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Abstract

Barley koji was made in order to investigate the lipid contents of barely koji
during preparation. Diethyl ether extracts and 85% methanol extracts were ext-
racted and purified. The lipid components were classified. The individual neutral
lipids, glycolipids and phospholipids were fractionted, quantified and fatty acid
compositions of the three lipids were determined.

Total lipid contents of diethyl ether and 859 methanol extract of barley koji
increased during preparation. Neutral lipid, giycolipid and phospholipid contents in
diethyl ether extract increased, however, neutral lipid, glycolipid and phospholipid
contents in 859 methanol extract decreased during koji preparation. TG content of
the neutral lipid in diethyl ether extract decreased. Conversely, DG, FS, FFA and
ES contents increased. But TG, DG and FS contents of the neutral lipid in 85%
methanol extract decreased. LPC, (PC-+-PS), PI, PG and PE contents of the pho-
spholipid on diethyl ether extract increased. But LPC, (PC+4PS), PE and PI con-
tents in 859 methanol extract decreased during koji preparation. Palmitic acid,
linoleic acid and linolenic acid of neutral lipid in diethyl ether extract decreased,
however, paimitic, stearic, oleic, linoleic acid in 859 methanol extract decreased.
Palmitic acid, stearic acid, oleic acid and linoleic acid of glycolipid in diethyl ether
extract increased, but in 85% methanol extract they decreased except oleic acid.
Palmitic, stearic, oleic, linoeic and linolenic acid of phospholipid in diethyl ether
extract increased during koji preparation. On the other hand palmitic, oleic and
linoleic acid in 85% methanol extract decreased but stearic and linoleic acid incre-
ased.
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Table 1. Chemical composition of barley
koji*(%)
Sampling Mois- Crude

time pro- C;:;ie g‘lot:rl Ash

(days) ture tein g
0 48.62 11.70 1.21 '86.24 0.86
1 46.27 12.27 1.77 84.87 1L.10
2 43.58 12.28 2.48 83.94 1.29

* Calculated by dry weight basis

2. Diethyl ether extract?} 8§59 methanol
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Table 2. Content of DE and ME in barley koji(%)®
Sampling DE ME Total lipid
time(days) Crude  Purified Crude  Purified Crude  Purified
0 1. 05 0.97 1.37 0.31 2.42 1.28
1 1.53 1.37 1. 62 0. 34 3.15 1.71
2 2.15 1.91 2.21 0. 41 4.36 2.32

1) As percentage of dry basis
2) DE: diethyl ether-extract
ME: 85% methanol-extract
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Table 3. Content of neutral lipid, glycolipid and phospholipid in DE of barley koji?

. . lini P holioi
'Sampling ) Neutral lipid ) Glycolipid hospholipid
time(days) % of TL 9% of DE 9% of TL 9 of DE 9 of TL % of DE
0 65. 52 86. 46 5.74 7.58 4.52 5. 96
1 66. 25 82. 69 7.45 9.30 6. 42 8.01
2 66. 46 80.73 8.08 9.81 7.79 9. 46

1) Each lipid fraction was separated by SCC and quantified by gravimetric measurement
2) TL: total lipid, DE: diethy etherextract

Tabhle 4. Content of neutral lipid, plycolipid and phospholipid in ME of barley koji?

lini .. . .
Sampling 3 Neutral lipid Glycolipid Phospholipid
time(days) % of TL 9 of ME 9 of TL 9, of ME 9 of TL 9% of ME
0 4. 05 16.72 5. 56 22. 96 14.61 60. 32
1 3. 02 15. 19 3.93 19.77 12.93 65. 04
2 2.51 14. 20 3.32 18.79 11.84 67. 01

1) Each lipid fraction was separated by SCC and quantified by gravimetric measurement.
2) TL: total lipid, ME: 85% methanol-extract

Table 5. Content of neutral lipid, glycolipid and phospholipid in total lipid of barley koji(%)

Sampling time(days) Neutral lipid Glycolipid Phospholipid
0 69. 57 11. 30 19.13
69. 27 11.38 19. 35
68. 97 11. 40 19.63

Table 6. Composition of neutral lipid in barley koji*(%)

DG FS FFA TG ES

Sampling time(days)
TL NL TL NL TL NL TL NL TL NL

0 6.5810.04 5.13 7.83 6.64 10.14 41.10 62.73  6.07 9.26
Diethyl ether extract 1  6.85 10.34 5.29 7.98 17.63 26.61 30.16 45.53 6.32 9.54
2 6.9910.52 5.32 8.00 26.51 39.89 21.33 32.10 6.31 0.49

0 0.64 15.92 0°40 9.80 0.91 22.35 2.04 50.43 0.06 1.50
85% Methanol extract 1 0.48 16.01 0.30 10.00 0.92 30.47 1.25 41.37 0.06 2.15

2 0.40 16.04 0.27 10.59 1.37 54.73 0.38 15.32 0.08 3.32

* Abbreviations are the same as those in Fig. 1.
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Fig. 1.

Thin layer chromatograms of neutral lipids in barley koji.

The solvent system was petroleum ether—diethyl ether—acetic acid (80:20: 1, v/v»
and each components were detected by charring with 40% H.SO,.

ES:: esterified sterols,
FS: free sterols DG : diglycerides

1. Diethyl ether extract of cooked barley,

TG : triglycerides,

FFA : free fatty acids

2. Diethyl ether extract of barley

koji(l day), 3. Diethyl ether extract of barley koji (2 day), 4. 85% Methanol

extract of cooked barley,

5. 85% Methanol extract of barley koji(l day),

6. 85% Methanol extract of barley koji (2 day)
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Table 7. Composition of neutral lipid in total
lipid of barley koji*(9)

Samplingk

time DG FS FFA TG ES
(days)

0 7.22 5.53 7.55 43.14 6.13
1 7.33 5.50 18.55 31.41 6.38
2 7.39 5.59 27.88 2171 6.39

* Abbreviations are the same - as those in.
Fig. 1.
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Thin layer chromatograms of phospholipids in barley koji.

The solvent system was chloroform-acetone-methanol-acetic acid-water (65:20:10:
10:3, v/v) and each components were detected by charring with 40% H,SOs.

PE : Phosphatidyl Ethanolamines
Cholines
LPC : Lysophosphatidyl Cholines

1. Diethyl ether extract of cooked barley,

PG : Phosphatidyl Glycerols
PS : Phosphatidyl Serine

PC : Phosphatidyl
PI : Phosphatidyl Inositols

2. Diethyl ether extract of barley koji

(1 day), 3. Diethyl ether extract of barley koji (2 day), 4. 85% Methanol extraci
of cooked barley, 5. 85% Methanol extract of barley koji (1 day), 6. 85% Metha-

nol extract of barley koji (2 day)
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Table 8. Composition of phospholipid in barley koji* (%)
LPC PI PC4-PS PG PE
Sampling time(days) —
TL PL TL PL TL PL TL PL TL PL
0 1.21 26.77 0.22 4.93 1.97 43.68 0.19 4.21 0.59 12.58
Diethyl ether extract 1 1.67 25.97  0.48 7.43 2.70 42.04 0.27 4.20 0.77 12.01
2 1.89 24.27 0.55 7.01 3.06 39.12 0.48 6.21 0.8 10.93
0 3.79 25.94 0.86 b5.86 6.27 - 42.89 - 0.65 4.46 1.50 10.24
85% Methanol extract 1 3.37 26.06 1.03 7.97 5.56 42.90 0.77 5.96 1.05 8.14
2 2.89 24.37 0.99 8.36 4.60 38.87 0.77 6.48 0.98 8.29
* Abbreviations are the same as those in Fig. 2.
Table 9. Composition of phospholipid in total 0.84%0 A 1.25%= #Einstd o},

lipid of barley koji* (%)

Sampling
time LPC PI PC4+PS PG PE
(days)
0 ) 5.00 1.08 8.24 0.84 2.09
1 5.04 1.51 8.25 1.04 1.82
2 4.78 1.54 7.65 .25 1.83

* Abbreviations are the same as those in
Fig. 2.

0.98%% &% WAsA o PIgme 0.86%4 4
0.99%2, PGHEL 0.65%4 0.77%= #m
g

RIEE S HIREY) ARBMLE LPGSE &M
Y 5.00%A BrEol BB o=t 4.78%
2, (PCHPSYEE L 8.24%0 X 7.65%=%, PE

B 2.09%0 A 1.83%% #£% WAstych
28y PI&ES 1.08%4 A 154%=2 PGEEL

5. FERAEE R

Rt lRE ol BeRsBE MRk EElZ e A G &
Frfgo 2 REEE #kle] DEel MES] Si:igE
€+ BEE: BHBE EEI #RE Table
10,113 7%t &, Belz oA SlEd thiglgEedl
2%elx DES [eRiE ME{tE 2= palmitic
acidE= SIS 17.02%0 4 BrHe] &8l
wlael 13,46% %, linoleic acid: 34.73%4 A 32.
09%%Z linolenic acid: 3.11%4]A 2.44%= %
£ WAed o} stearic acid: 1.26%¢1 4 3.16
%2. oleic acid¥ 9.43%°14 15.31%= #int
A e

e = MES] BeRhE: MBS {ts 2, palmitic
acid: BIBWIEAS] 0.85% A BEAS & =
2} 0.48% %, stearic acidi: 0.04¢]4 0.03%2,

oleic acid®E 0.26%014 0.25%=, linoleic acid

Table 10. Fatty acid composition of neutral lipid in barley koji (%)

Fatty acids

Sampling time(days) 16:0 18:0 18:1 18:2 18:3

TL NL TL NL TL NL TL NL TL NL

0 17.02 25.97 1.26 1.89 9.43 14.40 34.73 53.00 3.11 4.74

Diethyl ether extract 1 15.18 22.92 2.99 4.52 12.44 18.78 33.11 49.98 2.52 3.80
2 13.46 20.25 3.16 4.76 15.31 23.04 32.09 48.28 2.44 3.67

0 0.8 20.93 0.04 0.94 0.26 6.45 2.67 66.00 0.23 5.68

85% Methanol extract 1 0.58 19.07 0.02 0.82 0.28 9.33 2.00 66.11 0.14 -4.67
2 0.48 18.99 0.03 1.01 0.256 10.10 1.64 65.34 0.11 4.56
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Table 11.

Fatty acid composition of neutral lipid in total lipid of barley koji(%)

Sampling time(days) Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid

17.87 1.30
15.76 3.01
13. 94 3.19

9. 69 37. 40 3.36
12.72 35. 11 2. 66
15. 56 33.73 2.55

= 2.67%°91A 1.64%%=, linolenic acid= 0.23%
A 0.11%2 &% WA .

MRRES PHAEES IRIEERY B(E 2
palmitic acid& BHMHIMY 17.87%01 4 13.94%
=, linoleic acid¥ 37.40%1 A 33.73% =2, lino-
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Table 12. Fatty acid composition of glycolipid in barley koji(%)
Fatty acids
Sampling time(days) 16 : 0 18:0 18:1 18:2 18:3

TL GL TL

GL TL GL TL GL TL GL

0 1.72 30.05 0.10 1.69 0.36 6.25 3.30 57.43 0.26 4.58
Diethyl ether extract 1 2.24 30.05 0.26 3.47  1.02 13.72 3.64 48.84 0.26 3.52
2 2.31 28.63 0.43 5.32  1.21 1493 3.90 48.21 0.24 2.91
0 1.09 19.58 0.04 0.65 0.17 2.97 4.0l 72.10 0.26 4.70
85% Methanol extract 1 0.87 22.02 0.03 0.85 0.22 5.50 2.68 6828 0.13 3.35
2 0.79 23.89 0.03 0.98 0.19 5.86 2.20 66.22 0.10 3.05

Table 13. Fatty acid composition of glycolipid in total lipid of barley koji(%)

Sampling time(days)

Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid

0 2.81 0. 14
3.11 0.29
2 3.10 0. 46

0.53 7.31 0.52
1.24 6.32 0.39
1. 40 6. 10 0.34
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Table 14. Fatty acid composition of phospholipid in barley koji (%)
Fatty acids
Sampling time(days) 16:0 18:0 18:1 18:2 18:3

TL PL TL PL TL PL TL PL TL PL
0 1.29 28.44 0.13 2.80 0.51 11.24 2.42 53.56 0.18 3.96
Diethyl ether extract 1 1.80 27.96 0.21 3.20 0.84 13.14 3.42 53.21 0.16 2.49
2 1.98 25.47 0.26 3.29 1.13 14.48 3.94 50.52 0.18 2.25
0. 4.27 29.20 0.17 1.16 0.74 5.04 9.24 .63.22 0.20 1.38
85% Methanol extract 1 3.71 28.66 0.21 1.63 0.64 4.94 8.04 62.20 0.33 2.57
2 3.28 27.70 0.31 2.64 0.59 4.95 7.34 61.96 0.33 2.75

Table 15.

Fatty acid composition of phospholipid in total lipid of barley koji(%)

Sampling time(days) Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid

0 5.56 0. 30 1.25 11.66 0.38
5.51 0. 42 1.48 11. 46 0. 49
2 5.26 .72 11.28 0.51

0.57
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methanol R4 Eo] #insle s diethyl ether
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BE thzto] B ot 85% methanol FiYy
o hRBEESE. BEESE 2 WREAEL K
A3+ et

28 = diethyl ether #iHitpe] PHEIBBEINA =
TG& & WA syl ot DG, FS, FFA 7 ES%
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85% methanol #iiH4e] A< palmitic, stearic,
oleic, linoleic, linolenic acid& & WA=

g zex MM diethyl etherfhiype B
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linoleic acid4 &< #inslgl 2} linolenic acid

E=N
==X

& WAk 85% methanolfhHiydl A=

palmitic, stearic, linoleic, linolenic acid4 & o)
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%3¢ diethyl etherfhiifi#ye] BISHE S BRs=

JGBbEE) A palmitic,
linolenic acid& &S #|istgd =
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85% methanol
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