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BULLETIN NO. 291 FEBRUARY, 1922 

DIGESTION EXPERIMENTS 

This is the sixth bulletin in a series whose object is to ascertain the 
Aceding value of Texas feeding stuffs by means of digestion experiments. 
Previous bulletins in the series are 104, 147, 166, 203, and 245. 

The value of feeding stuffs for feeding purposes depends upon several 
things. These include its bulk, its palatability, its ash content, its 

"ability to the animal, its vitamine content, its digestible protein, 
its productive value. The most important of these from the stand- 
~t of animal nutrition are the digestible protein and the productive 
Le. 

DEFINITION O F  TERMS. 

Digestible Protein. Protein is the constituent of the feed which is 
ed to form muscle, skin, hair, and similar portions of the body, se- 

cretions of the body which are necessary for life, and to replace and 
repair animal tissue. The protein is equal to nitrogen multiplied 
by 6.25. 

The digestible protein is that which is digested and absorbed during 
the passage of the food through the animal's body. The amount of 
digestible protein represents the capacity of the food to furnish ma- 
terial for the production of lean meat, or for the repair or replacement 
of the tissue of the animal body. 

t is made up of a -variety of constituents and varies in character 
the different feeding stuffs. In  the same feeding stuff there are 
~ l l y  several different kinds of chemical compounds in the protein. 
: proteins of some feeding stuffs appear to lack part of the essential 
3tituents for the proper replacement or the repair of the animal 
~es ,  and for this reason are not as effective as they should be. The 
?stigations dong this line are not yet sufficiently definite to permit 

aitblsfactory statements with regard to the qualities of different protein 
constituents in feeding stuffs. 

Productive Value. Productive value means the ability of the feed- 
ing stuff to furnish animals the material for heat, for work, o r  for 
the production of fat. Protein, when digested, may be burned for the 
production of heat, or energy, or its nitrogen may be spilt off and the 
residue be used for the formation of fat. Fats, when digested, may 
':'--wise be used for heat or energy, or may be stored up for fat. The 

e is .true for the constituents of the nitrogen-free extract and for 
; portion of the crude fiber which is digested. 
'he work of digestion consumes a certain amount of energy which 
;t be deducted from that of the feed digested. Energy is also used 



for metabolic changes consequent on the digestion of the food. The 
energy remaining after these losses are deducted may be used for pro- 
ductive purposes and this is what is termed the productive value of a 
feeding stuff. It is the value of a feed for the purpose of producing 
fat, after all the requirements consequent on the consimption of the 
food have been deducted. The fat may be burned for heat or used 
for work, or for production of fa t  or milk. 

Feeding stuffs vary considerably in  the aniount of loss in the proces 
consequent upon digestion. For example, the digested constituents 
high-grade cottonseed meal have full value for the production of j 
but one pound of the digested constituents of wheat straw has o. 
one-fifth the value of one pound of those of cottonseed meal. Feed: 
stuffs high in  crude fiber suffer a great loss in digestion, and the p 
ductive value is consequently lowered. 

The productive value is calculated from the results of tests with 
various feeds, in which the animal is first fed a measured ration suffi- 

nl y 
ing 
sro- 

cient to form a little fat  and the quantity of fa t  formed is exactly 
determined. Then the animal is fed the same ration with the addition 
of the feed to be studied, and the quantity of fa t  produced is agr 
measured. The additional quantity of fat  produced is due to the ad 
tion of the feed to be studied and represents its fat-producing pow 
The productive value may be stated in terms of matter, such as fat, , 
in  terms of energy, such as therms. 

Ash,. Ash of feeding stuffs is particularly important to growin, 
animals, as it is necessa.ry for the formation of bones, and certain por 
tions of it are also required for the blood. 

Vitamin~s. Vitamines are substances which are essential to the lif 
of the animal. It is believed that there are three different group! 
One group is chiefly present in seeds, and another chiefly in the lea. 
of plants, while milk contains all three. 

ves 

Seed products highly milled for human use have their vitamii 
largely removed. For example, in the milling of rice, the vitamines : 
left in the bran and ren~ored almost entirely from the grain. 'I 
relation of vitamines to animal feeding requires further investigatioi 
a t  present vitamines appear of significance chiefly in connection w 
pigs and poultry, although they may possibly be important in c o n n ~ ~  
tion with breeding animals, and also v i th  animals fed upon certai. 
rations. Ordinary rations fed animals contain ail abundance of vit 
amines. 

DIGESTION EXPERIMENTS. 
0 

The productive values and the values for digestible protein in t 
Bulletin have been calculated from the results of digestion esperiine? 
with sheep. The method of conducting the experiments is described 
Bulletins Nos. 147 and 166 of this Station. The production coefficie; 
were calculated as described in  Bulletin No. 185. 

COEFFICIENTS OF DIGESTIBILITY. 

The coefficients of digestibility are used to calculate the digesti 
constituents of a feeding stuff, and until ten or fifteen years ago . 
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digestible nutrients were used exclusively for calculating rations in the 
feeding of animals. Developments i n  scientific knowledge concerning 
feeding stuffs have rendered the use of digestible constituents an anti- 
quated method for calculating rations, although many people are still 
using them. The digestible nutrients do not show the real feeding 
value of the feeding stuffs, for the reason that the nutrients digested 
from different feeds are of different value to the animal body. 

An illustration of this may be given by comparing the digestible 
nutrients of cottonseed 111eal and cottons~ec~ hulls. The total digestible 
nutrients of 100 pounds cottonseed meal are 67.6, while for cottonseed 
hulls they are 35.3. One pound of cottonseed meal would therefore be 
equal to only 1.9 pounds of cottonseed hulls, based on the digestible 
nutrients. Any feeder knows that this is not correct, and scientific 
experiments have shown that i t  is h i g h l ~  incorrect, as cottonseed meal 
has a much higher feeding value. The productive value may be ex- 
pressed in terms of fat  which the feed is capable of producing, or 
therms as expressed by Armsby, that is, in  terms of the heat or energy 
that i t  map produce. I n  either case, the productive value represents 
nlore closely the actual feeding value than the sum of the digestible 
nutrients. We can assume that the cottonseed meal referred to above 
llaa a productive value of 73.3 therms and the cottonseed l~ulls a pro- 
ductive value of 17.6 therms. One pound of cottonseed meal would, 
therefore, equal in feeding value 4.2 pounds of cottonseed hulls. 

The misleading character of the comparison of the digestible nutrients 
is sliown clearly when money values are compared. If  the cottonseed 
hulls sell for $10 per ton, and the cottonseed meal for $40 per ton, 
one pound digestible nutrients in cottonseed meal would cost 3.0 cents 
and one pound in cottonseed hulls would cost 1.4 cents. Therefore, a 
pound of digestible nutrients in cottonseed hulls would be much cheaper 
than a pound of digestible nutrients in cottonseed meal. But if the 
cost of the units of productive value are conipared one finds that one 
therm productive value of cottonseed meal costs 2.63 cents, while one 
therm productive value of cottonseed hulls costs 2.73. Therefore, the 
cottonseed hulls a t  $10 a ton are a slightly more expensive feed than 
the cottonseed meal a t  $40 a ton. The comparison of the digestible 
nutrients of cottonseed meal and of cottonseed hulls gives entirely 
misleading results. 

DESCRIPTION OF FEEDS S K D  DISCUSSIOK OF RESULTS. 

conlposition of the feeds used is shown in Table 1, together with 
digestible protein and the productive value of the feeds expressed both 
as fat and as therms. The coefficients of digestibility are given in 
Table 2. Table 3 contains the production coefficients of the ~a r i ous  
feeding stuffs as found in these experiments, as therms. To convert 
therms into fat, multiply them by .231. The figures show the relative 
feeding values of the feeds, as shown in these experiments. A dis- 
cussion of the individual feeding stuffs is given below. 





Digestible 
protein 

10.89 

11.04 

12.00 
9.34 

. . . . . . . . . .  

10.41 
7.98 
9.90 
9.51 

14.38 
9.32 
3.8'3 
4.35 
1.00 

20.01 

35.49 

5.57 

12.90 
12.44 
14.08 
13.25 
16.43 
18.01 
11.83 
15.86 
14.54 

Table 1. Composition and productive value of feeds used in the experiments. 

Ash 

7.83 
7.69 
9.02 
7.45 

' 7.20 
8.54 
8.95 
7.67 
5.26 
2.32 
5.22 
5 .44 . . .  
3.05 
1.45 
1.80 
1.72 
1.81 
3.28 

12.12 
5.99 
2.95 
2.94 
4.23 
6.44 

10.65 
3.06 
1.51 
3.29 
4.22 
1.76 
6.21 
5.95 
3.56 
4.48 
1.75 
3.77 
1.43 

Productive value 
Water 

12.10 
10.84 
7.14 
7.42 
7.21 
8.94 

10.42 
8.29 
8.12 
8.17 
7.06 
7.80 
9.94 

11.31 
10.95 
10.02 
9.05 

11.22 
8.08 
8.42 
9.17 
8.87 
9.28 

12.00 
6.37 
7.94 

10.12 
11.63 
11.74 
12.02 
11.14 
8.94 

10.37 
9.12 
9.34 
8.84 

10.81 

As fa t  

9.10 

9.18 

9.28 
9.36 

8.46 

16.54 
20.37 
21.22 
21.02 
23.111 
16.56 
10.05 
7.22 
2.64 

19.76 

17.43 

17.73 

16.50 
20.81 
12.24 
13.17 
19.06 
18.16 

18.42 
21.55 

Nitrogen 
free 

extract 

36.42 
39.64 
41.46 
38.49 
37.65 
39.00 
36.83 
36.81 
39.21 
46.50 
26.71 
26.04 
57.29 
70.74 
70.72 
72.13 
65.35 
58.0? 
42.33 
51.15 
23.08 
23.57 
58.15 
48.08 
20.12 
37.26 
72.40 
49.93 
49.38 
68.32 
52.04 
54.75 
57.76 
54.18 
70.76 
58.42 
67.25 

As therms 

38.99 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

39.33 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

39.75 
40.10 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
36.26 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

70.87 
87.27 
90.91 
!l0.08 
!1!).34 
70.93 
43.06 
30.03 
11.31 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
84.65 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
74.68 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
76.77 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
70.68 
89.18 
52.48 
56.42 
81.65 
77.79 

. . . . . . . . . . . . . . . . . . . .  
78.90 
92.31 

Crude 
fiber 

27.31 
26.28 
23.76 
28.92 
30.79 
25.61 
26.29 
33.33 
38.47 
38.88 
11.36 
11.12 
3 
2.10 
2.25 
2.06 
1.89 

11.50 
26.42 
25.45 
55.97 
56.24 

3.98 
27.55 
6.49 

43.90 
3.21 
6:78 

12.91 
2.74 

10.37 
10.66 
4.79 
6.22 
3.35 
4.51 
1.45 

!Ether 
extract 

1.94 
1.72 
2.18 
2.18 
2.02 
2.18 
1.99 
1.25 
2.37 

.64 
6.91 
6.89 
9.42 
~ 4 i j  
3.02 
2.75 
5.95 
4.19 
2.08 
1.92 
1.26 
1.18 
1.33 

.93 
17.35 
2.25 

Protein 

14.40 
13.83 
16.47 
15.54 
15.13 
15.73 
15.52 
12.65 
6.57 
3.49 

42.74 
42.71 

#: 
11.26 
11.32 
15.115 
11.76 
8.97 
7.07 
7.57 
7.20 

23.03 
5.00 

39.02 

17083-4 
17319-20 
17457- 8 
17489 
17595- 6 
17407-8-9 
18685- 6 
19018- 9 
16150- 1 
1 7 0 -  1 
16323- 4 
16352- 3 
13328 -9 
18971- 2 
1!)001-12 
l!l023-. 4 
1877'2- 3 
18867-L8 
18748- 9 
111125- 6 
16319-20 
13330- 1 
18932- 3 
18944- 5 
17773- 4 
16350- 1 

Alfalfa.D.E.111 . . . . . . . . . . . . . . . . . .  
Alfalfa.D.E.112 . . . . . . . . . . . . . . . . . .  
Alfalfa D. E. 114. . . . . . . . . . . . . . . . . .  
~l fa l fa :  D. E. 115.. . . . . . . . . . . . . . . . .  
Alfalfa D. E. 116. . . . . . . . . . . . . . . . . .  
Alfalfa'hay D. E. 113.. . . . . . . . . . . . .  
Alfalfa hay' D. E. 122. ............. 
Alfalfa me& D. E. 131.. ............ 
Bear grass D. E. 106.. . . . . . . . . . . . . .  
cottonseed hulls, delinted, D. E. 107.. 
Cottonseed meal, D. E. 108.. . . . . . . . .  
Cottonseed meal, D. 12. 110.. . . . . . . . .  
Corn bran. D. E. 109. . . . . . . . . . . . . . .  
Darso, D. E. 129. . . . . . . . . . . . . . . . . . .  
Rlilo whole D. 15. 130.. . . . . . . . . . . . .  
~ i l o '  grounh D:E. 132.. . . . . . . . . . . .  
Oats' rolled D. E. 125.. . . . . . . . . . . . .  
oat? '  whole' D. E. 126.. . . . . . . . . . . . .  
o a t ' h u l ~  cliipinns D. E. 124.. . . . . . . .  
Oat meal mill by-droducts, D. E. 133.. 
Peanut hulls, D. E. 108.. . . . . . . . . . . .  
Peanut hulls, D. E. 109.. . . . . . . . . . . .  
Pinto beans, D. E .  127.. . . . . . . . . . . . .  
Pods of velvet beans.. . . . . . . . . . . . . . .  
Sesame cake D. E. 120. . . . . . . . . . . . .  
Sacchuista &ass D. E. 110.. . . . . . . . .  

17831- 2 
18942- 3 
18942-3-4-5 
17714- 5 
17321- 2 
17459-60 
17409-10-30 
17752- 3 
17767- 8 
17488- 9 
18696- 7 

Sorghum seed ( ~ e d  Top), D. E. 121.. 
Velvet beans,.no pod. . . . . . . . . . . . . . .  
Velvet beans In pods, D. E. 128.. . . . .  
Wheat whole D. E. 117.. . . . . . . . . . .  
Wheat'bran, D. E. 112.. . . . . . . . . . . . .  
Wheat bran D. E. 114.. . . . . . . . . . . . .  
Wheat ray'shorts D. E. 113.. . . . . . .  
Wheat frown sho&s. D. E. 119.. .... 
Wheat cracked,!D. E. 118 . . . . . . . . . . .  
~ h e a t ' ~ r a ~  shorts D. E. 115.. . . . . . .  
Wheat white short's, D. E. 123. ...... 

- .  ~ ~ 

E 8  
17.19 
13.50 
16.38 
16.05 
18.48 
20.18 
13.11 
19.21 
16.52 

4.56 
1.66 
3.86 
3.66 
5.04 
5.82 
1.69 
5.25 
2.54 

- 



ALFALFA I-IAT. 

Alfalfa hay was used as a basal feed, for the feeding with other feeds 
to be tested. Three bamples of alfalfa hay and one sample of alfalfa 
meal were used for this purpose. Preliminary digestion experiments 
were made on these. 

DELISTED COTTOSSEED HULLS. 

Delinted cottonseed hulls consist of cottonseed hulls from which al- 
most all of the cotton lint has been removed. As the cotton lint is 
high in fiber, the remoral of the lint should decrease the percentage of 
fiber remaining with the hulls. The amount of lint removed is not 
large, although it may looli like a large quantity. I t  is to be expected 
that  the deliilted cottonseed hulls should have a slightly better feeding 
value than ordinary cottonseed hulls, and this is found to be the 

Table 2. Digestion coefirients secured in t he  experiments. 

CORK BRAN. 

17083- 4 
17595- 6 
18685- 6 

19018- 9 
17831- 2 

16270- 1 

16328- 9 

18971- 2 

19001- 2 
19023- 4 

18772- 3 
18867- 8 

18748- 9 
19125- 6 

16319-20 

18932- 3 
17831- 2 

18944-45 

17773- 4 
17714- 5 
17321- 2 
17459-60 
17409-10-30 
17752- 3 
17767- 8 
17488- 9 
186!lG- 7 

I case. 

Corn bran ~ a r i e s  ronsideral~lg in composition. The sample used in 
this experiment contains 11.95 per cent. protein and 9.42 per cent. 

- 

Alfalfa D .  E.  111. . . . . . . . . . . . . .  
~ l f a l f a '  D. E. 116.. . . . . . . . . . . . .  
~l fa l f a ' hay ,  D.  E. 122.. . . . . . . . .  
Alfalfa hay average (Bull. 245). . .  
Alfalfa meal, D. E. 131.. . . . . . . . .  
Sorghum cane seed (Red Top), 

D. E. 121.. . . . . . . . . . . . . . . . . .  
Cottonseed hulls, delinted, D.  E. 

107 . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed hulls (lint on), Bull. 

166 . . . . . . . . . . . . . . . . . . . . . . . . .  
Corn bran, D. E. 109. . . . . . . . . . .  

. . .  Corn bran, average, Bull. 166. 
Darso seed, D.  E. 129.. ......:.. 
Darso, average of two (Okla. one) 

. . . .  Milo seed, whole. D.  E. 130.. 
. . .  Milo seed, eround D.  E. 132. 

Milo averabe ~ i n d s a r  (h l a s s )  . 
Oats, rolled, D. E. 125.. . . . . . . . .  
Oats, whole, D.  E. 126.. . . . . . . . .  
Oats. whole, Swedish select, aver- 

age Lindsay (Mass.). . . . . . . . . .  
Oat hull clir)pings, D. E. 124.. . . .  
Oat meal mlll bq--products. D.  E. 

133 . . . . . . . . . . . . . . . . . . . . . . . . .  
. .  Oat  feed much hulls (Lindsay). 

Peanut  l;ulls, D. E. 108. . . . . . . . .  
Peanut hulls, average (Bull. 245). 
Pinto beans. D.  E. 127.. . . . . . . . .  
Sorehum seed (Red Top), D.  E. 

121 . . . . . . . . . . . . . . . . . . . . . . . . .  
Velvet heans in pods.. . . . . . . . . . .  

. . . . . . .  Average Lindsay (hiass.). 
Sesame cake, D.  E .  120. . . . . . . . .  
Wheat,  D.  E. 117. . . . . . . . . . . . . .  
\\'heat bran, D. E. 112.. . . . . . . . .  
Wheat bran, D.  E. 114.. . . . . . . . .  
Wheat brown shorts. D. E. 113.. 
Wheat brown shorts D. E. 119.. . 
JVhcat cracked D. k. 118.. . . . . .  
~ ~ h e a t ' g r a v  shdrts D. E. 115. . . .  
Wheat white short;. D. E. 123. . .  

Protein 

75.52 
72.96 
77.29 
75.3 
73.87 

56.55 

0 

Crude 
fiber 

- 
49.78 
46.74 
49.29 
46.2 
58.93 

100 

46.1 

49.0 
fi8.15 
59.6 
80.65 
40.4 
72.30 
2.28 

57.0 
79.95 
59.fi3 

36 
76.15 

30.48 
32 
34.40 
12.0 
61.64 

100 
95.47 
70 
30.48 
110.14 
42.156 
44.05 
5 1 1  
70.65 
88.15 

0 
33.50 

Ether  
extract 

- 
42.57 
47.15 
32.06 
34.8 
24.5 

56.43 

76.1 

Nitro- 

14.1 . 
87.13 90.66 
58.2 78.6 
72.50 87.20 
64.5 78.1 
87.88 88.20 

91.20 : 69.0 

gen-free 

90.16 
79.26 

77 
42.70 

61.55 
65 
13.18 
52.8 
87.15 

56.55 
76.04 
75 
90.94 
92.17 
8.5.97 
82.58 
88.89 
89.25 
90.31 
82.67 
88.00 

Ash 

5 . 6 6  
89.66 

89.0 
57.80 

74.72 
90 
60.70 
89.0 
64.75 

5fi.43 
98.10 
79 
61. 15 
91.04 
77.21 
84.06 
82.73 
83.fi3 
86.46 
95.50 
I l l .  54 

extract I 
-- 

72.22 
72.76 
71.66 
68.8 
73.60 

87.38 

63.0 

47.7 
81.79 
77.2 
92.20 
88.2 
95.61 
95.90 
82.0 
98.10 
84.45 

81 
68.55 

55.84 
42 
88.00 
57. fi 
95.65 

87.38 
96.55 
88 
28.55 
!46.00 
74.63 
80.27 
90.55 
83.35 
6 15 
89.52 
98.87 

51.51 
47.54 
60.40 
49.9 
56.45 

59.28 

+u. I L  

. . . . . . . .  
73.40 
31.09 
92.0 
41.65 
20.50 

. . . .  
I 

2 
' z .yu 
20.8 
59.62 

59.28 
75.96 
42 
19.58 
79.23 
49.46 
39.51 
51.68 
37.99 
82.12 
28.92 
70.06 
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fat, with 8.35 per cent. fiber. It is, therefore, of good quality as re- 
gards protein and fat. 

Table 3. Feeds D. E., production coefficients (Therms) 

Alfalfa D. E. 111. . . . . . . . . . . . . .  
~ l f a l f a '  D. E. 116. . . . . . . . . . . . . .  
~lfalfa 'hay D. E. 1 2 2 . .  . . . . . . . .  
Alfalfa hag' average Bull. 245. . .  
Alfalfa meai, D. E. i 31 . .  . . . . . . . .  
Co.tio_nseed hulls, delinted, D. E. 

1 V I  . . . . . . . . . . . . . . . . . . . . . . . . .  
I ~ o p ~ n s e e d  hulls, average, Bull. ( 

Ether 
extract 

13328- 9 

18971- 2 

19001- 2 
19023- 4 

18772- 3 
18867- 8 

18748- 9 
19125- 6 

16319-20 

18932- 3 
17831- 2 

17773- 4 
17714- 5 
17321- 2 
17459-60 
17409-10-30 
17752- 3 
17488- 9 
18696- 7 

Crude gen-free Factor 
fiber extract I I 

I00 . . . . . . . . . . . . . . . . . . . . . . . . .  
Corn bran D. E. 109 . .  . . . . . . . . .  

. . .  Corn bran: average, Bull. 166. . . . . . . . . .  Darso seed, D. E. 129..  
. . . . . . . . . . .  Darso, average two. .  

Milo seed whole D. E. 130..  . . . .  . . .  Milo seed: grounh, D. E. 132. 
hlilo, average. . . . . . . . . . . . . . . . . .  
Oats rolled D. E. 125 . .  . . . . . . . .  
Oats: whole: D. E. 126 . .  . . . . . . . .  . . . . . . . . .  Oats, whole, average.. . . .  Oat hull clip ings D. E. 124..  
Oat meal mi8 by-products, D. E. 

133 . . . . . . . . . . . . . . . . . . . . . . . . .  
Oat feed average. ......:....... 
Peanut hulls, D. E. 108. . . . . . . . .  

. . . . . . . . .  Peanut hulls, average.. 
Pinto beans D. E. 127..  ........ 
Sorghum seed. red top, D. E. 121. 
Velvet beans,in pods, D. E. 128. . 
Velvet bean in pod average.. .... 
Sesame cake, D. E.' 120. . . . . . . . .  
M'hent, D. E. 117 . .  . . . . . . . . . . . .  
Wheat bran, D.  E. 112..  . . . . . . . .  
\\illeat bran, D. E. 114..  . . . . . . . .  
\\'heat gray shorts D. E 113. .  . .  
\\.heat brown sho&s D E 119.. . 
\\'heat grav shorts D. E. 115 . .  .. 
\Vheat white shor&, D. E. 123. .. 

BEAR GRASS. 

Bear grass was fed in digestion e'xperiment No. 106, together with 
cottonseed meal, but the aniinals refused to eat the bear grass in suffi- 
cient amounts to justify the presentation of the digestion coefficients. 
The animals ate only about 200 grams in the seren days of the ex- 
periment. 

DARSO GRAIN. 

Darso is a sweet sorghum, has a slightJy bitter taste, and one sample 
examined contained .42 per cent. tannic acid. In chemical composition 
it is similar to milo or kafir, and this is also the case with its digesti- 
i l i t .  Only one other digestion experiment has been made with darso 
seecl, which mas made at  the Oklahoma Experiment Station. The diges- 
tion coefficients secured by the Oklahoma Station are lower than those 
secured by the Texas Experiment Station, possibly for the reason that, 
they fed darso with Sudan grass hay, and, therefore, fed an unbalanced 
ration, while the Texas Experiment Station fed with alfalfa hay, which 
formed a balanced ration. It is well known that in the absence of 
sufficient protein in the ration, the digestibility of the nitrogen-free 
extract and crude fiber will be less than otherwise would be the case. 





MILO GRAIN. 

Milo seed were fed whole in experiment No. 130 and ground in ex- 
periment Xo. 132. The digestion coefficients are practically the same 
in each case. I n  this experiment, grinding the feed did not increase 
the digestion, but i t  is possible that when heavy rations. are fed, the 
whole grain may be less digested. 

ROLLED OATS. 

The rolled oats used in this experiment were those used for break- 
fast food. They contained practically no hulls. The digestibility is 
high. 

WHOLE OATS. 

The whole oats were fed with alfalfa hay. The digestibility is very 
close to the average given by Lindsay of the Massachusetts Experiment 
Station. 

OAT HULL CLIPPINGS. 

Oat hull clippings are the clippings from the ends of the oats, which 
are cut off for the purpose of increasing the weight of the oats to the 
bushel. Sometimes oats are present. With the exception of the crude 
fiber, the digestibility of oat hull clippings is much lower than that of 
whole oats. 

OAT MEAL MILL BY-PRODUCT. 

Oat meal mill by-product consists of a mixture of hulls and oat dust 
obtained in the manufacture of rolled oats for human consumption. A 
large part of this material consists of oat hulls. The digestibility of 
the crude fiber and the nitrogen-free extract is less for this product 
than for oat hull clippings, although the protein and fat are somewhat 
more digested. The protein is slightly less digested, and the nitrogen- 
free extract is somewhat more digested than the average of Lindsay 
for oat feed. 

PEANUT HULLS. 

Peanut hulls seem to vary considerably in composition and digesti- 
bility. The nitrogen-free extract of this sample and also the crude 
fiber were digested much more than that of the average peanut hulls 

I given in Bulletin 245. 
PINTO BEANS. 

I 

1 Pinto beans are grown in Arizona, New Mexico, West Texas, and 
Ilexico. The sample had a good digestibility. 

~ SORGHUM SEED. 

This was red top sorghum seed, which is a sweet sorghum. The 
digestibility was lower than that of da.rso. 

VELVET BEANS I N  PODS. 

This consists of the entire velvet bean and the pod together. It is 
somewhat better digested in our experiments than the average of the 

, experiments given by Lindsay. 



SESAME CAKE. I 
Sesame seed is an oil-bearing seed grown in tropical countries but 1 

very little in the United States. The sesdme cake used in this experi- 
ment came from lfexico. The protein has a high digestibility. i 

WHEAT BY-PRODUCTS. I 
The composition and digestibility of wheat by-products have been 

discnssed in  Bulletin 282. The digestion experiments there mentioned 
have been included in that bulletin. They are presented here for the 
sake of con~pleteness. 

WHOLE AND CRACKED WHEAT. I I 
llissouri red wheat was used. Whole wheat was thoroughly digested 

in experiment No. 117, and the same wheat cracked was fed in experi- 
ment No. 118. There is practically no difference between the digesti- 
bility of the wheat fed whole and cracked. This result is similar to 
that secured with whole and cracked milo seed. It shows that in the 
quantities fed in these experiments, grinding the wheat has no effect 
upon its digestibility by sheep. However, in feeding experiments quoted 
in  Bulletin 282, referred to above, it mas shown that whole wheat has 
about 11 per cent. less feeding value than ground wheat. 

Table 4. Composition of excrements. 

Protein Ether Crude 
extract 1 fiber 

-- 
extract 

Ash 
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Table 4 . Composition of excrements-Continued . 

106 Bea 
107 Del 
108 Pea 

Table 5 . Residues from digestion experiments . 

-- 
16301 
16302 
16326 
16327 
16368 
17243 
17244 
17743 
17811 
180!l7 
18700 
18701 
18750 
18776 
18777 
18936 

'18975 
18976 
19156 

Table 6 . Digestion coefficients obtained with each sheep . 

extract fiber extract 

D . E . 107 Sheep No . 1 . . . . .  
D . E 107' sheep NO . 3 . . . . .  

. D . E: 108: Sheep No 1 . . . . .  
D . E . 108, Sheep No . 2 . . . . .  
D . E . 110 . . . . . . . . . . . . . . . . .  
D . E . l l l  . . . . . . . . . . . . . . . . .  
D . E . l l l  . . . . . . . . . . . . . . . . .  
Sheep No . 2 D . E . 117 . . . . .  
Sheep No  . 2: D . E . 120 . . . . .  
Sheep No . 4, D . E . 121 . . . . .  
Sheep No . 1 D . E 122 . . . . .  
Sheep No  . 2: D . E: 122 . . . . .  
Sheep No . 2 D . E . 123 . . . . .  
Sheep No 1' D . E . 124 . . . . .  
Sheep NO: 2: D . E . 124 . . . . .  
Sheep No  . 2, D . JS . 126 . . . . .  
Sheep No . 1 D . E . 128 . . . . .  
Sheep No  . 2' D . E . 128 . . . . .  
Sheep No . 2: D . E . 133 . . . . .  

. r grass . . . . . . . . . . . . . . . . . .  
inted cottonseed hulls . . . . .  
nut  hulls (with cottonseed 
leal) . . . . . . . . . . . . . . . . . . . . .  

Peanut hulls . . . . . . . . . . . . . . . .  
Corn bran (with peanut hulls) . 
Corn bran (with peanut hulls) . 
Sacchuista grass (with cotton- 

seed meal) . . . . . . . . . . . . . . . .  
Alfalfa hay . . . . . . . . . . . . . . . . . .  
Alfalfa hay . . . . . . . . . . . . . . . . . .  
Wheat bran (with alfalfa) . . . . .  
Wheat bran (with alfalfa) . . . . .  
Wheat brown shorts (with al- 

falfa) . . . . . . . . . . . . . . . . . . . . .  
Wheat brown shorts (with al- 

falfa) . . . . . . . . . . . . . . . . . . . . .  
Wheat bran (with alfalfa) . . . . .  

1 
1 

2 
1 
2 
1 

1 
1 
2 . 
1 
2 

1 

3 
1 

Protein 

3.30 
3.22 
8.30 
8.94 
6.51 
9.96 
9.31 
8.97 

10.13 
13.5.5 
0.00 
9.30 

10.67 
11.56 
11.45 
9.43 
5.66 
0.58 

11.01 

Ether  
extract 

. 49 

. 89 

. 72 

. 56 
2 . 1  

. . . . . . . .  
0.80 
1.20 
1.40 
2.00 
1.18 
. 90 

1.19 
2.22 
2.21 
1.08 
. 56 

1.18 
2.00 

Crude 
fiber 

36.65 
37.86 
56.50 
57.25 
43.90 
43.52 
44.94 
46.33 
43.03 
21.25 
42.87 
43.57 
36.72 
17.58 
20.94 
41.60 
31.19 
40.62 
22.14 

0 
0 

1.9 
24.4 
87.0 
87.3 

0 
77.0 
74.0 
86.6 
85.4 

87.5 

90.3 
- 81.4 

Nitro- 
gen-free 
extract 

46.23 
44.11 
15.88 
14.37 
36.54 

26.93 
30.32 
32.06 
47.30 
32.93 
32.00 
37.75 
37.17 
39.40 
34.22 
47.51 
33.92 
47.18 

46.1 
84.0 

30.5 
38.2 
67.3 
69.0 

3 .9  
52.0 
47.6 
44.1 
41.2 

45.8 

58.0 
. 43.4 

0 
76.1 

55.8 
65.3. 
90.8 
90.6 

0 
43.4 
41.7 
74.9 
79.5 

77.3 

88.2 
81.8 

Water 

..-- 

10.00 
10.04 
15.96 
16.05 
8.16 

. . . . . . . . . . . . . . . . . . . . . . . .  
9.23 
7.15 
7.40 
8.47 
7.03 
7.11 
7.30 
7.02 
6.70 
7.65 
8.53 
8.55 
9.75 

63.0 
68.1: 

88.0 
88.1 
82.8 
80.8 

0 
73.31 
71.2( 
78.2 
8 1 . 0  

89.2 

91.9 
80.4 

Ash 

3.33 
3.88 
2.59 
2.85 
2.70. 

8.72 
6.03 
5.98 
7.43 
6.99 
7.12 
6.37 

24.45 
19.30 
6.02 
6.55 
6.15 
7.92 

0 
0 

0 
5 .7  

58.4 
58.6 

54.1 
71.3 

48.9 
39.7 
59.2 

35.4 

68.0 
44.0 



Table:6. Digestion coefficients obtained with each sheep-Continued. 

Chemical analyses and other work inrolved in the preparation of this 
Bulletin have been taken part in by S. E. Asbury, W. H. Walker, 
John l3. Smith, Velma Graham, Guesie Brockman, and other mem- 
bers of the staff. 

- 
r i d  
nZ - 
114 
115 

115 

116 
116 
217 
117 
118 
118 
119 

119 

120 
120 
121 

121 

122 
122 
123 

123 

124 

124 

125 
125 
126 
126 
127 
127 
128 

128 

129 
129 
130 
130 
131 
131 
132 
132 
133 

533 

Ether 
extract 

-------- 
86.3 

91.0 

100.0 
46.5 
47.8 
91.0 
26.1 
86.2 
86.8 

84.9 

82.4 
61.3 
61.0 

75.8 

56.4 
29.3 
33.8 

92.7 

90.4 

58.3 

57.2 
98.2 
93.1 
91.7 
87.6 
49.6 
79.9 

96.2 

100.0 
88.9 
85.5 
84.1 
92.2 
25.7 
23.2 
91.1 
91.3 

74.9 

74.5 

. . . .  Wheat bran (with alfalfa). 
Wheat gray shorts (with al- 

falfa). . . . . . . . . . . . . . . . . . . . .  
Wheat gray shorts (with al- 

falfa). . . . . . . . . . . . . . . . . . . . .  
Alfalfa hay.. . . . . . . . . . . . . . . . .  
Alfalfa hay.. . . . . . . . . . . . . . . . .  
Whole wheat (with alfalfa hay) 
Whole wheat (with alfalfa hay) 
Cracked wheat (with alfalfa). . 
Cracked wheat (with alfalfa). . 
Wheat brown shorts (wlth al- 

falfa) . . . . . . . . . . . . . . . . . . . . .  
Wheat brown shorts (with al- 

falfa) . . . . . . . . . . . . . . . . . . . . .  . . .  Sesame cake (with alfalfa). 
. . .  Sesame cake (with alfalfa). 

Red top cane seed (with al- 
falfa) . . . . . . . . . . . . . . . . . . . . .  

Red top cane seed (with al- 
f alf a). . . . . . . . . . . . . . . . . . . . .  

Alfalfa hay.. . . . . . . . . . . . . . . . .  
Alfalfa hay. ,  . . . . . . . . . . . . . . . .  
Wheat white shorts (with al- 

falfa) . . . . . . . . . . . . . . . . . . . . . .  
Wheat white shorts (with al- 

falfa) . . . . . . . . . . . . . . . . . . . . .  
Oat hull clippings (with al- 

falfa). . . . . . . . . . . . . . . . . . . . . .  
Oat hull clippings (with al- 

falfa). . . . . . . . . . . . . . . . . . . . .  
Rolled oats (with alfalfa). .... 
Rolled oats (with alfalfa). ..... 
Whole oats (with alfalfa). ..... 
Whole oats with alfalfa). . . . . .  
Pinto heans (with alfalfa). . . . .  
Pinto beans (with alfalfa). . . . .  
Cracked velvet beans and pod 

(with alfalfa) . . . . . . . . . . . . . .  
Cracked velvet beans and pod 

(with alfalfa). . . . . . . . . . . . . .  
. .  Cracked darso (wjth alfalfa). 
. .  Cracked darso (with alfalfa). 

Whole milo (with alfalfa). . . . .  
Whole m ~ l o  (wlth alfalfa). .... 
Alfalfa meal.. . . . . . . . . . . . . . . .  
Alfalfa meal.. ............... 
Ground milo with alfalfa meal. 
Ground milo with alfalfa meal. 
Oat meal mill by-product with 

alfalfa meal..  . . . . . . . . . . . . .  
Oat meal mill by-product with 

alfalfa meal..  . . . . . . . . . . . . .  

Nitro- 
gen-free 
extract 

80.1 

89.2 

89.8 
73.4 
72.1 
96.0 

' 78.4 
97.1 
95.3 

83.4 

83.4 
30.6 
28.5 

89.9 

87.4 
76.6 
76.7 

98.2 

99.5 

61.2 

75.9 
100.0 
96.2 
84.9 
84.0 
97.0 
94.3 

100.0 

93.1 
94.5 
89.9 
96.6 
94.6 
74.6 
72.6 
97.2 
94.6 

53.5 

58.2 

Crude 
fiber 

. 4 4 . 7  

0 

0 
48.1 
45.4 
90.1 
0 

76.3 
100.0 

41.3 

100.0 
73.1 
5.9 

100.0 

100.0 
48.4 
49.2 

45.2 

21.9 

63.3 

89.0 
100.0 
59.9 
57.5 
61.7 

100.0 
23.3 

100.0 

90.9 
100.0 
61.3 
85.5 
59.1 
59.8 
58.1 
4.5 
0 

22.0 

38.9 

Ash 

35.0 

32.8 

25.1 
47.8 
47.3 
79.2 
0 

89.1 
75.2 

48.7 

27.3 
25.0 
14.1 

68.1 

59.3 
59.3 
61.5 

76.9 

63.2 

8.1 

18.0 
71.3 
12.0 
15.0 
26.0 
63.0 
56.3 

78.6 

72.3 
80.6 
11.6 

100.0 
46.7 
59.9 
53.0 
33.5 
28.7 

22.3 

23.9 

Sheep 
No. 

2 

1 

2 
1 
2 
1 
2 
1 

' 2 

1 

2 
1 
2 

1 

4 
1 
2 

1 

2 

1. 

2 
1 
2 
1 
2 
1 
2 

1 

2 
1 
2 
1 
2 
1 
2 
1 
2 

1 

2 

Protein 

83.8 

86.4 

78.7 
71.5 
74.5 
92.2 
41.5 
94.8 
85.8 

90.6 

87.9 
93.0 
88.9 

66.1 

56.6 
77.5 
77.1 

87.9 

88.1 

43.2 

42.2 
95.2 
85.1 
82.3 
76.2 
90.3 
84.0 

80.8 

71.3 
81.7 
63.4 
91.7 
84.0 
74.9 
72.8 
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