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Abstract:  Objective To establish a new protocol based on the ASE-HPLC method, which could determine the content of
phenolic acids in orchard soil rapidly and efficiently. Method Phlorizin was set as an sample for analysis, which is one of the
characteristic phenolic acids in apple orchard soil. Accelerated solvent extraction (ASE) combined with high performance liquid
chromatography (HPLC) was used to assess it. Specifically, the parameters of extraction solvent, extraction temperature, pressure and
number of cycles were optimized, aiming at exploring the optimal conditions of ASE extraction for phenolic acids. Result The
optimal conditions of ASE extraction for phenolic acids were as follows: Ethanol as extraction solvent initially, and methanol was the
subsequent extraction solvent extraction temperature at 120 , a pressure of 10.3 MPa, 2 cycles, every 5 min static time, 60% purge
volume, and purge time for 90 s. Conclusion The process was more simple, and with good reproducibility and linearity, correlation
coefficient up to 0.99, recovery efficiency between 83% and 98%, detection limit to the amount of 1.3 x 10 -2.5 x 10? ug-mL".
ASE-HPLC is an accurate and rapid new protocol to mensurate phenolic acids, which is an improved and practical method.
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1
Table 1 Retention time, linear equation, correlation coefficient and detection limit
RZ
Number  Phenolic Compound Retention time (min) Linear equation Correlation coefficient Detection limit (ug'mL™")
1 Gallic acid 2.95 1=2.652x+2.0981 0.9999 0.0061
2 P-hydroxybenzoic acid 10.38 y=1.1476x+0.4557 0.9963 0.0153
3 Catechin 11.63 y=0.5233x+0.3277 0.9981 0.0254
4 Caffeic acid 13.28 1=6.4564x+1.8327 0.9991 0.0027
5 Syringic acid 14.03 y=14.453x+0.1651 0.9999 0.0013
6 Vanillic aldehyde 15.97 »=8.9167x-0.4102 0.9999 0.0020
7 Ferulic acid 18.19 1=3.1315x+0.3994 0.9976 0.0054
8 Phloroglucinol 19.13 »=0.5513x-0.0432 0.9973 0.0215
9 Benzoic acid 20.23 »=0.2194x-0.0068 0.9979 0.0413
10 Salicylic acid 20.94 y=0.2223x+0.0017 0.9998 0.0463
11 Phlorizin 21.95 y=3.3742x+0.0382 0.9987 0.0055
12 Quercetin 25.20 »=0.5518x-0.0412 0.9974 0.0223
13 Cinnamic acid 26.13 1=6.4602x+1.7775 0.9993 0.0028
14 Phloretin 27.94 y=4.4998x-0.3590 0.9996 0.0040
2.2.2
2 B 1.00 mg
3
2
Table 2 Determination results of apple replanted orchard soil and recovery test
A B Recovery %
Number Phenolic compound Count Count n n n RSD
(mgke) (mgke) 0.25 mg'kg 0.50 mg'kg 1.00 mg-kg (% n=5)
1 Gallic acid 0.005¢g ND 85.8 88.7 91.2 3.05
2 P-hydroxybenzoic acid 0.066f ND 88.5 87.0 932 3.61
3 Catechin 0.047fg 0.021b 87.9 90.6 89.9 1.57
4 Caffeic acid 0.068f ND 83.2 86.7 89.1 3.44
5 Syringic acid 0.041fg ND 88.9 90.1 92.5 2.03
6 Vanillic aldehyde 2.208a 0.031a 89.9 93.6 98.8 4.75
7 Ferulic acid 0.065f ND 83.2 87.9 92.8 5.46
8 Phloroglucinol 0.055fg ND 82.5 86.8 89.3 3.99
9 Benzoic acid 0.036fg 0.015¢ 88.7 90.2 96.7 4.63
10 Salicylic acid 1.85% ND 89.5 92.1 97.5 4.39
11 Phlorizin 0.212e ND 89.2 90.2 96.8 4.49
12 Quercetin ND ND 83.1 93.2 92.8 3.10
13 Cinnamic acid 0.273d ND 88.7 89.9 923 2.03
14 Phloretin 0.489¢ ND 84.6 88.7 94.2 5.40

ND A B ND: not detected, A: ASE extraction method, B: Organic solvent extraction method



21 — 4617
( )
2 A (
)[22-25]
[26-28]
0.25 0.50 1.00 mgkg"
14
83%—98%
5 RSD 1.57—5.46
HPLC
3 pH
Hartley Buchan!™ 1 mol-L™! [29]
NaOH 12 HPLC
Hilt®"
pH HPLC HPLC MS
NMR
(21] Schieber U
NaOH 60 min 131
42 min 10
HPLC
[21] [3]
pH pH 2.6
Bl 14 HPLC
4
12h 200 mL
120
25 min 10.3 MPa 2
5 min 60%
90 s HPLC
ASE-HPLC pH 2.6 30
0.5 mL-min™' 5uL A B
0—35 min 5% 35% 35—
40 min 35%  40—42 min 35%
5% 10 min

83%—98%



4618

46

1.3>10"—2.5<107 pg'mL"

ASE-HPLC

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

Narwal S. Allelopathy in ecological sustainable organic agriculture.
Allelopathy Journal, 2010, 25(1): 51-72.

,2001: 30-42.
Kong C H, Hu F. Allelopathic Allelopathy and Its Application. Beijing:

China Agriculture Press, 2001: 30-42. (in Chinese)

[D]. : ,2005.

Zhang J H. Allelopathic effect of phenolics and its role on apple
replant disease mechanism[D]. Taian, Shandong: Shandong
Agricultural University, 2005. (in Chinese)

Kummeler M. Investigations into the causes of soil sickness in fruit
trees. Part I. Influence of soil treatment and soil sickness on vegetative

growth of Bittenfelder seedling. Erwerbsobstbau, 1981, 23(7): 162-168.

,2011, 31(1): 90-97.
Sun H B, Mao Z Q, Zhu S H. Changes of phenolic acids in the soil of
replanted apple orchards surrounding Bohai Gulf. Acta Ecologica

Sinica, 2011, 31(1): 90-97. (in Chinese)

, 2000, 11(5): 741-744.
Zhang S X, Gao Z Q, Liu H L. Continuous cropping obstacle and
rhizospheric micro-ecology. Soil phenolic acids and their
biological effect. Chinese Journal of Applied Ecology, 2000, 11(5):
741-744. (in Chinese)
Baerson S R, Dayan F E, Rimando A M, Nanayakkara N P, Liu C J,
Schroder J, Fishbein M, Pan Z, Kagan I A, Pratt L H, Cordonnier-Pratt
M M, Duke S O. A functional genomics investigation of
allelochemical biosynthesis in Sorghum bicolor root hairs. Journal of
Biological Chemistry, 2008, 283(6): 3231-3247.
Zhang J H, Mao Z Q, Wang L Q, Shu H R. Bioassay and identification
of root exudates of three fruit tree species. Journal of Integrative Plant
Biology, 2007, 49(3): 257-261.
Politycka B, Adamska D. Release of phenolic compounds from apple
residues decomposing in soil and the influence of temperature on their

degradation. Polish Journal of Environmental Studies, 2003, 12(1):

95-98.

[10] Wu H W, Haig T, Pratley J, Lemerle D, An M. Allelochemicals in

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

wheat (Triticum aestivum L.) : variation of phenolic acids in shoot
tissues. Journal of Chemical Ecology, 2001, 27(1):125-135.

Ogweno J, Yu J Q. Autotoxic potential in soil sickness: A
re-examination. Allelopathy Journal, 2006, 18(1): 93-102.

Jilani G, Mahmood S, Chaudhry A N, Hassan I, Akram M.
Allelochemicals: sources, toxicity and microbial transformation in soil:
a review. Annals of Microbiology, 2008, 58(3): 351-357.

Hartley R D, Buchan H. High-performance liquid chromatography of
phenolic acids and aldehydes derivied from the decomposition of
organic matter in soil. Journal of Chromatography, 1979, 180: 139-143.
Haghi G, Hatami A. Simultaneous quantification of flavonoids and
phenolic acids in plant materials by a newly developed isocratic
high-performance liquid chromatography approach. Journal of
Agricultural and Food Chemistry, 2010, 58: 10812-10816.

Podsedek A, Wilska-Jeszka J, Anders B, Markowski J. Compositional
characterisation of some apple varieties. European Food Research and
Technology, 2000, 210: 268-272.

Richter B E, Jones B A, Ezzell J L, Porter N L, Avdalovic A, Pohl C.
Accelerated solvent extraction: a technique for sample preparation.

Analytical Chemistry, 1996, 68(6): 1033-1039.

, 2003, 22(3): 364-367.

Cui Y H, Ju T Z, Cao J, Tao S. Measurement of semi-volatile organic
compounds in vegetables using accelerated solvent extraction. Journal
of Agro-Environment Science, 2003, 22(3): 364-367. (in Chinese)
(ASE) , 2006, 45(1):15-21.
Zhao H X, Yuan G Y, Qiu Y M, Wang L P, Zhou Z Q. Use of
accelerated solvent extraction techniques in pesticide residue analysis.
Chinese Journal of Pesticides, 2006, 45(1): 15-21. (in Chinese)
Brachet A, Rudaz S, Mateus L, Christen P, Veuthey J. Optimisation of
accelerated solvent extraction of cocaine and benzoylecgonine from
coca leaves. Journal of Separation Science, 2001, 24: 865-873.
Eng S O, Shea M L. Pressurized hot water extraction of berbefine,
baicalein and glyeyrrhizin in medicinal plants. Analytica Chemica
Acta, 2003, 482: 81.

, 1992, 6(4):43-46.
Wang X K, Jiang J C. Study on a extraction method of phenolic
compounds in soil. Journal of Shandong Institute of Building
Materials, 1992, 6(4): 43-46. (in Chinese)
(ASE)

, 2004, 96(6): 25-26.



21 — 4619
Chang CY, Wang Y F, Ge BK, Liu Y. Accelerated solvent extraction Food and Nutrition in China, 2007(4): 43-45. (in Chinese)
(ASE) assay organochlorine pesticide residues in fruits and vegetables. [27] s s s s
Port health Control, 2004, 96(6): 25-26. (in Chinese) ,2007, 11: 213-215.

[23] s s s Zhang Y, Wu HM, Yu J W, Zhan S L, Wang J Q. Extraction of total

, 2005, 33(6): 821-824. flavonoid from orange peel by accelerated solvent extraction. Food

Zhu X L, CaiJ B, Yang J, Su Q D. Determination of organophosphate Science and Technology, 2007, 11: 213-215. (in Chinese)
pesticide residues in soil by accelerated solvent extraction-gas [28] s s s s - -
chromatographic. Chinese Journal of Analytical Chemistry, 2005, , 2009, 6:
33(6): 821-824. (in Chinese) 104-108.

[24] s s / Song W B, Dai Y C, Xu M, Li X G, Yu J. Determination of
(ASE-GC/MS) ginsenosides in ginseng by ASE-SPE-LC-UV method. Modern

,2007, 17(5):769-771. Scientific Instruments, 2009, 6: 104-108. (in Chinese)

Wang L, Mu Y L, Li X C. Determination of organ phosphorus [29] s s R
pesticide in sea-sediment by accelerated solvent extraction-gas , 2002, 20(3):245-248.
chromatography/mass spectrometry. Chinese Journal of Health LiuJ Y, Yang X D, Xu L Z, Yang S L. Studies on the separation and
Laboratory Technology, 2007, 17(5): 769-771. (in Chinese) determination of natural phenolic acids by reversed-phase high

[25] s s s performance liquid chromatography. Chinese Journal of Chromatography,

,2009, 28(5): 416-422. 2002, 20(3):245-248. (in Chinese)

Gong Y L, Sun W L, Wang S Q, Shen B. A Comparative study on [30] Hilt P, Schieber A, Yildirim C. Detection of phloridzin in strawberries
extraction of organic matters in source rocks by accelerated solvent (Fragaria x ananassa Duch.) by HPLC-PDA-MS/MS and NMR
extraction and soxhlet extraction. Rock and Mineral Analysis, 2009, spectroscopy. Journal of Agricultural and Food Chemistry, 2003,
28(5): 416-422. (in Chinese) 51(10):2896-2899.

[26] s s s s N s [31] Schieber A, Keller P, Carle R. Determination of phenolic acids and

, 2007(4):
43-45.
Pang X A, Liu W J, Sun HZ, Jin Y X, Wan Y, Ma L, Kong X Y.

Uniform design almond-oil accelerated solvent extraction process.

flavonoids of apple and pear by high-performance liquid

chromatography. Journal of Chromatography A4, 2001, 910:265-273.



