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Abstract: The whole flours of 9 different main black corn varieties in Shanxi were used as experimental materials, the main nutrients,
amino acid components, viscosity characteristics, anthocyanin pigment content and antioxidant activity were measured, the correlation between
anthocyanin pigment content and antioxidant capacity was tested, and the nutritional values of 9 black corn varieties were evaluated. The results
showed that different varieties of black corn whole flour have significant differences in carbohydrate, crude protein, crude fat and crude fiber
content (p<0.05). The histidine content of all varieties is much higher than the 22.00 mg/g pro standard of the whole egg model, which are Heiyu
194 (51.41 mg/g pro); Heiyu 195 (42.53 mg/g pro); Ziyu 119 ( 39.70 mg/g pro); Jinnuo No.8 (33.13 mg/g pro); Jinnuo No.10 (43.90 mg/g pro);
Jinnuo 20 (42.98 mg/g pro); Zinuo 511 (44.06 mg/ g pro); Heiyu two-in-one (55.11 mg/g pro); Heinuo 158 (49.48 mg/g pro). The leucine
content of Heiyu 195 is higher than the 70.00 mg/g pro standard of FAO/WHO model. In addition, the leucine contents of other varieties are
greater than the 86.00 mg/g pro standard of the whole egg model: Heiyu 194 (107.71 mg/g pro); Ziyu 119 (101.57 mg/g pro); Jinnuo No. 8
(112.47 mg/g pro); Jinnuo No. 10 (98.50 mg/g pro); Jinnuo No. 20 (129.98 mg/g pro); Zinuo 511 (113.83 mg/g pro); Black jade combo (148.11
mg/g pro); Heinuo 158 (102.76 mg/g pro). The anthocyanin pigment content of different varieties of black corn is quite different, between
13.3~42.6 mg/100 g. In vitro, the ability of black corn to inhibit DPPH free radical is 1.68 times that of vitamin C. Moreover, there is a
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significant positive correlation at 0.01 level (bilateral) between the anthocyanin pigment content of black corn and the ability to scavenge DPPH.

Key words: black corn; nutritional components; anthocyanin; antioxidant activity; correlation analysis
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Table 1 The main nutrients of black corn

o Ko R BAA S HEG LR 7 HLt
LH8 5 11.07+0.11° 1.39+0.08" 70.060.12" 11.47+0.06" 4.99+0.04% 1.02+0.05¢
FE119 12.59+0.08° 1.2240.13° 67.95+0.03" 10.83+0.04° 5.24+0.05° 2.1740.04*
ZAE 158 15.45+0.15° 1.08+0.07" 67.54+0.111 10.510.04° 4.65+0.06° 0.77+0.05"

B4520 5 12.18+0.05° 1.11£0.1° 71.47+0.04° 9.54+0.07¢ 4.82+0.08¢ 0.88+0.06°

L¥510 5 12.16+0.06° 1.06+0.13° 71.71+0.05° 9.34+0.10° 4.87+0.06° 0.86+0.04°
2 %195 11.67+0.09° 1.90+0.13" 71.25+0.05° 9.17+0.06° 4.73+0.04° 1.28+0.04°

ZE-4H— 10.79+0.158 1.090.09° 72.87+0.05° 8.71+0.06" 5.23+0.05° 1.31+0.03°
2 %194 11.30£0.09° 1.28+0.04° 72.65+0.04° 8.17+0.082 5.45+0.05" 1.1540.03°
AT 511 15.11£0.11° 1.1640.04° 69.61+0.03¢ 8.17+0.08¢ 5.22+0.04° 0.73+0.05°

E: RV HMAAFHEAREE (0=3), F

Fl =3+ RE FEATH LEH£7F (p<0.05), FF.
%2 TREMEEKRSERARNEE (ng/g)
Table 2 Amino acid composition and content of different varieties of black corn (mg/g)

i EA585 EE195 FAE10% EAE20% HE 119 ZE 194 ZHE158 ZE—5H— 45511
RARE (Asp)  62+0.14 824021  5.4+0.16 524019  4.6+034  55£0.11 504028  4.4+0.19
HEE (Thr) *  3.1£027 43014 33£025 3.0£0.18 = 3.12020 0.29+0.11 2.6x0.15 2.6£0.13  2.6+0.21
“ F2# (Ser) 45+028  3.6+0.13 424024 3.9+026 34:0.18 33+022 44+0.17 27+0.12  3.4+0.27
BEE (Glu) 17.0£0.57 153£0.62 16.120.48 153£0.66 15.0+0.59 12.5+0.43 15.6+0.68 13.1+0.45 12.9+0.55
M #ER (Pro) 2.8+0.12  14.5+0.56 844038  0.5£0.02  25+0.16 8.0+028 3.4+033 2.7+0.19 2.8+0.26
HAE (Gly) 3.0£0.17  2.8+0.11  3.6£023 324028 3.840.19 3.0£020 3.9+0.14 274022 33+0.13
RAER (Ala) 744025  56+0.16 714020  7.0£0.18  6.6£0.13 59+021 6.0+0.17 544022  5.0+0.28
FREE (Cys) * 084002  08+0.06  0.1+0.01  1.8+£0.14  03+0.04  0.6£0.08 0.1£0.02 2.7+0.16  1.7+0.14
SEEE (Val) * 444021 464018  3.1+022  27+0.17 3.8+0.16 3.5£020 34011 3.6+0.19  4.9+0.15
F R F(Met)* 144009  1.5£0.12  23+0.08 = 32+0.10  1.740.05 132008 0.3+0.01  1.0£0.09 1.1+0.12
FrABIle)*  2.6£0.14  14+0.10  1.5£0.09 2.8+0.07 2.8+0.11 24+0.08 3.94023 33+0.19 2.0+021
7 R (Leu)* 1294056 654021  9.2+0.33 1244050 11.0+0.62 8.8+0.41 10.8£0.53 12.9£0.59  9.3+0.60
% B (Tyr)* 394023  29+0.18  4.3+0.15 21020 44+0.13 39+0.17 22+0.15 3.320.10  1.8+0.09
RARFPhe)*  44£025 12+0.08  2.6+0.11 49016 4.6+0.14 444021 174009 3.6+023  3.8+0.15
Hi A FR (Lys)* 2.1+0.08  2.0+0.10  2.1£0.15  3.1£0.19  25+020 22+0.16 2.6+0.11 24+0.17 22+0.15
482 B (His) 38+0.16  3.9+020 4.140.18  4.14023  43+030 424035 524039 4.8+024  3.6+031
AR FBR (Arg) 434025 4.140.18  4.6+0.13 38+0.10 342015 49+0.19 784022 4.9+0.10 5.7+0.39
YAA 84.6 83.1 81.4 76.4 763 75.4 74.9 84.6
YEAA 35.6 252 28.5 34.2 30.0 27.6 354 29.4
YEAA/YAA 0.42 0.30 035 0.45 0.39 0.37 047 0.35

E: AALFTRAR, YAA ARAMEE, YEAA AL FRABREE.
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B 3 FI5R 4 ofral s, 9 NREKSFISEH
FEIEERR. FARR. BERRNAZTIR. SEH
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(55.11 mg/g pro); HEFE 158 (49.48 mg/g pro); [RE
T 195 FIFEE IR & w b FAO/WHO #5X/] 70.00 mg/g
pro FrifEmz o, HARMmMREaR S EH RN T 2E
13 86.00 mg/g pro #rifE, 4354 B E 194 (107.71
mg/g pro); %K 119 (101.57 mg/g pro); % 8 5

(112.47 mg/g pro); FHHE 10 5 (98.50 mg/g pro);
5 20 5 (129.98 mg/g pro); “Kk% 511 (113.83 mg/g
pro); K A — (148.11 mg/g pro); Bk 158 (102.76
mg/g pro). AL, G 20 5, 4G S AEE A
—, =AM IR R SE KT FAO/WHO X1
367.00 mg/g pro FritE, 73 7A: EHE 20 5 (420.34 mg/g
pro), &¥F 511(403.91 mg/g pro) fIEE —4—(461.54
mg/g pro). ZIERVE K TR S R IR &
5 FAO/WHO HEFFAR AN Z IR & BT HL, A
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Table 3 Comparison of essential amino acid content of different black corn varieties with FAO/WHO model and whole egg model

- Thr Val Met+Cys Ile Leu Phe+Tyr Lys His By
2 %194 355 42.84 23.26 29.38 107.71  101.59 26.93 51.41 418.62
2 %195 46.89 50.16 25.08 1527 70.88 44.71 21.81 42.53 317.33
#1119 28.62 35.09 18.47 25.85 101.57 83.1 23.08 39.7 355.48
LAE8 5 27.03 38.36 19.18 22.67 112.47 72.36 1831 33.13 34351
EA4510 5 35.33 33.19 25.7 16.06 98.5 73.88 22.48 439 349.58
F4520 5 31.45 283 52.41 29.35 129.98 73.38 32.49 42.98 420.34
4 511 31.82 59.98 3427 24.48 113.83 68.54 26.93 44.06 403.91
2R = A— 29.85 4133 42.48 37.89 148.11 79.22 27.55 55.11 461.54
ZA% 158 24.74 32.35 3.81 37.11 102.76 37.11 24.74 49.48 312.1
FAO/WHO #£X, 40 50 35 40 70 60 55 17 367
BEREX 47 66 57 54 86 93 70 22 495

x4 PRBMEERILFEEIRITS (MS)

Table 4 The essential amino acid score (AAS) of different varieties of black corn

5o F BB Thr Val Met+Cys Ile Leu Phe+Tyr Lys His
2194 88.75 85.68 66.46 73.45 153.87 169.32 48.96 302.41
Z %195 117.23 100.32 71.66 38.18 101.26 74.52 39.65 250.18
FE119 71.55 70.18 52.77 64.63 145.1 138.5 41.96 233.53
THE8 5 67.58 76.72 54.8 56.68 160.67 120.6 33.29 194.88

L4% 10 5 88.33 66.38 7343 40.15 140.71 123.13 40.87 258.24

E4%20 5 78.63 56.6 149.74 73.38 185.69 122.3 59.07 252.82
HHE 511 79.55 119.96 97.91 61.2 162.61 114.23 48.96 259.18

EE_H— 74.63 82.66 121.37 94.73 211.59 132.03 50.09 324.18
Z 4% 158 61.85 64.70 10.89 92.78 146.80 61.85 44.98 291.06

AR 158 AOUEAEDRE FEM A B =, 30008 142 BU
30 BU, it B H AR E e, 1] R i i ) 4L
AOELREEVE tfpef, PRI, N AR R oK 4y Y
BRI PEE B SR SER R R S ety

24 TR &R & K o T4 1

MR 5 ANE 4 FTLUE Y, AN SRR R 0K 40k )
WIGIREE . VE(ERGE A i [IE A e 25
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Ve RIS MR, BERVEER IR, oK
THT 2 PSP ANEL P 2 R ) TR IR T
SRPRRH VIR, VEAEDRSEERT AR VR4 T 2% B A
B EEARFR . AN [F] SRl TR AR B R

MRS HAS e aE., BEReh &, B,
REFIEOL BRI EA R

5 TEIRMBEREMEMICEFE

Table 5 Gelatinization characteristics of different varieties of black corn whole flour

wft MR E/C  EAE/BU  RARKSE/BU  REKE/BU  MMME/BU - = A{E/BU
Z %194 744 112 99 206 13 95
Z %195 757 102 99 205 3 102
P E 119 749 144 122 272 22 142
EAE 8 5 72.8 188 173 245 15 74
L4510 % 69.1 74 69 116 40
B4520 5 69.2 38 38 69 0 25
A 511 72.1 121 107 177 14 74
e A/ 73.9 165 150 333 15 184
Z 45158 72.9 172 142 234 30 127
500 - TR G EMZENS KRB A KSR A A
400 |- Ko .
o) ~ -
E 300 g el
é 200 g 3(5):
oL . j—9 & St
0 5 10 15 20 25 30 35 40 45 50 55 E qu P A
Time / min ® %/55:/\ &6/\ #}%é; %ﬁg"’ §>€§§ . )ﬁ(&r\,Q éf\(& 4;/0 %ﬁ@
B 4 FRESMMEERATHEE ek v % % ‘

Fig.4 Viscosity curves of different varieties of black corn

E: BRHF 19 RERGZEZRBFNHA: 10 ZE2=
a—; 20 BEN9; 3 FAE8 5 40 BAE158; 50 EE 194
6: ZE195 7: FAES1; 8 FEAE105; 9 FHAE20 %,

FTREMEERALFTHECRSE

T H AR B TOKRIRHEME D RE R sy, HHIE 5
ATLVE Y, AREARFIZ R R KSR E S R
MEEFREER (p<0.05), H, BE 4511
HHORSER, N42.63 mg/100 g. HEHIIN
2K 119, (3520 mg/100 g); HEK 194, (29.48 mg/100
2): HE 8 5(21.03 mg/100 g); k% 511(19.42 mg/100
2): BT 195(18.87 mg/100 g); HBHE 158(17.84 mg/100
g): W 105 (14.92mg/100 g); HHE 20 5 (13.31
mg/100 g) o 55T A SCHRFRAE 125 2R U s
B RS EN 9.07mg/100 g, LUK G R HEBOR - &
WHEELEN 6.56 mg/100 g, AS[F] 5 B T K6 T

2.5

A
E5 TEmMEEKIEESHRRSE
Fig.5 Anthocyanin pigment content of different varieties of

black corn
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DPPH £ #1548

ANTE] ft R 2B KA T A R AR EU%T DPPH H i
FEERENE 6, nLLEH, AREAFTFEETK
an AR IA HAE T =% DPPH H HHEEIE R 2
HREES (p<0.05), Kb, EBRIIBEEINEE "
G, 155 98.38%, IISHINENE 511, H 57.07%,
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ety . il 7 fos, BETA—. Bk 195 R
1 158 (e H B R IRIURIHEFE DPPH H HIZE (1) 1Cs
535108 8521, 98.54. 133.59 ug/mL, HI/NF Ve iF
k% DPPH H &/ 1Cs i 143.43 pg/mL, RIERRH H
FLIRE 12002 Ve [ 1.68 £5. 1.46 51 1.07 5, 53
RRTRIE 28 SRAH RIS, 50 B B T oRAE T e RO
Pt EARE 15T Veo
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Fig.6 Scavenging rate of anthocyanin pigment extracts from
different varieties of black corn on DPPH- radicals
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Fig.7 DPPH free radical scavenging ability of 3 kinds of black
corn anthocyanin pigment extract and Vc
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Fig.8 The scavenging rate of different varieties of black corn
anthocyanin pigment extracts on OH radical
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Fig.9 The scavenging rate of different varieties of black corn
anthocyanin pigment extracts on ABTS free radicals
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Fig.10 The scavenging rate of DPPH free radicals and the

content of anthocyanin pigment in different varieties of black
corn anthocyanin pigment extract
* 6 TERMERKEEHERAESHENIEXMES
TG TP <
Table 6 Descriptive statistics of correlation analysis of
anthocyanin pigment content and antioxidant capacity of
different black corn varieties
ME #E WE£EZ N
rEEEELE 23622 99516 9
DPPH A ®AFHR%E 756156 1571210 9
#7 TESMEEREETEELBSHRENIIREEIES
e

Table 7 Correlation analysis table of anthocyanin pigment

content of different varieties of black corn and its antioxidant
capacity

%% DPPH A#
eEeE BRE

I E

Pearson #8514 1 0.865%*
égﬁ/jg 2HH 0.003
N 9 9
Pearson AB% M 0.865%* 1
D}EI/)%—IF:J; 2 0.003
N 9 9

JE: w2 4 0.01 KR () EEA R EAE,
10 i LEWEE B, AR A R FORIEE
BEIEIY) DPPH H HREERR S EH AR SEN

KB RFF 8. AFTORSTESN MM, H
DPPH H HiZEE Rt R, A6F B 5 S 200,
. DPPH [ S RRF WA 17 DPPH H HIFERRFE
TEARAMAIE T RN TR A AR 7T, A,
ANFl AP R ORI B e K IR A S E
HERGENEIGER R 8. Tidd gt
RomEHEHAESESAEMAIMMEK SR

(Pearson Correlation), £53R41%K 6. 7 s

H#E 6. 7 1A, BIKMEFHAREIWISER

DPPH HHMEREI S HAFTHAREEE 001 KT

D B BEFE IR, X—458%W, b3
R EREHF T ARIRIWINPUEE 1 5 HAEE T
BRETERFE MR, HERSREFTIFL R
BU, X —gE Rt — 5 S 7 UL REES: I ERRET
KR FPIEN T EHEF AR GEIEHAR. X
APEREAT, PR FORAIPTEN ) — e R
BT HEE ARG E. RERKETFHARSEN
CME RV USSR ads,  7EAR AR Hm]
DL IIAE TS L2k PR BEAN Al B RS m P A b g

3 Zhig

P 3R 9 SRR 2B 194, R 195,
HE 119, ;8 5. T 10 5. G 20 5. KHFE
511, BE & MEBRE 158 fEMKIb &Y. FHEA.
RN A4S LEEZEZESR (p<0.05). FrA
IR Fr i & T AU 22.00 mg/g pro
bRk, HINEE 194 (51.41 mg/g pro); K 195

(42.53 mg/g pro); 5K 119 (39.70 mg/g pro); ks
8 5 (33.13mg/gpro); i 10 5 (43.90 mg/g pro);
TG 20 5 (42.98 mg/g pro); 5K 511 (44.06 mg/g
pro); EE & (55.11 mg/g pro); HAE 158 (49.48
mg/g pro); FREEE 195 522 R & & I FAO/WHO #5
¥ 70.00 mg/g pro brEEiZ b, HAR PR EARR
T EBRTFEEA AN 86.00 mg/g pro FRifE, 437 M:
K 194 (107.71 mg/g pro); %K 119 (101.57 mg/g
pro); HHE 85 (112.47 mg/gpro); £ 10 5 (98.5
mg/g pro); A 20 5 (129.98 mg/g pro); 24 511

(113.83 mg/g pro); s A (148.11 mg/g pro);
HEHE 158 (102.76 mg/g pro). AN e TR e
HORSEERBAN, 1£13.3~42.6 mg/100 g 2 [i],
TEARSL, FEARSL, FRTOKHNH] DPPH H HZERIAE )2
%k C 9 1.68 1%, HILEKR DPPH H H3LAE /1 5 HAET
HEORSERE 0.01 AT GO BAAEEIEMIE.
AT R AKIE TR I TR R
BIFF0 R SRR ER AL 2
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