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EFFECT OF POLYGONATUM POWDER ON BREAD
QUALITY AND DEVELOPMENT OF LOW GI BREAD

ABSTRACT

Polygonatum sibiricum a kind of medicinal and edible homologous
plant in China is rich in biologically active components, including
polysaccharides, saponins, flavonoids, steroids, amino acids, lignans and
so on. Polygonatum sibiricumts has anti-fatigue, anti-oxidation, anti
diabetes, immune regulation, anti-tumor and liver protection functions. In
this study, the effect of Polygonatum powder on dough and bread
processing properties were discussed. Its quality and functional
characteristics were evaluated by combining antioxidant capacity and in
vitro simulated digestion experiment of staech. The effect of
polygonatum powder on bread aging by analyzing retrogradation
characteristics of starch using scanning calorimetry (DSC) and X-ray
diffraction (XRD). In addition, low GI (Glycemic Index) Polygonatum
bread was developed. The results are as follows:

(1) The effect of Polygonatum powder on dough characteristics were
studied. The results indicated that the gelatinization temperature of the

wheat flour showed an upward trend and the viscosity, retrogradation and

I



8 W YN T e VAT

disintegration value of starch decreased significantly during starch
gelatinization process with the increase in Polygonatum powder. The
texture characteristics of dough showed that the hardness of dough
increased after adding Polygonatum powder in wheat flour. The elastic
modulus and viscous modulus of dough both indicated an upward trend.
The dough fermentation volume decreased compared with control group.
The yield of gluten decreased to 23.7% after adding Polygonatum powder
in wheat flour. The Polygonatum powder changed gluten secondary
structure which resulted in increasing in content of B-sheet and random
coil in gluten protein while the content of a-helix and B-turn decreased.
The content of free sulfhydryl groups in gluten increased significantly to
60.03umol/L, while the content of disulfide bonds decreased significantly
to 27.75umol/L.

(2) The effect of Polygonatum powder on bread quality was studied.
The results showed that the color inside the bread gradually deepens with
the increase in the content of Polygonatum powder. The structure of bread
was looser than that of control group. The pores in bread were larger and
distributed unevenly. Partial areas in bread had collapsed.The specific
volume of bread first increased and then decreased with increase in
addition of Polygonatum powder. The hardness, stickiness and chewiness
of bread increased significantly after adding Polygonatum powder. When

the content of Polygonatum powder was higher, the sensory score of
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bread decreased (>8%). Compared with the control group, the antioxidant
capacity of bread added with Polygonatum powder was significantly
improved. Polygonatum powder inhibited starch digestion and
significantly reduced eGI (minimum to 58.99).

(3) The effect of Polygonatum powder on the storage characteristics
of bread were studied. The results showed that the moisture content of all
breads gradually decreased with the extension of storage time, and the
moisture reduction rate in bread added with Polygonatum powder was
significantly lower than that of the control group. The hardness of all
bread showed an increasing trend. When the addition of Polygonatum
powder reached 8%, the hardening rate of bread decreased significantly
compared with the control group. The enthalpy of regeneration of bread
added Polygonatum powder decreased significantly. The recrystallization
rate of starch in bread added with Polygonatum powder was significantly
lower than that of the control group, which was the lowest (13.67%) at
8%.

(4) Combining with other low GI food raw materials, the formula of
low GI Polygonatum bread was studied. The results showed that the GI
value of bread will be reduced by adding Polygonatum powder, mixed
grains and bean flour, and vine tea water. The specific volume of bread
decreased and the hardness of bread increased with the addition of

Polygonatum powder, coarse grain soybean flour. While the addition of
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gluten could alleviate the deterioration of sensory quality of bread to a
certain extent. According to the comprehensive research results, for the
purpose of low GI, the best process formula was determined as follows:
Polygonatum powder10g, coarse grain soybean powder (red beans: black
beans =1:1) 20g, wheat flour 75g, gluten 5g, yeast 1.2g, stevia powder
lg , milk powder 4g, butter 8¢, salt 1.2g, vine tea water 60ml. Under this
conditions, the eGI of bread was 49.07, which conformed to the standard

of low GI food (GI < 55).

KEYWORDS: Polygonatum powder, dough properties, bread quality,

antioxidant, anti-aging, low GI
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SELLLLO KRR TERE, BAT R R, B 55 8 . IR B i) R ABTSH
H H 35 R %y 80.84%, DPPH H HFEIGEREN 91.87%, NARIGE=, 2l
L, WA, FE. BEECIGE. M. LR EER, e s
ROAKERE . FTERTR . BIRE SRR, 45 77 SORSMOATELIGE Fr o o 26 O MELE o AR
MRE. BRETRT T, EIREE . LSRR, BEE X025 N\ DU SRS N 5k, T
WG N R SR « DURRE VR A SRR, 18I 1R A2 10 1 8 BEORG P9 I8 215 ) )
#& L2 WIS I EORE IR SR R, BA SRR AR, TR 2 RS
TN 3.13%, L EFRMORMEDI R T FE ZROE AL 4 22 i 4 (0 1 A5 b 7 AN =]
LCAG PR SEOHRS AR FU ORGSR 22 PR AE VD B R 50« Tl B R B FL TR 7 I
DRI, LSRR b R RS B IR AR IE L 23T AL o ZhenglCSERF 5T T
TORERT AR T SRR RS20 o FEAEARE TR B NTORER B I 17 77 it 10 2 7K B AR 7K
L AT AR BRAC T AEREIEAGER, RO 52.14 AUMRAE TE TR L
Zhaol0S55E N ST IF R —FhiR N 1 NS R ERE ¥ 1 FLER AT BV e 77, SRB %
FRORAZ T RE, ATHRENE 2 AL B W T R S it 137 LG . Tl LB RS M AT ke 22
BENERE, AELABE IS RALIR . FREENE R T A BRI b o ) 46 SRS M AT R Bk
PRI G, CEES@E . RCE AT, BRI B MIAC KUk f
o SRAPHOESE 7 HORE . RIZONIERE, DL COREEE S D AR PPN J7 1% (2020 i) )
MRS TR T BA R E R B3R R E S U0, RS DA M B0RS
R N EEE R, DORKERE B ACREREAE 9 BORERT R, I A SRS Ao SRR S e 0
PR, U RECE AR, BB E S, I AR TSR ERE,
PUANAPERE A ATk m . EARCSER T T A pE. B St AR Z ek
TR 22 0 AV IO TR W A IR 12k ARSI, I8 58 J i P4 38 9 B0KS 22 W IR 05 4 Jo
RIF, FLEREREESEHEE R T RA, HEASMIHERE R, Ribad, o
R, TESTE, T EIER o XA SRS A3 &, w55 B S5 3 A R %,
K FH B D] 2R B 7R R I ol 1 R B DR D 28R 70 PR VL SR T

SR, 0T BORS TR R W FUARE AR XS B2, ACH D HOCiREE X U7, [,
BE— R SRS AE T A H R R B AR T BB T R B T 3278 ) A s R
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1.3 fIREMEEX

FORSE N BRIV TTIR, ks SR a4 4E 5S8R 2 0. Aot
I 0%~10% BRI UNINBE FEAR &R, RGUBNT HON E AT RE . TEIN THE
Ve BURAE I S ARSMEACREE, [R5 20 M s A A0 30 70 2 s m e .
TR N TT KA AR T AL DI e 5 PR R PRI LR i SR A8 S8, N2 & IR
U BEUR 1 AR B L e v A
1.4 FEMREAE

AT TE AR R RN 2R AR S JEORE, B 8 T AN 5] AR I 52 PR B8ORS A 0 T A1
Mo THVEL ST T G B AL DL S54RT  Th RE I T

(1) PRITTORA VS 052500 T AR P P 5

WFFERTEE T AE LLBIE SR (0% 2% 4% 6% 8% 10%) HIRAITLERE
T B FRAR 2 BURRRIE, SR SRS R VAR 0 2 G T S 0 T8I RS2 T 05 PR TR ok
LA TH 79 2 1 R A A

(2) BRICHREH IS 55X THI 6 ot Jo AN A RO R R

SNTEORR IS IR AL R LUAE . AR . BURALRE D TR &
AT VEN IR . R 2R BRI (DSC) X FHZRATH 7%, B
FU T B TE A it A7 AR I P AL

(3) ik GI #AF AL TF K

R SRR X T B T A PO AL, 45 5 40 SR BB G 25 G EURIT R AR GI Bk
T o JE A ok o AL R S T AT R, BRIHIG G 3RS R I AL ) L2
7o
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FE HBEMERSFERIR
2.1 5|8

T A S Bl R B A R, LR ARV . R I e SO 45 W L B e
T ERZET AT VEAR AN R N (R Sy, 0T TED A LA T
AL R DREEAE A . ZET T, B A5 A SR R RS A A ELAE R
B 1 R 58 JOT A S TR RG5O 24573, Ay 2 A DA T 9 X 4 R 3R Fe A et o TV o
FARNEAN R 53 2= O T AN AR e . A FE 2 0, WS 2R vl DA RSAI i (1 (4 W K
e, THT A1 0 S A e 1 B 4K 2 B (R 6 T AL s S T 5 4% 80 2 5 B30T (2T 4
ARAE I DL B T 25 R B2 AN S8 e f b o RAME IR B T T FA R /K A S 3
2 T 2 e A5 T ] 00 S8 Je M AR AR T 4 DT P v L P I ) 2 25 PRI, fELTED
PR S5 1, sk A R RO VAR R 2 T TR A ), N nBEF Ry & (8 15 i A R

SENE JEREAE . TR R B S B A R =S A B R
BB, MRS NG, 520, e, MR ey LT
TR, B RERPURA . PIR KR ToRrtE . AR T BORR Y, sk 4
By BT AN B OR B 76 88 BVE PR O3, A B R IR ET 4 5 JR A ) o B8 mT RS T
P PR R = A Bl TR A

KRB FRARF TR RIE (0% 2% 4% 6% 8% 10%) Xf/NEEHHH
WRFIE TR B RE I, I BT R SRR PR . AR PE . AR e . K
W TSV, 25 (8 B LA 40 BT T A5 2 1 1) RS M SR SR 5 R TR A X
T R s e AL
22 MRI5RE
2.2.1 ME5E5

TN CGERGMJLZEIUE, TEREE 60 Hif& M. HEERSTEN
KB 2T YE 54.75%, WEH 15.49%, AIETEZHE 15.56%, B H T 2.31%, #HH 0.41%):
ZHAERE LT AM B R AW

NN, T i HUR T A ]

EE TR (MBEAD - R R E IR A R

FIRbBE: &M SE A R A A
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. HRISLAL AR A A
Kt ke 22808 Sl A 7,
i

HER. L- AR, -5 L. 5,5- “HiR-2-FE X HFER (DTNB) .
LW 21, (EDTA) « =R FEFERL (Tris) « KR, =HLWK: o
i, EZAERANERFERAH
222 FESEE

HMJ-D5600 ZUANTIHL, AL RAZRHE A A R A 7

KA F40 BUEAE, O Ll A Al s s sl A IR A 7]

CT310K i, FEE Ametek Brookfield /A ;

TADisconeryDHR-3 B A8 4%, FE[E TA A#;

JIDI-5G B & 0B 0L, T 35 AR A R 2 7] 5

FD-304 BYAETIENL, LR RAE TS A R A F;

Rapid-20 BOREEE M4, BRSOV R B A PR A Wl 5

NS800 A 73l A, IRIITT =B RHEA R 2w ;

IRPrestige-21 {8 B AR LT AR, HARSHAT .

2.3 KWHE
2.3.1 EF-NEREHHIECH

I 0% 2% 4% 6% 8%F1 10% T REKY (LLUENRLI 5 2o 2D
LU N Ry, e H 2 AR L N 22 5 RORR B8
2.3.2 EEMEHFIE

FREL— 2 B0 2.3.1 1R A K, NN 55%J5 & 17518 7K, FHARTTH L4 #) 30 min,
19 BN R SO R S I 1 T

W T 1 F LR AR UR I A7, B85 R B2 R TR LEEAT T8, &3k
T R A, X i & AT T
2.3.3 EHHILERIENE

TR 0% 2% 4% 6% 8% 10%MELfl, 1Z8 BR8Nk IF 78
RE. ARG, KEFFREL 2.50 g IRAH, TRONFER RS, I 25 mL 2K,
BB JLONPUR B B M AGEEAT I SR A IR A AT 2, 75 RVA
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%o
2.3.4 EERAFFENE

817 TA4/1000 483k, Kebr i i A s s B T AU it &, WERE
S BEE R 1.0 mm/s, FHIEEE S0%0 L4 LR & .
2.3.5 EERREFENE

P e & PO TET A1 L S min DUSEFC R JRA s, 48 )5 B HH T AT AT R A 00t
e T A 10 mm>30 mm FFCIRIE S, Bl S (8 A SOR BGEEAT R At . 10
B AT =R, HEXREEREAT G b SR S EUn R : T EE 0.5 mnys,
NARALFE 50.0 mm, il R 55 615K 5.0 g.
2.3.6 EEIREFFFIENE

& BT FE B4R 20 mm. 248 1 mm [EMI G, G2 LUK,
£ 0.1~20.0 Hz $%. 0.5%N 48 /7. 25°CEF N REATIAR, SR IR 3% 1 50k 47 47
AR
237 ERALZEHMNE

HY 2.3.2 |4 (T 2] 100g TN 250 mL B4 N JESE, 38°C NHEAT K BE, 4HE
30 min ORI AR <&, KEEN ] 120 min.
2.3.8 JRHEANE

WAl GB/T 5506.1-2008 Hrift, I & ¥ 18] i 453 23

M

0

Xt G HRBIHFE; My AR E (g) s Mo N ERRE (g,
239 HEPRIWRE, HEREMEHREIENE

COJF BRI S M 5E : F 0.2 mol/L Tris-Gly 225 (pH 8.0, &4 8 mol/L
JRE, i 1% SDS 1 3 mmol/L EDTA) F#l| 2 mmol/L {) L-¥t & B tHR . =
B4 mL AFRREE R L-2E I RIS, €= MA 0.1 mL ] 10 mmol/L DTNB Jf
FOMRE . RJEEEIR NFE 20 min J5 T 412 nm A NREROGE, Ll bRk
2k, HAMEN: y=1.8393x+0.0683, R2=0.9963.

Z M Chan FJ7ESIFHATIEEL, 3 HIFK 200 mg 105 & EHFE 5 T 20 mL ]
0.2 mol/L Tris-Gly ZZ#EWH , E¥% 10 min, 5000 r/min Z5.0> 10 min. H{ 4 mL

G/% = (2-1)

10
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&, N 0.1 mL 10 mmol/L DTNB, 7843 #£24] )55 B 20 min. JRJ57E 412 nm
WK TFMEROLRE, AR (2-2) HEEG TS mER S &

n
&ﬂumd@)=?; (2-2)

X Sp N T EFIES R (umol/g) 5 n AMHEFRHE M £+ H 5
FEWEE (umol/mL) ;5 ¢ NFEMIKEE (g/mL)

(2) BFEESENE: B (1) PEOLER EER 10 mL, A 10 mL B-

I OWEFIIRE], K 60°CI M. 2 h, A 50 mL 12% =% 4 F&, 5000 t/min

B0 10 min J&5, 7 IS B 12%0 =& ORRVEEDTE, F 50 mL 0.2 mol/L

[ Tris-Gly V& fRUTHE, BUZEW 4 mL, I 0.1 mL 10 mmol/L DTNB 7873427,

FE 20 min J5, 7£ 412 nm K TIEPOCE, #%AX (2-3) IHEAHENE

Ho

nVv,
(2-3)

St/(pmol/g) =

|
b STNHEF SIS E (umol/g) 5 n NARYEFSE £+ 57 H 37 3
WRE (umol/mL) 5 ¢ AFERIKE (gmL) ; VI EEBRAER (mL) 5 Va2 AT
EREEABR (mL) .
(3) ZhiaE: s EEAN (2-4) 5.

St—Sr

D/(umol/g) = (2-4)

AAF: DA EE (umol/g) ;5 St AMHHEHMAEEE (umol/g) ;5 Sk
R R SIS & (umol/g) .
2.3.10 EAFEH FTIR 7747

K R 1 SRR G, BEAT SRR B T T8 S HI R . SRJS7E 4000
2 400 cm A9 B AT 8 FL I AR e AT AN AGHAT 43 . f ] Peak fit 4.12 A
SHTBERLTAT (1700~1600 cm™) H1 8- G 45 /0 1) | L

2.4 HRAIES 2t
K SPSS 24.0 3L BRSLIGH 4, 45 R PP MEA R EZE 2. f#
77 Z 538 (ANOVA) H1 ] Duncan ¥ 504347 2 F 00T, 24 P<0.05 i, &

11
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NS AN, {EH Origin 2018 H43E1T HE 2
2.5 RG4S
2.5.1 EAEMXTE SRR

B 2-1 feoR 7 ASEIRE s ORI I R o 23 AR A ith 2 b ] DASRBORIAG IR FE « R
FE. REA R A ESESH, BAAREIE WAR 2-1. B 2-1 AT, IR0 1R
HRAGIRRE B (P<<0.05) , VRMHFHEE. RAFE. [FIAEA A R
RE K WY EORRY, B> TIRE R T v LU, RN BT EOR R e
TG R AEMZHERMIIT, T AR SRK N, T2 ae% S5Ka &%
B, X PR R b B KB & & XA T UE R 4T B KA AT
P2, PEORER ORI IR TS, (RIS REBEVEME T 1% . B S BORDR VS I & R 48 25
FGOR, R RFEAEMSA I, AT RS SN T & 2 W BB S T R K T R &
L. AR WME Ve BT AS IR, W] DA R R AR, WS n e
(Rt A T (e vigt N TG o (= R 1 R SR 0] o S MU R R 52 i o = TR K e
1k RE

100
1400 +

O
S

1200

1000 +

7

o 80 &

% 2

R=) =
S 800 2 %
& g 0 8%

g 600 5

'S =

B
(=3
(=}
[o2}
(=}

[
(=3
(=}

Sy
(=}

0

1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
I 18]

Time/s

& 2-1 REMMULETIEDRERNT L

Fig. 2-1 Change of viscosity of mixed powder during gelatinization

12
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R 2-1 NEERFEHRNE X E I EE RS

Table 2-1 Effect of Polygonatum powder on pasting properties of wheat flour

PORSEY OBMLIRE WERE AR AR A E{H i fEAEL

I/ % /°C /mPa-s /mPa-s /mPa-s /mPa-s /mPa-s
0 67.7£1.6° 1307.5£11.5* 566.0£18.0°  1346.5+23.5*  780.5+5.5*  741.5+6.5
2 84.1£0.3*  1194.5+£2.5¢  483.0+6.0° 1201.0£7.0°  718.01.0°  719.3+13.1%
4 84.140.4* 1231.7+14.1®  490.0+6.0°  1211.3+14.6° 715.7+6.3°  736.0+6.2°
6 84.740.1°  1212.0£1.0°  493.543.5¢  1211.7418.4° 729.5+7.5*  718.5+2.5%
8 85.240.8*  1235.5+7.5*  501.3+3.1%  1239.0+16.0% 737.7+2.0*  714.5+21.5%
10 85.5£0.6* 1240.0+19.0  514.0£6.0°  1250.5420.5°  753.0+6.2°>  699.0+2.0°

M RIS E 5 BER R AR B2 1 7% 7 (P<<0.05) .
2.5.2 EIEHXHE E BRI F

M 2-2 s LUE Y, SXTIAAI LSS sOoRs B i 1 P ) A S AN s AT ofr 1
e X AT eSS H T SO A T o AN PR B T 4R RE NS T A RN 4%, AT 1 o
T AT (A5 2 AT 6L o T P PEL MR R P o A U S B e AR S I e 35 30
By PR (G 2 ) e S SO E RS T. FAh, SRS 2R, SRS K4S
BT R K T T ] ) o L

R 2-2 EREMXE E R e
Table 2-2 Effect of Polygonatum powder on texture properties of dough

PORE NI % tf S /g 3k /mm NEL g E/m ] Rk B 1
0 268.0£10.06°  11.3440.09° 31.48+5.68® 0.73£0.04*  208.7+3.3%
2 264.5+13.65°  12.19+1.26° 25.05+2.35° 0.74+0.04*  186.0+10.8"
4 288.5428.74®  12.61£1.67° 25.25+3.26° 0.75£0.078  212.7+4.9%
6 302.2+68.86%  13.04+1.81% 36.30+0.30° 0.76+£0.10*0  245.7+£35.32
8 317.3£17.34%  15.14+0.72° 36.43+3.32? 0.79+0.06*  237.8+26.6°
10 329.8+£12.95%  13.30+1.01% 34.47+1.43° 0.79+£0.02*  232.4+27.2°

M [RIZASF) 5 BER R A AE B 25 1 22 7 (P<<0.05).

2.5.3 SEIEHXE E R R AR
T ATz i Rr e S i 1 L5 EERT el 20, ph B 2-2 mI A, SRR IS N S 1Y
T 195 RE PR i, AROR TR B et I . FEVR TN 2%~6% B ks fp it , 1 A8 A

FEfEME; HEIT 8%, L ZE B AR TS R .

TS E S YR MRS, ffik
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AR IS IR AR S 2208 55 7K G 0 7 T 1 RO g P 5 1T i o5 SR0As S
BRI, 2T R A7 A5 2 12T BELAS T 795 W 4 1) 10 S LRI R 22 WX T 1 2
JEAER S22 S0 A RE R T B B B SO R 2 A T A e, X
IG5 BRI R B R 45 RAETT o

60 10
—— fu (R
—e— Jir s
so b d08
a
E 5
S e E
B 2 i 106 :_:: i
2 e e
Nl /%1/ 7=
S5l ¢ ¢ 04 g
D =
5 =2
” 5
@
20 402
10 1 00
0 2 4 6 8 10
HRGA I

Polygonatum content/%

& 2-2 BAEHXE F R R RS0
Fig. 2-2 Effect of Polygonatum powder on tensile properties of dough

2.5.4 HREMXTEERTEFFIERFME

HiPE] 2-3 ATk, BEE SR ARG, R A s PEA AR PE R R A n, H
SRR R T AR AR R, IRFEIR T tand<<1, R BATH B U AR R S 0B [ 4 o
RIS, SR NN T A1 1 AR B AR PEA AR K. sehefr P A 2 4k, Fi
ORI RO IN, VR 2R b 2T S RN, I i [ A R Y s L BE K
PAVERCE G OR, RRARARIRHEE VIR . sl ie S H 20, B2 HAA
IRGRAZRIKNE, S7KEE G BETE BOREIRE o Bt i 45 He) 5 T 5 WX 28 A0 AT B0k, 1 o 1 T
5 I 2% A 2 D SR R 2R A2 AT P 8 A B R 28 A B K, SRy O
et 7 D K 7 RS, $R T KR, AT ARG K. SRR IS
JINASE T 1 ) A 1 R, R AT [ e 80 L

14
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Fig. 2-3 Effect of Polygonatum powder on rheological properties of dough
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2.5.5 EIEHXEE LB RIS

Pl 2-4 Cad WT 1, T RO ARAR il o A T I 1) 10 S T ST G K, (EL AR
90 min Ji5, AR FRIE 0. 55X TRALAR L, PR INSORG Ry T 21 AR R P A
HIE] 2-4 (b) R, ASINBORTB (VT BT AR o0t B2 o i PP AR AR B R T
VAR R T P PR R o A3 X 2% () 35 AR BRORS B (R I m] REATI ) 1 B B R
AR, SBCREAER. 75, sl S aa4ER, deER5mpEa
FFRIy, FEURAR AR AR, (2 EURIT, R,
sk i P A IR AR il 820,

300

250 |

5]

=

<
T

T A 2 A4 AR
Swelling volume of dough/mL
3

0%
2%
4%
6%
8%
— 10%

[=]
(=1
T

w
=
T

0 1 1 1 1 1
0 20 40 60 80 100 120

IR} 1]

Time/min

300

b
250 |
2 200 -
2
s 2
r S 150
o 2
{="
w
S0t ——0%
——2%
X A 4%
50 F Sl —v—6%
: 8%
] ——10%
0 $ 1 1 1
0 30 60 90 120
Pif i)
Time/min

[ 2-4 RNEIEFEHRINE X EZ L EEHHF 0
Fig. 2-4 Effect of different Polygonatum content on the fermentation ability of dough
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2.5.6 EEMTIHEEH S ERFIN

H P& 2-5 TN, BEORE AR B0 FE VR I A Vi 40 T ] PR T 79 2 BB PRI (P<
0.05) . K EH, HHEMESINR T /NER, SBEAEANFREA SRR
Ko it — 0 AR RE SR A XoF THD A3 T2 PG S R AL R 45 T 28] ) T 5 55 2
Z RN BN R T (100%, 98%, 96%, 94%, 92%, 90%) FIEME &
XL, — 71, BUOMERE R INNAE — EREBE B AIS T Be 6 TR Gt 1f 455 1) 2 1 )5
SR, HXMEMERARE: HJ7H, EERTPEALYER, SN
H 2 45 TR ANV R B A Ik BELRS: 7 T A0 (O TR B, 6 VR 6K o T A PRI T

H

=N
5 = BRI
45 -
= Tl
40 - —a— R A KT A
a
35k —h__\\i
o\o b-\.__\_‘__‘. —= —
?‘3 30 | E 0
i 2 L
b1 g 25 d L .
8 = - t
= 220t
=
GRERE
=
10 -
5 -
0
0 2 4 6 8 10

HORE VRN
Polygonatum content/%

& 2-5 REMXEEIEE S8R0
Fig. 2-5 Effect of Polygonatum powder on wet gluten content of dough

2,57 EEMMEHPEEREN_RESENEN
H A T S 3 s A R OR e A 7 X 2% (0 P2 ok, i el
PR A i B s B dnlEl 2-6 flos, SxtRRAUMIEE, SRS RS o i s i 755

RS ERE FT (P<<0.05) , WS EREE N (P<<0.05) . A
Be R m TR P RS A 4EHRS T B A, mEESS. MY B AR R

P, R B SR I B ST Ok 2T ARBIRO B LR I, SR e s P AR AT
S AE o0 55 T 17 B 9 SRR Y B (RIS, Sk 9 v 1 B 5 B R B, I SRR S
ﬂ_‘l%—o
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W I a

60 - Y ChigsE i 7 - 60
- B 77 &
<= 50 xst§ - 50 i
2 c ¢ s

© N % 4
g \ N A £
I8 540} {405 T
o D =
&1 :‘;: / L s 5]
8 N g b il
& B30l d E {3042 S
g S N A "‘1@ =
2 \ V| 1B
53 \ ¢ g
2 20r ' Yy 420 3
8 N e R N =
& N 7 \ X K
10 g g4 A
a4 2\ N\ A
0 N 3 NN 0
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HIFAINE

Polygonatum content/%

2-6 NEHFPHEREM_MESENTML
Fig. 2-6 Changes of free thiol and disulfide bonds in gluten

2.5.8 EIEMXIE G EAR - REWRIFIN

T 53 0 % 455 ) )R R A% B R b 5% ot S LA B S e, [ 2-7 D AN IR T S
FEMZLA IS . it £ AR TR DO R Z T (1700~1600 cm?) H1 2R
FUR P& RS, B3R 2-3 ATAL SRR FU s i 7 g-Hr S MM
A Ea, BEAK T o-MRE . B-AE IS iR, RSN R VS TR T F575 I 24 45 440 14
FEMEF A T RN TERUA 5 B A o8 A B I RIS, R T EOR R
o PR IR B 2T AR 1 T A B 1 ) R A, 5 ST A 6 1 T e S A 1 B AN
SERE (R REAIRISS) o SRS o (0 6 £ 2T 248 5 76 1 95 DX 2% bR 2 IO BT 0 IS 80 2R
B, SEP-FESE ETIMB-FEAESE TR, a3y rER,
W2 R B-7 B KT B80T
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2-7 NEIEBRMEEEFHLINLER
Fig. 2-7 Infrared spectra of gluten proteins derived from dough prepared with different addition of
Polygonatum flour

*2-3 NEHAEHEE _REMENIENEK

Table 2-3 Changes in relative content of secondary structure in gluten protein in wheat dough

RGN/ % o-HEE/ % B-HTE/% B-5% F1/% To R /%
0 24.08+0.122 19.29+0.16¢ 37.61+0.342 18.40+0.04¢
2 23.65+0.80% 22.03+3.05¢ 35.11+1.62° 19.20+1.08P
4 20.48+0.43% 24.20+2.16% 35.86+0.57" 19.46+1.16°
6 20.42+0.03" 26.93+0.23P 33.09+0.24¢ 19.56+0.06°
8 18.64+0.36° 27.40+0.09° 32.54+0.35¢ 21.42+0.132
10 16.69+0.07¢ 31.64+0.312 29.38+0.344 22.29+0.012

e FPIANE P BERIR A AR B M2 5 (P<<0.05).

2.6 RENGE

I 0% 2% 4% 6% 8%~ 10%MIF R K 12 Ll & e N2y, E FExt
LG 1 AR FE AR Sk R A AR P T TR T AT T 5 s T U R AR
Mmitd S 8. WHEE REi. SRR, BINTR RSB BIGIR T 52
P, FREL R ARE R AR 2 R B PR, T ZRUE R E Ak . Bl SRS B 1 VR
NN, T AT B S RS BTN VRN 2%~6% IR SERE R, T B
FaEfet:, I 8%, L AE FE AR T 0 HEZH s T (A1 A e s AN 2t 1 A B 33 3
i, HepER R T AR, R T tand <1, IX3RWTH B AR R 2R AU
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TRk X AL B, SISO R ) T R B A BT T B IS IS i b e »
TR By T LA P T 9 2 B AL T P i B SR S R G, T AR
BRE N B-r2MEMEMM S BN, o-8he. p-HANSERI, X
Fp G5 A0 AR INAN A e S5 R A Ao FRIERT L, SEORR R 7 xRS PR B A —

=%
37 ]]rﬁj 3

=
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F=F BRI EERRNEN

3.1 5|18

HAE A BRI R K E a2 —, BRI TR oo BA H 2 1
ISR o FORBIE I ZGa M B0R, AR RS A AN RIVEZ R, SR 2
S ST R 4y . AR, AT R R IR B N A T T,
(B 4k T SN MU AR 2 P B SR AR AN L o ARG 3 FR M B —,
AL S BLACTH 2R R K . BUAWEALR Y, IINZE0T 7 T PR T AL AE A, 14 m
O SR AN S, [R] IR BAAEG T TRBL  R B FEL T)s MR AS A R T R L
S SO ARG, T TR AR B G AN S, R I i - (DMSR) B#AIC 1 THI L 1Y
LU 2R I8 B S, TGN 1 P3RS, B ELS AN ) H B
# o X R A AH L, DMSR A RS e i SR, T R, 5T B RIS
IR Yo SN M i RN E = iy (K N (T = WIS v i
X THI AL it BT SR ORI AT AE LA R RBR : 58, SO S5 /N300 I I& IC Lk =
RGFIT s Fok, F I ReME Ao TE RS (0 R 5 M 2 AR R FH 26 i R BR

ARE SRR TR R IE (0% 2% 4% 6% 8% 10%) REIET
ARV I TN AR TR PR S e A HSLERER N R A
&R, GG PUEAGRE 1IN E FIR ST A SEB, PPN I A AN T BRI . WF 5%
S5 R D REMERERS € W A SR BE BRI AR, (R 9 F SRS R U AR N AR
XS AL Gt 24 £ BEUR I e fE AR R A SR
32 MRERE
3.2.1 #RI5I

TR (GEREE JLZAUIE, TR 60 Him#& M. HEZERN & 8.
RGBT 4E 54.75%, TEXT 15.49%, AIETEZHE 15.56%, AT 2.31%, il 0.41%):
TR ERE L MR R A A

NN, T 2 AR BRI T A

E TR (RREAY) LR A IR A A5

ERDBE: &M T BT E A R A A

ke FHFIFL A A A
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R 2R &R A
WG T
BE. TKOEE. PRIMEE (VO o 1,1- 2K 2- =K (DPPH) .

2,2-H§%§m-:(3-z%-zxx%cﬂ%ﬂélé-@ﬁﬁa@ﬁ):%ﬁm (ABTS) . WM. BRI,
KGR AE. BRI, B AN, BRIRA AN, BE AN, R ek,
[ 25 4R L 2= R PR A
322 FEEERE

HMJ-D5600 ZUANTIHL, AL RAZRHE A A R A 7

KA F40 BUEAE, O Ll A Al s s sl A IR A 7]

CT310K Bk, 3&E Ametek Brookfield 2 #];

NS800 4 7 Gl e, I =B Bl A R A w5

JIDI-5G B & & 0L, M WG RA

FD-304 BUAVRTHENL, EIER RA G T IR S EIRAF .
3.3 XA
33.1 EBEHMER S

TELEC /7 FREGE S8 200 g BERE2.4 g BE 10 g WKy 8 g BV 16 g.
#h2g. ¥ 20 g MK 100 g, W BIERHIRAFIEBLEEATHR0] . B0F /5, W4T
BB 38 CHISFAF N KB 60 mine K G HEATHFUETE, FHRBEEKR 30 min, #%
JETRONERE AT bR, B KIRE R E N 160°C, R AKIREN 165C . HtH%E 25 min,
B T AL/ S0 P CE 2 h A H I, XA NSRS AL
332 EEEFENE

K H LScolour M 4 RGL M AL G, AR (3-1D iHHmEGaE.

AE = (A ) + (8a’) + (ab) (3.1)
X AE—(22; L*—RAKE: o088 b*—miEE,
3.3.3 EEIURENE
S AN R SRS VR NS A T AL, SRS VITF, S R AT R, HROR
[ BEOH VA T B PR T B 1 BB 45 4
334 EELLENE

W% GB/T 14611-2008. MEIREE, {6 EH#RENEATR . mWAaME
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RS HFEM G NS (mL/g) .
3.3.5 EERWNE

BT AL, BRI EAMEE B, DIH 30 mm X 30 mm X 20 mm FOAE i, JHTE
BB & b B TA4/1000 #2k, ZHORE: Mk RifE 5.0 g, MHAE
FER 1 mm/s, FRAETEA R 50%. 2 IRIESEHT [AIFEETE] 5 s.
3.3.6 HERETE

EEVENSH 9 HIEIFIFERLY, A EA A E=IR, FEHLIER 10 4
B AT AR AR N VAN ST BB VPN o 1~9 23 AR A BE AN B W 24
FEE XK
3.3.7 BEMELESNE

(D THEFRRGE T B 2.0 g &G T8 AR, A 25 mL 80%H HIEE, £
37°C, 1000 r/min R 7I456HE F@EHRE 2 h, FEFEA 30 min. EHREGK 5000 r/min
20 10 min, HCETEREH, BT 4°CUKAE hEE b IRAT o

(2) RZBEEMNNES% Folin-Ciocalteau %21,

(3) [l DPPH H G ERAE/IHIME : 2% Wang S8 NHIJ7EP3. BLVC
NFRUEXT IR, bRl £, THEL DPPH H H&ERRAE ILL VC & (mg VC/ g
AR E) £,

(4) Tt ABTS H HHESHFRAE I HIINIE : 2% Swieca S N7 1502, ABTS
HHEFBREE L VC 28 (mg VO/ g IR ARE) For.

(5) FHEEE BAEFEREEMNE: 2% Sun AWM EPY. BEH R
KREEJILL VC M8 (mg VC/ g IMBEMRIE) £
3.3.8 EEEMIHELENE

T L VE M 7K i 2% R R AR 0.5 g FTHDBLVR T AR 3 5T, IR 24T 50
mg [ 25 AR, A 10 mL PBS 2210 (A HCL ¥ pH %2 1.5) 1 0.2 mL 0.1
gmL B EARAERIRS], T 40°CEM T K 1 he RGN PBS 2241 (pH 6.9)
AR AAEFZE 25 mL, BN S mL BEE L& 10 mg FREEA | mg o-TERHR)
JWE T 37°CHIKIE IR « (EZKMERF A9 04 104 20, 30, 60, 90. 120. 150,
180 min 4b#5H 0.4 mL ALFER, T 100°C/KI 5 min K. LAR&HE bRdE S,
SR FH DNSS 323508 B HS FAIVE AR 1 SRR 5 B AT 00 €
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HURF I TR T AT B B 2 B/ %% 0.9

TERY KRR | % = TR
ST E &/ %

100 (3-2)

3.4 RIS S

K SPSS 24.0 A ARSI HHE, 45 R UL EEEARHEE MBI, f#
W75 %538 (ANOVA) 1] Duncan £33k AT B & B0, 25 P<0.05 I, 3R
INZESFE . AL, ] Origin 2018 HAFHHTHIE LA
3.5 BRE57
3.5.1 EEMTESEFENEN

HH% 3-1 AT, BESE TR R AN I A G 0, T P S 1) L+ (BT PRARG, 1
a* K bEN R TS ARG (AE) A5 SRS 7 0 &= (0 38 Jn i 1
Ko VLB ISR B 2 0 T B PR AR G o SRR o 55 (0 K AN 2 MR,
0 35 R TR A8 T R B E AR VR, 20 WA 2 1 O T A I 7 A S 4 e Iz A8 T £ 75

IR . BEA PR A NS RIS IN, AE BTG K, 2 BT A0 A € 22 B B ok

*3-1 BN ESNEENFN
Table 3-1 Effect of Polygonatum powder on bread core color

BREAINE/ % L a* b* AE
0 81.1+1.712 -1.08+0.36° 16.12+0.29¢
2 54.5+0.34° 5.74+0.14 28.54+1.512 30.7742.03¢
4 49.1+0.59¢ 9.90+0.75° 28.10+0.76 35.84+1.93b
6 40.3+0.65¢ 9.95+0.14 24.32+2.01¢ 43.05+2.712
8 39.2+0.55¢ 9.44+0.26° 24.16+3.12¢ 44.07+1.222
10 38.7+0.28¢ 10.39+0.69° 25.46+0.412b¢ 44.90+2.00°

M [RIZAS F) 5 BER R A AE B 25 1 2 7 (P<<0.05).

3.5.2 EREMEESIREHEN

A 3-1 AT, ASINFEREMTE 2%~6%0, TH A MSERLE 2 AR, i
MAGMERNEE, [SILBUN, SABEY5: UEREM I INE > 6%, M4
TECNBRS, SELER, S AAA], W5 X IE 506G, XAl RER RISk 5
TR R 2T 4R SR 1 TS0 B 1 S A A, 5 I I e 5 A R A A I



GRUTRRE R 2L 2 A

0% 2% 4%

6% 8% 10%
[ 3-1 BEMXEESIEERRR
Fig. 3-1 Effect of Polygonatum powder on the crumb structure of bread

353 EEMNEELE NN

B 3-2 WA, BEE BRSNS INER N, TRLLA TG, FIRe2 M T30
bR R 2R S RA S, IRE R 2 e, M6 A R T 0 4.
M T 2% UL BT RS, A LB E TR R RN R N R, X ATRE
T AR AP 4E A TE TR T N T R, AT S B A BRAR, HRS & 274
X LU (1 57 THT S MEDZR T K T 2 Wt LU IR BTS2 o BT LA LEZS B3, BORSRA
TNEAE 2%~8% 5 NIt H .

35 a
a ab ab
‘ b b
3.0 :§§ §
E
~25F
E
b, B
Eﬁi E 20
= 2
>
o ls5p
=
2
Slor
0.5 |
0.0
0 2 4 6 8 10
TR IR

Polygonatum content/%

& 3-2 EEHTTEEE S
Fig. 3-2 Effect of Polygonatum powder on specific volume of bread
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3.5.4 EEHNEE RN

H1%% 3-2 WIAN, SIS By O THD B0 A0 52 L s A L g P S T o T
FE B PEATVE 1 N AE — e R BB T TR R S, X P RE S HOR A
LR YE R O, AR 4EFR S 0 2 PR AR A0 R D T4, AN A6 T 6 1 B
PR ZE . N 2% ORI, AL B MR BOR, kR st , T A 3
PERRAS, WRVEA TR 3R U N LE 2%~6% I, THIEL I & AT 72 ]

FESZVEEIN ;s (HAn Rk SE N, )& 3 B A R ECE TR R

32 RN EEREIFNT
Table 3-2 Effect of Polygonatum powder on texture properties of bread

SR W Sbbmm MUEMEmI PR et
0 168.50+26.16¢ 9.07+0.11° 12.20+£2.15°¢ 0.74+0.01° 125.00£16.97¢
2 193.50+£30.41%¢  14.24+4.76°  14.10+1.13% 0.72+0.03? 138.50+16.26°
4 216.00+20.91¢ 9.14+0.18° 16.35+1.06 0.71+£0.03? 165.70+£29.67¢
6 241.50+3.54% 9.14+0.14° 18.13+£5.08% 0.70+0.03? 171.00£12.73¢
8 269.00+5.57° 9.11£0.02° 20.60+0.57°  0.67+0.02% 222.00+1.41°
10 358.50+2.122 8.84:+0.24° 30.35+0.782 0.61+0.11>  303.50+19.09?

Ve [FIBUA R 5 RERORAFTE 525 M 25 57 (P<<0.05).
3.5.5 BEMMEBRETEMNEI

HE 3-3 W50, SRR TR IR 2%~6% 0, AL IS, Jfith . FE.
JRUR AN R 2 FR B s ORI S I I 6% M), THIALEE VP B, RF 51
s AT R, FEOH PTERC. SRR s insg hn 1 i XUk,
(R I 22 (SRS Ry S (A0 TR R 1A 2
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BORERIE
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3-3 BN EEREITERRM

Fig. 3-3 Effect of Polygonatum powder on sensory evaluation of bread

3.5.6 EAEMYTEEMA LRI

K 3-4 feoR T A FEOR R AN I S IR T AL 00 2 W & S A E AR BREE T TR
B RS 2 ) 5 B AE 0.58~0.84 mg/g 2 (8] HL 1 A0 5 22 1 & BB A BOR B Vs &
(g hnim Tk, ABF7ed, FATLL DPPH. ABTS Al OH B H1JE 135 B KK PG
AR RE T - SEREIE R, SR IS I & S ht AL ae
<0.05) o HARNRA AR — T BIRIVEY S, (HBE I 8] B HERS
PR B HI 3 R i 45 AT BE AR AR AN AT, I B LR, AR O IR
JAHR RIS LI RELS) . EIR S5 ERRW], SORH o R 1/ 22 B B R 3 PR L RE

73, AEMEAEI B T PR b SR I Ry 07 TR OB R A

ERFIEMHR (P

a
b : N
; N
27 N
b 7% 7 <
d - 7 7 .
f,l 77 Z 7 N
// 7 7 N\ N
j Z
’ Z 2
7 g Z .25
s N N
Z 7 E § 0.20 § \
7 7 T 5 &
7 7 7 / = 2o N
) =3 D
P 7 Foao NN
// i £ 005
7 A
- — - 0.00
4 6 8 10 2 4 i 10
BRI TS
Polygonatum content/%a Polygonatum content/%
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4t 8 4

o ) =

& \: b X
12 b b N e <9 NN
=S g X i NN X

o> g | N NN R
23 N A N Ny A A
= 210 NN R A R N X
4 ® S N N A NN \\\
B NERES o Ry R
b AR NN N N N N
H § N W N \\\ L §\\‘
= g Ry N N N R
o 506 ) N N ay Y N
s & NN NN NN R N N
g3 SR R Y A R
< 204t \?\ N \\Q\ N R N
& AN 3 X N N N
@ : N N NN \\ NN N
Go N A N R
= Fy N N \\& N N
00 8 NN S R N

6 3 10 2 6 8 10

BOR RN BRI S
Polygonatum content/% Polygonatum content/%
yg ye

[ 3-4 EEMXTE S mELEE R
Fig. 3-4 Effect of Polygonatum powder on antioxidant capacity of bread

3.5.7 EFEMXTE EIEMTHK RIS

Bl 3-5 PR A e K e th 4. B rokud, A TH AR £E 20 min
AT RVER KRS BT 25, BEEZ218IEKC, 7E 180 min /24 BHE B ¥4 . it
THEA DR ZVE AR BN 1% 240 (CM k)« I T TR (AUC) « KA
Fa¥ (HD DLEAS T IUBEAE AR 4 (eGD o B 3-3 WIS, BEAE BRI INE
RIE AN ALK Col k AR/, AE SRR NI RIS 2 10% 0, k (B A [t
ININSAE A P T R0 i VR o R P TERTE AL, BRAR T IR YRR K A S P R
BOER . WAMERRESE, HIE S oGl H R SOR B I EL A1 39 0 2 D57 ik
TVE N B S o B Al R LR B 5 RN LR ORI GLH, = GI & B I PR i
B JE MRS, TSRS Z AR AR AL SR B AR, IR 20
ANAERE . TREHE PRI S sl kR AL S AN £ e U o 43 E, ISR by 1Y T
WA TN, RIOVTE TR & &/D, HI A Gl E 2 3& I (P<
0.05) o —J5iH, PKIONTREB % R R 2 4k STiek sa Ko, 30T Jek i
WAL, M Hn AL 53— O, AT AR B e R 4R 0 21 T A s e B
BT AT o F Bl AR Bl R D e B AL,
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80 I
B — _’7_._7{7_7_7.
/;/l—f—*—'*"" 99— ®
&
S 4
S . !
‘é 60 | /
< | — A
W o / o —F%
RE B f R = —F—
s (| =t
B 40 | Q‘/ w
®wE |/
S | —m— 0%
= |
ey | — 2%
“ 20 H —h— 4%
I v— 6%
If & 8%
| 10%
O 9 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180
e 1]
Time/min

3-5 EmIEMIEESEMKEENFN
Fig. 3-5 Effect of Polygonatum powder on hydrolysis rate of bread starch

& 3-3 TEIEEHAMENEEHKIEERSY
Table 3-3 Digestive model parameters of bread with different addition of Polygonatum powder

RGN/ % Coel/% k AUC Calculated HI eGI
0 77.98+0.22¢  0.17+£0.01*  12841.31+36.99° 100° 94.40°
2 73.37+0.91>  0.19+0.022 12318.94+151.11°  95.93+1.18>  90.89+1.01"
4 55.13£0.93¢  0.13+0.03%  8576.90+145.84°  66.76+1.14°  65.77+0.98°
6 53.18+1.34°  0.14+0.03*  8295.36+73.68°  64.60+0.57°9  63.88+0.49«
8 52.13+0.95¢ 0.14+0.032  8145.92+145.45¢  63.44+1.16¢  62.88+0.994
10 48.26+0.52¢  0.16£0.03*  7567.12+81.55¢  58.93+0.64°  58.99+0.55¢

e FPIANE 7 BERIR A AR B M2 5 (P<<0.05).

3.6 AE/Ng

AT I PAAS [ LG8 P 3R M 5 4 /N2 M TR it R 00T EEAS [ S
IR BRSO T A (. ArBRGEM . ELZR. BRI, PLELRE S WML
PR G E VR E RIS . S5 REEN], BEAE SORE RS IS RGN, AL BT
LHEZHFEAC, T a* M oHEE FIHES: meEmaEE (A WEEE IR
RN  HIEE RN E > 6%, TS E NG, RILERK,
AARKIE], B XIBA R, LA T 2% UL LSRR G, T LA SR
B (RGN TR N B s TEVELTTRI T T, VRN T BRSO A TENELREFE | IR A T AN g
MR ER N RV T, ERR IR m PR, AR E R . 5
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STRRLAR L, IRINERER A MDA RE ) 4R s VERTE AT, e
FERP IR INE RN, AN Con HI M eGl WEFK. 25k, BINFERR & 1dmE
LY EARFIE G BT TR, AR 1 SHTE s A tE B I SRR B kG
Ty T B AT T AR . BbAh, ORI dsin g in 1 e Xk, HEd %
FRITEORE A 0 THT 20, FF)J b AT /3K
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FUE E=IEH I MR E2 00
4.1 518

T E Ay i K o Wb £ i, FERHBUA 1B] 2 R A Ve AR [l AR L AL . XU A5,
SRFNBR GRS ) f . A [ PR P e Ge it A BRI AR R T A 2 A 1 22 35
PR S HREAT B F=E I 5%-8%. T HREENZCRVEEY), && 2. W
FAEY) ST RE M (2R 4, H 2 WE 4 oy vlid o S s - v ¥ o 7 A,
B N LA B3 P S i R O I TR SE R AR A A K LA
B REE RN ), B0 Zhoul VR SR I, HEAS 20 AT ARG /N2 TE A
FRIFE T 45 8 B S L REE B TR s SulSE AR B, Bk Ao i 22 Wt R 41 )
IKGTIERE, i T ATERGE K A B BT, D T AR AR I R R K R R
Jial®Va g I ER B (A AEAH] 7 /K3 T HEE . KUK SR I ORI 25 5, JFREAIR
T A T TR A B o (L o EORE A TE T A ok R P I 2 4T
TE ML A RGEE I Y0 P B TG0 E WS — 51, i
A CaTRERER) BREA RN E A 5IE SR EHAETE: B—JrH, RATEH
CUnZGHY . FREMED MR S 80M 146 L2 T B sk 51K .

A EERGIRATANEH IRINE 0%~10%) X Tl L Al s R P PR R A2 Lo o St
ERHERERE (DSC) X SFLEATH (XRD) RAETER HIARE: 4565
SHT (TPA) MR S8, NI HTE A it FU 3R AL E i AR 415
42 MRI5R%F
4.2.1 ME5

TN GERGM LI, TERE 60 Hif& M. HEERS A
WG B 2T YE 54.75%, WEH 15.49%, AIETEZHE 15.56%, HHE T 2.31%, #HH 0.41%):
ZHAERELET MBI R AR

NN, T iR HUR T A A

EE TR (MBEAD - R R E IR A R

FIRbBE: &M SE A R A A

ke ARFIANL AR A

R 2R &R A
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. .
422 XE5E%
HMJ-D5600 ZUFITHIAL, A6 AUZRHE A A R A A ;
Ko7 F40 B9 ARG, B LT A A e A Sl AT IR 7
CT310K B Fi#{, 3£ Ametek Brookfield 2 &];
JIDI-5G B & 300l T 5 AR A R 2 7] 5
FD-304 BUAGETAENL, IR RAE TR & AR AT,
QL-610A BUBRF K 3P EAL, AL BT hPhm KBHE A PR A w5
DSC-60A R ZE/REFIAN, HA B AT
D8 Focus 8 X SFZATHX, MEEAGE T8 AXS AFH .
4.3 LW FHIE
43.1 BBHRHE
R 331 Hil& AL, JRAE 4°CHRAF Mk 0d. 1d. 3d. 5d. 7d.
432 HEM#EEIIEKS S ENE
PREES 0d 1d. 3dy 5d. 7d TR, 3 PRI 7K 23 s ASCRS: 00 i B v £ 7K 73
TR, BE3IW. AKX 4-D iHEKSE

mo - mi

=,
H:

KD E % = x100 (4-1)

mo

A mo AT RTFT AR R my KT J5 PR &
AN (4-2) WEKRPSERHEE.

KA B B ) % = WOV; W
0

U Wo ik 0d BTN EL K 703 s Wo M 7d 1 K70 & & .
433 ESMEETEFRANE

B 0dy 1d. 3d. 5d. 7d EAAESEEATEAIE (1A 3.3.5) o FIH Avrami
TR T EL SR B R, 20 b P A U ) (AL ) 2 o 4 Avrami 7 FEAR
JER 13550 (4-3) -

R=h

A RANMEZWE: Fou Fio Fo A AR I ooy t A0 KIS
AR k AL n oy Avrami F5L.

x100 (4-2)

=1-exp(—-kt") (4-3)
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43.4 BEARANEMRINE

FREGA VR TR AL (iR 7d) A 5T DSC #8485+, L 10°C/min [ THEE %
Hi 25°CTHE % 200°C. XFHRZ 251 DSC 458, M JEiT H A B EAH.
43.5 HEIEMERENE

S SV 4°CAiEE 0d F1 7d FTHELCVA VR T8, DTS IR R X 4407
SMASCIN T8 VE Ky 45 G P o E 25 TARHE 40 kV, HLR 30 mA, FHHIIHEE 3.000
(°)/min, FRTEHE 50~45° HMPIFHTE R (RO %A (4-4) 115

Ac
Aa+ Ac

Aot ACHAEG BRI A A% S KT
VO LS R R AR (4-5)
RC7—RCo
—X

0

s RCo Jofifisk 0d I AAEXT 45 B RCy A AEsE 7d I FRIRE R 28 it B
44 HRVIES 5

K H] SPSS 24.0 A AL BE SIS B4, 45 R UF AR dEZE TR D
W75 Z 5t CANOVAD 1) Duncan fa 3k 47 B2 % 04, =2 P<0.05 I, %
INZESERE . AL, fHF Origin 2018 B AT HH5 4
4.5 BREGH
4.5.1 EFEHTHSMBEREKS2E0FM

FETH AL AEBUE RE b, KBRS 51K AL R A R I O — . B
FEINT B (R, THIEL PRI 7K 3 2 BB EAIK, 7K 20 AT A0S I 3 T A KB\
M AR AR I 5 A R PRI 000), SEA R 4-1 FOIE] 4-2 AT, FTA T ALK S S B
Pt 5 i T [ B A T8 0T B I, AELVS N 17 S8R A9 PR T /B 7K 4 B AR e A A T 0o R
I WEPRR (P<0.05) , HIEEM IS INEIE ] 6% AL 17K 73 BRI 26 1A 3]
A%, — R BV 2R R B BOR T E O S 2 4 R BOR MK
VEFIRE KM, PIAE— @ R B G2 A /K 73 Bk . A PRHMA Koy & B LR
B, EHAKEERTE, SFBUKSPUEEUR . RN 6% LA E R ER R v] 58 5 2

RC/% = x100 (4-4)

VERY B4 IR % = 100 (4-5)
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S P e PR BB, B T e K o WIRE ST A TR AR 23 & B PR AR =R 1]
It

—%— 0%

Koy

Moisture content/%

28

fift RIS [h)
Storage time/d

& 4-1 FREMIEEEELTIEKS 2NN

Fig. 4-1 Effect of Polygonatum powder on moisture content of bread during storage

20 |

KAy BN

Moisture content reduction rate/%
o

WS

Polygonatum content/%

B 4-2 BEMIEEMEEIEKS S EFRERMFE

Fig. 4-2 Effect of Polygonatum powder on moisture content reduction rate of bread during storage
452 EEHVEEMEETRERENZN

TETH AL i O R p 2 A R B O . TSR 2, 2 AFR BB,
PR AR, AR AR o T B i R ) A A I R A | R VR
W 115 5K T M EE IR, PR AR E A AT 54 &
4-3 AT, WA GRS (R R IE K, A T ALAE B R R OB AR T R,
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Xof HE 2 TR0 A E LU IS 38K T 7.23 4%, T 2% 28 10% B A K 8 0 &2 1 T 0 Al 52 470 1)
KT 7.01. 435, 4.11. 4.41. 3.86 fiF, RUAFREN AELL T it 7ok 3 (5] Th0 60,10 55
(RIS T A B 4R 2 1 K 5 iR 1 8 /K R R R BRI 45 R B DIAR G, X2
BT 3R B R ERE 2R 4, BRI T /K2 B3 R8 AT A5 T 0 2 A0 2 T B

2000 F _—
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T Jig
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it g 7]
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[ 4-3 FAEHX B SR 2 B RS2
Fig. 4-3 Effect of Polygonatum powder on the hardness of bread during storage

Avrami J7 R M Tie 2 s DA e, EEAR kK MniX 2 4
SR, Ho kO OECRE R, AR A ARG RE T RIS, k EOR, BRI
AR AR n Oy Avrami 85, HAIA AR RSSO, 3R 4-1 1]
®, BEE SRS IR IO, K ESSIEIRE/N . SRR N EIE S 8%
JG, MERTREA, k EEEREK (P<0.05) , UiBHARIN—E B 5 I
RS IEN R A DL GAT sk  BeAh, ANIN T SRORAD IO T 0 n (22 108 3 v x4
(P<0.05) . AWIFERY, o<1 W, SERSHZTT A ubEE A%, £k
RIS 1 1<n<2 I, @RI E RSO, R4S R A
W O, 13 4-1 W] I, ASINSRE R T A o B3> 1, R iA ek Bl A4
RPN R IR n (B <1, Ui WIS AR AETE R [l 2 BT A o
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*4-1 ET Avrami GIENEBEEEZUHNESHY

Table 4-1 Kinetic parameters of bread hardness aging based on Avrami equation

RGN/ % Avrami J7 & k n R?
0 y=0.725x-1.075 0.341+0.025¢ 0.725+0.222¢ 0.914
2 y=1.077x-0.827 0.437+0.033% 1.077+0.291%¢ 0.932
4 y=1.088x-0.905 0.40540.012¢b 1.088+0.106%° 0.991
6 y=1.239x-0.950 0.387+0.023° 1.239+0.200P 0.974
8 y=1.023x-1.239 0.29040.0104 1.023+0.089"¢ 0.992
10 y=1.578x-2.019 0.133+0.046° 1.578+0.4092 0.937

e FPIA R FBER IR A AR B P22 7 (P<<0.05).

4.5.3 EEMIEERANFERREMNE

BT ZRPAHREINE (DSC) T2 B BOR rIASHER LT b S48 i id R
AR, v R e Z AR IR B AT S ik A . A 4-4 o, s IE 7d
i o 30 TR ) TR AR R A B AT AL, NN 2%~10% RS 457 Y S50 41
I ARE 5 TR (P<<0.05) , Ferf 8% AT ff (1 [l A= KA IA B e ARk T
RUFZIASIN LI A 81 A2 BAT S LA OR o 243k Z AL Bl AL IR e B 445 i 1
N, AT 4 i 7 RN, A S A6 A AR SRR (NI T R Ak
EE] 7 EMHIRCR . IX AT RERE 2 BRI S SR I BE LS &, BHAS Tk
IR S G, A HHE AR B AR S s T fRes & £ 4 BE % 5 1o 0 v (R ety
SRR E EEY), MIEZZm BRI, IR AR inEd &,
FIT e & AR B AT S R T 9 X 2% 45 ), A 2 AU A e, BRI 2R IS5 P
[5 7+
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Fig. 4-4 Effect of Polygonatum powder on the retrogradation enthalpy of bread

454 BREMXABMBIETIEENERENTI

B 4-5 43 5l Fe 7~ 1 AN [ SR A VS T 28 D T 60 i 78K 0 DR T 7 R I 1) X S 48
T B . B 4-5 w5, SErif i 230V B RHE (20°) 5 & 7 KA
Je, FTSTEIEEIY B AL g (17°) , B BV BE ALK R XA
TIEM D FRIZIBEEAE: miRAIn TSI, SRR S Am R, %
RTCETEAS; W RE A, BRIk @ /) TS = 5K T RER, ©
JeTE RIS F BV BRI K DU T S VA U e 5 1 (R A8 21
3, mAIURL B BGE IR. AFEREH AR I BRI R R R 2 g dh: B
BRI E JL OB B LN P ek A 45 i, 1 S BEVE R (145 Sl FE LR A LA 1)
R AN, FEA AR, HEEm e SIREIERE Y, TRV B ks
Ky, X3 m R AU B TR] PN 5 B0

el 4-6 Fiow, GEIETRELS, IO TSR A R T ELVE A B 4G R AR TR
HERZH I 0 2 Ak, I HLAE 8% M IR EIMRAR (13.67%) o XF[RERZHT: EHEHH
[ G 2 238 T 7K 5 4 808 2 A BELAE P OB 428 i 2 A R sk
W FEUK R G A UERT, FRARTEM 2 TR TR . s, ZIRMK 5
LRI AE SR | Vet 7 TREND T B, FHAS B B SVARA P HERR . RN, 2F
24 o) 24 308 3 A L O 6 AN T e A A I SR A s TR ARSI SR g A, i —
AN PP 45 56 0 TE BOR RGESE T VR a1 AR 50 ) 53t A . (R ERS I & i i,
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Fig. 4-5 X-ray diffraction patterns of bread stored for 0 and 7 days
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Fig. 4-6 Effect of Polygonatum powder on recrystallization rate of bread stored for 7 days

4.6 KENG

R RGAR TR GRINE 0%-10%) X 6 il s P i R s L . @it
ZaPAERGE (DSC) E B RN HLA I RIS RRME, 48 X AT
U (XRD) 73 HriEh di ik G5 A A ) s [R5 & Bk 20l (TPAD SRERIE 2
Bt g 2 a3 ) RIS pr R K 4 S R AR . S5 SRR, BT T B K )
B S5 BB A i TR 1) A0 K 17 328 T A MK AFLVARAIN 17 SRR A 190 T A 7K 2 e AR T 3 AR L
TR R G (P<0.05) , HECRSR A Ik 3 6% 1 A0 i 7K 73 Ik s
B BN B AR THELJSUAL 7 T, Bl i ek T B) AR A, T AR T EO R 82 8 S 1 e 3
MBS INEIL S 8% J5, MECT XA, AR BRI (P<0.05) ;
VRO, MECT SRR, RN 2%~10% 5 A5 A} (1 S 36 40 91 AR 4 B B3 R
B (P<<0.05) , FCrf 8% A it (1[5 A B T B BB Al /K T+ Ve b 45 4 B D T
RS, WY SRR 1) TG T 4 R AR T B S B R, I
HAE 8% X BIRAK (13.67%) o & LATIR, WSINERE Ry e a2 e 3] —
SEFHRICR, AR T e, KA,
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FLE KRGl EREENFL

51 518

HEAER T ERMEE, RRERTEE . G ESR 23 e sRH
IR . A % M s T 2R (0 A R PR T I Bl w8 2023 AR5
R AERWE PRI IS 5.37 440 BT IR % (8 75 T TR MK 5O B W RS
AT AT VS R . A L BE A B FE L (Glycemic Index, GI<<55) THAL/E Ak K5
o R R A, PR R T AR GRS B I E TR DR R R

FESE =5, TATVRILBRE R IR N BE % 2.2 eI 0. 1 IR 2B e 4. A
WEFRI, K GL K& ReEAE SO A SO b LR AL O I AP s S5 08 s, I HL
PEHIFRAC GL A4 £ B 10 B 2 IR S 4R 2 00 £ JEORH00) . PRI, X — B AT
K 3 VA I EOR R A AR GI & R 2 RS TR LU . AR Tk
THACTEREAT B FC 0 M, AT DA B0KE 76 T RE A 1860, 77 T AR 9 S A B0 Al A 4K
P
52 MRERE
5.2.1 #RI5H

TR CGERSG FLZE U, Tkt 60 BIfi&H. HEERSGEN
RGBT 4E 54.75%, TEX) 15.49%, AIETEZHE 15.56%, B A BT 2.31%, il 0.41%):
TR ERE B MR R A A

4G, BE (GdlEh, TERET 60 Hif&H. )« i,

NN, T iR HUR T A A

ik B R EEERARAR;

EE TR (REREAY) LR A IR A A5

ke ARFIFNL AR A

SR 2R R AW

IR, iR A0, BEREA N, BEAM. . oiral, EAERE
AR A
522 UFEKRE

HMJ-D5600 ZUFITHIAL, AL AUZRHE A A R A A ;
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KA F40 BUERE, O Ll A Al s 28 sl A IR A 7]

CT310K iM%, FEE Ametek Brookfield 2 ;

NS800 A 73t A, IRIITT =B RHEA R 2w ;

JIDI-5G B & 30RO, T 35 AR A R 2 7] 5

FD-304 BUAVRTAENL, R R AR TR & A IR A .
53 A
53.1 EEHMER S

RAMETT : BIK 0% 5% 10%. 15%F1 20% A4k (45: B
=1: 1D K1 0% 1% 2%~ 3% 4%F1 S% G I % L & N3k, il 2
PR R L (IR A8

RRZS PRI : FEZE MR AR EE, 60 H I HUBE M I N ZE 18K (ERLE 1:
30) , #A 10 min, 60°C7K¥ 30 min, 4000 r/min K &0 15 min, HU_EJER.

AR T : FREGE AR 100 g FERE 1.2 g BHHZ6K) 1 oo W0k) 4 g, 357 8 .
#h 1.2 gy FEAHREUK 60 mL, 4 A BRSO AT LEEAT Bl . #2475, 451
FUBON 38 C 24 TR 60 min. K EEATHEHEIE, FRBEK 30 min, &%
JETRNFEFEAT RS, B GR B E N 160°C, T KIRERN 165°C . Ht4% 25 min,
B AL %R N E 2 h IS H
532 EBLLENE

HA&T71:2% 3.3.4.
5.3.3 EERWNE

HAkT77:2% 3.3.5
534 EEEMIEEENE

HAkT71:2% 3.3.7,
53.5 MREEEEMHELMENE

AR : FRECERTRY 10g. ZMREHR (8. BH=1: 1) 20g. /N 75
g Bk S g BERE 12 g0 BHMAGH 1 g Wk 4. B 8 gl h 1.2 g, BERIR
BOB 60 mL. MHALHIER 5.3.1.

VEME AT E 22 3.3.7,

41



8 W YN T e VAT

54 YRS S

K SPSS 24.0 A ARSI K, 45 R UL EELARHEE MR N B, fE
W75 %538 (ANOVA) 1] Duncan £33y AT B & B0, 25 P<0.05 I, 3R
INZESFE . A, ] Origin 2018 HAFHHTHIE LA
5.5 BGRG57H
5.5.1 ZAREMIESmRRRNRE
5.5.1.1 R Gk 6o T A Eb 2 AR A

HT 1] 5-1 RTAI, 55508 AL AR EE , V8 0 2 R 08 156 B b 728 2 2 T B (P<<0.05),
A BB BT AR Ol S A R s MG 44, RE A AR TOK, B3R T
& T R AR ok P T 0 2 FE I Bk B S B R AE 8 o, M
S5 TH 35 0 248 FRDZE SR PSS B, FRAIRAFARURE 70 B B 2 il id s /K e 51 R 7K 43 43
i, A BOKE, IHIGER SR I s AR B T 25 R B
RS EIF, FEURRERCE TR, RAFHMELARIK.

25
a
T
20 b / b b s ab
TPD - / /
[y
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@ 2
= 3
& 10 |-
=)
o
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o
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Fig. 5-1 Effect of coarse grain bean powder on specific volume of bread
5.5.1.2 ZRR 520K 6o THI 6053 ) (1) R

I3 5-1 AN, RN AR o0 (1 T A0 A B2 2 2 8 K (P<<0.05) , PHIEHPEAN
JRAE VRS B TE, MRS N R THEVRERE . R TR M M 2 N — e R
R T IR R, X TR S AR G IR AR O, e
Ky FE GRS G B IR R BBAG L, AR SR T R v 5 P A s A KRR 1) 47 B B
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DIAE FHRSR T  AE JEe 1, RIS B s e A — 2T 4 SR S AR ORI, 3 S50 B A B
MERAESR .
R 5-1 ZAREMXTE R

Table 5-1 Effect of coarse grain bean powder on texture properties of bread

R INE Y% tf S /g #ME/mm ML g /. Rk B 1
0 961.00+34.00° 9.34+0.16* 76.50+0.40? 0.69+0.01* 836.00+10.00°
5 1247.00+£12.00* 9.28+0.01 76.80+2.20° 0.68+0.022 844.50+£24.502
10 1248.00+99.00? 9.19+0.10* 80.10+3.802 0.70+0.022 941.00£20.00?
15 1329.00+71.00* 9.31+0.09* 90.65+1.75* 0.67+0.032 991.50+£119.50?
20 1306.50+112.52 9.20+0.022 98.75+8.55% 0.71+£0.01* 972.50+£28.50?

e FPIANE FRERORAFAE BB L2 57 (P<<0.05).
5.5.1.3 MR SR e R T A 1 52

K 5-2 B AT AR KRR 2. SR UL, BT T A RE 5 7E 1T 20 min
VER KRR RE N, BEEZIERK, JFAE 180 min AT IA RSP il 1T HAR
B B AL B 77 S HCRIAS TF UM A2 B FB 5 (eGDD o HIER 5-2 v %0, BHE A
KRG TN A3 N, T Con HI AT eGI B K (P<0.05) o HIIZIRE
oy AT B R VAT B B S R A TR B T LT R R 4 i e, R ) Bl P
AR, AR AL, SEART AR

80

=
T

k=a)
(=]
T

w
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T
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TER K AR
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Fig. 5-2 Effect of coarse grain bean powder on hydrolysis rate of bread starch
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* 52 FRIZMREMBFMEBNARFEHERSH

Table 5-2 Digestive model parameters of bread with different addition of coarse grain bean powder

RSN E % C/% k AUC Calculated HI eGI
0 77.98+0.22*  0.17+0.01>  12841.31+36.99° 100 94.40°
5 70.76+0.44>  0.16£0.01°  11862.64+73.76®  92.38+0.57°  87.83+0.55°
10 67.24+0.76°  0.17+0.02® 11153.49+126.07°  86.86+0.98°  83.07+0.94¢
15 64.49+0.93¢  0.18+0.03® 10600.43+152.87¢  82.55+1.19¢  79.36+1.14¢
20 62.2140.64°  0.20+0.03*  10142.76+104.35°  78.99+0.81°  76.29+0.78¢

Vs RIS R 7 RER R AP AL 53 1 22 57 (P<<0.05).
5.5.2 BRFKITEMHLERIRZ T

K 5-3 B N e R KR ih 2. SR, BTA TR T ZE T 20 min
VEM KRG, bR IKBCA S, IR 180 min /2 A IE P . @it
AR S AL ) ) 2 S BN o OB AE FE L (eGD o« HI#R 5-3 WA, H
FEZRKHIME T A (AB) M T H B RKHIERTHE (WB) [ Con HI Al eGI
ERFREAC (P<0.05) o BERAST &A= By, Hrl LLHIE R Be
W, BRACERMEACRCR, SRAN R B AE R &5 S RIS TIER KR, A3 EL
eGI F&{%.

80 |

f=a)
(=]
T

40

TR AR
Starch hydrolysis rate/%

20 —=— WB
—e— AB
0 1 1 1 1 1 1 1 1 1
0] 20 40 60 80 100 120 140 160 180
B [
Time/min

5-3 BRETKISE GLIE M KRRV FZ M0
Fig. 5-3 Effect of vine tea water on hydrolysis rate of bread starch
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* 53 PRIEFHESHLRESY

Table 5-3 Digestive model parameters of bread with different recipes

THELFE Col% k AUC Calculated HI eGI
WB 77.98+£0.228  0.1740.01°  12841.31+36.992 1002 94.407
AB 72.18+0.29°  0.16+0.02°  12060.26+48.45°  93.92+0.38>  89.16+0.36"

s FPIASE P BERIR A AR B M2 5 (P<<0.05).
5.5.3 BRI E B S BRA S
5.5.3.1 A Wknt A EL S 52

i 5-4 fros, SRR, dSima ol fm e e Ea i BT, 1R 4%
A B /KT, U & BRI o AT b s B R B . Sl AR ok
SR B S, e 1 N T AR i R B R SRR R, A
A1 B A e AR, A2 SE B A b BT
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Fig. 5-4 Effect of gluten on specific volume of bread

5.5.3.2 4 ok xo i B o AL ) 52

HIZE 5-4 w1, SXIAIAREL,  EsInas ok (1 EA9] 2%~5% IS 14 i o Al
JE . THE RS R (P<0.05) JFRIL TREET RS, mEE
AP SRR B AR A o T ELAE R | R MR AT NEL I ) R AE — e R 4R 1 i
ELRYEE o AN INIE R A ok n] A RCE R B RS R A 2R S0k I 2
T R B PE A 542
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R 5-4 ARUHXEERGRFNT
Table 5-4 Effect of gluten on texture properties of bread

AR A I/ % /g % /mm NEL g /] Rk fe
0 574.00+70.712 9.32+0.042 37.15+£3.612 0.71£0.03*  406.50+37.48*
1 586.00+£42.422 9.27+0.012 37.90+2.40? 0.70+0.04*  419.50+19.09*
2 489.50+17.68" 9.18+0.102 31.50+0.28° 0.72+0.012 350.00+7.07°
3 470.50+4.95¢ 9.30+0.042 30.95+0.21° 0.73+£0.012 339.50+0.71°
4 349.00+5.66¢ 9.18+0.042 23.30+0.71°¢ 0.74+0.012 259.0048.49¢
5 505.50+14.85%¢  9.29+0.112 32.40+0.57° 0.71£0.022 355.5042.12°

T [RIZAS F) 5 BER R A AE B 25 1 22 7 (P<<0.05).

554 BMREEBMERELMLE

CARAR &0 GUIE N H I, 3N 10% ISR R . 20% 24 G . 5%
FCR R 25 SEBOR BAE GI SRS (LPB) 55X IR (WB) « NN
FEAPERGRIMT AL (AB) « ¥R 10% 035 A5 0 A R A $R BUR I TH . (PAB)D
TR 20% ) 2 A6 00 A1 R S SE U AL (BAB) #EAT X EG . ] 5-5 B AT A
VEM KRR . SR, TSGR, TR S FERT 20 min JER K
K EWN, BEEEEMK, JFAE 180 min /247 IEHHA R P47 . Wit tHEAE 2
WIS 12528 (CoA k)« IHZ N ITIHAR (AUC) . JKfE4E% (HD PALAl
THIBE A L (eGD) o H# 5-5 W40, SR JSTHE (LPB) (¥ eGI {HIiEH] T
49.07+0.37, &AL GL BHIFRHE (GI<55)

80
=
E 60
=
A p
- @
S =
- D
& 540
= =
2 = —=—WB
& 20 —e— AB
—a— PAB
+— BAB
+—LPB
r] 1 1 1 1 | 1 1 | i |
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5[]
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& 5-5 MREEEAESKER
Fig. 5-5 Starch hydrolysis rate of improved bread
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®5-5 MREEBHEERSY

Table 5-5 Ddigestion model parameters of improved bread

[RERET C/% k AUC Calculated HI eGI
WB 77.98+0.22¢  0.17+0.01°  12841.31+36.99° 100° 94407
AB 72.18+0.29°  0.16+0.02%  12060.26+48.45>  93.92+0.38>  89.16+0.36°
PAB 49.55£0.349  0.24+£0.02¢  8423.18+£57.80¢  65.59+0.45¢  64.74+0.449
BAB 62.2140.64¢  0.20£0.03 10142.76+104.35¢  78.99+0.81°  76.29+0.78
LPB 38.14+0.17°  0.13+0.03°  6088.51+38.38°  47.41+0.42°  49.07+0.37¢

T [RIZAS ) 5 BER R A AE B 25 1 22 7 (P<<0.05).

5.6 RE/NEE

AT I DAAS [ U R S AN Tk B /N2 0 IR A SR B 4 /K il 4
THARE S, AT AL LE 2 TR REE, 3 S FE6F AN () THI LU R T Ak A
GIfE, FFUL N B 55 AR SCF R AR G SRS . 45 BB, IR Jh SR A
R SEHOR 2> (T 0 LU T, BERETR &, TS A ok vl DL — s AR B _E SR
AR B AE . S A =R AE R, IRHL 10% M B R R 20% K2R
B DAL SY% AR ik B AR/ INZbr o RS SREEBUE AR IR T, SR HH T 11
HLA MRS 0 BORS R S TR A UK, oG {HIAF] 49.07+0.37, FFAK G &¥fts
#E (GI<55) , EEBERMAEH.
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6.1 Z5it

AT GT LASERE Ak Ay G, SR E TR AT O AL R P R R L AR
Ve KEEIEVEIR, 2568 B Z0AMGs 2 BT i 9 A i Rk, PRV SRS B
ST R R SRR R R PR TSR R Vs X TR0 I AR R W R ) 5
A, RN R AR R, A BUAGEE 0 I e RO A SNSRI A s
3, VR IR A e Rl 2R R AL (DSCO) A X SHRATST (XRD)
RALVER AR E, ZA R (TPA) MEZLs /4R, N ik
WP AR A o Ak, DUIFRAS G & it B 1, BFAUIK G 3RS A T2
Foy . FEEERWF:

(1) WFRESREY, BEE TR R IS IZETH N, TRA R 5
P, B RUARAER B AR E 3 B AR, AT AE SR VE R & A s T ] g s 32 A
PEE TGN 0 2%~6% K BkE A sy, TSR e, I 8%, Ak et
KT HRZE s T A v A AN A PR I3 i, E St i o T R A &, 4%
FEH T tand <1, PLHTIHAIRRERSEIT B . SXTREALL, mHER AR
A FTREAR . ININSERE R 5, TRk T T (00 T 3 7 e A1 s T 7 v e 0 5
EEEEN, WM S EEE N, BTG IS BRI, o B2,
B~ i1 1 R PRI

(2) WFFEERAR, B SRR IR I E 10, TS I LR M7 B AR
1M a*fl b 2 bFHES; MEMEZEE (AB) K UERMRINE > 6%,
AL NGRS, ALK, A, W XA R ST 2%
ORI LE A A SRR R R D T2 N R LA T, T L
e B VERIE M B JRE VY T, BRI IR LK, T
IRE IV FEAC. S0 HRZUA L, IR Inso #n T A UL e ) 3 4 s e
APETT T, AL Coon HI M eGI 235 FEAK

(3) WHFCAE RRH, B T AL IR 7K 7 2 38 I 5 (A ) S K 7 28 FAEALG
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