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Profiles of soluble sugars and organic acids in grape juice and their appli-

cation for authentication
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(Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences, Zhengzhou 450009, Henan, China)

Abstract: [Objective]lSoluble sugars and organic acids are the main nutrients and taste components in
fruit juices, which show a lower susceptibility to changes as compared with other components such as
pigments, antioxidants, and flavour compounds. Therefore, characterization of the composition of sug-
ars and/or organic acids in fruit juices is considered as a desirable approach for fruit juice authenticity
as well as quality control. The composition and content of sugars and organic acids of grape juice may
be influenced by variety, harvest date and cultivation conditions. This work aims to find the common
pattern of grape juices and their implication for authentication by comparing the sugar and organic acid
profiles of grape juices prepared from different varieties and harvest dates. [Methods] Grape berries of
17 varieties, including ‘Ruby seedless’ ‘Red globe’ ‘Gold finger’ ‘Jingxiu’ ‘Kyoho’ ‘Jumeigui’
‘Moldova’ ‘Niagara’ ‘Centennial seedless’ ‘Victoria’ ‘Summer black’ ‘Xiazhihong’ ‘Xiuyu’
‘Shine-muscat’ ‘Flame’ ‘Zexiang’ ‘Zuijinxiang’ were harvested at mature stage for three times and
washed, and then pureed using a lab-scale food processor. After pasteurization in boiling water for 5
min, the puree was cooled and treated with pectinase at 50 ‘C for 40 min, and then centrifuged at 4 000
r-min"' for 10 min. The resulted supernatant was recovered and stored at —80 C before high perfor-
mance liquid chromatography (HPLC) analysis for sugars and organic acids. For assessment of the pos-
sibility of application of sugar and organic acid profiles for grape juice authentication and quality con-

trol, adulterate samples were prepared by adding 20%, 40%, 60%, 80% and 100% of apple juice, pear
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juice, apricot juice or peach juice and the composition of sugars and organic acids was determined by
HPLC. Principal component analysis (PCA) and linear discriminant analysis (LDA) were used to dis-
criminate grape juices from their adulterate samples with apple, pear, apricot or peach juice. [Results]
The soluble sugars in grape juices mainly consisted of glucose, fructose and sucrose, while tartaric acid,
citric acid and malic acid were the main organic acids in grape juices. There were great differences in
contents of individual soluble sugars and organic acids among grape juices of different varieties and har-
vest dates, with a coefficient of variation of 135.86%, 9.89%, 11.46%, 16.93%, 41.13%, 34.89%,
76.65% and 64.82% for sucrose, glucose, fructose, tartaric acid, malic acid, citric acid, shikimic acid,
and fumaric acid, respectively. Glucose and fructose contributed 97.88% to 99.86% of the total content
of identified soluble sugars, with a ratio in a range of 0.81-1.05. Tartaric acid was the predominant or-
ganic acid in grape juices of all varieties and harvest dates, with a proportion of 57.95% to 92.37% in to-
tal content of identified organic acids. Malic acid and citric acid accounted for 5.26% to 36.11% and
2.08% to 6.67%, respectively. By determining the compositions of soluble sugars and/or organic acids
coupled with principal component analysis (PCA) and linear discriminant analysis (LDA), grape juices
could be discriminated from their adulterates with apple juice, pear juice, peach juice, and apricot juice.
The discriminant effects depended on the ratios of adulterations and dataset used for PCA and LDA.
When the soluble sugar composition was used as analytical data for PCA, the adulterate samples could
be distinguished from grape juices except juice sample adulterated with 20% of apple juice. The juice
sample adulterated with 20% of apricot juice was also not discriminated from grape juices by using ana-
lytical data of organic acid content for PCA. However, when combining the soluble sugar and organic
acid composition as analytical dataset for PCA, all the adulterate samples could be distinguished from
grape juices. As for LDA, the combination of soluble sugar and organic acid composition also showed a
better discriminant effect than soluble sugar or organic acid composition alone, with a correct classifica-
tion rate of 100% for the original and 95.8% for the cross validation method, while they were 95.8%
and 93.0%, respectively, when only soluble sugar composition was used as analytical dataset for LDA.
As for organic acid composition, the correct classification rates were only 90.1% for the original and
83.1% for the cross validation method, suggesting an even worse discriminant effect than soluble sugar.
[ Conclusion]The profiles of soluble sugars and organic acids in grape juice may be used for the authen-
tication and quality control of grape juice. By using soluble sugar and organic acid composition coupled
with principal component analysis and linear discriminant analysis, the samples adulterated with apple
juice, pear juice, peach juice and apricot juice could be discriminated from grape juices. The combina-
tion of sugar and organic acid composition for principal component analysis and linear discriminant
analysis was superior to sugar or organic acid composition alone.
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Table 1 Samples and numbers of tested grape juice

9 FAEA IR A i % KRR b il G KFEALIR fh A
Number  Harvest batch ~ Variety Number  Harvest batch ~ Variety Number Harvest batch ~ Variety

PT1 1 AEATH PT19 1 JEE /R % TL Moldova PT37 1 RS

PT2 5 Ruby seedless PT20 2 PT38 5 Xiuyu

PT3 3 PT21 3 PT39 3

PT4 1 ARCUEER PT22 1 Jendr PT40 1 PR S B
PTS 5 Red globe PT23 5 Niagara PT41 5 Shine-muscat
PT6 3 PT24 3 PT42 3

PT7 1 ETH PT25 1 PR % PT43 1 LT Flame
PTS 5 Gold finger PT26 ) Centennial seedless PT44 5

PT9 3 PT27 3 PT45 3

PT10 1 75 PT28 1 422 FIL PT46 1 HAF

PTI1 5 Jingxiu PT29 2 Victoria PT47 5 Zexiang
PTI12 3 PT30 3 PT48 3

PT13 1 Eilg PT31 1 2R PT49 1 B

PT14 By Kyoho PT32 ) Summer black PT50 5 Zuijinxinag
PTIS 3 PT33 3 PT51 3

PT16 1 B PT34 1 H & 21 Xiazhihong

PT17 2 Jumeigui PT35 2

PT18 3 PT36 3

AT R S JRE W 6 2 0 L R0 L AL R T
B8 2 T F RIR FEIR AL T ERR B B AR
#E 5 25 [H Sigma A 7] s EDTA 4845 (43 b4l 2 [H
Aladdin A 7] 5 85 FR (53 B 2D K 117 #0710 22 3K 5
APRA ] R A A oy Bl R T R 25 WK fk 2
HAVERAF
1.2 FENREE5EE

1525 & B0 A B4 (BE A 2707 H st FE28

2414 75 Z T A I 2% L2998 BB B H1 R I 28 ) 35
Waters 2 & 3 JUBHEFERHL JUBH I 3 A BR A &) s /b
O e B A I W LA IR A A

1.3 7k

13.1 #HAHE HEOUT T2 H0& 8 &
TS — BB R MV — K G K S
min) — ¥ # — I R L 5 B fE (0.1% , 50 C , 40
min) & H—B.O— i - E V.
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45 0 6 & 9 A7 T80 CHBR IR VKA , /0 #ir
ATELH 2 mL K € 2 2 10 mL, F 0.22 um f# FLJE
JE S I

1.32 EaB| EE T 550 20%.40%
60% +80% 100% ) L 71 L 3 Byt LBk AT I E A
Phdt, R RS WK 2.
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Table 2 Numbers of tested adulterate samples

i AitgngE % SERIT B I %' A B me BETEBInE

Number Percent of pear juice/% Number Percent of apple juice/% | Number Percent of apricot juice/% | Number Percent of peach juice/%
LW1 20 PW1 20 XW1 20 TWI1 20

LW2 40 PW2 40 XW2 40 W2 40

LW3 60 PW3 60 XW3 60 W3 60

Lw4 80 PW4 80 XW4 80 TW4 80

LWS5 100 PW5 100 XW5 100 TWS 100

133 TTiEMABEA RS A HPLCYZE, LUK A I
B T SR L L B D9 A vt R F A BRI
AT IEEENAHRS S &, BlXFRN:
Waters Sugar-pakl (6.5 x 300 mm) & 3% £ , Ji 2 #H
50 mg-L"' EDTA V45 3% W , it i# 0.5 mL - min™', 4
1580 °C , FE fbith iR B 30 °C, BEFEARFN 10 uL.

13.4 HAAE AR  HPLCEE", LLHER 6 f7
R ETRERR FHER AR ERE BRN
P vH it SR FH A b2 78 4 2 v A A HLIR AR S &
., O3 %~ Ultimate® AQ-C18(4.6 mm x 250
mm, 5 pm) EHE A, S AH Y 0.02 mol - L B R &
v R (W R pH A N 2.4) , 3% 1.0 mL - min', £
1530 °C, HEREARAR 10 uL, B IJ% K 210 nm.

135 ##ELE F-W{BWETIRER,RH
SPSS 22.0 #AF X Hd AT G ik 4 #r .

2 R0
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30U, AN [R] b A DA B SR ST % ) A 2 o ) SR
R R R R 2 B SRR AT b L AR S
REMHEIFERKRES R RZEH 0N
135.86%19.89%- 11.46%-10.05%11 6.82% , 15 B J5L K}
s AR R WA 2 5 00 T ) SR v TP R PR R AR S
TEAERKE M. A0 17 S m AL 514N
) ST R R B S SRR Y e B R ATV
W, 3 2 R ARSI (1 T M 1 97.88%~
99.86% , Ifi HLA & i 5 RBE M & EAH Y, &1Lk
EAE 0.81~1.05, B & RS RS20 FE R 389 0, D30 43 i

Tl el & SR R AR R RS E R A,
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PEVE S 8 o n] A PR RE B B A AR A B2 TR B A
LA AN K, 130 B 6 267 SR v o & e T Y T 2 TR B
L = A2 JEORE b o 52 ), SR AL R BE S SR S e T
PERE & &= .
22 ARSMEREAOREE R TP ENERNA
REEE

R SR R A LR 32 B ER R A R SRR A
BRI/ BRI E DR N, FR TR AL
BRI ARK o BHER 4 0] L, AN A 5 o B SR WAtk 2
HRITHIEAR GERR AR ERAE DR
TEBAERRESR, KBS ZE050 58 16.93% .
41.13%-34.89%76.65%F1 64.82% , = T 4 i ¥l Al 5
B S 0 BH ) SV A LR 1 2 RS R A2 R R
S BT K FE BRI 17 AN s AL 514N
B T RE R A R R A R A LR R
FEAE 4 721.77~9 670.75 mg- L™, 5 K 3 (1) 824 Bl
R 1 57.95%~92.37%, HONERR , 1 5.26%~
36.11%, FF TR i 2.08%~6.67%, 75 HilR 5 & SR
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Table 3 Composition and content of soluble sugars in grape juices of different varieties and harvest batches (g- L")

R KFEE K T 4 b S PENEIN S i ] e/ SR
Variety Harvest batch Sucrose Glucose Fructose Total sugar Glu/Fru
LR TN 1 0.26+0.00 85.29+0.39 94.39+0.66 179.94+1.05 0.90+0.00
Ruby seedless 2 0.270.00 85.69+1.35 96.21+1.46 182.17+2.81 0.89+0.00
3 0.28+0.00 86.05+0.57 95.89+0.61 182.21+1.18 0.90+0.00
2 ER 1 0.27+0.00 72.30+0.75 75.08+0.78 147.64+1.52 0.96+0.00
Red globe 2 0.30+0.00 79.65+0.11 84.97£0.16 164.93£0.26 0.94+0.00
3 0.35+0.00 86.17+0.14 90.48+0.13 176.99+0.27 0.95+0.00
L&F1E 1 0.49+0.00 73.25+0.53 85.00+0.61 158.74+1.15 0.860.00
Gold finger 2 0.57+0.00 77.78+0.63 90.36+0.82 168.70+1.44 0.860.00
3 0.690.00 90.60+0.36 105.05+0.43 196.34+0.79 0.860.00
W5 1 0.29:0.00 81.19+0.38 90.30+0.43 171.78+0.81 1.03+0.00
Jingxiu 2 0.30£0.00 82.38+0.24 92.86+0.27 175.54+0.52 1.040.00
3 0.34+0.00 90.22+0.34 100.600.39 191.16+0.73 1.02+0.00
XS 1 0.40+0.00 98.4240.39 102.28+0.43 201.10+0.81 0.9340.00
Kyoho 2 0.41£0.00 102.27+1.03 107.45+1.02 210.13+2.05 0.95+0.00
3 0.46+0.01 105.90+0.48 112.08+0.52 218.44+1.01 0.94+0.00
E B 1 0.37+0.00 93.22+0.36 90.73+0.34 184.31+0.71 1.03+0.00
Jumeigui 2 0.47+0.00 95.74+0.58 94.970.57 191.18%1.15 1.0120.00
3 0.55+0.01 106.11+0.34 103.41+0.33 210.08+0.67 1.03+0.00
FEIRZTL 1 0.22+0.00 88.15+0.13 85.30+0.17 173.67+0.30 0.90:£0.00
Moldova 2 0.19£0.00 87.96+1.35 84.41+1.23 172.56+2.57 0.89+0.00
3 0.20£0.00 86.00£0.46 83.60+0.42 169.790.87 0.90+0.00
Je iz 1 2.20+0.03 70.97+0.50 77.36+0.61 150.53+1.14 0.9240.00
Niagara 2 3.67+0.03 81.68+0.80 87.66+0.85 173.01%1.69 0.93+0.00
3 3.43+0.01 84.14+1.94 91.19+0.35 178.76+1.58 0.92+0.02
A H B % 1 0.27+0.00 82.61+0.36 102.44+0.44 185.32+0.80 0.8140.00
Centennial seedless 2 0.2620.00 82.41+0.76 99.03+0.94 181.70+1.70 0.83+0.00
3 0.28+0.00 87.12+0.30 103.52+0.35 190.93+0.66 0.84+0.00
iR 1 0.30+0.00 82.92+0.60 84.00+0.60 167.22+1.20 0.99+0.00
Victoria 2 0.320.00 80.27+0.51 82.81+0.53 163.41£1.04 0.97+0.00
3 0.33£0.00 87.50+1.03 91.61+0.44 179.44+1.11 0.96£0.01
BE 1 0.300.00 78.00+0.56 75.64+0.55 153.94+1.10 1.03+0.00
Summer black 2 0.320.00 78.66+1.06 76.42+1.00 155.40+2.06 1.030.00
3 0.320.00 77.58+0.69 77.15+0.70 155.061.40 1.0120.00
HE 1 0.240.00 73.65+0.27 69.99+0.27 143.87+0.54 1.050.00
Xiazhihong 2 0.25+0.00 75.27+1.32 7221£1.14 147.7342.47 1.04+0.00
3 0.25+0.00 75.910.36 74.06£0.25 150.22+0.61 1.03+0.00
L 1 0.320.00 89.09+0.71 89.29+0.73 178.71+1.44 1.000.00
Xiuyu 2 0.38+0.00 92.1140.24 92.92+0.16 185.41+0.38 0.99+0.00
3 0.4140.00 97.26+0.47 98.20+0.48 195.87+0.94 0.99+0.00
BHYCECER 1 0.34+0.00 93.79+0.21 103.46+0.26 197.59+0.46 0.91+0.00
Shine-muscat 2 0.34+0.00 98.82+1.33 110.5041.50 209.66+2.84 0.89+0.00
3 0.32+0.00 91.05+0.10 104.50+0.14 195.87+0.23 0.87+0.00
Hlahar 1 0.27+0.00 78.79+0.81 82.44+0.89 161.50+1.70 0.96+0.00
Flame 2 0.31£0.00 90.52+1.46 94.98+1.47 185.81+2.93 0.95+0.00
3 0.360.00 98.07+1.60 103.93+1.63 202.36+3.23 0.94+0.00
e 1 0.370.00 83.12+0.06 84.43+0.05 167.93+0.12 0.98+0.00
Zexiang 2 0.370.00 87.98+0.18 88.99+0.19 177.33+0.37 0.99+0.00
3 0.400.00 89.7620.35 91.43+0.40 181.59+0.74 0.98+0.00
P4 1 0.29+0.00 83.45+0.36 80.25+0.39 163.99+0.74 1.0420.00
Zuijinxinag 2 0.32+0.00 90.30+0.33 87.39+0.31 178.01+0.64 1.030.00
3 0.36+0.00 100.58+0.84 94.76+0.82 195.69+1.66 1.060.00
V- ¥4118 Mean 0.50 86.62 90.94 178.06 0.96
FrifE# Standard deviation 0.68 8.57 10.43 17.89 0.07
45 53 Z 4 Coefficient of variation/% 135.86 9.89 11.46 10.05 6.82
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Table 4 Composition and content of organic acids in grape juices of different varieties and harvest batches (mg- L")

il PR/ AR VR FEHR FrEE TR =R RN
Variety Harvest batch ~ Tartaric acid Malic acid Shikimic acid  Citric acid Fumaric acid  Total acid
A F AT 1 5978.11423.20 1 094.30+£6.46 9.01+0.09 298.25+6.24 6.40+0.04 7 386.07+35.07
Ruby seedless 2 6 022.48+5.63 1 347.77+5.80 12.60+0.13 294.63+3.81 9.83+0.10 7 687.31+4.67

3 5899.45+131.30 1091.83+2.63 10.52+0.07 281.46+4.31 8.08+0.01  7291.34+128.11
T ER 1 4749.26+7.93 2303.52422.40 7.27+0.04 530.66+7.85 8.55+0.00  7599.26+31.34
Red globe 2 4937.48+4.22 2 194.63+17.19 7.54%0.11 471.75+2.71 9.47+0.07 7 620.87+22.17

3 4721.77+38.24 2215.32+15.46 7.28+0.08 479.27+13.94  7.40+0.05  7431.05+43.04
T 1 6 288.51490.84 2809.22+11.74 4.43+0.05 401.18+0.87 8.67+0.02  9512.01+86.32
Gold finger 2 6313.64+108.19 2 854.75+40.85 5.0840.08  405.68+4.63 9.21£0.06 9 588.36=74.99

3 6 573.48+99.63 2 842.56+50.61 5.45+0.06 401.46+2.26 9.47+0.13 9 832.41+64.22
w75 1 7 140.10+£100.15 1718.12454.47 13.81+0.21 290.85+5.09 9.02+0.11 9 171.89+126.90
Jingxiu 2 7 182.19+192.22 1 652.41+61.56 12.21+0.28 254.32+3.14 8.02+0.04 9 109.15+145.50

3 7 148.56+61.86 1 702.08+34.03 10.22+0.06 244.83+5.52 7.60+0.03 9 113.28+61.12
Fig 1 6 836.43+35.28 2116.01+6.40 6.17+0.04 448.03+3.17 3.93+0.06  9410.57+43.78
Kyoho 2 6 675.21+72.57 1 814.02+29.60 5.69+0.08 424.50+4.48 425+0.04  8923.66+102.37

3 6 504.87+37.36 1 993.80426.34 6.23+0.01 451.53+8.75 5.19+0.03  8961.62+2.32
B 1 5924.61+151.95 2 368.22+43.79 3.45+0.01 476.95+4.41 3.63+0.01  8776.85+107.39
Jumeigui 2 5719.11+88.13 2207.30£10.19 3.20+0.03 492.48+2.27 431+0.02  8426.40+78.11

3 5949.02+89.53 2 047.40+32.43 4.13+0.03 525.24+9.81 3.73+0.03  8529.52+111.83
JEE IR 2 FL 1 7 922.54+38.85 1 347.57+14.95 15.3840.22 405.04+1.78 0.20£0.01 9 690.72+54.40
Moldova 2 8 173.52+284.11 993.18+23.31 14.8620.29 376.59+2.49 0.1140.00 9 558.27+303.38

3 8 874.70+71.68 1610.38+24.28 14.71+0.24 427.46+6.15 0.49+0.02 10 927.74+95.80
Je iz 1 6807.51+163.71 853.71+26.94 5.68+0.04 177.65+2.46 1.27+0.02 7 845.83+186.45
Niagara 2 7 428.39+81.44 982.24+6.76 6.02+0.08 183.00+0.93 0.99+0.03 8 600.64+75.23

3 7 500.66+358.97 970.36+38.16 6.28+0.23 180.06+3.83 0.94+0.02 8 658.29+379.41
FEIEY/ WA 1 6 655.36£175.49 703.26+9.20 2.94+0.05 294.92+0.94 8.28+0.08 7 664.76x177.52
Centennial seedless  » 6772.17+243.79 1 002.45+20.68 2.99+0.08  308.1245.96  10.75+0.13 8 096.48+113.75

3 7332.01+284.78 890.39+14.48 3.26+0.07 268.68+3.97 7.76+0.11  8502.10+268.20
EiEZIN 1 5792.75+229.36 2319.11+8.33 19.8140.09 228.2145.16 8.63+0.05  8368.53+222.24
Victoria 2 5577.86+218.30 2219.18+41.62 15.27+0.15 229.89+8.77 8.23+0.13  8050.43+214.80

3 5882.14+236.15 2 176.62424.18 13.65+0.18 206.22+1.08 8.15+0.06 8 286.79+249.82
HE 1 7011.58+275.40 2 486.97+36.60 21.63+0.33 323.77+6.48 2.23+0.02 9 846.17+256.62
Summer black 2 7910.79+299.85  2413.87+£50.07  19.93+0.27  326.97+4.28 2.5240.01 10 674.08+291.72

3 7 690.524355.33 2209.67+22.14 18.88+0.31 338.72+3.38 2.96+0.03  10260.75+371.05
HEa 1 5063.98+34.79 2 741.43+31.37 19.00+0.31 472.50+13.21  7.15+0.09 8 304.06+42.57
Xiazhihong 2 5215.80£158.54  2923.16£121.17  18.15£0.10  501.43%9.10 8.45+0.12 8 666.99+46.52

3 4 862.00:£55.90 3029.62+88.79 16.26£0.08 474.37+4.47 8.05+0.19  8390.30+139.25
7 x 1 6 436.20+65.23 3 467.92+27.07 8.12+0.06 698.27+4.21 6.32+0.02 10 616.83+72.03
Xiuyu 2 6 481.33+105.85 3341.35+78.67 5.66+0.14 703.52+7.54 9.81+0.17 10 541.66+155.70

3 6 726.58+33.18 2 933.06+£50.22 5.28+0.02 641.76+14.09 10.82+0.07  10317.50+60.91
BB E B 1 5 774.79+245.82 2 213.54435.79 1.19+0.02 370.36+11.65 21.67+0.20  8381.55+270.28
Shine-muscat 2 6 315.74+43.37 1 684.69+17.43 1.37+0.03 294.87+8.57  13.99+0.11  8310.65+54.26

3 6210.34+65.79 1 502.89+20.97 1.18+0.01 297.26+4.04  16.49+0.19 8 028.16+74.74
LT 1 6 887.17+296.12 392.53+8.58 2.11£0.02 172.95+1.32 1.594+0.03 7 456.36+303.45
Flame 2 6 834.304259.70 635.98+17.58 2.30+0.01 227.84+4.06 1.98+0.10 7 702.40+272.08

3 7215.44+117.08 619.27+12.34 2.38+0.07 206.74+1.09 2.32+0.02  8046.15+113.75
et 1 5263.57+38.44 2 877.39+83.12 1.67+0.04 500.38+14.18 11.01+0.19 8 654.01+123.73
Zexiang 2 5547.32497.23 2 871.73+4.86 1.39+0.03 443.6849.87  13.1140.24 8 877.22+86.77

3 5320.58+73.79 2 882.65+67.78 1.39+0.01 454.1748.55  14.27+032 8 673.06+110.33
[ 1 8 230.44+198.04 1 599.08+35.70 1.74+0.01 487.66£10.24  4.77+0.14 10 323.68+243.47
Zuijinxiang 2 8 907.454279.91 1514.27421.64 1.66+0.01 493.6542.30  4.28+0.04 10 921.30+294.86

3 9760.75+269.12 1319.82+33.27 1.400.02 531.95+3.28 4.13+0.09 11 618.05+277.49
F-H1{E Mean 6 567.66 1923.58 8.00 380.82 6.87 8 886.92
Fr it Z Standard deviation 1111.72 791.23 6.13 132.85 4.45 1079.43
Ap 5 Z ¥ Coefficient of variation/% 16.93 41.13 76.65 34.89 64.82 12.15
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A. PCA with soluble sugar composition; B. PCA with organic acid
composition; C. PCA with soluble sugar and organic acid composition.
* Grape juice; + Adulterate with pear juice; O Adulterate with apple
juice; A Adulterate with apricot juice; [ Adulterate with peach juice;

M Evaluation set.
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Fig. 1 Score plots obtained from the principal component
analysis (PCA)
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Fig. 2 Score plot of linear discriminant analysis (LDA)
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Table 5 Results of discriminant analysis with soluble sugar

R 6 LIBHERA R THEA S AT UM 53 K L5 R

Table 6 Classification results of discriminant analysis with

composition organic acid composition

gyt BB . Rt PULARR e

PIES Predicted group membership _F' fl—l Fhk Predicted group membership it

Jice  pT  Lw PW XW TW Juice  pT LW PW XW TW fotal

WL it# PT 51 0 0 0 0 51 Wbk i PT 51 0 0 0 0 51
Original ~ Count [w 1 4 0 0 0 5 Original ~ Count LW 1 3 1 0 0 5
PW 1 0 4 0 0 5 PW 1 3 1 0 0 5

XW 0 0 0 4 1 5 XW 1 0 0 4 0 5

™ 0 0 0 0 5 5 ™ 0 0 0 0 5 5

% PT 1000 00 00 0.0 0.0 100.0 %  PT 1000 0.0 0.0 0.0 0.0 100.0

LW 200 80.0 0.0 0.0 0.0 100.0 LW 20.0 60.0 20.0 0.0 0.0 100.0

PW 200 0.0 80.0 0.0 0.0 100.0 PW 20.0 60.0 20.0 0.0 0.0 100.0

XW 00 00 00 80.0 200 100.0 XW 200 0.0 0.0 80.0 0.0 100.0

™ 00 00 00 0.0 100.0 100.0 ™ 00 00 00 00 100.0 100.0

ZXUUE M PT 50 0 1 0 0 sl TXWAE i PT 51 0 0 0 0 51
Cross- Count Ly 1 4 0 0 0 5 Cross- Count LW 1 0 4 0 0 5
validation PW 1 0 4 0 0 5 validation PW 1 4 0 0 0 5
XW 0 0 0 4 1 5 XW 1 0 0 4 0 5

™ 1 0 0 0 4 5 ™ 0 0 0 1 4 5

% PT 98.0 00 20 00 0.0 100.0 %  PT 1000 00 00 0.0 0.0 100.0

LW 20.0 80.0 0.0 0.0 0.0 100.0 LW 200 0.0 80.0 0.0 0.0 100.0

PW 200 0.0 80.0 0.0 000 100.0 PW 20.0 80.0 0.0 0.0 0.0 100.0

XW 00 0.0 00 80.0 200 100.0 XW 200 0.0 0.0 80.0 0.0 100.0

™ 200 00 0.0 00 800 100.0 ™ 00 00 00 200 80.0 100.0

VEPT. A VT LWL 45 AL IR s PW. 15 I0SE B0 BORE b

XW. BNV RORE it TW. B IBk T RORE i

Note: PT. Grape juice; LW. Adulterate with pear juice; PW. Adulter-
ate with apple juice; XW. Adulterate with apricot juice; TW. Adulterate

with peach juice.

W PT. A4 JE T LW, BN A4 BORE i« PW. B0 R BORE 5
XW. 5 AT FIRE S TW. BBk BORE
Note: PT. Grape juice; LW. Adulterate with pear juice; PW. Adulter-

ate with apple juice; XW. Adulterate with apricot juice; TW. Adulterate

with peach juice.

®7  ARAMEEMANERARGEITYR S E TN 55 KR

Table 7 Results of discriminant analysis with soluble sugar and organic acid composition

PIRLES I 45 1% 7% Predicted group membership &t

Juice PT LW PW W ™ Total
LG T PT 51 0 0 0 0 51
Original Count LW 0 5 0 0 0 5
PW 0 0 5 0 0 5
XW 0 0 0 5 0 5
™ 0 0 0 0 5 5

% PT 100.0 0.0 0.0 0.0 0.0 100.0

LW 0.0 100.0 0.0 0.0 0.0 100.0

PW 0.0 0.0 100.0 0.0 0.0 100.0

XW 0.0 0.0 0.0 100.0 0.0 100.0

™ 0.0 0.0 0.0 0.0 100.0 100.0
2 X sE T PT 51 0 0 0 0 51
Cross-validation Count LW 1 4 0 0 0 5
PW 1 0 4 0 0 5
XW 0 0 0 5 0 5
™ 0 0 1 0 4 5

% PT 100.0 0.0 0.0 0.0 0.0 100.0

LW 20.0 80.0 0.0 0.0 0.0 100.0

PW 20.0 0.0 80.0 0.0 0.0 100.0

XW 0.0 0.0 0.0 100.0 0.0 100.0

™ 0.0 0.0 20.0 0.0 80.0 100.0

W PT. A4 S50 s LWL 42 AL BRE s PW.L 45 IS SR AORE s XW. 3B INATVEHORE s TW. 38 kI R o
Note: PT. Grape juice; LW. Adulterate with pear juice; PW. Adulterate with apple juice; XW. Adulterate with apricot juice; TW. Adulterate with

peach juice.
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