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Mild hydrolysis and alcohol compounds of humic acids

Dou Sen Eric Lichtfouse and André Mariotti
(Jilin Agricultural University) (Université Pierre et Marie Curie)
Abstract

Alcohol compounds of humic acid (HA) hydrolyzed products were studied by using
alkaline mild hydrolysis, thin layer chromatography (TLC) and GC—MC in this paper.
The results showed that the alcohols content in HA hydrolyzed products were saturated
alcohol > sterol > unsaturated linear alcohol. Saturated alcohols were mainly even-
number carbon of Cwx-3 and Cis; Unsaturated linear alcohols were mainly Cas-iz, Coosgzand Cio
4. HAs from soils under C;and Cs plant cultivation were different in some aspects. C;—
HA contained more unsaturated alcohol, whereas Ci—HA contained more saturated alcohol

(especially Ciand Cu).

Key Words: Humic acid, Hydrolysis, Alcohol



TEMAGHRRRRIKER S ARR
. EAGER K R =P RIEE L &4

BP0 Eric Lichtfouse Al André Mariotti
CEMARNE K E) GEE BN K2

LI R SRR %, AT T AN . ek, R IREOR, X I TE ) 5t
SRR IEREAT TVFZ T, BRI NS IABT IR Gy, TSR0 7o AT AL 1 E )
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THERE SR AL A 44 1 Boigneville X5, SRAERT A2 19934E5 H o 38200 55k 1
(faible Lessivé) o RAEERE H0~30cm, KT Immfdi. JLEPASALEE, 4350 A 4E R &4 F 1
L IR 234 TOK AR A 234 /N A2, BT E AR R CR & E R 3, SR ARG &M T+
o IR RS TR TS
(Z) HAERBIFI&FNa4H

H0. Imol/LNaOHAE25°C\ Ne4c A o T4, A& IR b 2 pH1. 543 Z4HHA. HSpectra/PorR
37 5% M7 A HHAZE AL 43 51 43 14 = 2000 fHA . £840°C e 78 IR AR 218 GBS, R T-43 FIHA
RS HAMKIP R N1, 5~2. 1g « Kg'! (R RUKSY) o HARRIZEAYE R AT

HAZK AT, Yo Sk (Et20) 7R85 AR N B LR E AEAE /Ny 7o F 3R EURE AR T
8 THARI K f# o HATR 7K £ F 5mo 1 /LKOH-MeOHFEN2, 70 °C ML £ 4 4F R I 16 /Nt . A4 43 Fi
L4 43 (K153 B HICC-Et20-H20KE 2 MTid s AR PEZL (40 ZH I TLC-CHaCl2id s BAR VLR SC ™0 T
TIE XS B DR A Y CR-HRds. 2R, BESRRRMEL G20 hIfmE e 4L or AT T
(=) BEHAs B KAWL
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HESFREF (Ac20) Flutkng (Py) #HAT4WiML. FB—HSHEA W NHEEE (Cholesterol) ,
+N%eEE (Hexadecanol) , & {il¥ (Ergosterol,) , T 4Bk dLyd i 24L& £ B ALHA
BEMEZL 7y IITLCZEAL:s SR A S B G W LIRS EE, T SbelE, M 80 mn LIRS GeRE (5
a —Cholestan-3 B -ol ) , & #f B ( B -Sitosterol ) , & & W + 3 i & W (
Stigmasterol+Campesterol) , a+B FHFMHZE (a+ B Amyrine) , HTFGCEEGC-MS 5 EE M —E LT 5.

B B AR T 500 u LiE B e A S HHEY) HTTLCAlifkIY, £12mg; H Tk
ST, Z92mg) sRHAREYEZL Sy (0.5-0. 8mg) [K2ml /M H i A TE & ¥ Py (100-500 1 1), DLy il tE 4
Iy AL S BEAL Y o AR5 500 b 1VESS 28 I I 7 Ac20 (100-300 1 1) o ¥f2m1 /IR T 2%
(50°C) 1/NEF, HUHAE20 CHER LIS/, LABR 252 RIIPy. WERANIELLAE, nlfF2ml /NN~
18 CUKAFRAT «

*[H R BRBIE IS (49971052), 2UH TALF54E R BN IS (1995-503) , 7 M4 245 Y A4E R 4 (1999-55-17;963504-2) ¥ Il
{EEBNE A& 59, 19594E9 H 4B, DUK, FHMA K F BN, 1989422 H Bk T I BH AR K 2%, SRACF I L2 A . BT 5 MR K% W RS 2R
Bt bR be A<, B0, HAT IS T ot s AT NG LI HURITIT . Mok AR T S MRAR KPR 2% Bt (130118), FLiT : 0431 4531602



N T BB £ R MAc20, FEHFATH20-CH2Cle A HL o 3617 LA S 25 (b W) BHA R PR 20 53 11
2m1 /M UKAE B, A0 Im1H20F0 1m1CH2Cl2 (3¥K) , % AN 125m1 40k -, 4R 5 43 20 vk =)
HOINA15-25m1 [JCH2Cl2FIH20, $EZN, JHUR, BRESDEN, 2 RMAc2OMEME T /KM (3525 . M
e AL ZH 43 B 55 T CH2C LAl , A 25mlGERt o T FIRAEH3 IR, 45 J5 ¥ CH2C L2 AH TN 250m1 52 48 5% [K
BELUR T, IO #10gCaClofU & 24 /NN LABR 225 R I 7K o FFCH2CL2AH LA B3 X 13em A 1 (5 ik
BEE60 . AT b A EAT) , L UE (B2:iCaClz) T-250ml1Z& K, HICH2Clade3 ik, Al B AARRL
40ml /Ay, FHBERE 28 KA, 20-28°CELF M4, JF FHCHCLae B WAL AR E 2ml /M, F AR T8 )5 A
0, XS ITIE N WA EE R 5> (ALAC) .

2 LBACEENEL 2y 1 Alidk

HITLC- CH2Cl2)7 k44t 73 nl 64> S WEAL i 5 2 % A & W H CH2CLe 5 i# . /EKicsgel 60F-
2547 HE I (20emX20cmX0. 25mm) #F47TLC-CH2Cl2. FH /D& CH2C 235 i 2ml /NI IIALAC, FH B4
FEREHE IR IR 82, Sem&k b S ke (HBS5E) o LBEALAE S EER 2tk -+ S Be B s AE B I (1. 25em
4> , HICH2CL2fEFF, JEFFPRES15cm. AR5 2EUV254nmAI365nm B HE MR EE,  FFK5 DUV 2. Semék H Bk 38
JIHRIN, 955%H2S04—CeHs0H J5 75 HLAVBR B G s . 25 R &P AMARRE (S BEAGIH i B R0 2 EAE 1+
ANFERED WA R E (3. 5em, RF0.236, MR o DUARAE KL, B TR & AE A
1. 5cm, JHHYERI, 7 FRERERK, BEESIA3X 13enfk: i3 (FFD , HCHCLPe4: T, JE
W T250ml Z8 R, 20-28°CE KRS, R B MULAREZnL NS, AARTEERE, X
FEB 2L T 1 B 4y, W E B T°6C, GC-MS/M#T. 24 ZBEALHARE MRSy, HUH ZlEk
TGRS HAE D bRE, 2tk AR F.

(M) ZEBLEEMETHIGC, GC-MSHTHT

GCAX #8714 5 HEWLETT PACKARD 5890 SERIES 1T, A7 #:kiii 2S AMIFIDAI 2%, FEh& it
ERE (30mX0. 32mm) , [ % AH A 100% 1K 8 F Ik SE (0. 53 um, N=1.3X10"HRHEH) o Ak
(A W1, 49ml/min, FIDP A+ (B0 WA 7. 69ml/mine FF AR 7 THil
JE k15°C/min (50-100°C) ; 3°C/min (100-310°C) ; #¢310°C1HIL60min. FIDWLE 4250°C. KH
THE N SOMLIT RN E o 6 T RARFE LM R, ImL G KAE i —AIN100 w 1 n- OB A, BEFE &
0.5u 154,

GC-MSAY 287 5 JHEWLETT PACKARD 5890 A, PUARZ» #r A i A 100°C, FIDLEE H250°C . i
PTHEIE [FIGC, KL FEREE0ML (AR 1 BT i) 5 1l 5E

—. #R5WE
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Table 1 Total amount and distribution of the alcohol in hydrolyzed products from soil HA

HA PHA RKAEFE | ATk A Ay N AR AN 2 2]
(mg/g) (mg/g) (mg/g) Saturated (%) Unsaturated (%) Sterol (%)

BM 3.3 144. 3 211 57.5 9.2 32.5

BB 3.5 93.2 294 43.5 18.9 34.0

Sy 3.4 119 253 50. 5 14.0 33.3

AR KR = rh, BRI R R AT LR 1. R Lo L, WA BB K M = 4 v I o 5 AR 11
3.3-3.5%0, “V343. 4%, BWNIBBPNFF ARSI IC 72 5 o AE 1 T 2K ) A mb P 2 73 6 Pl 53 2808 v A7
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BB>BM. {EEEZEMI0An b, T REAIEE (50%) , HRZEEEE (33%) , AR pEm ki, |
BBHH & = T-BM, 4331 A 19% F19%

(Z) tafnEzzE

SLRTI S 1TARP AN G, AT, DRI AFAT . (n/e) JAHXT & E W K2, k2w
W, P P A 5 A g R R I ) R B I () LT A ), oy B e A AR ], R B BT I) o 237 o 1 4
KIMARER s T far bR 237 S 338 iy, iR RS v Sk . 78 TSR, - 202 R
WORIEES, MCI2FIC30, (590%; 7Rk, THRC15, H8%. XGEiMBRAIATE —Bum"™, 5
R A R AT A — 80 (EARSE, 1995, RREZRD , Ui T ok T h
Y.

EWA IR T, PN FE 10 M EEA 61, ©M1&Cl2, Cl6, C18, €22, C26F1
€28, H70%LA b5 T (4-9%) MEAIEEAG 3, BA1&CL5, C20H1C24, [M20%Lh by (K& &
(<2%) MIMIAIEEA A, BAIT&C14, €19, €21, C23HIC30, ANFN10%. 76 MRHEAGR 2 6], HopE
AN EAFAE S 225 . AEBMH, S IR 10% L L AIEEA 64 Cl2. C16, C18. (22, C26 Fi
€28, HH1C12FICI6/EBBIW L. 5—2f%. 7EBBH', & &EIAL0%LL EREAEEAS54: Cl6. C18, (22,
€26 F1028, Hr1C16. CI8FNC284 i T-BM, 1 Bk 18-45%. €162 FIC207EBBH 4w, J&BMIH
1. 5—2ff%. 534b, BBHTAC30, CLOFIC2IAN & &A%, 1M L&A 75 PN A SRR v [ ik el B0, T
BBV 5T o
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Table 2 Saturated alcohol in hydrolyzed products from soil HA

No YRIEE | RT m/e BM BB S
(min, BM, BB) (%) (%) (%)
1 c12 28.12,28.13 55, 97, 168 14. 96 6.91 10.9
2 C14 35. 26, 35. 29 55,97, 196 1.33 1.52 1.4
3 C15 37. 44, 37. 47 55,97, 210 7.53 8.10 7.8
4 C16 41. 85, 41. 87 55, 97, 224 9.81 12. 70 11.3
5 €162 37. 66, 37. 65 55, 83, 125, 196, 224 4.72 9.32 7.0
6 C18 47. 89, 47. 93 55, 97, 252 10. 76 12. 49 11.6
7 c19 50. 69, — 55, 97, 267 0.5 —
8 €20 53. 44, 53. 47 55, 97, 280 3.51 5.11 4.3
9 c21 -—, 56. 09 57, 97, 294 — 0.95
10 €22 58. 59, 58. 62 57, 97, 308 11.97 11. 62 11.8
11 €23 -—, 61. 04 57,97, 322 — 0.5
12 €24 63. 27, 63. 40 57,97, 337 8.76 7.69 8.2
13 €26 67. 83, 67. 87 57,97, 365 13.65 9. 74 11.7
14 €28 72.01,72. 06 57,97, 393 9.53 13. 84 11.7
15 €30 76.21, — 57,97, 421 3.45 —

*<0. BB AR ET N .

(=) FEiBfnskEnzs

A A PERE 1 B ATC18, €19, C20MIC21PYZR13Fh, ARMIFIREE (= 8D NH1-64. EAINIEE
Ko, RB N AFAT . (m/e) MAHXN &GRS mESAT N, WA, BBELBMS A H £
WA R AR RN R R, S B0, 2% AEBBAR N 11F: ZEBMARAY My 3Fl . M E&, BMH 4
P JEC20AcT m FIC20Ac3 m 2, AHXS 2 & 43 il Jy59%A132%; BB JEC20Acl n, C19Ac4 m FIC20Ac3



n? ., AR B A0%, 22%F119%. H.Dinels (1999) “HRid, H — ZWkFI& (5 HEE 1815 5]
MCITBC3A I K b 1R B R i 1, L AL F5C20 MICIO AN F B, Hifth A FiB 45 C15, C16, C18,
€22, €23, €24, C25, C26, C28F1C30.
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Table 3 Unsaturated linear alcohol in hydrolyzed products from soil HA

No | JEHuAN RT m/e BM BB S
2 Y (min, BM, BB) (%) (%) (%)
1 Cl8Acl = 43. 26, 43.32 | 55, 82,96, 124, 250 0.2 1.99
2 C18Acl m? 47.10, — 55, 82, 96, 124, 250 0.2 -
3 C18Ac3 —,40. 73 196, 224, 247 - 2.65
4 C18Acd = 60. 99, — 57,97, 125, 247 0.2 -
5 C18Acd m ? 36. 93, — 57, 83, 126, 196, 243%, 293 0.2 -
6 Cl9Acl m? --, 38. 64 55, 83, 125, 182, 210, 265, 304 - 1. 60
7 Cl9Acl = 55.4,55.4 55,97, 125, 265, 357 0.2 0.2
8 C19Ac4 n / 54. 62, 54. 65 | 57,99, 127, 171, 214, 230, 258, 0.2 22. 38
Cl6AchH o 292
9 Cl19AchH = 40.13,40.19 | 60, 73,129, 171, 213, 256 0.2 4.49
10 C20Acl = 48.12,48.22 | 63,95,123, 179, 278 58.55 | 40.10 | 49.3
11 C20Acl m? 52. 60, 52. 64 | 55, 82, 96, 124, 250+**, 278, 308 0.2 1.91
12 C20Acl m? 56. 07, — 57,97, 125, 278 0.2 -
13 C20Ac2 m ? 44.90, — 55, 83, 125, 210, 276 0.2 -
14 C20Ac3 m ? 45.52, — 55, 97, 125, 224, 252 9. 62 -
15 C20Ac3 m ? 44.13,44.16 | 55, 83, 125, 224, 252 31.83 18.5 25.1
16 C21Acl = -, 52. 50 55,97, 125, 202, 252, 280, 292 - 1.33
17 C21Ac4 n?/ 35.55, — 57,85, 141, 179, 198, 213, 254 0.2 -
C18Acd =
18 C21AchH m 46. 31, 46. 35 | 60, 73, 97, 129, 185, 241, 284, 378 0.2 1.97
19 C21Ac6 1 ? 65. 61, — 57,97, 125, 225, 283 0.2 -
20 C21Ac6 1 ? --,65.99 57,98, 132, 180, 236, 250, 322, 336, - 3.07
393

#<0. 2 IRIEAETI 5L s 243% 98; 2504+ HiR.

=. NG
1 SRR KA = 400 v B S P 5 e I 2 T R > 56 1> AR A AN 2 v e
2 WAREER AR, EELR RSO, MC1230C30, (H90%LA b A, TEECL5, ANFN10%. F
PRI 2R PR L 32 92 J020Ac1 7, C20Ac3 m FIC19Ac4 =
3 C3MICHEY & F PR IWHAT — 8 22 7, BOKOEAE 38 B S BORg vh 5 A 5/ (1 A1 i 2 1k
s ER AN RS2 C12 MIC26 75 A i .
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