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Effect of Flash Release Treatment on the Quality of Marselan Wines

CHEN Xiangyang', YANG Ziyi', CHAI Juhua', CUI Yanzhi’, LEI Yujuan', HUA Yubo>", SHI Pengbao""

(1.College of Food Science and Technology, Hebei Normal University of Science and Technology,
Qinhuangdao 066600, China;
2.Bodega-Langes Co., Ltd., Qinhuangdao 066600, China)

Abstract: The aim of this study was to investigate the effect of flash release treatment on the quality of aged Marselan
wines. Mature Marselan grapes from the same batch in Changli production region were used as raw materials and then fer-
mented through traditional method and flash release treatment respectively. The conventional physicochemical indicators,
as well as color related indicators, phenolic substances, and aroma components during aging, were compared between the
two processes to comprehensively evaluate the impact of flash release treatment on wine quality and aroma characteristics.
Results showed that flash release treatment played a significant impact on the quality of Marselan wine (P<0.05) by increas-
ing the content of conventional physicochemical indicators such as residual sugars, the concentration increased from
3.73 g/L to 4.93 g/L, the total acidity rose from 6.87 g/L to 7.39 g/L, the pH climbed from 3.78 to 3.88, and the alcohol con-
tent elevated from 13.96%vol to 14.87%vol, improving wine chroma and reducing the color tone, and increasing the con-
tent of total phenols, total anthocyanins, flavonoids, and flavanols during aging. During the AAF phase, the ester content in

the flash release treated Marselan wine increased by 269.39 mg/L, while the alcohol content decreased by 50.29 mg/L. In

RSB 2025-06-26

HEWH: A28 THLHEAS LS LETRFE (202201B019)

{EZRIST: e (2001-) , %, 84, B 75 6 # %5 ) %8 3, E-mail: 1597010177@qq.com.,

*EIEEE: 2k (1983-) , 8,8+, HA AT, AR5 @ 3 45 # 25 5, E-mail: huayubo-111@163.com,
HME (1979-) , B, ¥4, 81308, #H8% @: # 85 # £ 8 %, E-mail: pengbaoshi@163.com.


https://doi.org/10.13386/j.issn1002-0306.2025060338
https://doi.org/10.13386/j.issn1002-0306.2025060338
https://doi.org/10.13386/j.issn1002-0306.2025060338
mailto:1597010177@qq.com
mailto:huayubo-111@163.com
mailto:huayubo-111@163.com
mailto:pengbaoshi@163.com

- 354 - £ Tl B4

2026 4F 6 A

the 6MAAF phase, the ester content rose by 278.39 mg/L, and the alcohol content decreased by 6.58 mg/L. For the
12MAAF phase, the ester content increased by 243.03 mg/L, whereas the alcohol content increased by 22.55 mg/L. The
flash release treatment could significantly promote ester synthesis and effectively inhibit alcohol production. Therefore,

flash release treatment is an effective method for optimizing the wine making process by exerting a positive effect on im-

proving the color stability, phenolic substances, and aroma quality of wine.

Key words: flash release treatment; Marselan wines; physicochemical indicators; during aging; chroma and hue; phenolic

substances; aroma components
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1.2.2.2 @EEAPHMNE  SHEPMNSCERED 19J77k,
M SERE S pH, 53] 0.1 mol/L ¥ A8ERRFN 0.2 mol/L
2 ANV WRC TR W, (L pH SRR S pH — 2K,
B 9 mL pH JECIAE B A 1 mL i gEWIREIR AT, LIZE

) A A A W OYG RE A, L b A B (I A 3 R
SCEEE Y B AN L. 10 TS, A JEN A 420 nm
55 520 nm CEIEAT LB .
1.2.2.3 Rl S8 CGRIZ b SR )M
. bR et ZedilfE: FEsFREL 0.5 ¢ TR &
FHR(120 °C, 3 h), Bl 5 g/L THEFEREIR, 435
B 0.5, 1.0, 1.5,2.0. 4.0, 5.0, 6.0, 8.0, 10.0mL
Z 100 mL #EH, FAZSEKESS2IMETIRET
iR ¥ W% (0.025, 0.050., 0.075. 0.100., 0.200. 0.250,
0.300. 0.400. 0.500 g/L), HX iR 1 mL,
WIS mL #EAR- 1 RIS . 15 mL M FIBRBRENIE TR,
TRAT, FHZEM/KER R 100 mL, TEEIREHGEM T
R 120 min, LLZS FERCH IR, F 765 nm B AR
TESTRERES G . LB B AR AR, TG
(B M YAAEPRZ bR th 2, SE 3RS s bR iE £
JrFE: y=1.2651x—0.0039, R?>=0.9978 .

FESLIE . F2HL 0.1 mL WAL, HiAHRE S8 M
BpbrrE TR I RIVE a7 .
1224 BARGAFNE SHZHEZUTEN 15801
FHVEVESE, B4 0.2 mL BE5H 452 10 mL 25
B, 235 pH SR 1.0 B9 KC1 2% i1 (0.025 mol/L)
1 pH 4 4.5 ) CH;COONa 2% {75 (0.4 mol/L) #F
FTRERS, o), REONHUE. 15 min, LLZS N XTRE, 4351
FE 520 nm Fl 700 nm T {0 5 3 PR P A R W 109 D'
B, WA S AE A S s AR 4L R -3-O- AP
(mg/L)FRoR, @t F A

E‘Jﬁzéﬁ(mg/L) _ AA XMw x DF x 1000
exL

. AA = (A — Asg)pHL.0 — (Agy — Ay )pHA4.5;

Mw “H R A5 ZR -3-O- T2 AHXT 70+ i i; DF 2N

RGN LEH 22 -3-O- M HE L 10 EE IR G 2R
%7 26900/(mol-cm); L M LA MDEHE, 1 cmo

1.2.2.5 ZEEEHAGMGE B EEEE AT E 2 A e
SENT) BT PO R VE VEE, S B AR v il £k i R AE dn
T: FREL 0.025 g 25 TARAESh, A 95% L BEEHHHIT
ERE 50 mL, BefK 0.5 g/L i T R . 0 A
B BiREEWE 2. 4. 6. 8,10, 12, 14, 16, 18, 20 mL
Z 25 mL Fa b, B ASASEA T R R (0.04.
0.08. 0.12, 0.16. 0.20. 0.24, 0.28. 0.32. 0.36.
0.40 g/L), W RSB EHEW 1 mL = 10 mL 52
i, % 5 mL =& ALERTE R (0.1 mol/L), FHZEIR/K
AERE 10 mL, AEERBCSAF TR 15 min, PAzs

WOAR, AT B AR 2 7 R y=1.6457-0.0014,
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e FHAT, FH Y ERfAi 25 VEFR B4 0. 201 40, 60, 80,
100 pg/mL Y RINBRUHETE I  BXASARUET W 1 mL
T4 T, INA 2 mL p-DMACA 7, IR5) )5 &= ik
WIS 15~30 mine, PAANEHRUESIY p-DMACA
WA 25 AZ L, T 640 nm KA & G R,
DAV B AR AR . WG SR AR AR il v 2 - O
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R°=0.9934, BUHREISMIRE AR | mL, ¥ebrifEiigk
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biPAL Hzhi#EEES(CTC Analytics, Zwingen, Switzer-
land) 3 47 101 25 [& #H 4 #% BX (HS-SPME) o F¢ /& )il
7 40 °C 4514 T IS5 30 min, IR A P 42 21
JE A 450 t/min, #R)S, B W46 SPME #E Bk
(50/30 um DVB/CAR/PDMS, Supelco, Bellefonte,
PA, USA) i ARE SRR, FFAE 40 °C T ZE B [}
30 min. FEHUS, 37 RIREFZECK 5% 8 22 <AH (i F
FEO

GC-MS &5 1F: 3R 4l B &0 B 4
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T2 dr R (BD, B FIRIRE 230 °C, BiigdEr
HREE 250 °C, BST-HE 70 eV, TUKATHREE 150 °C, >RH
SCAN 4= & TR, By Fl Sy 29~350 u,
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G A, Bl TG 1K 5 NIST 2011 FRuflRE e i) T i
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PRSI EIT AT 3 ¥R, SR Excel BB 74K
AL PR, SR FH SPSS 25.0 B4 47 8K 22 07 22554,
P<0.05 F£xn2Z=5 N3, R OriginPro 2021 44t
ATVEIE DA B 853 53K o
2 ZERE5Hh
2.1 AR IR A RIE E IR IE AR RN

o IR 2% B AL B8 1. 20090 4 T Jey 1)« B 558 25 i 7
JEOP A TIREAR AL FERR AT, LG5I 1. PR AbTE
JEOP A . R . pH L TEDRE BE SR AR AT A I bR
#E GB/T 15037-2006 X 1 £1 4 28 1 EE 1k F5 b5 ) 22
Ko B R, S50 T2 A IR ZE A B P sk b
TR RFEIRE T 32.17%(P<0.05) . SAEVE AT
BIARZ O B3 22—, FEPE Y TR S RUR A R i i
AR, DR ZE A PR e 2] P4 1) S 2 5 1A LUAB ST
TAERE T 7.57% [FIET, N ZEANFH (75 25 I B4
pH . TEHRS E DA AT R R S i i AL e T 24 T
2.65%. 6.52%. 19.05%. PHFI T 2R ¢ 4 2 T 942
KR &R GB/T 15037-2006 7 %570 Y P i
B R (=< 1.2 g/L), BEBHRAE ARG R 45 A
ZIE AL ) 4 26 WG AT RS R TR LS AR E ) SO, AR
SO, &y m LS T. 20048251, ULBAINZE T §E
A RIF EIF W E WA RS E

EMASRPE, DR ZE Ab PR AT (PR 2 1R o B A 28
SRS ERbE . SR . pHL. RS BE S E T ARG 12, A
B2 FINZEnI iz v K oy 78 &, A8 T s
BN o X B gk 3T SER P oSS SRAHE] . ASHE
TSI IR, INZEAL IS 4545 vy S M pH 26 it
ThEs, FERSY SCHRIRIE B0 SR . pH BRI A 7E

S, HIUFE R ] 8 5 INZE T A 40 w28 ok A

AT R RA G, o pH B AT B 110 A 1R
BT, RIS EE RS SO, S ISR R AE ST, Bt
LT 2 P A RS a2 Tk
2.2 [NERAIENTEEEH GRS

B S PP 7 25 T ot T 55 AU g DB B AR, HE 2

FLEZM PR ARG = X AP TAAE, S 2 T 1
COASNE ] S BRI T 25 | VR0 SRR 2022
FHE 2 W0, AR50 T 2B % i 265 TP B AR A 1] 4 422
F AT BERTPNG 2 T43h RO i S5 AR, TR ZE A PR 114
A2 12 D H BIBEER S (03 03555 0 (P<0.05);
I b b AR EL, DA 2% Ak B A5 T B9 (4 £E AAF .
6MAAF Fl1 12MAAF By B34 5 28 v T4 58 1. 2R
1 ] 25 7 (P<0.05) , S35l T 7.18%. 27.01%.
36.64%. CLEIEMIEIE Y 5 — A EHEFE AR, 2
VEMEDRR &y, DUNPAE 0 2, S 2 w21, i3k 2
T U, AR TR s ] P4y S, ok A A AT T 20 Y 1) €
PRSI IEE S, RIANSAL G T2 R INZE T 2R
F18) ] 2] TG 3 [ 25 AR TR IS [0) PHA) S B0 €, i) e (o I 5 A 5
I b b BAH L, A5 e b B 4G 90 B9 (U 7E AAF .
6MAAF Fl1 12MAAF By Be 3 g 28 FINZE T 240
(P<0.05), UL SL58 T 2o AH HUIN 25 A B 1 28 TP 25
AL

2 NZEALBEXS A A TS AR 5
Table 2  Effect of flash release treatment on wine
color indicators

B, st AAF 6MAAF 12MAAF

14 7.94+0.03" 6.70+0.03° 6.96+0.01°

e N o - .

[Nz 8.51+0.02 8.51+0.06 9.51+0.02"

i 14 0.66+0.00*" 0.74+0.00"" 0.75+0.00""
§/GE

N7 0.63+0.00° 0.700.00° 0.72+0.00°

TE: /NG TR AR A [ A BEAS [ HURE IS 8] 22 53 4325 (P<0.05 ), *fXR
A IRV ORI ) R AR AL 0 5 % e A B A AR R AR 1) 22 57 1. 35 (P<0.05) .

DN 7 Ak BT A S v TR A2 TR 0 SR ] 2 T P
(2, (B 2RI A7 09 (), 31X -5 R B wFoe el i)
— BP0 G A AT K B, FERRER 6 T~ H
K 12 A~ H INZE a0 0 (2 290 TS T 2003
AP, LRI T 58 T 2 AR 4407, X W] RE- S AT
AT 2R ZEGE-95 Pa (IR (IR B M IR, iR 1
P ANMEE R Se R, W EE TP (AR MBI
T AT G TR, TRIZEAE B T ) 4h (0 3R SR IBUEE,
s A] BEIE A MU (O R A A A i A A A A e P, Ui
ZALGAL B rp O R DAL | BT B R R %
INZR GG T 2 Ay s 5 B TS, HINZ
Ab BT R EAE S BT B B E R TS T 2,
X AT BB INZR AR B vh & i LV AL a Uiy B A
R N A G, ML STAL B (4 2 $L BUSCREAIR,
HERA DR AR (U PRA ™))« iAok
PE, AT Sy DR 255 A PRGE S ARG S e R SR B 2 i, $2 71

F1 DNARAL O 2 U R AP B A S

Table 1 Effect of flash release treatment on the routine physical and chemical indexes of wine after alcohol fermentation
I BRAE(g/L) MR OEATRIT, g/L) pH A E (Yovol) YRR (LWt g/L) li##580,(mg/L) J480,(mg/L)
4 3.73x0.02 6.87+0.01 3.78+0.01 13.96+0.01 0.21%0.01 18.67+0.58 54.33+0.58
IRZE 4.93+0.06 7.39+0.01" 3.88+0.01° 14.87+0.01" 0.25+0.01" 30.67+1.15" 61.00+1.73"

T #URINZAE B S LG A BB AR TR HE bR 8] 22 5 . 2% (P<0.05)
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WA FE PRI, FRHME# R -T2 S5WIE N,
A B SR A AR AR PR AR, 3 G A AT T (AU RE
(B a] S 32T 7.18%~36.64% ) 5 €0, i Jit (BT HALT
o R R e, J5 A9 AR 18 ) 5 (BTN (A 2R FEHY
RORAIG, TR AR 2= .
2.3 [NERLENEEESREBEE00

2 V0 R R 2 BT, oF AR B LR R
FH, ] AR T8 A 0 A . B0 B0 I A P4 fadt
FERIIRA, A A A T 1 B AR T R A EE AR
JHES2O & 1 R] I, AR e T2 R T 0 A I TE
12MAAF B [ B 5 % & (3351.11 mg/L) B3 & T
AAF(3121.48 mg/L)Fll 6MAAF(2965.92 mg/L) KBk
(P<0.05), Mi AAF 5 6MAAF MrBLiy sy & 2 Jc i
FE2ES L INZE T TN & i, Bl RMRA [a] i e
K, AAF. 6MAAF 5 12MAAF Z a2 55308 &
&, BARPARIRBEATK, UAHITEINZE T 20T, S i
TERRBRII AR AEXT RS E . PARPALIEAE LY, 28Nz T4
KB T 3B 22 A 2 9 (E AAF . 6MAAF Fll 12MAAF
BB 1) SNy B B W 3 v TR SR L2 (P<0.05), %58
1&g L 254 25 0 43 4R 8 T 13.65%. 21.73% F
5.19%. BE&5RSRTAMIEgE R—80>c 7, nIgelRH
Sy, DRI ZE R A v T A R g RS2 b g AU A B L A P
W, —J7 A S T IR 2 e S IR PR A TR 2 o
PSRRI, It DS O — 7 I, iR A TR n]
IR SR . SRR 2s 4, R BRI P9 19 28 5t
TS, (SRS R S R B S e B E T
BB T2 [RIB, e (e M2 ) S5 R A 5t
TV, A Sa SRR R T S S R L S T A
InfRsE .

CtE5:

4000 a* o FANZE
3500 : 2
5 3000
2 2500
= 2000 7
= 1s00F
3 1000

500 |

HHo
Hio

)

AAF 6MAAF 12MAAF
FEfh
1 DA ZE A B A 29 v S 3% ek A 5]
Fig.1 Effect of flash release treatment on total phenolic
content in wine

T AN [l /NG 7B 3 738 A [ BORE IRF () A [+ b 2 1] 2 S (2%
(P<0.05), *Z7 A [R]HURE IR ] AN [7) Ak 21 ] 22 57 . 25 (P<0.05),
Pl 2~[&] 4 [A]

24 NERAENEEESEEESENTN

AE AT I T EOR YRR R R B, JE— IS H 2
IREFAR ) € ZR, X PA ) 20 T B R e 1 2B oG T
BT R 2 a0, AR GE T 2R Y B SR 2 A A
T AL T 5 B B A AR FSF TR] ) 2 4 5 B R

B, AAF B BE B (017 & & o8 208.42 mg/L, 2 J5 b
25 BRTR B TE] 3E 4, B 6MAAF BrBr A (a1 & ik N
175.08 mg/L, 12MAAF [ Befe o1 & ik — A 55
140.71 mg/L, HA B A 8] 22 55 i 3 (P<0.05) , Ui
PARPR S} e XTI 22 AT A VP A6 Ao T RE MM BTG TR T 2 iR
MY =2 A A T AE RER TR 6 N H NEAE AT & &
IA R, AAF BB e &2 230.60 mg/L,
6MAAF [ 231.18 mg/L, AAF [ Bt 5 6MAAF
EBZEF NI, 6MAAF = 12MAAF [hEi(147.17 mg/
L) 5 B 3 R H# (P<0.05), BLHAINZE T 27 B
(] Y XTGP A A — o ARV, (RS TRT SE 1
JEURFHER I RIS . PIRh T2 AL, Z2INZ8 T 20ER
& A SR L WS AE AAF . 6MAAF 1 12MAAF By
B Stb o S W S TRg T2 (P<0.05), &
1G58 T2 4 29 10 43 5 328 & T 10.64%. 32.04%.
4.59%. UEER S AT A E R —37, nIRelRE Y
INZERDH T AN T, Wb T BRER R P AR AT Y
FALREG, EE AR, WSS R AT I, A
6MAAF % 12MAAF B Beb 17 H BUHH I R, 3=
B 481 25 TP R R BRI R B T 19 B SRR fA XL 5 4
3B, (LR 28 b PR3 o (e A AL SR AT 1 , A RE BEIT
T IO EIAR RIREREfEAE, WA alsy
B vk, XA A — o B R N PRt e 2T (o HAT T
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Fig.2 Effect of flash release treatment on the content
of anthocyanins in wine
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(1976.67 mg/L) BrEc S el & 5 W35 5 T- 6MAAF
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20 BRI Y B I 2 ) 2 G 2IS B R S = Bl A AR IR
) 14 SIE < 52 S 34 N s B IR Y A #A, 6MAAF [y Bt
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(2483.68 mg/L) 1925 25 I & & W 3 = T A B B
(P<0.05). PR T ZAHEL, SINZE T Z2ERE ) 522
HHWETE AAF . 6MAAF Hl 12MAAF BBty FE T
TR W TR T 2 (P<0.05), BAL5 T 2 4%
WA IR T 8.25%. 41.47%. 33.37%, HILL
AR AR, AT S g T2 A i e A R
JEIEHR SRR SR N A RS, Bl AR
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Fig.3 Effect of flash release treatment on the flavonoid
content in wine
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2P B e I i B SRR AR E B A, 12MAAF
S B i o it 2 1 W 35 ey T A B B (P<0.05), A
AAF B Bt By 249.87 mg/L, [% ] 6MAAF [ Bt 1y
231.45 mg/L, 12MAAF BBt X FHE= £ 259.85 mg/L,
TR ZEARL; TR ZE T 20 PR as 14 T 558 25 ) 205 WY o S I
THEEREFAEEEMRAG B, )N AAF BB
407.12 mg/L, ] 6MAAF By B ik 3 5% 55 (468.19 mg/
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Fig.4 Effect of flash release treatment on the content
of flavanols in wine
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E 2R, /YR 0 TR LGN E 22004
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2.7.1  [AZEAL BN 457205 1Y iR 24 S 4 o A R i)
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L AR L, AAF WrBUSSE T 20 nes
Bl 351.21 mg/L, (NZE L2k 620.60 mg/L,
JEH B LB NRTHE I 1.8 £i5; 6MAAF rEME45E
T AR EEZE B o 297.06 mg/L, (NZE T AW N
575.45 mg/L, J5 B EE K BB A NATHE 10 1.914%;
12MAAF B BHA&5e T 25 RIBESS Al 292.36 mg/
L, INZE T2k 535.39 mg/L, J5 & le2E i ar [FREZ
SHATH Y 1.8 £, BASKRTE, B FRERJE A, A
ZE T Al R 2R B B R E R R R L 5 T. 2
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SO EE DT L, oA il SR M R A
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AR B R . DN 2R B = RS L
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Table 3  Effect of flash release treatment on the volatile aroma compounds of wine

2 (mg/L)
FFs o s EA 43 Vi Ll INZE
AAF 6MAAF 12MAAF AAF 6MAAF 12MAAF
FES
1 T AR C,H,0, 86 0.16£0.01°  0.1240.00°  0.17+0.02° 0.17£0.03°  0.18£0.03"  0.35+0.06™
2 IECER T CH,0, 144 65.17+2.34"  46.65+18.07° 52.91+5.45"  85.99+0.95  42.97+2.22°  50.55+0.60°
3 LR g C,H,0, 144 1.12£0.23*  0.76£0.10°  0.64+0.20° 3.23£0.00"  2.43£0.00"  1.85+0.23%
4 2-CHRHIR LR CH,,0, 142 0.19£0.03"  0.10£0.01°  0.17£0.02* 0.07+0.00°  0.08+0.01*  0.08+0.01°
5 2-HRIR L TR C,H,0; 140 0.02+0.00°  0.06+0.01°  0.14+0.01° 0.1120.01°"  0.08+0.01>  0.17+0.03*
6 2RO R R C4H, (O, 160 0.09+0.00°  0.09+£0.00°  0.99:+0.00" 0.18£0.04  0.28+0.01°"  0.52+0.04°
7 R T C,H (0, 158 0.8240.07"  0.86£0.15"  0.56+0.02" 0.80+0.08°  0.81£0.12*  0.63+0.07"
8 KR T CoH,,0, 150 0.07+0.02°  0.14+0.01°  0.14+0.06° 0.1240.00°  0.15+0.02*  0.15+0.02°
9 TZR_B CeH,,0, 174 1.20£0.13°  11.16+4.22°" 39.71£13.41"  2.29+£0.19  10.44+1.21° 34.19£11.55°
10 K A% H g C4H,0; 152 1.35£0.26°  3.17£0.07°  4.50+0.54° 1.49+0.06°  5.71£0.38""  10.94+0.71*
11 ER R C,0Hy0, 172 198.71£9.55" 178.24+30.94" 142.82+9.59° 232.87+55.85" 228.86+15.76" 190.72+16.40""
12 WLR T C,oH,,0, 164 0.13+0.02°  0.13+0.02° 0.22+0.05" 0.09+0.13¢ 0.18+0.01°  0.27+0.03"
13 J2-3-F k-4 R iR CyH,,0 144 0.12£0.01°  0.19£0.06°  0.42+0.05" 0.64+£0.13“  1.03+0.08"  1.59+0.15"
14 SERRN TR C,,Hy0, 186 0.25+0.04"  0.18+0.00°  0.19+0.01 0.13£0.16°  0.29£0.02"  0.29+0.01*
15 ER A C,,;H,,0, 186 0.23£0.01"  0.24+0.05° 0.220.00" 0.09+0.11°  0.38+0.05  0.41+0.04"
16 IEFR S T HR C,,H,,0, 200 0.09+0.01°  0.05+0.00°  0.06+0.01" 0.08£0.01°  0.10£0.02"  0.11+0.00%"
17 37-ZWIE-6-F LM C,H,,0, 198 0.08+0.03*  0.01+0.00°  0.05+0.01" 0.1240.02°  0.21£0.01"  0.14+0.03""
18 SR g C,,H,,0, 186 1.27+0.08"  0.19+0.00°  0.08+0.02° 0.47+0.69°  0.69+0.09"  0.81+0.41"
19 MR LT C,,H,,0, 200 46.37+0.30"  27.50+1.29°  31.84+1.52°  56.88+1.04°  65.58+2.49""  81.51+6.87"
20 LHE9-S4 TR g C,H,,0, 198 0.28+0.26°  0.46£0.07°  0.61£0.06" 0.43+0.47"  1.86£0.22  2.07+0.21"
21 TR C,4Hy0, 228 1.00+0.00° 1.48+0.03° 1.70£0.21* 2.5240.17¢  3.76£0.24*"  4.05+0.01"
22 QAN C,sH;40, 284 0.23+0.12"  0.19+0.02°  0.06+0.01° 0.08£0.00°  0.26+0.01°  0.23+0.02*
23 ZR-3-HE T g C¢H,,0, 142 27.71£1.97"  20.78+0.58"  6.74+0.14°  226.59+8.69" 201.97+21.08"" 150.19+2.00°
24 FMR CH,,0,4 118 4.40+0.15”  3.89+2.22°  6.65+1.66" 3.8240.58"  6.38+0.20"  1.58+0.09°
25 FLNR 5 I C¢H (0, 160 0.14+0.02°  0.29+0.04>  0.73£0.18" 0.51+0.04”  0.35+0.04*  1.69+40.16"
26 KGR LM CyH,,0, 166 0.02+0.01°  0.11£0.01*  0.07+0.01° 0.14+0.01°  0.07+0.00°  0.14+£0.01°
27 LR Tig C,H (0, 158 - - - 0.44£0.05"  0.17+0.03*"  0.02:+0.00°
28 LR Tig CoH,,0, 150 - - - 0.03+0.02°  0.05£0.01"  0.05+0.01*
29 SRR C,H,00, 196 - - - 0.20+0.01°  0.16£0.02”  0.08+0.02
/it 351.21 297.06 292.36 620.60 575.45 535.39
30 3-FBE-1- T C,H,,0 88 24.66£5.62"  14.56+0.76°  20.11£7.23°  574+2.00°  3.94+2.07°  19.33+£0.85°
31 2,3-T i C,H,,0, 90 1.78+0.19°  5.13£0.53"  1.38+0.62°  4.68+1.12"  4.45£0.07°  6.29+0.23"
32 4-HI B 1- R C¢H,,0 102 0.52+0.27°"  0.69£0.02"  0.48+0.11"" 0.43£0.12*°  0.17£0.05°  0.32+0.08"
33 3-FH -1 C¢H,,0 102 1.12£0.61™  0.66£0.34"  1.10£0.57" 0.15+0.09¢ 0.50+0.20°  0.86+0.06"
34 I -3- L -1 C¢H,,0 100 0.28+0.12°"  0.47£0.06"  0.27+0.05" 0.10£0.00°  0.29£0.09°  0.28+0.26"
35 1-C C¢H,,0 102 11.70£0.89"°  20.39£0.29"  11.21£0.21°  11.1120.38°  22.57+0.77"  16.02+0.41""
36 3- B HE T C,H,,08 106 0.09+0.00"  0.24+0.08  0.08+0.00"" - - -
37 1-JfiE C,H,,0 116 0.37+0.03""  0.56+0.00  0.57+0.15 0.03+0.01° 0.39+0.01°  0.50+0.05"
38 2-Z O CgH, ;0 130 0.27£0.01<  0.53+£0.06"  0.71£0.01" 0.01£0.01°  0.35£0.09° 0.26+0.07°
38 1= CgH, ;0 130 1.84£0.51"  1.80£0.42"  1.71£0.25" 0.54+0.73" 1.51£0.30° 1.5740.10°
40 P4 C,oH O 154 0.49+0.05°°  0.79+0.04"  1.26+0.26" 0.05+0.00°  0.64+0.03°  1.57+0.08"
41 1- TR CoH,,0 144 0.28+0.03""  0.43+0.06" 0.57+0.01° 0.03£0.01°  0.75+0.17°"  1.03+0.02""
42 AR CgH,,0 122 50.93£6.22"  43.60£14.67° 38.24+10.22°  22.05+9.67°  47.35+6.48" 51.54+10.33"
43 5-F -5 C,oHp0 158 0.32+0.08""  0.42+0.10"°  0.31+0.13" 0.12+0.14"*  0.43+0.06°  0.53+0.08""
44 A- G IF C,oH,O 154 1.03£0.45""  0.89+0.06°  1.26+0.28" 0.04£0.01°  0.42+0.04° 1.112£0.02°
45 1-58 C,oH,,0 158 0.53+0.20°  0.26£0.03*"  0.42+0.12* 0.1240.15*  0.06£0.01°  0.12+0.01°
46 R CoH,0 156 0.24+0.02  0.39£0.28*  0.230.00° 0.19+0.00°  0.53+0.07  0.39+0.08""
47 A C,H O 108 0.07+0.00°  0.08+0.00°  0.31£0.22° 0.85+0.00°  0.97£0.02"  1.07+0.01*
/N 96.53 91.88 80.24 46.24 85.30 102.79

48 A C,H,O 106 0.16+0.04" 0.01+0.00 0.11+0.01* 0.13+0.01° 0.01+0.00° 0.15+0.04*
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Frig(mg/L)
Jr 5 EH AR 43 ¥ Vi 1G5 INZE
AAF 6MAAF 12MAAF AAF 6MAAF 12MAAF
49 K CgHO 120 0.12+£0.01°  0.11£0.01  0.03£0.01° 0.01£0.00°  0.08£0.01°  0.09+0.01""
50 BEE C,oHy0 156 0.46£0.09"  0.74£0.01"  0.57+0.10° 0.04+0.00¢ 0.57+0.10°  0.86+0.20™
51 3-HlE CH,0, 96 0.76+0.39""  12.50+2.15"  1.43+0.31"" - 1.34+0.10 -
52 5-FH BER i C4H,0, 110 - 1.95£0.77°  0.39+0.01" - 0.75£0.19°  0.29+0.02°
53 (i C,,H,,0 184 - 0.08+0.01 - 0.01+0.02°  0.07+0.02°  0.17+0.05"
/it 1.50 15.39 2.53 0.19 2.82 1.56
54 4-2FR C4H,O 128 2.58+0.12°  2.57+0.02°  2.42+0.12* 1.68+2.49"  2.68£0.29"  2.50+0.09°
55 ﬁfc;gfujﬁﬁgﬁ k- C,H,(0, 156 0.05£0.00"  0.10£0.01*  0.310.04* - 0.25+0.07°"  0.79+0.17*
56 6’10'*$£"2'_5ﬂ’]§ TR C,3Hp,0 194 0.08+0.02°"  0.36+0.10°  0.31£0.01* - 0.13+0.00 -
57 HEL T C,sH;0 268 0.05£0.01"  0.06+0.02°  0.04+0.02° - 0.08+0.01°  0.07+0.01°
58 KT AL C3H,50 190 - 1.39+0.10°  1.17£0.37*  0.56+0.09"  0.73£0.12*  0.83+0.10°
/it 2.77 4.48 4.25 224 3.87 4.18
59 +—2 C,,H,,0, 186 3.57+1.70° - - 0.01£0.01>  0.28+0.02"" -
60 + iR C,,Hy0, 228 0.07+0.01° - 0.18+0.06° 0.03£0.01°  0.09£0.05"  0.160.01°
61 TR C,H,,0, 256 0.04£0.00°  0.36£0.13"  0.05:0.04”  0.14+0.02"  0.10£0.01° -
62 ¥z CgH (0, 144 - 3.66+0.07 - 0.81+0.25  5.24%1.50"  2.48+2.12"
/it 3.69 4.02 0.23 1.00 5.71 2.64
Bt 455.70 412.82 379.60 670.27 673.15 646.57

TE: =R ARKR Y, A [)/NE - RERR AN [ BURE R TR [ 2R B0 1) 22 53 . 25 (P<0.05 ), *3s HH ] BEURE AR T) AN [ b 380 1) 22 55 k. 2 (P<0.05) o

WASRETERESS . DN 2 T 204 28 TP A IR st v
PRSI WA 4, (RSP IR 255, 20 XUk
M & B, T AR 5 2 Z= B AL A%
e 120, WRESE R, INZE T 20 nlmad i a2
Sy AR PERTR A A, R I A T RS R e
L, IFAEAR I RIR S A AR R IS 2 AR s 1T
L4 T2 RIS PRV E eSS, & i 54532
MRERSZ I sl . HEARI , INZE T2l ik
SR, A AT AT A T
2.7.2  DRIZEAL BT 6 26 TP s S A P o () S i)
HWFFR R, 2R T AT AN TR, X240
P B HLAT T E M S BRERY B AL e T
ZELINZE T 2RI A IS T 2, AAF BrBef% 4 1
ZW IS B (96.53 mg/L) WL R TN ZE T2
(46.24 mg/L), ZZ{Hik 50.29 mg/L(P<0.05), Z=iH
1A, X S ATEHOT R a5 SRAR RS, [NZE T 205m e i
e TR AL B, AT B R A A AT RS IS (PP
ZWEEE), MR8 T 251k & 1 05 55 AL SR s ot .
fLGE T 2GS T 6, n] B SR S AR RULR, [H
rRPEIE ] BEHG I BURR; TR 2R T 20 msts & 5EAIG, 1
R AL, (R XU JZ2 IR A i

6MAAF [ BHAESE T 2 a4 (91.88 mg/L)
B& = T INZE T 2375 (85.30 mg/L), 25{HAX 6.58 mg/L,
ZEFEEL /N, R B AT MR AR B, BB ) s A
WA T LS EE /N, 12MAAF Wy Be ik, A€ T2
T P2 A EE (102,79 me/L) 5 38 5 T4 T 24
(80.24 mg/L), ZZ{Hik 22.55 mg/L(P<0.05), JE[NTA]

REE AR, INZE T 2T L TR ) (R pF i A il
CUnFRMEE AL ), WIAE S T 20 W P 2 ol % 1k,
FEUE R FRE ., NZE T 20 KR TE AR, (H R
TR BT e Y ST s AL 48 T 2570 1 g 22 0, XU RS
TEPETE R

R 5 BARBRINT [A] 3500, 4% 50 L 25T eSS i R I
[EI3FEE FRE, N AAF BB 96.53 mg/L (%% 12MAAF
BB 80.24 mg/L, IR 16.88%, .05 K Al BE 2%
fead A, w2l on R R Ot HDZ (IS B . 566
ML R A6 /0, (A2 AR HRZS, $&TH XU AW TS FE, H
1G5 T 2L o ) R A sk Ab . TNZE T 25 s
Js ik M AAF B BRHY 46.24 mg/L 3| 6MAAF KBk
B 85.30 mg/L(IiF 84.47%), B 12MAAF By Bty
102.79 mg/L(ZEHE 20.50%), BAR R ET#aEs . HEl
PR AR Ak S IR R T BB R R AR B B TN ZE 2R R
B2, R 2 S, T T aR N | SRR S R AR IR
YIVEF N b s (AN g i), HINZE T 2000
B REAEE (AN7K 53, pH) TR T IEE G A%, TR
R IHFES,
2.7.3  DRIZEAL R X 20 T I 9 & ) TR P R i)
1G5 T 2 IS & AR A PRI P B IR A i = T
[NZE T.25(P<0.05), H & s ARAIK, WHFH T 2540 H
IS AT 6 Flv. (G5 L 20N = sl R
ZU, £ 6MAAF ¥ BBl ik B i mrs INZE T2
TS B R S SR U, AR TR G T 20 sl B AR,
AAF rBEAIIEZE BN 0.19 mg/L, i;x 2% 12MAAF
BB mig I EE 1.56 me/L, [RZE T 2@t th
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FETHEL . B, AT s 2 2 55T A ARl A S, Wi iR oy
BEREIS a  2 AR AR 58 1T 2 oA X ERR I 25 2R,
WSl A I . WAt R SRR ISt e Sl A A
HOPE “ AR (SEBURE ., BRTLIER) o INZE T 20 2%
FRARTES & i, W9 A0 1 JEREE ISEE | 20, IXUBR PR TR
1E; 1248 T. 22 6MAAF BB B 15.39 mg/L,
Bt i, By H IR G A, 12MAAF B B BT 2R
B INZE T 2 AR e Can i) HAg —
EBENE, INZE T A RIEREARH & &, 2 THE IR %
P LS T2 IS R, e e X, 5
R AR TINZE T 2.

2.7.4  DNZEA PR 20 TP TR S 44 P S B9 S i)

[ B HERS BT 4 /)N, BRZETh m T IS, INZE T A
HE 2SRRI 2 4% 0, (EXT AR 2L 3R 68 1A BR, A1 4G
9 B PRI A A A S A e 125 i 5e 1.250C
RRIR Sy B A R, WIAR TR ISR B B SE S R R e o
L4 T W TE 6MAAF By BEfZE BN 4.48 mg/L,
IEETRAE A U B, RRITTA G P Al . U R i
TR R 2 A RS, SR T B IE(E; ¥ 12MAAF
Sy B 43 W IS 5 WIS R AR AR O, S R R,
A 4.25 mg/L. [NZE T 2RI MATRZE SRR, FRER
R PR A RS A RS, HIJCHH 45 51
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