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An Evaluation of the Nutritive Value of Proso Millet Protein.

Misao Tasuiro and ZENSUKE MAKI

Millet flour (MF), alkaline-extracted protein (EP) and residue (RD) were prepared
from proso millet, and the nutritive value of their proteins was evaluated by biological
and chemical methods.

Growth experiment with young rats fed a 1075 level of protein diets for 21 days indicated
that the gain in weight of rats fed the EP diet was higher than a casein diet, however
no weight gain was observed in the case of the rats fed the MF diet. The values of protein
efficiency ratio and net protein ratio for EP were 3.12 and 5.02, respectively, and they
were almost same level to those of casein. In biological value estimation with adalt rats fed
a 5% level of protein diets for 3 days, the values obtained were as follows: EP 92.3,
MF 60.8, RD 70.5, gluten 68.2 and casein 71.4, however the differences in the other four
values except EP could not be regarded as significant. The in wvitro protein digestion
showed that EP was significantly digested by pepsin but not trypsin. On the other hand,
the digestibility of EP was simialr to that of gluten and casein by pepsin-pancreatin
method. Amino acid analyses revealed that the values of amino acid score for EP, MF
and RD were 100, 26.7 and 9.1, respectively based on the 1973 FAO/WHO “provisional
scoring pattern,” and lysine was the first limiting amino acid except tryptophan of MF

and RD.

These results suggest that EP is better in its protein quality than casein, while lysine

supplementation seems to be required for the utilization of MF and RD.
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Scheme 1.
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Preparation Procedure of Alkaline-Extracted Protein and

Residue from Defatted Millet Flour.

Defatted Millet Flour

—homogeneized with
(3 v/w, 2 times)

—centrifugation (800

0.05 N NaOH.

0 g, 10 min).

Supernatant

—adjusted to pH 5.0
with 4 N HCI.

—filtered.
Residue

—washed with cold aceton.
—filtered.

Residue

—air-dried.
Alkalin-Extracted Protein
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Table 1. Composition of Diets.

Diets
Casein|Gluten| MF* EP**iPrfC; teeén-

Casein 10
Gluten 10
MF* 86
Ep** 13
a-Starch 10 10 10 10
Corn starch 58 58 55 68
Cellulose powder 8 8 8 8
Vegetable oil 6 6 6 6 6
Salt mixture 6 6 6 6 6
Vitamin mixture 2 2 2 2 2
Protein level 8.89 | 848 | 9.63| 9.91 0

*MF, millet flour.
*¥EP, alkaline-extracted protein from millet

Precipitate

—washed with distilled water.
(2 times)

—centrifugation (8000 g, 5 min).
Ppt.

—washed with cold aceton.
—filtered.

Residue

—air-dried.

Residue
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Table 2. Composition of Vitamin Mixture and Salt Mixture.

B9

Vitamin Mixture (values/100g)

Vitamin A acetate 50,000 IU Biotin 2 mg

Vitamin Dj 10,000 IU Folic acid 20 mg

Vitamin B;-HCl 120 mg Ca-panthothenate 500 mg

Vitamin B; 400 mg p-Aminobenzoic acid 500 mg

Vitamin Bg-HCI 80 mg Niacin 600 mg

Vitamin Bi2 0.05 mg Inositol 600 mg

Vitamin C 3000 mg Cholin-HCI 20,000 mg

Vitamin E 500 mg

Vitamin K3z 520 mg

Salt Mixture (g/100g)

KH;PO, 2572 g Fe-citrate 318 g

CaHy(POy)2 - H,O 1456 g ZnCO; 011 g

NaH,PO, « H:O 935 g MnSO, 012 g

Ca-lactate 35.09 g CuSOq, 0.03 g

NaCl 466 g KI 001 g

MgSO, - 3H,0 717 g

Table 3. Composition of Diets.
Diets
Casein Gluten " MF#* i EPp** RD¥k* Protein-free

Casein 5 1
Gluten 5 :'
MF#* 50
Ep#** 6
RD#*#* 64
a-Starch 10 10 10 10 10 10
Corn starch 63 63 18 62 4 68
Cellulose powder 8 8 8 - 8 8 8
Vegetable oil 6 6 6 6 6 6
Salt mixture 6 6 6 6 6 6
Vitamin mixture 2 2 2 2 2 2
Protein level 4.45 4.24 5.60 4.87 5.00 0

*MF, millet flour.

*%*¥RD), residue after extraction of protein from millet.
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**EP, alkaline-extracted protein from millet.
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Table 4. Protein Content of Nitrogen Sources.

Casein 88.9%
Gluten 84.8
MF#* 11.2
EP** 76.2 3, 81.2 b
RD#*** 7.8

*MF, millet flour

**¥EP, alkaline-extracted protein from millet.
*¥¥RD), residue after extraction of protein from
millet.

a Preparation used for the growth experiment of
rats. b, Preparation used for the estimation of
BV, digestibility test and amino acid analysis.
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Fig. 1. Growth curves of rats fed the experimental
diets. Growth experiment with young rats
(initial age, 4 weeks; initial weight, 60-70
g) was carried out at a about 10% level
of protein diets for 21 days. Plots represent
mean of five rats per group. O——0,
casein diet; O--+-+- O, gluten diet; @------
@, millet flour diet; @——@, alkaline-
extracted protein diet ; @—@, protein-free
diet.

BAELAVERID SEEBREMOFLNC L2535
s, —F, TUOBBRROIS VG VARICENTIE
HEOEMIZIZIEALERBD SN THICHEIN/-DA
Thote. —RICREOEREIIKICEE - THRESD
BEBZ2ENEL, TOA»LTEEMEEATHE
AVICEZREEAEEELONS.
E5ICHI0LEAE L NV TOREERD &3l S
n/cPER, FE, NPR Off%/rd. HAXI DK HE
WMEILRICR~N - LS IcHE BERAR DM ¥4
VAR OB T A3, PER, NPR {4 T3/l %
BFIZEALELLTHEZRBDONEML -2, Ch
BFERERBOMHENERNT, FibbHiERAEX
DAZXIFHEA VARICEHNETD 1B T TH
1.8f%, 3BRDOAHTEWIEDEREEER L T
Wi —%, 77y, EU0BIcEF 5 PER &k O
NPR IS DICEBOETHEA Y, WML EA
BEDIEL, ChoBBEARHRERENMOBAX iC
HUTCRBHLEARELZESRVIEERL T
3. BEHEHEAE, BICBRBEEOEOREMISY
HEHELDVE-TED, VT VY RUEUKHTES
NIBEREZTNAEET ELTHWS. LHLEES, #ilb

(26)



& CHREEDOKEM

B11

+Table 5. PER, FE and NPR of Nitrogen Sources. !

Nitrogen sources [ PER FE NPR
Casein 2.84-+0.312:2 0.2530.0288 5.07+0.741
Gluten 0.04:+0.22" 0.034--0.018" 3.27--0.52b
MF* — — 2.86-0,43b
Ep** 3.12+0.22¢ 0.3120.022¢ 502027

*MF, millet flour.
1 Values represent mean of five rats per group+SD.
2 Values without common superscripts are significantly diffrent (p<{0.05).

**EP, alkaline-extracted protein.

Table 6. BV, TD, Nitrogen Balance, and NPU of Nitrogen Sources. !

Nitrogen Sources BV - (T%D) o E‘Eggﬁmn - AEP}J-ZV B
Casein 71.4+6.822 97.8+3.19 —31.2+199 69.8
Gluten 68.2+19.1b 96.2+5.67 —53.6+35.2 65.6
MF#* 60.8£7.42¢ 99.2+1.83 —27.34+129 60.3
Ep** 92.3+7.05 99.7+0.58 —14.2+30.8 92.0
RD*¥% 70.5+9.562 96.7+2.17 —21.0£13.2 68.2

*MF, millet flour.
**RD, residue after extraction of protein from millet.
1 Values represent mean of five rats per group=£SD.
2 (p<0.05), ® (p<0.01), < (p<0.001), values are significantly different from the value of EP group.

**EP, alkaline-extracted protein from millet.

2 NPU, Net protein utilization=BV x TD/100.
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Fig. 2. Time course of in vitro pepsin digestion
of casein, gluten, and alkaline-extracted
protein. The incubation mixture consisted
of 2 ml of protein solution (50 mg/ml of
0.1 N HCD) and 1 ml of pepsin solution
(2.5 mg/ml of 0.1 N HC]), and the reaction
was carried out at 37°C for 0.5, 1, 2, 4, 6,
12, and 24 hours, respectively. After the
incubation, the reaction was terminated
by the addition of 3.0 ml of 10% trichlo-
roacetic acid. The resultant precipitate was
removed by filtration and a portion of the
filtrate was used to determine the nitrogen
content by micro-Kjeldahl method. @——

@, casein; O——C0O, gluten; A——A,

alkaline-extracted protein.
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Fig. 3. Time course of in vitro trypsin digestion

of casein, gluten, and alkaline-extracted
protein. Proteins and trypsin were dissolved
in 0.1 M phosphate buffer, pH 8.0. Experi-
mental procedure was the same as that used
in Fig. 2. @———@, casein; O——QO,

gluten; A——A\, alkaline-extracted protein.

Table 7. Digestibility of Casein, Gluten and
Alkaline-Extracted Protein by in
vitro Pepsin-Pancreatin Method.

Proteins Digestoib)ility
(7]
Casein 93.3
Gluten 91.8
Ep* 82.6

*EP, alkaline-extracted protein from millet.
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Table 8. Amino Acid Composition of Protein Sources. !
‘ l

Amino acid Fj;(zt/tgglo l Casein ‘ Gluten % MF* r‘ Ep** ‘ RD***
Lysine 55 | 818 ' 157 | 147 577 | 050
Histidine i 306 | 189 I 1.99 j 2.64 2.01
Arginine | 3.39 ‘ 3.56 ‘ 2.99 \ 7.83 2.10
Aspartic acid | 5.54 3.11 6.36 J 7.97 6.05
Threonine 4.0 . 395 | 248 | 319 | 474 3.02
Serine | | 536 a0 | 62 ) 463 7.52
Glutamic acid | 23 o a7e6 | 2333 | 1521 2666
Proline 14 | 1314 822 643 | 935
Glycine 184 | 320 151 | 544 | 141
Alanine 273 271 1029 | 675 | 1200
Cystine +Methionine 35 . 398 3.51 3.33 516 | 327
Valine 50 | 575 3.95 5.34 642 | 534
Isoleucine ! 4.0 | 494 356 4.24 427 457
Leucine | 7.0 | see | 6ss 12.96 856 | 1255
Tyrosine+ Phenylalanine | 60 | 1008 | 806 | 852 818 | 347
Tryptophan “ 1.0 ! [ j :

Amino acid score ‘ ‘ 98.8 | 28.5 | 26.7 \’ 100 | 9.1

1 Grams amino acid per 100 g protein.

*MF, millet flour.
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**EP, alkaline-extracted protein from millet.
***RD, residue after extraction of protein from millet.
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