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Fig. I. Outline of various pretreatments of thick juice, 1A and HB molasses.

a) Thick juice or HB molasses soln, of 20 percent by weight was electrodialyvzed with the

apparatus in lthe previous report'’.

b} Test resin & volume : Hydrogen form of Amberlite IR 120 B & 5 times resin volume to

be required for exchanging metals in thick juice or molasses.

c) Extraction with ethyl ether at pll 2 or less than that for 7 days.
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Table 1. Composition of beet thick juice and molasses (g in 100 g)

Dry matter
Ash

Total sugar
Total nitrogen
P (mg/ 100g)

Ether extractive organic
acids (as lactic acid)
Steam distillable organtie
acids (as acetic acid)

TJ*
68.15
1.52
62.80
0.40
1.98
0.21

0.19

HA®T

81.24
0.11
o8.10
2.01
4.87
0.12

ND

HB"""

85.91
9.15
56.20
1.76
0.07
3.60

1.25

Analytical method

70°C Vacuum drying
550°C Electric furnance
Somogyi’'s method
Kjeldahl method
Colorimetry

Titrable acidity

Titrable acidity

" : Thick juice.

** . Molasses from the sugar manufacturing process with ion exchangers.
“** . Molasses from the sugar manufacturing process with Steffen's method.

TJiE, FhiEoBE THICADHIIC,
g x Y o — 27, MBS SR BRI b~

Bl kT

ERBILITTIE DRV OISEHTH S .
HBE, WRTHECR Ty 7 vEEREA LT 0

e[S T AL ENLEEEC TJE L FHAKEE~,
HA G, SRS A & o s LB L 2 A & Moy « fHRE R S RM O BV ODETH S
Atz 7 o ah oSN HBEHE T, K - Bk TJEMMNE AP O RS A », P, NE
Table 2. Amounts of some metal ions, I’, N and organic
acids in non- or pre-treated beet thick juice (mg in kg)
) Thick juice ) B o
- 0 | Il m v
K 6760 0.27 5210 0.32 1096
Na 1420 0.34 608 0.48 404
Ca 27.7 0.002 19.8 0.003 20.3
Mg 2.58 0.13 237 0.14 2.47
Fe 2.51 0.002 2.10 0.003 1.71
Mn 1.90 ND** 0.38 NI 0.75
Zn 4.13 0.061 0.73 0.075 BT
Cu ND ND ND ND ND
P 19.8 12.3 17.5 11.9 .18
N{g/100g) 0.40 0.086 0.14 0.050 0.16
Citric 228 |82 §6.0 79.6 172
Malic 645 616 276 264 290
Succinic 230 230 56.3 33.0 ND
Lactic 6620 6620 ND ND 197
PCA" 6540 5480 767 723 173
Formie 360 353 ND ND ND
Acelic 664 658 ND ND ND
Propionic ND ND ND ND ND
Isobutyric 487 478 ND ND ND
Butyric 183 180 ND ND ND
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Pretreatment : 0, Non-treatment ; I, Cation exchange ;: II, Ether extraction I, Cation & ether
extraction and IV, Electrodialysis.

Analytical method : Metal ions were measured by atomic absorption spectroscopy. The lactic and
succinic acids were determined by gas chromatography. Other organic acids were measured by
high performance liquid chromatography. P and N were determined by the same methods shown
in Table 1.

*: Pyrrolidone-carboxylie acid.

"*: Nol detected.
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Table 3. Amounts of some metal ions, P, N and organic acids in non- or
pre-treated beet molasses (mg in kg).

IIA molasses B HB molasses
0 I 0 1 B 1l ] IV

K 765 0.17 32000 0.58 31400 0.33 144
Na 495 0.30 12900 0.41 11900 0.41 370

'a 165 0.004 365 0.003 160 0.005 82.4
Mg 41.6 0.13 20.3 0.29 20.2 0.30 9.55
Fe 2.80 0.004 16.9 0.005 13.9 0.005 16.4
Mn 0.49 ND"* 3.46 ND 3.56 ND 2.29
Zn 0.23 0.0566 22.56 0.071 22,5 0.079 22.9
Cu ND ND ND ND ND ND ND
P 18.7 27.6 50.7 28.1 50.4 28.8 19.8
N (g/ 1004) 2.01 1.41 1.76 0.30 0.76 0.22 0.58
Citric 290 255 756 588 444 476 675
Malic 296 275 1540 1390 605 488 689
Suceinic ND ND 3480 2940 1250 1360 ND
Lactic 1250 1250 50500 28000 612 ND 1330
PCA” ND ND 26200 22000 2860 2700 2200
Formic ND ND 2600 2250 255 ND ND
Acetic ND ND 7660 7590 37.9 ND ND
Propionic ND ND 369 362 75.1 ND ND
[sobutyric ND ND 2020 1980 ND ND ND
Butyric ND ND 619 609 ND ND ND

Pretreatment : 0, Non-treatment ; I, Cation exchange ; I, Ether extraction ; I, Cation exchange
& ether extraction and IV, Electrodialysis. Analytical method : Melal ions were measured by
alomic absorption spectorscopy. The lactic and succinic acids were determined by gas chroma-
tography. Other organic acids were measured by high performance liquid chromatography. I
and N were determined by the same methods shown in Table 1.

* . Pyrrolidone-carboxylic acid.

** . Not detected

10



Rl SEEE ] BEpl s o> AN 1

3oL, HAIC HEERER AL SN b - 2D fih +4 v BLOREEDI DI, AF4 rcliBEl
T, BUTLHAF rERBLT SO F 4 L THBO Fx—7 il 5 O IR ESETIC L SR ET
';fﬁ':ﬂ‘_c i\ﬂf&o

HBHNz % EOK, Na, FLB. PCA, HEEEB L

USSR SO TED, A F4 o THARETRER 492 BRSNS LTOLRE MUBEES LD
DHEEED, = — 7 RO A TEEROEEA 4+ &~ LBt o SR (Fva—2 2 LT) 0%l
AT L fe s BEHSIHR U E X2OBEEHOMKTR (ng100mf)

EFA IR LI

Table 4. Amounls of some metal ions, P, N and organic acids in various solutions

containing 10% total sugar as glucose (mg/ 100m¢).

] TJ HA 1B

B 0 m e 0 0 m W
K 11.00 108 0.0061 17.4 13.2 0.0029 569 0.0059 2.56
Na 2.90 22.6 0.0076 6.43 8.52 0.0052 229 0.0073  6.58
Ca 3.60 0.441 0.0001 0.323 2.84 0.0001 6.49 0.0001 1.47
Mg 20.50 0.041 0.0022  0.0393  0.716 0.0022  0.361 0.0053 0.170
Fe 0.11 0.040 0.0001 0.0272 0.0482  0.0001 0.301 0.0001 0.292
Mn 0.019 0.030 ND 0.0119 0.0084 ND 0.062 ND 0.0407
Zn 0.0249 0.066 0.0012 0.0600 0.0040 0.0010 0.400 0.0014 0.407
Cu 0.0045 NI ND ND ND ND ND ND ND
P 4.30 0.315 0.1849 0,123 0.838 0.475 0.902 0.512 0.352
N 52.0 6.10 0.80 2.60 34.6 24.3 31.3 3.9 10.3
Cirtic 3.63 L.27 2.74 4.99 4.39 13.4 B.47 12.0
Malic = 10.3 4.20 4.62 5.09 4.73 27.4 8.68 12.3
Succinic — 3.66 0.844 NI ND ND 61.9 24.2 ND
Laclic 105 ND 3.14 21.5 21.5 987 ND 3.7
PCA™" 104 11.5 2.75 ND ND 466 48.0 39.1
Formic — 5.73 ND ND ND ND 46.3 ND ND
Acctic = 10.6 ND NI ND ND 136 ND ND
'ropionic = ND ND ND ND ND 6.56 ND N[
[sobutyric 155 ND ND ND ND 35.9 ND ND
Butyric 2.91 ND ND ND ND 11.0 ND ND

Pretreatment : 0, Non-treatment ; [, Cation exchange ; ll, Cation & cther extraction and IV, Elec-
trodialysis.

*: The elements of modeled glucose medium were determined [rom those ol inorganic salts, tap
water and corn steep liquor of the Glucose-CSL medium as follows (mg/ 100mé ) : K.SO, 24.5,

Na.S50; 8.96, CaCl.+ 21L0O 13.2, MgSO,+» 7TH.0 208, FeS0.« 7 H.0 0.548, MnCl.+ 4 H.O 0.068, ZnS0, ¢

7TILO 0.128, CuSO,« 51O 0.020, NH.H.PO, 16.0 and NH.NO. 297,

11
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Summary

The previous report described that the ex-
cess of potassium ion, formie acid and acelic
acid on itaconic acid fermentation with As-
pergillus terrews K 26 was highly inhibitory.

This paper describes the procedure to
exclude those inhibitors in cheaper raw
materials such as beet thick juice and molas-
ses for producing itaconic acid in large quan-
tities.

(1) With regard to thick juice, the execess
of potassium ion and the volatile acids had
to be excluded through cation exchange and
extraction or through electrodialysis. Po
tassium ion was removed to the concentration
of modeled glucose medium : volatile acids
were almost completely removed.

{2l In the case of HA molasses, it is
necessary to exclude slightly excessive po-
tassium ion. For [IB molasses, the volatile
acids had to be excluded also through ex-
traction or electrodialysis lo the same con

centration level as mentioned above.

Res. Bull. Obihiro Univ., 1, 17 (1990) : 7~12
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vlglycerol (PG) B from . nigra needles.



16

7:o Senserid, TV e vHEIIEThiEHEESRY
roo7gnod AfEE LTRL, VER%EE LT
WAELT, WEttom 20k~ TH

REDHEREATVLAT EEHELTVAY, $1¢,
Rodionovb i34 9 v 2 7h v v O EOSRER
W SRS E AR LT B o F I
2lEEENRA L0, FICmE s - T2ulizEL
ATEERHELTVET,

TERIEEHEY 9 2~ OB E{L%Fig. 1.BIKR
Lz, ZHDOPC, PEBLUPGOEISR, EWoz
NiIck~XTHZ MG 4L, MGDG &
DGDGEBMASHEICE TR L, £, MG

DG /DGDG® i 21.07(10} ), 1100128 ), 0.92
(2H) 068(4H) BLUF1.0607H) &2irL, 2H

64 HOMGDGORL oo £ hiclt~T
FLWT EMTRERLE,

AT a7y 0w vHEODGDGI RGal( a 1
-6 )Gal#§( AN OfthlcFHHAEGal( 81— 6 )Gal
$(BE) MRELTVWAZEALICHS iz L™
B, ARERBROESEEENIcHE LS &
HMICUBMDCGDGAEEAEEO ORI Pt L
L, o2 olEL T, 2 Qi (4
DGDGH11%) % cL, FHiCcEmbd 5T &2

BT « FIARSEFT - AP - (Y

2

6.
o {11)
1]
x
= bk
v
[
b
~ 4
n
]
=
o 3r
@
c
g 2
o
L=]
W 1f
E

0 -

Sep, Dok, Nov, Dec. Jan. Feb. Apr. May Jul.
1988 1989
Fig. 2. Seasonal changes in the content of

novel digalactosyldiacylglycerol, Gal
( 81 =6 ) Gal( B1—3 )-diacylglyce-
rol (B type), in P. nigra needles.
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Table 1. Seasonal changes of molecular species compositions
of MGDG and DGDG in . nigra needles.
Oct. Dec. Ifeh. Apr.

Molecular MGDG DGDG MGDG DGDG MGDG DGDG MGDG DGDG

Ll A A¥ BP A B A B
18:3—18 : 4 8 i 6 1 1 7 2 0 10 2 7
16:3—18:3 13 1 23 2 14 20 2 14 17 1 11
18: 3—18 : 3 63 o6 o6 44 M af a0 71 o7 o0 60
18:3—-20:3 5 2 2 2 a 5 2 2 ] 2 8
16z 2—18: 3 by <1 1 1 1 I 0 [ | 1 ol | 1
18:2—-18:38 4 1 5] 2 7 4 3 3 4 4 7
18:2-20; 2 2 3 2 13 13 2 0 4 2 a ]
18:1—18: 3 1 2 1 2 | 1 2 1 2 2
16 :0-18: 3 2 16 4 24 4 25 3 24
17:0 18:3 <71 —~ 1 2 A = 1 <1
175 B—18: 8 1 1 <1 1 1 =
18:0—18:3 <1 4 <1 6 3 l 1 <d A
16:0—18.: 2 4 - 3 3 4

1) A, Gal( @¢1-—6)

2) B, Gall f1—+6)-Gal( f1—+3" )

Gal( B1—3 " ) —diacylglycerol
diacylglycerol
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Table 2. Seasonal changes of molecular species compositions
of PC and PE in P. nigra needles (%)

Molecular PC

RS Ocl. Dec. Feh. Apr.
18:3-20:4 1 1 1 1
183 318 58 l 1 1 1
18+ 318+ 3° 1 2 2 2
182 3—20 =3 1 2 2 2
185 3—¥0 4 | 2 2 2
18: 2—18 .3 B 6 6 7]
18:2 18:3° 3 6 6 6
18 218 &g 15 16 14 13
18:1-18:3 H i 9 8
wis el 79 w0
16 0 18 =3 6 8 5} ]
18:1-18:2 6 9 13 9
16:0-20:3 152 8 6 8
16:0—18:2 25 18 17 19
16:0 20:2 | 1 2 2
18 : 0—18 =2 4 2 2 3
16 :0 18 :1 1 1 1 1
16 : =16 ;0 < 1 1 <1 = |

Others 1 gz | <1 <1

' a H, 12—18 3

PE
Jul. Qct. Dec. Feb. Apr. Jul.
1 2 1 1 1 2
1 1 1 1 1 1
1 1 3 2 7 2
1 & 3 3 o) 3
1 2 4 8 3 1
3 2 3 4 B3 2
4 6 9 7 9 1
7 5 8 9 8 h
8 11 10 ) 10 14
10 7 9 10 10 12
5 L0 13 11 11 ]
8 1 3 5 8 3
14 30 11 9 12 16
21 14 15 16 18 16
3 1 1 1 1 1
9 1 2 2 2 3
2 <1 1 2 2 2
8 1 1 1 1 2
<1 5 2 4 3 3
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Table 3. Seasonal changes of molecular
species compositions of PG in
. nigra leaves (%)

WMRSBAE ok foe Bl Spn ol
species

16:1-18:3 18 12 & 2 1
B:2-18:% 1 1 & 1 1
18:1-18:3 16 24 23 19 12
16:0 18 3)

6112 BT 69 8
16:0-20:3 38 3 3 <1 4
16:0-18:2 3 40 31 29 37
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6:0-16:0 4 4 5 7 19
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Summary

The seasonal variation of contents of
glycolipids and phospholipids from needles of
Pinus nigra was investigated. A characteristic
change was a slight decrease in galactolipids
in winter, and an increase in phospholipids
from Dececember to February. Novel
digalactosyldiacylglycerol (DGDG B isomer),
Gal( 81 —6) —Gal( 81 3"} —diacylglycerol
(DG ), was not detected in summer, but was
observed after December, especially predomi-
nant in February. The seasonal changes in
the 1,2 DG moieties of the DGDG B isomer
were quite similar to those of MGDG but
not the DGDG A isomer, Gal( al —6) —Gal
( £1=3")—DG.

Molecular species compositions ol phos-
phatidylcholine (PC) and phosphatidylethanol-
amine (’E) were more complicated than those
of phosphatidylglycerol (I’G) from needles of

P. nigra. In PC and PE, the isomers of the

dilinelenin (18 : 3 18 : 3), linoleoyllinolenin
(18 :2-18: 3) and palmitoyllinolenin (16 : 0

18 : 3) species existed 1in all seasons. Quan
titative analyses ol seasonal changes in the
phospholipid species showed that the highly
unsaturated molecular species increased at
the glycerolipid
fied with the saturated (16 : 0 and 18 : 0) and

monounsaturated (18 : 1) fatty acids in winter,

expense ol specles  esteri-

Res. Bull. Obihiro Univ., 1, 1701990) : 13~19





