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Seasonal Variation in the Dietary Fiber, Amino Acid and Fatty Acid
Contents of Porphyra yezoensis
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Porphyra yezoensis is potentially an excellent source of dietary fiber, amino acids, and eicosapentaenoic acid (EPA)
because this red seaweed is available in large quantities and is rich in polysaccharides, proteins, and n-3 fatty acids.
This study determined the insoluble dietary fiber (IDF), soluble dietary fiber (SDF), neutral detergent fiber (NDF),
acid detergent fiber (ADF), amino acid, and fatty acid contents of P. yezoensis harvested monthly from November
2011 to March 2012. The total dietary fiber (TDF) and IDF contents ranged from 27.2-34.9% and 18.5-26.9%, re-
spectively, and were greater in March than November. The SDF content ranged from 4.9-8.4% and did not differ
significantly during growth. Galactose and 3,6-anhydro galactose were the major sugars in IDF and SDF. The higher
levels of galactose and 3,6-anhydro galactose in IDF might be due to associated porphyran-type polysaccharides.
Mannose and xylose were also major sugars in IDF. The total amino acid contents decreased gradually from Novem-
ber to March. The total amino acid composition of Porphyra was dominated by alanine, glutamic acid, arginine, and
aspartic acid. No significant changes in the fatty acid profile were observed throughout the study period. The domi-
nant fatty acid during all seasons was EPA, which comprised as much as 50% of the total fatty acid content.
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=W F(Porphyra sp.)§Arg2 349,82TM/TO. 2 d| 257 &
AAREES] oF 34% 5 A}A|gtcH(Korea Statistical Information
service, 2013). AgARE F1]7]2 uhE 713} 2| 710 2 713 5]
o] A7 0 & AH|Hr}. 7o = ehpdlaa Tl o] ZHz) 34.3-
50.2%%} 33.9-49.0% % T} sk o] 2131(Cho et al., 1995),
Aol A7 -6k, lysine 5] B4 ofw|ieAke] ghego] o}
FFA o7 P35t Dawczynski et al., 2007). L3+ 7] A
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S, 2o, 22 AOAC‘%L‘(1995)°ﬂ utet 24519
Ok a2 105°C AR A2, 222 550 2oty ek
e Kjeldhal‘ﬂii =745tk §_X]HP° Soxhletf o2 &
ST BEHEE 100-(GE Bl bl A 2 0w
Uit
=24 ¥ =284 Aoldw M

A]o]49 FHkS Prosky et al. (1985)2] bl ule} 48

AJ Alo]/d-3(Soluble dietary fiber, SDF)2} -84 2A]o]Ad-4
(Insoluble dietary fiber, IDF) 3tek-g 24519t & Alo] A4

(Total dietary fiber, TDF) 8- 424 7} B84 Alo]4]S-
oo -t

BN U MEHHNS BA

it

Z A XA Ad--(Neutral detergent Fiber, NDF)= Van Soest
and Wine (1967)2] Wiie] whet 2A8F31AL, AMIAIAIA
(Acid detergent fiber, ADF)+= A.O.A.C (1990): % of w2} &
X519tk NDF2F ADF §Hako] 2Fo] & hemicellulose EH2
Fteieh

Zot0| bt 2M

k-

A& 50 mgo] 6.0 N HCl €942 5 mLE 7[5t & A&7~
2 et 7 wato] 110CoIA] 24417k 7ketial stict. 7}
FE|SE A2 2.5 mM YHFEE 2 (a-aminobutyric acid)
5mLE 7} 3 50 mL g3k o] & 1 mL F3}o] 0.2 um
2 o5 T). o] RS AceQ-Tag H'H(Cohen and Michaud,
1993)°] wpg} HPLC®Z A&ttt ofu|ieAl FF522- (.1
N HCIZ S| & 5}o 0.125 umol/mL 7} E =5 ZA|5}10] A}
gsteich

7Y 24

A BAS Furneaux et al. (1990)2] B of| w2l FEA|
¢K(rhamnose, fucose, arabinose, ribose, galactose, 6-O-meth-

- ebAlet -

AME - FAZ

yl-D-galactose, 3,6-anhydro galactose, xylose, mannose, glu-
cose)} SDF, IDF A]zof U 3552 (myo-inositol)-S &
Z}Z} acetylation 3= 2|3} oF & GC2 4351t 49 GC
2412 Hewlett Packard GC Model 6890%} FID (Flame ion-
ization detecter) 7], Z'H-2 SP-2330 (0.25 mm I.D x 30
m, film thickness; 0.2 um)2 AR5 TH 2421 = 2307T 9|
v 39170} 7%7] SEE BE 2400R Stk o FARE He
S 0.1 mL/min®] G0 2 dlo] B4t A7 LAY g
e BAloke] ARl ol ool Fater.
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A7 7o) AHpAl B48- Lepage and Roy2] 1 (1986)

of w2k /\I % methyl ester A 2|3t & GC= 2] H%F 513
t}. GC B4 %72 Hewlett Packard GC Model 68903} FID
A&7, 7,:_1'%4 2 Supelco Omegawax 250 (30.0 m X 250 um,
025 um)& AHgARAT AR 2T AE7] SEL BT
240, ©1%84 714 He®l $4-2 1.1 mL/mino|git}. Ag &
= 140T oA 287 GAA17] 2L 200T7HA] 4°C/min®] &=
45213 41542, 2000904 2004 4C/min
2 425171 5087 $7)5k0] B ek,

SAXE

A}l EA 7] SPSS version 10. 1K (SPSS, Michigan
Avenue, Chicago, IL, USA) programs AR-5}01 ANOVA-
testES AJAJ$t &, Duncan’s multiple range test® 847 -3-2]
K& A,
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AF) A71E AT O] QNPAE S Table 12} 2o,
EFRSE 0] 39.4-47.2%, T o] 29.8-40.8% % =L A4
2 0.7-1.1%2 7P Wokeh AF A 7)ol whE Qubg sl v

Table 1. Seasonal variation in carbohydrate, crude protein, crude
lipid and ash content of Porphyra yezoensis

%, dry weight'

Harvest
Carboh Crude Crude
date drate2y protein lipid Ash
11/28/2011  41.1#2.1*  40.841.9° 0.7+0.2 17.4+0.2°
12/26/2011  39.4+1.7°  39.4+1.5° 0.7¢0.2 20.5:+0.1°
2/7/2012 47.2+¢17° 346+14° 0.7+0.3 17.5+0.2°
3/1/2012 452+41.3° 29.8+0.9° 1.1+02 23.9+0.5°

'Data are expressed as mean =+ standard deviation ( n=3).
*Carbohydrate is expressed as 100-(ash+protein-+lipid)

SDifferent letters within a row denote significant differences
(P<0.05)
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Sl BFlE 0] 7 11-1299 39.4-41.4%, 2-3¥€0] 45.2-
412%2 HHA717F =255 7SI vhde| dha a2
11-12€9] 39.4-40.8%, 2-39 ]| 29.8-34.6%= AF A 717} =
255 7Hastdal A SEE A A7 o wet MEk 3191
t}. Noda et al. (1971)2 7<) A2 A3 42} A7
upep grepR ] Ak 27191 129 T A gheFo] a1, A3 A
717} 2255 T A ghefo] EolBs Al gkl &
o] Z71stctal B st ek Park et al. (2001a) = 2 %80
A FAIRE AR Z AAES] QA7 o w2 LRk
A A AFHA7|7F ol of| whet Tl A gk 7
1 ERHE-S ST ARS B ltke Baskoic) 2 A
of| A i T A} ehpoa-2 A4S LER of ABAF SR
2 s Tz haetal ghepdlgo] Sk Hee

Eflo] A1 AT ® e,
SDF®} IDF &2

AHAZI wHE ARSI ] Ao G kS Fig. 13
2t} IDF:= 20.6-26.5%, SDF 5.9-8.4%, TDF 27.2-34.5%
o|¢lom TDFo| that SDFH|&0] 21.7-29.0%%Ich. Kim et
al. (1995)2 P. tenera®] 1IDF $}eFo] 12.1-24.0%, SDF 10.2-
20.3%, TDF 31.0-40.5%°]™ A9 o]| u}z} TDFe| thgt SDF2)
H[£0] 29.8-61.3%% T Z}o| 7} rhal HArskGieh 2 A9 A
o] v]3te] IDF $Haf-2 W HhHof| SDF g2 £9k=d] o]
=AY FF 9 A4 2ol whE 2jo] 2 of AXITt,
#2710 w2 TDF} IDFgHFe] Hsh= 1197 1290+
TRl ztol7t glglot 3ol F43] F715HTt. Yosie
et al. (19932 FHAI717} === TDFY| 32 S71etct
A BAsklE 2 A Aate HHAZ7F =55 TDFek
IDF7} 57}sb= 7ok et ¢iet. BhHol SDF gheg2 7 A
H 717 B oA 2pol 7t gladeh. whebA A7 7 =25
2 TDF 3HeF 27} A= IDF 3t 2719 uf& 943

o 4= gJet.
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Fig. 1. Seasonal variation in IDF, SDF and TDF of Porphyra
yezoensis.
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Fig. 2. Seasonal variation in NDF, ADF and hemicelluloses of
Porphyra yezoensis.

o]k NDF= S8 AlAlofl 2] ohs Al =] £ (cell wall
constituentsy& 573511, ADF= AHd AlAof] 4] o= B8
A 2212 3t} 3] A]7]1E NDF, ADF, hemicellulose 382

Fig. 22} Zth. NDF2} hemicellulose+= 11€ 0l A 2€71A] %

Table 2. Seasonal variation of monosaccharide composition of soluble dietary fiber (SDF)

Composition (%)’

Harvest date

Gal An-Gal® Man Xyl 6-Me-Gal® Rhm Rib Glu
11/28/2011 777445  11.2427 47435 0.5+0.4 2.842.0 1.4%0.0 0.5+0.4 1.4+0.6
12/26/2011 795421  13.5+26 2.3¢15 0.30.1 2.6+0.1 1.3£0.0 o 1.3£0.0
2/7/2012 73.1#13 13716 3.4+15 0.7¢0.2 44403 1.320.1 - 3.5+0.8
3/1/2012 70.1£#19 185206 2.3+0.8 1.0£0.2 3.3¢0.1 24416 0.1x0.0 2.4+1.1

! Values are mean + standard deviation.
2 3,6-anhydro galactose.

3 6-methyl galactose.

* not detected.
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Table 3. Seasonal variation of monosaccharide composition of insoluble dietary fiber (IDF)

Harvest Composition (%)’
date Gal An-Gal® Man Xyl 6-Me-Gal® Rhm Rib Glu
11/28/2011 61.942.2 123306  12.2+1.1 8.941.1 1.3+0.2 1.120.1 1.240.7 1.10.1
12/26/2011 50.841.3  13.8¢0.6  11.720.1 8.5+1.0 2.240.1 1.020.0 1.40.8 1.840.1
2/7/2012 53.1+4.5  19.0+1.1 11.243.0 6.840.4 3.640.1 1.0¢0.3 0.740.4 1.5+1.3
3/1/2012 53.841.7  18.0424  13.7¢1.9 7.3+1.4 2.5+0.3 1.020.1 1.5+0.7 1.9+0.8

! Values are mean + standard deviation.
2 3,6-anhydro galactose.
3 6-methyl galactose.

K717 o848 F7H51e %% UEhigloL ADFE 4

Table 4. Seasonal variation in total amino acid profile of Porphyra

A7)0l w2 §-2] 21 2Fo] 7} §l8itt. E3] hemicellulose] yezoensis' (mg/g, dry basis)
7S 1193} 12991 23.7-24.2%01 A 243} 390] 32.1-33.0% Ami_go Harvest date
2 F43] g7Fsto] AF|A|7] o] w2 NDF2] F7}+= hemicel- acid _ 11/28/2011 12/26/2011 _2/7/2012 _ 3/1/2012
WA mhelo] 610 of - ol d] oli Fig 10 Asp(Asx) 31.7#21° 332+0.3° 247+2.2° 18.8+0.6
luloses} WHF #le] 952 o = 2= | o= Fig. 19] Ser  162:05° 158:1.4° 12741.1°  10.121.0°
TDF2} IDF&} -f-AFRE 7ok Lreh Sict. Glu(Glx) 40.8+2.4° 47.6+1.4° 42.2423"  26.0+0.6°
Gly 20.9+0.6° 19.6#1.2° 16.5£1.0° 14.8+1.3°
SDFet IDFe| 788 =4 His ~ 22:¢02°  2.0£0.6® 14104  1.002°
Ar 38.7+1.1° 36.8+2.3" 353+45®° 29.8+2.8°
SDF 2] LA %48 Table 29} 24t} Galactose 70.1-79.5%, Thg: 15.240.8° 14.7+1.8° 11.8+1.3°  9.0+1.8°
3,6-anhydro galcaltose 11.2-18.5%= = /32| /o] oF Ala  50.9%1.4° 53.4+1.0° 522+1.1%  27.8+0.6°
86.8-93.0%% ThHE-S 2}x]519lch o] 719 A7t 23] & Pro  12.6+0.3" 13.0£1.0° 9.7+0.6° 7.6+0.9°
A& FQ FAAEo| galactose, 3,6-anhydro galactose, ester Tyr  10.3:0.4°  8.7+1.2° 7.9:+1.0° 6.7+3.5°
sulfated] porphryano] Tk 3 E|9l7] tjEo 2 of At} Val 9.3+1.8%° 11.0+1.3°  5.9+1.7°  4.0£0.9°
(Park and Koo, 2008). t]= 7-/d S 2= mannose, 6-methyl Met 3'410'721 2'412'13 2.341 '7ab 0.1+1 '4b
L ~ Lys  22.0#24° 20.6+1.7° 19.0+3.9% 14.2+0.1
galactose, glucose, thamnnose, xylose, ribose 422 HE5 lle 47103  55:09° 3650 6% 2641.7°
Atk AFA7]f T2 3 24 Wshe AHAZI7E =0l Leu  17.140.7° 17.9+17° 125:1.1°  9.0£0.3°
45 galactose /-2 74:8}aL, 3,6-anhydro galactose= - Phe  10.0+0.3°  9.6+14° 83+14®  59+1.7°

7Foh= 73S eIt 11 & AT AR AEE o
EHHA] Sk

IDF9] 1+ 2438 Table 31} Zt}. Galactose 53.1-61.9%,
3,6-anhydro galactose 12.3-19.0%=2 + G142 xAo] oF
71.8-74.1%% Z}A|5} Tt o222 mannose”} 18.0-21.0%,
xylose 6.8-8.9% %=0|Jt}. Porphyran®] F=8 1A A 82l ga-
lactose®} 3,6-anhydro galactose 5+ -5 2] H|E-2 SDF]| 4]
Slo] A= 2F 10% 2 2.1, mannose®} xylose2] 741 52] H]
22 SDF9] ¢F 2.6-5.2%0f H|3}] 17.0-21.0%Z 4.0-6.98] &
ATk whebA] B2 FaffHe o8-8k 43t IDFl=
9] porphyrano] ZQ1% o] glom EJE A50] £-84 40|
A 6-0] thEEL olucose} B(1-4) A3t cellulose”} A1 E
ool Hksto] 7o) 584 Alo]4 = xylose®} mannose= ©]
Fol X A g AR i o2 of AZITh 3 A7)0 T
IDF 4% 24 ¥3k= SDF}F FABHA X717t =&
= galactose= 7F425}31, 3,6-anhydro galactose= 57}2H= 5=
A& YeY e, T3t xylose= 744:3}111, mannose= || £
Al7]o w2 UAFH k= §igiet

Foto|i- At B

A7) B2 PAREZIC] Folul At WS 2

Total  306.0+14.87 311.8+19.4° 266.0+15.6° 187.3+12.7°
'Values are mean + standard deviation.

Different letters within a row denote significant differences
(P<0.05).

A3k Table 49} 2}, F 417100 11-1290] 33693398
mg/g0] 321} 293} 39 o= ZH7F 298.0 mg/g, 214.9 mg/go]
Qlct. kol =2 olu| AR alanine, glutamic acid, arginine,
aspartic acido| ¢ 0.1 o] 49| ofu|Alo] & ofu|-Alo] oF
47.7-51.8%% AR5kl Lee et al. (2012)2 A%, 3,
AR oh27)e] ofnlite] go] 77} 156.0 melg, 196.1
mg/g, 310 mg/gl 2 Ao ufg} 2}o]7} 9l 01 alanine, glu-
tamic acid, aspartic acid®] $FeFo] =ttal R 131t} Lee et
al. (1987)2 B} 7} 52 obuliett Shake 243t 23 5
Tl 55 Fop| Ak FHEFo] Eom fleo] w2 o

1= ARS glutamic acid, alanine, aspartic acid2tal X 118}¢ch

K|EHAE ZAM

A A7)E AL AAE 2AS AT ATHE Ta-
ble 59} 2tk % 1552 Ahato] AEHeLow 0 Ak
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Table 5. Seasonal variation in fatty acid composition of Porphyra

yezoensis (area%)
Fatty acid Date
11/28/2011 12/26/2011 2/7/2012  3/1/2012

C14:0 0.8 0.7 0.8 1.5
C16:0 27.6 25.8 23.8 22.6
C16:1 04 0.0 0.8 1.5
C18:.0 0.8 0.7 0.4 0.4
C18:1 n-9c 1.9 1.5 1.2 1.1
C18:1 n-9t 1.2 0.7 04 04
C18:2 n-6¢ 2.7 2.2 2.3 2.2
C18:3 n-6 0.8 0.4 0.4 0.4
C18:3n-3 0.0 0.0 0.0 0.0
C20:1 n-9 3.9 4.1 42 3.7
C20:2 n-6 0.8 1.1 1.5 1.5
C20:3 n-6 3.9 41 2.7 4.8
C20:3n-3 5.4 34 2.3 2.6
C20:5n-3 494 54.7 58.8 57.0
C22:1n-9 04 04 0.4 0.4
SFAS' 100.0 100.0 100.0 100.0
>n-3 FAs 54.9 57.4 61.5 59.4
>n-6 FAs 4.7 4.4 3.1 5.2
UFA32/4SFAS3 2.4 2.7 3.0 3.1
P IST- 2.2 24 27 28
Ratio n-3/n-6 11.8 129 20.0 11.5

'Fatty acids.

“Unsaturated fatty acids.

3Saturated fatty acids.

“Polyunsaturated fatty acids.
Total saturated fatty acids.

C,,; 49.4-58.8%, C,  22.6-27.6%% T A|upAke] 2AJu]7} &
A|HAE] 77.0-82.6%5 AFAISHRITE E5E ALSFA] 4] ]S}
o] B3} uFAFo] 2.4-3. 18] WFL, n-3/n-6 H]&-0] 11.5-20.0
U 2 n-3727Ako] 53] wokth U AFH AR HokS
o] ZAE RS 2 HISHE Holx] (hgtom, A 24 ®
gt FEzl MsHE VER A] oF9th Lee et al. (1987)2 55
4 uh2719] A RAE F3le] C, 71 43.2-55.1%, C,( ,©]
25.2-33.6% TjH-E-S 21251, polyeneite] o] 55.7-
64.7%= =3l 31T} Noda (1993) = P yezoensis®] A XAk

24 % C,\ 7 OF 50%E AHI3Iek 5.
Ab AL

o] =52 2011 AE (ST} %)) QYo R s
TAHe] ] -Z o} 4230 ¥l 7] 2 LAY 21 (No. NRF-2011-
0015008).
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