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Dietary Effects of Polymannuronate Added to Hamburger Buns on Lipid
Metabolism in Rats

Ihn-Seon Joh, In-Hye Kim, Mi-Jin Kwon and Taek-Jeong Nam*
Department of Food Science and Nutrition, Pukyong National University, Busan 608-737, Korea

The dietary fiber alginic acid has no nutritional value; however, it decreases the utilization of nutrients by the body
and can prevent obesity, hyperlipidemia, arteriosclerosis, constipation, and colon cancer. The low-molecular-weight
alginic acid polymannuronate improves serum and liver lipid metabolism by decreasing cholesterol levels in high-
cholesterol groups and may be used to control high blood pressure. Previously, we showed that polymannuronate, a
physiologically active agent from seaweed, has a lipid-lowering effect and preventative role in colon cancer. In addi-
tion, the differentiation of polymannuronate-treated adipocytes was inhibited, triggering decreased leptin expression.
This study examined ways to increase dietary satisfaction with and improve the nutritional quality of polymannuro-
nate using hamburger buns supplemented with polymannuronate. Twenty male Sprague-Dawley rats were divided
into two groups: the control group was fed hamburger buns containing 6% gluten, while the experimental group was
fed hamburger buns containing 6% gluten and 10% polymannuronate. The serum triglyceride, phospholipid, and total
and free cholesterol levels of the rats in the experimental group were decreased compared with those of the controls.
The serum aspartate aminotransferase activity levels did not differ between the two groups. This study demonstrates
that polymannuronate has beneficial effects on lipid metabolism and may be commercially useful.
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o) 3fe} 2.0 2 Qg AFo] Weh W ujuiFo] HAH o 2

geeufeh A Wshe Asle] ohisl, SAIS) ZARRE,  sleka glon, nAEF, AU 9§ AEE1A 93] g

799 S0l BASh Bsto] WY TPl AESEL R 9ol okl utet Aol Ulake HAslof glo] Ark2)
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ulefoluf ThAlule} 28 ZH2e) AR F 30-40%2 A4S}
= 2R 4502, poly-D-mannuronate2} poly-o.-L-
guluronate®] heteropoly-saccharideZ ©]F0] 2 THjof| -2
AZRAIE P HATEA BAR 5 WAL A
2% 57103} A& 21071 A0 2 2l Sle(Haug
etal., 1974; Nishide et al., 1988). &714H2 =1 of| w2l
3, &3l 9 3k 59 240l FAeEH, ol ol Ze &
A2 D-mannuronate®} L-guluronate ¥ 2tz 42449 block 2]
A Q1 B0l oA e W2 Pk Hherhal A o
£3], D-mannuronate®} L-guluronate S wo| -f-sh= &714k
= 47 A-=ste] 2Fof FelAlzl 23} D-mannuronate”} &
| S FoltolA @3 2 1M S92 HE A5 5 A4
A} Aol B &7} 9190 ™ (Suzuki et al., 1993), L7IARS
R 02 ribalstol ARAS A9 1 AN S0
St} (Lee et al., 1997; Lee et al., 1998). &71ALO 2 HE G-
%l A4} 40 kDa®] polymannuronate S 4527+ 215 0]| 7| 0]
e Ao EHW A A T LHES A=
£ AAAM E3p7F 95540, 3T3-L1 AMRIES] polyman-
nuronate S A 2] 51315 wf AA| 22 o] E3l|A| Ak LEt
WL, 53] HT-29 thdA| oAl = Al A4S Aslist
+= a7 YERGTHKim and Nam, 2004; 2005).

wheba] 2 Aol A= polumannuronate S A4 A/ <ol 2
&, WAEEE Fo] stel Au7 8wl H7letel 1710 A
Aol v A= G FHT O EZN AW A Q] FJUFA 7R E
WA 4= Sl WekE AlAIskarat gt

<]

Polymannuronate &7t Sit{7{to] x|x L bty
= =M
= T
Polymannuronate 37} AW 20k (straight
dough method)©.2 WHE3loH, WA|ZE Qe vigES
o) RE(Baker's %)& 71502 stk ae W
2 100%2 A Z5F 1, A2 W7o polymannuronate
10%, 874 279 6%E H7Fstt). A=t s 7we] drt
3E 42 AOAC Wof mheh JiFstal o, Aoldf-of 3h
o ARGt £ ol=jshsic
M3s20| Mol U AIS
A

A3 A]o]&= polymannuronate 37} Q4 78 4]o]Q} A]59]
MAL A S ARE-SHGITE SlFof Fold AEAlolE A3t
7] §J8to] A2 polymannuronate A7} FH 7 bunsE A|
Z38t & MAFR] 37| W]l polymannuronate %7} 3 7]
bunsE thHIsko] 24 2 ARSI olof tat 7] 2]
o= MALS] M AE FUsH| 24, A A=x5to] ARE-SHA
t}. 7] 9] mineral mixture, vitamin mixture, choline chloride,

methionine- Table 10 4] AJA1gF & E3}5}0] -20°C o) 23
Shirt. AlERS AekaE)A] 4% 8 Sparague Dawley
A AT 80£5 @) ot ARS8 2 10ut2] 4 2
23510] A2 AR A 0| K| o] Y1, AkALR 2 A 527F 43 o
H|ARS 3 Bo]] 7] %41 0]€} polymannuronate S H-3-51= 4]o]
£ Folstiirt. duAks 9 2 ARS7I7E 59 Alol= | AlF
9 15%%= wolstilaL, & AHraol(ad libitum) 3 A Z S
™, AR713E Folle ATt AFHS ARl A« wol
Shodth )T ARGAIS] LE L 204 1°C, B 50+ 10%, 12
h light-dark cycle= 2435}t
MssE Aol B4

=Y 2HE, f-2lZ 22 EE, HDL- (high density lipopro-
tein)¥?} LDL- (low density lipoprotein) &3 2~ 8|S, S 2
9 21X, dd, GOT (glutamic oxaloacetic transaminase),
GPT (glutamic pyruvic transaminase)2] F-AA| & 5, T3
A2RfFo Nes I EAsIT (HEAA == 1F
Ax2] 1 g& Fsto] upafgt 3, hexan : isopropanol &24(3:1,
VW)OR A WG R EFHTN, gast 5 Z3Rch 523 AR e
chloroform : methanol Z£H(2:1, v/v) 1 mLe]| &3}j5lof 48
REEREEPE
HzHat Alo|MAZ 2 Alo|=

Ale2 154el| 19, Ak Altke]] 743t

o
i
2

A30| H%L Z7|(initial) AFC.2 519, 45 FO] HFS
uRA]Eh(final) | 522 sk A|F 7S Altst, Aol=
12 13] v LG A 7hof| 71212 0.2 Folslal tha & 2
A7l TS 2K 19 A3 F2 7153151t Aol as
A% Z71E 47:712] & ol dFTo B Lo AXtatsict,
S{oOHE M

=21

d3H % GOT, GPT, total cholesterol (T-CHO), HDL-C,

Table 1. Formulation of experimental diets (g’kg)

) Test animal group'

Constituents
Control? Polyman

Hamburger powder 950 0
Polymannuronate H. P.2 0 950
Mineral mixture 35 35
Vitamin mixture 10 10
Choline chloride 2 2
Methionine 3 3

ITest animal: Strain, Sparague Dawley age, 4 weeks; average body
weight; 80+5 g; feeding period, 4 weeks by experimental diet after
5 days of basal diet. 2Codes of experimental diet. Control, fed the
M’s hamburger diet; Polyman, fed the hamburger diet containing
the polymannuronate. *H.P.: Hamburger Powder.
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LDL-C g}efe dHAs}st=4]7](Thermo Fisher Scientific,
USA)E o|&sto] Z74s3irh. 4 % triglyceride 9Hd-2
triglyceride (TG) =4 kit (AM 157S-K, Asan Pharm, Seoul,
Korea)S AME-31 1, 9 aF U &3 leptin 5=+ glucose
=4 kit (AM 201-K, Asan Pharm)%} leptin ELISA kit (ADI-
900-019A, Enzo Life Science, Switzerland)E ARg-5}o] Z+2+
=45ttt

Zt =Xl U Triglyceride &2

224 ) TGE 2437] flsto] 1t 24
bufferd] Y11 #2369t 28 o} YA
10 min)sto] AJF-o-E& 33t 5, TG 5%
Atk
SAXzZ

Aihs 7t 29 Bt #FH A (mean £ S.D)=
‘/PEHH‘” on, 7k AFT 7He] 191432 SPAA ver. 18.0 22
T Aol SAIA P SsEATE. 2 ol tiek ol A2
ANOVA test®} Duncan’s multiple range testS P<0.05 5]
CERLEES

Zn}

[
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Polymannuronate &7} g7{#o| UHHYE A

Polymannuronate®t &J=F81S FrE=2 Hrtsto] 714
2, B2 Bl A7 EAL 7 &3 A3}, polymannuronate $HF
o] oA kA2l ’\HVP 713 5ol A F-9 A1 Aol 7t ¢l
+ polymannuronate 10%, 278l 6% S Fof| 7] AF L 4]
o] & ARg-3}%ItH(data not shown). Table 2+= 31F oA A]o]=
Al5st A A Q] AUk ES B AYLE vpepd Zlolot o
Z3t3} polymannuronate A 9<toll A F-4} 04 o2 A9
b e, 2T, A1, Te]an B B Apo|7) it
ey 2l AlS MAL 317 o] F-4 o] H2 0.8%
o] Wb, polymannuronate s %713t 4 7 buns= tij 4|5t 3l
w79] FAlo) 4 Bk 6%z 3215 Z7Hldck. %, o
£ 2 polymannuronate = 3 7Fte] whet 7|5/ who] gl
A9t 7|20l 1014 Y TS 4 GORAE WAL
& 0|83}l PEL 7)E0) AR MLk Aoli$E BT
Q7154 27 F SHR AR ek ek
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U AlolZ Fola BH9) 27| AT M HE
Q| AFE71E, 23 AR F AR 2 Aol &
2 Table 3 Lrekthgich. A uisler a7l Aol 432 7
2 A, AARS 717 A HIZakA e om, Aol a g
ST Ao e,

I NV,

L] geReA-Y i‘ﬂﬁ A2 o | A= Ao g HgkE] of, AU
2 QI8 P o] A4 Aol UEhA HTh
241 B el A A5 o e 4
Sho] A S 9)7] ulgo], HDL-28| 28| 20| 27Hs
A WA BF BAAEES Ash7| vgke R <l
Z AT 4= gl AdaA 9 EHixqo] 2ol ZWAHSIE J) A
Sk —tﬂ o] =-2-0] Fth(Park et al., 2007).
Polymannuronate 4]0|7} 813 2] &3 2 7H3 2] A gheko] vl
A= FE A E7] 9l8f 7 Ao]o] @A 55 Table
4 et @3 TGE =9} 91 %] A 5 =+ polymannuronate
20| 2ol A 22t 57.04+ 12.02 mg/dL, 121.15+5.02 mg/dL
2 ) Z234100.87+17.52 mg/dL, 148.69 + 8.4 mg/dL)o]| H| 3|
FoA o7 HH(P<0.01). ©]& polymannuronate®] 12} <
2o} A E o] AEAe d o fo 7t=5A7] F 757]E0l
ez Eo] Aol G5Atat Ajtste] Aol 47t s AL A
Q|2 ujEE o] ol A og Azt @3 9 1 59 F
ZYAHE 5 E3F polymannuronate 4] o]0l A T 240
v]3f -f-o] 5 o2 vk oo LDH-Z 8| A8 &2 &}o] 7} gli=ut
H, HDL-Z 2| AHE9] g2 polymannuronate 4] o]<of A
ol oz =7 UYehdth(Table 5). ol= 3= & % F=&
S B of| F ZY AHE, LDL-F8| AHE 5ol 7hagt
Ao 2 ehd A 47K (Joo et al., 2003)¢} U253t
kot A3 f2] ZHAEHE £ 2] B8 poly-
mannuronate 4] 0| Lol A 748} tH(Table 5). BFR71R] 2 A
AR Q1% 75759 =E5THE 9EAlt Adsto] A
Q|2 WS E= AE 7R Ao r AZtEh dIAke] B,
S0 @4 9 1o o] S 2EHES 7“"\] Z31(Tsuji et
al,, 1974), SlFof| sl =7 el FHE wolotdls o 2] =4
2HIE 2 cholesteryl ester®] 527 Aty R sl =
Yl (Park et al,, 2001) o] & Q17ATISE lA|sic). webA
polymannuronate”} 518 #u)7] 4lo|7} 2122] 14 2 g

Table 2. Proximate composition and total dietary fiber content of hamburger (%)
Samples’ Moisture Crudeash  Crude protein ~ Crude lipid TDF? N-free extract®

Control 42.4 1.9 13.3 1.4 0.8 30.2

Polyman 43.2 2.0 14.8 10.4 6.0 23.6

! Codes of experimental diet. Control, fed the M’s hamburger diet; Polyman, fed the hamburger diet containing the polymannuronate. > Total
dietary fiber. *100-(Moisture+Crude ash+Crude protein+Crude lipid+TDF).
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Table 3. Weight gains, feed intakes and its efficiency ratio in the

rats fed the experimental diets (Mean+S.D.)
Test animal group’ Control Polyman
Initial body weight (g) 125.77 £ 2.81 124.90 + 3.49
Weight gain (g/4 weeks)  184.78 + 8.22 181.80 £ 9.80
Feed intake (g/day) 18.36 £ 1.02 19.08 + 1.59
Feed efficiency ratio (%) 0.36 + 0.03 0.35+0.03

'Refer to the footnote of Table 1. Results represent mean+SD
(n=10) for each group.

Table 4. Triglyceride and phospholipid levels in the serum of the
(Mean £+ S.D.)
Control Polyman
Triglyceride level (mg/dL)  100.87 £ 17.52 57.04 + 12.02"
Phospholipid level (mg/dL) 148.69 +8.04 121.15+5.02"
Refer to the footnote of Table 1. Results represent mean+SD
(n=10) for each group.
Significantly different in student t-test from control (*"P<0.01).

rats fed the experimental diets

Test animal group’

Table 5. Cholesterol levels in the serum and liver of the rats fed the

experimental diets (Mean+S.D.)
Test animal group’ Control Polyman

Total cholesterol level

Serum (mg/dL) 60.34 +4.20 52.27 £+ 1.17"

Liver (mg/g) 76.26 + 6.74 46.81 £ 6.03

HDL-cholesterol level

Serum (mg/dL) 43.40 +2.99 49.87 + 3.47

LDL-cholesterol level

Serum (mg/dL) 5.38£1.19 6.14 £ 0.69

Free cholesterol level

Serum (mg/dL) 2512 +4.22 22.62+2.75

'Refer to the footnote of Table 1. Results represent mean+SD
(n=10) for each group.

Significantly different in student t-test from control (*P<0.05,
“P<0.01).

T2 MAAA F= B3 Sl A o= A
23 & GOT2 GPTE| &4

71241012} polymannuronate 29} 40]E Holgh 272 &
Ao 2 HE GOTL} GPTE &4 S43% th(Table 6). GOT
L 7] %4 0] 32} polymannuronate 4] 0]t B -5-0] A 9] 2}o]
£ UEA] 982 Wi, GPT 2/-2 polymannuronate A]0]<-
(29.00£5.35 Karmen)of| A o %-(44.26 +5.08 Karmen)o|
Hlsf o2 o2 A Uyttt GOT % GPT= 7HA| =] tf
For TS Ao, 1 & doo s fEH
FA7FS7FCRH T &g A2 Z-g-E AL ok el

e, e, WU, WS 5 A B2 4
%715bA 4 GOT/GPT ul-8-& 273t nfet gAfs o
o

o
ot 1
lo n
H\
oX I
o
PRI
©
o
).
N,
=
‘B
lo

515 Hf 5= polymannuronate A]o]<-of| 4] 1.23+£0.13 g/
day2, T) 23(0.98 +0.09 g/day)o] H]3] 40202 2715191
o} o]= Ao] {4 ol SIS REEAE, A WE
=9 Fu], 9] Foj= gl W] AAEHA F7IeE AL
= A7)

¥ 9] TEU LHE I £ polymannuronate A}0]
(190.75 + 13.83 mg/g)o] thz2(113.83 + 10.52 mg/g)o]| 15
oA o= A3 A Ueputth Aol df+= oA Ee
AHET G54 AEE Adlskzd, AoldR7F 23]
oA ZHAEHE 2 wEA A Ao 24 ST 9A

Table 6. GOT and GPT in the serum of the rats fed the experimen-

tal diets (Mean = S.D.)
Test animal group’ Control Polyman

Serum level

GOT (Karmen) 206.36 + 14.08 193.93 + 13.82

GPT (Karmen) 44.26 +5.08 29.00 + 5.35”

Refer to the footnote of Table 1. Results represent mean+SD
(n=10) for each group. GOT, glutamic oxaloacetic transaminase;
GPT, glutamic pyruvic transaminase.

All data were calculated by Mean4S.D. for 10 individuals.
Significantly different in student t-test from control (*"P<0.01).

Table 7. Fecal cholesterol and total bile acids, and total dietary fi-
ber (TDF) contents of the rats fed the experimental diets

(Mean + S.D.)
Test animal group’ Control Polyman
Fecal (g/day) 0.98 £0.09 1.23+0.13”

Total cholesterol

113.83+10.52 190.75 + 13.83"

(mg/g)
Total bile acid B
(umollg) 76.61+ 1544 19355 +13.17
TDF (g/g fecal) 0.063+0.006  0.080  0.003"

'Refer to the footnote of Table 1. Results represent mean+SD
(n=10) for each group.
Significantly different in student t-test from control (""P<0.01).
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o] B o 7o ujdo] Z7}E ch(Mirttinen, 1987; Vahouny,
1987). Hel1} -2 =84 Aolidf+= FdAHE F4A
ol S5 Asfistal jds SN EF S92
5 @5, 2 Aol A= 598 polymannuronate 4
F= Qg 2 2EE S At B triglycerol®] =0t =
HAHE T H I FY FELEE 528 AsHA7I= 7]
o=z "ol

A Aolo] mE 2W 9 & JE5At de S8 At
polymannuronate 4]©](193.55+ 13.17 pmol/g)ol| A T R+t
(76.61 £ 15.44 pmol/g)el] B]8] 421 0 & =7 Lpelyr), 3
TFopyet 2 5] F Aoldf o =3t polymannuronate
410]540.080 +0.003 g/g fecal)ol| 4] T 2+(0.063 +0.006 g/g
fecal)oll B]al A Yebyith o] Aah= ¥ 59 & BS54k o
Tt A A sh= F e UER 2=, ©l+= Table 201 Lepd 1)
€} 2o polymannuronateS 37 Fet 4 A o] ARbE £4]
Ax, FA o H o gho] F7hetoll wht A Al 7ol A |
SAh} Agsto] ERo g v dE A og F5H

I.n_l

83 T LeptinQ| &t2f

Polymannuronate H-o]°f 23+ &3 39 leptin £-H]of| 1]
= P FUsHrh(Fig. 1). @ds £2sto] RIA 242
2 g% 5 leptine 43+ A1}, polymannuronate H0]-2]
leptin 2 H|ZFo| o vkl I8 f-0] 4 o & Wkt Hyk 220
Q1014 leptin LAl 0| &2 HIRhS =S f D5 leptin
TVt 94 ez ek whelKlein et al., 1996; Frederich
etal., 1995) €% leptin 5 =98] S7h= v|vE F4A I Y| 5
7HE UeEt Sieh. ek Al FES t S & 3 Aol A

o] vlgk t A= ol A4 Aol vlsl @5 leptin 5= 7}
A vrebroll wha leptin A&/l gk 714 9 A 28-S
Zh= dlof] W2 S YERY AL Qlth(Park et al., 2009; Kim,
2013). & - A= polymannuronate H°|zoll A ko
Hall §-214Q1 AlF9] F7H UEtiA| 3ol &ska g
% leptin =7} & o 2 7FAGhof uhe}, polymannuronate
A7TE Qlsl Avtk A A Alojof uh leptin A& 7HAA1 A

oa W

Al AL

o eEe HArfshiL A8elsiEATH|(20144)0] ofa
o
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