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Amino Acid Comgosition and Energy Value of Immature 7 /V' ﬁj/} 6 ‘8 74 .
Sorghum Grain!

C.W. DEYOE, F, K, SHOUP, G. D. MILLER, J. EATHURST, D. LIANG, P, E. SANFORD,
and L..S. MURF HY’, Kansas State University, Manhattan

ABSTRACT
Proximiate aud amino acid compaesition of matuiz and inmature samples of sorphwin
arain were detervined, The data indicrie nacked differences in aimino acid confent,
immature sorgnum geain baving Livber Tevels of tesine, anartic acid, and gh cine. Lower
values for immature erin were observed for phrtanie ucid, profine, and leucine, Crude
protein conient of fnnatuie und mutare sorshum giain was zimila. lecding studies
indicate less avaitable encray Crom Binmature than aztute sorghum prain,

Data are linsitzd on the cffects of stage of maturdy on the comnesition of cereal
grains. Lee et al. (1) compared tests and selociod 2 srecific sravity measarement for
determining the maturity of whole-hernel corn, Catbohvdiate content of whoele
corn at difterent stages of development wos reported by Furley £2), who fourd that
reducing sugurs Ceercasad 2 weeks after poftmation and followd that trend until
maturity. Dextin-starch content docieased 7 davs atter pollination, then increased
rapidly during the second aud third weeks, Starch inereased duzing the sixth and
seventh wecks ofter pollination, Sut did not imziease further dusing the st 3 voeeks
of the sumpling period. The increase in staroh was attcbuted to rapid trrlecadon
of sugar to the kernels, most beine converted immeadiately iate destein and starch,
Studics' on com proteins jodicate that globuling ghitzting and albwain are
continuously dilvicd by zein during main maturation (34 Studies on the feeding
value of wicat Nozen prior 1o harvesting (vincNovghton {4), el and Gidvi (5),
and Whiting and Bezeau (6)) indiziied tha tivere was a reduction in the CHerpy
digestivility coefficients for poulivy in frosi-Guncped wheat, Lubert et s, )]
found no diierconces monuirdionai Velue of vohest havestond 1510 18 4_]3@:75 Pg’_ir_\g' 1o
combine-ripenass,

This study reports effecis of inuaiurity on e proximate and amino acid
composition and nutritionat valus of serghum grain,

AETHORS .

- Samples of immature Lybrid sorghum guain, Paymaster Kiowa, Frontier 400C,
TE-66, DeKalb Cadb, Assrow Ransor A, and RS-619, were obtained from the
Kansas Agricuttural Experiiment Station Field, Newtan, Kaunsas, The planting date
for these hybrids was July 10, 1967, ‘The freeze date, October 27, 1967, resulied in
termination of prowth, sed the growing scason was 104 days from esergence, The
grain was in the Lte-donsh staze and contained 35 10 40% moisture. Sanples of
immature grain from a locad elevator during the same season and samples of matore

](!unhilmllnn MNeo GRE, Depostient of Geain Sedence: o, 140, Denartment of Datry and
Powltevy Seivoee; sl 1ie, 10, Depertnent of Lpronomy,  Iansas Stete Agrievdturat
Experiment Studan, Mantnaten, Prescated st the D300 Antuial hleeting, Chicapo, HL, Avrit-May
| RUGLIN

"'I(('sm-('l.lvv)y: fritesion, Instractor, Assiztant Frofe ssor, essareh Assistant, snd Rescarch
Asslstant, Depatwent of Grain Seicnce; Profossor of Poultry Scienve; und Associnte Yrofessor
of Agronomy, Kansas State University, Manbattan, '
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“ TABLE 1, EXPERIMENTAL DIETS CONTAINING MATURE
AND IMMATURE GRAIN FROM TWO HYBRIDS?

. Mature tminature
i ' Frontier Poaymaster Frontier Paymaster
- Dlots 1 2 3 4
Bushel Test Welght? 583 £8.0 43.2 431
o % % % %
Sorghum grain 60.6 68,56 69.3 60.4
Soyboan moal (45% 22.9 30.0 29.2 28.1
Alfalfa moal (17%) 2.0 2.0 2.0 2.0
Fish moat (60%) 4.0 4.0 4.0 4,0
Distiller's driod grains .
with solubles 1.6 1.6 1.6 1.6
Ground limastone 1.0 1.0 1.0 1.0
Dicalcium phosphato 1.0 1.0 1.0 1.0
Solt 0.6 0.5 0.6 0.6
Animp! fat 1.0 1.0 1.0 1.0
Promix® 0.6 0.6 0.6 0.5

Acalculated to be isonitrogonous, 22% crude protein,
bBush!.:l tast wolght, Ib. por bu.

cSuppHns per kg. of diet: 2,200 1U vitamin A; 1.650 ICU vitamin Dj3; 8.8 mg. riboflavin;
16.19 mg. pantothenic acid; 26.4 my. niacin; 308.0 mg. choline chloride; 9.68 v vitarnin
Bjyg, 0.05% dt-mathioning; 0.0125% amprolium; 0.0125% athoxyquin; 6.0 mg.
chlortotracycline; 50.0 p.p.m. Mn; 50.0 p.p.m. Fo; 25.0 p.p.m. Zn; 5.0 p.p.m. Cu; 1.6
p.p.m. 1; end 0.5 p.pan. Co.

Frontier 400C and Paymaster Kiowa grown near Manhattan alse were collected. All
samples were analyzed for moisture, fat, protein, and ash by AOAC methods (8).
Carbohydrate content was estimated by difference. Bushel weights were determined
with standard test-weight equipment.

apasition of camples was determined by jon-cxchange

ey arysy "

Amine wcid
chromatography as desenbed by Waenle ¢t ol (9).

Nutritional studies were conducted with day-old Strain-Cross White Rock chicks
housed in wire-floor batteries. Chicks were randomly distributed into groups of
sixteen birds, thice replications per diet. Feed and water were supplied ad fibifun.

Growth and feed utilization of chicks fed immature and mature sorghum grain
were compared, and available cneipy was estimated for immatuie sorphum grain,
Experimental dicts (1 through <eontaining mature (bu. wi. 58.3 and 58.0 1b.) and
immature (bu. wi. 43.2 and 43.1 1b.) Fronticr 400C and Paymaster Kiowi are given
in Table 1. Adjustments in sorghum grain and soybeun meal were made o naintain
isonitrogenous dicts. Table 11 gives composition of dicts used to evaluate energy
content of immatwe sorghum grain. Diets (5 through 8) calculated to contain 850,
900, 950, and 1,000 kcal. of productive encrpy were formulated for mature
sorghum grain. In dicts 9 through 12, sorghum grain (bu. wi. 35.1 1b.) replaced
mature grain in diets 5 and 8 to evaluate encrgy availability of immature grain,

RESULTS AND DISCUSSION

Results of proximate analysis of samples varying in test wi, from 35.1 to 58.3
It per bu. are given in Table H1. Data are grouped into immature samples with bu.
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.. TABLE . EXPERIMENTAL DIETS USED
iN COMPARING AVAILABLE ENERGY FROM MATURE
T AND IMMATURE SORGHUM GRAIN

Dlots
& 6 7 8
ond and and and
9 10 1 12
% % % %
Sorghum grain® 63.00 59.22 69.60 59.60
Soybesn moal (50%) 21.82 27.18 27.12 27.07
Wood fiber - 828 3.60 1.69 0.00
Alalfa moal {17%) 2.00 2,00 2.00 2,00
Distitler's dricd grain
with tolubles 2.00 2,00 2,00 2,00
Fish maal (60%; 2,00 2.00 2.00 2.00
Dicolcium photohate 2.00 2,00 2.00 2.00
Ground timoestone 1.00 1.0C 1.00 1.00
Animal fat e 1.53 3.33
Sait 0.50 0.50 0.50 0.05
Premix® 0.50 0.50 0.50 0.50
Productive enorgyd 850.00 900.00 550.00 1,000.0C

PMature grain used in diets 6 through 8; Immature grain (35.1 b, bu, wt.) used In diets

9 through 12.

bDiets 9 through 12,

Csupplled per ka. of diet: 2,200 U vitamin A; 6G0 ICU viternin D35 2.38 my. riboflavin;
4.28 mg. pantothenic acid; 6.98 . niacing £63.25 my. choline chloride; 10.65 7y vitamin
Bgg: 0.0125% amprotium; 0.0 pp.m. Fu 26.0 p.pam. Zn; 5.0 p.p.m. Cu; 1.5 p.pmm. I}

and 0.5 p.p.rv. Co.

TARBLE Lil,

AND PROXIMATE COMPOSITION®

”Estinmwd values for control diats, kecal. nur b,

SORGHUM GRAIN BUSIHEL WEIGHT

Variety and Crudo
Weight Bushel Test Protcin Ethgr Ciudo
Ib./bu, Waight (1% 6.25) Ash Extract Fiber NFED
% - % % % %
Lew:
35.1 Commarcial 8.8 2.45 2.25 .33 G8.19
41,2 RS-610 10.0 2.02 2.02 3.63 70.34
42,4 TE-GG 10.3 2,14 1.84 4.49 69.24
42,6 Asgrow flanger A 10.4 1.99 1.89 3.78 69.33
43.1 Paymaster Kiowa 10.8 2.23 1.82 146 68.74
43.2 Fronticr 400C 10.1 2,14 1.84 3.99 69.91
45.2 DekKaly CA4b 9.6 2,14 1.84 4.29 70.13
45,2 Commarcial 87 1.79 2,38 3.18 71.91
47.1 Commercial 9.2 1.78 2.47 3.37 71.17
48.3 Commercial 7.9 1.68 2.68 2.87 72.84
60.3 Commorcial 10.2 1.69 2.78 2.68 70.62
61.3 Commorcial 10.4 1.29 2.68 297 _70.66G
Average 9.7 1.94 2,20 3.83 70.30
St. Dov., 0.86 0.343 1.16 1.024 1.48
Normol:
68.0 Paymastor Kiowa 9.6 1,54 3.19 2.36 71 48
68.3 Frantler 400C 10.8 1.33 2,77 1.05 71,

Bvulues adjusted 1o 12% molsturo,

lelvogun~(roo extract (availablo corbohydrote) determined Ly difforenco.



TABLE IV. EFFECT OF SCRGHUM GRAIN BUSHEL WEIGHT ON AMINO ACID CONTENT?2

Bushel Weight eng Sample Code

41.2 424 42.5 RER . 43.2 45.2 Av. £8.3 ~ 58.0 Av.

Amino Acid 68-5N 68-6N &2-3N 68-2N  G68-1N 684N 63-3M €8-4M
’ 5./16 g. nitrogen

Lysine 3.20 3.70 3.71 3.6 3.88 3.7 3.50 2.15 2.18 2.16
Histidine 1.62 1.68 1.67 1.50 1.3 1.71 1.63 2.32 2.25 2.24
Argining 3.56 3.96 3.85 3.64 3.57 4.07 3.73 3.88 4.03 3.86
Asoartic acid 8.70 7.12 8.61 10.12 3.7 2.72 8.41 7.99 7.43 7.71
Threonine 3.57 3.72 3.72 3.60 2.63 ‘3.72 3.64 3.71 3.57 3.64
Serine 4.67 4.37 4.84 4.73 4,78 4.92 4.80 5.13 5.710 8.12
Glutamic acid 19.00 19.46 19.32 19.82 19.24 19.€8 19.42 24.76 24.24 24.50
Proline : 6.31 6.43 6.54 7.74 6.45 6.23 6.62 10.82 8.41 9.62
Glycine 3.38 3.76 3.82 3.68 3.71 3.65 3.67 3.32 3.32 3.22
Alanine 8.82 8.23 a.63 2.13 .14 3.31 2.3 10.84 10.58 10.76
Cystine 1.44 1.35 1.52 1.30 1.37 1.40 1.40 1.44 1.79 1.62
Valine 4.79 4.54 4.70 5.58 4.67 5.24 4.92 6.41 4.71 5.56
Methionine 1.75 1.82 1.78 1.87 1.53 1.86 1.78 1.29 1.7 1.52
isoleucine 4.19 4.05 4.01 3.91 2.83 4.16 4.02 4.85 4.87 4.66
Leucine 10.60 9.00 10.05 9.52 10.22 10.30 9.95 15.02 14.78 14.90
Tyrosine 3.36 .29 3.21 3.27 3.30 3.27 3.28 4.42 4.43 4.46
Phenyialanine 4.31 £.36 4.34 4.21 4.30 4:44 4.33 5.68 5.74 £.81

3Calculated on moisture-frea basis.

bSam_::Ies are (68-5N) RS-610, {S8-6N) TE-66, (68-3N) Argrow Rangar A, {68-2N) Paymaster Kiowa, (68-1N) Frontier 400C,
{65-4N) DeKalb C44b, (63-3M) Frontier 400C, and (65-4.M) Paymaster Kiowa, respectively.
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wis. below 51.3, and mature samples, Maturation was stopped by a Killing frost and
is reflected by the bu, test wt. Comparisons of crude protein content indicate no
difference between mature and immature sorghum grain, and there are no trends
relited to decreasing bu. test wt. Ash contert was highest in the more immature
grain and may indicate carly deposition of minerals and development of the grain
structures normafly hishest in ash. Lower ether-extract vidues in grain between 42.4
and 45.2 may indicae rapid starch synthesis and deposition, whereas higher
etherexiract values between 45.2 and 51.3 are probably associated with
development of aleuronce tissune and other parte of the endosperim containing higher
levels of lipids.

The tendeney toward hicher fiber levels in immature prain indicates the relative
proportions of bran and pericirp and the remainder of ihe kernel. Carbohydrates
determined as nitrogen-frec extiact (NFE) are an indication of starch, since
complex caiboliydiates are inchided in fiber. The data show lowe, values (NFE) in
the immature grain, whereas valucs for grain above 45.2 1b, per bu. are similar to
those of mature grain,

Amino acild composition of immature samples collected fram the Newton
Experiment Field and compmable mature samples are presented in Table 1V,
Avcerage lysine values for imnuture grain weie higher than those off mature goaia,
Higher values for aspartic neid, ulycine, and methionine were wlso observed in
immature grain, Vadues lowered most in immature grain were glutemic acid, proline,
and leucine. The higher Jevel of lysine indicates that prolamine synthesis wis
limited.

Data on puiformance of chicks fed isonitrogenous dicts (Table V), containing
immature and mature Prontics 4000 and Pavinaster Kiowa, indicated poorer
growth in pronps fed immatuge grein, Sianificant dilferences (I <0.01) were found
in 8-week weirhis Simitar eiteets on reed conversion also were observed,

Growth of chichs fed immature sorchum prnn was poorer at each estimated
energy level (Tuble VI The duta indicate that immature sorphinm grain (35,1 1b,
per bw) used in this study contained Teed nroductive eacrey the the , j
The compardtive wairhi eaios of dieis 5 and 12 would indicate the mnmature
sorghum grain to contain approvimaiely 150 Leal. per Ib. less productive cnergy
than muture sorghum grain. The veralts of Earley £2) Lave indicated s increase in
starch through the sixth and soventh weeks after pollination in coin, The decrease

TABLE V. PERFORMAIMNCE OF CHICKS ON DIETS CONTAINING
NORMAL AND LOW TEST-WLIGHT SORGHUM GRAIN

Bushol ___ Wuigh !.ET!?_._ Feod Conversion®
Diet® Weight 4 Weoks 8 Weoks 4 Weeks 8 Weeks
th, 0. o o Q.
1 Frontior 400C 58.3 684.0d 1,L68 9ph 1.79 220
2 Paymaster Kiowa 58.0 £68.9do 1,626.3g 1.92 2.25
3 Frontior 400C 43.2 666, 0of 1,L08.0h 1.19 2.35
4 Paymastar Klowa 41.1 £40.0f 1,400G.6h 1.4 2.37

BE ach diat fed to thruo groups of gichit mple ned aight fomale chicks par group.
hanum followad by tho samao totter pro not significently differont at the 1% lovel,
€Grams of food consurned por g of weight gain,
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TABLE Vi, GROWTH OF CHICKS FED MATURE
AND IMMATURE SORGHUM GRAIN®

Grain Condltion Product‘nm Gain®, - Foed Convarsiond,
and Diot No, - Encrgy 4 Wceoks 4 Waoks
¢
Mature
6 850 635.0d 2,01hi
[5) 200 665.40 1.94ij
? 950 670.50 1.93ij
8 1,000 685,20 1.87j
Iimmaturo
0 ' 850 467,21 2.19g
10 900 470.4f 2,10h
11 950 518.9d 2,04h]
12 1,000 620.3d 1.97i]

®Mature grain, 68.0 ib. per bu.; immaturo grain, 35,1 Ib. ger bu.

bEneruy valuos estirmated using productive enorgy values of mature grain and other
ingredicnts for poultry, keal, per lb. '

CGrams of feod per 9. gain.
cdyatugs followed by same lettur not significantly different ot 5% leval,

in productive energy may have been due to reduced deposition of starch in the
immature grain.
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