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Protein Frociionation of Sarahum Grain!

L.v V. SKOCH, C. ¥ DEYOEL, F. K, SHOUPR, J. BATHURST, and Lo LIANG,
Kansas Stats University, Maahiattan

ABSTRANCT

Protein sobibility of five samples of rorgiaun grain of bo'hi fow- and Lizh-protein type
were compired 1o that of ledhidysine (opagque2) com. A modiind Mendel-Osborne
technique voat wead, Recults indiezte that twice the amount of prot~in iz exiracted from
opaque-2 comn when compued to thet of srzivm grain, The glutelin traction
represchted fhe majer roluli motein feaction of sorzhum grain and opaque-2 corn,
Amino acils were deteninted by ion-exciwnge chroinatosnphy. Conarions of wnino
ecld dicteibutings were mude Toiveen fraztionuted protons, with 4 sssumption that
those protens extracted vere crodscteristic of their clea The prreseis 23 of prutine and
leucine 1nc Poanrd deaes g rospectively da vee dlbmain piotein as the protein
conttent of whel: sorzbum . eaviener it s Gy plycive in the
nonsolubitized prolein of v’ whors proteir coutent of the prain
increased. Corcentranons o s, arining, giycins in bots the sibunun and
globulin frections of sor:lum sratawere poagh Lta that in profeie of wiole sorelmm
grain, The plataha frocdon had o0 wmino corica

‘

=

) pan G

“

an) glycine were Ligher o phiielin than i the prclavies fraction,

Published litcrature on projein solubility znd amino acid composition of the
fractionated piotcins for sorshuin grain s Hantcd compared with thut for corn gt
other cereal grans, The s vark of Qsbora s and Dendel (1) <00t forms the basis
for most sciubility studizs ieaily, the neethod uijtived a dileie salt rolution o
remove albuias and clobuling, an aoucous erthyl alcohal «odution fo extiact
prolamines, and a dilute #lli selotion 10 Givmolvs Auislins, Nnerous wovheds,
inchubing Mooy et wle £ aad dlmencz (35, bave sl edihiationg i the
Osborne-Mended wethod in Hoctionating the progeing of et

Virupakshs aad Sastry 1) fractionated protein of the cadospenn portion of
sorghum grain. “thay weed solvenis similay 1o thosz used in tie Osberne-tendd
method, but ¢id not speeify consecutive fractionation, Jack of conseentive saivent
extraction would 2Mow an overiap of the proicins present in & given coiubility class,

The objestive of this stady was 1o cotupare the solubilivizs of the seoteins of
corn and svreirum grain by means o the consecutive extracdnn technique of
Osborne-Men iel (1), Moray et al, (2), and Jimenez (3). Amino ada cumpositions of
the fractionated proteins of rorghum grain and corn were compared under the
assumption that those proteins extracted were cluwacteristic of their class,

MAYERIALS AND METHODS

Semplas
Five samples of the 19¢A-crop of soipivim grain were obtained from test plots
of the Kimeas State.University Agricultural Experiment Station, Samples were

-
Yenntitution Humber G20, 1Yoporiment of Gramn Seiencc and Industry, Knnsas Apreolture
Eaaperhount Lo, Manhatisnn thig iy
Authors e peatterly: Ginoivde Besrarch Ascluaant, Proferser, Instiurtor, WReserrih
Arsocinte, anl ilenrarch Ammeiale, eparinent ol Ll Hetapee snd Tntnestry, Ioosaas faate |
Unlversty, Fiephuttan 65002
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grovm in Riley ard Colby countizs wrler sim lar conditions of soil and fertility.
Hybrids prown jn Riley county inclnded Aszrow’s Rica, RS-625, and TE-CO,
referted to os MO-6, KU 61, and MOS8 respectively.

Colby connty hybiids included Asziow's Rica and TH-66, referred to as CO-6
and €098 respectively. The five sorvium samples sanged in crude protein content
from £.3 to 14850, where CO-6 was 5.3.0 protein; CO-BY, 4§48 MYl 1357 and
BMO.2, 14.80. The protein content of opaque-2 coin uszd was Q.57 The
high-lycuie corn (uparue-2) was growi in Northeast Kansas during 1567, The
sorghinn grain and op.que-2 com were ciraed and ground on a Micro-Sampl mill
to pass through a screen opening of 0.02 in.

*

Preioin Fractionation Prousdures .

Duplicate samypies of sorghum irain and opaque-2 cotn were subjected to
successive extractions with each of the following solvents; distilicd water to uxtiact
albumin, 55 sodium chieride solution for globulin, 8075 ethanol plus 0.275 sodium
acetate solution for piofamines, and 0.27% codium hydroxide solution for lutelins,
The residual proteins (ronsolubilized) were retained {or analysis.

Water Extraction, Distilled water (100 ml) was added 1o a 3. suupic in @
250-ny. centrifupe tube, The stoppered tubes were rotated Jongitudinally tor 24 .
at room temperature, Suspensions were then centrifuzed at 2,000 rp.ow for 15
min., and the suprrnatant was decanted. Additional solvent (30 mb) was added to
the centrifuge tube and stirred with a glass rod to resuspend the insoluble saterial.
The insolubles were washed twice with the sespective solvents, The supernatant
Lepuid was stored at AUC. until lyophitized,

Cult Esstraction. Trsolubic tesidue iwon the waler eetrzction was comibined with
a 5% (w.fv.) solution of sodium Jchloride (10U ml) by the smme eviraction
procedures. Frior to ivophilization, alt was removed [rom the supernatant by
dialysis against scvered changes of distilled water.

Alcohol Extrzction, Sinularly, the remaining insoluble residue was extracted
with a mixture of 15.8% water, 30% cthanol, and 0.265 sodhun acetate (v.fv.]v)
(100 ml.). The Iyophilized material was redissolved in a swnller volkune of tihe
ethanol-acetate mixture to facilitate quantitative removal from the lyophilizing
vessel. Aliguots of the sumple were used in cstimating crude protein content and
amino acid compositicn,

Alkali Iy traction. After successive extraction with distilled water, sodium
chioride solution, snd ethanol-acetate solution, the insoluble esidug wes extracted
with 0,25 (v /v.) sodiur hydroxide solution (100 ml.). Aiiquote of the supernatant
liquid or of the lvophilized product from. the alkah extiaction were used fou
analyses,

Jrsoluble Residie, Material remaining aftei extraction with the four solvents
was died for 5 he dnoan ain oven at 110°C. The nonsolubilized residue wis
quantitatively recovered and analysed for ciude plolcih and amino  acio
composition, :

Amino Acid Arolyses. Amino acid analyses were perfonined on the whole pin
and on aliguots of the Hgoid frctions o ol the lyophilized fractions. Proteins vici
hydrolyzed with an exeess of 6N HCI af 1HO°C. for 22 he in oo oauagrobin
atrrosphicre secoding to the procedures of Waggle et al. (3). Amino acid analyre i
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" PROTEIN FRACTIONATION OF SORGHUM GRAIN

TABLE I, RESULTS OF THE FRACTIONATION OF PROTEIN
FROM SORGHUM GRAIN AND OPAQUE 2 CORN BY THE
MOUIFIEO MENDEL-OSGBONRNE METHOD

o Opaqus 2
Fraction Corn coO-6 CO-64 MO-8 140-91 MO-88
- —
Alburmnin® 9.0 4.9 AL 4.5 2.2 2.7
Gtotulin® 11.2 5.9 35 4.3 24 2.6
Protamina® A 2.5 0.5 5.0 1.5 4.3 a9
Giutatin® . u6.4 20.8 17.0 14.9 17.4 12.2
Total totuble ‘
protain® - 86.1 40.0 anse 31.2 27.8 20.4
Nonsviubilized .
rovidue® 10.6 68.6 62.6 2.8 62.3 59.3
Towsl protein B . . )
tecovared, % 06.7 [:3:4 93.6 B840 89.8 86.7
{nitisl protein ) )
of grain, % (d.b ) 9.8 0.3 8.4 128 12.5 14.8

8()sta reported o3 percent of total protain.

the hydrolysates were made according to the procedures of Spackman et al. (6) and
Moore et sl (7) with a Beckian 120 automatic amino acid znalyzer. Cystine and
methionine were detennined as cysteic acid and methionine sulfone by the
procedute of Moore et al. (7).

RESALTS AND DISCHSSION

Protein Fractionation

Percentages of total aitreeen extracted with cach of the solvents from the five
sorghum gramn samples and opaque-2 corn are shown in Table b The percent of
soluble protamn extracted from the sorghum samples varied from 204 16 40,0%:
$6.17% of the vpaque-2 comn protein was solubiized. These dita demonstrate the
insoluble charscterisiie of soighum wam protein as compated (o opague-2 com
when the clussic Osborne-Mendel rolvent systems and techmgues are used. The
insolubility of the protein may be a physical phenomenon cauvsed by the
protein-starch matrix confiyuration of the seed. The samples, however, were
sufficiently pround so tut only a ressonable part of the nseiubility should be
attributed 1o this factor, 16 would appear that a larpe portion of <oighut prain
protein was not solubilized by the Oshorne -Mendel snlvent systenns,

Pushpamnuy (8) tractionated vorphimm ponn proteins by a conventionat shaking
technique with a maditicd O-borne-Mendel solvent system. Solvents were sunilin te
those vsed i the present stady ) vath the exception thet (L190 NaOH was used
rather than 000 PO Pereentages of total protem extracted from commercal
samples (rom both the United States and India were 38,2 and 41.5%, 1espectively,
Virupakela and Sastry? (41 reported an extraction of 83.0 to 103457 ot the protein

el e e

2\'|mll‘-lh!1\!. T. K.. and Sestey, L, W, S0 A porgonal corvmunication ghien i the Fina!
Techmea]l Report by BOS Sarma, U S DA Grant No. FG-lo 109, Dent of Bochenistty, Tudien
Insl of Setence Dangalore-1 2 India ‘
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from the endosperm of sorshum grain, but did pot report protein recoveries based
on successive extraction, They reported intermixing of the various protein fractions
during extraction and substantinted this fact by clectiophoretic studies. This
supgests that somie components charactenstic of one protein group were also
presentin another zroup,

The glutclin friction represented the major soluble-protein fraction in sorghiin
grain as showa in Table [ That anrees with reports utilizing opaque-? endosperm
(3). Mhough glutelin was found 1o be the major soluble-protein fraction of both
grains, enly small dilicrences were observed between the quantitics of globulin and
prolamine,

The percent protein remaining in the nonsolubilized materid was used to
caleulate the percent of total protein recovered. Total protein vecovered ranged
from &4 to 98.6% in the sorghum samples, whereas 96,75 of the total profein was
recovered from opaque-2 corn,

Amino Acid Compaosition of Wholo Grain
Amino acid compositions of whole-grain samples used for protein fractionation
are given in Table L. The conposition of the five sorghum grain samples was in

TABLE tl. AMINO AGCID COMPOSITION OF SORGHUM GRAIN
AND OPAQUE-2 CORN USED 1N PROTEIN FRACTIONATION
{g. AMINO ACID 1€ 100 g. PROTLIN)

'

Sorghum Opoquo-&'b

Amilno Acig? €OG  COB8 MOG  MOBT tMO-ES Avernge Corn
: Lysine 2.32 2.08 1.81 1.61 1.59 1.88 4.14
Histiding 2,32 1.99 1.07 1.90 2.17 2.07 282
Ammonia 2.63 3.04 3.05 ? AR 17 PRI 212
Arginine 3.76 4. 3G 3.an 2,12 3.0 3.32 6.66
Aspartic acid €.48 6.37 G.41 6.04 6.60 6.383 9.00
Threonine 3.26 3.11 3.1 2.92 2.e3 3.06 3.97
Serine 4.49 4.34 4.47 4.21 4.03 4,31 .71
- Glutamic acld 20.27 21.70 . 22.74 23.94 22.20 22.29 17.38
Proline 1.82 7.58 7.97 ° 7.6 7.01 7.84 8.44
Glycine 3.14 3.04 276 2.57 2.453 281 4.93
Alanino . 0.19 9.60 9.70 9.79 9.06 9.65 6.60
Cystina® A2, 152 1.60 1.8 1.53 1.63 2.50
Vaillne . 4.61 4,54 2.80 4,08 4.70 4.14 4.77
Maothionine® 1.61 1.40 1.53 1.66 1.01 1.64 1.86
isoteucine 3.90 3.94 3.09 3.74 3.92 3.90 3.32
Leucina 13.12 13.25 14.04 13.44 14.22 13.62 9.28
Tyrosine a.98 3.90 4.10 a3.89 4.03 3.98 3.82
Pnoenylalanine 56.06 5.05 5.09 4.96 6.18 5.07 A.16
flecovery ot .
armnino acids, % 103,10 106.79 103,76 te8.64 111,08 106.72 09,60
Crude protein ’

Ingrain, % (0.0) 8.3 0.4 12.09 13.5 14.8 11.6 9.8

BAmino ncld valuus warg corrected to 100% recovury of Kleldah! proteir
h»'\vomr_m of duplicate amino acid analysos.
chmnu and methionine values astimated by performic adid oxidation.
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close agreement with that reported by Deyoe and Shellenberger (9) and Wagple and
Deyoe (10), and the amino acid composition for opaque-2 corn was similar to
values reported by Cromuvell et ol (11).

Amino Atid Comesniviing of Protuin Fractiors

The albumins (5.0 1Y), sioduling (Tzble 1V), prolaminas (Table V), sluteling
(Table VI, and tesidunl rroteins (Table VI) had differing amino acid
compositions. Some tijor trends weie obsorved iy amino acid commosition of the
fractions, attributzls (o Cifferences in protein content of the whole rrain, The
proline content of £ albrmin fraction ircreased as the proten, ~atent of sarghuin
grain increased, whereas the leveine eontent of the wibumin fraction decreared with
increased peotein content, Conesittations of lysine wnd fiyune oin the
nonsolbilized protrin of sorghuim graio decreased ay protein confent of Jhe grajn
increased, whersns the amounts of tercine and phviamic aerd increased with
increasced protein contont, Althou i sowee trendy vere oliserved in the sntino acid
content of the atbunun and nonsoluhilized protein fractions of the five sorghum
gr2ins, none were sufficient to indicate o major devistion in protein type owing to

v

TADLE 11, ANAINO ACID CCPOZITICN OF THE VIATER.
SOLUGLE FRAGTION (£ LELLIN) OF SORGHLIM GRAIM
AND CPAQUE .2 Cony lp. ARIIND ACID .
.- PERL 10D 6 PROTEIN)

Sorghum Opmuo~2b

Amino Acid® CO6  €OOB_ 106  mo.pb Avurpga Corn
Lysing 6.28  4.54 LEA] S “a7 5 41
Histiding Lew 2,09 2 na 1.76 164 2.55
Ammouls 110 2.79 108 3.06 2.48 2.23
Arginine 6.09 670 433 4.91 529 T 6.38
Aspartic scld 12902 1168 1053 11,12 11.02 11.45 9.79
Throoning 6.04 630 52y 6.26 5.91 574 4.95
Sorine $.26  6.£3  4g1 5,23 6.23 6.23 469
Glutemic scld 10.50 1506 1401 y15.p9 16.79 1a.58 1479
Proline 488 627 7.02 6.44 8.80 6.8 10.70
Glycine 740 o 7.33 8.25 8.47 7.68 7.74
Alsnine 9.28 820 .0} 9.07 9.64 9.04 114
Cystina® .01 1.26 178 034 1.00 090 1.64
Valine .64 274 7.1 3.48 3.44 4.90 4.08
-Mathlonine® 0.63 1.19 1.24 0.20 0.65 0.70 1.12
(sataucing 406 a3z 3.67 4.32 3.28 4.04 3.51
Loucine .85 1.3% 6.u3 6.49 6.56 6.03 £.20
Tyrosine 330 364  2dus 48 3.12 340 227
Phanylalenine 306 Ay 3.63 3.00 2.09 3.62 2.60
Recovory of )

mnino sclde % £6.31 G157 62.60 5504 48.62 £9.23 61.44
Crude protein ‘

Ingialn, % (4.0} 8.3 8.4 12.0 13.6 14.0 1.6 9.

- e e e e et e e G s

famino acld valuas wars “orrented 10 100% recovery of Kjeldahl protoin,
bAvum of duplicets aming acig analyses,
erltlne andt mathionine valuas ustimated by perfeemic scid oxidatian
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TABLE 1V. AMINO ACID COMPOSITION Of THE SODIUM
CHLORIDE FRACTION (GLOBULIN) OF SORGHUM GHAIN
: AND OPAQUE-2 COHN (g. AMINO ACID

' PER 100 g. PROTEIN)

Sorghum Op»quoab

Amino Aclg® CO-6 COE3 MOG 14D81  MON8  Avmepe Corn
Lysine 6.35 452 4.59 4,33 425 461 b.¢0
Histidina ‘ 2.10 1.97 2.2 213 2,14 2.1 3.12
Ammonla 1.80 1.81 2.08 211 1.73 1.94 1.76
Arginine 8.23 9.32 9.41 0.13 9.75 0.17 9,05
Aspertic scid 9.20 1054 9,62 5.u8 9.55 0.78 .16
Throonins 4,09 500 5.0 4.06 6.11 1,01 A4.37
Serine ‘ 5.17 5.4 6.45 6.0 6,21 L.30 5.10
Glutarnic ncid 13,64 13.07 1380 1548 13.72 13.72 14.60
Proline 4.94 £.20 5.20 600 7.17 6.2 2,71
Glycine 6.06 6.91 6.02 6.16 4.25 5.60 6.9
Alanina 6.411 7.22 6.67 6.00 4.51 6.4 G0
Cystine® 209 140 2.63 211 2.34 2.11 £.64
Vatino 6.11 £.50 4.93 £.30 4.82 6,41 5.00
Mothionine® 1.46 0.80 153 1.36 1.47 1.34 6.37
Isoleucinag 4.34 4.04 4.21 4.84 4.46 4.28 4.03
Leucina 7.66 8.09 7.56 7.32 7.89 7.71 7.7
Tyrosing 3.67 3.0% 3.30 3.02 .60 3.47 3.62
 Phanylelaning . A.23 4.11 4.23 4.15 4,42 a.24 4.60
- Nocovary of
~ emino ecids, % 78.63 7712  86.81 79.37 81.48 ©0.68 87.79
Crude protein
In groin, % (d.b.) B3 a4 12.0 125 14.8 1.6 9.8

B2 ninu cuit LU WETo CGITacte: 10 1UU recovery of Kloidahi protein,
. bAvcmm of duplicate nmino oeld analysos,
' °Cyltlna and mcthioning eitimated by perfarmic acld oxldation.

the wide range of total protein content. Similar effects were reported on diiferent
genotypes of corn by Jimenez (3) and Boundy et al. (12).

Concentrations of lysine, wepinine, and glycine in the albumin and globulin
fractions of sorghum prain were nearly double the levels found in the protein of
whole sorghum grain, whereas the globulin fraction of opsque-2 corn had
approximately one-third more lysinz and arginine than the protein of whole
opaque-2 comn. The prolamine fizction of both opaqgue-2 corn wnd sorghum grain
cuntained less lysiae than that of respective whole-prain protein,

Amounts of lysine, histtdine, wpinine, lweonine, scrine, and glycine were
several times higher m the plntelin faction of sorghum grain than the ievels of those
amine acils in the prolunine laction, Amino acid compositivas of the plutclin )
fractions of opagne-2 comamd sorphum grain were quite similar and were midsway
between those ol the plobnhns and prolaniines, except for the higher content of
histidine and proline in the plutelin fraction.

Differcnces in amino acid composition of the nonsolubilized protein of both
opaque-2 corn and sorddunm gran followed differences observed in the respective
whole-grain pnotein, wepadless of the pereent of protein solubilized.



TABLE V. AMINO ACID COMPOSITION OF THE CTHANOL.-
ACETATE MIXTURE FRACTION (FROLAMINE) OF
SORGHUM GRALN AND OPAQUE-2 CORN (g AMINO ACID
PER 100 g PHOTEIN}

Sorghum Opraue 2

Amino Acld® €06 COTE_ MO6 MO MOOB_ Aversps  Corn
Lysina 0.40 0.7% 0.22 0.a0 0.30 0.46 0.53
Histidine 0.3 0.6 .83 0.6 0.79 Q.82 1.18
Ammonia 3.39 295 3.07 2.63 2.056 2.90 2.47
Arylnine 1.91 221 1.G61 1.62 1.62 1.863 1.095
Aspartic ocid 7.05 T.6% G.B7 6.20 6.72 0.26 .04
Threonina 2.64 2.6 2.63 2,00 2.%2 2.50 2.81
Sarine 4.08 3.65 £.13 3.72 3.7 .93 4.08
Glutamic acid 25.04 24.0GF 27.62 23,99 24.72 £5.09 22.41
Protine 9.93 8.45 5.75 0,25 8.50 8.45 0.67
Glycine 1.0 214 161 117 1.62 1.7¢ 1.52
Alanino 10.09 a.73 10.47 9,74 0.94 10.07 n.34
Half.Cystine? ..€ 0,31 o 1.12
Valine A4.G0 . 468 1.64 4.57 4.59 4.07 2,62
P-‘wmlor'.Inch 0.52 1.1 [t 2.0 129 1.16 nrs
lenloucine 3.07 2061 A1 2.0 4,11 a3.7% 3,00
LLoucine 16.32 14,70 16.36 16.08 15.94 1589 17.21
Tyrosina 4.28 L5 4.85 A75 A.62 4,55 3.77
Phenylalenine 6.16 6,932 6.12 6.683 6.66 662 . 6.84
Racovery of

arnino acids, % 08.21 70.20 092.31 92.64 103.91 05.456 122,34
Crurdy pratein

in grain, % {d.b.) 3 £.4 12.8 13.6 14.8 11.6 a8

B Amino acid values wern corractad 10 100% rocovery of Kjaldaht protein.
vaulno and methionine voluss wora astiinatod by oeid hydrolysis

Camino acids with missing velu s wore not datormined,
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TABLE v, 4AMN‘JO ACID COMPOSITION OF SODIUM HYDRO)(IDE
FRACTION (GLU'T!’;LIN) OF SONGHUM GRAIN AND OPAGUE.2
COARN (3 AMIND ACID P fy 100 PROTE)N)

MM““ e ——— e \\-—.‘.‘. T ———

Sorchum Opzque-5

Amino Aclya Coeb gy MO8 1oy, MO-UB  Avereng Cosn
,s_.._.,____...._.‘.*-_‘-»\ T 708 el LY
“Lysine 2.3 .03 2.51 204 PRk ] 473 2953
Histiding 2.00 3.02 3.24 3.3 [ 3.14 3.2g9
Arnmonis 2.34 2.41 289 2.1 210 244 1.84
Arginine a.21 5.42 L.08 €10 5.07 6.2g 6.54
Asdartic acld 7.63 0.09 7.6058 7.85 7,65 7.£0 [ 8]
Tlnscnmc 3.09 L] 4,02 420 4.315 s.14 e 8 Ji]
Sorine 4.32 517 .08 405 467 473 .00
Gluwfnlc acid 18.52 18.28 19.16 18,60 10.07 18.75 10.33
Preoling 8.56 9.23 .45 847 .2 9.21 1013
Glyeing 6.02 6.2 8.0 B.21 L.05 812 5.45
Alanine 8.02 7.52 2.05 .21 2.20 7.u8 6.eg-
Cystina® . 0.69 .4 1.93 . ar2
Valineg . 4.03 5,14 2.93 5.37 ¢.on B.07 4.69
Mathloning® 1.20 1.52 1.61
llok;u.ma 676 3.cn 4.52 4.91 482 A.42 3.UQ
Leucine 11.3¢ 10.01 11.3) .26 To9.4u o027 .56
Tyrozine 4.2 .08 2.:4 410 . Oy A2 467
”henymlanmn £.05 4.a5 Euz 4T 4.497 4.96 6.09
e B e " e i T——
n‘.‘:::‘-r-vy of )
LIRS iy, % G0.58 31.25 87.01 25.00 5.0 84.19 62.26
Cruda pro taln
in orein, % (a.b.) 2.2 8.4 2.8 138 14.¢ 11.0 (‘¥
———— --s..~.-.\‘-*_,_N.,_.‘..._.-‘“_‘_\.‘.\.\..\

'Amlno acid valupy Ware Corrpateg 0 1605 fecovery of KJetdani proteln,
Avamoa of duplicerq “ridno peig &nelyesg

cCymna and mathloning vilusy #timeted by performie acld oxidatlon,

dAmlno eclds with missing Valizas worg not dntermlnod.



TABLE Vit

AMIND ATID FROM THE

RECOVERY OF EACH

FRACTIONATET PROTEINS OF

C

AND 5T

I
-~

A
Az
=3

UE-2 CORN
“UM GRAINS

Sorghem” Opaque-2
Amino Azid? Sveraga Corn
=5 %
Lvsins £3.0 76.3
Histidine 82 4 81.2
Ammcnia £€9.8 6.3
Arqiniae TR 8S.5
Aspartic acict 99.3 780
Threoniqe 88.9 S6.0
Serine g4.8 87.0
Glutamic acid 91.8 85.4
Proling 953 104.6
Glycire 102.2 123.2
Alznine e2.9 101.8
Valine 84.7 G5.4
Isoleucing 93.4 110.2
teucine 95.0- 105.1
Tvras.ne 94.8 103.9
Prenyiaanine 7.6 112.5

2Recovery = the ratic (in %) of the summa.
tion of . of 2r amino 22id from the five
orotzia trazticrs to ¢ of gmino acid in
the ontire protein of the grain.

TABLE VIi. AMINO ACID COMPOSITION OF NONS
RESIDUE OF SORGHUM GRAIN AND OPAQUE-2 CORN
(g. AMINO ACIDPER 100¢. PROTEIN)

QLUSBILIZED - >,

Serghum Opmu??b

Amino Acid® Co-5 cc-23 amosh »O-21 haieRsts] Aversga Corn
Lysino C.76 Q.€90 0.46 Q.23 331 Q.30 3.z2
Histidine 1.72 1.62 1.64 1582 1.40 1.60 3.50
Ammaoania 2.95 .44 3.1C 3.13 2.52 3.13 2.C1
Arginine 1.78 1.28 1.0 1.43 1.38 1.83 4.7
Ascartic ecid 6.19 6.62 5.23 S.£7 5.72 €.C3 7.82
Threonine 3.17 3.63 2.60 2.34 2.44 75 6.37
Saring 1.58 4.78 £.4C S.59 G168 [ 470
Glutamic acid 22.72 247 248.22 26.92 27.33 24.33 15.04
Prolire €.10 8§43 85.33 2.73 2.01% 831 8.25
Gilycine 2.74 2.62 2.08 1.53 1.€8 22 3.87
Alanine S.70 10.83 11.75 11.12 11.23 10.86 6.99
Cystine® 0.41 C.43 5.32 C.32 .26 0.35 2.3¢
Veilina 4.65 2.02 3.¢0 &.53 2.686 3.18 8.57
Mothionina® 1.24 1.43 1.2 1.43 .28 1.33 1.23
tsoloucine 4.35 4.55 4,18 42.10 3.8 4.23 498
Leucire 15,12 15.23 18.2 16.79% 16.32 15.04 10.45
Tyrosina 4.37 4.16 4.00 4.25 4.0 4.4 2.5%
Phonyizianine 5.8C 5.64 5.71 573 5.51 5;72 500
Resovery of .

arnino acids, % 65.17 108,72 122.68 115.€8 136.78 112.25 62.42
Ciude proizin .

ingrain, % fa.o.) 8.3 8.3 12.3 13.5 148 11.6 9.8

BAMIno acrd valuns were corracind to 160% recovary of Kjeldahi protsin,

bA‘-‘!_l.'"e of duzlizete amin

o ozid analysns

cnt methigninn voloes vetematod Sy performic poid oxidation.
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{.o:overy of Amino Acids

Recovery of amino sords was calovluted by summing the zmount (£.) of cach
amnino acid recovered in el protein fnction and compunng the summation with
e devel of that anaro scid prosent e the entire protein of the respective grain
(Fables 11 to VI, Faiie VI shows the recovery of cach anino scid of the
sorplium conin, saniples and ovaque-2 norn, Lysing had the fovest recavery of any
amino o detamenad, The basic wmico wads in penicr. t haddower recovenes than
cither the aeidic or neviad amino acids With the exeeption of lvsine, recoveries are
simitar to those reported by Jinenee (3).
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