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Research on rapid identification of fermentation degree of processed Aurantii
Fructus pieces based on intelligent sense combined with back propagation
neural network
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Abstract: Objective The appearance characteristics of processed Aurantii Fructus (PAF) with different fermentation degrees were
analyzed using intelligent sensory technology. A rapid identification model of fermentation degrees of PAF and a stepwise regression
model of appearance and intrinsic quality were established to provide a reference for the quality evaluation of PAF pieces. Methods

The appearance characteristics (color and odor) of PAF with different fermentation degrees were determined by spectrophotometric
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colorimeter and electronic nose. Multivariate statistical analysis techniques including principal component analysis (PCA), orthogonal
partial least squares-discriminant analysis (OPLS-DA), Fisher linear discriminant analysis, and back propagation (BP) neural network
algorithm were applied to establish a rapid identification model of PAF with different fermentation degrees. The contents of eight
flavonoids in PAF (naringin, neohesperidin, narirutin, hesperidin, poncirin, hesperetin-7-O-glucoside, naringenin, and hesperetin) were
determined by HPLC to establish correlation between their chemical components and appearance characteristics. The quantitative
model between color, odor, and intrinsic components was established by stepwise regression analysis. Results The colorimetric values
and odor characteristic value of a single source could not completely differentiate between Aurantii Fructus (AF) and PAF with different
fermentation degrees. The BP neural network discrimination model based on source fusion of “chroma-odor” had better classification
and prediction effect than the Fisher linear discrimination model, and could quickly and accurately identify the fermentation degree of
PAF. Correlation analysis found that chromaticity values of PAF were significantly correlated with the contents of eight flavonoids,
and electronic nose odor response values showed different degrees of correlation with the components. The changes in the content of
main flavonoids in PAF could be quickly predicted through the parameters of color and odor using the stepwise regression model.
Conclusion The BP neural network discrimination model based on “chroma-odor” can identify the fermentation degree of PAF
quickly and accurately, and the establishment of the “appearance characteristics-composition” regression model can provide a scientific
basis for rapid quality detection of PAF.

Key words: processed Aurantii Fructus; fermentation; intelligent sensory technology; back propagation neural network; rapid
identification; appearance characteristics; quality evaluation; color; odor; principal component analysis; orthogonal partial least
squares-discriminant analysis; Fisher linear discriminant analysis; chemometrics; HPLC; flavonoids; naringin; neohesperidin;

narirutin; hesperidin; poncirin; hesperidin-7-O-glucoside; naringenin; hesperetin
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1 TRLZEEEHNRERAFNEEHE (Xts,n=3)
Table 1 Colorimetric values of PAF with different fermentation degrees (X = S, n=3)
FF it L a b* E"ab FF i L a b* E’ab
SP1 82.86+0.09 1.45+0.09 23.46+0.60 86.13+0.15 | FJ)2D1 69.69+0.23 5.72+0.06 16.47+0.08 71.84+0.24
SP2 82.25+0.04 2.15+0.04 22.95+0.17 85.42+0.07 | F)2D2 69.96+0.15 6.14+0.13 17.18+0.09 72.30£0.13
SP3 82.58+0.08 1.72+0.01 22.37+0.26 85.58+0.05 | FJ2D3 67.84+0.28 6.03+0.09 14.91+0.23 69.72+0.33
SP4 85.83+0.11 2.00+£0.02 22.23+0.16 88.68+0.13 | FJ2D4 70.98+0.05 5.69+0.03 17.01+0.03 73.21+0.05
SP5 86.76 +0.01 2.01+0.05 24.10+0.12 90.07+0.02 | F)2D5 71.044+0.07 5.80+0.04 16.93+0.05 73.26+0.06
SP6 85.61+0.02 2.25+0.09 22.82+0.03 88.63+0.02 | F)2D6 69.594+0.07 5.98+0.03 17.06+0.06 71.90+0.08
SP7 82.15+0.21 257+0.04 24.33+0.33 85.72+0.29 | F)2D7 70.10+0.04 5.82+0.07 18.12+0.02 72.64+0.03
SP8 83.72+0.16 3.15+0.01 22.35+0.37 86.71+0.06 | F)2D8 68.45+0.10 5.62+0.03 17.56+0.10 70.89+0.12
SP9 85.10+0.11 2.91+0.11 24.02+0.39 88.47+0.01 | F)2D9 65.95+0.08 6.00+0.02 15.95+0.05 68.12+0.08
FJOD1 70.78%+0.11 5.55+0.03 17.12+0.12 73.04+0.10 | FJ5D1 64.82+0.06 6.11+0.13 14.14+0.07 66.62+0.08
FJOD2 71.9740.09 5.05+0.03 17.32+0.04 74.20+0.09 | FJ5D2 63.84+0.14 5.81+0.02 13.43+0.05 65.50+0.14
FJOD3 72.214+0.02 5.38+0.06 16.47+0.11 74.26+0.04 | FJ5D3 64.14+0.05 6.14+0.01 13.584+0.03 65.854+0.05
FJOD4 73.784+0.06 5.00+0.05 17.96+0.12 76.10+0.08 | FJ5D4 65.76+0.05 6.07+0.03 15.71+0.03 67.88+0.04
FJOD5 74.92+0.10 4.84+0.10 18.20+0.16 77.25+0.06 | FJ5D5 65.76+0.15 6.85+0.02 13.93+0.15 67.57+0.16
FJOD6 73.01%+0.05 4.94+0.03 17.57+0.05 75.25+0.06 | FJ5D6 65.46+0.09 6.29+0.07 14.04+0.05 67.24+0.07
FJOD7 68.37+0.12 5.34+0.03 16.88+0.02 70.62+0.12 | FJI5D7 61.58+0.05 4.91+0.01 13.15+0.07 63.16+0.05
FJOD8 67.024+0.07 5.41+0.06 17.07%+0.14 69.37+0.03 | FJ5D8 64.52+0.08 5.91+0.07 14.854+0.04 66.47+0.07
FJOD9 67.694+0.04 5.16+0.06 16.92+0.03 69.96+0.05 | FJ5D9 62.83+0.05 5.26+0.13 13.43+0.18 64.46+0.07
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Fig.2 Color analysis of PFA with different fermentation degrees
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#3 TRILZEIZEHIIRFEA Fisher F55HKER
Table 3 Fisher classification results of PAF with different
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Table 4 Training and testing results of BP neural network

fermentation degrees model
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Wik A 9 0 0 0 100.0 Ik A 7 0 0 0 100.0
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KE2d 0 0 9 0 100.0 K2 d 0 0 6 0 100.0
Ki5d 0 0 0 9 100.0 KI5 d 0 0 0 6 100.0
R XERAE A 9 0 0 0 100.0 Rk /9% 280 240 240 240 1000
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BP 128 ) 8% 1) A R () I 20 R0 N Ak 2 SR 1) 1E A 6
IEE] 100.0% (5% 4); Rk 4 ¥ BP AT 6 41
REVIGRFEM ) “EREE-SR” R 3T I e T,
HHRAER 2 FRRIA B 100%, 7 BB T AR R
i, SR WK 4. EAHFEREAREEAL |, BP A
FHEE Fisher )5S RUHE R HERA A B 57, ml DL
PRIE R v ) AR 5 ) R B R P

1.0 7 7/
e
ra
e
s
0.8 .
7
e
e
e
'
0.6 4
i .
# e
ﬁ Vi
0.4 P
e
e
7
021 o — g5
7 — KE0d
. — KF£2d
0 — KEESd
0 0.2 0.4 0.6 0.8 1.0
R

6 BP {HZMERE ROC iz
Fig. 6 ROC curve of BP neural network model

MR EH/% 16,7 333 333 167 100.0

25 AREZ#HEEHRES 8 MHERIIAKIHIE
=NE

251 XTSRS RS ARBOM R B
e ERMBE B MIEE . K ER-7-0-
IETREE AR IR B R R S, R
1] R A 431 200.80 205.80+ 20.36- 20.20-
21.48. 10.02. 5.24. 5.44 pg/mL Y& & %F 8 54 &
252 AHKSIAEINHIE BRSO 2 0.2 g, K
ERRoE, BETERERRIRS, MAFE S0 mL, #E
R, AR 1.5h, AEEHRERE, HFE
BRI E, RS, I, KRR EHERIETR 1
mL, BT 2mL &, IHEMBERZIE, Y,
i 0.22 pm FAFLIEMRE, RIASAL R AR

2.53 fai%%{ Phenomenex Luna® Ciz (2) fai
K (150 mmX 4.6 mm, 5um); MEIAHA 0.1%HE
IKIEH-C NG, FREEVERL: 0~2.0 min, 5.0%ZE;

2.0~5.0 min, 5.0%~23.0%ZE; 5.0~11.0 min,

23.0%~24.3%Z.M15; 11.0~14.5 min, 24.3%~27.7%
M 14.5~18.5min, 27.7%~50.0%Z.fi%; 18.5~
22.5 min, 50.0%~95.0%Z.Ji5; 22.5~24.0 min,

95.0%.JiE: AR E 1 mL/min; #3335 C; &
K 283 nm; PDA faill#s; #EAEE 10pL. SLAYE
T WL 7.

254 AMOCHRFLEE FEEEDUE BN
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2 4
A
6
113 3
JUUJU\ M
24
B

t/min

V-2 MR 2-Ml R s 3-HE KT 4-Bis K 518 K FK-7-0-
HEBEE: oMM 7-Mi R 8B K.

1-narirutin; 2-naringin; 3-hesperidin; 4-neohesperidin; 5-hesperetin-7-
O-glucoside; 6-poncirin; 7-naringenin; 8-hesperetin.
7 REXMRSE A £MR%K B). KB 0d(O). 2d

(D) % 5d(E) FIHAEHME HPLC
Fig.7 HPLC of mixed reference substances (A), AF (B), 0
d (C), 2 d (E), 5 d fermentation (E) of PAF

TR AR EEARRE 1. 2. 4. 8. 20, 40 %, %
“2.5.37 T RS SRR T, DA R P A A
br O, WEHFCNPAER (V) BATLMERIE, 53
B 5 F2 5 B oAl R Y=104438 X —131.84, r=
0.999 7, Z&MEVER 5.02~200.80 ug/mL; Hife L iF
Y=112 846 X—166.83, r=0.999 7, ML 5.15~
205.80 pg/mL; ZE&EMLE Y=101 524 X—26.769,
r=0.999 7, &MV 0.51~20.36 pg/mL; &7 1F
Y=112228 X—26.592, r=0.999 3, £ZPEJuH 0.50~
20.20 pg/mL; HIEL Y=146 546 X—25.874, r=
0.999 6, £EMEEFE 0.54~21.48 pg/mL; 5% %-7-0-
HEBETT Y=298 877 X—27.077, r=0.9996, Z{k
JaE 0.25~10.02 pg/mL; #EE Y=276 532 X—
10.935, r=0.999 7, &M 0.13~5.24 pg/mL;

PR % Y=196 405 X—3.5599, r=0.9997, ZMEiE
0.14~5.44 pg/mL.

255 FEEEEL KGRI “2.5.17 BUNRAE R
HE SRV 10 L, 7 “2.5.37 T R (il 4RI s HERE
WE 6 UK, THEIRA R HR S A B A R R

MR R MR R R -T-O- A bE
A 2% R R U T AR ) RSD A 0.55%10.59%
0.57%- 1.16%- 0.68%- 0.53%- 0.54%- 0.43%, %%
RRPZAEREE L RIT .

2.5.6 FaEtEEE  KSEMREL FI2D1 Hl 7R R,

& “2.5.27 TR i s TR, 4% “2.5.3”
TR g% THl#5 5 0. 2. 4. 8. 12, 24h
BEFEIE, THERE MR B BT R S
FeH PR MR B R-7-O-F A bR A
g, B RIETAN RSD A 0.44%-. 0.39%.

0.64%- 1.74%. 2.23%. 0.28%- 0.68%. 0.92%, %%
FRPPAR T IARAE 24 h WREME R IT.

257 HEEMWHEH FEEWEFI2DI HIRFEH K 6
By, 4242527 TR T4 i i i, 4% 42.5.3”
TR il SRR e, TEHERE L R L RS
A EEME T B MG K ER-7-0-
WA MR R BERRESEN RSD A
1.33% 1.77%- 1.64% 2.42%-2.09%- 0.94%. 2.20%-
2.74%, RHZHEEIER I

258 NFEENGZEES B FI2D1 $IRGER K 6
By, B4 0.1g, FEEMGE, 7alkE IS RE
W R S R A IR VAT, % “2.5.27 TR
R S AOR AL % “2.5.37 TR B S EERE
e, VHEAE S ARl B B R A R
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P H . MRETE . B 2R -7-O- R A FE T . MR &K
B R 2 1S 2 00 R 8102 43 il D 100.34% <
102.26%+ 95.15%- 102.67%- 98.15%- 100.53%-
100.11%-+ 99.25%, RSD A 1.32%. 2.80%- 2.50%-
1.15% 2.13%- 1.57%-+ 1.94%. 2.25%, FRHIEL
1) 5E B 7 A ER I R 4T

259 FEmEENE BTSRRI

5 PSRBT Ry (M . B R . Sl
L BRCHAMIAGT) SR TR, ST
Ky (B RR-T-O-H M) A EHH IR 7>
CRl B R AR B2 30 & B BT e AR A BT
AT S KRG HIARTEA B, BT 8 P
(Rl & BRI A FIRE I R, X 5RoR A ik
{8 B M BER A R AL A . BAh, A

HIR TR R, 4% “2.5.27 TN T & i AR 5 P R SR EF Sl & B R BRI, LS
92537 TURCUERAFREREINE, RAMMEMZ  HoRRD S BN KBRS, v, KR
B HE R SR, SR RWEHRIER 5. Bt LRI NERTE, HiZ S 8 e TR
RKIL, SAEMGEMLL, KESEEMIHRAFUOr K B BRI R .
x5 TRIAEBRZEHRTS 8 MEE2EM I ENLIER
Table 5 Changes of eight flavonoids of PAF with different fermentation degrees

B (mg-g?) Ji & 2 5U(mg-gY)

* H 3 = % 3 =S

P s iﬁ Kfﬁ B HEY %;;; i | T s ﬁ fﬁ B HIEH %;gﬁo Wt Bk
SP1 5.880 3.156 0.546 0.204 0.324 - - - ||FJ2D1 4.014 3.143 0.255 0.125 0.199 0.024 0.041 0.020
SP2 5519 3.128 0.614 0.211 0.321 - - - |FJ2D2 4.014 2.752 0.314 0.152 0.237 0.024 0.034 0.021
SP3 6.691 3.637 0.565 0.222 0.392 - - - ||FJ2D3 4.532 2.651 0.340 0.138 0.225 0.031 0.049 0.021
SP4  4.664 5.143 0.228 0.228 0.191 - - - ||F)2D4 3.237 4.266 0.199 0.196 0.139 0.054 0.037 0.033
SP5  3.909 3.505 0.202 0.159 0.141 - - - |FJ2D5 2.881 3.736 0.182 0.184 0.126 0.051 0.019 0.024
SP6 3.600 3.527 0.185 0.155 0.130 - - - ||FJ2D6 3.609 3.669 0.175 0.144 0.119 0.049 0.030 0.026
SP7 4,736 2.660 0.629 0.197 0.245 - 0.011 - |FJ2D7 5.432 2558 0.580 0.156 0.245 0.035 0.070 0.022
SP8 4915 2.717 0.629 0.215 0.272 - 0.012 - |FJ2D8 5.104 2.791 0.519 0.187 0.237 0.035 0.071 0.036
SP9 5137 2.499 0.683 0.201 0.263 - 0.012 - |FJ2D9 4.115 2.332 0.432 0.141 0.183 0.027 0.063 0.019
FJOD1 3.900 2.601 0.308 0.121 0.137 0.021 0.016 0.012 |FJ5D1 2.354 2.160 0.178 0.093 0.127 0.017 0.052 0.024
FJOD2 3.453 2.711 0.254 0.149 0.177 - 0.012 0.017 |FJ5D2 1.699 1.518 0.113 0.082 0.113 0.079 0.056 0.031
FJOD3 3.954 3.066 0.324 0.160 0.207 0.017 0.017 0.013 [[FJ5D3 2.099 2.525 0.134 0.098 0.150 0.096 0.059 0.031
FJOD4 2.816 3.620 0.128 0.113 0.109 0.030 0.013 0.018 |FJ5D4 2.205 2.224 0.127 0.108 0.070 0.045 0.071 0.047
FJOD5 2.421 3.137 0.116 0.108 0.097 0.022 0.009 0.021 |FJBD5 2575 3.104 0.119 0.116 0.093 0.104 0.043 0.038
FJOD6 2.841 3.322 0.147 0.131 0.102 0.020 0.011 0.014 |FJ5D6 1.843 2.026 0.099 0.058 0.061 0.107 0.043 0.029
FJOD7 4.704 2.220 0.555 0.144 0.208 0.029 0.031 0.014 |F)5D7 2.489 1.785 0.264 0.094 0.147 0.127 0.100 0.036
FJOD8 5.057 2.487 0.585 0.195 0.231 0.028 0.030 0.026 [|FJ5D8 3.219 1.818 0.339 0.111 0.159 0.057 0.114 0.036
FJOD9 4.858 2.475 0.497 0.137 0.198 0.024 0.029 0.011 [[FJ5D9 3.149 1.904 0.300 0.086 0.131 0.106 0.094 0.030

“=7 TR RN E AR, R .

“— means that the content of chemical components is extremely low and not detected.

2.6 FIRFTHIRERERERSTBIER M W, WA R A AR, SRR R S B
iZJ1 SPSS 26.0 B, KAMGE. ARKERE  HIORRS S EMGE. 5o, BRI RAR IR

FERARFE B . T S NAE S 8 Fhig S pk
I3 B AT A A, R 2 B A AN I S TR
I35, WCRH Spearman AHICME T, W1 6 BTN,
5 MRS ES L' b' E'w B2IEMRK
(P<0.05. 0.01), 5 a"2/AHK (P<0.05. 0.01);
PR 3R -T-O- R B REH MR E L 8B 3R )5 HAG 4
FHI, BUREERERERRVR, O BBk . BRar. Bk

BT A SR AR I BB R, HEfIN& &
A ZH SRR BEACNE . BT8R
18 AMERKSSF, B S3. S10 41, H AL KA B H
YISMR . EEMEE. BT, BTSSR
B EFIEME (P<0.05. 0.01). 2 F, MEESHT
SRR, wIFSEHIE R, SRS 250
A2 oy & EAFRRE B PIAE G, Bk, @dd
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*6 AELABREESAFIERERERIHEXRY

Table 6 Correlation coefficients between appearance and intrinsic components of PAF with different fermentation degrees
T e A0 T ﬁﬁ%ﬁ1ﬁ&%qo- ]

X Mg T T BEH Ml O Mgk BER | S8 Mg — BT HkgTs - MR BEE
L"  0511™ 0732 0292 07557 0364" —0.825" -0.862" -0.822"| Ss 0.456™ —0.408" 0.571™ 0.125 0.607" -0.002 0.312 -0.034
a’ -0.485™ —0389" -0403" -0.574™ -0406" 0697 0753 0.749™| So 0.666™ -0.052 0.681™ 0.408" 0.671™ -0.331" -0.122 —0.394"
b*  0.630™ 0591" 0443™ 0.762" 0476™ -0807" -0.773" -0.771"| Sw 0013 -0.405" 0.184 —0.095 0.264 0.102 0.293 0157
E's 0506™ 0725" 0292 0753 0357° -0.825" -0.863" -0.822""| Su 0.681" -0.001 0.655™ 0.480™ 0.725" -0.215 0.065 -0.246
St 0663" 0243 0736" 0329 0.720" -0.261 0.019 -0.316 | S 0.689™ -0.062 0.671™ 0.449™ 0.729" -0.209 0.066 -0.247
Se 07277 -0.061  0.742" 0460™ 0.739" -0361" -0.133 -0420" | Sz 0.574™ -0.232 0.640™ 0315 0678 -0.104 0.184 -0.145
S3 0197 0392° 0041 0272 0130  -0492" -0.642" -0.530| Sw 0.798™ 0.139 0.734™ 0631" 0.733" -0388" —0.212 —0.453"
S¢ 0714 -0.024 0700" 0487 0720" 0298  —0.089 -0.363"| S5 0.689™ —0.020 0.700™ 0.440™ 0.656™ —0.340" —0.145 -0.407"
S 0732 -0.011 0710" 0487 0.729" -0.285 —0.082 -0365 | Si 0.752™ 0022 0.718™ 0527 0.726™ 0287  -0.061 —0.362"
S 0.710™ -0.022 0690 0475 0.712" -0263  -0.063 -0337"| Sy 0777 0101 0716 0581™ 0.729™ 0325  —0.126 —0.402"
S 0392° 0420 0514™ 0058 0570" -0.010 0361 0004 | S 0.765" 0.059 0.720" 0557 0.731" -0347" —0.141 -0.426"

*P<0.05 "P<0.01.

TRE BORBACHIRTERE OB R e . Ak, A
11 I A 7y B BT e M REA
2.7 HIRFEINRIER SRER ST BIZE L B3
N T R AR FE AL IR 5 N AR 7 1R e 1
KA, BE—D DLE LR DA K 1~ S B AR O AR
B, orEEONRARR, M SPSS 26.0 BAFXT
AT LR e, K 2 K ¥ (variance
inflation factor, VIF) >10 [ &EATHIkR, ik
ITBL AT B R2 VA E R4, REMEIR
FZ, R?>0.4, BIULEARIAMIAROR 2. Hik 7 7]
A1, 8 FhEEEHZER AN R2 359 >0.6, Mo, HhpcE .
WS R A . R MG 18R
T-O- @ HEH . R R BRI HIE 73.0%-
61.2%- 67.5%- 69.8%- 69.1%- 72.9%- 81.6%- 83.0%
*7 AREILZBEREEHRTIAMERERNERSHEYTS
HrEsR
Table 7 Regression analysis results between appearance
and intrinsic components of PAF with different

fermentation degrees

D%y R R? HHER? hruEfliitpistz
i 7 0.854 0.730 0.714 0.663 55
B 0.783 0.612 0.576 0.484 09
AN 0.822 0.675 0.655 0.110 23
P He 0.836 0.698 0.680 0.025 26
ok 0.832 0.691 0.673 0.043 34
P& J & -7-O- % & FEF 0.854 0729 0.704 0.019 42
T B 3 0.903 0.816 0.799 0.008 80
(G 0.911 0.830 0.820 0.005 70

(OFE R L RENS T AP PR SR S il . 3B By 22
St ARG S8 (R 8. 9) iR, 8 FhiE
B2 B B guit 22 X (P<0.05), FEIFIH
A BT RPN AES S EIE T (R 10), AT
DATIOM dI AR 5E 8 Fh sl B o () & i, — e RE R
b AT DA SE I A ) PR A
3 g

(ARFZREZE) hfgth: “ L, sfEEd.
AN KT AR, I AR [ 2R 7 U4, R I ik
TR B fERga RIS, 2y
DA @RI, SR, TP 2000k Ik 24 11
JAHIRERE, fFE—E S0P SRR MEDS], 3 DA
PRI R m B SR, BAl, a8
BHHARFIH AR BURIR A DL L a8 55
KRG SREE, St dzy “ia, <7 1
B PEE R AR, (E G A 4 2K 55 1) i )8 2508
FEAIE M AR, SR REAIPAN T, SRR
WARR A EIL T, BP M4 4R R 2 N )
ZIMEMSEI Y —, fEHY R0, ZRe)
DA K A5 R 5507 THAA ORI AR s U181, 78 R 24 4
it B S VA AT A () S FH T 5

ERFRIAR A=, R T ZRELM IS, &
W FER AL LT SRR AR AN [R] & TR 2 1)
SRR . AR BT E, FERThi i
T HIRRGE R IREAR B B PR R AR . SIS T ok
H 3 AN AR5 28, DA AL 347 50k
SERRW, Pr@SLERRE B — e E .
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*8 TRAEBEEFHRTIUERERAERTHERGESH

Table 8 Analysis of variance between appearance and intrinsic components of PAF with different fermentation degrees

D%y AL PR sy F P %N AL PR By F P
il B2 EF FJ 39298  19.649  44.626  0.000 | HiiFHEF B 0.139  0.069 36.984  0.000
Bz 14530 0.440 Bz 0.062  0.002

Bit o 53.828 Bk 0.201
RS HJH 11.847 3.949  16.852 0.000 | #EZE-7-0- [FEIH  0.032 0011 28719 0.000
e 7.499 0.234 A HE ¥Z  0.012  0.000
it 19.346 Hit o 0.045
EHEMERE B 0.833 0.417 34297 0.000 | HiE&E B 0.011  0.004 47401  0.000
BZ  0.401 0.012 BZ  0.002  0.000
Bit 1234 B 0.013
P R H HJH 0.049 0.024 38218 0.000 | tH&=E B 0.005  0.003 80.830  0.000
Hk 7 0.021 0.001 2 0.001  0.000
B 0.070 Bt 0.006
#9 ARELZEEEFIRFINNERSNERSHEIEGEIEGEH

Table 9 Fitting parameters of regression equation between appearance and intrinsic components of PAF with different

fermentation degrees

oy R JEARHERE RS ¢ P D% A JEbRE R bR R B 1 P

Rt 2 EF e o —3.457 - —4.437 0.000 | HIfFE WE 0215 - —4.545 0.000
b* 0.148 0.413 4.146 0.000 b* 0.010 0.443 4.471 0.000

Sta 2.857 0.594 5.952 0.000 Si 0.100 0.614 6.192 0.000

PR wE 6.516 - 3.535 0.001 |15z &-7-0- & 0.653 - 6.076 0.000
L 0.033 0.344 2.673 0.012| #ZEWELE o -0.016 -0.718 -3.101 0.004

N —11.498 —0.976  —4.463 0.000 L’ —0.006 -1.331 —5.933 0.000

St 7.166 0.747 3.354 0.002 Sz -0.043 —0.405 —4.067 0.000

EEMmEE He 0622 - =5.177 0.000 |l 7 & i 0.027 - 0.790 0.435
b 0.020 0.378 3.718 0.001 L -0.002 —0.708 —8.939 0.000

S 0.263 0.652 6.409 0.000 S7 0.165 0.529 5.169 0.000

P R H weE  —0.092 - —3.109 0.004 So -0.042 -0.370 -3.598 0.001
b 0.008 0.644 6.105 0.000 |15 57 % i 0.143 - 14.279 0.000

Sta 0.057 0.327 3.103 0.004 E'w -0.001 -0.828  —11.353 0.000

SH -0.010 -0.259 -3.555 0.001

R10 TRIAERZEHRFTIERERERSHELSEIGTE

Table 10 Step regression equation between appearance and intrinsic components of PAF with different fermentation degrees

D%y B AR Ry ZP A TR
Tt 7 ¥ Y=-3.45740.148 b"+2.857 S14 Mt E Y=-0.215+0.010 b*4-0.100 S:
B B Y=6.516-+0.033 L*—11.498 S7+7.166 Su1 | 15z &-7-O-%i & #E Y=0.653—0.016 a*—0.006 L*—0.043 S,
EFMET Y=-0.62240.020 b*+0.263 S; Tl e 2= Y=0.027—0.002 L*40.165 S7—0.042 So
P B Y=-0.092+0.008 b*+0.057 S14 (EE Y=0.143—0.001 E*»—0.010 S,

ZRNBEFURIL,  Fe T YA € A BRI 1S
6, BAMGZ g, Tk X o)
HIR TR R BERE L . TR BP M4 Sk i o
() “ B -SR” HERASEAY LY Fisher F 5B 7E SR
HER 2 07 TH R B A5+ -

FESEBRA 5, B RERE FOARCR R A
FrRR IR TRt TR, IR BP
M2 XA, RIAT PR L HERf A W R 7 1 K
WERERE, A ROR A RSB IA T TRV AR R
DAL P o B ORI AR 78 7 it o ASTT FT R AN N il
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PTERI PR S PRI T B S AR, BN
FEVSE R RE AL IR R 58 I B PP A A o B S i

WAk, AHIE TR TR R T 45 SRR E 8 Fh
R AT R B IIHT, RIT T AR RERE BEX i 7
FRR WAE BTSN . RIS
MR I NLAEL 5 73 &5 B AR SRPERE T, A BLAE AE
AR PRI ) ) AR SO WAE TR R % — 5
EEE. D HERIZD AR, e PR T
DA FERE 5 8, NI TR A v AR 2
PERSEOE AT TR S
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