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1 DIGESTIBILITY OF THE SUGARS, STARCHES, PENTOSANS, 
I 

i AND PROTEIN OF SOME FEEDING STUFFS 
! 
I 

L knowledge of the composition and digestibility of the sugars, 
~clles, pentosans, and otlier ingredients of feecling stuffs, is impor- 
t for several reasons. It shoulcl throw some light upon the raria- 

.---ls in the feeding values of different feeding stuffs. It may aid in 
/ solving the question why the digestible nitrogen-free extract of hays 

allrl ioclders is less ~aluahle to animals than the same quantity of 
( digestible nitrogen-free extract in concentrates. It may throw some 
/ light upon the prelerence slronrn by animals for one feed over another. 

A knowledge of the constituents of feecls is also important in feed 

) control worl<, since it may aid in detecting illegal adlnixtures in feeds, 
or adulteration. It may aid in  devising methocls for the estimation 1 of the quantity of certain feeds, or certain classes of feed in mixtures. 

The worli here clescribecl is a continua.tion of that published i11 Bul- ( letins 175 and 196 of this Experiment Station. Bulletin 175 deals 
~ r i t l ~  tlie distribution and cligestibilit~r of the pentosans of feecls. Bul- 1 letin 196 deals with the digestibility of sugar?, starches, and pentosans 

/ of roughages. 
Comparatively little work has been done upon the composition and 

clirectibility of tlie nitrogen-free extract of feecling stuffs. The writer 
ha. stuclierl the digestibility of sugars ancl pentosans in  Bulletin 172, 
Xortli Carolina Experiment Station (1900), and given a review of 
the literature up to 1900. Further data are given by the writer in 
Bulletins 104, 175, ancl 196, of: the Texas Experiment Station. Dr. 
\Yilliani Frear has studied the composition of timothy hay in detail 
(Pc~~.nql\-ania. reports, 1902-04) anrl Dr. Heaclden has nlacle quite 
cstensi~e stuclies, mhjch are clescribecl in Bulletin -124, Coloraclo Ex- 
perinlent Station, 190'7. See also Fraps' Principles of Agricultural 
Chpmistrp, pages 374-8. The carbohydrates of the soy bean have been 
studied by Street and Bailey, J. Tncl. Eng. Chem. 7, 553 (1 915) and 
of the navy bean by Peterson and Cllurchill, Jour. Am. Chem. Soc. 43, 
1180 (1921). 

The nlaterials user1 in this nrorlc mere securecl in the dige~tion ex- 1 puinlents clescribeil in cletail in Bulletins 166, 203, ancl 245 of t.lrii 
Eslleriliient St a t' ion. 

111 part of the work sugars were extracted wit11 water, hut later they 
rere extractecl with dilute alcohol, and deterlninecl by the usual methocl. 
Tilien the sugars are extracted with water as described in Bulletin 196, 
seine of the compound sugars are converted into reducing sugars. 



Starch was determined by the diastase method in material whicl 
been extracted with ether and with alcohol. This would include 
as well as starch. 

Pentosans were determined in the usual way. The pentosans 
determined in the crude fiber, prepared in  the usual way. The 
ferences between the total pentosans and the pentosans in the ( 

fiber are taken to be the pentosans in the nitrogen-free extract. 
The sugars, starch, and pentosans in the nitrogen-free extract 

added together, and the sum taken Prom the total nitrogen-free ex 
The remainder is ternled the "residual nitrogen-free extract." 

The pentosans were determined in the residue insoluble in N/5O acid 
and 1 / 5 0  alkali as in Bulletin 196. The pentosa~ls in the crude fiber 
were subtracted, and the remainder is termed the "pentosans insoluble 
in nitrogen-free extract." The pentosans soluble in the n i t r o g e ~ - f ~ ~ ~  
extract were secured by subtracting the pentosans insoluble in 
nitrogen-free extract from the pentosans in the nitrogen-free ex1 

The total residue insoluble i n  N/50 acid and N/50 alkali wai 

I 
termined as described in Bulletin 196. From this residue was 
tracted the crude fiber, the pentosans insoluble i n  the nitrogen 
extract, and the protein insoluble in N,/50 acid and alkali, deterrr 
on other preparations. The remainder is termed the "insoluble n 
gen-free extract, free from pentosans." This was subtracted from the 
residual nitrogen-free extract to =cure the soluble residual nitrogen- 
free extract. 

The "soluble residual nitrogen-free extract" is thus the residual 
nitrogen-free extract which is dissolved by N/60 acid and alkali. 

The proteids were determined by copper hydroxide. The total 
tein less the proteids is termed the amides. This is not strictly cor 
for the nitrogen factor for the amides is different from that for 

I 
proteids. 

CO3IPOSITION OF FEEDS. I 

mere 
dif- 

srude 1 

The composition of the feeds is shown in Table 1. The ordinary 
analysis is given in  Bulletins 166, 203, and 245. The reducing sugars 
in  some of the feeds are larger than should be the' case, on account of 
reversion of sugars when extracted by water. The reducing sugar in 
alfalfa hay 9537 may be comparecl with that in  alfalfa hay 7005. The 
difference is clue to the method of extraction. 



Table 1. Composition of feeds. 

Pentosans 
Pen- Soluble - 

N. F. E. 

Amides, Pro- 
Total I etc. I leids 

--- 
S 

Reduc- 
ing 

sugars 

0.17 
1.16 
2.10 
2.28 

.80 
2.69 
0.97 
0.91 
0.44 
1.43 
1.35 
1.14 
2.41 

.O1 

. 05  

.12 

.05 

.06 

.65 
0.58 

.35 

.07 
0.58 
0.48 
1.01 
0.57 

.55 
0.66 
1.44 
2.27 
2.13 
4.63 
5.31 
1.70 
1.40 
1.06 

.34 

. I9  
2.21 
1.85 

Di. 
sugars 

0.39 
1.47 
1.90 
1.29 
2.12 
1.74 
2.33 
1.67 

.7? 1.33 
1.81 
1.92 

.13 
5.25 
4.38 
1.56 

. I9  
9.19 

.54 

.19 

.77 
1.86 

.34 

.90 

.55 

.63 

.37 

.29 
1.55 
3.21 
3.05 
1.85 
1.97 
3.31 

.23 
2.72 
1.29 
5.11 

.36 
1.35 
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The quantity of sugars in mod of tlie feeds is comparatively small. 
With inany of them, the total quantity is less than 3 per cent. The 
sample of cottonseeil nieal contains about 9 per cent, mostly consist- 
ing of raffinose. Peannt vines and peanut hay contain 5 to 7 per cent. 
of sugar, which is considerably niore than that present in alfalfa. The 
samples of rice bran and rice polish contain nearly 5 per cent. (See 
also Bulletin 1 9 1  of this Station.) Sorghum hay contains 8 to 9 per 
cent. Sudan grass contain< about 5 per cent. 

is con- 
which 
hyclrai 
kafir 1 

Sndan 
such : 
milo, 
,,1,4;,, 

The quantity of starch, as could be expected, is low with the rough- 
ages and high with the concentrates, such as feterita seed, milo, corn, 
rice bran, and rice polish. The aniount of starch in the sorghum silage 

~paratively high, especially when compared with sorghum hay, in  
the starch is very low. The pentosans are high in the carbo- 

te roughages such as sorgo forage, bermucla hay, feterita forage, 
or milo forage, Rhodes grass hay, rice hay, sorghum hay, and 

grass hay. They are mmemhat lower in the legume forages, 
1s alfalfa hay or peanut hay. Concentrates, such as corn, kafir, 
rice polish, and rough rice, are still lower in pentosans. After 

I I ~  together the sugars, starch, and pentosans in the nitrogen-free 



extract, and subtracting the sum from the total nitrogen-free extract, I 
we secure the residual nitrogen-free extract. 

The sugars, starches, and pentosans in the nitrogen-free extract 
account very nearly for all the nitrogen-free extract of many of the 
concentrates, leaving only a comparatively small amount of the residual 
nitr~~gen-free extract. For example, with Argentine corn, there is 
only 1.82 per cent. residual nitrogen-free extract. With the sample of 
Jack beans, there is 5.13 per cent., feterita seed 5.56, kafir corn 0.22, 
mi10 3.75, peanut kernels 1.16, rice polish 0.1 1, and rough rice 0.06 
residual nitrogen-free extract. The case is quite different with the 
roughages. The amount of nitrogen-free extract not accounted for 
ranges between 20 and 30 per cent. of the total feed. Corn bran and I 

whole-pressed cottonseed also contain high percentages of residual 
nitrogen-free extract. This portion of the nitrogen-free extract of I 
roughages requires especial attention and investigation. 

The residual nitrogen-free extract is high in all of the hays and fod- 
ders. It is generally assumed that the nitrogen-free extract of hays 
and fodders and of other feeds consists of carbohydrates. While some 
of the residual nitrogen-free extract of hays and fodders can be con- 
verted to sugars, as shown in Bulletin 196 of this Station, it is pos- 
sible that a large percentage of it cannot be converted into sugars, and 
therefore does not consist of carbohydrates. There is a considerable 
field for investigation along this line. Even when part of this is con- 
verted into sugar, it is possible that some of it comes from the pento- 
sans, which are previously accounted for in the nitrogen-free extract. 

The column headed soluble residual nitrogen-free extract shows the 
residual nitrogen-free extract which is dissolved by fiftieth-normal acid 
and alkali. An examination of the table ghows that comparatively large 
quantities of the residual nitrogen-free extract are dissolved by these 
comparatively weak solvents. Some of this may indeed be soluble in 
water, as has been shown in some investigations. About one-half of the 
residual nitrogen-free extract of accuff sorgo is dissolved by these weak 
solvents, and nearly three-fourths of that of alfalfa hay. The residual 
nitrogen-free extract of legumes seems to be more soluble than the non- 
legumes. This was pointed out with respect to pentosans in Bul- 
letin 175. 

The legume roughages contain smaller percentages of pentosans than 
the non-legumes. 

The percentage of pentosans soblble in NjSO norii~al acid and N/50 
alkali is not very different for legumes and non-legumes, but since 
there is a much larger percentage of pentosans in the non-legumes, the 
proportions dissolved are greater for the legumes. These figures are 
given in the table. 

An examination of the figures for amides and proteids shows that 
while the amount of amides is usually small, it may sometimes make 
up a considera*ble proportion of the total protein. With alfalfa hay, 
one-third of the protein map be amide. The peanut vines contain a 
smaller proportion of proteids than the alfalfa. 

COMPOSITION BY GROUPS. 

Table 2 contains the average composition of the feeds arranged by 
groups. Group 1 inclndes non-legume hays and forage, such as sorgo, 



bermuda, feterita, corn silage, prairie hay, Rhodes grass hag, Sudan 
hay, rice hulls and rice hay. Group 2 contains legume hays, such as 
alfalfa, dolichos lablab, moth bean and peanut. Group 3 contains 
starchy concentrates, such as corn, feterita, kafir, milo, rough rice, rice 
polish, and Jack beans. Group 4 includes corn bran, rice bran, cold- 
pressed cottonseed, and kafir head chops. 

Table 2. Percentage composition arranged in groups. . . 

This table helps to bring out the differences just discussed. 

PEECENTAGE DISTRIBUTION OF THE CONSTITUENTS. 

No. 
of 

Samples 

27 

15 
9 

6 

Table 3 contains the percentage distribution of the constituents of 
the feeds. The sugars, starches, pentosans in the nitrogen-free extract, 
residual nitrogen-free extract, and soluble residual nitrogen-free extract 
are expressed in percentages of the total nitrogen-free extract. The 
soluble and insoluble pentosans, and pentmans in  the crude fiber, are 
expressed in percentages of the total pentosans. The non-proteids are 
expressed in percentages of the total protein. 

Group 1. Non-legume 
hays and forage.. ...... 

Group 2. Legume hays. .. 
Group 3. Starchy con- 

centrates.. ............ 
Group 4. Cottonseed pro- 

ducts, corn bran, rlce 
bran .................. 

Reduc- 
ing 

sugars 

2.14 
1.98 

0.41 

0.34 

Di. 
sugars 

0.72 
1.92 

1.15 

3.30 

Starch 

2.67 
3.73 

55.79 

17.96 

Total 
residual 
N . F . E .  

21.83 
23.99 

2.29 

10.74 

Pen- 
tosans 

in 
N . F . E .  

------ 

16.79 
8.48 

5.81 

11.04 

Soluble 
residual 
N . F . E .  

9.73 
16.78 

. 0.92 

2.69 



Table 3. Percentage distribution of sugars, etc. 

3.42 
5.16 
5.86 
5 .  !I0 
7.53 
6.74 
4.78 
6.13 

87.96 
9.33 
6.81 

41.45 
12.28 
0 
0 
0 
3.60 
0 

19.73 
8.88 

85.88 
92.3(i 
80.36 

5.10 
78.3'2 
3.65 

13.28 
11.35 
15.51) 
2.68 

11.58 
12.!>1 
9.30 

11.10 
10.7(i~ 
6 .M 

34. lfi  
5.47 
5. ti7 
3.67 

A- 

Pentosans as 100 / Protcin as IW 

So!ublc IInsolublc In Amides, Pro- 
m , in, . crud; I eta. I teids 

N. 1.'. E. N F 1:. 

Reduc- 
ing 

sugars 

'f .  I 1  

21.40 
42.52 
30.97 
30.32 
28.08 
35.21 
37.14 
251.84 
78.13 
G!I. 3!l 
O X .  O:i 
13.4 
19.39 . 
I!) . 38 
1X.!l0 

Di.  
sugars 

Nitrogen-free extract as 100 

Pen- 
tosans Residual Soluble 

Starch 1 n 1 N. 17. E. 1 residual 
N. 1.'. E. N .  F. I.:. ------ 



Table 3. Percentage' distrihution of sugars, etc-Continued 

12716- 7 
9748- 9 

11504- 5 
12508- 9 
6770- 1 

11259-60 
687!)-80 

131!)%- 3 
8'245- 6 
8251- 2 

11 138- 9 
l;03:1- 4 
79!11- 2 
6!1!)8- 9 
X'X2:i- 4 

10!187- 8 
$1408- !I 
11.2!)0- 1 
77Ci;l- 4 
7!)8&81 
6288- 9 
51112- 3 

Pentosans as 100 -- 

Sol,uble 1nsolut)lcl In 
ln I in c d e  

N. F. E. N. I.'. E. fiber 

Protein as 100 Nitrogen-free extract as 100 

Pen- 
tosans Residual Soluble 

a [ in Y. ;. . residua 
N. I.'. E. N. F. I< .  

_ _ _ _ _ . p - p p p p  -- 1- - 

Amides, 
e t c  

. . . . . . . . . . . . . . . . .  Prairie hay, D. E. 85-6.. 
Peat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  I3hodes grass hay . .  
. . . . . . . . . . . .  Rhodes grass hay, D .  E. 8 3 . .  

]<ire bran.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  I<ice hay, D .  E. 7 8 . .  

Rice polish. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
liire hulls, D .  E. 91 . . . . . . . . . . . . . . . . . . . . .  
liough rice, No. 1. D. E. 49 . .  . . . . . . . . . . . . .  
Rough r ~ c e  (X);D.  E. 50.. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  Shallu forage, D .  E. 75. .  
. . . . . . . . . . . . . . . . . . . . . . . . .  Sorghum hay. 

Sorghum hay, D. E. 43.. . . . . . . . . . . . . . . . .  
Silage, sorghum and cowpeas.. . . . . . . . . . .  
Sorghum silage, D. 15. 47. . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  Sudan grass, 1) .  1.:. 75 . .  
Sodan grass, 1). 13. 62. .  . . . . . . . . . . . . . . . . .  
Su(lan grass, D. 1':. (50.. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  Soclan grass, 1). E. 3 0 . .  
. . . . . . . . . . . . . . . .  Suclan grass, D .  E. 42 . .  

. . . . . . . . . . . . . .  ,I.ol~osa grass hay, No. 2 . .  
. . . . . . . . . . . . . . . .  .Tobosa grass, 1). E. 19 . .  

Pro- 
teids 

Reduc- 
ing 

sugars 

2.83 
.26 

4.25 
3.55 

.64 
2 . 9  
1.0!) 

.28 

.30  

.72 
1.38 

16.03 
19.28 
4.84 
6.53 
7.  R!) 
9.88 
5 . 2 i  
8.10 
5.69 
3.82 
2.85 

Di. 
sugars 

1.96 
.09 

2.00 
2.34 

. 12.57 
2.05 
7.53 
1.40 
1 .03  

.57 

.86 
I !  

.65 
3.43 

.05 
3.1 1 
1.11 

.65 
4.05 

.84 
2.38 
1.84 

4.18 
1.52 
3.20 
1.51 

58.38 
17.01 
81.94 
12.31 
91 .OO 
91.23 
3.23 
7.32 
7.98 

29.48 
40.60 

9.15 
. 4.14 

3.16 
6.58 
2 .78  
4.15 
5.96 

34.90 
6.45 

43.86 
45.8!1 
15.20 
38.34 

9.25 
39.27 

7.59 
7.48 

45.2!1 
28.88 
28.71% 
21.75 
17.68 
34.20 
37.52 
39.92 
31.65 
37.3!1 
37.5!1 
40.40 

56.12 
91.69 
46.6!1 
46.71 
13.31 
39.64 

. I 9  
46.75 

.09 
0 

49.24 
46.47 
43.!)S 
40.50 
35.14 
45.46 
47.35 
51.01 
19.(i% 
53.:10 
51.21; 
48.!)5 

28.35 
35.87 
19.67 

. . . . . . . .  

16.01 

14.06 
. . . . . . . .  
. . . .  

?! :n4 2.1. 18 
23.96 

. . . . . . . .  
24.48 
16.59 
3.37 

28.56 
23.01 
2%.!1!) 
15.!I!l 

22.46 
48.88 
18.20 
17.51 

. . . . . . . . . . . . . . . . . . . . . . . .  
17.61 

. . . . . . . . . . . . . . . . . . . . . . . .  
6.19 

30.20 
31.3 
23.40 
11.37 
7.70 

3 .  15 
18.67 

. 14.00 
18.38 
7.41 

17. 13 
1 1  6 
15.16 

53.46 
37.02 
63.68 
64.07 

63.30 

56.97 
6O.OO 
5!).G 
55.77 
63.01 
65.01 

551. 30 
61.20 
80.85 
71.71 
5!1. 0!) 
65.11 
63.4!1 

24.08 
14.10 
18.12 
18.62 
2.23 

1!1.0!1 
.36 

36.84 
8.!10 
9 . 1  

20.83 
25.62 
27.2!) 

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

21.95 
24.72 
L0.77 
20.88 
23.7!) 
2'2.3!) 
21.35 

15.4 
11.1 
21.7 
27.2 

. . . . . . . . . . . . . . . .  
7 .2  

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

. . . . . . . . . . . . . . . .  
4 . 6  
2.6 

10.4 
1 . 2  

11.5 

1.4 
12.4 
2!1.0 
18.3 
8.4 

2!). 0 
2 

25.7 

84.6 
88.9 
78 .3  
73.8 

92.7 

95.4 
97.4 
89. li . 90.8 
88 .5  

98.6 
87.6 
70.1 
81 .7  
$11.6 
71.0 
93.7 
74.3 



For example, the starch in accuff sorghum forage is 3.42 per cent. 
and the pentosans 45.03 per cent. of the nitrogen-free extract. The 
residual nitrogen-free cxtract is 50.27 per cent. of the total nitro-gen- 
free extract. Of the pentosans, 27.28 per cent. is soluble in N/50 
hydrochloric acid and alkali, 51.28 is insoluble in the weak acid and 
alkali, but present in ihe nitrogen-free extract, and 21.44 per cent. is 
found in  the crude fiber; 23.8 per cent. of the nitrogen is present as 
non-proteids. . 

An examination of this table leads to the same conclusions as those 
reached by examination of Table 1, although the results are stated in 
a different way. Thus, the sugars make up only small percentages com- 
paratively of the nitrogen-free extract. The starches also make up small 
percentages of the nitrogen-free extract with the roughages but large 
percentages with the concentrates. Of the nitrogen-free extract of 
Argentine corn, 87.96 per cent. consists of starch and 7.86 per cent. 
of pentosans. The pentosans make up a large percentage of the nitrogen- 
free extract of the grass-like roughages and a sma(l1er percentage of the 
nitrogen-free extract of alfalfa hay, peanut hay, and similar legume 
roughages. The residual nitrogen-free extract is a large per cent. with 
the hays md fodders, but is only a small per cent. with the concen- 
trates such as Argentine corn, kafir, milo, peanut kernels, etc. Some 
concentrates are really a mixture of a true concentrate with larger or 
smaller amounts of the roughage material. This is the case with corn 
bran. I n  corn bran, 41.45 per cent. of the nitrogen-free extract con- 
sists of starch, 29.54 of pentosans, and there is a residue of 24.28. Rice 
bran is partly a concentrate, but contains some rice hulls. The sam- 
ple examined contains 58.3 per cent. of the nitrogen-free extract az 
starch, 15.20 per cent. as pentosans, and has a residual nitrogen-fr~ 
extract of 13.31. 

DIGESTIBILITY O F  THE FEEDS. 

The digestibility of the feeding stuffs has been calculated, and thc 
digestible coefficients are gi-ren in Table 4. 







The cligestibility of the sugars is generally high, ancl is usually 
practically 100 per cent. This confirms our conclusions in Bulletin 
196. TVe would be safe in considering the sugars as practically com- 
pletely digmted. 

Table 5. Average digestibility of starch and total nitrogen-free extract. 

1 Nitrogen- Number of 
Starrh. free extract samples 

I 

Starch below 80 per cent digested. . . . . . . . . . . . . . . .  69 .6  5 4 . 2  15 
Starch 80 to 90 per cent digested. . . . . . . . . . . . . . . . .  8 5 . 3  23 
Starch o r  9 per cent d i c t e .  . . . . . . . . . . . . . .  96.2 : 27 

The digestibility of the starch is more rariable than that of the 
sugars, but is usually high. Table 5 shows the average digestibility of 
the starch compared with the average digestibility of the total nitrogen- 

free extract. With 15 samples, the digestibility of the starch was less 
than 80 per cent. These are all roughages, containing comparatively 
small amounts of starch, so that a small amount of starch undigested 
~roulcl cause a considerable decrease in the percentage of digestibility. 
For these 15 samples, the digestibility of the starch ayeraged 69.6, and 
for the nitrogen-free extract 54.2. With only one of thew feeds, Rhodes 
grass hay, 12508-09, is the starch apparently digested less than the 



total nitrogen-free extract. I n  spite of the small percentage of starch 
present, i t  is digested in  considerably higher percentages than the total 
nitrogen-free extract. 

With 23 of the samples, 80 to 90 per cent. of the starch was digested. 
The digestibility of the starch was 85.3, and that for the total nitrogen- 
free extract 61.0. 

With 27 .of the samples, the starch was more than 90 per cent. 
digested. The average digestibility of the starch in these feeds was 
92.2, and for the nitrogen-free extract it was 73.2. 

The digestibility of the pentosans in the nitrogen-free extract is more 
variable than that of the starch, and is generally lower. With 22 of 
the samples, this digestibility was less than 50 per cent., with 20 sam- 
ples i t  was between 50 and 60 per cent., and with 26 samples i t  was 
over 60 per cent. 

Table 6. Average digestibility pentosans in nitrogen-free extract, etc. 

Pen- 
tosans Residual Soluble Nitro- Crude No. 1 N, i" E, 1 N. F. E. 1 :egu;! 1 .~&II;I 1 fiber 1 samples 

I- I l l -  1 , -  I 

The average digestibility of the pentosans in the nitrogen-free extract, 
divided into the groups mentioned above, is given in Table 6. On ref- 
erence to the table, it is  noted that as the average digestibility of the 
pentosans i n  the nitrogen-free extract increases, so also increases the 
average digestibility of the soluble residual nitrogen-free extract, the 
total nitrogen-free extract, and the crude fiber. The digestibility of 
the residual nitrogen-free extract increases from the first to the second 
group, but decreases from the second to the third group. It is noticed 
that the digestibility of the residual nitrogen-free extract is less than 
that of the pentosans in  the nitrogen-free extract on an average. The 
digestibility of the total nitrogen-free extract is greater than the digesti- 
bility of the pentosans therein for the first two groups, and prac- 
tically the same for the third group. The digestibility of the crude 
fiber is nearly the same for the first two groups, but considerably less 
for the third group. 

It is also to be noted that the digestibility of the residual nitrogen- 
free extract is less than the digestibility of the crude fiber in  all cases. 
We have previously pointed out that there is a possibility that the 
fermentation will so affect the crude fiber as to cause i t  to be soluble 
i n  the acid and alkali, and thereby cause i t  to appear as nitrogen-free 
extract in  the excrement of the animal. The lower digestibility of the 
residual nitrogen-free extract compared with the crude fiber seems to 
be evidence that such may occur. 

Pentosans in N. F. E. digested less 
than 50 per cent. . . . . . . . . . . . .  

Pentosans in N. F. E. digested 50-60 
per cent. . . . . . . . . . . . . . . . . . . .  

Pentosans in N. F. E. digested over 
60 per cent.. . . . . . . . . . . . . . . . .  

41.7 

54.8 

76.5 

39.0 

48.6 

46.8 

42.9 

57.3 

61.1 

55.1 

60.2 

76.3 

44.0 

53.8 

56.3 

22 

20 

26 



Table 7. Average digestibility of residual nitrogen-free extract, etc. 

Pentosans 
Residual 1 in Total No. of 
N. F. E. N. F. E. N .  F. E. samples 

Residual N. F. E. digested below 40 per cent. . 26 
Residual N. F. E. digested 40-50 per cent..  . . .  I :1::1 : D::! 14 
Residual N. F. E. digested over 50 per cent. 68.8 . .  59.6  69.5 28 

Table 7 shows the average digestibility of the residual nitrogen-free 
extract arranged in groups. With 26 of the samples the digestibility 
was less than 40 per cent. I t  must be observed that some of these 
samples, such as rice bran, rice polish, rough I-ice, and whole peanuts, 
contain very little residual nitrogen-free extract and this has a digesti- 
bility of 0. The average mould be higher if these were excluded. The 
digestibility of the residual nitrogen-free extract is less than the digesti- 
bility of the pentosans in the nitrogen-free extract for the first two 
groups, but greater for the third group. It is also less for the total 
nitrogen-free extract for the first two groups, but practically the same 
for those over 50 per, cent. digested. The residual nitrogen-free extract 
had a digestibility of more than 50 per cent. chiefly with alfalfa hay, 
peanut hay, and other legumes. 

DIGESTIBILITY BY GROUPS OF FEEDS. 

Table 8 gives the aperag? digestion coefficients by groups. The first 
group consists of non-legume hays and forages, such as Sudan grass, 
sorghum hay, and so on. The second group includes legume hays. 
The third group includes starchy concentrates such as kafir, rough rice, 
Jack beans, and feterita. The fourth group includes some miscellane- 
ous products, rice bran, corn bran, and cold-pressed cottonwed. 

Starch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  Pentosans in N. F. E.. 
. . . . . . . . . . . . . . . . .  Total residual N. F. E . .  
. . . . . . . . . . . . . . . .  Soluble residual N. F. E .  

. . . . . . . . . . .  Pentosans soluble in N. F. E .  
. . . . . . . . .  Pentosans insoluble in N. F. E .  

. . . . . . . . . . . . . . .  Pentosans in crude fiber. 
. . . . . . . . . . . . . . . . . . . . . .  Pentosans, total. 

. . . . . . . . . . . . . . . . . . . . . . . . .  Non-proteids. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  D--'oids. 

Table 8. Average digestion coefficients by groups. 

Starch is digested about completely from the starchy concentrates, 
next largest in the cottonseed-rice-bran group, next in the legume hay, 
and least in the non-legume hays and forages. 

The pentosans in the nitrogen-free extract are digested to the great- 
est extent in the cottonseed products, next in the starchy concentrates, 
third in the non-legume hays, and fourth in the legume hay. The 
residual nitrogen-free extract is digested to a large extent in the legume 

Non- 
legume 

hay and 
forage 

Starchy 
Concen- 

trates 

Legume 
hays 

Cotton- 
seed 

products, 
nce  bran, 
corn bran 



hays, and to the smallest extent i n  the starchy concmtrateq. This 
group of materials is found only in small amounts in the starchy con- 
centrates; SO here is a much greater possibility of error. The soluble 
residual nitrogen-free extract digested to the greatest extent in the 
legume hays, and next in the cottonseed products. 

The pentosans soluble in nitrogen-free extract are digested to the 
greatest extent in the starchy concentrates, and next in the legume 
hays. The proteids are digested to the largest extent in starchy con- 
centrates, next in the colcl-pressed cottonseed group, then in the legume 
hays, and least in the non-legume hays ancl forages. The amides are 
digested to the greatest extent in the legume hays. - 

The averages in some of these cases are composed of rather varying 
figures, especially for some of the substances occurring only in small , 
quantity. It is believed, horn-ever, that some of them show quite sup- 
gestive differences in the classes of feeds. A closer classification cannot 
be made on account of the limited nulnber of samples examined. I f  a 
larger number of samples had been examined, i t  mould be possible to 
split up some of the groups ancl examine them more in detail. 

PBOTEIDS AND KOK-PROTEIDS. 

Proteids were deternlinecl in the feeds and excrements used in these 
experiments by Stutzer's method. The percentage of proteids and non- 
proteids in the feeds is shown in  Table 1. The distribution of the 
proteids is shown in Table 3, and their digestibility in Table 4. The 
determinations of proteidq ancl non-proteids were also made in the 
feeds and excrements used in the digestion experiments 1 to 18, and 
the results are given in Table 9. 

Table 9. Occurrence and digestibility of proteids in feeds used in experiments 1 to 18 

Alfalfa hay .  . . . . . . . . . . . .  
Rermuda h a y . .  . . . . . . . .  
I3ur clover.. . . . . . . . . . . .  
I3uffalo grass.. . . . . . . . . . . .  
Cornshucks . . . . . . . . . . . . .  

Per r e i t  

Cowpea hay.  
Guam grass.. 
Johnson grass 
Johnson grass 
Wafir fodder. 

. . . . . .  Millet. 
Oat hag . .  . . .  
Peanut hav . .  

. . . . . . . . . . . .  
hag .  . . . . . . .  
hay.  . . . . . .  

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

proteids protein 

- 

Per cent 
Non- 

Para  grass. . . . . . . . . . . . . . .  
R/ce straw, Japan.  . . . . . . .  
R ~ c e  straw, Honduras..  . . .  
Sorghum h a y . .  . . . . . . . . . .  
Vetch h a y . .  . . . . . . . . . . . . .  

Table 8 shows the percentage of proteids and non-proteids in the 
feeds as averaged by groups. 

An examination of Table 3 shows that one sample of alfalfa con- 
tained as high as 33 per cent. of the protein in the fornl of non-proteida. 

Proteids-100 - 
Coefirient 

digestibility - 



On the other hand, feterita seed contains only 1.2 per cent. of the pro- 
tein as non-proteids. 

An examination of the table of digestibility shows that the amides 
or non-proteids are almost always digested to a greater extent than 
the proteids. It must be recalled that this is apparent digestibility, 
and not real digestibility. lletabolic products in the excrements must 
be in the nzture of proteids. 

The importance of the distinction between proteids and non-proteids 
in feeding stuffs is not as great as i t  was formerly thought to be, now 
that we know that animals utilize some of these amides as structural 
material in building up body protein. I n  the process of digestion, the 
proteids are split up into anlides and other products to some extent, 
a id  from these the animal organism selects the materials for building 
body proteids. The nutritive ratio, or relation between protein and 
non-protein in a ration, is important to secure thorough digestion, but 
non-proteids seem to be as effective in  this respect as proteids. 

Andlytical and other work involved in  t.11is 'Bulletin has been done . 
by S. E. Asbury, J. B. Rather, L. C. Lndlum, W. P. Sprott, and other 
members of the staff. 

SUMIIBRY AND CONCLUSIONS. 

This Bulletin deals with the quantity of sugars, starches, pentosans, 
and residual nitrogen-free extract of the nitrogen-free extract, and 
their digestibility. 

The quantity bf sugars in most feeds is comparatively small. Many 
of them contain less than 3 per cent. 

The sugars are digested almost completely. 
The quantity of starch, as could be expected, is low with the rough- 

ages and high with the concentrates, such as corn, or rice bran. The 
digestibility of the starch is high in  all feeds. 

The sugars, starches, and pentosans account for nearly all of the 
nitrogen-free extract of many of the concentrates. 

Sugars, starches, and pentosans account for only a small part of the 
nitrogen-free extract of roug11a.ges. It is probable that part of the 
nitrogen-free extract of roughages does not consist of carbohydrates. 
The legume roughages contain smaller percentages of pentosans than 
the non-legume roughages. \ 

While the amount of amides is usually small, it may sometimes make 
up a considerable portion of the protein. 

The digestibility of the pentosans in the nitrogen-free extract is 
more variable than that of the starch, ancl is generally lower. With 
22 of the samples, this digestibility was less than 50 per cent; with 
20 sa.mples i t  was between 50 and 60 per cent., and with 26 samples 
it was over 60 per cent. 

The digestibility of the residual nitrogen-free extract was less than 
40 per cent. with 26 of the samples, but some of the samples contained 
rerp little residual nitrogen-free extract. The digestibility of the resi- 
dual nitrogen-free extract was more than 50 per cent. with alfalfa hay, 
peanut hay, and other legumes. 
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