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Effects of Polymannuronate Feeding on Compositions of Serum
and Liver Lipids in the High-Cholesterol Fed Rats

Dong-Soo Lee®, Taek-Jeong Nam*, Jae-Sue Choi* and Jae-Hyeung Pyeun*

Lab. Biotechnology, KBP Co. Ltd., Pyong-Taek, Kyunggi-Do, 459-050, Korea,
*Faculty of Food Science and Biotechnology, Pukyong National University, Pusan, 608-737, Korea

Abstract — The cholesterol and fatty acid levels in serum and liver were compared in 4-week-old Sprague-Dawley male
fed by addition of polymannuronate (M, 5.0%), polyguluronate (G, 5.0%), and polymannuronate and polyguluronate (MG,
2.5% to each) with by addition of cholesterol (1.0%). Feed efficiency by the addition of M, MG, and G was lower than cho-
lesterol fed group (p<0.01). The liver weights were less in M, MG, and G fed groups than in cholesterol fed group (p<0.01).
Triglyceride levels in serum and liver were 58.2 ~77.4% and 51.5~65.5% lower in M, G and MG fed groups than cholesterol
fed group, respectively. Total-, LDL-, and free-cholesterol levels in serum and liver in M, MG, and G fed group were sig-
nificantly lower than cholesterol fed group. The cholesterol levels were the most reduced in M fed group. However, HDL-
cholesterol level in serum was increased in M, MG, and G fed group (p<0.01). The of polyene levels were 47% higher in
serum and 76% in liver in M fed group than in cholesterol fed group. The activities of GOT and GPT were lower in M,
MG, and G fed group than in cholesterol fed group (p<0.01). Above the results demonstrate that supplementation of low
molecular polymannuronate in diets improve physiologically lipid composition in serum and liver.

Keywords [] Polymannuronate, cholesterol, rats
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Table I - Formulation of experimental diets

Test group (g/kg)

Constituent

B+  CHOL M MG G
Casein 180 180 180 180 180
Lard 80 80 80 80 80
Comn ail 20 20 20 20 20
Mineral mixture*? 40 40 40 40 40
Vitimin mixture*> 8.5 85 85 85 85
Choline chloride 2 2 2 2 2
Cholesterol 0 10 10 10 10
Socium cholate 0 25 2.5 25 2.5
Polymannuronate 0 0 50 25 0
Polyguluronate 0 0 0 25 50

669.5 657 607 607 607

*!(odes of experimental diets : B, basal diet. CHOL, containing
1% cholesterol to the basal diet. M, containing 1% cholesterol
aad 5% 40 kDa polymannuronate to the basal diet. MG, containing
1% cholesterol, 2.5% 40 kDa polymannuronate and 2.5% 40
tDa polyguluroronate to the basal diet. G, containing 1%
_cholesterol and 5% 40 kDa polyguluronate to the basal diet.

*<£IN 76 mineral mixture (Composition of the mixture : CaHPO,
£00 g, NaCl 74 g, K;CcH:0, - H,0 220 g, K,SO, 52 g, MgO 24
g, MnCOy - nH,0 3.5 g, FeCgH;0; - nH,0 6 g, ZnCO; 1.6 g,
Cu(OH), - H,0 0.3 g, KIO, 0.01 g, Na,Se0; - 5H,0 0.01 g, and
CrK(S0,), - 12H,0 0.55 g).

*HLIN 76 vitamin mixture (Composition of the mixture : thiamine -
HCl 0.6 g, riboflavin 0.6 g, pyridoxine - HCl 0.7 g, nicotinic acid
¢ g calcium pantothenate 1.6 g, folic acid 0.2 g, biotin 20 mg,
cyanocobalamin 1 mg, retinol acetate 400,000 IU, cholecalciferol
100,000 IU, DL-o-tocopherol 5,000 IU, and menadione 5 mg).

Sucrose

Taole II — Weight gain, feed intake and feed efficiency ratio in the
rats fed the experimental diets (Mean = S.E.)

Test group*! Weight gain (g) Feed Intake (g) Feed efficiency

B 197.2 £ 512° 429.1 = 11.08*® 0.46 = 0.003*°
CHOL 2126 * 534° 4338 + 12.97%" 0.49 * 0.011°

M 199.0 = 528"  446.8 * 1042° 0.44 * 0.003>¢
MG 201.6 + 6.24%° 4534 + 12.01* 0.44 £ 0.003"¢
G 200.1 * 6.01*® 4421 * 11.33** 0.45 + 0.004>¢

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

Table III - Weight of the organs in the rats fed the experimental

diets (Mean = S.E.)
Test . Small Large Cecum
g-oup*! Liver (g intestine (g) intestine (g) (@
I 8.26 = 1.12° 812 = 1.08* 3.11 + 0.56* 3.66 * 0.67°

(HOL 1454 £ 1.37 833 £ 0.97* 294 £ 058° 2.02 * 0.43°
M 1126 = 1.24° 7.56 + 0.77° 232 + 0.42° 4.21 + 0.52*P
MG 12131132794 * 0.81* 2.88 £ 0.48%*° 4.88 * (.58
G 12.43 = 1.15*"8.00 = 1.02*" 2.96 * 0.59*" 4.96 £ 0.59°

Vaiues with a common superscript letter within the same column
are significantly different (p<0.01).
*12efer to the footnote of Table I.

[=]

%I, M-F, MG-# ¥ G225 B-Fol| vlale] 7735w
7F BEEg o0, o= FYAHES AFd % dFA
2 g, ey M-, MG-2 2 G-T-9 153

o & Wr

ofN Y ofN

Vol. 46, No. 4, 2002

= CHOL-7ol Hlatd & w#gtew, ol A&
polymannuronate$} polyguluronate®] 0|7} ZHAHE Fo|=
Qe PEEFY FUE v JANY ARE AzEo B
& M-Z, MG 2 G-7¢] CHOL-% Bl ulsl 232
Z 29431, ol wal thge M7, MG~ 2 G-7o] )42
2 W3 %S B23vh 1 gl A vl d 2] S
7 F7boll F2)AQl 2olE HolA eigteh. Suzuki TP FH
off ttAivt(Laminaria angustata)s FoINZ A3 74, A3 2
A7) FEEe 2 Ao} AL, W 2%, e 27le o
AlHE Fo)3t o] o7 o® Fuishs AEE Bvh 33
on, o] BV ARA Ak Fol2 HAFHS 79}
B Fe S T & AN vehd 2 HExE Foldd A
e} BEA T Yx|sk= A4S VERIT

83 9l 7ME0| X[Ax=Mol| o|Xls g

TG2 phospholipid®] &2 — Polymannuronate ¢} polygulu-
ronate®] Fojeol] whE 47 7IAA Sl TGS phospholipid
o] &% Table IVell YERASITH B4 T TG %2 Fd
2EHEFClEAAN 7F8 E9ka, Mol 71t Wekor, o A
Al Fo)F2 B-IF HI&g 3RS Balvh 7R
A7 vi7IKE CHOL-o] 718 #8kem Mol 7k &
st} Oku 59 cellulose9} glucomannang o] o2
AAFE W TGS &2 glucomannan HolTolA woicta
B350, Venter 5% konjac glucomannaniio]o] 4
AAe) FE7} Rekekm sigick. 22l3 o] BYx FHlAeE F
olell vl &t wole] S A F2 TGS &%
o] welmriy B sl 2 A Aneh= A9 Aozt g
£ ¢ T Uitk

A3 ol g A3 1M A F9 phospholipid®] &%
= 53% 23} Table Ivel Slabd 83+ 17 2ol CHOL-
-9 phospholipid®] &3o| 7} =913, B-7ol 7P RWsith
AR FolFoE B5F CHOL-Z H]31 phospholipid®)
shegfo] wigko, 11 g M-TollA 7B dASI ol
TGE] Z-5olAg) rRRZIAE AiEASRE At 757152 A

Table 1V - Triglyceride and phospholipid levels in the serum and
liver of the rats fed the experimental diets (Mean = S.E.)

Test Serum (mg/d)) Liver (mg/g)
group*! Triglyceride Phospholipid Triglyceride Phospholipid
B 625 = 3.4>° 489 £ 15% 423+ 13° 102 *0.8°
CHOL 933 £42° 988 +32° 79.2*20° 245+ 15
M 543 £ 24° 638t 26° 408t 17 148 £ 09
MG 60.0 = 2.7°° 685 + 2.9° 492 F 1.9°¢ 157 = 0.7°¢
G 721 +29° 68.0 £3.0° 519 + 19 186 = 0.7

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

experimental diets (Mean £ S.E.)

Tost Serum (mg/d/) Liver (mg/g)

€S
group*! Total HDL-<holes-  LDL-choles- Free Total choles- HDL-choles- LDL-choles- Free

cholesterol terol terol cholesterol terol terol terol cholesterol

B 35.1+13"  27.8+1.1% 73+03"  13.3+03¢ 74202 3.3+0.1%¢ 41%0.3° 3.9+0.2¢
CHOL  284.2+36° 8.6+0.2¢ 275.6+3.4°  46.0+0.6° 35.6+0.3" 5.7+0.3*" 29.9+0.5° 22.4+0.3°
M 153.3+2.7°  39.4+0.9° 113.9+14°  34.9+05" 14.7+0.2° 6.8+0.2° 7.9+0.2° 17.8+0.2°
MG 207.5+3.3%  235+0.6 184.0+2.4>  38.0+0.4% 196+02%¢  54+0.4*° 142403  18.8+0.3*"
G 218.8+3.4°  152+0.7° 203629  38.1+0.4% 221+03>  4.9+03° 17.2+0.3° 19.2+0.3*"

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

*1Refer to the footnote of Table I
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Table VI - Fatty acid compositions of total lipids in the serum of rats fed the experimental diets

(Mean *= S.E.)

Test group*’

Fatty acid
B CHOL M MG G

12:0 2.82 £ 0.12 294 +0.11 2.00 = 0.10 211 +0.12 233+ 015
14:0 450 = 047 4.79 £ 0.32 3.76 £ 0.35 3.99 + 0.32 411 £ 046
16:0 2521 * 1.48 26.78 + 1.43 2336 = 1.19 23.44 + 1.06 2399 + 1.19
18:0 12.39 = 0.79 13.35 * 0.63 10.47 £ 045 10.88 * 0.43 11.18 * 0.46
19:0 - - - - -
20:0 - - - - -
TSaturates 44.92 * 2.76° 47.86 *+ 2.33° 39.59 + 1.94° 40.42 * 2.02° 4161 £ 2.15%¢
16:1 7.60 £ 0.59 9.12 * 0.61 8.06 * 0.51 821 * 0.31 842 = 0.44
18:1 29.95 + 1.69 2947 + 1.81 3237 + 212 32.03 + 2.29 3129 + 2.25
19:1 - - - - -
20:1 - . - -
IMonoenes 3755 * 2.16° 38.59 * 2.28*° 40.43 * 2.58° 4024 = 2.47° 39.71 = 1.90°
16:2 - - - - -
18:2(n-6) 742 = 034 6.32 = 0.39 9.35 *+ 0.46 8.84 * 0.46 8.69 * 0.43
18:3(n-3) 8.43 * 0.67 6.06 = 0.37 8.77 £ 0.37 8.68 * 0.42 8.25 % 0.39
18:4 - - - - .
20:4(n-6) 1.68 + 0.08 117 + 0.04 1.86 £ 0.06 1.82 * 0.03 1.74 * 0.07
20:5(n-3) - - - . .
22:6(n-3) - - - . .
SPolyenes 17.53 £ 1.41° 13.55 = 1.56° 19.98 + 1.72° 19.34 = 1,74 18.68 £ 1.85*

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

*1Refer to the footnote of Table 1.

tha sled # A Wrske YA BHE deras o

B8 W UYEXE RNl 40| DIXIE B - WA,
HUARRS] A7kE EAI% SRel ABA0)Y AR 24

= EAY BF Cip Mt C it T EIAATE 40.45%,
Cra A FHC A 52 monoenesthE 46.45%, T12]1 Cigoiit
(11.28%) 52 polyeneitE 13.20%, 183l S+ Cuyy
AF Ciadt Crg it 59 AU 16.84%, Cip A1THC g,
2t 5-¢] monoeneshhe 27.64%, Ci5 A /C g stHs polyeneit
& 55.52% TELE TR olF EX9 SrRE 41

Table VII - Fatty acid compositions of total lipids in the liver of rats fed the experimental diets (Mean = S.E.)
Test group*!
Fatty acid grotp
B CHOL M MG G

14:0 288 = 024 226 T 0.22 223 = 0.19 2.26 = 0.13 229 + 0.14
16:0 21.28 £ 1.32 2354 £ 1.21 1943 + 1.14 20.83 + 1.23 21.12 £ 129
18:0 454 * 034 5.39 £ 0.29 424 £ 023 432 + 028 5.11 = 0.13
19:0 - - - - -
20:0 - - - . -
SSaturates 28.64 = 1.48%° 31.19 + 1.46° 2590 + 1.33° 2741 * 155° 2852 + 147%P
16:1 6.54 = 043 8.32 = 0.42 721 £0.35 7.31 £ 0.38 723 + 042
18:1 1342 + 1.12 3031 £ 1.74 13.62 + 1.04 14.08 + 1.20 14.33 + 1.21

19:1 - - - - -
20:1 - - - - -
SMonoenes 19.56 * 1.34° 3862 = 1.73° 20.83 = 1.32° 21.39 £ 1.32° 21.56 = 1.39°
16:2 2.09 = 0.05 1.31 + 0.12 231 £ 021 238 £ 0.11 247 £ 0.14
18:2(n-6) 13.23 * 0.78 12.44 + 0.67 14.84 * 0.64 14.23 + 067 13.65 * 0.58
18:3(n-3) 248 * 0.09 132 + 0.10 2.43 £ 0.09 242 * 0.12 239 £ 0.11
18:4 - - - - -
20:4(n-6) 34.00 £ 2.12 15.12 * 0.83 33.69 + 2.04 32.17 £ 2.32 3141 £ 2.21
20:5(n-3) - - - - -
22:6(n-3) - - - - -
TPolyenes 51.80 = 3.04° 30.19 + 1.69¢ 5327 * 2.87 51.20 * 2.92* 49.92 + 2.97*°

Values with a common superscript letter within the same column are significantly different (p<0.01).
*IRefer to the footnote of Table L
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2 243t H MK AF Aol FollE ZEAWARS 3.57%,
monoenertS- 4.27% 121 polyeneitS 2.17%% z}zb 3
3t Aol

o] & & & ANAEE TS A APHolE Fold
39 d3 #AAF] A Z4LE Table VIZF 2t} CHOL-
T2 3R] Eulgo] M w8k, M-T, MG+ ¥
G- ZsAite] #-8n18<] W)t} monoenett} polyene
Ak} gHHlE&S CHOL-ZHET M-#, MG 2 G-olA &
2 Aol o, 1 B3I polyenertelr B AAsigict. E
A AA Foll gol s e AR Cip i, Ciagth, Cigo
AF Cigatt, Cigath, Cigdt 5 192 2 & A2 M-T,
MG-Z 2 G-°] monoeneXt¥} polyenertS 732} B} 12 ok
< FR3he AolA S Alsid TE AT fA1SE ko]
Sltt. polymannuronate®} polyguluronate®] Folo)) 2J3t @ %]
A FAAAY] Z2Ade) v]H FFE Tsuji SV 0] TV ¢
g 14 gol 87 8 A A 2% 2 AF A
oM vls AAQ)E & ¢ Ui I F9) XA AR
WAk 208 B TR §RE P ellx 9} vk
2 CHOL-Z°| 7P £33, M=%, MG ¥ G-T9] 3%
2F §=R& Woktt. Monoeneite] 3> CHOL-Te] ¥A3] &
gk, olef w8 B-&3 M-, MG-* ¥ G-F& 1 g3o| 1)
53 FEO R A HAE| W2 =Fol¢t}. 1231 polyeneit
CHOL-#o] 71 @k, 71x401F3 M-, MG ¥ G
& BF 50%9 FEoR w2 FHS Bk 3 9 2
AR CppAt, Creott, Crgodt, Cieadt Cigot ol
CHOL-Z& CypAtel #6-80] B-2% M2, MG-Z 2 G-
o Blgld 12 oJstR FEAAA HWekom, oo §lgl| Cog ik
o Ag o] Fold 28] o]dE Ffishe AolE BAUh
Rizek 510 2Jabd 7H8& Cpp At F2 BAR7IZA, BA)
o] tiF-2e] Copihe Cig AtSZHE] Atk Shgion,
Suzuki 592 7 FX)A Q) Aupat 24l FAAHSFO)IL
o] 71&Aolrtel nlsle] Co At} Cigitel F718k, Cop b
Fasitty sl

Table VIII - Blood glucose levels and activities of GOT and GPT in
the serum of the rats fed the experimental diets

(Mean £ S.E.)
Test group®! Blood glucose GOT GPT

(mg/d) (Karmen) (Karmen)
B 1246 £ 25° 236+ 1.7 185 = 1.4°
CHOL 117.8 £ 29*° 452 + 2.3 234 *+ 25°
M 1164 £ 1.8%> 278 £ 2.1¢ 16.3 + 1.5°¢
MG 1205+ 12° 319+ 18° 185+ 18
G 1182 + 14> 334 £ 20> 188 + 1.9°

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

g3 F9 9 92 GOTY GPTEA ) uv)x= 3k 7]324]
olg} Agalo|E Folgh #F S I §FS Table VIIO] e}
ich B-20] 124.6%25 mg/d® thA &9km, CHOL-#3}
M-, MG % G- 2 #oI7F YUtk Jenkins 519& 3
AN Ao RS AFHsIRE o A5 dF 9 el v
7} Akttt Bl i, Venter 5198 73 %50)ol konjac
glucomannang Folste] P9 A B usigitt T2t £
Agle] Azl 2J8PA polymannuronate?} polyguluronate 5%%
=9 Folx g%l Fo8A JES Holx| Asitt 7124
olg} AFAolE Fol3t AFHE o ® 5% GOTS} GPT
2] &35 Table VI YRSt CHOL-#2] GOTEL 45
karmen FEE Fou B-7 M-F, MG ¥ G-TA &
1 80| 35 karmen ©]31EA AAGLEY] Zhe BT, M-
2 o] 7P Wit GPTE42 CHOL-TolA tha &3k
Ll 2 ghe) g AT e E RlE Helx] ggir)

4 B

A4t E2]et A EA} polymannuronate(F2}2, 40 kDa)
9} polyguluronate(EA1%, 40 kDa) 7} 5%= &-731= A
E20]8 8F(SDA|, 45F)l 4577 Fo1ge W) €3 4 7+
A4 FHAHE FF 2 F AR AR 24 vRE
BES AEEACT

A&} polymannuronate 2 polyguluronate® Ag2o]|2 &
o]3k & 2ol &-go| 0.44~0.4524 FHAHE Folde] 1)
3to] 0.04~0.05 Y& W g& BT, FE2HE Folol 9
3 2] T SIS frelF o= oAEedt

A %2} polymannuronate @ polyguluronate Fo]32 FdlA
HE Folrel vlsle] g4 9 71X F2 FZH2HE, F2
ZAHE, LDL-ZHAHE, triglyceride 2 ¢1X]2 )| ta}ed
XS AEINE BGloY, 7 F7= A2} polymannuronate
wolwelx dA 3] St

AF-A} polymannuronate 5o]72] 9% 2 71x|2 AR
2k Aol vl Ak FEHAHE Folirel H8led polyene
Ao FRHlES P44 A loiME oF 47% o), 121, 3
A7 JoAXE oF 76% oo R Zhzt FIAIFT.

o)l Azlef njFo] ARA} polymannuronate?] FolE A
e g% 9 11 249& AFoz skl 1 &
7t AEE & 5 Uk

 EHANY B

£ dre dsdiidd SISAATNERIG Ade
ol 2Jale] o]FoiF o, ole] TAR=HUTHIAIAS. : 20000031).
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