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Utilization of the Fibrous Feeds
by Growing-Fattening Pigs.

by
Nobuyuki SucIMOTO

Summary

For an estimate of the nutritive value of feeds, the inspection on the measurement methods is
important to determine the nutritive value of feeds accurately, and the nutritive value so obtained
must reflect on the productive performance of animals.

This study was conducted to clarify the factors to influence the results of digestion trial on swine
and to determine the nutritive value of the fibrous feeds used widely in Hokkaido for growing-
fattening pigs, and to investigate the digestibilities of fibrous components of feeds and the signifi-
cance of digestible fibrous components on swine nutrition.

The results are summarizded as follows :

I. Factors influencing the digestibility.

1) Effects of feeding levels on digestibility.

The effects of feeding levels on digestibilities of feeds and on the retention times of them in the
alimentary tract of pigs were investigated. Two diets, diet L (generally used for the performance
test of pigs in Japan, DCP 12% and TDN 82% in DM) and diet H (commercial formula feed, DCP
16% and TDN 909% in DM) were used as the experimental diets. Eight Landrace barrows, weighing
from 23to 33kg at the beginning of the experiment were divided equally into two groups and fed diet
L or diet H, respectively. The feeding level treatments of both diets were equivalent to 2, 3, 4 and
5% of body weight per day. The digestibilites tended to decrease as the feeding levels increased in
both diets. However, the feeding levels did not affect significantly the digestibilities of any compo-
nents and the nutritive values of diet H. On the other hand, the digestibilities of diet L were
significantly higher in dry matter (P <0.05), NFE (P <0.05), gross energy (P <0.05) and crude fiber
(P <0.01) when fed at the 2% level than at the 5% level. Also, the nutritive values of diet L were
significantly higher in the digestible energy (P <0.05) at the 2% level than both at the 4 and 5%
levels, and in TDN(P <0.05) at the 2% level than at the 5% level.

The retention times of feeds in the alimentary tract of pigs tended to decrease as the feeding
levels increased in both diets. The retention times of diet L were apparently shorter than those of
diet H when fed at the same feeding levels. The relationship between fecal dry matter (Y, g/w®)
and mean retention times (X, hour) in the alimentary tract was shown by the following equation :
Y =48.74.e7%0378X (r= — (.85, P<0.01). The correlation coefficients between mean retention times in
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the alimentary tract and the digestibilities were significant at 1% level for all components of diet
L, while they were significant at 5% level for the digestibilites of dry matter, crude protein, NFE
and gross energy and non-significant (P >0.05) for those of ether extracts and crude fiber of diet H.

These results indicate that the effects of feeding levels on the djgestibilities may change with the
quality of feeds, and low quality feeds would be affected more by the feeding levels than high quality
feeds.

2) Effects of mixing ratio of experimental feeds to the basal diet on the digestibility.

The effects of the mixing ratio of experimental feeds to the basal diet on the digestibility of feeds
were investigated. The experimental feeds used were corn as high energy feed, leaf protein as high
protein feed, and beet pulp and corn silage as high fiber feed. The digestibilities of all the experi-
mental feeds were affected by the mixing ratios, but the nutritive values did not change significantly
in all feeds when the mixing ratios of feeds to the basal diet went up 20 and more %. The
coefficients of variation of the digestibilities and the nutritive values of the experimental feeds
tended to decrease as the mixing ratios increased.

These results show that the mixing ratio of experimental feeds to the basal diet should be 20 and
more % to determine the digestibility of feeds.

3) The relationship between the digestibility and body weight of pig.

The effects of body weight, as the index of growing period, on the digestibility were investigated
by analysing the data of digestion trials with 53 head of Landrace barrows, weighing from 24 to 74
kg, kept under almost the same feeding conditions.

The digestibilities of crude protein, crude fat and crude fiber became significantly (P <0.01) higher
with increasing body weight of pigs, but those of dry matter and NFE did not show any consistent
relation to body weight. The values of DCP and digestible energy also increased with increasing
body weight, but that of TDN did not show any relation to body weight.

These results indicate that body weight of pig should be taken into consideration for measure-
ment of digestibility, especially body weight over 40kg are desirable for the determination of
digestibility of dietary fiber.

4) Effects of swine breed as the experimental animals on the digestibility.

The difference of digestion ability among swine breeds were studied using pigs of Landrace and
Large White and with 4 diets (formula feed, 209% of it was replaced by soybean meal, and 20 or 40%
of it was replaced by corn).

There were no difference in digestibilities of any components of all the experimental diets
between two breeds.

5) Comparison of the total feces collection method with the chromic oxide index method.

This experiment was conducted to compare the digestibilities determined by the total feces
collection method with those determined by the chromic oxide index method. A total of 131
digestion trials with Landrace barrows and a total of 16 trials with Large White barrows were
conducted on 33 different classes of feedstuffs to which 0.1 or 0.2% of chromic oxide were added.

The recovery rate of chromic oxide from feces was 90.8.5.3% (mean.s.d. ). The digestibilities
obtained by the total feces collection method were significantly higher (P <0.01) than those obtained
by the chromic oxide index method. The differences of digestibilities between two methods were
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2.18.1.33 points in dry matter, 2.33.1.36 in crude protein, 2.74:1.56 in ether extracts, 1.41,1.02 in
NFE, 6.79.:4.65 in crude fiber and 2.19.1.29 in energy, respectively.

It was recognized the lower the digestibilities, the larger the differences between two methods.

6) Comparison of the total feces collection method with the acid insoluble ash index method.

A total of 125 digestion trials with Landrace barrows on 30 different classes of feedstuffs were
conducted to compare the digestibilities determined by the total feces collection method with those
determined by the acid insoluble ash index method.

The recovery rate of acid insoluble ash from feces was 97.5.10.1% (mean=s. d. ). There were no
significant differences of the digestibilities between two methods. The mean recovery rate of acid
insoluble ash was better than that of chromic oxide, while the coefficient of variation of the
recovery rate of the former was about two times as much as that of the latter. Moreover, the
digestibilities obtained by the acid insoluble ash index method were more variable for feedstuffs
contained acid insoluble ash less than 0.5% because of the analytical errors.

II, The nutritive values of fibrous feeds being in Hokkaido.

The nutritive values of the following fibrous feeds which are used widely in Hokkaido for swine
production were evaluated by the digestion trials and by the feeding experments.

1) Potato pulp fortified with waste water by-products from potato starch or beet sugar
manufacturing.

Potato pulp fortified with waste water from potato starch manufacturing was defficient in both
DCP and TDN for swine feeds, while potato pulp fortified with steffen molasses, by-product from
beet sugar manufacturing, was recognized to be used as an energy feed.

2 ) Low moisture potato pulp silage.

Low moisture potato pulp silage (moisture content 73%) contained more than 80% of TDN (DM
basis) and was recognized to have the better property in transport or storage than conventional high
moisture potato pulp.

3) Beet pulp fortified with steffen molasses or cation waste water.

The DCP content of beet pulp pellet fortified with steffen molasses or cation waste water,
by-product from beet sugar manufacturing, became higher than beet pulp pellet itself, but it must
be adjusted both DCP and TDN content when used as a substitute for formula feed.

4) Sunflower meal.

The nutrients contents of sunflower meal were 31.0% in DCP and 51.6% in TDN (DM basis). The
replacement of soybean meal by sunflower meal up to 50% in the experimental formula feed did not
exert any adverse effects upon the fattening performance and carcass quality of growing-fattening
pigs. Sunflower meal could be used as a protein feed for growing-fattening pigs.

5) Corn silage.

The nutritive value of corn silage was influenced considerably by its grain content. Relationship
between TDN content (Y, %) and grain content ratio (X, %) in dry matter of whole crop corn
(original material) was shown by the following equation: Y =0.405X +49.5 (r=0.965, P <0.01). It was
assumed that TDN content of grain in corn silage was about 909% and that of the rest part was
about 50%.



MARY  SgERN ORI L 5 MLHEE BERAY L L T 97

I, Digestibility and feeding value of fibrous components of feeds.

1) Digestibilities of fibrous components of beet pulp, potato pulp and alfalfa meal.

The digestion trials were conducted to evaluate the digestibilities of fibrous components of beet
pulp,potato pulp and alfalfa meal. Twelve Landrace barrows were divided into 4 groups and fed one
of the following 4 experimental diets: formula feed (basal diet), 309 of it was replaced by either beet
pulp or potato pulp, and 20% of it was replaced by alfalfa meal.

The results of the digestibilities of crude fiber, cellulose and hemicellulose of beet pulp, potato
pulp, alfalfa meal and formula feed, in order, were 73.7%, 70.0% and 92.0%; 84.3%, 94.4% and 95.7%;
19.9%, 30.2% and 31.9%; and 25.09%, 49.0% and 55.9%; respectively. The digestibilities of crude fiber,
cellulose and hemicellulose of beet pulp and potato pulp were much higher than those of alfalfa meal
and formula feed. The digestibility of hemicellulose was generally higher than that of cellulose. The
extremely low content of lignin in beet pulp and potato pulp was assumed to contribute to the higher
digestibilities of fibrous components of them.

2 ) Digestibilities (disappearance rates) of fibrous components of beet pulp, potato pulp and
alfalfa meal at various segments of the gastro-intestinal tracts.

The experiment was conducted to study the digestibilities (disappearance rates) of fibrous
components of the diets containing either beet pulp, potato pulp or alfalfa meal at various segments
of the gastro-intestinal tracts. Eight Landrace barrows were divided into 4 groups and fed one of
the following 4 experimental diets : formula feed (basal diet), 30% of it was replaced by either beet
pulp or potato pulp and 209% of it was replaced by alfalfa meal. The digesta samples for analysis
were collected from stomach, duodenum, ileum, caecum, colon and rectum by the slaughter tech-
nique which was conducted at about 2.5 hours after the morning feeding. The digestibilities
(disappearance rates) were determined by the chromic oxide index method.

Alfalfa meal was digested primarily in the small intestine, but crude fiber of it was digested
throughout the digestive tracts although the digestibility of it was very low. Beet plup was digested
mainly below caecum where crude fiber of it was also digested very well.Potato pulp was digested
throughout the digestive tracts. Crude fiber of potato pulp seemed to be digested considerably in the
small intestine. Hemicellulose of beet pulp was digested largely below caecum, while that of potato
pulp was digested very well until the lower part of the small intestine. Cellulose of beet pulp was
digested mainly in caecum and the large intestine, whereas that of potato pulp was digested
primarily in caecum.

The moisture content of digesta in the lower intestine (caecum, colon and rectum) was higher
among the pigs fed beet pulp and potato pulp than those fed alfalfa meal and the basal diet. The
concentrations of ammonium nitrogen of digesta were generally higher in the groups fed alfalfa
meal and the basal diet than those fed beet pulp and potato pulp. The volatile fatty acids were
detected in the digesta from the entire segments of the gastro-intestinal tracts, and their concentra-
tions in caecum and the upper part of colon were as high as those in the rumen of the ruminants.
The concentration of lactic acid of digesta obtained from the small intestine of groups fed alfalfa
meal and the basal diet was higher than that of the groups fed beet pulp and potato pulp.

These findings indicate that the properties of digesta in the gastrointestinal tracts might be
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affected by a kind of fibrous feeds.

3) Comparison of the feeding value of beet pulp for the performance and the carcass quality of
growing-fattening pigs with that of corn starch.

The experiment was conducted to compare the feeding value of digestible carbohydrate of beet
pulp for the performance and the carcass quality of growing-fattening pigs with that of corn starch.
Sixteen Large White barrows were divided into 2 groups and fed one of the following experimental
diets : Corn starch diet, consisted of 75.2% of formula feed (generally used for the performance test
of pigs in Japan), 15.6% of corn starch, 8.6% of soybean meal and 0.6% of vitamin-mineral mixture,
and Beet pulp diet, consisted of 70.29% of formula feed, 21.0% of beet pulp, 8.0% of soybean meal
and 0.8% of vitamin-mineral mixture. These experimental diets were fed to the experimental so
that both groups of pigs received the same amount of nutrients.

The experiment continued from 50kg of body weight of pigs to 100kg of body weight.

There were no significant differences on the nutrients intake and the average daily gain between
two groups. However, pigs fed Beet pulp diet had significantly heavier stomach, caecum and colon;
significantly shorter small intestine; and significantly longer large intestine. These results indicate
that the diet quality would influence the development of digestive tracts. The net body weights of
pigs excluding digesta in the digestive tracts at slaughtering were 92.55kg for Corn starch diet group
and 90.04kg for Beet pulp diet group.

These results indicate that the feeding value of digestible carbohydrate for growing-fattening pigs
seems to be different between beet pulp and corn starch.





