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Abstract: This study investigated the quality diversity and processing suitability of six representative Phyllanthus emblica
L. varieties from Yunnan. Comprehensive analyses were conducted to determine appearance quality, physicochemical pro-
perties, bioactive components, antioxidant capacity, and flavor profiles using electronic tongue and electronic nose. Multi-
variate statistical techniques, including principal component analysis (PCA), partial least squares-discriminant analysis
(PLS-DA), and cluster analysis (CA), were employed to analyze the indicators and classify the varieties. The results
revealed significant diversity among the varieties, with coefficients of variation exceeding 20% for 15 indicators, including
a” value, single fruit weight, firmness, flavonoid content, and sugar-acid ratio. Distinct flavor profiles among the six vari-
eties were effectively differentiated by a PCA model. PCA and PLS-DA identified 14 key indicators, such as total acidity,
sourness, and sweet aftertaste, as core determinants of fruit quality. Cluster analysis based on these core indicators classi-
fied the varieties into four groups: 'Zaofeng' (Group 1), characterized by high levels of total acidity, flavonoids, and crude
fiber, exhibiting strong responses to sourness, astringency, sweetness, sulfur compounds, nitrogen-containing substances,
and aldehydes/ketones, contributing to a rich and complex flavor profile, suitable for processing fermented drinks or func-
tional tablets; "Yesheng' (Group 1II'), notable for its high ascorbic acid and total phenolic content, demonstrated excellent
antioxidant properties and a pronounced sweet aftertaste, which could be processed as healthcare beverages. '"Yingyu'
(Group 1), distinguished by bright and translucent fruit color, high firmness and flesh-to-seed ratio, minimal astringency,
and low coarse fiber content, which were suitable for fresh consumption or processing ready-to-eat recreational products.
"Nuoganlan' 'Boligan', and 'Bingtian' (Group IV), featuring higher moisture content and juice yield, lower astringency and
sourness, and prominent sulfur and aldehyde-ketone aromas, which could be processed as flavor-oriented beverages. Fur-
thermore, pearson correlation analysis validated the effectiveness of these core indicators for comprehensive quality evalua-
tion and established linear relationships among them. This study provides a theoretical foundation for the efficient screening
of Phyllanthus emblica L. varieties and establishes a systematic framework for quality evaluation in targeted processing
applications.

Key words: Phyllanthus emblica L.; intelligent sensory analysis; principal component analysis; partial least squares discri-
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Table 1 Performance description of electronic nose sensor
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Table 2 Sensory evaluation criteria of Phyllanthus emblica L.
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Fig.1 Appearance of Phyllanthus emblica L.
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Table 3 Appearance characteristics and quality characteristics of Phyllanthus emblica L.
wn PRFH(g) HPE(mm) #HRmm) FIEHRE AEmm) TER%)  HITER%) L a’ b
BT 13.96£1.35°  24.65+0.75° 30.56+0.45% 0.80+£0.03° 1.00£0.10° 88.64+0.89" 39.40+0.05 46.05£0.83° 4.99+0.41° 27.62+0.31°
YY 44.2442.68"  39.26+1.48" 4535£0.47° 0.87£0.04° 1.55£0.05" 89.67+0.3" 68.89£0.09" 52.55+0.13° 2.34+0.16" 30.49+1.86"
BLG 10.90£0.57¢  23.81+0.35° 27.50£0.34° 0.86x0.02° 0.88+0.03° 85.47+0.76° 46.01£0.10° 47.86+0.67° —1.47+0.45° 24.37+1.22°
NGL 17.73£1.22°  26.52+0.17° 32.68+0.20° 0.81+0.01° 1.30£0.05° 88.08+0.98" 52.18+0.23" 46.79+1.25% 4.82+0.12° 25.72+0.21%
ZF 18.07+1.68° 27.01+0.43° 33.80+£0.17° 0.80+0.01° 1.15+0.05° 86.89+1.15% 39.43+0.08" 49.57+0.68° 3.05+0.44° 27.54+1.85"
YS 4.53£0.20°  17.89+0.76° 19.66£0.17° 0.91£0.04° 0.68+0.037 79.38+0.76° 33.66+0.10° 58.38+1.35" —3.11+0.71¢ 16.28+1.17¢
SFAA(E 18.24 26.52 31.59 0.84 1.09 86.36 46.60 50.26 1.77 25.34
L ZE(%) 68.84 24.35 2438 5.31 6.16 4.01 2476 8.73 173.60 18.11
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AR 5 R B I8 46.66%, ] DPPH H 3. ABTS'
FI SRR B R AL BREE TR sy H T igs &t
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Table 4 Texture characteristics of Phyllanthus emblica L.

s fifi B (N) AL BEAE(N-mm) N 4 (mm) A (m))
BT 21.95+0.40° 0.01::0.00° 0.80:£0.04° 0.97+0.08° 16.11+0.38°
YY 99.02+0.38" 0.04+0.01° 0.70£0.02° 1.63+0.09" 112.23£0.37*

BLG 30.42+0.25¢ 0.01£0.00 0.79£0.06® 0.980.04° 23.35+0.58¢

NGL 33.67+0.46° 0.01£0.00 0.79+0.01% 1.13+0.04° 30.33+0.37¢
ZF 64.92+0.83° 0.02+0.01° 0.72+0.05" 1.17£0.04° 56.34+0.50°
YS 21.64+0.74° 0.01:£0.00 0.70£0.03¢ 0.76+0.07° 12.18+0.20

SEAE 45.27 0.02 0.75 1.11 41.76
A5 R (%) 78.72 7.19 24.78 62.05 82.86
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Table 5 Core value and variance contribution rate of principal component analysis of Phyllanthus emblica L. quality index

bR PCI PC2 PC3 PC4 PC5
KA EH(X) -0.77 -0.18 ~0.09 -0.13 0.01
A4S (X,) 0.91 0.40 0.36 -0.10 -0.19
A PERTEY)(X5) 0.94 0.23 0.10 0.21 -0.12
pH(X,) ~0.54 0.68 ~0.18 0.41 0.15

B2 (Xs) -0.37 0.07 0.73 -0.29 -0.01
Pz (X) -0.32 -0.10 0.70 -0.27 0.02
PJE(X;) -0.33 0.11 0.85 -0.34 -0.28
R (X) -0.26 -0.15 0.95 -0.19 -0.03
HILARE(X,) 0.40 -0.72 -0.03 0.19 0.10
ATEAR(X) 0.48 —-0.04 -0.43 0.75 0.06
R, -0.33 0.34 0.37 -0.36 0.78
LX) 0.48 -0.04 -0.43 0.75 0.06
a'fli(X,,) -0.33 0.44 0.37 -0.36 0.76

b (X,y) 0.36 0.34 -0.90 033 0.08
B (X, 5) 0.09 -0.04 0.94 -0.29 0.14
R (X ) -0.02 -0.27 0.60 -0.07 0.12
PERIE(X,) -0.63 0.19 -0.29 -0.19 -0.10
LX) ~0.24 ~0.05 0.79 ~0.33 -0.03
I (X ) -0.01 -0.12 0.95 -0.25 0.09
SRR (X,,) -0.39 0.01 -0.45 0.80 -0.09
A R (X)) ~0.34 ~0.35 ~0.61 0.48 ~0.40
AR (Xyy) 0.42 0.25 0.40 -0.81 0.30
WERR L (X,5) -0.26 -0.02 -0.22 0.92 -0.15
PR IMR ik (Xy,) 0.96 ~0.08 ~0.07 ~0.13 035
A (Xy5) 0.96 0.07 -021 -0.20 -0.26
B 5 (Xy6) 0.91 0.37 0.21 -0.30 -0.11
ABTS™H H1 335 BR % (X,,) 0.94 0.22 -0.15 -0.11 -0.15
DPPH H HIEHBRF (X ,5) 0.69 0.06 —0.42 -0.47 -0.20
2 R (X)) 0.94 0.11 -0.21 021 -0.14
IR (X50) -0.31 -0.08 -0.51 0.75 -0.29
FRIR (X)) 0.62 -0.08 0.31 -0.89 0.08
HIR(X;,) 0.66 -0.08 0.17 0.18 -0.04
R (Xs3) 0.96 -0.13 -0.31 -0.11 0.07
HIR(X,) 0.98 0.24 -0.34 -0.22 0.13
JAR (X35) 0.67 033 -0.09 -0.14 -0.02
R MIBR (X54) 0.51 0.41 -0.23 -0.06 0.10
TR TR (X5,) 0.79 -0.06 -0.33 -0.14 0.07
HBREI(X55) 0.98 0.11 -0.43 -033 -0.06
S1(X3) 0.69 0.57 ~0.04 0.34 033
$2(X,,) 0.41 036 ~0.24 0.79 0.13
83(Xy)) ~0.19 -0.38 ~0.07 0.50 -0.27
S4(X,,) 0.37 0.97 -0.09 0.09 -0.05
S5(X,;) 0.35 0.94 -0.10 0.02 -0.05
86(X,,) ~0.02 0.97 0.03 -0.13 0.07
$7(X,s) 0.15 0.51 -0.02 -0.01 0.28
S8(X,q) 0.47 0.78 ~0.06 0.08 0.25
89(Xy7) 030 0.74 ~0.02 045 0.02
S10(X,q) 0.17 0.77 0.59 -0.15 021

S11(X,y) 0.50 0.75 -0.10 0.09 0.01
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$6b% PC1 PC2 PC3 PC4 PC5
S12(Xy,) 0.24 0.79 -0.02 -0.06 0.10
S13(Xsp) 0.12 0.74 0.04 ~0.20 0.01
S14(Xs,) -0.32 0.97 0.10 —0.49 -0.03
815(Xs3) 032 0.91 -0.18 025 0.36
S16(Xs,) 0.34 0.94 -0.01 0.02 0.05
S17(Xs5) -0.22 0.93 -0.20 0.17 0.12
S18(Xsq) -0.27 0.77 0.03 -0.33 -0.22
BE I (XS,) 0.41 0.38 0.09 0.16 0.93
WIEIZ O E 17.76 14.70 11.39 8.49 2.74
J5 22 BTHRER (%) 31.16 25.79 19.98 14.89 4.80
By 22 TR (%) 31.16 56.95 76.93 91.81 96.61
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