
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




10 :; III"~ III"~
wW 2.2""1 . ~ 
w IW 
: ~ 
... K 
....KII 1.1 
II. 

"'" 1.25 1"1/l·4 ""11.6 

MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU or STANDARDS-1963-A 

II 11.0 :; ~i.i£ ""I~ 
ww Lii 122. 
~ IWiii 
:: ~ 
.. K1.1 ...... 

-
IIIII~ .25 111111.4.: ""11.6 

MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU or STANDARDS-1963-A 



l "\ 

Technical Bulletin No. 1053 • 1952 

Feeding Qualities for Livestock of Distiller's 
Corn J»rproducts Fronl Fungal Amylase
Conve:q:ed Mashes, Conlparecl With Those 

, Fr~n I:alt Alllylase-Col1verted ~Iashesl 2 

~ LD (.) 
By~IvAN W-LIN~/lT', R. E. DAVIS, ,1. L. ill Il,UClAN,3 [\. 11. EI~I.IR, fl. R. BIlW,

.E. IV. S'mvBN,:;UN, and L. J. :\TACIlU.N, .fiuill/al IIus/)(1udl'lI Division, nlll'l'lI11 of 

.~:1i£III{/1 IndllsliJ/., Agricultureal Hesc(l.l'ch Adlllinistration 
'-l ~ ~ 
( .....J ~ CONTE~TS 
• :;) ~ Plige I Puge 

Di!'t.illcr's ~'pro~cts . ancI their [)igc~ti1Jilit y of thc ll,vp/'Oclnrts_ - - - I 

ll'riportancc as fSlitlstli ITs _ . _ _ _ _ _ _ gxperi 111('11 t I - - . - - - - - ~ 
Pl!rpOSe of the :;~Icly and lI11ltE'- Expcl'inwnt 2, 13 
rmlsusecl:~ 2 Experin1('lll3 1ii 

Chel;lical -Co;l;l);~~I;-~f-tl;~'r)~.: Valllc of dh-tillt'r':< byproduct,; ill 
products ___ ._. ______ ._._. ___ • _ 3 practieal livestock r\icts. _____ ' __ lR 

• 
Toxicity ancl palatability of thi> '1'r,;1s \rith fattrnilllJ; lalllb,,_ lR 

byproclucts .. _____,______ ~ ... _____ ~ 5 1:'ef.t~ \\.jt h ~rn\\·in~ ~\\~itle.. 22 
TcRtRwithshec,p_____________ 5 Tcslswithp;ro\\'illl-!:chickcll"; -. 2-1 
Tcstswith cattle_________ __ 6 f;U111111an'ttJld ('oJ\{'II1~ioll:;_ 28 

Li!C'mtui'p cit('cL _ 2D 

DISTILLEWS BYPHODCCTS Al\D THEIR HIPO]{'I'A:\CE AS 
FEEDSTlWFS 

About 300,O()() tons of distillcl'\; b~'pI'()tl\lcts al'{' J't'{1 annually to 
cattle, swine, sl1('(~p, and poultry. Since these fceds contniu l'elati Y el,Y 
large amounts of crude proiein, B Yilnmim3~ lllH\ other llllll'iellt;; (.n ~J 
they play nn jmpol'tant role ill liyestodc pl'odudioll. 

Distiller's bypl'oductb are made up of the l'csi{hll's :d'tl'l' llw produc
tion of alcohol fl'om grain, DlI]'il~g the pI'ocess, gl'ain stal'eh b ~'OJl
vel'tecl to sugnrs by (,lIzymntic ad 1011, {he suga!'s ltl'l' l'OIl\'(>l'll't1 LIlio 
alcohol llnd ('llJ'bon dioxid(~ by the aC'tiOJ1H 01' ,\'past alld o(:hl'I' mit-I'o
organisms, and the a kohol is l'cl11o\'ell by disH lIat iOll. TIlt' !'('main
lng rnntcl'ial-thc whole stillnge-eontains the 1I1rfpI'IlIPIltaIJIp part 
of the grain consisting mostly of pJ'otein, hts, and milll'I'nls, alollg 
with unfel'l11entable carbohydrates, It also iJ1('I!ldl'H most or the "ita
mins present in the Ol'iginal gl'llin, tog('thel' with tllo~e tllld('ll hy till> 

• I Received for publication Kovember 6, 1951. 
2 This investigation was carried out in cooperation with the Pro(\\\('tion and 

Marketing AclministrJltioll of the United States Departmellt of A!!;ril'lIltlll'C /Lwl 
the Department's Bureau of Agricultumi ancl Industrial Chemistr:.' at. tile Xorlll
erl1 Regional Research Laboratorr, Peorin, Ill, It \l'as eouducted lIml!,r til(> 
Research ancl Marketing Act of 1946, 

a Resigned November 1, 1950, 
'. Numbers in parentheses refer to LiteraturE' Citcr!, p, 29. 
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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 distiller's thin slop. 'Vhen this slop is evaporated under 
vacuum and then dried on rotary driers, the resulting product is called 
distiller's dried solubles. If the solubles are dried on the grain resi
due, the resulting product is distil1er's dried grains with solllbles. 

Distiller's dried grains contain relatively hi:rh percentages of pro
tein, fat, and fiber. Distiller's dried solubles contain less crude fibeJ' 
and fat but include substantial amounts of water-soluble vitamins, 
proteins, minerals, and lactic acid. Since distiller's dried grah1S with 
solubles are R combination of distiller's dr.iecl grains and solubles, their 
composition is intermediate between the two depending on the amount 
of solubles recomlJined. \Vhen the latter is 50 to 115 percent, the dis
tiller's:rrains with soll1bles nre representative of "'hole stillage. 

PURPOSE OF THE STUDY AND :MATERIALS USED 
In conventional distilling praetice the enzymes required for the 

convel'sion of stnrch to sugars are supplied by bnrley malt. During 
periods of emergency, such as the present, when the demulld for alco
hol is greatly increased, barley nwlt beC'omes sC'arce and expensive. 
Consequently, cheaper SOl1rces <d the cOlH'ertinf{ enzymes nre lll'edec1. 

Investigations hayc shown that in the aleollolic fermentation of 
grain, ftln~a.l enzymes derived from coml11on molds can supplement or 
replace barley malt. The yif:'ld of alcohol is eomparable, and their 
lIse may result .in considerable finaneial sayings to the distilling in
dustry (6,8,10,30.31, .1'{, 3'8). 

The process of producing' nnd lIsing a fung:d fllnylnsc agent ha::; 
been studied on a. pilot-plant scale IJY the Northern Regional Hesearch 
Laboratory of the HUl'eau (rE ~\.!!I·jellltlll·al lind .Indllstrial Cllt'mistl',)' 
at Peoria, Ill. (/7). A further step has consistNl in tests, on a plant 
scale, of the n1l'thoc1s and eost of using fUllgal illllylase, produced by It 
special strain of A81J("'[lill71s ni[tr'I', in comparison with the llS(> of 
barley maltin gmin :ferlllPntation for tIlt' pl'Odu('t'~JII (yf akollOl. This 
i1lVestigation waR ('n l'l'iec1 Ollt by the Prod uetion and Ma l'l((,ti ng Ad
ministrat ion of the Un ited Statr:; Depa 1'[ ll1Pnt of .A.gl'it'ultlll:e and the 
Grain Pro('Pssi ng ('orporat ion at Mwwa t i !le, Iowa. wi til t hl' ('oopc'ra
tion of the XOIthel'll. ~eg:ionnl HeseHreh LnhoratoryJQ8). The 
studies proved that t11Ci.ise of tungal amylase is JpHsible in Inrge-scale 
alco}lOl ·f~l'l1lelltation. III ),i(>l<1 Hnd qualilT, the' (ll('ohol produeed 
dlll'll1g thIS study ,yas equal to aleohol ]JI'Oc/tl('C'<l by th" malt 1>ro(:('ss, 
and the llew method is definitely ehC':l]w' than tlw ()I<1 Oll(l. 

In view of the irnporbuw(' of c1iHliller's lJypro<1ucts as allimal feed, 
it Was eOl1siclered highly dC'Hil'lI bll' to detel'l1Ii Ill' whet her those pro
duced by the new process ('ould replace, in the aniwa1 diet, the hyproc!
ncts from malt-converted mashes. r.rhe purpose of the stuclies 
l'eportecl in this bulletin1 therefore, was to compal'e the two byproducts 
for chemical C'ompositlOn, toxicity, palntability, digestibility, RIle! 
their effect on the growth and f:tttening or animals. Comparisons 
were made during 19'W andlD50 by th.' Bllreall of .Animal Indllst11' 
at the Agl'ic\llturall~l'senrch Center, Beltilville, .Mel. 

For use in the chemical analysis, samples of clistlne.r'(~ corn dried 
solubles at:Jd dried graills with solubles produced by the two processes 
were obtamed from the Notthern RegIonal Research Labortttory at 

• 

• 

• 
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Peoria. An these samples were manufactured at the same plant. As 
corn was the principal ingredient used, the byproducts recovered were 
comparable to distiller's corn byproducts obtained commercially. 

For use in determining the digestion coefficients and other llUtritive 
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 those obtained commercially, 
batches from several mannfactureTs were composited. 

CHEMICAL COMPOSITION OF THE BYPRO DUCTS 

By 1\''\:''0 L. LINIIAIIl, und L. ,J. MAC'HUN 

Analysis of the byprodllcts for percentage composition involved 
the following methods: For crude !)rotein, ash, and crude fiber, the 
official and tentative methods of awt ysis of the Association of Official 
Agricultural Chemists (.1); for moisture, a toluene distillation ])1'0
cec111re; for ether extract, extraction with water preceding the usual 
extraction with ethyl et1ler; for niacin, the use of the cyanogen bro
mide. reactio'l1 as employed by Powick and coworkers (:17) ; for l'ibo
flayin, the fluorometric method (f31); for thiamine, the thiochrome 
method (1); for pantothenic acid, a rat-growth metho(l deyeloped in 
the laboratories of the Bureau of Animal Industry; for glycine and 
tyrosine. the microbiological method of Steele and coworkers (3;'3) 
using Le1u:onosto(' me8('llte1'oiae8 P-GO, exrept that the final volume 
was 10 mI., which was titrat :1 'with 0.1 0 N NaOH; fOI' the other amino 
acids, the method of Stokes and coworkers (.}:]) , 

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

TABU'; I.-Chemical c01llpo.'dtion of (li.~tiller\~ bYPI'od'ucts 11/ade /,1'0111, 
('Ol'n 7)w.~lteli by tlte two 1)}'o('e8se8 

Dried grains with
Dried solubles solubles obobtained by tained by-

Constituent 
Fungal IMalt \ Fungal l\'falt 
amyla!:i(J 11111ylii.se' amylaSe amylase 
process ,process process process 

l'.Toisture_ • ~. __ ,, __ ._.,_ .... ,(>l'rt'cnL_ 
Crude prolein _ . ___ • __ ., .•. , . • . do - - --
Crude fiber.. __ .. _. ___ ..... _...• do_. __ 

4.42 
28. 30 

4. 13 

'1. 63 
32; 40 
4.38 

6.62 
24.92 
10. 32 

7.31 
25.6G 
11. 82 

Ether extrncL., . . ... ~., ~., .. _do -., -., 
~itrogen-free extrncL._., .,. _., __ .,., _do_., --Ash _______ . __ . ___ . ____ •_______ .do ___ _ 

H.52 
48. 63 

5. 96 

14.58 
44.01 

7. 20 

12.01 
42. 67 

3.4.6 

12.52 
39.17 
3.49 

Calcium _____ • ., ., _. _.,., ___ • _. _., ., •• do_. __ 
Phosphorus.. . ., ... .,.,. ___ ., ___ do ___ _ 
i\-lagnesium ___ ~ ~.,., _.,.,.. . .,.,., ••do ___ _ 

,37 
1.04 
.50 

.27 
1. 23 
.58 

.20 

.67 

.29 

.10 

.67 

.28 
Riboflavin __ • ., micrograms per gram of 

byproduct__ 
~~ia!Uine_ . ., _ • ... ., __ ., ., . __ ., .do.,.,.,_
NJacm. _ • __ ., _.... _ .. .,., __ ., ______ do.  ., -
Pantothenic aeid __ . _____________ do ___ _ 

15. ·14 
4. 20 

84.22 , 
22.60 I 

15.27 
5.40 

!"N.88 
29.00 I 

8. 54 
1.67 

46. 43 
8.10 

7.78 
2.13 

54.27 
25. 90 

http:11111ylii.se
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'l'AIII,g :6.-A1I1i'llo ((('id Mlltl'lIt of Ow byprodu('ts ("llp/'c8sed ((R l)(')'('cnta{Je of ait'-d1ied 8a:Jnple and pe1'centaf]e of In'otein .;.. 

Amino Ilcid 

--'--'~-"" -'--~'--'-"---"---
Arginine. 
Ol\'cinu. 
llislidinc 
IllolCHcinc 
LlHll'ine. 
Lysine 
l\leLhioninl' 
Pilenylulullilin 
ThrcoJlin(l 
TryplolllJnnn
Tyrosinu. 
Vlliinu 

• 


Dried grains with solubles obtained by1__ Dried 1;O~~il. obt~tin~l_b)_'____________--;-________ trJ 

@,.1~lIngnl Ilm.l'hlHe prOl'l'1;sj l\laIL amylase process IFungal amylase processl Malt amylase process J:,.... 
~.~:('I~e~l.!!;.'l~ll)l'I~:II.tage...I. p('r~el1tll!!;ell Percentage IPercentagel Percentagel Percentagel Percentage 

C'l 

of sample Iof protein Iof sample of protein of sample of protein of sample of protein 
t-~~-·~-'-'--. i 
 ~ 

trJ1. 2 .1,.\ 1 1. 2 3. 7 l. 0 -I. 1 I. 2 4. 8 
 >-3 . n 3. 2 I. 3 0 • () 2..\ • () 2. 2
I 
~ 

, 7 2.1 • 7 2. 2 . 5 2. 1 . 5 1. 9 Z 

L ·1 5. 0 I. (j 5. 0 L 2 .1. 7 1. 2 '1. 7 .... 


o3. a II. fi 3. () J 1. 0 2. 3 11. 8 2. 8 11. 0 
0. 


I. () a.·1 I. 0 3. 0 . 8 3. 2 . 8 3. 2 c.>
I I 

. 8 i 2. 0 . !) 2. 8 . 7 2. 7 . 6 2. 5 


I. 3 ·1. 5! I. ·1 -.1. 2 I. 2 I .1. 8 1. 2 4. 7 ~ 

I. 2. .1. 2 I 1. 3 .\. 0 .!) I 3. 8 1. 0 3. 8 
 ~ . 17 1 ,liO! Itl .5!) .15 ,60 .15 .58 

I. q I ~. 5, I..: 3..\. .. 7 ~. 7 .. 7 2. 7 t:::f 
I. (, i O. 7 I 1. 7 5. 3 L ,1 D. 7 1. 4 5. 5 trJ 


"tl 
~-~.-.......,..-- -~,. -"--'~""---'----~.-- .~.- .... , ----.,---,---_._----....--_--- ~ 

o 
>1j 

>
-0 
~ .... 
C'l 
c:j 

~ 
~ 
t.zj 

, 
~ ... 
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between the fungal amylase and malt amylase products are not con
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sidered particularly significant. However, the fact that lower per
centages of nitrogen-free extract of both dried solubles and dried 
grains with solubles were obtained 'by the malt amylase process sug
gests greater convel'sio~, and fel'lllenb:ition of the (;arbohydrates by this 
method. From 11. feeding standpoint. the correspondingly higher pro
tein, thiamine, nicotinic acid and pantothenic acid contents of the malt 
amylase products are worthy of note also. 

TOXICITY AND PALATABILITY OF THE BYPRODUCTS 

B~' h·AX L. LrXIJAIlL and R. E. DAns 

As stated earlier, the fungal enzymes llsed in the distilling process 
were produced by a mold, a special strain of f18l'erglll'l/8 ni,qei i Grains,• 

mixed feeds, and roughages damaged by molds have been reported 
to produce toxic symptoms and digestive disorders "WIlen consumed 
by animals (22). Therefore. in the present study, disUllel"S dried 
grains with solubles from eaeh process of distillation were fed to sheep 
:tnd cattle to determine whether the grains l'eC'oYered from the fungal 
nmylase-convertE.'d mnshes had any toxic effects, and whether they 
differed in palatnbility from the distiller's grains with solubles as 
produced by the malt amylase process. 

TESTS WITH SHEEP 

The methods used with she('p and the results obtaiu{'d have been 
reported by Lindahl and coworkers (18). Howe\Ter, JoreoIlveniencel 

information comparable "with that given for cattle is inclndecl here. 
Twelve mature ewes ,Y('re s('lf-fed the byproducts !01d were snpplied 

with water and salt ad libitum at all times. At first the ewes were fed 
25 percent of concentrate mixtnre, consisting of one part of distiller's 
(It'iecl grains with solnbles to 011e part of llulverized white OIltS, and 
To) perceIvc of ground alfaH'l!- hay. After the first week of the prctest 
perIod (table 3), cyery second day the pel'eenhlge of concentrate 
mixtllrc waS increased by :2 percent and the aH'aH'it l'ec1nced accord
ingly, until the animals were recei,Ting :L mixtllre of equal parts of 
cOllcentrate and Imy. After the :mimals were on filII feed, the con
centrate and gl'oulHl alfalfa lla)' were oll'l'red frl'e-ehoi('c in sepamte 
l"ompnrtments of :;elf-feeders. J)u I'in.!! the pl'etl'st pl'I'io(] on ly thr malt 
amylase bypl'oduct was :f('c1 to cll'termine whether rhe hvo gronps 
were comparable with l'espeet to Jeecl intake. Table:1 shows that 
they were abollt eqnal in this rl'spect. Dllt'ing the tests the two types 
of byproclncts W(,l'C "'Nli1l alt(,I'natc periods of J5 days ea('h. The 
resllltslare giwn in table a. 

The resnlts inc1ieated that the distilJ('r's grains with suillbles that 
were procIueNl by tll(' funga.l :tlll,das(' l)1'o("(':';s "'(,I'P nontoxic. Fct'ding 
four times as much of the bypl'ot1ucts as.is normally fed had no. detri 
mental efl'('ct on the animals. FlIrthel'lllol'(', Lilldahl, Davis, and Ellis 
(/8) sho\\"ed that 8C"(,11 times as mueh as wou lc1 be :fecl as a protein sup~ 
plement. did no harm to sheep alrho.l1gh til(' prO(llld ,ras fed for long 
p('rioc1s. The results also indic'nted that the sheep pr('fel' the. malt 
amylase bypl'oduds fo thoilC prOdl1('Nl by the fllnga] lllllyIaSe, process. 
Howe.ver, the I a tt(' I' evidently are pa.latable, since. the.y were con::mned 
in hn·ge. quantities throughout the. tests. 



_________ 

_____ _________ 

6 TECHNICAL BULLETIN 1053, U. S.· DEPT. OF AGR!CULTURE 

TABLE 3.-R'.ntlts of tILe palatability tC$ts 'with two groups of six sheep 
each fed iiistille?"s d'ried gmins 'with solubles 1'ecovered by the two 
p1'ocesses 

Average daily feed con- Loss (-)sumption per anima! or gainType of by-Group (+) inTest! productNo. weightfed Distil-Total Alfalfa perlcr's byfeed hay animalproducts 

Po!'nds Pounds Pounds Pounds
Malt amylase___Pretest________ { 1 _____do 3.91 (2) (2) +17.3 

2 3. !J5 (2) (2) +21. 4 _____do _______ ._1 3. 85 L 23 1. 38 -3.8Fl"""L----l Fungal amylase_ 3.83 1. 592 _____do_________ 1. 12 -2.4 
Second testa___ 1 3. 89 .97 1.94 +3.4 

2 Malt amylase___ 3.91 1. 02 L 86 +1.1 _____do____ - ____ 
Third tesP____ { 1 4.16 .81 2. 54 +2.3 

2 Fungaldo amylase. 3.79 .55 2.69 -.6 
Fourth test 3____ { 1 .58 1. 82 -1.13. 00 I2 Malt amylase___ 3.43 .65 2. 13 +2.5 

I The pretest period was 36 days in length; each of the test periods, 15 dl~Ys. 

2 Concentrate and alfalfa fed as a mixture. 

3 Groups reversed. 


TESTS WITH 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 1112 
parts of the latter, This ratio was chosen to provide the necessary 
digestible crude protein and total dig,estible nutrients for the wintering 
of pregnant beef cows, according to the feeding standard of :Morrison 
(~5), The oat sb.'aw was offered at the rate at which the cows would 
clean it up, and the distmer's grains with solnbles were fed in pro
portion to the straw consumed. Three of the cows were started on the 
distiller's grains with solubles produced by the malt amylase process 
and three on the grains produced by the fungal amylase process. 
After 105 days the two groups were reversed and the feedjn~ contin
ued for an aclilitiona1228 days, After the reversal period or feeding 
the cows were fed, fOl' an additiomtl 86 days, a mixture of equal parts 
of the dried ~rains with solnbles and distiller's solllbles in place of 
the dried grams with solubles. The method of feeding was identical 
with that followed in thefil'st phase of the work. 

The results of the experiment are rriven in tabie 4. At no time did 
the animals refuse the disti11er's byproducts produced by either 
process. Furthermore, they did not indicate any preference for one 
type of byproduct oyer the other. No toxic or other detrimental effects 
of feeding the fungal amylase byproduct were observed. Two cows 
clropped normal calves during the experiment, and It third cow dropped 
a normal calf on the second day after the experiment ended. 
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TABLE 4.-Re8'1dts of the paZatability tests 'with cattle fed distiller's 
bYPl'oducts recover'cd by the two 'p7'ocesses 

FIRST 105 DAYS-DRIED GRA[NS WI'J~1l SOLUBLES 

Average daily feed 
consumption Loss 

(-). orType of byproductCow No. gamfed Distil- (+) inTotal lcr's by- Straw weightfeed products 

POl/nds Pounds Pounds POllnds173-4______ ___ • Fung!ll amylase _____ 11. 75 1. 85 9.90 -39.6~. 

____ lio _____________34-2_______ • ___ ,._ I-I. 37 2. 27 12.10 -35.2 
78-A_ - ----------1" .....do__ ---.-----.- 11. 75 1.85 9.90 -19.8
166-2___ ._•• __ • _ _ l\lalt amylase•• _____ 16. 98 2.68 H30 +13.2 
39-B- - - - -. - - - -- __ - - - --. -.-.  15.69 2.49 13. 20 -22.0-1-- .. _do39-1._ ._•••• __ • __ .. _.. _.do_____________ 16. 98 2. 68 14.30 -44. 0 

NEXT 228 DAYS-DRII'lD GRA[NS W[~rfl SOI,UBI,ES (GnoUl's REVERSED) 

173-4_. . i\falt amylllsc. _____ _ 11.75 1. 85 9. 90 -66.034:--2 1_____ •• • _____ .do____________ _ Ho37 2.27 12.10 -330.078-A_____• __ • ___ '____ .do_____ • __ • __ _ 11. 75 1. 85 9. 90 -147.4
166-2____________ Fungal amylase ... __ _ 16.98 2.68 14.30 o39-B. ___ •• ___ • ___ • __ .do.___________ _ 15.69 2. 4!l 13. 20 I o39-1•• ___ • _________ . _ .do___ • ______ • __ 16.98 2.68, 14.30 +72.6 

i 
----..•-.~-..- ..-~-----.---'--~.._........!.._----'-_•.......:---


LAS'r' 86 DAYS-EQUAL PARTS 0[' DmED GHAINS Wl'l'1f SOLUBLES AND 

Dls'rIl:.um's SOI:.UlIl,gS 


166-2 2___________!Fungal amylase.____ 16.98 2.68 9.90 -11. 0 
39-13. __ • ____ ._ ......• c1o ___ ..•.• ___ • __ 15.6\) 2.49 13.20 0 
3\)-1 1___ ... _. .do•....••• ___ 16.98 2.68 1·1.30 -211.2 
173-4. ___ ._ .... , :'Lalt amylase. ___ .__ 11.75 1. 85 9.90 -44.0 
34-2____ • ____ • __ •.. 1_ ...do•• -.-""-.-.- 14.37 2.27 12.10 -26.4 

78-A~-~-:-- _~I~_•.~~.-_~-.~::~~j~3~~~__~~_1_0_,9_6--,-_+_13_,_3 

1 This animlll dropped .11 calf, which accollnts for the lInusllally large loss of 
WCig~lt. 

2 'Ihis Il.nhwLl WllS fed only 26 days, when it was slaughtcred Lo reduce the herd. 

DIGESTIBILITY OF THE BYPHODUCTS 

Uy 1\',\X L. Lr:-m.urr, lind R. I'l.Ihns 

The most recently published digestion coellicients of disti11er's dried 
grains (lS, 14, J9, itO) showed that these products were hicrhly digest
ible and good sources of tohtl digestible nutrients. .As tTlese results 
were reported Itt about tl1e begi1lI1ing of the pt'esent century and tl1e 
methods and processes for the recovery of the byproducts have been 
modernized during the last few yeal'S, an experiment (No.1) was con
ducted to reinvestIgate the digestion c(Jeflicients for COl'l1 dded {rrains 
and eOI'll dried gl'ains with solubles tllld to determine the digestibility 
of milo dried gl'llins with solubles. 
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In n. Recoml experiment, u. comparison wns made of the indirectly 
detel"mined digestion coeflicients of the dried gmins with solubles 5 

prodllcC'd by (he fungal amylase a11(l the malt amylase procedures. 
Drown ftlHfForbes of the Kentucky Agt'ic.nltural Experiment Station 
('1') hav(', l'N'ent1y made digestibility stndies "with steers fed l'ntions 
RLlpplenH'ntecl "With theRe bJ~prod\lcts, They found no significant dif
lel'l'l1Ceg ill the c1igestibi1.itv o"f the two rations. 

To obtain fUI'I]\PI' iniol'lillltion on tIle effect of these supplements on 
the. digC'Rtihility of pl'adi('al <1iC'ts, a. third expcrimcnt was conducted. 
In tlli'::; tIl(' dig(,Rtibility nn(1 metabolizable energy ('ontent of a. prac
ti('nl lamb :fl\(>(ling di('( sl1pplem('nt<l d with e:tell of th(' two distiller's 
dl'ipd grains with :;(lI\1b.I('~ \\'('1'C COIllPHl'Nl with those of tt diet supple
llH'llt('(l with liusP('d oil r"Nl1. 

Exp~:rUME:"'T 1 

III this (lxjl('l'illl!'lIl" only l'Ol1\'Plltional (mn.lt nmylaile Pl'o('(>ss) dis
ti1lP]'S ]'."pl'ocllll'lS \\'('1'(' n:;pd. T(J inslIre thaI' tl\(',Y would be fiR t'l'pJ'e~ 
l'('lltatin' as po..;silJll' of l11o::;e 011 tll(> 01J('11 mHI'kl't. di~li1lel."s ('01'11 (ll'ied 
gl'uins Hll<1 <li'4mt'l.'~s ('Ol'n dd('d gl'ains wit"h ~olllble~ \\'(']'e obtained 
fl.'0111 (11I'('p distilll'l'h,s and dist"illpl"::; milo (1I'ipd !!Tains with solubles 
h01l1 two dbtilll'l'jps, Equal parts of the indh'](llllll shipment'> were 
mbwd awl onl,r til(' ('ol1lpositt, :;al1lpl(>s wct'l' uSN1 ill flH' clig(lstion trials. 
'I'll(' COll1po,.,itiol1 of llip illdh')(lunl shipmpl1tR 1111(\ tllP t1\'PI'llgP (,OIl1

positiol\ of thp ('olllJHJsitC' HlImpl('s us USl'd <llliing tl\(' trials are given
ill t:l blp ;J, 

Fh'p lllallll'(' Tlmllp:-hil'(' w('tlu'),R WPI'P l1HP(l hI p:teh of t'\\'o trials, 
To lltinillli:-:(' till' ('Il'l'l't of \'xll'I'littl ('o!HlitIOllR, thp tl'inls W(>I'(' "Htag
gl'I'('(]" so that Jlot a11 IlIP sll(>pp \\'(,I.'P all tl1l' sa Ill(' t!'in I at the snllH~ time, 
TIIP 1I1lilllals "'('t'P kppt ill llH'talJo1isi1I cn~l':{ (Illl'ing the pxp(l'iment. 
TJIl' c'ollpdioll j>Pl'i()(l of fl'('(>s \\":1:' 10 day:;, PI'N'(,dell 0)' a lO-day j>re
lilllilll1l',Y pl'riod, C()l\P!'1iol1 bag:; \\'('l'e 11;';(>(1 to ohtain the 1\'('('s, They 
\\"(,)'!' {'IlI}ltiP(l (,\,l'l'~' ~I hOIlI':; am1 tIl(' f(1('('~ imnJl'dinlpjy put. into a 
tln'in~ !}\'Pll at n 1l'1l1}ll'mI11l'l' oi! (i0" C" and kppt thpl'(' fOl' :H l1olll's, 
TJ'ip ,il'ip(/ f('('p-; "'PI'P (1H'11 tJ'nll~f(,l'I.'('d to It ('0\'('1'(1<1 buekl't. At the 
pml oj' tIl(' ('ollp<'!ioll lll'doll. tl1l' J'Pl'P:; ,,"pre allcnvl'd to ('()llW to IllOi:;· 

tlll'p (>(ptilijll'itllll, :trip!' whh-II tlH'Y ,"'Pl'(' wl'iglll'd, ground, and mixed 
ttllll a II II liqnot til IWll fol' (Ill' t11la 1,\'\H'n1 ,\'ode 

'1'1)(1 bn:-;al dip!, u:-Pll ('OJI:-;j..;I!'(l of !HI jlPI'('pllt },pllow carll 11lNt/ and .10 
!lpn'l'llt e'hIlPlll'd alflllfa hay, :-:'alt \\'n~ adell'(1 to Ihi::;mixtnl'c in 1'11('h 
·PI'()jHlI,tion,.; lI::O: t(J iJ]:'UI'P a duil,\' intake of not I('::;H than I gill, ]>el' 

ntdllltll. ,rn(I'" wa:, s\1]l}llipd ad Jil,itlllll, The avemge l'Olllpositioll 
of 111(' basal dip! i:< 111:<0 gin'll ill table 5. 

Two ll>\'(,1:-; of thl' IJypl'odul'l::. Wl'l'e l1S('(1. In t11(1 Jh'st t1'ial, the by
]ll'mltt('(:> 11IIui<' up apPI'()XilllUlpl.r l~,,) ])l'I'(,l'llt of till' total diet I'e
l'ultillg in a lottd ('!'llllt> \ll'o{(lin ('ont('lll: '(rt' 1~,G Pl'I'('pnt. III the \'iN'

owl t!.'illl, tlH''v Jllade lip ~.'i ]lpn'Pltt of thl' nJixtm'C,', The plane of 
Hutl'ition ltB fat' H:> tl\(' Illt;l1 dig('~tilll(> lHttl'il~lIt.s\\'('l'e ('OI\(,'('I.'11CI1 W\lS 
]wltl Jl('nl'l)' ('on~!nllt Ihl'OlIglHilit th(, (I);']>(,I'inwl1t. The aYel'ftrre plan(' 
of lllltrit iOlt, <'<llt'111atl'(l remit {he digestibility of the. (liets' used, is 
g-inn in tahh· G, 

·'1.'11(' ilHlil'('('t <IN('I'I1.1iJ1atioTi was 1IIf1!1(' h~' oht:lilliug th(' <lirfpJ'('JH'(> h('tw(>(,11 the 
(lig-(·;;t1o/J ('Ul'Uit iputs of 111(> ha;;al diet Ilnd the tii('t ('outaining- thl' hyprmlue(;;;, 

• 


• 


• 
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TABLE 5.-00mpos}tion of bYPl'oducts obtai1U>(llrom. distil7e7ies and 
of the average of these as ~lsed ,in the dig(!stion trials 1 

: ........... -
Sample IHois- CrlldeIC":,,, IEth"Byproduct AshNo, ture protrin t'xtract, fiberI 

--~---~-----

Percent Perrellt P('trl'lll Percellt 1 Perrelli 
Distiller's corn dried 1 10. 38 I. 32 31. ·10 11.70 r 12.53 

grains._______________Do 
Do _______________ 2 10.76 I. oS 2fi.72 S.60 j 12. !l7 

3 8. 3(j I. 7·1 2·1. 73 1~. 65 ._.~.;:_5G 
Average. _______ 

.. 
7. S!l I. 72 27 . .to 10.03 13. 27 -------1 

:::..,,'"= 
Distiller's corn dried 4 U.24. .1. (j·1 27.3U 10.32 8. II) 

grains with solublcs.
Do_________ •..• " .0. <)"<). ~_5 11. 07 3. 75 !l.32 !).05Do__________ •.. __ I G S. 33 3. III 25.3·1 11. 02 ] 1. SO 

1-¥ ._-
, , 1 t -. ( .) . (

A, erage - - • _ - • "1' = 8. O(l! ~~:~_, ~~~:..~ 1 o. S3~!~;. 2~: 
Distiller's milo dried 'I 7\' O. 02j 5.·10; 30. 2·1 n. 3(i : S. ·16 

grains with solublrs. . I 
Do ______________ .; 8, 5.!H 1. SO 35.70 15.15: ]3. HO 

_____••~__~-_.""~______ -.-~~~-•• _ _ M", _!~~___ 

AYer:1i{c. _ __. _'. _ _ 7. 22: 3. 52 32. 07 II. (l7 11. 33 
Basal dieL____ ••• _.__ 10.80, 4.28 10.8·1 3.02' 1-1.1S 

1 

I Composition of samples was obtaillrci wh('n (hr), WNe rc('('h'C'c\; lwrmge com
position is that of thc composite ~ampled nt (it(' tirne it WIIS fl'd !lnd i~ lJot the 
average of the samplcs when received from tht· distilleries. 

The diets, as w~l1 as the bYlll'Cll11ds, werc Rnl1lpk~l daily (lul'ing 
the collection pel'lOcls illlcl nn aliquot of the ('Ol1lpo:-lte Rumple was 
taken for al1illysis at the end of the trials. The met hodB of the 
Association of OflkinJ Agl·jCU \tura I Chemists (1) w('l'e us('(l for 
n,nalyzing the diets tUld feces. The llisti)lt,l"s dried gntill:l with Rol· 
ubles were analyzed for moisture und ethel' (lxt1'HC't nccol'iling to the 
methods given on page 3. 

The ll1('an (\igl'stion codlieients of tIll' basal <lil.'t and th(' <1il.'t Sllppll'
1lll.'ntcc1 with thl.' low lC\'1.'1 of diRti 11('1"8 bVI)J'o<iU('ts-whi('h is (,Olll' 

parable to that llsed in ]101'1na1 fl.'('dillg-~ll'e gin'n in (ab1(' 7. Xl
though the basal cli('t used in thest' tril.ll';; is normally {'OIlsidcl'Pll to bC' 
adequate for the fattl.'ning of lamhs, the addition of di:;tiU(·)·'g dril.'<1 
F'ril.ins at approximately 1~.5 p(,l'('('nt: of the total 1'ee<1 intake had :~ 
Geneficial efl'l'('t on tht' <1i~estJbility of tlH' f('(ld m1xtl1)·('. 'flIP di
gesl'iQl1 to('fIieil'nts of the etht'r extraC't we)'e signilieantly higll(>J' in 
all eases amI there was a. d('fi llit 1.', tl.'ndencr 1'01' the digl'::.tilJilit\, of tllt, 
crude pJ'otei n and the (·rude. Jib('l' to be itWJ'l'Ili:il'fl.' ~wiJt ';m(l ('0
workers (,]/7) JOllnd that the. addition, to the diet. of a~ 1111ll'1I uS (\.-1: 
perc'l'nt 01' COJ'n oil inC'l't'Hst'd the digestibility of all ('on;;titl1eni'f; of n. 
mix('(l l'ationfol' s1ieC'p. Si l1('e the (lisClI('I";; ~l'aills 1Ii:i('(1 in tlwse 
t')'ials an' good SO\ll'('es of !'th(·l' extl'net lind the ol'ighl:ll bai:ial di!'t 
eontained adequate pl'otl'in, aC'('ol'ding to )Iol'J'isol1 (.J,') , il is plnllsiblC' 
t.hat the in(,l'l'asN\ ethel' l'XITact was tl\C' most illlP()l'tll.llt l'adm' ill the, 
supplementation of thc diet. 

081882·--02----2 
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TABLE B.-Average plane of nutr{tion during dige8tion trial8 in 
ewpe1'iment 1 

Percentage of 
maintenance requirements 

contributed as- 1Levei 
Diet of 

feeding Digestible Total 
crude digestible

protein nutrients 

Basal __ ______ ._. _________________~ 

------ ... __ ... _- 113 110Low_______Basal and distiller's corn dried grains_ Do ____ .._____________________ High 153 121 
176 120

Basal and distiller's corn dried grains Low .. _... -... - 162 128
with solubles. Do ___________________________ 

Hi~h------- 182 128Low _______Basal and distiller's milo dried grains 150 120
with solubles. Do. __________________________ High _______ 20·1 133 

1 Based Oil values given by Brody (5). 

There were no significant diffl'l'em'es in the digestibility of the 
diets supplemented with COl'll dried grains [md those snpplemel1tecl 
with milo dried grains. 

The meall indIrectly determined digestion coefficients for the dis
tiller'S dried ~rains are given in table S.. There was a tendency for 
the di~estjb: flty of aU constituents to be lower when the byproducts 
were fed at the hi~h leyel than H,t the low level. HO'Iyevel', when 
analyzed st ~tistic!Llly, the diffel'~nces were significant in only four 
cases. 'Vh>l1 the byproducts were feel at a, low level, the large inherent 
errors in the indirect determination of the digestion coe/nclents made 
it difficult to assign significance to the c1iffel'~n('es between the two 
levels. 1Vatso1\ and co\vorkel's (39,40) fonnd that the digestion co
efficiellts for certain concentrates drop 'with n,n increased plane of 
nutrition. In the present investigation lower digestion coefficients 
Were also obtained when the bypl'oclucts were fed at the higher levels 
wichont increasing the plane of n ntl'ition as far as the tot a 1 digestible 
nutrients were concerned. It. is possible t1l1tt ill the trials in which 
the byprodu('t..') were feel at high levels the high ratio of the concen
trates affected the m1('rof1ora, of the rumen (\f the animnJs stlfliciently 
to lower the digestibility of the alfalffL in tho basal diet,AdditionaJ 
research apparently is needed along this line, 

The avel'llge results for the two levels of feeding, in te1111S of per
centage of dIgestible crude protein and total digestible nutrients of 
the di·ied.q-rlllJ1s (table V), agl'ee V~l'y c.losely with the .re~u1ts giv~n 
by SdmelCler (30) except for the cbgestJble crude protem 111 the dIS
tiller's COl'n dried grains with sO]llbles. 

• 


• 


• 
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TABf,E 7.-Apparent mean digestion coefficients of basal diet and distille1"s byproducts in ewpe1iment 1 

Digestion coefficients of- 1 

Diet 
Nitrogen-free

Dry matter Crude protein Ether extract Crude fiber extract 

~ 
Percent Percent Percent Percent Percent tl 

~ 

BasaL_________ ~____________________ ---- --- - ----- 77. 52±O. 87 69. 33±2. 31 73. 89±2. 59 43. 87±1. 24 88. 78±0. 62 Z
Basal and low level of corn dried grains ______________ 77. 92± 1. 43 *73. 94± 1. 60 **78; 86 ± 1. 15 *46. 54±1. 36 87. 90±0. 73 Q 

Basal and low level of corn dried grains with 501Ilbles__ 78.17±L 81 74. 13±4. 48 *79. 59±4. 07 46. 7l±2. 82 88. 20±0. 93 
Basal and low level of milo dried grains with soluble5____ 78. 50±0. 78 *73. 64±2. 15 *78. 39±1. 51 45. 66±1. 63 88. 86±0. 38 

~,-.~ 

1 *=significllntj **=highly significant. I
~ 
f/l 

I:I:j 

g 

~ 
f/l
>-3 o 
c 
P'l 

...... ...... 
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1-"TABL}] 8.-Appm·ent mean digestion coefficients (indirectly dete1'mined)1 of tlte distille1"s bYl'TOducts-eroperiment 1 
t.:) 

I1YI'UOJ)UC'l'$ 1"Jm A'f LOW LEVJ", 

~-------~------------ t;5 
Digestion coefficients of- 1 

m 
I-tByproduct 

Nitrogen-free f;
Drs matter Crude protein Ether extract Crude fiber t"'extract 

----------.------.-.----- -,,"-. - - --- .~.- --- -~------.- -- - --.~ 
txI q 
t"'P,~'rccllt Percent Percent Percent Percent t"'Corn dried grnins _____ . _______ • ____ . __ t;181. 8 ':l:: n.51 87.87:l:: 8.38 90. 3·1:l::6. 82 C8. 13:l::2L 44 78.51:l:: 6.68 

Corn dried grains with solul)lf's_ 82. 0 l± II. 55 87. 37:l::H. 14 !H. 35:l:: 6. 66 72. 58:l::28. 47 83.03± 7.27 1-:3 
Milo dried grains Winl solubles____ .. __ _ 86. 5 ':l:: 11. 67 87. 08:l:: 12.89 92. 83:l::8. 34 66. 29±21. 76 88. 01±12. 82 Z 

-- ._ ..-. ..... 
~--. o 

JlYl'lWllrl''I'S !'Im A'l' IIIOII I,I':VI~I, 2 tit 
c:.> 

Corndriedgrains._.,,___________ -~. ]*67~2~;~G.~;--~;1.l2:l::5.2.1 8S. 'J6:l::2. 86 150.62± 9.64 *63. 65:l::7.81 ~ 
Corn dried grains with solllbks __ - - __ -I 70. 20 ±3. 12 75. 53:l:: 3. 63 88.07:l:: 3.26 1*2'1. 9-!± 10. 84 75. 04±1. 86 rn 
Milo dried grnill:3with soluhle:i_. __ I 70.!)!}:l::·1.36 7G.!J7:l::3.07 !)3.22±L26 7·J.75±11.76 82. 17±5.52 . 

___~__________ . __1 ___ ~ 

1 Calculated by dilfprellce from the dig£':;t ibility of tlI£' hu:ml di(·t. :-'
2 *= Significantly lower t hun n·t tll!' low lewl of feedillg. 

o 
"'-1 

>o 
::0 
I-t o 

~ 
::0 
.t:=.l 

http:7�J.75�11.76
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TABLE 9.-Pe;·centages 01 dige.'JtibZe C'l'ude protein and total dige8tible 
nutrients of distiller's d)'led grain8 obtainccl in expehment 1, com

• pal'ed 1.t:ith those gh'en by Schneider (30) 

Digest· To talTotalSource of tLevel of iDle digest·Byproduct dryinformation ! feeding crude iblematter protein ,nutrientl'l 

i : Percent Percent Percent 
Corn dried grains •••• _.' Schneider __ .. _____ . _. __ .' 03.1 22.2 77.5 

Do . _. _. _.. __ . __ ., Present il1v('l"ti· !Low••• r 92.1 24. 2 84.7 
,gatton. i .. ' 

Do _________ .. ___ ,.... _do._ •. --.--i Hlgh_ •• , 02.1 ! 20.4 72. ~ 
Corn dried grains with: Schl1cidl'r__ ... __ '........! 03.6 , 13.3 78.4 
solubles.' :

Do. ___________ ... : Preeent inVl'Rti- Lo,""' ..•1 01. 4 I 22.8 , 84.0 
I 1gation. i I I

Do ________ ••••••:. ___ .do._••• __ •• ' High.__! 01. 4 ! 19.7 i 73. 6 
------_.....:._-_..._..•,_._--.... -_...:'---'-----'-----

EXPERIME:'IT :' 

• 

In this experiment the indireetly determined digestion coefficients 
of distiller's dried grains with solubles from the malt amylase process 
were compared with those of the grnills from the fungal amylase 
process. The basal diet r,onsisted of GO iJercent of yellow corn and 
-:1:0 percent of chopped alIalfa hay. Its avel'l1ge composition was as 
follows: Moisture, !).5!) percent: nsll, :3.a5 percent; crude protein, 
11.D4: percent; ethel' extract, 2.;11 percent; crude fiber, 1:2.71 percent; 
and nitrogen-free extract, 5D.D! percent. The composition of diE>
tiller's dried grains with solubles is given in tllble 1. After the diges
tion coeUicients were detel'l11inec1 for the basal diet. the distiller's grains 
were added in the proportion of 25 parts of ui;:ti Iler's grains to 75 
parts of the basal diet. The plnne of nutrition dUl'i ng the experiment 
was apPl'oximntely 120 pel'c€'llt of maintenance as far as the total 
digestible llutl'ientH wet'e c:ollcernecl. 

The experiment was conducted in the same manner as the previous 
one, except that 10 gill. of a sa.lt mixture in place of <.'ommon salt was 
fed daily to e[1('h wetht'r. The salt mixtUl'e was made up as follows: 
Iodized Halt. 10 kg.; I1Hlngnnelie 5ulhte, 60 gm. i cobult chloride, 1 gm.; 
c?pper sul:fate, 5 gill.: zinc t'hloricle, :2 gm.; and ferrous ammonium 
CItrate, 30 f-.rm. 

The meltll dige"tibility codlieiE'nts nrc gi',en in tnule 10. There werc 
no significant diifC'l'C'lH'CS in the digestibility of tht' products produced 
by the two processes. 

• 
The apparent digestibilitv coe1!i.cients of the dried grains wit.h 

solubles lIsed in this ,york ,,':el'e higher than those of the composite 
grains with solubles used in th· pl'e\rions study when the bypl'odncts 
were fed at the same level aJld with the same type of basal cliet. 
Lindsey and coworkers (;JO) found variations in the digestion coeffi
cients of different batches of distiller's grains which they nttributed 
to the fact that graills otht'l' thnll ('orn made up part of the mash. 
Differences ill the metho(}f; of l't'!:()Y(>l')' of tllr bypl'ocluets at difl'erent 
distilleries may also affect the digestibility of the byproducts. The 
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......T~\BLE lO.-Apparent 1nean digestion coefficients ('indirectly determined)l. of the distiller's dried grains 
JoI::o.

with solubles P1'0(i1.tced by the two distilling processes, emperiment ~ 

Digestion coefficients of-

Byproduct . 
Dry matter Crude protein Ether extrant Crude fiber 

Percent Percent Percent Percent 
Dried grains with solublesby the malt amylase process_ 82. 09±4. 22 81. 29±5. 17 88. 32±1. 66 65.63± 7.25 
Dried grains with solubles by the fungal amylase_ process______________________________________ 

81. 70±5. 74 78. 22±7. 54 89. 50±1. 88 65. 09 ± 16. 80 
----~--.- .. -.--- - --- --

I Calculated by difference from the digestibility of the basal diet_ 

1-3 
l"J 

~ 
Nitrogen-free Q 

extract ~ 

Percent 
84. 83±3. 86 I 
84. 93±5. 52 ~ 
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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 coefficients, percentage of nitrogen 
retained, and metabolizable energy were determined for Ian b-fatten
ing diets supplemented with linseed oil meal and with distil~ 3r's dried 
grains with solnbles produced by the two distilling procer 3es. The 
diets used were random samplings of ton lots of the "fun i~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 3.37 
percent of linseed oil meal; a second contlLined 45.08 percent of cracked 
corn and 4.lJ2 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. Each 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
c1~lctecl 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 aliquoted daily. The composite samples were kept under 
refrigeration until they were analyzed for nitrogen and energy content. 

Chemical analyses were made as described on page 9. In ad
dition, energy determinations were obtained with an oxygen bomb 
calorimeter.. The urine samples ,yere dried in an apparatus that 
collected the ammonia lost dlll·.I')g drying. The number of grams of 
nitrogen lost during the drying of the urine was multiplied by 5.447 
to obtain the equivalent energy in kilogram calories. In the ca,lcu
Jation of the metabolizable energy of the diets, the methane produced 
was estjmatec1 according to the equation of Swift and coworkers (34). 
Correction for gain of body nitrogen was made by adding 7.45 kilo
gram calories to the urinary enel'gy for each gram of nitrogen 
stored (11). 
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TABLE 11.-(/omposition Of (1) the ingredients in the diet and (2) tl~e 
diets themselves used in experiment 3 

Nitro. 
i\Iois- Crucle Ether Crude gen- Gross

Ingredients and diets used ' . pro- Ash I ex- fib free •
ture tein tract er 1 ex- energy 

:___1___1___1______1 tract ___ 
---------- . . 

Kg.
Ingreclient- Per- Per- Per Per Per Per- Cal.;

No.2 mixed timothy rlo- I rent cent cent cent cent cent Gram yer hay. ________ ~ _.. _--I 9.92 10.14 4. !l3 1. 56 33.11, 40.29' 3.99

Corll ____ •••.... __ ., _•..• _,j 
 I). 141 9.20 1. 30 3. 09 2. 27 75.00 3.99I.-inseed oil meaL. _______ _ 9..1.1 33.8·1 5. 87 1.72 9.55' 39.58 4. 19 

i\blt aIll\'la~e distiller's 1 


dried gi'aills with Rolubles____ • ____________ • I 
7.31i 25.69 3.,19 12.52 11.82 39.17 5. 05 

Fungal amylase distiller's 

dried grains with :;01ubleR______ •• __________ ! , j, I 

6. G2' 2~. 92 1 3..16: 12.01! 10.32' .12.67! 4.86 
Diet. supplemented Wil'll- f 

Linseed oil meaL___ ,_ , __ _ O. GO 10.71 3.68 2.51 17.07 56. -I3i 4. 08 
Mult amylase di;;till(>f's I 


dried grain:; with sol- ;l 

ubles___________ ., 
 9. 19 10.73: 3.53 2.9·d 17.63 55.98 4.18 

jFungal mnyluse distiller'>; , 

c!;'iecl gl'llins with sol
uble:;___ ... __ • __ _ 4. 20 

The mean appal't~1lt d i:.re:;tioll coefficients and percentage of metabo
lizable elll'l·g.r of the dil't:l are friven jn table 12. The data on the • 
l'f'tC'lltion oJ nitrogen by the lambs are given in table 13. These tables 
shol\' no ;.;i!.!.'nifieHllt diil'el'encC's between any of the diets ill their Cli
gpl'tibility;in the l)('l'{'Plltnge of metaholizable; energy, or in nitl'ogen 
retelltion by the lambs. 

• 




.* • 

T"\B1,B 12.-Apparent mea.1l. diuestion. coefficients ancl1)ercenfage of meia,bolizable energy of the three diets used 

• ---1 
! 

iIi experiment 3 
-----.-..-~.-------

Digestion cocfficicnts of-

Diet 
'Dr . 1l11.1.tlcr \' Crudl; pro

j tClll 

Diet s~lpplcmc.nted with- \. -~e~e~1 Percent .,
L111seed OIlmcaL_______ • 67. DS±~. 51 56. '12±3. D1 
i'liall amylasc disliller's 

dricd grains wilh sol
ubles____________ . ___ 167. 2.j±O, S9 155. 30±O. 88 

Fuugal amylase distillcr's , 
dricd grains with liol
lIblcs . _____ ._ 66. 86±2. 66 55. 2S±3. 22 

Elhcr cx- Nitrogcn- Crudc fibcr Gross Encrgytract frcc cxlract 

Percent Percent Percent PercentI 
78.07 ± 1. 67 73. 70±2. 60 41. 02±2. 74 65. 86±2. 60 

80.24 ± 1. 08 78. 12±0. 83 42. 2'1± 1. 95 I 66. 2,1 ± 1. 08 
I 
i 

79. 86± 1. 76 78. 07±1. 84 39. 73±2. 79\65. '17±3. 27 

----.-.-~-~-" 

Pcrccntage 

of gross energy me- ~ 
tabolized to::l 

to::l 

Percent ~ 
54. 43±2. 47 

§ 
55. 3·1±0. 94 § 

t.; 
54. 64±3. 22 Ul 

~ 

g 

$ 
k'!l 
'(JJ 
>-'l 
o 
~ 

I-' 
....:r 
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TABLE l&-Percentage of nit1'ogen retained by lam-bs on supplemented 
diets 1lsed in e;cpe?'iment 3 

Nitrogen re Digested
Diet tained on basis nitrogen

of amollnt fed retained • 
Diet supplemented with- Percent Percent

Linseed oil meltl. ___ ._____________________ 22. 16±3. 44 30. 32±5. 48 
~ralt amylase. distiller's dried grains with

solubles _________ ... ___________________ 23. 32±3. 14 42. 13±5. 98 
Fungal amylase distiller's dried grains with 

solubles ________________ ~ _______ •• _____ 24. 04±2. 10 43. 54±3. 24 

VALUE OF DISTILLER'S BYPRODUCTS IN PRACTICAL LIVESTOCK 
DIETS 

TESTS WnIT F,\TTEXING LAMBS 

Br 1".\1'. L. LL"DAHT, and R. E. DA"Is 

Compnl'atiYely few lamb-feeding tl'htls in which distiller's dried 
gI'ains were used liS the protein supplement have been made. Will
mlln, Morrison, and Klostl'rman (4B) report that in four experiments 
in which they used COI'Il distiller's corn dried grains with solubles as 
supplements to a low-protein diet for hllnbs, this supplement pro
duced nearly as good results as did linseed oil meal. In these experi
ments the. dil'ts were composed of shelled corn, cO~'n silage, a small 
qnantity of mixed hay, ground limestone, saIt, and protein supple
ment. Becnlll:'l' distiller's corn grains nre lower in protein content 
than is linseed oil meal. somewhat more of the forl11er was needed to •bnl:ll1cc the diet. In these four tl'inls the disti11er's grains had 91 
pt't'C'cnt of the feeding Y(~ll1e of linseed oil mea], but in n. fifth c-,<peri
nwnt. corn dried gl'ains did not give as good results. In other trials 
by the same illYestigntol's, the distiller's grains were satisfactory when 
a hl'gel' q\lf\.ntity ,YitS f~d to replace part of the corn in the diet. 'Vhen 
a mixture of olle-third distiller's grains and two-thirds corll was fed, 
the distil1('r's grains had ;t slightly greater feeding value tha.n corn. 

In th~ pl'esC'nt experIments; dried grn.ins w.ith solubles produced 
by each of the. two 1>1'oce5:::;e5 were ('.omplll'ecl with linseed oil meal as 
pi'otC'in supplenlpnts to It Ifullb-:fnttening diet composed of No. 2 
mixed C!o\'e!·-timothy hay and. yt'llow corn. The protein supplements 
were mixed with ('orll mC'al in such Pl'opol'tions that when these mix
tUres were, combint'd with t1w ('hopped hay, the crude protein content 
of the diets, throughout the fet'ding period, was be£ween 10.3 and 
10.1 percent. This level was chosen because MOl'l'ison (95) has shown 
that fnttl'ning diets containing 10.3 to 10.5 percent of crude protein 
result in as good gtt11~S llll(llinish as those con~a~ning hi~hel' perce~t
ages. Furthermore, It was thought that ILIly chffel'ences III the 1uahty 
of the sUpplet~le~lts ~\'()ul~l be mo~e evi~lent at this leyel t~lan Itt ligher 
levels. As (lIstJllers dl'Jecl gral11s WIth solub.1es cont/un nearly the 
Same percentage of total eligestible nutrients as does COl'll, the con
centrate mixtures used in the feeding trials were compounded to con
taiJl the same qU~l11tity of cruele protein as the corn, 'w.ith the distiller's 
grains l'eplllcing lin equIII quantity of corn. One of the mixtures 
cOlltained 93.26 percent of crllcked corn. llnd 6.14 percent of linseed 
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oil meal; a second contained 90.17 percent of. cracked corn and 9.83 
percent of. Hle malt amylase dried grains with solllbles; and the third, 
89.43 percent of cracked corn and 10.57 percent of the fungalamyhse 
dried grains with solnbles. 

The mhtures of concentrates and chopped hay were self-fed 
tlU'ougllOut the feeding period, whicli lasted for 82- days-from Octo
ber 18, 1949, to Jannary 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 increaseel by 2 percent every second day, with a 
corresponcling decrease in the percentage of hay until the animals 
were receiving VO ,1?ercent 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 follow
ing: Diet supplemented with linseed oil meal, 10.71 percent; with malt 
amylase dried grains with solubles, 10.73 percent; and with fungal 
amylase dri('d grains with solnbles, 10.GO percent. The com1?osition 
of the ingredients 0.( the diets, as wen as the diets themselves, 1S given 
in table 11. 

Two groups of Ih'(' animals eacl1 were used for testillg each protein 
supplement. The Jirst group consisted of animnls ,yeighing approxi
mately 75 pounds each at the beginning of the feeding period; the 
second group" approximately 55 pounds. These 30 animals were se
lected from a shipment of 5G Columbia. and Columbin-Southdale ram 
lambs from the United Stat('s :Morgan HOl'se Farm at 1\fiddlebury, 
Vt. The groups were as uniform as possible ·with respect to the in
heritance of the a.nin;nls, weight, previous gitin, C'onc1ition, lmel age. 

Before the begmnrng of the trials, all the lambs were castrated by 
means of emascu lators, wormed, and vaccinated against enterotoxemia. 
During the feeding period tlley were supplied with phenothiazine
treated salt and clean water ad libitum. All animals were graded for 
slaughter finish at the beginning and at the end. of the test period. 
They were weighed once a week and the "'e(~kly feed consllmption was 
recorded throughout the period. Three animals from each group, a 
total of 18, were s1nllght~red on January D. 1950, in order to obtain 
carcass grades and cll'ess1l1g percentag('s. Feed was removed from 
the anima Is 2{ 110urs b('£ore time of slaughter. 

The dmng('s in weight and condition <)I the lambs during the feed
ing period, togeth(,I: "'ith th(' ('(trCa8S quality nncl elt'essing percentages, 
are given in table 14. It shows that for all gt'OUps the changes in 
condition, the carcass quamy, and thE,> c1ressingpel'centage were satis
fa(·tory. Both g-roup:; r(>C'eiving tlH' n~alt amylase dried grains with 
solllbles made sltghtly higher total gallls than the other groups, but 
they also cOllsunwd the most feed. as shown .in table 15. The amount 
o£ feed required anel the cost pel' 100 pounds. of gain are given in 
table Hi. Tlwre was no mnterial difference in these respects in favor 
of any of the SUppl£>lllPl1tS, 

The results of this experiment indicate that distiller's ehied grains 
with solubles ft'on~ either malt- or fungal lImylase-cQtwertedmashes 
Clln satisfactorily replnce linseed oil meal as It protein supplemE,>nt in 
fll.ttening lambs. The e('onomic feasibility of using distiller's grains 
with 501 II b1(,5 in place of linseed oil meal would depend on the relative 
costs of the products as well as the cost of corn. More distiller's by
products than linseed oil meal are required to baJance the ration; how
ever, this disadvttntage is slightly oli'set by the smal1er amount of 
COl'lllleecled when the byprodllcts are used. 
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TAHLg ].1.-- tlul7lgcs in ll·dgltt and condition of lambs in tIle supplcmcnt-tNl {lmUps during tlte Sg-day feeding pe1iod ~ 

GHOUl' lA, FED IJIXSHlm OIL i\111AI, SUrI'LI!1~IHN'r 

\\'('j~h f Ilt \r{'i~hl \.'OJlditi()Il"-~I-" ConditiOIl , Dressing 
t=l 

Lumb Xo. Gllin Cnrl'IlSShpgillllirll!; at ('lui ttt hCl!;inl\il\~ at ~nd quulily !pcrccutuge ~ 
H 
(')-.-.--,---~-

t"Pfl/l7l1l.~ P(llllld.~ P(jlllld.~ ) 
:>

2·]._ i·1. 5 J II. 5 37.0 ('ollll11on+ . OO()rl- ..• _____ _ t;j
510__ 75.0 IOi.5 32. 5 ~[l'dillll\ +.__ ,Good+ .• _. __ .. Cl~;;i~~": =::====1---· -45.-52
4·HL. 78. 0 07.5 10.5 (Jood·.. i Choirc •. __ ,._ Choice... __ •..• 4.'1.53 
519_ •. i2.5 100.0 27.;j :\[(·diulll I Cl1()iel'- .. _•• __ Choicc- •• ..• 44.07 E 
,156•• 77.0 : \).1.5 li.5 :'!('(\iUIIL.. ! Good+ .. __ . >'3 

~ 
A'·erngl'. 1()2.2 _11.8 ' ~l('dllllll.__ (.oocL+ -- - ...... ChOlce- _ ... - ---I 44. 71 .... 

?' ,"-"~-' :.__ ._- ._-, ' j , . .
75.., 

o 
C). 

GIlOUI' 113, FJo:I) i\JAU£ AMYI,,\SI~ :::;(lI'I'I,I,~mN'l' ~ --,-.---------,----------,------
~ 

~?
-( -- 7·J. 0 .110.0 3G.0 COIl1Jllon+ II Good •. ". • - - •• - .. -------- •. -_.

5·17,. 7i. 5 109.5 32. 0 ~Icdi\l1J) -_._. Choice+_._._. Choice+.______ 42.72 ~ 
'15,J. •.. 7G.5 100.5 i 2·1. 0 i\Jedhllll ___ ..... Choice-_ .... ~ .. _ Choiec-_._____ 43.15 t1530__ •• GS.5 105.5j· 37.0 Oood-._ .... Choit·(L ... ______ ..... tlo_________ 44.98 t=l
530.___ .. 68. 0 !l0.0 3t. 0 l\fC'diulll___ I. .do. _ _ ~ 

M _____ • ____ • 

~ 
Avcrttge 72.() ]O·\. \) ; 32.0 I l\i~ium~=_-!-(;'l()ic('.-. • choice- ___ ....l 43. G2 ~ 

:>OUllI)I' \C, ]?lo)D Fl':->OA1, AlIIYI,A,;g SU1·!·I,~~n;N'I' o-" ,',i II? ° ; H3-'~!·-I··~-+-!....--C-·'-I-.-----;(------.---- ::<1 
(')0 •• I".;} -. I V. ,) I ,\ P{ 111111 ___ .l()t(:e-. _____ < ...... ________ ..._.. _ q4·13__ .. ,·j.O j 0.1.5 

1 
20.5 ! :,J('(IiIlIlL ___ "', GO()d+ .. ______ i Goorl+ ... _____ 47.54 

520." .. 78.0 i 101. 0 i 23. () j do_ • '. ChOice _________/' Choke. _______ . 47.16
4.48. __ • ~ 74.01 Oft 0 ", 25.0 ;\Tcdillm+.___ .; Ohoice- _____ -. __ .. do...... ____ 43.52 ::<1503.•.. ___ ••. 09.01 9·1. 0 , 25.0 -- - .do _____ I Choice _________ •. '". ______ • ______ _ t=l 

Avcrngc ,J-- 7;1.'31 _lOo.-J-I-- 2571:\[ediIlJll+ ••_ rCJloicc-. -----I Choice- _______ -- 46.07 
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GHOUl' 2A, P}JD' LINSEED 011. 1\ll~AT, SIJl'l'LEMBN'r 

48..'-- __ 53. 0 ~~~ 28.0 i\.d.edilllll- ____ . _/ O.OOd+ _________ • __ .... , . _______ •. ___ _ 
457. __ _ 56.0 88.0 32.0 Comlllon..... Oood·· __ ._. __ • COllllllercial+_._ 41. 43 
513.__ ,_ 53.0 77.5 2·1. 5 .i\ledium+_._ .... ( Choice·- ____________ . ________ ._ ._., ___ ._ 
529.__ . 55.5 77.5 22.0 Mediulll___ - jdo_ .•. __ . __ Good __ ._______ 43.05 
52-L_. __ ., 55,51 78.5 23.0 do_.. ; Oood ... _. ___ -_ Oood+ ______ ._ 46.71 

Average. __ . '--5.i.G-I-_~~-.-80. 5~1__ . 25~n L~J~d~Il~~~~.~_~-~~; _0.0__0(_1_+_"_"_'_"_-_--_,..:1_0_0_0(_1-_-_-_._-_-_-"_,-'--__43_,_73 ;J 
t".l 
t:;j 

OJWl'l' 2B. PIW 1\1,11.1' AM\·I.ASI~ SUl'l'r.r~~II~NT ~ o 
1 

I426__ G9. ;i lR. 0 ! (.'0111111011. . Good·- __ . -. - ... 1-- .. ----------..--------5J. 51 1)2. () 32.01 i\!('diulll-'__ Oood _ ...... Good+________ 41. 34 
550.. 51. ii RL ii 
481.. no. () 

27.0 : do. _. do_...... , .• _________ _ 
497._ .. _ 55.0 , 8R. D 33,0 . i\lpdillIlL...... Cltoi(·c~.__ -l Oood+ ____ .•.• 44.97 
468. _•.. _ 57.5 I 81. 0 t".l .._.2(j.5L~.~~~11~~~.'~+ ,__~~)~~_I Good .. __ "--' 42.68 Ul 

A,·prngl'. 55.7 83.0 27. 3 i\!('(lillm~---··I Good. --------j Good ____ .- ---I 4.3.00 I:j 
o 
l:::l 

----.~~-.-... 

Ouoel' 2(', FJ·:n FUNGAL AMYJ,,\Sg 8Vl'l'r.I>.\n}Nl' ~ 
~. -.------..,-------r--- t".l 

~ 483 __ . 5·1. 0 , 78. 0 . 2·1. 0 i\rrdiurn-· ___ . Good •• _. _.... o 
545__ .. _ 51. 0 I SU. 5 3S.5 do. Choicc- ___ __ Go-oci+~~:=:::: -----44.-77 
5HL. 62. 0 10.0 COll111lon Medium_____ .... ~ 

52.05] 2... _ 56.5 J' RJ. 0 i\l('clilllll. __ .. 000<1+ ____ ._ •. Go'oci::=:===:== .----46."06 
460. __ . GO. 5 SS.O do_ Choire- .......... Choictl __ - ...... _ '.1 4.7. 06 


A\·crugl' ... Oo~(L_ .. __ .. -•.1 Good+ ..... _•• __ 45.9654'_~L__ ~ so. 8 
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T.\BLE 15.-'l'otal feed oonsumed pel' g7'OUp dW'ing t7~e 8~-day 
lamb-feeding trial 

---------~----------------------------------~--------

ITotal feed 
__G_rO_I_lp__ I _______sU_P_I_)I_eI_n_e_n_t_u_se_d_______ cons\lmedI • 

Poulld~] A___ _ _ __ ___ Linseed oil meaL ____________________ " _. ____ • __ I, 473.8
IB__________ Malt amylllse dried grains with solubles ________ :. I, 613. 0 
IC__________ Funl!al amylase dried grains 'i\'ith solubles •. ______ , 1,394.2
2A_____ ._ •••! l,inseed Qil meaL._ • _________ • ____ .................. -I I, 274. 5
2B__ ..• _____ .; Malt ann-las", dried ~raills with solubl('s .. _______ ; I, 403. 9 
2C ____ • __ .J FUIlgul u'inylase dried gruius with solubles. ·· .. _.•1 1,205. 6 ---_..---'- •... _---- ---~----.,--.---..---~-------

T.\llT.E 16.-li'f!Cd 1'Ilqui1'ed and cost PCl' 100 pound8 of gain for fattening 
gi'OUpS of lambs f('(Z1'ariou81))'otrinsl/,ppZements 

Group I, fed supplements (:rollp 2, fed supplements
of- of- . 

---...,---------
i, 
----;------;----

Feed ~ralt FlIl\gul ~rult FungulLin Lin; amyillse I amyillsc umyllll'e umyillseseed seeddis- dis- dis- disoil oiltiller's , tiller's i tiller's tiller'smeal llleal Igrains gruins , I 
I 
I grains gruins 

, 

No.2 mixed huy , ! I ! I 
pounds 610 560 60!] 553 57·1 1 571

Com ____ • ___ •. do .. _._ 457 405 422 ·102 ·no 1 308 
LillFeed oil meal .. _ ,. 33 _ , --- 20 .. ,. ."cdo ,. -- , ..... -- ... •
Malt. nmyluse distiller's 1 ! , 

~--

tgrnllls__ •• - - • ponnds. -1- - 44 - . _l_ '" ·15 - .... - ... -
Fungal amylase distill

er's grains _•• ponnds __ ._• ... 50 - - ~, . ,. "" .... ." .. --: -17 
Cost per 100 pounds of . 

~ 

guin .... _ .. _. '. dollars I .' 23. (1·1 21. !17 23. 37 2126 22.35 21. 00, ,-" "-," "-" ......,.~~~~, 

I The following prices per tOil (::-'fllrylund Grain ::-.rnrket~ Summury, Jnn. 6, 10501 
were used in culCl1laling the <'ost p<'r 100 pounds' of gain: Xo. 2 mixed huy, $24.17; 
crucked corn, $65.7-l; linseed oil meul, $92.33: distiller's dried grains with sollibles, 
$84.76. 

TESTS WITH GIlOWI~G SWINE 

By ;T. W.~·n;YI%SON 31Ul N. R. ErLIs. 

Comprehensive rrsrul'C'h at the Illinois .Agri(,llltul'nl Exprriment 
Station amI other State stations has showll that distil1rl"s dried goln
b'Jes when used in swine rations contribute substantial amounts of: 
water-soluble vitamins (known and unknown), as wr11 as protein, min
ernls, lmel other nutrients (;j, 9,10, 15, 29, SO,.4I). 

In the present il1v(,l'tigntioll, dirts containing diFitiller's C01'l1 solubles 
recovered il'om malt- and fungal amy]nRe-colw('I'tC'd maslll's, together • 
with n diet contaiuing It composite slunple of distiller's corn solubles 
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made by mixing equal parts of solubles obtained from four commercial 
distilleries, were compared with a diet containing linseed oil meal in 

• 
place of the dlstiller's solubles. The composition of the diets is given 
in table 17. 

In makin~ the comparisons, three simultnneous tests were carried 
out in the same manner. Each test was cOJHlucted with fonr litter 
mates from each of 12 litters. aged eight to lline weeks. In each test, 
the pigs were distributed equally into four groups };lns(;'d on sex, litt(;'r, 
::md weight. The diets were self-fed. The experiment waS bepm on 
October 26, 1949, anel continued for 16 'weeks. Feed (~om;nmption by 
groups and inrlividual pirrs weights were recorded at ~-week inrel'vals. 
The results are give!) in t/ible 18. 

TABLE 17.-Compos:itiO'rL of diet8 ullrd in. ff/l'1."ne-ff'f'rlillg p;qeriment8 

Cl)mp()~iril)n of dif't:; contnining;-

ProteinIngredients content Com- :\[alt Fnllj!al
Lin!'eerl po:<ire nmvlMe nmvl3Se 
oil meal SOI'lhl"" ;;oliibles sOlubles 

Pl'rrl'nt, Pl'rrenl Pprrfflt Pprl'pnt Perl'mt 
Yellow cOrn mea1., ........... . 8. t1U 68.5 nn. 0 66.0 60.0 
Sovbean oil ml~al , .., •.• ' .• ' 440.60 : 12.0 10.5 10.5 10.5 
:\[eat and bone scrap .•••. _. _ •• ' 7.0 70 7.0406.5S I 7.0 

• 
Alfalfa meaL ..... _.•• _........ 16.32 5.0 .5.0 5 0 5.0 
Linseed oil meaL ••. _, -"" • 3-4.20 6.0 
Dt'itiller's soluble" (composite I _ 30.56 .... 10. () 
~lalt amvlase rii:;tiller'" sO\!lblrR 32.10 10.0 
Fungal amylMe distiller's solu- 28.30 10.0 

bles. 
:\-Hurral mixtllre ........ __ .. 1,5 Lii 1.1) 1.5
.,--_...... 

Total . " 100.0 100, ° 100.0 100.0 
Protein in mi;xtllr£' I .... 17.4 17.5 17.7 17.3 

~""""""""'"'---"-''''''''~ 

I The corn-protl'in supplement ratio was adjll~ted to fllrnbh approximately 
15 percent prntein when the pigs reached an aVf'rag;e wei~hL or 125 pounds. 

• 

Xo siani.fi('tlnt diifHE'lI('E':'; bNW(,E'l1 tIl(' \'nriou::; diE'ts were fOllnd in 
the rate or ('('(mom.\" of gll,in. In gE'nE'rttl. the pi~ gt'E'W WE'll Oil :til 
the diets. Feed effidE'm;y was g'ood. ttvE'ragiug' ullom ;~;)6 pouud:.: of 
diet per 10l) pounds of gain, The fungal ullIyins('-}ll'Oc('ss solubles 
appeared to he slightly lE'&<; p(11arab~e to ~wiJlP than tht> malt nmyla;.;e
pro('ess solubles. Howewr. no toXlt' ('trt'"{'t,, WHI' obsl'l"v(;'(l when the 
TormN' made up ItS nUH'h as 10 p('rct'nt of tIlt' tlh·t, Tlw pig;;: reeE'iv
ing distiller's ('om solublps from all sources "howt'<1 :-;vulptoms of 
pantothenic at'itl d('fiei('ll('Y, s11ch as lameness. ::;tifflH'SS: Hl1l1 ",!!()OSl' 
steppin~," 111llstrHtiTl~ the relatively rapiLl loss of thi:, vitamin from 
distiller"s grain soluhleli'. There W(;'I1' llO llUlrkpd dif£l'I'('nees in this 
):(;'spect het'ween fungal l\.mylttse and JDalt amyla.-:e solubh's. 

http:solu-28.30
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TABLE lS.-Rate and economy of gains made by 'locanlill!! pig8 d'll1'inQ 
.16 weeks on diets containing (listille1'"s CON/, soluM",'; as fompar('d 
with those made on a diet cOlltaini71g linsee(l oil meal 

FlHs'l' FEEDING TgST 

Feed 
Av('ra~(' A\'('rng(' Av('rnge ('011-

Pig initinl final d!tily 	 slll1wd 
group Supplement to diet weight weight gain 	 per 100 

no. per pig jl('r pig per pig 	 poundR
of gnilt 

--:.-----~---!---!-.--.-. --~.,,-
I 1 Po!tlld.~ " POllnds POWllis : Poullds 

55 1Linseed oil menL __________ •·. ___ 1 28.7 .1·10.5 1. 00 3·13 
58 I Distiller'S 50luble8 (composite). _ _ 28. 7.. .151. 0 1. 00 330 
61 "lall nmylnse digtill('r's solubles_-' 2\).0; I(jO.O 1. 17 3·12 
64 , Fungal amylase distiller's sol- I : I 

J. 06 33·1 ___l=--_llble~L '.-_:~,, ____~.~~:_~j__ 20.2 1·18,5 

1 
' ..~- .. ..- ...--1--

Linseed oil menl. _____ .. _....... _ 35.2 I 173.0 1. 23 360 
60 Distiller's soluhles (compo!lite) ':\ 35t 2 lliO, 0 1. II 30·' 
63 "Ttll!. amyltlse distiller's solublei! •• 3·1. 7 17\l.0 \ I. 28 35·' 
66 Fungnl nmylase distiller'i! sol· 

57 

1 
~ubles ... ........... - . ............. " .. " .. 35,0 I IS·I,O 1. 33 36(j 


: 	 I ! 
_0. " ~.. ..----- ~~.-

/.\ Vl;;n~\C1I~ 

I T.inseed oil meaL____ .. - .. _ """ ___I' ~3, 2 	 35\).3155.2\ , Distiller's soillblei! (composite) __ , 33,3 158. 5 350. G 
l\lali arm'lnse disliller's "olllble,,__ 33. 2 102. (j 355. 0 

, Fungal i~l1lylasc disli11('r':,; sol· ,• II ublcs .. _____ .. -- ... _~_:~ .. 3~.,1 I 6 1. tl I I. 1.1 I 3(jL ·1 
.. ...1._._. __......:.1___ 

TESTS WITII GHOWI~G Clllt:KE:-IS 

ny ,I. h ~I 1I.I.mAN lind lI, H. lImn 

DistillC'r"s dried ROhlbh'H huyC' IOllg- bC'('11 1'l1(,(1g-nizpc1 m:; a. ~ool1 SOll1'ce 
of riboflavin, whiehiH one of I.htl vitantim; that mllSt. be nddpd in 
t1w for'm of spedal supplem(>nts to pres('nt.da.\' poult!',)' c1i(~is. 'fhe 
solubles are also It good SOllrce of other B-compl{'x vitumim'l and lin· 
knowll growth factors (JO, I:3), For th('se I'CilsonH, distilh.'l'\l tiJ'il'd 
soJubJ{'s 111'('. often ineluded ,in mixed f~~pds fo!' ('hiekens. 

COIll'eiYnbly any cl('\-iation in lnnnu:fnei'll!'ing pro('edul'(l, sneh as it 
change in type 01' soul'('eof ('IlZYIl1l'S I1s('(1, could l'PSlrlt, in dif\'l'I'eIlCes 
ill the cou,tent of lwailablc. l'iboflaYin and other growth faclo!.'H, thus 
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altering the {'('('ding yallle for ponltry, The possibility oJ It shift 
frolll th(', u;;(' of barley mlllt to the use of fungal amylase in the fer
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ll1('nt,ation illlll1!;tri(>s Ill't'cssitat('d l1wusur('ment of the l'ellltive feNI
i'llg yahle, for poultry, of the distiller's dried solubles pl'oc1l1c('d by 
both pl'()~'esRt'!';, 

III thrp(' St'l'i(lR of (lXlW)'in1C'llts ('ompltl'illg the ynlue of the two types 
of solubles fot' g)'owing ('hick('ns. Hhode lsland Hed ehieks whose 
danls WPl'P :i'pd (I, !rood br('('(lei' dipt w('re plnct·d Oll tl'st at on(' day of 
agt' .. in ('I(,(,tl'i<'aliFlll'a tt'(l battpl'i('!;, Each grou p eOllta il1('d :W cit ieks 
:;plt'etl,(l H('('o]'din er to W(li(rllt. F('('d and watpr were available at nil 
tinll'~, DuPing trw G-wl'(~( tl'st periods, I'P(,OI'(15 0\1 w('('kly wl'ights, 
\Jw]'lnli( y. dp(j'eil'IH'" s\'mptollls. and :feed p(\i<'it'Ill'V "'e\'(' kppl. The 
Plllpha"js WIIS phl('(~<l (l\l gJ'owth, sineI.' (t. partial c\p(kiPIll'Y of ribo
(\avill )'(,SIIIt" pl'iI111I)'ily in 1)001' \\'('i~ht gllins and ollly ol't'asionally 
in pnl'aln;is"\PPI'OXrll1Ht(l Y I.:>, mi, of I'ibollavin pCI' ))()IInd of fl'Nl 
it; n'qllii'p(l fol' crl'o",in cr l'hi~'kl'Jl~. Ii) picrht 'reeks of ngp, 

Tabl(l 10 §.rin1tt11(' ('O)~lpositi()l1 of \l1('lmsnl dil'ts 115('(1. Dic·t A was 
dpsig-Ill'd to 11 1('HS II 1'(' thp ability of bot 11 IYjll's of solllbles to function 
as )'iholltlyin H)t\l'l'PB ill II, dil,'! 1"(Jl'(h')'linp 1'0)' thnt vitamin and sinlilnL' 
to ~(JIll(' wlll,tin\(' ('OI1lIl11"'('inl dip[::;, Dipt H was planl1('(l to nWaSIl)'l\ 
ad.<lit.iol)nl IJlltl'itiollal ntllll's of the solublps, 'It was sOIllPwhnt lowel' 
ill l'ihoflnyin ('OIl\('llt than dit,t .\, .\s both tYj>ps 01' solubles were 
('(lwtl (by pho\ofluo)'olll(ltl'ic a&~a,\'l in I'ibollllyin ('on((lnt, thpy wcre 
add{l(l to both dil'ts at Ihl' sllnw IpV(lls-J. lO, lind If> Pl')'('('nt, All 
:'U]lplPIlll'l1tS WPI'(' a<ldl'(l in phll'll of l'O!'1l. Following is tll(' (oUd quan
tity of I'iho/hn'in SlIppli(l(l at ('Hell I(lY(ll of sllppl(,lIwntntioll of Iho 
I W;, Illlsal dipls. In pilht'), of tlw:;c diett;, [) jlP)'('l'nt of solubles shollld 
snpply nil tll(l l'ibo(Ja\'in lll'l'dp(1. 

jlllllfJl'(/ iliA of ribo/ltll'ill 
IH'I' }I"IIIIII of ,/II'[ 

I :H~al Ilj(.t A Hlld-So :mppll'JlIPl1t, ., ___ ______________________ c._~_ .. __ ._. __ l.~n~ ~ 

:I lWl't'PIII ~olnhl('s.... 1. :Ii 
1() (lPI'('pnt ~\lltlhh's .. _c ___ - ____ .... -,_ .. 

c 

_ .. __ .. 
.. 

_. ______ "."" ___ « c_ I,SH 
1;; P('I'('PII( ~Ulllhl(·s"c._ .. _. _.' ___ ._. --,_-_ --- ,-- ---- !!.20 

HII~n I (Iipl II n!HI .. _.. 
So sl1(lpiPJIl('nt , __ ... 1. ox 
:i 1)('1'1'1'111 soll1h1p,;_ l.an 
10 !Ir' I'I'PII I ;lolnhlp'1 I,m 
1:; 1)('1'('1'111' snlnhlN'; ~!. 02 

Tnll]{l :W l'llmlllllrizC'!' 01<' r('snH;.; of (11(' (PBIs, Dipt.\ WlIS \lot Ilsecl 
in til(' las! l'Pl'ip,: 01' tl';.;t~ lW('Il11SP it P)'o\'('<l to 1)(' so l1l'aJ'ly ndl'<lIwt(\ ill 
J'ilHlfltlvin lIwl in flth(1)' gJ'()"'thfurtorB that ('\H' pfJ'l'd' of till' (listill(')"R 
(lripfl SOlllhll'!' \I'll!' ObS('llJ'('(\. Tn sprips 2, <lip\' A withol1t slIpplpl1lC'nta
lioll P)'!JlltH'l'(11IJlU;';1l1111~' good growth. with t1w l'('slIlt: thaI thr ('11'('('( oj' 
Bupph'\lH'lltnl ion wit It di:;tillP)"B solllbl('s wa;\('olllplr\(.ly lIlask('d. Hl1eh 
:t )'(';:;ult \lln;:;t 1)(' ('xj>l'l,t('(l o(·('aBi()l1aJ1~· w1w\1 rntions J1(\:tl'ly ndpqllate in 
tlw ('l'iti<-al vitamin;:; II)'P IN'(1 as basnl di('t;;, The Connpdil'lIt bl'oill'r 
llIa"h WII;:; 111'('<1 nil 11 pOilili\-r eontTo1 {lieL Among olh('l' illg)'('(liPllts, 
this dh,t ('Olttailll·(lliw)'lllNIl, fish mC'nl, nnd a high pp),('pntag(l of ('0\'11 
anll 'YHS nbundant Iy fOl'tiJi('<1 in dlw(\(Iyin. It was a typi<·ally hi~h
ell(,!',!!,\' hl'oi\(')' dip! that' wag known 'ft'OI11 l'xpuit')H'(, to SUppOl't .l'X

(,plh'nt g-t'owth, 
;\1' )'i\Jof\ayin ~l1pp1C'\lH'nts, both tYI)('l'; of distill('!"s soluhl('s 1'('1'\,('<1 

sntj:;fa('to!'ily wilh pithpl.' ('hid, basal did; in gpMl'al tlw)' illl'1.'eased 

http:wa;\('olllplr\(.ly
http:QCALlT).ES


26 TECHNICAL BULLETIN 1053, U. S. DEPT. OF AGRICULTURE 

growth. The incidence of "curled toe" paralysis was slight and of 
uncertain relationship to the riboflavin content e~cept in the groups 
fed the ul1supp1emented diet 13, in which the number of cases and the 
severity were high. In general, feed efficiencies of chicks fed either' 
type of solubles increased in direct relationship to the level fed, re
gardless of whether diet A 01' 13 was employed. Mortality was high 
on diet 13 but apparently ul1l'elated to the typ~ of solubles fed. 

'l'ABl,11 19.-0omposition of basal diets ~18ed ir~ ohiol~-feeding 
eJJ7Je7'iment 

Basal diet Basal dietIngredient A B 

Corn___ .. ________________________________________ _ Percent Percent 
38. 5 41. 6 
20.0 20. 0 Bn~ley- •••• -.--.--------------.---.---.-----------

3. 0Alfalfa leaf meaL ___________ • _. _______ • ___________ ._ 

Soybean oilmea!. ______________ . __________________ _ ---------

35.0 35.013onemea!. ________________ • _____ • _________ • ______ _ 
1.5 1.5Limestone. ________ • ___________________ . _____ • ____ _ 1.0 1.0 

Salt (eontaining -J percent manganese supplement). ____ _ .7 .7
Feeding oil containing vitamins A and D _____________ _ ,2 .2Vitamin 13 concentrate 1___________________________ _ . 1 12 ----'----- ...Total •• ___________________________________ .•! 

100. 0 100.0 

Niacin (crystalline) •.•_________milligrams per pound •• G.6 6. 6 
Calculated protein .. __________ . __ • __________percent._ 18.85 18.'62 
Riboflayin by assay_______ ...... _milligrnms per pound__ 1. 26 1. 08 

I Contained 12.5 mg. of yilamin BI2 per pound of feod according to manufacturer. 

Sev('I'al resl1lts in ('on11ee['iol1 with diet 13 supplementation warrant 
i1ll'tlH'1' study. First, althou~h 5 pel'('ent of solnbles should ha.ve fur
nished all the l'ibonnvin n('cded, increasing the level of either type 
of solubles in tIll' c1ipt to 10 01' 15 percent produced correspondingly 
inereased growth. Second, in six of eight gronps, when chicks were 
fed l1Ialt amylase solubles supplement:try to basal diet B, growth 
was some,yhat werth'r than when the fungal amylase prodnct was fed 
at the same lewl. Possible causes of these two effects were investi
gated in snbseclIH'nt wodc 

Analysis rcvealed that the crude protein content was 28.3 percent 
in the fun gill :ulIylnse prollnct and 32.4 percent in the malt amylase 
product. 'When the former produet was fed at the 15-percent level, 
the diet furnished approximately 3 pereent 111ore protein than the bas~l 
clief. At the. 15-percent level, the mnlt amylase solubles furnished 
0.6 perceI,lt more pl'o~cin in the diet than the fUllgal amylase proclt}ct. 
The last fom gronps l11 tllble 20 were nsed to show the e£fects of feec1mg 
growing chickens 10 lmd 15 percent of both types of distiller's solubles 
when the pl·otein lev('l .in the, supplemented diet was held to that of 
the basal diet. The adjustments ";yere made by changing the corn-soy
bean rntio. The gronps fed 10 nnd 15 percent of solnbles without 
adjustment of the crucle protein showed no growth advantage over 
gl'oups fed similarly with tlll~ crude protein level ndjusted. There
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TABLE 20.-Respollse Of cldtlts to distillel"S by])roduats 

Sllpplement of -- Weight nL (j weeks as percentage: ofI 
__~________ ~_ weight of negnlive control grollp 1 \ve age Incidence 

I Jr. of ."curled 
Group No. Diet Fungal Mall . f«;.ed l'vlortahty toe" 

• cflIClency2 I .' 3 amyInse IUn) 111:;0 "" "1" 1 8, 'e' ? S' 'es 3 para YS1S
S0111bl1'8 solubles .,111 :; • crt s - • crt • 

-------------l----~--·I-- --.. --- ----- - '- -- ---------- ---- ~ 
1?1 

Percelll Percelll I Perc/'Ilt. Perel'llt Pen'/'II! Perc/lilt Perc~nt tl 
L ___ ._. _____ ._. __ ._ A 100.0 100.0 0.320 7.5 2.7 Z
2. ____ .•• __ .. _... A 5 10·1.(; 98.7 .333 7.5 0 
3._.. _._ •..•. _ A 5 112." (fi) .36-1 5.0. 0 " 
.1. _. A 10 111. 7 !l2. 2 ________ . • 338 12. 5 2. 9 D 

q 
5. _ A 10 112.S 82.·1 .358 5.0 0 
(i.., A 15 120.1 07.S .387 2.5 2.6 
7._.. A 15 123.1 0-1.6._ .380 12.5 n 
8___ ._._ B 10(1.0 100.0 100,0 .2311 20.1 30.8 

Ul 
~ 

11.. _ B 5 !l5. 6 lOS. 1 108. 8 . 267 H 5 6. 4 
10.___ ~~ _ 5 10L2 123.5 l31l.8 .274 21.8 2.3 '"'l 
11.._ . B 10 127.7 (t) 11-1. U .33·1 15.0 8.8 ~ 
12 •• _.. . • B 10 117.7 133.3 121. 2 .302 14.5 0 

13___.•. B 15 120.4 123.·1 132.3 .30·1 12.7 0 

14._____ .__ 13 15 13\).2 152.7 128.0 .359 7.3 0 ~ 
15.____ .... ... ___ •. CBD' 143.8 161..8 173.6 .350 10.0 0 Ul 

16___ .. ___ ... __ .•..... 13 610 137.1 .360 20.0 0 
 ~ 1 L ____ • __ .•.• __ . _ .• ___ •• _ 13 6 10 133. 4 • 214 35. 0 0 
18.. _ _ _________ . _______ • 13 615 .___ _ 11·1. 5 .320 20.0 0 ~ 
1\)________________ . _______ 13 ._. ____ .__ 615 .._•.. _. __ • 140.7 .3U6 5.0 0 

-~------------.~~~~~-. -..._,--- --"~----- .---.. -,~--~--""'-<----
1 In series 1, chicks receiving only basal diet A averaged 3!)4.2 3 Average severityXIOO. "Curlell toe" paralysiS was graded 

gm. ill weight; basal diet 13, 206. 6 gm. In series 2, chicks receiving individually all the basis of 0-1 for increltsing severity. 
only basal diet A ltveraged 506.7 gIll.; basal diet il, 332.7 gm. In t Connecticut broiler diet. 
series 3, chicks receiving only basal diet B IlYl)fU!,!;l)d 24b.3 gm. 5 Chilled first week, therefore eliminated. 

2 Feed efficiellcy=the total gain (livided by the toutl feed COll- 6 Protein levl)l of the snpplemented diet fed to this group was 
sumption. adjusted to that of the basal diet. tv

..:r 
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fere, the crnde protein content was not the cause of the greater growth 
with higher levels of supplementation. The results did not clearly 
demonstrate a, superiority of either type of solubles over the other. 

1\{O1'O detailed twalyses of the protein fraction showed that either 
of the (listmer's solub1es added approximately 0.1 percent of me
thionine to the diet. :Milligan, :Mach En, Bird, and Heywang (1'34) dem
onstrated that supplel1lenting a similar diet 'with 0.1 percent DL-me
thionine increased growth even ill the presence of vitamhl Bl2 supple
ments. Therefore, it is possible that the response of growing chickens 
to suppleml'nt:1l'Y levels of solllbles above those needed to satisfy 
the riboflavin requirement might be the result of the additional 
methionine. 

Both types of solnbles were a.nalyzed fot, vitamin B'2 content G by 
the chicle assay method described by Bird, Rubin, and Gl'oschke (fJ). 
1'hey were fonnd to contain small quantitics of vHamin B12 and might 
furnish as much as 2.7 /-tg. pel' pound of feeel. However, in view of 
the difficulty of determining the content of this vitamin in crude 
products of low potency, the' validity of these results is open to ques
tion. According to data presented by Milligan and Combs (fJ3) , 
1.5 p..g. of snpplcmcntary vitamin BJ2 pel' pound of feed incl'eased the 
grO\'~th of undepleted New Hampshire chicks over that of similar 
chicks fed none of this vitamin when the all-vegetable diet contained 
24 percent of protein. 

Finally, one Illllst reeognizc, the possibility of the presence, in both 
types of disti1lel"s solub1es, of vitamin BlB described by Novak and 
coworkers (120). The possibly 11 igher contcnt of this Vitamin in the 
malt amylase product might be the cause of its borderline advantage 
over the fungal amylase~product. 

SUlvHVIA RY AND CONCLUSIONS 

In l'('('('nt years experiments have shown that the use of amylase 
pl'oeJlI('ed by Tungal C'l1zyllles can supplement 01' replace barley malt 
in the a1coholk fel'l1lC'l1tation of grain, with considerable financial sav
ing to the (listi 11 i ng i 11{\ IIst1'y. There10re, as dh:;tiller's byproc1ucts 
occupy all i III portant placei 11 the 11ational livestock feed pictu1'c, it 
,\,as cOl1si<1P1'(,([ !Jighly de::;il'uble to determine whether those produced 
by the new Pl'OCPSS eOll1d l'eplaee the byproduci;s recovered frol1l malt 
convcr!:ed ITlllshes. TI1(> two products were compared for chemical 
composition, toxicity, palatability, digestibility, and their effect on 
the gl'owth and :fattening oJ animals. The studies 'wcre made in 1D4D 
and 1050 at the Agl'il'ultnt'al Hes(,Hrch Center, Beltsville, Md. 

Results showed that thc C'omposition of the distiller's byproducts 
l'ecovcred from the fungal amylase-convcrted mashes compares well 
with the composi lion of represent at ive distiller's corl1 byproc1uets. 
Furtherl1lore, no toxic or othel' detrimcntal effects of feedinO' lal'fre 
quantities of :1!unga1 amylase bypl'oclncts were observed. t:> t:> 

Cn,Hle showell no pl'cJel'l'n('e for the malt am~'lasc bypl'Oc111Cts over 
t11e l:ungal amylase by PI'odIIets. Although swme and sheep seemed 
to prcfer th9' i'or!"CI.'" the diifcl'el,1ccs. ill palatability werc not large 
cnough to aired slg'ntfH:all(;ly the feedIng results. 

o1.'he analYRes for vitfllllin B" ('ont(!llt were conducted by l10bert J, Lillie of 
the Bur(!:tu of Allimal Illllui;t:t'y. 
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There were 110 significant differences between the two processes in 
the digestibility of the distiller's grains with solubles. ,Yhen these 

• 


• 


• 


two byproducts were used as protein supplements to lamb-fattening 
diets, 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 were suitable as the 
protein supplement and as a 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 satisbctorily replace linseed oj1melll. 

As carriers of B vitamins and as a source of protein in swine diets, 
distiller's solubles produced by the fun~al amylase process can replace 
solubles produced by the malt amylase process. There were no 
signHicant differences in growth and feed efficiency of the swine fed 
the two pl·oducts. 

As a riboflavin source for growing chickens, distiller's dried soll1bles 
produced by either process served satisfactorily. A slicrhtly higher 
growth response lvas obta,ined from the use of malt amy'ase soll1bles 
when added to a vegetable protein diet composed mostly or 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 borderline deficiency) and 
possibly with vitanlill B]2' Differences between the two types or dis
tiller's solubles were slight and both should be equally valuable in 
commercial diets. If in the future the poultry-feed industry s11iofts 
to all-vegetable-protein diets for growing chickens, distiller's solubles, 
because of their methionine content, I1UL), be nsed ill these diets rather 
than synthetic riboflavin. 

vVhen fungal amylase grains are produced and fed in a manner 
comparable to that described in this bulletin, they can be substituted 
satisfactorily for the cOllventional distiller's bypro ducts in livestock 
and poultry feeding. 
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