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ULLETIN No. 290 FEBRUARY, 1922

ﬂ IGESTIBILITY OF THE SUGARS, STARCHES, PENTOSANS,
| AND PROTEIN OF SOME FEEDING STUFFS :

BY :
G. S. Fraps.

A knowledge of the composition and digestibility of -the sugars,
ches, pentosans, and other ingredients of feeding stuffs, is impor-
t for several reasons. It should throw some light upon the varia-
fons in the feeding values of different feeding stuffs. It may aid in
olving the question why the digestible nitrogen-free extract of hays
nd fodders is less valuable to animals than the same quantity of
estible nitrogen-free extract in concentrates. It may throw some
ight upon the preference shown by animals for one feed over another.
A knowledge of the constituents of feeds is also important in feed
ontrol work, since it may aid in detecting illegal admixtures in feeds,
r adulteration. It may aid in devising methods for the estimation
f the quantity of certain feeds, or certain classes of feed in mixtures.
The work here described is a continuation of that published in Bul-
tins 175 and 196 of this Experiment Station. Bulletin 175 deals
ith the distribution and digestibility of the pentosans of feeds. Bul-
tin 196 deals with the digestibility of sugars, starches, and pentosans
f roughages.
Comparatively little work has been done upon the composition and
gestibility of the nitrogen-free extract of feeding stuffs. The writer
s studied the digestibility of sugars and pentosans in Bulletin 172,
orth Carolina Experiment Station (1900), and given a review of
e literature up to 1900. Fuither data are given by the writer in
lletins 104, 175, and 196, of the Texas Experiment Station. Dr.
illiam Frear has studied the composition of timothy hay in detail
ennsylvania reports, 1903-04) and Dr. Headden has made quite
tensive studies, which are described in Bulletin -124, Colorado Ex-
riment Station, 1907. See also Fraps’ Principles of Agricultural
emistry, pages 374-8. The carbohydrates of the soy bean have been
died by Street and Bailey, J. Ind. Eng. Chem. 7, 853 (1915) and
the navy bean by Peterson and Churchill, Jour. Am. Chem. Soc. 43,
80 (1921).
i METHODS OF WORK.

‘he materials used in this work were secured in the digestion ex-
mments described in detail in Bulletins 166, 203, and R45 of this
periment Station.

n part of the work sugars were extracted with water, but later they
e extracted with dilute alcohol, and determined by the usual method.
en the sugars are extracted with water as described in Bulletin 196,
ie of the compound sugars are converted into reducing sugars.
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Starch was determined by the diastase method in material which h
been extracted with ether and with alcohol. This would include gur
as well as starch.

Pentosans were determined in the usual way. The pentosans we
determined in the crude fiber, prepared in the usual way. The di
ferences between the total pentosanb and the pentosans in the cru
fiber are taken to be the pentosans in the nitrogen-free extract. ]

The sugars, starch, and pentosans in the nitrogen-free extract we
added together, and the sum taken from the total nitrogen-free extrae
The remainder is termed the “residual nitrogen-free extract.” j

The pentosans were determined in the residue insoluble in N /50 aei
and N /50 alkali as in Bulletin 196. The pentosanq in the crude fib
were subtracted, and the remainder is termed the “pentosans insolub
in nitrogen-free extract.” The pentosans soluble in the nitrogen-fr
extract were secured by subtracting the pentosans insoluble in {l
nitrogen-free extract from the pentosans in the nitrogen-free extrac

The total residue insoluble in N/50 acid and N/50 alkali was di
termined as described in Bulletin 196. From this residue was sul
tracted the crude fiber, the pentosans insoluble in the nitrogen-fr
extract, and the protein insoluble in N /50 acid and alkali, determing
on other preparations. The remainder is termed the “insoluble nitr
gen-free extract, free from pentosans.” This was subtracted from tk
residual nitrogen-free extract to secure the soluble residual nitroger
free extract ‘

The “soluble residual nitrogen-free extract” is thus the residu
nitrogen-free extract which is dissolved by N /50 acid and alkali. :

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

COMPOSITION OF FEEDS.

The composition of the feeds is shown in Table 1. The ordinar
analysis is given in Bulletins 166, 203, and 245. The reducing suga:
in some of the feeds are larger than should be the case, on account ¢
reversion of sugars when extracted by water. The reducing sugar i
alfalfa hay 9537 may be compared with that in alfalfa hay 7005. T
difference is due to the method of extraction.



Table 1. Composition of feeds.

Pentosans
Pen- ’ Soluble
Reduc- tosans | Residual| residual | Soluble [Insoluble In Amides, Pro-
ing Di. Starch in N.F.E.|[N.F.E. in in crude Total ete. teids
sugars | sugars N.F.E. N.F.E.[N.F.E. fiber
11438— 9|Accuff sorgo forage, D. E. 81. ... 0.17 0.39 1.50 19.75 22.05 11.16 6.86 12.89 5.39 25.14 97 3.10
8316-17|Alfalfa hay, D.E. 54............ 1.16 1.47 1.76 9.72 19.98 15.34 4.64 5.08 5.00 14.72 %73 8.46
6724—25(Alfalfa hay, No. 1.............. 2.10 1.90 2.30 8.09 24.85 20.24 4.61 3.48 5.00 13.09 3.35 11.10
7005—-06|Alfalfa hay, No.2.............. 2.28 1.29 2.29 8.21 24.74 17.70 5.57 2.64 5.00 13.21 2.99 11.96
9537-38|Alfalfa hay, D. .80 2.12 2.65 10.82 18.79 13.79 5.72 4.10|- 4.92 14.74 4.12 8.20
8227-28|Alfalfa hay, D. 2.69 1.74 2.64 8.92 23.18 14.87 4.04 4.88 5.00 13.92 2.50 9.52
12601-02|Alfalfa hay, D. 0.97 2,33 1.84 10.03 23.33 19.39 5.80 4.23 5.00 15.03 4.01 8.10
12952— 3|Alfalfa hay, D. 0.91 1.67 2.09 9.12 20.30 14.16 4.75 4.37 5.80 14.92 2.20 9.18
8406—07|Argentine corn, 0.44 72 62.82 5.61 p & 0.20 [l § 1 et ¥ o] ap st S
6027— 8|Bermuda hay 1.48 1.43 4.64 18.23 A 4.00 22.23 69 4.85
10981— 2|Bermuda hay, . 1.35 1.81 3.38 19. 06! d 3.7/ 22.83 59 5.41
6907—08|Corn bran. . .......... ; 1.14 1.92 26.79 19.09 ¥ 4.00, ¢ 0 R M
8168— 9|Corn silage (dried), D. E. 46 S, .. 2.41 <13 6.02 16.96 % 4.00 20.96 2.64 4.61
6747— 8|Cold pressed cottonseed No. 1.... .01 5.25 0 12.09 4 3.00 15.90 1.58 24.00
7034-35|Cold pressed cottonseed No. 2.. . . .05 4.38 0 11.74 5 3.00 REZAL s e i
12965-66|Cold pressed cottonseed, D. E. 89. A2 1.56 0 9.58 X 2.97 12.55 2.46 21.47
7048-49|Cottonseed hulls. . ....... ...... .05 .19 1.25 16.92 2 5.00 L e B GRE
7050— 1|Cottonseed meal................ .06 9.19 0 6.80 T 1.00 L R T
8108-09|Dolichos lablab hay, D. E. 45.. .. .65 .54 6.63 8.29 2 5.00 13.29 2.32 12.50
11127-28|Feterita forage, D L. Bide, .70 0.58 .19 3.72 17.12 ? 5.34 22.46 .66 4.50
8318-19|Feterita seed, D. E55.......... «35 37 60.05 3:19 5. 0.20 3.39 .16 13.67
8742 431Jack beans . oo i i e L .07 1.86 32.59 8.36 b L L s A 8B} v et ey
7009-10|Kafir corn chops............... 0.58 34 65.14 4.25 P 0.20 & A5Y. e R
7031-32|Kafir head chops. .............. 0.48 .90 54.18 6.75 " 2. 00| U D) R P
11299-300|Kafir forage, D. E. 79........... 1.01 .bb 2.36 17.94 23.89 11.90] 4.56 13.38 5.32 23.26 1.02 4.20
8590-91|Milo maize chops 1) Dl e S SN 057 .63 54.21 10.06 3.75 00 2.13 7.93 0.50 Lt | SRR e
11352— 3|Milo Forage, D. 80 .......... .55 .37 1.64 18.65 23.77 12.60 5.81 12.84 5.08 23.73 20 2.83
8002— 3|Moth bean hay, D. E. o 0T 0.66 .29 4.55 6.76 22.01 9.86 3.12 3.64 5.00 11.76 2.29 12.50
11232 5|Peanut hay; D. E. 17 .. . ¢, ..., 1.44 1.56 4.79 8.65 25.78 16.88 5.07 3.58 3.88 12.53 1:15 8.55
9814—-15|Peanut hay, D. E. 69........... 227 3.21 6.93 7.86 24.17 18.69 4.24 3.62 3.42 11.28 1.78 8.33
11212— 3|Peanut hay, D. E. 76........... 2.13 3.05 118 9.15 28.54 21.91 5.07 4.08 3.65 12.80 136 8.08
7964— 5(Peanut vines, D. E. 40.......... 4.63 1.85 5.54 7.36 28.48 17.39 4.63 2.73 4.00 11.36 .93 6.66
7975— 6|Peanut vines. .................. 5.31 1.97 6.39 6.77 29.07 21.32 3.80 2.97 4.00 10.77 1.00 6.72
12919-20|Peanut hay, D. E 87........... 1.70 3.31 4.27 7.43 29.18 17.82 4.23 3.20 3.16 10.59 1.82 T.72
8275— 6/Peanut hulls, D. E. 52.......... 1.40 .23 2.50 3.36 15.04 47 2.08 1.28 12.00 15.36 75 8.10
12976~ 7|Peanut hulls, D Ea90. s 1.06 2.72 2.52 5.25 11.86 7.03 2.64 2.61 11.90 1715 1.28 6.20
11233-36|Peanut hulls, D. E. 77. . .. ... .. .34 1.29 .95 5.07 6.84 0.60 3.62 1.45 10.79 15.86 .68 5.66
11234— 7|Peanut kernels, D. E. 77. : .19 o 11 4.56 2.33 1.16 00 2.06 .27 .36 2.69 512 26.73
9337— 8|Prairie hay, D. E. 61. . ; 2.21 .36 2.47 16.63 23.52 5.39 11.24 4.00 20.63 23 5.22
7724— 5|Prairie hay, D.E. 38........... 1.85 1.35 1.77 16.92 25.40 13.23 2.69 14.23 3.06 19.98 00! 4.36

"SAAALE HNIALLY TNOF 40 “OLY ‘SEVOAS d0 XIITIAILSTDI
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Table 1. Composition of feeds—Continued.
Pentosans
Pen-
Reduc- L tosans | Residual| Soluble | Soluble |Insoluble| In Amides, | Pro-
ing Di. Starch in N.F.E.| residual in in crude Total ete. teids
sugars sugars N:F.E. N.F.E.IN.F.E.|[N.F.E. fiber
6064—65|Prairie hay, South Texas, cut be-
G AR W e O 2:.36 .78 272 16.64 25.49 14.27 312 1352 4.00 20.64 .28 4.09
6143— 4|Prairie hay. South Texas, cut after
FERR TR e e T .71 .40 1.70 17.17 25.38 13.18 4.51 12.66 4.00 21.17 .28 3.42
12716~ 7|Prairie hay, D. E. 85-6. .. 1.30 .90 1:92 16.02 25,16 13.01 4.74 11.28 5.08 21.10 .82 4.49
O748= QPedb S eb i in i (LT LGS .09 .03 5 225 32.00 p gl 1.28 .97 0.37 2.62 1.90 15.22
]150/1— 5|Rhodes grass hay.......... 1.83 .86 1.38 18.892 20.11 8.47 4.20 14.69 4.18 23.07 1.18 4.26
12508— 9|Rhodes grass hay, D. E. ENOE 1.50 99 0.64 19.41 19.76 9.68 4.13 15.28 4.44 23.85 1.54 4.13
6770 iR 1ce/ by ihe st o n s T L La L 5 0.25 DLA® 26.81 6.98 (3400 0 N SR N RS e Ml o 2.00 SRR N B L
11259-60|Rice hav, D. E. 78.. 1.17 .82 6.80 15:30 15:82 6.39 333 11.97 3.61 18.91 .41 B35
6879-80|Rice pn]mh g .63 4.35 47.33 b.34 o 31 R B ARl e e 0.20 ks e g R
13192— 3|Rice hulls, D. E. 91" 08 .40 87501 11523] L 13737 1.02 1.10| " '10.13 6.55| 17.78 31 2.66
8245— 6|Rough rice No. 1, D. B e 3 0.20 .69 61.16 5.10 .06 0 1.69 3.41 0.50 5.6¢ .40 8.28
8251- 2 Rough rice (X), D. E. 50.. e 0.48 .38 61.30 5.02 .00 .00 1473 329 0.59 BD2 .21 8.34
8269-70|Rouch rice, D. E. 51. . 0.40 .60 57.56 5,32 b 20 1 TEEENCIR e g A N 0.50 DEBBEE L Lh At S R IR
11138— 9|Shallu [(!I‘d"(‘ D.E. 75 . 0.63 .39 1.47 20.61 22.44 10.00 6.10 11.54 5.43 26.07 +23 2:59
6033— 4|Sorshum hay. . 8.06 .65 3.68 14.52 23.36 12.66 2:22 12.30 5. 00! 19.52 +39 3.84
7991—9‘2 S'\rﬂ‘mm hav, D. B 8.93 30 3.42 13.32 20.35 11.1¢ 1.11 11.91 5.00 18.32 .69 533
6998- 9 \llam‘ (dn(‘d) SOT fmln and cow- :
R Rkt O B e 2.61 .82 15,70 11:5% Y B D aepniet p e [ ey ¥t i el e (O e B <
8223- 4|Sorshum silage (drlmh D. B St 0.03 2356 10.26 2013 D A8P 5 Vit 15.26 .08 5.66
10987— 8 Sudan grass, D. 1D 3533 1.47 3.94 11.76 19.¢ 3.53 11.23 4. 18.91 .97 6.85
0408 B{Stidat gras 1.01 45 1.68)  15.23] 19 2.85] 1238 5. 20.23 3.38 7.92
9290— 1 Sudan gr 201 25 1.21 15.26 19. 3.54 11,72 4. 19.26 1597 8.78
7763% 41Sudan gras : 3.88 1.94 34951 150160k 084 1.42) 13.74 4. 19.16 .37 1.05
7980-81|Sudan grass. D. B S SR 2.44 .36 1519 16.02 22 3.69 12.42 5.0( 21.02 2.26 5.54
6288— 9| Tabosa grass hay, I) T vl 1.76 1.10 2.28 17:33 23.6 2.61 14.72 5.00 22:33 322 3130
5912— 3|Tabosa grass, D. RO e e 1.30 .84 2.72 18.42 2233 3.55 14.87 5.09 23.42 95 .75

'NOLLVLS LNUNTHHIX]F] TVHALTADINDY SVXH ]



" DIGESTIBILITY OF SUGARS, ETc., oF SoME FEEDING STUFFS. 9

The quantity of sugars in most of the feeds is comparatively small.
With many of them, the total quantity is less than 3 per cent. The
sample of cottonseed meal contains about 9 per cent, mostly consist-
ing of raffinose. Peanut vines and peanut hay contain 5 to 7 per cent.
of sugar, which is considerably more than that present in alfalfa. The
samples of rice bran and rice polish contain nearly 5 per cent. (See
also Bulletin 191 of this Station.) Sorghum hay contains 8 to 9 per
cent. Sudan grass contains about 5 per cent.

Non Legume Fays —=
Legqume FAays R
Srarchy Concenrzares
SLig / - Percenrage Composition
//wyeo’ in Groyps
Q
“h——-
\
g
N e
S D §
b N &
N S %
N S % \
N G § .
S ol — u o
M Q S, 4
Q b R .
§ s ¢ N
N o S .l N
3 e | B
L = 131
Col— 9 Ny S
o " N T
& i - N
N 3 B pgE
it : |
(7 Q «

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 amount of starch in the sorghum silage
is comparatively high, especially when compared with sorghum hay, in
which the starch is very low. The pentosans are high in the carbo-
hydrate roughages such as sorgo forage, bermuda hay, feterita forage,
kafir or milo forage, Rhodes grass hay, rice hay, sorghum hay, and
Sudan grass hay. They are comewhat lower in the legume forages,
such as alfalfa hay or peanut hay. Concentrates, such as corn, kaﬁr,
milo, rice polish, and rough rice, are still lower in pentosans. After
adding together the sugars, starch, and pentosans in the nitrogen-free
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extract, and subtracting the sum from the total nitrogen-free extract,
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
nitrogen-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 0.2%,
milo 3.75, peanut kernels 1.16, rice polish 0.11, 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
whole-pressed cottonseed also contain high percentages of residual
nitrogen-free extract. This portion of the nitrogen-free extract of
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 shows 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 soluble in N/50 normal 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 considerable proportion of the total protein. With alfalfa hay,
one-third of the protein may 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 includes non-legume hays and forage, such as sorgo,
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bermuda, feterita, corn silage, prairie hay, Rhodes grass hay, 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.

Pen-
No. Reduc- tosans | Soluble | Total
of ing Di. Starch in residual | residual
Samples sugars | sugars N.F.E.[N.F.E.[N.F.E.
27 Group 1. Non-legume
hays and forage........ 214 0.72 2.67 16.79 9.73 21.83
15 Group 2. Legume hays... 1.98 1.92 373 8.48 16.78 23.99
9 Group 3. Starchy con-
centratelantrr i o, 0.41 1.15 55.79 5.81 0.92 2.29
6 | Group 4. Cottonseed pro- -
ducts, corn bran, rice
DAMEE, S e et a 0.34 3.30 17.96 11.04 2.69 10.74

This table helps to bring out the differences just discussed.

PERCENTAGE DISTRIBUTION OF THE CONSTITUENTS.

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 pentosans in the crude fiber, are
expressed in percentages of the total pentosans. The non-proteids are
expressed in percentages of the total protein. :



Table 3. Percentage distribution of sugars, etc. ;:'3
Nitrogen-free extract as 100 Pentosans as 100 Protein as 100
Reduc- y
ing Di. Pen-
sugars | sugars tosans | Residual| Soluble | Soluble |Insoluble In Amides, | Pro-
Starch in N. F. E. | residual in in crude et teids
N.F.E. N.F.E.[N.F.E.|N.F.E.| fiber
o
11438— 9 [Accuff sorgo forage, D. E. 81............ .39 .89 3.42 45.03 50.27 25.51 27.28 51.28 21.44 23,8 76.2 H
8316-17 |Alfalfa hay SRR e s 3.40 4,31 5.16 28.51 58.61 45.00 31.52 34.51 33.97 17.0 83.0 g
672425 |[Afalfa hay, No. 1. ..o vvvnnniineein 5.356 4.84 5.86 20.62 63.33 51.58 35.22 26.59 38.20 2312 76.8 =
700506 [Alfalta hay, No. 2., ... .......... 000000 5.87 3. 32 5.90 21745 63.75 45.61 42.16 19.98 37.86 20.0 80.0 b
9537 SfAllallaihav- T B B3 . 1L i e e ¥ 2.27 6.03 7.53 30.76 53.41 39.20 38.80 27.82 33.38 33.4 66.6 =
8227- 8 !Alfalfa hay, D. E. 48. . ........c........ 6.87 4.44 6.74 22:77 59.18 37.96 29.02 35.06 35.92 20.8 79.2 ot
12601-02 (Alfalfa hay, D.E. 84................... 2.52 6.05 4.78 26.05 60. 60 50.36 38.59 28.14 23.27 330 66.9 =
12952~ 3 |Alfalfa hay, D. E. 88-92................ 2.67 4.90 8.18 26.75 59.55 41.54 31.83 29.29 38.88 19.3 80.7 Q
840607 |Argentine corn, D. E..56................ .62 1.01 87.96 7.86 v e e A e o [l ey B TR Sl (M M g
80278/ |Bermudathay i | i s e b i 2.87 2.67 9.33 36.64 48.48 9.77 9.99 72.09 17.99 12.5 87.5 )
10981—- 2 |Bermuda bay, D.E. 72, .. ... ..o owens 2.72 3.65 6.81 38.41 48.41 1917 17.87 65.62 16.51 9.8 90.2 =
6907 BIGOrIIbran . Cdn i sntiie L TN L A 1.76 2.97 41.45 29.54 SARBLY Lt R R A3 2] o gt el Coac
8168— 9 [Cornsilage, D.E. 46................... 4.91 o 20, 12.28 34.58 47.96 20.42 20.99 59.93 19.08 36.4 73.6 E
6747— 8 |Cold pressed cottonseed No. 1. PR .03 1 o8 0 40.34 125 b e P o 18.87 62 93.8 t
7034-35 |Cold pressed cottonseed No. 2. Ml ol 15.21 0 40.75 T e DR O SRR Bl e v 3051 Skl e s Bl X 7
12965-66 |Cold pressed cottonseed, D. E. 89, . ... .. .51 6.63 0 40.70 52:17 11.43 23.90 52.43 23.67 10.3 89.7 =
7048— 9 |Cottonseed hulls... , . ;.. ..........vn . ius .14 Do 3.60 48.75 SR B SR MU G B T 22.81 : M
7050~ 1 |Cottonseedmeal........................ .25 38.40 0 28.42 Ly BTG O e 8 1.28 } 3 g-;’
8108— 9 |Dolichos lablob hay, D EoAS ey 1.93 1.61 19.73 24.67 52.07 36.83 35.74 26.64 37. i B =
11127-28 |Feterita forage, D. Do W S e e e 1.38 .45 8.88 40.87 CLRTG | PR SRR R PO S 23. y =2 =
8318-19 |Feterita seed, D. 55 .................. .50 1.10 85.88 4.56 7.95 5.26 86.40 7.70 5: : .8 B
7009-10 |Kafir corn chops ....................... .82 .48 92.36 6.03 3 4. s 2 =
7031-32 |Kafirhead chops . .. .......... > ........ S 1.33 80.36 10.01 7 D o & ¢ Z
11299-300 | Kafir forage, D. - E. 79............c....., 2.21 1.20 16 39.21 52.22 26.01 19.60 5752 22 =1 &1 H
859091 vile maize D), B BT, . oLl osna .82 .91 78.32 14.53 Sl B R 20.20 74.03 " A A B A G
11352~ 5/|Milofovage DB 80 o0 /b pimde Lot 1.22 .82 3.65 41.46 52.85 48.24 24.50 54.10 21.40 15,3 84.7 72
8002— 3 |[Moth bean, D.E.44................... 1.93 .85 13.28 19.73 64.21 28.77 26.53 30.95 42.52 15:5 84.5 E
122 GiPetant by, DB 77, . ... ... 000000 3.41 3.67 11.35 20.49 61.08 39.99 40.46 28.57 30.97 11.9 88.1 5
981415 Peanut hay, DV E. BY.. ... . ... ... 5.11 7.22 15.59 15.44 54.39 42.06 37.59 32.09 30.32 17.6 82.4 =
112123 iPeahubt BaveDE. 76, 0l oo 4.83 6.92 68 20.77 64.79 49.74 39.42 31.50 28.08 14.3 85.7 &
7964— 5 IPeATl sanet D B 40 G 9.67 3.87 11.58 15.38 5951 36.33 40.76 24.03 L ] A28 87.7 Z
T970- GIPERBRLE VIR c .., o i i e 10.73 3.98 12.91 13.67 58.72 43.06 35.28 27.58 37.14 13.0 87.0
1291920 Peanut hay, D H. BT . 7. L. ia s iihiin 3.70 7 2 9.30 16.19 63.59 38.83 39.94 30.22 29.84 19.1 80.9
82756 [Peanut Bulls s PR B2 .5 0.0, ol s 6: 21 1.02 11.10 14.91 66.76 24.28 13.54 8.33 7813 1748 82.2
12976— 7 |Peanut hul]s BB 900 e e 4.53 11.62 10.76 22.43 50.66 3.12 15.39 16.22 69.39 ol 82.9
11233— 6 [Peanut hulls, B 2:.35 8.90 6.56 34.99 47.20 4.14 22.82 9:15 68.03 10.7 89:3
11234~ 7 |Peanut kernels, D. E. 77................ 1.42 38.28 34.16 17.45 ot i3t ) B R 76.6 10.0 13.4 61 93.9
9357 8. [Praicie Mgy, B 3B o0 s e 4.89 .80 5.47 36. 80 52.40b 11.31 2613 54.48 LT | e A s e
6064— 5 |Prairie hay, South Texas, cut before frost 4.92 1.63 5.67 34.67 53.12 29.74 1512 65.50 19.38 6.4 97.6
6143— 4 |Prairie hay, South Texas, cut after frost. . 3.69 .86 3.67 37.04 54.74 28.43 21.30. 59.80 18.90 1.6 92.4




Table 3. Percentage distribution of sugars, etc—Continued.
Nitrogen-free extract as 100 Pentosans as 100 Protein as 100
Reduc-
ing Bz Pen-
sugars | sugars tosans | Residual| Soluble | Soluble [Insoluble In Amides, Pro-
Starch in N. F. E. | residual in in crude etc. teids
N.F.E. N.F.E.IN.F.E.|N.F.E.| fiber

12716=-7 {Prawiehay; D E.85-6... -0 .o oo 2.83 1.96 4.18 34.90 56.12 28.35 22.46 53.46 24.08 15.4 84.6
R T T S e S R ek T CA .26 .09 1:52 6.45 91.69 35.87 48.88 37.02 14.10 1T-1 88.9
11504~ 5 |Rhodes'grasshay............ ... .00 4.25 2.00 3.20 43.86 46.69 19.67 18.20 63.68 18.12 21.7 78.3
12508— 9 [Rhodes grasshay, D. E. 83.............. 3.85 2.34 1:51 45.89 AR T 17.32 64.07 18.62 272 72.8
T T TR R i S O G e 4 12.57 58.38 15.20 (RIRTINE S Sl 1k T R P | RS e v
11253-60:Rice hay: DL B 78, . . . ... ool 2.93 2.05 17.04 38.34 39.64 16.01 17.61 63.30 19.09 732 92.7
GRTT BOMRICEDOlISH . L . .. e e 1.09 7.53 81.94 9.25 P L BRI £ L b e Bl B S R
13192 aiiRite Hollsy By el Qoo o000 v .28 1.40 12:31 39.27 46.75 14.06 6.19 56,97 b T AR S T e
8245— 6 |Rough rice, No 1 D. B4 S .30 1.03 91.00 7.59 SORT G S R 30.20 60.90 8.90 4.6 95.4
8251— 2 [Rough rice (X) T L GRS T ¥ 7,24 ST 91.23 .48 (s I 31:3 59.6 9.1 5.6 97.4
11138- 9 |Shallu forage, D. E 7.) .................. 1.38 .86 B 45.29 49.24 21.94 23.40 g g 20.83 10.4 89.6
DA3=" 4 Sorgham DAy .00 .0 e s L e 16.03 1.29 1.32 28.88 46.47 25.18 11.37 63.01 25.62 9.2 ,90.8
7991— 2 |Sorghum hay DL AR S 19.28 .65 7.38 28.76 43.93 23.96 7.70 65.01 27.29 G el 88.5
6998— 9 |Silage, sorghum and (‘()W[)(,ab ............. 4.84 3.43 29.48 21:75 405015 ol e R R RS b e e S e bR S
8223~ 4 |Sorghum silage, D. * R b A 6.53 .05 40.60 17.68 N R W o S SR L 1.4 98.6
10987— 8 |Sudan grass, D. E. 75 ................... 7.69 3.41 9.15 34.29 45.46 24.48 18.67 59.39 21.95 12.4 87.6
9408— 9 |Sudan grass, D. E. 62................... 9.88 1.11 4.14 37.52 47.35 16.53| . 14.09 61.20 24.72 29.9 70.1
92901 |Sudan-grass, /D =E 00 V00 o0 sddneie 5.26 .65 3.16 39.92 51.01 3.37 18.38 60.85 20017, 18.3 817
763— 4 |Sudan grass; D B30, L L iR U rEeen 8.10 4.05 6.58 31.65 49.62 28.56 7.41 a7 20.88 8.4 91.6
7980-81 |Sudan grass, D. E. 42.. . ................ 5.69 .84 2.78 3739 -53.30 23.01 17.13 59.09 23 .19 29.0 71.0
6288— 9 |Tobosa grass hay, No. 2................. 3.82 2.38 4.95 37:59 51.26 22.99 11.69 65.93 22.39 6.2 93.7
5912— 3 [Tobosa ‘grass, D. E. 19.. ... c.cioaao 2.85 1.84 5.96 40.40 48.95 15.99 15.16 63.49 21738 2547 74.3
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14 TEXAS AGRICULTURAL EXPERIMENT STATION.

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 extract is 50.27 per cent. of the total nitrogen-
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 the 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 ma.ke 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 smaller 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 and 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. In corn bran, 41.45 per cent. of the nitrogen-free extract con-
sists of starch, 9.54 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 as
starch, 15.20 per cent. as pentosans, and has a residual nitrogen-free
extract of 13.31. i -

DIGESTIBILITY OF THE FEEDS.

The digestibility of the feeding stuffs has been calculated, and the
digestible coefficients are given in Table 4.



Table 4. Average digestion coefficients.

> Pentosans
en-
Reduc- i tosans | Residual| Soluble | Soluble [Insoluble In Amides, | * Pro-
ing Di. Starch . in N. F E. | residual in in crude Total etc. teids
sugars | sugars N. BB, N.F.E.|N.F.E’|N.F.E.| fiber

Accuff sorgo forage, DB R e 73.5 95.8 66.6 56.8 32.2 33.6 70.0] 64.1 55.2 73.9 64.6 2.0
Alalia bay, DOE. B4, ..o oviiiiinnesin 94.4 92.0 89.7 50.4 66.4 71.6 92.9 12.3 43.8 48.1 68.8 67.6
NIEalia hay . DVaE: 58 . %0 e e s 98.3 100.0 79.7 54.7 65.6 1) 67.9 43.0 42.8 5275 78.1 65.5
Alfalfa hay, D.EE. N 100.0 99.1 82.2 41.2 76.4 7.7 71.8 19.3 69.5 52.0 88.7 74.6
AlGE by . D E. 20, .. ... i i 98.4 99.7 79.4 56.5 U 7T AN S - O R B0, oo il vl
R Bey. DL EBiSL . . ..o 98.8 99.6 75.9 56.7 71.3 70.1 87.0 89.2 52.5 55.0 88.8 70.6
AMan bR DLE BT, .. .. e 99.3 99.0 73.3 56.5 b 0 | CHRENEE SRS LU | (| R T DALY ik sl
AHaHR BaVIDIELGI . . . v sl visiee 95. 6! 99.8 98.9 65.2 65.7 55.8 90.1 59.7
RIfalta Rayr DUEFO8. L o o e 95.0 100.0 86.8 64.4 64.8 4 e .8
Alfsifabhay, D.E.48................... 98.3 98.4 83.5 55 .1 72.5 2 .9 " 4
AN har, DUEILS, (. 97.5 95.0 85.2 47.0| 72.2 6 <3 .4
Alfalfa hay, D. E. 84.......... 92.1 99.3 87.9 62.2 73.2 .9 D .2
Alfalfa hay, D. E. 88........ 95.9 98.9 87.5 30.8 58.8 .0 .8 .4
Alfalfa hay, D. E. 92. ... 96.3 99.2 90.7 55. 0] 63.2 .9 .0 .8
Argentine corn, D. E. 56 100.0 100. 0 93.1 96.7 49.7 1| PR R e
Bermuda hay, D E. 20. 97.0 98.6 91.8 40.9 41.8 .6
Bermuda hay, D. E. 72 e 96.2 100.0 88.6 47.6 53.9 4
GOt gl L Bl v T, i 99.3 99.6 98.9 92.5 65.0
Corn silage, D. E. 46. 98.7 93.8 97.4 76.5 67.6
Cold pressed cottonseed ? e ISR et 50.0 Pl | S 96.7 36.9
Cold pressed cottonseed, RN 100.0 300208 . V.. 7.2 57.2
Damaged cold pressed cottonseed, D. E. 89 64.7 [0 PR 84.4 29.7
Cottondead Bulg . 77 o0, 00 o e T o3 o oo 100.0 21| et B 88.4 31.0
CoblDnsesd TNeRE. /s S0, 3l Jdii L e i T 100.0 s R 87.6 831

Dilichos lablab hay, D. E. 45............ 94.2 100.0 92.4 48.7 63.0
Feterita forage, D.E. 74. . .............. 94.2 97.0 89.2! 64.1 54.4
Feteritaseed, D.E.556.................. 100. 0! 100.0 99.2 90.9 72.5
Jack beans, DD E.BO.. . .o LU0 100.0 100.0 100.0 96.9 78.3}. .
Kafir corn chops, D.E.32............... 95.3 100.0 97.2 88.8 (1 il o
Kafir head chops, D. E.33.............. 99.9 88.2 87.7 63.7 2.6
Kafir forage, D. E. 79................... 94.2 97.1 95.2 43.3 41.6 .0 B W SR O R R R | R
Milo maize head chops, D. E. 37......... 100.0 100.0, 99.4 91.6 3.0 .0 R SR ) P e InRR
Milo forage, D. E. 80.............. .00 80.6 79.3 60.3 56.8 40.5 .3 27 LBl GF.8 . 81E881 0 TAGE A utis
Moth bean fodder, D. E. 44............. 85.0 94.1 93.1 47.1 62.8 .6 2 23 A s
Peanuts, whole, R E o e e 83.8 99.9 100.0 49.7 0 0 .2 0 .9
Peaaut ba, D Es 77, . ... ... ot i 96.7 99.8 93.5 60.7 31.0 = .0 2 W
Peanut hay, D. T A L ST s 98.5 99.7 95.2 67.2 69.3 ol .0 .8 .6
Peanut hay, D. E.76................... 98.4 99.7 84.1 64.3 74:1 .8 .4 10 4
Poroul VBN, .o i i i 517 88.1 92.4 64.4 75.5 9.8 .9 0| ot s 15 100 | A e .8
Peanut hay with nuts, D. E. 77.......... 83.8 99.9 100. 0 49.7 0 0 .2 0 83.9
Peanut hay, D.E.87................... 97.8 98.7 92.7 70.9 71.9 83.1 87.1 49.3 59.9
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- Table 4. Average digestion coefficients—Continued.

oy
D
Pentosans
Pen- Soluble .
Reduc- : tosans | Residual| residual | Soluble |Insoluble| In Amides, | Pro-
ing Di. Starch in N.F.E.[N.F.E. in in crude Total ete. teids
sugars sugars N.F.E. N.F.E.|N.F.E. fiber

Peanut: Bl a0 AR Ge Fat wh g T e gas 97.2 100.0 95.1 83.0 25.4 79.5 22.0 60.1 27.1 81.8 58.1 ;
Peantt Ruls D E80, 20 2 96.1 99.5 81.4 7 45.6 30.5 56.2 10.2 19.5 20.3 11.8 38.3 ¥
Praiitthdy SR EagIne 0o Ly B 96.0 96.3 82.4 2 46.3 57.4 56.8 37.4 32.1 L oh PR R B i b
Prafeiay Rt S v g 98.8 79.2 72.6 2 37.8 50.9 68.4 45.4 38.0 52.7 50.0 24.4 )

Prairie hay, South Texas, cut before frost.. 95.8 98.8 86.2 9 20.9 52.0 47.3 42.6 42.1 43.0 67.6 62.8
Prairie hay, South Texas, cut after frost. . . 98.0 98.4 83.2 4 28.6 44.5 67.1 52.8 56.9 64.7 8% d 2:0 B
Praitie hay: D 85 N0 e e 95.7 96.9 63.6 3 31.2 39.3 66.1 31.4 39.6 41.3 46.3 19.5 @
Erimie s Wy PRARGE IRt L s T 97.0 94.5 75.1 0 37.0 55.8 68.3 50.0 46.0 50.0 81.6 e
Rhodes grass hay, D °E: 82, .. ... .. .Y 97.4 94.2 80.7 1 47.6 43.1 65.7 57.2 63.8 59.9 66.2 33.1 Q
Rhodes grass hay, D. E. 83....... .. .. | 97.2 99.8 41.4 8 78.8 54.8 70.5 62.8 64.4 64.7 78.8 33.6 o
Ricelbrad; D WIPRYT S50 v ariigs oy i dad 94.5 99.9 99.9 Sty Srremtil's RIS e gL H TS BT 491D < Fi e BRG] =
Rice hafr, D R R B N e 94.3 94.9 86.3 5 25.6 16.1 51.2 44.0 50.2 - 46.4 70.2 29.6 g
RiCe HONSHSI (W5 gty = oyt s 2 ELaie 95.1 100.0 99.6 1 i Pt ST Gl S 3]t balaaitt s LU S e 3 AR LI SRR IR =
Bace RS DR EING L. T DR e e 80.5 88.4 2 1.2 27.5 62.4 32.7 42.9 49.3 7.1 0 B
Rough tite NoZ 1. D/ E. 49, [, - 7" 84.4 99. 6 99.1 5 0 0 100.0 48.3 0 58.7 14.2 79.7 H=

Roughirice ISTADIGRH0. .2« o o200 89.2 100.0 99.3 2 ] MRS WEE] ie] W SY R et L e aRE e g
Ronghiricé (SO DIRAST 00200 E 90.3 100.0 M AT PR RS ISR ) IR ] i 028 R T e (S PR N =
Shallu forage, D. E:75......... .. . ... 93.5 100.0 73.4 1 40.5 42.5 62.7 53.3 65.2 58.1 86.8 88.2 B4
Sorgiiutichay, BY. T 91 10 = o on 9.1 97.6 80.0 0 48.2 59.4 62.9 59.8 62.5 50.8 51.4 9.1 =
Sorghtinhav:- D, Brag = 07 o 99.5 87.7 86.4 8 46.8 55.0 82.8 53.6 67.7 59.7 53.1 35.8 H=
Silage sorghum and cowpeas; D. E. 30. ... 94:5 96.7 89.6 3 SIS R N Ry gt o NEREERT Rl 2Tl E
Sorghum silage, D. E. 47, Sp. 1........ | 98.3 100.0 91.5 2 AGL T ahEal Ty e e i E B R 4801, 5 5 s 29.2 =
Sutdaiigrasst IRV o0 e et 99.1 99.2 81.5 6 49.3 80.1 35.9 60.6 60.0 55.8 59.1 53.1 =)
Sudah grassl DL <~ o e 99.5 99.0 77.0 1 31.2 30.8 61.3 73.4 63.8 55.7 91.21%: 508 2
Sudan grass, IDIEE. B0, © ¢ 5T A 98.8 28.5 78.9 6 Crie PG Rt 99.5 49.8 52.0 99.6 52.2 g

SudRn Sfdesl B 8 T is 0 e A 98.7 99.8 94.6 0 43.7 49.9 53.1 56.3 55 7] 56.2 64.7 83.1
Susn @rasse IDIGEFED =00 ) TR 98.4 91.3 53.2 9 39.7 61.3 69.8 45.3 59.2 52.8 78.1 32.6 . W@
Tabosa grass hay, No.24........ . . .’ 98.7 99.5 83.2 7 43.6 L 43.2 50.8 59.5 52.0 33.2 232 =
Tabosdigrash D, B 19000 - o e tad 96.9 99.2 74.3 3 28.5 13.0 53.7 43.5 46.1 46.7 84.4 89.4 :
Uy n VRS A R i 94.0 96.2! 86.2 58.0 45.3 52.2 64.6 44.9 49.4 56.6 14 51.7 §
4
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DieestiBiLIiTY OF SUGARS, Etrc., or SomeE FrepiNng Sturps. 17

The digestibility of the sugars is generally high, and is usually
practically 100 per cent. This confirms our conclusions in Bulletin
196. We would be safe in considering the sugars as practically com-
pletely digested.

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

Nitrogen- Number of
Starch. free extract samples
Starch below 80 per cent digested. . .............. 69.6 64:2 15
Starch 80 to 90 per cent digested. .. .............. 8.3 61.0 o3
Starch over 90 per cent digested. ................. 96.2 73.2 27

The digestibility of the starch is more variable 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-
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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
would cause a considerable decrease in the percentage of digestibility.
For these 15 samples, the digestibility of the starch averaged 69.6, and
for the nitrogen-free extract 54.2. With only one of these feeds, Rhodes
grass hay, 12508-09, is the starch apparently digested less than the
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total nitrogen-free extract. In spite of the small percentage of starch
present, it is digested in considerably higher percentages than the total
nitrogen-free extract. E

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 it was between 50 and 60 per cent and with 26 samples it was
over 60 per cent. :

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

Pen- K
tosans | Residual| Soluble | Nitro- | Crude | No.
in N.F.E. |residual | gen-free | fiber | samples :

N.F.E. N.F.E. | extract
Pentosans in N. F. E. digested less 4
than 50:per:cent. . ... . iL . 41.7 39.0 42.9 55.1 44.0 22 8

Pentosansin N. F. E. digested 50-60

perbeent At s s s S0 54.8 48.6 857.3 60.2 83.8 208
Pentosans in N. F. E. digested over ;
GOLpes nent: R 76.5 46.8 61.1 76.3 56.3 26 1§

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 in the nitrogen-free extract increases, so also increases the
average digestibility of the soluble residual mtrogen free extract, the
total nitrogen-free extract, and the crude fiber. The dlgestlblhty 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 tham
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 it to be soluble
in the acid and alkali, and thereby cause it 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
be evidence that such may occur.
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Table 7. Average digestibility of residual nitrogen-free extract, etc.

Pentosans
Residual in Total No. of
N:F.E. | -N. FdB: N B E samples
I
Residual N. F. E. digested below 40 per cent. . 21.7 58.4‘ 59.4 26
Residual N. F. E. digested 40-50 per cent..... 45.1 51.9 59.8 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. It must be observed that some of these
samples, such as rice bran, rice polish, rough rice, and whole peanuts,
contain very little residual nitrogen-free extract and this has a digesti-
bility of 0. The average would 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 average 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 cottonseed.

Table 8. Average digestion coeflicients by groups.

Cotton-
Non- seed
legume Legume Starchy products,
hay and hays Concen- | rice bran,
forage trates corn bran
7 G R e ST o ey PR e L 76.2 89.7 97.4 94.4
R IBRanE TN AR 05 e, R e e 52.7 47 .4 7551 83.6
ghtal remidialaN: B B oo ienabo s o 40.8 61.4 22.9 47.2
Soluble residual N. F. E. . i 43.9 72.3 26.4 50.0
Pentosans soluble in N. F. 59.7 74.4 100.0 0
Pentosans insoluble in N. F. 54.6 34.9 54.8 81.1
Pentosans in crude fiber. . PR 56.5 54.1 18.2 38.6
el T D g o0 T s A PR ORI G e 54.2 52.4 68.7 IO
T as ey e [ S e S S S 66.2 85.7 34.9 76.9
Lo TG i R R G R B e 37.9 68.1 84.8 66.9

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
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hays, and to the smallest extent in the starchy concentrates. This
group of materials is found only in small amounts in the starchy con-
centrates; €o 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 cold-pressed cottonseed group, then in the legume
hays, and least in the non-legume hays and 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, however, that some of them show quite sug-
gestive differences in the classes of feeds. A closer classification cannot
be made on account of the limited number of samples examined. If a
larger number of samples had been examined, it would be possible to
split up some of the groups and examine them more in detail.

PROTEIDS AND NON-PROTEIDS.

Proteids were determined 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 proteids and 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.

Coefficient
. |Per cent| Proteids—100 digestibility
Per cent | Non-
proteids | protein : Non- Non-
Proteids | proteids | proteids | Proteids

DT B Al Bay . . i R 12.36 3.81 76.4 23.6 88.4 69.2
4252— 3| Bermuda hay............ 5.48 0.95 85.0 15.0 87.3 42.1
3609-10{ Bur clover............... 14.88 8.55 63.5 36.5 96.7 71.6.
3883- 4| Buffalo grass............. 5.93 i1 84.0 16.0 84.4 47.4
4557—- 8| Corn shucks. ............ 2.66 0.54 83.0 1740 32.4 0
3220-'1| Cowpea hay............. 9.11 599 62.0 38.0 94,1 58.5
4502 Bl Guam-g@rass. ... .. .\, ... i 7.98 0.45 94.7 2,3 38.3 52.4
3587— 8| Johnson grass hay. .. 6.57 0.87 88.3 11.7 88.2 34.4
4238— 9| Johnson grass hay. 6.06 0.86 87.6 12.4 78.7 47.9
4546- 7| Kafir fodder 6.21 3.69 62.7 37.3 83.2 50.6
4247~ 8| Millet. . 3.89 0.33 92.2 7.8 89.1 25.2
3595— 6| Oat hay 7.65 0.39 95.2 4.8 8.0 61.3
4259-60| Peanut ha; 11.96 1.60 88.2 11.8 88.4 773

277— 8| Para grass. . 3.01 0.33 90.1 9.9 82.9 9.7
3625— 6| Rice straw, Japan. .. 3.24 0.68 82.7 A 71.9 7.5
3625— 6| Rice straw, Honduras. . . . . o brg 0.81 79.6 20.4 68.1 2.3
4663— 4| Sorghum hay............ 5.14 0.44 92.1 T 61.0 29.0
3649-50( Vetch hay............:.. 11.05 3.95 73.7 26.3 92.0 67.9

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 form of non-proteids.
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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. Metabolic products in the excrements must
be in the nature of proteids. .

The importance of the distinction between proteids and non-proteids
in feeding stuffs is not as great as it was formerly thought to be, now
that we know that animals utilize some of these amides as structural
material in building up body protein. In the process of digestion, the
proteids are split up into amides and other products to some extent,
and 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.
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SUMMARY 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 of 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 roughages. 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, and is generally lower. With
- 22 of the samples, this digestibility was less than 50 per cent; with
- 20 samples it 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
- very 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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