M EI
' M Scopus
m ’ I DOAJ
M EBSCO

SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA
MFSTA
AT ISSN 1002-0306  CN 11-1759/TS 21 IST

B2 o R4 00 A 2 RS0 S B9

B Ak B0 BT

7 sl D A 01

W R B DB FICS TPCD

M P EED2AR BITIRCCSE A*

& IES R 488 (WICT) dits%

B fe SR 5 TR BUR R RN 5 EL 5 BT

AN TR E B AL R R ISR R
R, B, Bk, HEK, GME, B

Effects of High Pressure Steam Processing on Antioxidant and Anti-inflammatory Activities of Polygonatum Kingianum

NIU Shirong, LI Minmin, CUI Weiye, YANG Jianbin, BAI Xiaojia, and FAN Bei

TEZR R E View online: https://doi.org/10.13386/j.issn11002-0306.2024050440

FRAT RRIRGERE HAN SO

Articles you may be interested in



http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2024050440

5 46 % 5 10 ] i Tl B Vol. 46 No. 10
20254 5 H Science and Technology of Food Industry May 2025

AR, 2, B, A5 RN X RS PR S TR TR PRS2 IR 9], £ Tl B, 2025, 46(10): 351-359. doi:
10.13386/].issn1002-0306.2024050440

NIU Shirong, LI Minmin, CUI Weiye, et al. Effects of High Pressure Steam Processing on Antioxidant and Anti-inflammatory
Activities of Polygonatum kingianum[J)]. Science and Technology of Food Industry, 2025, 46(10): 351-359. (in Chinese with English
abstract). doi: 10.13386/j.issn1002-0306.2024050440

ERSRE

B ERESIN TNE RS E R
LR IEPERIR R
AR, ZE0E0, B, mER, AME e B

(1. R EREKRFREBAFE TP, 2 # 300457,
2. % B R LA F R S TR, L% 100193)

B OE: R4 AR RGERA KT XFRRRREM AR EERDS Y 0. Fik: AAWITEZH. &
JE AR A THEEH (105, 1200 135 °C) AR AKMAZH (9-9) 5 ANTRE 4 M A £ 4 RoAH, W #
mIGE&EENE. B, EMAXEMAEETEN, AR AEZTHORANLAR K EREITE, 4R
Bl A F R AN FHA RSB R RARITHEN, 2% MEBETE, L2823, ERMARLERELEE
BEARMME LS, 59-9mArk, 135°C E2F 2 RA 2%, EBMSERAISE, ARMESIR;A 274, 5
R LAAREL, 135 C BAE A BIEIK 422%; ZHm TG, BRHFHRANRAR L FHHIFNR, SHEMHE
#-= FWRATFi#E  (high performance liquid chromatography-triple quadrupole mass spectrometer, HPLC-TQXS) 43X
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A ERBREA 135 C A 24443, 2 HERAARIRATERIH TR EE, BBRTRAKLARKL
Eh, THRREGARAEG K, BT HBHEAELATL, HEEIRERNG R L ALE = AR KA.,
KRR BRRR, A, B EKAN T, FHAURR & IR, WA E®, L ER
FESES:R151.3 SCHERARIAAD: A XEHS:1002-0306(2025)10-0351-09
DOI: 10.13386/j.issn1002-0306.2024050440

Effects of High Pressure Steam Processing on Antioxidant and Anti-
inflammatory Activities of Polygonatum kingianum

NIU Shirong"*, LI Minmin?, CUI Weiye’, YANG Jianbin?, BAI Xiaojia"", FAN Bei*"

(1.College of Food Science and Engineering, Tianjin University of Science & Technology, Tianjin 300457, China;
2.Institute of Food Science and Technology, Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract: Objective: To investigate the effects of high-pressure steam heating at different temperatures on the active
components of Polygonatum kingianum. Methods: The levels of total sugars, total saponins, total phenols, and flavonoids in
five different treatment groups of Polygonatum kingianum (raw Polygonatum kingianum, high-pressure steam-treated
Polygonatum kingianum at 105, 120, and 135 °C, as well as traditionally processed nine steaming nine drying Polygonatum
kingianum, which also called 9-9) were determined post-heat processing. Furthermore, the antioxidant and anti-
inflammatory activities of Polygonatum kingianum in various treatment groups were compared. Additionally, the mass
concentration of antioxidant activity-related compounds in Polygonatum kingianum was measured across different

treatment groups. Results: The content levels of total saponins, total phenols, and flavonoids exhibited a temperature-
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dependent increase with rising temperature. At 135 °C, compared to group 9-9, a 62% increase in total saponin content was
observed, along with a 3.5-fold increase in total phenol content and a 2.7-fold increase in flavonoid content. Compared with
the control group, the total sugar content decreased by 42.2% at 135 “C. Subsequent high-pressure steam hot processing
significantly enhanced the antioxidant and anti-inflammatory activities of Polygonatum kingianum. The results of the high
performance liquid chromatography-triple quadrupole mass spectrometer (HPLC-TQXS) indicated that the mass
concentrations of niacin, quinic acid, and tanshinol in 135 °C group were increased by 3.4 fold, 9.2%, and 1.2 fold
compared those in the 9-9 group. Meanwhile, the mass concentrations of isogliquiritin, isoquercitrin, and rutin in the 135 C
group were decreased by 13%, 70.90%, and 40.30% respectively compared to those in the 9-9 group. The mass
concentration of naringin in the 9-9 group was 24.4 times that of the 135 “C group. Conclusion: The active ingredient
content of Polygonatum kingianum was enhanced by high-pressure steam hot processing, along with its antioxidant and
anti-inflammatory activities. This method was identified as a potential replacement for traditional nine-steaming-and-nine-
drying methods through high-temperature precision processing for standardized pharmaceutical applications and industrial-

scale production of Polygonatum kingianum.

Key words: homology of medicine and food; Polygonatum kingianum; high pressure steam hot working; high performance
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HOR N BT S R EORS R 0 2 AR AR RO
Yy, £ 55 HE 9 A ( Polygonatum kingianum Coll. et
Hemsl) | BORSFIZ2AEE0RS, 20 AT AR X, %L
TAER— B ER 2GRS ) i Y, B
S E YT BRI, P28 . BT BTt K
PoE BTEAAT SGEPE . A RS I B AT IR R,
I TSR RRAEE, B2, AR T BRI, it
WO B E RN TS A2y, AR

BWORE R G il Jr s 2y Lz LI, )RR
JuiilEors . AW R e 2 S no k2l A
LGP E I 2 R AR BRAE A, YAO ZEU I R LR L
Y EEORS i T R b A B, BEORS A 1,1- Rk -2- — i
FLORBE(1,1-diphenyl-2-picrylhydrazyl, DPPH) | 2,2’-
R -A(3-& FE 48 T g e opk -6-fisk 12 ) — £ £k (2,2°-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) am-
monium salt, ABTS") K& 8k & Fif JF/ P b ae J1 ik
(ferric ion reducing antioxidant power, FRAP ) & ER{H
PR, BEON LA BAR N R BT as, xR JL2E JUim
AP LS T EORS BT EARTE TR, SR LZE TLI
I FRFRRT 2 7, i AR B, B B BT R R L1k
K AHIVE A, 7T REAFAEAR Jo AURS:, TR L2 JLR vk
ZIEMREE D NEL, BRI T A7 i i 22 A 50
—, T OEORE T BOE— 2, WP AN ERE, S GRS
XMELABRUEAZGI N 3 FRZ8RK T A E B A IS
AR, FRAE T8, W TE S i 4100 1) 20 B L 1y ™
A, XS TLZR UL GE 07 1%, it T M b A FH i
Wy B HABAC G5 g, SR T B AR BT, [R]AsE
AAET B AR AR TERR T AR B i E B AT dRAE,

TN AR —ApA SR b i T3, 38w FH T PR
ALPR, AT SR HAR SO, AR RAR W P Hh v
I HEEA

ST, ASWITFE R o it 2% VKB 7 O L
KREA TR T M, ARG UM ) T2 7%k
PE, ST RS L SR L Sy S IS R 2 S S G

Praa b, BTN E, FE B SO (- — H DU AT
J51 3% ¢ ( high performance liquid chromatography-
triple quadrupole mass spectrometer, HPLC-TQXS)
AEIAS RV ZH TR AH A5 ) B b i B, S BoRS btk
ANZPRAESTE

1 MRE5RE

1.1 MRS

BN e PRI ZLE I HORS (4L CAAS-
20220220 L EHE ) ; T/K LB Sihrat, FE25 Mk
2R BR A A s R PR B . ZEIesr . =S O R
SRR BRREL S U WRER-EEE R LiEA
MRAACBHZ A A BR Y 75 B RAW 264.7 2
g B B ] S SR AR B - 5 IR
4= 1ML 77 ( fetal bovine serum, FBS) g 4f, &
Gibco 22 H]; SOBE . LR JSBEIR A Sy S B
W& TR R AR R 2GR R 7] s CCK-8
HAl&E R A RAEYEARAIRA ] —F A
(nitric oxide, NO) & & 4 Il 075 & . I8 £ B (lipo-
polysaccharide, LPS) . }f 3E 2K # ( dexamethasone,
DEX) dJURiZESERHABRA A,

YQ205-20 5 R ARLKHL  Fus S RAEY BEST
BB AL M KQ-500DE £ 5 I iis v as B
LT R PR Fl MGL-16MT & 20U K25 A
RURES DAL ¥ SE o v AR PR W] ; GR6ODR
SEAABEIZRIRK E Ry BUE T AR A R A F;
UV-8000S £4hA] WLt RE Tt RilEoohrias
FRZNF] 5 171000 AU TR FSEE 0.001 g, 20l
RUASIIRALRR) 5 371 K00 B e VR — A A A i 5
F£FA 35 [E Thermo Fisher 23 ] ; Xevo TQ-XS =44
AR A% - = PUARAT BTiEIH  SE1E Waters 20 H]
1.2 LWHE
1.2.1 bl f A S He
1.2.1.1 A[F) S AL BRZH S BORS AR A AL B ORE3T
ERECEOIE 2SR 1, BRISAURUIE, B HE S HERAFR
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X 50 g, B2l 3 ANEEARS, E 3 20, 435928 105 C
AbPRZE 120 °C AbFHLZH | 135 °C AbFRLH ; B ok %
AR TR E R R, R R ZE VR K B AR 43 A 2 h,
53 9 41 = iR PR EORS RS
1.2.1.2 JUZEJUHIEEOR R ST =% ZHOU
AU QR TT, R R e e 1, BRAAUR S
TRz 6 h, TEESMEXEANG 1 d 5, BEE iR
ZEhl s 9 W, AN LR (A, TR, 75
FI)FUZE TUGTEL R A 57 (9-9 ZH BT ) o
1.2.1.3 FEREEIFE S AR EOR L ZE, 105,
120, 135 °C 5 9-9 ZHELBOREHZE R B 51 PRI A R
TR 72 h, 25 By RN TR B R SR ST Ry, of
40 BIf, 153805540 BRAHEERE AR .
1.2.1.4 EFEARSILA IR ASEAEFRLH 53 5 FREC
2 g, BRLHFRE 3 0y, FAR B EOR M K il A 60 mL
80% .5, 121 2 h, 7 2 h, HE 3 K, B LI
W W7 R RN BRIR S, RIE R T8 72 h, ¢
T e Y CE el e e =g S
1.2.2  JEEOREEEEUE A il 2
1.2.2.1 ZEEEEREEME AL 2 EEE, g
Jait 40 H I, #REL 0.05 g, Il 1 mL 60% £, 60 °C
PEHHEE 2 h, T 25 °C, 10000 r/min &.0> 10 min, HX
EIERR, MERINA 80 pL IS, iRF— 20 pL,
51,25 °C #E 6 min J5, I AGF = 20 pL, 1R5],
25 °C #'E 6 min, IIAGLHF = 80 pL, 157, 25 °C #
B 15 min, 25 4 80 uL 60% ZEACE: ik, H
AR EIIE 45, 7E 510 nm AL 5E W SG I8 53 51~
Amq%%n Asspyo JEEPA A T L (D),
KHH 5 B (mg/gTH) = (AA+0.0101)+

2.4623+(W=Vy) = (D

o AA=A A pps Vi IS BUR AR
(mL), W LS T (g) -
1.2.22 BBEHSENE R 2 E R, FREL
0.05 g, I A 1 mL $2 5%, M $EH 1 h, F 25 °C,
10000 r/min B5.0> 10 min, B REM . 0524 o
A 500 pL F¥EWE T 70 C AR BT, I AGEH—
200 uL, B 5AE 800 pL, 55 °C 7K 20 min, HUS W
W 40 pL T 96 LA, I Z R 200 pL, =5 A& AN
I W, A ERAE RN 4, 43 i se iR s,
TE 550 nm MFERDCIE TN Ayl Ao BVET
Tt EA(2):

MEHEEmg/gTH) = (AA+0.0003)+

3.4538 X (Vipu Vi)W X (2)

P AA=A Ay Vi NITASEBGR AR
(mL), Vi WIMAREAAARF (mL), W BRES BT (g) o
1.2.2.3 B ENE AT ZEE, s
T 40 Hf, FREL 0.05 g, A 1 mL $2HU&, 60 °C 72
IR 2 h, T 25 °C, 10000 r/min Z5.0> 10 min,

WEF . MER P 10 L _E3#, 35— 50 pL,
27,25 °C #E 2 min, AT 50 pL, 281K
90 pL; XHHEEFINA 10 uL i3S %, 3837 — 50 uL, 2%
187K 140 uL, IRAIHFE 10 min, 78 765 nm ) 5E 756G
=2 01| o NS | I N SN /) o~ = K72 W1

S EE(mg/g T HE) = (AA-0.0012)+

2.808 X Vi +(V Vi s XW) W &D)

o AA=A gy~ Ay Ve NI AFEAS (4L
(mL), Ve p HIMASRBORAAF(mL), W SRR 5 5 &
(g)o
1.2.2.4 S-S EIE  BAEASHEET 86, FRELZY
0.02 g, A 2 mL $&BUR, Foor 53K, R 5.0
o, JCE 90 °COMERE (5555, Bl IE/K 8O, JK S 3 h,
% H1 5 10000 r/min &5 .0 10 min, B L 35 % B
10 fFJE M2 . MEE A 200 pL 35, 1257
— 100 pL, ¥EREZ 500 pL, 25 A 200 uL 7518
FRAREE s, HA BRI 248 . TRAIE 90 °C 7K
¥ 20 min, FK¥EHI, B 200 pL in A 96 fLiRF, T
490 nm W E WS CAE ST INN Ay T Ay BV BE
TN

EWEE B (mg/g) = (AA -0.0099)+

8.4038 X Vy x Fi B A H=W = (4

o AA=A A s Vi IS BB AR R
(mL), FkefE%4: 10 £, W RS T AE(g) -
1.2.3  ARSMTEAGIE TSI
1.2.3.1 DPPH H HZEEH RIS % CHU &0
HEAE 19 7 R FE AR 2, HOAS [R) Ah FRZH VR EORG R 5 45
50 mL, 53500 100 uL ZEE /KA 25 L JoK 2P
DPPH % (0.4 mmol), JiEiRIRZIRSE, FEIRT
HEGHRE 30 min 5, 515 nm AN EWRSGIE R Ay
JH 50 mL Jo/K Z A0 DPPH 3k, Il Hme S'elE.
N Ay 50 mL ZEIR/KARRRE, A3 I G 1E
A.cqo DPPH H HASHERFFZIRA(5) T
Ay —(Agye—Asim)

is]

DPPH H HIZETH R (%) = x100

D)

s Agyge RSO EAE, Ay X REZH IO
{8, A 25 FAZHIWOGIE
1.2.3.2 ABTS'H HIEIFRIAE: =% CHEN 4U°
Tk, BiE ABTS TAEME, 1 ABTS % (7.4 mmol/
L) St HRmREIA (2.6 mmol/L) Z5AFRIR A, 25 1R kE
FEHCE 12 he A pH N 7.4 BIBERRELSE (0.2 mol/
L)#if ABTS TAEW, % ABTS TAEMREOGEH
S (0.70£0.02) . ¥ 2.0 mL 9 ABTS T 1E % 5
0.2 mL ££54 (0.5 mgmL)IR-&GH45, TEIRHE I
I/ 6 min Ji7, 7F 734 nm &b & W G E N Ayyzzr T
0.2 mL ZEE /KA ABTS TAEW, K SGAE R
A gums T 0.2 mL ZEIR /KA S T, DU LG IE
N Ay, ABTS™ [ HIEEBRFITEE A6
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A? &) _(AilllUkE _A%J W)
—X

ABTS" H HIETHERRR (%) = A
|

100

W C))

T Ay RE SR OCAEL, Ay X BRZH 2 5G
{E., Ay A5 AL GIE
1.2.3.3 FRAP # & TR g8 H k58 =%
FEJER 4517 Jy i, BUAS[R] Ah B 2H VR P0RE $ BRUAE &
WL, S35 1% LA R pH oh 6.6 MBEIRSE
Mk (0.2 mol/L) 4% 2.5 mL, IR SIS TE 50 °C B iEK
WERTINFA 20 min, BESTIA 2.5 mL 10% =5 LR
W, 3000 r/min BZ5.0> 10 min )5, BL 2.5 mL &%,
55 2.5 mL ZE18/KF 0.5 mL 0.1% S ALEIR & 14757,
HHE 10 min J&, 76 700 nm ARSEE R A |, LIZE
YRR M2 (14, A FIRSCE A3, W SAE
A, AR ILZ(T):

BREFIRJERET] = A -A, )

i A, HRESREHIOGIE, Ay HEAS FIZHOGIE
1.2.4 ARSMILSETE M E
1.2.4.1 403 ¥ RAW 264.7 4l EERN A
10% FBS. &% (100 U/mL) f1%%45 2% (10 mg/mL)
4 Al 1% 3% FE (dulbecco's modified eagle medium,
DMEM) 1 5535, FFAET 5% CO, 19 37 °C fHig K53
A
1.2.4.2 4UMNG e S e SENS Jrik, [
FEF MM CCK-8 15 & PPl RAW 264.7 41
W1, 1% RAW 264.7 diigEik (1x10° 4~/FL) 2]
96 FLAR T, F-1FL 100 pL, F53e3 7% 5, Ml 4m it
AAN[FEHE (20, 40, 80, 160, 320 pg/mL) P H#HE
PR HUE , DMEM Eefili 35 I 5L . LPS 1 pg/mL. DEX
10 pg/mL 53 AIVEA T REZH | ASERIZH FOBEPEXT REZH, 7
BALHEE 24 h, B B3R 3 FH B R £L 22 vl v v — X
JEANA 100 uL &4 CCK-8 R332, 37 °C K%
FEREWFE 3 h, 76 450 nm KGN G, ANIEA7TE 3R
Fiz BE = (8) I

HIAETE R (%) = %XIOO =& (8)

b A B (S UG 3R 3L . CCK-8.
IR ) 5 A, Xt BEZH (B A dififu s 323 . CCK-8.
TCRFIEES) 5 A, M 25 A O S i AR I RE S 155
FEHE, CCK-8).

1.2.43 NO ZHEIE 4§ RAW 264.7 4H gtz 2|
96 fLHR (6x10° ~/4L) H%FE 24 h, IT A [FIALFHZH
P VEL B FR U 4% 320 pg/mL 4B LPS(1 pg/mL)
HIFLY RAW 264.7 E RSN, F5FR400 48 h /&, 43
IS T35, MR S Ui B 5 2D PR IEA T4, T
E NO &,

1.2.5 UPLC-TQXS Ji 3 K I Pt 4 A 17 4 AH =5C 1k
EH
1.2.5.1

PEAE WA H A 53 PR BOCR AR B

ELEORT . 105, 120, 135 °C K 9-9 ZH PR AR ol R
0.1 g, srilEfE, AR BEEBOE A 2 10 mL, iRiEiR
S5, i 0.22 pnm PALUBRR, HUELEW, 153145 2bHiZH
VL BEORE HE AT o
1.2.5.2 XTRESFM RS REEKEBUE R . 22T
iR, PR SR HEE . PTT . SR R =X
RS B 5 50% WA ESRZE 10 mL &
W, IRATES), 155 1 mg/mL X B8 SR
1.2.53 3% f T 3% 551 @35 54 g AT
ACQUITY UPLC HSS T3 C,4(100 mx2.1 m, 1.8 um);
M2 EE2RIL SR A i 0.1% HR/K, B R
2 BB EE SR : 0~1 min, 99% A; 1~10 min, 99%~
70%; 10~12 min, 70%~5% Aj; 12~12.1 min, 5%~99%
A3 12.1~15 min, 99% A; Jii# A 0.3 mL/min; FEE i
A 4 pLs A7 35 Co

JiE A B IR FH R 55 B IR QE T B F
1), 22 e RIS A T8 44 gl
Bk 500 °C, RS RE S 900 L/Hr, &5 IR
Sh 150 °C, HEFLES BN 150 L/h, AL A<
a1l R K a3 (=L D -~ R W A B O DI E TR At /£ )
JRIESHEOLE 1,

F 17X S YIRS S

Table 1 Mass spectrum parameters of 7 reference compounds
of Polygonatum kingianum
W fRERRIE BT FET O MREK AR
(min) (m/z) (m/z) (V) (eV)

JE iR 1.73 124.13 78.06 20 12
80.11 20 12
4 e 1.15 190.90 85.00 24 20
93.10 24 18
FHEE  13.08 255.25 119.20 10 15
135.15 10 15
SEHEE 1070 462.90 271.00 58 38
300.20 58 27
VAR 3 6.86 197.02 73.02 20 12
135.11 20 15
P 10.49 609.10 270.90 60 58
300.00 60 36
Tl 2 12.87 270.90 119.10 8 26
151.00 8 18

1.2.5.4 ZkMERFAFE  FERBUR G X B,
JHAFESE: 1 mg/mL B9%) BB SRR AN R) LU0 B e
F2 MR B

Table 2 Results of linear relationship investigation

% ] 5 7 METEREI (mgmL) MRS
JeSiMR  Y=5413.43X+12833.2 0.004~0.128 0.9976
TR Y=622.196X+1816.62 0.004~0.128 0.9977

FHBEE  Y=11706X+92590.2 0.004~0.128 0.9989
SR Y=15881.8X-35891.1 0.004~0.128 0.9962
FEE Y=387.473X-516.539 0.004~0.128 0.9960

T Y=4034.92X+5746.59 0.004~0.128 0.9967

iz % Y=18346.7X+50462 0.004~0.128 0.9964
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PEREIN R, RAXT BE S 3 (X0 AR AR, I FR (Y ) Ky
YNALBR, L lbRuEINZE, 152 A5 2, ARG R B LR
PRV FEL, WA 2,
1.3 HELIE

A LB E A 3 IR, SRR R I E bR
2%, R SPSS 20.1 Geit %A TEdE AL FIL, i H
K 22 07 22 49 T IE 47 4% 4H R AR S 9 B0 e i, DA
P<0.05 RHEFRE, TRAGFITHE X, R Origin
2022 iz,
2 RS9
2.1 AESESRIEAINITL

2 BR 1.2.1.1, 1.2.1.2 4b B OR [F] 21 78 35 R &
1.2.1.4 JriE$E BUB HORG 5, AS R Ab BRLZH 57108 K 44 B
WARACANE 1 7R, BEEE IR 00 T, I EORRE
i B0, R A B AR A, ER SR 0 € 0 T A
o, 7F 135 °C Bf 2B, 5 9-9 ¢ E wifG Bl taFH i,
Sy AT I AT B SR S SERAE S N A G, TEINARG R v,
TG 1 IO 5 U A 5 ) SO A b (o 2 B,
A R 43T 90 J5a, DT 5 S80I T i) VL 2E0OHS (8, A%
PRUO201,

XHB4. 105 °C 120 °C 135 C 9-9

o Y N N

u
I

P 1 ANTE] A BRZE TR SRS R i B B IO ML AR T
Fig.1 Appearance changes of Polygonatum kingianum samples
and extracts in different treatment groups

2.2 AEIBEAERERRIUIEME RS S 2R
il 2 R, SR CE RS S, 252 I EOR R
WS S X IRZH AR EE, 105 °C 2H(83.96+6.25) mg/g
iR R, BRI T, SO S TR (P<0.05),
I-EAA R TR, 5 105 °C AL, 135 °C 4

FEHGRAMIL

100

80 =

(mg/g)

60
I ,
g0t

57

S

20

0 ,
XHR4L 105 °C 120 °C 135°C 99
NGIL L)
P2 [ A B A R BN A 2 i LA
Fig.2 Comparison of Polygonatum kingianum total sugar
content in different treatment groups
T AR RN AN R 4L 2 0] 22 53¢ 1 % (P<0.05), 4] 3~[51 5,
& 7.l 9~[& 10 A

(31.05+4.35)mg/g FEAL T 63.02%, S & &5 9-9
21 (28.89+2.34) mg/g & = AH Y, iX 5 YAO FF' 1y
TEREE 3K, JUZE UM o SO S S b N T Y
FEINREARR, X PTREZ T IR SRR ok
IKACE BRI B T R SR AE AN BB, Fbl S5 R iR
KA T ZERAER NV e,

MR, BEETT . BN AN TR A R TR T
TS E TS, XTI T R b 45 & i & 41 E
JHEREL & 3A o, BEIRE o, B S af
FrARTF, 135 °C 4HAHLE 105 °C 4H, #1(0.56+0.004)mg/
g ¥ T 2= (0.99+0.007) mg/g, B H ST T
75.58%. 105 °C ZH5 9-9 £H(0.61=0.005)mg/g &
FH2Y4, 120 °C £H(0.69+0.004)mg/g FI1 135 °C 4H5 9-9
ZHAH LB A TR T, 53R T 14.6% FI 62%, LI
RPN LS S B H S e g eI, REP R iR
FERE ST AL, I e S B T oo ekFs
AR ORI AR 24

A
1.0 b
o 0.8
g _°
Qe
i I
o 0.4
e
02 F
0 , 3
xtﬁﬁéﬁ 105°C 120 °C 135°C 99
ENGEGsE
B
25+ a
20
on
)
i 1
&
s 10F
pac]
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