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Morphological Features and Physicochemical Properties of Starches
from Six Wheat Varieties in Yuncheng, Shanxi Province

FU Lihong, CHANG Yingying, XU Rundong, YANG Ziting, GUO Yun'e, YANG Hongyu

(College of Food Science and Engineering, Shanxi Agricultural University, Taigu 030801, China)

Abstract: This study aimed to elucidate the differences and advantages among starches from various wheat varieties,
providing scientific evidence for the selection and application of these wheat varieties in the Yuncheng region of Shanxi
Province. Six kinds of specialty wheat starches were used to analyze the morphological features and physicochemical
properties by scanning electron microscopy, fourier transform infrared spectrometer, X-ray diffractometer, differential
scanning calorimeter and rapid visco analyser. The microstructure of starches included amylose content, amylopectin
content, morphology, particle size, crystallinity and short-range ordering. The physicochemical properties included
transparency, swelling, freeze-thaw stability, pasting properties, thermal properties and gel texture characteristics. The
correlation between different factors was analyzed using pearson correlation coefficient. The results showed that the six
wheat starches consisted of A and B starch granules, which belonged to the typical A-type crystal structure, with relative
crystallinity ranging from 11.63% to 20.41%. The content of amylose ranged from 0.56% to 26.24%. There were significant
differences in the parameters of granule size, crystallinity, pasting characteristics, freeze-thaw stability and gel texture
characteristics of different starches (P<0.05). The '"Yunhei 161' starch had the smallest particle size, the highest degree of
short-chain ordering, enthalpy (AH), transparency, freeze-thaw stability and swelling. This starch was easy to paste but not

easy to regenerate. In terms of gel textural properties, hardness, elasticity and chewiness of 'Jiemai 23' starch were
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significantly higher than the other groups (P<0.05). Correlation analysis showed that the content of amylose was positively

correlated with solubility, pasting temperature and setback, which negatively correlated with crystallinity and enthalpy.

Correlations were also found between relative crystallinity, pasting temperature, solubility and setback. In conclusion, the

structure and physicochemical properties of starch were differentiated by wheat varieties. 'Yunhe 161' and 'Jiemai 23' were

two high quality wheat starches, which could provide a reference for starch industrial application.

Key words: wheat; starch; physicochemical properties; morphological features
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X ZE A S, 1T 1022 cm™" [T B4 W% Wi U] 55 8
AR LS R X A5 F AR A DR, Van 5P 5T & 1,
1047/1022 cm™ PUAE A S BRTER) 43 F FE S0 R FE Y
2%, H PN S AR P AR . A 4
" LLE I, NFASRINZE SR TE R 09 1045 cm Y/
1022 cm ' 58 BE LB AR 1.771~1.995, iz 2 161>
FEAR 18> L 118> A 23> fif & 247> K &
198>, FHodr iz 22 16 1TEM 1Y Eu B B s, D AL TE A
RHIEREA P e R 198 BEM Y ELAE R A, VP
MG P, TS50 s iiis a4k 365,
TEA 2077, TEHAL 307, TEHAR 607 PUFP/INZE TERT 1Y
1045/1022 ecm™" W58 3 FUAE Sl 0.87~0.90, AL, i
FAE] S EGE B A P AT E— g 2= 5.

2.0 21047 cm™ 125
1022 cm™' —e— 1047 cm™'/1022 cm'!

;
%

ezt
<o —
o n o
o
o
2
o
N
S XT_%
o
(e}
S
o
o
s 5 = =
W o W
1047 cm™'/1022 cm™

B4 RFEEF/NEGER FTIR IR 1047 cm /1022 cm’™!
HAE

Fig.4 FTIR ratio 1047 cm /1022 cm™" of starch from different
wheat varieties

R AR FNETERRAR A

Table 1 Granule size distribution of starch from different wheat varieties

A Xo(pm) Xso(pm) Xgo(pm) Xgo(pm) SMD(um) VMD(pm)
118 8.56+0.19" 17.85+0.14% 28.010.11° 35.76+0.06"™ 10.20+0.12° 18.03+0.13*
rA23 7.19+0.16° 17.32+0.14° 27.44+0.17° 35.16+0.17° 9.46+0.12° 17.31£0.15°
KF198 5.99:£0.08 15.73+0.06° 25.41+0.11° 33.94+0.08° 8.51+0.04° 15.78+0.06°
18 6.05+0.22¢ 15.84+0.28° 25.87+0.62° 33.81+0.69° 8.41+0.27¢ 15.90+0.34°
fif 224 6.30+£0.05° 17.31+0.06" 28.07+0.08" 35.97+0.28" 8.94+0.10° 17.29+0.05"
a6l 5.71£0.19¢ 15.29+0.22¢ 24.38+0.18¢ 32.23+0.53¢ 9.52+0.47° 15.28+0.21¢

TE: X 0n Xson Xop R K
AR A, TRB T B AN [ 267 B 3 22 5 (P<0.05 ), 422~ 70,

KooK KRR/ NT %A U o5 0B BEATR I 10%. 50%. 90%. 99%; SMD: TRk 485 VMD: (AFUF-Epkife . Blis v
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Fig.5 X-ray diffraction patterns of starch from different
wheat varieties
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2R i, PSRRI, D I A A AR {7
TR PR T HEA T, W T B b i . JE Ry 4514
JEZS PRI/ &5 M IX 454 . HAE S A TER & &
HRSTERIIIER R UIAESERY . EAETER IS, TEH)
MIFASS (BRI, L, AH 5 B AT R & 2 TG,
S RRXT £ R B AR SR, 3 S AR SO £ SRAH— 3
WITEKS AH F8 3E MR & 2 WA it S 850 AT 7
B I rds B RE B PR, AR SO HR S A R T R B9
AH 5 TR 2555 H 3B 1) 12 B0 A ERI ) i 2
FZVEBYEY AH 1H (7.07~13.90 J/g) AH MU Ak ARG,
X e PR A AT 4 i B S A A T AR T R A
Fh/INAZ VERS
2.7 IMNERIEMBNERRE SR

TERIR 1) 375 BH R 38 R FH OB R R, IOGIE
55 VE R WS I B R I L OE R P anEl 6 iR,
ZINZZ BERT R R G B Y L2 0.324~0.853, £5 5L Fh
Z AR 22 S 0 3 (P<0.05) WG (B i/ N <18
161 yERy, Ui B HGE I B e, 16 & iV ETE Ry B vl
B R AR 325 I AT R = . HAY AP etk
HRUR SR ZR ARG 18> 5 1187>PF A 23" >fif & 24™>
KRAZ 198, “KFZ 198 TEMIRIM G EE (B fre ok, BBH
HOFHEE s . A5, TERPRIIEH B 222z

F 2 AFEEF/NETER XRD F#i
Table 2 XRD characteristics of starch from different wheat varieties
o A5 £ () /i TR R (A) HRHE R
15° 17° 18° 20° 230 (%)
#7118 15.14(5.85) 17.01(5.21) 18.11(4.86) 20.13(4.41) 23.14(3.84) 15.5120.06°
¥e#223 15.06(5.88) 17.05(5.20) 18.13(4.89) 20.13(4.41) 23.14(3.84) 14.57+0.07
K#198 15.18(5.83) 17.19(5.16) 18.15(4.88) 20.13(4.41) 23.20(3.83) 11.63+0.06"
BRI 15.12(5.85) 17.17(5.16) 18.03(4.92) 20.01(4.45) 23.08(3.85) 16.05+0.05
ff 24 15.20(5.82) 17.05(5.20) 18.35(4.83) 20.09(4.42) 23.08(3.85) 12.5540.05°
iz161 15.20(5.82) 17.11(5.18) 18.75(4.73) 20.15(4.40) 23.04(3.86) 20.4140.26"
3 A RN TER PR
Table 3 Thermal characteristics of starch from different wheat varieties
dh RIHRET,(C) U (EIRUET,(C) ZRRET.(°C) PISEAH(V/g)

118 52.88+0.11¢ 59.37+0.01° 73.63+0.03¢ 2.8340.03°

23 55.93+0.03° 63.97+0.02° 76.1420.14° 2.72+0.01¢

K#198 58.49+0.03" 65.95+0.01° 78.71£0.01° 2.63+0.01¢

BRI 54.14+0.05° 59.32+0.01¢ 75.25+0.01° 2.86+0.02°

faf 224 52.02:+0.02° 58.32+0.01° 69.98+0.01° 2.69+0.01¢

iz 161 48.88+0.02" 55.13+0.01° 67.45+0.01° 3.16+0.02°
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Fig.6 Absorbance values starch pastes from different
wheat varieties

EHEEER AN SCEEGER Z A EAE B2 E0
2.8 INRIEMBUARMIES T
TE/NAZGERT R A A v, GEA R, 1 L/ 5
BEA PSRN, AR T WOKIZIK, B RIIEIKEE
AU KBRS R . FEinad R v, nl ik EaE e
WIS AT BT T, DERS IR A BE 1 A
TEHOR R R . Wang 5P WFFER I, SERHNURE Y
RERKA T g S SCREGE R 53 T IO . STk kL
PSR FRINAAT, ELEERER 7 e TR S
FEAE, T R 0 S SCREGERS 3 SR BRI AN
. HEE 4 AT, 50 °C I ER UL AT K BEAR /)N

(1.98~2.64 g/g), HEfREER(0.11%~1.61%); HiRE
IRF] 60 °C B HEM ORI AR T K, 75 IR RN fe B &
FE IR BT s MR BEIAE] 70 °C B, BT s i
16 1" JEMMIRL L SE K, AR B T W& B B — 1
IRV, Zoad B U A BRANG 2, A=A D00, K
IRBNEI, A KIGEHEY BT i Hofth 5 FhARR R 0
I AR fee i R BV P T v T R
2.9 IEEMEVRRIREMS ST

TERR B Al RS 2 M nT A R AT K RO RoR, B
IR, R M 2E . e 5 AT, Sead Rk Rl
PEER, iz 22 161 TER BT K R{LUA 17.81%, BEHHH:
URAIEE R M, FLR T2 A 18 &5 118°5F
323 FNMEE 247, KE 198 HIMT/K Fhxw =5 55.92%,
S HAB AR B EMEZE S (P<0.05), RIS R B 22
Hong 2502 %} R /KRG TURRES a2 0 a2, 2 BE
BRI RS S T S AR TERY & R L, EARTERY
TR R LR R RS M i 25 . A/ INEETE R R
EUEEDERY & AR, VIR R AP R P e 2
(] AV 1885, YER 5T 57K 53T Z RV E R Dk
238855, ISR 25 55 MUERHEERE G5 A i T, BT
IR, GERTI VRS M 57 25 I8 2 16138
Ky R E i ST TEAT AL AR, S IARAREE, B EIE AR
SRR, Z8358 PUR ZREAG IR, SCBEGER 53T FIK k25
B A2, KA HTH . FRIEATAL, B 161 FEME S

Fd NIRRT/ EA (R ML R i

Table 4 Swelling power and water solubility of starch from different wheat varieties

) TREE(CC)
Eitan i
50 70 80 90
118 2.3240.03° 4.58+0.08¢ 5.98+0.02° 7.39+0.08° 10.02+0.03°
28418 2.40+0.01° 5.10£0.15° 6.12+0.03° 8.10+0.10° 10.18+0.06°
R (ge) i‘<27:‘198 1.98+0.04 3.94+0.02° 5.21+0.04° 6.5710‘025\ 7.88:&0‘105\
W23 2.15+0.03¢ 4.26+0.04¢ 5.54+0.04¢ 7.29+0.03¢ 9.51+0.03¢
fa %24 2.07+0.02¢ 4.08+0.04° 5.29+0.09° 6.880.06° 8.65+0.31¢
izR161 2.64+0.02° 5.28+0.03" 33.28+0.06° 33.28+0.06" 33.28+0.06"
118 0.64+0.01¢ 1.53+0.09¢ 4.66+0.10¢ 6.99+£0.03¢ 9.65+0.08¢
28418 0.59+0.02¢ 1.10£0.02¢ 3.43+0.02° 5.7240.25° 7.37+0.01°
B— i;ﬁms 1.6110.01‘? 2.5910.01f 5.4510.01f 9'4&0'02 11.0410.01f
W23 1.00+0.03¢ 1.80+0.02¢ 4.79+0.02¢ 8.00:£0.02° 10.13+0.08°
faf #4224 1.35+0.04° 2.00+0.01° 5.06+0.05" 8.59+0.07° 10.44+0.08"
iz2161 0.110.02" 0.44+0.02" - - -
e R A EE, F25~FKTF,
5 AR NEZTER RRIIEFR L R A AT KR
Table 5 Water precipitation during freeze thaw cycling of starch from different wheat varieties
- Bk #(%)
— IR VRl PR il IRV DU il FIRVRfl
£F118 34.84+0.06° 40.14+0.08¢ 43.76+0.06° 49.12+0.04¢ 51.03+0.05¢
BAR18 33.53+0.10° 38.73+0.06° 42.62+0.34° 48.63+0.16° 49.58+0.02°
K# 198 43.65+0.11° 45.97+0.03° 47.70+0.16 52.39+0.05° 55.92+0.04°
723 39.37+0.18¢ 42.11£0.02° 45.25+0.17° 50.83+0.05¢ 52.51+0.15¢
fii 24 42.37+0.30 44.78+0.21° 46.69+0.09 51.87+0.05° 53.76+0.11°
izik16l - - - 7.21£0.07" 17.8120.17"
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2025 4F 5 A

TN T A& AR AN T .
2.10 NEIEMEIMMLAFME DA

XHFERFLIEA TN AL B S, JER Ik ik, JexE
T DX A, 3 U Ay 1) JOURE 25 A AR SR AE LR ARE, Frik
JINFAJE , TEA FIURLAS T 386 B2 K, T A5 L AT 26 1
TERVR, TR TER PRI R Y /N TER IR
TERFIES B3 6, 7SFIRE S IR AL 1R 3 | (i 2k
B RAEE ., IR BB B AN, AR A
EMEZEF (P<0.05) . < KFZ 198 T IR IE R B i
71.6 C, “ia i 16 TEM FIMILIR BERAK 59.1 «C, iX
5 /N GERY AR BB E— 2 . [T E R B T A
JETERTI A AR, [l A{EHR /)N, 22 W GE MR
Gy #Ak . FESI I A{ETEFE Y 683~2811 cP, iz &
161 EM I I AE (B /]S, 98 B 161 TEM AT &1k .
TEYRAE SR T TER ORISR P, FRAZ K (TR SR
BTN BY UIVE FHIIRA 1, Sy i 2 HH SEA 1 EAT
B A R S8 FEPEDS, S PAE Y I 1730~2872 cP,
G 16 UTER R, K 198 Bk, KIHG2 2 161°
TERHBURII 1k S5 RZAK B e i, <R EE 198 T A5 Ukigs
I SEFIHEE T = T
211 NEITEMHDERL AT AT

TPA BT3B 230 i AN A% nELVE sV, XA
Sh A TR A, AR IR E R RAAE L Bk L SRR
N RS T ST S R i B PR 2 — R R 4R PR
HTRHEARTHTR] 2 A= (R T T, B (A i 5 L 8 i
BEAHDC . HHER 7 I, TEMBERE RS R YR E Y 0.44~
0.73 N, FLrp <32 198 FI 522 23 185 (1 L s i J&E
AR A 0.73 N, “faf 22 24 FE B GRS 00 A B fe (1 g
0.44 N T By £F &b BE B 19 KG B2 75 Bl 0.42~
1.35 mJ, “fafZZ 24 0PRE BB S, <BF32 23 Rk B
B/ INe FSPRTEMIEE ISR BRI, KBRS/, PR

F& 5 R AR A ] 4 1 ) G XS 5 — R 4 1 ]
B4 TE 73 X A4 E 2R, 6 Bl e A5 8 i Y SR PETE R A
0.37~0.45 Ratio, [fiiz 2 161724, fii 24’ N B
PRI, B B/, HAth D 5 o (] 22 S I A B 5
SRR AR SRR S — IR AR S5 RO EE IR R4 R =2
[AIPREZ (v B, DU B A S SR E R A 0.93~3.12 mm,
NELMES P FE BBl 42 0.07~5.71 mJ, “I% 22 23 TE By BERE 1Y
g 37 b R NP R e v, RN B MR SR/ )N, DR B
B AR B, T is 2 16 VI e 4 S0 bk
TEASHA IR, LRI AL B, Y5 S ANTE BRI, T LATJG
TR AR AREE o
212 NEIEMHE IR A

7INFZ GER O S A8 N ER AL AR P45 T FE AR 22 (A1 B9
Pearson AHSC R BUNIE 7 Fias, EEETEMN & B 57
B WM B 2 IE A 2G (7=0.81, 0.88), H[EA:
B PR 50 8 S b i S5 M TE A G, A G R AR 7+ 43591
Sk 0.99. 0.97, 5 5EchE 52 0 S5 MR IEAESE (=0.91),
G URIAH DG i BE RS 22 o S P A G, AHOC R
B r ¥0-0.88, /INZZETERT BUARNT &5 T SR L TR
S B (r=—0.96); SR . [RIAE(E FIEE
e PN R P A S B PE AR O, AHSE R B » 4351 —0.88
—0.89 Fl1—0.84; HIEH 5 o] A= {H e 24 ok BE A2 i 55
PEFAHFE(=—0.88,-0.91)

S [R) 3 5 B4 R8T A 758 B A [ A {5 5 3 Pk AR
X, FHSC B R 0.91, SUR(E R WU G,
A FREL r 9—0.85, 55 TV B S AR s 2 P TR FE G, AH
KRB r S—0.93; /INZZFE R Y B A (B R 2 5
B S PEIE A2 (7=0.94) o 7INZE GEAY 5 IS Tk B 1T PN
Tk nHMEH A S 5 S R IR AR DG, AHSC FR B v 4
Ak 0.84 F1 0.91; BEHEPEFITE L | PN IR M2 B 5%
PEIEAHZ(—0.94, 0.93)

F 6 IR/ FER OB AL RAIE 2 8L

Table 6 Gelatinization characteristic parameters of starch from different wheat varieties

A WHEIREZ (C) WEAERY FE (cP) [l A {H (cP) FEMAH (cP) IR IR (cP) IRZOHE (cP)
£IR118 65.5£0.9° 4665+2.5° 2424+1.4¢ 243245.0° 2233+3.4° 4657+2.5°
#AR18 65.5+1.7° 4741£1.8° 2413£2.5¢ 2465+2.8° 2276+3.7 4688+5.8"
K#198 71.6+£2.5* 3269+9.5 2811+13.8* 1730+11.3° 1539+6.9" 4338+2.4°
23 66.4+2.4° 3918+6.3¢ 2682+2.6° 1989+0.8¢ 1930+5.6° 4612+7.4°
724 67.9+1.1° 3679+24.6° 2791£5.0° 1917+3.8° 1777+7.3¢ 4570+4.3¢
izE161 59.1+1.3° 4880+3.2° 683+0.6° 2872+42.3% 2008+1.1° 2691+0.9"
K7 ARESR N TER BRI T
Table 7 Gel textural-properties of starch from different wheat varieties
i fEEE(N) HEBH 1 (mJ) P51 (Ratio) P (mm) B E(N) NELAEH: ()
BR118 0.58+0.02° 0.80+0.02° 0.40+0.02° 1.24+0.09° 0.44+0.05° 0.38+0.07°
18 0.52+0.04 0.86+0.03° 0.39+0.03° 0.93+0.02¢ 0.46+0.03" 0.22+0.01%
KF198 0.73+0.01* 0.45+0.03¢ 0.37+0.01° 1.21£0.02° 0.42+0.02° 0.31£0.05°
Pr#23 0.73+0.02° 0.42+0.02¢ 0.38+0.02° 3.12+0.01° 0.47+0.02° 5.714£0.23°
fii24 0.44+0.03¢ 1.35+0.02% 0.45+0.01° 1.13+0.02° 0.35+0.02° 0.07+0.02°

izk161 - - -
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Fig.7 Correlation analysis of starch characteristics

of different wheat varieties
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