J. Fd Hyg. Safety 13(3), 221 - 231(1998)

Chlorella ellipsoidea HE|2t1} El2}30|=8}0| SHX|E CHA|
OiXl= AEREHNQl &0}

£ 20 - AW - 015"
HAOIXICHE T Kt TfBtyS ME St

The Effects of Antiseptics on the Galactolipid Metabolism of
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ABSTRACT — The biosynthesis of galactolipid and the composition of fatty acid in chloroplast
and thylakoid envelope isolated from C. ellipsoidea treated with antiseptics (potassium sorbate:
PS, sodium benzoate:SB, calcium propionate:CP) were analyzed. The contents of monogalactosyl-
diacylglycerol (MGDQG), digalactosyldiacylglycerol (DGDG) and total lipid in treatment with an-
tiseptics were lower to compared with the control. The major fatty acid utilized for biosynthesis
of MGDG in chloroplast envelope were palmitoleic acid (ave. 15.55%), oleic acid (ave. 15.09%) in
control. Otherwise, the major fatty acids in P.S treatment were utilized for oleic acid (ave. 13.71%),
linolenic acid (ave. 14.36%), palmitoleic acid (ave. 18.26%), oleic acid (ave. 17.26%) in S.B treat-
ment, and oleic acid (ave. 16.88%), palmitoleic acid (ave. 16.31%) in CP treatment. It was show-
ed that the major fatty acids in chloroplast envelope DGDG were oleic acid (ave. 15.75%), linolen-
ic acid (ave. 17.74%) in control, oleic acid (ave. 14.90%), palmitoleic acid (ave. 15.97%) in P.S
treatment, palmitoleic acid (ave. 13.29%), oleic acid (ave. 15.74%) in S.B treatment, and oleic
acid (ave. 14.52%), palmitoleic acid (ave. 14.03%) in C.P treatment. The major fatty acid utilized
for biosynthesis of MGDG in thylakoid envelope were linolenic acid (ave. 14.78%), oleic acid (ave.
12.90%) in control. Otherwise, the major fatty acids were utilized for palmitoleic acid (ave. 13.00%),
palmitic acid (ave. 13.00%) in P.S treatment, palmitoleic acid (ave. 12.94%), oleic acid (ave. 12.43%)
in S.B treatment, and oleic acid (ave. 12.43%), palmitoleic acid (ave. 12.43%) in C.P treatment.
It was showed that the major fatty acids in thylakoid envelope DGDG were linolenic acid (ave.
18.01%), oleic acid (ave. 15.53%) in control, linolenic acid (ave. 19.20%), linoleic acid (ave. 14.14%)
in P.S treatment, palmitoleic acid (ave. 9.03%), oleic acid (ave. 14.85%) in S.B treatment, oleic
acid (ave. 13.90%), linolneic acid(ave. 12.66%) in C.P treatment.
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Fig. 1. Isolation of chloroplast envelope and thylakoid mem-
brane in C. ellipsoidea.
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Fig. 2. Growth of C. ellipsoidea treated with various an-
tiseptics during the cultivation.
—€— control, M- potassium sorbate, & sodium
benzoate,~X— calcium propionate.
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Fig. 3. Changes in contents of total lipids in C. ellipsoidea
chlkoroplast envelope treated with antiseptics dur-
ing the cultivation.
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Fig. 4. Changes in contents of total lipids in C. ellipsoidea
thylakoid membrane treated with antiseptics dur-
ing the cultivation.
~4- control, M- potassium sorbate, - sodium
benzoate,—X— calcium propionate.
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Fig. 5. Changes in contents of MGDG and DGDG methyl
esters in C. ellipsoidea chloroplast envelope treat-
ed with antiseptics during the cultivation.
—@- control, ~ll— potassium sorbate, - sodium
benzoate,—X— calcium propionate.

~

ou], DGDG &3 ujk 39, 5¢, 746l 2z 67.19%,
72.75%, 47.49%2] 78S Ve HT 62.48%9 A
A5 By} o] Aol osbd PS¢} S.Be) Aol ¢
2xute] B32d $4F MGDG §Ad & AHE dov
o], C.PE= DGDG @A ol & A& dodl+ o= v
ERytt.

AZHEA ] o5 defao|mute 271 FA A ]
W3l Fig 60l 2zt AJEh Hetsol =gy T
°] MGDG 3eke 25.55%, DGDG &2 545%™
MGDG methylesters 33 #3}+= total lipid 7 8% 3ol
7.96%, WOk 54| 506.21%= VAT ZF/HE RYon, u
of 7910 40.88% Z7}ate] HF 184.93%2] F71&E viE
Wit w3t total lipid 3 DGDGe] §Hek Wghe wjkze}
vl wated wjok 39, 59, 790 M B F7HEE VRl
B 6146%2) ¥ T7+8 KAtk

P.SE 2|3 AF¥e) MGDG FHS tixT9 vlusts
H)oF 32l0) 73.17%, Wik 5ol 80.15%, uj 7ol 91.66
%7} 7ol Bt 81.66%9] AAr&E BoH, Wi 54U
7HAE MGDG #eo] Mzt Z7hsithzt vk 27l v
A 43S Jehdth =3 DGDG ##2 tiz7ol
H]shed ufek 320l 86.25%, wWiF 5] 80.25%, ujoF 7ol
84.80%2] 7+A &S Bol W 83.77%9] A& Ve
oz ¢} @7l ALl fA1e DGDG &8 fA8ks A2
2 Yelgth. S.B 2 g 7ol A MGDG 32 24} Hla

50 |- MGDG
40
30

20

8 DGDG

Amounts of galaclolipids (mg/100mg total lipid)
[}

~

0 3 5
Duration of Culture (days)

Fig. 6. Changes in contents of MGDG and DGDG methyl
esters in C. ellipsoidea thylakoid membrane treat-
ed with antiseptics during the cultivation.

-4 control, —Ml— potassium sorbate, -~ sodium
benzoate,~X— calcium propionate.

3he] wjek 39, 5, 7Yl 242} 51.44%, 60.96%, 81.73%
st B 64.71%2) FAE&S Ve wjd SE7HA
ghero] Zvlsluhrh wjed 7del ZAde EHE BA
DGDG &2 thz7e vlmste vk 3%, 59, 70l
2}7} 30.14%, 69.83%, 80.70% 7tAst, BT 7o)
60.22%2 Jebkon wiokxRE ujd 27|72 DGDG
geo] A&HA ZAade AES 2t CPY MGDG
ke o2t} vl wate] ujok 3Ue 19.52%, vl 5Y 0l
58.47%, vk 7Uol 77.94% 7HAste] wiek 5UA = F7}
stz ol 796l thA] sk 298 JE Hd H2a
g0] 51.98%0|t}. =3 DGDG -2 v 39, 59, 7Y
o z}z} 58.75%, 57.19%, 66.97%= Jfeh} B 7HAE&0]
60.97%0°|2t}h. Wl CP AE = MGDGS DGDGY
BT H]4d A E3E dodlE A T 4 A

SRIAS) K|gat £ pg

Q2 4)2}e] MGDG, DGDGS) A1t 24 % &4 57
= Table 1, 20 Lrehich. wlekzo] A2 A%te) MGDG
£ FAse AAke gizTe] ¢ oleic acid7} 14.45%,
linolenic acid7} 12.82% AFEEIT, W9k 3ol oleic
acid, linolenic acid7} 15.48%, 16.09% o] &5 l.on, ul<k
59¢)|+= palmitoleic acid7} 20.66%, oleic acid”?} 16.02%,
ujjek 720+ palmitoleic acid, linolenic acid7} Z2}+z} 15.00
% 15.30% AH&-=2Ach whEkA giZ2T9) MGDG At A

Journal of Food Hygiene and Safety, Vol. 13, No. 3



226 Eun-A Choi, Jae-Seon Jang and Chong-Sam Lee

Table 1. Changes in fatty acid composition of MGDG in C. ellipsoidea chloroplast envelope treated with various antiseptics

during the cultivation (unit: %)
Duration of
Culture (days) 3 > 7
Treatment
) ont cont ps s.b c.p cont p.s s.b c.p cont p.s s.b c.p
Fatty acid
Lauric - - - - - - - - - - - - -
Myristic 3.72 0.76 - - - 215 034 054 o041 167 587 073 051
Palmitic 4.57 529 339 382 547 353 291 418 413 826 255 408 454
Palmitoleic 12.45 14.10 13.76 2040 1573 10.66 1396 19.76 16.26 15.00 1336 14.63 1693
Heptadecanoic 7.72 763 863 579 893 672 331 744 7.78 623 855 632 763
Stearic 3.76 391 358 412 485 451 890 433 486 420 340 524 439
Oleic 14.45 1548 13.18 1948 1783 16.02 1431 1738 16.39 14.42 13.65 1491 1641
Linoleic 3.69 237 417 507 698 203 459 783 593 575 494 876 584
Linolenic 12.82 16.09 12.08 17.73 - 2393 15.07 15.89 - 1530 1594 - -
Arachidic 1.71 058 179 126 291 224 158 371 191 136 164 353 185
Behenic 3.49 399 328 3.65 4.66 417 352 351 407 263 383 142 3.67
Erucic 4.31 493 354 406 217 350 356 136 137 219 134 632 152
Lignoceric 2.54 223 223 212 291 1.76 179 199 1.70 1.09 159 643 164
Unknown 24.77 22.64 3028 1250 2756 1878 26.16 12.08 35.19 2190 23.34 27.63 35.07
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

<Note> Cont: control, p.s: potassium sorbate, s.b: sodium benzoate, c.p: calcium propionate.

Table 2. Changes in fatty acid composition of DGDG in C. ellipsoidea chloroplast envelope treated with various antiseptics

during the cultivation (unit: %)
Duration of 3 5 7
Culture (days)

Treatment ont cont p-s s.b c.p cont ps s.b c.p cont p-s s.b c.p
Fatty acid
Lauric - - 1.44 - - - - 0.63 - - - - -
Myristic 1.66 - 1.89 083 132 632 458 136 148 - 7.60 896 049
Palmitic 5.19 294 489 042 615 223 254 604 3.69 205 245 275 371
Palmitoleic 727 1572 1584 1415 1512 1299 1281 850 12.98 6.72 1827 1723 13.99
Heptadecanoic 6.86 712 794 753 845 802 829 1753 9.03 512 917 850 732
Stearic 513 265 S16 377 497 363 314 593 423 1.63 275 395 3.67
Oleic 12.15 2028 15.35 1323 16.65 1471 1420 1745 13.06 1587 14.16 1655 13.84
Linoleic 11.31 392 701 7.18 749 507 394 1026 509 1668 308 623 529
Linolenic 16.16  17.54 - 12.05 -~ 1635 1524 - 13.67 20.80 9.61 1494 -
Arachidic - 1.28 289 639 315 1.77 125 446 227 - - 228 174
Behenic 5.61 459 138 330 490 038 336 179 384 621 130 350 390
Erucic 9.00 457 362 118 293 326 347 615 216 8.98 - 242 272
Lignoceric 5.49 225 255 154 278 160 194 547 235 412 112 283 1.67
Unknown 1421  17.05 28.04 2843 26.09 23.67 2524 1443 2615 11.73 3049 9.86 41.65
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

<Note> Cont: control, p.s: potassium sorbate, s.b: sodium benzoate, c.p: calcium propionate.
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B olggo] #AEFUTH AFREA ] MGDG At =
L Table 1¢] EA)EIEH WA P.SE vieF 3ol pal-
mitoleic acid, oleic acid7} 242} 13.76% 13.18% AHEE|ISL
3L, vk 5= oleic acid, linolenic acid7} Z}Z}: 14.31%,

15.07%, BjeF 799)= oleic acid®} linolenic acid7} b2}
13.65%, 15.94% o]-&=tt SBE A +2 AMHEHS 4
2 woF 3Yo= palmitoleic acid7} 20.40%, oleic acid7}
19.48% AHEEQAL, wiok 59, W 7o) palmitoleic
acid9} oleic acid7} F2 AFLEUSES E 4 9t CPE
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218351918 A$E F2 palmitoleic acid®} oleic acid7} A}
L3519 =d), wok 3= palmitoleic acid7} 15.73%,
oleic acid7} 17.83%, w)F 5ol = 2H2} 16.26%, 16.39%,
aoF 7ol 2zt 16.93%, 16.41% AHEEHASS & 3
th o] Axe] o5tH AEREAE ATE ARESIAE
AL gEA%e] MGDG E}H o] & palmitoleic acid®} oleic
acid7} 72 o] §591 92 2 2 9ot
Table 2¢] = *‘%E+Xﬂ o o} FEA e} DGDG A
Ab g S vEth PS HET Ae wijd 3del=
palmitoleic acid®} oleic acid7} zHz} 16.84%, 16.35% ©]-8
Ha, vjek sUol= oleic acid®} linolenic acid7} Ztz}
14.20%, 15.24%, ¥ljoF 7Yl palmitoleic acid”?} 18.27%,
oleic acid7} 16.55% o]-&59 o] #& L} S.B x|+
9] AL w9k 3ol = palmitoleic acid7} 14.45%°]-4-5] %Y
31, oleic acid7} 13.23% A8 %= vste] wjt 5
+= heptadecanoic acid7} 17.53%, oleic acid”’} 17.45% o] &
sof tlz e} v g e, v 7d el pal-
mitoleic acid7} 17.23%, oleic acid”} 16.65% A}&E At
PE a2 ALEEEE A$ viek 3U 4= palmitoleic
ac1d7]- 15.12%, oleic acid7} 16.65% AF&%%1 31, vk 5
o= oleic acid7} 13.06%, linolenic acid”} 13.67%°]-& ]
of 2ot vl B4 ekl
Yehmol=ote] 7 Ael o) W X Qo) AAl 24

227

MGDG®] AWt 248 EASIA ], WGz defaiol
=ato] MGDGE FA &M= AW oleic acid7} 13.94%,
linolenic acid7} 18.26%% ulE}WITE ujeF 3Ud|= oleic
acid7} 14.03%, linolenic acid7} 18.45% ©]-&% %o, uj
ok 5o+ palmitic acid7} 15.46%, oleic acid7} 12.05%
o] &5 2t}. ek 7Y o= palmitoleic acid, oleic acid7} Z}
7} 16.50%, 11.90% ©]-&-= 2ol A= AYct. webA iz
To] "glzmol=2 MGDG A§HAdof = oleic acid, linolen-
ic acid, palmitic acid, palmitoleic acid 5-¢] ©]-&=%S&
o} 2= 9t}

A Z 1 ZA 9] defzol=] tdt MGDG A HHAF FA
Mahs 94 PS HelFe] Aol wek 3ol palmi
toleic acid”7} 13.78%, oleic acid7} 13.65% ©}-& %<1, vl
ok 5Yoj|&= palmitic acid, palmitoleic acid7} 7}2} 18.01%,
11.78%, vi%F 7Y ol = palmitic acid7} 13.12%, palmitoleic
acid7} 13.45% A}-g-Ho| "delzol=ure] MGDG Al
7 palmitic acid$} palmitoleic acid7} o] )22 &<l
stgch. SB X FY A-9d= ujek 3d¢) palmitoleic
acid7} 11.93%, stearic acid7} 13.48% A= o} tjZ+e) v}
2 oS wglom, vjok 5Yofj= palmitoleic acid7} 12.45
%, oleic acid7} 12.19%, v} 7d el = palmitic acid7} 13.45
% AHEEIRIES &)1 # ¢ AYTH CP M TE Y
329 oleic a01d, linolenic acid7} Z+z} 11.61%, 12.57

2 kA Z | Table 3, 40 247} UERQltt. Table 390 =

% ©]-&H AL

ek 5Y T Tdell=

palmitic acid7} z}z}

Table 3. Changes in fatty acid composition of MGDG in C. ellipsoidea thylakoid membrane treated with various antiseptics

during the cultivation (unit: %)
Duration of 5
Culture (days)
Treatment
ont  cont p-s s.b cp cont p.s s.b c.p cont p-s s.b c.p

Fatty acid

Lauric - - - - 2.25 - - - 2.06 - - 0.90
Myristic 0.83 079 292 317 285 198 431 212 0.62 1.79 1.81 700 124
Palmitic 333 716 788 643 365 1546 18.01 590 13.73 799 1312 295 11.59
Palmitoleic 509 1026 13.78 1193 359 1031 11.78 1245 949 16.50 13.45 1445 11.05
Heptadecanoic 6.89 6.80 590 542 744 680 523 591 529 820 6.05 9.18 585
Stearic 2.04 112 571 1348 585 306 393 540 16.68 343 484 239 284
Oleic 1394 1403 1265 1031 11.61 1205 1022 1219 1142 11.90 1222 1479 1152
Linoleic 4.71 1.62 400 580 7.60 405 870 804 832 338 314 303 648
Linolenic 1826 1845 990 1035 1257 12.02 10.27 10.58 4.06 1032 1126 11.34 -
Arachidic 2.36 - 230 279 574 1.44 5.13 242 1.93 - - 2.65
Behenic 6.01 524 194 278 497 245 243 1.70  3.65 258 1.82 236 217
Erucic 9.09 6.21 - 241 835 339 347 154 263 294 278 311 1.19
Lignoceric 4.59 3.33 1.77 1.50 4.80 1.61 2.39 1.31 1589 2.38 1.38 270  0.94
Unknown 22.86 2499 30.25 23.63 0837 2538 19.26 29.73 24.06 28.13 26.70  41.60
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

<Note> Cont:

control, p.s: potassium sorbate, s.b: sodium benzoate, c.p: calcium propionate.
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13.73%, 11.59 %, oleic acid”7} 16.68%, 11.52% A}2-5
t}. o] AR oJstd detmo|=ute] MGDG At 2
Aol|= palmitic acid®} oleic acid7} 7} o] o]l &g &
o 4 gick.

Table 40| &= €glzo]=ute] DGDGE FA3H= X dtak
Velyed], 27 A$ ulkzolE linolenic
acid®} erucic acid7} z}z}t 19.91%, 15.40% ©)-&% 11, uj
% 399 = linoleic acid?} 13.52%, linolenic acid7} 18.79
%, 9] 59+ palmitoleic acid7} 18.12%, oleic acid7}
26.56%, ¥k 7Y = linolenic acid7} 18.17%, erucic acid
7} 13.65% o] &= o] dlz=79] detzo|=1 DGDG A
A= oleic acid, linolenic acid, erucic acid7} @o] o] &
e ¢dth AFEEA A2 A DGDG AFA | o] &

= XAl 2438 P.S A 7= wlek 399 oleic acid 7}
12.03%, linolenic acid7}17.25% o]-&% 1, v 5U=}
749 linoleic acid?} Z}+Z} 14.66%, 16.86%, linolenic acid
7} 17.87%, 22,47% o|-4=Jch. S.B AT v 30
oleic acid”} 20.52%, erucic acid7} 12.98% ©o]-£%|) 11, ullSk
59o) = linoleic acid7} 13.31%, arachidic acid7} 11.78%,
W 749 oleic acid”} 12.50%, linolenic acid”} 14.66%
o] &5t} C.P A3t v 3ol linoleic acid7} 13.86
%, linolenic acid7} 9.06% ©|-&% 11, wjek 5Yut 7Y
oleic acid7} Z+z} 21.51%, 11.46%, linolenic acid7} 17.83
%, 11.09% o]-&5]Ac}h.

°
ZAe

Eun-A Choi, Jae-Seon Jang and Chong-Sam Lee

L

3 £ oUBY BEFE 7S
A3 Gom], Agate] Al Polg a7, BES)
S8 B30h? SBE B9 £29) 248 AXeH, A}
2}k

dolu} FEA A trypsinol] ¢)3t fibring] 232 A 33t
o 4378 diAbl] FHE o7tk CPe YL Alxy)
o] £33 8 wefsteg NEYS 53 JF BH £}

£ AAst L, HAHNGAZRE] 9] 2ksbH Q4bE} A& A
o2 NEIEE AANZILY B APl 4FE
BEAE A e 7oA wjFE C. ellipsoideas] 7ol
A= e, o]& PSS, S.B, CP So] A& A¥ A |
Had 749 P4 4 SHEE Asleta,? 4tsls Qat
3t A X FgS Fol 3F talzhgo] ghats] Yojr}

A £37] W] Ao AtEEY.

AEREA AT GE5AY 2 Helzo| =9 total
lipid -2 279} vt H 50% o) 4] HAE&S
HYEd, o AFREAZ XA Al dad 4 &
47 thAL ZHge A s 28-S she] FAdAQA AA gAb)
dolufx] Z37] wiEo|th ) & xde dulde] goln)
¥ 92 oa] AAE keto A BHglEe] Rz o]sﬂ
HAE acetyl CoAS AFAZ sl A=), AE R
A oste] Mxute] XA 2Ao] WgH o] FA %‘

Table 4. Changes in fatty acid composition of DGDG in C. ellipsoidea thylakoid membrane treated with various antiseptics

during the cultivation

(unit: %)

Duration of ' 3

Culture (days) 5 7
Treatment

) ont  cont p-s s.b c.p cont p-s s.b c.p cont p-s s.b c.p
Fatty acid
Lauric - - - - 1.31 - - - 342 - - 0.14 130
Myristic - 057 112 - 0.57 - - - 1.25 - 049 039 041
Palmitic 2.19 123 537 703 151 6.19 652 693 504 271 041 304 313
Palmitoleic 452 5.07 653 1037 1.07 1812 755 474 - 476 6.64 1199 1.38
Heptadecanoic 6.77 927 490 774 5.80 722 682 1122 7.74 520 731 887 6.19
Stearic 1.87 145 441 177 326 6.16 455 247 613 4.47 - 362 377
Oleic 1256  11.19 12.03 2052 874 2656 1448 1154 2151 11.81 14.04 1250 11.46
Linoleic 412 1352 1089 2.09 13.86 3.82 1466 1331 1064 1138 16.68 557 755
Linolenic 1991 1879 17.25 - 9.06 1517 17.87 719 17.83 18.17 2247 14.66 11.09
Arachidic - - 145 147 197 - - 11.78 6.01 - - 213 394
Behenic 7.88 673 623 11.70 240 - 5.01 - - 699 739 055 336
Erucic 15.40 9.03 11.19 1298 4.65 - 7.41 - 389 13,65 1011 213 532
Lignoceric 8.49 422 517 692 197 - 2.60 - 1.45 758 412 129 218
Unknown 1629 1893 1292 1741 4383 1676 1253 30.82 1509 13.18 10.16 33.12 3892
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

<Note> Cont:

control, p.s: potassium sorbate, s.b: sodium benzoate, c.p: calcium propionate.
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e v A i, A djatel] BRE ZAo o] x|
2.

=g T4 ZAEL MGDG ko] DGDGU
SQDG #=F Hrh Frh*? @xge 2 FFolHE
diacylglycerol(DAG) =+ phosphatidic acid(PA)e] 34 %+
Zof wpebA] glycerol backbone 2] 13 ¢ xjol] C-18 AHbAk
5 Fgste A3A G "3 glycerol backbone ] 28 9
Aol C-16 Aiks X3t Ay AR Yrold
o} ZlaA] FR]ale] AEtAlS ERoA] ER-acyitransferase
7} acyl CoA ATH S PAZ A35}7, PA7} DAGS G
gith o]E A AMAlE DAGE  phosphatidylcholing(PC),
phosphatidylethanolamine(PE), phosphatidylglycero(PG)&-
A& ThA] o]Zo] ER desaturaseo]| o}g] MGDG<}
DGDGE 3Ast=d] olw oleic acidZ+-E] linoleic acid
29 Ex3} 4hgo] dojidry, o] gkgoi= NADHE &=
A AAFFYLZ 3= endoplasmic reticulum(ER)&] cy-
tochrome b reductase systemo| #oisic), A x|
o] AL AEA UM dojul=tl, PAY} PA-
phosphatasesl] 2}3] DAGZ H &5 1, DAGE MGDG,
DGDG 55 A5t} o]u 9] stearic acid9} oleic acid®
B¢ linoleic acidZ 7] # linolenic acid 2 ¢ B ¥ 3} 927}
palmitic acid £XE| hexadecatrienoic acid7}2]2] & 3}
932 G EA] desaturaseo] 23| ot}
7 wslol] wat At 24de] Wa} JthE AL of
s AANE Ea) o 4= Q). Nicotiana tabacum2) Qo] A
o] ¢)&<E linolenic acid®] Beko] Zr}5l4d 1, e X
AHe Pastdom, 23l x| A = E3 linoleic acid7}
=7}E) 4T 8 Anabaena variabilisol] &EE 38°Col| A
22°CE ¥3AZ& W oleic acid?} linoleic acid, linoleic
acid7} linolenic acid22] B¥3} #Ao] Yo|Fs B = g
ATE™ o|e} o] xWpake] A3} $Hake §7 Wslo)
A FEE etk B PR o 84 =
2] 31929 total lipid ¥ MGDG, DGDG &, 3
2ol At 2 Wy Jelgt & d=A9
MGDGE FASH= A8 217} linolenic acid, oleic
acid, P.S *12]7-& linolenic acid, oleic acid, S.B 2] =
palmitoleic acid, oleic acid, C.P *&] = palmitoleic acid,
oleic acid?] Zlo] #RI¥ 01, DGDG Ao o]-&-2 A
b2 & T A= linolenic acid, oleic acid, P.S7} pal-
mitoleic acid, oleic acid, S.BollA4= oleic acid, palmitoleic
acid, C.Pol| A= oleic acid, palmitoleic acid |t} Helz
ol=mte o] MGDG 44l o] 85 ke Bz
ol A]+= linolenic acid, oleic acido]9) o1}, P.S Hg|F=
palmitic acid9} palmitoleic acid7}, S.B 2]7& palmito-

N ol Ju ux

to
o XN gy

leic acid, oleic acid, C.P X 2]+ oleic acid, palmitic acid
g =2 A43l5en, DGDG Aol tl=T-7} linolen-
ic acid, P.S 2] linolenic acid, linoleic acid, S.B €]
T+ oleic acid, palmitoleic acid, C.P x2]7¥& linolenic
acid, oleic acidg F& o]-&3}o] 87 ¥slo] wle} xAk
o Akg Hol7t #olX| 3 BEX 3T wolx|e &, Akt
o] /o] Wehs Felskr.

Dunaliella salinad| 4] YA A& £ AuatEe 1
WAL o] o|F AR o] Wol ¥&tE]o] glo] ExslEr}
o &2 Zlo] Btk o)z £ Ay FA1E e A

S AT Za 7t o] G AS A s A
sk tj 7 Ex 3 A telzbe Aakel A X3t C.oval-
garis MGDG 9] 73+ <o A] &= oleic acid, linoleic
acid A WHAHS E8HsHET) B8] WA o A = linolenic acid 2]
A9AEe o 20% A= FHFSta Qth” o= Chlorella A
E "ol =rte] dR13 AR A thzTe] MGDG,
DGDG2} P.S g3, C.P A2]+¢ DGDGAA linolenic
acid9] 3hako] A VEhd Ax}p A}

ZF Aefpol ok B d Atk 24 AE e,
FE5AHo) A MGDGe] g8 A WAk B 257} linolen-
ic acid, P.S2} C.P7} oleic acid®] ADAke Hol| &8319
1, DGDGE WET7} linolenic acid, P.S7} palmitoleic
acid, S.B&} C.P7} oleic acid¢] A|WhAlS Wo] o] &3 Ao
2 Yehyttl delmel=ule] MGDGE &7} linolen-
ic acid, P.S7} palmitic acid, palmitoleic acid, S.B7} pal-
mitoleic acid, C.P7} oleic acid®] X|HAhe F2 AL3E A
o2 Yeiyty, DGDGE S.Be} C.P7} oleic acid A 1S
ARG Aol A 240 dizTe) vlws) BEEsie
7F aEE BEE B 5 AT o)ty Aol m
C. ellipsoidea FEA}, Eelaiojmute] x)a Ao
T EXs AALE Wol o] gdlon, o] Al gE dF
A5 e x| Zlojt) FRAg T s 2|
2 2g 9] Aol o) 7} ue) YTl FakS WX A H=u),
™ o EE0| Arabidopsis |72 ¢] EAMOIAQ fad 2= 2| A
A ¥H-8-9] eukarotic pathwayof|4] polyunsaturated X]2-2
S X9 desaturase B T7F ARE =1, wlebA
o] HAMolAE Ao stearic acid7} F7}E|o] Azhs
A A a2yt Jepdh 0 B Agda e 9o Ay
AR H FlehA Exst Auhito] 28 Awpato s A%k
EAE kAT, g2 viE) Ao BE st A
e @3S B 5 Atk & 7 ol oz} v ma)
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A HFate] o] &% Ao A 2T} SALE ATE Jelyo
W, AT Aol o2l vl Al dolrl #& A
HRAbo] 2 o] 8511, BX 3T} Yol = AL wolo
ZA Ao ZFA A FAJo| Wzl ujel Bl

HelE 7 AR E9)s s B2 2571 gelA . gk
o ZtaElo] tiatel Wyt Azl o HZtE). E3] A

o) Aoz} ol & AASE FEE FA7 Ak,

2200

C. ellipsoidea®] JSAT & detso|=nte] BA1d YT 19 A4t 24 A EFREA7] vAE o
& #4938l A} potassium sorbate(0.3 mM, P.S), sodium benzoate(0.4 mM, S.B), calcium propionate(2 mM, C.P)
E A2 WA X AXE wjFe T ujgzel i F0710 AEE St g BElslam, o & 4 74
3t 3l FAIAF MGDG, DGDGO] & 3l 19] Ak 245 29 vlw £33t} Total lipid<}
MGDG, DGDG ##& tiz7-o Hlwal & o Xe|ollA A dastart. 547l MGDGE +43t
E AL 2ol A& palmitoleic acid 15.55%, oleic acid 15.09%7} o] &= o0, P.S 8] linolenic
acid 14.36%, oleic acid 14.71%, S.B *#]F& palmitoleic acid 18.26%, oleic acid 17.26%, C.P A z]F&
palmitoleic acid 16.31%, oleic acid 16.88%= 3A]A 3tAlel] F2 o] 839t} DGDG Ao o] &5 AL
) Z72] 7% linolenic acid 17.74%, oleic acid 15.75%, P.S 2]+ palmitoleic acid 15.97%, oleic acid 14.
90%, S.B A 2] oleic acid 15.74%, palmitoleic acid 13.29%, C.P A 2] Fl| A+ oleic acid 14.52%, palmitoleic
acid 14.03%7} A2 e =4=Act Hetzo| =dAl o] Fx] 5 MGDG Aol o] &5 = Ak
) Zoll A& linolenic acid”?} 14.76%, oleic acid7} 12.90% A}&-=9]ew P.S A 8] F+olA+ palmitic acid$}
palmitoleic acid7} Z}2} 13.00%% o] €52 t}. S.B 2] 7+ palmitoleic acid 12.94%, oleic acid 12.44%, C.P =]
2] & oleic acid 13.27%, palmitic acid 9.66%Z2 FA| A Ao o] &3lGth. DGDG $HAdd) o] &5 = 2|tk
L ] Zz7e] 7% linolenic acid 18.01%, oleic acid 15.53%= Welxt o], P.S x| 2]F+ linolenic acid 19.20%,
linoleic acid 14.14%, S.B *]2} 7+ oleic acid 14.85%, palmitoleic acid 9.03%, C.P X 2] 5~ linolenic acid 12.66%,

oleic acid 13.90%% F2 o] &3} ).

RS

1. Sofos, J.N. and Busta, F.F.: Antimicrobial activity of sor-
bate. Ibid., 44, 614-622 (1981).

2. Freese, E., Sheu, C.W. and Galliers, E. Function of lipo-
philic acids as antimicrobial food additives. Nature., 241,
321-325 (1973).

3. Park, H.S. and Marth, E.H.: Inactivation of Salmonella
typhimurium by sorbic acid. J. Milk Food Technol., 35,
532-539 (1972).

4. Biggs, A.R., EL-kholi, M.M. and E1-Neshaway, S.M.:
Effect of calcium salts on growth, pectic enzyme activity,
and colonization of peach twigs by Leucostoma persoonii.
Plant Dis., 78, 886-890 (1994).

5. Milward, Z.: Futher experiments to deterimine the toxity
of propionic acid to fungi infesting stored grain. Trans.
Br. Mycol. Soc., 66, 319-324 (1976).

6. Tsai, W.Y., Shao, K.P.P. and Bullerman, L.B.: Effects of

10.

11.

sorbate and propionate on growth and aflatoxin produc-
tion of sub-lethally injured Aspergillus parasiticus. J.
Food Sci., 47, 86-90 (1984).

. Moore, T. and Jr, S.: Phospholipid biosynthesis. Ann.

Rev. Plant Physiol., 33, 235-296 (1982).

. Yoshida, S. and Vemura, M.: Lipid composition of plas-

ma membrane and tonoplasts isolated from etiolated see-
dling of Mung Bean (Vigna rasiate L.). Plant Physiol.,
82, 807-812 (1986).

. Lehinger, A.L., Nelson, D.L. and Cox, M.M.: Principles

of biochemistry. pressed by worth publishers., 2nd ed-
ition. 240-256 (1993).

Aberts, B., Bray, D., Lewis, J., Raff, M., Roberts, K.
and Watson, J. D.: Molecular biology of the cell. 477-485
(1984).

Nishihara, M., Yokota, K. and Kito, M.: Lipid molecular
species composition of thylakoid membranes. Biochim.
Biophys. Acta., 617, 12-19 (1980).

Journal of Food Hygiene and Safety, Vol. 13, No. 3



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Antiseptics on the Galactolipid Metabolism of Chiorella ellipsoidea Chloroplast and Thylakoid Envelope

Allen, C.F. and Good, P.: Acy!l lipids in photosynthetic
system. Method Enzymol., 23, 523-547 (1971).

Joard, I. and Douce, R.: Site of synthesis of phosphatidic
acid and diacylglycerol in spinach chloroplast. Biochim.
Biophy. Acta., 486, 273-285 (1977).

Uemura, M.D., Raymond, A.J. and Peter, L.S.: Cold ac-
cilimation of Arabiodopsis thaliana: Effect on plasma
membrane lipid composition and freezeinduced lesions.
Plant Physiol., 109, 15-30 (1995).

Tamiya, H., Shibata, K., Lwamura, T., Sasa, T. and Mori-
mura, Y.: Effects of oridernally intermittent illumination
on the growth and some cellular characteristics of
Chlorella. Carnegie Inst. Wash. Pub., 600, 76-81 (1953).
Lyttleton, J.W.: Isolation of ribosome from spinach
chloroplast. Expt. Cell Res., 26, 312-317 (1962).
Poincelot, R.P.: Isolation and lipid composition of spi-
nach chloroplast envelope membrane. Arch. Biochem.
Biophys., 159, 134-142 (1973).

Douce, R., Holtz, R.B. and Benson, A.A.: Isolation and
properites of the envelope of spinach chioroplast. J. Bio.
Chem. 20, 7215-7222 (1973).

Bligh, E.G. and Dyer, W.J.: A rapid method of total
lipid extraction and purification. Can. J. Biochem. Phy-
siol., 37, 911-917 (1959).

Turner, J.D. and Rouser, G.: Precise quentitative deter-
mination of human lipids by thin-layer and triethy-
laminoethylcellulose column chromatography. II. Plasma
lipids. Anal. Biochem., 38, 437-445 (1970).

Chapman, D.J. and Barber, J.: Chromatographic separa-
tion, identification, and analysis of phosphatides. Method
Enzymol., 148, 294-319 (1987).

22.

23.

24.

25.

26.

27.

28.

29.

30.

231

Roughan, P.G.: Plant acyl lipids-structure, distribution
and analysis. Method Enzymol., 148, 327-337 (1987).
Song, H.IL: Increased uptake of cadmium by surfactants
in a cadmium-tolerant yeast. Kor. J. Env. Hith. Soc. 22,
104-113 (1996).

Roughan, P.G. and Boardman, N.K.: Lipid composition
of pea and bean leaves during chloroplast development.
Plant Physiol., 50, 31-34 (1972).

Matsuzake, T., Koiwai, A. and Kawashima, N.: Total fat-
ty acid and polar lipid content in developing flower of Ni-
cotiana tabucum. Plant and Cell Physiol, 24, 199-206
(1983).

Sato, N. and Murata, N.: Studies on the temperature shift-
induced desaturation of fatty acids in monogalactosyl di-
glycerol in the blue green algae(cyanobacterium), An-
abaena variabilis. Plant & Cell Physiol, 22, 1043-1050
(1981).

Gurr, M.I. and James, A.T.: Lipid biochemistry an in-
troduction. pressed by science paperbacks., 3nd edition.
155-177 (1980).

Ohlorogge, J. and Browse, J.: Lipid biosynthesis. The
Plant Cell., 7, 957-970 (1995).

Miquel, M. and Browse, J.: Arabidopsis mutants de-
ficient in polyunsaturated fatty acid synthesis. Biochem-
ical and genetic characterization of plant oleoyl-phos-
phatidyl choline desaturase. J. Biol. Chem., 262, 1502-
1509 (1992).

Miquel, M., Ames, D., Dooner, H. and Browse, J.: Ara-
bidopsis requires polyunsaturated lipids for low tem-
perature survival. Proc. Natl. Acad. Sci., 90, 6208-6212
(1993).

Journal of Food Hygiene and Safety, Vol. 13, No. 3



