity of deconjuguating the biliary salts (Mercenier et al., 2002;
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Pereira et al., 2003; Lim et al., 2004). On the other hand, Kanashiro et al. (2001) and Djouvinov et al. (2005) did
not observe any variations of cholesterol and triglycerides content in chickens’ blood while using mixture of
different strains of probiotics (lactobacillus sp, bacillus sp, enterococcus faecium, streptococcus thermophilus) in
the diet.

Table 1 - Composition of the broiler chicken feeds (%)

. Starting phase Growing phase Finishing phase
Ingredients (d0-d21) (d22-042) (d43-d56)
Maize 58 60 60
Soyameal 30 25 18
Cereals by-products 9 13 18
Premix* 15 1 1
Bicalcic phosphate 15 15 15
Chemical composition
ME kcal /kg 3040 3100 3180
Crude protein 21.500 18.500 17.500
Fiber 3.066 2.770 2.536
Ash 7.50 6.20 6.00

* Provided per kg of diet: vitamin A, 8,800 IU; vitamin D3, 3,300 IU; vitamin E, 40 IU; vitamin K3, 3.3 mg; thiamine, 4.0 mg; riboflavin, 8.0
mg; pantothenic acid, 15 mg; niacin, 50 mg; pyridoxine, 3.3 mg; choline, 600 mg; folic acid, 1 mg; biotin, 220 mg; vitamin B12, 12 mg;
antioxidant, 120 mg; manganese, 70 mg; zinc, 70 mg; iron, 60 mg; copper, 10 mg; iodine, 1.0 mg; selenium, 0.3 mg

Table 2 - Evolution of the live weight (g) of broiler chickens in control and experimental groups

Age Control group Experimental group P

(days) (n=200) (n =200)

(0] 46.11+0.20 44.08+% 0.25 NS
14 241.88% 3.33 245.45% 3.61 NS
28 802.36+ 15.06 842.97+ 21.44 NS
42 1574.11+ 33.39 1703.67+ 34.4 &

56 2252.79+ 24.50 2586.43+ 27.6 &

* mean values were significantly different (p<0.01); NS: not significant

Table 3 - Feed ratio, mortality rate, number of white blood cells of the broiler chickens in control and
experimental groups at day 56

Parameters Control group Experimental group P
Feed conversion ratio 245 2.37 NS
Mortality rate (%) 6.57 6.51 NS
White blood cells (n/mms3) 25260+3258 30365+3210 &

* mean values were significantly different (p<0.01); NS: not significant

Table 4 - Carcass yield of broiler chickens in the control and experimental groups

Parameters Control group :E:Egg;“ skl gy 7
Live weight (g) 2285.57+ 48.00 2629.90+45.20 =
Carcass weight (g) 1715.56+38.80 2091.84+ 44.90 &
Carcass yield (%) 60.40 66.32 €
Fat weight (g) 37.3615.66 39.9214.42 NS
Fat Yield (%) 2.27 1.9 NS

* mean values were significantly different (p<0.01); NS: not significant

Table 5 - Serum lipids concentration in the of broiler chickens in the control and experimental groups

Parameters Ages (n=80) P
di4 d28 d42 d56

Cholesterol Exp. 1.10+ 0.06 0.94+ 0.09 0.93% 0.05 0.84+ 0.09 &

(g/1) Cont. 1.20+ 0.01 1.13+ 0.01 0.96% 0.12 1.09+ 0.11

Triglycerides Exp. 1.42 +0.07 1.23+ 0.04 0.86+ 0.08 0.84 +£0.06 &

(g/1) Cont. 1.46x 0.09 1.25+ 0.10 1.15 +0.03 0.86 +0.06

* mean values were significantly different (p<0.01); NS: not significant
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ABSTRACT: A six-week experiment was conducted to assess the response of Cobb broiler chicks to
diets containing varying levels (0%, 5%, 10% and 15%) of Leucaena leaf meal (LLM). The 4 dietary
treatments were allotted to the birds in a completely randomized design. Each treatment consisted
of three replicates, with fifteen birds per each replicate. The birds were fed experimental starter diets
(14-28 d) and finisher diets (28-56 d). Feed and water were provided ad libitum. Final weight, growth
rate and feed conversion ratio significantly (P<0.05) declined as the level of LLM in the diets
increased. Dressed and carcass weights also reduced significantly (P<0.05) with increasing level of
LLM in the diets. All organ characteristics except liver kidney were significantly (P<0.05) affected by
dietary treatments. Haematological variables were also not affected (P<0.05). The total cholesterol
and Low Density Lipoprotein of serum decreased (P<0.05) when LLM was included to the diets. Feed
cost reduced when LLM was incorporated in the diets, but the net revenue declined as LLM in diet
increased. In this study inclusion of LLM in diets for broiler chickens did not affect their health status,
but rather depressed their growth.
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Key words: Feed cost, haematology, Leucaena leaf meal, performance, serum biochemistry
INTRODUCTION

The meat and eggs from poultry are estimated to contribute between 20 and 30% of the total animal protein
supply in many developing countries (FAO, 2004), thus, filling the gap for animal protein needs of people. However,
feed cost remains a major challenge for efficient poultry production in developing countries. It accounts for about
80% of the total cost of production (EI Boushy and Van Der Poel, 2000). Ani et al. (2009) advocated that any
attempt to increase poultry production needs to focus on the utilization of cheap and locally available ingredients.

A possible cheap source of protein that can be exploited for this purpose is the leaves of tropical legumes
and browse plants (Agbede and Aletor, 2003). However, constraints to the utilization of leaf meals as protein
sources include high fibre content and presence of anti-nutritional factors (Tewe, 1991). One plant of interest is
Leucaena leucocephala.

It is a vigorous and drought-resistant leguminous tree whose high protein leaves has been widely used in
ruminant animal feeds in the tropics (Nuttaporn and Naiyatat, 2009). Ayodeji (2005) recorded 25.1% crude protein
in the fresh leaves of leucaena. Eniolorunda (2011) reported proximate composition of leucaena leaf meal to be
88.2% dry matter, 21.8% crude protein, 15.1% crude fibre, 3.1% ash, 8.6% ether extract, and 50.7% nitrogen free
extract.

There is lack of information on the usefulness of Leucaena leaf meal in poultry diets. Therefore, the objective
of this study was to determine the effects of incorporating different levels of LLM on the performance of broiler
chickens.

MATERIALS AND METHODS

Experimental diets and preparation of leucaena leaf meal (LLM)

Fresh leaves of Leucaena leucoceplala were harvested from a year-old leucaena stands on the premises of
the College of Agriculture, University of Education, Winneba, Mampong campus. The branches were cut and spread
out on a clean concrete floor of well ventilated room for a period of 3-4 days until they became crispy. The leaves
were separated from the twigs and milled in a hammer mill to obtain the leaf meal.
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Chemical analysis of LLM and experimental diets
Samples of the LLM and experimental diets were subjected to proximate analysis using standard methods
(AOAC, 1990) and results shown in Table 1.

Experimental design and statistical analysis

One hundred and eighty (180) day-old Cobb broiler chicks were procured from Darko Farms and Company,
Kumasi. They were initially brooded for two weeks. At two weeks of age they were divided into four treatment
groups with three replicate per each treatment, giving 15 birds per replicate in a Completely Randomized Design
(CRD). The birds were allocated in such a way as to ensure that the average bird weight per replicate was around
260 g. Feed and water were provided ad libitum and all required managerial practices were the same for each
treatment group. Daily feed intake and individual bird weights were recorded before and at the end of the
experimental. Daily weight gains and feed conversion efficiency were calculated. Economics of production were
also calculated at the end of the study. The data were analyzed using the analysis of variance (ANOVA) technique
and differences among means were separated by means of Duncan multiple range test. Statistical significance was
determined at P=0.05.

Haematology and blood serum biochemistry analysis

Blood samples were obtained from two birds per replicate making a total of six per treatment at the eighth
week by inserting a new sterile needle into the wing vein of the birds and extracting 2 mls of blood which was
placed inside sterile test tubes containing Ethylene Diamine Tetra Acetic Acid (EDTA). The blood samples were
shaken to mix with the EDTA in order to prevent coagulation. The samples were then analyzed for Red Blood Cells
(RBC), Packed Cell Volume (PCV), Haemoglobin (Hb) and White Blood Cells (WBC) using the Abbott Diagnostics Cell
Dyn 3500 (Abbott Diagnostics, Abbott Park, IL) automated haematology analyzer. Again, blood samples were
obtained from each bird by the same procedure into vacuumed capillary tubes to determine the blood cholesterol,
triglyceride, high-density lipoprotein (HDL), low-density lipoprotein (LDL) levels, coronary risk, total protein and
glucose. After coagulation, blood samples were centrifuged and then serum was collected for analysis. Blood serum
biochemistry was determined by using Cobas integral 400 plus chemistry analyzer (Roche Diagnostics Ltd.,
Switzerland).

Carcass evaluation and chemical analysis of thigh muscle

Two birds were randomly selected from each replicate at the end of the study. They were weighed and killed.
The birds were killed by severing the carotic arteries. They were bled and immersed in hot water for 5 minutes to
loosen feathers. The defeathered carcass was weighed. After dressing, the following weights were taken: carcass
weight, dressed weight, gizzard, liver, heart, neck, shanks, and intestine. Proximate composition of thigh muscle
was also determined using the procedure of AOAC (1990).

RESULTS AND DISCUSSION

Results of proximate analysis of leucaena leaf meal are presented in Table 1. It reveals that it is rich in
protein (23.00%) and high in fiber (14.30%) and ash (11.20%). The crude protein content was higher than those
(23.0% and 21.3%) obtained respectfully by Onibi et al. (2008) and Hussain et al. (1991). The final body weight,
mean body weight gain and feed conversion efficiency declined significantly (P<0.05) as the level of LLM increased
in the diets (Table 3).

Other studies involving chickens and laying hens show that, feed intake, live weight gain and egg production
declined when Leucaena leucocephala leaf meal was included at 5 %, 20 % and 30 % of the diet (Scott et al.,
1982). This poor performance may be attributed to the high fiber and the presence of anti-nutritional factors such
as mimosine in leucaena leaves. High fiber diet exerts deleterious effects through depressed nutrient absorption as
a result of extensive disruption of intestinal microvilli (Moharrery and Mohammed, 2005). Mimosine also affects
thyroid function, leading to poor growth (Nuttaporn and Naiyatat, 2009). According to Natanman et al., (1996), 5%
inclusion rate of leucaena leaf meal is recommended for broilers since it gives higher feed conversion. This was
however not the case in the present study.

Table 1 - Proximate Composition of LLM (%)

Proximate fraction %
Moisture 8.65
Crude protein 23.44
Crude fibre 14.30
Ash 11.20
Ether extract 6.40
Nitrogen free extract 36.01
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Table 2 - Percentage Composition of Experimental Diets

Starter phase Finisher phase

Ingredient 0% 5% 10% 15% 0% 5% 10% 15%
LLM LLM LLM LLM LLM LLM LLM LLM
Maize 58 58 58 58 60 60 60 60
Fish Meal (64% CP) 10 10 7 7 6 6 6 6
Fish Meal (52% CP) 7 2 2 2 4 4 4 4
Leucaena leaf meal (0} 5 10 15 0 5 10 15
Soybean meal 10.5 10.5 10.5 5.5 13 10 5 2
Wheat bran 12 12 10 10 12 12 10 10
Oyster shell 1 1 1 1 1 1 1 1
Vit/mineral premix 0.5 0.5 0.5 0.5 0 (0} (0} 0.5
Salt 0.5 0.5 0.5 0.5 (0] 0.5 0.5 0.5
Di-calcium phosphate 0.5 0.5 0.5 0.5 1 1 1 1
Proximate analysis (% DM)
Moisture 8.63 8.00 8.54 8.48 8.45 8.06 8.19 8.33
Crude protein 20.32 20.01 20.18 20.09 17.73 17.15 17.01 17.10
Crude fibre 3.33 4.82 5.59 6.87 3.11 3.06 7.97 6.81
Ether extract 4.24 4.72 4.37 4.34 3.89 3.78 4.47 4.90
Ash 3.12 3.15 3.32 3.46 3.12 2.87 2.44 2.45
Nitrogen free extract 59.78 59.30 58.00 56.76 63.70 65.08 59.92 60.41
Calculated composition (%)
ME (K cal/kg) 2605 2611 2601 2600 2880 2878 2878 2880
Calcium 1.04 1.54 1.02 1.13 1.02 0.95 0.47 0.95
Phosphorus 0.70 0.74 0.53 1.30 0.64 0.57 0.51 0.50
Lysine 1.38 1.19 1.02 0.86 1.22 1.04 0.91 2.35
Methionine 0.44 0.32 0.31 0.28 0.36 0.32 0.95 0.26

*Composition of vitamin/mineral premix per kg: Vitamin E, 25mg; Vitamin A, 6250 IU; Vitamin D3, 1250 IU; Vitamin K3, 25mg; Vitamin B1,
25mg; Vitamin B2, 60mg; Vitamin B6, 40mg; Vitamin B12, 2mg; Elemental calcium, 25mg; Elemental phosphorus, 9mg; Elemental

magnesium, 300mg; Iron, 400mg; Selenium 1.0mg, lodine 20mg, Copper 60mg, Magnesium 100mg, cobalt 10mg, Zink, 150mg; Sodium
Chloride, 1.5mg; Choline Chloride, 500mg; Live Lactobaccillus spore, 0.2 million cfu; Niacin, 40mg; Folic Acid, 10mg; d-Biotin, 5mcg.

Table 3 - Effect of LLM Meal on Performance of Birds

i 0
Variable Level of dietary LLM (%)

LLMo LLMs LLM1o LLM1s P SEM

Mean Initial Body Weight (g) 260.7 260.6 361.4 260.3 0.14 5.14
Mean Final Body Weight (g) 2236.72 1598.3p 1380.0¢ 1176.7¢d 0.00 90.98
Mean Total Body Weight Gain (g) 1983.32 1436.7° 1118.3¢ 915.0cd 0.00 1211.30
Mean Daily Weight Gain (g) 47.3a 34.2p 26.6°¢ 21.8¢ 0.00 2.85
Mean Feed Intake (g/day) 112 .4a 116.52 108.53b 97.5¢ 0.00 231
FCE (Feed/Gain) 2.4a 3.4 4.1bc 4.5cd 0.02 0.37
Mortality (%) 0.02 6.6 2.2a 0.02 0.01 0.24
Feed cost/kg diet (GHC) 11 11 0.9 0.9 - -
Feed cost/bird (GHC) 51 51 0.9 0.9 - -
Price/bird at 8 weeks (wt/kg) (GHC) 6.0 6.0 6.0 6.0 - -
Value/ bird (GHC) 13.4 9.6 8.3 7.4 - -
Net revenue/bird (GHC) 8.3 4.5 4.2 3.4 - -

SEM = Standard error of mean; Treatment means with different superscripts within the same row are significantly different at p<0.05.

Table 4 - Effect of LLM Meal on Organ Weights of Broiler Chickens
Level of dietary LLM (%)

LD LMo [LMs LMo LLM1s P SEM
Dressed Weight (g) 1481.32 1267.32 1189.0b 838.0¢ 0.04 -
Dressing Percentage (%) 88.92 81.3b 78.6P 81.6 0.02 2.90
Carcass weight (g) 1665.72 1555.32 1513.32 1080.0° 0.01 119.64
Liver (g) 53.72 22.0b 44,02 26.0bc 0.03 9.49
Kidney (g) 1.0 1.0 1.0 1.0 - -
Heart (g) 8.73b 7.0b 9.0ab 5.7bc 0.29 0.97
Full crop (g) 8.02 13.00 8.3 9.0 0.04 1.03
Empty crop (g) 8.02 10.32 8.32 7.7° 0.10 1.00
Full proventriculus (g) 9.0 10.00 8.0¢ 7.3d 0.00 0.24
Empty proventriculus (g) 9.0 9.0b 8.0¢c 6.7d 0.00 0.47
Full gizzard (g) 58.72 50.73ab 52.3ab 44.7v 0.04 4.53
Empty gizzard (g) 45.72 35.7° 39.3ab 30.30bc 0.03 4.09
Small intestine:

Full (g) 105.3ab 109.02 116.32 90.02b 0.05 7.80
Empty (g) 66.32 68.02 62.72 52.7» 0.21 4.04

SEM = Standard error of mean; 0.¢.9: Treatment means with different superscripts within the same row are significantly different at p<0.05.

110
LKA CRUIENEI e Zanu HK, Mustapha M and Addo Nartey M. 2012.Response of broiler chickens to diets containing varying levels of
Leucaena (leucaena leucocephala) leaf meal. Online J. Anim. Feed Res., 2(2): 108-112.

= SEERC N CYAIINGETIG [ G ELEELEY http://www.science-line.com/index/; http://www.ojafr.ir




The feed cost of raising broilers progressively decreased with increasing levels of LLM such that it was
cheaper to raise them on LLM based diets than the control diet; but economic analysis showed decreasing returns
with increasing dietary levels of LLM. This was so because of the poor growth performance of the birds fed the LLM.
The LLM diets gave the lowest financial returns averaging 51.5% lower than the control diet.

All carcass and organ characteristics measured (Table 5), except kidney, were significantly influenced
(P>0.05) by dietary treatments. The dressed weight tended to decrease with higher inclusion of leucaena leaf meal.

There was a significant (P<0.05) increase in the fat contents of the muscles with increasing levels of LLM in
the diets. This suggests that LLM would promote fat deposition in broiler chickens. This finding is not good because
consumption of high levels of fat has been associated with high incidence of coronary heart diseases in human. A
reduced dietary fat intake is therefore recommended. It was observed that fat concentration in thigh muscle of
birds has a negative correlation with the cholesterol contents in serum.

Table 5 - Effect of LLM Meal on Meat Quality
Level of dietary LLM (%)

VLG LMo [LMs LMo [LMas P SEM
Molsture 62.12 70.26 60.4° 68,64 0.00 0.05
Protein 51.6 65.5 47.0¢ 56.4d 0.00 0.00
Fat 315 33.06 36.0¢ 43.5¢ 0.00 0.00

SEM = Standard error of mean; 0:¢.d: Treatment means with different superscripts within the same row are significantly different at p<0.05.

The results of haematological variables suggested that though sub-clinical effects (growth depression and
less feed intake) were observed, the experimental diets did not precipitate detrimental effect on the health status
of broiler chickens. All the values recorded compete favourably with normal ranges for broiler chicken (Table 6) as
stated by Campbell et al. (2003). Hematological parameters are usually related to health status and are of
diagnostic importance in clinical evaluation of the state of health. They are good indicators of physiological,
pathological and nutritional status of an animal. Changes in haematological parameters have the potential of being
used to elucidate the impact of nutritional factors in diet on animals. In this study, addition of LLM to the broiler
diet was shown to reduce serum cholesterol concentration. Broiler chickens fed animal-based protein diet tend to
have higher total plasma cholesterol than those fed plant-based protein (Ogboko, 2011). Most of the circulating
cholesterol is carried in birds by high-density lipoprotein cholesterol and LDL (Zantop, 1997). A high blood level of
total cholesterol is a major risk factor for heart disease, along with high levels of LDL. The higher the LDL level, the
higher the risk.

Table 6 - Effect of LLM on Blood Variables
Level of dietary LLM (%)

Variable LLMo LLMs LLMzo LLMzs P SEM
WEC ( x103/pL) 233.7 220.6 233.9 2418 0.25 9.59
RBC (x106/yL) 24 21 24 2.7 0.29 0.27
HGB (g/dL) 9.4 8.2 9.3 10.1 0.33 90.97
HCT (%) 29.6 26.7 30.5 324 0.35 3.00
MCV (fL) 123.0 127.5 125.1 121.0 0.22 2.91
MCH (pg) 39.0 39.1 383 37.8 0.39 0.82
MCHC (g/dL) 31.7 30.7 30.3 31.2 0.23 0.23

SEM = Standard error of mean; 0:¢.d: Treatment means with different superscripts within the same row are significantly different at p<0.05.

Table 7 - Effect of LLM on Blood Variables

Level of dietary LLM (%)

Variable

LLMo LLMs LLMaio LLM1s P SEM
Total cholesterol (mmol/L) 3.3 2.7 2.7 2.9 0.01 0.16
Triglyceride (mmol/L) 1.3 1.5 1.4 2.2 0.20 0.43
HDL-Cholesterol (mmol/L) 2.2 2.0 2.0 1.9 0.24 0.17
LDL 0.52 0.1k 0.2v 0.2v 0.00 0.07
Coronary Risk 15 1.3 14 1.6 0.20 0.10
VLDL 0.6 0.7 0.6 1.0 0.21 0.21
Total protein (g/L) 39.3 36.8 33.2 311 0.28 4.17
Glucose (mmol/L) 11.5 12.8 12.6 11.7 0.76 2.07

SEM = Standard error of mean; 0.¢.d: Treatment means with different superscripts within the same row are significantly different at p<0.05.

CONCLUSION

Results of this study indicate that the inclusion of LLM in diets as low as 5% had adverse effects on the
growth performance and economy of gain of broiler chickens.
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ABSTRACT: Sorghum basically contains two major anti-nutritional factors; tannin, a polyphenolic
compound located in the grain and, dhurrin a cyanogenic glucoside located mainly in the aerial shoot and
sprouted seeds. Tannins are high in sorghum with brown pericarp and no testa and very low in unpigmented
grains. The main anti-nutritional effects of tannins are: reduction in voluntary feed intake due to reduced
palatability, diminished digestibility and utilisation of nutrients, adverse effects upon metabolism and toxicity. The
level of tannins present in sorghum seems to be the predominant factor that influences its nutritional value.
Drying, soaking, grinding and pelleting appear to reduce tannin content in feedstuffs while diet supplementation
with methyl group donors like choline and methionine reduce the problems associated with tannins in livestock.
Dhurrin, on enzyme action readily yields hydrogen cyanide (HCN). The quantity of HCN in sorghum varies with
cultivar and the growth condition but diminishes with age. Excess cyanide ion can quickly produce anoxia of the
central nervous system through inactivating the cytochrome oxidase system and death can result within a few
seconds. Making fodder into hay or silage however, destroys the poison.

EITOENT UINIRIEI®

Key words: Tannin, Dhurrin, Sorghum, Livestock, Poultry
INTRODUCTION

Many plant components have the potential to precipitate adverse effects on the productivity of farm livestock (D'Mello,
2000). These compounds are present in the foliage and/or seeds of virtually every plant that is used in practical feeding. These
compounds are often called anti-nutritional factors. Anti-nutritional factors are also those generated in natural feedstuff by the
normal metabolism of the specie from original materials and by different mechanisms exert effects contrary to optimum nutrition
(Chubb, 1982). Anti-nutritional factors may be grouped according to their mode of action as follows;

e Substances depressing digestion or metabolic utilisation of protein e.g. protease inhibitors, lectins (haemagglutinins),

saponins and polyphenolic compounds

e Substances reducing or interfering with the utilisation of mineral elements e.g. Phytic acid, oxalic acids, gluccosinolates

and gossypol

e Substances inactivating or increasing the requirements of certain vitamins e.g. Anti~vitamins A, D, E and K, anti-

thiamine, nicotinic acid, pyridoxine and cyanocobalamin.

Some anti-nutritional factors may however exhibit more than one mode of activity (Liener, 1980; Jaffe, 1980; Chubb,
1982). Sorghum [Sorghum bicolour (L) Moench] is widely grown in the semi-arid and savannah regions of Nigeria. Maunder (2002)
reported that sorghum is a traditional crop of much of Africa and Asia and an introduced and hybridized crop in the western
hemisphere. It benefits from an ability to tolerate drought, soil toxicities and temperature extremes effectively than other cereals.
Sorghum grains contain about 92.50% dry matter, 3270.00kcal/kg metabolisable energy for poultry, 9.50% crude protein, 2.55%
ether extract, 2.70% crude fibre, 1.25% ash and 76.60% nitrogen free extract (NFE). Its protein is slightly higher than maize but as
with most cereals deficient in lysine and tryptophan. More importantly, some varieties of sorghum grain have been reported to
contain anti-nutritional factors chiefly tannin which binds proteins and impair digestion (Oyenuga, 1968; Aduku, 1993; Olomu,
1995; Tacon, 1995; Ngoka, 1997; Aletor, 1999. Aduku, 2004 and Etuk and Ukaejiofo, 2007).

This article discusses the chemistry, mode of action and effects of two important anti nutritional factors in sorghum; tannin
and dhurrin on livestock and poultry.

ANTINUTRITIONAL FACTORS IN SORGHUM

Sorghum basically contain two important anti-nutritional factors, tannin, a polyphenolic compound located in the grain
(Purseglove, 1972; Ologhobo et al, 1993; Kumar and D’Mello,1995) and the cyanogenic glycoside, dhurrin located mainly in the
aerial shoot and sprouted seeds (Olomu, 1995; Oduguwa and Fafiolu, 2004).
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TANNIN: CHEMISTRY, DISTRIBUTION AND MODE OF ACTION

Chemistry

Tannins are water soluble polyphenolic heterogeneous compounds having molecular weight in excess of 5000 daltons and
the ability to precipitate gelatine and other proteins from aqueous solution (de Lumen and Salamat, 1980; Singleton and Kratzer,
1973; Kumar and D’'Mello, 1995). Tannins are generally considered to consist of polyphenolic systems of two types: the
hydrolysable tannins (HT) (pyrogallol class), with esters of glucose and acids such as chebulic, ellagic, gallic and m-digallic and the
condensed tannins (CT) (catechol tannins), based on leuco-anthocyanidin and like substances (Etherington and Roberts, 1982;
Kumar and D’Mello, 1995). The pyrogallol tannins are readily hydrolysed by acids, bases and enzymes. Tannic acid, a gallotannin is
a well known member of the group and contains 8-10 moles of gallic acid per mole of glucose (Fig.1). The commercial tannic acid
has a chemical formula of C7eHs2046 though it contains a mixture of related compounds. Ellagitannins is another HT group
member (Merck Index, 1976; Salunkhae et al, 1990; Kumar and D’Mello, 1995). HT is abundant in leaves, fruits, pods and galls of
dicotyledons but not detected in monocotyledons (Lewis and Yamamoto, 1989). Condensed tannins are not hydrolysable and
widespread, typically producing anthocyanidins on acid degradation. CT contains the familiar flavonoid skeleton, epicatechin and
catechin linked together (Fig. 2). Flavan-3-ols and Flavan-3-4-diols linkages are commonly recognized (Porter, 1992; Salunkhae et
al, 1990; Kumar and D’Mello, 1995). The pH has an effect on complex formation of tannin and protein. CT can react and form
complexes by H-bonding with carbohydrates and proteins but at neutral pH form stronger bonds with proteins (McLeod, 1974).
Condensed tannin in protein complex is stable and insoluble in the pH range of 3.5 - 7.0 but unstable and releases protein at pH
of < 3.0 and >8.0 (Jones and Mangan, 1977). CT are widespread in legume forages (D’Mello, 1995) and sorghum (D’'Mello, 2005).

HO
COOH HO O COOH
HO, HO o OH
HO@COOH HO@COO OH HO OC Q OH
HO HO OH OH
Gadlic acid m-Digallic acid Hexahydroxydiphenic acid

Tannic acid
Heterogeneity n = 0,1, 2
C - galloyl group may be absent

Epicatec hin Catechin
Fig. 2 - Constituent flavonoids of condensed tannins (Source: Porter, 1992)

114

LCRCGICRUIENEN Y Etuk EB, Okeudo NJ, Esonu BO, Udedibie ABI. 2012. Anti-nutritional factors in sorghum: chemistry, mode of action and effects on
livestock and poultry. Online J. Anim. Feed Res., 2(2): 113-119.

SRS EYATIG ETLIG EEEEES http://www.science-line.com/index/; http://www.ojafr.ir




Distribution

Atteh (2002) reported that sorghum, especially the brown variety contains high levels of tannins and Purseglove (1972)
opined that sorghum grain with testa contain tannins in varying proportion depending on variety, with certain strains containing up
to 5%. It has been reported (Aningi et al., 1998) that polyphenols are high in sorghum with brown pericarp and no testa and very
low in unpigmented grains. This characteristic has been utilised to develop sorghum varieties and hybrids to deter birds (Carter et
al., 1989) because they are less palatable and tenacity of some bacteria is low (Schragle and Miiller, 1990). Etuk and Ukaejiofo
(2007) reported 0.42% tannin content in brown coat coloured sorghum while Subramanian and Metta (2000) reported that the
local Indian sorghum variety and ICSV 112 variety developed by ICRISAT and grown in India contain no tannins. 0.40% tannin was
reported for samsorg 17, a variety previously coded (SSV) -3 (SK5912) and developed from local collections of Kaura through
mutation breeding at the Institute of Agricultural Research (IAR), Samaru, Nigeria. ICSV 400, released by ICRISAT in 1996
recorded tannin value of 0.69% (IAR, 1995; NCGRB, 2004, Etuk, 2008). Red sorghum on the other hand contains about 23g/kg
tannins which when reconstituted reduced to 16g/kg (Kumar et al., 2007).

Tannins are also found in soybean, sunflower seeds, faba beans and alfalfa and in browse plants like Daniella oliveri
(Osakwe et al., 2004), sunflower seeds, Leuceana leucocephala, Sesbania grandiflora, Acacia salicina (Norton, 1994; D'Mello,
1995; Kumar and D’'Mello, 1995). Drying, soaking, grinding and pelleting has been reported to reduce tannin content in feedstuffs
while diet supplementation with methyl group donors like choline and methionine reduce the problems associated with tannins in
livestock (Singleton and Kratzer, 1969; Atteh, 2002).

Mode of Action

Tannins reduce protein digestibility through the formation of complexes and the inhibition of activities of proteolytic
enzymes in digestive secretions (Ahn et al., 1989; Kumar and D’Mello, 1995; Grosjean et al., 1999). The affinity of tannins for
protein has been observed to increase with increase in molecular size of tannins. However tannins with extremely large molecular
weight lose their affinity for protein and become insoluble (Kumar and Horigome, 1986). Proteins with high proline content impart
an open structure which contains readily accessible sites for hydrogen bond formation with tannins (Hagerman, 1989). The
polyphenols in brown sorghum may have a binding effect on minerals (Aningi et al., 1998).

Recent studies also revealed that polyphenols of the procyanidins (CT) have an antioxidant property (Corder, 2006) while
tannic acid has anti-bacterial, antienzymatic and astringent property as well as constringing action upon mucous tissues. The
ingestion of tannic acid causes constipation so it can be used to treat diarrhoea in the absence of inflammation (Phytolab, 2007).

EFFECT OF TANNINS ON LIVESTOCK

Ruminants appear to be more tolerant of CT than non-ruminants though ingestion of hydrolysable tannins can cause death
(Ahn et al., 1989 and Norton, 1994). Condensed tannins present in legumes and browse trees according to Osakwe et al. (2000)
may result in tannin protein complex formation and inhibit microbial attack. Primary effects of impaired rumen function,
depressed feed intake, wool growth and live weight gains have been reported in sheep fed diets containing CT (D’Mello, 2000;
Salem et al., 2005). Others are reduced palatability and diminished digestibility (D’'Mello, 1982; Ola et al., 2005). Moderate levels
of tannin (30 - 40g/kg legume dry matter) may however result in nutritional advantages in respect of increased bypass protein
availability and bloat suppression in cattle (D’Mello, 2000). Feeding up to 30g/kg DM of wattle tannin extract nevertheless failed to
show any improvement in protein status and therefore growth performance of goats to a considerable degree (Bengaly et al.,
2007). Levels of CT above 60 - 100g/kg DM is considered to depress intake and growth (Bary and Duncan, 1984; van Hoven and
Furstenburg, 1993). Feeding Danielli oliveri browse which contain 48g CT/kg DM to WAD sheep showed inhibitory effect on
organic matter and detergent fibre digestibility (Osakwe, et al., 2004). Tannin digestibility of 99.70% - 99.90% has been reported in
goats fed Tephrosia bracteoluta which contains 0.40g of tannins (Ogungbesan et al., 2006).

Plant protein degradation in the rumen and decreased rumen availability of sulphur, which then depress the digestibility of
plant cell wall has been reported (Norton, 1994). It is also possible that there is inhibition of microbial enzymes in the rumen and
decreased availability of plant proteins for digestion in the intestine (Kumar and Singh, 1984; Bary and Duncan, 1984; Makkar et
al., 1989). Binding of proteins to cell wall seem to be a factor in decreasing digestibility (Reed et al., 1990) and Kemalak et al.
(2004) observed a negative relationship between tannin content of leaves and in vitro dry matter digestibility. Also, tannins
diminish permeability of the guts wall by reducing nutrient flow. It also affects availability of amino acid and thus utilisation of
protein (Ronstango, 1972; Eggum and Christensen, 1974; Mijavilla et al., 1977). Nevertheless, some ruminal microbes have been
shown to possess the ability to metabolise tannins or at least remain active in a high tannin environment and may be used as
inoculants to overcome detrimental effects of tannins in ruminants (Norton, 1994).

Increased levels of plasma growth hormones have been reported with increased intake of CT by sheep (Bary et al., 1986).
Limited evidence indicates that tannins may have blood sugar and cholesterol lowering effect on rats. Wildens et al. (2004)
reported lowered blood urea nitrogen and increased creatinine by goats and sheep fed diets containing 5% CT/kg/ DM. No effect
was, however, observed on PCV and anthelmintic activity.

Earlier, D’'Mello (2000) reported that higher levels of tannins (100 - 120 CT/kg legume DM) reduced gastrointestinal
parasitism in lambs. Components and level of tannins tend to exert varied influences on blood constituents. Decreased blood
levels of urea nitrogen and creatinine in rats fed epicatechin 3 - O - gallate and procyanidin B - 2 3, 3"-di-o-gallate up to 10mg/kg
body weight have been reported (Yokozawa et al., 1991). However, 12.5mg of procyanidin C produced a significant increase in
blood levels of urea nitrogen, creatinine and methylguanidine, a substance which accumulates in the blood with the progression of
renal failures (Yokozawa et al., 1997).
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EFFECT OF TANNINS ON POULTRY AND PIGS

The main anti-nutritional effects of tannins are: reduction in voluntary feed intake due to reduced palatability, diminished
digestibility and utilisation of nutrients, adverse effects upon metabolism and toxicity (Kumar and D'Mello, 1995; Atteh, 2002; Ola
et al, 2005). These effects may be achieved via several mechanisms. Tannins exert inhibitory effect on a broad spectrum of
digestive enzymes at several sites in the digestive tracts of poultry (Longstaff and McNab, 1991; Ahmed et al., 1991) and piglet
(Jansman et al., 1993). In a study with broiler chickens, lji et al (2004) reported that ideal digestibility of energy, protein, arginine
and leucine were reduced as dietary tannin level rose to 20g/kg diet and beyond while methionine and phenylalanine were only
negatively affected at tannin levels of 25g/kg diet. Protein efficiency ratio (PER) and net protein ratio are negatively correlated with
tannic acid (Oke et al., 2004). Feed conversion efficiency increased with increasing level of tannin up to 15g/kg diet while
pancreatic and jejenal enzymes activities were not affected. This suggests that a wider range of factors may be involved in
regulating the effect of tannins on poultry (lji et al., 2004).

Kumar et al. (2007) showed that tannin content of 16g/kg in red sorghum had no effect on nitrogen, calcium and
phosphorus retention in broiler chickens. Similarly plasma albumin, globulin, protein, glucose, calcium, phosphorus, SGOT, SGTP
and uric acid levels were not affected even at 100% replacement of maize with red sorghum. Mild histopathological changes in
liver and Kidney tissues as well as high cell mediated immune - response were, however, observed when raw red sorghum
containing 23g tannins/kg were fed to the same group of broiler chickens. Elkins et al. (1978) reported that chickens fed high
tannin sorghum developed leg abnormalities. Featherstone and Rogler (1975) showed that high tannin sorghum depressed
growth in rats and chicken, which resulted from reduced protein and dry matter digestibility probably caused by interference of
tannins with digestive action of trypsin and c-amylase either by binding the enzymes themselves or by combining with dietary
protein to form indigestible complex. In laying birds, tannins decreased the rate of lay, adversely affect efficiency of feed utilisation
and increase mortality (Rostangno et al., 1973; Guillaume and Belec, 1977). The level of tannins present in sorghum seems to be
the predominant factor that influences its nutritional value (Vilijoen, 1998). Polyethylene glycol (PEG) when used as a dietary
supplement can improve the nutritional value of high tannin feedstuff (Hewitt and Ford, 1982) while malting increases the protein,
soluble sugars and reduces the tannin content of sorghum (Barrett and Larkin, 1974; Wu and Wall, 1980; Kubiezek et al., 1984).
Boiling also reduces tannin content in taro cocoyam meals from 1.78mg/100g to 0.28mg/100g which resulted in negligible
effect on carcass characteristics of broilers (Abdulrashid et al., 2007).

DHURRIN

Dhurrin is a cyanogenic glucoside which on enzyme action readily yields hydrogen cyanide (HCN) (Fig. 3, 4); it is located
mainly in the aerial shoot of sorghum plant (Olomu, 1995; D’Mello, 2000). Dhurrin contains glucose of B-hydroxy-benzaldehyde
cyanohydrin. Linamarin and amygdalin are other cyanogenic glycoside found in cassava, linseed and almonds respectively.
Linamarin contains the glucose of acetone cyanohydrin while amygdalin contains glucose of benzaldehyde cyanohydrin (Chubb,
1982). Many commonly consumed legumes are also reported to be cyanogenic (Seigler et al., 1989). Cyanogenic glycosides when
ingested and hydrolysed to free HCN cause cyanide toxicity (D’Mello, 1995). In Nigeria, HCN level of 15.18g/kg has been reported
for malted sorghum sprouts (Oduguwa and Fafiolu, 2004).

Ruminants are more susceptible to HCN poisoning than horses and pigs but sheep appear less susceptible than cattle
(Chubb, 1982). Hydrogen cyanide causes dysfunction of the central nervous system, respiratory failure and cardiac arrest.
Metabolisable energy values for poultry tend to be lower in untreated cassava root presumably because of its cyanogenic potential
(Keller, 1984; Tanner et al., 1990; D’'Mello, 2000 and D'Mello 2005). The quantity of HCN in sorghum varies with cultivar and the
growth condition but diminishes with age. Making fodder into hay or silage destroys the poison (Purseglove, 1972). Excess cyanide
ion can quickly produce anoxia of the central nervous system through inactivating the cytochrome oxidase system and death can
result within a few seconds (Chubb, 1982). Cyanide intake of up to 75.96mg/100g reduces apparent nutrient digestibility of
broilers. Goats can also tolerate and degrade forage secondary metabolites below injury threshold (Ogungbesan et al., 2006). As
little as 0.5g HCN is sufficient to kill a cow and more than 750ppm is regarded as dangerous to stock. Poor animal performance
has also been reported as a result of cyanogens (Tanner et al., 1990).

H,O
P - hydroxy - (s) - mandelonitrie - B - D - glc \ glc+
B- glucosdase P - hydroxy - (s) - mand
(dhurinase) elonitrile

Fig. 3 - Hydrolysis of dhurrin by B-glucosidase (dhurrin). Source: Cicek and Esen (1998

hydroxynitrile
P - hydroxy - (s) - mandelonitrile Z = P- hydroxybenzaldehyde + HCN

lyase
Fig. 4 - Production of hydrogen cyanide (HCN). Source: (Cicek and Esen, 1998
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CONCLUSION

It would appear that the level of the anti-nutrients; tannin and dhurrin in sorghum and indeed other plant materials is a
major determinant of the recognised effects on livestock and poultry. Similarly, the development of new varieties, age and
processing seems to have an ameliorating effect on the content and intensity of toxicity of these anti nutritional factors in sorghum.
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ABSTRACT: Breed, sex and ambient temperature effects on the nocturnal and diurnal duration of
feed and water intakes, standing and lying down behaviour of rabbits were investigated. Twelve male
and female weaner rabbits (New Zealand White, Dutch Black and American Chinchilla, 8 weeks old)
were housed individually in cells measuring 51 cm x 51 cm each. They were fed an 18% Crude
Protein pelleted diet, forages (Centrosema pubescens, Ipomea batatas and Tridax procumbens) and
water ad libitum for 8 weeks. Data were collected at three hourly intervals from 18:00 hrs to 06:00
hrs (nocturnal) and from 06:00 hrs to 18:00 hrs (diurnal). Durations of feed intake, water intake,
lying down and standing were measured. Ambient temperature differed significantly (P < 0.05)
between test periods. Breed and sex did not influence the parameters studied. While ambient
temperature significantly (P < 0.05) influenced all traits, test period significantly (P < 0.05)
influenced duration of water intake, duration of standing and duration of lying down but not duration
of feed intake. Interaction effects of test period x ambient temperature affected (P < 0.05) duration
of water intake and duration of lying down within the nocturnal period and duration of feed intake,
duration of water intake and duration of lying down within the diurnal period. Highly significant (P <
0.01) phenotypic correlation was observed between duration of feed intake and duration of standing
(ro = 0.10), duration of feed intake and duration of lying down (rp = - 0.46), duration of water intake
and duration of standing (r, = 0.09), duration of water intake and duration of lying down (rp = - 0.29),
ambient temperature and duration of water intake (rp = 0.64), duration of standing and duration of
lying down (rp = - 0.51) and between ambient temperature and duration of lying down (rp = - 0.42).
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Key words: Ambient Temperature, Behavioural Trait, Diurnal, Ethology, Nocturnal, Rabbit, Stress, Test
Period, Thermoneutrality

INTRODUCTION

Ethology is the science of animal behaviour (Mathur, 2005). Animal behaviour is the totality of the observable
behavioural repertoire of an animal in a given environment. Behaviour is also described as any observable action
and interaction between the organism’s motivational state and the perceived attributes (stimuli) of its environment
(Marai and Rashwan, 2004; Dosenbery 2009). Behaviour is therefore one of the most important functions of
animal life and animal behaviour is a vital link between the organism and the environment and between the body
control systems (nervous, muscular, endocrine) and the ecosystem. Behaviour plays a critical role in animal
adaptation and evolution. Through behaviour an animal interacts with its environment and such interactions
provide clues of the state of the environment and its probable impacts on life forms. Welfare is a condition of the
animal itself. Animal behaviour provides the barometer for assessing animal welfare and there can be no animal
welfare without an understanding of the normal behaviour of the animal. Animal behaviour therefore constitutes an
extremely important aspect of a species survival strategy (Mathur, 2005). Animals differ in their response to
changes in external and internal environments and may be innate or acquired and depend on both genetic
disposition and ontogenic experience. Even within the same species, genetic differences exist among individuals of
a population in their response to the same environmental stimuli (Batchelor, 1991; Manteuffel, 2002; Anna and
Lance, 2005; Ogunjimi et al., 2008). All animals possess a range of behavioural expectations regarding their
environment, in order to maintain their physical and psychological health. Different behavioural attributes have a
specific function to the animal which can be associated to relaxation, ingestion, excretion, reproduction,
exploratory, freight, attack, adaptive and care soliciting. Thus an animal’s behaviour at each point in time reflects
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its perception of the environment as favourable or stressful. Understanding the impact of the production
environment is critical to animal welfare and performance and a clear perception of the proximate and ultimate
causations of an animal’s behaviour is important for its survival, well being and for maximum benefits from the
animal (Mathur, 2005).

Among the many aspects of ethology, animal scientists are interested in the feeding and adaptive behaviours
of animals under varied environmental conditions: ambient temperature (AT), relative humidity, air movement,
solar radiation and photoperiod (Marai et al., 1991; Marai and Rashwan, 2004). Ambient temperature is perhaps
the most important environmental factor affecting nutrient intake and therefore the well being of animals in the
humid tropics (Marai et al., 1991; Marai and Rashwan, 2004; Svotwa et al., 2007). Animals in their thermoneutral
zone (TNZ) use the standing posture for exercise, exploration, nutrient ingestion and mating while the lying down
posture is used mainly for relaxation. Both postures are however vital for thermoregulation during thermal stress.
Animals alter posture to dissipate, or conserve heat depending on the AT.

In the wild, the rabbit is a nocturnal animal nesting in the warrens throughout the day and emerging at dusk
to forage for food until early morning. This nocturnal behaviour may have evolved to escape predators (survival)
and/or take advantage of the more benign environmental AT during this period especially in the tropics. However,
domestication and intensive husbandry may have altered this behaviour. Krohn et al. (2000) reported that the
welfare of rabbits reared intensively can be improved by feeding the animals in the afternoon rather than in the
early morning while James and Kim (2010) reported that rabbits eat at all times of the day. The eating frequency
and duration of animals including rabbits varies with AT (Armstrong, 1994). Fayez and Alnaimy (2000) reported
that as AT fell from 21 °C to 10 °C, feed intake and feeding frequency in rabbits increased while feeding stopped as
the AT fell below 10 °C. The same authors noted that as the AT increased from 21 to 30 °C feeding frequency; feed
intake and duration reduced while feeding stopped entirely following rise in ambient temperature above 34 °C. In
addition, Marai et al. (1991) reported that above 35 °C rabbit can no longer regulate their internal temperature
while Marai and Rashwan (2004) stated that at 25 - 30 °C, rabbits stretch out to loose as much heat as possible by
radiation and convection. Thus rabbits like other mammals tolerate lower ATs better than higher AT (Nedergard et
al., 1990; Carey et al., 2003). AT range of 21 °C - 25 °C is known as the “comfort zone” or zone of thermo neutrality
for rabbits (Marai et al., 1991) and at this temperature range (21-25°C) feed consumption is optimum. In the
present study the effects of breed, sex, and ambient temperature (AT) on the diurnal and nocturnal feed and water
intake durations and durations of standing (DS) and lying down (DLD) of rabbits reared in the humid tropics were
determined.

MATERIALS AND METHODS

A total of twenty-four weaner rabbits about 8 weeks old belonging to three breeds namely: Newzeland White,
Dutch Black and American Chinchilla were used for the study. The rabbits were housed initially in four hutches (114
cm x 102 cm x 51 cm) for two weeks to adapt to the environmental conditions of the rabbitry. The floor of the hutch
was bedded with wood shavings to 2cm thick. During this period feed, water, vitamin and mineral supplements as
well as prophylactic antibiotic medications were provided to the animals to ensure good health and vitality. After
the two weeks pre-experimental period, 12 apparently healthy rabbits (4 per breed and 2 per sex) were selected,
weighed and housed individually in cells measuring 51 cm x 51 cm each. The rabbits were fed with an 18% CP diet,
a combination of forages-Centrosema pubescens, Ipomea batatas and Tridax procumbens - and water ad libitum
during the 8 weeks experimental period. Data for the nocturnal activities were collected three days per week
between time periods 18:00 hrs to 06:00 hrs while data for the diurnal activities were collected one day per week
between time periods 06:00 hrs to 18:00 hrs. The parameters measured included the durations of feed and water
intakes, lying down and standing to rest/explore the environment. The nocturnal and diurnal recordings were taken
three hourly for four time intervals namely: 1800 hrs - 21:00 hrs, 21:00 hrs - 00:00 hrs, 00:00 - 03:00 hrs and
03:00 hrs - 06:00 hrs (nocturnal) and 06:00 hrs - 09:00 hrs, 09:00 hrs - 12:00 hrs, 12:00 hrs - 15:00 hrs and
15:00 hrs - 18:00 hrs (diurnal). The temperature (°C) inside the rabbit hutches were measured within the same
three hourly intervals. Observation of the animals took place from a building directly opposite the rabbitry. The
dorsal pinnae of each rabbit was marked with a colour marker to enhance observation from a distance. Behavioural
activities of the rabbits were recorded in minutes using stop watches. Data collected were subjected to analysis of
variance (ANOVA) in a completely randomized design (CRD) using the ANOVA option of SPSS computer package
version 17.0 (SPSS Incorporate, 2001). Significantly different means were separated using Duncan’s New Multiple
Range Test option of SPSS.

RESULTS

The ranges of ambient temperatures in the rabbitry during the test periods (nocturnal and diurnal test
periods) are presented in Table 1 while the effects of the factors (breed, sex and ambient temperature) on the traits
studied are presented in Table 2. Table 1 shows that within the nocturnal test period, ambient temperature range
(AT range) was significantly (P < 0.01) highest within 18:00 - 21:00 hrs (mean, 25.89 + 0.19 °C) and significantly
(P < 0.01) lowest during 03:00 - 06:00 hrs (mean, 23.80 + 0.19 °C). For the diurnal period, AT range was highest
within 12:00 - 15:00 hrs (mean, 30.52 + 0.27 °C) and least during 06:00 - 09:00 hrs (mean, 25.46 + 0.27 °C).
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Table 1 - Range of ambient temperature in the rabbitry during the experiment

Test period
Nocturnal Diurnal
Time period (hr) ATR (oC) Mean Time period (hr) ATR (oC) Mean
18:00-21:00 24.8-28.3 25.89 + 0.192 06:00-09:00 24.0-27.8 25.46 £ 0.27d
21:00-00:00 22.5-26.5 24.49 + 0.190 09:00-12:00 26.8-30.5 28.16 £ 0.27¢
00:00-03:00 22.0-25.8 23.88 + 0.19¢ 12:00-15:00 29.5-32.0 30.52 £ 0.272
03:00-06:00 22.5-25.5 23.80 + 0.19¢ 15:00-18:00 28.5-31.0 29.21 £ 0.27°

abed: means on the same column with different superscripts are significantly different (P < 0.05), ATR: range of ambient temperature.

Thus, both the minimum and maximum mean ATs were higher for the diurnal period compared to the
nocturnal period (25.46 + 0.27 vs 23.80 £ 0.19 and 30.52 + 0.27 vs 25.89 % 0.19, respectively). Mean AT ranged
from 22.0 - 28.3 °C during the nocturnal period and 24.0 - 32.0 °C during the diurnal period.

Table 2 shows that breed and sex of rabbits did not significantly influence any of the parameters studied.
Duration of water intake (DWI), duration of standing (DS) and duration of lying down (DLD) were however,
significantly (P < 0.05) affected by test period (that is, nocturnal or diurnal periods).

Table 2 - Effects of breed, sex and test period on duration of behavioural traits of rabbits

Trait Breed Sex Test period

NzwW DB AC M F Nocturnal Diurnal
DFI 31.86+1.0 3395+1.3 32.30+0.9 31.86 +0.9 33.05+0.8 32.10+0.7 3328+ 1.1
DWI 198 £ 0.2 1.97 +£0.2 198+ 0.1 2.00+0.1 195+0.1 0.80 + 0.1° 5.51 £ 0.22
DS 3445+ 0.8 3396+ 1.6 33.94 £ 0.7 33.56 + 0.7 34.57 £ 0.6 34.82 + 0.52 3194 +1.1°

DLD 10449+1.6 102.78+1.8 101.58+1.3 102.97 £ 1.3 102.57 £ 1.2 110.44 £0.92 79.68 + 1.9b
ab: means on the same row with different superscripts are significantly different (P < 0.05), NZW: Newzeland White, DB: Dutch Black, AC:

American Chinchilla, M: male, F: female, DFI: duration of feed intake, DWI: duration of water intake, DS: duration of standing, DLD: duration of
lying down.

Duration of water intake was longer during the diurnal than nocturnal test period while durations of standing
and lying down were respectively, longer during the nocturnal test period compared to the diurnal test period.
Duration of feed intake did not differ according to test period.

Figures 1 and 2 present the effects of ambient temperature (AT) on the parameters studied. From Figure 1a,
duration of feed intake (DFI) was longest at AT range of 24 - 28 °C followed by 28 - 30 °C and least at AT range of
30 - 32 °C. From AT range of 26 - 28 °C, duration of feed intake decreased progressively to its least value of 25.3
min. at AT range of 30 - 32 °C. For duration of water intake (DWI), rabbits drank for longest period at AT range of
30 - 32 °C (9.0 min.) followed by 26 - 28 °C (6.4 min) and for shortest duration of 0.5 min. at AT range of 22 - 24
°C. Contrary to the observed trend for feed intake, duration of water intake (Fig. 1b) significantly (P < 0.05)
increased from AT range of 22 - 24 °C (0.5 min.) to 26 - 28 °C (6.4 min.), decreased within AT range of 28 - 30 °C
(5.0 min) and then significantly (P < 0.05) rose to its highest value of 9.0 min at AT range of 30 - 32 °C. A milder
response to the effect of AT was observed for duration of standing (DS) (Fig. 2a).
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Figure 1 - Effect of ambient temperature on duration of feed and water intake: (A) feed intake, (B) water intake, DFI:
duration of feed intake, DWI: duration of water intake, min.: time in minutes.
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Figure 2 - Effect of ambient temperature on duration of standing and lying down in rabbits. (A) standing, (B) lying

down, DS: duration of standing, DLD: duration of lying down, min.: time in minutes.
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DS was longest within AT range of 24 - 26 °C and 26 - 28 °C (37.4 min. and 37.1 min., respectively) but
shortest for 22 - 24 °C and 30 - 32 °C (29.5 min. and 29.6 min., respectively). For duration of lying down (DLD),
rabbits laid down for longest duration within AT range of 22 - 24 °C (128.8 min) and least within AT range of 28 -
30 °C (57.1 min.). Duration of lying down decreased progressively from the highest value of 128.8 min. within AT
range of 22 - 24 °C to its least value of 57.1 min. within AT range of 28 - 30 °C before it shot up again to 99.5 min
within AT range of 30 - 32 °C which was similar to the value obtained for AT range of 24 - 26 °C and 26 - 28 °C
(1209.3 min. and 90.9 min, respectively).

The effects of interaction of test period (nocturnal or diurnal) x ambient temperature on duration of the
parameters studied are presented in Table 3.

Table 3 - Effect of test period x ambient temperature interaction on duration of behavioural traits of rabbits

Test period
Nocturnal Diurnal

ATR DFI DWI DS DLD ATR DFI DWI DS DLD

(oC) (min.) (min.) (min.) (min.) (oC) (min.) (min.) (min.) (min.)
2123 22.7+115 Nil 28.5+10.7 1319+ 18.82 23-25 19.0+156° 18+1.8 352+14.0 120.3+26.12
2325 276169 06+0.7° 341+54 117.9+9.52 2527 422+ 1352 4.1+18>« 39.6+12.8 90.2+ 16.42>
2527 348+9.3 18+0.9a 37.3+6.5 102.8 +11.42> 27-29 38.1+12.02» 6.2+1.6°P 36.6+11.4 54.9+20.0b
2729 26.0+18.3 3.5+1.82 39.5+135 828+23.8 2931 31.5+9.23 73+1.72a» 355+12.0 72.9+21.12b
3132 11.4+123¢ 104+1.72 194 +11.7 112.0+20.62

ab: means on the same column with different superscripts are significantly different (P < 0.05), ATR: range of ambient temperature, DFI:

duration of feed intake, DWI: duration of water intake, DS: duration of standing, DLD: duration of lying down, min.: time in minutes.

The table shows that DFI and DS did not differ significantly within the range of ATs observed during the
nocturnal test period. DWI differed significantly (P < 0.05) with rabbits spending significantly (P < 0.05) longer time
of 3.5 + 1.8 min. drinking within AT range of 27 - 29 °C compared to the value of 0.6 + 0.7 min obtained within AT
range of 23 - 25 °C. Duration of feed and water intakes as well as lying down varied significantly (P < 0.05) among
AT range values within the diurnal test period. For DFI, rabbits spent significantly (P < 0.05) longer time feeding
within AT ranges of 25 - 27 °C (42.2 + 13.5 min.), 27 - 29 °C (38.1 + 12.0 min.) and 29 - 31 °C (31.5 + 9.2 min.)
compared to the time duration of 19.0 + 15.6 min and 11.4 + 12.3 min. obtained within AT ranges of 23 - 25 °C
and 31 - 32 °C, respectively. For water intake, rabbits spent significantly (P < 0.05) longer time drinking when AT
was between 31 - 32 °C (10.4 + 1.7 min.) and 29 - 31 °C (7.3 = 1.7 min.) compared to the values for AT ranges of
27 -29°C (6.2 £ 1.6 min.), 25 - 27 °C (4.1 + 1.8 min.) and 23 - 25 °C (1.8 £ 1.8 min.). Duration of lying down was
significantly (P < 0.05) shortest within AT range of 27 - 29 °C at 54.9 + 20.0 min. compared to other AT range
values.

The correlation matrix for ambient temperature and duration of behavioural traits studied is presented in
Table 4. Significant (P < 0.01) positive correlation (rg) was obtained between DFI and DS; DWI and DS and DWI and
AT. Duration of feed intake and DLD; DWI and DLD as well as DS and DLD were significantly (P < 0.01) negatively
correlated. Similarly, DLD was significantly (P < 0.01) negatively correlated with AT (rg, -0.42).
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Table 4 - Correlation matrix for ambient temperature and duration of behavioural traits of rabbits

Trait DFI DWI DS DLD AT
DFI 0.03 0.10** -0.46™* 0.31
DWI 0.09** -0.29** 0.64**
DS -0.51** -0.02
DLD -0.42*

**: significant at P < 0.01 (2 tailed), DFI: duration of feed intake, DWI: duration of water intake, DS: duration of standing, DLD:

duration of lying down.
DISCUSSION

The significantly higher AT range during the diurnal period compared to the nocturnal period was expected.
Whereas direct solar radiation heats up the earth’s atmosphere during the day (diurnal period), large amount of
heat energy escapes from the earth into space during the night (nocturnal period) such that the earth’s atmosphere
is cooled during this period. Diurnal AT range and mean AT were lowest (24.0 - 27.8 °C and 25.46 + 0.27 °C,
respectively) during the time period following the nocturnal period (06:00 - 09:00 hrs) reflecting the effects of heat
loss during the nocturnal period while nocturnal AT range and mean AT were highest (24.8 - 28.3 °C and 25.89 +
0.19 °C, respectively) during the time period following the diurnal period (18:00 - 21:00 hrs) reflecting the effects
of heat gain from solar radiation during the diurnal period. Thus mean minimum and maximum ATs were
expectedly higher for the diurnal period compared to the nocturnal period (25.46 + 0.27 °C vs 23.80 + 0.19 and
30.52 £ 0.27 vs 25.89 + 0.19, respectively). These higher diurnal ATs mean that rabbits reared intensively in the
tropics are exposed to ATs above their thermoneutral zone (TNZ) (Marai and Rashwan, 2004) especially during the
diurnal period and are therefore thermally stressed. The lower ATs of the nocturnal period offer opportunity to loose
substantial body heat and to cope with the high tropical ATs.

The insignificant (P > 0.05) breed and sex effects (Table 2) and breed x sex interaction effects (not shown) on
the parameters studied was not surprising. The three breeds of rabbits used in the present study are the
commonest exotic breeds reared in Nigeria and these breeds may have adapted substantially to the tropical
environment. Marai et al. (1991) reported that animals routinely kept under high ATs develop metabolic
mechanisms to adapt to heat stress and that in the tropics; New Zealand White rabbits are successfully raised
under conditions in which the AT is consistently in the range 32.2 - 35.0 °C. The highly significant (P < 0.01)
differences between nocturnal and diurnal durations of water intake, standing and lying down postures are
consequences of the AT differences between these test periods as well as the natural (nocturnal) behavioural
inclination of rabbits. Expectedly, DWI was shorter during the nocturnal period as the rabbits needed less water
during the low temperature regimens characteristic of this period. Again, domesticated and intensively reared
nocturnal animals become less nocturnal overtime and hence sleep/rest for most of the night periods. Duration of
standing was significantly (P < 0.05) higher during the nocturnal period probably in response to the more benign AT
regimen of this period and/or due to the natural inclination for nocturnal exploration. The shorter time spent
standing during the diurnal period was hence in response to the generally higher diurnal ATs as well as the need for
some other more important activities like feed and water intakes and lying down to rest and/or loose heat in order
to regulate body temperature. Marai and Rashwan (2004) reported that in warm environment (37.2 - 42. 2 °C),
bunnies 5 - 10 weeks lie spread on their sides on the floor to loose body heat. Older rabbits exhibit similar
behaviour at a lower AT range of 25 - 30 °C. Daily feed intake did not differ significantly between test periods
probably because rabbits equally utilize the nocturnal and diurnal time periods for feeding. Ruminant livestock
exhibit increased grazing activities towards dusk and just before dawn in response to more benign ATs.

The significantly (P < 0.05) higher duration of feed intake (Fig. 1a) and by extension the quantity of feed
consumed at AT range of 26 - 28 °C which was recorded between 18:00 and 21:00 hrs (nocturnal period) and
06:00 - 12:00 hrs (diurnal period) (Table 1) indicates that this temperature range probably corresponds to or is
close to the thermoneutral zone (TNZ) of the rabbits used in the present study or that the above time periods were
the peak periods for feed intake in rabbits reared in our environment or that a positive interaction effect exists
between ambient temperature and time period in this instance. Thermal comfort zone for any animal is a function
of the climatic and weather variables of its environment (Marai et al.,, 1991). Thus animals reared in the hot humid
tropical environment acquire overtime the capacity to tolerate higher heat threshold than their counterparts reared
in the temperate environments (Finzi, et al., 1988; Marai et al., 1991; Mayer and Bucklin, 2009). Consequently,
tropically adapted breeds have higher TNZ than their temperate counterparts (Hansen, 2004; Mayer and Bucklin,
2009). The shorter duration of feed intake at AT range of 22 - 24 °C (nocturnal period: 00:00 - 03:00 hrs) indicate
low feeding activity in the rabbits within this time period in spite of the lower and probably more comfortable
thermal environment. The steep decline in time spent feeding as AT rose to 30 °C and above (diurnal period: 12:00
- 18:00 hrs) indicate the adverse effect of high AT on nutrient ingestion. Animals eat to generate energy for body
functions and other activities. The excess is lost to the environment through sensible and insensible heat loss
mechanisms (Gates et al.,, 2001; Marai et al., 2002; Hansen, 2004; Marai et al., 2008; Hansen, 2009). Inability to
dissipate excess body heat due to high ATs triggers a series of coping or homeostatic strategies (Horowitz, 2002;
Bernabucci et al.,, 2010) involving hormonally mediated feed-back mechanisms which depress feed intake,
increase water intake, reduce the rate of body metabolic activities and hence internal heat production (Marai and
Rashwan, 2004; Svotwa et al.,, 2007; Villalobos et al., 2008; Bernabucci et al., 2010; Marai and Nardone, 2010).
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The adverse effects of high environmental temperatures on duration of grazing in ruminants and feed intake in
other livestock species have been extensively studied (Silanikove, 2000; Marai et al., 2008; Bernabucci et al,,
2010). The significant (P < 0.05) rise in DWI with rise in AT (Fig. 1b) was expected. The rise in the time spent
drinking was very sharp as AT rose to 28 °C from 26 °C (diurnal period: 09:00 - 12:00 hrs) probably due to more
severe thermal stress and the greater need by the rabbits to cool their body. Water serves as a heat sink in the body
and enhances insensible (evaporative) heat loss. The temporary drop in time spent drinking observed between 28 -
30 °C AT (diurnal period: 12:00 - 15:00 hrs) could arise from the animals adopting the lying down posture to cool
the body via heat conduction, convection and radiation from the body surfaces. However, as AT rose from 30 °C to
32 °C, DWI increased again signifying increasing need for evaporative heat loss. Rabbits have few functional sweat
glands (Marai et al., 1991) and fur bearing animals in general loose little heat through their skin due to the covering
of fur (Marai et al.,, 1991). Consequently, evaporative heat loss constitutes the major source of heat dissipation for
this class of animal under severe heat stress (Marai et al., 1991; Marai and Rashwan, 2004).

The decline in the time spent standing with rise in AT from 28 °C (Fig. 2a) was sequel to increased thermal
stress and the greater tendency to lie down and to drink water. Thus, both the time spent in lying down (Fig. 2b) and
drinking water (Fig. 1b) increased sharply with rise in AT to 30 °C and above. Sevi et al. (2002) observed that
greater percentage of experimental time was allocated to lying down compared to feeding in lactating ewes under
low ventilation regimen (higher thermal stress) compared to moderate and programmed ventilation regimens.
Duration of standing was less sensitive to changes in AT probably because the standing posture does not
significantly enhance body heat loss under severe thermal stress. It has however been reported that in the absence
of shade, an animal will change its posture to the vertical position in respect to the sun in order to reduce the
effective area for heat gain from solar radiation during periods of high AT (Silanikove, 2000; Hansen, 2004). Sheep
and goats tend to crowd, and to stand intimately side by side for the same purpose (Silanikove, 2000).

The significantly longer DWI due to interaction effect of test period x ambient temperature (Table 3) confirm
the dependent nature of this trait on AT within each test period. Within the nocturnal period, water intake was not
observed within AT range of 21 - 23 °C probably due to inactivity within the time period and/or lack of a need of
water for normal physiological processes (e,g. thermoregulation) consequent upon the low AT. DWI was longer at AT
range of 27 - 29 °C as was observed in the early nocturnal period (18:00 - 21:00 hrs) (Table 1) sequel to the higher
AT and greater thermal stress. The significantly longer duration of lying down at AT range of 21 - 23 °C coincided
with the hours of rest and inactivity and lowest AT. The short duration spent lying down at AT range of 27 - 29 °C
(early nocturnal period) is explained by the need to drink water to cool the body hence DWI was longest at this AT
range. For the diurnal period, all traits except DS differed significantly with AT indicating that the diurnal AT regimen
impacted more on the behavioural traits. Duration of feed intake was least at AT ranges of 23 - 25 °C (early diurnal
period) and 31 - 32 °C (late diurnal period). For early diurnal period (23 - 25 °C), it could be that the rabbits have
just transitioned from the nocturnal period and are still awaiting for fresh supplies of feed or had lesser need for
feed at this early diurnal period while for the late diurnal period, the short DFlI was sequel to the high AT and
cumulative effects of heat stress which discouraged feeding within this period and AT. Moderate ATs (ATs close to
the TNZ) are therefore, the best thermal conditions for feed intake in rabbits. The increasing trend observed for DWI
following increasing diurnal AT reflect the positive and linear relationship between AT and water intake. Duration of
lying down was similar to the trend observed for the nocturnal AT ranges being longest at low and high ATs and
lowest at moderate ATs. It does appear that at temperatures close to the TNZ, rabbits lie down only sparingly.
However, the need to feed and/or drink at certain time periods may have influenced the durations of some of the
behavioural traits.

The significantly positive correlation between DFlI and DS, DWI and DS and DWI and AT (Table 4) arose
because rabbits generally stand or squat to feed or drink and because water intake increases with AT. Duration of
standing and DLD were significantly negatively correlated since both behaviours are mutually exclusive. Duration of
lying down was significantly negatively correlated with AT indicating that as AT increases, the tendency to lie down
decreases which could arise from the need to stand to drink water to cool the body.

CONCLUSION

Feed and water intakes impact on welfare and performance of rabbits. The present study revealed that AT
affects duration of nutrient ingestion and by extension, the amount of total nutrient consumed by rabbits. High ATs
discouraged feed intake for most of the diurnal period and rabbits utilized early nocturnal period for feeding.
Therefore, rabbits should be provided with feed during the diurnal period as well as for the nocturnal period contrary
to the current practice in most rabbit holdings where nocturnal feeding is not seriously considered. Rabbits spend
longer time drinking during the diurnal period consequent upon the higher ATs during this period. Therefore
intensively reared rabbits should be provided with cool clean water at all times but especially during the diurnal
period. Again, to enhance normal activities of rabbits, temperatures within their comfort zone should be ensured.
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ABSTRACT: This study was carried out to evaluate the effects of different levels of chromium
methionine (CrMet) on nutrient digestibility, carcass characteristics and plasma metabolites of male
Kids. Thirty-two male Mahabadi goat kids (average initial body weight (BW) = 2212 kg, 4 months)
were allocated in a completely randomized design with four treatments: 1) control (without Cr), 2)
0.5, 3) 1 and 4) 1.5 mg Cr as Cr-Met/animal/day. Diets were same (ratio of forage: concentrate was
30:70) except for top-dress addition of Cr-Met and fed in two equal meals (08.00 and 16.00h), Also
orts collected before morning meal. Animals were kept in individual pens for 100 days. Kids were
slaughtered at the end of the experiment and carcass characteristics determined. The results
showed that dressing percentage was not affected by treatment, but, Cr supplementation reduced
10th rib back fat thickness by 30.30% (P<0.01), and tended to increase longissimus muscle area
(P<0.09). Supplemental Cr increased percentage of neck (P<0.05) and proximal pelvic limb
(P<0.08). Addition of different levels of Cr-Met failed to significantly effect on (P>0.01) the post-
prandial changes in plasma levels of cholesterol, urea N, total protein, triglyceride and albumin,
However, post-prandial of plasma glucose decreased by Cr (P<0.05). NDF and organic matter
digestibility increased in the kids fed added dietary Cr compared with the control group. it was
concluded that diet supplementation with chromium methionine could be improved nutrient
digestibility, carcass characteristics and peripheral glucose utilization in goat kids.

ETTOIENT TNINIRIEID

Key words: Chromium-methionine, Mahabadi goat kid, Digestibility, Plasma metabolites,
Glocuse

INTRODUCTION

Trivalent chromium (Cr) is a structural component of a glucose tolerance factor (GTF) which potentiates the
action of insulin; it is also an essential trace element for normal metabolism of carbohydrate, lipids, protein, and
nucleic acids in humans and laboratory animals (Anderson et al., 1987; Abraham et al., 1991; Mertz, 1993).
Dietary recommendation for Cr is not listed for most livestock species including goats. Nevertheless,
supplementation of Cr in livestock diets may improve animal metabolism and enhance production performance
and the quality of animal products (Spears, 1999). There is evidence to suggest that adequate absorption of Cr
occurs only when the trace element is associated with a specific organic molecule (Evans, 1982). Consequently,
many types of organic mineral complex have been developed and introduced to the market. Chromium methionine
chelate is a newly developed organic mineral which is able to directly cross the intestinal cell membrane and be
metabolized without any prior digestion since it was chelated with amino acid. Therefore, bioavailability of
chromium methionine chelate is proposed to be higher than those of other organic chromium (Ohh and Lee, 2005).
Research conducted with pigs showed that organic Cr supplementation increased loin eye area and decreased fat
thickness (Page et al., 1993; Lindemann et al., 1995) as well as increasing the rate of lean and decreasing the
rate of fat deposition (Boleman et al., 1995; Mooney and Cromwell, 1995). Kitchalong et al. (1995) reported Cr
decrease fat thickness over the 10th rib in wether lambs. Bunting et al. (1994) reported lower plasma total
cholesterol and higher glucose clearance rates in Holstein calves fed diet supplemented with CrPic. Studies of
CrMet supplementation in goat kid are rare. Additionally, the dietary requirement and the exact level of
supplementation of Cr need to be defined for livestock which are not exposed to any physical stress per se. In the
present investigation, Mahabadi goat kids were supplemented with trivalent Cr as chromium methionine (CrMet)
for 90 days. The objective of experiment was to determine the effect of adding different levels of organic Cr on
nutrient digestibility, carcass characteristics and plasma concentrations of metabolites in growing goat kids.
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MATERIAL AND METHOD

Animals and dietary treatments

This study was done in Experimental Farm of Agriculture and Natural Resource Collage, university of Tehran,
Karaj, Iran. Thirty-two male Mahabadi goat kids (initial age 4 months) were allocated by stratified randomization on
the basis of body weight (2212 kg) into four equal groups. Kids were individually penned and measurements were
made on each kid. Kids were allowed ad libitum access to water and offered feed twice daily at approximately
0800 and 1700h for 100 days. Gradual adjustment to forage: concentrate ratio of 30:70 in TMR form. Diet took
place over the 10 d quarantine period, and then kids were randomly assigned to one of four dietary treatments
(n=8 per group) receiving supplementation of 0, 0.5, 1.0, and 1.5 mg Cr as Cr-Met [10% Cr and 90% Met (wt/wt);
MicroPlex 1000, Zinpro, Inc., Eden Prairie, MN] once daily, top dressed with 50 g of ground barley for 90days. The
basal diet (Table 1) was formulated for maximum growth and met or exceeded the requirements recommended by
NRC (1985). The range of Cr levels was selected based on previous studies with goat (Haldar et al., 2009).

Table 1 - Ingredients and chemical composition of diet

Nutrient % of DM Chemical components Macro mineral and micro mineral
Alfalfa hay 16.49 DM (%) 80.78 Calcium (%) 0.89
Corn silage 8.32 NEL, Mcal/kg 241 Phosphorus (%) 0.48
Ground barley grain 50.65 CP (%) 13.5 Magnesium (%) 0.27
Soybean meal 2.21 NDF (%) 36.6 Sulfur (%) 0.28
Canola meal 4.55 Ether extract (%) 2.6 Zn (mg/kg dm) 219
Wheat bran 9.09 Ash (%) 9 Fe (mg/kg dm) 368
Wheat straw 5.19 I (mg/kg dm) 3
Carbonate Calcium 1.3 Mn (mg/kg dm) 216
Sodium bicarbonate 0.78 Cu (mg/kg dm) 54
Salt 0.52 Co (mg/kg dm) 1
Mineral-Vitamin Premix 0.91 Cr (mg/kg dm) 0.83

1Containing vitamin A (250,000 IU/kg), vitamin D (50,000 IU/kg), and vitamin E (1,500 IU/kg), manganese (2.25 g/kg), calcium (120 g/kg),

zinc (7.7 g/kg), phosphorus (20 g/kg), magnesium (20.5 g/kg), sodium (186 g/kg), iron (1.25 g/kg), sulfur (3 g/kg), copper (1.25 g/kg),
cobalt (14 mg/kg), iodine (56 mg/kg), and selenium (10 mg/kg).

Metabolic challenge and sample analyses

A feeding challenge test was performed on day 75. The pre-feeding blood samples were collected from the
jugular vein by jugular vein puncture into evacuated collection tubes containing sodium heparin at 0800 h
after an overnight fast and then stored immediately on ice. The kids were fed and bled again 3h after feeding.
Plasma samples were harvested by centrifuging at 3000 x g for 15 min and were stored at -20°C until
analysis. Plasma samples were analyzed for glucose, triglyceride, total cholesterol, Urea N, total protein and
albumin concentration using enzymatic method and appropriate kits (Pars-azmon Co., Tehran, Iran) and Clima
Plus Analyzer (RAL, Madrid, Spain). The change (%) in the concentration of the serum metabolites over the
basal value at 3 h post prandial was determined as well.

Carcass evaluation

At the termination of the trial, all of the lambs in each treatment group were weighed after 16 h of feed
deprivation and slaughtered by Iranian traditional procedure (Nik-Khah, 1984) at the Meat Processing Facility
of the Animal Sciences Department, University of Tehran. At slaughter, the head, hair and viscera were
removed from carcass, hot carcass (for determination of dressing proportion) was collected, and the right and
left halves of the carcasses were separated. Measurements of back fat depth and longissmus muscle area
were made from right carcass tracings taken at the 10th rib. Carcass dressing proportion was calculated by
the following formula: hot carcass weight divided by final live weight x100. From the carcass, wholesale cuts
including neck, proximal thoracic limb, proximal pelvic limb, steak-lumbar, and brisket-abdominal region were
separated and weighed (Nik-Khah, 1984).

Diet and fecal samples collection and chemical analyses

Samples of the diet (TMR) and the orts were collected weekly in polyethylene sachets and pooled at monthly
intervals. During the last 7 days of the experiment, fecal samples were collected every morning around feeding
time. Faecal samples were pooled for each kids at the end of the collection period. Diet and fecal samples were
analyzed for DM, organic matter (OM), crude protein (Kjeldahl N *6.25), ether extract, ash, and AIA content in
accordance with the Association of Official Agricultural Chemists protocols (AOAC, 1990). All samples were
analyzed for neutral detergent fiber (NDF) and acid detergent fiber (ADF) content according to procedures described
by Van Soest et al. (1991) . AIA content was used as an internal marker to determine the apparent digestibility of
Nutrient digestibility as reported by Van Keulen and Young (1977).

128
LCCICRGIEREE Emami A, Zali A., Ganjkhanlou M, Akbari Afjani A. 2012. Nutrient digestibility, carcass characteristics and plasma metabolites in kids
fed diets supplemented with chromium methionine. Online J. Anim. Feed Res., 2 (2): 127-132.

SRS EYATDIGET TG EIEEEEN http://www.science-line.com/index/; http://www.ojafr.ir




Statistical Analysis

Data were analyzed as a completely randomized design using the General Linear Model (GLM) procedure of
the statistical analysis software package (SAS Institute, 2002). Least-square means were computed and tested for
differences by the Tukey’s test. Differences of least squared means were considered to be significant at P <0.05,
and that of (P <0. 01) was described as a trend.

RESULTS AND DISCUSSION

The effects of supplemental Cr on characteristics and percentage of wholesale cuts of the carcass are
presented in Table 2. There is no significant effect of Cr on dressing proportion (%) compared to the control group
(P>0.05) but, longissimus muscle area (LMA) had a trend to increased (LMA were 12.65, 13.96, 14.57, 15.24
control to 4, respectively; P= 0.09). Dietary CrMet supplementation reduced 10th rib back fat thickness by 30.30%
(P<0.01). Among percentage of wholesale cuts of the carcass, neck (%) increased by addition of Cr to the diet (P <
0.05), whereas the percentage of brisket abdominal, steak-lumbar, Proximal thoracic limb and proximal pelvic limb
were not affected by Cr supplementation (P>0.05; Table 4). kids fed 1.5 mg Cr tended to have higher proximal
pelvic limb percentage (P=0.08). Our data indicate that Cr additives did affect lipid deposition and LMA. These
results supported the findings of Lindemann et al. (1995), who observed that the addition of 200 ppb Cr reduced
back fat and increased LMA of growing-finishing swine, and similar effects of Cr were also observed in pigs
(Mooney and Cromwell, 1995; Wang and Xu, 2004; Wang et al., 2009). Kitchalong et al. (1995) reported a
decrease in fat thickness over the 10th rib in wether lambs fed organic Cr, and no differences were detected for
loin-eye area. On the contrary, Evock-Clover et al. (1993) indicated that Cr did not affect back fat or LMA in growing
pigs, Yan et al. (2008) and Gentry et al. (1999) did not show any effect of Cr on dressing percentage, back fat and
LMA in lambs. As the cofactor of insulin, Cr acts on carcass traits mainly by influencing insulin sensitivity, which
closely relates to carbohydrate and protein metabolism (Anderson, 1998). The results of our research suggest that
the chromium content in the test diet could not meet the requirements of fattening kids. Reports of carcass cuts in
Cr supplementation studies have been rare. Mooney and Cromwell (1997) observed no differences in ham weight
of pigs fed supplemental Cr (200g/kg) as CrPic, whereas Anderson et al. (1989) and Hossain et al. (1998) reported
increase of breast yield in poultry fed supplemental Cr as CrCI3 (25 to 200 mg/kg) or high-Cr yeast (400g/kg). In
the present study, among the wholesale cuts, percentage of neck and pelvic limbs increased by supplemental Cr.
These results can be related to Cr effects on improving insulin sensitivity or cellular protein synthesis (Roginski and
Mertz, 1969; Okada et al., 1982). Mostafa-Tehrani et al. (2006) reported supplemental Cr from CrNic or CrCI3
increased weights of proximal thoracic and pelvic fat-tailed ram limbs.

Table 2 - Effects of chromium methionine (CrMet) supplementation on carcass characteristics and percentage of

wholesale cuts of the carcass in Mahabadi goat kids.

ltem Treatments* SEM Significance
1 2 3 y (p value)

Loin eye area (LMA,cm2) 12.65 13.96 14.57 15.24 0.70 &
Dressing percentage 41 39 43 39 1.30 NS

Fat thickness over 10th rib, (mm) 3.302 2.882 2.63ab 2.3 0.19 I
Neck (%) 9.66P 10.072 11.172 9.962 0.35 e
Proximal thoracic limb (%) 22.97 22.47 21.92 21.66 0.44 NS
Proximal pelvic limb (%) 29.17 30.50 29.89 30.87 0.47 €
Steaks-lumbar (%) 21.58 20.99 20.78 21.61 0.56 NS
Brisket-abdominal region (%) 16.33 15.83 16.23 16.03 0.37 NS

*1= O(control), 2= 0.5, 3= 1 and 4= 1.5 mg Cr/day/animal as chromium methionine (CrMet). Means in the same row with different

superscripts differ significantly (p<0.05). *P < 0.1; ** P < 0.05; *** P < 0.01; NS = not significant.

Mean plasma glucose, triglyceride, total cholesterol, urea N, total protein and albumin at O and 3 h
postprandial are shown in Table 3. Dietary Cr supplementation improved post-prandial utilization of glucose
(P=0.026). Overall mean plasma glucose concentrations were lower (P<0.05) in the CrMet-fed kids than in those
fed control (plasma glucose were 63.38, 58.11, 53.55and 51.81 mg/dL in 1m (control) to 4, respectively). All kids
had higher (P<0.01) plasma triglyceride concentrations 3 h after feeding than after 16 h of feed deprivation.
Following 16 h of feed deprivation, plasma triglyceride tended to decrease in kids fed 1 mg Cr day (P<0.01). Dietary
treatment had no effect (P>0.01) on the post-prandial changes in plasma levels of cholesterol, urea N, total protein,
triglyceride and albumin, but overall mean plasma cholesterol (P<0.06) and triglyceride (P<0.04) decreased,
whereas urea N increased by CrMet (P=0.06). The O and 3 h, post-prandial plasma metabolite concentrations did
not reveal any effect of Cr supplementation, and this was in partial agreement with the earlier findings (Kitchalong
et al., 1995; Gentry et al., 1999). Haldar et al. (2007) observed that post-prandial serum levels of glucose and
cholesterol decreased by dietary Cr supplementation from Cr chloride and Cr yeast in adult castrated male black
Bengal goats. The 3 h postprandial plasma glucose indicated a better utilization of glucose after feeding. Overall
mean plasma cholesterol and triglyceride levels revealed significant effect of Cr on lipid metabolism as did earlier
workers (Bunting, et al. 1994; Kitchalong, et al. 1995; DePew et al., 1996; Subiyatno et al., 1996). Results from
this study, therefore, support the suggestion that Cr supplementation has the potential to alter lipid metabolism
(Riales and Albrink, 1981). The lower serum triglyceride at O h in agreement with the results of Page et al. (1993)
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and Wang et al. (2009), but different by several earlier works reporting little or no effect of supplemental Cr on
serum triacylglycerol level (DePew et al., 1996; Besong et al., 2001).

Table 3 - plasma metabolite concentrations at 0 and 3 h post prandial in goat kids supplemented with different

levels of chromium methionine (CrMet)

Measurements Treatment 1 s'ﬁ)":f:;::; e
1 2 3 4 SEM Diet time Diet*Time

Glucose(mg/dL)

Oh 60.03 56.50 56.33 49.04 3.59 NS NS NS

3h 66.72a 59.71ab 50.78b  54.58b 3.40 *x NS NS

0,

\g I"uhea"ge overOh 1446 8.64 8.36 13.35 9.85 NS NS NS
Total cholesterol (mg/dL)

Oh 71.06 54.94  69.79 59.90 7.86 NS NS NS

3h 73.24 60.58  67.46 69.37 8.06 NS NS NS

0,

\g fuhea"ge over0h 5500 17.32 -0.40 28.36 10.01 NS NS NS
T6 (mg/dl)

oh 36.25  39.04 3252 36.70 1.34 * ok x NS

3h 38.53 4085  36.61 38.81 1.44 NS NS NS

0,

\g fuhea"ge Dl 6.33b 533c 12.82a  5.71bc 0.35 ok k NS NS
Aibumin,(g/dL)

Oh 5.72 5.78 4.98 4.44 0.39 NS * NS

3h 4.63 3.80 4.74 4.84 0.52 NS NS NS

0,

v/‘; fuhea"ge overOh 1517 3266  -346 12.38 13.12 NS NS NS
Urea N, (mmol/I)

oh 5.43 6.63 5.62 7.55 0.82 NS NS NS

3h 5.51 5.53 6.18 6.96 0.39 NS NS NS

0,

\g fuhea"ge Dl 7.45 -8.70 12.26 -4.01 8.47 NS NS NS
Total protein,(g/dL)

Oh 7.32 7.19 6.23 7.44 0.45 NS NS NS

3h 7.89 6.13 6.74 6.49 0.8 NS NS NS

0,

%changeoverOh 4614 2004 725 12.73 10.02 NS NS NS

value

11= QO(control), 2= 0.5, 3= 1 and 4= 1.5 mg Cr /day/animal as chromium methionine (CrMet). Means in the same row with different
superscripts differ significantly (p<0.05). For glucose: over all diet effect P = 0.02, For cholesterol: over all diet effect P = 0.06, For protein:
over all diet effect P = 0.53. For triglyceride: over all diet effect P = 0.04, For albomin: over all diet effect P = 0.63, For Urea N: over all diet
effect P =0.06. *P < 0.1; ** P < 0.05; *** P < 0.01; NS = not significant

Table 4 - Effects of chromium methionine (CrMet) supplementation on DMI and apparent digestibility of nutrients
diet in Mahabadi goat kids

Treatments* Significance

22 1 2 3 4 SEM (p value)
DMI kg/d 1.00 1.00 1.02 1.06 0.04 NS
Digestibility coefficients (%)

DM 67.45 69.05 71.09 66.62 1.47 NS

oM 64.50 64.25 67.40 63.21 1.07 &

CP 59.42 57.72 61.19 57.12 1.74 NS

EE 48.14 57.21 61.06 57.44 3.25 NS

NDF 45.81b 46.50b 53.84a 48.46ab 1.58 WD

ADF 67.31 64.53 70.50 67.49 1.86 NS

*1= 0(control), 2= 0.5, 3= 1 and 4) 1.5 mg Cr /day/animal as chromium methionine (CrMet). Means in the same row with different

superscripts differ significantly (p<0.05). *P < 0.1; ** P < 0.05; *** P < 0.01; NS = not significant

Table 4 shows the effects of Cr supplementation on apparent digestibility of nutrients and dry matter intake
(DMI). DMI were not affected (P>0.05) by Cr supplementation. This is consistent with research with pigs (Page et
al., 1993; Amoikon et al., 1995; Lindemann et al., 1995), lambs (Samsell and Spears, 1989; Kitchalong et al.,
1995; Forbes et al., 1998), and calves (Bunting et al., 1994; Mathison and Engstrom, 1995). In contrast, Moonsie-
Shageer and Mowat (1993) did show improved DMI in calves supplemented with high-Cr yeast in a corn-silage diet,
whereas Boleman et al. (1995) reported reduced DMI in pigs fed Cr tripicolinate from the growing to the finishing
phase.

In the present study, dietary supplementation of CrMet had no effect on the digestibility coefficients of DM,
CP, EE and ADF (P>0.05), whereas the apparent digestion rate of NDF was significantly improved in treated
animals as compared with control (P<0.01). Kids fed 1 mg Cr tended to have higher OM digestibility (P = 0.06). Cr
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supplementation reportedly increased OM, DM and CP digestibility in Bengal goats (Haldar et al., 2009) and,
Kornegay et al. (1997) reported improved DM digestibility in growing-finishing pigs fed chromium picolinate. In
contrast, Kraidees et al. (2009) found that supplemental chromium levels from a Cr-yeast source had no effect on
digestibility of nutrients in lambs.

CONCLUTON

The results of this experiment suggest that supplemental organically chelated chromium may decrease fat
deposition and alter carcass quality in goat kids. Chromium supplementation as CrMet may be beneficial in
improving some wholesale cuts such as neck or proximal pelvic limbs, and moreover CrMet may be a useful tool for
improving digestion rate of nutrition and glucose utilization in animals even in a non-stressed management regime.
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ABSTRACT: A study was conducted on level of adoption and constraints of backyard poultry rearing
practices in rural tribal areas of Sikkim. The data were collected from 125 respondents of Dzongu
area, North Sikkim through personal interview with the help of questionnaire. From the present study
it was found that 64.8% respondents were medium level adopters followed by high level (19.2%) and
low level (16%) adopters. Housing (43.2%) were highly adopted followed by feeding and watering
(41.6%), marketing (40.0%), general management (39.2%), health care practices (36.8%) and
breeding practice (33.6%). The overall adoption of different backyard poultry rearing practices
showed medium level adoption. Non availability of backyard poultry chicks, non-availability of
medicine, high incidence of diseases, lack of knowledge about scientific practices, lack of market,
attack of predators etc. were the major constraints faced by backyard poultry farmers. The study
also pointed some suggestions for solving the constraints regarding backyard poultry rearing
practices in Dzongu, North Sikkim.
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INTRODUCTION

Backyard poultry is an important source of supplementary income and nutrition security for a large number
of poor households across the country. Even with proliferation of the industrial poultry on a large scale, backyard
poultry constitutes a significant proportion of the total poultry population at the national level. The demand of eggs
and meat of rural areas is fulfilled by rearing of backyard poultry (Nandi et al.,, 2007; Panda et al., 2008). Village
chickens provide cheap, readily harvestable protein-enriched white meat and eggs with high quality, digestible
protein for immediate home consumption and sale for income generation(Dolberg and Petersen, 2000; Mapiye and
Sibanda, 2005; Miao, 2005). There is need to understand the perceptions of the farmers on the functions of
backyard poultry and the value of their products under the existing production systems in order to improve
backyard poultry productivity and sustainability in rural areas. Therefore assessing the monetary value of chicken
and eggs is important and estimate their contribution to household income and food security. Backyard poultry
rearing also finds an important role to fulfill the need of stress free and harmful residues free birds (Mandal et al.,
2006). There is no reliable information on performance levels, constraints and opportunities of backyard poultry in
North Sikkim. This makes it difficult to design and implement village chicken-based developmental programmes
that benefit rural livelihoods (Pedersen, 2002; Muchadeyi et al., 2005). The present study was undertaken to
investigate the adoption of scientific poultry rearing practices by the backyard poultry farmers.

MATERIALS AND METHODS

Study area

The present study was conducted at Dzongu area, North Sikkim located in the North-Eastern part of India.
Sikkim, the second smallest state of India is situated in the Eastern Himalayas. North Sikkim with a total
geographical area of 4226 sq. km is the largest district of Sikkim but the least populated with population of 38352
(as per the 2001 census) which are scattered in an altitude range of 4800 feet to 15000 feet. Dzongu area of North
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Sikkim specifically lying between 270928" to 27938" North latitude and 88°23" to 88°38" East longitude and is
mostly inhabited by Lepcha (Tribal) people. In summer, the temperature during the daytime ranges from 15° C to
280 C, while during the winter the minimum temperature is as low as 5-6° C. The rainfall varies from 3000-4000
mm. The relative humidity is high in monsoon month that is about 90%.

Collection and analysis of data

Samples of 125 backyard poultry farmers were selected randomly from five Gram Panchayat Unit (GPU) of
Dzongu area of North Sikkim namely Tingvong, Passingdang, Lingdong, Hee-Gyathang and Gor. The data were
collected through questionnaire and respondent’s personal interviews were also employed. The score one was
assigned for the adoption of the improved practices while score zero was for non adoption. Data were collected,
tabulated and analyzed for meaningful conclusion. Statistical analysis was done with the help of Microsoft Excel
(2007) and Statistical Analysis System (2001).

RESULTS AND DISCUSSION

Age, gender, education standard and flock size of backyard poultry production

Age, gender of the farmers, education and the scale of poultry production in Dzongu area are presented in
Table 1. Majority (46.4%) of the poultry farmers were old which was followed by middle (27.2%) and young (22.4%)
farmers.

Table 1 - Age, gender, education and flock size of poultry among the poultry farmers in the study area (n= 125)

Criterion Percentage
Age
Young (15-20 Years) 224
Middle(21-30 Years) 31.2
Old(Above 30 Years) 46.4
Gender
Male 27.2
Female 72.8
Education
Never Attended 12
Primary 76
Secondary 10.4
Tertiary 1.6
Flock Size
Large (11 And Above Birds) 13.6
Medium (6-10 Birds) 65.6
Small (1-5 Birds) 20.8

n= Total nos. of respondent

The study showed that majority (72.8%) of the poultry farmers in Dzongu area were females. The number of
females participated in terms of rural poultry production is always higher than males (Nielsen et al., 2003; Okitoi et
al.,, 2007; Ogunlade and Adebayo, 2009). Among the respondents, 76% were primary educated followed by
uneducated (12%) and secondary educated (10.4%).

Performance of backyard poultry

The information regarding the productive performance of poultry birds of Dzongu area are presented in Table
2. In native birds, the average body weight at 6 weeks, average age at first laying, average egg weight at 40 weeks,
average yearly egg production and survivability % (up to 6 weeks) were recorded 240- 400 g, 221 days, 32-40 g,
45-50 nos. and 78 respectively.

Table 2 - Performance of different poultry birds rearing in Dzongu area

Result

Economic trait

Local /Desi Broiler
Body weight at six weeks 240-400 g -
Average age at first laying 221 days -
Average egg weight at 40 weeks 3240¢g -
Average egg laying (1 yr.) 45-55 nos. -
Survivability, % (up to 6 weeks) 78 -
Average body weight at 42 days of age - 1.75 kg
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Adoption of backyard poultry

In the present study it was found that majority of the respondents (64.8%) were found to be medium
adopters followed by high (19.2%) and low (16.0%) adopters (Table 3). This could be due to low annual income,
poor knowledge and less utilization of information sources. The similar findings were reported by Ahire et al.
(2007), Sasidhar et al. (2008), Khandait et al. (2011).

Practice wise adoption level of farmers about backyard poultry rearing practices are given in Table 4.

Table 3 - Numbers of backyard poultry owners according to their levels of adoption of backyard poultry rearing

practices N =125

Category Percentage
Low (Score up to 17) 16
Medium (Score 18-34) 64.8
High (Score 35 & above) 19.2

(mean 25.28, SD 7.669)

Table 4 - Adoption level of backyard poultry rearing practices in Dzongu, North Sikkim (N=125)

Practices Percentage
Housing
Provision of night shelter 100
Provision of separate house 80.8
Litter material provide (0}
Feeders/ Water