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Effect of Substituting Maize Based Stock-Feed Diets with
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Abstract — Sorghum has a high similarity to maize and
therefore a good substitute for maize based diets in poultry
stock-feed. Additionally, sorghum is processed just like maize in
both dry and wet milling techniques. Nonetheless, a general
misconception is that all sorghums have anti-quality factors
(tannins). This misconception may have resulted in its
underutilization in poultry feed in Zambia. However, various
tannin free varieties and hybrids developed by the Sorghum &
Millets Improvement Programme are available in Zambia.

Kuyuma, a tannin free white sorghum variety was used to
determine the suitability of using non-tannin white sorghum
varieties in quail feed. In this study a maize-based stock-feed diet
for quails was substituted with sorghum at four levels: 25%,
50%, 75% and 100% in quail meat production. This was
followed by measuring: (i) The weekly feed intake, (ii) The
weekly gain in body weight and (iii) The weekly feed conversion
ratio of quails.

The performance of quails fed on a maize-based diet was
identical to quails fed on a sorghum-based diet at nearly all
levels of substitution. The conversion ratios of maize and
sorghum were also similar. Non-tannin white sorghums like
Kuyuma can effectively substitute maize in quail diets. Utilizing
sorghum in poultry diets could increase its social-economic
value and help to reduce the cost of producing meat.

Index Terms — Sorghum, stock-feed, poultry, quails.

I. INTRODUCTION

Sorghum grain is utilized as food and feed in Zambia, but
it is not readily available because very few values chains are
developed for this crop. As a result, limited markets are
available for small-scale farmers living mostly in remote rural
areas. Sorghum remains largely a crop of small cultivators
and is mostly consumed locally where it is grown [1].
Consumption constraints include few commercially available
value-chains for flours, breads, breakfast cereals and other
products such as stock-feeds. Fortunately, the urban
marketplace is slowly changing as the food industry is
beginning to develop and sell sorghum products [2]. Stock-
feed production for fish and poultry (eggs and meats) have an
enormous potential to help the growth of the sorghum
industry and consequently improve the lives of thousands of
sorghum farmers. There are several improved tannin-free
white sorghum varieties developed by the Sorghum & Millets
Improvement Program (SMIP) at the Zambia Agriculture
Research Institute (ZARI) suitable to develop the stock-feed
industry immediately.

Stock-feed production from sorghum grain comes with
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several challenges. But the common misconception is that all
sorghums have tannins, which are considered feed anti-
quality factors [3]. Luckily, many sorghum varieties and
hybrids developed by SMIP do not contain condensed
tannins. Others subjectively consider colored grain sorghums
as having tannins, even so grain color is a poor indicator of
tannin content. Grain color expressed in the pericarp is
determined by genes that are independent of the genes that
express condensed tannins [4]. Moreover, most of the
improved white sorghum varieties used and preferred by
farmers contain no tannins [5], [6].

Because sorghum grain with tannins decrease protein
digestibility and feed efficiency in both humans and animals,
stock-feed production from sorghum grain is mostly
restricted to non-tannin types. On the other hand, tannins have
antioxidant activities beneficial to human and animal health.
Naturally, niche markets are evolving that produce food with
high dietary fiber and antioxidants [7], [8]. High tannin
sorghum grain can substitute only half of the maize-based
diets unless chemical and/or physical processing methods are
employed to lower the tannin content. This usually involves
decomposing tannins by heating to 210 °C.

Digestibility of sorghum carbohydrate is another
consideration that possess challenges for the conversion of
sorghum starch to energy. Nevertheless, there are many
sorghum varieties that have been developed some of which
have the same digestibility as maize. Poultry are reared
specifically to produce meat in the shortest time possible. So,
starch and protein digestibility measured using the feed
conversion ratio are an important factor in poultry production
systems. Nonetheless, there is a parallel move towards
producing lean meats and so less digestible sorghum types
will be essential for this parallel production system. Lean
meats are thought to be higher quality meats and may fetch a
premium price in future. The focus of this research was on
non-tannin white sorghum grain to substitute maize in poultry
diets.

Maize is the staple crop for many Zambians. It is used for
human food and stock-feed production. Consumption of
maize brings about competition for its use in human food and
animal feed. Subsequently, this has a major impact on food
security causing the prices of this commodity to go up and
hence increasing the cost of the staple food for many
Zambians. Naturally, this brings about government
intervention in the pricing of maize. A gross margin analysis
for sorghum in Lusitu area, Siavonga district, revealed that
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sorghum can be produced at half the input costs for maize [9]-
[12]. The input costs can even be lower under small-holder
farming conditions because some small-holder farmers rarely
apply the relatively costly chemical fertilizers. Sorghum can
significantly reduce the competition for maize and even allow
for excess maize produced in the country to be exported and
hence more foreign exchange can be earned from maize. This
way sorghum can effectively contribute to the National Gross
Domestic Product (NGDP).

The competitive advantage of sorghum is principally
derived from its relative resilience. Sorghum is more suited
to areas with marginal soils, high temperature and low rainfall
than maize. Sorghum can grow and produce under conditions
of drought, heat stress and unpredictable rainfall making it a
hardier crop. The development and use of sorghum in the
food and feed industry systems should be viewed as a
contribution to national economic growth rather than
competition with maize. Policies and investment strategies
should be designed to exploit the competitive advantages of
sorghum.

Research efforts by SMIP have resulted in the development
of sorghums that are efficient at using fertilizer and water
under extreme drought and heat stress conditions. This gives
sorghum a competitive advantage and makes it suitable as a
substitute crop with improved quality traits for food, feed,
nutrition, and health [12]. This study is part of the efforts
needed to promote sorghum in the food and feed industry and
help to create markets for farmers and employment for
youths. Incomes generated from sorghum will contribute to
poverty alleviation in both urban and rural economies and
overall, the national economy.

The total carbohydrate composition for maize and sorghum
is nearly the same (74.3% & 74.6% respectively). Similarly,
the fat and protein percentages are similar. Sorghum has most
of the minerals elements in maize and has a nutrient
composition comparable to that of maize. The available
literature favors sorghum as a substitute for maize and vice
versa [3], [13]-[16]. Therefore, maize based stock-feed diets
for poultry can easily be replaced by low/non-tannin
sorghums.

The general objective of this study was to evaluate the
effect of substituting maize starch with sorghum starch in a
poultry diet at four levels (25%, 50%, 75% and 100%) and
evaluate the performance of quails on these experimental
diets. The specific objectives were to measure: (i) Weekly
feed intake (FI) of quails, (ii) Weekly gain in body weight
(BWG) of quails and (iii) Feed conversion ratio (FCR) of
quails.

Il. METHODOLOGY

100-day old unsexed chicks were bought from Ross
Breeders Zambia Limited and feed on experimental diets at
four levels of maize substitution with sorghum. The 100-day
old chicks were split into five treatments consisting of 20
chicks. Treatment 1 (T1) were fed on 100% maize diet; this
was the control treatment. Treatment 2 (T2) were fed on a
25% sorghum substituted maize diet, treatment 3 (T3) were
fed on 50% sorghum substituted maize diet, treatment 4 (T4)
were fed on 75% sorghum substituted maize diet, and
treatment 5 (T5) were fed on 100% sorghum diet.
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Sorghum grain was obtained from SMIP and maize grain
was obtained from the Maize Improvement Program (MIP) at
ZARI. Basic equipment used in the experiment are listed in
appendix 1. A harmer mill was used to grind sorghum. The
ground sorghum grain was similar in mean particle diameter
(0.7-0.9mm) and specific surface areas to maize processed for
poultry diets. The starter diet (0-3 weeks) and finisher diet (4-
6 weeks) were formulated using maize/sorghum, soybean,
and soya oil to meet the nutrient requirements of commercial
broilers [17]. The chemical composition of treatment 1
through 5, of the starter diet was the same, except for the
amount of maize/sorghum which were varied according to the
treatment, the same applied for the finisher diet. The chemical
composition of the starter and fisher diets are tabulated in
appendix 2 and 3, respectively.

The experimental design was a split-plot design with 20
replications, each chick was a replication. Each chick was
randomly tagged from 1 to 100 and randomly assigned to the
five treatment groups (5 diets). Chicks assigned to all the five
groups were reared under standard production conditions for
poultry (quails) throughout the study to reduced experimental
errors. Data was analyzed using R-software version 4.0.2.
[18].

I1l. RESULTS

Results from the study of the effect of substituting maize-
based stock-feed diets with sorghum on the performance of
quails are summarized in Tables 1, 2 and 3 below. Significant
differences were found for Feed Intake (FI) in week six
between quails feed on 100% sorghum-based diets (treatment
5) and the rest of the treatments (treatments 1 to 4) (Table 1).
There were no significant differences between treatments for
Body Weight Gain (BWG) (Table 2) and Feed Conversion
Ratio (FCR) (Table 3).

TABLE 1: DAILY FEED INTAKE (FI) OF QUAILS IN GRAMS (G) FED ON
DIFFERENT SUBSTITUTION LEVELS OF MAIZE WITH SORGHUM, T1 TO T5

Wk T1 T2 T3 T4 T5 pP*
3 12.6 10.7 10.2 11.0 10.1 0.7
4 15.7 15.1 133 14.2 13.2 0.1
5 18.2 18.2 16.4 15.9 15.2 0.1
6 2178 21.3% 20.2% 19.7¢ 17.4¢ 0.0

*P.Value < 0.05 = Significant difference. Wk = Week, T = Treatment.

TABLE 2: WEEKLY BODY WEIGHT GAIN (BWG) IN GRAMS (G) OF QUAILS
FED ON DIFFERENT SUBSTITUTION LEVELS OF MAIZE WITH SORGHUM, T1 TO

T5
Wk T1 T2 T3 T4 T5 p*
3 43.7 36.1 28.4 385 33.6 0.1
4 39.7 31.0 315 37.9 35.1 0.8
5 35.8 34.9 42.6 32.1 34.2 0.9
6 314 31.8 39.8 323 259 0.9

*P.Value < 0.05 = Significant difference. Wk = Week, T = Treatment.
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TABLE 3: WEEKLY FEED CONVERSION RATIO (FCR) OF QUAILS FED ON
DIFFERENT SUBSTITUTION LEVELS OF MAIZE WITH SORGHUM, T1 TO T5
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APPENDIX 2: CHEMICAL COMPOSITION OF THE STARTER DIET STOCK-FEED
FOR QUAILS PER 100G OF FEED.

Ingredient (g)

T2

T5

Wk T1 T2 T3 T4 T5 p* T1 T3 T4 Ingredient ppm
Maize 53.00 39.75 265 1325 0.00 Crude protein 24.9
3 24 29 38 4.2 25 04 No. 3 meal 0 0 0 0 0 Crude fat 35
Soya ME 40 40 40 40 40 Crude fibre 3.6
4 5.2 3.3 4.0 3.3 3.0 0.7 Soya SE 0 0 0 0 0 Ash 40
Soya Full-fat 0 0 0 0 0 NDF 10.6
5 8.0 2.9 4.2 3.7 4.5 0.1 Wheat bran 0 0 0 0 0 Ca 0.8
Sunflower cake 0 0 0 0 0 Av P 0.3
6 45 31 3.9 33 5.2 06 Maize Bran 0 0 0 0 0 Ca/ Av. P 26
*P Value < 0.05 = Significant difference. Wk = Week, T = Treatment.  Rice bran 0 0 0 0 0 Mg 02
Cotton cake 0 0 0 0 0 Na 0.1
Sorghum 0.00 1325 265 39.75 53.00 K 11
Meat&Bonemeal 0 0 0 0 0 Cl 0.1
Fishmeal (LP) 5 5 5 5 5 dEB 269.4
IV. DiscussiON AND CONCLUSIONS Fishmeal (HP) 0 0 0 0 0 EW (Pigs) 11
. . Blood meal 0 0 0 0 0 ME poultr 2922.7
_The performance of quails on the maize-based stock-feed poyitry meai o o o o o g, Lys 15
diet was comparable to the performance of quails on diets Limestone 12 12 12 12 12 dig. Meth 05
bsti d with h Tabl 1. 2 & 3). Theref .. Lysine 0.1 0.1 0.1 0.1 0.1 dig. Cys 0.3
substituted with sorghum (Tables 1, 2, ). Therefore, it wetionine 01 01 01 01 01 digMeth+Cyst 0.8
would be fair to assume that quails fed on stock-feed based ;hlrteonine 8 8 8 g 8 %Ig TThreo gg
. . . .. . . a ig. Tryp .
on white maize will b_e similar in FI, BWG and FCR to quails ycp 0 0 0 0 0 dig. Val 10
fed on tannin free white sorghum stock-feed. bcp 03 03 03 03 03 dig. Iso 0.9

For some unexplained reason, the quails lost some weight
from week 3 to week 6 across the board regardless of the
treatment except for treatment 3 (50% sorghum substitution)

*T = treatment, ppm = parts per million

APPENDIX 3: CHEMICAL COMPOSITION OF THE FINISHER DIET STOCK-FEED

FOR QUAILS PER 100G OF FEED.

(Table 2) were the chicks gained weight. It was also observed

that quails reduced the feed intake significantly at 100%
sorghum substitution in week 6. Even though this was
statistically significant, it was of no practical value since at
this stage the quails had reached culling stage (ready for the
market) and it was not necessary to feed the birds beyond
week 6. The reduced feed intake may have been due to
rancidity associated with feed storage in hot climates.

It was reasonable to concluded that non-tannin white
sorghum can effectively substitute maize in maize-based
stock-feed diets partially or completely for quails and other
poultry. Perhaps this might also be true for substituting maize
in stock-feed for aquaculture (fish farming). Since sorghum
can be grown at a cheaper price, it means that it is more cost
effective to use sorghum in the production of stock-feed.
However, additional studies are required before making
further claims.

APPENDIX 1: BASIC EQUIPMENT AND MATERIALS USED IN THE STUDY

APPENDIX

S/No.  ltem description Quantity
1. Chick fount 41t 2.0
2. Chick feed tray-round 2.0
3. Chick fount 10It complete 2.0
4. Feeder tubular -complete 2.0
5. Nd Lasota s 200 d 2.0
6. Gumboro i 200 d 2.0
7. Virukill 1.0
8. Stress pack (phenix) 1.0
9. Amilyte 100g 1.0
10. Lamp fitting only 4405477 1.0
11. Lamp infra red par red 4404901 175W 1.0
12. Thermometer max/min TFA SB4303164 1.0
13. Chick fount 4lt 2.0
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Ingredient (g) T1 T2 T3 T4 T5 Ingredient ppm
Maize 54.5 40.9 27.3 13.6 0.0 Crude protein 21.7
No. 3 meal 0 0 0 0 0 Crude fat 6.6
Soya ME 21 21 21 21 21 Crude fibre 3.6
Soya SE 0 0 0 0 0 Ash 3.6
Soya Full-fat 20 20 20 20 20 NDF 10.5
Wheat bran 0 0 0 0 0 Ca 1.0
Sunflower 0 0 0 0 0 Av P 0.3
Maize Bran 0 0 0 0 0 Ca/ Av. P 3.3
Rice bran 0 0 0 0 0 Mg 0.2
Cotton cake 0 0 0 0 0 Na 0.2
Sorghum 0.0 13.6 27.3 40.9 54.5 K 1.0
Meat&Bone 2 2 2 2 2 Cl 0.3
Fishmeal (LP) 0Oa 0 0 0 0 dEB 250.5
Fishmeal (HP) 0 0 0 0 0 EW (Pigs) 1.2
Blood meal 0 0 0 0 0 ME poultry 3069.1
Poultry meal 0 0 0 0 0 dig. Lys 11
Limestone (g) 1.6 1.6 1.6 1.6 1.6 dig. Meth 0.3
Lysine (g) 0.2 0.2 0.2 0.2 0.2 dig. Cys 0.3
Methionine 0 0 0 0 0 d'g'MeSth'*Cy 0.6
Threonine 0 0 0 0 0 dig. Threo 0.7
Salt (g) 0.4 0.4 0.4 0.4 0.4 dig. Tryp 0.2
MCP 0 0 0 0 0 dig. Val 0.9
DCP (g) 0.2 0.2 0.2 0.2 0.2 dig. Iso 0.8
*T = treatment, ppm = parts per million.
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