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Composition and variability of organic acid in different fruit juices

LI Jiaxiu, ZHANG Chunling, LIU Hui, LU Zhenzhen, LIU Jiechao, JIAO Zhonggao"
(Zhengzhou Fruit Research Institute, CAAS, Zhengzhou 450009, Henan, China)

Abstract: [ Objective ] Organic acids are important nutrients and flavor substances in fruits and their pro-
cessing products. Determination and analysis of the composition and contents of organic acids in fruits
and their processing products can not only contribute to identifying their flavor characteristics and nutri-
tional value, but can also be used for quality control and identification of adulteration of fruit processing
products. The composition and contents of organic acids in different fruit juices were analyzed and re-
searched, and the organic acid HPLC fingerprint database of fruit juices was established to provide a basis
for quality control and scientific evaluation of fruit juices. [ Methods ]Six fruit species, a total of 53 culti-
vars of fruit, were taken as test materials, the high performance liquid chromatography method was used to
determine the organic acids of fruit juices after all the fruits were made into juice. The HPLC system con-
tained a quaternary pump, an autosampler, and a photodiode array detector with an Ultimate® AQ-C18
(4.6 mmx250 mm, 5 pm) column. Chromatography separation was performed at 30°C, the mobile phase
consisted of a 0.02 mol - I.”' (NH,),HPO, buffer solution (pH=2.40) using an isocratic elution procedure
with a flow rate of 1.0 mL+min"', the injected sample volume was 10 wL, and absorbance was measured at
210 nm. Quantification was calculated by an external standard method. The chemometric methods (princi-
pal component analysis and cluster analysis) using SAS 9.3 statistical software was used to evaluate differ-
ences among the fruit juices from different fruit species. [ Results ]Eight organic acids could be successful-
ly separated under the above experimental conditions. All the calibration curves for these organic acids

displayed a good linear relationship, the relative standard deviation of precision was 0.24%—1.73%, and
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the spiked recoveries were between 88.33% and 103.55%. There were 4-5 organic acids identified in all
the fruit juices. Four organic acids of malic acid, shikimic acid, citric acid and fumaric acid were identi-
fied in cherry juices; malic acid was the most abundant acid, accounting for more than 90% of the total or-
ganic acid content, with levels ranging between 6 666.12 and 14 189.78 mg - L."". Five organic acids of
quinic acid, malic acid, shikimic acid, citric acid and fumaric acid, were identified in peach, apple, blue-
berry and pear juices, but the relative contents of the five organic acids were extremely different in the
fruit juices from different fruit species. Malic acid and quinic acid were established to be the major organ-
ic acids in peach juices, accounting for 28.44%-45.46% and 35.73%—57.92%, respectively. Among the
five peach juices, the content of malic acid in peach juices of ‘Huangjinmi 3’ and ‘Zhongtao 6 was high-
est, and quinic acid was the second dominant acid, while the content of quinic acid was highest in the rest
of the peach juices, and malic acid was the second dominant acid. In apple and pear juices, except for the
juice of the ‘Huangguan’ pear, which was with a higher citric acid than malic acid, malic acid was the
predominant organic acid, accounting for 51.84%—88.30% and 32.40%—68.30%, respectively. Citric ac-
id, accounting for 73.83%—-85.99%, was the most abundant organic acid followed by quinic acid in blue-
berry juices, regardless of the cultivars. In all the juice samples studied, oxalic acid was only found in
pomegranate juices, but the content of oxalic acid in different cultivars of pomegranate juices was quite
different and the variation coefficient of oxalic acid was up to 90.26%. The contents of oxalic acid in the
four pomegranate juices of ‘Yushizi’ ‘Dabenzi’ ‘Qiuyan’ and ‘Tongpi’ were significantly higher than in
the rest of the pomegranate juices. The composition of organic acids was similar in juices of different fruit
species, and the composition of organic acids was the same in juices of the same fruit species, but the con-
tents of organic acids were different. Three principal components were extracted from the data by means of
principal component analysis according to the eigenvalues being greater than 1, the first three principal
components accounted for 71.98% of the total variance, which could basically reflect the information of
the six original organic acids. Except for pomegranate juices and pear juices, the distribution of the juices
from the same fruit species in the score plots was relatively concentrated. The result of cluster analysis
was consistent with the result of principal component analysis. Principal component analysis and cluster
analysis visually reflected the constitutive characteristics of organic acids in different fruit juices. All the
fruit juices, except for pomegranate and pear juices, could almost be distinguished and clustered by the
principal component analysis and cluster analysis. [ Conclusion]Using the composition, contents and ratio
of organic acids in fruit juices, differentiation and identification for different fruit juices could be realized
by means of principal component analysis and cluster analysis, which could provide a theoretical basis for
the identification and quality control of different kinds of fruit juices.
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Table 1 Sources of fruit collected

HKRI

. . EbfR Cultivar
Fruit species

KR Source

Pk A Tailr BRI R RS HPH PR R LT RrER 2324 0¥ P E OV BRE BRI SIS T R I S

Cherry Brooks, Summit, Bigarreau Moreau, Chunxiu, Sunburst, Zaodaguo, Huangmi, Large Cherry Demonstration Base of Zhengzhou Fruit
Hongdeng, Zaohongzhu, 23-24, Hongyan Research Institute, CAAS

Bk W 1 AR 3 k4 S Rk S S ke S e E AR B P SR RIS Sk e A Il

Peach Zhongpan 1, Huangjinmi 3, Zhongtao 4, Zhongtao 5, Zhongtao 6 Peach Resources Garden of Zhengzhou Fruit Research

Institute, CAAS

YR FER AR R 96-1-24 R e bz s NE B0 Fe g T EARBFEBERN SRR AIT T T AR B
Apple et ek Ak Apple Resources Garden of Zhengzhou Fruit Research

Huashuo, Huaxing, Huarui, Fuji, 96-1-24, Qinguan, Huamei, Beizhixing,

Institute, CAAS

Sansa, Golden Delicious, Jonagold, Pink Lady, Beidou, Starkrimson

AEZL A4+ Huahong, Huaniu
WA WiAF AL B R LR

i Purchase
VL5 1~ Lianyungang, Jiangsu province

Blueberry Bluecrop, Duke, O’ Neal, Northland, Britewell
Yatii FARF 5 A AR SR RSN RLLH B BBz Aok 25 O REE B AR B ZE r T a0 R i

Pomegranate Yushizi, Mengzi, Tunisruanzi, Dabenzi, Dahongpao, Qiuyan, Tongpi,

Huaibeiruanzi 2

S LLFAT LLRBR VR AL AL
Pear Hongbaoshi, Hongxiangsu, Zaobaimi, Sand pear, Huangguan pear

GrHbERAL 1L 21 AL
Jindiqiu pear, Dangshan pear, Red pear

Dried Fruit Test Base of Zhengzhou Fruit Research In-
stitute, CAAS

e MR BEAS M R BIF T BT AL 5 5 ]
Pear Resources Garden of Zhengzhou Fruit Research

Institute, CAAS
711 Purchase
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Table 2 Additive amounts of standard substances (7=3)

pl(mg -1.7)
B
aur omie d o R g om
Component  Cherry Peach Apple 8" Blueberry Pear
anate

R 81,5 815 8150 32600 8150  81.50
Oxalic acid
AR 635.0 635.0 63500 63500 635.00 635.00
Tartaric acid
TR 550.0 2200.0 2200.00 550.00 1650.00 1 100.00
Quinic acid
SEILRR 4.000.0 1500.0 3500.00 2500.00 400.00 3 000.00
Malic acid
FEHR 275 275 11.00 2200 2750  220.00
Shikimic acid
AR 1100.0 1100.0 1100.00 1100.00 1100.00 1 100.00
Lactic acid
FkiR 693.0 693.0 462.00 6930.00 9240.00  693.00
Citric acid
R 114 114 1.14 2.85 1.14 2.85

Fumaric acid

1.3.6 #3ELE  FE Microsoft Excel 2003 # {4t
RIS 25 AT W20 73 B s FH SPSS 17.0 R 47 05 25 53
B 5 FH SAS 9.3 8433547 3 B oo B R 2504 o

2 HPRET

21 AEEAL

211 MEIMEWEZRES 132 @50 K N
TR AR UE S R RS A3 BTR A A HLRR bR U i 1Y £
WEEIE 1) o b 8 P S, v AE L 2 1

6.00 7.00 8.00 9.00 10.00  11.00 12.00

{5 1) Time/min

1. BOR 2. W ATR 3. 8Tl 4. SEERIR; 5. FR IR 6. FLIR ;7. MIKTR ;8. & ThIR.

1. Oxalic acid; 2. Tartaric acid; 3. Quinic acid; 4. Malic acid; 5. Shikimic acid; 6. Lactic acid; 7. Citric acid; 8. Fumaric acid.

B 1 BEHEFRER HPLC BigEH

Fig. 1 HPLC chromatogram of standard substances of organic acids
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Table 3 Regression equations for eight organic acids
44y mIEpyEs FHIFEL MG S ATRAG B AR D 22
Component Regression equation Correlation coefficient, R Linear range/(mg-L")  Detection limit/(mg-L™")  RSD/%
HR Oxalic acid y=6 965.6x-5 156.7 1 2.500~1 000 0.156 0 0.24
AR Tartaric acid ¥=900.69x+2 070.1 0.999 9 25.000~1 350 1.2500 1.73
25T Quinic acid y=270.08x+13 612 0.999 8 102.500~6 150 4.100 0 1.44
FRMR Malic acid y=440.39x+12 062 0.999 5 77.500~6 150 3.100 0 0.90
FE R Shikimic acid y=27 762x~1 863.3 1 0.440~160 0.050 0 1.48
FLAR Lactic acid y=205.8x+682.27 0.999 9 41.600~2 600 2.600 0 0.51
Mtz Citric acid y=591.73x-9 634.4 0.999 9 12.000~4 620 4.800 0 0.95
& D2 Fumaric acid y=68 515x+3 734.3 1 0.065~260 0.0325 0.95
x4 MAREBERIRLE (n=3)

Table 4 Results of spiked recoveries (n=3) %
414} Component Mk Cherry Bk Peach R Apple 48 Pomegranate W% Blueberry %Y Pear
HiR Oxalic acid 90.89+6.17 96.76+2.53 96.43+5.30 88.35+2.29 98.72+4.19 97.01+6.92
AR Tartaric acid 100.13£3.59 102.26+4.20 97.1626.72 98.87+7.50 102.56+2.69 97.0122.22
1 Quinic acid 100.93+6.09 90.26+4.96 92.64+4.91 95.278.52 94.15+6.24 99.42+3.79
R Malic acid 102.14+3.08 99.95+6.85 97.50+6.63 98.05+6.64 96.05+5.26 94.31+7.60
FEER Shikimic acid 103.55+1.20 101.93+1.04 101.924+2.28 102.911.33 103.23£1.24 99.25+9.24
FLER Lactic acid 90.43+0.38 102.10+3.52 88.33x1.38 93.82+7.72 97.60+8.65 101.3326.40
MIB4IR Citric acid 99.87+3.09 97.48+3.52 93.73+7.08 94.15+2.93 90.22+2.12 96.89+5.84
& DR Fumaric acid 97.37+5.58 89.40+5.52 96.36+6.08 95.42+1.55 99.53+3.18 96.59+9.75
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x5 FARARTHANEREE(n=3)
Table 5 Organic acid content of different fruit juices (n=3) pl(mg-L™")
Pt gy R TR RRm R an
species Cultivar Code  Oxalic acid  Quinic acid Malic acid Shikimic acid  Citric acid Fumaric acid
PR A6 5T Brooks yi-1 - - 8 578.84+108.66 ef 37.21£0.66b  178.1742.93h  3.85+0.08
Cherry BKJBE Summit yi=2 - - 10673.67492.04 b 30.15£1.00d  270.88+2.40 g  2.460.04i
BEF] yt=3 - - 6666.12+330.35 ¢ 20.71+£1.32 ¢ 673.86+4.38 b 7.61+0.14 ¢
Bigarreau Moreau
45 Chunxiu yi—4 - - 8317.78+249.65f 42.37+1.58 a 177.45+2.06 h 3.74+0.01
HiBH Sunburst yt=5 - - 8944.61+£192.77 de 28.73+0.83 de  177.41+x1.22 h 2.70£0.06 h
BRI Zaodaguo yt=6 - - 9790.50+376.56 ¢ 25.38+1.46 f 552.86+4.89 d 6.37+0.06 d
% Huangmi yt=7 - - 9213.59+444.83 d 31.89+0.94 ¢ 465.28+1.67 4.78+0.07 e
Z14T Hongdeng yi-8 - - 14 189.78+504.56 a 27.80+0.70 e 797.20+5.95 a 12.32+0.21 a
FALTER Zaohongzhu — y1-9 - - 8 836.33+315.85 def24.27+0.72 f 613.92+7.54 ¢ 9.25+0.06 b
23-24 yt=10 - - 11 163.76£256.26 b 41.02+0.17 a 296.39+0.67 { 3.12+0.02 ¢
21 Hongyan yi=11 - - 9 373.32+130.45 ¢d 36.79+1.34 b 167.79+1.11 1 2.87+0.05 h
SEX(H Mean - - 9613.48+1928.90 31.48+7.06 397.38+231.45 5.37£3.19
bR - - 1928.90 7.06 231.45 3.19
Standard deviation
5 R EL CVI% - - 20.06 22.44 58.24 59.39
B tH% 145 Zhongpanl -1 - 3108.67+38.25a 152647+£21.08 ¢ 28.58+0.04 ¢ 690.45+1.42 ¢ 12.82+0.12d
Peach s oz -2 - 31467011268 3525.31577.61b  30.96:0.62b 103329:6.54d  18.64+0.24 a
Huangjinmi3 a
hk 445 Zhongtaod 13 - 2818.64+41.19b 2673.83+18.44 ¢ 25.79+0.36d 1 112.11+11.80 ¢ 14.93+0.57 ¢
FBk 55 Zhongtaos -4 - 3226.09£81.79 a 2587.77+11.83d 31.54+0.85b 1208.17+18.75b 14.42+0.43 ¢
F18k 65 Zhongtao6  1-5 - 3086.62+55.27 a 3 878.60+43.82 a 33.20+0.68 a 1622.05+49.11a 17.30+0.20 b
SE-H4{H Mean - 3077.34+£154.06 2 838.40+917.19 30.01+2.88 1133.22+335.80  15.62+2.33
FrifE2E - 154.06 917.19 2.88 335.80 2.33
Standard deviation
S FRECVI% - 5.01 32.31 9.61 29.63 14.92
R AEAT Huashuo pg-1 - 2400.69+48.28 b 3402.49+67.57j 10.53+0.10 f 257.41+2.80 ¢ 1.54+0.01 d
Apple 1E 5 Huaxing pg—2 - 1990.58+31.85d 3666.30£17.94h 13.52+0.04 b 432.17+1.81 b 1.69+0.01 b
1E% Huarui pg-3 - 2461.15£7.70 a  3401.69+18.63 ] 10.91+0.08 e 245.42+0.80 d 1.22+0.03 f
Bt Fuji pg—4 - 2027.97+6.47 ¢ 5069.43+22.61 f 8.84+0.05 h 142.71+4.16 h 1.69+0.03 b
96-1-24 pg=S - 2454.90+11.70 a 3 306.42+0.76 k 9.96+0.03 ¢ 605.42+0.43 a 1.00£0.02 g
1£41. Huahong pg—6 - 672.34+ 7711 2512.79+8.72 m 6.08+0.02 j 144.97+0.53 h 1.41+0.01 e
1£4F Huaniu pg=7 - 1329.89+12.11 e 2267.44+109 n 17.97+0.07 a 132.65+3.23 i 2.52+0.02 a
Z&58 Qinguan pg-8 - 866.30£24.41 g 5807.17+27.73 ¢ 12.31+0.11 ¢ 172.35+2.12 ¢ 0.02+0.00 n
1£5% Huamei pg—9 - 522.11£539k 3034.25+1.541 10.58+0.07 f 136.48+0.91 i 0.32+0.01 h
Jb > 3 Beizhixing ~ pg-10 - 574.17+10.84j 5432.23+19.61d 11.27+0.33d  171.31=237e  1.580.04 ¢
W Sansa pg-11 - 604.06+13.29 ) 5127.92+7.44 7.51+0.05 1 120.21£1.15 0.20+0.00 j
Ko pg-12 - 754.98+6.86 h  6712.09+48.32h  5.03 +0.13 1 162.39+0.68 f 0.26+0.00 i
Golden delicious
Te4h4s Jonagold pe-13 - 504.65+12.10 k 3491.16+24.461  3.64+0.01n  117.03x043j  0.03+0.00 mn
WL+ Pink Lady  pg—14 - 773.55+19.89 h 7050.01+35.38a  4.50+0.21 m 156.04+4.70 g 0.05+0.00 m
Jt3}- Beidou pg-15 - 532.04+15.17 k 4 978.58+20.89 ¢ 5.34+0.07 k 172.49+3.90 e 0.12+0.00 k
Hr4l R Starkrimson  pg-16 - 918.23+1.75f 3077.61£25421 11.25+£0.2d 133.02+0.89 i 0.08+0.00 1
SEHIE Mean - 1211.73£771.03 4 271.10+1 477.30 9.33+3.82 206.38+131.98 0.86+0.81
FrifE2E - 771.03 1477.30 3.82 131.98 0.891
Standard deviation
5 FREL CVI% - 63.63 34.59 40.95 63.95 94.44
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e e . e b . . .
ORI 5 5 SRR R HIksR L
species Cultivar Code  Oxalic acid  Quinic acid Malic acid Shikimic acid  Citric acid Fumaric acid
Wik i F Bluecrop Im-1 - 1231.26£17.19b  437.40£11.12d  18.88:0.37d 8956.57£116.09 ¢  0.80+0.02d
Blueberry 4 540 1y e Im-2 - 1652462538 a  532.41x15.10b 21.88:0.30 ¢ 9 466.66x13527b  0.86+0.03 ¢
HLJ2/K 0’ Neal Im-3 - 1658.56+85.46 2 474.14£6.61 c 32.77+¢0.32a 7607.48+139.35d 1.11£0.02b
JLkiti Northland Im—4 - 1229.50+36.93 b 620.57+11.24a  18.56+0.24d 10552.57£132.32a 2.77+0.06 a
I Britewell Im-5 - 1208.36+13.90 b 289.61+8.86 e 25.05:0.20b  9354.94:69.22h  0.530.00 e
SEHE Mean - 1396.03+237.06  470.83+122.66 23.43+5.84 9 187.64+1062.92 1.21+0.89
bR - 237.06 122.66 5.84 1062.92 0.89
Standard deviation
S FRECVI% - 16.98 26.05 24.94 11.57 73.70
FaLi FEA1HF Yushizi sl-1 282514+ - 2536.83£9.41 e 19.870.14 ¢ 1224.12£0.70f  0.72+0.01 h
Pomegranate 32.35d
52 [ 4148 Mengzi sl-2 27277« - 2323.61+852 ¢ 29.28+0.04b 5663.52+7.81a  3.58+0.02b
285¢
SR JE Hrigok? sl-3 512.08+ - 4237.74+7.84 a 10.3140.07h 1 149.07+16.08 g 4.20+0.004 a
Tunisruanzi 0.66 e
KEEHF Dabenzi sl-4 323481 - 2752.50+16.25 d 19.7740.17f 1601.33+5.75d 1.22+0.02 ¢
0.71b
KELHI Dahongpao  s1-5 16731+ - 3077.93x15.06¢c  22.75+0.07c 3 763.843.81 ¢ 1.00+0.01 f
0.57 ¢
ki Qiuyan sl-6 288680+ - 222146£1400h  1378+0.11g  967.23+3.04h  1.33+0.03d
492 ¢
i Kz Tongpi sl=7 349243+ - 2 447.5625.72 f 20.96+0.19d  1298.40+7.61e  0.9120.01 g
730 a
WALk 2 5 s1-8 169.02+ - 4106.57+60.83b 52574024 a 4774.92+449b  1.8320.02c
Huaibeiruanzi 2 489¢
SEYE Mean 169504+ - 2963.02+792.48 23.66+12.99 2555.31x1882.62 1.85+1.31
1529.89
FRiEZ Standard deviation 1529.89 - 792.48 12.99 1 882.62 1.31
AR RE CVI% 90.26 - 26.75 54.89 73.67 71.03
A 41547 Hongbashi ~ 1-1 - 856.65+21.09 e 1 830.44x9.59 e 44.80+0.08h 134621:6.66b  1.63x0.01g
Pear L1751k Hongsiangsu  1-2 - 675.62+3.00f 2135.05+37.05d  121.65:0.17d  177.76x0.38h  15.97+0.25 a
KL% Zaobaimi -3 - 1178.58+18.41 b3 081.53+2420a  19451:041a  650.23:0.76e  2.9620.02 d
15%4 Sand pear -4 - 1007.512.51 ¢ 2380.92+62.03¢  120.18+0.75e 1054.20£11.71¢  9.11x0.11b
S MR AL -5 - 969.77+24.18 d1623.01214.89 g 46.63x026 g  557.52+0.15f  2.18+0.01 f
Jindiqiu pear
A -6 - 1273435559 a 1312.04:024 h 69.20£0.06 f 1393.47+690a  1.58+0.01¢g
Huangguan pear
AIES -7 - 1275.06+11.42 225232244370 b 170.40£1.39b  338.75:2.59 g  2.47+0.02¢
Dangshan pear
£1%1 Red pear -8 - 573.95+8.27 ¢ 1684.43+3.83 f 142.35£0.05¢  669.09£3.04d  3.76+0.06 c
FHIE Mean - 976.32+263.52 2 071.33+574.44  113.72455.93  773.40+448.46  4.96+5.08
brifE2z - 263.52 574.44 55.93 448.46 5.08
Standard deviation
A5 R CVI% - 26.99 27.73 49.18 57.99 102.38
T =" FORAM 5 [H— K R A FBUR [N FhEROR 25 57 B35 (P < 0.05).
Note: “~" indicates not detected; In the same fruit species, different small letters in the same column indicate significant differences (P < 0.05).
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®6 EHOHFEERERBKE
Table 6 Eigenvalues, proportion and cumulative
proportion of principal components

RT EMSHETERE

Table 7 Principal component loading matrix

F R 4 e BRI 5T
P 1OEI iy A
component igenvalue Proportion/% proportion/%
Prinl 1.748 591 35 29.14 29.14

Prin2 1.558 629 91 25.98 55.12

Prin3 1.011 756 10 16.86 71.98

Prin4 0.895 366 42 14.92 86.91

Prin5 0.618 550 83 10.31 97.21

Prin6 0.167 105 38 2.79 100.00

Prinl

2

Prin2

Prin2

2.5

g1

- FE 4> Principal component

A5 g Variable

Prinl Prin2 Prin3
HR Oxalic acid(X1) -0.260213  -0.406 123  0.348 977
Z5 TR Quinic acid(X2) 0.641 672 0.120699 —-0.267 279

SEHER Malic acid(X3) -0.508 574 0.491270 -0.211475
FELIR Shikimic acid(X4)  0.211 115 0.209932  0.860 202
HIARR Citric acid(X5) 0.305446  -0.519931 -0.141283
& SR Fumaric acid(X6) 0.352 182 0.514538  0.046 329
Prinl
0
et
1.5 0.5 1; 5 2’ 5 5

Prin3

Prin3

2 EMSANHRSE

Fig. 2 Score plots obtained from the principal component analysis

(Prinl, Prin2, Prin3) , {ijf 34> 32 B0 14 R 1175 22 5ok
FN T1.98% , FEAT] LU B JF R 6 A MLIR T8 A5 1)
B HERT FRUT B R AT LA AT 34 E K
I3 ERIR
Prin1=-0.260 213X 1+0.641 672X2-0.508 574X 3+
0.211 115X4+0.305 446X5+0.352 182X6;
Prin2=-0.406 123X 1+0.120 699X2+0.491 270X 3+
0.209 932X4-0.519 931X5+0.514 538X6;

Prin3=0.348 977X1-0.267 279X2-0.211 475X3+
0.860 202X4-0.141 283X5+0.046 329X6.
34 FkX T, Prinl \Prin2  Prin3 /3 94855 — 3
PO B A B = R XT X2 X3 X4 X5
X6 5y BIFEHR 45 TR SERIR R MR E
R
ATLLVE 8 — R I e E e b A 4
5

:ﬁ‘_‘—»
TR (X2) FISE SRR (X3) , HZ T RRASE SRR 20 i 5 4
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— B S E A SR A OG5 5 R o I i
BLEAR A FR (XT) SEIRIR (X3) MR (X5) &
R (X6) , H B R AR 5 55 — 32 il or &2 Al
X SRR DR 55 T E AR IEAG
BT R S EAR bR S R (X4) , HIE R 55
SRR EIEAK, mE 2T LLE I BT AR
AL, At [R]— K R ST S A2 43 AR A X
LA e rf, 10 Ak T (BR T yt-8) S FhBkyt 5 Fiiis
T B R Sy —25 A FP A AR (11 sl-4 sl-
6 .s1=7) HU IR R —2E AT AL SR
Rh—A M ET HEAE B B IERS 5
{EAR K, I 512 32 B4 52 IEAH G B A MLRR 78 % R
st R R R, 5% T S UM S IR A PR TR X
it BB 5 AR S R A b B A A (B
K, W5 % 3 A 5 IE A 5 A HLBR TE 1R i b
AL, 5% 280 2 AU DG A HLRR 7R 2R
e . RS — R AR S
OHEL TR RS A B IES A, AR
B DA IR A R B b

B A A, IR SRR S AR L T
WERE T AR IR B A A s BRI RS — B8 )
Y TE 5 ] AR SRR R, Uk 2 TR A
IhR S s AT T — s B 7 T [
HAE S — 3 B e AR o8, U A i rh s
iRt i, Hosl-1 .s1-4 s1-6 .s1-7 4 FL A 7T
1553 (8 e, VA 4 Pl R VT R R 7 i i s AT T
AbF5 = 3 B A I ) AR AR TR = FE A
8 7 1), UREA AT 3 R o s, TS ARyt rh
FERR A AN, XSS, TR A

Bt AN [ 2 B K S () A WL R 4 18 R 5 et 1) 25 57
P, B R — oK S 1A LR A AN 5t A AR U1 o
232 RESA LUSIFRRIT RS, DA
FE A A DR 5 e 2 B IR B L B , FH SAS9.3 4t
AT A AT R 0. IEI3 AT LUE Y, 26
IIATEE RS TR AT A R — S MERIRIE B A
0.5, A7 Syt AR Ry 625, 5 Fh s 2891 S Bk
A3 AR R —2 yi-8 B I O — 25 B4 1-2 1
3.1-4.1-7 1-8 Bl —2, AT sl-1 .s1-4 .s1-6 F1l

LI B3 2R ZE R i G

Sample code of observation or cluster

SE8B8sanpe

33

oo ww
LR NN R L= RO TWI L RN — 000NN WAL

@
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o
> -
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Minimum distance between clusters
3 S3FMBRTHIRRERLS

Fig. 3 The cluster analysis dendrogram of 53 fruit juices
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