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ABSTRACT

The experiment was carried out in two periods, growing and laying, on 300 cight-week-old pullets
(Shaver Starcross 579 strain). In the growing period (8-18 weeks of age) five iso-caloric diets were
used: contrels containing normal maize and fish meal, with 16% CP (NM1) or 14% CP (NM2); three
experimental in which normal maize was replaced by quality protein maize, with 16, 15 or 14% CP,
QPMI, QPM?2 or QPM3, respectively. In the laying period similar diets were used, but with lower
CP contents: 15, 13, 15, 14 and 13%, respectively.

The replacement of NM by QPM in the diet with 14% CP (QPM3) did not significantly reduce
the performance of growing birds in comparisen with birds fed the NM1 diet with 17% CP. The NM2
diet significantly (P<0.05) depressed growth and feed cfficiency. In the laying period, QPM3 and
NM2 diets (13% CP) depressed the pullets’ performance. The obtained results indicate that the level
of CP in the layer diets may be reduced to 14% when NM is replaced by QPM.
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INTRODUCTION

Normal maize supplies up to a third or more of the crude protein content of
chicken diets (Schaible, 1970). On the other hand, maize 1s low in protein in addition
to its general deficiency in essential amino acids, particularly lysine and tryptophan
(NRC, 1988). Thus, the feeding normal maize necessitates the use of expensive
protein supplements, including fish meal and soyabean meal. Quality protein maize,
a derivative of opaque-2 maize, was originally developed at the International Maize
and Wheat Improvement Center (CIMMYT) in Mexico. Nutritional evaluation of
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quality protein maize (QPM) in various locations has proved the superiority of QPM
over normal maize in the feeding of rats (Sproule et al., 1988), pigs (Knabe et al.,
1992; Okai et al., 1994), broiler and layer chickens (Bond et al., 1991; Liu et al.,
1993).

Quality protein maize was rcleased in Ghana in the early 1990s by the Crops
Research Institute, Kumasi. However, 1t has not been critically evaluated as a feed
ingredient for layers. Osei et al. (1994) have shown, however, that QPM is superior
to normal maize when used either as the sole source of protein and amino acids or
in balanced diets for broiler chickens.

This trial was undertaken to study the feeding value of QPM in comparison with
normal maize in diets for grower and layer chickens.

MATERIAL AND METHODS

The normal and quality protein maize used in the trials were purchased from
certifted seed growers from various locations in Ghana. They were chemically
analyzed for their approximate and amino acid compositions by conventional me-
thods (AOAC, 1984).

The trial was conducted in two phases: a grower phase from 8 to 18 weeks and
a layer phase from week 19 to week 51. In the grower trial, three hundred 8-week-
old Shaver Starcross 579 chickens obtained from Pomadze Poultry Enterprises
Ltd., Winneba, Ghana, were randomly divided into five dietary treatments in equal
numbers as shown in Table 1. Each treatment had four replicates. The control diet,
NMI1 was composed largely of normal maize (NM) and fish meal to provide a
crude protein content of 16% (NRC, 1994). Three other diets were formulated in
which QPM replaced normal maize, denoted as QPMI1, QPM2 and QPM3 and
containing respectively 16, 15 and 14% crude protein. The fifth diet also contained
normal maize (NM2), with a protein level of 14%. For the layer trial, all the birds
from the grower phase were combined together at the end of the 18th week and
then subsequently randomly re-allocated in equal numbers among five layer dictary
treatments as shown in Table 2.

During both phases, an increase in the uge of QPM was coupled with a reduction in
the incorporation of fish meal. The diets were formulated to be largely isocaloric with
only slight differences in metabolizable encrgy contents (Tables 1 and 2). The birds
were housed in raised wire-floor coops providing a floor space per bird of approximate-
ly 0.14 m’, Feed and water were provided ad libitum throughout the trials.

Data were collected for feed intake, body weight changes, feed conversion
ratio, egg production, egg weight, internal egg quality or Haugh unit, egg shell thick-
ness, and mortality. In addition, the economics of production were calculated for
each treatment. All data were subjected to analysis of variance while significant
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TABLE 1
Composition and nutrient analysis of grower experimental diets
lngoedients, gk Experimental diets
NMI QPMI QPM2 QPM3  NM2

Normal maize 574 - - - 600

QPM = 570 585 600 -

Fish meal, 65% CP 60 60 35 20 20

Wheat bran 320 328 330 334 330

Cottonseed cake 26 22 30 26 30

Dicalcium phosphate 10 10 10 10 10

Oyster shell 5 5 5 5 &

Premix’ 25 25 25 2.5 2.5

Common salt 2.5 25 2:5 2:5 25

Analysed composition (g kg''), except gross/ metabolizable energy (MJ kg™')

Crude protein 161.5 161.8 1533 142.5 144.3
arginine 9.0 8.9 10.2 9.0 7.5
glycine 8.2 8.1 7.8 6.8 58
isoleucine 6.1 5.6 7.6 6.5 4.7
leucine 14.8 11.9 11.9 10.7 13.0
lysine 6.8 7.0 72 5.8 4.5
methionine 34 32 32 2.1 2.6
cystine 32 3.1 3t 29 2.8
phenylalanine 7.5 6.5 6.9 6.0 6.5
threonine 5.2 49 3.2 4.6 4.6
tryptophan 1.6 165 1.8 1.6 1.6
valine 7.9 7.7 8.0 7.0 6.2

Gross energy 13.53 13.53 13.66 13.69 13.82

Metabolizable energy” 11.50 11.50 11.60 11.60 11.70

Moisture 116.3 116.5 111.6 116.8 110.4

Ether extract 4.7 L 6.3 2 6.2

Crude fibre 32.7 36.7 36.3 338 34.8

Ash 52.2 48.4 474 432 40.0

Nitrogen-free extractives 748.9 748.0 756.7 773.3 774.7

' vitamin-mineral premix provided per kg diet: vitamins A, 2million IU; D, 400,000 IU; E, 3,000 IU;
K, 200 IU; B,, 200 mg; B,, 900 mg; B, ,, 2,400 mg; niacin, 5,000 mg; and minerals Fe, 9,000 mg; Cu,
500 mg; Mn, 12,000 mg; Co, 100 mg; Zn, 10,000 mg; I, 400 mg; and Se, 4

2

? metabolizable energy values calculated; gross energy values analysed
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TABLE 2

Dictary and nutrient composition of layer rations

Ingredients, g kg Experimental diets

NMI QPM1 QPM2 QPM3 NM2

Normal maize 565.0 - - 595.0

QPrFM - 560 585 595 -

Fish meal 85 80 65 45 48

Wheat bran 260 270 260 270 207

Dicaleium phosphate 10 10 10 10 10

Oyster shell 75 75 75 75 75

Premix| 25 25 25 25 25

Common salt 2.5 2.5 2.5 25 2.5

Analysed composition (g kg), cxcept gross/metabalizable encrgy (MJ kg™')

Crude protein 150.4 152.8 1433 130.5 130.3
arginine 8.1 9.1 8.1 7.0 6.5
glycine 7.8 82 7.7 6.3 6.4
isoleucine 5.9 5.9 5.6 4.5 4.9
leucine 13.5 12.8 12.4 10.1 12.5
lysine 7.6 8.4 7.3 5.8 5.4
methionine 35 3.6 33 2.6 3.0
cystine 27 2.8 29 2.5 2.5
phenylalanine 6.6 6.6 6.3 5.2 5.8
threonine 5.1 5.7 52 4.3 48
tryptophan 1.2 1.6 1.5 1.4 1.3
valine 7.6 7.8 7.4 6.5 6.5

Metabolizable energy® 10.90 10.80 10.80 10.85 10.75

Moisture 107.3 109.9 110.4 102.6 103.6

Crude fibre 343 244 28.2 218 27.0

Ether extract 5.0 6.6 5.0 6.8 4.6

Ash 98.7 118.3 112.3 1247 126.7

Ca 35.0 350 34.0 333 337

P, available 4.1 3.9 34 31 33

Gross energy (analysed) 12.86 12.69 12.69 12.77 12.60

Nitrogen-free extractives 711.6 697.9 711.2 716.2 711.4

! premix as in Table 1
2 metabolizable energy values calculated



OSEI@ S.A. ET AL. 185

differences among means were isolated by means of Fisher's least squares diffe-
rences test (Steel and Torrie, 1980).

RESULTS AND DISCUSSION

The approximate and essential amino acid compositions of QPM and normal
maize are presented in Table 3. The approximate composition of QPM was similar
to that of normal maize, although QPM tended to have higher levels of crude pro-
tein, ether extract, crude fibre and gross energy. Similar observations have been
made by Burgoon et al. (1992), Ahenkora et al. (1994) and Martinez <t al. (1996).
The amino acid profiles show that of the five critical amino acids, QPM had higher
levels of arginine (+25%), cystine (+35%), tryptophan (+33%) and lysine (+33%)
than normal maize, while the level of methionine in QPM was 5% less than in
normal maize. In addition, the ratio of leucine to isoleucine was lower in QPM than
in normal maize (3.0:1 vs 3.47:1 respectively). Earlier studies have provided similar
data (Burgoon et al., 1992; Zarkadas et al., 1995).

Data on the performance of growing pullets is summarized in Table 4. The initial
body weights did not differ among the treatments. However, birds receiving the

TABLE 3
Proximate and amino acid composition' of QPM and normal maize (g kg'' DM, except GE})
Dietary components Quality protein maize  Normal maize QPM: NM
Maisture 106.6 112.5 0.95
Ether extract 51.2 448 1.14
Crude fibre 214 19.3 1.11
Ash 16.0 19.9 0.84
Nitrogen-free extractives 7139 7152 1.00
Crude protein O1.1 89.2 1.02
argining 5.0 4.0 1.25
glycine 42 34 1.23
isoleucine 31 3.4 0.91
leucine 93 11.8 0.79
lysine 32 2.4 1.33
methionine 1.8 1.9 0.95
cystine 25 1.9 1.32
phenylalanine 39 4.6 0.85
threonine 31 2.9 1.07
tryptephan 0.8 0.6 1.33
valine 4.9 4.6 1.07
Gross energy, MJ kg! 16.76 14.71 1.13

"'each value is the mean of duplicate determinations
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TABLE 4

Effects of diets on the performance of growing pullets

Experimental diets Overall
Indices NMI  QPMI  QPM2  QPM3 NM2 SE!
Initial body weight, g 575.8 575.8 575.8 575.8 5758
Average daily gain, g 12,5 13,14 12.5* 12,3~ 11,08 0.35
Final body weight, g 1536.7%  1583.3% 15383+ 1521.7* 142508 25.7
Daily feed intake, g/bd 82.0 82.4 82.3 79.2 84.2 1.70
Feed: gain ratio B.86% 7.48% 7.63% 7.46% 11.65% 1.80
Mortality 0/60 0/60 0/60 0/60 0/60 -
A, B-P<0.0l

' §E = standard error of mean

QPMI1 diet with 16% crude protein grew faster and gained weight more rapidly
than all the others although the differences were not significant when compared
with counterparts on NM1, QPM2 and QPM3. Subsucan et al. (1990) and Liu et
al. (1993) similarly found no significant differences in growth rates of birds fed
either normal maize or QPM provided that they had comparable amino acid pro-
tiles. On the other hand, growth and gain were signiticantly depressed in birds fed
on the second normal maize diet (NM2) containing 14% protein (P< 0.01). The
depressed growth of the low-protein normal maize birds (NM2) was probably due
to the limiting levels of lysine (Harms and Waldroup, 1963). In this trial the lysine
level in NM2 was only (.45 % of the diet compared to the NRC (1994) recom-
mended value of 0.60%.

There were no significant dietary treatment effects on average daily feed intake
or on mortality (P >0.05). Birds on diet NM2 tended to consume more feed, how-
ever. On the other hand the efficiency of feed conversion was severely depressed
when birds were fed the second NM diet with only 14% crude protein (P<0.01).
Cromwell et al. {1967) and Chi and Speers (1973) similarly reported significantly
depressed feed conversion efficiencies for chickens fed on normal maize com-
pared with counterparts receiving opaque-2 maize. '

The results of the grower phase suggest that when QPM is added to pullet diets,
the protein level can be reduced to 14% without any adverse effects on their per-
formance. In comparison, when normal maize is used, performance is lowered.
Sullivan et al. (1989} have attributed the superiority of quality protein maize to its
higher content of lysine and tryptophan and its better amino acid balance.

The addition of QPM to layer diets had no sigmificant effects on daily feed
intake, feed-to-egg ratio, age at 5% hen-day production, egg weight, Haugh unit
score, or shell thickness (Table 5). There were, however, significant differences in
the ages at first egg (P<0.01), 50% production (P<0.05) and hen-day and hen-
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TABLE 5
Laying performance of birds as affected by normal maize and QPM!
Indices NMI QPM1  QPM2 QpM3 NM2 +858E
Mean feed intake, g/d 121.09 121.33 116.04 112.30 119.97 2.53
Ageat first egg, d 123+ 1210 17 1242 125¢ 1.35%*
Age at 5% production, d 128 127 124 134 130 2.08
Age at 50% production,d  141* 1407 1300 142¢ 1424 2.47*
Hen-day production, % 77.4 77.3 72.00 64.30 66.8° 1.40%%*
Hen-housed production, % 75.2¢ 77.3¢ 72.00 62.3% 63.7° ) R
Mean egg weight, g 58.9 585 58.0 56.5 57.7 0.57
Feed: egg (wiw) 2.06 2.08 2.00 1.99 2.09 0.04
Haugh vnit score 87.1 89.6 89.0 93.2 91.9 1.46
Mean shell thickness, mm 0.35 0.36 0.35 0.35 0.35 0.004
Cost of grower feed, $/tonne 147.58 14536  133.10 125,43 125.74 -
Cost of layer feed, $/tonne  202.01 198.14  188.96 175.45 177.55 -
Mortality 2/60 /60 0/60 6/60 7/60 -

' means in a row with different letters are significantly different *(P<t 0.05), **(P< 0.01) and

***(P< 0.001)

housed production (P<0.001). In all cases, the diets with 13% crude protein (QPM3
and NM2) showed significantly poorer values although the differences between
them were not significant. Similarly, the birds on QPM?3 and NM2 tended to have
increased mortality largely due to cannibalism. A look at the two diets indicates that
with a reduction in fish meal incorporation to below 5% there were drastic reduc-
tions in essential amino acids relative to the other treatments, and deficiencies of
arginine, leucine, isoleucine, lysine and methionine were evident (Table 2). There
were, in addition, slight reductions in calcium and available phosphorus levels, but
they all fell within the range of daily requirements and the calcium:phosphorus ra-
tios were within the recommendations (NRC, 1994).

It was more economical to use diets incorporating quality protein maize (Table 5)
due largely to the progressive reductions in the use of fish meal and the attendant
savings in costs. Fish meal cost four times as much as maize per kilogram at the
time of the experiment.

The results from these studies indicate that quality protein maize can be used in
layer chicken diets to cut down on the use of fish meal and result in considerable
financial benefits without sacrificing performance.
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STRESZCZENIE

Ocena wartosci pokarmowej kukurydzy o zmodyfikowanym bialku jako skltadnika diety kur-
czat ras niesnych

Doéwiadczenie przeprowadzono w dwoch okresach: wzrostowym i niesnym na 300 8-tygodnio-
wych rosngcych kurkach (Shaver Starcross linia 579). W okresie wzrostu (8-18 tyg. zycia) zastoso-
wano 5 izokalorycznych diet: kontrolne, ze zwyklg kukurydzg 1 maczks rybng zawierajace 16%
biatka ogoinego (NM1) lub 14% b.og. (NM2); trzy dodwiadezalne, w ktorych zwykia kukurydzg
zastapiono kukurydza o zmodyfikowanym biatku, zawierajace 16, 15 lub 14% b.og., odpowiednio
QPMI1, QPM2 lub QPM3. W okresie niesnodci skarmiano podobne diety, lecz z nizsza zawartoscia
biatka ogédlnego 15, 13, 15, 141 13%, odpowicdnio,

Zastapienie kukurydzy NM przez QPM w dawce o 4% b.og. (QPM3) nic pogorszyloe istotnic
wynikow predukeyjnych rosnacych kurczat w poréwnaniu z ptakami otrzymujacymi dawke NM1
o 17% b.og., natomiast podawanie dawki NM2 spowodowalo istotne (P<0,05) obnizenie przyro-
stdw 1 wykorzystania paszy. W okresie nie$nosci skarmianie dawek QPM3 i NM2 (13% b.og.)
spowoadowalo pogorszenie wynikdw produkeynych kurek.

Otrzymane wyniki wskazuja, ze zawartos¢ biatka ogélnego w dietach dla niosck moze by¢
obnizona do 14% przy zastapieniu zwyklej kukurydzy kukurydza o zmodyfikowanym biatku.

QPM - jest pochodng kukurydzy Opaque-2, wychodowanej w Meksyku.



