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Abstract

This study was conducted to provide basic date on the proximate composition and amino acid, fatty acid, sugar,
and mineral contents of commercial dried lavers cultivated in Korea (in Seocheon, Wando, Goheung and Busan).
The moisture, crude ash, crude fat, crude protein, and carbohydrate content ranges of the dried lavers were 5.67~7.43%,
8.01~8.95%, 1.54~2.25%, 37.77~39.98%, and 43.83~46.24%, respectively. The total amino acid, free amino acid,
and essential amino acid concentrations were highest (25,982.15 mg/100 g, 4,545.44 mg/100 g, and 9,048.28 mg/100
@) in the dried lavers cultivated from Wando. The compositions of the fatty acids in four dried lavers were 16.30~22.15%
saturated fatty acids, 6.04~7.73% monounsaturated fatty acids, and 70.33~76.03% polyunsaturated fatty acids. The
sugar contents per 100 g of dried lavers were 3,678.84~4,052.52 mg of galactose, 2,112.30~2,473.86 mg of fructose,
1,103.74~1,648.39 mg of mannose, 361.67~590.21 mg of glucose, 8.63~10.38 mg of ribose, and 21.43~48.32 mg
of xylose. The mineral concentrations in the dried lavers cultivated from Wando and Busan were low (Cu < Mn
< Zn < Fe < Ca < Mg < Na < K), as were those in the dried lavers cultivated from Seocheon and Goheung
(Cu < Mn < Zn < Fe < Mg < Ca < Na < K).

Key words : laver, fatty acid, amino acid, component sugar, mineral
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], Z-3] P (porphyran) ©. 24 <F 30% S *}A| 5l
It} o] F71A] Aol o) f(dietary fibern)S T4 3k
Atk A A AL F 29%2 igol ANl F) AL FHak]
AA L F 10%E AAstn ek F718L 2159 AU
NA Fagh JFaolH, Holl= §74 ofAlof Blst] A%
of HFARI Z4, vtdlE, E, ofd, ¥Rt ol #3
A & AUTH3). AB7HA] Aol tigk dvd E4-6), o
=2K7-9), AR 24(10-12), FF(13-15), F712
(16-18)} A F7Fe D A% Fo F2WE(19-21), 2V
A9 FHEAG(2224)° Wi A= BaE o] vk 1

b e g FEolekw A A9, 28 A7), A% Sl
wet Gepdie] Abolvk Ae Aoz FelA Qi ol
Q3 Aodo] vk 54 AR wnd ¥ A AR Az
ol @ AR, obvl Al AN, TP 2 7714
ol U TR Fo PR BN AT v ED
Aot

webd] B AFAME AdAG] F8 7 A T
A= 7|Fo B et 71
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o] FAEESAA, Hdd g A, 18] =
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Y sted #20171(Cyclotec 1093 Sample Mill, Foss Tecator
AB, Hoganas, Sweden)2 313+ = 50 meshA|ol] 22| 52}
o e Easte] WA HastaA A8 A5
ALg3tiTh #2440 AL-2% chloroform, methanol, ethanol,
T NaSOs, NaOH AJeFE  ©A4kebE3 ¢ Al(Ansan,
Korea), HCl, HNO;, HCIO; A]2}2 Junsei Chemical
Co.(Tokyo, Japan) ¥ 14% BFs-methanol, %% Al ek
Sigma-Aldrich Co.(St. Louis, MO, USA)°| 4 T3}t

A PR HETAs vt FRe Jrtaz
wlolam g, ZAYe o=

o

-

X[k
|4k B-241-2 Folch 5(26)2] ol whel A& 5 gl
chloroform 10 mL%} methanol 20 mLE 7}&}aL 283 72
3}t o5 chloroform 10 mLE © 74gt % 3027t 743}
shtt A2 & 30E3F WA § AEs AA L T
Na,SO, & 7}ste] &3t th3 rotary vacuum evaporator
(V-805, BUCHI Co., Essen, Germany) & 7} - 5%3}0]
Aojxl A4S Wangaarden(27)2] WHel wal 14%
BFs-methanol &< -5 A}-8-3}+= methylationS 3153 Th Gas
Chromatography(GC-10A, Shimadzu Co., Kyoto, Japan)=
B389t} Columne SP"-2560 capillary column(100 mm
length*0.25 mm i.d.x0.25 ym film thickness) S A}&-81%] 1,
column 2%+ 140ColA] 10837 5-4]3F 3 240T7HA] 4T
/min2. 523} T} Injection 2 detector ==& 260C=
391, flow rate= 0.6 mL/min(split ratio=80:1), flame
ionization detector® 7 &3} T}

0!

N

ofol =

T4 opulizAte] EAE Shin 5(28)2 el uwhdt
ampoule®] 33+ A& 0.5 g2} 6 N HCI 3 mLE 3}
e7]3}aL heating blockol 4 1207C, 24413 7kH-8) 3t th2
o] -5 rotary vacuum evaporator= St F=5ko] AHS o
3] S8A171 £, sodium loading buffer®. 10 mLZ 7 &-A]
71 €9 1 mLE # 3t 0.2 ym membrane filter(Advantec,
Toyo Roshi Kaisha, Ltd., Tokyo, Japan)= ©]3}3} U5 o}]
=4t A E-2171(S433-H, Sykam, Eresing, Germany)2 29
39t} Column< cation separation column(LCA KO06/Na,
4.6x150 mm)2 AH&3}31 11, buffer &4 (pH 3.45~10.85)2]
flow rate= 0.45 ml/min, reagent®| flow rate= 0.25 mL/min,
column =%+ 57~74C, fluorescence detector(Ex=440 nm,
Em=570 nm)Z 7 &3} th

el oprwske] B2 AR 2 gol| ethanol 20 mL<
7}8+ & homogenizer(AM-8, Nihonseiki Kaisha Ltd., Tokyo,
Japan)Z 10 F<F wHlksle] 3,000 rpmoilA] 2087t Y41 &
23k 2L, ZkAlell thA]l 75% ethanol 10 mLE 3 7}slo]
homogenizer(AM-8, Nihonseiki Kaisha Ltd)Z 10% &<
WHEE 33,000 rpmol| 4] 208-7F LAl R ST A
< &3}] rotary vacuum evaporator 2 et FE53] SF
2 83]A17] T 02 t1m membrane filter= & IA]HA o}n]
A4t AFs A7 2 281 T Column cation separation
column(LCA KO7/Li, 4.6x150 mm)= AF2-3}91 11, buffer
£ (pH 2.90~7.95)<] flow rate= 0.45 mL/min, reagent®]
flow ratet 025 ml/min, column <%% 37~74T,
fluorescence detector(Ex=440 nm, Em=570 nm)E 74 <3131t}

TAG B24L Chaplin?} Kennedy(29)2] W2 o7+
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& 5to] ampoule©]] 43 A& 0.2 g7} 2 N HCl 5 mLE
7hate] Al WHFe 715 AN, gas® 2| St
heating blockel|4] 110C, 6217t 7313 ThS- 2 N NaOH
£ 7lete] AlRE F313F F 4,500 pmell A 2087 A E
2] gk Fof| 5 045 ptm membrane filter(Advantec, Toyo
Roshi kaisha, Ltd.) 2 ©]¥}3}o] Table 19] ¥4 Z7 ol ulz}t
HPLC(Prominence HPLC, Shimadzu Co.)Z ¥2135}%itch

Table 1. HPLC operating conditions for component sugar

Condition

Column Shim-pack ISA-07/52504(250%4.0 mm)
. A: Potassium borate(pH 8)
Mobile phase B: Potassium borate(pH 9)
0.5 mL/min[0—15 min: B0 — 20%), 30 min: B(20
Flow rate — 50%), 45 min: B(50 — 90%), 50 min: B90 —

100%), 65 min: B(100 — 100%), 90 min: B(100 —
0%)]

Oven temperature 65°C
Reagent 1% arginine in 3% boric acid
Reagent temperature  150°C

Detector Fluorescence detector Ex=320 nm, Em=430 nm

2713

7714 42 Jung 5(30)¢] Bl W teflon ol &
7]l Al 0.5 g, 65% HNO; 7 mL ¥ 60% HCIO; 1 mLE
% 3l Microwave Digestion System(MLS1200, Milestone,
Bergamo, Italy) 2 2] #ellA17] & fr=ddEat=2rbEd
33 = A ICP-OES, PerkinElmer Optima 7300DV, Connecticut,
Sheltons, USA)Z £33l 0, B4 27 © 2 plasma flow
rate= 15 L/min, sample flow rate= 1.5 L/min®] 27102
Ca(317.9 nm), K(766.5 nm), Zn(206.2 nm), Mg(285.2 nm),
Mn(257.6 nm), Na(589.6 nm), Fe(238.2 nm), Cu(317.9 nm)=
et

SAIANE

BE AL 33] whEsie] 23S PaX e ZFAAE
FABIRom, o4 %2 SPSS A = = 134 (Satistical
Package for the Social Science, 20.0, SPSS Inc., Chicago,
IL, USA)Z ©]&3}o] p<0.05 =<l 4] Duncan’s multiple
range test® 737 5193

o]

S 5.67~7.43%, 23| % 32 8.01~8.95%, AW
1.54~225%, =292 3k 37.77~39.98% 2
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HR3HE SHERS 43.83~46.24% 0.7 AbA] o] wheh 2] 2
Zbo] & VeI THp<0.05). Lee 5(19)2 719 FH5Ho|
555 il gkl =2 ukd weslEoe] A g
o] 9= Aoz Hydle dxe} 18 7lo] =& EA=F
o dFEE W Mok 5(17)& 9% HETE F4k 7]
g ghero] EA] FHRE] Atk AFske 4A|5HA
ht}. Seost Jung(22)S Aut Ao FE

ook
ol
o
\]
W
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3| o] 87%, AL 0.7%, Aol 35.0%, ©ralE
2 481%% 3ttt Hudk A Aytel AR o

Wtk ¢ Kim 56)2 A% 71e] 1 ol 12.1%, 3%
o] 159%, ZAHo| 42%, ZHil Aol 32.1%, B0l 35.7%
2 B3 e¥a B AT AyEn ¢85, 3 9 =AY
ol tha A el ol v E 24o] AlF

Aas} X716 Wt Aol 2 VErT R SiG).

Table 2. Proximate compositions of commercial dried lavers
(Unit : g/100 g)
Crude Ash Crude fat Crude protein Carbohydrate
Seocheon  743:0.05™ 801:006" 2.16:0.03° 37.77:0.05" 44.62:0.04°
Wando  5.67:004° 825:0.04° 225:0.04° 39.98:0.06" 43.85:0.04°
Goheung ~ 624£0.03" 895:0.03' 154£0.05 3944+0.04" 4383003
Busan  572:0.04° 853:0.05" 158:0.06° 37.93:0.03 4624£009"

Area Moisture

"Values are mean+SD (n=3).
*“Neans with different letters in the same column are significantly different at p<0.05
by Duncan’s multiple range test.

ofo| &t

Al Azrde] Aot At ghEke Table 32 2t 21
1100 g & =7} 25,982.15 mg, F-2Fo] 23,847.35 mg,
o] 21,499.83 mg, A% ©] 20,190.80 mge] O & AHA]
w2} fro] A zte] & YERtHp<0.05). 12]1 = Al

A PR gornr SAEREE IS ot st=
Horohu Ak 427 100 g F $E7F 9,048.28 mg, A
©] 8,003.11 mg, 11&°] 7,178.65 mg, A1 ] 7,156.80 mg<]
O 2 Ao w24 Apo] S UERH 01 (p<0.05), F
opu] iAbel] thgk Pgrolm| mike] W] S-S 3339~3545% &
Uetith ¢E, 18 9 FAkA 8 Ao ke

alanine, glutamic acid, aspatic acid, leucine, glycine®] =<

oot 1

e 2 2 kRN

2, XA | A= glutamic acid, alanine, aspatic acid, leucine,
glycine®] o2 WA UYEiHh Lee 5(8) F& o=
Ab Aol A S, A B sl Ao] 9, 18 H FAke]
A AqA el dAskE vhdol AA el 712 AF4de)
A Fdth kA o 2 S| F hailz o] LAJoju| Ak
alanine, aspartic acid, glycine, proline®} 2 54 %
4 ollgto] Boml oot gl Aol 28 FF
g A, AL, i Tl el o] Ad o=
H A ATh32,33).
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frelopu| it 7154 G mXlE Ta% f4aR
A 2AFL] FRE dSshe shte] Fagh .4t E
ki H1Ee] 911, glutamic acid, aspartic acid, alanine,
glycine & 21%¢] 37|¢} vt Fofdivtn A 9l
(34,35). A1 Ax3 ] frelotn|ieqt S Table 49 2
ok AZ7 100 g T 97} 454544 mg, 3,526.64 mg, 11E
o] 3,103.19 mg, A1 o] 2,871.62 mge] <=0 & Ak ulg}
24 2ol & YERY TH(p<0.05). Park 5(9)3} Yoshie &
(10)= v}& HeollA 100 g & 5,147 ~6,139 mgZ} 6,886~
9,262 mgP 2 H g A7zt Hg fejoln| it ghef
o] Uikt ¢, g 9 FAke] FolA F8 felolu| At
2 alanine, taurine, gluitamic acid®] =22, A3 2] &
taurine, alanine, glutamic acid®] 2.2 WA Yepytth e
1 F8 feloln| =4kl alanine, taurine, glutamic acid=
Frelopn|eqte] Fdol] 83~86%S AHAISH AL, Park 5(9)
& T8 fEfohlietto] e 73~80% = Mgt A
FHETE o2t =4 YERATE felobr]ieAt F9] alanine,

Table 3. Total amino acid contents in commercial dried lavers
(Unit : mgf100 g)

Area
Amino acid
Seocheon Wando Goheung Busan
Threonine  1,16794+1476"% 1519814772 123674549 1349254683
Valine 1339774874 16157845060 132073+6.74° 1485334657
Methionine ~ 214.67+487  29436:627  85.184397°  105.43+4.07°
Ioleucine  79681+648° 991443737 767581736 882.8417.48°

Leucine 1,639.00£574"  2,08828:679" 1719481804  1,908.8048.69"
Phenylalanine 86324587 107657:1120° 87694584 971.50£6.56"
Lysine 1,13535:492° 146203855  1,17201830° 1299954835
Total FAAY  7,1568042585° 904828+564° 7,178.65:2326° 8,003.11+739"
Aspatic acid  1,88354+12.73"  2,542.31£10.14"  2,065.00£50.69°  2,3268244.54°

Serine 1006884676 135396:609° 1,192.60+5843°  1,235.48+520°
Glutamic acid  2,436.10£5.53°  305050:845"  2,437.34+448°  2,634414695"
Proline 1,16620£590° 1376234592 116486496 132865605

Glycine 1379014858 170697668  1354.78+530"  149248+6.79"
Alanine 22387248100 3,10000t469° 276368616  3,05134+878"

Cystine 36191313 9199+379° 126441090 2038+2.8%
Histidine 43781+608"  493.84+699°  46140483F  54399:606"
Tyrosine 355584583 S8T24902°  37579:48T 3837747300

Ammonia  1,03041:547"  1,131.03+651°  140496+10.60° 1,552.824835"
Arginine 1,06356+596"  1499.81+7.58"  1,088.12¢722°  1.224.104750°
Total AAY  20,190.80+30.45° 25,982.15:27.90" 21,499.83+36.32° 23,847.35426.42°

)

Values are meantSD (n=3).

~\eans with different letters in the same row are significantly different at p<0.05
by Duncan’s multiple range test.

ITotal EAA : Total essential amino acid

“Total AA : Total amino acid

glutamic acid= T3t 7H2gkol] $hod sl taurine-2 14|
WellA 5 e 2=HE A, 17]e st @97dst &
36

oheret Agjgdd el BHarl 1th36-39).

Table 4. Free amino acid contents in commercial dried lavers

(Unit : mgf100 g)
Amino acid Ara
Seocheon Wando Goheung Busan

Phosphoserine 60141170 5460:185  5759+115°  3835:184°
Taurine 971831353 1,18434£10.13" 985301388 1,197.28+15.00"
Phosphoethanclamine ~ 5.60:039" 5741055 403:046°  442:029"
Aspartic acid BI5:305 147801943 2068252 81.04:241°
Threonine 2099138 35278237 24530738 3339:310°
serine 5441031°  1623:081°  286:0.16"  1081170°
Asparagine 56081362 7179:085"  4669:166°  3993:153°
Glutamic acid 687.09£10.58° 785551148 535.64+12.84° 51657890
Proline 79151 1506:058 1550090 1355:0.72°
Glycine 051171 1L142077°  1306:146' 9226081
Alanine 733958752 193789832 11330341325 1345114744’
Citrulline 1590217 20424126 7100:267  1285£1.02°
caminobutyric acid  225:0.11°  241:034"  199:008°  200:0.10°
Valine 06113600 3165434 2896:320°  2640:228'
Methionine 367:027  411£019°  097:008"  3.08:008°
Isoleucine 049217 2320£197 1565068 202242.03°
Leucine BA96I" 33048260 U326 2798375
Tyrosine 14342200°  1487:049"  1034£122°  13.69:086'
phenylalanine 18208311 1857:250°  1620:187  1690£2.00°
B-alanine 216+20°  122:016°  140:014°  129002°
Baminoisobutyric acid ~ 180:0.10°  350£023°  281:020° 507025
yaminonbutyic acid  4.73£453  3166:5.10° 35081271 49.37:x4.64°
Histidine 543020  730£028"  418:008 5261025
Ornitine 187:0.18°  152:007  451:048"  1.460.09"
Lysine 19102281 1658:398'  1544£270° 15694347
Ethanolamine 1764179 1819:131°  15.15¢197  18.164276'
Arginine 2510401 45418474 15812265 17.56:328°

Total 28716241274 4545.4451720° 3,103.19225.62° 35266422272

"Values are mean+SD (n=3).
*“Means with different letters in the same row are significantly different at p<0.05
by Duncan’s multiple range test.

o Az o] A HE 2442 Table 59 2Tk A2
A F8 AWk cis-5,8,11,14,17-eicosapentaenoic  acid
(20:5n3)7} 64.50~70.06%, palmitic acid(16:0)7} 8.79~
10.29%, tricosanoic acid(23:0)7} 3.15~7.36%, erucic acid
(22:1n9)7} 1.86~3.09% 24 A A]WH4ke] 78.30~90.80%
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71 ol A sk 20:5n3-& A7, FAE 118
o7 1602 1T, 9, AH U B o7 23.0
A% 1, Fak 2l AH o g ARd] whEl fo)F zlo| S
UEFATHp<0.05). Lee 5(19)& Ax72] AWk Soll A
714 @o) AR e AE-S 20:5n30]903L L TREC.E 160
o AqE el FARRE S Hlom, it A, 55
oAz AR A ExsMite] A
61.85~76.94% % A5t 1, 53] Tw°l =255 20:5n3
3} polyeneAte] ] 7} 50.81% 2} 62.93% & & HEH |
32+ monoenette] HEFH] = 29.42% ) 7.65% 0.2 W
o skt

Table 5. Fatty acid compositions in commercial dried lavers

(Unit : %)
Area
Fatty acid
Seocheon Wando Goheung Busan
14:0 022:0.02" 0160048 00800  0.17+0.02°
15:0 002:000°  0.03000°  0.030.00°  0.030.00°
160 89440.13  993:0.18°  1029+0.°  8.79:0.07°
18:0 028:000°  028+001°  021x000°  0.19:0.00°
20:0 179+0.02°  253:005°  2.17400F  291+0.17
22:0 166:002° 146007  165:001°  2.73:023°
230 315t006°  736+0.11°  622+006°  3.58%0.11°
24:0 023:001°  040:008°  023:0.01°  124%0.06'
Saturated 1630+0.08°  22.151023"  20.88+0.17°  19.64+0.55°
16:1 2850.10° 135003  1.56£0.03°  1.68+0.08"
18:1n9 095+001°  121+001°  0.78:0.02°  0910.03°
20:1 128004 188001  249:0.04"  1.600.08°
22:1n9 260007 3094002  291+005  1.86+0.08"
Monounsaturated ~ 7.67t0.08°  7.53:0.02°  7.73+0.09°  6.04%0.15°
18:2n6 0530020 123001°  132:0.02°  1.45+0.00°
202 095004  060:003  092:001'  061+0.10°
22 043:003  032:000°  040:001°  039£0.02"
18:3n6 006000° 00710000  0.16t0.00"  0.10£0.00°
18:3n3 1712001 174#0.02°  1.89+0.06"  1.20+0.08°
20:3n6 119+001°  151:008°  1750.11°  1.16+0.08°
20:3n3 007:001°  032:000°  028:00°  0.07:0.02°
20:5n3 70.06:0.15  64.501023  64.63:036°  69.28+0.36"
22:6n3 1032007 004001  0.04x001°  0.06x0.01°
Polyunsaturated ~ 76.030.10°  7033:024°  71.39:023°  74.32:047°

"Values are mean+SD (n=3).
““Means with different letters in the same row are significantly different at p<0.05
by Duncan’s multiple range test.
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Tog

Al Az 0] 9 TS Table 63 2t} EFES
maltose, lactose, rhamnose, ribose, mannose, fructose,
galactose, xylose % glucoseE AF&33 2L, ribose,
mannose, fructose, galactose, xylose, glucoseRt A &= ).
T4T FFS 1Ax7 100 g F galactose”} 3,678.84 ~
4,052.52 mg, fructose”} 2,112.30~2,473.86 mg, mannose”}
1,103.74~1,648.39 mg, glucose”} 361.67~590.21 mg2| <=
o7 ygtom iAo wt o7 AolE yElla
(p<0.05), ribose 9} xylose= V& HEF AT} Park(13)<
2] S & galactose, glucose 2 inositol S 573 3151 2™
A7 2719] galactose?} glucose &2 30.1 mg/100 g, 9.4
mg/100 g& H-3tttal B3k &9 o, Park 5(14)2
f21g Aol A fucose, galactose, glucose 2 mannose %
HEHJ 1 B A4 P4 24004 = ribose, fructose,
xylose = AZEF R on F2ld i Fol galactose”} 7H
E¢kor I U522 glucose, mannosed] O 2 S
oz B AT A= dA|skA] &sth

Table 6. Component sugar contents in commercial dried lavers
(Unit : mgf100 g)

Area

sugar
Seocheon Wando Goheung Busan

Ribose  1038:0.54™  929031"  863:023  9.05:0.19"
Mannose  1,103.745.11°  1494.06:6.51° 1,521989.64" 1,64839+8.65"
2,112.30£1350" 2,402.63:1024° 2,473.86+12.71" 2,356.27+11.47°
Galactose  4,052.52+18.45" 3,678.84+24.61° 3,850.40+1749" 3,736.36+17.51°
Xylose  2143:056°  48324053°  5527:059"  2349:045°
36167544 458.65+6.84° 37165676 59021351°

Fructose

Glucose

"Values are mean+SD 0=3).
““Means with different letters in the same row are significantly different at p<0.05
by Duncan’s multiple range test.

2713

Al Az7e] T4 gk Table 72 2t} 27000
A F8 F71382 K, Na, Mg, Ca©]%lal Fe, Zn, Mn, Cue
) A&k Aol K T3 100 g B 1L350] 1,862
mg, =7} 1,708 mg, A3 ©] 1,555 mg, F-4ko] 1,525 mge]
O % Na e H2ko] 593.10 mg, A3 o] 515.23 mg,
=7} 501.28 mg, 115°] 444.39 mge] T Z, Mg TS
3180] 409.69 mg, AF°] 390.72 mg, F-AFo] 352.83 mg,
27} 330.94 mgo] O 2, Ca e FAko] 417.66 mg,
2H=7} 379.75 mg, aL&°] 274.25 mg, A H o] 252.28 mg2]
o2 Ao me} {104 zto]lE UEFATHp<0.05). Mok
TUNE ¢=, FA4F 7o) 5714 2 K, Na, Mg, Ca,
Fe, Zn, Mn, Cu £2.2, 118 71| 77|14 332 K, Na,
Ca, Mg, Fe, Zn, Mn, Cu s£2.2 23}tth= B39t dX|ak3]
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3, Han 5(18)] 9= 09 714 G 247} 2 A7

S1sF A e, depd 3 A

R0l A, 74 - frefoprl e 3 5]

e FFUAAE AIle] w}a} BEgFe] Aol 2
7 @] Aol GAAG nhe Hol= A

rn

ks %‘ xb ol 7Fe&F, 7FEAIRE AlA Bl et
dEol dF & Wil AoE AtsHT

Table 7. Mineral contents in commercial dried lavers
(Unit : mg/100 g)

Mineral Area

Seocheon Wando Goheung Busan
Ca 252282637 37975959  27425t693°  417.66+10.54"
Fe 1522:046"  1353041"  821£025° 10.52£0.32°
K 1,555.00£15.55° 1,708.00417.08" 1,862.00£18.62" 1,525.00+15.25°
Mg 390.72£599°  330.94:507°  409.69:628'  352.83:541°
Cu 0.5140.04° 0.79£0.05" 0.52£0.04° 0.88£0,05"
Mn 1.90£0.07° 267:0.10° 1.600.06° 1324005
Zn 32540.15° 494023 22120.10" 2.5340.12°
Na 51523t649°  50128:6.32° 44439350  593.10:747

Walues are meantSD (n=3).
““*Means with different letters in the same row are significantly different at p<0.05
by Duncan’s multiple range test.

7@ AR & O}U]L—_’;}, A WA,
A gl = = %
5.67~7.43%, JJJ-Er e 8.01~ 895%, ZXlt'
1.54~225%, =2 ke 37.77~39.98% 2 s}
ko 43.83~46.24% O & Abx| o] whe} v4x4 ] z}o] =
e T %“*OML*P ke 1z 100 g B 4=t
25,982.15 mg, F-2Fo] 23,.847.35 mg, 1150 21 499 83 mg,
A o] 20,190.80 mge] £o 2, Holm] ik A7)
100 g T $F=7} 9048.28 mg, F-4Fo] 8003.11 mg, 1L&°]
7178.65 mg, A °] 7156.80 mge] O 2, f2ofn =4t
steFe Az 100 ¢ T S} 4,54544 mg, F-Ako]
3,526.64 mg, iL&°] 3,103.19 mg, A% ] 2,871.62 mg2
O 2 AAd whe} fo]A Apo] & YERTE Fa A A
Z:’\é < 20:5n37} 64.50~70.06%, 16:07} 8.79~10.29%, 23:0
7} 3.15~7.36%, 22:1n97} 1.86~3.09% 2.2 AFx]o| ulz}
frolA atol & B a A AWHke] 78.30~90.80% 5 A
Aatdet. AT 427 100 g T galactose”} 3,678.84 ~
4,052.52 mg, fructose”} 2,112.30~2,473.86 mg, mannose”}
1,103.74~1,648.39 mg, glucose”} 361.67~590.21 mg2| =
©2 AAd wat {fo] A Aol & VT F714d e

e
of

:I
N

z
L oo
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=
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