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Abstract: In order to explore the quality evaluation indicators of Phyllanthus emblica L. preserved fruit and establish an
evaluation system, taking eight commercially available kinds of P. emblica L. preserved fruit as samples, this study
measured and analyzed 20 quality indicators, including fuzzy mathematical sensory evaluation, color values (L', a’, b, C’,

and h’ values), texture (hardness, adhesion, cohesion, elasticity, and chewiness), and physicochemical properties (moisture,
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total sugar, reducing sugar, total acid, ascorbic acid, total phenols, flavonoids, ABTS", and DPPH radical scavenging rate).
Correlation analysis, principal component analysis, and cluster analysis were used to analyze the quality indicators and
screen out the key quality evaluation indicators of P. emblica L. preserved fruit. The results showed that there were varying
degrees of variation in the quality indicators of the eight commercially available varieties, with a coefficient of variation
ranging from 6.42% to 56.34%. Among the color parameters, " showed the largest change, there were significant
differences in hardness, adhesion, and chewiness among the texture parameters, and there were also significant changes in
the content of moisture, total sugar, total acid, ascorbic acid, and total phenols among the physicochemical parameters.
Among the 20 quality indicators, there was a significant correlation (P<0.05) between 22 pairs of indicators, and a highly
significant correlation (P<0.01) between 60 pairs of indicators. Sensory evaluation was highly positively correlated with
moisture content, ascorbic acid content, and L* (P<0.01), while hardness was highly negatively correlated with sensory
evaluation (P<0.01). The principal component analysis of quality indicators extracted four principal components, with a
cumulative contribution rate of 92.77%. Using partial least squares analysis, seven key quality indicators were obtained and
validated using cluster analysis, and they could distinguish different qualities of P. emblica L. preserved fruit effectively.
Therefore, based on multivariate statistical analysis, it was ultimately determined that moisture content, ascorbic acid
content, DPPH radical scavenging rate, L”, h", hardness, and chewiness were key quality indicators for evaluating the
quality of P. emblica L. preserved fruit. The research results of this study could provide a theoretical basis and scientific
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basis for the quality evaluation and processing of P. emblica L. preserved fruit.
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Table 2 Sensory evaluation standard of P. emblica L. preserved fruit
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Fig.1 Sensory evaluation of P. emblica L. preserved fruit
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Table 3  Color values of P. emblica L. preserved fruit

HEfh L a b c h'(°)

1 22.97+0.99" 1.50+0.25° 10.01£0.74¢ 10.13+0.71° 81.40+1.76

2 23.47+0.74" 3.16+0.32° 16.42+0.53* 16.72+0.58" 79.12+0.78%

3 19.49+0.59° 3.17+0.72° 12.15£0.70° 12.57+0.84% 75.51£2.59"

4 20.59+0.68" 1.80+£0.44° 9.77+0.67° 9.95+0.65° 79.53+2.67®

5 21.10+£0.93" 3.07+0.69° 13.68+1.31° 14.03+1.42" 77.48+1.68"

6 17.93+0.43% 5.30+0.85° 12.15+0.30° 13.28+0.31%¢ 66.49+3.68°

7 21.17+0.99° 5.25+0.28* 13.65+1.17° 14.63+1.12° 68.88+1.67°

8 18.64+0.99 3.15+0.17° 10.29+0.74° 10.76+0.69° 72.93+1.65
Eij@( 8.81 39.20 17.39 17.51 6.63

TE: RISVEHR bR AR TR R R A #2252 (P<0.05); R3~FR4A].
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Table 4 Texture characteristics of P. emblica L. preserved fruit
AR
(N-mm)
27.84+1.95° 0.20£0.02° 0.43+0.05* 3.04+0.15
21.19£1.44" 0.17+0.03" 0.44+0.01* 2.70+0.27"
34.44£1.32% 0.20+0.04* 0.44+0.04° 2.82+0.22"
26.47+1.19° 0.23+£0.08* 0.41+0.05* 2.29+0.84°
32.22+2.86° 0.09+0.02° 0.36+0.05" 2.37+0.28% 26.93+4.64°
64.23+3.31° 0.05+0.01° 0.3+0.03* 2.86x0.30® 77.55+5.75°
49.70+£2.04° 0.07+0.01° 0.40+0.05* 2.99+0.34® 60.12+13.44°
57.21£2.73° 0.18+0.07* 0.38+0.11° 2.74+0.58" 43.65+17.13°

B TEHEE(N) MR s (mm)  IHEE(m])

36.31+5.55%
24.63+1.58¢
42.67+5.20°
24.26+6.74°

0 N AN LN A WD =

K&
3m
&

37.75 42.61 6.69 9.29 41.83

A
B

X

<

SR BT Ml 5 ORI BE 25 FA) N 22RO B TR
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Table 5 Physicochemical properties of P. emblica L. preserved fruit

. KA BAESE O BEREE ARSE PRmEE EWEE DmEE ABTS* H A DPPH [ERiE-S
(%) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) THERE (%) HIRF (%)

1 22.67+0.65°  533.89+1.05" 213.37+2.98° 4.93+0.09°  132.59+1.58"  14.48+0.64° 18.11£0.90"  97.67+0.22" 87.67+0.28°
2 24.56+1.07°  395.12+2.76° 207.57+3.39° 4.55+0.09"  214.18+0.92°  19.29+0.33* 18.51+1.26"  97.02+0.21°  90.96+0.28"

3 19.96+0.80°  423.77+1.60° 218.22+0.87° 3.38+0.08"  38.09+0.01*  13.90+0.33 15.10+0.85"  91.79+0.57* 82.08+0.59"
4 22.39+0.91°  384.88+2.05° 183.90+2.08 4.34+0.03¢  128.26+2.43°  15.99+0.37° 17.55+0.71°  95.75+0.12°  85.44+0.24¢
5 21.29+1.54%  301.00+1.60% 113.87£1.35¢ 7.33+0.03*  95.88+2.43%  17.38+0.33° 18.38+1.03*  97.75+0.72°  89.93+0.28"
6 12.88+0.59°  186.27+2.03" 157.90+£0.73" 6.49+0.02°  57.13£2.75"  15.80+0.26° 17.09+0.64*  94.48+0.33° 83.05+0.40°
7 17.17£0.72¢  349.76£1.71"  157.2540.70" 5.68+0.05°  84.73+2.43°  16.13+0.23° 18.22+0.78"  95.74+0.16" 84.79+0.58¢
8 10.38+1.467  429.04+£1.98" 175.85+1.07° 520+£0.03'  37.03£0.92¢  8.01£0.15°  9.20+0.26°  47.59+1.15°  70.85+0.74%

5 FE(%) 24.88 25.4 185 2235 56.34 17.88 20.54 17.86 6.97

TE: ARR/NG RS REFROR RSB 22 5 83, P<0.05.
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Fig.2 Correlation analysis between quality indexes
of P. emblica L. preserved fruit
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Table 6 Eigenvalues, variance contribution rates and
cumulative contribution rates of principal components
of quality indexes of P. emblica L. preserved fruit

EMSy  REEE JTETTECR(%) RBUTZ TR (%)
1 8.82 44.10 44.10
2 5.67 28.33 7243
3 2.69 13.46 85.89
4 1.38 6.88 92.77

LA 7 A H T AL S SRR AR eSS J5 T o2k
FarFE MR SR 2R, 223 S B4 Bk I ([ 3),
& 3 AT UMb o SR RS AR Y B O R
&l 3 AN R AR 1 19 43 A1 HR Zomr DR oo, B R L
SRS, XT3 A SRR E R O . g5 A IRl 3 ISR 6
AU, B 1 ST RRAE(E S 8.82, Jr 2E BT MR F N
44.1%, hHUKY RPE 32 2 I mVEH, 2R B4 50
0.95. 0.79, MHIEME: . o Fnih 5 7 el M, 287 (B 5
HH—0.96, —0.89. —0.87. 25 2 M4 4EAE(E N
5.67, 7 2ETIERF R 28.33%, A ALAHCAIFEFRE IE
e, B S Ay &3 . ABTS' M DPPH H i
HE I R R AR T (B B &, 43 oA 0.97. 0.90. 0.98.
091, %% 3 A FENE(E N 2.69, J7 25 BTHk N
13.46%, i JEH & & . PNERPEF S HOE VR, 2
TAE{E 43 51 2} 0.90. 0.89. 0.71, BAHR & 2R faf (B N
—0.75, A EAVE . 55 4 TR EREE Y 1.38, 77
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Fig.3 Principal component analysis load diagram of quality
indexes of P. emblica L. preserved fruit
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Table 7 Principal component loading matrix after rotation
of quality indexes of P. emblica L. preserved fruit

B %
£zt
1 2 3 4

KA (X)) 0.71 0.66 0.12 0.22
R (X) 0.73 -0.27 0.46 -0.14
I JEHE (X)) 0.40 -0.07 0.90 -0.09
SR AR (X,) —0.44 0.15 -0.75 0.16
PRI & (X) 0.60 0.52 0.08 0.41
B (X) 0.06 0.97 -0.04 0.17
BEERX,) 0.09 0.90 -0.10 0.39
ABTS" i35 % (Xg) 0.02 0.98 0.07 0.05
DPPH H H 35 BR (X)) 0.29 0.91 -0.08 0.28
L'(Xyo) 0.68 0.46 0.14 0.40
a'(X;)) -0.89  —0.01 004 043
b'(X}) -0.03 031  —007 092
C'(Xy3) ~018 030  -007 091
h(X,) 0.95 021 003  —0.14
TERE (X 5) -0.87  —046  —0.08 -0.07
B (X ) 079  -021 038  —038
NEME(X,,) -0.06 0.34 0.89 -0.07
FAPE(X ) 040  -0.11 0.71 0.20
MELIER: (X)) 096  —0.07 0.22 —0.03
RE T (X,) 0.74 0.47 0.28 0.36

® 8 TR PSS 5 REOE R
Table 8 Principal component score coefficient matrix
of quality indexes of P. emblica L. preserved fruit

%
Bzt
1 2 3 4

Ko (X)) 0.07 0.09 0.01 0.01
SREE R (X,) 0.12 -0.12 0.10 0.06

M JEHE i (X) 0.01 -0.03 0.28 0.02
BRAE(X,) -0.03 004  —022 000
HUR MR & (X;) 0.09 0.01 0.00 0.14
BT (X)) -0.07 0.27 0.00 -0.15
S (X,) -0.04 0.18 -0.02  —0.01
ABTS™ [ AR (X) -0.10 0.30 0.04 -0.21
DPPH [ 335 BR (X)) -0.01 0.20 -0.03 -0.06
L'(X,) 010  -0.02 002 0.16

a’ (X)) -0.13  -0.02 006 0.16
b'(X}) 004  —0.12 0.0l 0.41
C'(Xyy) 001  -0.11  0.02 0.40
h'(X,,) 0.14 001  -0.05  —0.05
BERE (X 5) -0.12  —0.05 0.02 0.01
HEPE(X ) 0.11 -0.05 0.06 -0.08
WX ;) -0.11 0.15 0.31 -0.11
PP (X g) -0.10  —0.04 0.27 0.12
MH M (X o) -0.19 0.08 0.14 -0.07
BEITH (X,) 0.10 -0.01 0.06 0.14
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Fig.4 Principal component scores and composite scores
of quality indexes of P. emblica L. preserved fruit
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quality indicators and sensory evaluation of P. emblica L.
preserved fruit
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