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Determination of Amylose and Amylopectin in Sorghum by Iodine
Colorimetric Method

TANG Yun, YAN Haiyan", ZHAO Yaxiong, HUAN Dan, ZONG Wenwen, SONG Feihong

(Jinhui Liquor Co. Ltd., Longnan 742308, China)

Abstract: Objective: The content of starch was closely related to the derivative products of sorghum. It was very important
to determination of the content of starch, including amylose (Am) and amylopectin (Ap) in sorghum. In this study, the
content of Am and Ap was determined by the iodine colorimetry. And conditions of pretreatment and determination were
optimized. Method: Using Am and Ap in sorghum as the main object, the content of starch was measured by the iodine
colorimetry with different detection methods, including the single wavelength mixed standard method (I), the dual
wavelength single standard method (IT), and the dual wavelength mixed standard method (III). A series of methodological
verifications, such as the precision, detection limit and quantification limit, were compared. And the conditions of
pretreatment, such as NaOH and KOH dispersant, gelatinization temperature and time, acetic acid and hydrochloric acid pH
regulator, dosage of iodine reagent and color rendering time were optimized. The repeatability verification recovery rate and

the determination of common grain samples of the obtained method was also tested, which verified the accuracy of the

RS EHA: 2022-08-02
1EEEIN: Ei(WMf)%2M4%%lﬁﬁ@ijlﬁﬁi?li5éﬁﬁ£%ﬁ£nMHﬂ%mMMWmC
*EBEES: E8F (199%4-) %, B, B3 8): R el 547, E-mail: 767928507@qq.com.


mailto:ty@jinhuijiu.com

544 5 134 B, A LRI E R S B A SRR B T R 273 -

method. Result: The detection limits and quantification limits of the three methods could meet the requirements of the actual

sample measurement range, with detection limits of Am < 0.55 mg/L, Ap < 2.75 mg/L, quantification limits of Am < 1.65 mg/L,

Ap <8.33 mg/L. The absolute error of the accuracy experiments was 0.13% from the mixed standard solution calibration

curve, the single standard solution calibration curve error was relatively large (7.47%), thus the mixed standard solution was

better to prepare the calibration curve. The optimal preprocessing of sorghum: Using NaOH as the dispersant, the

gelatinization temperature at 70 °C for 10~20 min, with acetic acid or hydrochloric acid as pH regulator, using standard

iodine reagent concentration, controlling the coloring time at 20~30 min, the determination results were relatively stable and

accurate. The total content of starch was consistent with the starch content in theory, and it had a good repeatability and

recovery (80%~120%). Conclusion: In summary, the dual wavelength mixed standard method of iodine colorimetry was a

best method for measuring the content of Am and Ap in sorghum, and it was more suitable for the determination of actual

samples in crops.
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FHEAHS T 0.1000 g FEHRT, BLA 100 mL &),
A 1 mL Jo/K Z AR TEAE &, B30 9 mL 9 1 mol/L
i NaOH %V, T8 /K43 #L 10 min, IWERE H )5,
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H0# 10 min, B ES, JHKER .

1.2.2 HR#fERIZRIZH] 50 mL SRR H] —F
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Table I Amounts of Am and Ap for plotting standard curves
by three methods
ik
F5 I 11 111
Am(mL) Ap(mL) Am(mL) Ap(mL) Am(mL) Ap(mL)
1 0 5.00 0.30 2.00 0 5.00
2 0.25 4.75 0.50 2.50 0.50 4.50
3 0.50 4.50 0.70 3.00 1.00 4.00
4 1.00 4.00 0.90 3.50 1.50 3.50
5 1.50 3.50 1.10 4.00 2.00 3.00
6 2.00 3.00 1.30 4.50 2.50 2.50
7 / / / 5.00 3.00 2.00
8 / / / / 3.50 1.50

1.2.3 FEIE  FERRZE (GB 7648-1987) X4

FATALIR, IZ3% ZBX 66027-87 FLTERSI E J7 210
RERE SRR S FHTERS B i . FARERE 70 FREL

BrEEE 4 TRESL 0.1000 g, ITA 1.0 mL Z B
ZHREES, FH 9 mL NaOH #4381 10~20 min, JilZ%
TR/KEZE A 100 mL, $55) S s s, BRI ik

W 5.0 mL %2 100 mL 25, A 25 mL 285K, LA
0.1 mol/L ERRIEMIANT pH = 3 Z247, FHA 1.0 mL
AT, IZERIRAK e AR B 20, TEREE 10 min )5,
DIREShas AR T R, A 1 em Be @@L, 43550 FH 2
KIRBRE (D)« AP BRI (1D B B R IR bR

(D) =PI 125 e R R O GAE, P s bRt ph 2Rk

TR, AR

Cx 100

WE.: 5

x0.1 = (D

\NE‘:\K/E'F“/)I4 ﬁ (2)

P W 3RoR 0.1 g e Am BT, mg; H
F W 5 W i TRARAAINE; C FonbriEthZArigm
FET Am 5% Ap FUHREE, mg/L; W 5 3R 0.1 g il
e St BYJR L, mg.
1.2.4 SEREESIE SIS E =% 1.23 ik
BE— 2 XL S AT OLAL SRS, 254K NaOH
1 KOH 438055 . WAL IR EE (50, 60. 70, 80. 90 Fl
100 °C) . #fLAFE] (5. 10, 20, 30, 40, 50, 60 min) .
1 mol/L £k & 5% 2, W& ¥ v U8 7 pH. M50 in A &
(0.25.0.5. 1.0, 1.5, 2.0, 2.5, 3.0, 5.0 mL) Fll & (4,i}
A2 (1. 3. 5. 10, 20, 30, 60 min) . #id L -
PPN S, HEE AR R Am. Ap I i fE
W5 S5, [RIBsF 2528 = Fh i 22 J7 ik B Eafa e, )
FE T BT PR IGAIE, [RTISCRIN S AR 3 e
B3IF
1.2.5 FESUEFAZRNE 530 1| mg/mL ) Am.
Ap PRUEN WA = AR e B (P Am BE)
848y 30, 20. 10 mg/L, Ap BHiMF5{E My 70. 80,
90 mg/L)VR-GHESH AR, 3Bt — AP i ge Uk O R
BT Am. Ap SR SESEMUEITZR.
1.2.6 R KRR . SR IE BRI R
10 13 7o A f, 40 A = Fh Oy v 0 2 AR 5 9 Am,
Ap Frig, RS RIRE AN AY St i L SEME L AR vEDR
22(SD) | A2 (RSD) | Kt BRAFE & FR, Horr,
YoOq8 ORGS0 S S TR R, A B
IR B BRAE AR S O G (B TS 3
1.3 R

TR 2H SEU A AT = ROPA TSR S, TR S R LA
OPEBHE BRI o BRI BRI
11 F1 225 & B A4 F Excel 97-2003 . SPSS22.0 # A4
F1 Origin9.0 HATALIR; SEH 45 R ] SPSS 22.0 14 5
[K 243 (analysis of variance, ANOVA) =748
53T
2 RS9
2.1 frEREZk

B IRARIETE 620 nm Il K AR BEATI E 15 5]
prufEREZR, AN 2 Ao, XK s (7 1L AN 1) 3@
i Am F1 Ap 52| &S HE, WE 1 s, HARYE
JRERPT 135 Am B RIS A=635 nm, Z:Lhi
£ A, =450 nm, Ap UM E P K Ay =540 nm, Z ik
£ A, =760 nm. F BEXRAS I E SR 53 ) TE Agss-
Aaso P R IAE AA s, TE Asgos Aggo PIUEES T E
AA 4, DL AA RYAEER, Am FlT Ap MR BE (mg/L) A

2 RIIEINAS RO BRI 2R

Table 2 Standard curves measured by three methods

WR7A Am Ap

I y=0.02x+0.1586  R*=0.9973 / /

I y=0.0186x—0.00254 R*=0.9999 y=0.01835x+0.0372 R’=0.9968
I y=0.00258x+0.0385 R*=0.9963 y=0.00275x—0.00302 R*=0.9987
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AR, X ATR SRR TS Am ., Ap Bk (i
2 2), =PI R ITAS AR Y B A2k ]
HZR % R>>0.996,

0.6
0.5 — Am
04{ T AP
[as) 03’ I” \\

02 ;{ / \

21 g L A

| /
0.1 /
0.0
200 300 400 500 600
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BT BERIEINE Am, Ap B4 &l
Fig.1 Full spectrum of Am and Ap determined by

dual-wavelength method

2.2 FIEFRNE
2.2.1 FCH AR BEAE IR M S IE DT AR 4
AN 3 Ui ik TR T HA 4 1
F(HEXIR2E<0.5%) , SR NI 1 A7k I ¥R
JH Am F1 Ap PRSI TR S, T LA
AR B FNBR B 5315 1k =2 8] 4 W2 S E B 2w B, ey
5 I by T R REIT 100%, 2B ik 111 R
JH T BB, TEAH N RIS G R AL RE A R4
R AR St S G AR =z (e i T HRP Y. Jr s 11 iR 28 8w
(7.47%) , BIRTT 2 TR RBEPIED RE, danl LATE
PSR AARF IR G T, H TR AR
MR ECHI AR, JC1 S BRI AR SR T8, 3
[F) R B T MR A GRS /N THRAR IR MR WO RE,
A E AR A A VR P Al =, DEAY 5 e TSP
3 =R E R ERE i R P S BT
Table 3  Accuracy analysis of standard samples determined by
three methods

REEIRE FET OWEERR ORI EFR BRI MERR
(mg/L) (%) (mg/L) (%) (mg/L) (%)
30% Am 29302  97.67 33458 11152 29.782  99.27
20%Am  19.677 9839  23.193 11597 19936  99.68
10% Am 10339 103.39 12.283 122.83  10.021  100.21
70% Ap  70.698 10098 6728  96.11  70.056  100.08
80% Ap  80.323  100.40 78553  98.19  80.015  100.02
90% Ap  89.661  99.62  90.189 10021  89.948  99.94
XA / 100.08 / 107.47 / 99.87
222 (%) / 0.08 / 7.47 / -0.13
222 MEEE . KHRAMEER S558u5k 4 s,

JUFIN 2 J7 15 A 3 245/ NT 8%, Bt = Fiiill a2
T B R v W AR B RIS 2 B . e A A
oz BRANE S PR (A F(3) L AF(4)), KEL=Fhl e
LT Am AR H BRI < 0.55 mg/L, i Ap FE=32
RS, RIS B BB e Am 55, Ap <2.75 mg/L,
EEPE: Am ¥ <1.65 mg/L, Ap ¥ <8.33 mg/L, 1%
B BRI BRAE SL IE TR o PRI, ro SRR S A

K Y BRI GE e BRIGAF G i R S 5 A AG N
R o 2P R K MR S VAN AS R S LT MY
EHRH 64.1%, 5 = AME TR RN St Sy T
X, Horp ik 1T HEBIE Am 195 &, HA JRIFRTE,
Toik 5 SEBRTER B R T LU EL, 3R 4 RO AR
Y St & e T PRUER & i 20% oAy, 7k
I A3 St & -5 22 40T, B T7 ik I P E 4
HRFASLBRME, (A7 LIRS St TR ZE TR,
bR 25 SD 2Ry 3.68, PRI HE EX 5256 5 ik AT 0
A, &5 T i MER SRR 3 3
K4 RITENS 10 03 i SR AL TEA SRR I SE HEA (%)
Table 4 Comparison of starch content of 10 sorghum samples
determined by three methods (%)

Tkl JrkIl P
75
Am Ap St Am Ap St Am Ap St
1 12.83 87.17 100 16.05 83.95 93.58 22.73 77.27 66.09
2 13.43 86.57 100 15.61 84.39 94.82 19.57 80.43 75.64
3 13.23 86.77 100 12.62 87.38 95.73 17.69 82.31 68.27
4 13.13 86.87 100 15.57 84.43 90.49 21.81 78.19 62.89
5 12.83 87.17 100 15.49 84.51 95.55 21.80 78.20 67.89
6 12.83 87.17 100 15.73 84.27 94.09 22.31 77.69 66.34
7 12.53 87.47 100 15.54 84.46 93.87 22.06 77.94 66.13
8 12.63 87.37 100 15.14 84.86 93.44 21.54 78.46 65.69
9 13.23 86.77 100 13.89 86.11 86.17 19.28 80.72 62.09
10 13.03 86.97 100 16.53 83.47 88.89 22.25 77.75 66.03
FHEME 12.97 87.03 100 15.22 84.78 92.66 21.10 78.90 66.71
SD 029 029 000 1.14 1.14 3.13 1.66 1.66 3.68
RSD 222 033 000 7.48 134 338 7.87 211 5.52
MM (mg/L) 049 / /055 275 /053 235 /
ERMR(mg/L) 147 / /165 833 / 161 713 /

TE: AmFIApZIR 5 SEMY B A T 73 L SERaR iR AN 140 L 3R91H]
At BRI FEBR A0 2

¥R = 3.36/S (3
EER =108/S 2 4
K. 8 o 10 BIRESLES 1 B4R O GAE bR

Wil 225 S R7n Am. Ap FRifE-RZRAGRER, R A9 H
MEAE BRI R 1 rhARii I B B

PE—20 LA s B i ) B D SR A S 3075 2 e 3
Fedh b Am. Ap &5 SR AR E 2508, [R5 58 =
A s iR P, XA T B M RIE, (9]
WAL AN AT it A P

2.3

ME SR RAIL S

2.3.1 NaOH Fil KOH X &E3AE M Am. Ap & HM
FM BRI RO RIS A BT R T v R A A FE A B
FESL 2D B, FE5 43 BORE S8 AT R T TEM S IR i 24—
P, B FHRLE NaOH 3, LA THSREE T KOH A
B E SRS . R SEg L, #5458 KOH
NaOH X = 5 UE M7 AR . g S 2 Jir
7, KOH 3ty s 5t it S 4 & o), Bifa,
fi 58, NaOH Sl A6 o W B3 (e s, 12— 20380t =
BT EIE Am. Ap B S EEATXT EL, Z5R AN 5
iR, &3 NaOH 43EiAE s Am & HEAE 15.54%~
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16.90% Z[8], M KOH 43 #pIFE S Y, Am &5
3.75%~6.25%, PIFP S HBGRIN 5 45 A 25 88K, X E

SCHK [32] & BE NaOH 43 8045 2 i {8 58 47 5 BRI 4%
R, 5 PRSI R I 25— 1 KOH HAT B

S AU BECTE, SEGAE T pH L, BRI Ap SRR
(AR Ap S hEE g, UL 5), (R
[FET&A Am 1 Ap PESHFET, F5F0BR Am Fil Ap =
] i 4, 11 KOH 4r#AS 210 Am &= i 1K, 4T
BT Am/Ap BIIE R L@l a0 R v — 1 S7 4

TERITE I, W35 FH KOH BE Ik 2 B 419 4 U8R B2,
ARAR S v i SRR PR I i D) 3% FH NaOH 5371 B

TR B REER

[d:

12 KOH(Z:)Hl NaOH (47 ) 43l Sl 5 s &
JE B
Fig.2 Color of KOH (left) and NaOH (right) dispersed
sorghum solution complexed with iodine

# 5 NaOH 1 KOH 73 e i € Am, Ap Y&
Table 5 Determination of Am and Ap in NaOH and KOH
dispersed sorghum sample

SIBORIFIE
ik NaOH KOH
Am(%) Ap(%) Am(%) Ap(%)
Pip:S ! 15.54 84.46 6.24 93.76
T 16.90 83.10 3.75 96.25
FkL 15.75 84.25 6.25 93.75

2.3.2 AR EE X i SRR O BE /St S i A N

38 3 A = HERE SR E AN R AL IR 50, 60 70, 80,
90 F1 100 °C fSBNMCEEE (8% St &), a3t
FE S AR . B R 3 0L, U7k 1(E] 3a)
15 SR SR AE 70 °C B RO BE A e s, (B AE XL A 2%
(E 3b. & 3c) Py ' B - R A0 TR R I APl AN 1 i
AR, S Am 5 Ap SR B GCREC R, 1
IR ZEINEEWOGEE B RZ I, 24 Am FEE B, Ap BY
WG R DA AERT 30 e R R o A i - St i
KRZE(FE 3d. B 3e) ] A RA HMIILIRESE 70 °C
B EAT e m ) St i, LA 51K, 70 C hEAEIfk
2.3.3 CRALKE AT = SR S O R E I 52 Sl St
B e SRR S R AR BT HIFE 5. 10, 20, 30. 40, 50,
60 min B A (IR ' R AL, A5 381) v SR o 1) B A
fRistiE] . fE 4 AT, Sm ik 1(E] 4a) ATLAH A
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Fig.3 Influence of gelatinization temperature on
absorbance/total starch content
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Fig.4 Effect of gelatinization time on absorbance value of
sorghum starch

e a: R L be ik 10 e 73k 101 5. 6 [

2.3.4 ZFRFERFRINNT MR pH X = BEAE SR OGRE
fEAgsEm H TV pH 1A R Z IR P,
ANYT R4S Hikr J5 72 (DB32/T 2265-2012) H 3% JHEL Bk
WWIHATRE LY pH, EFR 774 (GB 7648-1987) H12k
FZ BT pH B9 . A Gl 2/
ELR PR A CYET IR MY pHL, FH-I 2 A N TR A L
I, BEL L BRANER IR X 15 SR i A iy ) . 465

R 6 s, GB 7648-1987 R HZR 1 mL (1 mol/L)
A= SRR pH oM 4.65, DB32/T 2265-2012 45
HHERERVESY pH 2 3, KFHIA 0.5 mL(1 mol/L) Y
ERPRTTIAFE] pH=3.78; HF—2ETN K LR H &=, EH 3
AR 4.0 mL B, 58] 5 L) FERfRAEEER Y pH,
BT LR (1 mol/L, 1 mL; pH=4.65), Z g (1 mol/L,

4 mL; pH=3.84) Ff1EL % (1 mol/L, 0.5 mL; pH=3.78)
AT SCREAOXT HE, A B8 pH AR UT 9 FE 54 IR, TE
AR R RE T 32 D22 (WG EE(H EEAS AR ], D] £ iR
AR GE BNV IS pH AITEH, AR B R 2%t
FE S = A 2, R4S pH=4.65 5 pH 41T 3 B
RE LS HES A ANFE], (B AEIRZEVEFEIN (AA<0.01),
b, HEEwCh 55 R (pH=3~5) , pHI#A VIE I
ANFE M 2 5

F 6 M pH XTGBT

Table 6 Influence of solution pH value on absorbance value

JEEIL PRI 5 5k

A s -¢l

#H PH AL () (Ap) (Am)  (Ap)
Z LRI 327 0 0 0 0 0
PR 11.65 / / / / /

ZIR(1mL, 1mol/L) 465 0337 0.170 0.164 0.171 0.164
ZIR(4mL, 1 mol/L) 3.84 0340 0.163 0.172 0.163 0.172
E#2(0.5mL, 1 mol/L) 378 0339 0.163 0.171 0.163  0.169

2.3.5 AR A X T SRARE ' B A R )
3 3o 2 2 R 8 (0.25., 0.5, 1.0, 1.5, 2.0, 2.5,
3.0. 5.0 mL) X5 STE M Sl & RO AR 1k,
192 EAEMUAG A . 250N 5 R, 75k 1K 5a)
B BRI B I A SN, WO R E AL N, X R
DA SRR A By HAT B, PRt Te s PR R W
HAGEGR B 0 B BP0, Bk (5] 5b. K] 5¢)
T, B WUAFIN A B BN, Ap By & = BE B,
M Am A& MR HE KT 1.0 mL 2 )5 13
T RERAS, BEEFEICHTE, X5 1943 4F Bates %5:09
25 A — 2, [RIESR bR v b vk 5, AT B7 1k
Fh = LA 4 T T (e Ak g vk B R A B 1 AR
fbo & 50 FIE Sc 5 4R AETE 0.25~1.0 mL B,
Am F Ap MBI SGREERG NG #a s, Hop7E 1.0 mL

a 0.57

0.41 -

e
0.3 /

0.2
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0.1+

0.0

o 1 2 3 4 5
WA A (mL)

0.3
0.2 1
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0.01 *
70‘1_

-024 " Am
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0 1 2 3 45
BRI I A (mL)
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Fig.5 Effect of iodine reagent dosage on absorbance values of
sorghum starch
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Fig.6 Influence of color development time on absorbance value
of sorghum starch

SO R, J71% (A& 6b) . TI(E] 6¢)H Ap 7E 10~
30 min ¥ MEa5E, Am {E 20~30 min N NEARE, 4%
B E, BAARTHEAE 20~30 min B HEETFEE .

£ PR, 15 B B e 554 F NaOH ¥
SR SERET 10~20 min, Il 1 mol/L ZERuERPRTE IR
V&Y pH 2= 3 ZiA7, R 1.0 mL FrfEpiiss), B0 20~
30 min FHATINRE, [FIET R T 74 1 EAA 55088 St &
O AR, DR RS TS BRAE  rh SE A B T
RE o

T BRI a: BRSNS WRRRE EEARIR], DU A2 B 45
SRALASE], PN T B FE Ay R AR o, A5
AT 53, DASRIEI R 19 25 5 BLAT a1~ A 71 b: BF
L A e W & e e s @t IS EEN N ERAS = A nh prsse S ]
HERATE, DS X RE S A T AR B, FRER A A
i, T 70 R B TR X AR s P4 00 25 SR R M AR RS,
DAL T AR EARE: s () Y0 R[] [, e BSUAIGTi
KBHEHET (50~60 °C HET 3 h); c: N EERIE A L
FNST RIS, FRERURS, S8 AR, DARUEFE S5y
HORE &, AAGEEFEIRURS a1
24 ESMIHE

BEH = AANE]) SR 3 X Jr ik L AT 3 IR
AP, FEAEESREL 3 A TRE, a5 ansk 7
FR, = ARERTEARFETEAIE R Am 1 Ap S22
A ZE B/ INT 2%, St B ZE S/ INT 5%, RIE S
B E B nl A T

KT RN hYER & R VD E
Table 7 Repeatability of starch content in sorghum samples

FEShAFR EREWE Am(mg) Ap/Am
12.1940.28 55.4240.76 67.6+0.47 4.55+0.33
10.88+0.47 60.07+0.54 70.95+0.63 5.52+0.58
10.99+0.35 56.97+0.38 67.95+0.57 5.18+0.40
12.84+0.23 67.82+0.47 80.66+0.55 5.28+0.26
12.08+0.15 68.59+0.59 80.89+0.62 5.68+0.24
12.3£0.18  62.39+0.39 74.47+0.73 5.07+0.21
13.28+0.32 65.49+0.44 78.77+0.58 4.93+0.30
12.19+£0.44 71.69+0.56 83.88+0.25 5.88+0.52
12.30+0.37 71.62+0.63 83.92+0.31 5.82+0.45

Ap(mg) St(mg)

®)
CIU
&
W= W N = W N —

2.5 [EULERIGIE

A 7R T IE AR S A AR A%, e EL il
Am Fl Ap & ELAYEERES D, SN — s W EE Y
Am Fl Ap FRUESHE I, 2 H o i, SRAS IR, 45
R 8, MILRSLIGFEHH, Am F1 Ap By I RAE
80%~120% = [8], FFEFE M Az LR, BLAT 3 = 19
i
2.6 MEEREFEAEY

BEPERRIPTH A (5 L /N2 L ok L oK) i
ATRE S I, T SRR A 43 /5 14 0.1000 g
MR IRE S, PR IR R PRSP e T ikai e 7430k
MRE, AARILERNZE 9 Fias. =3 Am & 14.01%,
Ap & 85.99% 5 3CHk [37] G5 EAHA, /NEI Am
EHEN 18.85%, Ap Sl 81.15%, St SN 63.51%,
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Table 8 Verification of spiked recovery rate of sorghum

samples

R JA (mg/L) SZPHE (mg/L) A1 (%)
0.25 0.271 108.40
Am 1.0 0.872 87.20
6.0 5.443 90.72
3.5 3.871 110.60
Ap 20 19.745 98.73
70 69.253 98.93

X 5 SCER [38] A HE Y St 65% LA M A, B
Kb Am i 12.14%, Ap 5 87.86%, SHH EKT Ap
i 80%~90% ZERAHSF &, oK Am &t 15.43%
5 SCERA Y 12%~19% S5 AR A0, Rk
1T AT A4S & DLAS AR S b Am. Ap Fl1 St Y& i,
HA TP

®9  ARSYIFEMT Am, Ap FI St 5
Table 9 Am, Ap and total starch contents in different grain

samples
FEdh Am(%) Ap(%) St(%) Ap/Am
LS 14.01+0.42 85.99+0.18 69.86:0.47 6.14+0.32
INAE 18.85+0.29 81.15+0.32 63512026 4312025
ESN 12.14+0.46 87.86:0.42 83.36:+0.39 7.24+0.35
Kok 15.43+0.28 84.57+0.52 93.75+0.27 5.48+0.44

3 #ig

= 3 v 1 5% TE Ky (Amylose, Am) Fll 32 5% JE #y
(Amylopectin, Ap) & &5 P78 A4 7 18 A5 i 22 AH
5, (HEA BRI 7 15 R — R L B 2 25 R vl REAS
[F)o AS S AT T SE 1Y SE S0 B HE Db e T 2 Tl L fo 7
MEFRF Am. Ap S0 = Fh ik (O ik 1. s
KIRARIEL . 7k 1L R FAPRTE . 7 I X
AR, G55 I, =R nke BRI PR Y hE
B S BRAE O i U 8 VE TR SR, P R BR : Am
4 <0.55 mg/L, Ap ¥ <2.75 mg/L, ;EEHRE: Am ¥ <
1.65 mg/L, Ap ¥ <8.33 mg/L; £ & AETA 22 50 46 &
B, VRAREAE W AR A5 21 R 22 4o XS HE 5 /1N (0.13%) ,
{H AR RR TR ZZEH(7.47%) , PRI 2% FH TR
PR EC Rl PE—2 R =R s = SR )
ME S Tk, 85524 FH NaOH 1E431#G7, 70 °C
Witk 10~20 min, DL ZfRaER% N pH 7, LA 1.0 mL
], dE 5 20~30 min PN A R SRR I A B AR T 52
ZAF, JFEALIE Am, Ap F A ELATER TS
SCERAHGERY S AR Fe s, BT L 1 755 f (R s 42
PSSR, 12 B By i ] S A MR AN AR
(80%~120%), PRI 7 5 111 B3 A T S BRAR & i il
RE, i I 2 R WA AR SR Am. Ap M St
B, M 25 R 5 SCHRMEAEAT, oAl vk . A Sz
LT 3% A LY 8 SO TR AR IR I SE S0 AR SRR, (2
V2T A i BERE S EA TN Ak, HoAh BARI 54
S TT BRI SE I 53T AR TRIR AR TER 1Y

FEPERNZOMN ZR AT, DA RSERISEIE .

Sk

[1] PAIANO V, BIANCHI G, DAVOLIE, et al. Risk assessment
for the Italian population of acetaldehyde in alcoholic and non-alco-
holic beverages[J]. Food Chemistry, 2014, 154: 26-31.
[2] £#, BEA, &I, F. 5K MEE &R0 L LR AR
PraF b £ F o4 (0], F B ERi, 2020,39(3): 57-62. [ MAO X,
WEN X P, HUANG D, et al. Difference analysis on main compo-
nents and starch properties in five commonly used liquor-making
sorghum[J]. China Brewing, 2020, 39(3): 57—62. ]
[3] NNAMCHI C I, OKOLO B N, MONEKE A N. Grain and
malt quality properties of some improved Nigerian sorghum vari-
eties [J]. Journal of the Institute of Brewing, 2014, 120: 353—359.
[4] SINGH H, SODHI N S, DHILLON B, et al. Physicochemical
and structural characteristics of sorghum starch as affected by acid-
ethanol hydrolysis [J]. Journal of Food Measurement and Character-
ization, 2021, 15(3): 2377-2385.
[ 5] LONDONO-RESTREPO S M, RINCON-LONDONO N, CON-
TRERAS-PADILLA M, et al. Morphological, structural, thermal,
compositional, vibrational, and pasting characterization of white,
yellow, and purple Arracacha Lego-like starches and flours (4rraca-
cia xanthorrhiza)[J]. International Journal of Biological Macro-
molecules, 2018, 113: 1188—1197.
[ 6] ESPITIA-HERNANDEZ P, CHAVEZ GONZALEZ M L, AS-
CACIO-VALDES T A, et al. Sorghum (Sorghum bicolor L.) as a po-
tential source of bioactive substances and their biological properties
[J]. Critical Reviews in Food Science and Nutrition, 2022, 62(8):
2269-2280.
[7] JAISWAL S, BANSIRAR A, SINGH A, et al. Diversity in
grain and wax characteristics of twelve cultivars of Indian sorghum
[J]. Materials Today: Proceedings, 2022, 57: 1933—1937.
[8] SOEHTET M N, WANG H, TIAN L, et al. Integrated starch-
es and physicochemical characterization of sorghum cultivars for an
efficient and sustainable intercropping model[J]. Plants, 2022, 11
(12): 1574.
[9] &34a. SR 5EE[T]. 85, 1999(1):20-21. [ CAO W B.
Sorghum and winemaking [J]. Liquor Making, 1999(1): 20-21. ]
[10] ZHU Y, CUI B, YUAN C, et al. A new separation approach
of amylose fraction from gelatinized high amylose corn starch[J].
Food Hydrocolloids, 2022, 131: 107759.
[11] JUNGSJ, SONG Y B, PARK C S, et al. Different physico-
chemical properties of entirely a-glucan-coated starch from various
botanical sources [J]. Food Science and Biotechnology, 2022, 31(9):
1179-1188.
[ 12 ] NIETO-ORTEGA B, ARROYO J J, WALK C, et al. Near in-
frared reflectance spectroscopy as a tool to predict non-starch
polysaccharide composition and starch digestibility profiles in com-
mon monogastric cereal feed ingredients[J]. Animal Feed Science
and Technology, 2022, 285: 115214.
[13] whic, REH, UM, 5. KT P asMg R4 R R m 2
A5 KOP B4R R A A F AR [T]. F B IR, 2018, 33(2):
115-119,127. [ YEQ, ZHAO Z W, XU M Y, et al. Amylose con-
tent detection in polished rice based on diffuse reflectance fourier
transform infrared spectroscopy[J]. Journal of the Chinese Cereals
and Oils Association, 2018, 33(2): 115-119,127. ]
[14] X2, &4, WM, F. E LR HN T T 89
B AR A A Z AR A [T, 2 K F R, 2018, 40(2): 315-320.

[WUY P, GAO Y C, XU Z M, et al. Determination of amylose


https://doi.org/10.1016/j.foodchem.2013.12.098
https://doi.org/10.11882/j.issn.0254-5071.2020.03.012
https://doi.org/10.11882/j.issn.0254-5071.2020.03.012
https://doi.org/10.1007/s11694-020-00792-8
https://doi.org/10.1007/s11694-020-00792-8
https://doi.org/10.1007/s11694-020-00792-8
https://doi.org/10.1016/j.ijbiomac.2018.03.021
https://doi.org/10.1016/j.ijbiomac.2018.03.021
https://doi.org/10.1016/j.ijbiomac.2018.03.021
https://doi.org/10.1080/10408398.2020.1852389
https://doi.org/10.1016/j.matpr.2022.03.041
https://doi.org/10.3390/plants11121574
https://doi.org/10.1016/j.foodhyd.2022.107759
https://doi.org/10.1007/s10068-022-01113-z
https://doi.org/10.1016/j.anifeedsci.2022.115214
https://doi.org/10.1016/j.anifeedsci.2022.115214
https://doi.org/10.3969/j.issn.1003-0174.2018.02.019
https://doi.org/10.3969/j.issn.1003-0174.2018.02.019
https://doi.org/10.3969/j.issn.1003-0174.2018.02.019

- 280 - £ Tl B4

2023 4F 7 A

and amylopectin of fresh tobacco by continuous flow method[J].
Journal of Yunnan University, 2018, 40(2): 315-320. ]
[15] DHIR A, KAUR C, DEVI V, et al. A rapid single kernel
screening method for preliminary estimation of amylose in maize
[J]. Food Analytical Methods, 2022, 15: 2163-2171.
[16] YUM, LIU B, ZHONG F, et al. Interactions between caffeic
acid and corn starch with varying amylose content and their effects
on starch digestion[J]. Food Hydrocolloids, 2021, 114: 106544.
[ 17 ] BUTARDO V M, SREENIVASULU N, JULIANO B O. Im-
proving rice grain quality: State-of-the-art and future prospects[J].
Rice Grain Quality, 2019, 1892: 19-55.
[ 18] HUANGJ, WANG Z, FAN L, et al. A review of wheat starch
analyses: Methods, techniques, structure and function[J]. Interna-
tional Journal of Biological Macromolecules, 2022, 203: 130—142.
[ 19 ] CHAVAN P, SINHMAR A, NEHRA M, et al. Impact on var-
ious properties of native starch after synthesis of starch nanoparti-
cles: A review [J]. Food Chemistry, 2021, 364: 130416.
[20 ] MCCREADY R M, HASSID W Z. The separation and quan-
titative estimation of amylose and amylopectin in potato starch[J].
Journal of the American Chemical Society, 1943, 65(6): 1154-1157.
[21] FHRAREREERREEEGREEEEA. GB/T 15683-
2008 KoK HAE A2 g m T [S]. AT b B AR $ a4, 2008.
[ The State General Administration of Quality Supervision, Inspec-
tion and Quarantine, PRC. GB/T 15683-2008 Determination of amy-
lose content in rice [S]. Beijing: China Standards Press, 2008. ]
[22] o AR A B R4S 3. GB 7648-1987 KAG B K 4
TAF A AAE Ak [S]. AT ¥ BARE s, 1987, [ Min-
istry of Agriculture, Animal Husbandry and Fisheries of the Peoples
Republic of China. GB 7648-1987 Determinatlon of amylase in
grains of rice, maize and millet[S]. Beijing: Standards Press of Chi-
na, 1987. ]
[23] T HREHARUEF. DB 32T 2265-2012 ¢ 2K &
I Fe XA A2 F I SO K 5 Bk [S]. i 5 ok
K Mo 75 47 /& R4, 2012, [ Jiangsu Provincial Bureau of Quality
and Technical Supervision. DB 32/T 2265-2012 Determination of
amylose and amylopectin content in fresh maize by dual wavelength
spectrophotometry [S]. Jiangsu: Jiangsu Local Standards Press,
2012.]
[24 ] REDDAPPA S B, CHHABRA R, TALUKDER Z A, et al.
Development and validation of rapid and cost-effective protocol for
estimation of amylose and amylopectin in maize kernels[J]. 3 Bio-
tech, 2022, 12(3): 1-8.
[25] SHAOY, ZHU D, YU J, et al. Development of certified ref-
erence materials for the determination of apparent amylose content
in rice [J]. Molecules, 2022, 27(14): 4647.
[26] SONG Y H, SHI W L, ZHANG J, et al. Development and ap-
plication of an efficient method for the amylose/amylopectin ratio
determination in potato tubers[J]. Acta Horticulturae Sinica, 2021,
48(3): 600.

[27] OKPALA N E, ALORYI K D, AN T, et al. The roles of
starch branching enzymes and starch synthase in the biosynthesis of
amylose in rice [J]. Journal of Cereal Science, 2022, 104: 103393.
[28] DIAZ E O, KAWAMURA S, ISHIZU H, et al. Non-destruc-
tive assessment of amylose content in rice using a quality inspection
system at grain elevators [J]. Food Chemistry, 2022, 379: 132144.
[29] BABL, B, 400, 5. wAn & 4 Fe LA 77
H e [J]. e T w4, 2019, 40(12): 259-264. [ JIAO M
Y, GAO H, WANG W N, et al. Comparison of four methods for the
determination of amylose and amylopectin[J]. Science and Technol-
ogy of Food Industry, 2019, 40(12): 259-264. ]
[30] WANGJP,LIY, TIAN Y Q, et al. A novel triple-wave-
length colorimetric method for measuring amylose and amylopectin
contents [J]. Starch-Sti rke, 2010, 62(10): 508—516.
[31] ZHU T, JACKSON D S, WEHLING R L, et al. Comparison
of amylose determination methods and the development of a dual
wavelength iodine binding technique[J]. Cereal Chemistry, 2008,
85(1):51-58.
[32] ZHUF. Structure, physicochemical properties, modifications,
and uses of sorghum starch[J]. Comprehensive Reviews in Food
Science and Food Safety, 2014, 13(4): 597-610.
[33] 470k, E Rk, &2, & s KEm g EF KR TP A4
e L9 aF 0], A% T kA, 2022, 43(7): 303-309.
[ HE J, YAN F, HUANG F, et al. Determination of amylose and
amylopectin contents in yam and taros by dual-wavelength spec-
trophotometry [J]. Science and Technology of Food Industry, 2022,
43(7):303-309. ]
[34] VAINIOK A. Determination of starch by iodine colorime-
try [J]. Agricultural and Food Science, 1968, 40(2): 60—66.
[35] JARVISC E, WALKER J R L. Simultaneous, rapid, spec-
trophotometric determination of total starch, amylose and amy-
lopectin[J]. Journal of the Science of Food and Agriculture, 1993,
63(1): 53-57.
[36] BATES F L, FRENCH D, RUNDLE R E. Amylose and amy-
lopectin content of starches determined by their iodine complex for-
mation[J]. Journal of the American Chemical Society, 1943, 65(2):
142-148.
[37] #2 BBHRRHEZTUNERRAAAID]. £R: R
K 4, 2013. [ JIANG L. Determination of starch content and prop-
erties of brewing sorghum[D]. Chongqing: Chongging University,
2013. ]
[38] 4R, 5 &, KAd, F 0 EEHGARIK]. 25T
5 &, 2021, 42(16):212-219. [ XIANG F J, SU L, ZHANG
X N, et al. Research status of wheat starch[J]. Food Research and
Development, 2021, 42(16): 212-219. ]
[39] #&Em, A XK P AN ENE ke b [I].
MR AT, 2017,42(3):24-26. [ ZHAIJ L, HE R. Comparison of
methods for determination of amylose content in rice[J]. Grain Pro-
cessing, 2017, 42(3): 24-26. |


https://doi.org/10.1007/s12161-022-02277-4
https://doi.org/10.1016/j.foodhyd.2020.106544
https://doi.org/10.1016/j.ijbiomac.2022.01.149
https://doi.org/10.1016/j.ijbiomac.2022.01.149
https://doi.org/10.1016/j.foodchem.2021.130416
https://doi.org/10.1021/ja01246a038
https://doi.org/10.3390/molecules27144647
https://doi.org/10.1016/j.jcs.2021.103393
https://doi.org/10.1016/j.foodchem.2022.132144
https://doi.org/10.13386/j.issn1002-0306.2019.12.042
https://doi.org/10.13386/j.issn1002-0306.2019.12.042
https://doi.org/10.13386/j.issn1002-0306.2019.12.042
https://doi.org/10.13386/j.issn1002-0306.2019.12.042
https://doi.org/10.1094/CCHEM-85-1-0051
https://doi.org/10.1111/1541-4337.12070
https://doi.org/10.1111/1541-4337.12070
https://doi.org/10.13386/j.issn1002-0306.2021070119
https://doi.org/10.13386/j.issn1002-0306.2021070119
https://doi.org/10.23986/afsci.71700
https://doi.org/10.1002/jsfa.2740630109
https://doi.org/10.1021/ja01242a003
https://doi.org/10.12161/j.issn.1005-6521.2021.16.031
https://doi.org/10.12161/j.issn.1005-6521.2021.16.031
https://doi.org/10.12161/j.issn.1005-6521.2021.16.031
https://doi.org/10.12161/j.issn.1005-6521.2021.16.031

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 标准溶液的配制
	1.2.2 标准曲线的绘制
	1.2.3 样品测定
	1.2.4 高粱样品测定条件的选择
	1.2.5 样品准确率测定
	1.2.6 精密度、检出限、定量限的测定

	1.3 数据处理

	2 结果与分析
	2.1 标准曲线
	2.2 方法学验证
	2.2.1 配制已知浓度样品溶液验证方法准确率
	2.2.2 精密度、检出限和定量限

	2.3 测定高粱样品的优化实验
	2.3.1 NaOH和KOH对高粱样品中Am、Ap含量的影响
	2.3.2 糊化温度对高粱样品吸光度/St含量的影响
	2.3.3 糊化时间对高粱样品吸光度值的影响
	2.3.4 乙酸和盐酸调节溶液pH对高粱样品吸光度值的影响
	2.3.5 碘试剂加入量对高粱样品吸光度值的影响
	2.3.6 显色时间对高粱样品吸光度值的影响

	2.4 重复性验证
	2.5 回收率验证
	2.6 测定酿酒常用谷物

	3 结论
	参考文献

