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Effects of Soluble Soybean Polysaccharide on Physicochemical
Properties of Glutinous Rice Flour and Quality
of Quick-frozen Sweet Dumplings

SHEN Huishan'?, CHENG Shangzhen', PAN Yuchang', WANG Hongwei'?, LIU Xingli', ZHANG Hua'*"

(1.College of Food and Bioengineering, Zhengzhou University of Light Industry, Zhengzhou 450001, China;
2.Food Laboratory of Zhongyuan, Luohe 462300, China)

Abstract: There are some problems with quick-frozen sweet dumplings, such as poor water retention, easy freezing
cracking, and high adhesiveness after cooking. To improve the quality of quick-frozen sweet dumplings, this paper
investigated the effects of different amounts of soluble soybean polysaccharide (SSPS) on the pasting properties, thermal
properties, gel consistency, coagulation, solubility, swelling power, and rheological behavior of glutinous rice flour (GRF).
Besides, the effects of SSPS on water loss rate, soup transparency, and textural characteristics of quick-frozen sweet
dumplings were studied. The results showed that the peak viscosity, trough viscosity, final viscosity, breakdown, setback,
coagulation, solubility, swelling power, viscous modulus, and elastic modulus of SSPS-GRF were significantly lower than

GRF (P<0.05). However, the onset temperature, peak temperature, end temperature, enthalpy and gel consistency of GRF
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showed a gradual upward trend with the increase of SSPS content. The SSPS significantly reduced the water loss rate of

quick-frozen sweet dumplings (P<0.05), and the minimum value appeared at 0.5% SSPS. Moreover, SSPS significantly

enhanced the soup transparency (P<0.05), while significantly decreasing the hardness, chewiness, springiness, and

cohesiveness of boiled quick-frozen sweet dumplings (P<0.05). In conclusion, SSPS can reduce the water loss rate, enhance

the soup transparency, and improve the textural characteristics of quick-frozen sweet dumplings.

Key words: soluble soybean polysaccharide; glutinous rice flour; quick-frozen sweet dumplings; physicochemical

properties; quality
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Fig.1 Effect of SSPS on pasting properties of GRF

K1 IR SRR LR O

Table 1 Effect of SSPS on pasting properties of GRF
SSPSEINEE (%) VE{EZE % (mPa-s) HEFE (mPa-s) ZAEFE (mPa-s) Jff#(E (mPa-s) 7] 4= {E (mPa-s) WL EE (°C)

0 1314.345.9° 945.7+10.1°* 1134.7+5.1° 179.7+11.0° 189.0+5.6° 73.5£0.4"
0.1 1298.7+6.4° 944.0+5.3" 1130.0+6.6" 168.7+3.2° 186.0+1.7° 73.3£0.1°
0.3 1249.0+4.6° 911.7£5.5° 1091.3+8.0° 157.7£10.7" 179.7+4.2° 74.0+£0.0°
0.5 1219.3+10.6° 911.3+4.0° 1086.0+3.6" 133.349.0° 174.741.2° 74.0+£0.0°
0.7 1193.0£5.7° 886.0+£4.2" 1049.5+9.2° 143.543.5 163.5+4.9° 73.6£0.5®
1.0 1139.3+19.2¢ 873.7+15.6° 1032.3£14.6° 107.0+6.2° 158.7+1.5¢ 74.0+£0.1°
1.5 1074.7+10.1° 836.0+13.0¢ 984.0+19.1¢ 90.7+11.0¢ 148.0+6.2° 74.0+0.1°
2.0 992.5+17.7" 795.5+13.4° 936.0+£17.0°¢ 56.5+0.7° 140.5+3.5% 74.0+0.0°
2.5 979.5+0.7" 797.0+1.4° 933.0+0.0° 46.5+0.7° 136.0+1.4° 74.0+0.0°

T FFUA RVING FRERR B 22 5 .35 (P<0.05), 3R2~3R4lA].
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F] 2.5%, [A:{E M 189.0 mPa-s [FALE] 136.0 mPa-s,
Y] SSPS Ml TR KIET I Ak . AT AN
Poifeid R e, SSPS ik B0 BLAETEAY T 2 AlE
PR, PO T IR O T I R R A, AT B e 4R
{EREARY
2.2 ALAMKE SHEMEARM A FF A0
e 2 Fis, FAOR R LA TR | WRETR R g
(BRI SFB1M 60.64. 68.56 F1 81.30 °C, %3/ SSPS
J& KGRy ) RS R TR B . WA T R 2 R R B,
HEBEZ SSPS Wi nus in AW 717, 7E Abdolkha-
legh S5 WS BAIRAF BT K TER B s bt &
LGSR . Emad R, SSPS-GRF & R
AEHE 2 T UE M 1 WK KR TR SE R AUk Y JC
B X, MR GERT R, . SSPS B AR TE M 3 I 24
FEPE R R K SSPS Al B FERR K IE M TR _L B A
KA, Il FRIEARIL 5K TR sl g, M
TANE T e oK REZRK, 435 T S5TEmE K Sy
5, R TIRR B LG 7K B B, BRI, ASAGTERE | 14
{EVR)E | ZYEIREA I e, SSPS & 0% 14
I 2.5% b, WIARKESEL 10.61 J/g 3EINEY] 14.45 J/g,
A RESZ A SSPS Hh & A 45 22 i PR BE IR FLAE 1
Fe, Ge- 5K FIE B EAE, B OR e TEMfbd 72 H
BIis BIHE &L, R, MRk (s I
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Table 2  Effect of SSPS on thermal properties of GRF

SSPSUMINGL  EIRIREE  WREEEE ZKERE O BRE
(%) (c) (cc) (c) (J/g)
0 60.64+0.31°  68.56+0.24° 81.30+0.28° 10.61+0.14"
0.1 61.08+0.21¢ 68.77+0.08* 82.29+0.37° 10.89+0.15¢
0.3 61.12£0.03"  68.82+0.39* 82.93+0.97° 11.06+0.04
0.5 61.17+0.08¢ 68.9240.02* 82.66+0.42° 11.34+0.08"
0.7 61.26£0.12¢ 68.94+0.46™ 83.18+0.32° 11.84+0.10°
1.0 61.50£0.20" 69.19+0.30° 85.15+0.12° 12.13+0.07¢
1.5 61.63£0.17" 69.31£0.49° 85.61x1.15" 12.56+0.18°
2.0 61.69+0.16™ 69.49+0.08" 86.09+1.02° 13.62+0.28"
2.5 61.79£0.17"  69.50+£0.43" 89.70+0.23"  14.45+0.08"

2.3 ALAMRE SHERT R R E AL M Y20
TE—EAME T, TR g indor ik . ¥ 2l A=

JETE R, FE— 2 B Ta] PN KRS TR s R BERR
AR, KB =60 mm SRS, KR FERSEIK, ¥
N ANASIE; K <40 mm IR RE, KA 1 EERE, )
ZATTFZLCT, i3 3 AT, SPSS WRNE A 0% A,
KK I I B B Sl 53.33 mm, B T &K, BERE
SSPS @Iy 2, AR a8 00, S Es &k
7] 0.3% B, BAIEEEE I ZE 60.67 mm, ¥ KA HEENE B
A RS AR SRR IBE, SSPS BH B3R TRk Y SiE iR
P R, —ERR R 30 SSPS HEMZ IR A 5E
e AR, X5 iR SSPS-GRF 1A M4
FhE AR IR SR —B (£ 1),

Wb RGO e i e L B T S R A T
HERIR AL, T BAS I P T8 1 43 F U R Y, S 3K
SSPS-GRF A R BE AR, 30 J20E Wb L a3
%, LR AR ZZ I SSPS-GRF 14 R AU%E
DR s, B S Fe e PR 5T, KRR JE A AL Bk
o TEMARIERERTE R, Bz SSPS %S in&: AYHs i,
KA EED T S T A, BB SSPS fefigin
kR KA R A2 A BE DT, ELES N I, J il sl SR
i, —J7TH, SSPS & 5K F454, #4n SSPS-GRF
R ZBFIK 1, 3—TJ5 1, SSPS BESMHIFATERS iR
1k, SRR GE R AL, BRI, B3I SSPS &, f Ky
FSEZKBE 135, BEDTIEREAR
24 ALAMKRE SEERIRRMIS EE TR K 892200

H% 4 AT, 24 SSPS iEsinEAHE I, GRF 1
VERAEE K T B 1 T A 5 BT HEA R, O
ARG R H, A 43T () S e A W2, DU e
ZEFIRE IR, SEA R AR K, BLAEGERY M N
SEAETERSIR B0, FIERS FERT ST R XA GRS
PISZ IR AL R B T 2SR, Ve e nT e &
VERY R AEASWTIN A 1 Bt b, ARt i 3 1) i IR,
SR IV L IR 85 -

TEAA IR IR T, GRF Ay % i@ B2 A ik 1 39 b6
Z SSPS ¥s I B 0 i 42 3 REAIR (P<0.05) o TR
Sk 90 °C A, SSPS M 0% TN E] 2.5%, 1% i BE Fn i
K F1 55 BN 58.67% Fl1 91.83 g/g FFAKE] 19.37% Fi
32.25 g/g, Al RESEIR N SSPS YEfa ek B B i
WEIZ, BRI TR K SR BARE AR AR, vk

3 AN M RD R A I FEE T P 52 )
Table 3  Effect of SSPS on gel consistency and coagulation of GRF

SSPSTRMN i (%) e (mm) FELHECR)
24h 48h 72h 96 h
0 53.33+1.53¢ 2.33+0.58% 8.67+3.06" 11.67+4.04° 13.00+1.73°
0.1 58.50+0.50" 2.67+0.58" 5.67+2.08° 7.33+1.15° 10.00+2.00°
0.3 60.67+2.75 0.67+1.15° 4.00£0.00" 5.33+0.58" 7.00£1.00°¢
0.5 63.00£1.00% 1.33+1.15% 3.00£1.00% 4.67+0.58 6.33+0.58°
0.7 65.83+1.44% 1.00+1.00 3.67+2.08>¢ 5.00+£1.73% 6.67+1.53¢
1.0 67.67+2.08° 1.33+0.58% 3.33+1.15%¢ 4.00+2.00 6.67+0.58°
1.5 67.83+1.04° 2.33+0.58% 2.0040.00¢ 3.00+£1.00% 4.67+2.89%
2.0 71.67+0.58° 2.00+0.00* 2.67+0.58% 3.33+0.58% 3.67+1.15%
25 77.67+2.89° 1.00+0.00 1.33+0.58¢ 1.67+0.58¢ 1.67+0.58°
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Table 4 Effect of SSPS on solubility and swelling power of GRF

. TEARRE (%) kT (g/g)
SSPSER ML (%)
50 C 70 C 90 °C 50 °C 70 °C 90 °C
0 3.32+0.2° 43.49+0.67° 58.67+0.57° 4.34+0.12° 34.77+0.87° 91.83+1.1°
0.1 2.9+0.21%* 39.11+6.77° 55.31+2.49° 4.14+0.13° 32.03+0.49° 86.79+2.1°
0.3 2.23+0.6 26.6£10.65° 52.11£0.74° 3.81£0.1° 29.81+0.46° 74.28+1.38°
0.5 2.3+0.33 24.57+4.48¢ 47.82+5.31° 3.66+0.06¢ 25.61+0.14° 56.88+4.52¢
0.7 2.04+0.18° 20.12£0.58° 34.09+0.88¢ 3.5240.03¢ 23.2740.18° 46.44%0.54°
1.0 2.540.29" 20.09+1.85" 29.73+1.73¢ 3.36£0.07" 21.45+0.141 44.37+1.96°
1.5 1.10.05¢ 18.89+3.39¢ 27.08+0.14° 3.27+0.04" 20.4+0.1¢ 41.12+0.57"
2.0 1.25+0.17° 18.09+0.4" 23.31£1.11° 3.09+0.05¢8 19.67+0.04" 37.7+1.89¢
2.5 1.19£0.16° 16.7£1.18" 19.37+0.128 2.95+0.06" 18.59+0.07' 32.25+0.6"

VEM TR, SRR B AR K 71 F % . Wang
ZEPA AERFSE SSPS X T K E A I AK 1 md s i, 5
i SSPS 11 17 7E RE LE 22 € By kL 14 B ik, — 7 1,
SSPS A #HRIN/K A REST, B T E K TER K EEZK,
53—J7 1, SSPS ¥ HA AT BARAIREEE, KB Y
RS O] AAETE MRS R B 082, AT BHLE
TEMIEIK
25 FLAMKE SRR ERINSREFFMEN
20

U SSPS J& GRF #ER Ak AER & (G") FIiiFE
A (G") WA 2 7, GRF BERSAN SSPS-GRF #ERE
FESREY G GUYBER FAATER AR N, HAEAR
FAWRT GEERKTF G, UL IT AR AL T 55 EE
IRASPIY, Bt #E SSPS U INE SN, Gl G & T
TR, SSPS BUUSINXT GRS T, G'iY BEAIKRZFE B

a 100 e
1t

= Miw"’

-

g 50 ! .',.-'

I

©0.1% SSPS-GRF <« 1.0% SSPS-GRF
40.3% SSPS-GRF » 1.5% SSPS-GRF
v 0.5% SSPS-GRF 2.0% SSPS-GRF
+0.7% SSPS-GRF ¢ 2.5% SSPS-GRF

25
1 10 100
FANIE (rad/s)
b 401
$
1]
ettt
i
= git
a “
bt git
Z 10 ““l
% 11 LMt
= ©0.1% SSPS-GRF < 1.0% SSPS-GRF
40.3% SSPS-GRF  »1.5% SSPS-GRF
v0.5% SSPS-GRF ~ #2.0% SSPS-GRF
+0.7% SSPS-GRF  #2.5% SSPS-GRF
3 : .
| 10 100

FASAE (rad/s)
2 AR SRR BE I Sl AR A R 5
Fig.2 Effect of SSPS on the dynamic rheology of GRF gel

SSPS-GRF 4% Z= PRIV J7 9 /]N, B J52 1 W32 AT T 4
IS, X AT RESE T SSPS Al B A LEA: Uk 2 1 I il —
J2 BB, B T pE A R A K K, HLRHE T
VERY 43T Z (A1 s 45 254456, IRl b, SSPS 9% il
HE A YR 55 1A 2= B S 285 4 1 ik 32, RSP REAIK . Liu
SERT ISR R B T R S5 2R, FER 4R Y SSPS
HEAZRER B AR DER FIEFRE DER BT, 1 S50 BE
JREFRI R £ 28544
2.6 FIAMKE ZREINRRAR KD IRK IR0
TEAR G IR Bt v, SZ IR AR K SR 1Y
S, 715 IR K 53 N GE G /K 5678 A A thoK, 115
LM VKA THE BT, K i e I S B R
PO R 5 AT, YRR B RIS, BE#E SSPS s
IO RN, KSR FRB W R, 24 SSPS Wsina:
S 0.5% B, IKAF R )N, B SSPS BSR4k
SRR, ARSI NES LT, XORFAEZ AN
#R, SSPS VE iSRS A AT AT AR 14 JE] [,
SRS FEE G IR AR, YKo I T sh AR 2R, ek
ZRCVK S 4 A2 B, (K, SSPS B % B (R R Eh it A
Tz R K SR

5 ARG MR IR B K S 5 2R AR 15
Table 5 Effect of SSPS on water loss rate of quick-frozen
sweet dumplings

SSPSHR I IR H (%)

(%) 2F/T 4F/T 6 F/T 8 F/T

0 1.88+0.28™  3.08+0.51<  4.99+0.66™  5.99+0.74
0.1 1.53£0.05™  2.50+0.25%°  3.67+0.28%  4.49+0.33°
0.3 1.39£0.07%  2.06£0.23%  3.11£0.36*  3.0840.19*
0.5 0.95£0.22°¢  1.08+0.38°C  1.2740.19%  1.55£0.11%¢
0.7 1.02£0.25%  1.18£0.41  1.724+0.15%  2.08+0.17*'
1.0 1.12£0.16%  1.59£0.30%¢  2.19+£0.12%  2.28+0.14%'
L5 1.17£0.20%  2.4120.46™  2.65£0.17%  2.64+0.14*
2.0 1.16£0.05%  2.4240.34%  2.74+0.39%  3.5+£0.22%
2.5 1.06£0.08  2.46£0.35%°  2.76£0.11%  3.69+0.22

s [F—47 AR KRS F-REAS R F s AR SSPSTR Nt N AN [F] R A A L
Z 0255 25 W) —3 b hR/ING EREAS R R A R R RIS PR R AR IR
SSPSUM I Z [A] 22 5 .2 (P<0.05), 6. &7,

2.7 FLRMKE SHENEF AR ATIET RN
it i 5 5 S R 1 1B 4 B DDAH DG, R R
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G A FE R et i v 2 DR T 2R 2K & AR s« T,
AFAFAEZE G LR P, 1 [ 30 R A S AR i B
AT, (2538 5 07 T AR A, 7T s o 3R %
IR, F 2 6 MIAN, FREG IR B R, it gt
KA SSPS AN AU NS Se T e 5 R ka3,
{H AR TR BN SSPS Mz Al . X 1] fE & SSPS
FUAS e T SSPS-GRF R FR MUK 43434 . TEZEA,
FIREH, SSPS B4 T 17 1B P SR EE IS 2544 1A e 5 AN AR
bAEk iU YT (T 11 R = W 2 B NS B O R =3 111 S |
WiJe, SEMHNE T 7 RIZEE TR GRF LY HL
PEATKH, P25 T @R TS R
2.8 FLAM KT ZHENERAR RIS

2% 7 J&ANE] SSPS HN I i34 17 [ AEAS [R] R
BTG PR R BT ) A R S 8. R 7 Rl AE
SSPS VS INEAHF BYE LT, B E VR G ER B 1
i, LR G A R | RELOERAE | S AN SR )
EFH(P<0.05), B TrEGRRMIE R LR b, (R b
PR S K i, Bl R R B A 0, oK i & A B

28 ST R UK S, BRI R (Y RS AL, HL (R BEE
RGBT N2 UK S ORISR, S350
[ ARSI, Ak, 113 i SE R R RIE 2
R R A A, VERY R B4 5, R A R Y
Bl e FIELI- PR e
TEVRRME R UBARIREI IS 5L T, SSPS s il
TR R AORERE | NI | s PR SR RS e A
84k, TPA FErh, i B2 S AR A 14 ALV S 35
BRI AR T HT JT0 RN, 38 E 5 DER N K 3
FEEDUVE A P, EAH R ARG R BT, B
SSPS BRI I 0% FEHNE] 2.5%, #8417 [ A Bl )35 45
BIM 532.42 g(0 F/T) . 608.34 g(2 F/T) ., 625.72 ¢
(4 F/T). 676.67 g(6 F/T) . 794.92 g(8 F/T) [N E
352.24 g(0 F/T) . 364.40 g(2 F/T) . 369.52 g(4 F/T) .
447.75 g(6 F/T) . 441.66 g(8 F/T), iXJ&H T SSPS
MIIIARERS TR GER ST ISR FHE, ¥55 T vEky
SrFAERI A4 G L, (117 B BT ARAS R, PHIEE R
LN I P MELES £ B A MR T R Y RE i, ELVRPE

6 FITETER TG M BRI R i i AR R
Table 6 Effect of SSPS on the soup transparency of quick-frozen sweet dumplings

. Wit (%)
SSPSTR (%)
0F/T 2F/T 4F/T 6 F/T 8 F/T
0 76.42+0.30 57.27+1.19% 54.98+0.67 40.68+0.51°F 27.11£2.75%
0.1 78.45+0.62¢ 59.22+0.42° 58.00+£0.51" 42.14+1.25" 32.85+0.95%
0.3 82.12+1.69 69.29+0.04% 63.56+1.44% 47.58+1.79™ 38.38+0.93%
0.5 78.48+0.35"¢ 70.28+0.02% 76.43+2.01 62.21+0.44% 50.38+2.26"
0.7 79.30:£0.06%* 73.37+£1.90% 82.11+1.17% 63.32+1.06™ 61.13£0.95™
1.0 79.92:0.04" 75.99+1.63% 87.77+2.34% 60.66=1.00™ 77.49+1.32¢
1.5 78.85+0.201 72.70+1.30%° 79.31£1.04* 58.62+0.25% 52.30+£2.69"
2.0 78.83+0.33% 69.68+0.51% 69.58+3.19"¢ 57.18+0.84% 40.64+0.69™
2.5 75.09+0.33%¢ 65.44+1.90 60.75+0.08%¢ 49.56+0.56™ 32.95+2.19%
2T TR T M AR 1B AR 5
Table 7 Effect of SSPS on textural characteristics of quick-frozen sweet dumplings
- . RGN
Eiztan SSPSTR (%)
0F/T 2 F/T 4F/T 6 F/T 8 F/T
0 532.42+6.37% 608.34+59.09 625.72+20.73% 676.67+73.26*™ 794.92+124.54"
0.1 513.3042.645 519.49+20.10% 591.81420.024 628.89+71.454%® 664.36+77.27°°
0.3 448.94+22.77% 486.63+16.885% 552.114+12.15% 619.95+62.94%% 667.44+72.80"°
0.5 460.76+0.00° 463.11+0.60% 505.02+16.455%% 606.32+4.64" 598.95+42 647
R (g) 0.7 427.95+41.74% 473.69+30.505¢ 516.81+4.12%¢ 574.38+21.8340¢ 570.61+£10.984"
1.0 422.62+19.74% 435.11+16.39% 486.16+10.85%" 546.904+20.454¢ 530.21£13.274%
1.5 421.74+36.84°> 403.64+9.69" 465.21+7.228¢ 509.09+40.017% 491.76+8.23"B%
2.0 410.13+49.315¢ 388.06+2.475 407.05+7.06°¢ 458.45+14.39"¢ 471.11£15.22%¢
25 352.24+9.69% 364.40+2.81% 369.52+34.845" 447.75+27.30% 441.66+15.66™
0 293.06+0.12<* 353.21429.80%% 377.14+18.535% 459.58+70.29"5 512.96£91.54*
0.1 275.04+3.57° 287.01+14.575 352.49+15.69"% 401.84+36.30*™ 406.84+56.36*™
0.3 232.16+14.20™ 271.30+£22.62P" 330.69+11.355° 392.86+53.7248" 425.70+58.51*°
0.5 243.14+4.12°® 245.31+10.57° 294.85+4.85% 370.10+19.814% 355.76+31.03%¢
MEL g1 0.7 232.05+43.33™ 262.89+24.50P" 300.18+12.435¢ 361.28+15.36" 341,546,694
1.0 236.24+11.99% 227.67+8.62°% 269.20+7.58% 335.19+27.394 316.34+11.342%"
1.5 219.47+35.915¢ 204.52+10.43%F 262.72+15.9845 294.86+38.92 280.03£17.86""
2.0 225.38+45.225¢ 196.09+5.895% 218.71£12.29% 280.58+16.624¢ 269.48+18.554"

2.5

170.23+6.86™

173.55+5.18%

193.15+28.14%"

270.51+33.24"

248.00+8.89"
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. RGIGEAN
et SSPSE AN (%)
0F/T 2F/T 4F/T 6 F/T 8 F/T

0 0.77+0.01P% 0.80:£0.02°> 0.81+0.01¢ 0.90+0.024 0.85+0.025

0.1 0.76+0.00* 0.77+0.01<° 0.81+0.02% 0.85+0.014 0.83+0.034

0.3 0.74+0.00°® 0.76+0.025 0.81+0.014% 0.84+0.044 0.85+0.03
0.5 0.75+0.01%" 0.74%0.035<4 0.79+0.0345® 0.82+0.054° 0.80+0.0248>¢
i3 0.7 0.77+0.06%" 0.77+0.025" 0.79+0.0245 0.84+0.014% 0.81:£0.014B
1.0 0.78+0.00% 0.73+0.01°¢ 0.7620.015¢>¢ 0.83+0.044* 0.80+0.0148>¢

1.5 0.73+0.05% 0.7240.024% 0.78+0.034 0.79+0.044° 0.79+0.034

2.0 0.77+0.065 0.72+0.02°* 0.75+0.035 0.82+0.024° 0.7820.0345

2.5 0.70+0.01<° 0.70+£0.01< 0.73+0.035 0.81+0.054° 0.7740.0245

0 0.72:£0.00"% 0.72+0.00%® 0.74+0.00"% 0.75+0.01% 0.76+0.00%
0.1 0.71£0.01%® 0.72+0.015 0.74+0.0148 0.75£0.01** 0.73+0.0148¢

0.3 0.70+0.00%® 0.73+0.0248 0.7420.014 0.75+0.014 0.75+0.00"®
0.5 0.7120.005¢® 0.72+0.0155 0.74+0.014% 0.74£0.014® 0.74+0.014%
BERE 0.7 0.70£0.01%® 0.72+0.013% 0.73£0.014 0.75+0.014 0.740.00A%
1.0 0.71+0.00* 0.7120.014%4 0.73+0.014% 0.74+0.014® 0.75+0.017%

15 0.71£0.00%® 0.70:£0.00™ 0.73+0.014% 0.730.00"° 0.72:£0.014¢

2.0 0.71£0.01¢>* 0.71£0.01" 0.72:0.015% 0.75+0.014% 0.73+0.01%¢
25 0.69+0.01°> 0.680.00™ 0.71:£0.015¢ 0.74+0.014% 0.730.02/5%¢

IR B S 1 B EAH R AMIE IS BT,
BfiZ5 SSPS @i M 0% I E] 2.5%, # k17 [ 1Y
NEL MGG 43 S AN 293.06 g(0 F/T) . 353.21 g(2 F/T) .
377.14 g(4 F/T) . 459.58 g(6 F/T) . 512.96 g(8 F/T)
F#AFRZ 170.23 g(0 F/T) . 173.55 g(2 F/T). 193.15 g
(4F/T).270.51 g(6 F/T). 248.00 g(8 F/T), )tAH SSPS
P INAERS A5 S R R ) B b, AT REJE: SSPS 9%
TOREATS T 1 R BRL A, W8 1 iz P 7 1 s wp LG )
Fiis EZRIBEIR, KA SSPS J5 17 15 A NH IR
e B R ITM SEER MR YIRS Y, FEAH AR
PEIR VBT, 5 4k Ky 3407 B A L, %3 SSPS
J& 17 1B i s RN EE SR M R % . SSPS FITE M 2H 432
[E] R S AAHZS R T BR 2 T30 4355, R [0
TEBBERE TS 25H0), B0 IR PRI, HEER
PR BB N FRES I IEEER ), BER = A R R H
NER FIs) 2 AL O iR ARk R Y, SSPS SR e B4
FHEE G BHAT T TER TR I BSHE, TER 42 ali)
A E AR I vdcEs, MO S 207 R 005 SR T R,
£r I, %30 SSPS FEAIR T 3 Rz [ 14 i B | NH B
SPEFIEE SR M, SSPS A Bl it Hi A vz [ il s,
ATz 1R FH S RG2S T RE AN
3 .-|:|'l«1:\.

TE SSPS-GRF A Z& 1, SSPS 2 /L FERM TR
T, SMHITER SR Z MIAE EAEH . BEE SSPS #Nl
EIYEE I, SSPS-GRF 1E-& W) MIALRE L | AR fe{A .
mIAEAE . BEUUME . WEMEEE L BEIK ) | i ReA S A FE
REEL A R BERa S WIS (E R R B 52
B FRAMERINGEE T 3R R BT HL A 95 4E, SSPS 1)
IR T 3R R 7K 540 g /48 i 1T Bl Y
Vit 3, HAERREH IR i SSPS Bl
FABE N, 17 B RS | MR | SRR R SR T 2

I (P<0.05). %f I, SSPS S KIE M AH E AR, HE5m
T HEZ R FaETE . HkorE . brs bt R bugsTE,
FEARR T A [ OB A kG 2, oA T B [
P, b SSPS ZEHUARZ R H K R FHTR SRR
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