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Abstract — A study was conducted to evaluate the effects of varying drying temperature (Fresh, 85,

95 or 105
o
C) on the nutritive value of maize and response of broiler chickens to diets based on such

grain, and supplemented with a microbial enzyme (Avizyme 1500). The chemical composition of

the grain was affected by drying temperature. Starch and amylopectin contents were increased while

there was a reduction in amylose content. These changes were expected to underlie the response of

chicks to the diets. Total feed intake over 28 days was increased (P < 0.05) as a result of heat-treat-

ing the maize up to 95
o
C. The final body weight of chicks on the diet based on fresh maize was im-

proved (P < 0.05) by the microbial enzyme supplement (MES). There was no effect of the enzyme

supplement on body weight when assessed at earlier ages. Over the entire feeding period, feed con-

version efficiency (FCE) declined (P < 0.001) with increasing oven temperature, regardless of the

supplementation with the microbial enzyme. Body weight was influenced (P < 0.05) by the micro-

bial enzyme only when assessed over the entire trial period. The weight of visceral organs, protein

content and activities of pancreatic and jejunal digestive enzymes were unaffected by grain heat

treatment or MES. The ileal digestibility of calcium was reduced (P < 0.001) on diets based on fresh

maize and maize that was oven-dried at 105
o
C. Heat-treatment also improved (P < 0.05) the ileal di-

gestibility of phosphorus in chicks on the diets without MES. There were no effects of grain heat

treatment or MES on the ileal digestibility of energy, protein, Ca and amino acids. The results indi-

cate some variations in grain quality as a result of heat treatment but the differences were not signifi-

cant enough to stimulate major responses to the MES. Further studies should examine samples from

commercial drying processes or samples obtained from a closer simulation of commercial condi-

tions, to arrive at more practical conclusions.
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1. INTRODUCTION

Maize is one of the premier cereals used

in poultry feeding around the world. It is rel-

atively devoid of viscous non-starch poly-

saccharides, the principal antinutritive

factors present in most temperate cereals

[1–3]. In spite of this advantage, the nutri-

tive value of maize is known to vary widely,

as a result of climatic conditions during

growth and harvest as well as post-harvest

processing and storage [4–5].

The digestibility of cereal components is

greatly influenced by the large starch

component, especially the ratio between

amylose and amylopectin [6]. Amylopectin

is more readily digested than amylose due to

its amorphous nature. In research on broiler

chickens, Noy and Sklan [7] reported that

the terminal ileal digestibility of maize

starch rarely exceeds 85%. The undigested

starch at the terminal ileum is assumed to be

“resistant” to digestion and presents an op-

portunity for use of microbial enzyme sup-

plements in maize-based diets. Amongst the

three types of resistant starch found in cere-

als, two types are known to be caused by in-

herent factors during the formation of the

grain while a third, referred to as RS3 is cre-

ated by processing and storage conditions

[8]. Retrograde (RS3) starch results from

high temperature heating of starch followed

by storage at lower temperatures over long

periods of time. The starch in high-moisture

grains may also anneal after heat process-

ing. It has not been established how much of

these processes occurs during routine pro-

duction and processing of maize. A wet cli-

mate during harvesting, however, could

warrant the artificial drying of maize in

many areas of the world. In parts of Africa,

maize is still harvested and sun-dried; a

method that has been shown to cause

stack-burn and reduction in in vitro digest-

ibility of the grain [9]. The quality of diets

based on stack-burnt grains is low, tending

to negatively affect AME, body weight gain

and feed conversion efficiency (FCE) of

poultry raised on them. It may therefore be

beneficial to artificially dry maize even in

parts of the tropics. There is a need to deter-

mine the ideal temperature that would not

negatively impact on the quality of maize

processed under such conditions.

The aim of the present study was to ex-

amine the effects of varying temperature

during drying on the nutritive value of

maize. The gross response and digestive

function of broiler chickens raised on diets

based on these grains were also evaluated.

2. MATERIALS AND METHODS

2.1. Maize processing and analysis

The maize tested was obtained from a

commercial farmer in the Kwa-Zulu Natal

province of South Africa. The material was

received at a moisture content of 11.3%, in

50-kg bags. Some of the maize was used as

received (fresh). Other batches were ob-

tained through drying in two large

draught-ovens at 85, 95 or 105
o
C. Each

batch was dried over 24 h to yield varying

moisture contents. The grain was then

milled and stored in sealed polythene bags

at 5
o
C until the diets were prepared.

The proximate analysis of the maize

samples, diets and digesta was conducted in

accordance with the methods of AOAC

[10]. The AMEn and TMEn of the maize

samples were determined according to the

method of Fisher [11]. The method of

Englyst et al. [12] was used in the measure-

ment of starch, amylose and amylopectin.

Resistant starch was defined as residual

starch after 120 min of digestion with

pancreatin and amyloglucosidase.

2.2. Experimental birds and diets

Three hundred and twenty day-old fe-

male broiler chicks (Ross) were used for the

study. The chicks were randomly allocated
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to cages (without bottom) on litter in groups

of 10 and assigned to one of four main diets

(Tab. I). The four diets were based on maize

and a commercial soyabean concentrate

(Central Soya European Proteins A/S, Den-

mark). Three maize batches dried at different

oven temperatures (85, 95 or 105
o
C) were

tested against a batch that had been naturally

sun-dried after harvesting. Each of these

four diets, in mash form was fed with or

without a microbial enzyme supplement,

Avizyme 1500 (Finnfeeds International,

Malborough, UK) at 1 g·kg
–1

diet. The ex-

periment was therefore a 4 × 2 factorial de-

sign, with 4 replicates for each of the eight

general treatments. Poolbrite
®

(Poolbrite

(SA) (Pty) Ltd., Atlantis, S. Africa), a

source of acid-insoluble ash was also in-

cluded in the diets to enable the assessment

of nutrient digestibility. The diets were fed

for 28 days. Feed and water were supplied

ad libitum and light was provided over

23 1/2 h. The room temperature was man-

aged according to the requirements for

chicks between hatch and 28 days.

Feed intake and body weight were mea-

sured at the end of each week. At the end of

the feeding period, 6 chicks, randomly se-

lected, per cage were killed through asphyx-

iation with CO
2

and dissected. Samples of

ileal digesta were collected and frozen and

used to determine nutrient digestibility as

described below. The weight of the visceral

organs was obtained. The pancreas and a

sub-sample of the jejunum were also taken

and snap-frozen in liquid nitrogen. These

tissues were later processed and used to de-

termine protein content and the activities of

digestive enzymes, targeting various nutri-

ents, as described below.

2.3. Evaluation of nutrient

digestibility

The concentration of acid-insoluble ash

(AIA) in the diet and digesta was measured,

in line with the methods described by

Annison et al. [13]. The materials were also

analysed for gross energy, protein, minerals

and amino acids. The digestibility coeffi-

cient of the nutrients was then calculated

from the equation:

1 – [(ileal nutrient/ileal AIA)/

(diet nutrient/diet AIA)].
[1]
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Table I. Composition of the fed diets.

Ingredient Amount

(g·kg
–1

)

Maize 608.9

Soyabean concentrate 200.0

Fishmeal 60.0

Sunflower oil 42.7

Limestone 13.4

Monocalcium phosphate 12.0

Salt 2.56

Plaster sand 25.0

DL-methionine 1.56

L-lysine HCl 1.39

Vitamin/mineral premix
1

2.5

Poolbrite
(r)

30.0

Nutrient composition (g·kg
–1

)

Gross energy (MJ·kg
–1

) 16.3

Crude protein 212.7

Crude fibre 22.3

Lipid 63.7

Calcium 11.5

Total phosphorus 6.3

Methionine 4.59

Lysine 13.63

Four main diets varied on the basis of maize that was

dried at different temperatures and were fed with or

without supplemental microbial enzyme, Avizyme

1500 at 1 g·kg
–1

diet.
1
Active ingredients (g·kg

–1
): Vitamin B1 (1.0), B2 (3.0),

B6 (2.5), E (25), K3 (1.5), folic acid (1.5), choline

(150.0), niacin (35.0), pantothenic acid (7.5), iodine

(1.0), manganese (50.0), copper (5.0), zinc (50.0) and

iron (20.0). Other active ingredients were vitamin A

(6 MIU), D3 (2 MIU), B12 (10 mg), selenium

(150.0 mg) and Cobalt (250 mg) (Nutec S.A. (Pty)

Ltd., Pietermaritzburg, South Africa).



2.4. Tissue protein content

and enzyme activities

The concentration of protein in the pan-

creas and jejunal mucosa was measured us-

ing the Coomassie dye-binding method

described by Bradford [14]. For the jeju-

num, the homogenate was prepared as de-

scribed previously by Shirazi-Beechey et al.

[15]. Pancreatic homogenate was obtained

through a similar process except that dis-

tilled water was used, the entire tissue was

homogenised and the homogenate was cen-

trifuged at 30 000 g for 10 min to obtain a

supernatant on which analysis was done

[16].

Enzyme assays were conducted on fixed

substrate concentrations established in stud-

ies on mammals and other species, after

standardization for poultry [17]. On jejunal

homogenates, biochemical assays were

conducted for maltase (EC. 3.2.1.20) and

sucrase (EC. 3.2.1.26) and alkaline

phosphatase (AP, EC. 3.1.3.1). For the pan-

creas, assays were conducted for amylase

(EC. 3.2.1.1), lipase (EC. 3.1.1.3) and

chymotrypsin (EC. 3.4.21.1). The specific

activities of the enzymes were measured ac-

cording to the methods previously described

[18–22]. The assays were conducted at a

temperature of 39
o
C. For amylase, glucose

output was measured by incubating with

glucose oxidase (Roche Diagnostics,

Indianapolis, USA) rather than with

dinitrosalicylic acid (DNS) reagent, previ-

ously described by Miller et al. [18]. This

modification was to cut down on the num-

ber and volume of chemicals required for

the determination of the end-products of

digestion.

2.5. Data analysis

Data were analysed by both the general

linear model (GLM) and regression of

Minitab [23]. Initial analysis did not reveal

any significance in interactions between the

tested factors; therefore the data were

analysed to enhance the effects of the indi-

vidual factors. The data were regressed, us-

ing varying levels of temperature or

microbial enzyme as independent factors.

The differences between the mean values

were determined by the use of least signifi-

cant difference.

3. RESULTS

The chemical composition of the maize

batches is shown in Table II. As would be

expected, DM content increased with an in-

crease in drying temperature. The CP, lipid

and to a lesser extent, P contents followed a

similar trend. Higher drying temperatures,

however, resulted in a decline in crude fibre

content. The amino acid contents of the

oven-dried maize were also generally

higher than those of the sun-dried maize

(Fresh), especially up to 95
o
C of heating.

Oven-drying increased the starch and

amylopectin contents but reduced the

amylose content. Compared to the fresh

maize, oven-drying at 105
o
C improved the

starch and amylopectin contents by 8 and

5%, respectively while amylose content was

reduced by about 12.4%. The level of resis-

tant starch was increased as a result of dry-

ing the fresh maize at 85
o
C but decreased at

higher drying temperatures. This was the

pattern observed for AME
n

and TME
n
. The

ratio of amylose: amylopectin declined with

increasing drying temperature.

Feed intake during the entire trial period

was increased (P < 0.05) as a result of

heat-treating the maize up to 95
o
C

(Tab. III). Further heating did not have any

significant effects on the intake of the diet.

There were also no significant effects of mi-

crobial enzyme supplement on feed intake

at any period of assessment. The 7-day body

weight of chicks was reduced (P < 0.05) in

chicks on the control diet in which maize

had been heated at 85
o
C. At 14 days of age,

body weight was also reduced (P < 0.05) by

oven-drying at up to 95
o
C but this was
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observed only on diets supplemented with

the microbial enzyme. The final body

weight of chicks on the diet based on fresh

maize was improved (P < 0.05) by the mi-

crobial enzyme supplement. There was no

effect of the enzyme supplement on body

weight assessed at earlier ages.

Between hatch and 14 days of age, feed

conversion efficiency was reduced

(P < 0.05) as a result of oven-drying up to
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Table II. Chemical composition of maize batches under varying drying conditions.

A. Dry matter (DM), crude protein (CP), crude fibre and mineral contents (g·kg
–1

DM)

Maize DM CP Crude Fibre Lipid P Mg

Fresh 887.0 77.9 227.5 34.8 1.9 1.1

85
o
C 915.0 79.9 23.9 43.4 2.2 1.2

95
o
C 924.5 80.4 20.7 40.7 2.1 1.1

105
o
C 928.5 80.8 19.7 41.0 1.9 1.1

B. Amino acids (g·kg
–1

DM)

Met Lys Thr Ala Phe Arg Leu Ile Val

Fresh 1.4 2.4 2.7 5.7 3.5 3.3 9.0 2.4 4.3

85
o
C 1.9 2.3 2.8 5.2 3.5 3.3 8.6 2.3 4.4

95
o
C 1.5 2.6 3.0 5.6 4.2 3.8 8.8 2.6 4.8

105
o
C 1.6 2.4 2.8 5.9 3.8 3.3 9.5 2.4 4.6

C. Starch content and components (g·kg
–1

DM)

Starch Resistant

starch

Amylopectin Amylose Amylose:

Amylopectin

Fresh 699.1 177.2 529.5 169.6 0.32

85
o
C 701.8 183.7 546.2 155.6 0.29

95
o
C 700.5 167.7 541.8 158.7 0.29

105
o
C 704.8 158.9 556.2 148.6 0.27

D. Gross and metabolisable energy (MJ·kg
–1

DM)

GE AME
n

TME
n

Fresh 18.5 15.7 16.1

85
o
C 18.6 16.0 16.4

95
o
C 18.4 15.7 16.1

105
o
C 18.2 15.6 16.0

Sub-samples analysed were taken from 2 kg milled material for each maize batch. Gross energy, AMEn and TMEn

contents were determined on roosters.
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Table IV. The effect of maize drying temperature, microbial enzyme and bird age on feed conversion

efficiency.

Feed conversion efficiency (g weigh·kg
–1

feed)

Maize Avizyme 0–7d 0–14d 0–21d 0–28d

Fresh – 739.8 574.5
ab

517.7
b

483.7
ab

+ 802.4 633.5
a

594.1
a

533.6
a

85
o
C – 714.7 549.1

b
466.4

b
431.9

b

+ 782.8 583.1
ab

506.6
b

440.7
b

95
o
C – 758.7 582.3

ab
515.7

b
450.6

b

+ 765.8 550.0
b

493.7
b

434.0
b

105
o
C – 831.1 609.9

ab
489.8

b
444.7

b

+ 745.7 637.1
a

495.6
b

449.0
b

SEM 39.99 28.04 26.32 24.58

Source of variation

Maize NS * ** ***

Enzyme NS NS NS NS

a,b
Mean values on the same column not sharing a superscript are significantly different *P < 0.05, **P < 0.01,

***P < 0.001 for the factor shown. NS: not significant. SEM is the standard error of difference between the mean

values.

Table V. The effect of maize type and microbial enzyme on the weight of visceral organs (g·100 g
–1

body weight) at 28 days of age.

Maize Avizyme

Gizzard/

Proventriculus

Small

intestine Liver Pancreas Caeca Spleen

Fresh – 5.5 7.4 3.1 0.51 0.8 0.15

+ 5.3 6.8 3.2 0.51 0.7 0.18

85
o
C – 6.0 7.2 3.1 0.48 0.8 0.12

+ 5.8 7.0 3.4 0.0.51 1.0 0.18

95
o
C – 5.3 6.8 3.5 0.47 0.9 0.11

+ 5.4 7.5 3.5 0.46 0.8 0.15

105
o
C – 5.4 6.7 3.2 0.43 0.8 0.15

+ 5.6 7.2 3.6 0.52 0.8 0.15

SEM 0.44 0.59 0.34 0.067 0.17 0.031

Source of variation

Maize NS NS NS NS NS NS

Enzyme NS NS NS NS NS NS



95
o
C in chicks on both the control diets and

diets supplemented with the microbial en-

zyme (Tab. IV). Feed conversion efficiency

between hatch and 21 days of age was re-

duced (P < 0.01) in chicks fed the control

diets based on all heat-treated maize. Over

the entire feeding period, FCE declined

(P < 0.001) with an increasing oven temper-

ature, regardless of the supplementation

with the microbial enzyme. There were no

significant effects of the microbial enzyme

supplement on FCE at any of the periods

investigated.

The weight of visceral organs was not af-

fected by grain heat treatment or microbial

enzyme supplement (Tab. V). The protein

content of pancreatic tissue and activities of

pancreatic enzymes were also unaffected by

the grain heat treatment or the enzyme sup-

plement (Tab. VI). The protein content of

the jejunal mucosa was increased in chicks

raised on diets supplemented with the

microbial enzyme but this was significant

(P < 0.01) only on the diet based on maize

that was oven-dried at 105
o
C (Tab. VII).

There were no effects of grain heat treat-

ment or of microbial enzyme supplement on

the activities of the jejunal digestive

enzymes.

The ileal digestibility of calcium was the

lowest (P < 0.001) in chicks fed diets based

on fresh maize and maize that was

oven-dried at 105
o
C (Tab. VIII). This re-

sponse was observed for the control diet in

the case of fresh maize while for the maize

that was oven-dried at 105
o
C, Ca digestibil-

ity was lower for the enzyme-supplemented

diet. Heat-treatment also improved (P < 0.05)

the ileal digestibility of phosphorus in

chicks fed the control diets. In chicks fed the

enzyme-supplemented diets, there was a

linear increase (P < 0.05) in ileal digestibil-

ity of P as a result of oven-drying. There

was no effect of heat treatment on ileal

84 P.A. Iji et al.

Table VI. The effect of maize type and microbial enzyme on tissue protein content and the activities of

digestive enzymes in the pancreas of chicks at 28 days of age.

Maize Avizyme Protein
1

Amylase
2

Lipase
3

Chymotrypsin
4

Fresh – 61.3 10.5 0.03 0.5

+ 57.5 8.7 0.02 0.5

85
o
C – 61.2 10.8 0.03 0.5

+ 58.8 10.5 0.03 0.5

95
o
C – 63.1 9.6 0.02 0.5

+ 60.6 10.5 0.03 0.5

105
o
C – 57.8 10.9 0.02 0.6

+ 56.7 10.4 0.02 0.5

SEM 3.99 1.60 0.005 0.09

Source of variation

Maize NS NS NS NS

Enzyme NS NS NS NS

1
Concentration in tissue (mg·g

–1
wet tissue).

2
Specific activity (ρmole glucose/mg protein/min).

3
Units/min, in relation to porcine lipase standard.

4
Specific activity (µmole p-nitroaniline/mg protein/min).
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Table VII. The effect of maize drying temperature and microbial enzyme on tissue protein content and activities of

digestive enzymes in the jejunum of 28-day old birds.

Maize Avizyme Protein
1

Maltase
2

Sucrase
2

Alkaline

Phosphatase
3

Fresh – 49.6
ab

2.0 0.02 1.3

+ 51.7
ab

2.2 0.03 1.3

85
o
C – 46.5

ab
2.4 0.02 1.5

+ 43.6
ab

3.0 0.03 1.9

95
o
C – 47.9

ab
2.6 0.03 1.9

+ 56.3
ab

2.1 0.04 1.5

105
o
C – 30.0

b
3.0 0.03 1.9

+ 63.7
a

2.3 0.03 1.3

SEM 7.38 0.35 0.006 0.27

Source of variation

Maize NS NS NS NS

Enzyme * NS NS NS

ab
Mean values on the same column not sharing a superscript are significantly different (P < 0.05) for the factor

shown. NS: not significant. SEM is the standard error of difference between the mean values.
1
Concentration in mucosa (mg·g

–1
wet tissue).

2
Specific activity (µmole glucose/mg protein/min).

3
Specific activity (µmole p-nitrophenol/mg protein/min).

Table VIII. The effect of maize type and microbial enzyme on ileal digestibility of energy, protein and

phosphorus at 28 days of age.

Maize Avizyme Energy Protein Calcium Phosphorus

Fresh – 0.70 0.76 0.45
bc

0.37
bc

+ 0.70 0.78 0.40
c

0.31
c

85
o
C – 0.60 0.74 0.62

a
0.55

a

+ 0.63 0.76 0.59
ab

0.45
ab

95
o
C – 0.63 0.77 0.65

a
0.52

ab

+ 0.64 0.76 0.68
a

0.49
ab

105
o
C – 0.52 0.71 0.49

bc
0.33

bc

+ 0.62 0.76 0.60
ab

0.49
ab

SEM 0.065 0.039 0.053 0.065

Source of variation

Maize NS NS *** *

Enzyme NS NS NS NS

ab
Mean values on the same column not sharing a superscript are significantly different *P < 0.05, ***P < 0.001, for

the factor shown. NS: not significant. SEM is the standard error of difference between the mean values.
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digestibility of energy or protein. Microbial

enzyme supplementation also did not ap-

pear to have any effects on the digestibility

of energy, protein, Ca or P.

The ileal digestibility of some amino ac-

ids is shown in Table IX. There was no vari-

ation in digestibility as a result of grain heat

treatment or of enzyme supplementation of

the diet.

4. DISCUSSION

Although the maize grain was received

at relatively low moisture contents, further

drying led to a significant reduction in mois-

ture content and concurrent increases in the

concentrations of the solid components, es-

pecially proteins and lipids. Higher drying

temperatures tended to reduce the concen-

tration of lipids, energy and some of the

amino acids. There is a strong link between

the lipids and energy contents but it is not

exactly known if some of these losses were

due to volatilisation of components other

than moisture. Oven-drying also resulted in

an increase in the starch and amylopectin

contents of the samples. The reduction in

the content of amylose suggests an im-

provement in grain quality since amylose is

more slowly digested than amylopectin and

affects the digestion of nutrients other than

carbohydrates [24–26].

The effect of oven-drying on feed intake

and animal growth response was inconsis-

tent and less conclusive. The increase in to-

tal feed intake, for example was not

accompanied by an increase in final body

weight although body weight at other points

of evaluation was improved on diets based

on oven-dried maize. There was also no pat-

tern in the effect of the microbial enzyme

supplement on the gross biological response

of the chicks. These inconsistencies may

probably be due to a lack of drastic differ-

ences between the samples. The effects of

Avizyme are known to be the most pro-

nounced in low-quality maize and sorghum

or where there are wide differences between

samples [27]. The reduction in amylose, as a

measure of improvement in grain quality

has been highlighted. The improvement in

body weight through microbial enzyme

supplement on the diets based on fresh

maize may be due to the fact that this batch

of grain was the highest in amylose concen-

tration. Although resistant starch content or

starch digestibility was not measured in the

present study, it is unlikely that there were

any major negative effects of oven-drying

on the samples. The classical effects of heat

treatment of cereals include an increase in

amylose content; annealing, and retrograd-

ing of starch [26, 28, 29]. The moisture con-

tent of the samples used in this study may be

too low to cause retrograding of starch

through heating. Although the samples were

stored at a low temperature prior to use, this

was not done immediately after oven-dry-

ing. Therefore, the grains would have

cooled slowly, which would reduce the

chances of annealing.

Organ weights and digestive enzyme ac-

tivities were unaffected by the grain quality

or microbial enzyme supplement. There is a

general dearth of research reported on the

effects of starch or of microbial enzyme

supplements on the development of the GIT

in poultry. In a previous study, Mahagna

et al. [30] reported a reduction in the

activities of pancreatic enzymes in situ and

in intestinal digesta as a result of

supplementation with a microbial enzyme,

with proteolytic and amylolytic activities. In

rats on high-amylose maize starch diets, the

activities of disaccharidases in the upper je-

junum were reduced while there was an in-

crease in such activity in the lower intestine

[24]. These effects may be attributed to the

variation in the availability of disaccharides

at different points of the GIT. Viscous

non-starch polysaccharides (NSP) and

high-amylose cereals could influence the

development of the GIT through the effects

of volatile fatty acids produced by microbial

fermentation in rats [31–34]. There is

Nutritive value of drying maize in broiler chickens 87



considerable fermentation of such carbohy-

drates, especially NSP in the upper GIT as a

result of the slow rate of digestion, a pattern

that encourages the migration of microbial

populations to the small intestine [35, 36].

Viscous NSP are also able to physically dis-

tend the volume of the GIT, consequently

increasing the weight of its component

parts. The concentration of such NSP is low

in maize. The effects of feed factors on pan-

creatic enzymes are usually regulated by the

concentration of the substrates in the intesti-

nal lumen while such factors may directly

influence the structure of the intestinal mu-

cosa, the source of membrane-bound en-

zymes. A few studies on poultry and pigs

[36–39] suggest some link between the sup-

ply of dietary nutrients and the natural de-

velopment of the mucosal structure and

activities of digestive enzymes. The ab-

sence of differences in activities of the di-

gestive enzymes in the present study may be

due to similarities in the nature and the con-

centrations of the dietary nutrients involved.

The change in digestibility of the two

mineral elements as a result of heat-treating

the maize is unclear. The results appear to

contradict those reported by de Schrijver et

al. [25] who did not observe any significant

effects of high levels of retrograde starch on

the faecal digestibility of minerals, includ-

ing Ca, P and Mg. The differences in the re-

sults may, however, be due to variation in

the site of evaluation. There were no effects

of the treatment of microbial enzyme sup-

plement on the digestibility of the other nu-

trients, including proteins. The enzyme

tested exhibits some protease activity. Its

failure to improve protein digestion may be

due to the close similarities between the

samples. In a previous study, Leeson et al.

[40] evaluated maize quality over a wider

range of moisture content at harvest. The

ME value was reduced by 0.05 MJ for each

1% increase in moisture content at harvest.

Wider drying temperatures have also been

evaluated by Barrier-Guillot et al. [41] with

no effects on the chemical composition of

the grain although no direct comparisons

can be made with regards to the nutritive

value due to the age differences in the chick-

ens tested.

5. CONCLUSION

There were definite effects of heat treat-

ment on the chemical composition of maize

grain but these did not impart enough varia-

tion in the samples to stimulate a response to

the microbial enzyme supplement tested.

Heat treatment tended to also improve the

starch quality of the grain, thereby obviating

the need for a microbial enzyme supple-

ment. It may be necessary to test maize with

a higher initial moisture content and over a

wider range of temperatures or duration of

heat treatment, to see how these would af-

fect quality and therefore, nutritive value of

the grain in diets for poultry. There is a need

to test samples obtained from actual com-

mercial processes or to more closely simu-

late the commercial conditions in future

studies.
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