7 IGHEBSETHE
32 % 2024 FF 5388 @Eu RENIT

DOI: 10.16210/j.cnki.1007-7561.2024.03.007

XA, (B, X0, 5. DR o 5 B P BT A B BT AL R RN B (D], M AR, 2024, 32(3): 75-83.

LIU C X, HE R, LIU W, et al. Analysis of physicochemical properties and screening of digestible resistant varieties of sorghum in
Chongqing[J]. Science and Technology of Cereals, Oils and Foods, 2024, 32(3): 75-83.

0K B i SB35 47 K
TR

Wby AT s, 3 B x WA A RS, A B

(1. B ks RRAFFR, /X 400715;
2. FRFREFE AR E35, R 4000205
3. ERTARGRE R EARSE, £R 400040)

W B ATHERRTHERRTN S GRS LLRRER RS AT, ZRKET 124
TREBRBDESRA, ATHAE AL, BAAMERGEZHEEFHASBAAETL, HEZA RS
AT T M A E RS BB, MEZHREH G, FrHRELHERM, EREW, 164
BRI EFRE (P<0.05), THEEL 9.86~30.14 g Z |, . FORfEHEAEEES A
A 39.41%~84.86% . 7.21%~12.44% . 1.80%~4.92% , # T fo it 4 %0 B & 0.19%~2.12% #=
8.42%~15.61%, 4A £ 5t BB A Wy R, B 3t ZH R HATHRINEAF R, RAEMF &42 5,
THALGRE2 S, RO BTFRFRMELE (Co ) 4K, #EH (RS) &E2KG, TH
AFAEAIL GL & o | IKHBAER S, BRI RAFFHRIEET R, AL TAHERS RS IFN A
BRRME—RAE

KW S, BAWR; BHHK;, RSO

RESZES: TS210.2; S-3 MEEARIRE: A XEHS: 1007-7561(2024)03-0075-09
W4 B & BFE . 2024-03-15 08:59:40

W 4B & itk : https://link.cnki.net/urlid/11.3863.TS.20240314.1650.002

Analysis of Physicochemical Properties and Screening of Digestible
Resistant Varieties of Sorghum in Chongqing
LIU Chun-xi', HE Rui', LIU Wei?, LIU Li%*, ZHOU Bin®, ZHONG Geng'P<

( 1. School of Food Science and Engineering, Southwest University, Chongqing 400715, China;
2. Chongqing Agricultural Technology Extension Station, Chongqing 400020, China;
3. Chongqing Grain and Oil Quality Supervision and Inspection Station, Chongqing 400040, China)

Abstract: In order to understand the quality of local sorghum in Chongqing and provide theoretical and
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applied guidance for the development of local sorghum industry, 12 main sorghum varieties in Chonggqing
were collected in the experiment. The physical and chemical components of the two main sorghum varieties
in the northeast and northwest were measured and analyzed by principal component analysis, and their
components and uses were correlated. At the same time, the digestibility of sorghum starch was determined
to screen out the anti-digestible sorghum varieties. The results showed that there were significant differences
in the physical and chemical properties of 16 sorghum varieties (P<0.05). The 1 000-grain weight ranged
from 9.86 to 30.14 g. The contents of starch, protein and fat ranged from 39.41% to 84.86%, 7.21% to
12.44% and 1.80% to 4.92%, respectively. The contents of tannin and phytic acid ranged from 0.19% to
2.12% and 8.42% to 15.61%, respectively. They were rich in amino acids and minerals. Through the study of
in vitro digestion of sorghum, it was shown that the starch digestibility (C°) of Yunyang Maotaihong 2, Northeast
Sorghum 2, Dianjianghongyingzi and other varieties was lower, and their resistant starch (RS) content was
higher, indicating that these varieties were suitable for making low GI food and low calorific value food to

meet the recipes of special consumers. This study can provide a reference for the quality evaluation and

application of sorghum in Chongqing.

Key words: sorghum; physical and chemical properties; starch digestion; principal component analysis
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x2

16 S RHTHE, FEEZX
Table 2 Thousand grain weight and imperfection
rate of 16 sorghum varieties

Fn ThiTE/g AL %
1 18.24+0.58" 2.47+0.58°
2 18.49+0.39" 2.72+0.38¢
3 27.50£0.62° 0.53+0.60"
4 23.66+0.07" 2.60+0.22°
5 18.79+0.67" 5.78+0.74°
6 13.43+0.72 4.21+0.63%
7 21.61+0.59¢ 4.21+0.37%
8 18.03+0.69" 2.34+0.01°"
9 10.07x0.31% 1.18+0.39¢"
10 25.36+0.30° 4.82+0.91°
11 15.02+0.28 1.57+0.78"
12 9.86+0.30" 1.57+0.39'
13 27.36+0.59¢ 6.83+0.53°
14 29.28+1.12° 3.85+0.37¢
15 26.20+£0.14° 1.45+0.22¢
16 30.14+0.03¢ 0.40+0.40'

e RPEUE R E AR R 2, W5 SR TR R
N EPEZESR (P<0.05), afRFRE A, MWK 3 M,

Note: The values in the table were the means + standard

deviation. Different letters in the same column indicated significant
differences (P<0.05). Letter a represented the maximum value. All
tests were performed at three replicates.
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Table 3 Chemical constituents of 16 sorghum varieties (dry basis) %
i ol Koy LSl AR I W5y R EEEER WHEVEN L TR
1 12.32+0.05° 8.31£0.10°®  4.66+0.26" 1.81+0.07¢ 1 7.38+0.01°"  73.92+0.11° 1.50£0.03°Y  11.95+0.65°
2 11.75+0.01° 8.5140.30°  4.68+0.45" 2.3240.13° 2 10.11£0.70°  68.98+0.08%  1.58+0.03° 11.90+0.10°
3 12.14+0.02¢ 8.09+0.17"%"  4.92+0.62° 2.07+0.02°%" 3 3.42+0.32"  72.45+0.10°  0.81+0.07° 12.19+0.29°
4 11.22+0.05" 7.66£0.10°  4.91+0.36* 1.82+0.07¢ 4 5.424+0.358  77.21+0.45" 0.90+£0.02"  9.57+0.08f
5 11.94+0.14%  12.28+0.36*  3.82+0.72%  2.18+0.07°% 5 6.64+0.14"  67.20+0.42°"  0.86+0.057 15.61+0.35°
6  10.68+0.08* 8.39+0.18°"  4.16+0.30° 1.98+0.02' 6 6.06+0.19%  71.02+0.08  1.61+0.05° 13.64+1.00"¢
7 10.61+0.01% 7.21+0.17  3.86£0.02%  1.82+0.03¢ 7 6.32+0.81%  78.53+0.94°  0.41+0.028 13.67+0.12%¢
8  11.05+0.06' 9.71+£0.16°  3.66+0.07°*  3.27+0.21° 8 8.01£0.91% 72.76+0.81>  2.12+0.03*  12.63+0.52%
9 10.92+0.04 9.66+£0.38%  3.45+0.11°%"  2.55+0.17° 9 3.86+£0.07"  65.10+0.77" 1.94£0.01°  14.57+0.17®
10 11.05+0.07' 8.00 £0.18%" 3.17+0.25°"  2.19+0.03°% 10 13.84+0.98°  48.40+0.85"  0.98+0.01"  8.42+0.35%
11 11.49+0.08% 7.91+0.20"  3.21+0.22%"  2.04+0.05°" 11 3.77£0.03"  77.62+0.13" 1.59+0.06°  13.47+0.23%
12 11.87£0.04%  12.44+0.09°  2.42+0.27" 2.23+0.06% 12 3.61£0.05"  71.63+0.49¢ 1.28+0.46° 11.88+0.67¢
13 11.774£0.05° 9.80+0.15¢  2.57+0.13%"  1.35+0.11" 13 12.11£0.25°  38.48+0.70' 0.19+0.02"  8.73+0.16'
14 11.83+0.07¢"  10.82+0.10° 1.80+0.10'  1.38+0.16" 14 12.47+0.83°  66.10+0.92" 0.19+0.02"  14.34+0.43%
15 11.40+0.112  10.29+£0.34°  3.68+0.16*¢  1.91+0.16" 15 9.02+0.56°  59.75+0.088 1.40£0.01% 11.83+1.20°
16  13.45+0.05° 8.01+0.058"  3.04+0.16"  1.47+0.26" 16  12.75+0.15"  26.67+0.20’ 1.58£0.01°  9.73+0.94"

T RPEUE VI EbREm 2, F—FPAR T B3R B2 R (P<0.05), a fURECR(E, Mt 3 YOT-4(H.

Note: The values in the table were the means + standard deviation. Different letters in the same column indicated significant differences

(P<0.05). Letter a represented the maximum value. All tests were performed at three replicates.
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Table 4 The contents of essential amino acids of 16 sorghum varieties 2/100 g T4 5t
1 2 3 4 5 6 7 8
Thr  0.19+0.01°*  0.18+0.01°*  0.16+0.01°"" 0.19+0.01° Thr  0.16+0.01™"  0.23+0.01°  0.18+0.01°*  0.15+0.01%"
Val  0.26+0.02°  0.24+0.02°"  0.22+0.02°"  0.27+0.01" Val  0.20+0.01"  0.32+0.01°  0.23£0.01"  0.20+0.01"
Met  0.09£0.01"  0.08+0.01°¢  0.07£0.01°*  0.06+0.01% Met  0.07£0.01°*  0.11£0.01°  0.08+0.01°**  0.08+0.01"*
Ile  0.20+0.01°*  0.19+0.01  0.16+0.01"  0.21+0.01° Ile  0.15+0.015"  0.24+0.01°  0.18+0.01°  0.14+0.01"
Leu 0.77£0.14™°  0.74£0.15"°  0.63£0.12  0.90+0.18"°| Leu 0.59+0.12"  0.97+£0.15®  0.73£0.14™  0.54%0.11°
Phe  0.27£0.01%® 0.26+0.01°® 0.23£0.012"  0.29+0.01°“ | Phe 0.21+0.01"  0.35+0.02°  0.26+£0.01°® 0.20=0.01'
Lys 0.13£0.01°  0.13£0.01°¢  0.12+0.01°®  0.13£0.01° | Lys 0.11x0.01°"  0.17£0.02*  0.12£0.01°*  0.11£0.01°
9 10 11 12 13 14 15 16
Thr  0.20+0.01°  0.19+0.01°  0.17+0.01%"™" 0.15+0.01" Thr  0.22+0.01"  0.24+0.01°  0.17£0.02°*" 0.18+0.03°*"
Val  0.26+0.01°  0.25+0.02°"  0.23+0.01°*" 0.19+0.018 Val  0.30£0.01"  0.34%0.01°  0.25+0.04°  0.25+0.05°
Met  0.08+0.01"¢  0.08+0.01"¢  0.09£0.01®°  0.05+0.01° Met  0.09£0.01°°  0.1120.01°  0.07+0.02°*  0.07+0.02°*
Ile 020£0.01° 0.19+0.01  0.16+0.01%  0.14+0.01%" Ile  0.22+0.01  0.27+0.01*  0.19£0.03*  0.19+0.03%
Leu 0.75£0.15™°  0.74£0.13"™°  0.61+0.12°°  0.54+0.11" Leu 0.88+0.17"°  1.12+£0.22°  0.77£0.30"°  0.75+0.01°*
Phe  0.32+0.01°°  0.27+0.01%"  0.24+0.01%"  0.20+0.01' Phe  0.31£0.01°Y  0.42+0.01*  0.26+£0.06°®  0.26+0.04°"
Lys 0.16£0.01°  0.12£0.01%  0.12+0.01°®  0.09+0.01¢ Lys 0.14+0.01° 0.17+0.01*  0.10£0.01"%  0.10+0.01"

U R R bR R 2, [

— BN E TR R M2 R (P<0.05),

a fUFREKAE, W 3 P HIME,
Note: The values in the table were the means + standard deviation. Different letters in the same column indicated significant differences
(P<0.05). Letter a represented the maximum value. All tests were performed at three replicates.

x5 16 MERVELESERESE
Table 5 The contents of non-essential amino acids of 16 sorghum varieties g/100 g T-¥) it
1 2 3 4 5 6 7 8
Asp  0.39+0.01%"  0.38+0.01%"  0.35£0.01"  0.42+0.01% Asp  0.31£0.01¢" 0.49+0.01**  0.37£0.01°"  0.32+0.01¢
Ser 0.26+0.01  0.25+0.01  0.23+0.01°®  0.27+0.01% Ser  0.21£0.01""  0.33£0.01® 0.25+0.01%  0.20+0.01¢"
Glu  1.09+0.02°*  1.05+0.01%"  0.90+0.01%" 1.25£0.02" Glu  0.85+0.01" 1.37£0.02"  1.02+0.02°®  0.80+0.01™
Gly 0.19+0.01%"  0.19+0.01%" 0.18+0.01°®  0.19+0.01%" | Gly 0.17+0.01" 0.24+0.01*  0.19+0.01%"  0.17+0.01°%
Ala  0.47+0.02¢ 0.46+0.02¢ 0.40+0.01° 0.54+0.01° Ala  0.38+0.01° 0.62£0.01"  0.46x0.01%  0.36+0.01"
Cys 0.04+0.01°*¢  0.04£0.01°*  0.03+0.01¢ 0.04+0.01*¢ | Cys  0.04+0.01°¢  0.05+0.01*  0.03+0.01° 0.04+0.01¢¢
Tyr 0.18+0.01°%  0.15+0.01%"  0.16£0.01°*" 0.13+0.01¢ Tyr  0.15+0.01%%  0.24+0.04*  0.18+0.01°°  0.14+0.01%
His  0.11£0.01™¢  0.11£0.01% 0.11£0.01>% 0.12+0.01" His  0.10£0.01°*  0.15%0.01*  0.12+0.01  0.10£0.01%
Arg  0.23£0.02°%  0.22+0.02°%  0.22+£0.02°*  0.21£0.02%" | Arg 0.19+0.01° 0.28+0.02*  0.21£0.02°*"  0.19+0.01°"
Pro 1.14£0.02%  1.09+0.02f 0.97£0.01¢"  1.29+0.02° Pro  0.95+0.01" 1.41£0.02°  1.12+£0.02°°  0.87+0.01'
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9 10 11 12 13 14 15 16

Asp 0.40+0.01°  0.39+0.01%  0.35+0.01%® 0.28+0.01" Asp  0.46£0.01°°  0.51£0.01°  0.37£0.07°"  0.37+0.05¢
Ser 0.27+0.01°  0.27+0.01°  0.23+0.01°"*  0.18+0.01" Ser  0.30£0.01°  0.34+0.01°  0.24+0.04%"  0.25+0.05%"
Glu 1.06+0.01*"  1.06+0.02%"  0.85+0.01%" 0.63+0.01° Glu  1.21£0.01°  1.50+0.01° 1.0440.23%"  1.05+0.25%"
Gly 0.23+0.01*°  0.21£0.01°  0.20£0.01°*  0.16+0.01¢ Gly  0.23+0.01™  0.23£0.01®®  0.18+0.04°®  0.18+0.01°"
Ala  0.48+0.01¢ 0.48+0.01¢ 0.40+0.01°" 0.30+0.018 Ala  0.56£0.01>  0.66+0.01°  0.47+0.09°  0.47+0.08"
Cys 0.04+0.00°¢  0.03+0.01¢ 0.04+0.00*  0.03+0.01¢ Cys  0.04+0.01°*  0.05£0.01*  0.04+0.01°*  0.04+0.01°
Tyr 0.22+0.01° 0.18+0.02°%  0.18+0.01°®  0.15+0.01° | Tyr  0.17£0.01°°" 0.30£0.01°  0.18+0.04°"  0.18+0.03°
His 0.14£0.01®  0.1240.01™  0.11£0.01°  0.09+0.01° His  0.12£0.01™  0.16+0.01°  0.1240.03"¢  0.12+0.03"¢
Arg  0.28+0.02"  0.24+0.02**Y  0.24+0.02°¢  0.17+0.01" Arg  0.25£0.02"  0.28+0.02°  0.21£0.04%"  0.21£0.01%"
Pro 1.13£0.02%  1.15£0.02°  0.96+0.01" 0.84+0.01' Pro  1.30%0.02° 1.56+0.02"  0.99+0.01®  1.31+0.02°

T SRR bR 22, [

— IR T BN M S (P<0.05),

a RIRKME, MR 3 WP 1E .

Note: The values in the table were the means + standard deviation. Different letters in the same column indicated significant differences
(P<0.05). Letter a represented the maximum value. All tests were performed at three replicates.

ARWFFERT 16 Ff g 3 1) 075 S LR AN AR 0 5
FEER D T AR . AR AR
ZERNEE 6 FiR .

16 Flvies e P & A E MRS ST 4, WA ILE
Wi SRR (AR ARG 2R )o b ) 2 SR

HZESFRE (P<0.05). MMM AR H R
TR R R A T AR LT LR, 16 A R

TAA & H7E 4.20~8.26 g/100g Z[al. TG
B2 ST AR SRR (2.67 ¢/100g ),
VAT TR T S AR U e i (0.33),

®o6 16MERMLESER. FLESRER. R8EE (g100g T¥R ). E/T. E/NE
Table 6 The contents of essential amino acids, non-essential amino acids, total amino acids (g/100 g, dry basis),
E/T and E/N values of essential amino acids in Sorghum

R EAA NEAA TAA E/T E/N s o EAA NEAA TAA E/T E/N
1 1.91 4.10 6.01 0.32 0.47 9 1.97 4.24 6.21 0.32 0.46
2 1.83 3.93 5.76 0.32 0.47 10 1.84 4.14 5.98 0.31 0.44
3 1.59 3.54 5.12 0.31 0.45 11 1.63 3.55 5.18 0.31 0.46
4 2.05 4.47 6.52 0.32 0.46 12 1.37 2.83 4.20 0.33 0.48
5 1.49 3.36 4.84 0.31 0.44 13 2.17 4.65 6.82 0.32 0.47
6 2.40 5.19 7.58 0.32 0.46 14 2.67 5.59 8.26 0.32 0.48
7 1.79 3.94 5.73 0.31 0.45 15 1.81 3.84 5.65 0.32 0.47
8 1.42 3.18 4.59 0.31 0.45 16 1.79 4.17 5.96 0.30 0.43

T EAA: TR
acids ); E/T: W&

essential amino acids/non-essential amino acids ),

FEMR ((essential amino acids );

24 SRTYREE
ARWFFESHTT 16 Fhimg S Bl | 45 L B L 4N
W LOBK. AL BE, WEE 7. HIRERP RS TR
TR G EZIHE > 5 > 55 > PN EHE, ey
JRICE & T ek > B > 5 > W, B B RIEE
REERSERTENITR, BEZHRHEAT
BLER BGRIEE, EE P R SR e T W
AALVEIL S 5E; B5 = AE 3.11~80.31 mg/100 g T

NEAA : JET5 % H 2 ( non-essential amino acids ); TAA: &L
MR/ A FEFR ( EAA/TAA, essential amino acids/total amino acids ); E/N: T & MR /AE LT

S K:W2 (total amino
H IR (EAA/NEAA,

Yz, 2 M AEY R, S RTE
21.94~49.70 mg/100 g T¥ iz (], HHF5HRIAE,
ESR A BUCE S > B > FEARHIE, T
R RN ek > 2 > MY, A S H—50
2.5 BRITEMHEINELEE

16 B = S SE Ry K f i a1 s, ik
ELW R B TIH ARSI, BRIk —3, W kiR
PIFF A —Broh J12% R o ZERT 60 min 3R 1L
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Table 7 The contents of non-essential amino acids of 16 sorghum varieties mg/100 g T 5
vl Ca K Mg Na A Cu Fe Mn Zn
1 4.46+0.01%  72.37+0.58' 25.82+0.15'  0.64+0.02" 1 0.07+0.01°  0.76+0.01°® 0.24£0.01'  0.41x0.01"
2 6.28+0.02"  83.24+0.36' 26.49+0.13"  0.56+0.01' 2 0.08+0.01¢  1.24+0.08*®  0.28+0.01' = 0.45+0.01%
3 8.67+0.05"  86.72+0.19¢ 27.28+0.20%  0.79+0.01" 3 0.06£0.01¢  1.38+0.01°"  0.32+0.01%*  0.50+0.01°
4 5.72+0.05°  91.12+1.19° 21.94+0.27" 0.79+0.01" 4 0.05£0.01¢  0.87+0.01°®  0.42+0.01°  0.45+0.01°
5 65.48+0.48°  96.23x0.65' 49.70+0.33"  2.04+0.03" 5 0.65£0.01°  2.22+0.02° 0.67£0.01°  0.70+0.01°
6  80.31£0.56"  90.20+0.47° 39.41+0.16°  1.81+0.01° 6 0.60£0.01"  1.34£0.01°®"  0.30+0.01" 0.40+0.01°
7 4.6740.03%  87.94+1.33" 22.51+0.17%  1.44+0.02° 7 0.07+0.01°  0.90+0.01%®  0.35+0.01°  0.33+0.01'
8  16.20£0.08° 101.20+0.50° 39.19+0.19°  1.08+0.02° 8 0.40£0.52%  2.12+1.57% 0.48+0.01°  0.62+0.01¢
9 12.96+0.18"  97.86+1.19° 33.57+0.35°  0.67+0.01 9 0.11£0.01¢  1.93£0.05™°  0.65+0.01°  0.65+0.01°
10 43.44+0.42% 100.04£1.09" 42.79+0.47°  2.46+0.02° 10 0.34+£0.01°  1.43+£0.01°®  0.25+0.01" 0.47+0.01°
11 8.34+0.05"  84.56+0.60" 26.24+0.15"  0.41%0.01™ 11 0.07£0.01¢  0.93£0.01°®  0.17+0.01™  0.35+0.01*
12 9.99£0.11¢  79.16£0.96  33.53x0.31°  0.82+0.01% 12 0.12£0.01°  1.43£0.01°®  0.43£0.01°  0.72+0.01°
13 4.50+£0.03%  78.12+0.341  28.92+0.01"  0.68+0.02 13 0.06+0.01°  1.00+0.01%°®  0.31+0.01"  0.40+0.01'
14 5827+0.24°  55.33x0.35™ 35.60+0.39°  1.72+0.01° 14 0.36£0.01° 1.46£0.01™  0.28+0.01' 0.33+0.01'
15 3.11+0.02"  53.96+0.48" 24.03+0.18’ 0.74+0.01 15 0.07£0.01¢  0.75£0.02" 0.26+0.017 0.33+0.01"
16 4.69+0.06°  74.42+0.94% 22.81+0.22%  0.77+0.01" 16 0.07£0.01¢  0.66+0.02¢ 0.24+£0.01%  0.35+0.01

TE: RPBUE AP EARE R 22, W —F AR PR BE 2R (P<0.05), a AREAM, Wil 3 kPHHE,
Note: The values in the table were the means + standard deviation. Different letters in the same column indicated significant differences
(P<0.05). Letter a represented the maximum value. All tests were performed at three replicates.
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Fig.1 Fitting curve of digestion kinetics model

with 16 sorghum varieties
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to indicate a significant difference (P<0.05).
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Fig.2 Digestive properties of 16 sorghum varieties
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Table 8 Correlation coefficient values for each indicator

By AR ELHEVE R SDS
TR 0.102
HEEWEN  -0.040 0.431"
SDS -0.060 -0.421" -0.279
RS -0.267 0.199 0.198 -0.717""

T UHRIRAE 0.01 KT () L@ FAC, "HRRLE 0.05
A OB ) b ARG

Note: “indicated a significant correlation at the 0.01 level
(bilateral), and “indicated a significant correlation at the 0.05 level
(bilateral).

KO WRT 16 P RSN BTN SR, 4
FAHAR Coo | IKMRBN AR K K
FEHE SR A MR AR R

R9 16 HEREIIMNEUERSEY
Table 9 Digestion model parameters of
sorghum starch from 16 varieties

i i Coo /% K/min™' R?
1 55.84 0.019 3 0.933 4
2 77.57 0.009 3 0.940 9
3 81.83 0.0122 0.968 0
4 77.98 0.011 6 0.9239
5 66.60 0.019 3 0.9389
6 73.70 0.0158 0.974 4
7 70.32 0.017 4 0.975 1
8 76.97 0.016 9 0.943 7
9 67.14 0.038 9 0.968 8
10 80.02 0.0155 0.9589
11 65.83 0.016 1 09181
12 64.62 0.012 5 0.9759
13 77.94 0.0127 0.983 1
14 62.78 0.010 7 0.880 2
15 72.08 0.022 6 0.982 8
16 77.18 0.012 6 0.961 9
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Fig.3 Principal component analysis of 16 sorghum varieties
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