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MR 3%, O BV 4 22 E D ) el R DL R SRRl
a9 IF KRR 2%

1 MRERE
1.1 #F#

Bl 4 et , il . H & A (P700, fE %
=250 U/mg) , E #3745 1 17 B 735 W (A9913, il 1
=3300 U/mL), ¥4k (S10208, MG =100 U/
mg) JERF(S10031, % =100 U/mg) |7 % b & &
5] & (AKSUO001C) , db i & 74 TRHE A R
o8] TR A ek IR ) & (K-TDFR) | &2 JE K ik
7 & (K-TSTA) ,Megazyme 2\ #) ; A T.ME ¥ (Simu-
lated saliva fluid, SSF),F AP ARG RAH ;
SR LR TOK LA S R Ay T el G, R
BT TABRAF
12 NE5EF

UV5Bio &AMt 6B, 56 [ 28 Bk G R B}
A F] S TAXT-Plus B FA{L, ¥ Stable Micro
System /A 7] ; MASTER SIZER 200 %30 kE FEAX
W[5 5 JR SCAX AR A BR 28 7] 5 SHZ-B R /K 5 18 I 4R
Vit , IR B A AR e A R A s B
i, TR U AR BE U BB M A PR A Rl PYRA-
MID TX A5 b db at je JR G RE R A BR 2 A 5
FOSS1023 7Y Ji £ 21 4 £ 9 2% . FOSS2050 %4 Jig ifi
M E AL, 35 E FOSS 23wl ; RapidN # ke o 2
AL, 1 [F Elementar 237 .

1.3 Fik

1.3.1 FEEARL M E Ko K AR
TS R E AR A E R AR &K
43 B9 5E Y (GB/T 5009.3-2016) (£ i 2 42 [l %
PR £ P R 4 B9 E ) (GB/T 5009.4-2016) |
(B2 E R 5T 8 5 E ) (GB/
T5009.5-2016) Hr iy J7 L #EAT I E o G & £ 4R U
i T ARG I R & b 0 D sk A T I, B E R
AR EE R IR O A T E

1.3.2  FERVRFM E RS AR FUR AT

BARE A

1.3.3 N 7T M 8 R AR P ) &

1.3.3.1  &A AR & a—TE AN MR
% SR (75 Ulmg)a—TE K B 1 N T 0E
(SSFL) (il 45 Tk W - B a—VE¥3 i 0.75 mg, i
A 10 mL BRME T, SRIEIA 1.0 ¢ BN T HEW
BIRPES], & S (100 U/mg ) a—TE #9319\
TCMEWE (SSFM) [ il #5 J7 i an R - B a—TE K3 il 1.0
mg, MATH 1.0g N THERM 10 mL SR,
BRIBRES], SR (150 Umg) a—TE Ky BFAY N T
W (SSFH) By il % Jr iR M 1.5 g a—TE B i
T 1.0 g BN THER Y, 76 10 mL A9 3RS h 242
B,

1.3.3.2  JHRE g & WER AR 3.0 g
fify , A% T 20.0 mL 7K A FH R D 4k 2% 4 10
min, 1 500xg B0 10 min, b 3% W% BI N BREAEE 3
W o

1.3.33 RAMWMH 4 H0.75 mL 1200 U/
ml. (1) E ¥ 45 %G B8 1 B %5 WA 1 mlL 3 000 U/ml
HIFEAL B, 5 15 mL (O BERE B WIR 634950,
15 BNR A BEA W, B AT AE 37 CCRKIB R T4
1.3.4  PRAMELCT I m 17 i

1.3.4.1 YIEIMT.(CA) IR E &MY
B3 em x 3 em (Kx T8 ) BRURL, FREL 5 o Bl 5%
ifi 9 J0RE 43 ) A R 2.217 ¢ B9 SSF.SSFL,
SSFM \SSFH iy Bedt v, 3 A Wy 8R il T A T
WV TR S IR B, VR I [E] Ry 58 s

1.3.4.2  UlHe+diE$E (CBA) - BTG R 42 22 ffe
PEURL 5 g, 4r A A 2.217 g SSFSSFL,
SSKFM SSFH 15 ph i 1 , K J5 4 HH 40k 1 45 43 1
58 s, it 4% 1 4 500 r/min,

1.3.43 I+ (CGA) HUIGREN a3
e gffikL 5 g, 4 BITA %A 2.217 g SSF SSFL,
SSFM \SSFH ek v, FIWFAF7E 58 s N F 3% &
70 K,

1.3.4.4 DFEHEHM) 1 BEEZILEH (BT,
24 % BMI=22.3) &) T X W5, S5% HA i
JRE ) B A R 2 D IR O A % TG e YR sk L G
., ZoRZS 55 W — e RD 4 22 1 OF W0k (5
), BB E A A Wk B A 7 2088 AT 2k
el
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1.3.5 FESVRLARAYINE  HRRH IS AR AL 1.5 g
A 100 mL BERR T SR JE IA 100 mL Z5 18K IR A,
SRR o T 30 T8 A A e i e R P W, AR o KL
AbF A AR E RS, SRS 1 R IO R B 0]
R i 09 UKL /N K a3 A A 4T 5 3 0y 1.70, 2808
TR B AR T 5 38 ok 1,330,
1.3.6  FESAEHI BRI E &K 8B 5 Hr e
i G A 5 ke B0 far A% JER A8 1) J0T 1 43 7 AL gk
TR . PI36R R 3k 4 % 12 21 ot b o3 A I, IF kAT
TPA WU 4503, S5 2 A 5 A < i 1)
R JE S 5 mm/s, AR 2 1 mm/s, IR 09 3 &
J& 5 mm/s, 50% 1 v 22 BCHE Fl 500 pps (1 K B
R A ST B E R 10 1K,
1.3.7  RAMERTEAR T ARSI 3R 1 bk
R E S AT FRAEIH T 7k o WERR AR BUAS [R] B 400
J7 =X B 5 P EE A 0.4 g, HA 50 mL 1 250
b RIS MRS BRA 10 mL 0.5%1) B &
P VA, TR X 5 B R I A 37 C
K TR AR % 25 4R %, 30 min J5H HLBCH IR
A 10 mL 0.1 mmol/L 1 i B2 £k 2% vh % W (pH=
5.5), e iR A JE L 0.2 mL AL T 5 mL B0
LM 4 mL JEOK 2 BE K T B R AR B O HL R
1 500 r/min #:0> 5 min, B 100 wL b 37 % A F 0
FE 0 min F 114 7] 208 B8 B IO |

T A 400 S T AR B0 oA S mL (1R
G B WOR g sh RS E Ak, IR 34 5] J5 B
37 CAKEE IR IR 4% h ¥R, 40 T 20,
40,60,90, 120,180 min Af L 0.2 mL A4 1L T 4
mL (1 JC7K & B 20k SR, T 500 r/min 2500 5
min, M 100 wL b3 R T 00 5 A5 40000 1 fb it 72
r ) A R A

S A BRI (TG) W E < A5 400 T Ak
180 min J& M IH L L/ IR E I 21 )5, B S mL 1)
HAL T 10 mL B L&Y, BE/KH 30 min J5
VKK 15 min WHI 2 0 °C, A 2.118 mL 7 mol/L
1A A AR W, VOK IR 30 min J5 , 4351 HL 0.2
mL FEW, A T mL & A V€ B i 40 HEE (1.21
pL 3 300 U/mL) B9 5 B2 %5 ¥4 (1 mol/L) , 70 C/K ¥
T 30 min J5 , WK IBIEE 10 min, B H £ =R
Ja A 20 mL ) £ & 7K ,1 500 t/min 2.0 5

min, B 100 L _F 38 WA 00 5 S 7 20 B R i o
1.3.8 MAMES RS ARSI
& e AR 26 WA TR & AR E BRI iR AT . R
ARSI N B RAE 37 °CF 5 15 min, Bl 5 fiff
FHSR AN 3 e TR K 505 nm b2 W6
43 ) C BV R 0.025,0.05,0.1,0.2,0.3,0.4
mg/mL 1) 5 245 BE AR T VA W, 22 B o il 2 A o il
LA )7 R A Y=3.4014X-0.013 (R>=0.9994) ,
1.3.9 T b A= pFs 20 00 1A SIS0 0 3 3
fe it # b 20,40,60,90, 120,180 min i} () 7 %5 B
T, VHRTE R AR SN A SR Bl g 2 R EUG i
A AR B (eGD)™, i 2 3K (1) T AR SF TE # 1H fk
B SH DI/INZ LR 2 BB M6 1 DU A
KA 2T AR 5 2 B Sl K i 4 T AR L
B THRAT K A BE (HID) 38 1 50 (2) 1157 oGl
C,=Co(1-e™) (1)
eGI = 39.71+0.549HI (2)
K. C, Fom ¢ BHEM K RE % ;C. RN I
RIKFEF %o sk B J1 2% F 8L, min~ 5 Ry 7K fif B
], min,
HRHEAA 1 TE A9 T AL BCH | AS ) 0 by 4 4 - Bl
THALTE W (RDS) (28 1% 14 fL V€ ¥ (SDS) FIHL 14 TE B
(RS) W& FETH 34 R,

RDS(%) = (Gx—FG)x0.9/TS (3)
SDS(%) = (G13—Gx%)x0.9/TS 4)
TS(mg) = (TG-FG)x0.9 (5)
RS(%) = (TS=G15)x0.9/TS (6)

K Gy RSN IK A 20 min B 1 3 25 BB i
% 9mg;0180 )Jf’ 180 min Hj‘%%ﬁﬂg*%ﬁk% ,mg;FG
Sy i B 1) R B T mg TS AR TE R T,
mg;0.9 NEAL R EL
1.3.10 HpE A Mavt =m0 FIH SPSS 4k
A X6 N [ Ak ) £ PR A R o A A T A R 1 4 7
TR AT, A5 3 R 4 2 DF AR SMELELPE 45
YRR ASE R 0 S 2 1 A B R MBI T vk
1.3.11 #dEabs TR A i E A 3
W o e L E bR fE 22 20k, R AT IBM SPSS
Statistics 27 Y4788 53 #7, H Origin 2022 22 |
P<0.05 #mnmilEER P<0.01 B E2ER,
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21 HRLERGHELAS

R Er 42 22 Ma 1 SEACTE bn WL 2 1, AR 48 [ b
(P B E IR AR 25 ) (GB - 28050-2011) 1
AR g I & i < 3 ¢/100 g (A, &

FEEAAER RN, E 1 R, e &Y
B W & i RS 45 4 & 125300 R 2.1%1 10.97%,
FEA KRG T s B g & R Esk, MW 4
AR F A RE 8 5505 B Sl i 2K

x1 HEZRGNELREAS
Table 1 Basic ingredients of ready—to—eat whole wheat biscuits
o 4 AR K2 1% &8 Mm% 1% & 5 1% Bol% R YI%  ARAR/mL
B o A R 7.14 12.31 66.31 2.10 1.60 10.97 93.85

22 EMORMIMEEEZRHRAESHN
A

2 N E R EMVHEA R o-TE K 5 7 N
It R OR R AMELEL T R n T 05 =R AR P T e L g
RN RE S IE RS | i, &4k 14 (R 2P nE I B4y
(W VIHe+ IR e VI He+ A D) B+ B PR AE ) TR
H N THEWR , B 6% I B A ok 28 2 18 Sk | 427 T
MRVIEE, JFflE i E—E B AT A K
WH B £ AT A0 UL A N 3 £ T8 e 2 B | a7

YIYUR G & A R a—TE K B N TR A 315
SRS IR NN T A G e 2 SO = = ST 9 A il
AR AH BT IO T AR S B IR BEAk SR
I o~ VE Ky WEAH B, B8N SSFL,SSFM (SSFH 4k B
SRR =TT e = W S Y (S NS L N w
W £ AT I AR WARAIE . 4% 1 22 05, S A R gD S T
FHEG, BRI TR S5 H T B 52 (H 24 9 Jfok
LB 2251

R2 AE oc-EHEBEEIMETAREMENUOENTENREZRGIRALS

Table 2 Apparent morphology of ready—to—eat whole wheat biscuits after different in vitro simulated oral processing

with different a—amylase addition amount
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2.3 ORI H & F RN

B R TR AR SMEERL T T =0 &
VAR B Ji 80 M R IEL WGP Py s, 36 3 B THER
7] co— V& A3 il AN 0t ) — B80T n T 5 O
VAR e 6t R L 1) 5

N 1a F1 1b 7~ ,CBA .CGA HM /&b P 20 fiy
1 A R B B KT CA B4 (P <0.05) ;3
o CA ik B A £ P 0RL B B R N TR P a—
TE 3 AN S ) 0 i B AR [ (68.31£1.14) wm
R % (46.7£1.93) pm], #A1f0,CBA I CGA 4b B4
rh A A U A B B R N MRV D o= T R I 1Y)
B PR B g, 5 SSF 41 L,
CBA #il CGA 4t By SSFL 41 A Al i 43 51 B AIK T
27.42%,0.08% , X ] fi 2 PR Ry 40 P R R R T
LR OB NS oI A e i NS X (A
VL B B B0 SR T, SSEML I SSFHL (14 fif 8 128 347 44t
i, AT BE R Rl - VE M Bl R K A A UE A R
Wi B A F RN, R E T R R R
b AR T R A AR P 2 R T S | A
K, b BAiE T3k — 8 3R 3 BT 7E T A A
P N T 2 vh AN TR) oo o TGOS o 2 X6 £
PHRELI P Y 52 /0 e CAL A BRG £ DA
R MELIE P IG5 0 . CBA AR BE A FE S SSFH 41
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AL, J7 3
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FH LG T B2 OH R 2 (P < 0.05) . CGA
Ab ) i NEL O A c— TR Y IS O ) 14 fn
Mg, @il 1 fras,CBA .CGA 1 HM Ab 38 41 )
MELEGPE & T CA AR FRZH  Horb HM ZH PH W W G
T CBA 41, 5 CGA 41 a—JE #3119 21 I
2,

N T R ORI R v 2 S i) R
JE DR 0T AT 58 BRGT T AN TR) co— T 93 Tt 1140 R Xof
BRI FEYER R, B 3 Al A1, CBA 1 CGA &
P %) Je P B N TR TP o= T 9 R VR o 1
T A A0, 4 2 CBA A1 CGA Ab B (Y SSFH
20, A T SSF 418 A i B 2 vk 43 i 38 m T 1,51,
1.52 £, SR, CA AbHE AR & 2 [ 0 s 2Pk 2 i
REAR, X Al B PR O A TR 5 R A 5E 4 IR
A AR KR4 N TR 5 5N A AR R G
by N TR T SR TSR M Y v TR 7§ 3
RS, AN HM &b B8 R £ P A RS 6l P 2
F CA .CBA FI CGA 4k LAY FE 5L (P < 0.05), 3% 7]
BE 2 IR R A 5l ) N T Ml Y 3 = 8 2 1 5 3
ST I N i B P 1) A B s s W N i e 5
it s i o A SR R W R, Hodh CBA
I CGA AbFE £ 55 HM S2BR s 8 23T

LG
Chewiness

B 7 2
Simulation method
(b) (c)

WA RVNG FARAR R — o€l T R RS0 0 R 0 1y 2 A O o R R 25 5 3 (P<0.05)

B 1 AREEROEE T 77 =3 & B B A8 B A 26 1 Fn ARV 1 B =2

Fig.1 Effects of different simulated oral processing methods on the hardness, adhesiveness and chewiness of food bolus

CGA

R 3 AE o-iE H B AN B X R AR R AR B AR G 1 ARV 1 B RS

Table 3 Effects of different a—amylase addition amount on hardness, adhesiveness and chewiness of sample food bolus

B X o= I Ay B A L N M &b g s ik 3
CA SSF 68.31 + 1.14* 214.53 + 11.46° 9.71 +2.09
SSFL 61.24 £2.34" 194.14 + 12.45" 9.71 £ 2.09
SSFM 52.58 £4.51¢ 154.23 + 16.09° 13.51 +2.00°
SSFH 46.70 = 1.93¢ 123.66 + 7.75¢ 12.65 + 1.64°
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(&% 3)
B X, - B AL /N Wi £ 14 /g s ol o

CBA SSF 24.07 + 1.70° 122.29 + 34.36° 17.20 + 2.35%
SSFIL 17.44 + 1.8 180.75 + 39.47" 16.42 +3.12"
SSFM 20.42 +2.52" 267.98 + 42.74* 16.25 + 1.83"
SSFH 23.79 +2.17° 307.49 + 60.03° 19.25 = 0.89*

CGA SSF 24.02 + 5.43" 125.97 + 17.78° 2401 +2.25"
SSFI 24.00 + 4.28" 10630 = 79.32° 27.93 £ 2.66"
SSFM 27.87 + 4.88" 227.87 + 53.45" 28.69 + 2.84°
SSFH 32.99 + 3.25° 317.30 = 69.13° 30.83 + 4,32

T AN FEV/ING R AR R — RS 0 07 20 A TR oo E B il 5 42k £ 1A 9 J0 A AR 4 22 S 35 (P<0.05)

2.4  #EHO R T4 & BB K /B9 820

F 4 BARBRL N T 07 N R [ a-TE
53 AN e B DR AR BB, e AR AR 1
|G B 1V = 70 B S B L = = NS L 8
PIRG4S R 422 W e A8 Sy —Fh LA R
(A, I HEAT ST AR 1 I O S AT
SMTEA (N3 2), R FE & o TE 43 il 945 0 1
(3G i n . R 4 TN, RS o T R TS TN
ARG, AN TRVRCADL T B TR AR AR T i
fit . CA . CBA CGA Kb H ) Dy 550 B FEAL T
30.06% ,47.30% ,70.42% , Doy 43 5 FEAK T 12.30%
38.36%,64.82% , H:th CGA AbFRZH T el W2
X AT B A A A a—UE M8 8 VS 0 A 3G AR E TR

Oy FUEN I BE R RIS i T4 R e AR
VA 41 i B o 284, S B0k A5 B 8/ it A, CBA
I CGA AR RE S & R A2 ] B AT CA b FE(P
<0.05), H CGA 4bFRAY SSFH 41FE 5 £ Mk A2
/N [(105.08+7.07 )um FI (290.02+18.01 ) wm],
CBA Ab B SSF 2H , H & MR A2 1 Dy 5 F1 Doy 4
5 HM 4170 8 3 22 5, X 3R B CBA Zb3 i & 1A
FETE A R R v A3 A 1 £ 1A ORI R /N B 42
UEF RS RE Y FLSCIE O, AN HM A B A R
KAt i W T CBA Ml CGA kb 1) SSFL SSFM
F1 SSFH 20, 3% AT RE 2 P o HM A 309 A i £ 141
G PR, A5 £ F/INBURLEE R A — i, R BUW

KRR AR R,

x4 FEREMPOBEMTAXTARE o—E B EERMEN R ERZH M0

Table 4 Effects of different simulated oral processing methods and different a—amylase addition amount

on the particle size of food bolus

B X o= By By R e b L Dy 3/pm D/ pm
CA SSF 391.60 + 30.01* 914.15 £ 53.19*
SSFL 330.54 +20.25"™ 851.53 +11.28"
SSFM 290.97 + 12.05 810.79 + 12.60>!
SSFH 273.89 +21.82% 801.69 + 20.82™¢
CBA SSF 317.96 + 34.87*¢ 767.51 + 48.77
SSFL 230.62 + 18.22¢ 562.66 + 37.12¢
SSFM 175.50 + 22.62" 506.18 +27.82¢
SSFH 167.56 + 10.35" 473.10 + 40.23%
CGA SSF 355.20 = 55.50® 824.29 + 13.58"
SSFL 322.29 +32.11% 759.65 + 58.81¢
SSFM 173.43 +20.01" 423.74 + 29.66¢
SSFH 105.08 = 7.07¢ 290.02 + 18.01"
HM 315.19 + 6.73"¢ 764.08 + 14.79+

TE Dy s AR B B RLAR 5 Doy 378 BLARAR T2 (5L UE B UKL (17 SUABURE 90% 5 7] 51 AN 1] 1 - Bk 327 [ — oo— V2 A93 Al 4% o0 et AS TR ASE 480 11 i

I T7 ) R A BT 2 5 (P < 0.05),
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2.5 #EL0O R i T X BD & 4 2% B 4k S i
& 3:5-A

ME 2a~2c B, BRI 432 Ma DR S0 e 3 1
b A L G S G T B S S22 3G i, #E 120 min
B TSP AR 328 T 280 K K i A 3X 5 22 A A G
R, J— g O T Or R 78 2 ik i
LR IR A B VE R I AL 3R AR R T SSF 4, X ]
AE 2 PR N TR T A - VE A il VR S [
SR, DEATSE &ZB, 7E DN T AR, A
TR 5 UKL TR A I oc— V2 93 Tt 30 2o T S0
R VE R A — RO IC RN IR 22 280k
FRT AR IR B i T 0 TR R e, A

100 —mSSF I

S —e— SSFL S

N —a— SSFM % N

S g —w— SSFH o L

] ——HM p B ——&ab <}

B ) o i g B 2
L y :

gL Vs £z

o= =

ERINES 3 X5

E S ESES

BE Y =
4 5

= log =

< 208 S

= / -

< |* <

3 3

n 2 1 1 1

o

138 H 20 W oo—VE M3 il TE 12 00 b B B A R
SR, 47 2 B T % R, oo~ TR 00 Bl 26 %8 A 11 s ML
Bz JE AR R RIS MR AT T — B B Ak, gk 2k
KA Y BE RS FE T LR IR A A, X #R
1S T oo T 93 i 114 1 ik B 30 P X (R A1 U 3 T Ak
e H AR 2 R SO SR 45 R R AR SR T — A
(Kl 2a~2g) ., tni&l 2d~2g Frs , R T Al — o€ K
fE VA O AN TR R ADL T s Ty =k B 4 2 s
DEARSMER TE AL Z A 520, 285 180 min Kf#)5 ,
CBA .CGA 1 HM #b B % BP £ 4= 22 Ife O PR 41 3 #
AL =T CA A3 X ] RE2 Sl CBA .
CGA 1 HM &b 3P i 4 £ 0K /N T CA AR BR
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Fig.2

Effect of different oral simulation processing methods and different a—amylase additions on starch digestion

of samples in vitro
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Table 5 Characteristic parameters of the kinetic equation and mass fractions of different starch fractions

for in vitro simulated hydrolysis of ready—to—eat whole wheat crispbreads

Bewor X s C.J% k R HI eGI  RDS/% SDS/%  RS/%
o th L

CA SSF 6459+ 1.03  0.029+0001 09798 6244 7399  7.83 3483 3541

SSFL 6576 +0.82  0.029+0.001 09901 6742 7673 712 3898 3426

SSFM 75.82+448  0.032+0003 09115 5424 6949 949 3264 2434

SSFH 7827 +8.40  0.032+0.003 09119 4575 6483 455 3385  22.19

CBA SSF 8345457 00160002 09059 6690 7644 1753 5543 1673

SSFL 8422+497 00180002 09471 7245 7948 1506 5659  16.03

SSFM 84.35+0.71 0.019+0.002 09238 7596 8141 1267 5580  15.65

SSFH 8570+3.50  0.019+0.002 09233 7215 7932 1423 5737 1444

CGA SSF 7527+239  0012£0.002  0.8864 4190 6271 603  57.05  27.12

SSFL 85.61+1.10 00130002 08825 4257 6308 949 6439 1549

SSFM 80.04+0.60  0.013+0.002 08814 3360 5816 880 6573  11.56

SSFH 8720+0.16  0.013+0.002 08832 3496 5890 989  63.84  12.96

HM 8560+ 137  0.022+0001 09776 9429 9148  13.02 5886  14.41

27 RMREZRGIERS S
AR 5K R AP J5 O T AR AR LR A R

B, xof A SIS EL I 5 72 (CBA) AN [R] oo— 3 3 il
A BT B9 RERE (X)) BB E (X)) | P TR
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7 2 SRS F 81.84%, il FE T 45 K oy I
WHIEE., 6 M7 ANLE 1A F ST 25T
BkF R 47.674%, Hob C, MBS EEAE KR
) 28k ey {8 5 TR B 565 2 =5 R0 rpoks A6 AN HL AT
BRI Far (8, P 0 18 B £ AT 0K 194 465 4 e i
FIE A% 95 R 8 11 52 I R i P AR S ASEALL SR

HR Al 25 46 A 5 DR 28 i o 5 050 4% 2 L0
o nk 7), A .

F,=0.232X, + 0.219X, + 0.205X; — 0.250X, —
0.256X; + 0.279X

Fy = 0.350X, + 0.250X, + 0.290X; + 0.325X, +

*6 HAELZROGHTHEFHSEEN
EMFETBME
Table 6 FEigenvalues and cumulative variance contribution

of evaluation factors of ready—to—eat whole wheat biscuits

FETRE] R E TR
EX Y S 'Y ” §
% %
| 2.860 47,674 47.674
2 2.051 34.167 81.841

xR7 ERSEREMIER LHETFERETE
Table 7 Factor loading diagram of principal

components on each evaluation index

E R
0.314X5-0.122X, 35 A7 1 )
B, LA 2 A~ 3 B3 B H Bl X6 IO (R R A o
TSI RS B R G A 2 G L £ R ¢ 0791985383 020180885
R Y Do(X5s) ~0.731788431 0.643391484
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T 4 U E AR
7 ,CBA ZbHZH v SSFH 2H 15 & B EN B 4 42 ffi AR (X, 0.586864104 0.593943575
WRUANLEN
*8 FHH4HMBMIEMLER
Table 8 Principal component analysis prediction evaluation results
CBA F, P F H 2
SSF ~0.96927111 0.012648 ~0.458016703 4
SSFL -0.58358111 -0.98708538 ~0.615951389 5
SSFM ~0.13086806 ~1.00511704 ~0.406174092 3
SSFH 0.30729733 -0.74797022 -0.109224989 2
HM 0.83165772 2.09722706 1.113952387 1
3 #£ip HM A3 8 3 52, 3xX R WA AR SMEAD 7 =X |
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Effect of Simulation Oral Processing on the Bolus and Starch Digestibility
of Whole Wheat Crispbread
Han Bing'?, Liu Yanxiang?, Liu Ming?, Tan Bin?>, Liu Yixiang', Chen Cuiying'?, Meng Ning®?, Kang Ziyue’
(‘College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, Fujian
*Academy of National Food and Strategic Reserves Administration, Beijing 100037
College of Light Industry and Food Engineering, Guangxi University, Nanning 530004 )
Abstract In order to explore the effects of different simulated oral processing methods and different a—amylase additions

on the bolus characteristics and in vitro starch digestion, ready—to—eat whole wheat crispbreads were used as an experi-
ment. The effects of cutting and mixed artificial saliva (CA), cutting with blending and mixed artificial saliva (CBA),
cutting with grinding and mixed artificial saliva (CGA) and different a—amylase contents in artificial saliva on the bolus
characteristics and in wvitro starch digestibility of whole wheat crispbreads after chewing were studied. Using human oral
chewing method (HM) as a control, principal component analysis was applied to screen for in vitro simulated starch di-
gestion suitable for crisp products. The results showed that the hardness (17.44~32.99 N), adhesiveness (122.29~317.30
g-s) of the bolus of CBA and CGA treatments were lower than HM treatment. While the particle size of the bolus was
(105.08~273.89 pm, 290.02~801.69 pm) than human chewing (315.19 pwm, 764.08 wm), but the

particle size tended to decrease with the increase of a—amylase addition. The final starch hydrolysis rates of CBA, CGA

higher in SSF group
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and HM treatments were significantly higher than CA treatment, with CBA treatment fitting more closely to HM treat-
ment. Both mechanical damage and salivary a—amylase content affected bolus characteristics and the starch digestion ki-
netics. In addition, the SSFH group of CBA treatment was shown to be used as a pretreatment in simulating starch di-
gestion in crisp foods based on principal component analysis.

Keywords oral processing; ready—to—eat whole wheat crispbread; bolus characteristics; in vitro digestion



