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Effect of Low Molecular Alginates on Cholesterol Levels and Fatty
Acid Compositions of Serum and Liver Lipids in Cholesterol-Fed Rats

Dong-Soo LEE, Taek-Jeong NAM and Jae-Hyeung PYEUN
Department of Food and Life Science, Pukyong National University, Pusan 608-737, Korea

The effect of low molecular alginates feeding on the cholesterol levels and fatty acid compositions of rat serum
and liver lipid were investigated. After one week basal diet feeding, four week old Sprague-Dawley male rats were
fed with water soluble and acid - alkali soluble alginate extracted from sea mustard (Undaria pinnatifida) and giant
kelp (Macrocystis pyrifera), and their low molecular alginates prepared by the HCI partial hydrolysis. The feeding
efficiency of the alginate fed group was ranged in 0.37~0.44, which was 0.03~0.05 lower than that of the basal
diet group. Also, there was much less increase of liver weight in the alginate fed group. The water soluble alginate
showed more significant effect in reducing the total cholesterol, free cholesterol, LDL-cholesterol, triglyceride and
phospholipid of serum and liver lipid than the acid - alkali soluble alginate. The effect was much better with low
molecular alginate (reducing effect by the low-molecularization : Water soluble alginate - serum lipid; total
cholesterol 59%, free cholesterol 65%, LDL-cholesterol 96%, triglyceride 50%, and phospholipid 36%. Liver lipid;
total cholesterol 42%, free cholesterol 62%, LDL-cholesterol 44%, triglyceride 33%, and phospholipid 44%.
Acid - alkali soluble alginate - serum lipid; total cholesterol 52%, free cholesterol 97%, LDL-cholesterol 78%,
trigl ceride 32%, and phospholipid 64%. Liver lipid; total cholesterol 11%, free cholesterol 12%, LDL-cholesterol
10%, triglyceride 27% and phospholipid 21%.). The effect of low molecular alginate feeding on the fatty acid
composition of serum and liver lipid reflects the remarkable increase of polyenoic acid, over 44% in serum lipid
and about 70% in liver lipid, comparing to the cholesterol fed group. The overall results indicated that feeding of
low molecular alginates improves physiological function of rats by changing the serum and liver lipid composition,

Key words: low molecular alginate, cholesterol level, fatty acid compositions, serum and liver lipids,
cholesterol-fed rats
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Test animal group’

Constituents (n=6) (=3
B? CHOL Group 1 (n=6 Group 2{(n=35
ASA ASH WSA WSH GAS GAS-10 GAS-30
Casein 180 180 180 180 180 180 180 180 180
Lard 80 80 808 80 80 80 80 80 80
Com oil 20 20 20 20 20 20 20 20 20
Mineral mixture’ 40 40 40 40 40 40 40 40 40
Vitamin mixture® 8.5 8.5 85 8.5 85 8.5 8.5 8.5 8.5
Choline chloride 2 2 2 2 2 2 2 2.5 2
Cholesterol 0 10 10 10 10 10 10 10 10
Sodium cholate 0 25 25 2.5 2.5 2.5 2.5 2.5 2.5
ASA 0 0 50 0 0 0 0 0 0
ASH 0 0 0 50 0 0 0 0 0
WSA 0 0 0 0 50 0 0 0 0
WSH 0 0 0 0 0 50 0 0 0
GAS 0 0 0 0 0 0 50 0 0
GAS-10 0 0 0 0 0 0 0 50 0
GAS-30 0 0 0 0 0 0 0 0 0
Sucrose 669.5 657 607 607 607 607 607 607 607

"Test animal : Strain, Sprague Dawley; age, 4 weeks;

2Codes of experimental diets:
B, fed the basal diet.
CHOL, fed the cholesterol diet.

average body weight; 48¢g in group 1, 62g in group
2; feeding period, 4 weeks by experimental diets after a week of basal diet.

ASA, fed the experimental diet containing the acid and alkali-soluble alginate from sea mustard.
ASH, fed the experimental diet containing the 50 min hydrolysed acid and alkali-soluble alginate from sea

mustard.

WSA, fed the experimental diet containing the water-soluble alginate from sea mustard.

WSH, fed the experimental diet containing the 50 min hydrolysed water-soluble alginate from sea mustard.
GAS, fed the experimental diet containing the acid and alkali-soluble alginate from giant kelp.

GAS-10, fed the experimental diet containing the 10 min hydrolysed acid and alkali-soluble alginate from

giant kelp.

GAS-30, fed the experimental diet containing the 30 min hydrolysed acid and alkali-soluble alginate from

giant kelp.
JAIN mineral mixture 76:

Mineral amount per kg mixture; CaHPO, 500 g, NaCl 74 g, KiCHsO; - H:0 220 g, K.SO4 52g, MgO 24 g,

MHCOJ - nH:O 35 g FCC6H507 . HH:O 6g. ZHC03 1.6 £ Cu (OH): .

0.0l g. and CrK (8O4), * 12H:0 055 ¢.

“AIN vitamin mixture 76

H:0 03¢ KIO: 0.01 g. Na:SeO; - SH,0

Vitamin amount per kg mixture; thiamine - HC1 0.6 g. riboflavin 0.6 g, pyridoxine - HCl 0.7 g, nicotinic acid
3 g, calcium pantothenate 1.6 g. folic acid 0.2 g, biotin 20 mg, cyanocobalamin | mg. retinol acetate 400,000 IU,
cholecalciferol 100,000 IU, »-a-tocopherol 5000 IU, and menadione 5 mg.
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Table 2. Weight gain, feed intake and feed efficiency  Table 3. Weight of the organs in the rats fed the ex-

ratio in the rats fed the experimental diets
(Mean + SE)

Test ~ Weight gain  Feed intake

Feed efficiency

group*  (g/dweeks) (g/day)
Group 1
B 20670 9.65° 1201 £0.54° 045 £ 0.004°
CHOL 16796 £ 500° 1043+ 028 045+ 0003
ASA 20022+ 246* 1271 £ 045 044 £ 0013
ASH 19062t 501*° 11.06 £ 098 040 £ 0.014°
WSA 19609 = 16.25*° 1232+ 0.24** 044 £ 0.016°
WSH 18476+ 6.06° 12.00 + 045 040 + 0.007°
Group 2
B 25231+ 841* 1314%0.76° 040 £0.003*
CHOL 236.14% 462° 13.14+049* 037 %0003
GAS 24078 £ 374 1320+ 0.51° 038 £ 0.005°
GAS-1024301 = 416" 1407 £ 044° 037 £ 0.002°
GAS-3024947 £ 4.52*° 1409+ 0.34* 037 = 0.003"

*Refer to the footnote of Table 1.
Values with a common superscript letter within the
same column are significantly different (p<0.01).
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perimental diets (Mean + SE.)

ooty 10 SmEly e BT
Group 1

B 771 106 767+ 101°
CHOL 1360+095° 783+037 205+05% 196+020°

ASA  1145+054° 774+ 102 239+091° 435+128°

ASH 1268+ 115 672+ 099 136+031°c 393 £081%

2374053 357£092°

WSA  1123+189" 720+052* 178+0.14° 448+ 069
WSH  1274+065* 652+086> 148+025" 393£035
Group 2

B 873+033¢ 678 £ 045*° 241£032° 295026
CHOL 1343%031° 7.15£018* 223+026° 187014
GAS 11091068 7641032° 2411025 427+032°
GAS-10 1222057 727+£023* 2020+010° 392+021°
GAS-30 11254052 741£012° 183+004° 421 +014°

*Refer to the footnote of Table I.
Values with a common superscript letter within the
same column are significantly different (p<0.01).
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Table 4. Total cholesterol, free cholesterol, HDL-
cholesterol and LDL-cholesterol levels in the
serum of the rats fed the experimental diet

Mean + S.E.)
Test Total Free HDL- LDL-
oun* cholesterol ~ cholesterol ~ cholesterol ~ cholesterol
EOUPT (mgml)  (mgmd)  (mgmd)  (mg/md)
Group 1
B 36510047 04210104 276005 089+ 002°

CHOL 2434+ 106" 1215+£032* 9071018 15271048
ASA 18162082 671+035° 373009 1443 034°

ASH  883+022¢ 0231006 SHML046 3241035
WSA 15131069 4831£026° 5681057 9451047
WSH 6332026 1672016' 591+046° 042L016
Group 2

B 365£002 0630024 251002 114002

CHOL 23111078 1326%028" 801+027 1510 Q.10
GAS  1383£039° 687009 423£006° 960+ 006
GAS-10 1724 £ 042" 664 £009" 427007 1297005
GAS30 8081012 369+004 5101004 298+002°
*Refer to the footnote of Table 1.

Values with a common superscript letter within the
same column are significantly different (p<0.01).

Table 5. Total cholesterol, free cholesterol, HDL-
cholesterol and LDL-cholesterol levels in the
liver of the rats fed the experimental diet

(Mean + SE)
Test Total Free HDL- LDL-
an* cholesterol ~ cholesterol ~ cholesterol ~ cholesterol

EOUPT (mgml)  (mgmd)  (mgmd)  (mg/md)
Group |
B 594 121° 5712080° 2131£064™ 3811 047°
CHOL 2279+343 21.4+006* 270£0.18* 2009+214*
ASA 18351318 1338+ 0.15° 429+ 048 14061 152°
ASH 1647+ 151" 1187058 3801043 1267+ 132"

1790391 11.75£053° 250+ 045> 1540+ 149°
1040 £ 1.50° 451+ 046° 185+053° 855+ 094°

WSA
WSH

Group 2

B 5830114 776+ 1.02° 213003
CHOL 2315%126° 2647+£277* 3022008
GAS 1541 £054° 1992 %268 423+0.10°
GAS-10 1629 £ 0.56" 1883 £ 204" 3.16 1 005°
GAS-30 882+023° 824+ 109 3.08%007°

*Refer to the footnote of Table 1.
Values with a common superscript letter within the
same column are significantly different (p<0.00).
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Table 6. Triglyceride and phospholipid levels in the
serum and liver of the rats fed the experi-
mental diet (Mean £ SE)

Test Serum (mg/mé) Liver (mg/g)
group* Triglyceride Phospholipid Triglyceride ~ Phospholipid

Group
B 2741 008° 1434+ 116"
CHOL 1406+ 0.54° 17.53 £ 040°

2454+ 1.16° 4398 + 093"
13811 £784° 3532 £231°

ASA  7431031° 1286+ 075 7880 213" 2631 £ 1.73°
ASH 5041059 4631042 5753373 2067 £248°
WSA  399+024% 75710427 53124311° 1026 + 036
WSH 200+ 040" 485057 4100073 573+076
Group 2

22314208 3884 089°
12533 £ 525° 3559 = L.14°
6992+ 4.13° 2993 + 1.08°

B 278+ 0.03° 1646 £ 027°
CHOL 1316 021® 1206 £ 036"
GAS 647004 11.88 1 021°
GAS-10 6422006° 1195+ 020° 6338 £226° 28.11 £ 187
GAS30 430003 914%012¢ 5227+121° 14+ 117

*Refer to the footnote of Table 1.
Values with a common superscript letter within the
same column are significantly different (p<0.01).
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Jd daHE ez Yo e vyt 53 3087
B35S GAA (MW, 45 kDa) & Fol8 FoM =

1 g Az @A AAA AR EH
AL AS JeSled ole ARAst ¢4k 7
Zo} A= ARASE A V)5VEY =29 F71
2 FoA A 27 A2 vEHe ¥ 2
e TGY #Fo) fo3oz 4% Aog fud
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nanF ol Tl M TGY F#HE glucomannans #Fo[3 &
o Yroktkn B3R om Venter 5 (1990)2 konjac

glucomannang Folg TolA FANZY FEAGE
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A FREEL =29 A4 palmitic acid®} stearic acid
59 ZA S 4045%, oleic acid®} palmitoleic acid
%9 monoenoic acidE 4645%, 12|31 linoleic acid
(11.28%) 59 polyenoic acidE 1320% {33t
S44FS myristic acid, palmitic acid®} stearic acid
59 X3RS 16.84%, palmitoleic acid®} oleic acid
59 monoenoic acidE 27.64%, linoleic acid®} linolenic
acid & polyenoic acidE 5552% A% gHs9d o &
EASY SFEFLFE 4112 T FUEAZ] AP 4o
€ EAEAE 3.57%, monoenoic acidE 427% 1

3 polyenoic acidE 2.17%4 Z## §{3d,
o|9} £& Ats T Ao APAolE
A9 84 Fo A 2L Table 73 2t
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T2 A7 AREAE G470y EAHAL 3
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o2 Ikt Wi R polyenoic acid®] &L 7
Aol # Aol A FoHo2 F3kouk monoe-
noic acide 2 €] & o7} Yl 8AAA F9
F8 AWatL oleic acid, palmitic acid, stearic acid.
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linolenic_ acid, linoleic acid, palmitoleic acid®] €22
BRI, 3 T RE AdFAM A9 FAEA
Tsuji 5 (1968)9] & 4E Foldt IH €AY F8 A
HHE 24 & oleic acid, palmitic acid, linoleic acid, lino-
lenic acid 522 & A¥H FASG L, Aol
7433, monoenoic acid% polyenoic acid®] ¥ &
o] F7hste Ax £ 48 A% vk APt

Table 7. Fatty acid composition in the serum of rats

fed the experimental diets (Mean + SE.)
5 e Monomoe P
Group 1
B 4537 £ 6.01* 3730+ 357" 17331238
CHOL 47.10%+4.12* 3835+391* 14.55% 195
ASA 4256 £ 5.02°¢ 3654 +4.11° 2090 +2.08
ASH 40.80 £ 4955 4008 £4.13*° 19.12 + 249
WSA 4022 £ 524 3887 435" 2091 +3.02¢
WSH 3796 £ 623 41301657 2074 £ 243
Group 2
B 4542 £ 6.17* 3791 £326° 1667 £2.00°
CHOL 4825%535 3835+£359 1341242
GAS 4534+ 4.13* 3899 £ 3.62* 1568 £ 1.67°
GAS-10 4521 +£399* 3730+281° 1749+ 186
GAS-30 3746 £ 387" 3674 %£3.11* 2581 +190*

*Refer to the footnote of Table 1.
Values with a common superscript letter within the
same column are significantly different (p<0.01).
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goHEgolTe AL ‘E}“"] ko, 7124
ojF G7IMFolEL H£d dFE BYT monoe-
Zy2H EF o] T @11?5] =ooh a8
polyenoic acide FH e EFolTN fFoz v
L, 7l & Aol GidFo|FE FAMN T ¥ 50%
Az #F& ¥Yt ¢ F9 F2 AL arachi-
donic acid, palmitic acid, linoleic acid, palmitoleic acid
9 stearic acid 5019, ZH2H EF|LL arachidonic
acid®] o] TzAol2H AZIAdF ol Wt
172 Q182N FEEXA B, o]o) wa) oleic acidE T
E A48Ty 24 oL #fdle EAEL Bl Rizek
% (1983)9] A&t 7HA&-L arachidonic acid® 78 A4
7124, AU dFEE9 arachidonic acidE linoleic
acidZ2%¥H AHd0z R, Suzuki F (1993b)

noic acid&

Table 8. Fatty acid composition of total lipid in the
liver of rats fed the experimental diets

(Mean * S.E.)
o sames  Monomoic  Polyenoi
Group 1
B 2893+ 935" 1993 +£ 551" 5124 £ 1123
CHOL 30741023 3898 +7.14° 3028 +1035°
ASA 3008 9.04* 2036* 602" 49.56 + 11.48"
ASH 2704+ 721" 2020+523° 5276+ 948"
WSA 3085+ 726" 1985+ 513" 4930+ 923
WSH 2572+ 835 2042+562° 53.86% 1031
Group 2
B 2922+ 396" 2060 £301° 5018+ 538
CHOL 3264 % 402° 39.19+428 2817% 413°
GAS 3033+ 348 2050+237" 4917+ 532
GAS-10 29.50 + 3.04* 2062 £332° 4988+ 6.13°
GAS-30 29.17+ 299* 19.87 + 249" 5096 + 648"

*! Refer to the footnote of Table 1.
Values with a common superscript letter within the
same column are significantly different (p<0.01).
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DRAEAA] At 2NN EFH2HEFolTol
71z Aol o] v|3te] palmitoleic acid¥} oleic acid’t &
7}83L, arachidonic acid7} T4 dhef B A9
279 gL FAAES R

A% T FAA FAARE 24 AZ2A FA32
o At 242 Table 99 YeRfUT) 71z olwat
ZY2EEFoj @ YUAFO|TNAN BT ukd &
F& vetdof Holo) 9 WeE £ + UL, palmi-

tic acid, linoleic acid, oleic acid, stearic acid, docosahe-

>, rio

xaenoic acid, linolenic acid, arachidonic acid §°| Y
d & FFE By

Table 9. Fatty acid composition of total lipid in the
heart of rats fed the experimental diets
(Mean + S.E)

prct, satvaes  Monoquoic  Polypoie

Group 1
B 3724£523 2415448 3861 £ 521°
CHOL 3892£329° 22441338 38.64 %426
ASA 3842 +342° 2223+412° 3935+ 395
ASH 3804 £401° 23431324 3853%3.18°
WSA 3828 +398° 2341+337° 3831 %325
WSH 37.86 £442° 2379+332° 3835+ 334"

Group 2
B 37451287 2537256 371814107
CHOL 3890 £252° 22021249 3908418
GAS 37.63 £278 2243 £253 3994 + 347°
GAS-10 3730+ 277 23.09+273" 3961 * 3.58°
GAS-30 37.56 £ 342° 23.75+257° 3869+ 334"

*Refer to the footnote of Table 1.
Values with a common superscript letter within the
same column are significantly different (p<0.01).
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Table 10. Blood glucose levels and activities of GOT,
GPT in the serum of the rats fed the ex-

perimental diet (Mean + SE.)
gong® DR Een  (Kmen)
Group 1
B 1636 +0.19° 3200+ 1.76  9.00 £ 0.55%¢
CHOL 1477 £0.13* 5000 £ 557° 2600+ 1.73*
ASA 11.88 £ 0.06° 3820+ 0.58° 20.80 £ 1.20°
ASH 1227 £ 025 3140 + 1.50° 9.80 % 0.66°
WSA 1100+ 009" 2860093 680058
WSH 1127 £009° 1860 £257° 640+ 040°
Group 2
B 1748 +027* 3087 +£097¢ 774 +055°
CHOL 16.58 = 0.31** 3934 + 1.12° 14.84 £ 0.67°
GAS 1546 +0.17° 3565+ 1.12% 1127 £034°
GAS-10 1542 £ 020" 3403 £ 1.13¢ 779 £ 0.64°
GAS-30 1500 % 0.12° 3708 £ 0.53" 733 +041°

*Refer to the footnote of Table 1.
Values with a common superscript letter within the
same column are significantly different (p<0.01).
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