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Abstract: In this study, 14 kinds of commercially available Aronia melanocarpa juice products with a relatively high sales volume were
used as the experimental materials, a product quality analysis and comprehensive evaluation system for Aronia melanocarpa juices was
established through analyzing 18 quality indexes (including color, physicochemical properties, phenolic content and antioxidant capacity) along
with principal component analysis(PCA). This system was used to evaluate commercially available Aronia melanocarpa juice products. The
results of PCA showed that the cumulative contribution rate of the first four principal component variances reached 91.88. The h° (0.56), total
acid (0.90), sugar-acid ratio (0.54:1), suspension stability (0.48), flavonoids (0.82), condensed tannin (0.82), FRAP (0.57), and DPPH (0.70) had
higher load weights among the first four principal components, which were characteristic evaluation indexes of Aronia melanocarpa juices. In
general, the concentrated oral liquid and 100% fruit juice products had a higher comprehensive quality, and ZH fruit juices had the best overall
quality in its product category. Through establishing a product quality analysis and comprehensive evaluation system for Aronia melanocarpa
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juices, this study provides a database and theoretical support for the development and utilization of Aronia melanocarpa juice products, which is

of great significance for the healthy development of the Aronia melanocarpa industry.
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Table 1 14 kinds of commercial Aronia melanocarpa juices
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Table 2 Sensory evaluation table of commercial Aronia melanocarpa juices
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Table 4 Determination of physicochemical indexes of commercial Aronia melanocarpa juices

£ 3 %5 pH TSS/°Brix ~ ZFAAEM/% BER(APEEIT) (L)  BAE(L) ABBL L 42
L-45%  3.23£0.01' 10.40+£0.068  63.39+1.98° 8.45+0.06" 6334+1.15°  7.5+0.09'  1.23+0.01*
S1 G-M-c  3.93£0.01° 15.60+0.06° 86.87+1.09° 6.25+0.03¢ 68.34+2.52"  11.11£0.287  2.54+0.08¢
K-G-100% 3.70+0.01° 15.30+0.13%  89.21+0.25° 7.09+0.09° 75.01+2.007  10.58+0.17  2.16+0.03!
© J-100%  3.67+0.017 31.90£0.12*  27.49+147" 5.91%0.01° 69.34+2.528"  11.523+0.16' 5.3+0.17°
G-Dc  4.18+0.01° 31.00+0.15°  32.77+1.94¢ 8.12+0.03" 162.68+2.52*  20.02+0.25"  3.82+0.03¢
K-1-20%  3.02+0.01" 8.90+0.10'  16.08+0.28' 2.64+0.01 106.17£1.89°  40.19+0.63°  3.36+0.02°
K-1-30%  3.15£0.00 2.50£0.10™  9.70£0.90/ 2.76£0.03' 24.50£0.75%  8.89+0.21%  0.92+0.03'
K-1-40% 3.43£0.01" 890+0.14  557+0.83 2.85+0.02" 121.79£1.39¢  42.75£0.3°  3.1120.04
K-1-50%  3.50£0.008 6.60£0.06'  8.93+0.69 2.73+0.01' 71.56£3.088  26.22+124"  2.43+0.03"
S3  K-2-30%  3.03£0.00' 9.20£0.06'  36.68+0.19° 2.4140.05 127.1242.04°  52.65+0.33*  3.8+0.08°
C-10%  3.14+0.01% 11.90£0.00°  28.69+1.06" 5.81+0.06° 138.90£1.68°  23.9+0.18  2.05+0.02
ZH-20%  3.68+0.01° 8.00+0.12%  82.39+4.92° 1.90+0.01™ 59.5040.87  31.35£0.34°  4.2+0.04°
ZH-30%  3.70£0.01° 9.60+£0.14"  69.90+1.51¢ 2.18+0.01" 71341268  32.76+0.38%  4.41+0.03°
ZH-40%  3.71£0.01° 11.30£0.14"  76.81+2.35° 2.96+0.01¢ 77.34+1337  26.16+0.517  3.81+0.02
cv 27.58% 68.40% 71.54% 57.73% 48.28% 60.85% 4731%
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Fig.3 Heat map of correlation between chromaticity
parameters and color sensory scores of commercial Aronia

melanocarpa juices
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RHDIRERE. TSS SHERR LB S, FE IV P
ZFERR

¥R R I S H SRS R E 1S AT 4
T, Pearson REMN T, 5 0.75 (p<0.05).

HRE IR pH TSS SR BN FERH FEgt
FRH I 45 0470 0.576* . 0.150 . 0.109
| - a

-1 0 1
4 HEBRRBRIEM X~ RIBNIEFSIRIERERS
ki ESk e
Fig.4 Heat map of correlation between physicochemical indexes
and sweetness and acidity sensory scores of commercial Aronia

melanocarpa juices
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Table 5 Determination of phenolic compounds in commercial Aronia melanocarpa juices
IR FH (ngml)  AREFE (ngml) A= FRREFH HEFH (ugmL)  wILEFiH(ug/mL)
L-45% 1496.36+2.14° 4440.70+19.93¢ 248.07+5.13° 1164.00£5.77°
S1 G-M-c 3345.80+5.66" 6169.12+6.08° 203.89+1.63° 2107.67+6.29°
K-G-100% 2779.14+2.14° 5063.86+12.16° 92.03+0.56° 1635.17+5.20°
J-100% 2251.11£0.00° 3619.18+4.05° 8.86+0.80¢ 886.54+0.89"
G-Dc 410.910.86" 18971.93+30.39° 2.45+0.15 211.78+5.09°
K-1-20% 26.92+0.14™ 95.17+0.49' 0.13+0.012 82.28+2.33!
K-1-30% 67.83+0.25' 142.79+0.70 0.42+0.052 10.13+0.29"
K-1-40% 90.96+0.14% 237.94+1.46 0.820+0.028 43.900.43’
K-1-50% 144.62:0.43' 284.49+1.22 2.63+0.020% 100.22+1.69"
S3  K-2-30% 30.63+0.14™ 141.57+1.77¢ nd 7.86+1.20F
C-10% 223.71+0.29" 546.71+2.14° 6.50+1.44% 116.19+0.248
ZH-20% 187.84+1.14! 335.06+0.81" 2.52+0.02% 100.64+£0.528
ZH-30% 312.61+1.438 529.22+6.48" 4.07+0.34° 162.86+1.82"
ZH-40% 428.00£0.00° 682.67+1.40 5.42+0.06° 189.25+0.42°
Ccv 135.14% 172.55% 190.56% 140.48%

E: B P HAERR B FEAFLAT AR EE (p<0.05).
& 6 MEERBIEMRTE~RINENMENNELR
Table 6 Determination of antioxidant capacity of commercial Aronia melanocarpa juices
£3) %5 FRAP 7% 48 #/(mmol trolox equiv/L)  DPPH %48 #1/(mmol trolox equiv/L)

L-45% 24.7240.03° 14.94+0.03°

S1 G-M-¢ 46.5140.06° 30.77+0.09°
K-G-100% 38.14+0.080° 24.53+0.06°
J-100% 27.90+0.04¢ 16.78+0.04¢

G-D-¢ 112.39+0.03° 119.63£0.15
K-1-20% 0.36£0.01" 0.10+0.00™
K-1-30% 1.15+0.01" 0.38+0.00%
K-1-40% 1.99+0.00% 0.57+0.01
K-1-50% 2.18+0.01 0.89+0.00'
S3  K-2-30% 0.71£0.01™ 0.26+0.00'
C-10% 5.07£0.018 2.100.002
ZH-20% 2.59+0.00' 0.87+0.01
ZH-30% 4.03+0.01" 1.91+0.00"
ZH-40% 5.59+0.01° 2.62£0.01°
Ccv 158.15% 204.93%

E: B P HIERR DB FEARCRTERRE (p<0.05).
T8 FE SR IR AEAR R 2 it B 2 o 5 i o BHE (>100%). MR R R YO 5
SRR 5 Fn. R 5 Al AR ISR f Ak S3 W, HEEEAN 100.64~189.25 pg/mL (LEET
A PR S A CAK R A s B e ok, HER feTh) 1 ZH 250 n & Eiim, B TS
oK. fEFAE T, G-M-c 5§ G-D-c (il & & FC R R ACAK R S 2R K R 57 .

B, RIS BN IS 6169.12 K 18971.93 ug/mL (LA TE 14 Fi B R 28, R S =
BT, —FHHE TR DR, HR& Y3 T 35 S 5, L-45% A8 (0 Ay E i B
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A 5.59%, 1M K-2-30% A4 HAe Lt . SR A
WER R, BRI S e L) A
& 25%, HimsTEmEaws e, SRR
PSR = S SRR s A — e 22 5. IX WA SR
FEMKSI BN L L Z0E R 1 AEF =AY SR
2, AL T2 DR S e R IR 22 AR
IIAEAR SR 7= M B AR e e PR S ] 2 —

25 TWERRBMALMRI KT R AML R

AW HER

T8 HA SRR AR R 2= bt S A g 70l e 45
PR 6 Fim. PUALLRE S e 45 R 5MmRY i & &
M5E S5 2400, RIvk4s i G-M-c 55 G-D-¢ Hi%fk
RE I FRAP HiEULRE 170 A 8 46.51 J2 112.39
mmol trolox equiv/L, DPPH Hi5fLAE 15374 30.77
J 119.63 mmol trolox equiv/L. Sy ZH 2517
TP RE i aR, i FRAP HLEALBE 10 BN
2.59~5.59 mmol trolox equiv/L, DPPH #i48 4k HE /1935
4 0.87~2.62 mmol trolox equiv/L.

WP T 14 R BRI T A TS,
RIS PR RE 7155, FRAP St fLRE 1N
3.26 mmol trolox/L, DPPH FiT%{LAE /1A 13.61 mmol
Ve/L, ART RS R BRIAE S =5, B, 2
SRR 7 i B = S TN E

2.6 TE R R AR T K7 &R AT

ER S i

2.6.1 & ZRBAFAMRI K o du T 164
094 2 55 L2 AL 3R

WESRAF T 14 Fiis &5 B RARAER ™ S U
A Wy S PUEGRE JI3E 18 TS i febrEL
. MWEEFEAR L*. a*. b*. C*. herhfikl 505
REASREMR, HAERRECOCT 10 1) hedH T F
—sB s MIRALIEFR pH. TSS. EiFfaEth, Kb,
BIR. FERRLL. R iRk SRR . HGURE
REAF AR, HAR R RECKT 10 9 TSS. &
. BEIRLL. Bt T T —2 0.

M & AR bR SPUELRE TR 5T R AU
KT 10, FHIENIAT T —20 4.

g7 b, MEHLU RO, TSS. HR. PHRRLL. BiFfaw
PE. By, ST, L. 455 %7 . FRAP. DPPH
11 WU RS, TR RN S, FET
2SRRI I 2= b T F AR 2 a3 T
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262 WEERBMIMKRT K o LA A
AAF B LR AR
R 7 MEERRINEMSR L R BHair £ FHEER
Table 7 Principal component eigenvalue and variance
contribution rate of quality indexes of commercial Aronia

melanocarpa juices
A AN T ETTRE% Rt r EWHRE%

1 5.85 53.15 53.15
2 2.77 2521 7837
3 0.84 7.65 86.02
4 0.65 5.86 91.88
5 0.44 4.04 9591
6 0.28 2.56 98.47
7 0.10 0.93 99.40
8 0.07 0.59 99.99
9 0.00 0.01 100.00
10 0.00 0.00 100.00
& 8 MERRIRANEMR ™ R BHERE R 5 AT
g3

Table 8 Principal component analysis load matrix for quality
index of commercial Aronia melanocarpa juices
SJREAF PCl PC2 PC3  PC4

h? 058 056 -041 026
TSS 0.69 047 028 -0.41
BB 090 0.11 -020 -0.09

BB 2070 0.17 054 0.06

EFABEM 049 051 043 048

S5 1R 082 -045 002 -0.20

BBy 076 062 004 0.17

BRI 067 -054 -026 022

%Ah%T 082 -050 -0.05 -0.03

FRAP 0.81 057 006 0.13

DPPH 068 070 0.06 0.18
F RGBT 2 — i ) A A e [ A DG
BOEIX R, BRI, BRI
KR L FHEARER F 2 5 2.tk 7 WA,
AT 4 DN For R TT 2 SRR IL 91.88%, RI—A4 [
FAAITT AR 91.88% MK, Rk e /il 4 A~ F sy

SRRt R SR AEAR R T 287 it it BT BEA T VA
B 8 AN, TEE—Fort, SRR Bl L4
AR TEAAEEKR, NFEH RN B R
439, h°. FRAP. DPPH AEZabr; BERRLLTES =
TR B R B AR E PEAE S = AR DY g
S RS TR ST Tt oY 0 e s 500 R A0 L e iy
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&, B SHERIPIENREERE, Bk
EAES IS Y el =i
*k 9 MEERRBRIMIEMT L= RmREE TN RHE
Table 9 Comprehensive evaluation and ranking of the quality
of commercial Aronia melanocarpa juices

el VN F4 H2
L-45% 0.26 5
S1 G-M-c 0.60 2
K-G-100% 0.49 3
© J-100% 0.31 4
G-D-c 1.60 1
K-1-20% -0.46 12
K-1-30% -0.55 14
K-1-40% -0.46 11
K-1-50% -0.47 13
S3 K-2-30% -0.36 10
C-10% -0.24 7
ZH-20% -0.27 9
ZH-30% -0.26 8
ZH-40% -0.19 6

ik, hey BR. WERRLL. BIFRAREtE. S,
4 HT . FRAP. DPPH NV BB R IRAEMK SR T2
P ) R B R bR

V- T AL B 1) 3 A3 28 A ok A 3 s ARG R
FFEAE T AR, 158 4 ATk rh AN 8RR
XTI AL, RIFFAER R, DURHE ) & A T DA
AN FERIT RIS

Z,=-0.10X,+0.12X,+0.15X3-0.12X,+0.08X5+0.14
Xe+0.13X7+0.12X+0.14X6+0.14X,6+0.12X

7,=0.20X,+0.17X,+0.04X5+0.06X4-0.18X5-0.16 X
+0.22X7-0.19X5-0.18X4+0.20X0+0.25X

Z7=-0.49X,+0.33X»-0.24X5+0.64X,+0.51X5+0.03
X+0.05X7-0.31X5-0.05X0+0.07X,+0.08X

7,=0.40X,-0.64X,-0.14X5+0.09X,+0.74X5-0.30X
+0.26X7+0.34X3-0.05Xo+0.21X,0+0.28X

FRFRIEA N, Z-Zy FoRIAFERT: Xi-Xn
SIS ke TSS. BR. HERLL. BiFfaett. 3%
fiil. wMy. {6t 46597 FRAP. DPPH. LI%&F
AT RS AART L 7 ZE DTRREEAE AL, il 4R
P S B 5 AR AR AR A L P IR, 15
FI) 2 5L U TE K SR T 2 B PE A oR
F=0.53Z,+0.257,+0.08Z5+0.06Z,. R4EiZEE, +H
T 14 FhB SRR 2577 2R G153 70 E(F)
MEHA RN 9.

B 9 AL, IRAR RIS 100%™ B T

BRI IRBIMAE AT S AL FERT; ZH RATR
ORI 5 R SRV b5 S E IRNME, AR
PR RS SERT

3 g

ARG E A B R 14 PR
PRSI ot R B B AR DA SRR bR, SR 32k
YA, FRNL SRRV i T S 4R
AR R, TR A R0 T S R AR AR SR T
FEEEAT VRO o BT FE RS A T BE SRR AR
A TEEA VY, 7T 4 DN TR 7 2 BT oTik Rk
F/91.88, h° (0.56). &g (0.90). FEERLL (0.54).
BIEFREME (048). FHH (0.82). 45T (0.82),
FRAP (0.57). DPPH (0.70) 7ERTPUA TR #kfir
B, A e o S SR AE R VT 287 i IR RFAE
PR ERR. SRS, WS UIRIBA. 100% 5917 i
H T EFRMMERAMEN A m P HER SR ZH &R
FIFA RN B T [F) FemUR B R 5 EFRNME, 1R
BRI HER AT, R, ARFFR S T B R
PRI i iR T 5455V PR R, IR Z A
FF T B SRR AEAR R = i AT VA AR
T 14 3 B RIVIAER ™ i (R i B R SCE
TN ARV B, I+ H RS A1 ER
W T SRR R S BURRAE, X TR SR
Rk P ik R e B B o
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