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Abstract

This study evaluated the processing methods and inclusion levels of cocoyam (Xanthosoma sagittifolium) on the reproductive
performance of laying hens during early laying phase (19-52 weeks). A total of 160 Shika Brown layers were assigned to seven
dietary treatments in a 2>3+1 factorial arrangement consisting two processing methods (raw sundried and boiled sundried), three
inclusion levels (25%, 50% and 75%) and a control (0%) in a completely randomized design. Parameters measured included age
at first egg, body weight at first lay, first egg weight, egg mass, egg production rate, mortality and survivability. Data were
analyzed using two-way ANOVA and means separated at P<0.05. Result revealed significant interaction effects were observed
for most reproductive parameters. Birds fed 50% boiled cocoyam had the highest body weight at first lay (1.65 kg), egg mass
(285.65 @) and egg production (5.45 eggs/day), with lowest mortality (0.005%). In contrast, higher raw inclusion delayed sexual
maturity and reduced egg production performance. The improved performance observed in boiled cocoyam diets is attributed to
the reduction of antinutritional factors and enhanced nutrient utilization, which supports optimal endocrine function and ovarian
activity. It can be concluded that inclusion of boiled cocoyam at 50% optimized reproductive performance of laying hens during
early lay and can serve as viable alternative energy source in poultry diets.
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1. Introduction

Reproductive activity in laying hens is controlled by a co-
ordinated interaction of hormonal and physiological mecha-
nisms controlled by the hypothalamic—pituitary—gonadal
(HPG) axis. The release of gonadotropin-releasing hormone
(GnRH) from the hypothalamus stimulates the anterior pitui-
tary gland to secrete follicle-stimulating hormone (FSH) and
luteinizing hormone (LH), which are directly involved in fol-
licular development, maturation, and ovulation [4, 8]. Effi-
cient functioning of this endocrine system is essential for
maintaining a consistent oviposition cycle and optimal repro-
ductive performance.

Adequate nutrition plays a fundamental role in supporting
these physiological processes. Insufficient energy intake or
nutrient imbalance can disrupt hormonal regulation, delay
sexual maturity, and reduce egg production efficiency [3, 4].
In addition, the presence of anti-nutritional factors in feed in-
gredients may limit nutrient availability and interfere with
metabolic processes necessary for egg formation and repro-
ductive stability [6, 9].

Energy deficiency or metabolic stress can suppress GnRH-
pulsatility and reduce FSH secretion, thereby delaying sexual
maturity and impairing egg production [5]. Cocoyam (Xan-
thosoma sagittifolium) is a locally available carbohydrate-rich
feed resource that has gained attention as a potential alterna-
tive to maize in poultry diets. However, its utilization is con-
strained by the presence of anti-nutritional compounds such as
oxalates, tannins, and cyanogenic glycosides, which may im-
pair nutrient digestibility and adversely affect animal perfor-
mance if not adequately processed [3].Anti-nutritional factors
in feed ingredients may further compromise nutrient availabil-
ity, affecting ovarian responsiveness and egg formation.

The early laying phase (19-52 weeks of age) represents a
critical production period characterized by peak egg output
and high metabolic demand. During this stage, optimal dietary
composition is required to sustain endocrine activity, support
follicular recruitment, and maintain reproductive efficiency.
Therefore, this study was designed to evaluate the effects of
different processing methods and graded inclusion levels of
cocoyam on reproductive performance indices of laying hens
during early lay.

2. Materials and Methods

Study Area: The study was carried out at the Poultry Re-
search Programme Section of the National Animal Production
Research Institute (NAPRI), Shika, Zaria, Nigeria.

2.1. Experimental Animals and Management

A total of 160 day-old Shika Brown layer chicks were used
for the study. The birds were obtained from the hatchery unit
of the National Animal Production Research Institute (NA-
PRI), Shika, Zaria. They were reared on deep litter using wood
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shavings as bedding material of good absorbent quality.
Brooding was carried out for two weeks at an average temper-
ature of approximately 35<C. Standard vaccination and man-
agement practices were strictly followed, including intraocu-
lar vaccination against Newcastle disease. The birds were fed
according to their nutritional requirements at different growth
stages (starter, grower, and layer phases). Feed and clean wa-
ter were provided ad libitum throughout the experimental pe-
riod.

2.2. Procurement and Processing of Cocoyam
(Xanthosoma sagittifolium)

Fresh cocoyam (Xanthosoma sagittifolium) corms were
purchased from a local market in Sumaila Local Government
Area, Kano State, Nigeria. The corms were manually cleaned
to remove dirt and fibrous materials, then chopped into
smaller pieces. Two processing methods were applied: raw
sundried (RS) and boiled sundried (BS). For the raw sundried
method, chopped cocoyam was directly sun-dried until a con-
stant weight was achieved [14]. For the boiled sundried
method, the chopped cocoyam was first boiled and subse-
quently sun-dried [11]. The preparation procedures followed
standard methods described in previous studies.

2.3. Experimental Diets and Design

A total of 160 birds were randomly allocated into seven di-
etary treatments ina 2 <3 + 1 factorial arrangement. The fac-
tors included two processing methods (raw and boiled coco-
yam) and three inclusion levels (25%, 50%, and 75%), in ad-
dition to a control diet (0% cocoyam inclusion). Each treat-
ment consisted of 20 birds in a completely randomized design.
Seven experimental diets were formulated, comprising three
diets containing raw sundried cocoyam, three diets containing
boiled sundried cocoyam, and one control diet without coco-
yam. Cocoyam meal was used to replace maize at inclusion
levels of 0%, 25%, 50%, and 75%, respectively, as presented
in Table 1.

2.4. Performance Parameters Measured

The following reproductive performance parameters were
evaluated: Age at first egg: recorded as the age at which the
first egg was laid. Body weight at first lay: measured using a
digital weighing scale. First egg weight: determined using a
sensitive digital scale. Egg production: number of eggs laid
per treatment per day. Egg mass: calculated as the total weight
of eggs produced per replicate. Hen-day production (HDP):
calculated as the number of eggs laid per day divided by the
number of hens present, expressed as a percentage. Hen-house
production (HHP): calculated as the number of eggs laid per
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day divided by the initial number of hens, expressed as a per-
centage. Mortality: recorded as the number of deaths per treat-
ment during the experimental period.

2.5. Statistical Analysis and Model

Data obtained were subjected to analysis of variance
(ANOVA) using the General Linear Model (GLM) procedure
of SAS software (Version 9.4) [13]. Significant differences
among treatment means were separated using Tukey’s test at
a 5% level of significance.

The statistical model used was:

Yije= Pt Ti+ Ly + (TL)j + eije

Where:

Yijk = observed response variable

= overall mean

T; = effect of processing method

L; = effect of inclusion level (0%, 25%, 50%, 75%)

(TL); = interaction effect between processing method and
inclusion level

eijk = random error term

Table 1. Ingredients Composition of Experimental Diets (Layer Diet).

Inclusion levels (%0)

Ingredients 0 25 50 75
Cocoyam 0.00 12.50 25.00 37.50
Maize 50.00 37.50 25.00 12.50
Fish meal 5.00 5.00 5.00 5.00
Soybean meal 22.00 22.00 22.00 22.00
De-oiled rice bran 11.20 10.70 10.20 9.70
Bone meal 3.00 3.00 3.00 3.00
Limestone 7.00 7.00 7.00 7.00
Salt 0.30 0.30 0.30 0.30
Methionine 0.25 0.25 0.25 0.25
Vit. Min. premix 0.25 0.25 0.25 0.25
Palm oil 1.00 1.50 2.00 2.50
Total 100.00 100.00 100.00  100.00
Selenium addition at 0.5mgSe/kg diet

Calculated Analysis

Crude protein (%) 16.63 16.40 16.17 15.94
Energy (kcal/kg) 2608.27 2617.31 2626.35 2635.40
Lysine (%) 1.04 1.04 1.05 1.05

Methionine (%) 0.58 0.57 0.57 0.56

Inclusion levels (%0)

Calcium (%) 3.88 3.85 3.85 3.85
Phosphorus (%) 0.99 0.95 0.91 0.87
Selenium(ma/kg) 0.13 0.12 0.11 0.09

Vit. Min. premix= vitamins minerals premix contains vitamin A
14,000,000 1.U, vitamin D3 3,500,000 .U, vitamin E 20,000 I.U, vit-
amin K2,400 mg, vitamin B1 1,800 mg, vitamin B2 5,000 mg, vitamin
Bs 1,800 mg, vitamin B12 12 mg, niacin 18,400 mg, panth acid 6,000
mg, folic acid 700, biotin 50 mg, choline chloride 240,000 mg, man-
ganese 96,000 mg, zinc 60,000 mg, iron 40,000 mg, copper 8,000 mg,
iodine 1,400 mg, selenium 240 mg, cobalt 250 mg and antioxidant
125mg; mg/kg: milligram/kilogram.

3. Result

3.1. Effect of Processing Method and Inclusion
Level on Reproductive Performance

The effects of cocoyam processing methods and inclusion
levels on reproductive performance of laying hens are pre-
sented in Table 2. Processing method significantly (P < 0.05)
influenced most of the reproductive parameters measured.
Birds fed boiled cocoyam diets exhibited improved perfor-
mance compared to those fed raw cocoyam diets, particularly
in body weight at first lay, egg mass, egg production, and mor-
tality. In terms of inclusion levels, significant differences (P <
0.05) were observed across treatments. Birds fed 50% coco-
yam inclusion generally showed superior performance in body
weight at first lay and egg mass compared to other inclusion
levels, while higher inclusion levels (75%) resulted in reduced
performance. Age at first egg was significantly affected by
both processing method and inclusion level, with earlier ma-
turity observed in birds fed lower inclusion levels. Body
weight at first lay was highest in birds fed diets containing 50%
cocoyam inclusion, particularly under the boiled processing
method. First egg weight decreased with increasing levels of
cocoyam inclusion, with the control diet producing the highest
values. Similarly, egg mass and numbers of eggs laid per day
were significantly reduced in birds fed raw cocoyam com-
pared to those fed boiled cocoyam and the control diet. Mor-
tality was significantly higher (P < 0.05) in birds fed raw co-
coyam diets compared to those fed boiled cocoyam and con-
trol diets. The number of birds remaining at the end of the ex-
periment followed a similar trend. Hen-day production (HDP)
and hen-house production (HHP) were not significantly (P >
0.05) affected by either processing method or inclusion level.

3.2. Interaction Effect of Processing Method
and Inclusion Level

The interaction effects of processing method and inclusion


http://www.sciencepg.com/journal/ijast

International Journal of Animal Science and Technology

http://www.sciencepg.com/journal/ijast

level on reproductive performance are presented in Table 3.
Significant interaction effects (P < 0.05) were observed for
most parameters measured. Birds fed 50% boiled cocoyam
recorded the highest body weight at first lay, egg mass, and
egg production rate. Conversely, birds fed higher levels of raw
cocoyam exhibited poorer performance across most parame-
ters. Age at first egg varied significantly among treatments,
with earlier onset observed in birds fed lower levels of raw
cocoyam, while delayed maturity was observed at higher in-
clusion levels. Mortality was highest in birds fed 75% raw co-
coyam and lowest in those fed 50% boiled cocoyam. The num-
ber of birds at the end of the experiment reflected the observed
mortality trends. Overall, the interaction between processing
method and inclusion level had a significant influence on re-
productive performance, with boiled cocoyam at moderate in-
clusion levels producing the most favorable results.

4. Discussion

The results of this study demonstrate that both processing
method and inclusion level of cocoyam significantly influence
reproductive performance of laying hens, primarily through
their effects on nutrient availability and metabolic efficiency.
The improved performance observed in birds fed boiled coco-
yam diets compared to raw cocoyam diets can be attributed to
the reduction of anti-nutritional factors during processing. Co-

coyam contains compounds such as oxalates, tannins, and cy-
anogenic glycosides, which are known to interfere with nutri-
ent digestion and absorption. Boiling has been shown to effec-
tively reduce these compounds, thereby enhancing nutrient bi-
oavailability and supporting better growth and reproductive
outcomes [3, 12]. In contrast, the poorer performance ob-
served in birds fed raw cocoyam diets suggests that residual
anti-nutritional factors limited nutrient utilization and im-
posed metabolic stress [10].

Body weight at first lay was highest in birds fed 50% boiled
cocoyam, indicating that this inclusion level provided an opti-
mal balance between energy supply and nutrient utilization.
Adequate body weight at the onset of lay is essential for initi-
ating reproductive activity, as it reflects sufficient energy re-
serves to support hepatic synthesis of yolk precursors and hor-
monal regulation of ovarian function [9]. The reduced body
weight observed at higher inclusion levels, particularly under
raw processing, suggests that excessive inclusion of poorly
processed cocoyam may compromise nutrient density and
growth performance [2].

The decline in first egg weight and egg mass with increas-
ing levels of cocoyam inclusion, especially under raw pro-
cessing, further supports the negative impact of anti-nutri-
tional factors on reproductive efficiency. Egg formation is a
metabolically demanding process that depends on efficient
nutrient partitioning, particularly proteins and energy. Im-
paired nutrient utilization may reduce albumen deposition and
yolk formation, resulting in smaller eggs [6].

Table 2. Effect of cocoyam (Xanthosoma sagittifolium) processing methods and levels in the diet on performance of laying chicken (19-52

weeks).
Processing method

Parameters Control Raw Boiled SEM P value
AGeafirst — ») 050 1098 1097 0006  0.0001
(weeks)
Bird wtat L 1.552 1.47° 1.552 0.002 0.0001
(kg)
\(/g]/)t firstedd 9,50 4117¢ 4333 0077 0.0001
I(Eg%g mass 271700 24859 269.11*  2.348  0.0001
No. of E a b a
L/(eggs/d) 5.16 4.72 5.11 0.040  0.0001
HDP (%) 65.55 64.55 65.55 0.376  0.602
HHP (%) 59.08 58.08 59.08 0.331  1.0000
Mortality 0.70° 1.83° 0.69° 0.051  0.0001
(%)
Number of o 5, 8.17b 9.31° 0012  0.0001
Birds

68

Level of cocoyam (%0)

0 25 50 75 SEM P val

20.03° 19.582 20.18¢ 20.18¢ 0.004 0.0001
1.55P 1.50° 1.602 1.43¢ 0.002 0.0001
47.192 40.44°¢ 44.445 43.94° 0.072 0.0001
294,788  24518°  262.64° 24565°  2.346 0.0022
5.60? 4.67° 4.99° 4.64° 0.040 0.0027
65.55 65.55 65.55 65.55 0.377 1.0000
59.08 59.08 59.08 59.08 0.332 1.0000
0.42¢ 1.53° 1.39¢ 2.152 0.054 0.0001
9.582 8.47¢ 8.61° 7.85¢ 0.011 0.0001
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Processing method

Parameters Control Raw Boiled SEM P value

Level of cocoyam (%0)

0 25 50 75 SEM P val

abcdMeans within the rows with different superscripts are significantly different (p<0.05)
Cntrol= control; Pval= probability value; SEM= standard error of mean; d= day; b= bird; HDP= hen day production; HHP= hen house
production; No. of EL/d= number of egg laid/day; Bird wt at L = weight at first egg lay; Wt first egg (g)= weight of first egg; Age at first=

age at first egg laying

The delayed onset of lay observed at higher inclusion levels
of raw cocoyam may be associated with reduced energy intake
and disruption of endocrine signaling. Nutritional stress has
been reported to suppress GnRH secretion and reduce gonad-
otropin release, ultimately delaying sexual maturity [8]. This
explains the observed variation in age at first egg across treat-
ments.

Mortality trends further highlight the importance of proper
processing, however [1, 2] reported that mortality, did not
show any trend attributable to the type of diet in broiler
chicken fed wild cocoyam and taro cocoyam. Higher mortality
in birds fed raw cocoyam diets suggests increased physiolog-
ical stress, possibly due to toxic effects of residual anti-nutri-
tional compounds [7]. Conversely, the low mortality recorded

in birds fed boiled cocoyam, particularly at 50% inclusion, in-
dicates improved health status and physiological stability.

The significant interaction between processing method and
inclusion level confirms that the response of laying hens to
cocoyam-based diets depends not only on the level of inclu-
sion but also on the effectiveness of processing. Moderate in-
clusion of properly processed cocoyam appears to create a fa-
vorable metabolic environment that supports endocrine func-
tion and reproductive efficiency.

Overall, the findings of this study emphasize the im-
portance of processing techniques in improving the nutritional
value of alternative feed resources and demonstrate that boiled
cocoyam can serve as an effective partial substitute for maize
in layer diets when used at appropriate inclusion levels.

Table 3. Interaction of cocoyam (Xanthosoma sagittifolium) processing methods and inclusion levels on performance of laying chicken (19-

52 weeks).

Processing Control Raw cocoyam Boiled cocoyam

Treatment 0 25 50 75 25 50 75 SEM P val
Age at first (week) 20.05¢ 19.352 20.30¢ 20.30¢ 19.80° 20.05¢ 20.05¢ 0.004 0.0001
Bird wt at L (kg) 1.55P 1.50° 1.55P 1.35¢ 1.50¢ 1.65° 1.50¢ 0.001 0.0001
Wit first egg () 49.252 41.00¢ 39.00 45,00° 42.50¢ 43.50° 4450  0.072 0.0001
Egg mass () 271.70° 233.01¢ 255.01° 257.75¢  272.74>  285.65%  248.94Y  2.341 0.0005
No. of E L/(eggs/d)  5.17° 4,524 4.82¢ 4.81° 5.10° 5.452 4.77° 0.040 0.0040
HDP (%) 65.55 65.55 65.55 65.55 65.55 65.55 65.55 0.377 1.0000
HHP (%) 59.08 59.08 59.08 59.08 59.08 59.08 59.08 0.332 1.0000
Mortality (%) 0.70¢ 1.61° 1.89° 2.00? 0.59¢ 0.005f 1.444 0.055 0.0001
No. of Birds 9.30° 8.39¢ 8.11d 8.00¢ 9.41° 9.952 8.56" 0.010 0.0001

abcdefMeans within the rows with different superscripts are significantly different (p<0.05)
Pval= probability value; SEM= standard error of mean; d= day; b= bird; HDP= hen day production; HHP= hen house production; No. of
EL/d= number of egg laid/day; Bird wt at L= weight at first egg lay; Wt first egg (g)= weight of first egg; Age at first= age at first egg

laying
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5. Conclusion

The findings of this study demonstrate that both processing
method and inclusion level of cocoyam significantly influence
the reproductive performance of laying hens during the early
laying phase. Boiled cocoyam diets consistently improved
body weight at first lay, egg mass, egg production rate, and
survivability compared to raw cocoyam diets. This improve-
ment is primarily attributed to the reduction of anti-nutritional
factors through boiling, which enhances nutrient availability
and supports metabolic and endocrine functions necessary for
efficient reproduction.

Among the inclusion levels evaluated, 50% replacement of
maize with boiled cocoyam provided the most favorable results,
indicating an optimal balance between energy supply and nutri-
ent utilization. In contrast, higher inclusion levels of raw coco-
yam negatively affected reproductive parameters, likely due to
reduced nutrient digestibility and increased metabolic stress as-
sociated with residual anti-nutritional compounds.

Therefore, properly processed cocoyam can serve as a viable
alternative energy source in layer diets without compromising
reproductive efficiency when included at appropriate levels.

6. Recommendations

Based on the results of this study, the following recommen-
dations are proposed:

Boiled cocoyam should be used as a partial replacement for
maize in layer diets, particularly at an inclusion level of 50%,
to optimize reproductive performance and reduce feed cost.

Raw cocoyam should be avoided or adequately processed be-
fore inclusion in poultry diets to minimize the negative effects
of anti-nutritional factors on nutrient utilization and bird health.

Poultry producers in regions where cocoyam is readily avail-
able should consider its use as a cost-effective alternative en-
ergy source, provided proper processing methods are applied.

Further studies should be conducted to evaluate the long-
term effects of cocoyam-based diets on egg quality, reproduc-
tive hormones, and overall flock productivity.

Additional research is recommended to explore other pro-
cessing techniques that may further improve the nutritional
value of cocoyam and enhance its utilization in poultry pro-
duction systems.
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