Paddy Straw as a Feed for Cattle

BY

D. G. PANDITTESEKERE

N rice growing countries the grain is the staple food of the human popula-
Ition and the straw that of the cattle. Paddy being practically the only

crop in these areas the utilization of both the grain and straw to the
maximum possible extent is necessary for sound economy.

Cereal straws due to their nutritional poverty become particularly
important only in times of war when feedingstuffs for animals become scarce.
These straws in general are composed mainly of crude fibre and Nitrogen-
Free-Extract, the two together forming the total carbohydrates. It is
however unfortunate that these two constituents of straw are low in digesti-
bility. The amounts of protein and fat digested are so small as to be negligible.

The ash contains about 30 per cent. of silica and traces of calcium and
phosphorus.

If therefore cereal straws are to be made useful the digestibility of the
carbohydrate fraction should be considerably increased. In this fraction
crude fibre constitutes more than half the soluble carbohydrates. Crude
fibre itself is composed of complex polysaccharides, the most important being
lignin and cutin which form a protective covering over the cellulose (1).
This covering prevents the digestive juices or the rumen bacteria from breaking
down the. cellulose material. Cellulose however is largely digested by the
bacteria in the rumen of cattle or caecum of horses.

Cereals like other grasses on maturity undergo lignification, and with
‘age the lignin cellulose fraction increases. Further in the selection of cereals
that do not lodge, varieties with high lignocellulose contents are selected and
consequently straw from the improved strains of cereals will contain more of
the lignocellulose fraction. If, however, a crop is cut in the early stages
as in the case of oats, the crude fibre and lignin are low. Lignin contains
in its molecule methoxy and acetyl groups which are easily split up by the

action of heat and alkali. This treatment can completely remove the lignin
from the straw.

The pioneer workers in this field subjected chopped or powdered straw
to hot alkali under high pressure. It was however found by Beckman (2)
that neither heat nor pressure was necessary to obtain an increase in the
digestibility of lye treated straw. He adopted the simple method of steeping
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chopped straw in 1°25 per cent. caustic soda solution in the cold and washed
out the soda from the treated material. This method has the advantage of
being as effective but much less expensive than the older ones. It is claimed
that thé starch equivalent of the straw is increased 50 per cent.

In the case of paddy straw however there is a further difficulty in its
efficient utilization. The animal nutrition workers in India (3) were faced
with the problem why cattle in the rice-growing tracts were unthrifty and
in poor condition while those in the corresponding wheat-growing areas were
vigorous and productive. This was all the more puzzling as the nutritive
value of the two straws which constituted 80 per cent. of the roughage ration
of cattle was almost identical. The digestible crude protein is 0:0 and the
starch equivalent is 22 in both cases.

Indian animal nutrition workers (4) found that rice straw contained
large quantities of oxalates, the major portion of which was in combination
with potassium, while a small but appreciable amount was in the form of
calcium oxalate insoluble in the gastric juices. This small quantity of cal-
cium oxalate could not account for the negative balance. The potassium
oxalate on the other hand was converted into potassium carbonate and
bicarbonate in the fore stomach of the cattle and interfered with the assimila-
tion of calcium. These decomposed products cause severe alkali symptoms
or alkalosis which either inhibits the flow of gastri¢c juice or neutralises its
effective acidity as a result of which the solubility of calcium in the feeds
preparatory to its absorption is adversely affected. The calcium passes
gu;; in the faeces unabsorbed leaving the animals in a deficit calcium

alance.

Lye treatment of straw, i.e., steeping the straw in a 1-25 per cent.
solution of caustic soda for 24 hours and washing it removes about 90 per cent.
of the oxalates. The protein still remains totally indigestible but the carbo-
hydrate fraction is increased in quantity and digestibility with a consequent
increase in the total digestible nutrients. The adoption of lye treatment
18 however not feasible under normal village conditions. Steeping the straw
in water for 24 hours was next tried and the Indian workers claim that the
:;ia,me beneficial effects as lye treatment are obtained but to a slightly less

egree.

Ceylon with one million acres of paddy land produces about one
million tons of straw annually, which is the largest source of feedmgstuffs for
cattlein the island. As nearly 80 per cent. of the cattle population is in a state
of .undernourishment the efficient utilization of the paddy straw assumes a
problem of major importance. Investigations were accordingly made to
determine the effects of water washing and lye treatment. on the chemical
composition and on the digestibility of the paddy straw.



168

THE EFFECT OF WATER WASHING AND LYE TREATMENT ON
THE COMPOSITION OF STRAW

The first stage of this investigation deals with the effect of water
washing and lye treatment on the chemical composition of some Ceylon paddy
straws. For this purpose representative samples of straw were obtained from
different paddy tracts of the Island.

The water washed straw was prepared by steeping the straw cut up
into lengths of about 4 inches, in water for 24 hours. At the end of the
steeping the material was washed with two changes of water and dried.

For lye treatment, the straw was cut to the same length and steeped
in a solution of 1-25 per cent. caustic soda for 24 hours, the material was then
washed free of caustic soda and dried.

Analyses of the different straws untreated, water-washed and lye
treated were carried out. The results are given in Table 1. Averages of the
ten samples of straw untreated, water-washed and lye treated are shown
at the bottom of the table.

If the averages are considered the following trend in the change in
composition of the straws may be noted :

(a) With water-washing the ash, protein, fat, carbohydrates,
potash and oxalates are significantly decreased. The
percentage losses calculated on the averages are : —12°5,
116, 14-4, 1-9, 62-9, and 496, respectively. On the
other hand the fibre, lime and phosphates have increased
by 1119, 3488, and 16250 respectively,

(b) With lye-washing the ash, protein,. carbohydrates, phos-
phates, potash and oxalates have suffered further
decrease. The percentage loss of these constituents being
53:61, 23-68, 1-49, 10-84, 91-18, and 88°'80 respectively.
The fibre and lime have however increased by 45°96 and
5812 respectively.

It is clear that both these treatments remove potassium oxalate in

which form the major portion of the oxalates are present in the straw. Both
treatments should accordingly enhance the feeding value of straw.

Examination of the individual percentage losses of potash and oxalate
give a clearer picture. Table II gives the individual percentages of these
two constituents under the different treatments and the corresponding losses.
From this it will be seen that the quantity of both the potash and oxalates
removed by lye treatment is high and more or less constant, while water
washing removes less of these constituent and the losséss are more eratic.
Lye treatment is evidently more effective. - -
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TABLE 1I

Percentages of Potash and Oxalates in the Straws under the Different Treatments
and Losses Effected

% Potash % Loss of Potash by % Ozalates % Loss of Ozalates

— A N A o A \ r‘-—L

Un- Water . Lye Water Lye Tn- Waler Lye Waler Lys

treated washed trcatt- washed  lreatment treated 1washed lreated washed treatsd

men

1. Peradeniya (Balamawi) .. 186 .. 70 .. 22 .. 48'53 .. 8382 .. ‘66 .. ‘27 .. ‘06 .. 59°09 .. 90'91
2. Paranthan (P. P.) .. 2°04.. 49 .. 18 .. 7598 .. 91°'18 .. 1°70 .. 79 .. -33 .. 5353 .. 80°59
3. Paranthan (V. 1.) .. 2°19.. 49 .. 25 ., 77°63 .. 88°58 .. 134 .. -43 .. ‘12 .. 67°91 .. 91-04
4. Batalagoda (P. P.) .. 1’20 .. 57 .. 19 .. 52°89 .. 8430 .. 128 .. 78 ... 17 .. 39°068 .. 8673
5. Batalagoda (P. P.) .. 1’81 .. 81 .. 17 .. 5525 .. 90'61 .. 141 .. 94 .. °-19 .. 83°33 .. 8652
6. Batalagoda (Podiwi) .. 164 ., 62.. 13 .. 6220 .. 92°07 .. 1'01L .. °57 .. ‘09 .. 43'66 .. 91°09
7. Batalagoda (V. 1.) .. 1’8 .. ~41 .. 17 .. 77°36 .. 90°61 .. 1'54 .. 97 .. -12 .. 37°01 .. 92'21
8. Mpylagastenne (Godael) .. 1'28 .. 61 .. 14 .. 52°34 .. 89°06 .. 1°06 .. ‘46 .. ‘11 .. 56°60 .. 89°62
9. H;mgura.nketa(Heeniti) .. 1'90 .. 77 .. 20 .. 5947 .. 89°06 .. 1°25 .. 52 .. 12 .. 5840 .. 90°40
10. Tissamaharama (Sulai) .. 1°78 . 79 18 5562 89°89 1°23 52 12 5772 .. 90'24

THE EFFECT OF WATER WASHING AND LYE TREATMENT ON
THE DIGESTIBILITY OF STRAW

The second stage of this investigation was the determination of the
effects of water washing and lye treatment on the digestibility of the straw.

In determining the digestibility of a feedingstuff the material is fed
to animals for which it is meant under strict y controlled conditions and the
amounts of the various constituents digested determined. For arriving at
this figure the amount of each constituent actually eaten is determined and the
amount of this constituent in the faeces deducted from it. The percentage
digested is called the Co-efficient of digestibility for that particular consti-
tuent. In such a trial the ration fed should be balanced as far as possible for
the maintenance requirements of the animal as regards the dry matter it can
eat and the rough digestible protein and total digestible nutrients. Few
feedingstuffs are so balanced in themselves. Roughages like grasses, grass
hays, cereal straws, &c., are low in digestible protein while the concentrates
e.g., oil cakes, grains, &c., on the other hand are not sufficiently bulky. It is
therefore necessary to make up a balanced ration with the feedingstuffs under
test and one or more other feedingstuffs to balance it.

Paddy straw contains 3-5 per cent. crude protein but has little or no
digestible protein. In computing a ration it is therefore best to leave out any
contribution of protein from paddy straw and provide for the necessary
protein by the addition of an oil cake or other concentrate.

In this trial assuming that there is no protein in the straw sufficient
coconut poonac was used to meet this need. There were three types of straw
to be tested, namely untreated straw, water washed straw and lye treated
straw, and three rations were worked out. The rations consisted of the
straw together with the same amount of coconut poonac to make up the
protein. These are shown below :—

Ration No. 1 1% lb. coconut poonac .. 6 1b. untreated straw
Ration No. 2 1% 1b. coconut poonac .. 6 Ib. water washed straw
Ration No. 3 1% 1b. coconut poonac .. 6 1b. lye treated straw
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Six adult Sinhala bulls of the Karagoda Uyangoda strain of similar
weight 4556-493 lb. between 4-4% years old were selected. The animals
which were in good health and condition, were trained to the digestibility
harness as shown in plate I for collecting faeces and urine. The six bulls
were grouped into three batches of two each as follows :— ‘

Batch No. 1 Bull No. 1
,, No. 2
Batch No. 2 Bull No. 3
,, No. 4
Batch No. 3 Bull No. 5
,, No. 6

To eliminate the variation in the digestibility of the individual animals
every animal batch received each treatment in rotation in the three periods.

. During the preliminary period of 7 days each batch of animals was
fed the ration they were to be put on, to get accustomed to it, to see whether
there was any ill effect and to clear the digestive tract of the remains of the
food taken previously. At the end of this period the actual trial was started
and the collection of the faeces and the urine was made daily for ten days.
The coconut poonac together with } ounce of common salt was given to the
animals at 9 a.m. and when they had eaten this the straw was offered to them
throughout the day. Water was offered frequently. The faeces were collected
from time to time off the bags of each into a weighed bin bearing the number
of the animal and containing a small quantity of formalin. The urine was
similarly collected into bottles. The collections of both the faeces and the
urine were made throughout the day and night. The collected faeces was
weighed daily at 8.30 a.m., and samples taken for analysis. The urine was
measured simultaneously and aliquots drawn for analysis. '

When the collection period of ten days had terminated the animals
were kept on their respective rations but without the digestibility harness and
weighed on three successive days.

Between each period the animals assumed their normal life for about
one and a half months before they were put on to the next test. The main
reason for this procedure was that the animals were deprived of any green
material during the period under trial. Incidentally it may be stated that
this was the first time a digestibility trial was carried out in Ceylon.

The bulls when first brought were semi-wild and unapproachable.
They had to be castrated, made docile and trained to the digestibility harness.
When the preliminary trial of each period was started the bulls were put
into the metabolism stalls so that the faeces and urine of each animal could
be collected separately without any confusion and that each animal ate only
the food given it and not from its neighbour. Plate 2 shows two metabolism
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stalls. In one the animal is in place and the other is empty to show the
partition, the feed trough and the stanchion. The stanchion is used to™
confine the animals feeding to its own trough. These stanchions can be
dispensed with if the animals are trained to be tied to the supports on either
side of the trough. Plate 3 shows all six animals in the stalls with full harness.

The preparation of the water-washed and lye-treated straw was done
in the same way as in the laboratory but on a larger scale. - The straw was
cut up into 4-6 inch lengths and for lye-treatment was steeped in a concrete
tank which held about half a cwt. of straw at a time, with 1:25 per cent.
lye (sodium hydroxide solution) for 24 hours. The lye solution was then
drained out and the straw washed free of the lye. The resultant straw was
dried and stored. The water washing was done in a similar tank by steeping
the straw in water for 24 hours, draining the water, washing it with two

changes of water and drying. For each period fresh lots of these straws were
prepared.

When the three types of straw were weighed for the animals each
‘morning a sample of each was taken the moisture determined and the balance
of the sample retained in a bin. At the end of the ten days the straw in each
bin was mixed and a sample drawn for analysis. The same procedure was
adopted in the case of the coconut poonac. It was thus possible to ensure
an accurate measure of the straw and coconut poonac eaten by the animals.

The three types of straw and the coconut poonac from each of the
ten-day collections together with the faeces from the six bulls were analysed
separately for all the constituents. But the urine was analysed only for
nitrogen, calcium and phosphorus. From these results the amounts of different
constituents consumed from the straw and poonac and the amount of the
different constituents in the faeces voided were calculated. The difference
is taken as the amount digested and the percentage of this difference is the
digestibility co-efficient for each constituent in the whole ration. The digesti-
bility co-efficients of the three types of straw alone were calculated by
deducting the amounts digested from the coconut poonac. The digestibility
- co-efficients of coconut poonac were taken from Morrison (1948)—(5).

TABLE I
Food Consumption (on dry basis) per all six Animals for each Treatment per day
~ Consumed Consumption
 from from  Total  Weight per 100 b.
Straw Straw Coconut Intake of . live weight
Poonac Bulls - A -
- Gms. Gms. Gms. Ib. Gms. 1h.
- Untreated Straw .. 19,570 .. 3,956:0 .. 23,536 .. 3,068 .. 7671 .. 167
‘Water Washed Straw 17,469 .. 3,956:0 .. 21425 .. 3055 .. 701-3 .. 135

Lye Treated Straw .. 155568 .. 39560 .. 195614 .. 3,046 .. 640°6 .. 146
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The food consumption on dry basis is given in table III. The results
are tabled as the total consumed by the six animals in one day and the total
weights of the six animals for the three different types of straw. The data
shows that the animals have eaten less than their normal intake of dry matter
which is 2-2+5 lb. per 100 lb. of live weight. The consumption is highest
in the untreated straw and lowest in the lye treated straw, It is however,
not the gross consumption that is important but the actual amount digested.
In this the lye treated straw is highest as will be seen later.

TABLE 1V
Percentage Composition of the Straw and Poonac (on dry basis)
Dry Mineral Crude Ether Crude Nitrogen  Total Cal-  Phos-
matter matter protein exvtract fibre Jfree Carbo- cium  phrous

extract  hydrates

UNTREATED STRAW

lst Period .. 87-80 .. 19:96 .. 2-32 .. 0-78 .. 34-13 .. 4261 .. 76-74 .. 24 .. ‘12
2nd Period .. 9169 .. 1724 .. 314 .. 064 .. 36-77 .. 42-21 .. 7898 .. -23.. -1l
3rd Period.. 89°68 .. 18-14 .. 292 .. 0-'S8 .. 36:73 .. 41:33 .. 78:06 .. 20 .. -1l
Average .. 89-32 .. 1845 .. 2.86 .. 0.77 .. 35'88 .. 42:05 .. 77-59 .. -22 ‘1%
WATER WASHED STRAW )
lst Period .. 88-08 .. 19°63 .. 2-40 .. 0-83 .. 36:44 .. 40°70 .. 77-14 .. -38 .. -33
Ind Period .. 89:70 .. 14°87 .. 2°74 .. 0-78 .. 40°62 .. 40-99 .. 81-61 .. -31 .. -30
3rd Period .. 8994 .. 1576 .. 2:22 .. 0:97 .. 39:06 .. 4199 .. 81-05 .. -28 .. -32
Average .. 89-24 .. 16-75 .. 2:45 .. 0.86 .. 38-71 .. 41:23 .. 179:93 .. -32 .. -32
LYE WASHED STRAW
4st Period.. 88-94 .. 13-50 .. 2:54 .. 0°80 .. 44:22 .. 38-94 .. 83:16 .. 50 .. ‘08
nd Period .. 91:23 .. 12-11 .. 2:63 .. 0-73 .. 44-50 .. 40°03 .. S84-53 .. -4l .. -09
3rd Period.. 89-12 .. 1559 .. 2:41 .. 0-°99 .. 42-15 .. 38-86 .. 81:01 .. -38 .. -08
Average .. 89-76 .. 13-73 .. 2-53 .. 0'84 .. 43-62 .. 39-28 .. 82:90 .. -43 .. ‘08
COCONUT POONAC
1st Period .. 87:70 .. 5:59 .. 2120 ... 14-45 .. 16-32 .. 42°24 .. 5876 .. 06 .. 52
2nd Period .." 8848 .. 5'66 .. 2151 .. 14:63 .. 16-29 .. 41-91 .. 5820 .. -07 .. +52
3rd Period .. 89-42 .. 5'76 .. 20:93 .. 14°67 .. '16-31 .. 42-33 .. 58:64 .. -07 .. -50
Average .. 88-53°.. 5°67 .. 21:21 .. 14-58 .. 16-37 .. 42-16 .. 5853 .. -07 .. ‘52

' The percentage composition of the three straws and of the coconut poonac
on dry basis is given in table IV. Here too the averages for the three periods
are given.

3
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TABLE VIII

Digestibitlity Co-eficients of the Whole Ration

UNTREATED STRAW

- Notrogen Total
Dry matter ~ Crude Protein  Ether extract Crude Fibre Jree carbohydrates
extractives’

Period 1—-—2-3.. 1—2—8%.. —2—-38 .. 1—2—3 .., 1—2— 3 .. 1— 2— 3
40—52—52 .. 45—52—48 .. 73—86—83 .. 57—69—72 .. 40—47—53 .. 47—67—61
44— 44—48 .. 48—45—41 .. 76—77—84 .. 64—58—65 .. 47—43—51 .. 54—51—57

Mean 46-67 46:50 79-83 64-17 46-83 56:17

WATER WASHED

Period .61—2—3.. 1—2—3.. 1—2—3 .. 1—2—3 .. 1—2—3 .. 1—2—3
38—46—42 .. 45—46—45 .. 77—84—69 .. 60—65—60 .. 37—44—43 .. 47—54—51
37—45—46 .. 47—42—42 .. 76—80—72 .. 58—64—64 .. 34—45—47 .. 45—54—5b

Mean 42-33 44-50 76-33 61-83 41-67 51:00
- LYE WASHED

Period 1—2-3.. 1—2—3 .. 1—2—3 .. 1—2—3 .. 1—2—-8 .. 1—2— 3
57—58—56 .. 42—43—39 .. 74—86—82 .. 79—76—77 .. 55—57—>55 .. 67—66—66
57—63—56 .. 41—43—38 .. 73—87—84 .. 81—80—75 .. 55—61—54 .. 68—70—64

Mean 5753 41-00 81-00 78-00 56-17 66-83
- Digestibility Co-efficients of the Straws alone

UNTREATED STRAW

Period . 1—-2-3., 1-2-3.. 1—2—-3 .. 1—2—3 .. 1—2—3 .. 1—2—3
30—46—47 .. 00—00—00 .. 00—12—00 .. 59—70—74 .. 31—39—46 .. 43—54—59
35—38—42 .. 00—00—00 .. 00—00—00 .. 66—62—66 .. 40—36—45 .. 52—48—55

Mean 39-69 00 .. 2 66-17 3950 © 51-83

WATER WASHED STRAW

Period 1—-—2-3.. 1—2—-3.. 1—2—3 .., 1—2—3 .. 1—2—3 .. 1— 2— 3
24 3833 .. 00—00—00 .. 00—19—00 .. 57—66—61 .. 23—35—35 .. 41—51—47
25—37—41 .. 00—00—00 .. 00— 7—00 .. 60—65—65 .. 22—39—40 .. 40—51—52

Mean 33-00 00 .. 4 62-33 32-33 4700

LYE WASHED .

Period 1—-2-3.. 1—2—3.. =—2—3 .. 1—2—3 .. 1—2—3 .. 1—2— 3
50—52—50 .. 00—00—00 .. 00—12—19 89—79—80 .. 48—50—48 .. 67—65—64
51—58—50 .. 00—00—00 .. 00—21—27 .. 84—83—78 .. 47—56—46 .. 67—70—63

Mean 51-83 00 .. 13 81-17 49-17 66-00

The digestibility co-efficients in the whole ration and in the straw
alone are shown in tables V, VI and VII and in table VIII the digestibility
- co-efficients are summarised.

The digestibility

co-efficients of the various constituents as shown

m table VIII have been statistically analysed. The analysis of variance of
these are shown in tables IX and X the whole ration and the straws alone
being treated separately. It was not considered necessary to effect a trans-
formation of the digestibility co-efficients before statistically analysing them.



@

~
L

192 1ad

¢8Iy L

“Juad Jod [ 3% "BQ

A% 5 *tOLZF.TOT T €9.96 0oy °° RL.L ©lT.88 *C 0L.e6 U 00T - €F.0T °° QG.®IT °° 08.06 - 00T 98vjusoiog
1¢.¢ Q018 T g8.9L T gR.6L T @9.¢ *TO00.1F 0 T Q4T 7T 000 °7 O8.6 8809 00.1¢ T LL.9G6 [eunuw 3ad avepy
—_ L1 3] A 6LF -_— : 9t 92 66 - -_ e T0F °° 90 - 88 s[vutiue 9 10§ (W07,
WILN DI moays npaIs LI YN mDLS! mnns NV nnng
hn Pappas) " P Al parmas} iy Paras) PAID Y4 pajas) iy ) paany naYs 44 pamaLy
N ity LR -] MUTS A FEI AT -uq) my an EYUXT] -t}
- e -— o 68. +CC e - ot - T 00.908 o - * — oRLgRlU'L 12 18307,
-— T 8.9 o om..:. e — o .2 o 00.69 e - . IT1.0¢ T 00.181 . (U 00y
w64 ET e 4. 26 e RG.60€ e 0.1 e 00.01 o 00.0F ‘e L. L ’ 16.F8 ‘T 68.681 e + uoy}oerayuy
¢t.6 " 0L.0L e 68.8¢% e 06 .. 00.G o 00.¥ e 90. " 68.18 T 8L b s " §91278q [PUliUY
I81.¢ e l1.¢¢ . ¢L.0 o 190.9 e 0S.9F 0 00.86 T WGh.6T 90. T6& o TU°E8L T g MBI
#99.8 " IL.69 6€.-€6LF e £G.G r 88. L1 e 0. LE1 0 «00.9 ’ 09.021 Tt 8L.796 ot s MAens
pu® saydjeq [Bwuy
onnr ouvy by —: JU3W}BaI} (VIO
2N, | ‘S N 20U 4 S 20UDY | S S S i
. — (- v 4 — e )
o SS i 113)od I PRYVGDD 1010,T;
pros—siudaWe-09 A1q1ysadiq jo 2gueLIep 10 sisfjeuy
0G. 9 OF6.61T 0 86.88 °° 00T " 6.1 ©G¢.Tel Tt ¢8.96 00T SL.2 *tT6-8 T0L.06 T L111) S a3BIuadIag
9s. & OLT.9Y T 29T T E8.9F T 00.¢ ©00.8, °° €8.19 7 II.¥Y tg9.¢€ ‘T €8.2¢ 8.8 ' 9.9 [vaniue Jod uway
- 188 0% °° 186 — : sOF T8 ege — t A & S ¥ - 08 sjewiug 9 103 (830,
moLs mong mnds nns [ XIS moLS mag mnng nos
§€ parnaL) PIYSD A4 PN} \3. PV poysD (| DIINILL L PaInaL) DYV AL PaWaLy
RT {31044 -itf] 6is T {270 | ( ~uf) N Flil g JI0 4 L2171
— .. _— .. Z[.G36 ) —_ .. — . OQ.-..:.:..H . — . - . ma.OOQnH .o ’ .. 1ejog;
— ot GG Y e 00.9¢ e — 19.91 0 00.381L e — : ¢l.} 0 08.69 °t 6 oLy
L16.¥ s 099.08 o 23-8a1 ot 04. e 6.2 *° 18.6¢ o 400.F ) 68.0¢ 't €9.831 v | S uoijoeIRuy
446. L e Gg.6t e RL.86 o 18.% " LT. T 't €8.38 o ¢9.6 : €6.06 ) 291) 4 v g §31[93eq [vunuy
«01.3GS e 90.+E¢ ot G1.8%0 e =6¢.18  °° LT.89% T €8.916. o #0L.6F 8L.68€ Tt e%.L9L ot g ABvng -
2P LT v 9.801 e ¢1.698 e +«0L.8 e 09¢.831 0 00.820°L T «80.¢T €F.911 o gP.186 v s MBI
pue sa({vjuq [BUUY
oy onvy onny — SJUAWIYvaI) (B0,
U0V S S s 20UDWD A S I S UV A S CIv S fp
e eed ~ J . v )
04T uo.% uBOLI \T QT PRI LN fiag)

3juddYe-09 .».u:s:woua Jo souwlIBA JO SisAjBuy
uoney ejoym
X] FTdVL



179

80.8 ' $8.221°" 89.06 °° 001" " 83.0T "° 8%.$3L°" G¢8.18 °° 00T"" 46.9 °* 29.%31° " 0%.%6 °° 00T " Z¥.1T *° ¢9.081° " 61.88 °°
6.7 °° 00.99 "° 00.4F °* €8.1¢ "° 90.% " AI.6% " €8.%8 " 06.68 " 19.% ' AT.I8 " €8.239 ' L1.99 "° €¢.% - €8.1¢ *° 00.88 °°
- " 96¢"° ¢8s’ " 118 °° — ¢ 966" - 61" 8" — P21 AR 77 2 68" — " 118 °° 861

moLs moLg mosg moHg mo4Hg moynS mong moug mo4g nonHsy moLs
M powaLy, paysvy  pamay T DALY,  PAYSDA|  PAvaL} “fp PapaL,  pAYSDAL = PIIDIL] o paasLl,  paysv M
‘ng o1 4910 AL “un ‘g Ny LM ~uf ‘s R 4 M -un S T 404
-_— .. —_— .. ﬂvG.Nom.H .. — . —_ .. OOOGM.H . o .. - .o Oo.wﬂdnﬁ . — .. — . Qm.o.nﬁ.n . Nﬁ
— "7 83.0T °° 05.%6 - 9.6 ' 00..8 . — " %p.2T °° 00.2IT " — °° 90.8T °"° 09.80T °° 6
09.3 °° 3L.92 °° 68.90T ""198.9 ' 08.19 " 03.9%¢ " ¥L.0 " 81.6 - 0L.99 *'#89.9 " 69.08 °° ¥8.858 ¥
169.9  ** BL.99 " $P.88T  "4T5.0T " 99.00T °° 08.70% "' €9.8 "' SI.GF ' 08.06 *t $6.8 T L9.GF " 86.98 I
»16.99 °° 90.989 °* TIT.OLI'T '"#63.F% "' 93.83% "~ 09.998 "~"wB4.LF °' 0S.F6G "* 00.GST'T "#18.G% °° LI.LFG "~ €8.%60'T "° 3
»GL.LT °° T8.9LT °° FF.0TF'T “"#98.9T " 00.€9T " 00.808'T ""#33.€T °° 09.%9T °° 00.9T8T ~"#2G.9T °° GL.28T '° 00.20%T *° 8
ooy oy oy .e.§3~
VUVUDL  SCW ‘s'§ wunuvd 'S W s wounMDq S W S8 PUDMDA 'S g o
- J [ J [N J [N -t
8904pRYOQDD IOT, PONTH -094,T-UDOLP N 9§.&~<§§0 s i

*3u20 13d ¢ ye “BIg }

QUOY MBI)S—S}UQIIe-09 AJIqISIS|d Jo 2oUBIIRA O S|SA[RUY
X WTHVL ! ‘

qu0d 10d T 9% *5IS o

(110 S 9Bvjuaoniod
29.68 °° [eurnus 13d U8R
gez °° S[ewirue 9 103 [B)0],
noys
DpowaLy
-4

. .e

T810%,

Joxxgy

uoporINN UL

. $9Y0}8q [BWUY

MAeng

MBI} PUY SOY)B( [SWIUY
—: SJUIW}BII} [BI0L



180

The results of the statistical analysis show that in the whole ration
the lye treated straw is significantly superior to both the untreated and the water
washed straw in dry matter, crude fibre, nitrogen-free-extract and total
carbohydrates. In ether extract lye treated straw is significantly better
than water washed straw but there is no significant difference between it and
the untreated straw. It is however noteworthy that the protein in the
untreated straw is significantly superior to that in the lye treated straw.
There is no significant difference between the lye treated and water washed.
Untreated straw is significantly better than water washed straw in dry matter,
nitrogen-free-extract and ether extract but there is no significant difference
between untreated and water washed straw in the other three constituents.

In the straw-alome-figures the lye treated is significantly superior to
both water washed and untreated straw in dry matter, crude fibre, nitrogen-
free-extract and total carbohydrates. The untreated straw is significantly
better than the water washed straw in dry matter, nitrogen-free-extract and
total carbohydrates, but in the case of crude fibre there is no difference.

The differences in the animal batches are eliminated by the design of the
experiment and therefore the effect of water washing and lye treatment on the
digestibility of the straw can be clearly gauged. In the digestibility of the
straw alone which really is of primary importance, the protein and fat may be
considered totally undigested for all purposes. The carbohydrate fraction
is therefore all that has to be considered in the nutritive value of the straws.
The total digestible carbohydrate content of the untreated, water washed and
lye treated straws are 40-22 per cent., 3757 per cent. and 5471 per cent.
respectively. This means that lye treated straw has increased the digestibi-
lity of the total carbohydrate fraction by 36 per cent. Here it is abundantly
evident that lye treatment has significantly improved the straw while water
washing has significantly decreased the value of the straw.

TABLE XI
Balance for Nitrogen

UNTREATED STRAW

Intake from Total Output from Total Balance
— A —  Intake — A ~  output
Straw Poonac Faceces Urine
Bull No. 1 .. 11-24 .. 2227 .. 33-51 .. 18:38 .. 22:64 .. 41-02 .. — 751
Bull No. 2 .. 11°41 .. 22-27 .. 3368 ..17:60 .. 1870 .. 36:30 .. — 262
Bull No. 3 .. 14:32 .. 2245 .. 36°77 .. 17°73 .. 1900 .. 36-73 .. — 0-04
Bull No. 4 .. 1805 .. 22:45 .. 40°50 .. 22-46 .. 1896 .. 4142 .. — 0-92
Bull No. 5 .. 13°32 .. 2242 .. 3574 .. 1872 .. 16-18 .. 3690 .. —1°16
Bull No. 6 . 14:49- .. 22:42 ., 36°91 .. 21-98 .. 18'43 .. 4041 .. — 350
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WATER WASHED

Intake from Total Output from Total
— A —  Intake — A —  oulput

Straw Poonac Faeces Urine
8:07 .. 2227 .. 3034 .. 1667 .. 2105 .. 3772
9-20 .. 22-27 .. 3147 .. 16:66 .. 2107 .. 3773
. 12-98 .. 2245 .. 3543 .. 1930 .. 1854 .. 3817
. 1505 .. 22:45 .. 3750 .. 2192 .. 1817 .. 40-09
1160 .. 22-42 .. 3402 .. 1858 .. 1843 .. 37:01
. 11°76 .. 22:42 ., 34:23 .. 19°79 .. 20:02 .. 39-81

LYE WASHED
., 944 .. 022:27 .. 31'71 .. 1848 ., 12:533 .. 31-01
.010-49 .. 22°27 .. 3276 .. 19-39 .. 12:69 .. 32-08
Lo 1117 L. 22445 .. 33°62 .. 19°23 .. 13:30 .. 32:53
.11-31 .. 2245 .. 3376 .. 19:20 .. 12:31 .. 31-51
. 11°10 .. 22°42 .. 33°52 .. 2056 .. 9-87 .. 30-43
. 1047 .. 22-42 ., 32-89 .. 20°51 .. 10:95 .. 31-46
TABLE XII
Balance for Calecium
UNTREATED STRAW

Intake from Total Output from Total
— Al —  Intake  — A — output

Straw Poonac Faeces Urine
6-22 0-39 6:61 .. 11-76 0-20 .. 11:96
625 0:39 .. 664 .. 11:86 0-36 .. 12-22
658 046 .. 704 .. 1002 0:46 .. 10-48
8-29 0-46 8:75 .. 12-31 0-46- .. 12-77
7:04 0-45 749 .. 9-82 009 .. 991

7:66 0-45 811 .. 1140 009 .. 11-49 ..
.WATER.' WASHED STRAW

794 0-39 8:33 .. 10-46 0-94 .. 11-40
9-05 0-39 944 .. 11'11 0:56 .. 11-67
9-02 0-46 9-48 .. 12:73 0-71 .. 13-44
10-46 046 .. 10°92 .. 14:09 0-71 . 14-80
9-02 0-45 947 .. 10-39 0-48 .. 10-87
9-15 0-45 960 .. 10-86 0-78 .. Il-64

++++++

Balance

"38
‘26
.7-4
59
58
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. — 388
Lo— 140
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LYE TREATED STRAW

3-33

Intake from Total Output from
— A - Intake — A -
Straw Poonac Faeces Urine
.. 11:51 0-39 .. 1190 .. 10°51 0-50
. 12-80 0-39 .. 1319 .. 10-°49 0-60
.. 9-84 046 .. 10:30 8-41 0-71
.. 11-08 0-46 .. 11:54 8:36 0-71
.. 10-83 045 .. 1128 .. 10:30 0-13
. 10-22 0-45 .. 10-67 6-65 0-16
TABLE XIII
Balance for Phosphorus
UNTREATED STRAW
Intake from Total Output from
— A —  Intake — A —
Straw Poonac Faeces Urine
337 3-49 6-86 6-72 0-16
3-39 3-49 6-88 6-22 0-19
3-13 3:38 6-51 7-68 0-11
3:95 3-38 7-33 8-96 0-10
3:95 3-33 7-28 7-35 0-15
4-30 3:33 763 7-89 0-17
_ WATER WASHED STRAW
. 6-93 3:49 .. 10-42 5-32 0-08
7-90 349 .. 1139 5-17 0-09
887 3:38 .. 12:25 6-45 0-11
. 10-28 3-38 .. 13:66 9-96 0-10
. 1046 3-33 .. 1379 8-52 0-15
. 10-61 3:33 .. 1394 7-04 0-11
LYE TREATED STRAW
1:76 3:49 5-25 4-36 .. 0-13
2:06 3:49 555 4-01 .. 0-°13
2:15 3-38 5-53 5-29 0-12
2-41 3-38 5-79 5-80 0-10
2:30 .. 333 563 4-67 0-16
217 .. 5-50 4-90 0-15

Total
output

. 11-01

. 10-09

9-12
9-07

. 10-43

6-81

Total
output

6-88
6-41
7-79
9-06
7-50
8-06

5-40
5-26
6:56

. 10-06

.0

8-67
6-79

4-49
4-14
5-41
5-90
4-83
5-05

Balance

.. + 0-89
.. 4 2°10
.. 4 1-18
.+ 2:47
. + 085
. + 3-86

Balance

.. + 002
.. + 0-47
.. —1-28
.. — 173
. — 0-22
. — 043

.. 4 5°02
.. + 6°13
.. + 569
.. + 360
.. + 5°12
.+ 715

.. + 076
.o + 1-41
o + 0-12
.. — 011
.. + 0-80
. + 045
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Tables XI, XII, and XIII show the nitrogen, calcium and phosphorus
balances. The results show that the lye treated straw has a positive balance
for all three constituents while in the water washed and untreated straw the -
nitrogén and calcium are negative in both. The phosphorus is negative in
the untreated straw but positive in the water washed straw. This may be
expected as there is a big increase in the phosphorus of the water washed
straw. -

TABLE XIV

Excretion of Urine per Day

Unireated Water Lye
Washed T'reated
Bull No. 1 2185 Bull No. 3 1354 | Bull No. 5 2201
Bull No. 2 2431 | Bull No. 4 1512 | Bull No. 6 2456
Bull No. 3 2405 | Bull No. 5 1144 | Bull No. 1 2657
Bull No. 4 3186 | Bull No. 6 1453 | Bull No. 2 2048
Bull No. 5 2693 | Bull No. 1 1186 | Bull No. 3 3493 -
Bull No. 6 3364 Bull No. 2 1678 Bull No. 4 3476
Average .. 2810 1389 2872

There is no excessive urination under any of the three straw treatments
nor were the animals emaciated due to the deficiency in the retention of
Calcium and Phosporus. The author (6) had noticed a very marked emacia-
tion in the experimental animals in a trial he carried out at Izatnagar on the
digestibility of maize husk where the ration fed was deficient in phosphorus.
When in the next trial the deficiency of phosphorus was made good no such
emaciation was noticed. Further whereas in the first trial the nitrogen
calcium and phosphorus were all negative in the absence of sufficient phos-
phorus with the addition of the phosphorus the retention of all three of these
constituents were positive. Cabery (7), also did not notice any excessive
urination or diuresis, in his trials with paddy straw.

Table XIV shows the amounts of urine excreted daily under the.
three different treatments. The average for each treatment is given at the.
bottom of the table. The amount of urine excreted under the untreated
straw treatment, which cannot be considered excessive, is practically the
same as that under lye treatment. But the urination under the water washed
treatment is almost half of the others which indicates that water washing
of the straw depresses the excretion of urine. '
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TABLE XV
Percentage Moisture in Faeces

Untreated ' Water Lye
) Washed ) Treated

" Bull No. 1 77-15 Bull No. 3 73:60 Bull No. 5 79-15
- Bull No. 2 77-05 Bull No. 4 7517 Bull No. 6 79-88
Bull No. 3 79-96 Bull No. 5 76-71 Bull No. 1 81:85
. Bull No. 4 79-11 | Bull No. 6 77-15 Bull No. 2 80-47
Bull No. 5 7360 Bull No. 1 7770 Bull No. 3 75-10
Bull No. 6 76-05 Bull No. 2 79-02 Bull No. 4 80-34
Average .. 1T7°15 7654 7947

Table XV gives the percentage moisture in the faeces under the three
different treatments and it is seen that the faeces from the lye treated straw
treatment has the highest moisture.

It is possible that Sinhala cattle living on a lower mineral intake for
centuries had attained a lower equilibrium for these minerals. Thus the
experimental animals were not adversely affected as animals bred at a higher
mineral level would have been.

TABLE XVI
Utilization of Carbohydrates in Straw—per all six Animals for each Treatment per Day
' Total straw Total carbohy- Total carbohy-
consumed  drates in the straw  drates Digested
consumed

gms. gms. gms.

Untreated straw .. 19,570 .. 15,184 .. 6,107

Water washed straw .. 17,469 .. 13,963 .. 5,246

Lye treated straw . 15,558 .. 12,897 .. 7,056

Table XVI gives the amounts of straw consumed from the three
treatments, the equivalent of the straw consumed in total carbohydrates and
the amount of carbohydrate digested. It is seen that although the untreated
straw is consumed the most, the highest amount of digestible carbohydrates
has been derived from the lye treated straw. It is not the amount consumed
but the actual amount digested that is the criterion by which a feedingstuff
can be judged.

Unfortunately, although the lye treatment of straw significantly
. increases its nutritive value, it is not a method that can be adopted by the
" average Ceylon villager. But when the plant for the large scale processing of
animal food is established the production of lye treated straw economically



Plate 2.— Two Metabolism Stalls.



Plato 3.— Tho Trial in Progress
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should be possible. It may be worthwhile investigating the production of a
lye treated straw fortified with a nitrogen rich material like urea. A product
of this pature will go a long way to ease the scarcity of animal feedingstuffs
-in the Island.

SUMMARY

Both lye treatment and water washing remove the excessive amounts
of potassium and oxalates which hinder the assimilation of calcium. But
while lye treatment removes almost 90 per cent., water washing removes
only about 50 per cent. and that too not consistantly.

The carbohydrate fraction which is the most valuable portion of the
straw is significantly increased by lye treatment.

Lye treatment significantly increases the digestibility of the carbohy-
drate fraction of paddy straw while water washing decreases it. The increase
of the total digestible carbohydrates by lye treatment is 36 per cent.

- No diuresis was noticed under any of the three straw treatments
adopted in this trial.

Though the consumption was highest in the untreated straw and lowest
in the lye treated the amount of the carbohydrates actually digested was
highest in the lye treated straw.
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