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hawthorn and hawthorn charcoal during processing were explored, and the relationship between color, taste changes and internal
organic acids during processing was characterized, which provided a basis for quality control and evaluation of hawthorn. Methods
Using electronic eye technology, the color of raw hawthorn and different processed products was objectively characterized by lightness
value (L"), yellow-blue value (b"), red-green value (a") and total color value (Ea"). The electronic tongue technology was used to
collect the taste values of raw hawthorn and different processed products, and the radar map was drawn. The PCA model, PLS-DA
model and OPLS-DA model were established to distinguish the raw hawthorn and its processed products, and the correlation with the
total organic acids in the processing of hawthorn was analyzed. Results The results of electronic eye analysis showed that with the
deepening of the processing degree, the overall color darkened and deepened, the redness value increased first and then decreased, the
yellowness value decreased, and the Eq", L™ and b values decreased significantly. The results of electronic tongue analysis showed
that with the deepening of the processing degree, the sour taste increased first and then decreased. The umami decreased first and then
increased ; astringent taste, astringent aftertaste weakened; the bitterness and umami of hawthorn charcoal increased significantly. The
results of titration analysis showed that the content of organic acids increased first and then decreased with the deepening of processing,
and the content of organic acids in stir-fried hawthorn was the highest. Pearson correlation analysis showed that, the sour, astringent,
astringent aftertaste and richness of the electronic tongue were significantly positively correlated with the electronic eye L, a*, b* and
Euw" (P <0.01). The bitter, umami and salty taste were significantly negatively correlated with L*, a*, b* and Eu" (P < 0.01), and the
bitter aftertaste was significantly negatively correlated with a* (P < 0.01). The first principal component FAC1 and the total organic
acid content were significantly correlated (P < 0.01) after the principal component analysis of the color characteristics of the electronic
eye color value. The first principal component FAC1 and the second principal component FAC2 were significantly correlated with the
total organic acid content after the principal component analysis of the electronic tongue taste response value (P < 0.01). Conclusion
Based on the electronic bionic sensory technology, the appearance and taste characteristics can be objectified, and the raw hawthorn
and different processed products can be identified, and the objective data can be used as one of the basis for the quality evaluation of
hawthorn.

Key words: electronic bionic sensory technology; hawthorn; processed products; electronic eye; electronic tongue; principal
component analysis; partial least squares-discriminant analysis; orthogonal partial least squares-discriminant analysis; organic acid;
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Table 1 Hawthorn sample information
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Fig. 1 Hawthorn raw products and different degrees of processed products
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Table 2 Determination of color value of hawthorn and its processed products by electronic eye
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of raw hawthorn and its different processed products
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A-OPLS-DA clustering diagram; D-raw Hawthorn and fried Hawthorn OPLS-DA clustering diagram; C-VIP value of each taste; D-raw Hawthorn and

fried Hawthorn taste VIP value; E-taste replacement test chart; F-raw Hawthorn and fried Hawthorn taste replacement test chart.
El6 s KA REMESE OPLS-DA &
Fig. 6 OPLS-DA diagram of hawthorn raw products and different processed products

THEOLRAPRUEICACER . T EARMELL I B 2250
JORHAEIA R, 195 S DT L RARTTER R . 4
REIR, %1 RS> (FACL, 91.653%) 552 &
5y (FAC2, 7.842%), BFATTHRFIE 99.495%, Ak
N FAC1 5 FAC2 BEWe g “tpe” s, H
o FACT 5 LR B BEAE 73 A b Eaw”s L,
FAC2 " (5 LUK B FEAEN a” o 3 #LAs A i e A
[ M BB dEIE PCA 45 0dE % 6. 18 H]
SPSS 23.0 Giit B4 FAC1. FAC2 5HNR & &
HEAT A4, Pearson A S PERHE o, HLTHR
FACl 5HENRRSEEEEMEMIETE (P<0.01),
FAC2 5HEMIRMA AR E, SRIILEK 7.
343 “BKIE” SHENERMAHYES T i SPSS
23.0 Gt ARG T L E S A VIR & B

HEATHI M AT B 3 b C5F 5~7 #ib) 2B S &
AN [ J R E A i LT S 0, i PCA AT 4
WEE, THEODIREAMEAC I T EARAELL I T
ZERERE R ) B, 45 R I DTk e R AR DT AR
., 19 FAC1 (81.358%) 5 FAC2 (9.529%),
TR 90.887%, AN FAC1 5 FAC2 fgfis [k
s “BRIE” Fdf. b FACT o B R ki
e A AR ORI SR S5 R, FAC2 H o ELEOR
(R D ] A AR R = 8 PR S IR IR . 3 A
Az i SN R R FEAE S R B AR I PCA B4 i 54
W2 8. iz SPSS23.0 Suit# K FACI. FAC2 5
HHLER & B3t 47 A1 R ME 40 HT, Pearson AH &1 B4 &
7~, B FACL. FAC2 5HMR S &= 2 B VEAE
Ktk (P<0.01), H FACI 5HENERIIAI X REGA
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Table 4 Results of one-way analysis of variance

TiH FE b BT t{H P1iH Sig| WiH FE A C 0T t1H PiH Sig
TR -4 ks 1.95437 0.055 320 0 | FEBRERR D ILAE-A M —0.026 14 0.979 23 0
fE AL —0.98620 0.327 990 0 fElE-A R -3.33995 0.001 44 1

- I —2.940 58 0.004 650 1 -2 331381 0.001 56 1
-2 i —31.11524  1.01483X 10738 | ik R-E I —6.078 71 9.07X 1078 1
iR I —33.069 61 3.199 81X 10740 | IHE R —6.052 58 1.00X 1077 1

g R-FE I —30.129 04 6.251 62X 10738 | Wi m-FE ks —2.738 76 0.008 11 1

=N WilE-AE #E —0.718 50 0.475 24 0 | fefnk -4 I —1.400 77 0.166 43 0
FEE-A R 0.63437 0.52825 0 -4 IR —0.938 62 0.351 69 0
- 135287 0.18117 0 IR 0462 14 0.645 65 0

Wik R-E Lk 12.058 68 1.12X 10717 1 ik wR-A i 32.000 00 1.97 X107 1
i 12,777 18 9.06X 1071 1 R Ik 33.400 00 1.72X 10740 1
ik - IR 11.424 31 1.09X 10716 1 g R-F L 33.000 00 3.81X 1074 1

TR WilE-A #E -0.062 78 0.950 15 0 |FEH -4 0.00945 0.99249 0
fElkE-AELR 087151 0.38695 0 - A —9.31143 296X 1078 1
- 093429 0.35390 0 -k -9.32088 2.86X 10713 1

g wR-A Lk —6.799 05 5.50X 107 1 i wR-A i —12.055 16 1.13X 1077 1

WA Rk —6.736 27 7.04X107° 1 R Ik —12.064 61 1.10X 107V 1
iR —7.670 56 1.79X 10710 1 Wi p-FE Lk —2.743 74 0.008 00 1
HRER k-4 -0.53132 0.597 16 0 | 3Rk ilig-A i 3.658 35 0.000 537 1
fELE-A LR -1.101 34 027515 0 AL 1.60219 0.114370 0
- —0.570 02 0.570 80 0 LI —2.056 15 0.044 130 1

s R-A ik 438411 4.77X107° 1 i R-A I 12.10565 9.478 55X107'% 1
iRk 4.91543 7.20X10°° 1 ks R-IP I 8.44730 8.48804X10712 1

i R-FEIFE 548545 8.72X 1077 1 Wi m-FE LR —2.743 74 0.008 00 1

Sig=1 KHUIE P<0.05 /KF T, PIOIEARGBEELZR: Sig=0 RYIPIHSIEATEELER.

Sig = 1 indicates a significant difference between the two independent samples at the P < 0.05 level; Sig = 0 indicates that there is no significant difference

between the two independent samples.

x5 SANRISNESR
Table 5 Results of total organic acid content determination

o MAPIR/mg o MAPIR/mg o A MR /mg

Al Kb R R A Kb R R A Kb Rl R
1 13.44 16.65 10.89  0.64 7 1492 1952 16.64 0.64 13 1696 2047 1792 1.15
2 1440 17.09 1357 0.83 8 23.68 2432 2048 1.28 14 1792 1856 1345 0.64
3 1344 1984 1249  0.96 9 2177 2240 21.13 0.64 15 23.04 2432 1728 1.09
4 14.08 14.09 1024  0.64 10 2496 27.52 19.20 2.56 16 2048 2145 16.00 0.64
5 16.77 2272 17.16  0.83 11 1473  17.15 11.84 0.96
6 1760 28.03 1793  0.83 12 1536 19.84 9.60 0.64
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" has a very significant correlation when the confidence level
(bilateral) is less than 0.01.

7 “B8iF” “BRKiE” Pearson XM HARE

Fig.7 Pearson correlation analysis of “color” and “taste”

heatmap

&6 ENBIFEEM MRS
Table 6 Dimensionality reduction of color feature

principal component

FE it FACl FAC2 FE it FACl FAC2
A 1T 213 023 | FEikE 1 -0.80  0.24
kM2 198 —030 | Zlifk2  —047 078
EEM 3 160 —1.07 | k&3 -042 073
oA 1 1.43 041 | iR 1 -3.10 -0.67
oA 2 145 024 | Witk 2 227 034
Yo LA 3 123 —0.05 | thfER3 275 -041

®T FEWRE. ROBEMEREXMESR
Table 7 Variance interpretation, component matrix and

correlation analysis
TiEE GRS B
SG% L1 a0 b Ea" (BHUREE
FAC1 91.653 0.980 0.870 0.990 0.984 0.831™
FAC2  7.842 —0.185 0.493 —0.078 —0.173 0.256

HRAE R

TR

CIEBEE D AN F 0.01 B, AR EE MR M.
™ has a very significant correlation when the confidence level
(bilateral) is less than 0.01.

*8  MRBEYFEE MR FEYE
Table 8 Dimension reduction of principal components of

flavor characteristics

i FAC1 FAC2 i FAC1 FAC2
AR 1 174 —1.52 | i1 —0.72 0.21
WikEEMS 2 172 —1.51 | #2096  —0.28
Wik 3 142 —082 | &lLi#E3 —091  0.02
1A 1 -1.62 —-159 | tifEm 1 524 434
15 1A% 2 -1.85 -179 | W#E®2 346  1.79
I 1LAE 3 -1.49 —098 | ifEm3 372 212

IS TE N 2 692~3 512, & 1LH 50 4
Va1 604~2 422, L& R B gL YE FE N
1076~1621. HilEEAES . Wik, g, ik
W EE S RIFE 3511, 2966+ 1893, 1348 Kt
a5 LIRS AN AR B AR, AR
G 22 55 P WL L A A AR FE R AL TR

RO FERE. ROEMEEXMESH

Table 9 Variance interpretation, component matrix and correlation analysis

s TEH W S A 5 48 LEESEFS 4
grb/%  ERWR WERR Bk wWIREIRR kMR #Ek FEEME ORI RS R)

FACI ~ 81358  —0.978 0961 —0.933 0.736 -0.892 0967 —0.788  0.931 ~0.928"

FAC2 9.529  —0.048  0.193  —0.420 0.497 0390  0.101 0555  0.054 —0.891"

CTEEBEMGE GUID NT0.01 B, BRI,

** has a very significant correlation when the confidence level (bilateral) is less than 0.01.
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