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Detection and differential analysis of fruit organic acids among different

local wrinkled papaya varieties( Chaenomeles speciosa ) by GC-MS
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('College of Horticulture and Landscape Architecture, South West University, Chongqing 400715, China; ° Key Laboratory of Horticul-
ture Science for Southwest Mountainous Regions, Ministry of Education, Chongqing 400715, China)

Abstract: [Objective]lOrganic acid plays a key role in affecting fruit flavor by changing acid-sugar ra-
tio. And GC-MS is also an important detecting platform to inspect fruit organic acids due to its stable,
sensitive and accurate features. With methyl ester derivatization, the objective organic acids could be ef-
fectively detected for their reduction of ingredient polarity. To provide the basic data for Chaenomeles
speciosa (Sweet) Nakai fruit quality improvement, the the organic acid inspection of the fruit sam-
pleswas carried out from 10 main producing areas in China and their compositions and contentswere
disclosed by extracting with methal, derivating with methyl esterification and detecting by means of
GC-MS. [Methods]In this study, 10 local varieties were used as materials that were collected from 10
main producing areas in China. After methanol extraction and methyl-ester derivatization, the composi-
tions and contents of organic acids with each sample were comprehensively determined by GC-MS.
The derivatives were analyzed by a Shimadzu GC-MS 2010 Qplus with a Rxt-5MS weak polar capil-
lary MS column(30 m x 0.25 mm , 0.25 pm, Shimadzu Technology). Helium was used as the carrier gas
at 0.87 mL - min"' with a split ratio of 53:1 for the testing solution. The GC-MS detecting time was 35
min. Qualitative retrieval was conducted with similarity searching in NIST08 and NISTO8S coupled
with Kovats Reservation Index(R/ value) matching and quantitative analysis was performed by an exter-
nal standard method and the ingredient peak responding value was adjusted according to the n-alkanes

mixed standards that came from USA O2Si calibration standards company. The difference in objective
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organic acids of all the 10 local variety samples was done through the Excel 2007 software and the Hier-
archical Cluster Analysis(HCA) of organic acid composition among different samples was completed
with SPSS20.0. [Results]Six standards for organic acids including malic acid, citric acid, oxalic acid,
succinic acid, fumaric acid and oleic acid as well as their gradient regression equations showed that
there was a high correlation between the standard concentration and their component peak area(R’ >
92.9%). All baselines of the TICs were stable and all the component peaks were evenly distributed dur-
ing the detecting period and their resolution was high. So the method for extracting by methanol, de-
rivating by methyl ester and detecting by GC-MS was stable and reliable. A total of 43 organic acids in-
cluding 9 short-chain carboxylic acids, 22 long-chain fatty acids, 4 aromatic dicarboxylic acids, 4 mono-
basic phenol acids and 2 amino acids were identified from the 10 fruit samples of different producing ar-
eas in China. The top 10 organic acids with the highest contents were d/-malic acid, citric acid, hexadec-
anoic acid, 9,12-octadecadienoic acid, 9-octadecenoic acid, (+/-)-10-hydroxy-octadecanoic acid, levulin-
ic acid, stearic acid, 9,10-dihydroxy-octadecanoic acid and benzoic acid, respectively. There were 33
common ingredient peaks among the total 10 local varieties and their total contents of organic acids
were between 85.02-170.76 mg - g'. From high to low content, it showed like this: Linyi of Shandong >
Jinghong of Yunnan > Zheng’ an of Guizhou > Chun’an of Zhejiang > Qijiang of Chongqing> Chang-
yang of Hubei > Xuancheng of Anhui > Yilong of Sichuan > Nanning of Guangxi > Baihe of Shaanxi.
The total organic acid content had an extremely significant positive correlation with the long-chain fatty
acids, mainly including hexadecanoic acid, 9,12-octadecadienoic acid and 9-octadecenoic acid; a signifi-
cant positive correlation with the short-chain carboxylic acids, mainly consisting of d/-malic acid and
citric acid; a negative correlation with the aromatic carboxylic acids, mainly containing benzoic acid.
Analysis of the cluster according to 33 common components showed that all the fruit samples were clas-
sified into 4 categories when their clustering distance was 5: Yilong of Sichuan, Xuancheng of An’ hui,
Baihe of Shaanxi, Nanning of Guangxi, and Changyang of Hubei were clustered into the first group; Qi-
jiang of Chongqing and Chun’an of Zhejiang were clustered into the second branch. Zheng’ an of Gui-
zhou and Linyi of Shandong were clustered into the third group, and Jinghong of Yunnan was alone
clustered into the fourth group. The Hierarchical Cluster Analysis (HCA) coupled with the total organic
acid content showed that Zheng’an of Guizhou and Linyi of Shandong belonged to the high-acid variet-
ies, Qijiang of Chongqing and Chun’an of Zhejiang were the middle-acid varieties, and Yilong of Sich-
uan, Baihe of Shaanxi and Nanning of Guangxi belonged to the low-acid varieties. [Conclusion]Com-
pared with the acid-base titration method and HPLC, GC-MS method not onlywas more stable, sensi-
tive and accurate, but also could realize a qualitative identification of more chemical components. So it
was much better to be used in the determination of total organic acid contents in fruits and their derived
products. The results showed that there was a small difference among the different local varieties and an
obvious difference existed in organic acid compositions and contents among the samples from different
producing areas in China. And d/-malic acid and citric acid were the main components in most of C. spe-
ciosa fruit samples from 10 producing areas in China. Therefore, it belonged to the fruit type of malic
acid accumulating mode.
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Table 1 Experiment samples collecting information table

EIZO% 7*IX Producing areas YIR4 Species name Irlnlnaﬁez o?ﬁiif variety ;tifﬁji fbﬁfiion
1 H JRET A 35481 Shihao,Qijiang,Chongging C. spesiosa (Sweet) Nakai. K%' AKJK Daluo Mugua 1 600 CQQJ
2 Y 114 Bz =3 84 Sanhe,Yilong,Sichuang C. spesiosa (Sweet) Nakai.  JI[&RJI Chuan Mugua 600 SCYL
3 [ 75 (7] 7 41 Zhongchang,Baihe,Shaanxi  C. spesiosa (Sweet) Nakai.  [17W[ A K Baihe Mugua 400 SXBH
4 U S W0HT A Xintian, Xuancheng, Anhui C. spesiosa (Sweet) Nakai.  H A Xuan Mugua 1100 AHXC
5 JU P R T4 Liantang, Nanning,Guangxi  C. spesiosa (Sweet) Nakai. A JK Qing Mugua 400 GXNN
6 WL 22 81 Zhongzhou,Chunan,Zhejiang  C. spesiosa (Sweet) Nakai. %% 7KK Chun’an Mugua 150 ZICA
7 WAL K BH AP EEEH Langping,Changyang,Hubei  C. spesiosa (Sweet) Nakai. A JIX Changyang Mugua 1100 HBCY
8 2 F IR 4 Gasa,Jinghong, Yunnan C. spesiosa (Sweet) Nakai.  F&AJK Suan Mugua 1300 YNJH
9 BN IE 22 2237485 Anchang,Zheng’an,Guizhou  C. spesiosa (Sweet) Nakai.  1EZ A JK Zheng’an Mugua 600 GZZA

10 111 811 7 %377 #8 Tanghe,Linyi,Shandong C. spesiosa (Sweet) Nakai.  JT /A Qizhou Mugua 200 SDLY
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Fig. 1 GC-MS TICs of organic acids methylized derivatives of C. speciosa fruit samples and n-alkane mixture standards
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Table 2 Regression equation of the 6 standards curve

The mixture standards of C8-C30 n-alkane

FElR . 10,13- ik AR iE iR R . 9,10- R -+
I\ IR &5 s IR IR IR 10 B, (35 — o R R (L E N
FEO1 M, —u R IR (dI-F R BRI N R &
8 a-Wr I 1R V& IR D 6 TR = TR P AR IR  F AT
BEIR e A5 SR )3 My M08 07 A IRR IR 4 M, 71
MNZRE R - PR R RR VBR TR W & HIR, — T

s bk it ith £ S Source ANV ﬁ‘]“i%i‘ﬁ%‘? LEEE
No. Standards Standard curves Range/(mg-mL") Quantifying ion for Scan R’

1 dI-ERR di-Malic acid ~ y=518 133.2x ~112 455.1 Sigma-Aldrich ~ 3.505~70.1 10371 0.934

2 ¥R Citric acid »=85017 052.8x 45231 110.9  Sigma-Aldrich  1.506~30.12 143 101 0.972

3 EifR Ethanedioic acid y=10111786.9x =7 712 394.9 Sigma-Aldrich 1.503~30.06 5945 0.982

4 BREAER Succinic acid y=10485091.9x -10 082 445.2  Sigma-Aldrich ~ 0.509~10.18 75117 0.970

5 & B R Fumaric acid =806 370.9x 994 362.8 Sigma-Aldrich ~ 0.201~4.02 11 385 0.956

6 iR Oleinic acid y=26998 564 9x 28 065 430.9  Sigma-Aldrich ~ 2.913~58.26 5569 0.929
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Table 3 MS analyzing result of organic acids methyl derivatives of 10 C. speciosa local variety fruit samples
I o B N i) A IR AR MERT  SCHRRIT CAS No. TR R
Peak No. Reservation time/min  Organic acid name fH RI, {H RI, pKal
B R % 2 Short chain carboxylic acids
1* 2.905 g — H 5 Ethanedioic acid, dimethyl ester 791 753 553-90-2 1.23
2% 4.042 T % — H i Propanedioic acid, dimethyl ester 891 853 108-59-8  2.86
3% 4.926 LIRS R R Levulinic acid, methyl ester 956 921 624-45-3  4.05
4% 5.443 ‘= 1 — Hi§ Fumaric acid, dimethyl ester 994 960 624-49-7  3.02
5% 5.577 a-Bi % R — F'lig 2-oxo-Pentanedioic acid, ester 1003 1188 13192-04-6 2.47
6* 7.08 dI-3 B H i Malic acid, demethyl ester 1106 1115 1587-15-1  3.46
7% 7.367 BRI — "G Succinic acid, demethyl ester 1125 1063 4148-97-4  4.21
8 11.618 2 30 3L R = F I Trimethyl trans-Aconitate, trimethyl ester 1433 1403 4271-99-2  1.95
9% 12.051 ¥ 2 = Wi Citric acid, trimethy] ester 1468 1509  1587-20-8 3.13
10* 12.611 SEFTER = F G Isocitric acid, trimethyl ester 1513 1516 56009-39-3 3.13
K4 R Long chain fatty acids
11* 12.784 H H: R B i Dodecanoic acid , methyl ester 1527 1481 111-82-0  5.11
12% 13.086 FLRSTERR F S Azelaic acid , methyl ester 1552 1449 1732-10-1  5.07
13 15.265 IR & £ R F g Tetradecanoic acid, methyl ester 1744 1680 124-10-7  5.14
14 16.413 + TiJe 2 B Pentadecanoic acid , methyl ester 1854 1779 7132-64-1  5.15
15% 17.311 FE A R FR R 9-Hexadecenoic acid , methyl ester 1942 1 886 1120-25-8  5.17
16% 17.511 FAAEIR 1l Hexadecanoic acid, methyl ester 1963 1878 112-39-0  5.18
17% 19.291 YR B 9,12-Octadecadienoic acid , methyl ester 2133 2093 112-63-0  5.20
18% 19.341 % H' i 9-Octadecenoic acid, methyl ester 2137 2085 1937-62-8  5.16
19 19.475 J iR i 16-Octadecenoic acid, methyl ester 2148 2 085 52380-33-3 5.16
20% 19.551 fifi HE R H 5 Stearic acid, methyl ester 2154 2077 112-61-8  5.17
21% 20.381 11 %788 — FfiE Docosanedioic acid, dimethyl ester 2217 2741 22399-98-0 5.25
20% 21.218 JI-11- b5 J75 8 F I cis-11-Eicosenoic acid, methyl ester 2272 2276 2390-09-2 521
23* 21.418 1EE R H i Eicosanoic acid, methyl ester 2285 2284 1120-28-1 5.22
24* 21.886 JI§i-7,10,13,16-—+ B VU4 % ' i 2312 2507 13487-42-8 5.20
cis-7,10,13,16-Docosatetraenoic acid methyl ester
25% 21.933 7,10,13- =Bk — AR R 2315 2300  30223-51-9 5.20
7,10,13-Eicosatrienoic acid.methyl ester
26* 22.015 10,13- 8 —J#& B2 H 1% 10,13-Eicosadienoic acid, methyl ester 2 319 2292 30223-50-8 5.21
27* 22.24 10-F8 31 )\ be iz 7 i 2331 2239  55044-18-3 5.17
(+/-)-10-hydroxy-Octadecanoic acid,methyl ester
28% 22.54 7-$2HE- )\ B BR g 7-hydroxy-Octadecanoic acid , methyl ester 2 346 2239  2379-96-6 5.19
29 23.142 i g Docosanoic acid, methyl ester 2377 2475 929-77-1 522
30% 24.996 DU ER H i Tetracosanoic acid, methyl ester 2473 2674 2442-49-1 5.27
31% 25.783 9,10- = F2 K-+ J\ L 2 W il 2513 2 402 1115-01-1  5.19
9,10-dihydroxy-Octadecanoic acid,methyl ester
32 26.108 .+ H B G Pentacosanoic acid, methyl ester 2531 2375 6064-90-0  5.23
— JGHY R Monobasic phenol acids
33%* 11.869 KR H s p-Hydroxybenzoic acid , methyl ester 1453 1281 99-76-3 2.98
34% 14.018 2 JETR F {5 Quinic acid , methyl ester 1632 1852 77-95-2 3.70
35 14.75 JR LA R H I Protocatechuic acid , methyl ester 1697 1502 2150-43-8  3.58
36 14.811 FFELR FiE Shikimic acid, methyl ester 1702 1712 138-59-0  3.87
77 & WA PR Aromatic dicarboxylic acids
37% 4.787 FEER H i 2-Furancarboxylic acid, methyl ester 946 909 611-13-2  3.16
38 6.659 2K FR 1l Benzoic acid, methyl ester 1077 1 060 93-58-3 421
39 9.64 dl-Ji KR H1 I (S)-a-hydroxy-Benzeneacetic acid,methyl ester 1284 1322 21210-43-5 3.37
40* 11.008 R EEFR H i Cinnamic acid, methyl ester 1386 1267 103-26-4  4.44
41 12.833 Fr B F S Vanillic acid , methyl ester 1531 1470 3943-74-6  4.45
R IEM Amino acids
42 7.625 L-R 4% — " L-Aspartic acid, dimethyl ester 1143 1131 6384-18-5  2.77
43% 11.496 L-K N % % ' I 1-Phenylalanine, methyl ester 1432 1438 2577-90-4  5.48

T TOANRE S A A HLER H BT A M) UL RC LA B 70 % . Note: * is common ingredient peaks of 10 samples.
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Fig. 2 The common organic acid derivates peaks matching TICs among the 10 C. speciosa

local variety samples from different producing areas

BHRR (K 2. Bk, v W% B A KRl A HLER 41
FSCEL A v PR AR 7 b b 7 o ) A LR
BHAERKZER. HEL4TH, ELE 10T~
A AR ISR SERE S VT RE B 33 M A HLER  , & &= 2
mg- g WA VLI 104, RPN & & Sk
A VLR 1) 84.96% . LA dI-3F FE B FNFT 15 R 5 =
g5t i FEFRE 10 A4S 3277 DR il o~ 35 8 5 23l 36 %)
28.108 mg - g M116.290 mg - g, “F- 4 H 5% 55 = 43 5l
533 ML A LR 0 23.64% 5 13.70% ; FL IR K Ik
J9 R (13.582 mg - g, 11.42%) AZ A R (11.378
mg-g',9.57%) MR (11.026 mg- g, 9.27%) &
(5.599 mg- g, 4.71%) « 10- 5 F -+ /5 $i B2 (5.581
mg-g',4.69%) . LI NIR(4.310 mg-g',3.62%) i
fETR (2.953 mg-g',2.48%).9,10- ¥ F-+ )\ ki iz
(2201 mg-g',1.85%). fEftH &2 T 2mg g' )
10 B A A HLER AR BROR IR 5 K8 g 107 B2 28 1 7
55T 3MMTA o ARBIREE UL dI-57 R IR AT B IR
BB e, R A E ) 10 A 377 X, di-SE R ERAH X
A R TE B ELROK, = P 5k (40.069 mg - g

B, WAL KB (11.697 mg - g ) Bk, #2230 4 4% < 1M
FrER W L=/ e it i = (63.837 mg - g, HPL %
BE(4.688 mg- g DEAK, MHZEH T T 1315 K
JE s B2 DA v BR 7 A At Ll R I U R
38.66 mg-g", MU )I{X B 3.947 mg-g s
24 HREBNBREESHEHRES

AR E R, S B IE M KSR VR AR TIC B %41
3R PS5 B FL 8 I A W TR AR R AT A o o A HH B 2
(1 Wi AR A I, 4 ] 10 A 3 77 XA [7) 49 i A SR Hb 5
st PP R AR B A LR & & AR S B N 82.58~
170.76 mg - g (R 4D, 3% M iy 2K < 1L ARG U7 7 7] B4
(170.76+7.45) mg - g ">z 4 5 1t & 7 £8 (163.99 +
11.9) mg- g'>5t M 1E %2 %217 8(162.56+12.77) mg - g'>
WLV 22 T N4 (127.2949.57) mg - g "> H R BT A
BEER(113.7248.43) mg - ¢ > LK FHAR PE4E(103.53+
5.49) mg - g "> % BUE I HT H H1(91.4646.19) mg - g'>
DY 1A Bl = 9 £2(90.48+7.08) mg - g'>) " P g 7 3%
B1(82.74+5.00 Ymg - g "> Bk G 1 ] ) B (82.58+
4.85) mg- g, Ll AR I U7 e v » B 7Y T A, L AR I
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Table 4 The common organic acids content in 10 local variety samples from diferent producing areas
%%% G Tl kR MEZE Mean value £Standard deviation, n=3/(mg- g")
Compound
No. 1-CQQJ 2-SCYL 3-SXBH 4-AHXC 5-GXNN 6-ZICA 7-HBCY 8-YNJH 9-GZZA 10-SDLY
1 8.51+0.49a 3.27+0.23cd 4.79+0.36cd 2.96+0.21d 5.27+0.37bc  7.27+0.49ab 5.02+0.31cd 3.37+0.19cd 7.74+0.42a  7.78+0.55a
2 0.49+ 0.34+ 0.28+ 0.53+ 0.41+ 0.73+ 0.43+ 0.35+ 0.68+ 0.67+
0.04cd 0.02de 0.02e 0.02bcd 0.03de 0.04a 0.02de 0.01de 0.05ab 0.05abc
3 4.17+0.32bc 5.14+0.37ab 3.3+0.21cd 3.14+0.15cd 3.14+0.22cd  1.64+0.1d  5.53+0.28ab 5.01+0.39ab 6.33+0.29a  5.7+0.25ab
4 1.13£0.08bc 1.71+0.13a 0.88+0.05c 1.1+0.06bc 1.38+0.09ab  1.16+0.08bc 0.37+0.02d 0.87+0.06c  0.5+0.03d 0.46+0.02d
5 2.36+0.12a 1.83+0.09b 0.57+0.03f 1.26+0.09cd 0.8+0.06def  1.83+0.08b 0.65+0.03ef 1.69+0.13bc 1.12+0.05de 1.18+0.09cde
6 39.73+1.76a34.34+2.55a2 20.27+1.37b 35.44+2.15a 22.6+1.42b 39.75+2.4a 11.7+0.72b 40.07+2.81a 18.41+x1.4b  18.78+0.85b
7 1.58+ 3.07+ 1.42+ 1.99+ 091+ 1.86+ 1.01+ 0.9+ 1.16+ 1.16+
0.09bc 0.22a 0.07bcd 0.09b 0.04d 0.12b 0.06cd 0.06d 0.06¢cd 0.08cd
8 0.11+0cd  0.23+0.01b 0.1140cd 0.48+0.03a 0.12+0.01cd  0.19+0.01bc 0.14+0.01cd 0.08+0d 0.18+0.01bc 0.17+0.01bc
9 8.66+ 4.86+ 7.35+ 4.69+ 10.94+ 13.38+ 17.72+ 63.84+ 14.21+ 17.26+
0.53cde 0.24e 0.31de 0.22¢ 0.84bcde 1.01bcde 0.79b 4.49a 0.67bcd 0.87bc
10 0.68+0.05bc 0.77+0.05ab 0.33+0.02d 0.89+0.07a 0.5+0.04cd 0.61+0.04bc  0.34+0.02d  0.6+0.03bc  0.37+£0.02d  0.47+0.03cd
11 67.42+ 55.54+ 39.3+ 5247+ 46.08+ 68.42+ 4291+ 116.77+ 50.7+ 53.64+
4.87b 2.33bc 2.9¢ 2.96bc 2.39bc 5.02b 2.08¢ 9.28a 3.94bc 2.73bc
12 0.23+ 0.21+ 0.19+ 0.33+ 0.19+ 0.42+ 0.25+ 0.15+ 031+ 0.26+
0.01cde 0.01de 0.01de 0.02ab 0.01de 0.03a 0.02bcde 0.01e 0.02bc 0.01bed
13 0.43+£0.02b 0.52+0.04b 0.33+0.02b 0.42+0.02b 0.4+0.02b 0.47+0.02b  0.31+0.02b  0.35+£0.02b  1.3+£0.09a 1.4240.1a
14 0.77+0.05ab 0.79+0.03ab 0.44+0.03d 0.49+0.04cd 0.49+0.02cd  0.93+0.07ab 0.77+0.03ab  0.3+0.02d  0.72+0.04bc1+0.06a
15 7.45+0.48b 6.36+0.26b 9.02+0.49b 5.88+0.45b 7.36+0.33b  10.05+0.69b 10.51+0.65b 6.31+0.38b 24.77+1.27a 26.08+1.05a
16 7.15+0.54b 3.95+0.27b 7.25+0.36b 5.99+£0.47b 7.28+0.47b 9.76+0.69b  9.47+0.49b 9.47+0.74b 36.84+2.78a 38.66+2.3a
17 9.13+ 4.9+ 9.53+ 6.7+ 7.88+ 17.31+ 12.86+ 17.44+ 11.88+ 12.64+
0.6bcde 0.32¢ 0.74bcd 0.48de 0.63cde 1.09a 0.95b 0.76a 0.57bc 0.71b
18 1.77£0.12bc 1.09+0.05¢ 2.1+0.13bc  1.15+0.08¢c 2.07+0.13bc  2.58+0.14b  2.63+0.17b 1.29+0.09bc 7.23+0.5la  7.62+0.52a
19 0.18+0.01bc 0.16+0.01bc 0.16+0.01bc 0.13+0.01c 0.16+0.01bc  0.27+0.02b  0.54+0.03a 0.12+0.0lc  0.44+0.03a  0.44+0.03a
20 0.25+0.01b 0.09+£0.01b 0.24+0.02b 0.13+0.01b 0.3+0.02b 0.48+0.03b  0.46+0.03b 0.3+0.01b  3.25+0.19a  3.35+0.25a
21 0.49+0.03b 0.33£0.02b 0.56+0.04b 0.44+0.03b 0.51+0.03b  0.87+0.05b  0.66+0.03b  0.68+0.03b  4.55+0.36a  4.89+0.27a
22 0.19+0.01b 0.23+0.01ab 0.2+0.01b  0.26+0.02ab 0.2+0.01b 0.22+0.01ab 0.27+0.01ab  0.06+0c 0.26+£0.01ab  0.29+0.02a
23 0.26+0.02bc 0.23+£0.02bc 0.21+0.01bc 0.16+0.01c  0.26+£0.02bc  0.23+0.01bc  0.45+0.03b  0.07+0c 1.58+0.08a  1.54+0.06a
24 1.03+0.07b 0.81£0.06bc 0.46+0.03c  0.99+0.06b 0.42+0.02c 1.26+0.08b  1.97+0.13a  0.46+0.03¢c  2.1+0.17a 2+0.15a
25 6.8+0.47ab 7.98+0.44a 4.99+0.29bc 5.82+0.23ab 0.97+0.06d  3.28+0.21c  7.29+0.4a  3.4+0.18c 7.65£0.53a  7.63+0.31a
26 1.51+0.1abc 0.97+0.05d 0.93+0.04d 0.99+0.05d 0.45+0.04e 1.4+0.06bcd 1.65+0.11ab 1.04+0.07cd2+0.11a 2+0.14a
27 1.55+ 1.12+ 1.96+ 1.48+ 1.81+ 1.59+ 1.1+ 1.33+ 1.72+ 1.66+
0.07abc 0.05¢ 0.12a 0.08abc 0.11ab 0.07abc 0.05¢ 0.06bc 0.13ab 0.09abc
28 3.14+0.2a 1.91+0.08cd 1.81+0.09cd 1.61+0.13d 2.11+0.13bcd 1.25+0.05d  3.19+0.21a 1.49+0.08d 2.6+0.14abc 2.9+0.18ab
29 42.33+3.22b31.64+1.92b40.37+1.83b 32.95+2.1b 32.86+2.36b  52.35+4.03b 54.37+3.71b 44.26+1.92b 109.21+4.55a 114.39+6.32a
30 0.25+0.01c 0.43+0.03b 0.18+0.01c 0.62+0.03a 0.21+0.01c 0.29+0.02¢  0.26+0.01c  0.17+£0.01c  0.23£0.01c ~ 0.2+0.01c
31 1.14+0.09b 0.94+0.05b 0.95+0.04b 1.03+0.06b 0.45+0.04c 1.5+£0.09a  1.22+0.07ab 0.87+0.07b  0.45+0.02¢  0.46+0.03c
32 1.44+0.09ab 1.3740.09ab 1.13+0.06bc 1.65+£0.1a  0.66+0.05¢ 1.79+0.08a 1.484+0.09ab 1.05+0.08bc 0.68+0.05¢c  0.66+0.05¢
33 0.56+0.04abc 0.39+0.02¢cd 0.48+0.03bc 0.38+0.03cd 0.55+0.04abc  0.6+0.04ab  0.71+0.03a  0.25+0.01d 0.66+0.05ab 0.66+0.05ab
34 1.63+0.08cd 0.75+0.03e 1.06+0.07de 2.67+0.2b  2.17+0.11bc  3.6+0.19a 2.58+0.17b 1.46+0.1cde 1.11+0.06de 1.17+0.06de
35 0.34+0.02cd 0.75+£0.05b 0.19+0.01d 1.19+0.08a 0.36+0.02cd  0.46+0.02¢  1.39+0.11a 0.17+0.01d 0.14+0.01d  0.16+0.01d
36 2.54+0.11bc 1.88+0.12¢ 1.74+0.1c  4.25+0.33a 3.09+0.23b 4.67£0.35a  4.69+0.35a 1.88+0.14c  1.91+0.13¢c  1.99+0.16bc
37 0.04+£0cd  0.04+0cd  0.04+0cd 0.13+0.01a 0.06+=0bc 0.05+0bcd  0.07+0b 0.03+0d 0.06+0bc 0.07+0b
38 0.04+0cd  0.04+0cd  0.04+0cd  0.13£0.01a 0.06+0bc 0.05£0bcd  0.07+0b 0.03+0d 0.06+0bc 0.07+0.01b
39 113.72+ 90.48+ 82.58+ 91.46+ 82.74+ 127.29+ 103.53+ 163.99+ 162.56+ 170.76+
8.43b 7.08b 4.85b 6.19b Sb 9.57ab 5.49b 11.9a 12.77a 7.45a

L BER 2 N R 3. LR R 4. W RS, a- B R 6. dI-ERER 7. BEIARR : 8. RaUZ KR (9. ATHE IR 10. FATHEIR ; 11 IRBROR IR
Fe5 120 A HERR ; 13, ALRGTERR s 14. AFRE TR < 15, AFMHIR s 16. Wil MR < 17. MR 5 18. BEARTR ; 19. 118712 5 20. Mi-11- MG R s 21. 76412 5 22. I
35,8, 11- B0 =058 523, 7,10,13- B0 =452 524, 10,13- B0 IR 525, 10-F 56 -+ 7N iR 5 26. 7-F8 38 -1 )\ Bi iR s 27. -+ DU Kifig 28.
9,10- 2 I+ )\ B2 : 29. KEEAR TR :30. ZEJER ;31. /KR :32. — JCTHR ;33 BEAR ; 34, K ER ;35 WAETR 36, 75 FIEA MR :37. L-AEHERE
B2 538, B HEER 139, BV HLER. abe 7£ 0.05 AT CRUID F 2R R % .

Note: 1. Ethanedioic acid; 2. Propanedioic acid; 3. Levulinic acid; 4. Fumaric acid; 5. 2-oxo-Pentanedioic acid; 6. d/-Malic acid; 7. Succinic acid;
8. Trans-Aconitate; 9. Citric acid; 10. Isocitric acid; 11. Short chain carboxylic acids; 12. Dodecanoic acid; 13. Azelaic acid; 14. 9-Hexadecenoic acid,
15. Hexadecanoic acid; 16. 9,12-Octadecadienoic acid; 17. 9-Octadecenoic acid; 18. Stearic acid; 19. Docosanedioic acid; 20. cis-11-Eicosenoic acid;
21. Eicosanoic acid; 22. cis-7,10,13,16-Docosatetraenoic acid; 23. 7,10,13-Eicosatrienoic acid; 24. 10,13-Eicosadienoic acid; 25. (+/-)-10-hydroxy-
Octadecanoic acid; 26. 7-hydroxy-Octadecanoic acid; 27. Tetracosanoic acid, methyl ester; 28. 9,10-dihydroxy-Octadecanoic acid; 29. Long chain fat-
ty acids; 30. Quinic acid; 31. p-Hydroxybenzoic acid; 32. Monobasic phenol acids; 33. 2-Furancarboxylic acid; 34. Benzoic acid; 35. Cinnamic acid;
36. Aromatic dicarboxylic acids; 37. I-Phenylalanine; 38. Amino acids; 39. Total organic acids. And abc significant at 0.05 level.
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Fig. 3 The total organic acids content of each sample and the percentage stacked

column diagram of each type of organic acids
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Table 5 Correlation analysis and their significance test of each kind of organic acids in 10 local rariety samples (n=10)

AR FHIK R 2 Correlation coefficient 75 5 A BS Significance test(Single tail)

Organic acid No.  var(1 Var02 Var03 Var04 Var05 Var06 Var0l  Var02  Var03  Var04  Var05 Var06
Var01 1.000%**  -0.116 0.071 -0.186 -0.346 0.526%*  0.000 0375 0422 0304 0.164 0.049
Var02 -0.116 1.000%**  -0.550%* -0.268 0.069 0.783*** 0375 0.000 0.050 0227  0.425 0.004
Var03 0.071 -0.550%%  1.000%** 0.661%*  0.205 -0.402% 0422 0.050 0.000 0.019 0285 0.097
Var04 -0.186 -0.268 0.661%¥% 1.000%%%  (.489% -0.308 0304 0227 0.019 0000 0.076 0.193
Var05 -0.346 0.069 0205  0.489* 1.000%**  -0.138 0.164 0425 0285 0.076  0.000 0.351
Var06 0.526%%  0.783%**  _0.402%  -0.308 -0.138 1.000%** 0049 0.004  0.097 0.193 0351 0.000

 : Var01. IRBRR IR IS s Var02. KHE IR IR s Var03. — G IR s Var04. 75 & AT MUK s Var05. Z2EIR ; Var06. S AT LR ; *3RRTE p < 0.10 /K
CHRRE) FAH G #*RRTE p <0.05 AKF CHLZATER) b3 H G+ RIRAE p < 0.01 7K-F B KSR BRI G

Note: VarO1. Short chain carboxylic acids; Var02. Long chain fatty acids; Var03. Monobasic phenol acids; Var04. Aromatic dicarboxylic acids;
Var05. Amino acids; Var06. Total organic acids; * indicates correlation is correlaitve at p < 0.10 level of single-tailed test.** indicates correlation is

significant at p < 0.05 level of single-tailed test.*** indicates correlation is strongly significant at p < 0.01 level of single-tailed test.

70

40t
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20
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0 1 2 3 4 5 6 7 8 9 10
HHLER 4 FK Organic acids names
1.2, LSRR ;3. dI-SE 8 . 4. A7 R IR - 5. ARKE IR - 6. LU TR 7. Wi 8. TG 1R : 9. 10-F2 3+ /N Belz ; 10. HEHF R .

1. Ethanedioic acid; 2. Levulinic acid; 3. d/-Malic acid; 4. Citric acid; 5. Hexadecanoic acid; 6. 9,12-Octadecadienoic acid; 7. 9-Octadecenoic acid;

8. Stearic acid; 9. (+/-)-10-hydroxy-Octadecanoic acid; 10. Benzoic acid.
4 THEEBNBRRIFERE
Fig. 4 Box plot of the the 10 main organic acids
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FRPAE Cluster distance

1. H PR A S 2. DY AR = 8 3. BRIE (T b ) 8L 4. 2 BUEOHT L 5. 1 T R T BRI 6. WLV %2 rh MG 7. WAEA B

B 8. A B 9. BN IE 22 2218 10, (LRI T i B

1. Shihao, Qijiang, Chongqing; 2. Sanhe, Yilong, Sichuang; 3. Zhongchang, Baihe, Shaanxi; 4. Xintian, Xuancheng, Anhui; 5. Liantang, Nanning,

Guangxi; 6. Zhongzhou, Chunan, Zhejiang; 7. Langping, Changyang, Hubei; 8. Gasa, Jinghong, Yunnan; 9. Anchang, Zhengan, GuiZhou; 10.Tanghe,

Linyi, Shandong.

5 HEARMREBHNERA D REDFTROR D

Fig. 5 The clustering analysis dendrogram based on the organic acids composition data of the 10 sample
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