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K IEHR (Maize starch ,MS), 2 1ILZE 4
B A R A A 5 54 55 3E B (Potato starch, POS) ,
RN HARAE; BiGER (Pea starch,
PS), ¥ & RIEEA Y& 5 A RA R MR K
PG AR T S T ) il a—JERY I (BR) ,
1t 5% Biotopped F}4 A BR 2 W) 5 i 45 4 UE By il
(BR), dbat Solarbio B4 R Rl ;95% 4 1 H
M, KA KA A R A BR A ] 5 fE i
R AR A R PR R R AR, R
P2 iR — T S Akl R i Ab 2 1R A B 2
A R AR &, DB R WA A BRA
ANTHER AT H®R AT, CSEEwRH A
RS 7] HAY IR Y R e BTl %
12 NE5EF

HH-SY21-Ni B #E K 5, b5 R
XA A PR 7] 5 CE-9600 i 15 20 7 A%, 75 56 11 7
SRR 75 1 1 45 A R 3 \] s LT-DBX120F 4% % 1] 4
T R XA SR LA | 57 7 4% 58 (T ) B2 AL RS A B
] 800Y Z DI hE My iEAIL , EABK H.4: ) ; GB6003 -
88 HrifE 100 H i, Wil LBt e AL ALES T
FAT104A ML+ R, B R i FAUAR A R A
ME2002/02 HLF K P M RE -G R 24088 (1)
A RA W HI850R 5 2w v R .0 bl , WAL ES
DHUSCER AT R 7] s HI =3 %0 46 18 g Bt P 4%
W PR A R TR A A BC-117F C /R
PRI VKAE T i R B A A PR A 52102486-TMA
PR K Ay BT A, MK F I NEWPORT SCIEN-
TIFIC 1% %% 23 7 ; RISE-2008 't kE B 4 A A%, 5%
I 2R A RS 7 5Q20 22 R H1 il BN, 95
TA L84 B 7 ;SUS06 F-3 U BUFT-RHL, 1k
W R A A R ITE A A ;CM-21 Hr#Edl (EC-12
HEMPL, VEBEA Carnicos WA PR F] ;SIM-124
HIVKAL, G = PR LA BRA R ;CA-HM £ 4 #4
HAHHL, A JWP A ] ;SMSTA TAXT plus 9
P 5 4, 9E [ Stable Micro Systems /3 ) ; Hera-
cles II 4= H sl AL TR 1Y Astree I L

T R B4 207 B AL VA400 & 2% Al 34 R 5 43 BT
%, [ Alpha MOS A+,

1.3 Hik

1.3.1  PUrEvER m il & nZE 1 K I 1 e A o
W 400 g/L.,25 °CJE 30 min,

i At — 5] 2E 7% (Gelatinization—retrogradation,
GR) : B #E 5 B T 95 C/KIF AL EE 30 min, R H1 2
25 CJI & T 4 CUKAi &4k 24 h, B 25 CllcE
1 hJ5 105 CHMA N THAEE B iE o i, R4S
e~ 1m0 A= M BE B (GRS) .

WAk — 88 75 — [ A2 3 (Gelatinization —ultra-
sound-retrogradation, GUR) : #£ 5 7E 95 C& {4 F
K AL FE 30 min, & 15 40 °CF # 7 4b B (70
W)30 min, &HIE 25 CJFE T 4 CUKHH &1L 24
h, B 25 CHCE 1 h, 105 CE&HF T8 & 6
W, LR, B AR Ak — 8 A - TR Ak T T R
(GURS),

8 7 — B Ak — B A= 3% (Ultrasound —gelatiniza-
tion—retrogradation, UGR) : £ fh7E 40 CHAMF T
7 AL HE (70 W)30 min J5 , 7% & 95 C/K i kb BE 30
min, ¥ E 25 CJa , A 4 CokF 4k 24 h, Bt
25 CHCE 1 h,105 CHEAF T THEE, BiE, o
i, BPAS 8 75— 1k~ [ A Sk BT TE S (UGRS) .
1.3.2 otk vk v i iy I
1.3.2.1 &Emila S MRar R T ke
RS &, BUE RFES UL pH 6.0 AR 16 R -1 A R
BN ZZ vV RO RIS, A A B B TR 1R R o= Y
(500 U/g),90 C7K ¥ 30 min J&5, /K K, B
A2 60 °C, MFFERRIH pH A2 4.5 F A
I B AR TERYEE (5 000 Ulg) ,60 C/K ¥ 30 min
J& , 8.0 (10 000 r/min, 10 min), J 95% & B 2 42
PE S 0> (10 000 r/min, 10 min)3 K, BLULIE Y T
B, $e X (DI RS & i,

PO A (%) = T2 %100 (1)

m,
X, m—FE R, g ym—— BT S
FEM T,
1.3.2.2 BUREASRIE 35 30 2 W B .
TR K R B TE A FL R T A
Al a6 EEEBE A R R, LA 109 55 1 10
1) H BT (IR A 2L 100x) WL EE
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s 6 AR - TR A P T A R R — T A
mETEY A LS LR BRRIEE(REAR
AR, BTMGEMEEYE L, Uk
10x . H B8 10x L8 18 7 CiCR A% 5k 100x)
1323 KARMME B 2~3 mg FE & T BOE R
BEHHACRE S =, LS B0 F 21 500 1/min,
25 °C, UKL AT 5% 1.50, 0K W IR 0.01, 2 Bk
FAZERK (i3 1.330),

1.3.24 MWEPERT R E  MRAECNE BE I
oy 2 FUE M BT AL R PR HRG B AT ) (GB/T
24853-2010)" 0 1 V& #3 B i (M AR PE . SE I
(25.0+0.1)mL ZE1R/K FHigpE S i b, FRMER R
I (3.00£0.01)g HT1H UE #3 B 5 B AKE b 5, Dkt
PEsh Boe 28U , S B E PR B 2 B A0
o DR AR L R 4R 7% 960 r/min 4EHF 10 s
Ji — B $F 160 v/min, IR EE N 50 CHREF 1
min, ZJ& 3.7 min N PLIE R T2 95 °C,
{5 2.5 min J& , 7€ 3.8 min P LUIE E IR JE FEZE 50
C,-FE 2 min, A7 3 WE

1.3.2.5 I 2E I E  FRYE R FE & 3~5
mg, DLl B ELBIA &K THR b, s
BB T2 =R (DSC) il &, I E 4
AR E 60 °C, LA 10 °C/min 33 R THE £ 200
CJi, LA 20 C/min BAEFFR 2 60 C, HANFFAT
m 3w,

1.3.3  Fhpnyidilss 6 A OKAE P T 4 C
i 12h 5, VI 2~3 em /N4 °CF DL Sk
Hil LS h 5, IAREHE 3 min (FrPiRE <12
C) , W B P 1 1) PR JBE T T i WL TEE B I o A i ik
AZERR 787 45 min J5 , B KR A H BRI, 4
BI'E T 4 °CHI 25 CI %

1.3.4 gk o il

1.34.1 BB K ER G E T
G HTAC AT AT B rh SRR AT SR 1R e A i T
JF 43 B P i E SR T

1.3.4.2 At iobsA: sUHe 800 mlE 2 R A
77 5 o MERIFRECE 500 mg AT F FH AR K A6 45 90 ()
FESD TR0 T, DURE S Z8 8K =101 A9 0 4 Le
AZEWAKIRAGMA 1 mL A TWHER ,15~20 s 7
A 5 mL AT H W ,37 CIE % K 30 min 5, FH
5 mL 0.02 mol/L. NaOH 1 #1, B 5 A 25 mL 0.2

mol/L. B R AN 4% th W, A 5 mL A 5 J5 2 11 6
(6 pgle) N T, 4k 2 4E 37 CRImPIRE ,
F 0,10,30,60,90,120, 180 min 43 % B 4 mL
K IRl o o R R 6 L A 0 i LA
WHER EE IS %Y, 288 Goni S5 7 115
FEA Y eGl,

KA HI%) = Cox100 2)
0
eGI1=39.71+0.549HI 3)

A, Gt I ZIFE b b 4 45 % 3% 5 (mmol/
L) ; Go—FF & 48 2 0 B & (mmol/L) .
1.3.43  BOARIE RS DK x SExm 2 R
4 cmx2.5 emx2 cm FBCR | U1 SE BT Y4
BT A 7 JHG 3 g A e 326 BBCHR Sk P50, 00 3 iy 3 2
1 mm/s, 3 R B 1 mm/s, AR5 3 B 1 mm/s, J&
46 b 50% il KSR A 3, ik A T 5 g BEASFR D
AT 4 K
1.3.4.4 SBRMDME  FRELS g BES U1K 2 mm 42
f /N7 YeE TN, AR A 3R A
ST, 388 2 80,60 °C T 4k 10 min, #FEEE 500
wL, S B 125 /s, A7 3 Ik,
1.3.45 PWREIE  FRIUS g B FE L D) S
100 mL Z& 18 /K4, ¥ BHL T 4495 3 min 5, 1 4
R0 i g WO AR A 35 L /R TR
B 3 A B AG I A3 A, RAE SR IR R 1 os,
RAEME] 120 s, RAEFAW 1 s, RELER 0s, B4
AT 3 K,
1.3.4.6 BlUORNE BEBE PR, R
TG S BT A B o3 A A B D S AT 44K
1.4 HELE

FIH Excel 2010 . WPS 2018 A K& Origin 8.5
PEATROAL B e 22 1, @it SPSS 16.0 #EAT i 3

ST

2 BR55H

21 RSHREMNELER

2.1.1 RS &&EAHT K1 HEME RS &, H
LA, AbBRJS Y RS & B R R S T R
) & By b B 5 1) RS 1 BN TR [ FJE 43 A [) b
JrikH RS R E, SRS Ry A
Wi G YER A RS SR m . X 0T RE S HAE  CRE
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VE R B LA O, 3 PR VE M Y L RE VE M = HE )T
KB GTER (35% ) > FKTEM (28% )>Eh 85 E e #
(219)'", 55 324 B M A EL 550 0 A0 T A TR A0S 7 A0
bS5 HE X T S AR TR A, RS B TR B
ELEEVEM SR AU KRS HEFAEN, ME 1R
A, GUR \UGR % RS & &35 T GR, #m Ab B
JBF AR RS & AN, GUR 4B RS & i #K
UGR Ab 2 =5 119 J52 DS AT RE 2 2880 4k S5 1) 3 A S
J f Ve Ry o T EE VS R JE R A ) C-C
B, AR T ELEEVE A AR B A% Y R R A Bt
P JE Hr (RS3)!1,

2,12 FRIEA E 2 MACBERT . 5 TE R B0k
AR, K E 2(ab . c) Ry it 2 i W4
FA L 2(d e ) I OG R i Be M K A, HE 2
(a.b.c) AT A, JFJE 14 TE Ky UKL Y 45 58 %, b 3
J VE B FURL 52 4 PR BRI R 8L, TR 2
(d e ) H a7 B 5 0828 31 I 58 B 1 O T 4
SR 48 GR . GUR UGR &b B J5 B 38 #3 i O + 734
TH G o 3K S PR A A L 194 S 93 R 1A 350 4~ 114
A P HE I AR 25 R B IR, R BOE M R
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Fig.1 RS content under different treatment methods
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Fig.2 The morphology of starch granules under different treatment methods (x100)
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Fig.3 Starch grain size distribution under different treatment methods
&1 FAEAVLBAXTHEBNESE
Table 1 Starch particle size distribution under different treatment methods
*if2/
& 239 55 X, —
D10 D50 D90
Iy 4 T By N 17.29 32.15 55.84
GR 95.91 197.30 370.88
GUR 95.91 197.30 338.90
UGR 104.96 21591 405.87
BE G Ay N 20.71 32.15 51.02
GR 73.18 180.29 309.68
GUR 80.08 180.29 309.68
UGR 87.64 180.29 282.98
ERIEH N 12.057 22.66 42.60
GR 87.64 197.30 370.88
GUR 87.64 197.30 370.88
UGR 87.64 197.30 370.88

AT A B E K B M A EEN RS RVA S50
£ 2P, HSEEMMEE GR.GUR . UGR AP

RS A B SV

e PR O | VE AWML T S 2 A S, Ab
SLUE M A AR AAE BN T 40 cp, UL AL 3 S

10 TE A9 WA {00 o e M L e R ] A L
Ko 3X 5T LIRS SR AR L X2 PR A T g 4 Ak
P T A A R 0 A 1T 4 5 T O Y
PSR e AR R B A g AT RE R TE
PRl RVA B8 7 B U B o8 N 31 b 385 JE #1480 1k
TR, B YE Ry A 76 Ak Z AR AL | SORE A
HE R B R, LA R S 1 O R A A (L
e LR BE SR R T IR VE RS o AT FOKTVEN , FL UM
T EM U GURSSUGRS>GRS>NS, B 4% 23 #y
#k 4 GURS>UGRS>NS>GRS, Ml B & 3E ¥ A i
23k GR .GUR ,UGR 1 () MF Fh 5 = Ak B 2 R 7E 95
°C PR A A 00 2810 G ROHH TR B 10 T Ak BRI 1) T A A

18 898 12V oy AR E PR AT

2.1.5 M EoK, BIE S ER D
AT S 0 DSC il 2 R BRI 2 505 ) L 1A
5 FE% 3, INIE S Al Ab RS S Y 3 FRE A
BL—> ] B IR AN [ O R TE 5 Ak 3 =K
Z 8] B W IR BE AN ), SR 445 NS>GRS>UGRS>
GRUS Ay HIEITUT , 5 RVA H B BRI R 45 SR 28
Bl XATRES RS JEM & A K, IEhEA G+
B3 5[] A VR 115 RS, GUR Ab B A] £5 3145 £ (1)
JEAEVE R >, R T E A SR EROE A
JT ) AR ZE R T A5 B B 200 RS, i IR I 454 75 2
B 22 i P I TR



5500 % 441 o o 4] B FME JE Ay B 3 A T T A ot M A R, 38 8 R 131

8000 - TR

-3
=3
S
S
T

B
Viscosity/cp
8
I}

i3
Tmepture/C

2000 -

1 1 1 40
200 400 600 800
s 1]

Time/s

(a)

3000

"Q‘ 2000 80
g ]
= &
=2 5
& < 5
S 2
Z EZ
= 1000 460 g
=
0 - : : 40
200 400 600 800
H5f ]
Time/s

(c)

100

= o &
1000} i S
2 =3
i 5
& S EZ
.z £
= {0 &
100 . . . 40
200 400 600 800
100
6000
2, {oo &
< :
X £ 4000 i 3
i 8 ju=
& S ~ 9
= 2000
0 ; . 40

L

200 400 600 800
I (]

Time/s

(d)

B4 ARELEFXTHEMHETK

Fig.4 Starch viscosity changes under different treatment methods

®2 FARELBEAXTHESMUEIESH

Table 2 The main parameters of starch gelatinization under different treatment methods

5 Wy X AR E cp A AR

WA REJE Jep = &AL A B 1) /min R A R JE/C

HL G T N 4309.50 1 181.00
GR 363.00 33.00
GUR 295.00 19.50
UGR 302.00 22.00
E R N 2339.50 384.00
GR 1910.50 458.00
GUR 1365.50 241.00
UGR 1507.50 300.50

I8 F 0 by N 7675.00 6311.00
GR 5439.00 546.00

GUR 4390.00 1 877.00
UGR 3279.00 147.00

4560.00 1431.50 4.70 73.38
511.00 181.00 7.00 -
404.50 129.00 6.97 -
405.00 125.00 7.00 -

2 586.00 630.50 5.77 78.93

2 407.00 954.50 7.00 91.48
1612.50 488.00 7.00 94.65
1 955.00 748.00 7.00 94.25

4115.00 2751.00 3.53 70.00

7312.00 2 419.00 5.87 65.85
8248.00 2 535.00 4.73 80.45

4 675.00 1 543.00 7.00 75.75

H % 3 A%, 24 GR.GUR UGR Ab B 5 ) 5E
¥y To To T BV VE R BT W] 0 1A, 33 2 Rk Ak 2
J WV AR AR SE R T INAT Y, Y R R M A
TERY GRG0 T AH MR ) 4.58~8.98 J/g BR T
2 2 775.40~4 464.70 J/g, it — BB T GR,
GUR \UGR &b 35 T¥ 51 V€ #3 H50RE i 1A B2 M

FIFVEN . W 464 PHI /R DSC FIE ) I #ak
BCAER AR XS EAR 5 AH BOE G, 5 T, U G
FP, NF 3 A AL RS B TE R B PHI 8 J5L5E ¥y
Thim T ARG L, BREB R E RSN GUR Ab B
PHI f . R W] GUR Ab B AT T8 B 5 Jin 5 5 i 11
GERL TR T o A AR
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Fig.5 The DSC diagram of starch under different treatment methods
#*3 AEKLEFXTHIEH DSC #EXR
Table 3 The DSC data table of starch under different treatment methods
b= 2 22 75 X, TyC T/C TJC AH/J- g™ T./C PHI/J- g™
Iy 4 3 by N 62.32+0.02" 67.30+0.01" 7428 +0.11" 7.71 £0.71¢ 11.96 +0.09"  0.65 +0.07¢
GR 161.34 £ 0.58* 165.64 +0.65* 182.90 + 1.37* 2942.50 + 84.58" 21.56 + 1.63* 137.21 + 3.82¢
GUR 164.04 +2.33" 168.73 +3.55" 186.19 +3.52* 3 081.00 + 59.70" 22.15 + 1.43* 138.60 + 2.86™
UGR 158.56 £ 5.51* 165.72 +2.49* 181.53 + 1.84* 325533 £73.08° 22.97 +£3.74* 146.98 + 2.88"
BL G T Ay N 59.92 +0.07° 66.07 +0.10° 75.71 +0.32¢ 4.58 +0.12¢ 15.80 £0.39*  0.29 + 0.00°
GR 141.68 +1.38" 152.08 + 0.67° 168.83 + 1.10" 4 464.70 + 94.80° 27.15 +2.44> 165.53 + 30.96°
GUR 142.10 £ 3.57* 151.68 £4.67* 158.89 +£3.21° 2775.40 £50.42° 16.79 £ 2.57* 174.73 + 31.00*
UGR 145.85 +4.35" 157.29 +2.34* 171.74 £ 0.75* 3116.20 +43.85> 25.89 +3.60* 120.43 +0.15"
E /£ N 66.71 +£0.38°  71.58 +0.53! 76.05 +2.62° 8.98 +0.32¢ 9.35+3.01" 1.22 +0.42°
GR 142.97 £ 0.75" 151.40 £ 1.02° 165.59 + 1.50" 3 079.80 + 60.48" 22.62 +0.75* 136.31 + 1.87*
GUR 157.29 +2.09* 161.97 £0.98* 175.94 +0.34* 2617.00 £29.62" 18.66 = 1.75* 140.03 + 1.36"
UGR 144.85 £2.20" 157.12 + 1.83" 168.85 £2.33" 3 118.50 + 62.90" 24.00 + 0.51* 130.19 + 8.31°

TE S AR E/ING 528 a~d 7R AS TR 4 315 5T A7 78 25 5

22 RS EHRAERH I
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Table 4 Nutrition facts of sausages

H 5 FrElg At % /kcal Ealg fig W g KA Mg Klg
PS & 1% 100 195.33 +3.86° 18.57 +0.12° 12.00 £ 0.16" 3.63 +0.09* 65.80 £ 0.14°
PRS &% 100 199.00 £ 5.10° 18.60 + 0.65° 12.47 £ 0.31° 3.80 £ 0.29° 65.13 +£0.73°

T :PS 7l 5 PRS 75l 3 50 0 U N B Ve b 5 B G AT MEDE R i W . /NS FRE a FOR A8 AN TR RS i 3R B 22

Tl B IRy KA MU
222 I AE R B AT I B AR T 4R B
(Glycemic index, GI) & F ok i i £ ¥ Hh il /K 16 &
Pyoxt OB e B S e bR, R B R S |
AT S B R RE T AR E Y RS
2 h (4 IWE SN AT Ay ke LB (Gl=
75) . Ff GI &%) (GI N 55~75) 51k GI 24 (GI<
55)3, KB GL &Yl S 8008 M 2 i
i, 51 A IRRAE AP R AR NS E SR T 3R B
Kz — KBS S350 e & inisE — =R
SIS PEBE . O G WA TF R A &
X

Kl 6 A AR SME AL TE M K iR %, IEl 6
AT Bt A A AL B ) 9 28 K U Ry K AR K
K AR 3G S PRS KT PS M94s 58, %W
RS HAHUHAAEH] . ATHr RS B0 2 2 5t i oy
BE R A, 42 ) 44 8 451030

BT A5 o i AR SN T i s A e B, H
7 WAL, BE RSN AL A S K A eGL 1B
Wit RIS PRS/NF PS MZS R, HER B
#(P<0.05), £ 180 min 4k ,PS &1 eGl K 64.86,
I PRS & W 14 eGI 1L~ 55.04, W@ AKT PS &
Wi 5 3 30 Y R A EL AR I RS 8 A i AR (EL R AR T
15.14% . U1K 538 JE B & 45 RS X5 & BoA
WEEMRERER . X5 P EOK RS3 AT i
REEATC/IN BRI BB A9 25 SR 26, Wang SEPHIL 7 H %
T RS3 ] A &4 KA FR v /D> B IR KO o RS
VN0 2 DR A e R A o T I AR A e B,
TF B IR MR G PRl b A B
223 FASHT A S ATHLPS FHE PRS &
o ) B AE) 2 $T W i 2% 5+ (P>0.05) . &1 8 24 PRS
F A AEA RN EE T 7 d A A 22 fk 1, il
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Fig.6 In vitro digestion curve of sausages
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Table 5 The texture of sausages
# 5 B £ A FERME i & Rk Y o R
PS 4 i 126.46 +15.86*  0.80 + 0.03° 0.45 +0.02* 56.38 + 6.46 45.01 £3.90° 0.18 + 0.02
PRS % 122.63 + 8.78° 0.79 + 0.03 0.46 + 0.02 56.51 +5.54* 4475 £5.16 0.17 +0.01*
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225

AU TS I O

PS % 7 1 PRS & %

[Pk PCA B, B 11 7l ,PS F 5 PRS &

ekt b Jel 2% . K 12 & PRS &4 7E
ANREEE R 1~7 d fEE% PCA |, IR Hpa]
PIE 4 °CH 25 CIC i i ke 7d N2

i1
Elastic

3000

SR RS ARG (0 e 45 75 7 5 0K

BHER= 0.1

2000
1000

4000

i

Chewiness

3000

2000

-1000
-2000
-3000
—-4000
-5000

FAr 2(11.817%)
Principal component 2(11.817%)

3 pif g 4 5 6
Time/d
(c)

AEEHEE TERRAZWL
Changes of texture of sausages

under different storage temperatures

-8000 -6000 —4000 -2000 0
F A 1(8

Principal compone

2000 4000 6000 8000 10000

3.369%)
nt 1(83.369% )

9 EMSWREUMEMRS SR

Fig.9 Principal comp

of sausages odor

onent analysis

changes

< R5IfES=63 <

> = v 200

Z 40000 ey o
Py o 4T S
ST o ‘re =200
g 2000 e 1N co | 0
“ E 10000 ! AR
N g ~ o BCl| o E
N 2 \ RN 2 0
& £ -10000 \ x ok | o B
= = 20000 mu & 8
H 3 o ZLi | ©_1g9

& 230000 . H

g &

.é —-40000 'g

&~ -200000 -100000 0 100000 200000 300000 é

F A4 1(89.804% )
Principal component 1(89.804% )
10 AEMHEE TEMSKEUNERS S
Fig.10  Principal component analysis of sausages odor

changes under different storage temperatures

RFIFES=8.5
T\\
.
e -—a
-400 -300 -200 -100 O 100 200 300 400 500
T 1(85.915%)

Principal component 1(85.915%)

B 11 FERHREERS SR
Fig.11 Analysis of taste principal component

of sausage



B286 H4W

A8 75 ) B UM T B B A A B o S e s A R R AR B0 R

135

22.6 Fitasrtr X REECRDE, B r AR Ak
LR M b T S 0 2 R e SE A R
1314 530k F m B 224k PCA 5011, K
13 AT %0, PCA HII4E 50 78, F W] PRS 5 PS &
PafE e gifa 2 , IRl 14 Hhl JEH R 2B 24 5
3515 (iR AR KR 21 €8 ) 5 3531 (M (B i B 4068 ),
PRS & 7E 3515 Ab EA B me i {f, % W] RS /]

F 4 2(17.639%)

§ REIEH=22
S 1200 7 " 4C1d
3 / 4 4Cd
& 1000 ,  §Ca
= 800 1. Ry
S 600 \ 464
— 400 o/ + 4c7d
£ 200 f < s B
g 0 ¥ Bt
£ 200 p - e
© o B 54
< —600 a
-5 -800
.£-1000
&
2000 -1000 0 1000 2000 3000
FE RS 1(70.302%)
Principal component 1(70.302% )
12 AEMERETEREKRTHHERS S0
Fig.12  Principal component analysis of sausage taste
changes under different storage temperatures
60
U [ JPRs
NS S
40 + n
3
= g
2P gL -
= N
o &
20 - =
H
10
0 ey e N N 8N
N O =~ Q>0 TN O = o
—~ 0 ® <+ T N B — — @ o
~ O A aa o d nunyn N v
AN AN AN NN NN NN n NN
(R
Sensor
B 14 EFBHEESHE
Fig.14 The color distribution of sausage
3 4ig

ARIS UL A EN . EOKVE R LA K B E
¥y oM IECRE, H%S GR.GUR UGR &b B 5 il 40 1 JiE
T A G I, 25 SR e B L e Ry 2 b 3R R AR 2R
R IR B T i | AR Tk s ) LM TE A
HBiE M2 GUR A5 RS & &, e
PRSI B Wi BT TE R (4 GUR ALHE) I 2= 477

F S 2(6.884%)

Principal component 2(41.005% )

BRI () DR B DR ST A R 215

B 15 &1L 3515.3531 4 35 AL 8% 2% o [z
WA TE AR5 F T (B AR 1k PCA &, &
AIAL, RS 1R E RS 2 8 PCA B35 R 4 4
DX, A ) X el 2z ) e B AR A — o 9 25 5P . PRS
TGO TE 4°CH5 25 CR R4 4d 53
d NEAAEk,

—~ inBHE=T8
S 20 e
g
2 = PRS
o 4 PS
10
=
<
g 0
=3 R
g S
<
2-10
‘g
=
=0
-30 -20 -10 0 10 20 30 40
EHS 1(92.411%)
Principal component 1(92.411%)
B13 EWHGTUNERSHHN
Fig.13  Principal component analysis
of sausages color changes
4 + o
3 ,v" : g:ag
] « 4c-4d
1 4CS5d
£ e
! 4 N . o
v 25C-3d
0 = A 250ad
] r A — |

-2 -1 0 1 2 3 4

F Iy 1(57.124%)
Principal component 1(57.124%)

B 15 ARPEEETERAREUNERS SH
Fig.15 Principal component analysis of sausage color

changes under different storage temperatures

Wk, & B £ PRS & B A ALK eCL{H, N
55.04, 5 INJEYE K PS A5 M AH E , H i g P AR
T 15.14% ; H Al 09 8 3% 18000 B Al LA Rz JXUR 45
YA KA ey BeAh , A 4 CI K 7 d
J& ,PRS 1) S0 55 8% ok Jg B 2 A8 £k, 25 CIE7 3R
5d FWHHARABICH BARML . RS 0] AR 47 i 4 15
Al i BT, AN SOAR B SR LA TR R R



136 HOE R A R 2022 455 4
% THFMN eGl, IRXEE 45K 1] > RS 18 A i 5 i i [10] MEHRDAD M, FIROUZ O. Development of low-fat

B, PLRIT A8 SR e R GT 2 44 A i
Wt

(1]

2]

(3]

(7]

2 % X M

ENGLYST H N, KINGMAN S M, CUMMINGS J
H. Classification and measurement of nutritionally
important starch fractions[J]. Eur J Clin Nutr, 1992,
46 (Suppl 2): S33-S50.

GRABITSKE H A, SLAVIN J L. Low -digestible
carbohydrates in practice[J]. Journal of the American
Dietetic Association, 2008, 108(10): 1677-1681.
SCHOLZ-AHRENS K E, PETER A, BERIT M, et
al. Prebiotics, probiotics, and synbiotics affect min-

and bone

2007, 137

eral absorption, bone mineral content,

structure [J]. The Journal of Nutrition,
(3): 8385-946S.

SHARMA A, YADAV B S. Resistant starch: Physi-
ological roles and food applications[]]. Food Reviews
International, 2008, 24(2):. 193-234.

LOCKYER S, NUGEN A P. Health effects of resis-
tant starch[J]. Nutrition Bulletin, 2017, 42(1). 10-
40.

FAR, BRIELE, A0, A BUMEER S & R
g S ] B DAk B, 2017, 38(2): 396-
400.

WANG Y, CHEN Z Q, LI P, et al. Preparation
and physiological function of resistant starch and its
application[J]. Science and Technology of Food In-
dustry, 2017, 38(2): 396-400.

ZHANG H, JIN Z. Preparation of products rich in
resistant starch from maize starch by an enzymatic
method [J]. Carbohydrate Polymers, 2011, 86 (4):
1610-1614.

() HEME. /N2 RS3 ALGTME JE b 1) ol 48 | i b HG 1o
MAFFE[D]. Pi% . BEviRbE R, 2014.

WEN Y M, The preparation properties and applica-
tion of resistant starch type 3 from wheat starch[D].
Xi‘an: Shaanxi University of Science and Technolo-
gy, 2014.

MINDY M, MELANIE S, SHANIL J, et al. Senso-
ry characteristics of high —amylose maize —resistant
starch in three food products[J]. Food Science &
Nutrition, 2013, 1(2): 117-124.

(1]

[12]

[13]

[14]

[15]

[16]

and low—calorie beef sausage using modified starch
as fat replacement agent[J]. Journal of the Science of
Food and Agriculture, 2011, 92(6): 1291-1296.
BRAE. R E A X A P PR B A K A B b U T
BB SE R WESE[D]. M & . B KF, 2010.

QIAN F. Study on the effect of maize resistant
starch to the water—holding capacity of minced pork
and the sausage quality[D]. Nanchang: Nanchang U-
niversity, 2010.

WRE. /N2 RS_3 RIGUIEBE K 1 il 4 S FL D RETE T )
WFFE[D]. 74 BRPERHER %, 2016.

YANG L. The preparation of the wheat resistant
starch and the research on its functional properties
[D]. Xi‘an: Shaanxi University of Science and Tech-
nology, 2016.

BTZR T . AN TR)BL M By 204k R P B FE AR A kT 1) F
FE[D]. FiM . WP TR R, 2018.

YU D N. Physicochemical properties and in wvitro
fermentation  characteristics of  different resistant
starches[D]. Hangzhou: Zhejiang Gongshang Univer-
sity, 2018.

] 52 5 2k WA B A 6 A 2 ) [ R AR ME AL A B L 2.
AN RRAE D OB SERGE A AR PRI S R R
{8 :GB/T 24853-2010[S]. dbat. EFMWE R %
W, 2010. 1-6.

General Administration of Quality Supervision, In-
spection and Quarantine of the People’s Republic of
China. General pasting method for wheat or rye flour
or starch —using the GB/T
24853-2010[S]. Beijing: Academy of National Food
and Strategic Reserves Administration, 2010: 1-6.
B R LR BORURE (A5 4 T2 ) B T e A
e 7 wp A OB SE(D). BB . TLRIK, 2017.

CUI Y N. Screening of low glycemic index raw ma-

rapid visco analyzer:

terials  (cereals, legumes), processing methods and

study on low glycemic index mixing powder [D].
Wuxi: Jiangnan University, 2017.

GONI I, GARCIA-ALONSO A, SAURA-CALIXTO
F. A starch hydrolysis
glycemic index|J|. Nutrition Research, 1997, 17(3):
427-437.

procedure to  estimate

[17] Z=iite, BdEfAE, SBAH. AN IR UE By 09 4 A% L 45

4 K FAE ¥ A 7= B IR 9 2 D). 3h W g%
=4, 2019, 31(3): 1053-1060.
LI X Y, YANG G Q, GUO D X. Research progress



5224 4 W

A8 75 ) B UM T B B A A B o S e s A R R AR B0 R 137

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

on composition, structure and application of different
starch sources in animal production|[J]. Chinese Jour-
nal of Animal Nutrition, 2019, 31(3): 1053-1060.
HEL, B, XEHE, S5 B O T # m A
BUMEVE B AE U PR I A RS SR R, 2011,
32(1): 61-64.

LIAN X J, LUO Q F, LIU X Y, et al. The influ-
ence of ultrasonic on formation of retrograded resis-
tant starch from sweet potato starch[J]. Food Re-
search And Development, 2011, 32(1): 61-64.

LI Q, WU Q, JIANG W, et al. Effect of pulsed
electric field on structural properties and digestibility
of starches with different crystalline type in solid
state[J]. Carbohydrate Polymers, 2019, 207. 362-
370.

CHUNG H, LIU Q, HOOVER R. Impact of an-
nealing and heat—moisture treatment on rapidly di-
gestible, slowly digestible and resistant starch levels
and gelatinized pea and lentil
starches[J]. Carbohydrate Polymers, 2008, 75 (3):
436-447.

TR B X E A S AR R BT S I K i g e ik
BRI VE B R (07 FIALIR[D]. &% . WARRI K,
2020.

ZHANG Y J. Effect of ultrasound on structures and
properties of starch and mechanism of preparing
modified starch [D].
Tai‘an: Shandong Agricultural University, 2020.

Sl 0 AR, Bk, AL 5F 2 E R KOH Tk
TEM I WORLES ()] B RN, 2013, 34(23): 25-
27.

ZHOU Y M, LI B G, CUI L L,
structure of buckwheat starch and resistant starch[J].
Food Science, 2013, 34(23). 25-27.
GELENCSER T, JUHASZ R, HODSAGI M, et al.
Comparative study of native and resistant starches|]].
Acta Alimentaria, 2008, 37(2). 255-270.

TEG . A% G A T B Y A A R R O E A AL
FevEZ i A OFFE[D]. KR MmN —f B R
2016.

YING J. Effects of traditional humid heat and mi-
crowave humid heat treatment on physicochemical

Hei-

in native corn,

octenyl succinic anhydride

et al. Granular

properties of Coix seed starch [D]. Daqing:
longjiang Bayi Agricultural University, 2016.
CHEN X, HE X, FU X, et al. In vitro digestion

and physicochemical properties of wheat starch/flour

[26]

[27]

(28]

[29]

[30]

[31]

132]

[33]

[34]

modified by heat —-moisture treatment[J]. Journal of
Cereal Science, 2015, 63:. 109-115.

LU Z, DONNER E, YADA R Y, et al. Physico-
chemical properties and in wvitro starch digestibility
of potato starch/protein blends[J]. Carbohydrate Poly-
mers, 2016, 154. 214-222.

WO, ERWL, XU, SF. GO - AR AL T G
HVE R AR KA BT 2 ] B AR, 2019,
44(1). 308-315.

HUANG H, WANG S F, LIU M, et al. Effect of
microwave —enzymatic hydrolysis on structure and
physicochemical properties of potato starch[J]. Food
Science and Technology, 2019, 44(1). 308-315.
JENKINS D J, WOLEVER T M, TAYLOR R H,
et al. Glycemic index of foods: A physiological ba-
sis for carbohydrate exchange|]]. The American Jour-
nal of Clinical Nutrition, 1981, 34(3): 362-366.
W, TRE, XIITHE, AE BROK ARG IR A
i B W S9-S5 B SRR R 5% AR ik Sk R A
P A SR EA, 2020, 31(6): 105-109.
ZHANG M, ZHANG J Y, LIU F H,

search progress on the relationship between carbohy-

et al. Re-

drate, glycemic index, glycemic load and the inci-
dence of ovarian cancer[J]. Journal of Public Health
and Preventive Medicine, 2020, 31(6): 105-109.
DOAN H X N, SONG Y, LEE S, et al. Charac-
terization of rice starch gels reinforced with enzy-
matically —produced resistant starch[J]. Food Hydro-
colloids, 2019, 91. 76-82.

ASHWAR B A, GANI A, SHAH A, et al. Prepa-
ration, health benefits and applications of resistant
starch—a review|[J]. Starch-Stirke, 2016, 68 (3/4):
287-301.

PR 0 VE R X DR /0N BRI R S B R O TR Y
R R AVE PSR ITE[D). M E . M E K, 2018.
XIAO B. Resistant starch to diabetic mice the regu-
lation of blood sugar and the effect of short chain
fatty acid[D]. Nanchang: Nanchang University, 2018.
WANG Q, ZHENG Y, ZHUANG W, et al
Genome—wide transcriptional changes in type 2 dia-
betic mice supplemented with lotus seed resistant
starch[J]. Food Chemistry, 2018, 264. 427-434.
WA, By, EE, FOAETHTE BT E LK
I3 TV 7 SRS /N AR 3G AUR B 5 R[], PR 2EIE Y
2017, 31(4): 50-55.

LI S Y, DENG L, WANG X, et al. Comparative



138 hoE N % R 2022 445 4 ]

analysis of the effect of different storage methods on 2020, 46(19). 258-263.

the flavor of small fragrant chicken broth by elec- LIU Y X, ZHANG L, ZHANG X J, et al. Classi-

tronic nose and electronic tongue[J]. Meat Research, fication and evaluation of walnut kernel pellicle taste

2017, 31(4): 50-55. quality based on electronic tongue technology [J].
[35] XITHEE, k¥, sk/Ah%, 55 EFHFEHEFHEARSH Food and Fermentation Industries, 2020, 46 (19):

PPN A B AN 1 H G TR S R T, 258-263.

Ultrasonic Preparation of Resistant Starch and Its Effect on the Quality

and Glycemic Index of Sausage

Hu Fangyang, Chen Jinyu’, Zhang Kunsheng, Xu Shihui, Geng Yaxin
(Tianjin Key Laboratory of Food and Biotechnology, College of Biotechnology and Food Science,
Tianjin University of Commerce, Tianjin 300134)

Abstract To explore the effect of resistant starch on the quality and glycemic index of Chinese sausage in order to ex-
pand the application of resistant starch in meat processing. Using potato starch, corn starch and pea starch as raw mate-
rials, the content, particle shape, particle size, gelatinization and thermodynamic properties of resistant starch prepared
by gelatinization —retrogradation, gelatinization —ultrasonic —retrogradation and ultrasonic —gelatinization —retrogradation were
comprehensively compared. The results showed that the particle sizes of potato starch, corn starch and pea starch in-
creased by 3.5-8.7 times after gelatinization —retrogradation, gelatinization —ultrasonic —retrogradation and ultrasonic —gela-
tinization—retrogradation. The gelatinization temperature increased from 70.00, 78.93 °C and 73.38 C to 80.45, 94.65 C
and 95 C, respectively. The enthalpy AH increased by several hundred times, and the thermal stability was enhanced.
And the content of resistant starch was the highest after the treatment of pea starch with gelatinization—ultrasound —ret-
rogradation, 14.29%, which was 1.88 times that of original starch. The effects of this starch on the quality and glycemic
index of sausage were further investigated. It was found that compared with the addition of the original pea starch, the
sausage prepared by adding pea resistant starch had a lower glycemic number (eGI=55.04), but there was no significant
difference between the two in terms of nutritional composition and texture. Moreover, the sausage with GUR-PS added
was stored at 4 °C for 7 days without obvious changes in smell and taste, while the sausage was stored at 25 °C for 5
days without obvious changes in taste. The results can provide a theoretical basis for the preparation of resistant starch
and the development of low GI meat products.

Keywords ultrasonic —gelatinization—regeneration treatment; resistant starch; thermodynamic properties; sausage quality;

glycemic index



