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Pharmacological Action of Volatile Constituents and Biochemical

Significance of the Existence of Acrylic Acid

Teruhisa KaTtavama

Abstract

The present work was undertaken to clarify and summarize the difference in the volatile
constituents of chlorophyceae, rhodophyceae and phaeophyceae, and to determine the princi-
ples of aromatic and odorous components of algae. During the course of this work, the
author found that the volatile constituents of algae have antibacterial activity, anthelmintic
action, effect of contracting Eisenia feotida muscle, and pharmacological action against Ascaris
suilla. Such volatile constituents were found differ with the kinds of algae.

The aroma-giving components of algae are benzaldehyde, valeraldehyde, 5-methyl-
furfural, furfural, furfuryl alcohol, geraniol, d-limonene, a-pinene and the characteristic
odor of the zlgae was found to be amine fraction, lower fatty acids, methanethiol, and phe-
nol fraction.

When the middle segments of the earthworm, cut for 2 cm from the body of about 8 cm
in length, fixed on the hooks of the recorder, were dipped in a Ringer solution, the muscle
registered normal cycles of contraction. Different oscillations were drawn by the shrinking
muscle under the inffuence of several volatile fractions added at various concentrations of
a Ringer solution. Of these fractions, carbonyl and terpene, as dilute as 0.001 %, had strong
contractive effect, while dimethylsulfide and fatty acid fractions did not seem to react a-
gainst Eisenia feotida.

Pharmacological action on Ascaris suilla was tested by the U-tube method. Test sample
was usually made into 1:5,000 dilution and one ascaris (4scaris suilla) was added to every
200 cc of the solution in the U-tube kept at 30°-33°C. Among the volatile constituents from
Ulva pertusa, Enteromorpha sp., Sargassum sp., and Digenia simplex, fatty acid fraction de-
pressed the locomotion of the ascaris, especially in higher fatty acids. The neutral fraction

showed a curling effect on the ascaris and this action was proved to contain linalool by thin

layer chromatography and gas chromatography and the pure specimen of linalool showed

‘the same action. Aldehyde fraction also elicited the same effect, the fraction contained fur-

fural and 5-methylfurfural, but the pure specimen of these compounds had only a week
action.

The volatile constituents were separated into a lower fatty acid, higher fatty acid, car-
bonyl and terpene fraction. The antibacterial action of these fractions were determined on
the bases of turbidity and plate culture observation. These fractions all showed antibacterial
action against Micrococcus pyogenes var. auraus 209p and Esherichia coli in 2,000-3,000 dilution.

The biochemical significance of the compounds which are obtained as volatile constituents
is discussed. Alanine was synthesised from acrylic acid and ammonia solution in the labora-

* BIR—XIX. HAKEFLE, 27, 710, 1961,
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tory. It should be noted that acrylic acid which has been detected in algae by gas chroma-
tography technique, may -be derived to alanine by algae in the process of assimilating ni-
trate or nitrite.

BRI RS T DT, Heilbron, Haas, /NME « &, &M« RELSODIENH 3.
Heilbron!? (3 ¥ »S<= 2 ® —#fi Fucus vesiculosus OABILWEBIFEL T, FryI{IEWD
FExHsE U, Haas? (3 Polysiphonia fastigiata 5 dimethylsulfide 235883 % ¢ & % R,
HU, BIRBEESHKMESTZEFHELLOCEERELTHS, /M- E+HEY %27
A Y Ulva, T# /Y Enteromorpha 1T dimethylsulfide OFEY %4, S« LEY Dy
Y X Dictyoteris devaricata OKAM. % KKK M LU TH 2P ikihic, cadinene O EEA M
PICU T, WBEOMHEIC DL Tk ER, HESEOWMENS 5. &3 1 F =7 Sargassum
sargamianum YENDOQ, < 2 7" Laminaria japonica ARESCH., V /= & Chondrus oceliatus
HOLM., 7 51 * Undaria pinnatifida Sur., 7 5 * Eisenia bicyclis SETCHELL., % = — 5 )V}
MU, ZoA@mibwhicraflEligko FEEWERAL, i~ 3> 7 Laminaria sp. XD
CooHopeOp ICHEM § B A BATIEE A A HEL T B, EHAED 3, =V 4 ¥ 5 Pelvetia wrightli
YENDO @ = — 7 Vil &It L, » 7 ) VB, » 7o vBEOHFEAHEEL T 5,

E#137 I v K% gas chromatography iKhi}, 7 vOERASR -METHBT &, %
7 HiFE K4 acrylic acid OFHELER L 7248, acrylic acid i ammonia k% N2 E
BRENTASIC alanine ZIFREBETARKLB/2OT, NEDHRLIE®RET S,

I. BEREOEREMSDOIBRERES

OIS D ERIT, WPUSHTD), Y, 72 ABOEHIC DL TR kDI
O RITT B9, AXEEOEROERKS 0GR, WL THE, ML, BEic
DI mEAKEKEBL CTRBRRBEEEBNE —FricTHB L. ERESO
A8 %2 Table. 1 oind b5,

a. FHASIHEEVFERERLEHERTERRT I v OFBHRES

HBSHOMBALAYRTEIRT IV E2RHET 500, 0% vy T L5, Bk
BIMUTE, 4%Y 7 KB, 3BAKRBEK, 102EEENEZIEREHEE LD, il
/k#%, mercaptane, dimethylsulfide, (&7 3 » ZHHES ML 72171819

F 72 ABITIE U T, 2-4-dinitrophenyl hydrazine —RiEgiAE % v, X5 carbonyl
L&tz Ll 7217,

b. BEES0D7 I » fraction OB

SHRSRBEROWML 3BERICTHELT, ©7 ) VBIELLTHELL. 8BHEOT
I v Ri3, —¥#Bid gas chromatography K, —#i3 7 oo Rk ARERS E 7 v ok
NATERMCH B, €7 ) v EBEE LEELRD, 87 3~ 0 gas chromatography i
RO EFERAGIH, BICHFRPTH 3.

c. EREY-JABRRS

HEREEY —FAIERASE, 102EBICTHEELT =—FricThiigz—Tr%2kE
95 &, MEMENRIGEE %1372, paper chromatography 1T i 21 22, 280, i jc —¥#id silica-
gel A3 #l, methyl alcohol Z[EsE#l & L, iso-octane % # @& L T column chroma-
tography T i 16,24).29,20) i3 5 ce sasisd, 1/50N ¥y — X icTisE L., &
Il fE —Na 4 p-bromphenacyl ester & U THgsR L 2).20), —#i3 5 c gas chroma-
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Table 1. General scheme for separation of volatile constituents.

Dried algae

Steam distillation

Condensate Gaseous phase

Saturated with NaCl and
extracted with ether

Ether soluble fraction Ether insoluble fraction

Evaporation of ether

Residue Ether

Extracted with 3% HCI solution

dil. HCI soluble fraction Ether soluble fraction

N e 5
I Amine Fraction I Extracted with saturated

NaHCO, solution

Bicarbonate soluble fraction Ether soluble fraction
| Lower fatty acids l Shaken with 32, KOH
dil. KOH soluble fraction Ether soluble fraction
Acidified with Extracted with 30¢
dil. HCI and NaHSO, solution

extracted with ether

Ether soln. Ether insoluble fraction

Shaken with
10% Na,CO, solution

Carbonate soluble fraction Ether soluble fraction

| Higher fatty acids | g&;aﬁfgs‘gth
solution :

Bisulfite soluble Ether soluble fraction
fraction

| Carbonyl fraction | | Neutral fraction ‘

Bisulfite soluble fraction Ether soluble fraction

| Phenolic carbonyl fraction i a Phenolic compounds l
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Amine fraction of Laminaria sp. Amine fraction of Ulva pertusa.

Fig. 1. The separation of amine fraction by gas chromatography.
Column : 2.25m, silicone DC 200-on celeit 545 30-50 mesh 20:80 (w/w). Carrier: He, Flow
rate 50, Press 0.25kg/cm? Bridge curr. 170mA. Chart speed 10mm/min. Column
temp. 180°C, Span 16mV.

d. 3 %EFMENYALE, 10%xEY — X EXS

A X4 B FR I s & ARG & D 78 - T B ik, $HE—7 v a —vdic kb il
Wil & A Ea s i o B, ARG 12 silica gel 2 W57 & 9 % it @ column chroma-
tography 1Chi3 7219, Afafuli/lifgid Pt-black Z Ml & U COKRRMETTIL, —H
Hitr DB, WNTRFE RN p-bromphenacyl & U, BRHAERE JE L7,

e. 3%EMENYEE, 10%REY — I FTBXS

AX4r13, phenol ZEkET5HDT, —ifid gas chromatography (T J 40 L 7225,
AKWEOMEREH THITHTTH 5.

f. 0Z%EEMEERE Y — 4 RXSD

B RS Y — AR RRIE Y — X2 MATT v 7 ) Phe L, HOKELRERITHL,
BB aEEBIL Tz —F TR L, Bkt —TveRET 2L EELLT LR
— R = LA A 87 228,290,380 GEfE s = L S5 7 4 —IThH T 16),28),29),32),33),34),35),
2, 4-dinitrophenylhydrazine Wi i7ifi % i % L, chromatoplate |- T 2, 4-dinitrophenyl-
hydrazone & U Rf fiiZp@th, 4 spot ZMO I UIEET v F 2 BAAMEL, ~v¥
v A AI & LT column chromatography 1T/» ), 4 band 136205 U T, WIT sili-
ca gel 25l & L 2 % ethyl ether - fijh = — 7 % Ep# & LT Column chromato-
graphy T3, RSl s 2 W U,  WISILRSNTITH U A — R = v AL & 2 o5 Bl 2
L 20,260,300 %1% gas chromatography T3 % O A & T K 5 Yl 2 & W
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Phenol fraction of Ulva pertusa Phenol fraction of Laminaria sp.
Fig. 2. The separation of phenol fraction by gas chromatography.
Column : 2.25m, silicone DC 200-on celeit 545 30-50 mesh 40 : 60 w/w.
Carrier He, Flow rate 50, Press 0.26kg/cm?® Bridge curr. 170mA, Chart speed
100mm/min. Column temp. 180°C, Span 16mV.

el 7;:12),19),37).

g. HMEXS

TIv, WEViEE, 7= 7 =, =Rz LG WE R Uic P EX S, ki 2 v
<7574 _&C@USL),BZ)AS)’ ﬁ%g%ﬁ‘ﬁf&ﬂﬁﬁi?’Z)15)'23)'26)’28)’29)’30)’35)&:JUC, —%
monoterpene X & @il siiica# L, ARk silica gel ZWeA5#] & L, n-hexane %
JEBHF & U T column chromatography lciF, 3Bk EKEEW 7214, 30%EkE -~
F — v« n-hexane % Ji[#7 & L T alcohols, esters, oxides %0 4yl 440 %4 ¥ 39),38)]
#l %1 gas chromatography (T2 4 sy % 43 Bk lil 52 U 72121980,
II. BRCLIEBEERTOER

FkEE S ML, MR SRR, FLEE 2 MEA LR O S & O kiR U 2213 Table 2 ©
< ThbB, %/ dimethylsulfide DIFENfEH SN T3 fii#ld Table 3 D TdH 5.
W% dimethylsulfide, acrylic acid [kt L fLiED—iBIcE < & F h, M@icdind,
hydrogen sulfide, methanethiol {3 #i#, @O —ICE { GEN, FEICD B -7k,
furfuryl alcohol (Ffkii & MEITE  FLHITH L B, T EDRIL, 2 > 7" Laminaria
Spy VX N T ) A Sargassum sp. DF VL, TAY Ulva, TF 7V Enteromorpha sp. DEHED &
RoTHWBIEEILSRLTRS,
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Table 2. Difference in volatile constituents according to algae.

Chlorophyceae ‘ Pheophyceae Rhodophyceae

\
\
‘ I
Ulva |Entero- |Codium }Lamilm- Sarga- |Dictyo- Fucus \‘Dz’genia Porphy- |Polysi-
|
|

pertusa | morpha  fragile| ria sp.| ssum sp. teris vesiculo-| simplex ra) phonia
| |
| sus
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|
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i
o+

t
I+

+4+ | ++

|
|
T S (R (S| | Lo !
T+"|—Ti | +4+ | -+
i
| o |
= Jl
|

1
i
o

2
Formic acid e
Acetic acid -+ + + + | =+
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_I_
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+ 4
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Linolic acid

_1 o
|

p-Cresol + -+
Benzaldehyde ++ ++
5-Methylfurfural + |+
n-Valeraldehyde + |
Furfural +
Furfuryl alcohol + | o+
Rf 0.21% alcohol | —
Rf 0.35* alcohol |
1.8-Cineol

Linalool

+
414
+
n
i
}
-
4
o
o

_1-
+ +
e b
1
+ o I A
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t

_{V
+

+4 I
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Geraniol

+ 4+ +
+
+ +

|
-+

d-Limonene

+ 4+ +
+ o+ o+ o+
+
_l_

_{_

a-Pinene

+
}

Myrcene
Ocimene
Octenol-3
n-Heptenol

+ + + o+

Linallylacetate

i + _{A

Unikosane + 4 S

|
*,

_i<

+

Cadinene

Hentriacontane 4+ 57)

# Chromatoship ; solvent 15% ethylether in n-hexane

. BROERETOHEMNE
MO HETER M T Lid i, 73 v, IGliig, 7 =/ —n, A —F=24LE5H, Pk
KArLODM-> T3 ERNNNTH S, HFEMRS OHETER, FHRML D &nDOPE, P
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Table 3. Name of algae which was confirmed
to contain dimetheylsulfide.

Chlorophyceae Rhodophyceae
Ulva pertusa ) Polysiphonia fastigiata
Enteromorpha sp. » Polysiphonia nigrescens )
Codium fragile *°) Pelvetia canaliculata 52
Monostroma sp. °6) | Ceramium rubrum 5%

Cladophora rupestris 52)
Spongomorpha arcta 5%
Ulva lactuca 52

Enteromorpha intestinalis 52)

Spongomorpha lanosa )
Cladophora sp. 5% ‘
Halidrys siliquosa 52

DIHHRRWITH SN TR TH S, - TTOHFHEDOWIIEREL K0iTimbh T3
39,400,410 E. coli, M. pyogenes var. aurens 209 p \Cxt 3 A MFEEOFEFREKS D S B, IEIiEE, 7
= /)=, A=K =ov, PP OHUR 2R Ui R A $ 1,000—2, 00015 2 4 D’CD
728,

a. AERFEEDIEM

IEEE OPEMEIC DL TR E L LV I N TR 240,49 o sk T 3
&, FFIRITEE, AEFNEIEEEINCM S »pOPEtEEA LT 5, aflElimkicon i
capric acid 2SIk & HUEMEDTE <, RBEEDBSHMT 20, WA 5 &2 DHE AT
135, ¥ lauric acid iR b E S ELN TS, FMBNEBIC DWW T, afilc
IR SED B 5 & ODPURPEDS I B IR T EBPEMTEN TV B, RNEFNGIIEE OHLHE k>
WTHWHMITEN T 508, ZEEADMIE, HMEMEHEDOM I I DL TIIRZHEMICEH
T,

b, 7z/—, TXFI, BibksE, 7 d—-), BILYOHEG

=R =LAV OHEEIC DT, MR, BED, kLK®, SoMEsHD, 7
NRVFT DO TR S OWIENRH 5. FEHBEHBUNAD 7 = 7 —ny, H—R=2k
W, TOURVEOEREEDOME, 1, aldehyde radical, ketone radical, —OH radical
DAEMIT X B, Bac. subtilis, Esch. Coli, Salm. enteritidis, Prot. morganit, Pseud. aeruginosa
g 2B EM 23R U 7ok i3 Table 4 oind T4 3. HIH alcohols, esters, oxides,
hydrocarbons T3 HETEIZ RSN 3, =72 cyclohexane ring r)] D FE A DR,
aldehyde radical, ketone radical @ fEIC X > THHBEEICIZ LV ERIZR SN D - 72,
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Table 4. Antibacterial activity of esters, hydrocarbons, alcohols and

carbonyl compounds.

T Bacteria | ‘ | [
e Bac. Esch. | Salm. Staph. | Prot. | Pseud.
X Dilution* ‘ |
i SR subtilis coli | enteritidis aureus | morganii | aeruginosa
Compounds s i ‘ |

Linalylacetate 20 10 20 20 20 10
Terpenylacetate 100 — — 100 10 —
soEsseplaleonol 100 | 100 100 20 100 | 100
n-Octylalcohol | 200 | 200 200 ‘ 200 200 ' 200
Furfurylalcohol ! 10 = 10 20 20 100
Benzylalcohol 20 20 20 20 20 200
a-Terpineol 20 20 20 20 20 20
Citronellol 200 20 100 100 100 20
Geraniol 1, 000 200 200 200 200 200
Linalool 10 20 20 10 10 20
Eugenol 2,000 2,000 2, 000 2,000 2,000 2,000
Thymol 1, 000 2,000 2,000 1,000 1, 000 2,000
o-Cresol 100 100 100 100 1,000 1,000
m-Cresol 100 100 100 100 100 | 1,000
p-Cresol 100 100 100 20 100 100
Carvacrol 2,000 200 1,000 2, 000 2,000 2,000
Isoborneol 2,000 — 1,000 1,000 1, 000 1,000
Vanilline 2,000 2, 000 2,000 2,000 2,000 200
Isovanilline 100 100 100 100 100 200
Salicylic aldehyde 2,000 2,000 2,000 2,000 2,000 1,000
Furfural 20 20 20 20 20 100
Cinnamic aldehyde 200 20 100 200 100 20
Anisaldehyde 20 | 100 200 20 1,000 1,000
Citronellal 100 | 10 100 100 20 20
Citral 200 | 100 100 100 100 20
Perillaldehyde 100 | 20 20 20 20 10
Carvone 100 | 20 20 20 20 20
Pseudoionone 200 20 20 200 200 1,000
Comphene 10 10 10 - — 20
Fenchon 20 | 10 20 20 | 20 20
Benzaldehyde 20 | 100 100 20 100 100
Acetaldehyde 20 20 20 20 20 20
Safrol 100 — 100 100 100 100
Isosafrol 200 10 1,000 200 200 100
1 : 8-Cineol — 20 10 10 10 10
Ascaridol 10 10 | 10 10 10 20
a-Pinene 10 | 10 10 10 10 10
p-Pinene 100 | 20 20 20 100 100
Terpinolene 20 20 100 20 20 200
d-Limonene 200 10 10 10 10 100
a-Phellandrene 10 20 20 10 10 10
p-Cymene ‘ — | = - : s — 10
Lemon oil i 100 ‘ - 10 | 10 i 10 =

* Maximum dilution at which bacterial growth was inhibited.
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CH3

O

Hz

l-methyl-4-iso
propenyl-1-cyclo
hexene
(d-limonene)

CHz
l-methyl-4-isopropenyl-
6-cyclohexene-2-on
(carvone)

CH3

CHj

CHs

I-methyl-4-iso
propyl-1, 5-cyclo
hexadiene
(a-phellandrene)

FEADHMU T,

CHs CH3

I-methyl-4-
isopropyl-
benzene
(p-cymene)

¥ 1—C=0
AL7JED carvone 1T & HiE T

Ojﬂﬂ < ) o
radical 73
ICidR DR

LA LN T,

4% L —OH radical 2% cyclohexane ring IZE# DT> 3 & DITld N & O HLE A

bhiz,

CHs
QOH

CHs CHa
3-methyl-6-iso
propyl-phenol
(thymol)

CHs

2-hydroxy-camphane

(isoborneol)

OH

H3C CHs

2-methyl-5-iso
propyl-phenol
(carvacrol)

CHO

OCH3
OH

OH

0CH3

CH2CH=CH

I-hydroxy-2-methoxy-
4-allylbenzene
(eugenol)

4-hydroxy-3-methoxy

benzene
(vanilline)
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Trace donw by contracting muscle in the absence of volatile fractions.

Heutrd Levrpousin
serifea

Trace down by contracting muscle due to neutral fraction. (0.001% )

Fig.3 The effect of volatile compounds on muscle contraction of the earth warm.

FN S ROPETED H B T & ZWIhIT L.
IV. #BEOEHRMS OFEEER

a. BECEREMIADHRI I /AN

MO HIFE K5 @ 5 B, dimethylsulfide KX, 7 3 v X, FiEX, 7=/ -2 K, -
K=K, TEKSITDE, %33 A% JEE Uk, dimethylsulfide Xip &<,
10K TH I I R 2 50 TIEMW Lz, 7 = / — vIKIZZ OJEE)BER E 3D, fbo
KMTR R0 BEA SNIID - 729,

b. EBEOERMSTD I I XHANKEIER

gm0 7 I v X, EiBX, 7/ —vIX, h—R= X, fPEXpMIcDE 3 3 X
Wk TE %2, F =277 72O THER Ui, - K= v X, X icilh & o4
WEM DB B &% I Uz, D 7w~ v ZWEIT D BRI U 7ckid,  thymol,
carvon, linalool, p-cymene O fifhic & Wi EMN D& 5 & & & Sl L7210, L% & Mg
D F v~ Ze O T4 10 D W 0 2 300 U 2o 4k s, I IF B DR M2 1 T B, IS
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i@ 7 ov~< Dl santonine, naphthalin, menthol, borneol & [k WikilEH D &H 5 T
ExME LT 5, KU TNED S & o B EMIC DL TORRE LI C L3N
JE“E’C H o7z,

c. EEOEFRBS ORI 5 EEER

Wi AT b g B AL NNT DL T, JURPE AR B A S, MO IR & LR 21775 -
P AT S B WA D IRELPEINE, I, BORO UFASHEIT L 0, Pkl OB E 13
i < 5,0006% & U, 200ccd bl it i ki e 1 PEsifE AL T, 30—33° C Tl L, 7
A% Ulva, 7 A 7 ) Enteromorpha, v 3 7 /& Sargassum, 3 v Codium, i N5 Digenia O
fiSEsr D 5 BT, IRNIRIGIRHI B &, Wil 2 &bz U, ARRIRNIEE T
P =R AEE S SOBEh o o, HPEX T kA < PE AR JEITR U 7o,
3mm, 40—70°C DKM EDIEMAE Ui - 725, aldehyde X4 T3 difkE4# <
b DH% L, #ii furfural, 5-methyl furfural o il diic 6tg™ 2 FENNZ ] EL D 5dds - 72,
% 7oz v~ Tid p-cymene, carvone, linalool, geraniol |3 ] 5§ 0 5@ SKE/EN O H 5
T EAERH LW,

V. BROBEEDOECFZNEFERS

a. acrylic acid £ ¥ alanine Q&5
acrylicacid It 7 e =7Kk%ZMA, PH7.0 & U, #3 WEBE A H 2 20 s,
Duolite Ay ® column chromatography 1, i, #H K IZ g’”‘ﬁm% BuOH : acetic acid :
H0 (4 :5:1) Z bl & LT paper chromatography i, 5 & JBRENICTH T ALY IC
alanine Z &Kk L1721, 5

CH, : CHCOOH «—> CH, : CHCOOH «—— CH, : CHCOOH
S e
H* NH, NH, H*

y v
CH; CHCOOH CHZ - CH,COOH

NH» NHg
«-alanine [-alanine

MHEAkANO acrylic acid [F g, ammonium ¥ O {E/ET A5 1C alanine 175 0,
amino fEDOEFRICH G T2 bDTRTLAEBHEZONS.

—7Ji Challenger 5% 13 Polysiphonia fastigiate 1 dimethylpropiothetin o {71 % fife i
U 7z. dimethylpropiothetin (Z{lbd 2, 3 O Ic & L &N TW> 5%, %72 Challenger

5513 dimethylpropiothetin %% 7 v ) T % & dimethylsulfide & acrylic acid
%/I{T % LA&HTW5S, Anderson®™ (3 Polysiphonia lanosa (Polysiphonia Sasiigiata &
W —#Es) X O#EHRAMB L, 4L 724 dimethylpropiothetin i pH 5.1 T{iEl& L ¥
dimethylsulfide & acrylic acid #/:9° % C & A WMIT L7z,

Greene® |3 dimethylpropiothetin @ {ij§{4H (3 methionine T#Hh % T & % isotope#
JHLTHDIT U 72,

o ;FE/']" KEFRFAEBL K BRI K TR T (B B AT A%
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| H
]
s
(CH3)2 S —Ckz C—=C00H
! \./I
e
engyme
GSSG
Y  2GSG

(CH,),S+CH, : CHCOOH
dimethylsulfide acrylic acid

decargoxylation
CH3SCH2CH2 CIH @H

NHz2
\L deaminatiin

CH3SCH2CH2CHs3

\L oxydation
CH3SCH2CH2CO0H

l(—— Cir-unit

CH3\ + )
SCH2CH2COOH
- 2CHz

dimetthpropCothetén

b. benzaldehyde it TFIC p-cresol DAAL

carbonyl K® 513 benzaldehyde THAC &%, iifgs/uw~<bt 7774 —, gas
chromatography # f\>, %7z 2, 4-dinitrophenylhydrazone & U THiME L ICH#E 0 Hr D &5
RMER Lo, RYEE

7 7

_ —_———
-
X
\ \
CH,CHCOOH CH,COCOOH CHO
NHZ phenylpyruvic acid benzaldehyde

phenylalanine
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phenylalanine X ¥ phenylpyruvic acid %% T benzaldehyde 23/ h Tl 3 & O
EEZILND,

% 72 p-cresol |3 phenylalanine X ¥ phenylpyruvic acid & Tk K I T
AHbDEEZLND,

OH
— e
ee——
CH,CHCOOH CH,COCOOH CH,
NH,
phenylalanine phenylpyruvic acid p-cresol

c. furfural, 5-methylfurfural D45

carbonyl Xic furfural, 5-methylfurfural 23/¢£ 33 ¢ L3 Hiid o<, carbonyl X
ZHE 70~ 277 4 —THF, HIT column chromatography 1T i FE% e 54 T
% U, %7c gas chromatography I3 8 L7228, furfural 133k @ pentose, uron
Bk & v, S-methylfurfural {3 hexose kD EhzbDEEZ 5h 3, #z13 furfural
BROINIT, BRNTERTZ2b0EEZ 003,
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