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Abstract: In order to explore the processing suitability of different Phyllanthus emblica varieties and provide reference for
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the development of Phyllanthus emblica juice processing industry, this paper took 8 Phyllanthus emblica varieties mainly
grown in Guangdong and Guangxi Provinces as raw materials to determine the physical and chemical indexes, active
components, antioxidant capacity and volatile aroma components of the fruit juice. Correlation analysis, principal
component analysis, cluster analysis and "reasonably-satisfaction" multidimensional value theory were used to establish the
evaluation method of the suitability of Phyllanthus emblica juice production. The results showed that the juice quality of
different varieties had significant differences (P<0.05), among which the contents of total phenol, total flavone, ascorbic
acid, fumaric acid, ellagic acid and naringin were significantly different, while the juice yield, pH and soluble solid content
were little different. A total of 68 volatile aroma components were detected, and 15 aroma components with ROAV>1 were
selected. Trans-2-decenoaldehyde, n-octyl aldehyde and nonylaldehyde were the main aroma components. Six principal
components were extracted through principal component analysis, and the cumulative variance contribution rate reached
96.033%. Combined with cluster analysis, the quality index was simplified into seven representative indexes: sugar-acid
ratio, juice yield, total sugar, browning degree, gallic acid, malic acid and lactic acid. The evaluation model of Phyllanthus
emblica juice was established by using the multidimensional value theory of "reasonably-satisfaction". The comprehensive
ranking was 'Bingtian>'Chipi™>'Boli">'Baiyu">'Lingshan No.4">'Pingdan No.1"™>'Shuijing"™>'Zhishengmiao', which had a high
positive correlation with the ranking results of sensory evaluation. This study can provide theoretical reference for the
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selection of Phyllanthus emblica juice varieties in Guangdong and Guangxi areas.
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Table 1 Sensory evaluation criteria of Phyllanthus emblica juice
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PRI B S B AN AT 2D, AR S5 & B 2E
AN TR] SR SR T2 HAl R AU . ZLAR . SRR
SEIHA R EE A YL, SR S A PLERAY 90% LA
o FLERM S i, HEISE] 978.29 mg/100 g,
EHAWZLR & 2L T HAL SR (P<0.05); H
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THAEW PR 15 RiL 4 5o g E R MR
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Table 2 Physicochemical indexes of Phyllanthus emblica juice
A pH ALEVEREIEY) (Brix) BB (mg/g) EEEEA(mg/g) M (mg/g) MER(mg/g) BRI HIHER(%)  WAEEE(A L))
ESEil 2.95+0.02¢ 7.31+0.03¢ 3.60£0.09¢  1.80+0.04"  48.89+0.50° 7.77+0.06° 6.29+0.08" 61.91+1.11a°  0.134+0.011¢
Eige 2.94+0.01¢ 8.14+0.02 4.69+0.09°  2.06£0.05°  37.61£0.72° 12.73+0.04° 2.95+0.05° 59.26+1.25°  0.145+0.007¢
iy 3.23+0.01* 9.43+0.01¢ 3.70£0.07¢  1.41£0.06°  46.62+1.43" 7.38+0.05" 6.32+0.26° 57.28+0.96°  0.163+0.007°
HE 3.04+0.01° 8.14£0.01" 422+0.06"  2.11£0.06°  35.16£0.60° 8.27+0.05" 4.25+0.07° 56.20£1.10°  0.170+0.005°
FHHE 2.75+0.01¢ 10.54+0.02° 10.1940.11°  6.37+0.08*  18.51+0.50° 18.88+0.22° 0.98+0.04° 63.34+£0.49"  0.187+0.006
K 2.92+0.01¢ 8.77+0.03¢ 5.15£0.17¢  3.68+0.10°  20.96+0.77° 12.32+0.09° 1.70+0.05¢ 61.07£0.19°  0.161+0.007°
Riligs  2.72+0.01° 10.87+0.02° 8.74£0.09°  5.81+0.08°  28.544+0.39° 16.28+0.12° 1.75+0.02° 62.04+0.252°  0.185+0.007°
HA 2.74+0.01° 10.19+0.03° 11.66+0.08°  5.54+0.17°  19.54+0.56° 20.04+0.14° 0.97+0.02° 46.25+0.27°  0.264+0.011°
SEHME 291 9.26 6.49 3.60 31.98 12.96 3.15 58.42 0.176
57 R E(%) 5.98 14.79 49.32 56.53 37.59 38.77 70.64 9.41 22.61

¥ FFE /NG FEEA R FR 2 5 13 (P<0.05); 3. #4[,
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Table 3 Content of organic acid and ascorbic acid in Phyllanthus emblica juice
- P (mg/100 g)
2NN IR AR SRR LR FrEEIR R
5Kl 139.43+6.47° 17.36+0.18¢ 67.69+0.60° 585.98+19.40° 672.67+20.54 55.57+0.88¢ 2.60+0.28°
58 76.63+2.02¢ 15.93+0.51° 72.42+1.74° 740.86+13.24¢ 953.30+60.94¢ 93.34+2.36" 2.63+0.24°
P2 86.53+2.03" 19.86+0.41 68.58+1.62 614.55+15.17° 777.18+26.17° 43.94+1.55° 4.58+0.11°
HE 51.75+0.68" 18.67+0.11° 53.01+1.36° 387.62+7.23" 673.49+8.01" 78.81+1.98° 4.17+0.06°
FrHE 238.13+5.73" 14.77+0.27" 74.27+1.07* 986.25429.86° 1201.86+14.83° 100.67+10.51% 1.5240.13¢
K b 128.19+2.66° 17.72+0.10¢ 57.55+0.68° 786.44+12.06° 977.35+9.20¢ 54.18+8.74° 4.16+0.08"
Ril14%5 166.44+4.30 12.7140.208 37.37+0.21¢ 811.16+22.52°¢ 1119.89+43.54° 106.05+6.18" 1.4+0.08¢
EHAW 104.68+2.42° 22.64+1.22° 57.65+2.04° 1159.93+35.10° 1450.54+11.28" 92.39+3.47° 1.52+0.16°
FAE 123.97 17.46 61.19 759.10 978.29 78.12 2.82
5 R (%) 47.55 17.62 20.20 31.68 27.87 30.50 46.76

| S Er R . R . B S ERAE A T A S A R
B, SRS RAA 17.46, 2.82 mg/100 g, Hirp
B R AR S R BN 46.76%, ANE SRR Z A &R 22
RN
23 AREI@EMEHTEES RS E

VR HR T B T A A . SO . Rk
oo FHEL 1 ATHN, 8 A APyl A v v SR Y 5 i
fe, RS AR A, RO O AT AR RN AR R
=g

e Wi
= R

MERE S (mg/g)

AN

R

A1

AU AR 0 i

BRRaE, B i, i 2R A L SO, S
— PP PR SROBE, BRI A, R, ik
BFNA R AR IAE, ACEH D, AR5 R b
IR B, b AR R i b g 25200, AT
TRV SObE | AR . RS MBS 12,59,
8.42 Fll 1.59 mg/g. PNEH HMEAY & ke, “HAW”
) BB fEG, P IS i 25 3 A5 DA b B A e
WA S B, BT A0S B AN R S BRI,
ASENERFRIHA T A S 2R R RN
24 FEGMEHTIAEYIREREEE
Wyt b & B2 R AL RENS 45 T T R 4r
AR PR, I H B PO . AR Y R 2 iV
JHRT28 ASTA] SR A T A B A A A e
W 4 s, W TR . MBI TR A AL
P SR YR 1 Hp S SRR, 5 IS BT 90%, He
TR R e, YIH IR E] 230.76 pg/g, BEES
(e S 2 e T A A Rl (P<0.05 ) 5 LA BL A7 5T
HrERE, N 150.50 pg/g, Rl 4 S EE R
v T A AP (P<0.05) 5 T[RRI . BRI I & 6
e e, MEST 5k 114,64, 84.54 ng/g, ““FFF 15
e BEAT W R S EER, Rl 4 SoFE A

Fig.1 Content of fructose, glucose and sucrose in Phyllanthus
emblica juice HEEARRR I & B 3 s Tt R (P<0.05) . SRR
T AR E TP/ INE FROR R 3R 22 55 i 2 (P<0.05); 181 2 [F], TR ANAM B2 22 AE AR TP 0 B A, BB S5
T4 IR TH RN
Table 4 Composition and content of phenolic substances in the Phyllanthus emblica juice
e B2 o & it (pg/g)
BEFR Al o] L 3¢ )RR FAbm il
It 175.11+4.60¢ 47.56+0.32¢ 116.58+1.98 71.66+3.66° 18.45+4.16° 29.65+1.69*
£t 392.67+9.05° 59.87+2.22° 186.28+9.99° 116.74+1.10°¢ 71.11+8.09¢ 10.92+0.11¢
DN 293.60+3.79° 54.51+0.38° 107.15+1.69° 67.94+1.34° 53.52+3.01¢ 16.04+2.13°
EES 183.05+3.04° 55.79+3.06™ 140.89+4.01¢ 118.22+2.82¢ 89.68+2.13" 11.19+0.17¢
FFH5 163.78+4.77" 66.09+5.12° 125.07+5.96° 171.58+5.92° 73.73+0.50° 17.3240.59°
K 241.40+15.44° 53.36+0.12° 95.61+6.88¢ 70.811.74¢ 55.28+5.43¢ 12.08+3.14¢
Ril145 210.83+7.36° 56.91+2.46" 234.20+5.81° 127.21£5.26 151.32+4.93" 9.96+0.74¢
HAEW 185.67+4.60° 52.57+1.14° 198.18+5.72° 172.98+3.15° 163.26+3.67° 21.23+0.38"
SEAE 230.76 55.83 150.50 114.64 84.54 16.05
5 R E(%) 33.79 9.80 33.07 37.26 58.57 41.88
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55.83. 16.05 pg/g, LEIFERAS 5 BN 9.80%, ANElAH
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Fig.3 Sensory evaluation of Phyllanthus emblica juice
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2.7.2 A[ELEAFRA T OGS SOR A T ASIFST
DS e R a (i W) W X 2 AN (BB B | BT L e e A PO R
AT R A 2 i 2B P, A5 S R )
IR A XK TTREE S, 4 R ot
T T A4 A A XU frg S B LR S48 A R B D A
FHBO, F X AU 1 BT RR I INER A X i = I
T SME RN BRI, 250 T 68 P & M 43 A8 XUk
BE, k3] 28 G W B, X2 10 2 B {E
YERVEW R PEAT T ROAV 4341, ROAV =1 Y45
XPRE S A OTHRE R, S R rE A&, I B
ROAV {H #1142 Joi X R i S AR IXUAR 114 BT kU
Ko HFR 5 AIHN, iR A5 R HF ST ROAV
{H AT X 34, 75 ROAV=1 U FHRSCA 15 F,
ANE) AR AT T 225 . 8 S RIAT A 1Y
FRWST(ROAV=1)FE 5 F0, 55l RIEC IR LHS .
IECEE . IS, T . RS, X JLRME LY R
SEEELTT RBR | R . A RR . B A AR, 2

8 AR YT AT A . LA B DTk R
By S 2 -2-28 1, HL ROAV o4 100, 1B . F
i Jz = -2-T0pE . RSS9 PR S (ROAV =
D) BYBTk L Fe e, Hop o | T, e a-2- T
i ROAV {EHS35°h 95.49. 38.54. 26.69; IEF1# | T-
B OOE B R o 2-2% 0 A 8 R /R 4
(ROAV = 1) X B35 RUBR BTikAE S, Forh STk o)
JEIESETES; AR R ST 1B ok Rl AR 1 A8 S
HFR(ROAV=1D) 4352 11, 11, 9, 9 F#, XIES
TURRIB I8 R B 5-2- 28T, IR . LIS
TTRR L FL 3R K B R 1 4 50 ek R/ R
(ROAVZ=1D)43518 9, 11 B, STk KA 2
TSR, [ aX-2-B8 0T . T . IR 281 . IE OOt &
BT R

SR T BB 8544 M A S A R AN [ S
T B AR TTIRR I R/, MR ROAV =1 i %
15 Fh Sy, 180 Z-score FRUEALEEFH Bl
7 ROAV {HITL il RISFAE (8] 5) . @&l 5 AT A1,
JZ K -2-ZS I | A ST T S I T B T A4 &
PEFARSr . HA IR 8 ARl e s

5 IMHTHRAER RS> ROAV 23047
Table 5 ROAYV analysis of characteristic aroma components of Phyllanthus emblica juice
e SR Mgk FA ROAY
WEE B Rk AE PP K& R4S EAN
Ry Eucalyptol 10 LR , REARR 022 031 014 098 019 032 135 058
sai 1-Octanol 6 W A 3.97 - 261 511 1.48 - - 1.79
pogiaicd Linalool 6 B2 R 074 042 212 028 053 085 421 0.27
1% B 1-Pentanol 150.2 AR - - 0.07 - - - - -
4-H I Terpinen-4-ol 130 ML ARE - - 001 - - - - -
1- T8 1-Nonanol 600 LS - - - 0.00 - - - -
R-3-Cffi-1-B%  Trans-3-Hexen-1-ol 400 AR, R - - - 0.06 - - - -
H Citronellol 100 HMNE ., BORLE - - - - - - - 0.01
pay (+)-Dipentene 10 &S 109 104 167 082 245 277 314  0.18
y-HATH Gamma-Terpinene 0.26 P, e & - - 4.86 - - - - -
b2 Ocimene 34 Rk - - 0.06 - - - - -
LR Ethyl acetate 7500 R IEE 0.01 003 001 002 - - 0.01 -
EC R Ethyl caproate 14 FOER, R 285 421 304 450 634 804 1522 242
ZIRC T Hexyl acetate 1500 B NN Y - - - 0.01 - - - -
R Ethyl benzoate 60 PERK . AT A - - - - 0.01 - - -
5 I LR R Geranylacetone 60 HAT 0.18 028 034 020 028 031 042  0.04
IO Hexanal 4.5 A 7.04 638 850 720 815 1486 2774  5.19
PR Heptaldehyde 3 Wt 438 - - 189 333 550 630  2.64
AR Benzaldehyde 2000 JFERIE AR 0.01 - 0.01 - 001 001 0.0l -
I Octanal 0.7 SREUNIE R BORE 9549 100.00 60.55 100.00 71.64 99.16 100.00 58.96
T 1-Nonanal 1 REWiI . HEIFHE 3854 5445 3674 4466 47.19 5801 58.09  19.06
Jea-2- T Trans-2-Nonenal 0.08 Hk, L 2669 - - - 39.81 - - -
IESSE Decanal 1 HHRR, FFR 1046 1677 11.04 1419 1970 2059 2751  6.15
S a-2- B4 3-Heptylacrolein 0.3 KRR 100.00 74.04 100.00 95.77 100.00 100.00  — 100.00
S22 (E)-2-Octenal 3 IR R - 533 458 435 1022 1590 1690  9.63
5-FH ik s 5-Methyl furfural 1110 FiESNEa ] - - - - - - - -
5P EMERE  5-Hydroxymethylfurfural 59 R, RE - - - - 0.09 - - -
E-2-BEMi i Trans-2-Heptenal 13 NEWIHE . RE - - - - - - 8.68 -

TE: "R A
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2.8 AE@MEHTEZEETEN

2.8.1 FWSHT WNFE 6 TR, 7T 6 A s 2
P07 22 STk R A 3] 96.033%, ULBHRT 6 > 3 sl
RS IG ARt i 4 ISR SR S . i PCA 1543 (151 6)
I FEEESR 3 A TEE AT, IR =
[y Rl B M. PIREID 5 a5 BT A5 R TR AERE
BT, U H L B EL A AR BEES P T AK ST
SR AR AR R A AR, R 6. 7 0l L5 1 &
AT ELE T R E B 47.629%, 5 A0 B
Bl . IR . FLIR S AT W B A IE AR SCE, SRERR L
ABTS 15 JE A, RAmrH A XHE I KT 0.8, 48
2 FASTEE T IRE B RN 20.282%, S51EC R 4
P . EE . IE 2SI A S A IEAR G, 5 R A A

F 6 TR MFRIE(E RN Tk

Table 6 Characteristic values and contribution rates
of principal components
TG FHIFE TT TR (%) BTk R (%)
1 15.241 47.629 47.629
2 6.49 20.282 67911
3 3.067 9.583 77.494
4 2.567 8.021 85.514
5 2.136 6.675 92.189
6 1.23 3.844 96.033

B A S . 58 3 S TR BRI
9.583%, SEMH . PUIRILAR . WA R . R &

B S AR S, 5 5 52 . DPPH HA B S 19 A
P, 5B 4. 5. 6 ERATEE TR(EBEN 8.021%.
6.675%. 3.844%, M T FIRHFEIME 2

*A (HEHD
*B (3)

PC2 (20.3%)

*.8*‘6*.4*.2 0 2 4 6 8 1‘0 12
PCI1 (47.6%)
K6 JlMHEy PCA #5rE
Fig.6  PCA score of Phyllanthus emblica juice
R T WA FEARAY S A R
Table 7 Principal component load matrix of quality index
of Phyllanthus emblica juice

EiEtan PCI1 PC2 PC3 PC4 PC5 PC6
it -0.226 0.798 0381 —0375 -0.061  0.06
pH -0.862 —0.125 -0248 —0.06 0286 0245
TSS 0.842  0.044 —0.066 —0.057 0.018  0.468
S 0.938 -0309 0.128 —0.032 -0.061 0.0l
SR 0.963  0.065 0.09  —0.173 —-0.161  0.044
pEvii -0.877 0.027 0.167 0325 —0.126 0.156
SRR 0966 —0.118 0.191  0.023  0.057 —-0.019
WHE L -0.92 —0.097 0.047  0.096 —0.179 0.175
ESi -0.846  0.101 0392 0283 —0.154 —0.095
Eikti 071 0273 0305 0504 0073 0231
HEWE -0.711 —0.012 056 0349 —0.112  0.139

e RN 0.54 0268  0.538 —0.484 -0272 0.167
R —0.187 -0.894 —0345 0.028  0.051  0.034
AR 0357 037 0642 -0306 047 —0.011
SRR 0.824 —0319 0283 —0.008 0.062  0.199
BN 0919 -026  0.102 0077 0084  0.129
Frm 0.774 0206  0.184 0333  0.089 —0.329
iR -0.742  —0.01 -0.522 —0279 027  0.103
WEFR  -0321 0201  0.094 0445 0727  0.209
Al 0461 0291 0241 -0224 0598  —0.09
ol LR 5 058  0.156 —0.021 0.784 —0.069 —0.058
TFHRIR 0.839 —0254 0.157  0.093  0.121 -0.298
AEm 0.791 —0.058 —0.363 0456 —0.067 0.034
iRz % -0.228 -0.561 0.522 —0.107 —0.568  0.002
DPPH -0.698 —0.096 -0.544 -0335 -02 —0.108
ABTS* -0.953 —0.069 0.141 0061 —0.198 —0.109
Hey 7 0.753 -0.568 —0243 0.127 —0.077 0.074
IECRRAEE 0472 0806  —0.192 005 -0225 0.191
IO 0349 075 —0256  0.12  —0328  0.349
IESEEE -0257 075 —0.109 0151 —0.134 —0.51
T -0.034 0953 -0.017 -0.131 0207 —0.084
IEBE 0349 0925 0046 —0.115 0.036  0.064

2.8.2 JMAHTFERALIE PRI RIS T SRAHRRCTI7
BEEFEEXT 32 WiEbrittT BRGURE, WKl 7 s, MK
P PCA 452R, RIS IRIE N 4 J&. RIHTEER
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R FLIRAS IR —2E, 7302 2 28 55 3 JEHEE
438, BN—JERFRIREA BRI ARG, n] LIRS
Horp E SR P AR, LIt 32 DEE L Fs bRt
AT AHSCHIFFE! S 2 IO BEIR LE . Y5, 8
Wi HE 7L BEXF A RV S SO BB I ZRE
15" IRS B =S T G TN | e BV I NG Rl R o S
TG, g iR R B A BTSRRI FE L
HREPE AR BEETIR . PERIR . FLIR, DAL
A T 2R G dn o

AL R RN R L ANINE S S E NG
Fig.7 Cluster pedigree of quality evaluation indexes of
Phyllanthus emblica juice

2.8.3 VAT AZ.OISPREUAES R SR Y
7 AL CFEVRXTIRAH T AT LR S P . I T SR
PE A TG HR X TR i BT R R B, AR 1~9 BREETR
Fajx SRR RE (32 8) o THEA A W B 1) fie JURRAIEAR
Aax T 7.3374, FPZFEREF)H — BT CI=(A,, 00—
n)/(n—1), —F Pk 2% CR=CI/RI #47—MER

VA B B EC n=T B, HCXT N 1 BE AL — BCPE bR E(E
RI=1.3416, Z:1147 CR=0.0419, CR<0.1, FHHIZHIW;
FE R —BOVERET o VAR PRI Tl 45 A
JEHIAE, BER LU AN V3 A 340 0.287, HXT il
TSR Y BRI 0.194, SP2R IR FIFLIR
ALEE /)N, #9708 0.024, B HGCE 3 5 J5T 4 5 e AH
XE NG
8 AR TP R bR R
Table 8 Judgment matrix of quality evaluation indexes
of Phyllanthus emblica juice

TRbr BHRREL TR DR BAE WETIR SRR IR ANE
WA L 1 1 3 5 7 9 9 0287
Hit 1 1 3 5 7 9 9 0.287
R 13 13 1 3 5 7 7 0.194
WEE 15 5 13 1 3 5 5 0.121
BETER 17 117 15 13 1 3 3 0.064
R 19 19 177 15 13 1 1 0.024
Lz 1/9 9 17 15 13 1 1 0.024
D =1-3374
2.8.4 VHAHYT SR ARG E R LR ST XA

THER BT, AE—EYEHBIBR LE . 5 P
PR TR SRR . FLIR T i B BRSOy, DRIk
FRIA () T HAE R, 4748 R | Vi, USR]
NI B HER T ATE A B O FE R
AR, FRAAZN(8), H e A T I ZR5 0
iAo S RS o 3 9 TN, ZRa o s
B> IR B> P> H B> R 4 57> 150>
K> EARED, AR SRVE P HES A R S IR
FSEAHIRFREL R7=0.7347), HAEIPFN AR TR E
PEUT R PR IR, AR S B A R
otk

F9 AT AR R TEN AR S H A
Table 9 Score and ranking of reasonable satisfaction evaluation on quality of Phyllanthus emblica juice

i MR 1L it sy WAERE WETFIR SRR FLIR Ry HE4 BTN HER

kil 0.994 0.916 1 1 0.470 0.257 0 0.900 1 1

i 0.370 0.761 0.629 0.915 0.133 0.457 0.361 0.586 3 2

TR 1 0.645 0.925 0.777 0.187 0.294 0.134 0.768 2 4

HE 0.613 0.582 0.548 0.723 0 0 0.001 0.537 4 3
FEFHS 0.002 1 0 0.592 1 0.775 0.680 0.458 6 5

K & 0.136 0.867 0.081 0.792 0.410 0.516 0.392 0.448 7 6
Ril4%5 0.146 0.924 0.330 0.608 0.615 0.548 0.575 0.511 5 7
HAEM 0 0 0.034 0 0.284 1 1 0.073 8 8

3 £ b Fh (P<0.05), “BYFS AT X DPPH [t L0137

ARWFFEMFE T 8 ATA Sh A BRI FE AR | TR
fehe )] FERMET G UL IR E I . EAT Il
S & B, S 1S il S s R AT
PR MR Y & e S th 3 Mgty < PN A B A2
BERARR, “PIRH R 2R B2 A T IR Lo 25 v T

SREE I BRsi, < H AR XT ABTS' H i 3ERTEER
AEJ I dcsit, B e T HAR AL AP (P<0.05) o 8 FhiliAT
FR AN 68 API%E A MR UMY, S A -2- 58I IE |
TESE AN T A9 Ul BTk S, T T
SEIH AR A . BB L ACORIREET T, AR AR
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