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ABSTRACT 

Two sor1 lh-ririit ill ll h bids of c(Ipial prolcii content were milled, vith conventional 
dry-millig eqnt iviI'lt,I'lioir: content of fhe endosmrin fr!tc'ius raledl frill6.82 to 
15.9i'. The lilt,', d s of ,ill vere apipro-i 1.0, 1.0, ;tndfit ;aih coli fractions iilly 
0.5'., hely. %llt,'\ilo acid uolllpo~ilisi of the fr:ctions v:aricd. Oi file basi: of 
csscnti;il aino ;it itl coiltLt, flie nutitional quality of tov-protein fractions was 
sipclor to thal of hi.,hlriivin Irticions, Nutritive v: lu of' idtict%pii of lo,-and 
hli1-plfotvei cont.'fitotli (-i;i I couilpirod an the 1asi:; of growth anid proteinI' hid v.as 

cftic ic ncy ratios ('It.'5) of' rats, \ilh case incontrol dicts wc,.d. Fach fraction was fed 
with mit %itlhout l$'ilintlndmelhionine sttlip!cii..ntatioi. \ hen diets ivore not 
supljdicnted wifth ysiltcaidiitihionire the lox-i1rotein ndolpeini fraction was 
stilletior to Ii:li-prolein Ilowcver, fil low-the cnltospe ioi ftraction. wh he and 
li"tftprot:in frictionis VIO 51l111)iei110d with aWIlino acids to ineet calculated 
lctiictti'ielt;, diff',iencc%v'tle not .found, hiticatin. that prolcin was uttilied sinilaly 
when (1'fteint a11ito acidS Vere -upplicd. Amino acid supplcinlnation of diets caused a 
maiaied ir'r,-ilsc in 1,.citinof rats, and PE R's were similzir to those obtained with 
ca:;ir;.n-:nisc:. i: iRWs rchttiig iybrids nonsirfiicant, irrespectiveill to were of 
inino acid sultpleie ilation. 

lit earlier work, tle nutritive value of flours from sorlhuln grain was improved 
by additior ,mflysine (I). Inmprovcnientts inweight painrand protein efficiency ratios 
(PER's) were lriniatic, but they occurred in rats fed diets containing poor-quality 
protein for a 4-week period pior to lysine suppletentation. Lysine 
stupplelle lita iolt followfing a deficiency period may have led to abriormanlly high 
growth arnd efficiency of protein utiliz:ifion. The rcsults also supgested that 
nutrilivu vn'hw of soft low-rotein flourr, w:: :nimil:,r to fthtI *f vitt.u,.:. hd":hrocin 
fractions ;Ln lyshi--supl'cintltcd isorniiro ernoiis diets were fed. 

The present study was inade to delerminc t!leeffect ott irowth when diets wern 
fed containing low- or hih-protein milled fractions froin two sorghum-grain 
hybrids, arnd effects of those diets when supplcmented wili lysine and methionine. 

MATERIALS AND METHODS 

Milling and Analytical Mothods 
Two sorglhun hybrids, Paytutcr Kiowa and Frontier 400C, having equal 

protein cortcrtt (9.50% 12% moisture basis), were nilled with conventional"froteir, 
dry-milling equiptnrt. The process flowsheet is shown in Fig. i. Grits were 

ll'rv,,ntcl il r.tth tPl,-lil A 1I6 i.th' 
r 

Animil , Chit ;,t.Ill., tril-Nlav Comtriltitlon No. 
687",Ih14 I)c'l ,lliil ill of (;f;mil' i ,-,i-,, it " I Ilok1,hl, t4,Io!1(;,h'.l ll .lt IlfIliok'hejlkt., li.,.. rv, 111111 
No. |low~, IF lilim 'ili -ft l'~...liVMl , iolt 'i /\Ar)in , i l lE ll iilltll ,m ;la ilm , N|lalhalttmi. A 

• 
rutllort or woi' h-n , tllol ? " I,.!:. Ilit ,f[ , t! , -!I,',-t ith (lit, i, llliwill Al'.twollltolrv i lhotli,.-1i hy 

flet l t, .,.,i.h ,,i l Mlil.,,li... , Ai i. I 1w .. kvti the' No llhvril t lill,l .tw 'tli''lad I,% ilolf 

|te'wiclh .tiol ii,, d,t(~lt,A,.rwItjlllku " Nelvichv.Wd ll - All lt ic;l'h 

21te'in, i vtl),: it.it ,-r, Il f,:or, G odi.' t'-i';art A;,itavil, Grawittiji, tesearth 
M s,ktanll t', .. tch' A\ ' H, witd~ Ai,!wi'tanlt lPlo (. !;-,r, D) ii.rtmll-lAof Gra'oil ,tii'llel iind 

lllt ttill-; A!, , ' 'iitrl' ii-li irlii il itt A itioinjy; intl I'rofessor, D)piatineiat of 

Illoche y,Kytanls~titte tivi\,imly. Manhalttan2. 
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Fig. 1.Process flow for pro'Juctlonof grits and hntur from sorcbhnen 'jrtn. 

obtained from four brcak rolls, aspirator, gravity, and then 'reduccd by
rolle and sieves. a series of 

Methods for crudc protcin, crudc fat, ash, moisture, anmino acids, and ammoniahave becn described (1).
Nitro.gen recovery, was calculated by dividing the
17 arrihro sum of the nitrogen from the•acids plus ammonia by tihe amount of nitrogen in thre sample, asdctenmiied by the lcjeldl:ihl procedure.Nutr itionji MGtoriors 

F~erirle Spragtre-.Dawley 2 2-day-old albino werecoriphetely randomized (l, 
rats fed ten diets in aim six replica Iions per diet. Threfroa '13 to lw 

ratts ranged in weight50 g. atlIh ipimijng, of the
usedl in :rm 

'xpe, irent. IrtliVjhda wire cages were;rnirn~l lavbnr:iforty tmtairrcind at 7f'F. The g'rowh trial lasted ,1weeks.T ablh: I .iihw ' rz and h e.s i dhn lit msfrorr eaich Imvhrj(! \wc,e 
p roxi ni;t e a rl,'ysco f ed e s v r , t ort,'d. [rdctnim 3 is a how\vprutleirr yhedcnom [w i,i ouc 

tunsmrgl'lh'lnerlh.d anlilnuqp!'ml micned with y~ii' :ne todr~'thuioniimt,.fractionsrl As snrphmrlmw.t-9m:irl,ce the nlvh, .'nrlce Of Protein, th~e f'oyt lh!ltaProxin:tlcly 5.(v. dn(i'ts eurmhali'cp~rotein and~ ihe cm,,i0.2%,. A ca'1in control dit was fed at ricois.endosper nboth protein levels. diets, apltoxirmt.;y 
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.TABLE I, IDENTITIES AND PROXIMATE ANALYSIS OF EXPERIMENTAL-DIETS 

Diet Milling Amino Acid 
No., Hybrid Fraction Supplemont Moisture Protein Fat Ash,,:.:.% % % % 

1 Paymaster Klowa 3- 11.2 6.6 4.2 3.5 
+ 11,3 5.8 4.3 3.4

3 7 10.6 9.0 4.3 3.4 
4 + 10.7 10.4 4.3 3.4 

Fronter - 10.7 5.4 4.3 3.4400C 
6 + 10.8 5.8 4.4 3.4 

7 . - 10.S 10.0 4.2 3.4 
10.0 10.7 4.0 3.5 

9 Casein - 10.0 6.8 4.0 3.2 
10 0.9 10.0 4.0 3.2 

Sorghum-grain fractions and cakein were the only sources of protein in the 
experinental diets. Starch was added to the diets to bring the protein content to 
5.6% in diets 1, 2, 5, 6, and 9; to 10.0% in diets 3, 4, 7, 8, and 10. The composition 
of the diets and the levels of supplcrenital lysine and inethionine are shown in 
Table 1I. The supplemental amino acids were incorporated to provide the 
requirements adjusted to the protein level of the diet. In diets 1, 2, 5, 6, and 9, the 
requirement was crdcillated at 5.6/12, and in diets 3, 4, 7, 8, and 10, 10/12 of the 
National Research Council (NRC) requirement for prowth (2). The factor 12 was 
based on the NRC protein recommienda.tion for a well-ba.laiced protein source. 

To compare nutritive values of floury, and corneous-eldosperm fractions, PER's 
were r:lin nf nn IT.riocorrected hv fli. n';';irn'dl't'R nC '. 5 t.( ',. -,:4crii..d 
PER orf (he control casein diet (3). The PEFk's of tile various expeiimental diets 
were corrected by multiplying the PER of the fraction by the ratio derived from 
the control diet having similar protein content; i.e., diets , 2, 5, and 6 were 
corrected by the ratio based on control diet 9; diets 3, 4, 7, and 8, by the ratio 
based on control diet 10. 

RESULTS AND DISCUSSION 

Milling and Analytical Results 
Yield, protein, fat, fiber, and ash are shown (Table Ill) for the products of 

sorghum grain milled by the process shown in Fig. 1. No substantial differences 
were noted when similar fractions from the two sorghum-grain hybrids were 
con ipared.

l)islribimion ol prolein and amino icids ii fIle variouus endosperm fi'actions is 
given in 'l'e IV. (1 Ihe( bjsis of dilibution of' l.'siie and nic(hilnine in tile 
plothill, tile (uNiv ciildosptcril ws rcncralty of Inighier tnlilty than corneous 
enthipt-l11i (liat chf:nin's 'rol, la:ctli-' 3 to 7). The trends in amino acid 
diSh iblitioli :111d t I'),ll() il of the 'iaclions lic ill '.,linclal :lnccncll with Ihno.e 
found ill c.Ilici \wiik (I). '1hcd, W.; n0 :ppiccimhc difference in anino acid 
composition of tiat hl,'; olb1tined hon lc Iwo hybrids. 



TASLE II. COMOSITION OF EXPERIMENTAL DIETS 

Ingrediriis 1 2 3 4 5 6 7 S 9 10 

Milled fraction 
Starch 
Corn oil 
Watera 
Vitamin premixb 
Mnera! premixb 
Lyzine 
Mathionine 
z-ain 

85.08 
7.18 
.40 

0.63 
3.71 

85.08 
7.1e 
3.40 

0.63 
3.71 
0.33 
0.12 

67.98 
23.03 
3.40 
1.22 
0.63 
3.71 

67.98 
23.03 
3.40 
1.22 
0.63 
3.71 
0.64 
0.25 

92.26 

3.40 

0.63 
3.71 

92.26 

3.40 

0.63 
3.71 
0.33 
0.12 

70.49. 
20.80 
3.40 
0.97 
0.63 
3.71 

70.49 
20.80 
3.40 
0.97 
0.63 
3.71 
0.64 
0.25 

84.75 
3.86 
0.97 
0.63 
3.71 

6.08 

80.2( 
3.86 
0.87 
0.63 
3.71 

10.66 

, 

0 
n 

aW3tar was added to adjust moisture content of diet to 10.5% in all diets. 
bpremix composition: Mineral premix, in %; dicalcium phosphat. 3.0, salt 0.3, KCI 0.305, MgSO 4 0.177, -traceminerals 0.05 
(contains in p.p.m., Mn 10, Fe 10. Ca 14. Cu 1. Zn 5. I 0.3. Co 0.1). Vitamin premix, in mg.: vitamin A (30 U/mg.) 66.7, vitamin
0 (15 U/mg.) 133.0. alpha tocopherol (110.1 U/g.) 544.9, menncdione 0.1, thiamine HCI 1.25, riboflavin 2.5. pyridoxino 1.2,
nircin 15.0. cai-lum pantothenete 8.0, vitarnin B-12 5.0. choline chlorde 750.0, nd stach 5,000.0. 



TABLE il. ANALYSIS OF FRACTIONS OBTAINED FROM DRY-MILLING SORGHU - 4RAIN 

Fraction b 
Description Yield Protein Fat Fiber .... .. .. __... _ 

A
% 

CC 
B
% 

A
% 

8A
% % 

a
% 

A 
%% 

a ~ 
-

A 
" 

8 
% 

I Bran-germ 27.33 25.32 
2 Fines 18.88 19.62 
3 Floury endo. 12.54 12.23 7.40 6.82 C.91 1.02 0.91 0.80, 0.48 0.47 
4 endo. 5.06 5.06 9.49 10.62 0.98 0.94 1.13 1.36 - 0.50 0.51 
5 endo. 9.95 10.31 9.88 8.78 0.96 1.09 0.70 1.13 0.50 0.47 
6 endo. 8.38 8.19 13.98 12.58 0.87 1.12 0.72 1.12 0.A7 0.46 
7 Corneous endo. 14.29 16.61 15.96 15.47 1.12 1.23 1.12" - 1.34 0.59 0.55 

aklo.oisJre-fre basiL 
bpercent of whole sorghum grain. 

CHybrid A, Paymaster Kiowa. Hybrid 8. Frontier 400C. 

dBlank spaces indicate no determinations made. 



TABLE IV. AMINO ACID DISTRIBUTION IN PROTEIN OF SORGHUM GRAIN MILLED FRACTIONS AND CASEtN 

Fraction 3 Fraction 4 Fraction 5 Fraction 6 Frfction 7 Casein 

As 88 A B A 3 A B A B 

Proteinb 7.40 6.82 9.49 10.62 9.88 .8.78 13.98 12.58 15.96 15.47 9431 

Lysinec 
Histid;ne 
Arginine 
Asartic acid 

1.72 
1.98 
2.85 
6.13 

1.80 
2.10 
3.01 
6.15 

1.33 
2.03 
2.61 
5.93 

1.35 
2.16 
2.71 
6.23 

1.30 
1.96 
2.30 
6.33 

1.54 
2.25 
3.07 
6.32 

0.99 
1.81 
2.15 
6.43 

1.15 
2.18 
2.54 
5.97 

1.05 
1.93 
2.27 
6.39 

1.16 
2.05 
2.63 
7.38 

8-98 
3.21 
4.09 
8.04 

Thrronine 
Sarine 
Glutamic acid 
Proline 

Glycine 
Alanine 
Cystined 
Vali n 

3.09 
4.45 

21.73 
8.06 

2.61 
9.34 
1.77 
4.29 

3.16 
4.31 

20.67 
8.17 

2.79 
8.92 
2.13 
4.86 

3.14 
4.54 

23.67 
8.93 

2.50 
10.41 

4.38 

3.25 
4.92 

24.85 
9.20 

2.56 
10.81 

4.67 

3.16 
4.66 

24.93 
9.03 

2.36 
10.66 

4.81 

3.38 
4.78 

25.11 
9.28 

2.75 
10.82 

3.00 
4.61 

25.24" 
9.47 

2.15 
11.21 

3.22 
4.70 

25.68 
9.42 

2.40 
11.53 

4.87 

3.03 
4.63 

25.59 
8.86 

2.18 
10.95 
1.47 
5.05 

3.34 
4.91 

27.05 
10.87 

2.56 
11.42 

1.77 
5.39 

4.72 
6.36 

27.15 
12.63 

2.02 
3.31 
0.53 
7.00 

n 
O 
C: 

F 

Methianined 
Iscleucine 
Leucine 
Tyros-ine 
PhenVlalanine 

1.62 
3.98 

13:63 
4.08 
5.13 

1.72 
3.83 

12.95 
4.02 
5.08 

3.99 
15.53 
4.15 
5.30 

4.12 
16.53 
4.41 
5.46 

4.27 
16.02 
4.43 
5.79 

4.18 
16.47 
4.45 
5.40 

4.22 
6.29 
4.58 
6.82 

4.26 
16.32 
4.44 
5.94 

1.33 
4.30 

16.40 
4.50 
6.01 

1.56 
4.45 

16.83 
4.53 
6.12 

2.19 
5.80 

10.48 
6.3 
5.64 

Ammonia 
N Recovery 

2.-5 
86.26 

2.75 
85.31 

3.08 
92.28 

3.38 
97.51 

2.76 
92.46 

3.23 
95.94 

2.94 
91.63 

3.16 
97.04 

3.15 
94.42 

2.90 
99.76 

1.86 
103.44 

8 
Hybrio A, Paymaster Kiowa; Hybrid B. Frontier 400C. 

bpro-,ein,% (N X 6.25) moisture-freo basis.cGrams arnino ac;d per 16 g. nitrogen, duplicate determinations on srmples 3A. 38, 7A. and 78. 

dCysVine and methionine values determined by performic acid oxidallcn. Blank spaces indicate no determinations made 
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Nutritional Results 
Gains of rats during the 4-week trial, PER's, and percentage of the 

requirements supplied by the lysine and sulfur amino acid content of the diets are 
shown in Table V. Sig sificant differences were found ainong PER's at the end of 
the fourth week. When not suppemontcd, the PER's of diets were low, but that of 
floury endospeini was superior to that of corncous endospeim within a given 
hybrid. The floury-cndosperni diets (5.5% protcin) supported a higher gain than the 
corIICous-endosperin diets (9.9% protcin). That agreed with differences in the level 
of lysine and sulfur amino acids in the diets and was not reiatcd to dietary protein 
content. 

When the amino acids were incorpor:.ted into the diets, gains and PER were 
improved markedly, the laigest gains occurring with lhe diets containing the higher 
level of protein. When the floury- and corneous-endospcrnl diets were 
supplemented with amino acids to meet adjusted requirements, significant 
differences in PER were not found, indicating that the protein was utilized in a 
similar manner when the deficient amino acids were supplied. The unadjusted 
PER's (not shown) were comparable to those obtained with casein at similar 

TABLE V.' GAINS, PER, AND PERCENTAGE LYSINE AND METHIONINE 
REQUIREMENT SUPPLIED BY DIETS 

Percentage 
Protein Milled Requirement Mttb 

Diet In Diet Hybrida Fractin I ylnA rim..i.h Ine GaInc PERd 
% . V. 

1 5.6 A 3 (floury) 23 71 5.5 0.50b 
5 5.4 a 23 76 8.8 O.78a 

3 9.8 A 14 55 2.5 0.16c 
7 10.0 B 7 (corneout) 15 65 4.6 0.27cb 

2, 5.8 A 98 114 35.5 2.58d 
o 5.8 B 3 (floury) 100 118 36.7 2.49d 

4 10.4 A 7 (€orneous) 99 105 75.7 2.32d 
8 10.7 B 100 110 91.7 2.05d 

9 5.8 A Casein 111 49 Z7.0 2.40 
10 10.0 B (control) 112 51 62.2 2.29 

i*4ybrld A IsPaymaster KIown; Hybrid 11Is ifotler 400C.
 
bNellnfati r , t ilocirc ,,ts it, Imsued on 12% dlolaty I)roteln. Porcentnns shown
ci Cutii 

are cuui1u'I,,d, 0.i/12 of t1 €.41 uuirulrl nI for hlutis 1, 2 5, 0, ned ( taid 10/12 of requirom nt for
 
diets 3, 4, 7, i. anl 10 (r,.u to;t).
 
CAvurtj wuhht itpinIipi, r t 0 to 4 wuuks.
 

dGrnrnis of glo per U. of prothin cost trnod, correcrticI as lollows: For tho low-proteln,
 
fl u v eit 1 il , (itits 1, 2, -;, and 0 u6et he Ifmtor 2.6 l sst , i IT R casaIci) d ividud buy2.46
 
(FIit (if tho (orllolll (;win IO ho hiqfi enfcl orin divt'i 3, 4, 7,
hed itit 9). w -protein, corluousio 

11(1 t .1'dliho f1 r u 'miiyud PLIl for 'atiiin) dividld by 2.29 (IER of thu controllfd
IM 2.A 

cainlr dit 10) (re. 3). I'[.l't with iffuiuitL leftters lire sinilicantly diffetount LSD (0.01) 
0.30. 



May, 1970 	 SIOUP, ct al. 

protein contcnt. Significani differences in PER were not observed among fractious 
obtained from the two hybrids. 
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