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Study on Inducements and Control of
Browning. haze for AJC

Guo Shan-guang

Abstract: Browning and haze in apple juice concentrate (AJC) have been
long-standing problems in processing and there is no reliable solution to them. So, how
to safely better cope with these problems and to protect the nutrition of juice is
important to produce high quality AJC.

Effect of storage on browning and haze of AJC is investigated and some
inducements are determined in the paper; effect of processing on browning and haze is
researched; the change of color and turbidity during producing season is carefully
observed; kinetics on the adsorption of dark colored compounds from apple juice using
LSA-800B adsorbent resin is studied; also micro-filtration is attempted to retard
browning and haze development by using metal membrane. Theories and data are
supplied to resolve the problems in AJC processing. The results of the work are listed as
follows:

1. First pasteurization of the raw juice may inactivate or denature
polyphenoloxidase (PPO), so in the following processing and storage, accumulation of
brown color is mainly due to Maillard reaction.

2. During storage time, haze is liable to form at high temperature but low
temperature. Haze development during storage reveals three distinct phases which may
be labeled as follows: a lag phase, a growth phase, and a stable phase. The rate of haze
formation at all three temperatures 5°C, 20°C, and37°C, as measured by the increase in
turbidity, can be described by first-order reaction kinetics.

3. The rate of browning at all three temperatures fit first-order kinetic model. The
Maillard reaction occurs preferably at high temperature, for the rate of this reaction at
high temperature is faster than that at low temperature. The browing increases of juice
samples which are stored at 5°C, 20°C, and37°C are 12.45%, 46.86%, and 415.28%,
respectively. According to colour value (T440) and browning index (A420) changing,
the rates of browning at all three temperatures can be described by first-order reaction
kinetics.

4. The contents of soluble protein (Pro), amino acid nitrogen (AAN), polyphenol
(PP), and Tannin (Tan) in AJC decrease by increasing storage time and the decreasing
rate at 37 C is evidently greater than that at 5°C and 20°C.



5. The relation between 5-hydroxymethylfurfural (HMF )and browning of juice can
be described as exponential and the regression coefficient is larger than 0.90. So, the
reason why AJC becomes browning during storage is Maillard reaction; browning
changes greatly by little change of HMF. At the beginning of storage, lower temperature
can prevent browning of juice. AAN contents of the AJC samples decrease as a function
of storage and temperature. The linear relation between AAN and browning is also
indicated that the cause of browning is Maillard reaction.

6. At initial processing stage, low temperature and instant high temperature
‘sterilization, Maillard reacts slowly, which has no obvious effect on the browing. The
rate of Maillard reaction is increase at second pasteurization for the sake of high
temperature and long-playing. Ultrafiltration (UF) has hardly effect on AAN, however,
other unit operations can reduce the content of ANN especially in concentration,
adsorption and second pasteurization. The tendency of PP and Tan changing is declining
after enzymolysis during processing. Solubled protain can be reduced markedly by
enzymolysis as well as by UF and adsorption, but concentration and second
pasteurization.

7. The initial turbidity of hazed AJC is remarkably higher than that of normat AJC,
thereby, controlling the initial turbidity of juice is important. |

8. The adsorption of color compounds on LSA-800B adsorbent resin was an
endothermic process, and controlled by physical mechanisms only. The initial
equilibrium time of adsmption is average 9.73h at 25°C for all concentrations of
adsorbent resin, and may tend to decrease as the adsorption temperature increases.
Within the adsorbent resin concentration of 2-4g/L juice, the effect of adsorption is
distinct; exceeding the scope, the efficiency per unit adsorbent decreases. At relative
high temperature, kg is high. |

9. Color values of juice, filtrated by metal membrane MF, are not different from
that of pre-filtrated; the colors of all three juice samples decrease only 0.43%. On the
other hand, filtrated by plate-filtration, the colors reduce 10.11%. Both metal and paper
can influence the turbidity of juice; the decrements are 73.50 %and 47.50%,
respectively. |

10. Selecting ripe apple can reduce or retard browning and haze formation.
Turbidity of juice decreases as the function of apple storage time increasing, but color
value does not change obviously.

Keywords: AJC  browning haze inducement control
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RITEAPEMYEFER . Beveridage" SEFIRBTRBORAN, BRI
FEHRSRALEH, K114 %~29.0% , ANEEKREMAYFRBROE %
BEERMPERZ —.

RN EpH RETTFERNS BH X . RRRE TS RRES R
— BRIV BEOAREBREL T USZEBRLEVE SN R, ANTTERE
LREBEOFA-—BRELSY. ANEESERAEAR -—HARSYNERREHREWN
SR B BRERMNE. 1997 4, SicbertBid ki, RAMAR TR
VISHETERNPRHREEREAR - BRLEVERELEYNE. H)5,
BeveridgeXt i T KEBR T, MNTIREN, BAKR - HALEUNE
SYREHERENERETENRY?. EEAR—BMELESYRNEEYD, BEY
FIERBTFREAEHEIR. 1998 EANE- AL BIELBNUSETE
BeTFHEER —BRAERSY, #LSDS—PAGE WEAREXS, B2 T4
TFEM29Kda FJ205Kda RELELIEW; BdZMAEMARARTREHER R,
BEAFR—BMAESVESERNGH, KPREATREEAR, METEBEL
9L, MEETHERBHEREAR. HERNESMT TR, RBBTEHERR
~MABESYNEREH, BE TERAR-BEESYNT BIRTIRERD, i
IWHEILBUEEREAR—BAREGYNXBEE, SRR KDY
K, TEEOAR-MALAYHEHEATHRERENS 5. FRVERT+HE
FERITRR E R A470~2 500 nm , T KT 10000~ 15000nmf A & R AT,
FERUTE. Ril, HFARRTTFHAAERRNTARMRULSYHEENED R
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B REOY ., K TRELSYNRESGTRRE. RTEERERR —BELE
AV EERRLEY. EREREAR-—BEARAYNEIRR SEAEEN
R/N—#4y. Siebert FiLynn “HEFENMPIR T ER BT, AREXRAEER
RS RERERRENSHESBRNENE

2.3 ¥ERWKRMH PRE. FRIMBHI AR

ERERERRET AT FREBREERBEAEZ SR RRE (PVPP)
TR RN T R S Rk TR . FIRM. HETEFIRER, EFETETF
I R A S MG RS, A, B TEERBU LR REE, FmeEr
AR AR ERBEERANRL: BEI -REFH, oBEKANRT, F4£5™
ﬁiil:j(j(igﬂﬂ , HRE DL,

FER, BRERKRBHAES FEFRABRHHERBRET £ SR
FEMGEEDE. FRE. BERSHEAELT , BRHAELEFYELEER
. BMEEENE. RSTVYEENEE. BRERED. BEHE. &
AERK. FEBRASESHS EHTTYEREBTIZHONAH. BMRES
BFXENENABRERBERYNS . —BRAANY , KEYEFESIERS
AW P R R B R DR B, B EERSIREEEPE RN AET
L. WIRMEEHEEGRERERNAR, HREEREKX BarmErARHHIE
BRSNS TR AR, PERENRE=F. HERHARHE—, HEH
ZHA BiTAr 4, WMTRERLASHHE LSA—800 RF). MAXKFRHEWD ,
DM ,DA K NKA &5 BSMELHIFRE Rohm - Hass 20 5] f] Amberlite XAD
%5, BZ Organo (Z324LRX) i) Diaion HP RFI%F.

ENAEBRHIBHARRBIH/AN ST E: E—2—ABRH/ BREHF. TZ
FUR Rt er, SRR REEALEL. BRI ENSR. ERERN
B, SMEEERRNE LMERTIEFAHEMA, MAERZAETEAB - 8 BRE
B R B0 TFERK™ . BitEATREMMESRITHTHRA. EHHE3E,
J& IR A AR < SCERTR 2D

10



EX

1. 3|5

ERERRG I TRt EEER. BT BEARE ST E R REEIIE.
ELEHERAF T EE SR, B UF). BH. ¥EREERAEMNITILE
PRENEEFERLFMRT. ELEPRANRBENTEFRERERERN,
BT IERRAT. WEMNRHA, & k. ERSTEHEERREW, 2RKE
AN IR~ EREARE, ERFRETEEN P ERESEREE,
AXFAEEAHAHENIEEFEREHEEHEEEE, FRERESEr
FHMNRNERRBEMNENEN, Bt SRNBELETEHERESILEY
{RAFIEL.

FRERRNAREBRERIMTIHIRY—MEFERE. FENHBHER
MG HEER, HEERLH. MINE. RBEANTIERATERAR,
XEAT ERmEHNEE. BEFRERBMERNFERURARAE&GHTE RS
TV R 2R A P B R R SRR T BRI EEN,

EXRRET AP ERARMRETRERERT. BRMAILE, HERS
RHEE. IRAREHERHRHPAERAENE GEH) maiddE. BT
ARIEETHRMSRE, HHRHMANESHE. BHARREREYE, IER
WERARIRIEAE, MUBRRATRIET ESBANER,

2. FRAMBERRITE

2. 1 BF9UME 585
KB REEXEHRHATEEAAT
LSA—S800B T My ig: W REMHEWMATHbH BB RA T 45
JLRFATER: WETELR S YRR T
R ERE (M) {5 WETESARSEYESREH
EFEE: BEPERAUIERREAT 24
Brm: EESEATHERAT S
LR (G250); JERUFRFIAF
EMEEH: bRHAERNAE
KA RIS TSN  Sd

H AT A 4t

11



2.2

2.3

FENBRIE

BL.OMPL: MISRAL 1000 % ZE[E MSE 2+

A FeBEH: UNICO 2000 B! JtBk (kg HRATR
PEE{Y: HACH 2100N #!  Z2[H HACH &

B FFF: ARDHR—200 & 48 ALD & A F)

HPLC C4MEMISE): 3% [H Thermo Separation products A H]
pH 3. ORIONS18 B! 25 ORION A

.ﬁﬁﬁﬁﬁ=tﬁ%$&ﬁﬁr
W, ATAGO PR301 & H A ATAGO A H]

0.45u m &HEER: LEF U bRHT

He AR RE—-52AA R LEHRERALMIE (AF)
F B R R4
&R AR B -

HH . BII .420%  ERKHEETHR/RE
B RHLKAE]

ERAKBEH: LEERRRRETRAFE

BRI
Vi (DATHE

BATE): % GB/T 12143, 1 e 4 H

MR (A420nm): UNICO 2000 B¢ KR
fafl (T440); $%2 GB/T 18963 —2003 5 i M

EHE (T625):
W (NTU): %

3% GB/T 18963 —2003 ¥i5E AL+ dl
GB/T 18963—2003 ¥ H LA

AW GAERM): #6B/T 12456 BBt
mas. 3% GB/T 18963—2003 HME A=l
M. ¥ GB/T 18963—2003 U M

BBy ¥E1% (PB) WM™,

B¢ 10ml By r3EiTrEO (3000rpm) 10 min J§

B bW Sml, KIWMA 0. lmol/LFeCli0. 5ul . 0.08mol/LK:Fe(CN}: 0.5 mL.

0. 1mol/LHC1 0.5mL EAZ) 25mL, 7E¥H 695nm AbHlERIGE, FHAREBKE
REH, SEMERET. HATHREGREY), Bird .

B (REEFRED:

HEE—-SRERI™, B 1ol RH#HATHLO

(3000rpm) 10 min FEX EVEWE 2mL, MMASHFEE 4% (W/V) RF B 3ml, I

1.5mL JRELEE, 20°CAABY R 15h, 500nm JsER e, SREM T RS

HA

AR E: Bradford TN, FREX 100mg EDHEER T 05%ZEF,

12
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AN 100mL85% (W/V) BiRS, unl F/KABE 1000nl fEARGE. WA

[RIIR

BORFHEE 0 1mL, B0 SmL ek 1ml 748K 0 5ol A li{E NS H, 7 595nm
TUISE YeAE, VERRYERRS: (MIEFTHE 2nin). ERIRGITESFHES, RFER

ImL pndeE i, W 595nm TR e, XTRRIFAEIERsK HHIRE.

HMF: HPLC 3™, #RECERKEIT 5.0g BF 125mL 4%, MmA 20. 0mL
AKH 25. 0ol ZBRZ. B, {RIE Imin, BELSE, BKERAR—FBE}, BRZ
%7 BRE SR 2 Ik (BRAR 25 0nl), FEKE, &3 RZMZEEREET
B, FFEMA 10, OmLNa,CO KR OL NS MBS E (RATEE 2min AR

E!Z’ ﬁ:ﬂulo OmL L@ZIEE&HR Naﬁﬂﬂkﬁﬁ“?ﬁ: ﬁ% NBECOEZKE‘! %;::

LR Z,

BRI, 30005 WIKZER, £MEBEREARMK, E4H~SCTERRRGER 1~

omL, AZ.EZEEBHBEERE onl BE/DEAFEESRT, 01l ool

ZE

WBERSEY, £0.45umn BETE, tHPLCRIH. WELH: tsp HPLC BE
AN ISR, 276nm BMl; Ei%EE: ODS KAH C18 HEF, 250%4. 6mm; WizhAH: Z

BE: 7K=10: 90; W& 1.0mL/min; #HHFES5u1; REME: 7~8min. &
AinEEdhah, & B P RBEHT TR E.

.HIRRA
3.1 ERREITIRE. BRBMGERTE &4 K w
3.2 ERWBHT M TABP AR ACEEXNRE. FRBREEGERBZm

H: ER

3.3 LSA—800B M AEX RiT R REFA# GHED B3I HFHR

3.4 WS ARG REWE. FRRTI
3. 5 BN FH B RALH E MR R AT ST

4, R &
4.1 FIEBKREX PPOE I EwmEIBIE

LB RRABEHRRT, MEEAE, RAEEZELHTHI 24h FRERA

1, WEALEWL, BEE 5K, REAMKKRENWEERRAELERTEXR.
4. 2 ERRGITTCHEN R BENKE. FERNOEN

SRR B EEIR 10 By S ARRE Rk S S RERET, SR 2 A ES,

SRESTHEMN, HiE, FETFS5C. 25C. 3TCEAE, &S 0. 10, 20,

30+

40, 50. 60. 70, 80. 90 RifHiErkE. AEME A, MESEHE =1k, BT

BRGIRAS ., J5 IR B 8] AR HE A4k B

4.3 ERWHETECFIRTER. AT REARSERNAFRAFER S
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7 4.2 RRAFRTANREAER. RTREORSERL, HETHELHE,
MRS RIS, EREIERYE, HERE. FRENER
4, 4 F¥EREHATEREESERN s—RPRERE (M) %iﬁﬂmﬁﬁﬁx
AT

7E 4.2 RBEFEHRSHRAEESEMN IMF FE2MA, HTHRLE, o0
R S5RABMMtE, REREneR.

4.5 FRWMEH M TP AF R TTRENRE. FRAREBENZE

B RRGITEETERBY: A, TERRAE. Bf. 818, R,
WHEAEERFEE R TEME, HERRRY TR B S A  EE &
AZ. IF. 2B, ATREARSESTL. 8H 15 REUE—REFBITHRET L
RigFT, BE 5 K. TRERKREHEFNTEEFEEER. IMF. ZH.
BEMEEARNSIEATAIE, BESETRETIRE. FRELRBZEREW.
4. 6 3R IRGATT VISR B0 B S IR B B4 BT

IR R R F X SRR AR IE KRG 574 R R mRGE H YA
wEHITE ST, RRBFEEEER
4.7 LSA—800B I s RHFERELBENE GHRED BT

SRR (70. 5Brix 24D AZAMKHESR) 10Brix, FAEKEE. W
FeEE BT R EHE. BYVINERIEHE (&) 75 420mm 4% 1.2 # 1,
2, 4, 8g WA FMABE IL RHM=/AMT, Ao NERRIREN L, 2,
4, 8g Whg/L Br&HER. BABZEE KBS, 8K 30nin RE—IK, 24h X F|
% AR HASHE 1L RN ARR R LEBED QX R REX— R
IR AR T EEFE AR, EREEES, S5 0. 15, 30, 45, 60, 180,
360, 540, 720, 1260 1 1440min B X E Aw. EREFNFERESL 0. 450 m $1
T, MEEEARNEHHENBELRETREVERREHEENRIGER
M,

7E 25, 40, 55, TOCPU/MBRE FHATRIFFEAE, 24h X2 FH. BEMAE,
24h RUMEERH GEAED FsiE (B4 ZRRIHER]EE.

BT RR A LSA—800B MMM IR EHPAERABRERE (BR) M3
14, R LSA—S800B WM IERI RS ¥, B RNERE T RRHERE,
HERHHHESEE. BRARTOERE, MERHTMBERIELE. AWK
it s ek T S SR LA RIEEE .

4.8 WL & BT ENT RITBE. BRBKNEMHR
P & B A At i AR PR 26 1) S BB B R U S SRR M (70,5 Brix), i

r—

14



4 T4 4h, HIE14508 30min BRAERYIUVREE . B, WL K HMF. 3E4E 3 KFAT

R, HEEERF 50~53°C, HOES 0.65MPa, HOE S 0. 58MPa. SEHLIKHIE

FEREEAE. SERTERHERRBH AN ARIBIFEMELILE, HHEBRER

BIEIE. WRREE. BRI,

4.9 3R A BRI 4 AL R
HeRERARNERTRERNAYE, FREMESHEEREHTAMENM

BEAREREY, (FHREE> TEZRHIRITHIE. FREBIKIE.

5. &5 R 54T

5.1 ERWMEH BBMRE (PBE) TIEdhsk

Hase TR BRI e LIFiLE:

y=0. 0966x+0. 0908 R’=0, 9980
Hd, y—BE: x—WE (ng/11.5 Brix ) R—HxEH

2‘2 = (), 096bx +
el 0. 0908
<y R* = 0.998
0.5
0
0 10 20
WE (mg/L)

Bl BK3E (PB#:) LiEdhs:
5.2 ERWRIEH BT (EHRERI) ME (Vanillin—HCL ¥) TIEMZ
W TERRGHET GURERA) e TEMmL:
y=0. 0023x~0. 002  R*=0. 9985

Hrh, y—Rye{: x—3FF (mg/l11.5 Brix Bit); R—HXEX

15



0.06 -

0.06 r
0.04 y = (0.0023x - 0.002
< .03 RZ = 0. 9985
0.02 r
0.01
0 | . . 1 1
0 5 10 15 20 25

WHE (mg/1)
2. BT (RMERR) M TRk

5.3 ERWUATFEBIARE (Bradford ¥) THEML
WET TS, v=0.0099x-0.009 R*=0.9993
HY, y—REHE:; x—RE (ng/l11.5 Brix B

= (0. 0099x -
0.5 0. 009
3 5
015 R 0. 9993
= 0.1

0. 05

0 ! |

0 10 20

WRE (ng/L)
B 3. E[QFAEME (Bradford ¥:) T{eths:

5.4 5——FRPEERE (WP W (HPLC &) Bl &K T4E sk

4.5 5717 EMF FREEELEF Ry IMF BB, dkBE T HMF TE £ .
= 39,717x + 0. 6608 R® = 0.9994

B, y—®BIE; x—#&E (ng/11.5 Brix B

16



&
i~ |

AR o)
8
230

4500
4000
3500
3000 r
2500 r
2000 r
1300 |
1000
500

y = 39.717x + 0. 6608
R® = 0.9994

BE (nv)

L 1 1 1 I

0.0 20.0 40. 0 60.0 80.0 100. 0 120, 0
W (ug/L)

B 6. b——ZHERE (IMF) RiET{Eghed

17.




5.5 FERAEX PPOVEHBHMNER S50
& 1 AU EMA ST B EREFLHNRTHAE 24h BT
B{Lh 4.04%, TixtBAGMENEHELBERBE 71.69%. X—ZERXANER
A AL AR PPO ATEMS, LB A TRERFELERI BT
WENETEREEIERRE.
R 1. ATEKAEX PPOENHZEMW

RS 1 2 3 4 5 S
BUEERE 3.41% 4.23% 3.75% 3.84% 4.96% 4. 04%

Xt B 76.42% 71.37% 69.72% 70.64% 70.32% 71.69%

5. 6 ERRMEH 7 B). BEXNHE. FRENENE RS9

B 7 B8R THESC. 20CH 37°CHE 90 RIEFF LB ER IR TR AL,
R PR BT R 1. 20NTU, £t 90 RIEFF, 35°C. 20°CH1 37°CRFE4ft
THRTBMESEMT 0.28, 0.45 1 1. 40NTU, 37TCEHFELG THEIT DR R
ETHERGERM. METUHERER, BEXNERMEWBR, THRERSE
BETESTREAFRE, MERKEETERBERES. e ErmESY
ABERT=ZAMRBMEE. B, SEnEeEnm.

. «—5°C

2.8 — o
] |—=—20C

2..!_, —_‘_37“C . __‘/"A
. ‘/,,A-——“"'

turbidity (NTU)
- )
-] =
i .

- 20 45 o 60 80 100
Elﬂﬁﬁﬁﬁﬁﬁﬁ_
M=ENRETRRERE, STCHBESREMNMERBE, W5, 20CH BB
HEHAHE, ELFIORFIFLLE A KL, McMurrough, KellyFIByrne®
P 2RO TE IR e I A R P T BJS TRI BI B AN B B3R ™, IR AT
ARt T A MBS & 0T USRI RTER S 2B H
FAHF R BB ENA REEIIRRITE™ . WhMES - E RS 55

18



PRV, TEREE R M AT E N A F 58 LB D IR AT B S,
EALE™, |
Pl (NTUD) #H=ANEEFRETRHAEERNERERREAFTE—ZRNE)
H%¥ (FE8), HEMWMT:

5CHf : 1n (NTU/ NTU,) =0.0018t+0. 0374 r*=0. 89 (1)
20°CRt: 1n (NTU/ NTU.) =0.003t+0.063  r*=0. 867 (2)
37°CE: 1In (NTU/ NTU,) =0.0084t+0. 0758 r*=0.9109 (3)

X B NTU BRIRME—ZIKHE, NTUIEVIGHE, « RIEENE. CEKR
FIERT ERBEHEEENAARERAR. 3SITCHEFEL&ET rEERETR
WA BT EERFE—ARNNENEERR. a7 ENAEM e EHE
RIPFRMERERK T RENE. TFEEKANRE TURKREDERTE
SE XKLL,

vy = 0.0084x + 0.0758
R® = 0.9109

y = 0.003x + 0.063
R® = 0. 867

S o
oh Q0 -

y = 0.0018x + 0.0374"
R® = 0, 8946

1n (NTU/NTU{:)
o
NN

&
X

=

¢ 5C
W 20°C
A37C

0 20 40 60 80 100
t (d)

& 8. R RE R A

FOSEI0EERREHEARNFALCFRELE MG T REBRTNEL. BELHE
PLEMEER DR G ERRIE, S i ()45 B a MR 2 RS R B L B R 2
—REN#. Eﬁﬁkiﬁm “IRIEN—B. BHEREFZIRNGEESTE™
NI FEHIEE HF™ . NBRISEI0TUE BREMNIBTHEN . BEEEN
REREEEPEINR, FERRENEABEEM™E. 5. 20f137CI L4
TRITIRERESAIEM T 12. 45%. 46. 86%F0415. 28%. UEAEMBIEHE=4
N FREA G TRABEERERGS—HREN 2, FROTF.

5°CH: -

In (T440/T440,) = —0.0009t + 0.0036 R'= 0.9672

In (A420/A420,) = 0.0019t - 0.0253 K = 0.9833

Y
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20°CHY:

1n (T440/T440,) = -0.0111t — 0.0514 R® = 0.9397
In (A420/A420,) = 0.0062t - 0.0186 R = (. 987
37°CHT:
1n (T440/T440,) = —0.0214t~ 0.1799 R’ = 0.9515
In (A420/A420,) = 0.0138t+ 0. 562 R* = .9061
ARIEFEREEAETLE
0.5 r y = —0.0009x + 0. 0023
- 0 - RE = 0. 9735
= -0.5 { 100 |
= y = —0.0042x + 0.0491
s -lr R® = 0.94
3 y = —0.0223x - 0.1178
= _1-5 B 2
~ R = 0.9624
-
— -2
2.5 L * 5%
' () R 20°C
A 37C
B 9. /T () BERE
y = 0.0138x + 0. 562
9 - R® = 0.9061 -
s LS y = 0.0062x ~ 0.0186
X R® = 0. 987
S 1 r
%‘ y = 0.0019x - 0.0253
‘:05_ﬁ R® = 0.9833
ﬂ _r_e:—‘f——i "0
0 = 1 20°C

0 50 100 A37C
t (d)

10. 838 (RJG{E) HEE
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5.7 ﬁ%ﬁifﬁﬁt
. B 12 F1E 13 2R 8R T AN
ﬁ—%‘i‘?@ﬁﬁﬁ%%&ﬁ,

PEE. BT REORERERENHE

TFRETRTPAEEESR. BB
R EEEAR. EBRERRTIEHTHETE

Rief. RBREANNITIZARMAERZL. GBEFTH, RP+PEOR. &
By X T S BCAT R NG T fE, £ STCH T REERHEXT 5CTH 20CH

WTHEEE. XZ-5R58 8 dmERULERYE.

¥RFHETIERBEREE

EB2RE, REFTREAIER (—) —RIILFER, EXERTSEBERAFH

B E G R E A

REBMER", ERXEEZEBELEMERMBESERIH

SEAFREGERTRAN TREEITHE AR SEEEAKEE™ .,

y = -0.0101x ~ 0, 0834

R* = 0.9463
0 |
0.2 40 60 80 100
' y = —0.0106x — 0. 085
2 -0.4 R = 0.9722
8 0.6
8 0.8 y = -0.0118x ~ 0.0983
5 4l ©=09706
» 5C .
1.2 }
-1.4 * s 20°C
t (d
(d) a 37C
B 1L SR AR |
0.2 y = —0.0074x + 0. 0905
' R = 0.9163
| 0 y = 10.0079x + 0. 0794
s ~0.2 = 0.9361
2,
& -0.4
g™ y = —0.0101x + 0.0705
£ -0.6 R?* = 0.9695
P ¢ 5C
-1 n 20°C
t(d
(d) A 37C
E 12. SEERAFLE
EEEEARNEST, 2B ESbERERERRIE". ARE S Br
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RECFSEBCRINEAR - SBHS S AERM, TREATRHREIHE

ARESEHHG, BRUEANAETEZREGS. WRERESERN LT

mTElsR, BETRE

FEA{EM. Calderon™ YHEXIBHERH— FHMHITHE
HEHRDT TRELNTEERENEHNEGEMNANBBEERE, 2RE5R

ABRMEZBMKRERTXR. HEE STCHEBRSEMESERZME T 5. 20

CTHHRGEESERE, H

RITFRTHEERAR. SBRETEERTERENES. Fi

EOERBEGT, SMESTREFER, SURAREHTEETEHAR

3 R L

0.2
0.1

-0.1

-0.4
-0.5

In (Tan/Tan,)

~0.6 |
0.7 |
—0.8 r
0.9 -

RTTHUTESEAOR. SBRETHRNERFS—RRNEHE, FE

U

5CHY,

In (pr/pr,)
1n (pp/pp.)
In(Tan/Tan,)
20°C it

In (pr/pry)
1n{pp/ppo)
In(Tan/Tan,)
37°CHY,

0.2 ¢
0.3 r

y = —0.0065x + 0.0745
R® = 0.9222

t {d)

Y = —0.0077x + 0.0783
80 100p2 - 4 9379

y = -0.01lx + 0. 0665
R = 0.9717

¢ 5C
m 207C

A 37C

A 13. BT ERARE

= =0, 0101t - 0. 0834

= =0. 0074t + 0. 0905

= ~0. 0065t + 0.0745

= —0. 0106t - 0. 085

= =0. 0079t + 0.0794

= ~0. 0077t + 0. 0783

22

R* = 0.9463
R* = 0.9163
R* = 0.9222
R* = 0.9722
R® = @. 9361
R* = 0.9379



In (pr/pr.) = -0.0118t - 0.0983 R® = 0.9705

Ln (pp/pp) = -0.0101t + 0.0705 R* = 0.9695

In(Tan/Tan,)= -0. 01t + 0. 0665 R? = 0.9717
5.8 ERIRLETT HMF ME B SR BER BTN E | '
HE14. EISAILUFEHMFKSE SR EEEE (IAaM. BLEES)
FREVIKIRR, HxBAHEIHTO.98 F. XRARHERENKET IERIE
MRZSIE, MEXTEHFEBREPFNERBRMGIE. X SHande Selen
Burdurlv "' HiRE—H. ZERBH R, MPERSETHBTERIENER,
T RABHEHKERLERRMEREE, X—XERE TRIFNBE, e
SRR

T440/T440,=0.226+0.879¢” (-HMF/HMF/9.306) R*=0. 978

A420/A420, = 1.0081n (HMF/HMF,) +0. 310 R’=0. 945

- B
ExpDec1 flt of Datal B

9.0 =

0.5 —

T440ITA 40

0.2 =

T - Y Y T ¥ ) ¥ T
0 20 40 &0 L 3+
HM F/HMF

4. IMF B E5GBEXRR

y = 1.0075x + 0.3104
2 = 00,9451

. A420/A4200
S = N W O O D

0 2 4 5
1n (HMF/HMF )

% 15, MF S B 5MAERXEE
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Vil
HLAETE 4

73)):

YR In L2
iRyt

b |

IR KRB,

141

2 UL A 7EMF & B AR IR R R R R =,  RTHMFAR > 2 i3,
L EPINFRERFBUREX R,

A PEEFERRYIEIMFE ERERFREER, A ERBRREER

10 =

] |—e=—s5°C
s | —e—20°C
1 |—~—37°cC

HMF/HMF
}

DHME S BRI S AT, FRERBE S, URBRKBERER
THMFRIRE S B, BB ERHaEKE .

& 16. A RIE-FE&)

L) L |
‘0 s
t{d)

¥ HMF 2 8Z40E

| )
199

B 16T MR R R F 8 THMES BRE R A 354 . 37°C R B RHVFIG &
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ti (min) 509, 09 516. 36 580 441,82
ko (min™) 0. 0024 0. 0025 0. 0025 0. 0025
ky(min™) 0. 0012 0. 0017 0.0017 0. 0023

r* 0. 98569 0. 9878 0.97486 0. 99219

m{g #Jg) (2¢]

g, Q.55 0. 501 0. 586 0. 453
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