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Summary

In a latin square designed experiment, rice hulls and ammoniated
rice hulls were compared with wheat straw and ammoniated wheat
straw regarding the coeflicients of digestibility, total digestible
nutrients, nitrogen retention and rumen microbial activity using four
adult Barky rams.

The total digestible nufrients of ammomated wheat straw and
wheat sttaw were 51gn1ﬁcant1y higher than the total digestible nutrients
of ammoniated rice hulls which 15 a reflection of higher coefficients of
digesitbility of NFE and crude fiber of the former. There were no
significant differences in coefficients of digestibility of crude protein
between roughages, Variations in ether extract digestion appreached
high significance between wheat straw and rice hulls but was only
significant between wheat straw and ammoniated rice hulls. There
was a significant difference between ammoniated rice hufls and rice
hulls in crude fiber digestibility.

The nitrogen retention values were higher when the rams received
ammonigted rice hulls or ammoniated wheat straw than when they
received normalrice hulls or wheat straw supplemented with the same
concentrate mixture and these variations were highly significant.

On wheat straw the volatile fatty acid production in the rumen
of sheep tended to be higher than when rice hulls were fed. The am-
maniited roughages tended to give higher VFQ and amtnonia nitro-
gen curves than non-ammoniated roughages.

Introduction

It has been shown that rice hulls could be used with advantage to re-
place part or all of the roughage on drylot feeding (Fahmy ef of 1968) and
as a supplement to berseem ( Trifolinn alexandrinumi ) 4 a concentrate
feed (Badr and Abou Akkada, 1965).

Lignin and silica content of rice hulls are mainly responsible for its
low nutritive value, together with the fact that it contains no digestible
crude protein. Many workers have shown that treating low quality
roughages with alkali improve its nutritive value (Lumfero 1958; Abdul—
wahab et al, 1953); Hussein ef al. 1953).

More recently (Zafren 1961; Chomyszyn et dl, 1959) the use of am-
monia for treating siraw was shown to improve the feed value and pro-
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tein value. Other roughages have also been treated with ammonia and
acetic acid and a definite improvement of nutritive value was observed
(Lotfy et al. 1966).

The present expetiments were done in order to estimate the effect
of treating rice hulls and wheat straw on their nutritive value.

Materials and Methods

Rice hulls (RH.) and ammonijated rice hulls (ARH.) were compared
with wheat straw (WS.) and ammoniated wheat straw (AWS.), in latin
square designed digetibility trials. Four Egyptian Barky rams (Nos. 1039,
1195, 1227 and 1236) each over 2 years old and of similar weight were
used for estimating the coefficient of digestibility, total digestible nutrients
and nitrogen retention. Each trial consisted of 15 days preliminary period
followed by 7 days collection period.

Buring collection the animals were housed in individual metabolic.
cages; the animals were fed as to cover their maintenance requirements.
In trial 1, each ram. was fed daily 7.4 kg. berseem 2nd cut. In trial 2, each
ram was fed daily 0.5 kg. concentrate mixture at  am.-+3.75 kg. berseem
2nd cut introduced at 2 pm In trials 3, 4, 5 and 6 each ram was fed daily
0.5 kg. concentrate mixture -+ (.75 kg. from the tested feeds. One percent
of common salt and. 2%, calcium carbonate were added to the concentrate
mixture. Digestion coefficients were determined by difference.

Facces were collected daily in nylon bags and were mixed thoroughly,
weighed and 109/ of each days collection was used for dry matter deter-
minations. Samples from each ram taken over the whole collection period
(7 days) were pooled together, ground and kept in tightly closed comn-
tainers for chemical analysis.

The volume of urine was measured daily and 10% portions of each
urine collection were taken. Urinary nitrogen was determined daily. In
trials 3, 4, 5 and 6, at the end of each collection period the rumen activity
. was studied. Rumen samples were taken by a stomach tube before and
after 1,2, 3, 5, 5 and 7 hrs of feeding for volatile fatty acids and ammeonia
determination.

Preparation of Ammoniated Rice Hulls and whear Straw

Commercial ammonia solation of 17% (v/v) and commercial acetic
acid of 5297 (w/v) were used in the treatment. Fourteen litres of ammonia
solution and 200 litres of water were mixed with 100 kg. of each of the used
roughages and then kept in covered barrels for three days. On the fourth
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day the barrels were emptied and the roughage was mixed with 18 litres
of acetic acid and 100 litres of water and kept for one more day in the
covered barrels. On the sedond day the roughages were put in bags and
dried in a stream of colt air.

Methods of Analysis

Analysis of feedstuffs and faeces were carried out according to the of-
ficial methods of the A.0.A.C. (1960). Total nitrogen in  urine was estj-
mated by the microkjeldahl method (Chibnall ef af. 1943) using the Mar-
kham micro-distillation apparatus (Markham, 1942). Rumen liquor used
in all determinations was strained in cheese cloth and deporteinized by
mixing a 10 mi sample with 10 ml. 0.1 N HCI in a 50 ml. volumetric
flask and was completed with distilled water (Warner, 1956). The filtrate
was used for the estimation of volatile fatty acids and ammonia nitrogen.

TABLE 1.
Analysis of feedstuffs used in the cxperiments,
Feed Dy Crude | Ether | Soluble | Crude lignin Ash
matter | protein extr. | carhon, | fiber
Berseem 2nd ot 15.33 2.66 1.09 5.83 3.73 — 2.02
Concentrate :
mixtute 93.13 | 17.00 | 11.05| 43,10 12.37 - 9.61
Wheat straw 89.32 2,36 1.26 37.70 36.85 22,55 11.13
Ammoniated
wheat straw 37.64 4.24 1.24 ] 34.39| 36.33 | 21.73 11.44
Rice hulis 89,91 3.36 1.53 26.11 39,52 30,10 15.39
Ammoniated . .
rice hulls 86.88 4.62 1.29 21,07 4] .44 27.18 18.46

Concentrate mixture consisted of cotton seed cake and rice bran in the ratio of
1:1-4-227 calcium carbonate and 1% common salt.

 Volatile fatty acids were determined by steam distillation and titra-
tion with standard alkali taking precautions against CO,.  Ammonia-N
was determined by using Van Siyke and Cullin’s aeration tubes Hawk ef al.
(1952).

Lignin was determined in feedstuffs by treatment with 72 Yo HaS0,
at room temperature for 3 hr (Salo, 1957).
Results

Table 2 shows the coefficients of digestibility and total digestible
nutrients of feeds used in this experiment. Statistical analysis clearly



14 S.T.M. FAHMY, X. EL-SHAZLY and M.F. BADR

TABLE 2

The average coefficients of digestibility of ammoniated and non-ammoniated roughages,

Coefficients of drgestlbﬂity (%)
Feeds 1 TON
Crude Ether i Crude
protein extract NFE fiber

Berseom 2nd
cut 71.154-1.92] 85.53-20.61| 80.05...1,29( §2.49..2.44 10.9 10,30
Concentrate ' _ :
mixture 64.93-1.14| 82.00.1.3.09, 58.36..2,93| 17.62-.2.39 58.764-2.99
Ammoniated
wheat straw |21.94.4:17.711 70.95-21.6! 80.952-5,67 76.90-.3,68 58.63 7.4

Wheat straw 119.07 - 19.07) 87.37--8.19] 72.56.1.2.53, 71.25.-2.,25) 56.51.-3.47

Ammoniated ; )
rice hulls 17,462 6.70| 60.90_.23.1] 41.56 1-7.92 32,97.-3.82] 24.99...5.48

Rice hulls 7.40-: 5,82 47.95+-17.5] 41.954.68| 21.39.1.6.83] 21.36..4.40

showed that the TDN of ammoniated wheat straw or wheat straw were
significantly higher than that of ammoniated rice hulls or rice hulls. The
differences between ammoniated and non-ammoniated wheat straw or
rice hulls concerning TDN were not statistically significant.

It also appeared that there were no statistically significant differences
between ammoniated wheat straw, wheat straw, ammoniated rice hulls
and rice hulls in coefficients of digestibility of crude proteins. Variation
in ether extract approached high significance between wheat straw and rice
hulls but was only significant between wheat straw and ammoniated rice
hulis,

It could also be noticed that the ammoniated wheat straw and wheat
straw had a higher coefficient of digestibility of NFE than ammoniated
rice hulls and the variations approached high significance. However, the
differences in the digestibility of NFE between ammoniated: and tOMn-
ammoniated wheat straw or rice hulls were not statistically significant.
Ammoniated wheat straw and wheat straw had a significantly higher crude
fiber digestibility than ammoniated rice hulls or rice hulls. There was no
significant difference between ammoniated wheat straw and wheat straw
but there was a significant difference between ammoniated rice huils and
hulls in the crude fiber digestibility. -
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TABLE 3
Average nitrogen retention vahues

Concentrate mixture '
Berseem .
2nd cut Ammon- Ammon- .
Berseem jated wheat jated rice
2ad cot |wheat straw| Straw rice halls hulls
; i
Neintake(g. | 31.494 | 29.56-£ § 18.10-+ | 15.91= | 18.08+ | 17.10+
fday 0.00 0.00 ! 0.20 .22 0.62 0.31
N-excreted J
in faeces 9,09+ .37 .4 8.95)- 8.76+ 8.84 = 3.6904
{gz./day} .61 0.32 [.1F 1.30 0.56 1.3%
m urine
{z./day) 2,27+ 3.70 - 1.37 4 1.424- 1 1.684- 157+
0.13 0.24 0.18 0.15 0.20 0.17
N-retained
{g./day) 20,144 | 16,49+ 7.77 2 5,732 7.56+ 3.85+
0.68 .49 1.12 1.35 0.35 1,33
N-retzined/ i
N-intake "] 63.94:- | 55.7%+ | 42,99 36.05 - | 46,81 | 34.42.%
2.18 1.72 6.27 8.63 1.18 2.00
N-retained/ : d
N-absorbed ] $9.82-- | 8L.56-1 | 84,294 {° 78.01- | B1.874 | 75.40::
0.65 i.34 2,42 4,27 1.89 7.37

Results given in Table 3 showed that nitrogen retention values (g/day)
were higher when the rams received ammoniated rice hulls or ammoniated
wheat straw than when they received normal rice hulls or wheat straw and
the variations were highly significant. The differences between ammoniat-
ed and non-ammoniated rice hulls and rice hulls or wheat straw, in retained-
N / N-intake ratio or in retained-N/absorbed-N were not statistically
significant, although ammoniated roughages had higher values than non-
ammoniated roughages in these two ratios. '

Volatile fatty acids (VFA) wete determined at six intervals on the same
day as shown in Fig. 2. It appears that the VFA curves tended to be higher
when the animals were fed wheat straw in three animals out of four than
when rice hulls were fed. It can also be observed that ammoniated rough-
ages tended to give higher VFA curves than non-ammoniated roughges.

Fig. 2 shows the day to day variations in VFA production. Fig. 1
also indicated the degree of variafion between the animals on the same type
of ration. It is apparent that greater variations occur among the animals
than day to day variations in the same animals, '



16 5.T.M. FAHMY, K. EL-SHAZLY and M.F. BADR

-
o

e
T

L3

o

.ML.EQUIVALENT OF V.EA.ZIOOML.RUMEN LIQUOR.
o

b

P2 125 § 7 a1 2 35 § z
TiME TiME

Fig. 1. Volatile fatty acid copcentration in the rumen of sheep dus to feeding treated
and untreated wheat straw and rice hulls.

A, Ammoniated wheat straw. B. Wheat straw.
C. Ammonizted rice huils. D, Rice hulls,

The ammonia nitrogen caoncentration in rumen liquor (Fig. 3) show-
ed that the ammoniated roughages tended to give higher curves than the
non-ammoniated roughage. It also appears that ammoniated rice hulls
‘bave higher NG3-N curves than ammoniated wheat straw in two cases
and similar levels in one case. Rice hulls induced higher ammonia-N
production than wheat straw in three cases. Fig. 4, gives the degree of va-
riation from day to day on the same animals. Fig. 3, also indicates the
degree of variation among the animals given the same ration. Again as
for VFA, the degree of variation among animals was greater than the day
to day variation in the same animals. The figure also indicates higher am-
monia production in ammoniated roughages than non-ammoniated.
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Fig. 2. Volatile fatty acid concentration in the rumen of sheep due to feeding treated
and untreated rice huils and wheat straw, The figure distinguishes
day to day variations.

A, Ammoniated rice hulis. B. Rice huils,
C. Ammoniated wheat straw. D, Wheat straw.

Discussion

Treating wheat straw or rice hulls with ammonia solution and acetic
acid, as shown previously, resulted in an increase in the crude protein
associated with a decrease in dry matter, ether extract, nitrogen free ex-
tract and ash. This decrease may be due to the use of a large quantity
of water which removed a portion of these constituents, because neither
rice hulls nor wheat straw could absorb this quantity of water which es-
caped before drying. Higher retentions were observed in the work of
Lotfy et al. (1966). The only difference was in the use of plastic bags rather
than barrels. ' :
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Fig. 3. Ammenia-N concentration in the rumen of sheep due to feeding treated and
ST untreated wheat straw and rice hulls, The figure describes the varia-
tions among the animals, .

A. Ammoniated wheat straw., B, Wheat straw,
C. Ammeniated rice hulls, . D. Rice huils.

There was no statistically significant ditference among coeflicients of
digestibility of ammoniated and non-ammoniated wheat straw or rice
hulls except in crude fiber coefficients of digestibility this was mostly be-
sause the coefficients of digestibility were determined indirectly in the
presence of concentrates. This is clear since wheat straw has a TDN
value which never exceeded 45% when determined alone but had a TDN
valee of 569 in the present work.

Concentrates are good sources of pratein with high digestible values
and soluble carbohydrates which provide microflora with a good source
of energy and stimulate fermentation and digestion of the roughage.

Campling, (1966), Montgomery and Baumgardt {1965), Putman and
Loosli (1959) and Hibbs er al. (1936) reported that the when concentrates
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Fig. 4. Ammonia-N cencentration in the runten of sheep due to feeding treated ang
unireated wheat straw and rice hulls. The figure shows the day to
day varistions. :

A, Rice hnlls B. Ammoniated rice hulls.
C. Wheat straw . Aminoniated wheat straw.

were given to cows fed on hay, digestibility of organic matter in the hay
increased. Apparent coefficients of digestibility of dry matter, crude pro-
tein, ether extract, N-free extract and total carbohydrate fraction increas-
ed as the proportion of concentrates in the ration increased. Eriksson
(1952), Burroughs, et al. (1949) reported that the digestibility of the
organic matter, crude protein, crude fiber and energy of the ration increas-
ed with increasing protein content. The amount of metabolisable energy
expressed as a percentage of gross energy increased linearly with increasing
protein  leval,

The improvement due to treatment with ammenia was, therefore,
hidden because of the use of the concentrates. Treatment with ammonia
or addition of ammonium salts to the roughages has been used with
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good resvlts, Lotfy ef al (1966) reported improvement of corn cobs treated
with ammonia up to 38%. The digestibility of ammonia-N was found to
be about 64-80% (Chomyszyn et al. 1959).

In the present experiment coefficients of digestibility of crude protein
were on the average higher in the treated than in the untreated roughages.
There was greater variability in crude protein coefficient of digestibility
than in any other component. Some of the animals fed on untreated rough-
ages (Table 2) showed positive coefficients although there was practically
no nitrogenous constituents in these roughages. The reason for these stran-
ge resuits is mostly due to carry-over effects from previous trials. Such
positive coefficient only appeared when in the sequence of the latin square
design experiment, the trials with untreated roughages followed those of
the treated roughages. This would mean that a preliminary period of 15
days is not enough for depleting the N-reserves from previous rations.

Differcnces between rice hulls and wheat straw in TDN were statis-
tically highly significant. These reflect mainly the differences in degree of
digestibility of crude fiber and N-free extract.

Chemical analysis of wheat straw and rice hulls showed that rice
hulls contained higher percentages of crude fiber, lignin and silica. Highly
significant negative correlation is known to-exist between total digestible
nutrients and crude fiber and lignin content (Eng, 1964; Hagemeister,
1964; Pond er al. 1962; Blanche, 1962; Quarterman, 1961; Crampton
and Maynard, 1938). On the other hand Ellis and Pfander (1958) reported
that the depressing effect of cellulose on digestibility of organic matter
and TDN was due in part to the diluting effect of the cellulose and inpart
to an inherent depressive action. It was suggested that other organic con-
stituents of the diet form an indigestible complex compound with ceitulose.

Nitrogen retention study in the latin square design experiment in-
dicated that animals fed on ammoniated roughages retained more nitro-
gen (Table 3). Treatment with ammonia increased digestibility of crude
protein and nitrogen retention. Ammonia is 2 good source of nitrogen for
ruminants and ruminal microorganisms could easily utilize it in building
microbial protein. The ruminants derive 60-809, of their nitrogen from
microbial sources (Weller et al. 1958),

More volatile fatty dcids were formed jn the rumen of sheep fed wheat
straw than those fed rice hulls. This is again, in favour of wheat straw as
a roughage for stimulating microbial activity. Wheat straw has more total
digestible nutrients than rice hulls. There is a significant positive correla-
tion between digestible carbohydrates, and total digestible autrients and
concentration of volatile fatty acid production in vitro (el-Shazly et al,
1963). Higher VFA production was also found for ammoniated roughages
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than for non-treated roughages. Ammonia is known to stimulate rumen
activity (Balch and Rewland, 1957; Davis er al. 1957; Gray and Pilgrim
1952).

In spite of the fact that the TDN value of rice huils (21.36%) was
much lower than that of wheat straw (56.51 %), growth rate, feed consump-
tion and efficiency of feed utilization in the group feeding experiment
(Fahmy er al. 1968) was not significantly different,

This can only mean that the presence of rice hulls in the diet improved
the utilization of feed constituents. Although this is difficult to understand
there is evidence (Gooley and Burroughs, 1962} that the addition of sand
to a diet high in concentrates stimulaied better wilization of the ration.
The relatively high silica in the rice hulls may have produced a similar
effect in the present experiment. Tt is also possible that the texture of the
ration was also responsible for such a difference. Rice hulls were finely
ground while wheat straw was administered in the normal form. There is
a volume of data (Woods and Rhodes 1962, Meyer et al. 1959; Blaxter
and Graham, 1956a) indicating better wtilization of feed constituents
when rations were finely ground despite lower digestibilities.
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