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Summary

The Merit variety of soybean (Glycine max L.), harvested in 1971 was germinated in
the dark at 21~25°C for 10 days. The soybean sprout were divided into cotyledons and
seedling axis and subjected to the determination of lipoxygenase activity and fatty acid
composition of triglycerides, free fatty acids, phosholipids and crude fat fractions at
two-day intervals during the germination periods.

The results are summarized as follows :

1) The lipoxygenase activity in cotyledons declined sharply after second day, but the
activity in seedling axis inclined slightly after second day. However, the decrease of
lipoxygenase activity in cotyledons coincided with decrease of linoleic and linolenic acids
in cotyledons and increase of lipoxygenase activity in seedling axis coincided with increase
of those acids in seedling axis.

2) The iodine value of neutral fat in cotyleons decreased continuously, but the iodine
value of the neutral fat in seedling axis remained almost constant. lodine value in coty-
eldons was greater than in seedling axis.

3) In the fatty acid composition of triglycerides in cotyledons, palmitic acid did not
changes significantly, stearic acid increased continuously, oleic acid changed irregularly,
linoleic and linolenic acids continuously decreased significantly.

But in the fatty acid composition of triglycerides in seedling axis, palmitic acid rema-
ined unchanged, linoleic and linolenic acids slightly increased continuously, stearic and
oleic acids changed irregularly.

4) Composition of free fatty acids in cotyledons and seedling axis changed irregularly,
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suggesting that all fatty acids produced by hydrolysis of triglycerides by lipase are used

for either biosynthetic purpose or energy production at random.

5) Fatty acids with odd-numbered carbon chain were not detected in the triglycerides

and free fatty acid fractions during: the germination periods, suggesting that all fatty

acids are utilized as C,-unit in degradation and biosynthesis.

6) The changes of fatty acids composition of phospholipid in cotyledons and seedling

axis during the germination were similar to those of triglyceride fraction.
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(1) Lipoxygenase activity: n-pentane® o =z
FEZ G- Bl 2 100mg o 1/15M Na,H-
PO, %9 100ml % 7}3o  homogenize 3= YA
£ (2,500 r.p.m., 15min)g ¥ 2 AR

3te] Theorell 8 W ©®o & = activity & Beck-
man DB—G spectrophotometer o <3t} 234 mp
AA BEEE &A39 . substrate = 0.5ml
Tween 20 (¥] F General Anilne & Corporation it
)& borate buffer(pH 9.0) 10ml ¢} linoleic acid
0.5mlell &8l X7 E£FFA] IN NaOH 1.3ml &
743te] EulstAl 5 Ae] borate buffer 90ml & 7}
T F FHT 200ml 2 3 4 AL AFRE 2
2] 3 lipoxygenase activity 1 unit & 234mp of A
0.1 %NEe] F71% vehile ez Fgsg=
B 23489 W% mg % unit 2 B A 89}

(2) Triglyceride, Free fatty acid 2 Phospho-
lipid fraction®] 4351 : 2 A=+ 2= a kg
B7& Fig. 19 22 wol 9 ste] H2]g Florisil
2 column chromatography@e] 2]&ted triglyce-
ride, free fatty acid @ phospholipid fraction <
A7 39 . & Florisil % Skellysolve B (E.
Merk fit$) & packing & column(A&K 1.2cm, 2

o] 20cm)el A EE§ ¥& % diethyl ether-n-hexane
15 : 85 (v/v)® 2 elution 314 triglyceride fraction
< A acetic acid — diethyl ether= 4 : 96(v/
v)® 2 elution 3] free fatty acid fraction 2,
methanol-chloroform 15 : 85 (v/v) 9?2 elution &
o] phospholipid fraction & =2+ Z#slgdd. o]
s}zro] B-2| 8 fraction & TLC o] 9j3ted A Fql
SR en 2 fraction 9 felE A4 Hsle] 4
rotary vacuum evaporator 2 A A& & = ulale]
ByA82 9.

(3) Bsa®el 24 : column chromatograehy of
o gte] REd JBE Fol A triglyceride = 0.5N
sodium methoxide & transestrification 1V &} 3,
free fatty acid 2 #J5E5-& BFs-methanol 2 ester
1£4? 3 3, phospholipid = BFz-methanol 2 tran-
5te] A& 2 AYAEY me-
thyl ester & gas liquid chromatography (GLC)<l
o 8ke] Table 13 & z7istol A £ B Fag
th. 28 = relative retention volume ¥ retention

time & ERnBEY TEX WAL ester (¥ HRIL

sesterification 13 ¢])
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+4-900ml conc. HCl
allowed to stand for
a few hr. at 100°C

Residue

Supernatant decanted

-+900 ml conc. HCI

allowed to stand for overnight at 100°C

Residue

Supernatant decanted

washed with water to neutral

dried overnight at 110~120°C

Dry Residue

+900ml conc. HCI

allowed to stand for overnight at 100°C

Residue

washed withe water to neutral

I
Supernatant decanted

then washed with methanol, chloroform and ether.

dried overnight at 100~120°C
Acid-treated Florisil

Fig. 1. Procedure for the preparation of acid-treated Florisil.

Table 1. Instrument and operating conditions for gas-liquid chromatography
Instrument Beckman GC-5
Detector Flame jonization detector
Column 2.1x3.0mm i.d., stainless steel
Support Chromosorb W, 60-80 mesh
Substrate DEGS 5%
Column temp. (°C) Initial 55, Final 220
Programmed rate (°C per min) 10
Inlet temp. (°C) 200
Line temp. (°C) 230
Helium flow (ml per min) 40
Record chart speed (mm per min) 1.0

CBTEMRID Y peak o A8 peak & AR Hz
3to] 2 A ubAg Eeld g en 7 chromatogram
o HF e LffEkd] ot A Asg .

(4) 2253zt Godie value) : 74+ Az A9 &
LEFE Wijsy Mo o5te] ZA 3% e}

HEBER ¥ ER

1. Lipoxygenase activity 2| s}
el & FIEM 2 MEELEES] lipoxygenase

activity &) w35 ¥+ Fig. 2 & 2%+

Z FIEe] lipoxygenase activity o #H3tE &
o 2dAd) Had FIAG, 2 F FEHEAR
Aoz F43 ke dwetd HERAAE 2
Aol HAe Gt 2 F X E AAE F
A, zHz 2 F4Y WEHE FERAIA
triglyceride o] ako] A& Fragol =t(FERY
Table 3 # =) lipoxygenase activity & 7 7;}_{
= glon il AE triglyceride b w4
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Z7re] 99 &dx lipoxygenase activity = A4
3 F7" AL FU0E ddold. == et
A8 A=A FeA- lipoxygenase activity 7} =&
A& lipoxygenase 7} inactive form &2 A %5 o]
YA substrate 235 E=He] EA}NS] HAE
Qd Aoz &t =g dolzrd lipoxyge-
nase activity 7} & 2o 28AL AF7 E¢ F
43te] T A9 substrate & AP Foz2H 2
Zgo] BAE®R o Wl activity 7} F3ze] 23}
oz ¥ A FadHE AL wolF FEFAA
linoleic @ linolenic acid &+ Z-& substrate 7} 7}
3¢ we 4 FadE Aoz F5E
2. BEfnEEel WSt

(1) Triglyceride 2] T4 X|df A

E A w49 methyl ester & gas liquid chro-
matogram 2 Fig. 33 v, =g s o 5o} &
FIERAA F23 triglyceride fraction ] g o=
2 ALY wslE GLCE 4% A

’——‘ LC10:0
Cu:o
Ci:o
Cis:0
Dimethl
terephthalate
as .S
Ciz:o
Fig. 3.

i Table2¢ zowl = Y EAQ gas liquid
chromatogram & Fig. 4 &} 7t}

30}

25

2.0

Cotyledorr

10p

Seedling axis

0.5

Lipoxygenase activily (units/mg (al-free Jdry malter)

Germination time (days)

Fig. 2. Changes of lipoxygenase activity in.
the cotyledon and seedling axis of
soybeans germinated in the dark.

Cis:

Cis:2

Ci:1

Gas liquid chromatogram of standard methyl esters of fatty acids.

Z FIEMAAN F2F triglyceride fraction &
= ol F A =g er wol 104 Fol
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Ci:z

\ Ci: 3z

Cis:o
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\
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Fig. 4. Gas liquid chromatogram of methyl esters of fatty acid in the triglycerides fraction
from cotyledon of soybeans after 6 days germination in the dark.

Table 2. Iodine value and fatty acid composition of triglycerides fraction in the cotyledon of
soybeans germinated in the dark.

S:{;:)lrll Todine Fatty acids (%)
t(lér:z,s) value Ciazo | Cisto J Cienr l Cisio l Cisa I Cisz Ciss ’ Caoto 1 Sat’d l Unsat’d:
5 B)
0 |135.840.2 tr. | 11.8 tr. 4.1 21.7 52.7 ‘ — } 15.9 84.1
2 1135.240.2 tr. | 12.0 tr. 4.6 22.2 52.0 9.2 — 16.6 83.4
4 1134.8+0.2{ tr. 12.2 tr. 4.7 22.7 51.5 { 8.9 — 16.9 | 83.1
6 [133.440.4| tr. 12.7 tr. 5.9 22.1 51.0 8.3 — 18.6 81.4
8 (132.540.3 tr. | 13.2 tr. 7.5 20.9 50. 4 8.0 tr. 20.7 79.3
10 1131.640.3) tr. | 12.2 tr. 8.9 21.6 49.5 7.8 tr. 21.1 78.9
1) Determined by the method of Wijs. 2) Mean=+Standard deviation.
3) tr. = <1%

= wold o] Az T4 vl 4245 7has Lachlan 8] oF409l A4 ZFr}gdE Shuku o)
Atk olgF e A dAF el F LV AL AFNse= AuiEE Adfolnh. 23z Millert®
4R ohE Neumann o] 709 AdX v o} = gujalAANe wo} T LVE AL Fadgn
5 A48 % & Holman &) AF4 @5 o 2uEv udte] Mathes™® & Z A8 3 39g o
Az vxd AFE iz . Zev A5 Jegerow™@ & aba 9 ol 4 LV & ek
LV w3yt A8 gtz mud Mac- = v ¥sted Neumann®® & Zvisteirt et
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=z 32 F et o)A Zol L FHY FA
gotl A% LV 9 w3l MREAe 5 2 7
A AT 4 HEQ Aer F54%. B AY
A LV 9 7R84 BREHBY 3] F
A& FAddA F26 Ak HEl ol £ g
Foa F3 gl

& A % palmitic acid o] FFE 12.340.4
%9 FFez ZHEs g ydort stearic acid &
ol & Al FrEgen 109 Fol e 2old e
TRl vlete oF 4.8% FolEadt. 28 Ed

FHot F FERAN 2% triglycride F9
ZEA A G A ZoEgd. odRe
CESA ALY WatE dFgel & L3R Al
-Z 718tk B 2% MacLachlan &) QF @08} 91
HE Aol BxIAALA F oleic acid g #
B2 dolF F9 Fe] U e} Lo}
Z719) A9 oleic acid¥] ZE AL A E lipase
o g A9A4Q lipolysis®:#®9) Aste obd
X FE5doh. 2R e dEde & EASE fatty
:acid dehydrogenase system(24,%,20] 9]3le] =
W2k9] hydrogenation @ dehydrogenation o] ¢
2 Fts4del 97 A Folek. =z linoleic ¥
dinolenic acid & FFe Wo} & A& FLHPe
o 1092 FollE webde A Ffo v A7
3.2% 9 1.9% A 7239, ol 92L linoleic
9 linolenic scid &} 7474 & Brown$< o FW
St 44kE v Holman® o2 Singh 59 o -7®9
ul =gk 7 gol ot
‘lipoxygenase activity ] Z+47 &3} u¥]£gd o]
AL linoleic R linolenic acid 9} 7& &z 3

= linoleic ¥ linolenic acid &=

o] .methylene 2 %8} 43L& Zejate 48 7
A @L2  lipoxygenase o 9] dto] o] & A upato] £
Aoz AsHs] dE ez F2H9 Wk
grul9} zbo] lipoxygenase activity 7} o} 2 ¢ %
2E Zram AL substrateq] linoleic @ linolenic
acid o Z2& XA urAbe] ko]l tads]
E9 Aoz A"}, 222 myristic ¥ palmi-
toleic acid & ol F % ulgd AZ=Hg o
arachidic acid & elzsld= AZ=A g7t
89 FHEH wFez wAd AL Fol# ¥
o]},

Fbol & MEhEfol A F2F triglyceride
fraction 9] LV & FAA 4o} w3le A 2
4= Table 35 2. & H@hgoly $2¢ trig-
lyceride fraction &] LV. & 2 wi3lgle]l 94 3
Qo FEMIAA 28 triglyceride fraction 2]
LV. 2o duld oz v g 7lAx 9.
28 3 A4 % palmitic acid 9] FFe & U
el 44 34 ). linoleic € linolenic acid & &
Fe FERGE Wiz AL St end 104
Fele 2 Fol w3t 77 2.5% 9 1.1% 4
F7A . 2 2 E01Y AEE FERAA
o ZLEAxRg Al = linoleic 2
acid & F7}= WEfhEkel A1 9] lipoxygenase activity
9 2 BFoz ZAsGEd oA L lipoxyge-
nase 9] substrate ¢1 linoleic ¥ ' linolenic acid 7}
Z7tE7] A EQl Ao F2Hdh. =23 3 stearic
9 oleic acid 9] %2 FERAASE 28 = -
Z78 wWalsl w9 AdA e Hol o] %71
Aupike] o A balbe] Aol HAoldt FiEEE

linolenic

Table 3. Iodine value and composition of triglyceride fraction in the seedling axis of
soybeanis germinated in the dark
sGermi- .
nation [ lodine Fatty acids (%)
?ﬁral‘;s) value Cuo l Ciso J Cisi1 J Cisi1 | Cisi1 I Cisiz ‘ Cisis i Caot0 t Sat’d l Unsat’d
2 1129.44-0.4} tr. | 12.3 tr. 8.4 21.4 49.2 8.7 — 20.7 79.3
4 129.0%0.3| 0.2 11.7 tr. 9.7 20.5 49.2 8.9 — 21.6 78.6
6 (130.44+0.4| tr. | 11.9 0.2 | 7.2 21.8 49.7 9.1 tr. 19.3 80.7
8 [129.5+0.2| tr. | 11.8 tr. 8.8 18.6 51.3 9.5 tr. 20.6 79.4
10 |103.84+0.3] tr. 9.9 tr. 9.2 19.4 51.7 9.8 tr. 19.1 80.9

Abbreviations as in Table 2.

S 9 FEder F550. a8n Jude
E WEhERS] stearic acid o] §Fe FEHu B
= linoleic acid ) §3& FHMuch 4270 &
<] g Holg .

(2) Free fatty acid 2| T4 X|uF&k

Fdols FER E Ml F323 free
fatty acid fraction 8] LV 2 FAAwae w3}l
E A% AdE Table 4 2 59 2o},
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Table 4. Iodine value and composition of free fatty acids fraction in the cotyledon of

soybeans germinated in the dark

i Faty seids (3
?dn;;s) value Cl4:° ] CIG:O I Cie1 l Cisto ‘ Cisn1 \ Cis2 ’ Cis:s ] Czo:o I Sat’d |Unsat’d
0 1133.3+0.3] tr. | 12.5 tr. 5.1 23.4 51.6- 7.4 ] — 17.6 82.4
2 (133.7£0.2 tr. |12.4 tr. 4.7 23.0 52.0 7.9 l — 17.1 82.9
4 1133.5%0.4 tr. | 14.4 tr. 5.0 22.6 52.8 7.2 - 17.4 82.6
6 |133.2%0.2) tr. | 12.7 | tr. 4.9 23.5 50.4 8.4 — 17.6 82.3
8 |133.8%0.3 +tr. |11.5| tr. 5.6 22.2 51.6 9.1 tr. 17.1 82.9
10 |132.6:40.3 tr. | 11.7 ) tr. 6.4 21.5 53.0 7.2 0.2 18.3 81.7

Abbreviations as in Table 2.

Table 5.

Todine value and composition of free fatty acids fraction in the seedling axis
of soybeans germmated in the dark

eﬁ:trir;lrr ITodine | Fatty acids (%)
.\'t(gr;;;s) value Cuso I Cisio l Cigi1 l Ciso ‘ Cist1 ‘ Cisiz l Ciais ! Cao0 l Sat’d lUnsat’d
2 |131.3+0.4] tr. | 11.9 tr. 7.7 24.5 48.4 7.5 — 19.6 80.4
4 131.1%0.2| tr. | 11.8 tr, 8.3 24.9 47.1 7.9 — 20.1 79.9
6 |131.240.2] tr. | 10.8 tr. 9.2 22.0 51.6 6.4 tr. 20.0 80.0
8 |[131.820.3 0.2 10.8 tr. 8.5 25.5 50.3 7.1 tr. 19.1 80.9
10 1129.440.4) 0.2 ] 12.3 tr. 9.1 23.2 49.2 ] 6.0 tr. 21.6 78.4
Abbreviations as in Table 2.
T EE ALite] e $$rng. FEhER ol B3 As}E Table 6 € 73 7).
A 5 triglyeride o] A $-9 o] ol Hfol Z FIES 9 HEh#sel phospholipid fraction 9
e A w3 o) o_yg%‘} WE gk EE upale] w317 g triglyceride fraction £}
obE gl BE Auabe] BFASA 2 F7 EE Adbabe] WSty gt vl catdch o] gt
] HEboh Astgdth, ol A& lipase o Rz A 7S EEfiM o] wole} A phospholipid & F4 A
48 A% A4k Awd E AE4EY §A w4k % linoleic B linolenic acid o] Eako] 7}
ol A LA FAGo] o] 5o Z- Aukabe] &{E et Zimmerman®ne] oFAelE AulsE
Al o287 AEY Ao F54 H Aol e}, EAg A phospholipid fraction 8] F
(3) Phospholipid o T4 X1&tA AR HAE & linoleic acid 9 &-2Fulo] triglyceride
o FdolE FER E KmihEd A $£238 phos- fraction ol A 25} e Aol Eo] UL oleic
pholipid fraction ¢] LV & FA A u W F linolenic acid & 3§ 8k-2 triglyceride fraction of 4]

Table 6. Iodine value and fatty acid composition of phospholipids fraction in the
cotyledon of soybeans germinated in the dark
kg’:tri?;_ Jodine Fatty acids (%)
t(lér,:‘;s) value Cisto ‘ Cisio l Ciena ( Cisio ’ Cient ‘ Cisiz l Caoo ‘ Sat’d l Unsat'd
0 |134.240.1] tr. |12.1 tr. 5.2 18.5 56. 4 7.2 — 17.9 82.1
2 |133.8%0.3] tr. | 13.0 tr. 5.8 18.1 56.2 6.7 — 18.8 81.2
4 |132.2£0.5 tr. | 13.6 tr. 6.8 18.7 55.9 6.0 — 20.4 80.6
6 1132.0+0.2] tr. | 13.4 tr. 7.0 18.4 54.7 5.8 tr. 20.4 79.9
8 |131.820.4] tr. | 12.6 tr. 9.4 18.3 54.3 5.5 tr. 22.0 78.1
10 |131.440.4] tr. | 11.2 tr. 9.9 19.2 54.0 5.3 tr. 21.4 78.5

Abbreviations as in Table 2,
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Table 7. lodine value and fatty acid composition of phospholipids fraction in the seedling
axis of soybeans germinated in the dark

S::iglrll- Todine Fatty acids (%) -
t(iéﬁ; 9 value Cito | Cisto | Cietr | Cisto \ Cisn1 ' Cisiz | Cuss l Caoto l Sat’d’ | Unsat’d..
2 |133.24:0.3] tr. | 12.2 tr. 6.7 16.0 58.8 6.3 — 18.9 81.1
4 |(133.3%0.2| tr. | 12.1 tr. 6.5 16.5 58.4 6.5 tr. 18.6 81.4
6 (133.7£0.3 tr. | 11.1 tr. 6.1 16.8 58.9 7.1 tr. 17.2 82.8
8 |133.4+0.4] tr. | 11.5 tr. 6.4 16.3 58.2 7.6 tr. 17.9 82.1
10 132.5%0.2 tr. | 12.8 tr. 6.9 15.8 57.4 7.1 tr. 19.7 80.3

Abbreviations as in Tabe 2.

2rr Fgleh. o] AL 59 phospholipid ¢ trig-  fraction 8] FAA L4t Wstd =A &P
lyceride o} FA AW Ae] A& 27 & Fodt. FAd A A4, 28dn FERAA F5

(4) HEIEESS! T4 KA 3 Mg FA4A 44 F oleic, linoleic ¥ lino-
- lenic acid o} ¥#F& wo} F EF 4 =&

FuolF FEM F IEAF A -’:‘-‘ji’?ﬂ' il AL o|she 2T Gare] lipoxygenase o
Bl 1V 3 FRA%A A%E FIR ARE &t e AsEr] HEY Ao F5H,

Table 8 % 9 2+t o 4% e AYLY WHAGo 2 wop AF

& FER DL REEe e ' TARY Ao EAZ Aukdez Fo| A% Be Cp

Arel w37 ge triglyceride fractiond =zix}

+2H .
Mgsad. oA AFES EHRE 0% o4 0 WL AR ARG T stearic T oleic

o A ) v}el trigl ide & Q] 7 +9H H
I s4A% riglyceride 2 74 27 A 2: linoleic :‘2—_> linolenic acid &) FAo W&
ol HERRFY FAA WA wW3lE triglyceride -2H —2H

Table 8. Iodine value and fatty acid composition of crude fat in the cotyledon of
soybeans germinated in the dark

S:{ir:rr Todine Fatty acids (%)
t(lér;‘;"S) value Cuso l Ciso ‘ Ciel1 ' Cisto l Cian } Cisa l Ciss ‘ Caoto ’ Sat’d I Unsat’d
0 [133.440.5 tr. | 11.8 tr, 6.6 19.7 53.5 8.4 — 18.4 81.6
2 (132.2-£0.6{ tr. |12.5 tr. 7.3 19.2 53.0 8.0 — ( 19.8 80.2
4 1131.610.3| tr. | 13.4 tr. 7.5 18.8 52.6 7.7 — 20.9 79.1
6 {131.1H40.3 tr. | 13.8 tr. 8.3 18.3 52.4 7.2 — 22.1 77.9
8 [130.240.5 tr. | 13.6 tr. 9.5 18.3 51.5 7.1 tr. 23.1 76.9
10 |130.1%0.2| tr. | 15.6 tr. 9.0 17.7 51.2 6.5 tr. 24.6 75.4

Abbreviations as in Table 2.

Table 9. Iodine value and fatty acid composition of crude fat in the seedling axis of
soybeans germinated in the dark

S:g;;- Todine . Fatty acids (%)
t(xér;‘; o value Cisto | Cis 0 ; Ciett Cis'o Cis:y h Cis:2 Cisia l Cao%0 l Sat’d | Unsat’d
2 1131.240.3| tr. | 12.4 tr. 7.2 26.4 46.8 7.2 — 19.6 80.4
4 131.740.4 tr. | 12.2 tr. 7.0 26.5 46.9 7.4 — 19.4 80.8
6 132.240.2| tr. |10.7 tr. 6.9 27.2 47.4 7.8 tr. 17.6 82.4
8 1132.840.2 tr. 9.9 tr. 6.2 27.6 47.7 7.6 tr. 16.1 82.9
10 1131.530.3 tr. | 10.8 tr. 8.8 26.1 46.1 8.1 — 19.6 80.3

Abbreviations as in Table 6.
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