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Optimization of processing technology and processing end point of Cyperi
Rhizoma with vinegar based on multi-index response surface method
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Abstract: Objective To combine the subjective experience of quality evaluation of prepared slices with the objective index of
chemical composition content to comprehensively evaluate the best processing technology of Cyperi Rhizoma processed with
vinegar, and to quantify the judgment of processing end point. Methods The processing technology of processed Cyperi Rhizoma
stir-frying with vinegar was designed based on Box-Behnken, and the appearance characters of different processed products were
scored by Delphi evaluation. The total score of Delphi evaluation was taken as the subjective evaluation index, and the contents of
fiber, a-cyperone, nootkatone, total flavonoids, 5-hydroxymethylfurfural (5-HMF) and total volatile oil were taken as the objective
evaluation index. The CRITIC weight assignment method was used to combine the subjective and objective indexes. The best

processing technology of Cyperi Rhizoma roasted with vinegar was optimized by response surface method. By measuring the
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physical property parameters and chromaticity of prepared slices, the correlation between physical parameters, chromaticity and the
content of chemical components was established, and the indexes most related to the content of internal chemical components were
found and used to quantify the processing end point. Results The best processing technology of Cyperi Rhizoma processed with
vinegar was as follow: add 25% rice vinegar, spray evenly on the surface of the medicinal material with a graduated spray pot with
5 mL for each timefor 12 times, moisten for 8 h until no white heart in the medicinal material, and process 7 min at 140 ‘C. pH value
and oxidation value had significant negative correlation with chromaticity L*, b", AE", water absorption had significant positive
correlation with L*, b*, AE". Fiber content had significant negative correlation with pH value, oxidation value, and significant positive
correlation with relative density. a-Cyperone content had extremely significant positive correlation with pH value and oxidation
value, and significant negative correlation with L*, b*, AE". The content of nootkatone was significantly negatively correlated with
pH value and oxidation value, and positively correlated with L* value, while the total volatile oil content was significantly positively
correlated with pH value and oxidation value, and negatively correlated with L*, 5", and AE" value. Conclusion The optimized
processing technology of Cyperi Rhizoma is reasonable and feasible, and it is speculated that when the pH and oxidation value
of Cyperi Rhizoma are controlled in the range of 4.462—4.678 and 21.076 8—22.429 2, the whole state of Cyperi Rhizoma can be
the best.

Key words: vinegar processed Cyperi Rhizoma; processing technology; response surface methodology; physical parameters;

Box-Behnken design; quality evaluation; quantification; Delphi evaluation; crude fiber; o-cyperone; nootkatone; flavonoids;

5-hydroxymethylfurfural; volatile oil; CRITIC weight assignment method; chromaticity
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Table 1 Consultation form for evaluation of prepared slices of Cyperi Rhizoma
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Table 2 Response surface design and Delphi evaluation results
LS A% B/C Cmin B i U K B0 | L8RS A% B/C Cmin B B T Bk ESS

1 10 110 175 30 29 15 14 9 97 10 20 150 50 30 29 14 14 9 96
2 30 110 175 29 28 13 15 7 92 11 20 110 300 29 25 12 11 7 84
3 10 150 175 29 25 15 11 8 88 12 20 150 300 28 26 13 13 5 85
4 30 150 175 26 20 13 11 5 75 13 20 130 175 27 27 14 14 8 90
5 10 130 50 29 27 14 15 8 93 14 20 130 175 28 27 12 10 9 86
6 30 130 50 28 22 14 10 6 80 15 20 130 175 27 26 13 14 9 89
7 10 130 300 29 24 13 13 9 88 16 20 130 175 27 25 14 12 7 85
8 30 130 300 27 21 14 12 8 82 17 20 130 175 28 27 14 14 8 91
9 20 110 50 28 19 13 11 5 76
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HEENE
231 NSRS OREE PR E o-F B
FHEA X FE A% 5.00. 2.16 mg T 25 mL &4,
N BEIAR, B2, FI S a7 F R 200.0 pg/mL.
[F A 86.4 ng/mL FrIVE ST HE SR W

2 FRHL S-HMF % #Ei 20.0 mg T 50 mL =l
o N 80% R, A A, ESS, T 5-HMF
400 pg/mL i FE S IA -
2.3.2 BSOS H]  OREEPR E A AN [F)
AR 1.0 g GEPUS0) THEEH A, A FHEE 25
mL, FREFE, HAE LR (250 W, 40 kHz) 40 min,
REEZ, MoEmhE, HHEETRENERRT T E,
PEAJIE, BUEELLIER A0 5 min (12 000 r/min,
BN 66.5 mm), HUEIEW, i 0.45 pm FFL
JERE, BSR4,
233  @miEL&M

(1) o-FHERAFIEAHER: R4 Agilent HC-
Cis £ (250 mmX 4.6 mm, 5um); 7 30 'C; it
SIA N EE-/K (68 1 32); MAFE 1.0 mL/min;
Rl 242 nm; FEAEE S uL. BIEE LK 1.

(2) 5-HMF: iy Agilent HC-Cis k£ (250
mmX4.6 mm, 5um); FHif 30 'C; FBIAHN H EE-
K5 2 95) AAAR & 1.0 mL/min; & I1J% K 284 nm;
HEFERE 10 L. Bis R LK 2.
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Fig. 1
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HPLC of nootkatone and a-cyperone mixed

Rhizoma sample (B)

A 5-HMF

)

B
N I3
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2 5-HMF & (A) FEEEMIERB) & HPLC
Fig. 2 HPLC of 5-HMF reference substances (A) and

vinegar processed Cyperi Rhizoma sample (B)

234 ZMEXRRFEE M 2317 TUNREX 5
IR B o~ B IR T 2R B2 8.04 20.04 28.0.
40.0. 64.0~ 80.0 ug/mL, [FHHER BT EAE A 3.4564
8.640. 12.100. 17.280. 27.650. 34.560 pug/mL ] %
FIR A 0T BRIV, HEFER S pls S-HMF X B
WBCHIEL 16.0. 40.0. 160.0. 240.0. 320.0. 400.0
ug/mL [ RPN SIS, EFEE 10 bl %
“2.3.37 LU G FARIE, DGR SE R 0 5
WEE AR (o), WETRUNIASR (), HfilbR
HEm 2, HEATERIEEDE, fSEIATRE . FHERE ()
S NG 73 7N o-F B BE y=14.924 x+12.922,
r=0.999 8, 8.0~80.0 ug/mL; [ y=20.415 x+
2.804 7, r=0.999 8, 3.456~~34.560 pg/mL; 5-HMF
y=1210 x—20 223, r=0.999 8, 16.0~~400.0 pg/mL.
235 FEEBEEE KR o- A AR [ AR )
TR IR SR, 5-HMF i R B, BEEUERE 6
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W& T AR RSD 2058 0.37%- 1.23%. 1.22%, 45
FHZAUE REEE L R IT .

23.6 FEMER FEEWIEE 10 SEMELR
W, H% “23.27 DR NETHIE 0. 1. 44 6.
12.24 h iFA] g 4% “2.3.37 TN il 2 3h R 7
WM A IR o- A B EE . ERHER . S-HMF (1)
AR, THEAS a-FF fEA . [FRHER . S-HMF Wi fR 1)
RSD 78 1.15%- 1.79%- 1.33%, &5 R4
IVETRAE 24 h AR EME R UT .

237 EEMWELR KEREGE 10 SEMRFESR
K6y, & “23.27 WUNFEM&HRMIET, 1%
“23.37 TUN OB FAEERE T, IdRIETAR, T
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B3 o-FMER . [FRIER . 5-HMF &2 30 RSD
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238 fOFEELFEFELE  REEME S o-F
Fil (A R R 0.5 g ORE SRR E 20
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ng, % “2.3.27 TR 7k & A A, 1%
“23.37 TUNAAGFAREREIE, IO mAR, i

=3

SONFEECR, o-7F BB AN AR . S-HMF [#°7-2)
TIEE [BIUCR23 5N 99.58%- 99.31%- 101.58%, RSD
I HIN 0.95%. 0.84%. 3.13%, 45RFIZITEN
IIRE [ENS R R4

2.3.9 o-FMEA. BEAEL. S-HMF F&&de W
B 92327 TUN )2 (0 2 oA Wi i, % IR
“2.3.37 WUNHE M EIEFAE, e o- B I
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Table 3 Determination results of chemical constituents of different processed products of Cyperi Rhizoma

LIRS MA4E% BEE/(mge!) o-FME/(ugg)  BEMER/(ugg")  5-HMF/(mggl)  SIERIM/(mL-g")
1 7.901 1 12.001 0 702.62 69.40 0.658 5 0.080
2 5.694 5 12.5770 710.89 69.66 0.5309 0.060
3 2.173 5 12441 0 736.05 76.20 0.7375 0.062
4 5.224 6 12.807 0 730.04 78.24 0.5452 0.078
5 6.1530 12.3350 683.34 7091 1.4615 0.061
6 6.1714 129190 671.38 65.19 2.308 1 0.060
7 5.9325 13.083 0 729.63 66.45 0.574 6 0.065
8 3.771 1 12.247 0 976.78 54.34 0.616 1 0.076
9 4.2502 12.724 0 939.44 60.88 0.623 4 0.070

10 42388 13.108 0 962.15 62.43 0.5378 0.081
11 3.7554 13.022 0 715.24 62.95 0.6904 0.076
12 3.3300 12.0790 741.37 65.35 0.606 8 0.070
13 3.7172 12.8330 1 020.18 54.63 1.077 4 0.082
14 3.684 3 12.901 6 1019.89 55.28 0.984 5 0.081
15 3.8557 13.002 4 1018.37 56.37 1.102 1 0.082
16 3.782 4 12.867 5 1 020.06 54.61 0.874 2 0.082
17 3.6913 12.402 3 1018.99 54.98 1.058 3 0.082

24 BHHARMEHIRPEREIRNESENE

2401 NHHESEBRIHIS REEAOE 5.09 mg AT
PR 50 mL S, I 60% L WE, A AR,
SEZ, RIS IR AT

242 AW HIE R EOE A A R
fili K 0.80 g (A PUZ9H) T 150 mL HETEH
AN 60% £ 20 mL, 80 “C /Ky i mlt HEE 2 Ik,
R 150, AHER=ERGE, 18T, H 60%OEEME
B, HIF 2 B, BT 50 mL &R, #E2,
RPAS A A v v o)

2.4.3 AR A BRI B K B E R
b U P AR S A TRORT 75T 5% R A 2 mL,

[uE}
89 F 10 mL =3 A, 0 0.5 mL 5%V AH BREN AT,

8 5min J5, I 0.5mL 10%MERESVETR, & E
5min, 1A 4 mL 5%&SEAENEW, AN 60% LI
BRI, RIS, §E 10 min, DUHRAG]
NAEEZE, (E 400~700 nm HEATFHE, 455t
B S AR A AE 507 nm Ab R Rc
‘&[16'17]0

244 ZLVERRFL  FEEWREUS T 0 B ISR
0.5+ 1. 2. 3. 4. 5mL T 10 mL &+, A 60%
O, & “2.437 WUR MW CEME, LA
o B T R ) o R B R AR bR (o), WROGEE(E N
PAekr (), ehlbruedhs, HATLERIE, 73
VAN y=0.016 8 x+0.017, r=0.999 5, Z5iRF%E
B T 7E 5.09~50.90 pg/mL £t R B 1T
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245 IEEELE FEBEWES T X RS ER 2
mL, %08 “2.4.37 TR B, AT 6 UE
FeJEAE, HEH RSD N 0.15%, 458K iZ T IER

L R
24.6 FUEMEEE FEEDCE 10 &M

W 2 mL, %88 “2.4.37 TH A WAL
%, SR T FHI4)5 0. 5. 10, 20, 30 60 min i}
e A IR 6 B, TR RSD A 0.16%,
g R AR S AT 60 min P9 A2 ME R AT
247 HEEMER FEEFRIGE 10 SEMAERAS
AR 6 4, %08 “2.4.27 TR J7 i) 44 Bk il Vv
M8 “2.4.37 TN A S IR AR B 7 V235,
SE 6 I FE SRR BE AR, TH 5T &40 301 RSD N
1.55%, R\ZTIEEIERI .
24.8 AR S RS BRI S I N S B R
TENEKNAER 050 g 364, MWEIMAFER
BN 0.807 mg/mL & T X HEGVATR 1.5 mL, %8
“2.4.27 WUR A A s, 1% IR “2.4.3”7
TR AR A A R A B 7 v, MISE 6 I RE L )
WOCREAE, THEIIRERINLER, 25 RFT R NRE
[ % 99.84%, RSD N 1.42%.
2.4.9 FIRAFEMH] S PSS EN e B
ARG SR AR, %R “2.4.27 TUR 75k &
B SRVE, TR “2.4.37 TR ANR S VAR A 3
JTEERRAE, Mg 507 nm ARIEOGEEE,
MR, SR IEK 3.
2.5 EMAREES]&EPHETHE S SR E S0

HpELS, FEICN m, REZ 1.0 g TEZEE
58 JI B IR A AR A e T IR R P e SR BN mo, FEBR
BUESIAZ 1 om A AE O, K8 Bimkl]—/
] 2 FERE M SO b KA R AN VA AR,
A 2000 mL i BR7K ARREEAT BR /K M, 1 5 TR FARINF (1]
45 min, VHMFIREE 100 C.

THRI RIS G, A RHERR, AR Atk
T i K REE , 5] 2000 mL 47K T 100 “C/K¥E 10
min, PRI E R pH o8 I 2000 mL
LA K R P AT B AR, TR RN ] S ER K
filt—5o

WK, YIRS K, NG E AT
B2 30 min Ji5, T KUBE HHET AR HET
Ja HIRE SR BT, FRE BN ms. BUST R RIRES T
THE IR, HERIE RN ma, CEAE N
By b 350 CTRIERAL, RS IR S TE S 3R 4

11600 CKAL 2 h, FREE ms, THEAEMHARS
FLAF 45 & (R A4 5 & = [(ms—mi) — (ms — ma)]/
(ma—m)} o FHEAFLE S E 25 RN 3.
2.6 EMAREMESIGPRIZELHSEMNNE

2 (P EZG80) 2015 S RRCE BN R A S E
JRERAT I, W S5 R W3R 3.
2.7 BEEMMESITZ89MK
2.7.1 CRITIC V:#f e E R#E KA CRITIC ¥4}
A B AS [F ] P AR L AR B AT
BCERALE, DAMAE 2 W s e sz 36 5 0, AR 2 Bt
S T2

W3R 3 B E LR E S T bR A AR 2,
HR4E SPSS 20.0 A Ab BRAS 2AH ¢ R EHFE, H G
W, ARAF BRI A4 S o- B PR B AR
5-HMF. SR & & KA R SEPE 159 7 Iie
PRI 25090514 0.108 1. 0.138 5. 0.197 2.
0.172 6. 0.113 1. 0.148 7. 0.121 5. PAZE&VFME
(Y) W& IR RHAT AL . Y= Y1/ Y 1max) X AL X
100 + (Yai/ Yamax) X AL T X 100 + **+(Yei/ Yomax) X L
H X100, ZREVFAMES A 82.294 7. 75.218 3,
73.060 0. 78.289 4. 80.200 4. 81.687 8. 76.353 5.
76.066 4. 76.141 9. 81.396 8. 74.322 9. 72.405 0.
81.867 2. 80.894 5. 82.5802. 80.363 9. 81.462 5.

Cj:&’i (I=ry)

i=1

m
W=/, G
i

S NFFHEN 2 J5 & IR bR AR HE 22

272 2 6 RN T ] BY (R 5 ST 5 A b
PAZEE Vo NAUNAE, 12 Design Expert 8.0.6
PEBEAT 00T, G HORAREREL CAD L JBHIEE (B,
JAHIEE (C) HLEEWaS (V) MBI #EN
Y=81.43—0.081 A—0.35 B—2.53 C+3.08 AB—
0.44 AC—1.79 BC—0.85 A2—3.36 B2—2.00 C2, 1%
FREAY ()7 22 0 AT e B B PR I6: IR 4. Hh3R 4\,
AR P<0.01, BHEBEERENL, 458+ C Atk
BED, AL B AANEED; EZETH, AB Nk
RET, BCAHRED, AC HARZEI; £ IR
H, B2 AR ED, CPREED, A2 AAREI,
SRR % (P=0.004 5<<0.01), KPITIA
B3 (P=0.062 1>0.05), tHXxFRH R2=09191,
Tt B AR I (1 0] U5 7 R AU & BE AN RS PR LT, SE5R
R ZEABRTEL/N o



* 988 «

FED 20214528 B525% 43 Chinese Traditional and Herbal Drugs 2021 February Vol. 52 No. 4

2.7.3 RN ANTIEN

WRAE LR R, 22
) B B PR 31 58 T A Y 0 =g 7 i 1, LI 3

*4 REDHER
Table 4 Results of analysis of variance

TEFRIR CFR AmE By Fii P
it 177.301 5 9 197002 88356 0.0045
A 0.052 3 1 0.0523 0.0234 0.8826
B 0.998 7 1 09987 04479 0.5248
C 51.405 1 1 514051 23.0554 0.0020
AB 37.8577 1 37.8577 169793 0.0045
AC 0.787 3 1 0.7873 0.3531 0.5711
BC 12.862 7 1 128626 57689 0.0473
A? 3.069 7 1 3.0697 1.3768 0.2790
B2 47.654 3 1 476544 213732 0.0024
2 16.888 8 1 168888 7.5747 0.0284
W7 15.607 4 7 22296
KA 12.668 8 3 42229 57482 0.062 1
a7 2.938 6 4 0.734 6
M 1929089 16

P<<0.01, RHUXLEEVEMME ¥ HREFRmM; P<0.05, KX
CEOVEOME Y A B R

P <0.01, which shows that it has a extremely significant effect on the

comprehensive score value Y, and P < 0.05, indicates that it has a

significant effect on the comprehensive score value ¥

CEEVEE Y ZEAREE (AL MR (B).
JOHIET ] (C) MISERISEmE, M) A 255 P43
E IR B 0 % o AR Box-Behnken M B [H] S 30 AL
g B, B S T 200 AR 24.77%. MR
¥ 138.84 “C. MHIFFIA] 6.64 min, 2 F& F Sz PR Al 4
VEPE R A IRAG B, B T 2R v A4 4l
EE25%, MHIIERE 140 °C, MR 7 min.
274 LZEAE B 6 A A M, % B m e
il T2 A MR, 49 B IES & IO BRI
B, Bias), RMPUEARE CERE G, FITEE,
BAEER, WERES. WEZESFEEE RN
81.50, STUMMEAHZR/N, RZ T ZEHTT,
TR R ILE 5. 6.

2.8 MIMEHSEEMNE

2.8.1  AHXTEFEMERY REE R 4.0 g BEA O
T A 50 mL A I 1 & 1 b, RNV AR 2 I
TORARR, SPATIIE 3 k. WA X =T H
BRI, SRLE T,

2.8.2 pH {EMERY FEEHFRE 5.0 g R, A 50
mL Zifb K IR 12 h, e, JERERRA, F
ITIE 3 Wk, RFILME, BN pH fH. 455 W
*17.

2.8.3 WUKRME REERES.0g W, MNEAR

&
do
ES
257 s P a2
C/min  |G=15 A% C/min 1 713 BIC
3 FEZRM=HYEE
Fig. 3 Three-dimensional response surface of various factors
x5 IZWIEMMSH5EENESER
Table 5 Process verification of physical property parameters and chromaticity determination results
ST FH} % pH {i K 1% EE " " - -
L a b AE
1 0.967 4513 13.6531 21.108 5 52.98 12.01 22.09 58.64
2 0.847 4.536 12.984 5 22.346 2 51.67 12.35 22.10 57.54
3 0.916 4.678 129321 21.076 8 52.34 11.96 21.99 58.02
4 0.889 4.462 13.112 4 21.8947 53.12 11.87 21.97 58.70
5 0.893 4.625 13.859 6 224292 51.98 12.82 22.21 57.96
6 0.952 4.482 12.546 7 22.3615 52.57 12.64 22.09 58.51
RSD/% 3.71 1.70 3.38 2.63 0.98 2.92 0.58 0.72
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Table 6 Process verification content determination results

SEIGE MLY% SEEE/(mgg) o- B E/(ngg) BB/ (ugg™) S-HMF/(mgg™!) BIERM/(mL-g") fE/R3E ZE S

1 4.3367 12.983 3 959.15 64.34
2 44595 12.754 6 958.06 62.70
3 44150 12.708 1 949.89 68.26
4 4.5107 13.100 7 961.31 60.95
5 43410 13.100 6 950.34 63.01
6 43181 12.5357 966.02 65.80
RSD/%  1.77 1.81 0.66 4.02

0.528 7 0.081 95 81.5643
0.5129 0.081 96 81.1557
0.5184 0.081 96 82.1412
0.5403 0.080 96 81.2211
0.543 5 0.082 93 81.2338
0.5311 0.082 95 81.7138
2.26 0.93 1.23 0.47

50 mL 2ifb /K E R T, T 24 h GO B, Wl
58 FLR K 2R o AR WK 6 = TR R W B R o /R
i, SRNET,

2.84 FAERNERY  ZECERTTERY, RS ERR
B S 4.0 g, WEELE. R EK 7.
2.8.5 A EERNE BRI S
BB b, BEEHEREACT, HEEA
KA, M, R AF 4L H Adobe
Photoshop CS6 M H4THF, wlida tids, FEHLZ X
M, RS LY o' BIRCEIME, A ARGHE A

e (B P24, 72NN AE'=L"?+a"+

b\, GERNEK T,

29 UERSSIHESHE. CEZEREX ST
2 SPSS 20.0 A, XYtESEL. R B E

54022 1800y 2 AT RS 3AH SR i, AH OGP 3L

PR 8~10. 450K, BF LME. O F AEYE

HERKFE L EZ MK, 5 pH . EEENK

BETMKG; O ’MEEBKEREREILMR, 5
pH {H 2 MR Z UK, 5 2 2 TG, 4F

dimEY pH HERF IR, SRMEEMEE

*7 BMTEERSYMESHSEENESR
Table 7 Determination results of physical parameters and chromaticity of different processed products
s g P g L s 0 o P g L
I % L' a b AE wE % Y oad b AR
1 0902 4250 9914 12.691 57.12 11.00 21.00 61.91| 10 0.811 4.517 13.816 22.236 53.67 12.00 22.00 59.41
2 0.988 4357 11.834 13.973 49.67 13.00 19.67 55.02| 11 0.835 4.441 23.041 18.890 47.08 14.33 21.67 53.90
3 0.776 4.333 20.448 17.834 65.33 8.67 19.33 68.73| 12  0.827 4.387 9.901 33.033 45.02 12.33 20.67 51.09
4 0.871 4360 16.437 10.281 54.33 11.67 20.67 59.44| 13 0.830 4.562 9.855 23.756 42.00 12.67 16.00 46.95
5 0.887 4.181 26.956 17.379 52.01 14.67 23.00 58.84| 14 0.833 4.565 9.855 23.756 42.12 12.63 16.15 46.84
6 0807 4250 7.926 16.276 52.67 10.67 23.00 58.60| 15 0.831 4.560 9.855 23.756 41.98 12.66 16.12 46.72
7 0919 4372 19.789 16.627 45.67 16.67 19.67 52.53| 16 0.835 4.563 9.856 23.756 42.08 12.64 16.14 46.81
8 0.787 4.321 22.427 18.524 54.33 13.33 23.00 60.61| 17 0.832 4.561 9.855 23.756 42.10 12.68 16.13 46.83
9 1.011 4480 19.041 21.136 68.33 9.00 21.67 72.27
*8 MMESHSREZENEXM
Table 8 Correlation between physical parameters and chromaticity
R HARE pH 1H K % FAE
r r=0.070 (P=0.790) r=-0.654" (P=0.004) r=0.568" (P=0.017) r=-0.663"" (P=0.004)
a r=0.238 (P=0.358) r=0.040 (P=0.877) r=0.293 (P=0.254) r=0.064 (P=0.808)
b r=-0.010 (P=0.968) r=-0.690"" (P=0.002) r=0.523" (P=0.031) r=-0.489" (P=0.047)
AE" r=0.059 (P=0.822) r=-0.666" (P=0.004) r=0.606"" (P=0.010) r=-0.635"" (P=0.006)

REAFEZEMHHC (P<0.05), "™REAGMEFZFMEMIE (P<0.0D), TEMH

* representations have significant correlation (P < 0.05), and ™ representations have extremely significant correlation (P < 0.01), same as below tables
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Table 9 Correlation between physical parameters and chemical composition

A Loy FEX 2 pH & RIKE A TE
FET 4 r=0.532" (P=0.028) r=-0.555" (P=0.021) r=0.061 (P=0.851) r=-0.684" (P=0.002)
Sl r=-0.017 (P=0.948)  r=0.439 (P=0.078) r=-0.162 (P=0.535)  r=0.140 (P=0.593)
o-FHE  r=-0.286 (P=0.266) r=0.853"" (P=0.000) r=-0.405 (P=0.107) r=0.772" (P=0.000)
(5 At r=0281 (P=0.275) r=-0.646"" (P=0.005) r=0.418 (P=0.095) r=-0.672"" (P=0.003)
5-HMF r=-0.267 (P=0300)  r=0.092 (P=0.726) r=-0.384 (P=0.128)  r=0.297 (P=0.248)
BAERM r=-0.140 (P=0.593)  r=0.759" (P=0.000) r=-0.465 (P=0.060)  r=0.593" (P=0.012)
®10 BESKFERSZEREXME

Table 10 Correlation between chromaticity and chemical composition
A Ly L a b* AE"
HET 4 r=0.325 (P=0.203) r=0.049 (P=0.852) r=0.478 (P=0.053) r=0.316 (P=0.216)
L T r=-031 (P=0.224) r=0.118 (P=0.653) r=-0.124 (P=0.635) r=-0.336 (P=0.188)
a- 7 PR r=-0.531" (P=0.028)  r=0.020 (P=0.940) r=-0.649" (P=0.005)  r=-0.507" (P=0.038)
(5 Al r=0.488" (P=0.047) r=-0.199 (P=0.445) r=0.273 (P=0.289) r=0.475 (P=0.054)
5-HMF r=-0.389 (P=0.123) r=0.007 (P=0.978) r=-0.188 (P=0.469) r=-0.373 (P=0.141)
SR r=-0.540" (P=0.025) r=0.022 (P=0.932) r=-0.592" (P=0.012) r=-0.530" (P=0.029)

TAISE, SR R B E LM, o-F & &
5 pH . FA(E 2D EFE; FMEE S &S
pH . EMEEWREE AL, o-FBHEESEL
LB AEMHEREZEFMK, 5 b EHEREE
5% MG RS LMH 2 EEIEMS BIERME
B LME. bME. AEMEEEF %,
2.10 EEREBFMIEHIZ SHNEN

I A EARSC M TR S0, pH H S EALERE S
W A7 B N AEAL 2 AR I I 2 . IR BN 2
%, UiBH pH . AMNWESEEFMNAERERLA —
SEMISBRNE, R, {FH SPSS 20.0 #F— Bk T4k
PERNE, 15 pHAE (i) EMAE (o) HRAF4E (xs
MIEEH (x2) a-F M (os) [EAHER (x4). S-HMF
(xs) RIERM (x¢) Z B2 0tk B T2 R
y1=2.709—0.022 x1+0.118 x2—0.002 x4—0.036 x5+
3.510 xs (R2=0.868), y,=103.146—2.23 x;—2.819
x2—0.012 x3—0.473 x4+0.531 x5+32.642 x¢ (R*=
0.624).

HAE T Z5uERT, st T2 HmE 21 6 4
S IR ) pH AR . AL ETE N 4.462~4.678.
21.076 8~22.429 2, MUHEM, 5 MAEES 5 R
pH fH . S AE I LB A, A B B AR AS B
AR B AR, (R AR AN e S0 PR A
HARE A, A B B ) 26 s ) A AT 2R

R, FEWS T2/, T20800se5, HEmet
A B E M 25 R, R A B A ) T EAE R
PRSI FOE M EbR AL . B WTEAL.

3 ZiR5itig

3.1 BERBMOENIERA0EE

HAS AT AR LR VP, B3
SIS 2R KT T s R R ORI,
AR 2584 SPRLEAR TR B R o, R 2444 1
Ho s R 59, WEERAES 4T, ERWMERE.
BT 2 i e ) R R - A A T
Be, BMEEEE VS SRR e A, SR R 24k
RO, FHBLREE, DL R M vk
SRR IR ARIEASRE 58 20 /2 P 2 R PP I 7
Ko B, ARSehs MRS 1, BL “ARHIR
WAL B SE RPN AS R ) 200 i 5 A PR A
JRE IS .

TEURARE, ML A, RGeS e
VN FE AR AR R 1 kR R R AT T, B RTTE
R LSRR UG 2] 1 T2 M, ik
TSI AN A AN “TRAR BiE. AR,
oo Wi ” SEREARIRAEATIT 2y, A RZGH
SIRLTEAR . A MY N AEAL 2R R 0%, DA TR
AP o7 PR R A R 2R 5 B A SR i o fE DAME R R
AEFFBPRAAIE, SETCIRAER PN B R RO BT D4, A
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AN H SRy CRLEF4E) 15 R MERSY (-7 BB
GRHER D FE4% R MRy CRERRD DK M )i FE v
Maillard [ 3729 5-HMF, % fhigtrdtm £iA7H
B JE B N E R & i CRITIC 2 WAL S
B, B PO BRI AN IR 5 WA BRI P 76 5 ==
S, SRR, LA BRI BE &
B AS TR A ot , AT I 32 M S 5 P I A A ) T2

Maillard [R5 s 2GR R, 2. &,
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B B O B (R SR B RS, ) iR 4n
PR A 2015 2 B E 1 . WF ALK, S-HMF IS 25
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HE AR TR R T2 BRI R B
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V2Kl

AN fE, AR RGBSR SR
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