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DISTILLER’S BYPRODUCTS AND THEIR IMPORTANCE AS
FPEEDSTUFFS

Abont 800,000 tons of distiller’s byproduets we fed annually fo
cattle, swine, sheep, and poultry.  Since these feeds contuin velatively
large amounts of erude protein, B vitaming, and other uulvients ().
they play un important role in livestock production.

Thstiller's byproducts ave made up of the residues after the produe-
tion of aleohol from grain. During the process, grain starch is con-
verted to sugars by euzymatic netion, the sugurs are converted inlo
alechol and carhon dioxide by the actions of yeast wnd other nicre-
orgranisms, and the aleohol is removed by distillation, The rematn-
ing material—the whole stillage—contains the unfermentable part
of the grain consisting mostly of protein, fals, and minerals, alouy
with unfermentable carbehliydrates. Tt udso includes most of the vita-
mins present in the oviginal grain, together with those aclded by the

1 Received for publication November 6, 1931

2This investipgation was carried out in cooperntion wifh the Produetion amd
Marketing Adniinistration of the United States Department of Aavieulture aind
the Deprrbment’s Bureau of Agricattural and Industrial Chewistry ab the Nortli-
ern Regional Research Laboratory, Peorin, TN It was condueted uoder e
Resnaarch and Marketing Ach of 1946,

* Resigned November i, 1930.

+ Numbers in parentheses refer to Literature Cited, p, 20.
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yeast and the fermentation process. At present, most of the whole
stillage is screened to remove the grains, which are then pressed and
dried to produce distiller’s dried grains. The liquid remaining is
known as distiiler’s thin slop. When this slop is evaporated under
vacuum and then dried on rotary driers, the resulting product is called
distiller’s dried solubles. Tf the solubles are drvied on the gruin resi-
due, the resulting product is distiller’s dried grains with solubles.
Distiller’s dried grains contain relatively high percentages of pro-
tein, fat, and fiber.  Distiller’s dried solubles contain less erude fiber
and fat but include substantial amounts of water-soluble vitumins,
proteins, minerals, and Iactic acid.  Since distiller’s dried graing with
solubles are a combination of distiller’s dried grains and solubles, thei
composition is intermediate between the two depending on the nmount
of solubles recombined. TWhen the Iatter is 50 to 55 percent, the dis-
tiller’s zrains with solubles ave representative of whole stiilage.

PURPOSE OF THE STUDY AND MATERTALS USED

In conventional distilling practice the enzymes vequired for the
conversion ot starch to sugars are supplied by barley malt. During
periods of emergency, such as the present, when the demand for aleo-
hol is greatly increased, burley malt becomes senree und oxpensive,
Consequently, cheaper sources of ihe converting enzymes are needed.

Investigations have shown that in the aleoholic fermentation of
grain, fungal enzymes derived from common molds enn supplement or
replace barley malt. The yvield of aleohol is comparable, and their
use may resull in considerable financial savings to the distilling in-
dustry (6,8, 76, 30. 31, 37, 48).

The process of producing and using a fu neal mnylase agent has
been studied on a pilot-plant scale by (he Nor(hern Regional Resenrel
Laboratory of the Bureau of Agvicultural and Indistrial Chemistry
at Peoria, HI. (/7). A further step has consisted in tests, on a plant
scale, of the methods and cost of using fungal amyliase, produced by
special strain of Asperyillus niger, in comparison with the use of
barley malt in grain fermeniation for the product’an of nleohol. This
myestigation was carried out by the Production and Marketing Ad-
ministration of the United Stutes Depariment of Agriculture and the
Grain Processing Corporation at Muscatine, Towa. witli the coopera-
tion of the Northern Regional Research Laboratory  (28). The
studies proved that tRe e of fungal amyiuse is Teasible in large-scale
aleohol fermentation. In yield and qualify, (he aleohol produced
during this study was equal to aleohol pradiced by the malt process,
and the new method is definitely chenpe than the old one,

In view of the importance of distiller's byproduets as animal feed,
it was considered highly desivable to delermine whether those pro-
duced by the new process conld replace, in the animal diet. the byprod-
ucts from malt-converted mashes. The purpose of the &tudies
reported in Ehis bulletin, therefore, was to compare the two byproducts
for chemical composition, toxicity, palatubility, digestibility, and
their effect on the growth and fattening of animals. Comparisons
wore made during 1949 and 1950 by the Bureau of Animal ndustry
at the Agricultural Research Center, Beltsville, Md.

For use in the chemical analysis, snmples of distillet’s corn dried
solubles and dried grains with solubleg produced by the two processes
were obtained from the Northern Regional Research Laboratory at
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Peoria. Al these samples were manufactured at the same plant. As
corn was the principal 1ngredient used, the byproducts recovered were
comparable to distiller’s corn byproducts obtained commercially.

For use in determining the digestion coefficients and other vutritive
properties of the byproducts produced by the two processes, additional
samples of such materials originating from milo as well as corn were
also obtained. In order that the samples used in nutrition studies
might be as representative as possible of these obtained com mercially,
batches from several manufacturers were composited.

CHEMICAL COMPOSITION OF THE BYPRODUCTS

Tiy Tvax L. Lixoann sud Lo J MacHLIN

Analysis of the byproducts for percentage composition involved
the following methods: For crude protein, ash, and crude fiber, the
officinl and tentative methods of analysis of the Association of Official
Agricaltural Chemists (1) ; for moisture, a toluene distillation pro-
cedure; for ether extract, extraction with water preceding the usual
extraction with ethyl ether; for niacin, the use of the cyanogen bro-
mide reaction as employed by Powick and coworkers (27) ; for ribo-
flavin, the fluorometric method (21); for thiamine, the thiochrome
method (I); for pantothenic acid, a rat-growth method developed in
the laboratories of the Bureau of Animal Industry; for glyeine and
tyrosine. the microbiological method of Steele and coworkers (3%)
using Leuconostoe mesenieroides P-60, except that the final volume
was 10 ml,, which was titeat *awith 0.10 N NaQOFL; for the other amino
acids, the methed of Stokes and coworkers (23).

Data on the chemical composition, together with mineral and vita-
main constituents, are shown in table 1. The amino acid composition
of the byproducts is given in tuble 2. In all these respects, differences

TanLy 1-—Chemical compasition of distiller’s byproducts made from
corn meashes by the bwre processes

Dried grains with
solubles  ob-
tained by—

Dricd solubles
obtnined bhy—

Constitnent

Fungal Malt Fungal Mait
amyiase | pinylnse | staylase t amylase
process b process | proeess | process

Moisture pereoenio . 4. 42 LB 3 7.3t
Crude protein. .. ... dooo oo . - L 25 69
Crude fiber____ . . . . X i1. 82
Ether extract. .. ... ... ... .. 4.3 4, 2 12. 52
Nitrogen-free extract 48, 6 . X 39. 17
Ash . . 2¢ . 4 3. 49
Caleium . . . .10
Phosphorns ... .. 3 1 . .67
Magnesium.__. .. e . .2 . .28
Riboflavin__. .micrograms per gram of

hyproduch__ X . 2 . 78
0 TTo0 1 Vot S DY + - S 4. . . . 13
Nigein. .o .ova. ..o . 4. 4. 54, 27
Pantothenic acid ; . X . 80
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Tane 2.—Amino acid content of the byproducts expressed as percentage of air-dvied sample and percentage of protein W

v S o ek e

Dried solubles obtained by— Dried grains with solubles obtained by—

Amino acid Fungal amylase process) Malt anylase process [Fungal amylase process| Malt amylase process

],‘m'c(\utugeg Pereentagel Pereentage) Percentage | Percentage} Percentage| Percentage Percentage
of sample | of protein | of sample | of protein | of sample | of protein | of sample | of protein

Arginine.. . . ce . ‘ 1.
CGiycine. :
Histidine .. .

Tsoleucing

Leueine.

Livsine

Methionine :

Phenylalanine

Threonine

Tryptophane -

Tyrosine. . .

Valinie . _
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between the fungal amylase and malt amylase products are not con-
sidered pavticularly significant. However, the fact that lower per-
centages of nitvogen-frec extract of both dried solubles and dried
grains with solubles were obtained Ly the malt amylase process sug-
gests greater conversion. and fermentation of the carbohydrates by this
method. From a feeding standpoint. the corrvespondingly higher pro-
tein, thinmine, nicotinic acid and pantotiienic acid contents of the malt
amylase products are worthy of note also.

TOXICITY AND PALATABILITY OF THE BYPRODUCTS

By Ivay L. Lixsani and R. B, 1Avis

As stated earlier, the fungal enzymes used in the distilling process
were produced by a mold, a special strain of Aspergillus niger. Grains,
mixed feeds, and roughages dumaged by molds have been reported
to produce toxic symptoms and digestive disorders when consumed
by animals (22). Therefore. in the present study, distilier’s dried
grains with solubles from each process of distillation were fed to sheep
and cattle to determine whether the grains recovered from the fungal
amylase-converted mashes had any toxic effects, and whether they
differed in palatability from the distiller’s grains with solubles as
produced by the malé amylase process.

Tests WiTH SHEEP

The methods used with sheep and the results obtained have been
reported by Lindall and coworkers (/8). ITowever, fur convenience,
mformation comparable with that given for eattle is ineluded here.

T'welve mature ewes were self-fed the byproducts and were supplied
with water and salt ad libitam at all times. At first the ewes were fed
25 percent of concentrate mixture, consisting of one part of distiller’s
dried grains with solubles to one part of pulverized white oats, and
3 percent of ground alfalfe hay,  After tLe first week of the prefest
period (table 3}, every seccond day the percentage of concentrate
mixtiure was increazed by 2 percent and the alfalfa reduced accord-
ingly, until the animals were receiving a mixture of equal parts of
concentrate and hay. Adfter the animals were on full feed, the con-
centrate and ground alfalfa hay were offeved free-choice in sepurate
compurtments of self-feeders.  During the pretest period only the malt
amylase byproduct was fed to determine whether the two groups
were comparable with respect to feed intake. Tuble 3 shows that
they were about equal in this respect.  During the tests the two types
of byproducts were fed in alternate periods of 15 days each. The
resultsare given in table 3.

The resutts indieated that the distiller’s graing with sulubles that
were produced by the fungal nmylase process were nontoxic. Feeding
four times ns much of the byproduets as is normally fed had no detri-
mental effect on the animals, FFurthermore, Lindabl, Davis, and Ellis
{18} showed that seven times as much as would be fed as a protein sup-
plement did no harm to sheep although the product was fed for long
periods.  The results also indicated ihat the sheep prefer the malt
amylase byproducts to those produced by ihe fungal amyluse process.
However, the Iatter evidently are palutable, since they were congumed
in large quantities throughout the Lests,
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ABLE 3.—»sults of the palatability tesiswith two groups of sim sheep
each fed distiller’s dried graing with solubles vecovered by the two
processes '

Average daily feed con-
sumption per animal LOSS,(T'}
Type of by- 01:}. gain
product {+) in
fed

Distil- weight
lor's b y-| Alfalfo | per

products hay animal

Total
feed

Pornds | Pounds | Pounds | Pounds
() 2 +17.

{ ) +21.
1, 38 —3.

. 50 —2,
.94
. 86 +1.
, 54 +2,
. 69 —.
. 82 —1.
.13 -+ 2.

Maltl amylase. ..
Pretest____.___ d

o

First test

Second test ...

Third test 3. __ {
{

Fourth test3____

ot 1 G e e o 00 e G

Malt amylase.__

! The pretest period was 36 days in length: each of the test periods, 15 duys.
2 Concentrate and alfalfa fed as a mixture.
¥ Groups reversed.

Trsts Wita CATTLE

Six mature Hereford cows were fed oat straw and distiller’s dried
grains with solubles in the ratio of 8 parts of the former to 114
parts of the latter. This ratio was chosen to provide the necessary
digestibie crude protein and total digestible nutrients for the wintering
of pregnant beef cows, according to the feeding standard of Morrison
{@5). The oat straw was offered at the rate at which the cows would
clean it up, and the distiller’s grains with solubles were fed in pro-
]%ortion te the straw consumed. Three of the cows were started on the
distiller’s gruins with solubles produced by the malt amylase process
and three on the grains produced by the fungal amyluse process.
Adter 105 days the two groups were reversed and the feeding contin-
ued for an additional 228 duys. After the reversal period of feeding
the cows were fed, for an additional 86 days, a mixture of equal parts
of the dried grains with solubles and distiller’s solubles in place of
the dried grains with solubles. The method of feeding was identical
with that followed in the first phase of the work.

The results of the experiment are given in table 4. At no time did
the animals refuse the distiller’s byproducts produced by either
process. Furthermore, they did not indicute any preference for one
type of byproduct over the other. No toxic or other detrimental effects
of feeding the fungal amylase byproduct were observed. Two cows
dropped normal calves during the experiment, and a third cow dropped
a normal calf on the second day after the experiment ended.
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Tapie 4.—Reswlts of the pelatability tests with cattle fed distiller's
byproducts recovered by the two processes

First 105 Davs—Drier GrRaiNs wini SOLUBLES

Average dajly feed
consumpiion Loss
{—)or
i i
islil- in
'ggé:;l ler’s by-1 Straw | weight
products

Type of byproduet
fed

Pounds | Pounds | Pounds | Pounds
11. 75 1. 85 9, 9o
14 37 2,27 12, 10
11.75 i, 85 1, 99
16, 68 2, 68 14 30
15. 69 2. 49 13. 20 \

16, 48 2, 68 14, 30 — 44,

it Sonusnes (Grours REVERSED)

, G0 —66.
. 10 | —330.
g, 60 | —147,
. 30 o
. 20 o
.30 +72

173-4__. . 11. 75
2. 1 14, 37
11 74
16. 98
156. 69
16. 98

NP
S 3OO I 00
G5 Go En =3 én

Lasr 86 Davys—Boual Parts or Drizp GuraiNs wivi SOLUBLES AND
DisriuLler’s SoLunLes

9. 90 —11.
13, 20 1]
14,30 | —211L

9. 96 —d4d,
12,10 —26,
10, 96 +13.°

. 08

. . 6

. <L T . 08
L0 Malt amylage .75
14, 37

. G2

BN 1 1O 10 10

! This animel dropped 2 ealf, which secounts for Lhe unusunlly large loss of
wela, .
2 This animal was fed only 26 days, when iL was slaughlered Lo reduce the herd,

DICESTIBILITY OF THE BYPRODUCTS
By Ivax L. Lixpann angd R B, Davis

The most recently published digestion coeflicients of distiller’s dried

rains {J3, 1}, 19, 20) showed that these produets were highly digest-
ible and good sources of total digestible nuirients. As these results
were reported at about the beginning of the present century and the
methods and processes for the recovery of the byproducts have been
modernized during the iast few years, an experiment (No, 1) was con-
ducted to reinvesiigate the digestion coellicients for corn dried grains
and corn dried grains with solubles and to determine the digestibility
of milo dried grains with solubles.
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In a second experimen{, a comparison was made of the indirectly
determined digestion coellicients of the dried grains with solubles®
produced by the fungal amylase and the malt amylase procedures.
Drown and Forbes of the Kentucky Agricultural Experiment Station
{7) have vecently mude digestibility studies with stecrs fed rutions
supplemented with these byproduets. They found no sigrificant dif-
ferences in the digestibility of the two rations.

'To obtain further information on the effect of these supplements on
the digestibility of practieal diets, a third experiment was conducted,
I'n this the digestibility and metabolizable energy content of 2 prue-
tieal lamb feoding diet supplemented with cach of the two distilier’s
dried grains with solubles were compared with those of a diet supple-
mented with luseed 611 Leal.

Exrerivext 1

In this experiment only conventional (malt amylase process) dis-
tiller’s v products were psed. o insuve that they \\'()U](} he as vepre-
sentative as possible of those on the open mavket. disiiller’s corn dried
grains and distiller’s corn dried grains with solubles were obtained
from three distilleries and distiller’s milo dried graing with solubles
from two distilleries, Iogqual parts of the individual shipments were
mixed and only the composite samples were tsed in the digestion trinls,
The eomposition of the individual shipments and the uverage com-
position of the composite sanples as used during the trials are given
in tahle 5,

Five madure lampshire wethers were usedd in each of twa trinls,
To minbuize the etffect of exteriml conditions, the trinds were “stag-
wered” so that not all the sheep were on the sune trinl at the same time,
The animals were kept in metabolism eages during the experiment.
The collection peeiod of foees was 10 days. preceded by a 10-day pre-
lminary period. Colleetion hags wore used to obtain the feces, "They
were emptied every 21 howrs and the feees immediniely put into a
dryvhinz oven at a temperature of 685 C.and kept there for 24 hours.
The ried Teees were then transferred to a covered bucket, At the
ek of the collection period. the feces were allowed to come to mois-
tire equilibeimn. after which they were weighed. ground, and mixed
andl an aligeot taken for the mmlvtical work,

The bisal divt ased eonsisted of 61 pereent yellow corn meal and 40
pereent chopped alfalla have Salt was added to (this mixture in such
proportions ax (o insure adaily intake of not less than 7 gm. per
animad,  Water was supplied ad libitun, The average composition
ol the hasal divt is also given in table 5,

Two levels of the byproducts weve used. Tin the first trial. the by-
produets mle up approximately 123 pereent of the tolal diet, re-
sulting in x total crude protein content of 125 percent. In the see-
ol Leialy they made up 25 pereent of the mixture. The plane of
nutrition as Mae as the (atnl digestible nutrients were concornoed was
held nearly constant throughoit the experiment.  The average plane
ol nutritiou, eatenlated from the digestibility of the diets used, is
given in table 6,

SThe indirect Qetevmination was made by tibinining the diference hetwoeen (he
Qigestion cocllljents of {he basal diet and the diet confaining the hypeoduets,
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TasLe 5.—Composition of byproducts obiained from. distilleries and
of the average of these as used in the digestion trials !

Crutde | Ether Crude

Snmplel Mois-
¥ i protein | extraet . fber

No. fure Ash

Byproduct

Pereenl I Percent b Pereent | Percent ] Pereent
Distiller's corn dried 10. 38 .32 3140 1L.70 - 12 ¢
grains. i
D 10 76 LG8 26 8. 50 2.

8. 36 . 14
Average P78 TR

Distiller’s corn  dried 9,24
praing with solubles.
Do ... 1. 07

8 33

Average. .. ... .0

Distiller's milo  dried
grrgns wilh sclubles.

1.80 ° 3570 1415 1390

1

Avernge.. ... _ ... ... 7.22 : 3. 52 32,07 i1 67 L1, 33
Busaldiel ... ._____...; 10,80 - 28 10, &1 3.02 - 1L 18

| ! i i

I Compesition of samples was obtained when they were received ;s averige com-
position is that of the tomposiie sampled al thie time it was fed aud is ot the
average of the samples when received from the distillerics.

The diets, as well as the bypreducts, were sampled daily doring
the collection periods and an aliquot of the composite sample was
tuken for analysis at the end of the trials. The methods of the
Association of Official Agrieultural Chemists () were used for
analyzing the diets and feces. The distiller’s dried grains with sol-
ubles were analyzed for moisture and ether extract according to the
methods given an page 3,

The mein digestion coellicients of the basal diet and the iet supple-
mented with the low level of distiller’s by products—which Is com-
parable to that used in normal feeding—are given in table 7. Al-
though the bagal diet used in (hese trials is normally considered to be
adeguate for the fattening of lnmbs, the addition of distiller’s dried

raing ab approximately 12.5 percent of the total feed intake had o
seneficial effect on the digestibility of the feed mixiare. The di-
gestion coeflicients of the ether extract were significantly higher in
all eases and there was a definife tendency for the digestibility of the
crude profein and {he erude fiber to e inereased.  Swilt and co-
workers {(47) found that the addition, to the diet. of ws much as 6.4
percent. of corn oil increased the digestibility of all constituents of o
mixed ration for sheep. Sinee the distiller’s graing nsed in these
trials are good sources of ether extract and the original basal diet
contained adequate protein, according Lo Morvison (.27). it i plausible
that the inereased ether extract was the most important Taetor in (he
supplementation of the dict.

551882 —52—0n
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TasLr 6.—Average plane of nuirition during digestion trials in
experiment 1

Pereentage of
maintenance requirements

. ) H B _ 1
Levai contributed as

of
feeding | pigastinle Total
crude digestible
protein nutrients

113 110
153 121
High 176 120
Basal and distiller's corn dried grains | Low .. 162 128

with solubies.
D IMigh .o 182 128
Basal and distiller’s milo dricd grains | Low 130 120
witl: solulsles.
204 133

! Based on values given by Brody (5,

There were no significant differences in the digestibility of the
diets supplemented with corn dried grains and those supplemented
with milo dried grains.

The mean indivectly determined digestion coeflicients for the dis-
tiller’s dried grains ave given in fable’8. There was a tendency for
the digestibiity of all constituents to be lower when the byproducts
were fed at the high level than at the low level. However, when
analyzed st:tisticaily, the differences were significant in only four
cases. Whn the byproducts were fed at a low level, the lnrge inhevent
errors in the indireet determination of the digestion coefficients made
it difficult to ussign significance to the diffcrences between the two
levels. Watson and coworkers (39, 40) found that the digestion co-
efficients for certain concentrates drop with an increased plane of
nutrition. In the present investigation lower digestion coeflicients
were also obtained when the byproducts were fed at the higher levels
wichout increasing the plane of nutrition ns far us the total digestible
nutrients were concerned. It is possible thut in the trials in which
the byproducts were fed at high ]eveis the high ratio of the concen-
trates affected the microfiora of the rumen of the animals sufticiently
to lower the digestibility of the alfalfa in the basal diet, Additional
research apparently is needed along this line,

The average results for the two levels of feeding, in terms of per-
centage of digestible crude protein and total digestible nutrients of
the dried grains {table 9), agree very closely with the results given
by Schneider {30) except for the digestible crude protein in the dis-
#iller’s corn dried grains with solubles,




TasLe T—Apparent mean digestion coefficients of basdl diet and distiller’s byproducts in experiment 1

Digestion coefficients of—1!

Dry matter

Crude protein

Ether extract

Crude fiber

Nitrogen-free
extract

Basal and low level of corn dried grains
Basal and low level of corn dried grains with solubles..
Basal and low level of milo dried grains with solubles.__...

Percent
77.5240. 87
77:9241. 43
78. 174 1. 81
78.504-0. 78

Percent
69, 3342 31
*73. 94+ 1. 60
74.134:4. 48
*73.644+2.15

Percent
73.8942. 59
*+78. 864-1. 15
*79, 594-4. 07
*78. 39+ 1. 51

Percent
43. 874-1. 24

*46. 54+41. 36 |

46, 714:2. 82
45.664:1. 63

Percent
88. 784+0. 62
87.90+0.73
88. 2040 93
88. 8640 38

1 ¥=sgignificant; **=highly significant.
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Tanre 8.—cdpparent mean digestion coefficients (indirectly determined)® of the distiller’s byproducts—exzperiment 1

Byproduct

BYPRODUCTS FED AT LOW LEVEL

Digestion coeflicients of— !

Dry matter

Gorn-dried grains ... . ...
Corn dried grains with solul)lts

Milo dried grains with solubles_. ...

- Percent
81. 874 9. 51
82. 001155
86. 57411. 67

Crude protein

Pereent
87.87+ 8. 38
8737414 14
87.08:£12, 89

Ether extract

Percent
90. 344:6. 82
91. 3546. 66
92, 838, 34

Crude fiber

Nitrogen-free
extract

Percent
68. 1321, 44
72.58+£28.47
66. 294+21. 76

Percent
78. 51+ .6.68
83. 03+ 7.27
88.01412. 82

Corn dried grains_ ., .. ... ...
Corn dried grains with solubles.
Milo dried graing with solubles. .

IDTCTS. FED AT HIGH LEVEL 2

*G7. 244 6. 08
70. 2043, 12
79. 944 36

74, 12:45. 2
75. 53£3. 6
76. 9743,

88. 4642, 86
88.9743. 26
03. 224 1. 26

50. 62+ 9. 64
*24. 944-10. 84
74. 7511, 76

*63. 65:7. 81
75.0441. 86
82.17:+5. 52

1 Cnlculatcd by difference from the dlg_,('\lll)l]lt\ of the basal dict.
Lk Sx;_,mhczmtl) lower than at the low level of feeding.
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TanLe 9.—Percentages of digestible crude protein and total digestible
nutrients of distiller's dried grains obtained in expeirment 1, com-
pared with those given by Schneider (30)

Digest- | Total
Souree of ! Level of To:a.l ible digest-
information ¢ feeding s crude ible

' matier protein {nutrients

Byproduct

: i t Pereent | Percenl i Percent
Corn dried grains. ... * Behneider.. ... ewea.o. 893 22,2 7.
Do .. .o..._...._ Present investi- . Low... 92 24, 2 i 81
. mation, ; ' 1
)57, TR« |+ DU "Higho_ 92, 20, 4 72,7
Corn dried grainsg with © Schonefder. ... ........0 93.6 13. 3 l 78.
soluhles. i ; : ; 1
Do . Present investi- ¢ Low. | 9L ! 22.8. 34

gation, : :
~High.._ gL+ " 187 73.

EXPERIMENT 2

Tn this experinent the indirectly determined digestion coefficients
of distiller's dried grains with solu(}Jles fronm the malt amylase process
were comparest with those of the graing from the fungal amylase
process. The basal diet consisted of 60 percent of yellow corn and
10 percent of chopped alfalfa hay. Tts avernge composition was as
tollows: Moisture. 9.539 percent: ash, 3.35 percent; crude protein,
11.94 percent; ether extract, 2.531 percent; crude fiber, 12.71 percent;
and nitrogen-free extract, 59.91 percent. The composition of dis-
tiller’s dried grains with solubles is given in table 1. After the diges-
tion coefHcients were determined for the bagal diet, the distiller’s grains
were added in the proportion of 25 parts of distiller’s grains to 75
parts of the basal diet. The plane of nutrition during the experiment
was approximately 120 percent of maintenunce as far as the total
dligestible nutrients were concerned.

The experiment was condueted in the same manner as the previous
one, except that 10 gm. of a salt mixture in place of common salt was
fed daily to each wether. The salt mixture was made up as follows:
Indized salt. 10 ke, ; manganese sulfate, 60 gm. ; cobalt chloride, 1 gm.;
copyper sulfate, & gni: zine chloride, 2 gm,; and ferrons ammonium
citrate, 30 gm.

The mean digestibility coeflicients nre given in table 10. There were
no signifiennt differences in the digestibility of the products produced
by the two processes.

The appavent digestibility coellicients of the dried grains with
solubles used in this work were higher than those of the composite
grrains with solubles used in th- previous study when the byproducts
were fed at the same level and with the same type of basal diet.
Lindsey and coworkers (:20) found variations in the digestion coeffi-
cients of different batches of distiller's grains which they attributed
to the fact that graing other than corn made up part of the mash,
Diifferences in the methods of recovery of the byproducts at different
distilleries may also affect the digestibility of the byproducts. The
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Tase 10 —Apparent mean digestion coefficients (éndirectly determined)* of the distiller’s dried gmms
with solubles produced by the two distilling processes, experiment 2

Byproduet

Digestion coefficients of—

Dry matter

Crude protein

Ether extract

Crude fiber

Nitrogen-free
extract

Dried grains with solubles by the malt amylase process._
Dried grains with solubles by the fungal amylase.
process

Percent

82. 09+ 4. 22
81. 70+ 5. 74

Percent
81.2945. 17

78.224-7. 54

Percent
88. 324+1. 66

89. 50+ 1. 88

Percent
65. 63+ 7.25

65..09+16. 80

Percent
84, 8313.86

84. 934 5. 52

I Calculated by difference from the digestibility of the basal diet.
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ether extract of the dried grains with solubles used in this experiment
was significantly higher than that of the composite dried grains with
soluhles, a fact that may also have had an effect in increasing the
digestibility of the grains.

ExPERIMENT 3

In this experiment the digestion coeflicients, percentage of nitrogen
retained, and metabolizable energy were determined for lan b-fatten-
ing diets supplemented with linseed oil meal and with distill 2r’s dried
grains with solubles produced by the two distilling procerses. The
diets nsed were random samplings of ton lots of the “full 1:ed” diets
as used in the lamb fattening experiment described on pages 18 to 22.
One of the diets used contained 46.63 percent of cracked corn and 8.87
percent of linseed oil menl; & second coniained 45,08 percent of cracked
corn and 4.92 percent of malt distiller’s dried grains with solubles;
and a third, 44.72 percent of cracked corn and 5.28 percent of fungal
amylase dried grains with solubles. I8ach of the three diets con-
tained 50 percent of No. 2 mixed timothy-clover hay. The chemical
composition of the ingredients used in the diets and of the diets them-
selves is given in table 11, .

Six wether lambs were used in each trial and the trials were con-
dneted as described for experiment 1. In addition, the urine was
collected in glass jars containing sufficient sulfuric acid to keep the
urine in an acid state at all times. Daily collections were made to vol-
ume and abquooted daily. The composite samples were kept under
refrigeration until they were analyzed for nitrogen and energy content.

Chemical analyses were made as deseribed on page 9. In ad-
dition, energy determinations were obtained with an oxygen bomb
calorimeter. The urine samples were dried in an apparatus thag
collected the ammonia lost during dvying. The number of grams of
nitrogen lost during the drying of the urine was multiplied by 5447
to obtain the equivalent energy in kilogram calories. In the caleu-
lation of the metabolizable energy of the diets, the methane preduced
was estimated aceording to the equation of Swift and coworkers (24).
Correction for gain of bedy nitrogen wis made by adding 7.45 kilo-
gram calories fo the urinary energy for each gram of nitrogen
stored {/1).
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Pasee 11.—Composition of (1) the ingredients in the diet and (2) the
diets themselves used in ewpe?'z:-'r ent 3

I c B Nitro-
rude Sther gen-
pro- | Ash 1 ex- Cﬁ"i‘)“:(? free Gross’
tein " traot & ox-  [ENCTEY
: \ tract

! Mois-

Tngredients and diets used ! buro

Ky,
Inpgredient— Per- Per- | Per- Ca{.,-'
No. 2 mixed tunothy elo- | eeni : ceni | ceni (tram
ver B&y¥. o oo ..o, .. G 02 4. 93] 156 .11 40 3.99
&4 ISR S W I .30, 3.09 3 X 3.99
Linsecd oil menl_. toa. -I-l 5,87, 1,72 9.55 . 4.19
Malt amylase distiller's ;
dricdd graing with sel- @ : .
ubles i .31 L69) 3.4% a2 . 8. .05
Fungal amylase distiller’s | )
dried grains with sol- i

2 24 62 .46, 12.01! 30.32' 42 4. 86

Diet supplenented with— : .
Linsced ol meal__._ .. ... 0. 16, 71 . 68
Malk amylase  distiller’s
dried graios wilth sol- } ‘
111)]0&,__-..__“_ 18 10,73 3,53
Fungal amylase distiller’s : :
dvied oraing with sel- - . ] ;
ubles._... _...._. . 9.35 10,60 3.4 2 S'.’i 17. 26i 3 4,

lhe meinn dp]){l!(‘n[‘ dwe-\tlon coeﬂmen{s amd percent.wa of metubo-
fizable envroy of the diets are given 111 table 12, The data on the
retention of nitrogen by the %; umbs ave given in table 13, TheSL tableg
show no ‘-:n'mh:'.mt dilferences between any of the diets in their di-
gestibility, in the percentage of metabolizable energy, or in nitrogen
retention b\ the lwnbs.
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TABLE 12.—Apparent mean digestion coefficients and percentage of metabolizable energy of the three diets used

i expertment 3

Digestion coefficients of—

Dry matter

Crude pro-
tein

Ether ex-
tract

Nitrogen-

| free extract

Crude fiber

Gross Energy

Percentage
of gross
encrgy me-
tabolized

Dict supplemented with—
Linseed oil incal

Malt amylase distiller’s
dried grains with- sol-

ubles. . v iamea

Fungal amylase distiller’s

dried grains with sol- °

ubles ........ .0

h

¢

Percent
67. 584 2. 54

67.2440. 89

66..86 £ 2. 66

Percent
56. 424 3. 54

55. 30 0. 83

| 55,2843, 22

Percent
78. 07+ 1. 67

80. 24 41, 08

79. 86k 1. 76

Percent
78.70 %2, 60

78. 120, 83

78. 071, 84

Percent
41. 0242, 74

42, 244-1. 95

39.73£2.79

Percent
65. 86 2. 60

66. 24+1. 08

65. 47 £-3. 27

Percent

544342, 47

55. 344£0.94

54. 64£3.22

it i
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Tanie 18 —Fercentage of nitrogen retained by lamds on supplemented
diets used in sxperiment 3

Nitrogen re- Digested
Diek tained on basis |  nitrogen
of amount fed retained

Diet supplemcnied with— Percent Pereent
Linseed oil meal 22 164£3 44 | 30. 3245, 48
Malt amylase distiller’s deied grains with

SOMBIOS . e e mm e an 23.3243. 14 | 42, 18+5. 98
Fungat nmylese distiller's dried prains wilh
solutstes._ . ____ e e e 24,0442 10 ) 43 5443, 24

VALUE OF DISTILLER'S BYPRODUCTS IN PRACTICAL LIVESTOCK
DIETS

Tests Write Farrexine Lauss
By Ivax L. LIanxeatn and R B. Davie

Comparatively few Jamb-feeding trials in which distiller’s dried
grains were used as the protein supplement have been made. Will-
man, Morrison, and Klosterian {42) report that in four experiments
in which they used corn distiller’s corn dried grains with solubles as
supplements fo a low-protein diet for lambs, this supplement pro-
duced nearly as good results as did linseed oil meal.  In these experi-
ments the diets were composed of shelled corn, corn silage, 2 smull
quantity of mixed hay, ground limestone, salt, and protein supple-
ment.  Becanse distiller’s corn grains ave lower in protein content
than is linseed o1l mead, somewhat more of the former was needed to
balance the diet. In these four trials the distiller's mrains had 91
percent of the feeding value of linseed oil menl, but in a fifth experi-
ment corn dried grains did not give as good results. In other trials
by the sume investigrators, the distiller's grains were satisfactory when
a farmer quantify was fed to repluee pavt of the covn in the diet. When
a mixture of one-third distiller’s grains and two-thirds corn was fed,
the distiller's grains had a slightly preater feeding value than corn.

In the present experiments, dried grains with solubles produced
by each of tha two processes were compuared with linseed oil meal as
protein supplements to a lamb-fattening diet composed of No. 2
mixed clover-timothy hay und yellow corn.  The protein supplements
weve mixed with corn meal in such proportions that when these mix-
tures were combined with the chopped hay, the crude protein content
of the diets, throughout the fecding period;, wns between 10.3 and
10.7 percent. ‘Thislevel was chosen becuuse Morrison (25) has shown
that fattening diets containing 10.3 to 10.5 percent of crude protein
result in as good gaing and finish as those containing higher percent-
ages. Furthermore, it was thought that any differences in the quality
of the supplements would be more evident at ¢his level than at higher
levels. As distiller’s dried grains with solubles contain nearly the
snme percenlege of fotal digestible nutrients as does corn, the con-
centrate mixtuves used in the feeding trinls were compounded to con-
tuin the sume quantity of crude protein as the corn, with the distiller’s
graing replacing an equal quantity of corn. One of the mixtures
contained 93.26 percent of cracked corn und 6.7¢4 percent of linseed
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oil meal; a second contained 90.17 percent of cracked corn and 9.83
percent of the malt amylase dried grains with solubles; and the third,
89.48 percent of cracked corn and 10.57 percent of the fungal amylase
dried grains with solubles.

The mixtures of concentrates and chopped hay were self-fed
throughout the feeding period, whichi lasted for 82 days—from Octo-
ber 18, 1949, to January 8, 1950. In the beginning the lambs were fed
25 percent of concentrate and 75 percent of hay. After the first week,
the concentrate was increased by 2 percent every second day, with a
corresponding decrease in the percentage of hay until the animals
were receiving 50 percent of concentrate and 50 percent of chopped
hay (the “full feed™ diet). Crude-protein determinations on random
samplings of 1,000-pound lots of the full-feed diets gave the foliow-
ing: Diet supplemented with linseed oil meal, 10.71 percent; with malt
amyluse dried grains with solnbles, 10.73 percent; and with fungal
amylase dried graing with solubles, 10.60 percent. The composition
of the ingredients of the diets, us well as the diets themselves, 15 given
in table 11.

Two groups of five animals each were nused for testing each protein
supplement. The first group consisted of animals weighing approxi-
mately 75 pounds each at the beginning of the feeding period; the
second group, appreximately 55 pounds. These 30 animals were se-
lected from a shipment of 56 Columbia and Columbia-Southdale ram
lambs from the United States Morgan Horse Farm at Middlebury,
Vt. The groups were a8 uniform as possible with respect to the in-
heritance of the animals, weight, previous gain, condition, and age.

Before the beginning of the trinls, all the lambs were castrated by
means of emasculators, wormed, and vaccinated against enterotoxemia.
During the feeding period they were supplied with phenothiazine-
treated salt and clean water ad libitum. All animals were graded for
slanghter finish at the beginning and at the end of the test period.
They were weighed once & week and the weekly feed consumption was
recorded throughout the period. Three animals from each group, a
total of 18, were sinughtered on January 9. 1930, in order to obtain
carcass grades and dressing percentages. Feed was removed from
the animals 24 hours hefore time of slaughter.

The changes in weight and condition of the lanbs during the feed-
ing period. together with the caurcass quality and dressing percentages,
ave given in table 14 Xt shows that for all groups the chunges in
condition, the carcass quality, and the dressing percentage were satis-
factory. Both groups receiving the malt amylase dried grains with
solubles made slightly higher total gains than the other groups. but
they also cousumed the most feed. as shown in table 15. The amount
of feed required and the cost per 100 pounds of gain are given in
table 16. 'There was no material diffevence in these respects in favor
of any of the supplements.

The results of this experiment indicate that distiller’s dried grains
with solubles from either malt- or fungal amylase-converted mashes
ean satisfactorily replace linseed oil meal as a protein supplement in
fattening Jambs. T&m economic feasibility of using distiller's graing
with solitbles in place of linsced oil mexl would depend on the relative
costs of the p]'n({ucfs as well ns the cost of corn.  More distiller’s by-
products than linseed oil meal are required to balance the ration; how-
ever, this disadvantage is slightly offset by the smaller amount of
corn needed when the byproducts ave used.




Tapre 1o Changes in weight and condition of lambs in the supplement-fed groups during the 82-day feeding period
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TasLe 15.—7olal feed consumed per group during the S2-day
lamb-feeding trial

Total feed .

Supplemeni used consnmed

Pounds
Linseed oil meal 1,473
Malb amylase dried graing with solubiles : 1, 613.
b Funpal aylase dried grains with solubies ! 1, 394
! Linseed 91l meal : i, 274
28 - Malt amylase dried grains wilh solubles. .. ' 1,103,
2C.. .......! Fungal amylase dried grains with solubles . 1, 205,

o G0 N B D O

Tanre 16.—Fred required and cost per 100 pounds of gain for faitening
growps of lambs fed various protein supplemenis

irpup i, {ed[ supplements | Group 2, fed supplements
of-—~ . of—

N L3
~ Malt | Fungal f Malt | Pungat
amyiase ' amyiase amyvinse { uamylase
dis-  ° dis- ' tlis- dlis-
tiller’s | tiller’s ¢

Lin-
seed
oil

meal tiller's | tiller's

{
graing  grains ' ; graing | grains

No. 2 mixed hay : : :
pounds 610 500 G609
do.._. 157 103 422
Linreced oil meal. do . 3 .. . .
Malt amyiase distiller’s :
genins pounds, j_.. . . 44
Fungal amyiase distiii- [
er's grains__ . pounds.. _.
Cost. per 108 pounds of - X
gain .. .. dollarsf . 23 (4 21497 23 37 2 22,35 21,99

t

! The following prices per fon (Maryland Graln Market Sminmary, Jan, 6, 19501

were used in ealenlating the cost per 100 pounds” of pain: Ne. 2 mixed hay, 824,17:
eracked corn, §65.74; linseed off meal, 592.33: distiller’s dried grains with solubles,
384.76.

Trsrs Wit Growine Swine

By J. W, Brgvewson mul N R, Brus

Comprehensive research at the Tllinois Agricultural Experiment
Station and other State stations has shown that distiller's dried solu-
bles when used in swine rations contribute substantial amounts of
water-soluble vitaming (known and unlnown), as well s protein, min-
erals, and other nutrients (3, 4, 10, 15, 29. 36, 41).

In the present investigation, diels contaiming distiiler’s eorn solubles .
recovered from malt- and fungal amylase-converted mashes, together’
with a diet containing a composite sample of distiller’s corn solubles
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made by mixing equal parts of sotubles obtained from four commercial

istilleries, were compared with g diet containing linseed oil meal in
place of the distiller’s solubles. The composition of the diefs is given
in table 17.

In making the comparisons, three simultaneous tests weve carried
out in the same manner. Each test was conducted with four litter
mates from each of 13 litters. aged eight to nine weeks. In each test,
the pigs were distributed equally into four groups based on sex, litter,
and weight. The diets were self-fed. The experiment was begun on
Orctober 26, 1949, and continved for 18 weeks. Feed consumption by
groups and individual pigs weigzhts were recorded at 2-week intervals.
The results are given in table 15,

Tasre \T.—Compozition of diets used in swine-feeding rxperiments

Campasirion of diets containing—

. Protein

Ingredieats reontent goo .0 Com- Malt  Fungal

: {)‘il meal posite amyviase amylase

= splibles  sulubles  =olubles

Perrent . Pereent  Pereeal Perrent Pereend

Yellow corn meab. .. ...... ._. 8.50 0 68,3 66, O 56, 0 6, )
Soybean ofl meal . ... L. oL 80, 12,8 1%, & . 5 i &
Mear and bone serap. .. ... ... © 46,58 70 7.8 760 7.0
Alfalfa meal. ... .._.... - ©16.32 3.0 . 30 LN 5.0
Linseed oiimeal__. .. _..... . 3420 8.0 . S .
Distitier's sobubles icomposite: . 30 38 *._.. . 0.4 e
Malr amyiase distiller’s solubles a2 40 ... 11 ) .
Fungal emylsse distiller’s solu- 2830 ... . . ... . . ._._ . .0

bles,

Yineral mixture, .. ... . .3 1.3 1.5 1.5
Total B, . 108, 0 1an. & 000 109. 8
Protein in mixtered ... . ... . .. . ... 17 4 17. 5 7.7 17. 3

L The corn-pratpin snpplemenr rario was adjusted to Parndsh approximately
15 percent protein when the pigs reached an aversge weicht of 125 pounds.

No significant differences between the various diets were found in
the rate or economy of gain.  In veneral, the pige prew well on all
the diets. TFeed efficiency was good, avernging nbour 3536 pounds of
diet. per 18 pounds of gain. The fungal amylase-process solubles
appeared to be slightly Jess palatable to =wine than rhe malt amylase-
process solnbles.  However. no toxic elfeers were observed when the
former made up as much as 10 percent of the diet.  The pigs receiv-
ing distiller’s vorn solubles from all sources chowed symptoms of
pantothenic acid deficieney, such as luneness. stiffness, and “goose
stepping.” Musteating the relatively rapid loss of this vitwmin from
distiller’s grain solubles. There were no marked differences in this
respect between fungal amylase and malt amylase solubles.
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TasLe 18.—Rate and economy of gains made by weanling pigs during
16 wecks on diets containing distiller’s corn solubics as compured
with those made on a diet containing linseed oil meul

Finsr Trepinag TesT

|_ TFeed
Avoragei Avornge ! Avornge|  con-
initial final : daily | sumed
welght | woeight gain per 100
i per pig | per pig | por pig | pounds
of gain

Pig
group Supplemeni to diet
no.

! ¢ Pounds | Pounds | Pounds | Pownds
i Linseed oil mealo_ oL A . 140, 5 1. 00 3143
: Distiller’s selubles (composile). . . 151. 0 1. 09 330
Malt amylase distiller’s solubles_. 20.0 ¢ 1G0.0 L 17 342

. Fungal amylase distiller’s sol- 1 :
ubles. . ..o ... . ... .- 02 51 1. 06 334

REroxn Feepixa Tesr

I Lingeed ofl menl__.._. 0 .. ...0 35
© Distiller’s solubles {(compositey.. .0 36,
Alalt amylase distiller’s solubles. .« 36
Fungal amylase distiller's sol- |
ubles. .. . L0 Lo . u.-l 36.

Tirro FerniNe Tes

© Linseed oil mend oo _._. . ... _I
* Distiller's solubles (compositey ]
Afall amylase distillor's solubles. ]
Fungal amylase distiller's sol-
ubles . . .

AVERACHE

| Tinseed ofl menl_____.... ... _.. 33 55, 2
© Distiller’s sotublea (compositey. ._] 33,
- Alalt amylase distiller’s solubles_ . 33 i2, G
" Fungal smylnse disiiller’s sol- '

ubles .. oo L L. ook 384

Tests Wittt Growine CricRexs
By W, Ly Micagax and Bl Dagn

Distiller's dried solubles have lung been recognized as a good source
of ribotavin, which is one of the vifaming that must be added in
the form of special supplements to present-day poultry diets. The
solubles are also & good seurce of other B-complex vitaming and un-
known growth factors (J6, 72). For these reagons, distiller’s dried
solubles nre often inclhuded in mixed feeds for chickens,

Conceivably any deviation in manufacturing provedure, such as a
change in 1ype or source of enzymes used, could resnlt in differences
in the content of available riboflavin and other growth factors, thus
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altering the feeding value for poultry. The possibility of a slifl
from the use of barley malt to the use of fungul amylase in the fer-
mentation industries necessitated measurement of the relative feed-
ing value, for poultry, of the istilier’s dried solubles produced by
both provesses.

Yn three series of experiments comparing the value of the two types
of solubles for growing chickens, Rhode Island Red chicks whose
ims were Tod o good breeder diet were placed on test at one day of
age n electrically heated batteries.  Bach group contained 20 chicks
selected necording to weight.  Feed and water were available at all
timer.  During the G-week test periods, records on weekly weights,
mortadity. deficiency symplems, and feed cfficiency were kept, 'The
eniphasis was placed on growth, since & parlial deficiency of ribo-
Havin vesulls prinmrily in poor woight gains and only ocensionally
i paralysis, A pproximately 1.3 mg. of ribollavin per pound of feed
is required Tor growing chickens to eight weeks of awe.

Table 19 gives the composition of the basal diets used.  Diet A was
designed to measure (he ability of both types of solubles to function
as piheflivin sourees in a diet horderdine for that vitmmin and simiuae
to some wartime commerein] diets.  Biet I owas planned {o measnure
additional nutritional values of the solubles. 11 was somewhat lower
in ribollavin content than diet X, s both types of solubles were
equal (by photoffuorometsic assy) in viboflavin content, they were
added to both dicts at the same Tevels—3, WL and 15 percent. Al
supplements were added in place of corn. - Following is the total quan-
tity of riboflavin supplied at each level of supplementation of the

- twe basal diets,  In either of these diets, § percent of solubles should
supply all the riboilavin needed.
Mittgrema of ribafurin

pee pernd of died
Plasal THet A asid—

Neb suppeniont | ccooo. conmamoms—mm e e m e — [P P 1)
O opereent sulubiles - . - - La7
1 pereent solubles. L L. L ieae. . mmmeme ieiao—me I
15 pereent solubles. o .. oo avin o men L mewimm eemn mema= 220
Basal diet B oanede-
No SMPEHOICAL o ve man o e s e o e e smmmmen e o LOR
a pereent soinbles L 0 L0 Lo SO W 1
10 peresnt solables . e el e - .70
i poeeent solnhlos e P - I 2.

Table 20 sunumarizes the rosults of the festz, Diet A was not uged
i the lnst sories of tests heeaaxe it proved to be go nearly adegnate in
riboflavin and in other growth factors that the effect of (he distiller’s
dried solables was phsenred. Tn series 2, diet A withont supplementa-
tion {n'm'lna-v{? unu=ually good growth. with the vesulé that the effect of
supplementation with distiller’s selubles was complefely masked. Such
a result must be expected oceasionally when rations nenrly adequate in
the eritien] vitmnins are nsed as busal diets.  The Conneeticui broiler
mash was used as a positive control diet,  Among other ingredients,
this diet contained liver meal, fish meal, and n high peveentage of corn
and was abundantly fortified in riboflavin. Tt was o typieadiy high-
enerey broiler diet that was known from experience {o support ox-
cellent growth,

As riboflavin supplements, both types of distiller’s solubles served
satisfuetortly with cither chiek basal diet; in general they inercased
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growth, The incidence of “curled toe” paralysis was slight and of
uncertain relationship to the riboflavin content except in the groups
fed the unsuppiemented diet B, in which the number of cases and the
severity were high. In general, feed efficiencies of chicls fed either
type of solubles increasec in direct relationship to the level fod, re-
gardless of whether diet A or B was employed. Mortality was high
on diet B but apparently unrelated to the typs of solubies fed.

Tavn 19—Composition of basal diets used in chick-feeding
erperiment

Basal diet | Basal diet
A B

Ingredient

Pereent Pgreent
38. 5 41,
20,

Soybeon oil meal
Bonemeal

Sult (containing 4 pereent manganese supplement)
Feeding oil eontaining vitaning A and D
Vitomin T3 concentrate !

Ningin (crystalline) milligrams per pound, .

Calenlnled protein pereent.
Ribofiavin by assay <milligrams per pound.. .

! Contained 12,5 mg, of vilnmin By, per pound of feed aecording to manufacturer.

Several results in connection with diet B supplementation warrant,
further study.  Tirst. although 5 percent of solubles should have fur-
nished all the ribotlavin needed, ineversing the level of either type
of solubles in the diet to 10 or 15 percent produced correspondingly
increased growth. Second, in six of eight groups, when chicks were
fed malt amylase solubles supplementary to basal diet B, growth
was somewhat greater than when the fungal amylase product was fed
at the same level. Possible causes of these two effects were investi-
guted in subsequent work.

Annalysis revealed that the crude protein content was 28.3 percent
in the fungal amylase product and 32.4 percent in the malt amylase
product.  When the former product was fed at the 15-percent level,
the dict furnished approximately 3 percent more protein than the basal
dief. At the 15-percent level, the malt amylase solubles furnished
0.6 percent move protein in the diet than the fungal amylase product.
The Jast fonr groups in table 20 were used to show the effects of feeding
growing chickens 10 and 15 percent of both types of distiller’s solubles
when the protein level in the supplemented diet was held to that of
the basal diet. The adjustments were mude by changing the corn-soy-
bean ratio. The groups fed 10 and 15 percent of soﬁ:bles without
adjustment of the erude protein showed no growth advantage over
groups fed similarly with the crude protein level adjusted. There-




TasLe 20.—Response of chicks to distillers byproducts

Supplement of -~ Weight at 6 weeks as pereentage of
i weight of negative control group ! Averzige .

- feec Mortality

Mait efliciency?

Incidence
of “eurled
toe”
paralysis?

Group No. TFungal

amylase | amylase

soliblos soliibles Series 1 Series 2 Series 3

Percent Pereent Percent Percent Percent Pereent Percent
Lo 100, 0 100.0 ] . . 0. 320 2

U 104 6 8.7 | e . 333
5 112 4 Q) U . 364
1117 02, 2 . 338
10 112. 8 82, 4. .. .. . 358
120, 1 097.8 |.. . ) . 387
123.1 04,61 . - . . 380
100. 0 100. 0 . 239
05. 6 108, 1 108, . 267
1012 123. 5 L2744
127. 7 O] L334
117.7 133. 3 . 302
120. 4 123, 4 . 804
139.2 152, 7 . 359
. 3569
. 360
274
. 329
.- 396

<2

CODUOCOCRNODVLNONOO!L

CoBHBNTO@mI—TIONO Tt
MPOLSIAIT ¥OJ SELLITVIAD HNIAATL

BRCE T I IS 133,
RCUSURRN I SO 114,
515 140.

N O WS

1 In series 1, chicks receiving only basal diet A averaged 394.2 3 Average severity X100, “Curled toe’ paralysis was graded
gm. inweight; basal diet B, 206. 6 gm. . In series 2, chicks receiving individually on the basis of 0—4 for increasing severity.
only basal diet A averaged 506.7 gm.; basal diet B, 332.7 gm. In + Conneeticut broiler diet.
series. 3, chicks receiving only basal diet B averaged 246.3 gm. 5 Chilled first weck, therefore eliminated. ,

2 Feed efficiency ==the -total gain divided by the total feed con- s Protein level of the supplemented diet fed to this group was
sumption. ’ adjusted to that of ‘the basal diet.
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fore, the evnde protein content was not the cause of the greater growth
with higher levels of supplementation. The results did not clearly
demonstrate n superiority of either type of solubles over the other.

More detailed analyses of the protein fraction showed that either
of the distiller’s solubles added approximately 0.1 percent of me-
thionine fo the diet. Milligan, Machlin, Bird, and Heywang (24) dem-
onstrated that supplenienting o similar diet with 0.1 percent DL-me-
thionine increased growth even in the presence of vitamin B,. supple-
ments. Therefore, it is possible that the response of growing chickens
to supplementnry levels of solubles ubove those needed to satisfy
the miboflavin requivement might be the result of the additional
methionine.

Both types of solubles were analyzed for vitamin B,. content® by
the chicle assay method described by Bird, Rubin, and Groschke (2).
They were found to contain small quantities of vitamin B,, and might
furnish as mueh as 2.7 pg. per pound of feed. However, in view of
the dificulty of determining the content of this vitamin in crude
products of low potency, the validity of these results is open to ques-
tion. Aceording to datw presented Ly Milligan and Combs %23),
1.5 pg. of supplementary vitamin B, per pound of feed increased the
growth of undepleted New Hampshive chicks over that of similar
chicks fed none of this vitamin when the all-vegetable diel contained
24 percent of protein,

Finally, one must vecognize the possibility of the presence, in both
types of distiller’s solubles, of vitumin B,s described by Novak and
coworkers (26). The possibly higher content of this vitamin in the
malt amylase produet might he the cause of its borderline advantage
over the fungal amyluse product.

SUMMARY AND CONCLUSIONS

In reeent years experiments huve shown that the use of amylase
produced by fungal enzymes can supplement or replace barley malt
n the alcoholic Terment{ation of grain, with considernble financial sav-
ng Lo the distilling indnstry. Therefore, as distiller's byproducts
oceupy an important place in the national livestock feed picture, it
was considered highly desirabie to determine whether those produced
by the new process conld replace the byproducts recovered from malt-
converked mashes. The two products were compared for ehemiecal
composition, foxicity, palatability, digestibility, and their eifect on
the growth and fattening of animals.  The stoudies wore made in 1949
and 1950 at the Agricultneal Research Center, Beltsville, Md.

Results showed that the composition of the distiller’s byproducts
recovered from the fungal amylase-converted mashes compares well
with the composition of representative distiller’s corn byproducts,
Furthermore, no toxic or other detrimental effeccts of feeding large
quantities of fungal mmylase byproducts were observed.

Cattle showed no preference for the malt amylase byproducts over
the fungal amylase hyproducts.  Although swine and sheep scemed
te prefer the former, the differences in palatubility were not Jarge
enough to affect significantly the feeding results.

®Whe analyses for vitamin Ba. condenl were condueted by Roiert J. Litlic of
tire Bnveuu of Animal Indusiry.
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There were no significant differences between the two processes in
the digestibility of the distiller’s grains with solubles. When these
two byproducts were used as protein supplements to lamb-fattening
djets, there was no significant difference in their effect on the digesti-
bility or the metabolizable energy content of the diets. When fed with
oat straw to wintering pregnant beef cows, both weve suitable ag the
protein supplement and as & partial source of total digestible nutrients.

As a protein supplement in fattening diets for lambs, distiller’s
dried grains with solubles recovered from either the malt- or fungal
amylase-converted mashes can satisfactorily replace linseed oil meal.

As carriers of B vitamins and as a souvce of protein in swine diets,
distiller’s solubles produced by the fungal amylase process can replace
solubles produced by the mualt amyfﬂse process. There were no
significant differences in growth and feed efliciency of the swine fed
the two products.

As a riboflavin source for growing chickens, distiller’s dried solubles
produced by either process served satisfactorily. A slightly higher
growth response was obtained from the use of malt amylase solubles
when added to a vegetable protein diet composed mostly of corn and
soybean oil meal. The increased gain was probably due to the some-
what higher crude protein content of the malt product. Each type of
solubles supplemented the basal diets not only with riboflavin but also
with methionine {for which there was a bovderline deficiency) and
possibly with vitamin B,,. Differences between the two types of dis-
tiller’s solubles were slight and both should be equally valuable in
commercial diets. If in the future the ponltry-feed industry shifts
to all-vegetable-protein diets for growing chickens, distiller’s solubles,
because of their methionine content, may be used in these diets rather
than synthetic riboflavin.

When fongal amylase grains ave produced and fed in a manner
comparable to that described in this bulletin, they can be substituted
satisfactorily for the conventional distiller’s byproducts in Hvestock
and poultry feeding.
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