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Abstract

This study was conducted to evaluate the effects of processed croton nut on chemical composition, in vitro gas production
and in sacco degradability. Four forms of croton nut namely: whole nut (WN), peeled nut (PN), De-husked nut (DhN) and
De-fatted seed (DfS) were subjected to proximate analysis, Van Soest fibre fractionation, mineral composition analysis,
phytochemical and aflatoxin tests. Degradability analyses were conducted using in vitro gas production and in sacco
degradability techniques. Defatted seeds recorded significantly high level of CP and NFE (198 g/kg and 174 g/kg),
whereas, ash content and ether extract (EE) were significantly high in WN (59 g/kg) and DhN (362 g/kg) respectively.
Low fibre fractions of NDF (556 g/kg) and ADF (490 g/kg) were observed in DhN, while the mineral content was high in
DfS which had calcium at 2.13 g/kg and phosphorus at 5.04 g/kg. High level of flavonoid was recorded in WN (124 g/kg),
whereas low level of alkaloids was found in DfS (60 g/kg) and tannins in PN (7.1 g/kg). The potential in vitro gas
production (a+b) was highest in DfS (22.2 ml/0.2 gDM) while potential in sacco degradability (a+b) was highest in DhN
(58.4 %). High level of organic matter digestibility (OMD) (41 %) was observed in DfS. At kp=0.025 rumen outflow rate,
DhN had the highest effective degradability of dry matter (56.6%), while the rate effective crude protein degradability
was 80.0 %. Processing through peeling and dehusking improved the protein, energy and mineral content of DhN and DfS
while crude fibre content reduced. Nutritional composition and degradability characteristics of all forms of croton nuts
imply that they could be used in a total mixed ration (TMR) to supply requisite nutrients for maintenance of ruminant
animals, while DhN and DfS could be used to supplement energy and protein for increased productivity.

Keywords: Chemical composition, Croton nut, degradability, Gas production technique, Processing.
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Combined and sole effects of supplemental lysine and methionine in com-soybean meal
finisher dicts were compared on performance and carcass characteristics of finisher broilers

VN 30 Gboshe PN (2021). Comparative effects of synthetic lysine and methionine supplements on performance
characteristics of finishar broilers fed cor-soybean based diets. Ondne L Anim. Feed Res, 11(2): 4651, DOI
i 0rp /105122702001 8
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Online J. Anim. Feed Res., 11(2): 46-51, 2021; pii: S222877012100008-11

DOI: https://dx.doi.org/10.51227/0jafr.2021.8

Abstract

The aim of this research was to investigate the effects of lysine and methionine supplements in corn-soybean meal diets
for finisher broilers, by comparing their combined and sole effects on performance and carcass characteristics of the birds.
Parameters measured were performance (body weight, weight gain, feed intake, feed conversion ratio and mortality),
dressed weight, dressing percentage, carcass cuts and internal organs. The experimental diets were: T1 (control) = lysine
+ Methionine, T2 (sole lysine) and T3 (sole methionine) supplements. Final body weight, weight gain, carcass and carcass
cuts were significantly higher in the control (lysine + methionine) than in the sole supplemented diets, while sole
supplementation with methionine (T3) produced significant higher values than sole lysine (T2) in the above mentioned
parameters The liver was significantly enlarged in the birds that received the sole supplemented diets. Due to the
enlarged liver of the birds fed the sole supplemented diets, it was concluded that supplementation with both lysine and
methionine is indispensable in corn- soybean meal based diets for finisher broilers.

Keywords: Amino acid, Broiler, Lysine, Methionine, Supplement.
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Hafsan, Hajah Thaha A, Natsir A and Ahmad A (2021). Performance, carcass and internal organs characterizes of
broller chickens with phytase supplementation from Burkholderia sp. Strain HF.7. Online J. Anim. Feed Res.

Abstract 11(2): 52-56. 0OI: https://dx.doi.0rg/10.51227/0jafr.2021.9

Feed formulation with phytase supplementation is an innovation in the feed industry to improve monogastric feed quality
without increasing production costs. This study aims to determine the carcass weight of broilers and the percentage of
internal organs by providing various feeds, including those supplemented with phytase in phytase units (FTU) from
Burkholderia sp. strain HF.7. A completely randomized experimental design was used in this study, using 108 broilers for
five weeks of maintenance in three treatments with six replicas, each replica consisting of six broilers. The experimental
feed given to broilers was basal feed without phytase supplementation (P1), basal feed + 750 FTU phytase (P2) and
commercial feed (P3), each with the category of starter phase and finisher phase. Carcass weight and percentage of
organs in broilers (liver, heart, gizzard, and lymph) were measured in each treatment unit. The results showed that
broilers that consumed phytase supplemented feed had a higher carcass weight with a lower feed conversion value than
broilers fed basal feed without phytase. These findings also indicate that the addition of phytase from Burkholderia sp.
HF.7 strain at 750 FTU/kg feeds does not interfere with the organs of broilers' physiological function because of no
increase in the percentage of the liver, heart, gizzard, and lymph.

Keywords: Broiler, Burkholderia, Internal organs, Performance, Phytase.
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Abstract

A pre-determined level of folic acid supplement (30 mg per litre of drinking water) was fed for varying durations (7, 10
and 14 days) from day-one of age to determine the effect on performance and carcass characteristics of broilers. The
objective was to confirm the high levels of abdominal fat pads in previous trials with graded levels of folic acid, to clarify
the mechanism underlying adipose tissue growth in broilers. Parameters measured were body weight, weight gain, feed
intake, feed conversion ratio, folic acid intake, mortality and dressed weight, dressing percentage, carcass cuts and
internal organs. Data obtained were analyzed using statistical package for social sciences. The outstanding result of this
research was on the conformation of the dressed carcasses of the folic acid treated birds, characterized by expanded
abdominal regions filled with large mass of abdominal fat pads. There was no difference between the control and the folic
acid birds in other parameters measured, except the group on the longest duration of folic acid supplementation, which
had higher feed intake. Folic acid intake increased significantly with increase in the duration of administration. It was
concluded that, the large mass of abdominal fat pads of the folic acid birds were as a result of cell multiplication
(hyperplasia) due to the fact that folate-mediated one-carbon units transfer reactions support rapid proliferation of cells
and are important during periods of active cell division.

Keywords: Abdominal fat, Broiler, Folic acid, Pre-determined level, Supplement.
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Short Communication

Rusny R, Hidayat MN, Kalsum U and Masri M.
Online J. Anim. Feed Res., 11(2): 63-67, 2021; pii: $222877012100011-11

DOI: https://dx.doi.org/10.51227/0jafr.2021.11

Rusny R, Hidayat MN, Kalsum U and Masri M (2021). The protein digestibility of the broller
chickens fed jamu formula, a local herbal solution. Online J. Anim. Feed Res., 11(2): 63-67, DOI:
https://dx.dol.ore/10.51227/0lafr.2021.11

Abstract
Jamu (local herbal drinking) have been known for a long time by inhabitants in Indonesia as conventional home grown
pharmaceutical and to progress digestion system within the body. Jamu, not as it were for people but also for creatures.
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Local farmers have moreover utilized jamu for chicken for a long time, and it's utilize is expanding. This Research points
to decide the impact of jamu to extend protein in vivo digestibility in broilers and for knowing the ideal level of jamu for
optimum protein digestibility in broilers. The strategy utilized in this investigate is Completely Randomized Design (CRD)
with 4 treatment and 5 replications, each redundancy comprises of 1 broiler chickens, so there are 20 chickens. The
treatment comprises of PO (control), T1 (jamu 1.5 mL/500 mL), T2 (jamu 2.5 mL/500 mL) and T3 (jamu 3.5 mL/500
mL). The parameters watched were digestibility protein in broilers. Based on the examination of fluctuation, it appears
The treatment had no critical impact on chicken protein broilers' digestibility given jamu. However, seeing each
treatment's average value, T1, T2 and T3 tend to increase to 99.62%, 99.68% and 99.71%, respectively. In conclusion,
supplemented with jamu formula does not significantly affect broiler chicken protein's digestibility, but the digestibility
increases with increasing formula, up to the formula 3.5 mL/500 mL (T3) as the ideal level.

Keywords: Broiler, Digestibility, Herbal treatment, Jamu, Protein.
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Eremenko VI and Rotmistrovskaya £G (2021). Changes in serum lysozyme and bactericidal activity
Abstract &Zwﬁd; Online J. Anim. Feed Res, 11(2): 68-71. DOI:
The study presents the results of a study of the bactericidal and lysozyme
activity of blood serum of heifers of different breeds. The experiment involved 4 groups of heifers, 10 heads in each
group: 1) Black-and-white Holstein; 2) Simmental; 3) Aberdeen-Angus; and 4) crosses of Simmental and Aberdeen-
Angus breeds. Animals of all groups were kept in the same feeding and housing conditions. During the experiments, the
animals were fed according to generally accepted standards. Blood was taken from animals from the tail vein in the
morning before the first feeding in compliance with the aseptic rules. It was found that with an increase in gestation, the
activity of serum bactericidal activity (SBA) and serum lysozyme activity (SLA) in the blood of heifers gradually
increases.in conclusion, during pregnancy, the level of SBA and SLA in the blood of heifers depended on the month of
pregnancy and the breed of animals. During pregnancy, hybrid heifers have higher levels of SBA and SLA, and relatively
low levels of SBA and SLA are observed in Black-and-White, Simmental and Aberdeen Angus heifers.

Keywords: Aberdeen-Angus, Bactericidal, Heifer, Lysozyme activity, Simmental.
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ABSTRACT: This study was conducted to evaluate the effects of processed croton nut on chemical I X
composition, in vitro gas production and in sacco degradability. Four forms of croton nut namely: whole nut ,§ 2 § % (r;',
(WN), peeled nut (PN), De-husked nut (DhN) and De-fatted seed (DfS) were subjected to proximate analysis, r;{ 22N m
Van Soest fibre fractionation, mineral composition analysis, phytochemical and aflatoxin tests. Degradability = = 5 * %
analyses were conducted using in vitro gas production and in sacco degradability techniques. Defatted seeds o § 2 S o
recorded significantly high level of CP and NFE (198 g/kg and 174 g/kg), whereas, ash content and ether S o 3 ==
extract (EE) were significantly high in WN (59 g/kg) and DhN (362 g/kg) respectively. Low fibre fractions of ':l z B 'é >
NDF (556 g/kg) and ADF (490 g/kg) were observed in DhN, while the mineral content was high in DfS which BRBv 8 3
had calcium at 2.13 g/kg and phosphorus at 5.04 g/kg. High level of flavonoid was recorded in WN (124 NER )
g/kg), whereas low level of alkaloids was found in DfS (60 g/kg) and tannins in PN (7.1 g/kg). The potential BB E

in vitro gas production (a+b) was highest in DfS (22.2 ml/0.2 gDM) while potential in sacco degradability
(a+b) was highest in DhN (58.4 %). High level of organic matter digestibility (OMD) (41 %) was observed in
DfS. At kp=0.025 rumen outflow rate, DhN had the highest effective degradability of dry matter (56.6%),
while the rate effective crude protein degradability was 80.0 %. Processing through peeling and dehusking
improved the protein, energy and mineral content of DhN and DfS while crude fibre content reduced.
Nutritional composition and degradability characteristics of all forms of croton nuts imply that they could be
used in a total mixed ration (TMR) to supply requisite nutrients for maintenance of ruminant animals, while
DhN and DfS could be used to supplement energy and protein for increased productivity.

Keywords: Chemical composition, Croton nut, degradability, Gas production technique, Processing.
Abbreviations: WN: whole nut; PN: peeled nut; DhN: dehusked nut; DfS: defatted seeds

INTRODUCTION

The livestock sector accounts for 40% of agriculture’s Gross Domestic Product (GDP) in developing countries and is not
only a source of food and livelihood but enhances resilience against climate change extremities such as drought (Herrero
et al., 2013; Nabarro and Wannous, 2014). The continuously growing human population as well as increased per capita
income has led to increased demand for livestock-based products (Otte et al., 2019). Thus, livestock production ought to
increase so as to meet the rising demand. Ruminant animals in tropical arid and semi-arid areas (ASAL) continue to play
a key role of the rural households in developing countries where they are a major source of nourishment from products
such as meat and milk as well as play social economic roles by providing income and acting as an economic safety net
(Herrero et al., 2013).

Livestock production in the tropics is constrained by various factors which include inadequate nutrition, breeding and
reproduction, disease and parasites among others (Kahi and Wasike, 2019). In confined systems, feeds account for up to
70% of the total cost of production (Makkar, 2014). Hence, variation in quantity and quality of feeds becomes a major
constraint to livestock production. The problem of feed scarcity is further exacerbated by increased food - feed
competition between human and livestock and decline in available land for feed production. Majority of ruminant animals
(cattle, sheep and goats) in Kenya are reared in arid and semi-arid Counties (KNBS, 2019). In these areas, effects of
climate change such as drought greatly reduces available feed resources consequently leading to low productivity and at
time causing mortality of the animals (Makkar, 2014). Feeding strategies that optimise utilisation of available feed
resources are thus critical to maintain ruminant productivity and preventing mortality.

Identification and introduction of alternative feed resources is a major avenue that could be used to mitigate feed
scarcity. Locally available, low-cost feed resources could enhance resilience and adaptability of small holder farmers and
pastoralists by allowing them to transit through adverse effects of climate change (Makkar, 2014). Evaluation of non-
conventional feed resources for potential inclusion in mainstream livestock offers a preliminary step in determining the
suitability of the identified feed resource before it can be included in livestock diets (Quansah and Makkar, 2012). One
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such feed with potential is croton nuts from Croton megalocarpus tree. Croton tree is adapted to different agro-ecological
zones in the tropics and has multipurpose use such as provision of wood fuel, acting as a live fence and a source of bio
fuel (Ndegwa et al., 2011). Croton tree produces up to 25 kg of nuts per year (Jacobson et al., 2018) which are reported to
contain high CP content of up to 18%, crude fat (30%) and hence could be exploited for feeding livestock (Thijssen et al.,
1996; Ndegwa et al., 2011). Farmers have been observed to collect and use croton nuts for feeding cows and goats
during extreme dry seasons. However, there is limited information on the chemical composition, ant - nutritive factors and
degradability of croton nuts. Moreover, there is also limited information on effects of processing various forms of croton
such as peeling, dehusking and oil extraction on the nutritive value for effective utilization of this underutilized feed
resource. This study was therefore conducted to evaluate nutritional and phytochemical composition and ruminal
degradation of the various processed forms of croton nut to facilitate its use in ruminant feeding.

MATERIALS AND METHODS

Site description

Samples of Croton nut were collected from Laikipia West and East sub counties of Laikipia County, which is located
North - West of Mount Kenya at an altitude of between 1600 m and 2300 m above sea level with a total area of 9,700
kmz2. The area experiences a bimodal rainfall pattern with long rains between March and June and short rains between
October and December separated by dry seasons (MoALF, 2017). The annual precipitation varies between 400 mm to
900 mm and average temperature is between 16 °C and 26 °C. The area lies in semi - humid, semi - arid, arid to very arid
agro ecological zones IV - VII, and is considered arid and semi-arid (ASAL) (MoALF, 2017).

Collection and processing of croton nuts

Mature croton nuts were collected from the ground, air dried under shade and processed into four forms which
included whole nuts (WN), peeled nut (PN), dehusked nut (DhN) and defatted seeds (DfS). The whole nuts (WN) form
comprised of unprocessed whole croton nuts with the outer peel (exocarp) and the hard woody husk (endocarp) intact.
Peeled nuts (PN) consisted of nuts whose outer seed coat (peel/exocarp) was removed leaving the hard woody endocarp
intact. De-husked nuts (DhN) consisted of the inner seeds after the removal of both the outer peel (exocarp) and the hard
woody husk (endocarp). Defatted seeds (DfS) also referred to as Croton cake was the by-product of the seeds after oil
extraction using a cold press. The DfS form was obtained from a commercial plant that extracts bio-diesel from croton in
Laikipia County. After processing into various forms, the samples were then ground using a hummer mill to pass through
a 2 mm screen and stored in air tight glass containers pending analyses.

Chemical analyses

Ground samples of the various processed forms of croton were subjected to proximate analysis to determine dry
matter (DM), ash, crude fibre (CF), ether extract (EE) and crude protein (CP) which were expressed on dry matter basis
according to AOAC (1990). Nitrogen free extract (NFE) was calculated as the difference of the sum (%) of crude protein,
crude fibre, ether extract and total ash from 100%. Neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid
detergent lignin (ADL), were sequentially determined using the method of Van Soest et al. (1991). Hemicellulose content
was calculated as the difference between NDF and ADF, whereas cellulose was the difference between ADF and ADL.
Gross energy (MJ/kg) was determined from 0.5 g of sample using a digital bomb calorimeter (CAL2K of Digital Data
Systems (pty) Itd South Africa). Neutral detergent insoluble nitrogen and acid detergent insoluble nitrogen were
determined from the residues of NDF and ADF using Kjeldahl method (AOAC, 1990). Nitrogen obtained was multiplied
with a conversion factor (6.25) to obtain neutral detergent insoluble crude protein (NDICP) and acid detergent insoluble
crude protein (ADICP).

Sodium (Na) and potassium (K) concentration was determined using atomic emission in a flame photometer while
total available phosphorus (P) concentration was determined using Ultra Violet (UV) colorimeter (AOAC, 1990). Calcium
(Ca), magnesium (Mg), iron (Fe), zinc (Zn), manganese (Mn) and copper (Cu) concentrations were determined using an
atomic absorption spectrophotometer (AAS) (AOAC, 1990).

Phytochemicals and aflatoxin analyses

Flavonoids were extracted from the samples using organic solvents and expressed gravimetrically as outlined by
Harbone (1984). Alkaloid determination was done by extraction from the samples using acetic acid dissolved in ethanol
(Harbone, 1984). Tannin content was determined using Folin-Coicalteu reagent and determination of absorbance was
done at 725 nm using a UV-visible spectrophotometer (AOAC, 1990). Aflatoxins were extracted using methanol and levels
determined by ELISA testing kit. The amount of aflatoxin was expressed in parts per billion (ppb) calculated from the
standard aflatoxin curve (Leszczynska et al., 2001).

In vitro gas production

In vitro gas procedure was conducted following the procedure of Menke and Steingass (1988). Rumen liquor was
drawn in the morning from two mature fistulated Friesian steers. The steers had 450125 kg live weight and were fed on
Rhodes grass (Chloris gayana) hay and wheat bran at 90% and 10% respectively of the total ration at 3% of their body
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weight at 08:00 hours and 17:00 hours for maintenance purposes. Mineral licks and water were provided adlibitum. This
was done so as to maintain a stable rumen environment before the rumen liqour was collected. Collected rumen liqour
was strained through four layers of cheese cloth into a pre-warmed, vacuum flask and kept at 39°C under CO:
atmosphere. About 0.2g of Amm ground samples (WN, PN, DhN and DfS) were weighed into the glass syringes. A mixture
of 30ml of rumen liquor and buffer in the ratio of 1:2 was added into each of the 100ml calibrated glass syringes that
were pre-warmed to 39°C. Oil was applied to the pistons to facilitate ease of movement and prevent gas escape. Two
blank syringes with rumen liquor without a feed sample were included as controls. All syringes were incubated in a water
bath maintained at 39°C and shook periodically. Gas production readings were recorded at O and after 3, 9, 12, 24, 48,
72 and 96 hours of incubation.

The gas production characteristics were computed by fitting the mean gas volumes to the exponential equation of
@rskov and Mcdonald (1979) using Neway Excel Computer program (Chen X. B., Rowett Research Institute, Aberdeen UK).

Y=a+b(l- e (@rskov and Mcdonald, 1979) 1)

Where: Y is gas production (ml/0.2g) at time t, a is gas production (ml) from immediately soluble fraction, b is gas
production (ml) from insoluble fraction, a+b is gas production from potential degradable fraction, c is the rate constant of
gas production per hour (h), t is the incubation time in hours and e is the exponential constant (2.718).

In vitro gas production parameters were used to estimate organic matter digestibility (OMD), metabolisable energy
(ME), Dry Matter intake (DMI) and short chain fatty acids (SCFA) using the models presented in Equations 2 to 5.

OMD (%) = 14.88 + 0.889 GV + 0.45 CP + 0.0651 XA (Menke and Steingass, 1988) 2)
ME(MJ/Kg)= 2.20 + 0.136 GV + 0.057 CP (Makkar and Becker, 1996) 3)
DMI(kg/day)= 1.66 + 0.49a + 0.0297b — 4c (Bliimmel and @rskov, 1993) (4)
SCFA(mmol/L) = 0.0222 GV — 0.00425 (Makkar, 2005) (5)

Where: GV is gas production after 24 hours, CP is crude protein and XA ash content of the processed form of croton,
a, b and c are constants as described in Equation 1.

In sacco degradation (nylon bag technique)

In sacco degradation of the various forms of croton was carried out using Nylon bag technique as described by
@rskov (2000). Two mature fistulated Friesian steers weighing 450+25 kg live weight were used. The steers were fed on
Rhodes grass (Chloris gayana) hay and wheat bran at 90% and 10% respectively of the total ration at 3% of their body
weight at 08:00 hours and 17:00 hours for maintanance purposes. Mineral licks and water were provided adlibitum. This
was done so as to maintain a stable rumen environment. Five grams of each processed sample of croton was weighed
into duplicate nylon bags (12cm by 6cm, 50um pore size). The bags were incubated for 0, 9, 12, 16, 24, 48 and 72 hours
in the rumen. Zero-hour washing was measured by soaking nylon bags containing the sample in water maintained at 39
°C for 1 hour. Bags from zero hour washing and those retrieved from the rumen were washed thoroughly under running
cold water for 15 minutes until the washing water was clear. The bags with the residue were then dried at 60°C for 48
hours in a forced air oven and dry matter loss determined as the difference from the original weight. Crude protein and
neutral detergent fibre (NDF) from the residue were then analysed. The DM, CP and NDF degradability characteristics were
determined by fitting the degradability data to the exponential Equation 6 of @rskov and Mcdonald (1979) using Neway
Excel Computer program (Chen X. B., Rowett Research Institute, Aberdeen UK).

P=a+b(1— e (@rskov and Mcdonald, 1979) (6)

Where: P is the degradability of (DM, CP and NDF) incubated in the rumen at time t in hours, a is the percentage of
rapidly soluble fraction, b is the percentage of insoluble but fermentable fraction, a+b is potential percentage of
degradability, c is the rate of constant degradation per hour (h) and e is the exponential constant (2.718).

Effective degradability (ED) of DM, CP and NDF was calculated using Equation (7).

ED=a+ b(cfkp) (McDonald, 1981) (7)

Where: a+b is the potential degradability, c is the rate constant degradability per hour (h), kp is the ruminal outflow
rate. The following outflow rates (kp) per hour were considered (0.025, 0.05 and 0.08). Rumen undegradable protein
(RUP) was calculated by subtracting effective degradable CP% from 100%. The DM index value (IV) which denotes the
fraction of the feed that would provide nutrients to the animal for its maintenance needs was calculated using Equation 8.
A feed with an index value above 33 would provide sufficient nutrients to the animal for its maintenance needs.

IV =a+ 0.4b + 200c @rskov and Shand (1997) (8)

Where: a, b and c are as described in Equation 6.

Statistical analysis

Analysis of variance (ANOVA) was carried out on proximate composition, fibre fractions, minerals composition, gross
energy (GE) and phytochemicals as well as in vitro gas production and in sacco degradability parameters. The analysis
was based on completely randomized design using STATA (2017). Significant differences between the means were tested
using Tukey’s honest significance difference (THSD). The following statistical model was used

yij=u+fitey 9
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Where: yj = chemical composition, in vitro gas production and in sacco degradability parameters, © = mean of the
different forms of Croton megalocarpus, fi= forms of croton nuts (i= WN, PN, DhN and DfS), e; = error term.

Ethical approval
All process of in vivo study was in according to animal welfare rules and approved by university ethical committee.

RESULTS

Proximate composition

Proximate composition of the various forms of croton nut is presented in Table 1. Peeled nut had significantly high
DM content while WN did not differ significantly from DhN and DfS (P<0.05). Defatted seeds had significantly high CP
content compared to other forms while the lowest level of CP was recorded in WN and PN which were not significantly
different (P<0.05). The CF content was significantly low in DhN compared to the other forms while the ash content was
significantly high in WN followed by DfS, but no significant difference was observed between PN and DhN. The EE content
did not differ significantly between WN and PN but was significantly high in DhN at 363g/kg and significantly low in DfS
(113g/kg; P<0.05). The NFE in all forms did not differ significantly. Gross energy was highest in the DhN (21.1MJ/kg) and
lowest in PN (17.3MJ/Kg) although the differences were not significant.

Fibre composition

Fibre composition of the various forms of croton nut is presented in Table 2. Processing by dehusking and defatting
resulted to lower NDF content in DhN and DfS to 576 g/kg and 556g/kg respectively, compared to WN and PN forms
(P<0.05). Hemicellulose content was highest in PN (205 g/kg) (P<0.05). The cellulose level ranged between 94g/kg in
DhN to 181g/kg in WN. The NDICP ranged between 16 in PN to 24 in DfS while ADICP ranged between 16 to 21 in both
WN and DfS (P>0.05). There were no significant differences in ADF, ADL, cellulose, NDICP and ADICP among the croton
forms (P>0.05).

Table 1 - Proximate composition of the various forms of croton nut (g/kg)

Nutritional Whole nut Peeled nut Dehusked nut Defatted seeds

parameter (WN) (PN) (DhN) (DfS) sal AR
Dry matter 893a 963 917¢ 919¢ 0.763 P<0.001
Crude protein 892 802 158° 198¢ 1.487 P<0.001
Crude fibre 522a 579 336° 4762 2.747 P<0.001
Ether extract 1852 1752 363 113¢ 2.824 P<0.001
Ash 592 23v 24> 38¢ 0.449 P<0.001
Nitrogen free extract 1432 1432 1202 1742 0.847 P<0.001
Gross energy (MJ/kg) 18.1 17.3 21.1 19.3 0.826 NS

abei Means in the same row without common letter are different at P<0.05; SEM = standard error of the mean; Prob.= probability; NS = not

significant.

Table 2 - Fibre composition of the various forms of croton nut (g/kg)

Dehusked nut Defatted seeds

Fibre components Whole nut (WN) Peeled nut (PN) (DhN) DfS) SEM Prob.
NDF 6862 741a 576" 556° 2.36 P<0.001
ADF 506 536 482 490 1.10 0.357
ADL 341 377 392 367 1.62 0.781
Hemicellulose 180320 205b 94ac 66° 2.02 P<0.010
Cellulose 181 168 94 132 1.39 0.089
NDICP 22 16 23 24 0.159 0.155
ADICP 21 16 17 21 0.115 0.063

abe Means in the same row without common letter are different at P<0.05; NDF = neutral detergent fibre; ADF = acid detergent fibre; ADL =

acid detergent lignin; NDICP = neutral detergent insoluble crude protein; ADICP = acid detergent insoluble crude protein; SEM = standard
error of the mean; Prob. = probability.

Minerals composition
Mineral content of the various forms of croton nut is presented in Table 3. Processing by defatting enhanced the
macro minerals (Ca, P, Mg and Na) in DfS (P<0.05). Whole nut recorded the highest level of potassium (14.27 g/Kg)
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(P<0.05). Amongst the micro minerals, Fe was highest in WN (0.113 g/kg), Mn in DhN (0.047g/kg) and Zn in DfS (0.049
g/kg) at P<0.05 compared to the other forms.

Table 3 - Mineral composition of the various forms of croton nut (g/kg)

Whole nut Peeled nut Dehusked nut Defatted seeds

Mineral composition (WN) PN) (DhN) (DfS) SEM Prob.

Macro minerals

Calcium 1.51 1.692b 1.82ab 2.13b 0.084 0.0324

Phosphorus 3.21ab 2.782 4.21bc 5.04¢ 0.284 <0.001

Magnesium 0.46ab 0.352 0.57bc 0.71¢ 0.042 <0.001

Sodium 0.79a 0.14b 0.34¢ 2.27d 0.251 <0.001

Potassium 14.27a 4.36° 3.66° 5.41c 1.294 <0.001
Micro minerals

Iron 0.113a 0.051° 0.0630¢c 0.075¢ 0.0071 <0.001

Manganese 0.024a 0.0292 0.047° 0.046P 0.0031 <0.001

Zinc 0.022ab 0.017a 0.034bc 0.049c 0.004 0.001

Copper 0.007 0.015 0.019 0.008 0.0027 0.401

abed; Means in the same row without common letter are different at P<0.05; SEM = standard error of the mean; Prob. = probability.

Phytochemicals and aflatoxin content

Phytochemical composition and aflatoxin levels of the various forms of croton nut is presented in Table 4. Flavonoid
content in WN was significantly higher (124 g/kg) (P<0.05) from other forms. Alkaloids ranged from 60g/kg in DfS to
69g/kg in WN (P>0.05). Both WN and DfS had the highest tannin level (9.6 g/kg) (P<0.05). Aflatoxin level was highest in
DhN (21.1 ppb) and least in PN (6.4 ppb).

In vitro gas production

In vitro gas production fermentation characteristics of the various forms of croton nut are presented in Table 5.
There was no difference in gas production from the readily soluble fraction (a) among the forms (P>0.05). However,
highest gas production of (b) and (a+b) were observed in DfS at (18.6 ml) and (22.2 ml) respectively (P<0.05). Defatted
seeds recorded the highest OMD (41.0%), ME (5.9 MJ/kg), and SCFA (0.419 mmol/L) while PN had the least OMD
(29.8%), ME (4.3 MJ/kg) and SCFA (0.271 mmol/L).

In sacco DM degradability

In sacco DM degradability characteristics of the various forms of croton nut are presented in Table 6. Dehusked nut
had highest rapidly soluble DM fraction (a ~ 42.8%) and potentially degradable DM fraction (a+b ~ 58.4%) (P<0.05), with
the rate constant of degradation (c) ranging between 0.02 in WN to 0.2 in DhN. Effective dry matter degradability (EDDM)
among the various forms was observed to reduce as the rumen outflow rate increased. Dehusked nut (DhN) had
consistently higher percentages of EDDM and at all rumen outflow rates and a converse trend was true for PN. Dehusked
nut also recorded the highest IV 90.1 (P<0.05).

In sacco CP degradability

In sacco CP degradability characteristics of the various forms of croton nut are presented in Table 7. Rapidly
degradable fraction of protein (a) was highest in WN (4.1%) (P<0.05). At p<0.05, slowly degradable fraction (b) and
potential degradable fraction (a+b) were highest in DhN (87.8%) and (87.9%) and lowest in WN (59.4%) and (63.5%)
respectively. The rate constant of degradability per hour (c) was highest in PN (0.26) and lowest in DhN (0.02) whereas
highest rumen undegradable protein was recorded in WN (36.4%) and the lowest recorded in DhN (12.0%). At kp=0.025,
effective degradable crude protein for DhN (80.0%) and DfS (65.1%) were different (P<0.05) from that of WN and PN. The
rumen undegradable protein (RUP) among all forms of croton nuts at 0.025 kp was low compared to RUP at 0.05kp and
0.08kp (P<0.05).

In sacco NDF degradability

The NDF degradability characteristics of the various forms of croton nut are presented in Table 8. Significant
difference in NDF degradability was observed in rapidly degradable fraction (a) which was highest in DhN (17.2%)
compared to the other forms of croton nut (P<0.05). There was no significant difference among the various forms of
croton nut for b, a+b, and c. At 0.025kp and 0.08kp, effective degradability NDF was significantly high in DhN compared
to the other forms. However, at 0.05kp there was no significance difference among all forms of croton nut in EDNDF.
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Table 4 - Phytochemical and aflatoxin content of the various forms of croton nut (g/kg).

Anti-nutritive factors Wrx&;;‘ ut Pee(l::)nut Deht‘;::‘; nut Defat(t;;is?eeds SEM Prob.
Flavonoids 124a 57b 43p 64b 1.01 P<0.0014
Alkaloids 69 67 62 60 1.85 0.307
Tannins 9.6 7.1» 8.9ab 9.62 0.04 P<0.021
Aflatoxin (ppb) 14 6.4 211 9.9 3.13 ND

abg Means in the same row without common letter are different at (P<0.05); SEM = standard error of the mean; Prob. = probability; ND = not
determined.

Table 5 - In vitro gas production of the various forms of croton nut (ml gas/0.2g dry matter).

Gas production parameters Wr;;',;;’ ut Pee(l::)nut Deh?;::()i nut Defat(t;;is?eeds SEM Prob.

a 1.4 4.2 2.4 3.7 0.465 P<0.083
b 18.62 10.6" 14.3ab 18.4a 1.28 P<0.004
a+b 20.1ab 14.92 16.82b 22.2b 1.13 P<0.019
c 0.08 0.06 0.10 0.08 0.007 P<0.096
OMD 34.1ab 29.8a 35.30 41.0¢c 1.54 P<0.004
ME (MJ/Kg) 5.02 4.3a 5.1a 5.9p 0.218 P<0.005
DMI (kg/day) 2.6 3.8 2.8 3.6 0.226 P<0.103
SCFA (mmol/L) 0.372 0.27ab 0.32ab 0.41> 0.022 P<0.035

abe; Means in the same row without common letter are different at P<0.05; a = gas production (ml) from immediately soluble fraction; b = gas
production (ml) from insoluble fraction, a+b = potential gas production (ml); ¢ = the rate constant of gas production per hour; OMD = organic

matter digestibility; ME = metabolisable energy; DMI = dry matter intake; SCFA = short chain fatty acids; SEM = standard error of the mean ;
Prob. = probability.

Table 6 - In sacco DM degradability characteristics for various forms of croton nut (%).

DM degradability Whole nut Peeled nut Dehusked nut Defatted SEM Prob
parameters (WN) (PN) (DhN) seeds (DfS)

a 29.52 26.4° 42.8¢ 33.44 2.33 P<0.001
b 18.8ab 22.5p 15.63b 12.5a 1.49 P<0.028
a+b 48.32 49.02 58.4p 46.02 1.87 P<0.011
c 0.02 0.01 0.20 0.05 0.032 P<0.051
EDDM (kp=0.025) 37.82 30.7° 56.6°¢ 41.8d 3.56 P<0.001
EDDM (kp=0.05) 34.92 28.8° 55.1¢ 39.7d 3.68 P<0.001
EDDM (kp=0.08) 33.2a 28.0° 53.8¢ 38.3d 3.64 P<0.001
vV 41.02 36.62 90.1° 48.52 8.44 P<0.017

abed; Means in the same row without common letter are different at P<0.05; a = is the rapidly soluble fraction; b = is the insoluble but
fermentable fraction; a+b = is the potentially degradable fraction; ¢ = is the rate constant of degradation; IV = index value; EDDM = effective
degradability of dry matter; kp = rumen outflow rate; SEM = standard error of the mean; Prob. = probability.

Table 7 - In sacco CP degradability characteristics of the various forms of croton nut (%).

Whole nut Peeled nut Dehusked nut Defatted

P il EM Prob.
CP degradability (WN) ®N) (DhN) seeds (DfS) S rob.
a 4.1a 0.02p 0.08v 0.4> 0.660 P<0.002
b 59.4a 75.0° 87.8¢ 74.7° 3.81 P<0.001
atb 63.52 75.0b 87.9¢ 75.1b 3.26 P<0.001
c 0.062 0.26" 0.02v 0.16¢ 0.0312 P<0.001
EDCP (kp=0.025) 46.22 68.52 80.0v 65.1° 4.59 P<0.001
EDCP (kp=0.05) 36.82 63.0° 73.5¢ 57.5d 5.06 P<0.001
EDCP (kp=0.08) 29.82 57.4b 66.9¢ 50.44 5.16 P<0.001
RUP (kp=0.025) 53.72 31.42 19.9v 34.80 4.59 P<0.001
RUP (kp=0.05) 63.12 36.9° 26.4¢ 42 .44 5.06 P<0.001
RUP (kp=0.08) 70.12 42.5b 33.0¢ 49.5d 5.16 P<0.001

abed; Means in the same row without common letter are different at P<0.05; a = is the rapidly soluble fraction; b = is the insoluble but

fermentable fraction; a+b = is the potentially degradable fraction; ¢ = is the rate constant of degradation; EDCP = effective degradability of
crude protein; kp = rumen outflow rate; RUP = rumen undegradable protein; SEM = standard error of the mean; Prob. = probability.
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Table 8 - In sacco NDF degradability characteristics of the various forms of croton nuts (%)

Whole nut Peeled nut Dehusked nut Defatted

NDF degradability (WN) PN) (DhN) seeds (DfS) SEM Prob.
A 6.52 2.02 17.2» 1.62 241 0.002
B 15.1 9.4 10.1 15.8 1.28 0.144
atb 21.6 11.4 27.3 17.4 2.44 0.065
(o3 0.03 0.01 0.33 0.35 0.0052 0.714
EDNDF (kp=0.025) 15.02 5.90 22.9¢ 9.1 2.47 P<0.001
EDNDF (kp=0.05) 11.2 7.5 21.2 6.8 245 0.053
EDNDF (kp=0.08) 10.22 3.7° 20.1¢ 5.5 243 P<0.001

abedi Means in the same row without common letter are different at P<0.05; a = is the rapidly soluble fraction; b = is the insoluble but

fermentable fraction; a+b = is the potentially degradable fraction; c = is the rate constant of degradation; EDNDF = effective degradability of
neutral detergent fibre; kp = rumen outflow rate; SEM = standard error of the mean; Prob. = probability.

DISCUSSION

Nutritional composition

The DM content in all forms was above 86%, which is the recommended level for storage of feeds. Conversely, this
implied low moisture content that is critical in preventing growth of fungi and reducing aflatoxin contamination (Mahato et
al.,, 2019). The high moisture content in WN suggests that the peel acts as a barrier against loss and itself contains
moisture. Whole nuts and DfS had high ash contents indicating that they could be good sources of minerals for grazing
animals during the dry seasons hence averting the effects of mineral deficiencies such as impaired growth, poor health
and reduced reproductive performance in ruminants (Lengarite et al., 2012). This is corroborated by mineral results
whereby, Ca and P levels of all forms of croton nut in this study were within the recommended critical maintenance level
(1.2 - 2.6g/kg Ca) and (1.4g/kg P) respectively for ruminant animals (ARC, 1980). The K level in WN was above 8g/kg
even though, the Mg level in all forms was below (2g/kg) recommended level for grazing animals, (Mirzaei, 2012). The
level of Fe was above the recommended level (0.05g/kg) for grazing animals (ARC, 1980). Both DhN and DfS contained
the recommended critical level of Zn (0.03g/kg) which is sufficient for cattle, sheep and goats (ARC, 1980).

Removal of the husks and defatting effectively elevated CP content as reflected in DhN and DfS forms. The CP in all
croton forms was above the recommended (80g/kg) required for maintenance in grazing ruminant animals (NRC, 2001).
Moreover, DhN and DfS CP levels were within 140g/kg to 165g/kg recommended for growth and increased milk
production in lactating animals (NRC, 2001). Defatting reduced the EE content considerably in DfS making it suitable for
storage by reducing the amount of oils which when oxidised cause rancidity hence feed spoilage.

Removal of the outer peel and husks (hard woody endocarp encasing the seeds) lowered the fibre levels
considerably in DhN and DfS. Neutral detergent fibre level in these forms was between 450 g/kg to 650 g/kg. These
forms may be classified as medium quality feed, a predominant characteristic of tropical feed stuffs (Singh and Oosting,
1992). Feeds in this category can achieve the required gut health of ruminant animals by enhancing optimum feed
intake, stimulating rumen function and increasing chewing of cud (Singh and Oosting, 1992). Moderate crude protein
levels (80 - 90 g/kg) in WN and PN could play a fundamental role in mitigating lowered fibre digestibility that may be
occasioned by the high NDF through availing of rumen ammonia nitrogen necessary for optimal functioning of the rumen
ecosystem (Van Soest, 1994). There was no difference in NDICP among all forms of croton nut an indication that the
degradability of insoluble-protein fraction was similar in all forms. NDICP represent the insoluble fraction of protein that
remains after extraction with neutral detergent solution and is usually assumed to be insoluble (Mustafa et al., 2001).
This fraction is a measure of nitrogen availability and constitutes a major portion of ruminal undegradable protein content
(Mustafa et al., 2001).

High flavonoid content in all forms of croton nuts is an indication that croton nut could be included in ruminant feed
rations to confer improved growth performance, health and improved rumen fermentation (Panche et al., 2016). A study
by Kong et al. (2019) showed that flavonoid supplementation improved the average daily gain by alleviating stress during
weaning of Holstein calves. Low level of tannins (<50 g/kg) similar to those recorded in this study could confer beneficial
effects to ruminant animals such as reduction in ruminal protein degradation thus availing essential amino acids for
absorption in the small intestines (Frutos et al., 2004). The level of aflatoxin observed in this study was within the
minimum recommended level of 20ppb for complete and complementary feed materials used for feeding cattle, sheep
and goats except for DhN (Kotinagu et al., 2015). The high level of aflatoxin in DhN could be attributed to high level of oil
which provides conducive environment for growth of fungi resulting in production of aflatoxins (Filazi and Sireh, 2013).
Therefore, proper handling and storage of DhN is crucial to prevent conditions that could encourage growth of fungi.

In vitro gas production

Amount of gas produced in in vitro gas digestibility method is an indicator of the rate and extent of feed digestion
(Makkar, 2005). Gas production is affected by the composition, bioavailability of nutrients and presence of anti-nutritive
factors in a feed. The higher levels of gas production observed in DfS compared to other forms of croton could be
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attributed to high levels of fermentable carbohydrates and protein which produce more gas when acted upon by rumen
microbes (Makkar, 2005). Quality of roughage in a feed determines the nutritive value that the feed would confer when
fed to an animal. The presence of high amount of fibre in a feed increases the rumen pool of indigestible fibre lignin
which impedes the action of fibrolytic microbes that act on cellulose and hemicellulose (Venkateswarlu et al., 2013). This
consequently reduces fermentable fibre as observed in PN.

Observed reduced fermentation characteristics in DhN could be attributed to high levels of EE in this form. Although
the type of fat was not differentiated in present study, presence of poly unsaturated fatty acids (PUFA) has been shown to
reduce activity of fibre degrading microbes resulting to lower degradation and low gas production as observed in this
study (Maia et al., 2010). It has been shown that excess oil of the long fatty acids in a feed (more than 3 - 5%) of the dry
matter has a toxic effect on ruminal microorganisms especially bacteria which form the major fibrolytic colonies (Castillo-
Gonzaleza et al., 2014). High predicted OMD and DMI in DfS implied better nutritive value in this form indicating that
ruminant animals could consume higher amounts compared to the other forms (Negesse et al., 2016). The markedly high
level of SCFA produced by DfS indicated that this form was better placed to supply the ruminant animals with the
requisite energy to support production.

In sacco degradability

High dry matter degradability of rapidly degradable fraction (a) in DhN is an indication of high soluble nutrients
which could be combined with low quality roughages to provide protein and energy needed by microbes. Slowly
degradable fraction (b) of DM in all forms of croton nut was low compared to rapidly degradable fraction. Low fibre quality
limit the ability of microbes in effectively degrading the feed by making it difficult for rumen microorganism to attach on
the feed particles (Venkateswarlu et al., 2013). The dry matter rate constant of degradation (c) was comparable to various
conventional feed resources such as coconut meal, peanut meal and whole cotton seeds (0.2-0.05 per hour)
(Chumpawadee et al., 2005). This rate is important as it determines rumen fill and exerts direct effect on intake
(Chumpawadee et al., 2005). At rumen outflow rate of kp=0.05, effective degradability (DM) of various forms of croton in
this study were within the range (24.3 - 60.9%) observed for conventional protein sources which include soy bean meal,
whole cotton seed, coconut meal and fish meal (Chumpawadee et al., 2005). This fraction represents the total amount of
nutrients which can be captured by rumen microbes for their growth, production of VFAs and synthesis of microbial
protein (Lanyasunya et al., 2006). The IV of all croton forms in this study were within the acceptable level of >33 as
recommended by (@rskov and Shand 1997). This level indicates sufficient nutrients that an animal needs to consume to
meet its daily maintenance needs.

The low level of rapidly soluble fraction of CP (a) observed in this study is within the recommended <40% for
effective degraded protein (Lanyasunya et al., 2006). At this level, the (a) fraction does not overwhelm rumen microbes
through production of excess nitrogen in form of ammonia, thus, maintaining an optimal protein-energy balance. Feeds
with high slowly degradable fraction (b) avail required nitrogen in small amounts which are effectively utilized by rumen
microbes. Effective degradability of crude protein provides an estimate of the total amount of protein captured by the
rumen microbes for growth and synthesis of microbial protein (Lanyasunya et al., 2006). This fraction was high in DhN an
indication that a considerable amount of protein in this form was degraded in the rumen. The remaining amount of
protein regarded as rumen undegradable protein (RUP) represents the fraction of protein that is not degraded in the
rumen and is termed as rumen by pass protein (Gao et al., 2015). Rumen by pass protein is available at the lower gut
(small intestines) where combined with microbial protein contribute to protein requirements of the animal for
maintenance and production. In this study WN was a good source of RUP and could be used to provide this form of protein
in ruminant diets.

CONCLUSION

Processing through dehusking and defatting had the most significant impact on the nutritional composition of croton
nuts. The two methods improved the nutritional profiles of protein, energy and mineral contents while reducing the fibre
fractions compared to where peeling or no-processing was done. Degradability of dehusked and defatted forms of croton
nuts was also high compared to the peeled and unprocessed whole nut forms. However, nutritional value of all forms of
croton nuts was adequate and could be used in a total mixed ration (TMR) for maintenance purposes. In particular,
dehusked and defatted forms have potential utilisation as protein supplements which could additionally supply energy
and minerals for increased ruminant productivity on low quality basal diets. Microbial, enzymatic or chemical pre -
treatment of the WN and PN forms prior to feeding could be explored to improve any observed lowered feed digestibility.
Further studies to assess the effect of feeding croton on palatability, level of intake and production performance of
ruminants are required.
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ABSTRACT: The aim of this research was to investigate the effects of lysine and methionine supplements in
corn-soybean meal diets for finisher broilers, by comparing their combined and sole effects on performance
and carcass characteristics of the birds. Parameters measured were performance (body weight, weight gain,
feed intake, feed conversion ratio and mortality), dressed weight, dressing percentage, carcass cuts and
internal organs. The experimental diets were: T1 (control) = lysine + Methionine, T2 (sole lysine) and T3 (sole
methionine) supplements. Final body weight, weight gain, carcass and carcass cuts were significantly higher
in the control (lysine + methionine) than in the sole supplemented diets, while sole supplementation with
methionine (T3) produced significant higher values than sole lysine (T2) in the above mentioned parameters
The liver was significantly enlarged in the birds that received the sole supplemented diets. Due to the
enlarged liver of the birds fed the sole supplemented diets, it was concluded that supplementation with both
lysine and methionine is indispensable in corn- soybean meal based diets for finisher broilers.
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INTRODUCTION

Broilers are domestic chickens (Gallus domesticus) of either sex, specially bred for rapid growth and meat production,
commercially. They reach an average live weight of 2.2 to 2.8kg at 5 to 8 weeks of age on consumption of 3.3 to 5.0kg of
feed depending on the nutrient content of the diet (Smith, 2001). Broiler production involves two phases in a production
cycle namely; a “starter phase” from day one to week four of age, on a starter diet of 22-24% crude protein (CP) and a
“finisher phase” from week four to week eight of age on a finisher diet of 19% CP (Aduku, 2004). Meremikwu and
Gboshe (2007) reported an average feed intake of 130.8g/bird/day during the finisher phase against the 45.0g /bird/day
at the starter phase. This resulted to high cost of feed/kg weight gain at the finisher phase (Meremikwu and Gboshe,
2007; Tandogan and Cicek, 2016). Although feed intake is very high at the finisher phase growth rate is also very high.
Smith (2001) reported that the peak growth rate for the broiler is achieved between five to eight weeks of age. This is
about 64.0g/day against 31.0g/day at the starter phase (Meremikwu and Gboshe, 2007).

Protein is a vital nutrient in poultry nutrition because of its biological role in enhancing growth, egg production,
immunity and adaptation to environment (Esmnil, 2016). The biological function of protein is attributed to specific amino
acids (Lee et al., 2020). Lysine and methionine have universally been recognized as the limiting amino acids in most of
the practical diets for broilers especially in diets base on corn and soybean meals which are the basal ingredients in most
poultry diets (Farkhoy et al., 2012; Lee et al., 2020). Dietary deficiencies of lysine and methionine have been shown to
impair chicken growth. Wen et al. (2014) reported that broilers fed methionine deficient diet exhibited low concentration
of insulin-like growth factor 1 (IGF-1) within two days of the feeding, which resulted to low performance and low breast
muscle growth. Cacew et al. (2005) reported that Lysine deficient diet increased fat synthesis at the expense of body
protein accretion and energetic efficiency in broilers.

The supplementation of poultry feeds with Lysine and methionine in crystalline form is very common in the poultry
industry. Fishmeal is also described as an excellent source of high quality protein in cereal - based diet for poultry
because of the natural balance of essential nutrients including high content of lysine and methionine. However, the use
of fish meal in most developing countries is limited by cost. Fishmeal is also reported to be a source of food-borne
pathogen especially salmonella specie (Novoslavskij et al., 2016). Research has shown that industrial amino acids are
competitively available and can replace protein sources in poultry diets to match amino acid requirements (Farrell, 2005).
According to Farrell (2005), little or no-dietary protein sources can be used in poultry diets because protein sources are
both scarce and expensive and nitrogen excretion is high.

This research was designed to investigate the basic traits (essentialities) of lysine and methionine supplements in
corn - soybean meal based diets for finisher broilers by comparing their combined and sole effects on performance and
carcass characteristics of finisher broilers. Parameters measured were performance (body weight, body weight gains, feed
intake, feed conversion ratio and mortality), dressed weight, dressing percentage, carcass cuts and internal organs.
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MATERIALS AND METHODS

Experimental site

The study was carried out at the Teaching and Research Farm of the Department of Animal Science, Faculty of
Agriculture and Forestry, Obubra Campus, Cross River University of Technology (CRUTEH), Cross River State Nigeria. The
location of the study lies along Latitude 6” 4.6032’ N and Longitude 8” 19.9446' East (Date and Time Information, 2020).

Experimental treatments and design
The experiment comprised three treatments each of which was replicated four times in a Complete Randomized
Design (CRD). The treatments are as follows: T1(control): Methionine and Lysine; T2: Lysine only; Ts: Methionine only.

Experimental diets

The feed ingredients used for the diets were based on availability and cost. The cheapest and most available
ingredients were used in formulation of the diets. They include; maize, Soybean meal, wheat offal, bone meal,
mineral/vitamin premix, synthetic lysine and methionine and common salt. The diets were formulated according to NRC
1994 specification. The experimental diets and their calculated chemical composition are presented in table 1. The
chemical composition of the rations was obtained by calculation. The calculation was carried out using the spreadsheet
method as described by Smith (2001).

Table 1 - Experimental diets and their calculated nutrient composition

. Ta (control T: T
lEedientals) Methi:r(mine + L;sine Lysizne Methiznine
Maize 48.94 49.26 49.26
Soybean meal 36.56 36.49 36.49
Wheat offal 10.00 10.00 10.00
Bone meal 3.25 3.25 3.25
Common salt 0.25 0.25 0.25
Vitamin premix* 0.50 0.50 0.50
DL-methionine 0.25 0 0.25
Lysine - Hcl 0.25 0.25 (0]
Total 100.00 100.00 100.00
Calculated composition of experimental diets.
Crude protein (%) 20.00 20.00 20.00
ME (Kcal/kg) 3073.10 3081.77 3081.77
Crude fibre (%) 3.99 4.00 4.00
Methionine (%) 0.98 0.32 0.57
Lysine (%) 1.58 1.33 1.08

* Each 2.5 kg of premix contained: Vitamin A, 8,000,000 IU; Vitamin D1,,600,000 IU; Vitamin E, 20,000 IU; Vitamin K, 2,000mg; Vitamin B,
1,5000mg; Vitamin Bz, 4,000mg; Vitamin Bs, 2,000mg; Vit. B12, 10mg; Niacin, 15,000mg; Panthotenic Acid, 5,000mg; Folic Acid, 500mg;

Biotin, 20mg; Choline Chloride, 200,000mg; Manganese, 80,000mg; Zinc, 50,000mg; Iron, 20,000mg; Copper, 5,000mg; lodine, 1,000mg;
Selenium, 200mg; Cobalt, 500mg; Antioxidant, 120,000mg.

Management of experimental animals

One hundred and twenty finisher broilers were used for the feeding trial which lasted for twenty-eight days. The birds
were selected after brooding and randomly allotted to the twelve experimental units (10 birds per unit). They were housed
in deep litter house partitioned into experimental units of 8ft x 12ft (width x length). Feed and water were given ad
libitum. The birds were managed using standard husbandry practices for rearing broilers.

Data collection

The birds were weighed at the beginning of the experiment to get their initial body weight. They were weighed
thereafter on weekly basis. Weight gain and feed conversion ratio were deduced from the weekly body weights. Feed
offered daily was weighed and the left over weighed the following morning. Feed intakes were obtained by subtracting the
leftover from the quantity supplied the previous day. At the end of the experiment at eight weeks of age, four birds were
randomly selected from each treatment for carcass analysis. The birds were starved of feed but not water for twelve hours
before slaughtering. The slaughtering and dressing of the birds were carried out using standard practices for processing
broilers.

Statistical analysis
Data collected were subjected to analysis of variance (ANOVA) using Minitab Statistical Package. Significant means
were separated using the Fisher Least Significant Difference (FLSD) that is containing in the statistical software.
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Ethical approval

Birds were handled and managed in accordance with rules and recommendations in the “Guide for the Care and use
of Animals”, presented in the Faculty of Agriculture and Forestry Obubra Campus, Cross River University of Technology,
Cross River State, Nigeria (ethical committee).

RESULTS AND DISCUSSION

The calculated chemical composition of the experimental diets are presented in table 1, while the results of the
performance and carcass characteristics of the experimental birds are presented in tables 2 and 3, respectively.

Experimental diets

The limitations of Lysine and methionine in corn-soybean meal diets for this experiment are revealed in the
calculated chemical composition of the diet in table 1. The calculated lysine levels of all the diets including sole
methionine diet (T3) were up to minimum requirement for finisher broilers, while the methionine levels in the sloe lysine
diet (T2) was below minimum requirement (NRC, 1994). This result has revealed that methionine is the first limiting
amino acid in corn-soybean meal based diets for broilers. This is supported by the report of Byrne (2018) that methionine
is the first limiting essential amino acid in corn-soybean meal based diets for broilers.

Performance

The final body weights and body weight gains of the experimental birds differed significantly (P<0.05) between the
treatments and were highest (P<0.05) in the control (T4, Lys + Meth) and lowest (P<0.05) in the sole lysine (T2). The sole
methionine group (T3) were in-between the control and the sole lysine groups in the said parameters i.e. lower (P<0.05)
than the control and higher (P<0.05) than the sole lysine. Feed intake did not differ (P<0.05) between the treatments.
Feed conversion ratio followed the same trend with body weight and body weight gain, being highest (P<0.05) in the
control and lowest (P<0.05) in the sole lysine group. Mortality was zero percent for all the treatments. The significant
(P<0.05) higher performance of the control birds (T1, Lysine + methionine) over the sole lysine (T2) and sole methionine
(T3) could be due to complementary effect of the amino acids to each other. This is supported by the report of Si et al.
(20041 and 2014) that there were no interaction between Lysine and Methionine when they were fed equal to or in excess
of NRC recommendations in broiler diets. Rather, each of the amino acids supplied a complimentary effect to meet
specific deficiencies. The significant (P<0.05) low performance of the sole lysine birds (T2) in comparison to the sole
methionine birds (T3) could be due to absence of complimentary effect of methionine and it is an indication that
methionine is the first limiting essential amino acid in corn-soybean meal diet for broilers. This is also supported by the
report of Neutkens (2005) that DL-methionine or Methionine hydroxyl is the first-limiting amino acid for birds, while Lysine
is the first-limiting amino acid in corn-soybean meal based diet for pigs. According to Neutkens (2005), to use crystalline
amino acids in low- protein diets effectively, and to minimize nitrogen excretion, you must first understand their limitation
i.e. the order in which they are limiting in various feedstuffs, and second the magnitude of difference between them. The
absence of supplemental Methionine in the sole Lysine diet (T2) reduced the methionine content of the diet below
minimum requirement as revealed in the calculated chemical composition of the diets in table 1, resulting to poor
performance of the birds.

Table 2 - Performance of finisher broilers fed supplemented diets (lysine and methionine).

Treatments T1 (control) T2 T3 SEM
Parameters (g) Meth + Lys (Lys) Meth
Initial body weigh t (kg) 0.62 0.62 0.62 -
Final body weight (kg) 2.802 2.15¢ 2.500 0.13
Weight gain (g/day) 77.862 54.64¢ 67.14b 4.59
Feed-intake (g/day) 127.00 130.75 128.50 5.424ns
FCR (g of feed/g of gain) 1.63¢ 2.402 1.92v 012
Mortality (%) 0.00 0.00 0.00

Mean with different superscript are significantly (p<0.05) different. FCR= Feed conversion ration; SEM=Standard Error of Mean; Ns=Not

significant.

Carcass and carcass cuts

The results of carcass and carcass cuts followed the same trend with that of performance parameters. The control
birds (T4, Lys + Meth) had significant (P<0.05) higher values for carcass parameters (including dressed weight, dressing
percentage, breast and thigh) than the birds in treatments T2 and T3 (sole lysine and sole methionine, respectively) table
3. The sole lysine birds (T2) had the lowest (P<0.05) values in carcass parameters mentioned above, while the sole
methionine birds (T3) were in-between the control (Lys + meth) and the sole Lysine birds (T2) in the said parameters. The
significant (P<0.05) higher carcass values of the control birds (Lys + Meth) over the sole lysine and sole methionine birds
confirm the complimentary effect of the two amino acids to each other to meet specific deficiencies and enhance the
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productivity of birds as reported by Zhai et al. (2016). The significant (P<0.05) higher performance of the sole methionine
(T3) over the sole lysine groups (T2) in body weight and body weight gains reflected in significant (P<0.05) higher breast
and thigh values. This is supported by the report of Wen et al. (2014) that methionine increased the concentration of
insulin-like growth factor in broilers with subsequent improvement in performance and breast muscle growth. The
significant (P<0.05) lower carcass values of the sole Lysine birds (T2) in comparison to the sole Methionine birds (T3)
could be due to the low dietary content of methionine in the sole lysine diet as revealed in the calculated chemical
composition of the diets in table 1.

Table 3 - Carcass and Internal organ weights of finisher broilers fed supplemental lysine and methionine

Treatments Ta (control) T2 Ts SEM

Parameters (g) Meth + Lys (Lys) Meth
Pre-slaughter weight (kg) 2.802 2.15¢ 2.50p 0.102
Dressed weight (kg) 2.002 1.30¢ 1.550 0.104
Dressing percentage (%) 71.43a 60.47¢ 62.000 1.86
Carcass cuts (% of pre-slaughter weight)

Drumstick 10.73 9.26 9.96 1.96ns

Breast/wing 37.672 29.13¢ 34.91° 1.43

Thigh 12.24a 11.04¢ 11.96° 0.192

Back 10.892 10.04¢ 10.992 0.27
Internal organ (% of pre-slaughter weight)

Gizzard 2.50 2.53 2.51 0.07ns

Heart 1.09 1.10 1.10 0.026ns

Liver 1.96 2.21a 2.202 0.053

Abdominal fat 1.27» 1.289 1.27> 0.168ns

Ns=Not significant; SEM=Standard error of mean.

Table 4 - Economics of supplementation with lysine and methionine in broiler nutrition.

i Quantity/100kg of feed Amount (N /100kg of feed)
. Unit cost

Ingredients N

( T (control) T2 wys) T3 (Met) T T2 Ts
Lysine 1,500 0.25 0.25 0.00 375 375 0
Methionine 1,500 0.25 0.00 0.25 375 0 375
Total cost (N) 750 375 375
Cost of supplementation /kg of feed (Total

7. 7 T

cost divide by 100) (N) S0 375 3.76
Cost/kg of feed (N) 159.5 155.75 155.75
Feed conversion ratio (FCR) 1.63 2.40 1.92
Cost of supplementation/kg weight gain (N) 12.25 9.00 9.00
Cost of feed/kg weight gain(N) 260.0 373.8 299.04
Relative cost of feed/kg weight gain (%) 27,87 40.07 32.05

*(N) = Nigerian Naira (official money of Nigeria)

Internal organs

There was no significant difference (P<0.05) between the treatments in the sizes of the internal organs, apart from
the liver that was significantly (P<0.05) larger in the sole lysine and the sole methionine birds in comparison with the
control (lys + met). The significant (P<0.05) larger sizes of liver in the sole lysine (T2) and sole methionine (T3) birds could
be due to increased metabolic activities to cope with imbalance of the amino acids. This is supported by the report of Park
(2006) that one of the biochemical responses of animals fed amino acid imbalance diets is an increase in the activities of
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the enzymes involved in the catabolism of the limiting amino acid leading to increase in liver size. This is supported by the
reports of Zaefarian et al. (2019) that increased liver size in avian is considered a positive indicator associated with higher
metabolic activity and higher energy expenditure.

Economics of supplementation with lysine and methionine

The result of economics of supplementation with lysine and methionine is presented in Table 4. The birds fed the
sole supplemented diets had about 4.18 - 12.2% higher cost of feed/kg weight gain than the control even though the
cost of supplementation was higher in the control than the sole supplemented. The higher cost of feed/kg weight gain
exhibited by birds in the sole supplemented diets (T1 and T2) could be due to poor utilization of feed by these birds. This is
supported by the fact that the enlarged liver of the birds in the sole supplemented diets is associated with increased
metabolic activities and higher energy expenditure (Zaefarian et al., 2019).

CONCLUSION

From the results of this study, it was observed that supplementation with both lysine and methionine produced significant
enhanced effect than sole supplementation. Sole lysine supplementation produced significant (P<0.05) lower values in all
parameters measured including performance, carcass and carcass cuts compared to sole methionine supplementation.
Sole supplementations with either lysine or methionine caused increase in liver size. Although sole methionine
supplementation gave significant (P<0.05) enhanced effects than sole lysine, it was concluded from this research that
supplementation with both lysine and methionine is essential in corn-soybean meal based diet for finisher broilers to
avoid increased catabolic activities that result to enlarged liver in the birds.
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ABSTRACT: Feed formulation with phytase supplementation is an innovation in the feed industry to improve
monogastric feed quality without increasing production costs. This study aims to determine the carcass
weight of broilers and the percentage of internal organs by providing various feeds, including those
supplemented with phytase in phytase units (FTU) from Burkholderia sp. strain HF.7. A completely
randomized experimental design was used in this study, using 108 broilers for five weeks of maintenance in
three treatments with six replicas, each replica consisting of six broilers. The experimental feed given to
broilers was basal feed without phytase supplementation (P1), basal feed + 750 FTU phytase (P2) and
commercial feed (P3), each with the category of starter phase and finisher phase. Carcass weight and
percentage of organs in broilers (liver, heart, gizzard, and lymph) were measured in each treatment unit. The
results showed that broilers that consumed phytase supplemented feed had a higher carcass weight with a
lower feed conversion value than broilers fed basal feed without phytase. These findings also indicate that
the addition of phytase from Burkholderia sp. HF.7 strain at 750 FTU/kg feeds does not interfere with the
organs of broilers' physiological function because of no increase in the percentage of the liver, heart, gizzard,
and lymph.
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INTRODUCTION

Broiler farming is a prospective productive farming and the increase of nutrient conscious and public consumption of food
animal-based (Walker et al., 2005; Manning et al., 2006; Bonham et al., 2006). This opportunity encourages (Benton and
Bailey, 2019). One of the essential and economic aspects of broiler maintenance is feed (Tallentire et al., 2016). The
content and availability of nutrients determine feed quality to meet broilers' needs during the maintenance period (Wenk,
2000; Abdollahi et al., 2013). Various feed formulations have been arranged in such a way to achieve maximum
productivity (Daghir, 2009; Santoso, 2012; Krishnasamy et al., 2015). This effort, feed cost is one of the main obstacles of
broiler production. Recently, various efforts have made in order to find ways to reduce feed costs.

One effort that can accomplish in order to improve the feed quality while reducing the production cost is adding feed
additive which is a material or combination of ingredients (Tallentire et al., 2016). The supplementation of phytase is
efforts that can be an option in innovative feed formulation to improve the nutritional value of broiler feed through
improving nutrient utilization; increase utilization of phosphorus and calcium in the feed (Augspurger et al., 2003; Aureli
et al., 2011; Hafsan et al., 2017), amino acid absorption (Cowieson et al., 2004) and the ability to digest feed ingredients
(Rutherfurd et al., 2012). Increase utilization of nutrients by phytase in performing the phosphate group release function
of the Mio-inositol ring on phytate compounds which the main form of phosphorus storage in broiler is feed ingredients.
The phosphate group's release implies the release of other essential proteins and minerals bound to the phytate complex,
hence its availability in the feed has a unique effect (Hirvonen et al., 2019).

The usage of phytase with high stability to temperature and pH at specific dosage has reported significantly
improved broiler performance as it improved nutrient digestibility in the feed (Shirley and Edwards, 2003; Hafsan et al.,
2018; Cowieson et al., 2006). Extra-phosphorus effects as well as the release of amino acids, and cations bound such as
calcium, magnesium and iron lead to absorbed nutrients increased in metabolic and biosynthetic processes, affected of
higher energy retention leading to increased broiler performance (Cowieson et al., 2006; Selle et al., 2000). Indicators of
broiler metabolic processes reflected in a good performance as well as lead to excellent carcass properties and a
balanced percentage of internal organs (Angel et al., 2006; Cimrin and Demirel, 2008) as a result of increased availability
of phosphate, higher nitrogen retention and increased solubility of phytate complexes in the digestive tract of broilers
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(Shirley and Edwards, 2003). The maximum utilization of nutrients such as protein, phosphorus, and calcium by broilers is
the increased performance indicated by weight gain at harvest. Besides, feed conversion value will decrease due to the
maximum absorption of nutrients (Humer et al., 2015; Savita et al., 2017; Maas et al., 2021). Anti-nutritional substances,
including phytic acid, will cause the digestive organs to work longer to cause physiological disorders, including the
digestive organs' weight. Therefore, this study reveals the effect of phytase giving by Burkholderia sp. Strain HF.7 (Hafsan
et al., 2018) on the profile of broilers' internal organs.

MATERIALS AND METHODS

This study was an experimental study using complete randomized desigh, namely three treatments with six replications.
The variables observed in this study were the appearance of broiler production, which included carcass weight and
percentage of internal organs (liver, heart, gizzard, and lymph). Day Old Chick (DOC) broiler Cobb strain used without
separating males and females (unsexed). Maintenance performed for five weeks. The cage used roofed with a litter
system with dimensions is 250 x 250 x 80 cm, which is equipped with lighting and functions to warm the cage. Ten
broilers occupied each plot. The cage equipment used was two feedings vessel of 500 g and drinking water containers of
500 mL capacity. Measurement of the temperature and humidity of the cage environment using a thermometer and
thermo hygrometer. The average temperature of the cage was 27.69°C, and the average humidity was 75.88%. Feed and
drinking water were given in ad libitum every morning, afternoon and evening based on treatment. Phytase powder from
Burkholderia sp. strain HF.7 was added to every 5 kg of feed a homogenized before fed the broiler. Treatment feed was
given based on the maintenance period, namely starter and finisher.

Feed experiments using three types of feed. The basal feed used in this study was obtained from conventional feed
mills. The ingredients of the basal feed composition are yellow corn, rice bran, soybean meal, Meat and Bone Meal,
coconut oil, CaCO3, dicalcium phosphate, DL-methionine, L-Lysine, premix. A basal feed with the composition is used as
P1 feed and basal feed supplemented with 750 FTU of Burkholderia strain HF.7 as P2. A comparison feed (P3) shows
that commercial feed is obtained from one Poultry shop in Makassar, without knowing its ingredients. The chemical
composition of the fodder with its nutritional content is presented in Table 1.

Table 1 - Composition and nutrient of broiler feed ingredients.

Starter (% Finisher (%
Feed Composition (%) ini (%)

P1 P2 P3 P1 P2 P3
Corn 53 53 - 60 60 -
Rice bran 6 6 - 5 7 -
Soybean meal 28 28 - 21.2 19.2 -
Meat and bone meal 8 8 - 8.3 8.3 -
Coco oil 3 3 - 33 33 -
CaCo3 0.8 0.8 - 1 1 -
Dicalcium phosphate 0.1 0.1 - 0 0 -
DL-methionine 0 0 - 0.2 0.2 -
L-lysine 0.3 0.3 - 0.5 0.5 -
Premix 0.5 0.5 - 0.3 0.3 -
Total (%) 100 100 100 100 100 100
Chemical composition
Phytase (FTU/kg) 0 750 0 (0] 750 0
Crude Protein 22.75 22.75 22.80 20.11 0.80 22.40
Raw fat 3.60 3.60 3.85 3.30 0.30 3.45
Phosphorus 0.79 0.79 0.37 0.71 0.45 0.60
Calcium 1.43 1.43 1.03 1.43 1.03 1.20
Phytate 0.33 0.33 0.20 0.29 0..29 0.26
Metabolic energy (KI/kg) 3.03 3.03 3.05 3.14 3.14 3.16

P1 = basal feed without phytase; P2 = basal feed + 750 FTU phytase; P3 = commercial feed; FTU=phytase units.

Ethical approval

This research was conducted in accordance with the recommendations of research ethics approval using animal
subject by Health Research Ethics Committee of Universitas Islam Negeri Alauddin Makassar, referred to Legislation of
the Republic of Indonesia No. 18, 2009.

Statistical analysis

The gathered data is analyzed with analyzed with ANOVA of Complete Randomized Design. Estimated conversion of
feed consumed by broilers is determined by calculating the ratio between the amount of feed consumed and the resulting
weight gain. Bodyweight gain was calculated from the chicken's weight last week minus the initial bodyweight of the
chicken. Percentage determination of internal organ was obtained from dividing internal organ weight by broiler's live
weight in 100% after fat dismissing.
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RESULTS AND DISCUSSION

As a parameter to determine feed quality, the feed conversion value of each type of feed treated was determined
beforehand by compared between the amount of feed consumed with broiler body weight gain during maintenance has
ended. Feed conversion value indicates the level of feed efficiency, meaning the lower the value of feed conversion, the
higher the feed efficiency and more economical. Figure 1 shows that the average value of feed conversion produced in
this study was 1.922 - 2.591.

Variance analysis has shown very significant differences between treatments (P<0.01). The basal feed which was
not added phytase (P1) was indicated to produce a significantly high feed conversion compared to other treatments. P2
feed given to broiler shows the lowest feed conversion value and relatively similar (not significantly different) to P3. This
disparity indicates that the best feed conversion obtained in P2 with the addition of 750 FTU of Burkholderia sp. strain
HF.7. However, statistically, there is no significant difference from the commercial feed, which has been used extensively
by farmers. The lowest feed conversion rate among these treatments (1.922) has provided an optimal description of this
broiler's digestive system in converting 1.922 kg of feed into 1 kg of the carcass. According to (Dos Santos et al., 2013;
Liu et al., 2014), the lower feed conversion rates indicate that broilers are better at converting feed into meat and feed
can be said to be of good quality. This study has proven to indicate that the lowest feed conversion rate by giving 750
FTU/kg phytase from Burkholderia sp. strain HF.7 has improved broiler metabolism. Feed nutrition is increased in
availability can metabolism. The feed can optimally be converting to meat.

The percentage determination of carcass and organ in broilers with a basal diet without phytase additives, feed with
phytase supplementation from Burkholderia sp. strain HF.7 as a feed additive, and commercial feed for five weeks of
maintenance is present in Table 2.
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53 3 1,000
51000 I
T 900 0,500
)

- 0,000 -
Treatment Treatment

Figure 1 - Broiler body weight gain (g/broiler) with broiler iFigure 2 - Value of feed conversion with broiler
maintenance for 35 days: P1 (basal feed without phytase); ll maintenance for 35 days: P1 (basal feed without phytase);
P2 (basal feed + 750 FTU phytase); and P3 (commercial P2 (basal feed + 750 FTU phytase); and P3 (commercial
feed). feed).

Table 2 - Average and standard percentage of broiler’s carcass and weight of internal organs.

Percentage P1 P2 P3 S P-Values
Percentage

Carcass weight 61.2 + 0.934 2 69.6 + 0.842°b 69.2 +1.011° 67-72 P<0.05

Liver (%) 2.116 + 0.926 2.021 + 0.450 1.995 + 0.264 1.7-2.8 P>0.05

Heart (%) 0.803 £ 0.086 0.792 £ 0.065 0.798 + 0.035 0.5-1.4 P>0.05

Gizzard (%) 2.016 £ 0.752 1.902 + 0.784 1.899 + 0.881 1.6-2.3 P>0.05

Lymph (%) 1.503 + 0.284 1.533 + 0.857 1.592 + 0.721 1.4-1.9 P>0.05

Different superscript in the same line shows a significant effect (P<0.05); P1 = basal feed without phytase; P2 = basal feed + 750 FTU

phytase; P3 = commercial feed.

The difference in broiler growth between treatments P1 and P2 is caused by the occurrence of protein and mineral
metabolic disorders which one of the causes is the presence of phytate as in table 1. Addition of 750 FTU / kg phytase
Burkholderia sp. strain HF.7 in feed, significantly increased the growth of broiler experiments (P<0.01) and this fact
strengthens the results of some study, that increased growth of broilers that received feed with the addition of phytase
showed significant weight gain (Augspurger et al., 2003; Cowieson et al., 2006; Rutherfurd et al., 2012; Fernandes et al.,
2019). A different trend occurred between P2 and P3 treatments, in which different broiler body weight gain is not
accurate. Bodyweight gain is almost the same as those treatments as in Figure 1 thought to be caused by broilers' ability
to be about equal in metabolizing feed the body. Feed nutrition is converted into available nutrients. Digestion and
absorption can occur, and the rest that is not absorbed is excreted in the faeces. If digestible energy is converted into
metabolic energy that can produce heat and energy for basic life and production activities, the expected growth of broilers
will always be average and as expected (Moss et al., 2019).
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The carcass is part of broiler’'s body after slaughtered and separated from feathers, abdominal fat, internal organs
except for lungs, kidneys, legs, head, neck, and blood (Cimrin and Demirel, 2008). Carcass weight percentage was
obtained by dividing carcass weight with broiler life weight. The statistical analysis result in table 2 showed that phytase
supplementation from Burkholderia sp. strain HF.7 gave a significant effect (P<0.05) on carcass weight percentage.
Overall, 750 FTU phytase from Burkholderia sp. strain HF.7 in each kilogram of feed, increased the carcass weight
compared with a basal diet without phytase supplementation. These findings are in agreement with Nourmohammadi et
al. (2010) that there is an increase in carcass weight by the addition of Natuphos phytase to roosters and hens fed with
low phosphorus levels. some researchers also that phytase in Aspergillus oryzae has a positive effect on carcass weight
for poultry fed with low phosphorus levels reported (Angel et al., 2006; Ghosh et al., 2016; Akter et al., 2016; Barzegar et
al., 2020). Similarly, other studies with feed containing low levels of phytate phosphate and various commercial phytase
levels have a positive effect on carcass weight (Cufadar et al., 2010).

The positive effect on carcass weight by phytase supplementation is due to the absorption of the maximum
nutrients in the diet due to the phytase ability to release essential minerals, amino acids, and energy bound from the
phytate complex of feed (Dersjant-Li et al., 2015). Nutrients in the feed are released and absorbed, so they can be used
for metabolism and help broilers' growth (te Pas et al., 2020). Hence the role of protein has a very substantial in the
growth of chicken tissue. Protein absorption ultimately provides faster growth and improves broiler carcass (Kamran et
al.,, 2008; Rezaei et al., 2018). The trend of increasing carcass weights shows in the treatment of feeding using the
commercial feed as in table 2. The improvement shows that the quality of basal feed with phytase supplements equals
the quality of commercial feed, even without the addition of dicalcium phosphate (DCP), increasing the cost of feed
production. The study focus also showed that the percentage of carcasses with P2 and P3 feeds meet the usual broiler
carcass percentage standard of about 65-75% of the weight of live broiler (Aletor et al., 2000).

Analyses of variance indicate that phytase supplementation from Burkholderia sp. strain HF.7 as feed additive does
not affect (P>0.05) the weight percentage of organs in the broiler on liver, heart, gizzard or lymph. The average weight
percentage of organs in the broiler on each treatment P14, P2, and P3 are list in Table 2. Percentage of liver weight in each
treatment ranging from 1.9 to 2.2% was in the standard range of the liver's healthy weight percentage (1.7-2.8). The
percentage of heart weight in each treatment by 0.8% was in the standard range of healthy heart weight percentage of
0.5 to 1.4. Likewise, the percentage of gizzard and lymph were in the normal range that means the three feed treatments
did not disturb the equilibrium percentage of liver, heart, stomach, and lymph of broiler. This data also shows that the
addition of phytase from Burkholderia sp. strain HF.7 will not interfere with the broiler organs' physiological function.
Thus, it is relatively safe to utilize as a feed additive in the future (Sari and Ginting, 2012; Kokoszynski et al., 2017).

Overall, after the three types of feed in broiler chickens reared for 35 days, feed supplemented with 750 FTU
phytase/kg to produce the best feed conversion value and directly proportional to the weight of carcass produced.
Supplementation of phytase has proven that the lower feed conversion rate means better feed quality. The high value of
feed conversion indicates the need for the amount of feed needed to increase body weight higher and lower feed
efficiency. The value of feed conversion is closely related to production costs, primarily feed costs, because the higher the
conversion of feed, the cost of feed will increase because the amount of feed consumed to produce body weight in a
certain period is higher (McNitt, 1983; Kokoszynski et al., 2017).

CONCLUSION

The supplementation of Burkholderia sp. strain HF.7 to 750 FTU/kg of feed may stimulate maximum absorption of
nutrients, so that carcass weight is greater and decreases feed conversion ratio. Increased carcass weight and do not
affect the percentage of liver, heart, gizzard, and lymph in the broiler.
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ABSTRACT: A pre-determined level of folic acid supplement (30 mg per litre of drinking water) was fed for
varying durations (7, 10 and 14 days) from day-one of age to determine the effect on performance and
carcass characteristics of broilers. The objective was to confirm the high levels of abdominal fat pads in
previous trials with graded levels of folic acid, to clarify the mechanism underlying adipose tissue growth in
broilers. Parameters measured were body weight, weight gain, feed intake, feed conversion ratio, folic acid
intake, mortality and dressed weight, dressing percentage, carcass cuts and internal organs. Data obtained
were analyzed using statistical package for social sciences. The outstanding result of this research was on the
conformation of the dressed carcasses of the folic acid treated birds, characterized by expanded abdominal
regions filled with large mass of abdominal fat pads. There was no difference between the control and the
folic acid birds in other parameters measured, except the group on the longest duration of folic acid
supplementation, which had higher feed intake. Folic acid intake increased significantly with increase in the
duration of administration. It was concluded that, the large mass of abdominal fat pads of the folic acid birds
were as a result of cell multiplication (hyperplasia) due to the fact that folate-mediated one-carbon units
transfer reactions support rapid proliferation of cells and are important during periods of active cell division.
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INTRODUCTION

Folic acid (Pteroyl-L-glutamic acid) is the synthetic form of a water soluble vitamin (vitamin B9) which occurs naturally as
folate. Folate is richly available in dark green vegetables while folic acid is often recommended as a nutritional
supplement and for fortification of foods (Chan et al., 2015). Folic acid is referred to as a growth promoting factor
because of its role in the production and maintenance of new cells (Wagner 2001; Armando, 2018). It is reported to be
particularly important during periods of active cell division such as pregnancy and infancy (Armando, 2018; Tjong and
Mohiuddin, 2019). It is essential in cell metabolism because of its use in the biosynthesis of components of nucleic acid
needed for cell division (Barry, 2001; Tjong and Mohiuddin, 2019).

Folic acid itself is not biologically active but it is converted to its biological active form tetrahydrofolic acid (THF) after
its conversion to dihydrofolic acid by dihydrofolic reductase in the liver (Fernandez-Villa et al., 2019). Tetrahydrofolic acid
is a cofactor in one-carbon metabolism which is a universal metabolic process that serves to activate and transfer one-
carbon units for biosynthetic processes in the body (Barry, 2001). Tetrahydrofolic acid can also be converted to other one-
carbon transport forms by serving as a carrier molecule for one -carbon groups e. g. methyl - THF, methylene - THF,
methenyl-THF (Fernandez-Villa et al., 2019). These folic acid derivatives especially tetrahydrofolic acid serve as
coenzymes in one-carbon units transfer reactions during cellular activities. Folate-mediated single-carbon transfer
reactions are important in biosynthetic pathways leading to DNA and RNA synthesis, amino acid metabolism, methylation
and remethylation reactions (Barry, 2001).

Tetrahydrofolic acid plays key role in DNA synthesis by serving as a direct donor of one-carbon units in the synthesis
of components of nucleic acid (the critical base pairs) needed by DNA for replication i.e. the synthesis of DNA from its
precursors (thymidine and purine) is dependent on folate-mediated one-carbon unit transfer reactions (Field, 2018).
According to Field (2018), folate-mediated one-carbon units transfer reactions support high proliferation rate of normal
cells and cancer cells because of many activated precursors of nucleic acid (thymidine and purine). This body of
knowledge had led to addition of folic acid to virtually all cell culture media because, it enhances the growth of cells in
serum-free culture (Media Experts, 2020). Deficiency of folic acid leads to impaired cell division due to impairment in
thymidine and purine synthesis, resulting from impairment in one-carbon metabolism (Greenberg et al., 2011; Field,
2018). In avian species, folic acid deficiency is characterized by poor growth, very poor feathering and anaemic
appearance in chicks (Poultry DVM, 2020). Supplemental folic acid nutrition has not been a major concern in the poultry
industry. However, some researchers had investigated the growth promoting potentials of folic acid on the growth
performance of the broiler chicken. Meremikwu et al. (2008) fed graded levels of folic acid per litre of drinking water for
the first five days of age of the broiler. The result of the trial showed enhanced performance in the folic acid treated birds
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over the control, with higher levels of abdominal fat in the folic acid birds than the control. There was however no
difference between the folic acid treated birds. A second trial was conducted with the same levels of folic acid supplement
as in the previous trial but for a longer period of seven days from day-one of age of the broiler (Meremikwu et al., 2015).
The result of the later trial showed a clearer picture of the effect of the different levels of folic acid supplementation on
broiler performance. There were conspicuous and significant higher levels of abdominal fat pads in the folic acid treated
birds than the control, with 30 mg level of supplementation eliciting a better effect than the other two levels (15 and
45mg) in all the performance parameters measured.

The high levels of abdominal fat pads in the folic acid treated birds recorded in the two previous trials calls for a
further research to clarify the mechanism underlying adipose tissue development in broilers. This may enhance efforts to
develop measures to reduce the accumulation of excess body fat in broilers. This is necessary since excessive
accumulation of fat in adipose tissue of broilers have been a major problem in the broiler industry. This is because high
body fat in broilers is associated with obesity and several metabolic disorders especially those affecting the
cardiovascular system which are responsible for a majority of flock mortality in broilers (Whitehead, 2001). The use of
abdominal fat content has been reported to be very useful in reducing fat deposition in broilers in the short- term than the
use of selection procedures in the long-term. This is because, abdominal fat grows faster than other fat tissues and it is a
reliable parameter for judging total body fat content because it is directly linked to total body fat content in avian species
(Tumova and Teimouri, 2010).

The present research was designed to feed the pre-determined 30mg of folic acid per liter of drinking water for
varying durations from day-one of age of the broiler and determine the effect on performance and carcass characteristics
with emphasis on abdominal fat. The objective was to confirm the high levels of abdominal fat pads recorded in the folic
acid treated birds in the previous trials so as to clarify the mechanism underlying adipose tissue growth in broilers.
Parameters measured were: performance (body weight, body weight gains, feed intake, folic acid intake, feed conversion
ratio, feed efficiency and mortality), carcass (dressed weight, dressing percentage, breast with wings, thigh with drumstick
and back), internal organs (Heart, gizzard, abdominal fat and liver).

MATERIALS AND METHODS

Ethical approval

Chickens were handled and managed in accordance with the recommendations in the Guide for the Care and use of
Animals, at the Faculty of Agriculture and Forestry Obubra Campus, Cross River University of Technology, Cross River State
Nigeria.

Experimental site

The research was carried out at the Teaching and Research Farm of the Department of Animal Science, Faculty of
Agriculture and Forestry, Obubra Campus. Cross River University of Technology, Cross River State Nigeria. The location of
the study lies along Latitude 6” 4.6032’ N and Longitude 8" 19.9446' East (Date and Time Information, 2020).

Experimental treatments and design

The treatments comprised: a control and three different durations of folic acid administration from day-one of age.
These includes: T1 (control)= no folic acid supplementation; T2= 30mg of folic acid /litre of drinking water for 7 days (0-7
days of age); T3= 30mg of folic acid / litre of drinking water for 10 days (0-10 days of age); T4= 30mg of folic acid / litre
of drinking water for 14 days (0-14 days of age); Each treatment was replicated three times in a complete randomized
design i.e. twelve experimental units (pens). The folic acid supplements were purchased from one of the patent medicine
stores within the vicinity of the experiment. The folic acid pills were put into the drinking trough of water and allowed to
dissolve before stirring with a spatula to avoid loss of particles.

Management of experimental birds

Sixty day-old broiler chicks were purchased from a commercial distributor. The birds were divided into twelve groups
and each group was randomly assighed to an experimental unit. Each group was brooded separately in deep litter pens
measuring 1m x 1.5m (width x length). The birds were raised in these pens by dismantling the brooding compartments
after brooding. Feed and water were given ad libitum throughout the duration of the experiment which lasted for eight
weeks (56 days). Management during the brooding and rearing periods was based on standard husbandry practices for
broiler production. Commercial diets were used for the experiment. Chemical compositions of the experimental diets are
presented in table 1.

Table 1 - Chemical composition of experimental diets for broilers.

Composition Starter Finisher
Crude protein (g/kg) 21.00 19.00
Fat (g/kg) 8.50 8.50
Crude fibre (g/kg) 5.00 5.00
Phosphorus (g/kg) 0.45 0.41
Calcium (g/kg) 1.20 1.20
Metabolizable energy (Kcal/kg) 2,800 2,900

*Source: Grand Cereal and Oil Mills Limited (Jos, Plateau State Nigeria).
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Data collection and analysis

The birds were weighed at the beginning of the experiment and thereafter at weekly intervals. Feed offered daily
were weighed and the leftover weighed the following morning. Feed intakes were obtained by subtracting the leftover
from the quantity supplied the previous day. Weight gain and feed conversion ratio (FCR) were deduced from the live
weight records. Mean values of folic acid consumed per bird per day were calculated by simple proportion using mean
water intake per bird per day in relation to 30mg of folic acid per litre of drinking water. At the end of the experiment at
eight weeks of age, three birds were randomly selected per treatment (one from each replicate). The birds were weighed,
slaughtered and dressed for carcass analysis. The slaughtering and dressing were carried out using standard procedures
for processing broilers. The internal organs were removed, separated, weighed and recorded. Data generated were
analyzed using statistical package for social sciences SPSS Version 16.0 (Student’s version). Significant means were
separated using Duncan’s Multiple Range Test of the same software.

RESULTS

The results of the performance of the experimental birds are presented in table 2, while the results of the carcasses,
carcass cuts and internal organ weights are presented in table 3.

Performance

There was no difference (P>0.05) in the final body weight and weight gains of the experimental birds including the
control. There was also no difference (P>0.05) in feed intake apart from the group on the longest duration of folic acid
supplementation (14 days, T4). This group (T4) exhibited higher feed intake (P<0.05) than all the other groups including
the control which resulted to low feed utilization efficiency for this group i.e. higher (P<0.05) feed conversion ratio. Folic
acid intake increased significantly (P<0.05) with increase in the duration of administration due to increase in water intake
as the birds ages. Mild mortality was spread across the treatments.

Table 2 - Performance of the experimental birds fed pre-determined level of folic acid for varying periods.

Treatments No folic acid 30mg of folic acid/litre of water

Parameters T1 (control) T2 (7days) T3 (10 days) T4 (14 days) SEM
Initial body weight (g) 40.00 40.00 40.00 40.00 0
Final body weight (kg) 2.48 2.45 2.47 2.48 0.13ns
Feed intake (g/day) 116.37 116.18 116.31 127.27 8.97ns
Body weight gain (g/day) 44.28 43.75 44.11 44.28 0.92ns
FCR (g of feed/g of gain) 2.63 2.66 2.64 2.87 0.18ns
FE (g of gain/g of feed) 0.382 0.3762 0.382 0.347° 0.02*
Folic acid intake (mg/bird/day) 0 0.71 0.98 1.33 0.12ns
Mortality (%) 6.67 6.67 0 6.67 0

Means on the same row with different super scripts are significantly (P<0.05) different. Amount of folic acid used = 30mg per litre of drinking

water; SEM=Standard Error of Mean; *= P<0.05; ns=Not significant; FCR=Feed conversion Ratio; FE=Feed Efficiency.

Carcass and carcass cuts (visual appraisal)

The outstanding effect of the 30 mg of folic acid supplementation on the broiler chickens was the physical
manifestation on the dressed carcasses of the experimental birds (body conformation). The folic acid treated birds had
expanded abdominal region that were filled with large mass of abdominal fat pads irrespective of the duration of
supplementation, while the control birds had normal carcass conformation that is characteristic of normal growth. The
dressed carcasses of the experimental birds are shown in the figure 1. The result of the carcass and carcass cuts (Figure
1) followed the same trend with that of performance parameters. There was no significant difference (P>0.05) between
the treatments including the control in all he parameters measured, except the group on the highest duration of folic acid
supplement (14 days, T4). The significant (P<0.05) low feed efficiency of the T4 group (Table 2) manifested in significant
(P<0.05) low dressed weight and dressing percentage (Table 3). The low (P<0.05) dressed weight of the T4 group
reflected in the thigh and drumstick.

Internal organs

Apart from the abdominal fat which was significantly (P<0.05) higher in all the folic acid treated birds than the
control, there was no difference (P<0.05) between the control and the folic acid treated birds in all the internal organs
measured. The folic acid treated birds did not differ (P>0.05) in their abdominal fat irrespective of the duration of
administration.
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Figure 1. Dressed carcasses of the experimental birds.

Table 3 - Carcass, carcass cuts and internal organ of the experimental birds fed pre-determined level of folic acid for

varying durations.

Treatments No folic acid 30mg of folic acid/litre of water SEM

Parameters T4 (control) T2 (7days) T3 (10 days) T4 (14 days)
Pre-slaughter weight (kg) 2.40 2.40 2.40 2.40 0.08ns
Dressed weight (kg) 1.744a 1.7432 1.702 1.650¢r 0.04
Dressing percentage (%) 72.64a 72.622 72.502 68.750 0.90
Carcass cuts (% of pre-slaughter weight)

Thigh + drumstick 24.032 24.022 24.002 21.28p 0.89

Back 15.28 15.27 15.20 14.28 1.27ns

Breast + wing 33.33 33.33 33.30 33.10 0.68ns
Internal organs (% of pre-slaughter weight)

Heart 0.43 0.43 0.42 0.42 0.025ns

Liver 1.94 1.94 1.93 1.93 0.031ns

Abdominal fat 1.47» 3.502 3.482 3.502 0.43

Gizzard 1.65 1.65 1.66 1.66 0.03ns

Means on the same row with different super scripts are significantly (P<0.05) different. Amount of folic acid used = 30mg per litre of drinking

water; SEM=Standard Error of Mean; ns=Not significant.

DISCUSSION

The folic acid supplemented birds had expanded abdominal regions that were filled with large mass of abdominal fat
pads irrespective of the duration of supplementation. This result agrees with the report of Meremikwu et al. (2015) that,
the folic acid treated birds in their research were dramatically different from the control birds in carcass appearance and
conformation.

The enlarged abdominal regions of the folic acid treated birds that were filled with large mass of abdominal fat pads
could be due to cell multiplication resulting from Folate-mediated one-carbon units transfer reactions. This is supported by
the reports of Wang et al. (2007) and Guo et al. (2011) that fat growth in chicken within the first fourteen (14 days) of age
is by hyperplasia (cell multiplication) after which hypertrophy (cell enlargement) of existing adipose cells becomes
responsible for increases in the mass of these fat depots. This is also supported by the reports of Field (2018) and Tjong
and Mohiuddin (2019) that Folate-mediated one-carbon units transfer reactions are important during periods of active cell
division and support rapid proliferation of cells due to ample supply of nucleotides with many activated precursors of
nucleic acid (thymidine and purine). The non-significant (P>0.05) difference in carcass cuts (especially the breast)
between the control and the folic acid treated birds implied that folic acid supplement given for seven to fourteen days of
age of the broilers had no effect on factors that influence muscle growth in broiler. This is supported by the fact that the
hyperplasic period of muscle development is said to be nearly complete at hatch (Rutz, 2015) and folic acid is reported to
be effective during periods of active cell division (Armando, 2018; Tjong and Mohiuddin, 2019). The high feed intake of
the group on the longest duration of folic acid could be due to the fact that folic acid is said to be an appetite stimulant
when taken in high doses (Marshal, 2016). According to Marshal (2016), folic acid is a nutrient with two-edged sword i.e.
it is an appetite stimulant and a hunger deregulator, in which case , if an individual is deficient in folic acid, the first thing
that goes is the appetite.
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CONCLUSION

Thirty mg of folic acid supplement per litre of drinking water administered for 7 - 14 days from day-one of age, has
confirmed the results of previous trials with graded levels of folic acid supplement by producing visual morphological
effect on the dressed carcasses of the folic acid treated birds, characterized by expanded abdominal regions that were
filled with large mass of abdominal fat pads. It was concluded from this research that, the excessive growth of abdominal
fat depots in the folic acid treated broiler chickens were by cell multiplication (hyperplasia), due to the fact that Folate-
mediated one-carbon transfer reactions are important during periods of active cell division and supports high rate of cell
proliferation because of many activated precursors of nucleic acid (thymidine and purine). This research has confirmed
the fact that adipose tissue growth in chicken within the first fourteen days of age is by hyperplasia. It is therefore
recommended that, folic acid or any other supplement that supports cell multiplication should not be used within the first
7 to 14 days of age of the broiler since this will induce adiposity. Further research should be conducted to determine the
appropriate age to administer folic acid supplement to exploit the growth promoting (cell proliferation) effect to maximize
muscle tissue growth in broilers.
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ABSTRACT: Jamu (local herbal drinking) have been known for a long time by inhabitants in Indonesia as
conventional home grown pharmaceutical and to progress digestion system within the body. Jamu, not as it
were for people but also for creatures. Local farmers have moreover utilized jamu for chicken for a long time,
and it's utilize is expanding. This Research points to decide the impact of jamu to extend protein in vivo
digestibility in broilers and for knowing the ideal level of jamu for optimum protein digestibility in broilers. The
strategy utilized in this investigate is Completely Randomized Design (CRD) with 4 treatment and 5
replications, each redundancy comprises of 1 broiler chickens, so there are 20 chickens. The treatment
comprises of PO (control), T1 (jamu 1.5 mL/500 mL), T2 (jamu 2.5 mL/500 mL) and T3 (jamu 3.5 mL/500
mL). The parameters watched were digestibility protein in broilers. Based on the examination of fluctuation, it
appears The treatment had no critical impact on chicken protein broilers' digestibility given jamu. However,
seeing each treatment's average value, T1, T2 and T3 tend to increase to 99.62%, 99.68% and 99.71%,
respectively. In conclusion, supplemented with jamu formula does not significantly affect broiler chicken
protein's digestibility, but the digestibility increases with increasing formula, up to the formula 3.5 mL/500
mL (T3) as the ideal level.
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INTRODUCTION

The demand for chicken meat increases along with increasing incomes and awareness of the importance of animal
protein (Wilkie, 2005). Developing broiler production, and provide commercial feeds has fulfilled legal needs for farmers
(Variani et al., 2017). Despite the price relatively expensive because some of the ingredients are still imported, some
commercial feed ingredients are widely available and easy to obtain. Besides, it contains additional feed ingredients (feed
additives) needed by livestock (Alqaisi et al., 2017).

Protein is a necessity nutrient for humans and livestock to be affect the growth period, age, physiology, production,
and body condition. Protein digestibility is the ability of the protein to be hydrolyzed into amino acids by digestive enzymes
(Hou et al., 2017). If protein digestibility is high, the protein can be well hydrolyzed into amino acids, so the nhumber of
amino acids that can be absorbed and used by the body sufficiently (Kethawa and Ogawa, 2019). If the protein
digestibility is a combined process to be hydrolyzed into amino acids then the amount Amino acids that can be absorbed
and used by the body are in low rate due in part large will be disposed of by the body with feces (Deb-Choudhury et al.,
2018). Its well-known, protein is very important in tissue repair energy metabolism and for obtaining vital substances in
body functions such as enzymes (Shah et al., 2020).

Herbal formulation (Jamu) have been known for a long time by residents in Indonesia as traditional medicine and to
improve metabolism in the body (Elfahmi et al., 2014). Jamu has been used for special targets not only for humans
(Mosihuzzaman, 2012; Zhu, 2020) but also for animals (Alagawany et al., 2019; Zhu, 2020). Local farmers have also
used jamu for chicken for a long time, and its use is increasing (Gaucher et al., 2015; Galli et al., 2020). Based on
information in the field, some breeders who use jamu can increase their livestock productivity, for example Galli’'s
research fed jamu in breeders which increase quality of meat in fatty acid profile (Galli et al., 2020).

Agustina et al. (2017) showed that jamu in liquid or powder form can inhibit Gram-positive and Gram-negative
bacteria, because the ingredients contain bioactive substances. It was necessary to reduce the types of materials
suspected of having the same bioactive substances. The use of jamu in liquid form as much as 2.5 mL/L of drinking
water, is the best result of performance and histopathological abnormalities of internal organs. The use of 0.15% herbal
concoction powder in feed effectively improves performance, reduces the number of deaths, abdominal fat, blood
cholesterol, and gives the highest OD (Optic Density) value, which indicates that herbal concoction powder can prevent
viruses (using a lubricant kit to test IFNy (Interferon-gamma). Based on this description, it is hecessary to conduct a
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research on the use of herbal medicine in drinking water to determine the effect protein digestibility in broilers. Aim of
present study was to determine the effect of jamu to expand protein in vivo digestibility in broilers and for knowing the
perfect level of jamu for ideal protein digestibility in broilers

MATERIALS AND METHODS

The materials used in this study were 40 broilers, husk, and herbal solution with 250 g of a mixture of ingredients, namely
garlic (Allium sativum L.), leaves betel (Piper betle L.), cinnamon (Cinnamomum verum L.), EM-4 (Effective
Microorganisms-4) and molasses. The feed used comes from a commercial feed, namely B11A with the composition of
corn, rice bran, soybean meal, fish meal, meat bone meal, corn gluten meal, pollard, stone flour, crude palm oil, sodium
bicarbonate premix, vitamins and trace minerals. While the material used to calculate digestibility protein, namely
sample (feces), selenium = 1 gram, 25 mL concentrated H2S04, distilled water 100 mL, 10 mL 2% HsBOs, 4 drops
indicator solution and 10 mL 30% NaOH.

Research design

This study used a completely randomized design (CRD) consisting of 4 treatments and 5 replications, each
replication consisted of 2 broilers so that there are 40 experimental units with treatment (T), namely: TO: control; T1: Jamu
1.5 mL/500 mL/drinking water; T2: Jamu 2.5 mL/500 mL/drinking water; T3: Jamu 3.5 mL/500 mL/drinking water.

Broller preparation and maintenance

The cage must be prepared before day old chick (DOC) entered, cage preparation is done carefully and carried out to
install curtains and cleaning and sterilization around the cage with how to spray detergent and the tools to be used and
wait until dry. After that, it is covered with husks with a thickness of seven cm feed, and the area of the cage unit used is
60 x 100 cm. Preparations are maintained from DOC until the age of 30 days with a cage covered with husks. The
treatment is given to chickens since the chicken entered the cage unit experiment until harvest. The number of treatment
chickens was 40 chickens selected randomly and put into the cages of each experimental unit 2 tails. Each experimental
unit enclosure is equipped with a 25 watt incandescent lamp as many as 20 pieces.

Production of Jamu

Materials used to manufacture herbal such as garlic, betel leaf, cinnamon first cleaned, then weighing 250 g each,
then crushed use a blender for garlic and betel leaves, except for cinnamon ground using a mortar until smooth. Next
third, the ingredients are mixed in one container. Addition of molasses and EM-4 (effective microorganisms-4) was also
carried out each as much 1 L then add 10 L of water. Stir until all ingredients to be homogeneous (Jamili et al., 2014).

Table 1 - Ingredients of Jamu used in present study. :fubcllj 2 - Energy content of B11A feed used in present

Ingredients Composition Content Composition (%)
Garlic 250 g Water 13.0
Betel leaf 250 g Protein 22.0-23.5
Cinnamon 250 g Fat 5.0

Fiber 5.0
EM-4 1L

Ash 7.0
Molasses 1L Calcium 0.9
Well water 0L Phosphorus 0.6

Source: Primer Data. Source: PT. New Hope Indonesia, 2019

Feed and drinking water
Feeding is done a few hours after drinking DOC (3-4 hours after the DOC is drinking). The provision of drinking water
is carried out ad libitum (continuously), and in giving it must be clean and fresh, and the drinking water has been mixed
with the herbal herbs that are given each day until the age of 30 days, and the giving is done according to treatment that
has been determined in this study. The nutritional content of commercial feed B11A produced by PT. New Hope Indonesia
is used in this study is presented in Table 2.

Protein digestibility calculation process

After going through the maintenance process, at the end of the study, fecal samples were taken from each
treatment in the form of fresh ones that had been weighed previously to determine their fresh weight for further
observation in the laboratory by the method of calculating protein digestibility, namely by weighing carefully weighing + 0,
5 g of the sample, then put it in the Kjeldahl flask. A mixture of selenium (x1 g) and 25 mL of concentrated H2S04 was
added. The Khjedhal flask and its contents were shaken until all samples were wetted with H2SO4 then digested in a fume
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hood until it was clear. Let it cool, then pour into a 100 mL volumetric flask and rinse with distilled water. Let it cool again,
squeeze it to the mark with distilled water and then shook it until it was homogeneous. After that, a pan consisting of 10
mL H3BO3 2% + 4 drops of mixed indicator solution prepared into Erlenmeyer, then Pipette 5 mL of sample solution into a
distillation flask, add 10 mL of 30% NaOH and 100 mL of distilled water. Then it was distilled until the reservoir volume
became + 50 mL. Rinsed the distiller's end with distilled water, then the container and its contents were titrated with a

0.0171 N H2S04 solution (Adedokun et al., 2008).
% CrudeProtein = WX14X6.25XP 4 0,
sampleweight(gr)

Description: V: volume of sample titration; N: normality of HoSO4 solution; P: dilution factor.

Protein digestibility test by taking 1 sample from each test

Observation of protein digestibility by knowing the data on feed consumption that has been added with herbal herbs
to drinking water and weighing the feces in the ileum. The collection method of ileal digesta is by fasting for 14 hours. It is
given commercial feed as much as 100 g/head and drinking water for 10 hours before slaughtering after being fast. Then
the chicken is slaughtered. Digesta was taken from the small intestine part of the ileum, after 1 cm from Meckel's
diverticulum to a limit of 1 cm before the ileum-cecal junction. After that, the digesta is removed, and then the initial
weight is weighed in fresh form from each treatment. After that, the digesta was collected and then analyzed in vivo

(Adedokun et al., 2008). According to Li et al. (2017), regarding the digestibility calculation method protein, namely the

following formula:

(Z4x%B)—(ZCx%D)
(Z4x%B)
Description: A: consumption of ration (g); B: food substances in the ration (protein, %); C: number of feces (g); D: food

substance in feces (protein; %).

%ProteinDigestibility = x100%

Statistical analysis

The data obtained will be analyzed through variance using a completely randomized design (CRD) with 4 treatments
and 5 replications. If the treatment has a significant effect, then the Duncan multiple area test is continued to see the
differences in each treatment sample. According to Ervina et al. (2019) the mathematical model of the CRD is as follows:

Yij=p+ai+€ij

Description: Yij: The observed value of the it treatment of jamu; y: Real average value; ai: effect of treatment at
level I; € ij: error; i: TO, T4, T2, T3 (treatment); j: 1, 2, 3 (repeat).

Ethical approval

The in vivo study was supervised by The Animal Ethics Committee of the Universitas Islam Negeri Alauddin and
conducted in accordance with the basic animal husbandry and health protocols referred to in Legislation of the Republic
of Indonesia No. 18, 2009.

RESULTS AND DISCUSSION

The results of the 23 days feeding jamu-treatment against protein digestibility in the cobb-500 broiler chicken presented
in Table 3. The results of this analysis of variance indicated that the treatment has not significant effect (P>0.05) on
protein digestibility. The treatments were TO (99.56%), T1 (99.62%), T2 (99.68%) and T3 (99.71%).

Protein digestibility is the amount of protein that is absorbed from food into particles absorbed by the digestive tract
(Jonker and Yu, 2017; Cholis et al., 2018). In Table 3, the average value of T3 (99.71%), which is given herbal herbs in
chicken drinking water as much as 3.5 mL, showed the value of protein digestibility as the highest among other
treatments. In comparison, the lowest average protein digestibility value was PO (99.56%) of all treatments. The
treatment statistically has no significant effect on protein digestibility, but seen from the trend of research data, the feed
of jamu with a dose of 3.5 mL can increase protein digestibility, this treatment has the highest value of all treatments
with a value of 99.71%. Alagawany et al. (2019) stated that cattle that consume high protein could affect their body cells'
metabolism to run correctly.

Table 3 - Average digestibility and standard deviation of protein in broiler chickens fed jamu for 23 days.

. Treatment
Variable To T T2 T3 P-value

Protein digestibility 99.5610.95 99.6210.15 99.68+0.13 99.71+0,07 0.24
TO = Control. TA = Jamu 1.5 mL/500 mL/drinking water. T2 = Jamu 2.5 mL/500 mL/drinking water. T3 = Jamu 3.5 mL/500 mL/drinking water.

+(standard deviation).
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In the present study, the treatment given was in the form of jamu from several ingredients such as garlic, betel leaf,
and cinnamon which had almost the same content as alicin, essential oils, flavonoids, tannins (Castillo-Lopez et al., 2017;
Alagbe et al., 2020), it's were able to increase protein digestibility in broilers and could be antibacterial (Alagawany et al.,
2019; Alagbe et al., 2020). The working system of feeding jamu in livestock, which can improve metabolism, the digestive
system and reduce pathogenic bacteria that can affect feed consumption absorption (Alagawany et al., 2019). Reduced
pathogenic bacteria in the digestive system of livestock so that the protein also produced increases (Galli et al., 2020).

All ingredients' content works following their respective mechanisms that interfere with and even damage
pathogenic bacteria so that their growth is blocked or dies (Alagawany et al., 2019; Galli et al., 2020). According to
Castillo-Lopez et al. (2017), alicin is one of the most active biological components in garlic (Castillo-Lopez et al., 2017).
Previously, Cardoso-Ugarte et al. (2016) argued that cinnamon's content has many compounds, namely essential oils
(Cardoso-Ugarte et al., 2016). According to Jamili et al. (2014) when the betel leaf, garlic, and betel leaf are all mixed, it
will have a robust inhibitory compound against Staphylococcus aureus and Salmonella thypi bacteria, namely tannins,
essential oils, alisin, flavonoids, etc. which have their way to inhibit bacteria.

The contents of the materials used which have antibacterial properties work according to their respective
mechanisms, for example, flavonoids, tannin alkaloids, and essential oil, which work to form more complex compounds
then disrupt and even damage the test bacterial cell membranes so that the bacterial life activity is inhibited or dies
(Alagbe, et al., 2020; Galli et al., 2020). Previously, Cheng et al. (2014) and Rabinowitch (2002) stated that allicin could
inhibit the growth of negative and positive gram bacteria, and prevent abnormalities in the small intestine to better the
intestine's protein absorption process (Cheng et al., 2014; Rabinowitch, 2002). The effect of this study was not significant
(P>0.05) because it could be caused by several factors such as provision of feed, bulkhead conditions, environmental
conditions, provision of drinking water added with jamu in each treatment. According to Dersjant et al. (2015) and
Olijhoek et al. (2018), the high and low digestibility of feed ingredients is influenced by several factors, including types of
livestock, feed, types of feed ingredients in rations, crude protein content, and the way of providing rations, however this
also shows that one of the factors that makes it insignificant is the amount of broiler consumption influenced by the form
of feed and the protein content of the feed (Dersjant-Li et al., 2015; Olijhoek et al., 2018).

In present research, the form of feed used is commercial feed produced in pelleted form. According to Milanovic
(2018), good feed for broilers such as pellets and crumble is because poultry has high palatability to add to its
digestibility, poultry feed dramatically determines the level of protein digestibility so that the amount of feed and protein
content that enters the digestive tract (Milanovic, 2018). The protein content in the feed used in each treatment was an
average of 22.75% from the starter-finisher period. Kaewtapee et al. (2017) and Olijhoek et al. (2018) stated that rations
with low protein content generally have low digestibility and vice versa. The level of protein digestibility depends on the
protein content of the feed ingredients, the amount of protein that enters the digestive tract, and the influence of the use
of doses of antibiotics and probiotics given (Liao and Nyachoti, 2017; Clavijo and Flérez, 2018; Galli et al., 2020; Zaghari
et al., 2020). The addition of doses from each treatment also dramatically determines the effect on the digestibility of the
protein itself, the doses used in this study started from T4, T2, and T3 treatments, respectively, namely 1.5 mL/500
mL/drinking water, 2.5 mL/500 mL/drinking water and 3.5 mL/500 mL/drinking water, following the research of
Kusbiyantari et al. (2017) which uses a betel leaf solution with a dose of 5% per liter of drinking water to increase protein
digestibility.

CONCLUSION

The feeding of jamu had no significant effect on digestion of protein in broilers. T4, T2 and T3 tend to increase; 99.62%,
99.68% and 99.71%, respectively. In summary, supplementation with jamu does not essentially influence broiler chicken
protein's digestibility, but the digestibility increments with expanding equation, up to 3.5 mL/500 mL (T3) as the ideal
level. Further studies with other local herbs and herbal solutions are suggested.
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ABSTRACT: The study presents the results of a study of the bactericidal and lysozyme activity of blood
serum of heifers of different breeds. The experiment involved 4 groups of heifers, 10 heads in each
group: 1) Black-and-white Holstein; 2) Simmental; 3) Aberdeen-Angus; and 4) crosses of Simmental and
Aberdeen-Angus breeds. Animals of all groups were kept in the same feeding and housing conditions.
During the experiments, the animals were fed according to generally accepted standards. Blood was
taken from animals from the tail vein in the morning before the first feeding in compliance with the
aseptic rules. It was found that with an increase in gestation, the activity of serum bactericidal activity
(SBA) and serum lysozyme activity (SLA) in the blood of heifers gradually increases.in conclusion, during
pregnancy, the level of SBA and SLA in the blood of heifers depended on the month of pregnancy and
the breed of animals. During pregnancy, hybrid heifers have higher levels of SBA and SLA, and relatively
low levels of SBA and SLA are observed in Black-and-White, Simmental and Aberdeen Angus heifers.
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INTRODUCTION

Increasing the productivity of farm animals is the key challenge of modern animal husbandry (Eremenko and Kretova,
2007). To achieve this goal, in addition to improving the quality of feeding and improving the management of the industry,
it is necessary to carry out systematic selection work on the most important inherited traits of animals (Rauw and Gomez-
Raya, 2015; Balzani and Hanlon, 2020). To improve the productive qualities of cattle, it is necessary to study in more
detail the mechanism of the formation of natural resistance, and its relationship with the future productive qualities of
animals, and in the future to recommend the most resistant breeds of cattle for their use in breeding work (Eremenko and
Polianskii, 2013; Marshal et al., 2019).

The main indicator of natural resistance of livestock is the indicators of bactericidal and lysozyme activity of blood
serum (Zhou et al., 2019). This indicator is widely used in fish health detection and aquaculture (Das and Sahoo, 2014;
Panase et al., 2017). Especially in dairy cows it's documented that lyzozyme level in milk is an important indicator for
immune status and it’s differed with breeds of cows (Krol et al., 2010).

Thus, serum bactericidal activity (SBA) and serum lysozyme activity (SLA) are a combined manifestation of the
body's natural defenses (Carroll and Jasper, 1977). SLA can be different in depends on breed of farm animal (Sotirov et
al., 2007), and it's documented in local studies (Sotirov et al., 2006; 2007). The study of these mechanisms will make it
possible to purposefully use these indicators in the selection of cattle (Krél et al., 2010). Aim of present study is to
determination of these indicator activities in different breeds of cows.

MATERIALS AND METHODS

The studies were carried out on Black-and-White Holstein, Simmental, Aberdeen-Angus and crossbred heifers of Black-
and-White breeds. Heifers were analogous in age and gestational age, 10 heads in each group. They were grown in the
same conditions, which ensured their normal growth, development and, subsequently, milk and meat productivity,
characteristic of each breed. During the experiments, the animals were fed according to generally accepted standards.
Blood was taken from animals from the tail vein in the morning before the first feeding in compliance with the aseptic
rules. SBA and SLA indices were determined according to generally accepted methods. The obtained research results
were subjected to biometric processing by variation statistics using Microsoft Office Excel.

Statistical analysis

The One-way AOVA method used for statistical comparison of treatments. For comparison of means, SAS software,
version 10 (P<0.05) was used, and Duncan multiple range test for comparison of means. Experimental groups consisted:
1-Black-and-White Holstein, 2-Simmental, 3-Aberdeen-Angus and 4crossbred heifers of Black-and-White (n: 10).
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RESULTS

Blood serum bactericidal activity (SBA)

SBA indices in the first month of pregnancy in all groups were within normal limits and did not differ significantly
across groups. The data shown in Figure 1 show that in the first month of lactation, the bactericidal activity of blood serum
in heifers of different breeds was between 82.7+3.8% and 89.414.2%.

By the second month of pregnancy, this indicator in all compared breeds of heifers increased slightly and was
between 82.4+2.9% and 90.1+4.6%. In Black-and-White Holstein heifers, SBA was 82.4+2.9%, in Simmental was
83.313.3%, in Aberdeen-Angus was 90.1+4.6% and in crossbred animals was 89.0+3.7%. By the third month of
pregnancy, SBA slightly increased in heifers of the first group to 82.7+2.8%, in the second group to 83.7+3.1%, in the
fourth group to 89.3+4.5%. In the group of Simmental heifers, SBA slightly decreased to 88.9+4.7%. Later, at the 4th and
5th months of pregnancy, the value of this indicator in all groups ranged between 82.3+3.1% and 92.4+4.0%. The
research found an increase in the bactericidal activity of blood serum by the 6th month of pregnancy in experimental
animals. In Black-and-White Holstein, SBA was 80.0+2.9%, in Simmental was 84.2+3.7%, in Aberdeen-Angus was
88.8+4.2% and in crossbred heifers was 93.71+4.2%. By the 9th month of pregnancy, the bactericidal activity of blood
serum continued to increase and amounted to 82.0+4.1% in Black-and-White Holstein, 87.4+3.7% in Simmental,
91.31+4.2% in Aberdeen-Angus, and 97.7+5.0% in crossbred heifers. During month 7, 8, and 9 of gestation, crossbred
animals showed statistically significant differences in relation to the data of the Black-and-White Holstein heifers
(P<0.05). Comparing the indicators of bactericidal activity of blood serum between the experimental groups of heifers, it
should be noted that before the 9t month of pregnancy, this indicator was slightly higher in crossbred animals. Thus, the
bactericidal activity of blood serum depends on the breed of heifers and the duration of pregnancy. Relatively low SBA
was noted in Black-and-White Holstein in relation to the compared breeds of heifers, and higher SBA was noted in
crossbred animals.

Blood serum lysozyme activity (SLA)

The lysozyme activity of blood serum in the first month of pregnhancy in experimental heifers was approximately at
the same level and amounted to 22.6+1.5% in Black-and-White Holstein, 22.3+1.5% in Simmental, 26.5+1.3% in
Aberdeen-Angus, and 29.5+1.6% in crossbred heifers (Figure 2).
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Figure 2 - Changes in lysozyme activity of blood serum in heifers of different breeds.
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Statistically significant differences during the 1st month of gestation were noted between hybrid animals, Black-and-
White and Simmental heifers (P<0.05). By the second month of pregnancy, the lysozyme activity of the blood serum of
animals was also lower in Black-and-White Holstein. Crossbred animals showed the highest SLA level - 29.2+1.3%.
Statistically significant differences at 2 months of gestation were noted between Black-and-White, Simmental breed of
heifers and crossbred animals (P<0.05). Mentioned differences in breeds (for SLA activity) has fully recognized in goat
breeds by Marmaryan (2013).

Analyzing the data in Figure 2, it can be noted that by the third month of pregnancy, SLA was slightly lower in heifers
of Black-and-White Holstein breed - 23.3+1.1%. The highest level of SLA was also in crossbred animals - 30.4+1.4%. In
Black-and-White heifers, lysozyme activity during months 3, 4, and 5 of gestation was significantly lower in relation to
crossbred animals (P<0.05). In the second half of pregnancy, all breeds of animals showed an increase in lysozyme
activity, especially pronounced these changes were noted in the Aberdeen Angus breed and crossbred animals. During the
6th months of pregnancy, SLA was 25.8+1.5% in Black-and-White Holstein, 28.8+1.4% in Simmental, 29.9+1.6% in
Aberdeen-Angus, and 33.5+1.5% crossbred heifers.

Crossbred heifers had significantly higher lysozyme activity during the 6t months of gestation in relation to Black-
and-White Holstein and Simmental heifers (P<0.05). The activity of lysozyme during the 9th month of pregnancy was
30.11+1.8% in Black-and-White Holstein; 33.7£1.8% in Simmental, 34.8+2.0% in Aberdeen-Angus, and 36.5+2.0% in
crossbred animals. Black-and-white heifers at the end of pregnhancy had a significantly lower activity than crossbred
heifers (P<0.05).

Thus, the lysozyme activity of blood serum in crossbred animals during all months of pregnancy exceeded those of
the Simmental and especially the Black-and-White breed. This finding is in according to Puppel et al. (2019) who review
and noted changes lysozyme activity in different breeds and in colostrum composition. An increase in SLA during
pregnancy indicates an increase in serum lysozyme during pregnancy. This is obviously due to the evolutionary reaction of
the nonspecific protection on the part of the mother to the birth of a viable calf.

CONCLUSION

With respect to the above it can conclude that with an increase in gestation, serum bactericidal activity (SBA) and serum
lysozyme activity (SLA) of heifers gradually increases. During pregnancy, the level of SBA and SLA in the blood of heifers
depended on the month of pregnancy and the breed of animals. During pregnancy, hybrid heifers have higher
concentrations of SBA and SLA. During pregnancy, Black-and-White, Simmental, and Aberdeen Angus heifers have lower
concentrations of SBA and SLA.
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Article Sections Format:

Title should be a brief phrase describing the contents of the paper. Title Page should include full names and affiliations of the
author(s), the name of the corresponding author along with phone and e-mail information. Present address(es) of author(s) should
appear as a footnote.

Abstract should be informative and completely self-explanatory, briefly present the topic, state the scope of the experiments,
indicate significant data, and point out major findings and conclusions. The abstract should be 150 to 300 words in length.
Complete sentences, active verbs, and the third person should be used, and the abstract should be written in the past tense.
Standard nomenclature should be used and abbreviations should be avoided. No literature should be cited.

Following the abstract, about 3 to 7 key words should be listed.

Introduction should provide a clear statement of the problem, the relevant literature on the subject, and the proposed approach
or solution. It should be understandable to colleagues from a broad range of scientific disciplines.

Materials and Methods should be complete enough to allow experiments to be reproduced. However, only truly new procedures
should be described in detail; previously published procedures should be cited, and important modifications of published
procedures should be mentioned briefly. Capitalize trade names and include the manufacturer's name and address. Subheadings
should be used. Methods in general use need not be described in detail.

Results should be presented with clarity and precision. The results should be written in the past tense when describing findings in
the author(s)'s experiments. Previously published findings should be written in the present tense. Results should be explained, but
largely without referring to the literature. Discussion, speculation and detailed interpretation of data should not be included in the
results but should be put into the discussion section.

Discussion should interpret the findings in view of the results obtained in this and in past studies on this topic. State the
conclusions in a few sentences at the end of the paper. The Results and Discussion sections can include subheadings, and when
appropriate, both sections can be combined.

Conclusion should be brief and tight, providing a few specific tasks to accomplish: 1-Re-assert/Reinforce the Thesis; 2-Review the
Main Points; 3- Close Effectively. The Conclusion section should not be similar to the Abstract content.

Declarations including Ethics, Consent to publish, Competing interests, Authors' contributions, and Availability of data and
materials are necessary.

Acknowledgments of persons, grants, funds, etc should be brief.

Tables should be kept to a minimum and be designed to be as simple as possible. Tables are to be typed double-spaced
throughout, including headings and footnotes. Each table should be on a separate page, numbered consecutively in Arabic
numerals and supplied with a heading and a legend. Tables should be self-explanatory without reference to the text. The details of
the methods used in the experiments should preferably be described in the legend instead of in the text. The same data should not
be presented in both table and graph forms or repeated in the text.

The Figure legends should be typed in numerical order on a separate sheet. Graphics should be prepared using applications
capable of generating high resolution GIF, TIFF, JPEG or PowerPoint before pasting in the Microsoft Word manuscript file. Use
Arabic numerals to designate figures and upper case letters for their parts (Figure 1). Begin each legend with a title and include
sufficient description so that the figure is understandable without reading the text of the manuscript. Information given in legends
should not be repeated in the text.

DECLARATIONS

Please ensure that the sections: Ethics (and consent to participate), Consent to publish, Competing interests, Authors'
contributions, and Availability of data and materials are included at the end of your manuscript in a Declarations section.

Consent to Publish

Please include a ‘Consent for publication’ section in your manuscript. If your manuscript contains any individual person’s data in
any form (including individual details, images or videos), consent to publish must be obtained from that person, or in the case of
children, their parent or legal guardian. All presentations of case reports must have consent to publish. You can use your
institutional consent form or our consent form if you prefer. You should not send the form to us on submission, but we may
request to see a copy at any stage (including after publication). If your manuscript does not contain any individual person’s data,
please state “Not applicable” in this section.

Authors’ Contributions

For manuscripts with more than one author, OJAFR require an Authors' Contributions section to be placed after the Competing
Interests section. An 'author' is generally considered to be someone who has made substantive intellectual contributions to a
published study. To qualify as an author one should 1) have made substantial contributions to conception and design, or
acquisition of data, or analysis and interpretation of data; 2) have been involved in drafting the manuscript or revising it critically
for important intellectual content; and 3) have given final approval of the version to be published. Each author should have
participated sufficiently in the work to take public responsibility for appropriate portions of the content. Acquisition of funding,
collection of data, or general supervision of the research group, alone, does not justify authorship.
We suggest the following format (please use initials to refer to each author's contribution): AB carried out the molecular genetic
studies, participated in the sequence alignment and drafted the manuscript. JY carried out the immunoassays. MT participated in
the sequence alignment. ES participated in the design of the study and performed the statistical analysis. FG conceived of the
study, and participated in its design and coordination and helped to draft the manuscript. All authors read and approved the final
manuscript. For authors that equally participated in a study please write 'All/Both authors contributed equally to this work.'
Contributors who do not meet the criteria for authorship should be listed in an acknowledgements section.

Competing Interests

Competing interests that might interfere with the objective presentation of the research findings contained in the manuscript
should be declared in a paragraph heading "Competing interests" (after Acknowledgment section and before References).
Examples of competing interests are ownership of stock in a company, commercial grants, board membership, etc. If there is no
competing interest, please use the statement "The authors declare that they have no competing interests.".
Online Journal of Animal and Feed Research adheres to the definition of authorship set up by the International Committee of
Medical Journal Editors (ICMJE). According to the ICMIE authorship criteria should be based on 1) substantial contributions to
conception and design of, or acquisition of data or analysis and interpretation of data, 2) drafting the article or revising it critically
for important intellectual content and 3) final approval of the version to be published. Authors should meet conditions 1, 2 and 3.
It is a requirement that all authors have been accredited as appropriate upon submission of the manuscript. Contributors who do
not qualify as authors should be mentioned under Acknowledgements.
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Change in authorship
We do not allow any change in authorship after provisional acceptance. We cannot allow any addition, deletion or change in
sequence of author name. We have this policy to prevent the fraud.

Acknowledgements

We strongly encourage you to include an Acknowledgements section between the Authors’ contributions section and Reference list.
Please acknowledge anyone who contributed towards the study by making substantial contributions to conception, design,
acquisition of data, or analysis and interpretation of data, or who was involved in drafting the manuscript or revising it critically for
important intellectual content, but who does not meet the criteria for authorship. Please also include their source(s) of funding.
Please also acknowledge anyone who contributed materials essential for the study. Authors should obtain permission to
acknowledge from all those mentioned in the Acknowledgements. Please list the source(s) of funding for the study, for each
author, and for the manuscript preparation in the acknowledgements section. Authors must describe the role of the funding body,
if any, in study design; in the collection, analysis, and interpretation of data; in the writing of the manuscript; and in the decision
to submit the manuscript for publication.

Data Deposition

Nucleic acid sequences, protein sequences, and atomic coordinates should be deposited in an appropriate database in time for the
accession number to be included in the published article. In computational studies where the sequence information is unacceptable
for inclusion in databases because of lack of experimental validation, the sequences must be published as an additional file with
the article.

OJAFR accept the manuscripts in PDF, Word or TeX/LaTeX formats; Word files are preferred especially those are prepared using
. However, our team will reformat the articles of hon-EndNote users via EndNote in Galley proof stage, if accepted.

An OJAFR reference style for may be found
How to install additional styles? Please
How to turn on "Jumping" from a citation to the bibliography? Please

All references to publications made in the text should be presented in a list with their full bibliographical description.

2. In the text, a reference identified by means of an author's name should be followed by the date of the reference in
parentheses. When there are more than two authors, only the first author's surname should be mentioned, followed by ‘et al'.
In the event that an author cited has had two or more works published during the same year, the reference, both in the text
and in the reference list, should be identified by a lower case letter like 'a* and 'b* after the date to distinguish the works.

3. References in the text should be arranged chronologically (e.g. Kelebeni, 1983; Usman and Smith, 1992 and Agindotan et al.,
2003). 'et al.' should not be italic. The list of references should be arranged alphabetically on author's surnames, and
chronologically per author. If an author's name in the list is also mentioned with co-authors, the following order should be
used: Publications of the single author, arranged according to publication dates - publications of the same author with one co-
author - publications of the author with more than one co-author. Publications by the same author(s) in the same year should
be listed as 1992a, 1992b,etc.

Names of authors and title of journals, published in non-latin alphabets should be transliterated in English.

5. A sample of standard reference is "1th Author surname A, 2th Author surname B and 3th Author surname C (2013). Article
title should be regular, in sentence case form, and 9 pt. Online Journal of Animal and Feed Research, Volume No. (Issue No.):
00-00." (Journal titles should be full and not italic.)

6. If available please add DOI numbers or the link of articles at the end of each reference.

Examples (at the text)
Abayomi (2000), Agindotan et al. (2003), (Kelebeni, 1983), (Usman and Smith, 1992), (Chege, 1998; Chukwura, 1987a,b; Tijani,
1993,1995), (Kumasi et al., 2001).

Examples (at references section)

a) For journal

Lucy MC (2000). Regulation of ovarian follicular growth by somatotropin and insulin- like growth factors in cattle. Journal of Dairy
Science, 83(7): 1635-1647. Link, DOI

Kareem SK (2001). Response of albino rats to dietary level of mango cake. Journal of Agricultural Research and Development, Pp
31-38. Link, DOI

Chikere CB, Omoni VT and Chikere BO (2008). Distribution of potential nosocomial pathogens in a hospital environment. African
Journal of Biotechnology, 7: 3535-3539. Link, DOI

b) For symposia reports and abstracts

Cruz EM, Almatar S, Aludul EK and Al-Yaqout A (2000). Preliminary Studies on the Performance and Feeding Behaviour of Silver
Pomfret (Pampus argentens euphrasen) Fingerlings fed with Commercial Feed and Reared in Fibreglass Tanks. Asian Fisheries
Society Manila, Philippine, 13: 191-199. Link, DOI

c) For edited symposia, special issues, etc., published in a journal
Korevaar H (1992). The nitrogen balance on intensive Dutch dairy farms: a review. In: A. A. Jongebreur et al. (Editors), Effects of
Cattle and Pig Production Systems on the Environment: Livestock Production Science, 31: 17-27. Link, DOI

d) For books

AOAC (1990). Association of Official Analytical Chemists. Official Methods of Analysis, 15th Edition. Washington D.C. pp. 69-88.
Link, DOIL

Pelczar JR, Harley JP, Klein DA (1993). Microbiology: Concepts and Applications. McGraw-Hill Inc., New York, pp. 591-603. Link,
DOI

e) Books, containing sections written by different authors

Kunev M (1979). Pig Fattening. In: A. Alexiev (Editor), Farm Animal Feeding. Vol. III. Feeding of Different Animal Species,
Zemizdat, Sofia, p. 233-243 (Bg). Link, DOI
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In referring to a personal communication the two words are followed by the year, e.g. (Brown, J. M., personal communication,
1982). In this case initials are given in the text. Where available, URLs for the references should be provided.

Formulae, numbers and symbols

1. Typewritten formulae are preferred. Subscripts and superscripts are important. Check disparities between zero (0) and the
letter 0, and between one (1) and the letter I.

Describe all symbols immediately after the equation in which they are first used.

For simple fractions, use the solidus (/), e.g. 10 /38.

Equations should be presented into parentheses on the right-hand side, in tandem.

Levels of statistical significance which can be used without further explanations are *P < 0.05, **P < 0.01, and ***P<0.001.
In the English articles, a decimal point should be used instead of a decimal comma.

Use Symbol fonts for "£"; "<" and "=" (avoid underline).

In chemical formulae, valence of ions should be given, e.g. Ca2+ and CO32-, not as Ca++ or CO3.

Numbers up to 10 should be written in the text by words. Numbers above 1000 are recommended to be given as 10 powered
X.

. Greek letters should be explained in the margins with their names as follows: Aa - alpha, BB - beta, 'y - gamma, Ad - delta,
Ee - epsilon, ZC - zeta, Hn - eta, ©6 - theta, Ii - iota, Kk - kappa, AA - lambda, My - mu, Nv - nu, =€ - xi, Oo - omicron, Nn -
pi, Pp - rho, 20 - sigma, Tt - tau, Yu - ipsilon, ®¢ - phi, Xx - chi, Wy - psi, Qw - omega. Please avoid using math equations in
Word whenever possible, as they have to be replaced by images in xml full text.
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Abbreviations
Abbreviations should be presented in one paragraph, in the format: "term: definition". Please separate the items by ";".
E.g. ANN: artificial neural network; CFS: closed form solution; ....

Graphical Abstract

Authors of accepted articles should provide a graphical abstract (a beautifully
designed feature figure) to represent the paper aiming to catch the attention and
interest of readers. Graphical abstract will be published online in the table of
content. The graphical abstract should be colored, and kept within an area of 12
cm (width) x 6 cm (height) or with similar format. Image should have a minimum
resolution of 300 dpi and line art 1200dpi.
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Authors can provide the graphical abstract in the format of PDF, Word, PowerPoint,
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jpg, or png, after a manuscript is accepted for publication. cted samy
If you have decided to provide a Professional Graphical Abstract, please click Thig A, Ting IX, Tay HR, Soh O, Ong HC and Tey D (2020} The use of predicted apparent metabolizable
energy values to understand the oil and fat variability in broilers. Online J. Anim. Feed Res., 10 (4): 85-92
Review/Decisions/Processing
Firstly, all manuscripts will be checked by , a plagiarism finding tool. The received papers with plagiarism rate of more

than 40% will be rejected. Manuscripts that are judged to be of insufficient quality or unlikely to be competitive enough for
publication will be returned to the authors at the initial stage. The remaining manuscripts go through a double-blind review process
by two reviewers selected by section editor (SE) or deputy SE of OJAFR, who are research workers specializing in the relevant field
of study. We always try to avoid delays in the reviewing process, but it relies on the time and cooperation of the referees that
works without any remuneration, hence, it may take 2 weeks to 2 months. One unfavorable review means that the paper will not
be published and possible decisions are: accept as is, minor revision, major revision, or reject. The corresponding authors should
submit back their revisions within 14 days in the case of minor revision, or 30 dais in the case of major revision.

To submit a revision please click here, fill out the form, and mark 0" FEVIEECH, mention the article code (for example OJAFR-
1108), attach the revision (MS word) and continue submission. Manuscripts with significant results are typically reviewed and
published at the highest priority. After review and editing the article, a final formatted proof is sent to the corresponding author
once again to apply all suggested corrections during the article process. The editor who received the final revisions from the
corresponding authors shall not be hold responsible for any mistakes shown in the final publication.

The submissions will be processed free of charge for invited authors, authors of hot papers, and corresponding authors who are
editorial board members of the Online Journal of Animal and Feed Research. This journal encourages the academic institutions in
low-income countries to publish high quality scientific results, free of charges.

Plagiarism: There is an instant policy towards plagiarism (including self-plagiarism) in our journals. Manuscripts are screened for
plagiarism by Docol©c, before or during publication, and if found they will be rejected at any stage of processing.

Declaration: After manuscript accepted for publication, a will be sent to the corresponding author who that is
responsible to coauthors' agreements to publication of submitted work in OJAFR after any amendments arising from the peer
review.

Date of issue
All accepted articles are published bimonthly around 25th of January, March, May, July, September and November, each year in
full text on the Internet.

Publication charges

No submission and peer-reviewing charges are required. However, the publication costs are covered through article processing
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