
PA WC\0+
 

TOPIC CODE EB L REF: FFTC EB 308 
ISSN 0379-7597 

TEL. 3626239 P.O. BOX 22-149 TAIPEI CITY, REPUBLIC OF CHINA ON TAIWAN 

FEED GRAIN SUBSTITUTES AND
 
NON-CONVENTIONAL FEEDSTUFFS FOR
 

POULTRY AND LIVESTOCK INJAPAN
 

Kiyomi Kosaka
 
National Institute of Animal Industry
 

Tsukuba Norindanchl, Box 5,Tsukuba
 
Ibaraki, 305 Japan
 

EXTENSION BULLETIN NO. 308 

September 1990 



FOREWORD
 

The rapid development of Japan's livestock industry has resulted in the 
massive and growing import of feedstuffs. At present, more than 90% of the 
concentrates fed to livestock in Japan are imported. At the same time, 
Japan's farmers are trying to cope with a surplus of rice and other staple
foods. To increase the level of self-sufficiency and to diversify the system of 
agricultural production, livestock scientists in Japan are working to increase 
the use of locally produced feedstuffs. This Bulletin describes recent research 
in Japan aimed at expanding the range of domestic resources used for 
commercial feed concentrates. 

One important feed is the by-products from polishing food grains and 
milling flour. The Bulletin describes the special wheat bran with a high flour 
content produced by mills in Japan, where the rate of bran production is 
government controlled to meet the demand. Rice is also used as a feed grain, 
in spite of the high production costs. The production of high-protein yeast
from petroleum for use as a feed is also described, together with the 
problems which have discouraged its widespread adoption. 

Among the new feed grain crops grown in Japan is a new variety of 
naked barley with a very high protein and lysine content. Because the grain 
is dark in color, it is more suited for use as a feed than in human food. 
Finally, the Bulletin discusses the use of by-products from food processing as 
feed. Japan has been extremely successful in making use of these resources, 
and 70% of the by-products produced by the food processing industry are 
now being used for livestock feed. 

The paper on which this Bulletin is based was first presented by its 
author at an international seminar on "Feed Grain Substitutes and Non­
conventional Feedstuffs for Livestock and Poultry in Asia", held in the 
Philippines on November 13-18 1989 and sponsored by FFTC and SEARCA 
(SEMEO Regional Center for Graduate Study and Research in Agriculture), 
Los Bafios, Philippines. 
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AUSI HAUT
 

Specially prepared wheat bran with a high flour content is now being produced as feed in Japan,
while a newly developed high-protein naked barley is a promising feed grain. Under current economic 
conditions, neither the production of rice as a feed grain nor the production of single cell protein from 
petroleum hydrocarbon is practicable. At present, 70% of the by-productsfrom thefooe' processing industry 
are being used as animal feed. The cost of drying these by-products is a major limiting factor. 

INTRODUCTION 

In 1987, 3.5 million rnt of meat, 7.4 million 
mt of ni&'k, and 2.4 million mt of eggs were pro-
duced in Japan (Statistics and Information Divi-
sion, MAFF, 1989b). This level of production was 
supplemented by imported animal products to 
supply the annual per capita consumption of 24 kg 
of meat, 68 kg of dairy products, and 16 kg of eggs 
(Table 1). 

The self-sufficiency ratio for meat, dairy 
products and eggs is 75, 78 and 99% respectively 
(ibid). This self-sufficiency level is higher than for 
feed grains, only 31% of which are produced 
domestically, and also soybean and oil and fat, of 
which only 6% and 32%, respectively, are pro-

Table 1. Animal Production in Japan, 198/ 

Domestic 
No. head production 
(millions) (1000 MO 

Dairy cattle 2.05 7,427 
Beef cattle 2.65 568 
Pigs 11.4 1,591 
Broilers 155.2 1,440 
Layers 135.2 2,378 

duced in Japan. The fact is,Japan's animal pro­
duction depends mostly on imported feed grains
(Table 2). To achieve the present livestock produc­
tion level, Japan uses, 22.3 million mit of concen­
trates and 6.0 million mt of total digestible nutrients 
(TDN) from roughage. More than 90% of concen­
trates are imported. 

If Japan's level of self-sufficiency in animal 
products is calculated on the basis of the amount 
of imported feed, it is as low as 27%. 

The amount of grain imported by Japan 
accounted for 13% of that available on the world 
market in 1988, including 16.6 million mt of corn, 
3.7 million mt of sorghum, and 4.8 million mt of 
soybeans (Statistics and Information Division, 
MAFF, 1989a). Besides these feed grains, the 

Imported live- Self-suffi- Supply
stock products ciency level per capita 

(1000 mt) (%) (kg) 

1,733 78 68 
319 64 4.6 
415 80 10.7 
217 88 9.8 

36 99 15.7 

Source: Pocket Statistics of Agriculture, Forestry and Fisheries, 1989 



Table 2. Import and domestic production of major feeds into Japan, 1988 

Imports Domestic production 
Concentrates (1000 mt) (1000 mt) 

1 
(for feed use) 11,776 
Sorghum 3,738 0 
Wheat 1,184 864 
Barley 1,284 351 
Rye + Oats 323 6 
Soybean 4,797 287 
Soybean meal 500 

Corn (total) 16,602 

Alfalfa meal 288 
Hay + Hay cubes 1,408 
Beet pulp 680 220 
Straw 114 11,000 

Source: Monthly Statistics of Agriculture, Forestry and Fisheries 

amount of imported roughages has been increasing 
in recer, years. 

The Japanese animal industry has developed 
on the basis of imported feed, and is thus vulner- 
able to changes in international economic condi-
tions, such as the production level in overseas 
countries or the currency exchange rate. As a 
result, the efficient use of imported feedstuffs, the 
development of new feed resources, and the opti-
mum use of by-products, are the most important 
objectives for further development of the livestock 
industry in Japan. 

SPECIAL WHEAT BRAN 

The by-products of food jrain polishing or 
flouring are important feedstuffs in Japan. The 
demand for wheat bran has increased with the 
development of animal production in Japan, while 
the demand for wheat flour has remained un-
changed. To meet the increased demand for wheat 
bran, the Government plans to increase the produc-
tion of bran while decreasing that of flour. Since 
1933, a special wheat bran with a high flour content 
has been produced in Japan under the supervision 
of the government. While only 22-25% of wheat 
bran can be produced from wheat grain using the 
standard method, a special processing technique 
can be used to give 40-60% bran. This special 
bran, called "Tokushyu fusuma", is now produced 
in 128 licensed factories, for which the Govern-

ment controls the standard of the materials, produc­
tion levels, prices and marketing. The bran produc­
tion rate fluctuates between 40 and 60%, depending 
on the demand. In 1988, the rate was 50%, and 530 
thousand mt of special wheat bran were produced, 
90% of which was used for cattle, 8% for swine and 
2% for poultry. The nutrient content of this special 
wheat bran, compared to ordinary wheat bran and 
rice bran, is shown in Table 3. 

RICE AS A FEED GRAIN 

Given the Japanese situation, in which 90% 
of feed grains are imported, it is not surprising that 
a small amount of surplus rice is sometimes used 
as animal feed. Rice is Japan's staple food, and 
until self-sufficiency was achieved, only broken 
rice and immature rice were used as animal feed. 
The annual production of rice started to exceed the 
demand from the mid 1960's, and in 1970 the 
Government introduced a new policy to restrict the 
production of rice. Under this policy, programs to 
produce upland crops in rice fields, and studies on 
the nutritive value of rice and the production of rice 
suitable for animal feed, were initiated. 

The production of rice for feed is favored by 
the climate, which is suitable for this crop and also 
makes direct use of farmers' advanced technical 
skills in rice production, together with the existing 
irrigation system and farm machinery. For the 
security of Japan's food supply, it s important to 
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Table 3. Chemical composition and nutrient content of special wheat bran and other brans 

Special 
wheat bran 

Moisture % 13.3 
Crude protein % 14.0 
Crude fat % 2.9 
N-free extract % 62.9 
Crude fiber % 4.2 
Acid detergent fiber % 4.8 
Crude ash % 2.7 
TDN catttle % 75.9 
TDN swine % 68.5 
ME poultry kcal/g 2.26 

Source: Standard Tables of Feed Composition in Japan, 1987 
TDN: Total Digestible Nutrients 
ME: Metabolizable ene.'gy 

maintain rice fields so that they can be used at any 
time to produce rice for human food if necessary. 

The Italian rice vari ty "Arbolio", the Korean 
variety "Miliyang", and several other varieties have 
been tested by agronomists in breeding a new 
variety for use in livestc.ck feed. Selected varieties, 
all of which are hybrids of Indica rice, can give 
yields as high as 8-10 mt/ha, about 1.5 times higher 
than tile average yicld from Japonica varieties, 

A series of feeding experiments using rough 
rice were carried out for chicks, swine and cattle 
(Japan Scientific Feed Association, 1978). Feeding 
experiments with layer starters showed that chicks 
fed with rough rice which had been finely ground 
and passed through a 3 mm mesh sieve had better 
feed efficiency than chicks fed coarsely ground 
rice, while separation of the husk was not observed 
in finely ground rice. lhe nutritive value of the rice 
was not increased by steam flaking, popping or 
cooking it. 

In an experiment using layers, hens were fed 
one of four experimental iso-energy and iso-protein 
feeds which contained rough rice at a rate of 0, 35, 
50 and 60%. No signiiicant differences were 
observed in egg production, egg weight, feed in-
take, viability and body weight gain during the ex-
periment, except that there was a decrease in the 
intensity of the yolk color proportional to the 
amount of rough rice in the feed. 

An eight-week experiment using broiler 
chicks also fed them a diet containing rough rice 

Ordinary Extracted 
wheat bran Rice bran rice bran 

13.0 12.0 13.1 
15.4 14.8 17.7 

4.1 18.5 1.9 
53.4 38.2 47.1 

9.1 7.7 8.5 
12.5 11.5 

5.0 8.8 11.7 
62.9 80.5 55.9 
58.9 75.5 52.4 

1.94 2.79 1.65 

at a rate of 0, 35, 50 or 60%. During the first four 
weeks, feed with a 20% crude protein (CP) content 
and 2.79 kcal/g metabolizable energy (ME) was 
used, while subsequently feed with 16% CP and 
2.99 kcal/g ME was used. The results, shown in 
Table 4, indicated that the growth of chicks fed on 
rice was superior to those fed the control corn diet. 
No significant differences were detected in growth, 
feed intake or feed requirements among the three 
groups that received the rice based diet. It was ob­
served tnat the intensity of the yellow color of the 
leg skin decreased in proportion to the level of rice 
in the diet. This suggests that it is necessary to 
adjust the energy, protein and pigment level in the 
feed when yellow corn is rcplaced by rice grain in 
poultry diets. 

In a feeding experiment using fattening pigs, 
64 hybrid pigs 75 days old were fed diets contain­
ing ricc for 15 weeks. The experimental feeds, 
were mainly composed of corn, rice and soybean 
meal: total digestible nutrients (TDN), were ad­
justed to 70% using rice bran, wheat bran and 
yellow grease. Finely ground rough rice was 
included, at a rate of 0, 35, 50 and 65%. The crude 
protein content of the feed was adjusted to 15% for 
the first eight weeks, and 13% for the final seven 
weeks.
 

While the growth, fez-d requirements and 
dressing percentage of the pigs fed a rice based diet 
were better than those given the control feed, no 
significant difference was observed between the 
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Table 4. Broiler finisher feeds and performance 

Feed 	 0% rice 

Corn 	 % 71.65 
Rough rice % 0 
Soybean meal % 11.9 
Defatted rice bran % 8.7 
Yellow grease % 2.0 
Fishmeal % 3.0 
Ca carbonate % 1.36 
Ca phosphate % 0 
Minerals % 0.45 
Additives % 0.94 
Crude 	protein % 16 
Metabolizable energy kcal/g 2.99 

Average daily gain kg 2.0008 

Feed intake kg 4.887a 

Feed/Gain 	 2.45 a 

Raising rate % 96.5 
Leg color* 	 5.08 

Source: Japan Scientific Feed Association 1978 
* 	 Roche color fan number
 

Different subscripts differ significantly at a 5% level
 

Table 	5. Performance of swine fed rough rice 

Feed 	 0% rice 

0-15 gain kg 	 68.1 a 

Feed intake kg 	 253.5 
Feed/Gain 	 3.758 

Dressing % 	 64.7a 

Back fat cm 	 2.53 

Source: 	 Japan Scientific Feed Associatiorp, 1978 
Different superscripts differ significantly at 5%level 

experimental groups which received different lev-
els of rice. These results indicate that the nutritive 
value of rice is as high as that of corn or sorghum, 
and that the palatability of rice is higher than that 
of corn. 

The nutritive value of rice compared to corn 
is shown in Table 6. The crude protein content of 
dehulled rice was 1% lower than that of corn, while 
the energy content of the two grains was the same. 
The nutrient content of rough rice was about 20% 

35% rice 

35.71 
35.0 
15.0 
3.7 
4.9 
3.0 
1.07 
0.23 
0.45 
0.94 

16 
2.99 

2 .18 9b 

5 .148 b 

2 .3 6 ab 

95.5 
3.38 

50% rice 60% rice 

20.43 9.65 
50.0 60.5 
16.3 17.2 

1.5 0 
6.1 7.0 
3.0 3.0 
0.95 0.86 
0.33 0.4 
0.45 0.45 
0.94 0.94 

16 16 
2.99 2.99 

2 .23 1b 2.201b 

5. 148b 5 .0 38 ab 

2 .3 1 b 2.29b 

89.5 92.8 
1.48 <1 

35% rice 50% rice 65% rice 

79.1 b 
79 .6 b 81.1 b 

271.1 
3.43b 

263.4 
3.32 b 

264.1 
3.27 b 

67 .5ab 67.6 b 67.9 b 

2.93 2.83 2.88 

lower than that of dehulled rice, due to the weight 
of the low-nutrient hull. 

It would seem that from the nutritional point 
of view, rice appears to be as satisfactory a feed 
grain for livestock as com. The problem is whether 
rice used for feed can be produced at a cost 
comparable to that of imported feed grains, under 
current economic conditions in Japan. The produc­
tion cost of rice used for feed is estimated to be 
US$600/mt, which is much higher than the price of 
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Table 6. Nutrient content of rice and corn 

Brown rice Rough rice Corn 
STFC* Arbolio** STFC* Arbolio** STFC* 

Moisture % 13.8 14.2 13.7 14.0 13.5 
Crude protein % 7.9 8.1 8.9 7.1 8.8 
Crude fat % 2.3 2.1 2.2 1.9 3.9 
NFE % 73.7 74.3 61.2 65.0 70.7 
Crude fiber % 0.9 0.9 8.6 7.0 1.9 
Crude ash % 1.4 1.4 5.4 5.0 1.2 
TDN cattle % 81.3 66.3 79.9 
TDN swine % 82.5 63.4 80.7 
ME poultry kcal 3.29 3.35 2.64 2.85 3.27 

* 	 STFC: Standard Tables of Feed Composition in Japan, 1987 
Arbolio: An Italian Variety, details from Yamazaki et al. 1988 

imported corn (US$286/mt). However, although it 
may not be economical to use rice as feed inJapan, 
it may be possible to produce rice as a feed grain 
in other Asian countries where the climate is more 
suitable for this crop. 

THE PRODUCTION OF SINGLE CELL 

PROTEIN INJAPAN 


The production of high-protein yeast (Single 
Cell Protein, or SCP) from petroleum hydrocarbon 
has been seen as an attractive proposition for the 
production of protein feed. Because the source 
material does not compete with other food prod-
ucts, the factory production system is independent 
of weather conditions or land area. 

In the years since industrial mass-production 
technology was established by several companies 
in the end of the 1960's, several studies on the use 
of this yeast as animal feed have been carried out, 
most of them during the 1970's. 

Studies of hydrocarbon yeasts showed that 
the protein content and amino acid balance of yeast 
varied with the strains of yeast used, while the level 
of the essential amino acids, methionine, arginine 
and phenylalanine was relatively low (Tajima et al. 
1971). The metabolizable energy content ranged 
from 2.5 to 3.4 kcal/g (Kosaka et al. 1972). These 
values are higher than those for soybean meal, but 
lower than those for fish meal. 

The results of a feeding experiment over six 
consecutive generatiotis in laying hens which re-
ceived feed containing hydrocarbon yeast at a rate 
of 15% did noi reveal. any abnormalities considered 

to be caused by the yeast in egg production, via­
bility, body weight at maturity, or fertility (Yoshida 
et al. 1975). Hatchability was not affected, and no 
deformities in the offspring or chronic toxic symp­
toms were observed (Fujiwara et al. 1975). In the 
sensory test, there was no difference between the 
taste of the meat and eggs from hens which re­
ceived hydrocarbon yeast in their feed, and those 
from hens fed the control corn diet (Yoshida 1974). 

Although these series of experiments con­
firmed the nutritive value and safety of hydrocar­
bon yeast, many consumers were still concerned 
about the safety of feeds of petroleum origin. In 
particular, they worried about the possibility of 
contamination of feed by the toxic substances 
contaii;ed in petroleum, such as carcinogenic cyclic 
comoounds, and possible mutation of microorgan­
isms during processing leading to the production of 
substances harmful to animals. They were also 
concerned about the lack of adequate controls to 
ensure the safety of yeast in terms of both feed and 
food. 

The companies which had developed the 
production system lost interest in the production of 
hydrocarbon yeast, due to the oil crisis of 1974 and 
consumers' strong rejection of petroleum protein. 
Changes in the economic situation in 1974 made 
the production of yeast from oil, all of which was 
imported, unprofitable in Japan. Production was 
eventually discontinued, and the technology devel­
oped in Japan was little used in other countries. 

The production of bacterial cell protein from 
methanol, which is chemically synthesized from 
natural gas, was also developed. However its use 

5 



as feed was discontinued when lesions were found 
in the livers of hens fed a large amount of this 
bacterial cell protein for only one week (Ando c 
al. 1983). 

Currently in Japan, torula yeasts produced 
from sulfite pulp waste water, beer yeast and bread 
yeast, are being used as feed. 

NEW HIGH-PROTEIN NAKED BARLEY 

A new variety of naked barley with a high 
protein and lysine content ha:; been developed at 
the Shikoku National Agricultural Experiment 
Station. It was bred by crossing a Highproly 
variety with a Japanese variety with early maturity 
and high yield (Kato et al. 1987). Due to the dark 
color of its grain, this new variety of naked barley 
was found to be more suitable for use as an animal 

feed than for human food. 
Although the yield (4 mt/ha) of high-protein 

naked barley is lower than that of ordinary naked 
barley (4.8 mt/ha), the protein yield is higher. The 
yield of crude protein of the new barley was 0.668 
mt/ha, compared to 0.604 mt/ha for common naked 
barley. A reduction of the level of soybean meal 
used in feed could thus be obtained, by replacing 
corn with high-protein naked barley (HPNB). 

The nutritive value of HPNB was determined 
(Hijikuro et al. 1986), in order to make efficient use 
of it as a livestock feed. The feed composition is 
shown in Table 7, together with that of the ordinary 
naked barley variety "Nanpuhadaka", and figures 
from the Japanese standard feed composition 
tables. 

The crude protein content of HPNB ranged 
from 14 to 17%, and was higher than that of the 

Table 7. Nutritive value of naked barley 

High-protein naked barley Naked barley Naked barley 
1982* var. Nanpuhadaka** STFC*** 

Moisture % 10.1 11.4 12.3 
Crude protein % 15.8 9.7 10.3 
Crude fat % 2.6 2.4 1.9 
NFE % 68.0 73.1 71.8 
Crude fiber % 1.2 1.3 1.7 
Crude ash % 2.3 2.1 2.0 
ME kcal/g 2.72 2.68 2.71 

* 	 1982: produced in 1982 
Nanpuhadaka: the variety most commonly cultivated in Japan

* 	 STFC: Standard Tables of Feed Composition in Japan, 1987 

ordinary naked barley variety (11-13%). While 
there was no difference in the fat, fiber, and ash 
content between HPNB and the common varieties, 
the nitrogen free extract (NFE) level was lower in 
HPNB. The nutrient content of HPNB varied 
according to the year of production. The essential 
amino acid content was higher in HPNB than in the 
ordinary variety (Table 8). The availability of 
amino acids of HPNB was determined using the 
true metabolizable energy assay (Yamazaki et al. 
1988). 

All the amino acids determined in HPNB 
showed a higher availability compared to those 
found in the normal variety. The availability of 

lysine in HPNB ranged from 80 to 87%, and was 
also higher than that of the ordinary variety (68%), 
although weather conditions during the growing 
season affected the amino acid availability in the 
HPNB. 

These results demonstrate that the quantity of 
available essential amino acids supplied by HPNB 
is 1.5 to 2.0 times higher than those from ordinary 
naked barley. 

In a 14-day feeding experiment, seven-day­
old layer chicks were fed a diet with various levels 
of HPNB (Hijikuro et al. 1986. The amino acid 
composition and availability of the experimental 
feeds used are shown in Table 9, and the results of 

6 



Table 8. 	 Amino acid composition of two barley varieties, and availability of their amino acids to 
chickens 

High-protein naked barley Common naked barley 
"Nanpuhadaka" STFC 

Content Availability Cont. Avail. Content 

Crude protein % 15.8 9.7 10.3 
Arginine % 0.78 91.1 0.49 77.4 0.51 
Glycine % 0.64 88.4 0.43 73.7 0.41 
Histidine % 0.33 91.5 0.21 80.1 0.22 
Ileusine % 0.J 87.5 0.35 68.9 0.34 
Leucine % 1.10 89.9 0.66 75.2 0.71 
Lysine % 0.62 87.3 0.35 68.1 0.38 
Methionine % 0.31 87.5 0.18 71.1 0.16 
Cystine % 0.27 85.2 0.22 73.6 
Phen. % 0.89 90.1 0.46 71.7 0.51 
Tyrosine % 0.48 87.0 0.30 73.1 0.32 
Threonine % 0.53 83.1 0.35 66.6 0.36 
Tryptophan % 0.19 88.9 0.11 75.1 -

Valine % 0.81 87.7 0.50 72.6 0.50 
Serine % 0.63 86.9 0.41 71.2 0.42 

Source: Yamazaki et al. 1988 
STFC: Standard Tables of Feed Composition in Japan, 1987 

Table 9. 	 Composition of experimental feed containing HPNB 

Ordinary 
Corn naked barley HPNB 

Corn 0 60 33 35 
Common naked barley % - 66 33 - -

HPNB % - - 75 35 
Soybean meal % 23.0 19.0 22.0 10.5 18.0 
Fish meal % 5.0 5.0 5.0 5.0 5.0 
Def. rice bran % 6.5 0.6 0.6 0.6 0.6 
Soybean oil % 4.0 1.0 3.5 1.0 
Alfalfa meal % 3.0 3.0 3.0 3.0 3.0 
Minerals + Vitamins % 2.5 2.4 2.4 2.4 2.4 
Crude protein % 20.3 19.7 20.4 19.1 19.5 
ME 	 kcal/g 2.78 2.83 2.79 2.74 2.82 

Source: Hijikuro et al. 1986 

the feeding experiment are given in Table 10. A Since the addition of 0.1% cellulase to barley 
significant decrease in growth and feed efficiency feed improves the metabolizable energy of the 
was observed when all the corn (i.e. 75%) in the feed, the supplemented feed gave better body 
standard feed was replaced by HPNB. However, weight gain and feed efficiency (Table 10). 
when only half the corn (i.e. 35%) was replaced by The amount of barley used as feed in Japan 
HPNB, the performance of chicks was not signifi- amounted to 1.31 million mt in 1988. Of this, 
cantly different from those given the standard feed. about 0.4 million mt were produced domestically. 
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Table 10. Effect of adding cellulase to naked barley feed on the performance of layer chicks 
33% 33% 75% 75% 35% 35% 

Feed Corn Naked barley Naked barley HPNB HPNB HPNB HPNB 
Cellulase supplement 

Average gain* (g) 166.2 c 
152 .0 ab 

Feed intake* (g) 316.2 313.7 
Gain/Feed 52 .6de 48 .4 b 

ME kcal/g 2.783 2.83 b 

* During the experimental period
Source: Hijikuro etal. 1986 
Different superscripts differ significantly at 5% level 

The domestic production of naked barley, (0.29 
million mt), is now low, but that of HPNB is likely 
to increase. The estimated production cost of 
HPNB is US$1,190/mt, which is about eight times 
higher than the price of imported barley. The 
increased use of HPNB depends mainly on the cost 
of production, but also on government policy and 
trends in the international trade in feed gains, 

FOOD PROCESSING BY-PRODUCTS USED 
FOR FEED 


A survey carried out in 1988 by the Central 
Animal Husbandry Association (1989) showed that 
the amount of feed which could potentially be 
obtained from by-products of food processing in 
Japan was approximately 8.824 million mt, or 1.72 
million mt if this is converted into total digestible 
nutrients (TDN). This amount is equivalent to 
7.1% of the total TDN required for animal produc-
tion in Japan. Of these 1.72 million mt, 1.19 
million mt, (about 70%), are actually used as 
animal feed. Of the 8.824 million mt of by-prod-
ucts produced by the food industry each year, two-
thirds originate from beet sugar, broiler processing, 
potato starch, corn starch, soybean curd ('tofu'), 
beer and cane sugar production. 

The by-products are used mainly on dairy 
farms. It has been estimated that the averge 
lactating cow in Japan can consume 500 kg of beet 
pulp, 315 kg of brewers' grain, 133 kg of tofu 
waste, 35 kg of starch waste, 18 kg of soy sauce 
cake and 150 kg of miscellaneous by-products as 
feed in one year. 

Mass-produced and dried by-products are 
frequently used as feed, including corn gluten feed, 
corn gluten meal, beet pulp, feather meal, wastes 

+ _ + _ + 

16 1.4bc 

299.2 

5 4 .0e 

3.05 e 

139.6a 

310.9 
44.9a 

2.74 

155 .6 bc 

298.5 

5 2 .1cd 

3,00ie 

15 4.5 bc 

304.4 

5 0 .8c 

2.82 b 

163 .4bc 

313.0 

5 2 .2cd 

2.89 c 

from bamboo shoot and sweet corn canneries, 
broiler processing by-products, brewers' by-prod­
ucts, distillers' by-products, tofu waste and orange 
juice pulp. However, little use is made of sake cake 
(a by-product of Japanese rice wine production), 
bagasse, peach cannery wastes or tuna cannery 
wastes. While the use of dried by-products is 
increasing, the use of wet by-products such as juice 
pulp, tofu cake, potato starch waste and beer waste 
is decreasing. The main by-products from food 
processing used for feed in Japan are shown in 
Table 11. 

The more intensive use of agricultural and 
food processing by-products as animal feed in 
Japan is being promoted, both to intensify the use 
of domestically produced and imported resources, 
and to reduce environmental pollution. In many 
cases, the high moisture level, vulnerability to rot, 
and high fiber content of these waste products 
restrict their use as animal feed. However once 
they are dried, most of them can be mixed into 
swine or poultry feed, or used as a cattle feed. 

The development of an economically viable 
system for recovering valuable feed components 
from wet waste products, and the production of 
condensed dried and solidified by-products, is es­
sential for the wide use of by-products in a wide 
range of animal feeds. Generally, efficient use of 
by-products is madt when food processing is on a 
large scale, since the total use of resources is 
planned from the beginning. When food process­
ing is on a small scale, however, the use of by­
products as an animal feed is one of the main 
methods of treating waste products. 

One of the main constraints to the more 
extensive use of by-products is the difficulty of 
securing a constant supply throughout the year. 
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Table 11. By-products used in formula feeds in Japan, 1988 

Unit: 1000 mt 

Cattle Swine Poultry 

Wheat bran 503.2 97.6 75.6 
Rice bran 68.5 23.6 58.3 
Defatted rice bran 96.7 50.7 106.7 
Corn gluten feed 384.7 37.4 133.5 
Corn gluten meal 5.5 0.7 220.2 
Screened pellets 124.5 2.4 6.1 
Soluble fish by-products 1.0 + 50.8 
Bone meal 106.9 354.1 
Feather meal 0.3 51.1 
Whey pewder 2.2 11.1 

Sot?.n: Monthly Statistics of Agriculture. Forestry and Fisheries 

The supply of these by-products is unstable, as a processing cost. In extreme cases, by-products are 
result of the seasonal harvest of farm products or delivered at a reduced charge to farms by the food 
the sea:sonal production of the main product such processor, or money is paid to farmers to encourage 
as beer. This means that a large volume of by- their use of the by-products. 
products becomes available at one particular time If wet wastes are dehydrated to a moisture 
when there may be too large a supply for process- content of 70% or less. silage can be produced 
ing by the facilities available, satisfactorily by mixing other dry feeds at ensilag­

By-products dehydrated by centrifugation ing. This process requires silo facilities, a consid­
can be dried - ;ing the waste heat of the factory, erable labor input, and changes in the feeding 
which reduces the cost of drying and increases the system. At present, the efficient use as feed or wet 
value of the material. In most cases, the price at by-products that rot readily is threatened by an 
which the by-product., are sold does not cover the increase in drying and transportation costs. On the 

Table 12. By-products from the food industry in Japan, 1988 

Amount used Moisture Selling price 
Production as feed content dry wet 

By-product (1000 mt) (%) (%) US$*/mt 

Orange pulp 210 87 85 21-93 0 
Fish scrap 76 50 
Brewery grain 670 94 74 71-180 
Distillers' grain 

(whiskey) soluble 380 84 76 0.07 
(rice wine) ;3uluble 378 19 95 

Corn starch 785 75 10 89-643 
Potato starch 1,045 70 92 0 
Soy sauce cake 86 64 27 1.5-57 
Tofu cake 672 90 84 61 
Beet pulp 1,209 100 82 11-18 
Bagasse 540 - - fuel 
Poultry scrap 179 98 7-43 
Bread crumbs 44 55 3-38 0-286 

Sour,;,: Central Animal Husbandry Association, 1989 
*1 US$ = 140 Yen 
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other hand, the extensive use of by-products is 
being promoted due to the high costs of waste 
disposal. The costs of storage, transportation and 
drying must be reduced, if we are to achieve a more 
efficient use of by-products, and an equilibrium 
between production and demand of by-products 
from food processing. 

REFERENCES 

Agriculture, Forestry and Fisheries Research 
Council Secretariat, Ministry of Agricultire 
Forestry & Fisheries 1987. StandardTales 
of Feed Compositiorn in Japan, 1987. 

Ando, M., M. Yamazaki, D. Kubota and K. 
Kameoka. 1983. Liver lesion in laying hens 
fed diets containing some dried microbial 
(Bacteria) cells. Bulletin of the National 
Institute of Animal Industry 41: 29. 

Central Animal Husbandry Association. 1989. 
Report of the Projectfor Promotion of Effi-
cient Use of Available Feed Resources in 
1988. 

Fujiwara, W., T. Horiuchi, T. Taniguchi, 1. Inoue, 
S. Sakurai, M. Tokuoka, K. Yamanaka and H. 
Kurahara. 1975. Histological examination of 
chickens fed with yeast grown on n-paraffin.
Japanese Poultry Science 12: 127. 

Hijikuro, S., M. Takemasa and M. Yamazaki. 
1986. Nutritive value of new variety of high-
protein naked barley and its improvement by 
cell'ilase supplementation. JapanesePoultry 
Science 23: 326. 

Japan Scientific Feed Association. 1978. Report 
of the Experiments on the Use of Rough Rice 

as Animal Feed. 
Kato, I., T. Katayama, H. Seko, R. Yoshikawa and 

T. Tsutsumi. 1987. Breeding for high protein, 
high lysine naked barley parental line No. I. 
Bulletin of the Shikoku National Agricultural 
Experiment Station 49: 1. 

Kosaka K., H. Hoshii and M. Yoshida. 1972. 
Available energy of yeast grown on various 
carbon sources by growing chicken. Japanese
Poultry Science 9: 159. 

Statistics and Information Division, Ministry of 
Agriculture, Forestry Fisheries.and June. 
1989a. Monthly Statistics of Agriculture, 
Forestry and Fisheries. 

Statistics and Information Division, Ministry of 
Agriculture, Forestry and Fisheries. 1989b. 
Pocket Statisticsof Agriculture, Forestry and 
Fisheries. 

Tajima, M., K. Totsuka, H. Kinoshita, K. Shoji and 
K. Aso. 1971. Amino acid supplementation 
of hydrocarbon yeast chick diet. Japanese 
Foultry Science 8: 217. 

Yamazaki, M. and K. Kaku. 1988. Chemical 
Composition, Metabolizable Energy Value 
and Available Amino Acid Composition of 
Feedstuffs for Poultry in Japan. Memoirs of 
the National Institute of Animal Industry, 
No. 1. 

Yoshida, M. 1974. Note on the flavor of the egg 
and meat of the hens fed yeast grown on n­
paraffin. JapanesePoultry Science 11: 217. 

Yoshida, M., M. Tada, H. Bansho, M. Matsushima, 
K. Koba, M. lino and I. Umeda. 1975. Effect 
of hydrocarbon yeast as dietary protein source 
on reproducibility of breeding hens. Japanese 
Poultry Science 12: 83. 

10 



DISCUSSION
 

Q. 	 ( I.G. Lumanta) 
In Table 4, do your figures for rough rice include the hull? (Yes, they do). When you used 65% of 
rough rice in the diets of fattening pigs, did you observe that their fat was soft at slaughtering? 

A. 	 No, we did not observe this. 

Comment: (Boonlom Cheva-isarakul) 
Did the high crude fiber content of rough rice cause any problems? I note that your data indicate an 
increase in feed intake and a higher average daily gain, giving a better feed conversion ratio with higher 
levels of rough rice. Experiments in Thailand which studied the effect of feeding rough rice to poultry 
found that that there was a higher feed intake but the average daily gain decreased, so that there 
was a decline in the feed conversion ratio. 

A. 	 The crude fiber content of brown rice is 0.9%, while that of rough rice is 8.6%. In our experiments, 
we adjusted the diets to ensure that they had the same protein and energy levels, but we did not 
consider the crude fiber content of the feedstuff to be a problem. 

Q. 	 (C.M. Collado) 
In Table 4, I note that your experimental diets were isocaloric and isonitrogenous, and yet the treatment 
with 60% rice gives better broiler performance, with a higher weight gain and feed conversion ratio. 
Is this due solely to the higher level of rice in the diet? If so, why does rice give a better weight gain 
and feed conversion ratio? 

A. 	 We were trying to find the optimum level of rice, but in fact when a high level of r'ce was used, 
it was necessary to add a coloring agent, although this may not have nmuch nutritional effect. The 
isocaloric diet was based on the calculated energy content, and the calculated energy value for rice 
may not have been exact; possibly we underestimated it. If the actual value is higher, a higher level 
of rice in the diet would give a better result, in terms of animal performance. 

Comment: (C.M. Colado) 
I suggest that the better performance with a higher level of rice may have been because the content 
of yellow grease and soybean meal was also increased, giving a higher fat content and amino acid 
content. We know that a higher fat content in the diet, especially for non-ruminants, always tends 
to improve animal performance. 

A. 	 In an experiment of this kind, feed formulations are usually based on the Japanese Feeding Standards. 
In these, the minimum level is very clear but the ;highest level is not much considered. We perhaps 
needs to calculate again the energy and protein content of diets when rice is used in feeding trials, 
to adjust the nutritional value of the total feed. 

Comment: (H.H. Hsieh) 
As Dr. Collado pointed out, there is an extra calory input whcn yellow grease is added to the high­
fiber diet. Although the diet is meant to be isocaloric, the cumulative effect of different components 
of the diet need to be taken into account. There is also evidence of increased mortality when poultry 
are fed a high-fiber diet, as shown by the raising rate in Table 4, which may partly account for the 
difference. 

Q. 	 (D.H. Chung) 
The new higii-protein naked barley has a high lysine content, and the grain has a dark color. Is a dark 
color the indicator of a high lysine content? 
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A. 	 I'm nct. sure. I was given these results by a barley breeder at the Shikoku Experiment Station, butI don't know whether a dark grain color indicates a high protein content. The variety has been released 
only very recently by the National Re,;ources Genetic Bank. 

Q. 	 (K.J. Shin)
 
I have two questions. Firstly, Table 2 shows that Japan imports 
 10% of the total straw used in feed.However, 80% of the rice straw produced in Japan is used for feed. What kind of straw is imported,
and why do you import it? 

Secondly, Table 12 shows that the selling price for dehydrated orange pulp can be as low as US$20/mt, and yet the cost of drying it is US$28/mt. is this difference paid by the government or the company? 

A. 	 A certain amount of rice straw is imported because of the price - imported straw is cheaper. Theharvesting machinery now used 	in Japan chops the straw and spreads it over the field, while thetraditional cutting system is not used 	much any more. This makes the cost of collection higher, so
that it is cheaper to import rice straw from Thailand or mainland China. 

No government compensation is paid to cover the difference between the cost of drying the orangepulp and the price received for it. The cost is borne by the company, and is a big problem for this 
kind of company. 

Q. 	 (I.G. Lumanta)
 
To what extent is defatted rice bran used in Japan?
 

A. More than 80% of the rice bran used for feed is defatted, because in Japan the oil extracted from branis used for cooking. Grain processing centers now routinely process the bran and extract the fat.
Furthermore, whole rice bran cannot be stored for very long. 

Comment: (I.G. Lumanta)

If 80% of the rice bran used is defatted, there must be many studies on 
 the use of defatted bran. 

A. No, defatted bran is a traditional feedstuff in Japan which has been used for many years, and there 
is little interest in doing research on it. 

Q. 	 (I.G. Lumanta)
 
In the Philippines, 
waste rice hull is a major problem. Is there any way of improving its quality as 
a substitute or non-conventional feed? 

A. 	 Steaming may improve the nutritional value of the hull, but it is expensive, and after treatment the
nutritional value is still fairly low. We do not find it economical to include rice hull in feed, and infact we have the same problem with waste rice hull in Japan as you do in the Philippines. 

Q. 	 During the feed trials using rough rice for broilers, at what age were the broilers begun on the diet
for the finishing stage? Was it when they reached a certain age or a certain weight? 

A. 	 They began receiving the diet when they reached four weeks of age. Up until that point, they were
given starter feed. They were raised until they reached seven to eight weeks. 

Q. 	 (A.L. Gerpacio) 
What percentage of petroleum yeast was used in the livestock diet? Did it have any deleterious effect 
on animal performance? 
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A. 	 No, at this level of 15% of the diet, no ill effects were seen. Higher levels of yeast than this were 
used in tie experiments, but we found that if higher levels were used, the energy etc. content of 
the diet had to be adjusted. In practice, 15% yeast was found to be the optimum level in the feed. 

Comment: (A.L. Gerpacio) 
We have used yeast in broiler diets, although this was not hydrocarb-, s but coconut yeast and yeast 
from whey. We found that above a 10% level there was a high uric acid level which produced 
weakness of the legs and other symptoms similar to those of gout in humans. 

Q. 	 (R.G. Zamora) 
Was the variety of rough rice used in the Japanese experiments different from the Philippine rough 
rice? Does Japanese rice have a higher nutritive value? 

A. 	 No, there should be no difference in digestibility. Until now, all rice varieties used in experiments 
were Japonica/Indica hybrids, or foreign rice varieties imported from abroad which give higher yields 
per hectare. 

Q. 	 (R.G. Zamora) 
Your Table 1 shows that you import ten times more whole soybean than soybean meal. Is whole 
soybean used as a feed in Japan? 

A. 	 We produce a great deal of soybean meal from whole soybeans in Japan, because we use soybean 
oil as a cooking oil. There is a also great deal of other soybean processing. We also import the soybean 
meal itself. We don't usually utilize the whole soybean as feed: whether we use the whole grain or 
s,.parate it into meal and oil depends on current prices. 
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