British Journal of Nutrition (1996), 76, 97-108 97

36363
The nutritive value of stackbur d yellow A:aiz@ for livestock:
testsin vztro)and in rmlech icks

BY S. @ANIGRAHIl L. A@ESTWICK’ R. H. AVIS2 AND C.D. @OODl

1 Natural Resources Institute, Central Avenue, Chatham Maritime ME44TB
t Wye College, University of London, Wye, Ashford TN25 5AH

Received 1 September 1995 — Revised 27 October 1995 — Accepted 10 November 1995)

Differences in the nutritive value of four grades of stackburned yellow maize, obtained from a single
storage unit in Mozambique, were examined. Samples were analysed for chemical composition, and
subjected to the following in vitro assays for estimating digestibility: total dietary fibre and pancreatin
for non-ruminants, and gas production using sheep rumen fluid for ruminant livestock. Samples were also
fed to broiler chicks at 600 g/kg diet in a growth trial. There were no significant differences in crude
protein contents of the maize samples, but there was evidence for the development of Maillard reaction
products. Detectable amino acids were lower in discoloured maize, with decreases of 52 % in lysine, 35%
in arginine, and 15% in glycine concentration in the most severely discoloured sample compared with
control. Total starch, reducing sugar, acid-detergent fibre and amylase-neutral-detergent fibre values
increased, while total non-reducing sugar content decreased with increased discolouration. Total dietary
fibre and pancreatin assays indicated a lowering in digestibility of maize with increasing discolouration.
Weight gain of chicks (P = 0-0228), efficiency of feed utilization (P = 0-0009) and the metabolizable
energy value of diets decreased (P < 0-0001) with increasing stackburn discolouration. There were no
significant effects on N retention of diets. In vitro fermentation using sheep rumen fluid showed a linear
decrease in gas production with increasing maize discolouration, indicating a reduction in rumen
degradability with stackburn.

Nutrition value: Maize: Livestock feed

‘Stackburn’ refers to a brown discolouration that takes place either during post-harvest
drying or subsequent storage of cereals under tropical climatic conditions. 1t is a common
problem in developing countries which, by reducing the acceptability of the cereal for
human consumption, results in its down-grading. The causes of stackburn and its effects on
nutritive value have been studied for rice (Panigrahi et al. 1992). However, for maize the
problem has only been highlighted recently in relation to the 1992-3 food-aid operation in
southern Africa (Tyler, 1992; Tyler et al. 1994). In Zimbabwe, severely discoloured maize
has proven to be unmarketable at times and consequently has been burned or buried.
Increasingly, food-aid donors stockpiling large quantities of imported maize (often yellow
maize from US sources) have experienced deterioration of stock and recipient rejection,
which has been identified as an adverse reaction to discolouration caused by stackburning.

In identifying the problem of maize stackburn and making recommendations for the
disposal of affected grain it is essential to understand the nutritional implications of
utilizing stackburned maize for human food and animal feed. The Natural Resources
Institute has investigated the phenomenon of maize stackburn under field as well as
experimental conditions examining, in particular, the association of grain discolouration
with physical conditions (temperature and humidity of stack, moisture content of grain)
and biological factors (fungal and insect activity). On the basis of these studies it is believed
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that stackburning may be caused by an increase in the temperature of the cereal stacks
resulting from the heat of metabolism of fungi. The discolouration itself may be due to
condensation of amino acids and reducing sugars which result in the production of
coloured polymers via the intermediate colourless Amadori compounds. Such effects are
expected to alter significantly the nutritive value of maize.

The purpose of the present study was to quantify the extent and nature of changes in the
nutritive value of maize during stackburn by conducting appropriate chemical and
biochemical analyses and feeding trials. Since poultry production is often the most
profitable alternative use of cereals next to human consumption, nutritive value assessment
focused on this species. However, in vitro tests were also conducted to predict digestibility
for humans (total dietary fibre and pancreatin assays), and for ruminant livestock (gas
production assay).

MATERIALS AND METHODS
Sample preparation and analysis

Stackburned yellow maize samples, stored in 50 kg sacks, were obtained from a single
storage unit in Mozambique. The maize originated in the USA and had been supplied
through the World Food Programme as emergency food aid to that country. Stackburn
had occurred during storage in port warehouses over several months following discharge.
These sacks were separated into four different grades of stackburn discolouration
(brownish) labelled A (control), B, C and D. Four sacks of samples of each grade (i.e.
200 kg per grade) were mixed in a horizontal mixer to obtain homogeneity, and then sub-
sampled by passing through a sampler divider to obtain 3 kg samples. From this final
sample, forty randomly selected grains were taken for assessment of degree of
discolouration. Assessment was conducted subjectively on a 0-6 scale, with 0 representing
normal maize (no brown discolouration) and 6 severe discolouration (Table 1).

The 200 kg samples were ground through a 4 mm screen for the broiler chick feeding trial,
and the final 3 kg sub-sample was ground through a 1 mm screen for chemical and
biochemical analyses. Chemical analyses included proximate and amino acid compositions,
total starch content, reducing and non-reducing sugar contents, fat content and aflatoxin
and fumonisin contamination. The proximate composition of maize samples was
determined according to the methods recommended by the Ministry of Agriculture
Fisheries and Food (MAFF, 1986). The amino acid composition of HCl-hydrolysed dried
and defatted samples was determined using a Biotronik Amino Acid LC5000 Analyser
(Eppendorf-Netheler-Hinz Gmbh, Biotronik Division, Maintal, Germany), and gross
energy using a Gallenkamp adiabatic O, bomb calorimeter (Gallenkamp and Co. Ltd,
Loughborough, Leics).

Biochemical assays included total dietary fibre (TDF; Prosky ez al. 1985), without the
final ashing stage or adjusting for residual N; and pancreatin digestibility using a
modification of the method of Zhang er al. (1993). The in vitro gas production technique
was used to determine the potential rumen fermentation of the samples. Gas production
was measured with a pressure transducer, as described by Merry er al. (1991) and
Theodorou et al. (1994), and using sheep-rumen fluid in a N,-free medium (Menke et al.
1979). The volume of gas produced was measured every 3 h initially, then at lengthening
intervals as the rate of production declined. Each fermentation was performed in triplicate
for 45 h.

For aflatoxin determination, 25 g samples were extracted with 800 ml/l acetone in water
(150 ml) and filtered using Whatman No. 4 paper. Portions of 5 ml were applied on pre-
conditioned phenyl-bonded phase columns (Bond-Elut, Varian UK Ltd, Walton-on-
Thames, Surrey) in 60 ml water-methanol-acetic acid (92:7:6:7:1, by vol.) and 3 ml lead
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Table 1. Proximate composition and changes in carbohyvdrate fraction of stackburned
mictize samples (g/ke DM unless otherwise stated)

Muze samples A H o ]

Colour gradimg® 115 (se 0110} 203 ze F15T) A b T gse 1 189 S b sm (P38
DM (g/kg) 8876 8868 8916 890-8
Crude protein 872 84:6 859 868
Crude fat 370 355 356 339
Crude fibre 17-4 180 213 217
Acid-detergent fibre 279 281 303 442
Amylase-neutral-detergent fibre 1336 1548 2077 2923
Gross energy (MJ/kg DM) 18:62 18-52 1863 1849
Ash 130 126 126 127
Calcium 0-23 0-30 0-36 041
Phosphorus 1-1 13 13 1-5
Total starch 719-0 7173 733-0 7373
Total reducing sugars 806 1046 10-51 11-19
Total non-reducing sugars i 625 2-36 1-05 049

* Based on examination of forty individual grains per colour grade of sample.

acetate solution (200 g/1). The column was washed with water, and aflatoxins eluted with
chloroform through an anhydrous Na,SO, column before drying in a flow of N, at 45°.
Aflatoxin concentration was determined by high performance thin layer chromatography
(HPTLC). For fumonisin determination, 50 g samples were blended in 200 ml methanol-
water (3:1, v/v), filtered through a Whatman 2V filter, and the filtrate adjusted to pH 6-2
using KOH. The filtrate was passed through a strong anion exchange column (SAX),
washed with aqueous methanolic solution followed by methanol. Fumonisin was eluted
with acetic acid solution (50 ml/1), evaporated to dryness and HPLC-grade methanol added.
The fumonisin concentration was determined by HPTLC using a fumonisin Bl standard.

Broiler chick feeding trial

The maize samples were included at 600 g/kg in a broiler chick diet formulated to contain
235 g crude protein/kg and 12-65 MJ metabolizable energy (ME)/kg. The compositions of
the basal diets are shown in Table 2. Each of the four diets was fed to thirty-two 1-d-old
Ross-1 broiler cockerels, housed in wire cages in groups of eight initially; the numbers
being reduced to six per cage after 2 weeks. The environment was maintained in accordance
with Ross Poultry recommendations. The diets were fed ad libitum, and feed intake and
weight gain were recorded weekly. Water intake was also recorded during the first 2 weeks.
A nutrient retention study was conducted between 18 and 21 d, using the total-collection
method and freeze-drying the excreta. After 28 d, feed was removed (water provided) for
20 h before slaughter and a post-mortem examination. The weights of liver and pancreas
were recorded. Diets and excreta were analysed for gross energy and N contents. Dry
matter, N retention, and apparent metabolizable energy (AME) values of diets were
determined. The AME values were corrected for N equilibrium or zero retention (AMEn)
using a factor of 34-4 KJ/g N retained in the body.

Statistical analyses
Experimental data were treated by one-way ANOVA using the Statgraphics for PC
computer software (Statgraphics Statistical Graphics System, Educational Institution
Edition Version 5.0, Statistical Graphics Corporation, USA), with the relationship between
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Table 2. Composition of the basal broiler diet (g/kg unless otherwise stated)

Ingredients Inclusion rate
Maize 6000
Fishmeal 1076
Soyabean meal 2329
Sunflower meal 376
Maize oil 83
Limestone 59
Salt 1-2
Methionine 1-1
Dicalcium phosphate 0-4
Vitamin and mineral premix* 50

Calculated composition
Moisture 883-0
Crude protein 2350
Crude fibre 32:2
Crude fat 459
Ash 657
Calcium 130
Phosphorus 75
Lysine 1-40
Methionine + cystine 0-95
Metabolizable energy (MJ/kg) 12:65

* Broiler premix supplied by Vitamealo, Broadmead Lane, Keynsham, Bristol BSI8 1ST

performance variables and discolouration intensity in maize being examined by simple
linear regression (mean colour scores were correlated with primary data from individual
treatments).

RESULTS
Chemical composition of maize samples
The aflatoxin and fumonisin contents of maize samples are shown in Table 3. The aflatoxin
contents of maize samples were very low, the values being 61, 12-2, 06, and 07 ng/g for
samples A, B, C and D respectively. However, whilst fumonisin Bl was detected in samples
A and C at concentrations of 624 and 626 ng/g it was non-detectable in the other two
samples.

The proximate composition and changes in polysaccharide fraction of the maize samples
are presented in Table 1, and their amino acid composition is shown in Table 4. Whilst
there were no significant differences in the crude protein content of the four samples, there
was a lowering of approximately 9% in detectable amino acids in the most severely
discoloured maize sample compared with the control. The major reductions were in the
contents of lysine ( > — 50 %), arginine (—37%), and glycine (—15%).

There were also changes in the carbohydrate composition. Starch contents varied as 719,
717, 733 and 737 g/kg; reducing sugar content increased as 8-06, 10-46, 10-51 and
11-19 g/kg; non-reducing sugar content decreased as 6:25, 2:36, 105, and 0-49 g/kg; acid-
detergent fibre value increased as 27-9, 281, 30-3, and 44-2 g/kg; and amylase-neutral
detergent fibre value increased as 133-6, 154-8, 207-7 and 292-3 g/kg for samples A, B, Cand
D respectively.

There were no effects on fat content or fatty acid composition in the maize samples
(Table 5). The only trend detected was in the anisidine values, which were lower in maize
samples that had greater stackburn discolouration.



Table 3. Afiatoxin and fumonisin contents af stackburned maize (ng/g)*

STACKBURNED YELLOW MAIZE FOR LIVESTOCK

Maize sample.

Aflatoxin B
Afatoxin B2
Afatexan Gl
Afatoxin G2
Fumomsin Bl

A
4| 164
ND ND
ND NI
ND ND
624 ND

&

M
M
)
ND
626

¥

MWD
MND
ND
MND
MO

ND, not detected.
* Limits of detection: aflatoxin 2 ng/g; fumonisin 250 ng/g.

Table 4. Anino acid composition of stackburned-maize samples

Maize sample

A B C D
578 565 564 510
327 340 327 2:87
4-59 565 459 422

17:55 1739 18-04 1718
379 383 347 325
690 705 7-10 666
4-68 4-53 482 442
338 324 328 316

10-58 10-74 11-40 10-73
441 424 419 440
4-95 4-60 4-58 451
2:61 277 2-54 221
545 385 397 3-50
751 7-58 723 6:61
329 221 221 163
247 2:28 261 2:53
237 199 212 215

91-00 8513
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Table 3. Composition of the far from stackburned-maize semples

Mlaree samples A B C D
Crude fat (g/kg) 370 356 339
Free fatty acids (g/100 g oil) 3657 3093 27-80
Anisidine value (g/100 g oil) 69-98 61-52 5112
Peroxide value (g/100 g oil) 14-64 701 9-21
Fatty acid composition of fat (g/100 g total fatty acids)
14:0 0-01 0-07 0-01 0-01
16:0 1103 10-99 1104 1121
18:0 0-87 097 0-90 0-96
18:1 2337 22:64 2205 2181
18:2 64-42 6513 6578 6579
18:3 029 021 0-22

021
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Table 6. Results of in vitro assays to assess the nutritional value of stackburned-maize

samples ‘
) Pooled Significance of
Maize sample... A B C D SEM grade (P =or <)
Total dietary fibre 149-3* 164-5° 162:7° . 167-6° 1-74 0-0146
(g/kg)
Pancreatin 41-80* 39-628° 38-01° 36:56° 0-353 0-0019
digestibility (%)
In vitro gas 186:1* 1457° 129-3° 80-1¢ 3-28 0-0001
production* . .

&.b.¢ Mean values within a row not sharing a common superscript letter were significantly different, P < 0-05.
* Measured as ml/45 h.

2001
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Fig. 1. Volume of gas produced from stackburned-maize samples with different degrees of colouration incubated
with sheep rumen fluid in vitro. (ll), A (control); (IJ), B; (@), C; (O), D. For details of samples and procedures,
see p. 98.

Total dietary fibre and pancreatin assay
These results are summarized in Table 6. Both assays indicated a lowering in the
digestibility of stackburned maize with increasing discolouration. The total dietary fibre
assay showed a decrease of 12-2 % in digestibility with the most severely discoloured maize
compared with controls; the corresponding value in the pancreatin assay being 13-9%.

In vitro gas production assay
The results of the gas production assay are shown in Fig. 1 and Table 6. These show a linear
decrease in the fermentation of maize with increasing ‘stackburn’ discolouration, the
reduction being 57 % in the most severely discoloured sample compared with controls. The
regression of gas produced at 45 h v. maize colour (C) was given by:

gas produced = 206:9—22-8 xC; r* —0-89,
significance of slope P < 0-0545, residual standard deviation (RsD) 17-49.

The gas-production figures were more strongly correlated with the amylase-neutral
detergent fibre (A-NDF) values than with any other principal component in stackburned
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maize including starch, reducing and non-reducing sugars. The regression of gas produced
(45 h) v. A-NDF was given by:
gas produced = 253-0—0-60 x (A-NDF);
r* —093, significance of slope P < 0-0343, rRsD 10-55.

Broiler chick feeding trial
Growth performance. The results of the feeding trial are summarized in Table 7. The
stackburn brown colour was associated with a lowering in weight gain of chicks (P <
0-0228), growth rate being 10% lower with the most severely discoloured maize compared
with the control. Efficiency of feed utilization was also lower in stackburned maize samples
(P < 0-0008). Although overall feed intake was not significantly affected by treatment, there
appeared to be some reduction in intakes on diets C and D. The results showed intake on
diet B to be slightly higher than that in A, with a lowering taking place in diets C and D.
The regressions of performance variables v. maize colour were generally linear as follows:

weight gain = 1220—28:1 xC; r? —0-51, significance of slope P = 0-0018, RSD 46-3;
feed intake = 1738 —202x C, r* —0-20, significance of slope P = 0-0782, RsD 669;
efficiency of feed utilization = 0-703 —0-009 x C;
r* —0-50, significance of slope P = 0-0022, rsp 0015.
Nutrient retention. The nutrient retention data showed a decreasing trend in DM
retention and ME value of diets with increased discolouration of maize. The ash content
of excreta decreased with increased discolouration (P = 0-01). However, different patterns
emerged when retention and energy-balance data were expressed on a DM or an organic
matter basis (Figs. 2 and 3). Whilst DM retention and organic matter retention were highly
correlated (r* 0-97), there was no correlation between AME of DM consumed and AME
of organic matter consumed (r? 0-07), the latter decreasing at a lower rate with increasing
stackburn than the former. The regressions of nutrient retention variables v. maize colour
were as follows:
DM retention = 0-738 —0-004 x C;
r* —0-77, significance of slope P < 0-0001, rsp 0-003;
organic matter retention = 0-764 —0-004 x C;
r* —0-77, significance of slope P < 0-0001, RsD 0-004
AME of DM = 1456-0-117xC;
r* —0-84, significance of slope P < 0-0001, RsD 0-085;
AME of organic matter = 14-45—0-057 x C;
r* —0-16, significance of slope P = 0-1267, RsD 0-222;
AMEn of DM = 13-77—0:116 x C;
r* —0-84, significance of slope P < 0-0001, rsp 0-085;
AMEn of organic matter = 13-61 —0-056 x C;
r* —0-15, significance of slope P = 0-1327, Rsp 0-222;
N retention values showed no differences among diets. Water: feed intake ratios were not
significantly different for the four treatments.
Post-mortem analysis. Post-mortem analyses revealed no significant effects on the

weights of the liver or pancreas. Gross examination of the carcass did not show any
evidence of treatment-related tissue damage.



Table 7. Results of the broiler chick feeding trial to assess the nutritional value of stackburned-maize samples

Pooled
Maize sample. A B D SEM

Growth variables
Initial body wt (g) |
Weight gain (g) )
Feed intake (g} 3
Efficiency of feed utilization* )
Nutrient retention values

Ash content of excreta (g/kg) 4

DM retention (%) )01
Organic matter retentior (%) )01
Nitrogen retention (%) )05
AME (MJ/kg DM) )21
AME (MJ/kg organic matter DM) )60
AMEn (MJ/kg DM) 21
AMEn (MJ/kg organic matter DM) )60
Water: feed intake (0-14 d) )42

Organ weights
Actual weights:

Body wt (g) 1131 1087 1076 1022 159
Liver wt (g) 21713 20-53 20-89 19-47 0-366
Pancreas wit (g) 2:66 2:56 2:50 2:40 0047
Least square means: Covariatet
Liver wt (g) . 20-63 (SE 0-34) 2037 (se 0°33) 2097 (st 0-33) 20-64 (s 0-34) 0-0001

Pancreas wt (g) : 2:56 (se 0:073) 2:55 (se 0:072)° 2:51 (se 0:072) 2:51 (se 0:073) 0-0001

AME, apparent metabolizable energy; AMEn, nitrogen-corrected AME.

8.%.¢ Mean values within a row not sharing a common superscript letter were significantly different, P < 0-05.
* Weight gain:feed intake.

t Body weight as covariate.

Significance of

diet (P =or <)

0-0228
0-2012
0-0008

0-0100
0-0003
0-0004
09872
0-0001
0-5358

0-5461
0-6218

01212
01867
02716
Diet
0-6532
09299

$01
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Fig. 3. Apparent metabolizable energy values of diets containing stackburned-maize samples with different degrees
of colouration, expressed on a dry-matter basis (J§) and on an organic-matter basis ([J). For details of diets and
procedures, see Table 2 and pp. 98-99.

DISCUSSION

The results of this investigation indicate that the process of stackburn discolouration of
maize also produces certain changes in chemical composition that reduce its overall
nutritional value. The effects of stackburn on total dietary fibre, pancreatin digestibility, and
weight gain of chicks showed an adverse effect in the range of 10~14% in the most
discoloured maize sample compared with control: and a follow-up feeding trial (results not
shown) with lower dietary protein and energy concentrations than used in the present
experiment also showed a similar degree of effect. These figures may also, therefore, suggest
that an excessive depreciation of the financial value of stackburned maize may not be
justified, despite its poor appearance that leads to its commercial downgrading.
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The effects of stackburning of maize on nutritive value appear to be primarily due to
changes in chemical composition that are consistent with the hypothesis that Maillard
reaction products are formed during the process. This is indicated from the dual effects on
(a) carbohydrate metabolism, which provided evidence for increased hydrolysis, and (b)
reductions in lysine and arginine concentrations. There was, however, no evidence of toxic
effects arising from either the products of Maillard reaction between amino acids and
sugars, mycotoxin contamination, or the products of oxidation of unsaturated fatty acids.
Absence of an effect on the weights of the liver and pancreas might also indicate that
antinutritional principles are not formed during maize stackburn. However, the significance
of the reduction in anisidine value with increasing stackburn is not clear.

The in vitro assays (total dietary fibre and pancreatin) indicated significant reductions in
digestibility of maize for non-ruminant animals with increasing stackburn discolouration.
Although neither of the assay results gave strong correlation with weight-gain data from
the broiler trial (total dietary fibre v. weight gain: r* —0-36, P = 0-0147; pancreatin v.
weight gain: r? +0-51, P = 0-0018), the lower digestibility was refiected in the lower growth
performance of broiler chicks fed on diets containing the stackburned maize and, more
specifically, in a lowering in DM retention and ME value of maize. Whilst the N retention
data did not provide evidence that the digestibility of crude protein was lower in
stackburned maize than in the control maize, it is possible that when the diet is limiting in
protein, the loss of amino acids through Maillard reaction may become more significant
than the reduction in energy value. It is, therefore, probable that reductions in both the ME
value and lysine and arginine contents account for most of the deterioration in growth
performance observed in the broiler chick trial.

In the broiler experiment a finding of particular interest was the apparent decrease in the
ash content of excreta with increasing stackburn discoiouration. There is no clear-cut
explanation for this, nor for the fact that there were different patterns in the relationship
between DM and organic matter retention, which were highly correlated, and between
AME of DM and AME of organic matter, which were not correlated. This anomaly might
be due to associative effects related to mineral digestion and absorption influencing the
AME of diets. Maillard products are documented as inhibiting intestinal transport of some
metal ions as well as affecting mineral metabolism (O’Brien & Morrissey, 1989).

The quantity of gas produced during in vitro fermentation using rumen fluid decreased
markedly with increased stackburn, a 57 % reduction being observed for the most severely
discoloured sample compared with controls. This strongly suggests that the rumen
degradability of maize may decrease with increasing stackburn. This is in accordance with
the finding of Marounek & Brezina (1993) that complexation of glucose and amino acids
to form Maillard polymeric compounds lowered the growth rate and growth yields of most
rumen bacteria studied. However, the finding does not imply that the same overall effect
will take place on productivity in the ruminant animal as increased rumen by-pass of energy
and protein may be associated with greater post-rumen digestibility and, therefore, could
still result in an overall enhancement of the nutritional value of maize for productive
purposes.

Of the growth and nutrient retention variables, weight gain and efficiency of feed
utilization were correlated with the colour scores of the four maize samples; the strongest
correlation being for the AME. Similarly, gas production in the in vitro assay using rumen
fluid was correlated with colour of the maize samples. There is, therefore, scope for
standardizing the colour-grading system to enable the nutritive value of stackburned maize
for livestock to be predicted.

It is also appropriate to refer to the possibility that fungal contamination of maize might
lead to the formation of mycotoxins during storage, an effect that is likely to be
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