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1984), and may, therefore, be regarded as having a lower nutritive value. However, Noland
et at. (1969) reported that yellow rice could replace half the maize in the diets of growing
and finishing pigs without any adverse effects on growth or on meat quality.

The present study was undertaken to examine the effects of yellowing on the nutrient
composition and the nutritional and toxicological characteristics of rice. Feeding trials were
carried out with (a) rats as a model for humans, in view of the importance of rice as a staple
human food, and (b) broiler chicks to determine the potential for use of such down-graded
rice in non-ruminant diets. As there was some uncertainty about the ability of rats and
young chicks to consume mash feeds containing whole rice, and the possibility that
pelleting could affect normal and yellow rice differently, experiments were based on a 2 x 2
factorial design that also studied the effects of diet pelleting.

EXPERIMENTAL METHODS

Composition of the riceSamples (70 kg) of milled white and yello\\ ricc \'.'~rc obtained from the International Rice
Research Inslitute in the Philippines. The yellow rice sample was separated into four grades
of yellow to determine whether any systematic change in nutrient composition had
OCcurred during the yellowing process. The sample, graded visually, comprised (gjkg): 149
white (normal), 502 slightly yellow, 278 moderately yellow or light brown, 71 very yellow
(almost brown) rice. The white rice sample comprised (gjkg): 992 normal, 8 slightly-to-
moderately yellow rice.

The proximate compositions of rice were determined according to the methods
recommended by the Ministry of Agriculture, Fisheries and Food (1986), the amino acid
composition of hydrochloric acid-hydrolysed dried and defatted samples was determined
using a Biotronik Amino acid LC5000 analyser, and gross energy values using a
Gallenkamp adiabatic bomb calorimeter (Tables 1 and 2). Non-protein-nitrogen
determinations were carried out according to Backhoff(1976), using 20 ml trichloroacetic
acid and centrifuging the homogenized material before filtration to prevent the rice starch
clogging up the filter paper.
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Table 1. Composition of the white (normal) and yellow milled rice samples (gjkg unless
otherwise stated)

--"- ---~ c---
White rice

., i..c"

Yellow rice
, " 11009

119.7

82-9
0,65
7,1
4,6
5-3
0-05
I-I

743-0
763-0

10,5
< 15

87.0
0.89
3.7
4.8
4.9
0.07
1.0

736.0
744.0
11.6

< 15

15.86
17.62

14.5

15.83
17.69

13.7

9.83
3.79
5.29

19.07
4.69
4.83
6.19
2.29
6.42
2.95
4.51
8.34
4.95
5.62
2-73
3.91

99%
8.53

- ---

10.56
3,86
5,34

19.95
4.83
5.05
6.60
2.25
6.60
2.87
4.82
8.71
5.21
5.99
2.85
3,54

98%
8.72

=:f::::=::

Moisture
Crude protein (nitrogen x 6.25):

Mean
SE

Crude fat
Crude fibre
Ash
Calcium
Phosphorus
Starch.
Available starch and sugarst
Sugars~
Sugars§
Gross energy:

(MJ/kg)
(MJ jkg OM)

Nitrogen (dried and defatted)

Amino acids (g/16 g N)
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Lysine (total)
Lysine (reactive)
Arginine c',.

--'.:~ --:

.Polarimetric method.
t Modified method of Clegg (1956).
~ Luff-Schoor! method.
§ Lane and Eynon method (Ministry of Agriculture, Fisheries and Food, 1982).

tiers, each cage equipped with a feeder and a water bottle drinker. The experimental room
was maintained at 22°, ambient humidity and with a 12 h light-dark cycle. Four groups of
rats were fed on each diet in an incomplete randomized block design, with cages being
allocated such that none of the diets was represented in the same tier more than once. The
food intake, growth rate and efficiency of food utilization (EFU) of rats were recorded
during 6 weeks of feeding. After 4 weeks, a nutrient digestibility study was carried out in
which faeces were collected over a 7 d period and dried in a forced-draught oven at 60° for
48 h. Dry matter (DM) digestibility of diets was determined according to DM digestibility
= (DM intake-faecal DM)jDM intake. Gross energy values of diets and faeces were
determined using a Parr adiabatic bomb calorimeter and N contents using a Tecator
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Table 3. Composition of the experimental diets (gjkg unless otherwise stated)

~

Expts 1 and 2
Expt 3
BasalYellow rice (YR)White rice (WR)

6()().()()

19-18

246-29

92-11
25.07
10.17
3-43
0-75
3.00

6()O-00
17-88

223-90
6-18

98-73
25-48
10-06
3-44
1-33
3-0()

600'00
50'00
19.85

233.33
13.78

16-39

2.27
I-58
3-00

Constituents
Rice
Fish meal
Meat-and-bone meal
Soya-bean meal
Maize
Sunflower meal
Dicalcium phosphate
Limestone
Salt
Lysine
Vitamin-minerakholine
premixes.

White-
rice

mash

Yellow-
rice

mash

105
216
37
12
65
12,5
7,5

11.6
7.3

17-12
13.5
II,S

White-
rice

pellets

Yellow.
rice

pellets

120
187
31
8

58
12,5
7,5

11,6
7,3

17'12
13.5
11.5

Commercial
pelletsProximate analyses of diets Basal

109
193
36
12
54
12.5
7.5

11.6
7-3

17-12
13.5
11-5

116

199
32
12
79

12.5
7.5

11.6
7.3

17.12
13.5

11.5

105
222

39
42
57
12-5
7-5

11-6
7-3

18-6
13-5
11-5

l04t
WR-203; YR-206

17.9t
17.6t
55.lt
10.0
6.9

13.0
7.54

18.1

13.1

Moisture
Crude protein (nitrogen x 6,25)
Crude fibre
Crude fat
Ash
Calciumt
Phosphorust
Lysinet
Methionine + cystinet
Gross energy (MJ/kg DM)
DE rats (MJ /kg)t
ME chicks (MJ /kg)t

--~

DM, dry matter; DE, digestible energy; ME, metabolizable energy.
* The vitamin premix provided the following nutrients (mgjkg diet): retinol 3,44, cholecalciferol 62,5, (%-

tocopherol 10, menadione 2'0, thiamin 0'50, riboflavin 6'00, nicotinic acid 2-0 g, pyridoxine 0.1 g, pantothenic acid
1'0 g, biotin 8, folic acid 0.1 g, cyanocobalamin 0,5. Choline chloride was added at I gjkg. The mineral premix
provided the following nutrients (mg/kg diet): manganese 80'01, zinc 60'00, copper 0,5 g, selenium 10, iodine 0'1 g.
t Calculated.

Statistical analysis
Rat and chick performance data were analysed by factorial analysis of variance, using SPSS
(1988). Probabilities higher than P = 0.05 were regarded as non-significant.

RESULTS

Composition of the rice samples
The crude protein content of the yellow rice was slightly higher than that of the white rice.
Within the yellow-rice sample, N content of grains increased curvilinearly with degree of
yellowing (quadratic relationship), the white fraction containing 81.4 g crude protein/kg
compared with 82.9 g/kg for the control white-rice sample (Table 2); both samples had
similar non-protein-N contents. Within the yellow-rice sample, non-protein-N increased
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DM and N retentions were unaffected by the rice type or diet form. The apparent
metabolizable energy values of yellow- and white-rice-based diets were similar, but there
was an interaction between rice type and diet form indicating a greater detrimental effect
of diet pelleting on yellow rice than on white rice. The water content of excreta was
significantly higher in the pelleted groups than in the mash groups.

There was no treatment-related mortality. The type of rice fed had no significant effects
on liver and pancreas weights; pancreas weights were, however, larger in mash than in the
pellet groups.

DISCUSSION

The results of the present study indicate that yellowing of rice is associated with changes
in n~trient composition, but a rice that is only moderately yellow will not produce any
detnmental effects on growth when fed to rats and broiler chicks. The results further
demonstrate that yellow rice can be included in broiler chick diets at 600 gjkg without
depressing the growth rate.

The main alteration in the nutrient composition of rice during yellowing was an increase
in N content, only a small proportion of which was as non-protein-N. The increase in crude
protein could be associated with fungal activity on rough rice (Phillips et al. 1989).
However, since much of the mycelium is likely to have been removed with the husk and
bran layers during milling, and the milled rice was not examined for the presence of micro-
organisms, any suggestion of a relationship between protein content and the presence of
fungi would be speculative.

The lowering in the concentration of lysine compared with a white-rice control as
colour of grains within the yellow-rice sample became more yellow is in agreement with the
findings of Eggum et al. (1984) who suggested that lysine decomposition is dependent on
the temperature and duration of stack burning. In the present study, there were also
decreases in the concentrations of 'reactive' lysine, methionine, cystine and arginine,
relative to the crude protein content, as rice grains became more yellow, which could
perhaps be indications of Maillard browning (Hurrell & Carpenter, 1974). The small
apparent increase in histidine observed may be associated with products of Maillard
reaction that elute at the same time as histidine from the ion-exchange column (Plumb,
1989).

The feeding trials showed no significant differences between the white- and yellow-rice-
based diets in their effects on rats and chicks; nor were there any consistent interactions to
suggest that yellow rice was more prone than white rice to a loweri!lg in nutritive value by
the moist heat treatment of diet pelleting. Rat performances on the pelleted white- and
yellow-rice-based diets were similar to that resulting from a commercial diet, and
formulation of chick diets to contain the required apparent metabolizable energy (Expt 3)
produced growth rates comparable with those obtained in other studies carried out under
similar experimental conditions with a commercial-type diet of optimal nutrient
specification (values not shown here). However, whilst the overall growth performance was
unaffected, the DE of yellow rice in rats was slightly lower than that of the white rice,
indicating a possible lowering in feeding value. This is in contrast to the findings of Eggum et
al. (1984) that' stack burning' of rice did not affect energy digestibility but decreased true
protein digestibility and net protein utilization, which were lowered further in yellow rice
than in white rice by heat treatment.

Since surplus rice and broken rice are used in non-ruminant livestock diets, it was of
particular interest to study the utilization of the rice-based diets by young chicks. During
the first week of Expt 2 EFU was lower in mash groups than in the pellet groups (not shown
in Table 5) but EFU and DM retention between 10 and 13 d were similar, suggesting that
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I-d-old chicks can utilize mash diets containing whole rice grains after a few days of
adaptation, which appears to involve pancreatic hypertrophy. However, the lower overall
weight gain of chicks fed on mash was primarily due to their low food intake caused by
poor feed texture, a problem that was overcome by diet pelleting. The smaller difference in
food intake between mash and pelleted feed in Expt 3 may also be due to an improvement
in feed texture by the additional fat in these diets compared with the diets of Expt 2. The
higher water content of excreta from chicks fed on pellets, compared with mash, is
consistent with the suggestion of Marks (1981) that broiler chicks adjust their water intake
to regulate food intake and EFU.
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