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mg/100 g ¥24%), Bl LIEDBEHAED I A TlE, ZERMEITIERS & %72 o725, ZIiT 730 mg/100 g
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WARKA T U —KBEFB TIER O o7, EDRERLY, £V T A ORFRICITRRITE S E
L, S3TCEREFRRMEAR T ) —KBIEIFRITEN - HERNSPRE T T I L 2RO,
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2.6CHARAT ) —KIFEIFBIZRE CHH I EEHELIC LT, BB LERY 7 A TEREOE
SICEDMIEEENRR D EEALNI LT, BB LU I A DfafiEKS ToOmEBHEED,
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Summary
Studies on components and processing properties of Undaria pinnatifida.

In Japan and South Korea, U. pinnatifida (Japanese name: wakame) is commonly
used as food. U. pinnatifida is characterized by its unique texture and taste, which are
influenced by means of processing and cooking methods. Worldwide cultivation of U.
pinnatifida started in the mid-1960s. From 1971 to 1995, the annual production
amount of cultivated U. pinnatifida exceeded 88,000 t. Then it has gradually
decreased, and annual production in 2006 was 58,300 t. Since the total annual
domestic demand for U. pinnatifida has been approximately 350,000-400,000 t in recent
years, the shortfall is imported from China and South Korea.

Iwate Prefecture is one of the important U. pinnatifida cultivation area in Japan,
and its annual production amount occupied 46% (27,000 t) in 2006, followed by Miyagi
Prefecture occupied 31% (17,900 t). In Japan, boiled and salted U. pinnatifida is a
main product in Sanriku region which includes Iwate and Miyagi Prefectures. This
product was processed according to the traditional method as follows: a fresh seaweed
was cleaned, boiled in seawater at 80-90°C for 30-60 s, and cooled in cold seawater.
After draining, the seaweeds were mixed with coarse salt (NaCl) at a proportion of 40%
to the weight of boiled seaweed, and kept in a tank for 1-2 days. After salted samples
were dehydrated for a short time, the leaf and stalk of them were separated manually.
These leaves were dehydrated until their moisture became less than 60%.

Frequently boiled and salted U. pinnatifida is further processed to dried cut U.
pinnatifida (well known commercial name in Japan is “Cut Wakame”) by removal of
NaCl with water, cut to small pieces and dried. The production of dried cut U.
pinnatifida increased in recent years due to the convenience. Additionally, the outputs
of stalk and sporophyll products of U. pinnatifida are increased due to the progress of
human health consciousness. Up to 1970s, the most common method to process U.
pinnatifida was dried (with ash), and the quality of the products is well reported by
many researchers. However there are few reports available to describe the properties
of boiled and salted U. pinnatifida.

In order to improve the quality of the products, the properties of their components
and factors which affect the quality of U. pinnatifida were investigated. To investigate
the physicochemical properties of boiled and salted U. pinnatifida during processing,
the samples from different places were boiled in NaCl solution and soaked in several
organic acid solutions. For the purpose of enhancing of the shelf life of boiled and
salted U. pinnatifida product and shortening the salting time of boiled U. pinnatifida,
their physicochemical properties were evaluated.



In chapter 1, moisture, total polyphenol and pH of leaf, stalk and sporophyll of raw
U. pinnatifida were analyzed. Among the free amino acid (FAA), alanine, glutamic
acid, glutamine, proline and glycine showed higher concentration than other amino
acids, particularly the sum of alanine and glutamic acid occupied more than 50% of the
total amount of FAA. In raw sporophyll, the contents of total FAA, extracted nitrogen
and total polyphenol were more abundant than leaf and stalk.

Free amino acids of U. pinnatifida, processed in various ways were analyzed. In
the leaf, U. pinnatifida further products from boiled and salted one showed significantly
smaller content of total FAA than just dried or boiled U. pinnatifida products. In the
stalk, freezing process did not reduce the total FAA content, however it decreased in the
leaf. In sporophyll products, the elution of FAA was promoted by boiling treatment.
The taste of U. pinnatifida product must be affected by the total amount of FAA, and
depending on the parts of U. pinnatifida, the effect of processing was different.

In chapter 2, the effective storage condition to keep the quality of raw U.
pinnatifida in consideration of the large scale production of boiled and salted product,
and to prolong the shelf life of raw U. pinnatifida were investigated. Changes in the
contents of chlorophyll a (Chl a) and its derivatives, f-carotene, pH, molecular weight
of alginate and molecular weight distribution were determined during storage of raw U.
pinnatifida. The conditions of cold storage at -3-7°C with air or O,, storage in
seawater, and storage in slurry ice made of seawater were tested. Chl a and f3
-carotene contents, and the pH of U. pinnatifida were decreased following the increment
of storage days. Significant decreases of Chl a content and molecular weight of U.
pinnatifida were detected under cold storage especially at 7°C with air. The storage
by icing in slurry ice at -2.6°C and by super chilling at -3°C inhibited the degradation
of Chl a and f -carotene of raw U. pinnatifida. The content of pheophorbide a or pH
were recognized as useful factors to evaluate the quality and freshness of raw U.
pinnatifida.

In chapter 3, to elucidate the effects of simple processing on boiled and salted U.
pinnatifida as food, several methods were applied to U. pinnatifida. In this study, 1)
boiling in the NaCl solution or 2) soaking in acetic acid, 3) calcium lactate or 4) sodium
gluconate solution were performed for U. pinnatifida. After processing as mentioned
above, dietary fiber contents, breaking strength and molecular weight of extracted
alginate were measured. Breaking strengths and insoluble dietary fiber contents
decreased as boiling time increased in all samples. Breaking strength of U. pinnatifida
after calcium lactate treatment was higher than sodium gluconate treated sample.
Molecular weight of alginate was not affected by processing, except for heating
treatment. Since wild U. pinnatifida had the thick leaf, the breaking strength of boiled
and salted product presented the maximum value compared with others. We supposed



that wild U. pinnatifida was suitable for the cooking with heating. Our results indicate
that processing methods other than heating primarily affect the texture of U. pinnatifida
products.

Chapter 4 was focused to study the salting condition of boiled U. pinnatifida. To
store the boiled and salted U. pinnatifida, salt content of the product should be enough
to avoid microorganism growing for the safety. In the first step, boiled and salted U.
pinnatifida were stored at 8°C for 4 months under aerobic condition. All products
(n=4) with water activity (ay) presenting more than 0.79 had microbiological colonies
after 1-4 months. No microbiological colonies of the products with a,, presenting less
than 0.76 were observed. In the second step, the physicochemical properties of boiled
and salted U. pinnatifida and Laminaria religiosa were analyzed.

There was a negative correlation between a, and NaCl content/moisture (r =
-0.903 for U. pinnatifida and -0.793 for L. religiosa). Therefore, easy and speedy
measurement of ay, by a apparatus of both products is more effective, compared with
moisture and NaCl content measurements. Boiled and salted U. pinnatifida processed
by the method, recommended by the Iwate Prefectural Federation of Fisheries
Cooperative Associations (JF Iwategyoren), showed ay of less than 0.76 and NaCl
content of more than 18.0%, respectively.

To shorten the processing time and to have uniform quality of seaweed products,
salting method in the saturated solution was performed in this study. When soaking U.
pinnatifida and L. religiosa in saturated NaCl solution, it took 48 and 18 hours to have
enough low ay. It took only 1 hour to reach ay, of 0.75 in saturated NaCl solution with
mechanical stirring. We tried to scale up the mechanical equipment of seaweed salting,
the machine size for 300 kg seaweed treatment showed practically good aspect to
reduce the cost and time. This salting method with mechanical stirring is now applied
for the patent to the Patent Office of Japan.

From this study, the total amounts of FAA of sporophyll of raw U. pinnatifida were
higher than other parts, and their seasonal changes were not observed. Boiling treatment
promoted the elution of FAA from seaweed. Super-chilling storage of raw U.
pinnatifida can prolong the shelf life, particularly the storage by icing in slurry ice at
-2.6°C and by super chilling at -3°C. The physicochemical properties of boiled and
salted U. pinnatifida, such as heating in NaCl solution and soaking in various organic
acid solutions, were influenced by the thickness of the leaf. The salting machine
development is effective for shortening the processing time of boiled and salted U.
pinnatifida and L. religiosa products. The information obtained from this study will be
important factors in U. pinnatifida processing in the future.
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W, BEREOELWT V7R L0 v THIROBEHMENFA TENELHET S &
IRV, w7 aly EOMAKEYOMES EF L Tn5E, £72, LVEEZ 2T HFE
FIELRITKEY P EH SN D L5120, HEORAEZESHEML T1D (BAok
EEY R A 2006 FEREEME (AL B OBhA), 2007), —F, BFEHREDE LW
TUTHEFRICAAROAMELEESNA L OIZRY, BAROKEMLMAITEMTH->T
bEENOREE DHIR)N G, BHREBE G LT, HELEITH T - ~ REOHMT
DSEEANL TV 5 (AR EED R AR 2006 FREEME (E2REE AR B OBIME), 2007),

MR B 2T A L, A TOMAT I AL, EESSEDBENRE LT TS, i,
U1 AU, 1970 FRUICHEEEENGIAIND KO IZh0, WMAZEOHEME & HiZ, E
EESHOMMASIT TR L, AEEIIRE B Ls (B, 2006), LvL, UhAMLEDK
WAL ETT D TH, ZEU D ACEBM YD AREDEET T RU I Al LY
b EEROMEMAHRE Y, EETIEERSE LTRY o <nsd (EH, 2003 ; =5H
LB, 2004),

MOTNIET I ACERKZE L CHRESE-mE JRFLU D A) R, BAREEN
LBHOHETNA G FOEFFIES GG (ET LU A) BEFTHoA8, 1970 £
RETECEE LR 0 A BER SN &, TOAETEEICREY, FESCHEEN SO
AZIER SO L 2oz (FHEE, 2006), 5@ LT 0 A & BidETs, Bl L
BRI RIEEIE T 7 A (FESRs - Dy FUAA) NZEREBEFICBEE I N TEOHNE
DEINS 5 &, GnB LYY o A1, BISHBEU D AOFERE LTHLERIND L DT
o7z (W, 2006), €D, H40FHEHBLIZICHELLT, Gl LERY U 2 DY
BFE A EEET, — RIS LTEE LTS, EARKOFEREZEIECEIYVKTL
DAATHONDBFAMG TH, BB LERY I A DEEENMEMNL TS (FR, 2005),

U7 AL, UA A (Undaria pinnatifida), & v * (Undaria undarioides) ¥ X ON7 AT
A A (Undaria peterseniana) @ 3 FENR & DD, BIEXNGIIT I A DHTH S (FFH, 1993),
U 7 AT B, SR B L OFREO—EIC S LTV AR, RERT I A DFRIRIED 722 <,
HARTIIEEED 95%NEFHY 7 A TH Y, PECEETIE 100%05FBY 1 A THD (F
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#, 2006), VU ADOWEITABTMIZLY B, BRIEOUIILALDEE, FHOES,
FFEE (A A7) OFR»E, dEFROF T UH A EEFRICS T B, BiiEOB LW
ZERFICETTL501E, KETHMBELS, BREDTIIGAZ IR & NRF-—DT
TUBATHL (FEE, 2006),

KRR 1 A DAIER (Fig. 1) OHREE RS &, KIZHFENHRL, BEOFENLWE
WCHNT TREDEBEIRICHRRE T 5 & B I T L I D ETESRE R S LD, BT
5 LWEEF AR U CEREIIMN S, Z OFEEFILEKZICEEEICE L TEBIZREF
L, BBEICER L THRIRT 5, ISR VKEDETT 5 L HOERZIRD, MEOBR
W#%W%k%%%ﬁﬁbf%ﬁﬁﬁbhu&%%%T3~5&ﬂfﬁ%ﬂ&$§¢6(%
I, 1993),
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Fig. 1. Life cycle of Undaria pinnatifida.

BIEY 1 AL, WEICRKRT I ADRFENOEETFEZERRL, ThEERR SIS
IBHTC, BiEe—T7 L TEMRIETS, BEFRIZBITAEMWY I AL, KEOLEHE L HIZ
2~3 RIZT CTRBUZARE L, 3~4 ADNER & 7e > TV B, BIRDE(L, BENIEDEE,



FRHE, RO pH, BRREEEEL, EMABEIEDEVERICNESN, EHICEHE

LEENT S5,

2006 FEIZEITHHIEY 7 A OENEEERE (EFEREME) 13496 7 v (Fa 18 FA
% - WIEEAERET (D, 2007) THY, EF (27,0000 BIOEHE (17,9001 O
ZEEHIK T 77%, 85 (59000 BIOURER (2,2001) OIBFIHKX T 14%% 50D, &
FETIIBFEY I 2D 99%LL L, EIRE TIEE D 95% LI EANGE LIER T 7 AL S,
SEIICOZOEERIZZ N LD, Bl UERY 7 A 3R b AEENZ VT I A O
ITaThs (HEE 2006),

2. BEfEOHIZ

Bl LY 1 AT EE R U D AOMTHETH LD LS, ThaiEls Lk
BEREOIN TR B B SRR T 72 <, P DC B MHES & (Suzuki er al., 1996)
R0, BHFEMKS BRD, 2000) ([T HHENRD D, HEOU D A ZHGE UiRRER
BEORMBFHRFAE T, B L LTEFLI D ABIOKF LIS A EANDHO0
—REITH Y, O OB L0 LAERNSZ OGS LR Y b A Eisc R D
RN DFFES I TR, T A DORSYR KON T BT AR 2 EHE 5
&, BT LU AOMIR L OFTHEEHEIC BT DTN T, MEVCERAERIZ L 57
VR VEBBOVERECDFERICHR LN TV B, KELEDOET LY I A & iblE/K R THE
THE, EELUTKBET AT VEBENERT D Z &6, TAXUET NI v LEREZMN
B o587 UMERBREIT o/ 25, BREHIOMBUZ LY, 1R OS5 FERIERTHRELD
TEEME LTS (ERELERE, 19770 ; L ERE, 1979), LinL, TAFUEREE
ELT5RMBHER BORYY, BEROHERTREDR TR LOT AX U BOSFEDIERTIC
DN, ERRICIEA LU H A 2 MR LiFgE, DTIORT oM, ZhETITEE
AT TR, KR LBOET LU D A % 3~5%ERMLET 5 L REHET V¥ VIR,
W KO S ERT 578, ZOFRRE, BFHERAIRIC L0 BEFOH LY LR
BUTHEINT B2 L BEX LT D (EfELERE, 1977b; 25, 1984), BFFLULA K
DLEAONRBDKELEDOKT LY I AL, ERKFOAINY T LETNLEBROBEEIT
LB TREMHLOBEERER SN TS (Sato et al., 1976 ; tEFE L ERE, 1977a), I HIT, ]
FLUAADTNAF R 7 —EBIEEIIINIRICE N THETFE LS, KFLAETED

H
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EHRTELET TS 206, KREOT LD VESOBESELEHIN TS (EDEH
8, 1982a; ) L THIE, 1982b), BUEELMETU B A (By hUBA) LIRF LU A A & B
T5E, HEGBRU D AFET LY ALY bBEE NS, HIREMENZ EAHRES
nTns (E, 1992),

FOMDENZDNTIE, £THADERIEKIZ, HTa—L, £V, VF, Ttk
FrBION T A VBEORY 7= ) —/VEPEEN, TNOOHERLEIZOWTRES
T 5 (Santoso, 2004) , U 4 A DIFEE (ALZEZE) OMMTAEICEE T DHTFRICRK VT,
HLIR A 7 X 0T DAY E OREITREIBEIC L o TRE SN, TOMELEHT
NFUBBITIEOEWHEEZRT & Z ERREINTWD (LR &I, 1998 ; b &/
JII, 2000 ; Maki et al., 2001),

—J5, IEOT N AT AREFRMETIE, WEIaT /A FO—fETHLT =
FYFUREBRMI G U RZBNT, NIBAB IRsR R & 7 BHFEEL L CHER
ZENIEWT 2720, BAREBMIESEEICED L 2 EhmESN, TaxP Ty
DU EIRA~OHFE NI R S5 TS (Maeda, 2005), F& (2001, 2002) 1%, AED
REE AN BT VR wiiEs L OV OB E BT 298 21T, RIE 25U
6 U7 B8E1 K D RO RN EAE OHIZh e, SRR T V2 BRI LD RN OIRE L

FIHFIRIZOWTHRE LT D, £, BT LU D AOEUKMEW N OB LT T
FIizk 37 v hOMEETYER (Suetsunaeral,2004) 2, UM ABEE T af X NZLBT
v ROV Z T A A OBEFEMEIZR 2 BN T » MERORE#IEO R BB HE S
T 5 (Hayashi ef al., 2008)

3. AKHFEORHR & AR

BIETHE, BBUERY D ARET LYV AEOEEY I ANMTHEOERE U CEE
IRED A DWERET X AR ) 7 =/ —VEBE LT, AR GERE, T
BLOETE) BLOFHEOEREIT) Z & & Lz, U AOITIEER L OSSR
FRHEIZB T DHFFEIZRBV T, BEIISET LU I ADNEE S SN, GELERDY I A 2 H
WIEBFRRIZ ZNE TO L ZAR OGN, Bl LIEERY 7 A DBLEICIE, FFLBIUIK
FLUBALEFRRY, BE L TRSEETEN DL, EOMISMHITFERD I A
FELRARDEEZOND, BE, VIAORTE (AH7) H (8) 2RV
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LTHEMEFEEMOEE 0 0 NKREED, BRMLEST, ECROEREZEEL LN
TR TEL SR E LIEHERORBIZIEF L TS, TOHRT, FHZ2FIH
L7 EDRCR R OBFENMEO TR Y, EERBOMETIEF LTS (T, 2006),

TAAZZ U TICHAT, BHROEBRIZZ LS, L (BELHoZ L) 2L 572008
e L TE—BmRIA SN0y, ZRTHORF LI DA LR UIERY I A DBRIZIE
KRENRDHD, TE, FTFLIIAORIBREEINDRE, UAAMLAITHOWTIEARSER
DEEPERINDEEADERL oo TETWD, EFENIFFERE LKL 0 LGN
HEAKIZAED I ABRIE L CRE LTmEAET 7 A UNEFFLIRT, 2003) X, KFa L
ST AR NT OV T HEMECRIFIN TS, ZhUE, (EROEE LIERRS & T
T 71 A DBSREREDMEN, FHEIN TIZFM3 0302 DNEEE ORYEMOEE D IZEBE L
TeHEs CTh B,

L, £UBABLOFEOMILEEOT X ARSI T D583 T, BRY
T AZEREDWERET X 7 FERRC Y 2 U B ELUMNIR G2y (FARD, 1967 1UH 5,
1983), / U DEBREIE, WERET I B, WERENE, 5-X 7 VAT, AR JUER
IS SNTWD0s (BFH, 1993), U0 ADEBRASTIEA OGNS TORY, HHEDE
BT X AT X W, AV AT FR, TIy, REA 2, T I ANE U,
X7 VAF Rig EOBESFERICEMTH D s, 1993), O DT =V BB X
OA o (BfRS, 1983) 2, a7 o< = h—/L (FH 5, 1993 ; Honya et al., 1993)
FEDEWRICEG T OREARSICET ]MEL VA AR LN, WRIT, Ul A
DEERBHRESITERHT X VB THLEEZLND, Gl LIERY 7 A ZFRE LT
TENDHRNERERET A (Y FUBA) 1L, REEPCEHEERIZEN TS RRIZZ L
EWVDBILTWD, SHOFHMLEITRD 5N TND DI, TEROERPLETIT TIERL
RHBEERERTHDLEEXOND I &b, WEEY I A7 EOFFIMLER, IILE
FINFEEE UTHAT DA A T 78 LU LT A U 778 & O LR IFERHE OWEEE
T2 BRSOV TS, AREBEBIUENEANL LSRR E L LB L, £ b0k
HAEBELMNILIZWEEZ T,

B2ETIE, AUVNARRLREHETIHEL, 7ra7 4L aBOEEMSDOENG
RERBIEAES Z L & L, WHEShEAEY I AL, AEENBEFEMNTT 55411
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EHBITEE LR T S5 2 DICERBEOBESITE LR, LvL, 1 HHZY 100
NORBEZMIT2 KEENTSH T, 2COERENNTENDE TR E2ET
HZEbHD (BRINEEAK, 2005), £V ATRBHFRETCHREINL TS, BAFB X
OEIR O =X Tl 3~4 AIZIIAKER 10CEBAHZ EbH Y, MLINDET
(CREHZE U GE LIRS O EIIFECNSICRIT TS, Z0Z EiF, REPIC
HEUDAROZ a7 40 a DEERENT EERBELTWD, —REIZ, KIEB XU
BEFOEFTRREORS, AR BLEOREBIZ L OEFREICEY, BV AZE
RIED pH IZEBT 5 L vvbit T s (EiR, 1983 ; B, 2005 ; FEiE, 2006), 2, I
FEHIZ Y17 D pH DMET L72JRER T, BEEOBMEIizEY 7ae 7 1/ a (Chl a)
WEEDT =47 4 F 2 a (Phya) WCELLTWABREEMENRH Y, INFER ORSRMTH
ERSIND, REAEBTISICRT 2EFBRORMEORE L, BAhorsronr valk
RIFMOBMESRETICRINDGZ L R0, LV —BOHIETTd EHERIND, £
T, U AOHERFHIROMBNEHE THL EEX ., ZOHEWRERIZLY, &
N GE LR D 0 A e F SRS T2 Z ENFREE 2 Y, BB LIERY U A O
ML AT LOWERIZFETED LB BND, FF, HWENEML TWD 1~2 AT
HIND TRV ET I A IZREELE R, ZFERIX )6 O T i e E I RE =
n, HEHROBINEEL 2o TW5, AU T A ORERFHFORRIL, Bl LK
LB LI OCEHFICRBIT 2EBERRECTH L EEXBND,

FIETIE, EMELIATREVERLIGE LERY 7 AZREE L, KELEZEOY
A A DEAMER, Bk, JLBHINL U LABIOT v a g Y o AR EAEIC L B0
WrIRE, B KO A U BOSFEOEETN, B2 5B OMIEEDE
WERARDZ L L LT, BB LUER T I A OZKREEMIZ, HAROEFBLIOERED=
et X, BEENS RIS L OV EEEE ORET & F O TH D (R, 2002; 28, 2004),
1980 FEARICHEE 2> b OB AL E LR T 7 A T8 L 70 0 AFERE T 10 5 b &2
Ty, EOBROFEOHEEIC XLV EEN L OWMARITED L, 2004 1122475 h
WD L7e (B9, 2006), FEEOEEUEREY 7 AL, BRENSE THEAONRWE
DFHEA—MEEITH DA (FElE, 2002), EET I A LB LICREIZR O, 2004
FEOBBELERD U AMARIL 657 by (AREREME) T, ZiuL2006 BT 5 H

6



KDOEFED I ADEERLRSTHD (FIE, 2006 ; FAL 18 FiR¥E - BiEEAER
), 2007), FEITEBEIND VN ADESITI=ZENE<, Bl LIERY b A Bam0el
LERRIC TR CRRLTHRGESND I E0h, ZERUDAFHRT 7 Ne L
THELLTWA EEZLND, L, AUZEECEEZER L THLATREDEWIZ
LU ADRREITER DT, Gl LER Y U A OB LFRIRE R L OV TR DR
EXRTRENSG, EEKEDOBHOBEZNZ, EEHSEBALOBECINTIFEDOZE
ZHAONNIT LBV AOEYRREK S ETHROTEETHDL EEZ LD, IR
W& DI, U AOREG & RS TIEIMTAENES B0, I XL OEERALEZE D
PDRITHET D B2 o,

FAETIE, BBELYNAOEREREER LOGE LIERY I A ORFEHIEFHMEEC
B9 DT 1T o7, Gl LI Y 0 A DREEICRIT 288 LU 0 A OEIEIE, MERloxt
LTA0%DEEZAIIML TR E BIEZIRE LIEE, BEAXLERBRLF 7R TI2 B
BATOND, BBREENZL Y FEETRIEZMA 2D T, Hx DIRMENERHEDOEK
BB L OMERIRBRENE URT <, HOORWRENRHRT SN L FEEL&H D, —KDY
AR R RIIRFENRRR TH Y, P ORELENBESN TV D, (RS AT
SNl LR D 0 A%, MMLEEIZLD-15~10CTHRE SN D TREBREEITA
CIZSWR, R DA R TET DA L) s THREE SN D/ ek shic il
DIEFIRFRHC MR EENE LD ENH 5D, Bl LY b A &2 0/NMy i e s,
& DFEVE, FEIOBE LR Y B ACst LCHTICBEZ A TWARTH D, /Myt
BERGIITRESHEE (BFIL30~80%RE) N Tnan, ZoREEHEL
E, AT EEERE 100 ¢ 47V OREEFEDEIEEZRLIEDOTHD, FEOGEL
WD 0 A DELIK 20%, SaFEEKOESBEIIN 26% ThH 5036, BRI L 515
DEIRMBELC THERKRT 6%URNTHAH, —REND, ZRePIBM Y I A EDO R KD R
WEERITH%LUTTHY, BEAZRNLZNTEOEERTETIHELH D, FEOE
EEL LT HEMEROBEERRIIEESR LY bEVERA RO, BHEIL 40~
80%TH D, ZDLIIIEE LERT I A/ T EERMRORFREIIEY Th 503,
TR L, BERT T ROZREY AT, /IaTEEISNTLEREESRE
WIES, BOHOEBEZIPMETICEDEERFEIND I EDEN L THD, BHEDE
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ERG T, GELUERY D AORBELZIEET 570, "E0—H42kER0, SR
BEHEITEE L TREBRFZ 00T TR B L OESEEZRAEL, R, REEOEES S
NTWDESTEEEZ - TE T, MEREAHLIEFTRIETHH 1 BB NDZ L &,
FHROIEZE U5l LRSS O MRS EF RTINS 7 A LIREESND D,
FE L, WRRIOEMCET 2 REEHEEETS CTITY Z LR AETH o T-, BOR
EE~DBELDOEE D D, SHBITEERS CHREORFEEZFICERTLILERD D

EEZ LB, BURTITAEERGICHE LB OREREET R, T2TC, HELE
B T AR D 60%% 6D HKRTEB LU 20%%E B OFEEIED D, Bl ORTF
PEDFRRE L 72 o T D KRGIEWDIER IR S e, BAROKSIEERIEERL, AE
RIS, BELRWI ENERTHY, EERS COERANHEEND, 22T, K
SITEMEIC K 5508 LR D 7 A DRTEEOFN (EH OmROEW) mitdoZ el
2o RCHEE DURIFME LK GTEMEICRE T 23RS GEARD, 198231081985 5 FEILG,
1983) MBE.LNDDS, Hl LB Y I A LAKRSTEEICBET 28MEFR NN &b,
IRTEE DB L D58 LR T 0 A DREREFEND L& L,

Gl L Lo U0 A DEEIZET DRI EIZE L, REND 40 F4588 L ThHIx
FHVRIEIEIR 2R L T 5B, HIEY V7 ICE U BHIREER S TH 7 B 6>
¥ U—RICBHIR A TEST T 5 2580 1990 FRICESG L (FH, 1995), BEICAHELZE
WRLOVIRZ R D Z L IZRITERD B, HiESR O RIERZ B IR CHRWTE & 3EED
RE L0 ) TEN—EERL S 7203, BB O IZITE L o7, mimbits
ZHZTZBRUZRBNT, BIEY O A DEEFEITFE 2D L, BEFRITEEL D 1973 F£0
21,000 F 6, FOHITWEIZHD L, 2002 FI121% 6,400 B & 72 o7 (FEEE, 2006),

ETDIZDITAEFEENBIL, BIHERZRCEBE LB U A OINHERIN I L UYL
BRI 2 EEN IR E - TR Y, BIEY I A QYR L ORI T/EEORFMLHE (E
BINESRAR, 2005) 25T, EHY I AXB XD FBEEHEBE (E&)I], 2006) <,
U 0 A EFERE ORFE (BH, 2003 ; BEHEE, 2004) ([COWTHRESNTWD, S
bDI=D DI THEMBISE CIE, HELEERU A (BUS, 1989 ; BlU6, 1990) LW
EUHA (EHEDG, 2001 ; FEH, 2004 ; IS, 20060 DOIEREL FIIESEET DEKE
MEFE SN TWD, Tl LR 7 A A OEBIL, 1980 FRICEHFE S, £ OEEERIC
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LR LDy, BREIZFHO—EIELIEOMENLEREITZHEVERAINTVRY, &
A58 LT Y 0 A DR B EO B (LA E L T b L Bbh 2705, HIToHEEL
WY 7 ARG VB EROMER &, BB I OREE= X S ORIBUZITEF BT
LERHEL HY, SHREFREONEIZS B2 MIT T RERHSH L Ebhbd, —F,

EU T A ROSBEEEE, ARBEOBRME TEERME L PN TEil LRGP

BOET 52 L& HAYE LT 2000 SARICEASE S 4L, AUERRE /1 DRIED b B FINTLES
NOLRRITMD TR, UL, BATOBEFRMLEERDOEE L ZT L LEHZEMITH D
B LUWEES 2T JMIBAT LIS EITE, AREBITEMLICRESERT S LB D,
ERRD &Sz, AERBICBITH5E LERY I ADOKREERLBOTERTHLID, &
U D 7 A ORISR A 8L 23 AT S 4L 2 R DARARW R RIR I 70 B 72V, 2 2 CEER
Tl BB U Y I A DS EFIC—EKELL EIZT A2 ETHY, 1RO EIZ
LOMBETRICHERH D EEZ bV, 2T, (EEOEFEEFRETZ &L, BE
—EDOEIEKICEE L LIZ U 7 A 2 EERE S A HBEESEN T RVNE BT, 5
7R RINERL CTh DA 7 T OEIRIEIL, IPhL2 508 U7 R & fafn &tk dr C{RE
LN OEET 2008k TdH Y, BERAOBRPRUEEEENTR SN TS (K,

2005), € Z T, PhE OBEAABEERERE (DESFE AR, 2007) 2RIEL T, BREKBLID
FRARHR LR OIET A L OFMERED Z & & L,



FT1E EUDADORE
1.1 F8§

BFRIRFICBWNT, BHEY A A (U pinnatifida) 131 ALEOKIED RIS U TAE
£ L (Yoshikawa et al.,2001), 1 A FE 5 2 AHIAEIZZ2 5 & EROEER L OULFEY 1
ADE—bE BRYE L5 £ 29T, ARDEWVWT I ARLTBROENT B A B S
ND, BEU N ATIEAEN2 m U EE 725 3~4 BIZ8@ LEBIN LT 5 DIkt
L, RART I ANTEBKEOEETEEI I ALY LEENENWD 5 AR~6 AFAEIZ
MIEND, BREY A ATBWTE, B OBRROEM D — 7 ORBE R L O ESIC
LV IERFAZ TR T 5 Z E X FRETH YD, (EEFILY A A OREPHWREIIS L TR
G VT TG (B, 2006), TREIBIEU AL R TREY U A] LI OER
1.5 m LT ORFED 77 A%, (EROEMROAL G T 58 LERD 7 AT Dol L
ELTIREESND L OIZ, inF, HWEEFHENL WD, @ESRO®mEY &3k,
UHAOHR (F) RBEFE (AL OARNS, Bl X OYEWR & OFEIN T
PR SN TRENEML, £ OMTAFEMEEIE EF LT o (5, 2006), Z D7z
%, FATEEOAERBRLR L OGE LSS TAER L L TREIEES NS L 912k
D, INOOWAELEML TS (FEE, 2006),

JAT BT IERECHF I ST R 0 TAX VBT a4 X UV EOKEME RS &F
A, EOMIAMITITECFEED RO HILD Z LG, INTIEOHEREIC K DR E Otk
BALIZBI T DRF5E (LU &1, 1998 5 (L & /NI 2000 5 Maki ef al., 2001) SOFEMHEME
OEEEME (Yamanaka er al., 1996 ; Maruyama et al., 2007) (ZB83 A RFFETHOIL TN D,

BT ADEERE, PHBLIURFEOEIMELGEL L THNHLETDLLE, HEROUD
AMTE LY HIRERESELBND, LHL, ThADTFAMSICEET LHEIL,
TR OERET < /B (BAR S, 1967), v = UEE (1L &, 1983), T 3 T /LAy (Ruperez,
2002) IZB8T B HLDODOARTHY, 8O FOTT = ABB IO / VB (BING, 1983)
R, AT o= b=/ @IS, 1993 ; Honyaeral, 1993) DL 5 2 E2RICEEE T DK
FOHBEIIR O, BEFET XV BIIERIIRESEET LI /M6 NTEY, UL
ADWHRICHEELZRITLTWHEEZLND, L, RARVI ADOEBRELEREE Lz
1 40 ERIOTWEIEMELSMNIIZIZE A ERBNT, ENEEED SSWHEIRD U AR
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ITLIEZ L 2ZBETH L (T, 2006), BIEY I A OWFERET X/ BEERZTR~5 2 &30
TaaET s FCRERTHD, Fiz, BREDOLL LT, TFE, FEMEML THD
PIIRIRFEEICOWTIRHAND Z L bRRICEERD H D,
AARTRIVEENTEEZET LY AL, BBRIZERWVIMRE FIZEEERE DD
ELRPTWVWREEZALTND, INERR LIZBMAMAHFEDIKT LU I AL, EARKF
DT NH YT L DBAEFIEDRR E SNETAFX B 7 —EOEEREERAB LD
Chl a DFFEMBIER O 7= IR B B L (D & TR, 1982a; 50 & THIE, 1982b),
IRPDII N2 T L& T T EEOFREEIZ L DB T VX RO L0 BRI ENZ
Rt 570, 2000 FEICEARIK 20 < B/NUBERIF 3 & A 75 3 Lt RIAIC L0 Jf s iz
72O, ENLABRIFIRTF LU A A DAFEITZFRIEE 72V 150 BEORESEIZFH 2 U (£, 2005)
Tl LR D 9 ARENEREE TRORERIRY I A (B NI A) 1L, RN LH
DEBED ) AELD b EBERTHVE S5, Bl L TR L OHRE TREIC X D EENO
SRS OBEERERTH D EBEZ LN, FNLIZET 2HMEIIR LR,
EED2002 FFIEATE LT RBRAED U A UNEFSFEIRT, 2003) 1F, £& 1.5 m LW
O [BEDET A AT % 0.1%KEALT V2T DEIHEKIZ 5~8 S IFRERIE L THEZEE
ERIIMELTEFHM TR TH D, ZORKE, IKFLY I ADREFRBLEICER L
bOT, BEET ATV L TT XY 7 —EEE % 5580 CiFR - OBEIRL DL,
IERB LV Chl a OREEERSE, DT Y AOFTIMIEL Y BREROHEREZK > T\ 5,
TERDAGHBIRIKT LD A1 AFBGEF IR & Ao 7oy, (ZIZRREENCHEIRED 7 A DSBS S
NI Z & TR TR, ZOREAET I AL, FikF K 10 SRERRE L, BBiEKH
TR3OPHEGBEL L THrLEND (NI XETIIGRARKFTHEAT L), aFBLUEHE
DOMIEZETIE, 2R 15~ 2mBEOREWVWI DA LZEE L LIERBEET I AEKF=
YU AR NTEORKMEM & LTIRFE L, BN S 5 FEH&D 2007 F1213 200
VI b (HETEHIFRT4E 8000 ) A, —F, B U AZRELE LTImEED I A
1T hEREESR, o= ) a2l b LR E GE LR LD BBEA TRV T &
BTHL BRVETY I ADOHFENL1~3 AL TR T T 20 TEOFIRITIRE {HIRSND
DS, WEAET I A TRERREICIS T D HEHIREY 12 F LR, BEFATE 27-0¥H%
A E LTENLTNA,
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T, RETIE, BHEAET I ADEHMEORERET X/ BHEAEA~L & & BT, TR
DU ANLERF LU FEMEGE & DB ZIT, TROOFEERONITHI L
LT, &7, BRESCHINLED HEADPRNE TN TV L RFEICBNT, $BHO—
HEEBZONDKRY 7= ) —VEOREBERS, TNOOFEEALNNITLHZ & & LT
1.2 EBRAE
1.2 g
= FRE G L UTARET T 2004 £ 1 AN G 4 Add) (REEFTEDFEIZ S A
PRET) IZEHRENTZRBET A ZFELE L, BBIRE, ih, BTE G HLURBRIZER)
DEERLDOIKSGy, WBET 2 B, TFABRBIURAY 7= /) —VEBEFNT,
FTo, AU AZENOWERET X ) BEERK S OEEIT S 721, HhE LY 1 A, 5=
FLIBA, BIERIRD A Iy RUAR), BERED DA, HERAERTEE, BB LEGE
JIFZED 6 TR L O LU U A Z Xt E Lo, DITICERRIORH & H4rEio
BIALERIZ DWW CEE LT,

MEAERTIED, AORTEL = AVRBIIANTACTERGE LZLDOTH Y, His
U FEER, AORTEES 90°COKF T 30 FMMEA L THOEKRTHAIL, B=/
WIZANTACTRERE LD TH D, W7 E b CIBENTEENOAF L, B
LU AL, FIED W A OIGERFIZIRE SN O TETH Y, BEARLHEAK TMEL T
BIEsDlr, BEOERIZHM L THLIEIND, RIFFETIE, £V VA ZBEKT
T30 BRIIEA L, FKFTR2AMBEIL-bO2REE LTV, BETLIMA, &
WU D 7 A 3 KONGRSR D 0 A%, R KR TS HMKREL LI b D& EE LT,
WMERAED 71 ATEZSEERO EF KT TR 10 SRR L, SN U I AEZRY HLT
WRRE/K T 5 SBINEA L, BAKHF TR 2 oEIGBEIL- b 0 & 3k e L TRV,

122 K3 DRIE

FEFDIKSIE 105 CTHEEEIEIC L VREIE L7 (AOAC, 1990),
123 =FXOHH

B 2812 80% A F /) — N EMAZTHREISTA AL, SRX-201 EiEmEE LSBEES (K
K&t P I—BTHR) ZHV, 10,740 g (8,000 rpm) T 10 il LB L=, EEHE
ZIEAk No-SA CRYEEMMEESHE, ST, FEEREEFTT) TRAL, A AT T A=
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ZEMR Uz, FEREEEIC 80 %A &/ —L & Nx THED- EBABTEG Lk, Sk-
—MIBL, =—7050mL 22 TEIRE 5 Lz, TREOKBIZBIOZEe— ML
D, ZHUICHOT—7 /L 50mL M2 IREE 5 L, KBEZED CRIERMEL2%, &
KTS0mLIZER LT, =% AT, Smicid 2 F T20C TRF LT
124 EBET X BOSHT

T AR E, 045um AT T T 4 0Z— (cellulose nitrate, FLEEEMEY) TIE®
#%, L-8500A @7 X / Eamtret (AILBUERTERY 2V, LR aIriEicdE U Tl
E L7,
125 X% ZEROEIE
TXRARDERER I 7 a4 —/ ALV EIE L7z (AOAC, 1990),
1.2.6 pH DOHIE

AU T AKEALOpHIE, Model-8A pH A —4 — (REEUWEFTHNSHR) AW CHIE
LTz, T2 5, ES gt /K45 mLE& %, IKA-Ultra Turrax T2538E 271 H— (IKA
T SRR SRR TI0MRIMEE LTS, &L OpHIZ, 250 FHERE LRI H
E LT,

127 RY 7= /) —NVOREIE

EU B ADEENSg %, AHX ) —EFNTS0CEIR LTI FRBRFMEGhH L, =
A% 10,740 g (8,000 rpm) T 15 4rfdizE OB U CrbE i 2 Brstk, BUET ClRME L Tl
& Uiz, ZhaE AW, Folin-Denis # (AOAC, 1990) IZfiE> TR Y 7 = / — /L& HIE
L, BETE (Galicacid) ¥&E& LTHEH L,

1.2.8 HuEHasE

ETOHIIFD2L &b 3EL T, BRITFEHEZERECRL, AEEE A
V7 xua—=OEERKE (P<0.05) (Hochberg, 1988) (24 0 HE Lz,

13 BRBLIUEBZ

13.1 A£UH A DORH

LU ABEN GERE, TR IORTE) OWERET X/ BER, =X ABHRE, T
FAEBROENNE, BARY 7=/ —/E& (TP : total phenolic content), pH 35 L UK %
Table 1.1~1.6 (Z7~9" (Table 1.1 & Table 1.4 (ZIZAETU I A DEER I NEE%, Table1.3 &



Table 1.6 (Zi3faF% (8 OEEZTY),
a. ZERME
ERROEERWEEET X JBIXT 7=V, JAVEIVE, JAEIy, Trly, TX
NRIXU, 7Yy, B UBIOTARTIXTHY, EMIZIVENR LR
Teo 7T =V NERET X/ BERED 35~63%, JF X U 16~2T% %2 EHTEY, Z
LG THFBET X/ BERRED 50~80%% ST o, 7 U v X, EHEOREITIE1 A
AP 261 mg/100g dry matter (EAF DM &R 236 4 B HEIZIE 25 mg/100 g DM & HER
BAMEMPBFRD bz, BEEOREHIBIT AT ANRTI XU BRI AZ I 0T, 1 A
BTIEENEI 13 BLVN42 mg/100 g DM, 4 A FEIZIZFINZEN 78 B LTV 218 mg/100 g
DM 72 W HERIBIAED bivie, ZAUIK L, REEEOREHZBITL ) v, TA
NIXVBIOINVZ I VEEDARBEREMTRO N R0, VAAIIT 7=
(617 mg/100 gDM), 7 Ui (455mg/100gDM), 72U (156 mg/100 gDM), kL
ﬁ:y(%mgmeM)%;Ufw&iy%(%mgmmDM)ﬁ%wtﬁ%(%xa,
1967) SALTWV BN, KREOFRLITER->TRY, EHOEE TR VIERET X e
MRITERA EEZ OGNS, MMOWELLND L, w2 TIINVE I VB, T AT
XU, 772007 UinEL, AV VIZETI=r, JVEIUER, SAY
VURENWERESNTERY, 7 I/ BREb~ 227 T 5970~6620 mg/100 ¢ DM,
AH K/ U T 4660 mg/100 g DM, U A T 1640 mg/100 gDM L #E SN TS (FHiHD,
1993), AEDOFER & LFRMEITIBWT, WEHEY I/ BEOMBITIRZR 205 F OREIIELL L
TWe, THRRAEZEBIUORD 7= ) —VREICEFHEHIRD bN2h o7,
TERAD pH 1L, KEBEOFEHZIIB\WT 1 AFAEI® 6.3 225 4 A TEIZIZS5.6 ~EHEIZ
KT L, EHEENEDONE, —F, BEHEOHECIZ1 AREO pH 6.3 025 4 A4
WZIE 59 ~ERBIIET Lic, ZNHORERMNL, BTIREO pH 3£ R (L) (2 ZE
BET 22 LARBEEN, ZOEBNIBBEERICLVERD EEX BN, 20 pH O
B, BEFOTAXE) T —EOEE (EC 4223 BLUEC 42211 72 L) DOFHi
HIZR BB BEIR L CW D EREE b H D, T7bh, ZOBRICIVESFIELIET vF
BROBIEMEIZM ET 5 & &, TN UEBEOWEBED VR X2 VENBME TR T 2 & DN EE
O pHIRTIZEET D L HEIND (IUH, 2001), &5, U ADEFIZEET LK
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BREBEORN, BLUOFEAREORARI LB pH OEERT VX B 7—EDiE
PEIZBEE LT 5d L Bbid (DB KT > 7, 1987), Sl LY 7 A OJNL
T, £U D AZERED pH AMEN LGB LBEORFRENTH, FORMOITEFICHREL
RTWVEREINTEY (D, 1983 ; LH, 2005 ; FEIE, 2006), VAW ADITEETE
T 71 ABERARD pH (2% L THIODDIEZE 2> T D, ZRIED pH (X 5.5 LATIZ7 5 L 58
ERAROLICP IR CHER TE 508, INTEECHER CIIME OFIBEELZRE L TH
DEEDE, —RENTAET B AZERED pH B3 5.7~58 LTI/ 5 ST LAEWEED
2\, EEHEOBLWINTEE T pH N 6.0 RETHLMLLARWEELH D, BFEE
WCRREEN R RICBE R L, MBKIEDS SCLUT ORI T2 L BE T I A TEFTRE L
RO EPRHBINTND (U, 2002), MKBEELRBEIC L D REIREE L BRI D
7o, BFB L OEHBOMILEZOREG TIE, £ 70 AZEREORIR, HREOFE,
A, pH, 7KIRIS K OSREE R 2 HICERT 2B EARE > TN\ D, £T I AZERED pH
DERENP RS MNEROL, SETRRICNEDRVREET DA THY, FEEMET Chl a
DHEL TS LIRFEEZICEEL L THREILRLRWIRERESE LToToD, mEED D
A DOELEEE CIIFICRRED pH 2FH L T2, ABFRREOU D A TINLENEEL
D A%, BRI EROBELNZR L, BHEY DA DEEZITRRREEZG X
TS (U, 2002), BAKRICEDEBTREDOT I A1X, BE LEEINTHMET GGFR
BT 52 AFE) OERBRFOIERETH pH N 6.0 KL R DL5ELH LT L EEEIT
MR L TRV, Gl LR Y I A RSO OB e EIMIATOAEY I AD pH LIZHE
RERDHD EHEL TV D,
b. Fb

BT AROEERGERET X JBIX, 7o =2, IAXIVE, Ty, Tally,
TANRTGX G, TANEIVBLIOTANTX L THY, AEMIZ I HHEEIIR SR
ST, TT=URIERET S BRIRED 24~56%, T NAVHF I VR 15~2T% % HHTEY,
IO THERET X BRED 44~T1%% 5O T e, REEEDFEHIBIT DT AT F
BIOZU v iE, 1 BRETIEIENEIL 36 BX U 34 mg/100 g DM THh-o 7223, 3 ARIZ
IXZENEI 84 B L1261 mg/100 g DM ~ & FREEMMNERO bitlz, L, BEHEDK
BHZEN O OFERE(ITERD bivien o7, HINCIT D587 X/ BEER, BEET 2
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VR E, DX RAEBERE, RN 7/ —VREBIOUKSE, TRELEEZR N1

c. MTIE

FOFEOEERWIET I JBRIL, T2, JVSy, IAE I VER, TANRT XU,
TNEI, TANRGX L Tal)l, VAT =, £ /a,4 B0 TH
v, EMIZZDMHEBIIR N1, FBRESLFIEEARD EREF A=A V1
A S ol BTFETHE, BRESCTEFRICT 7 = »WERET X/ BERED 49
~58% % O TN, TNE I VBRIES~8% LD ixrole, —Fh, TANT XU
UV UEENEN 4~13% EERELFINE D b E L EEN T, BEHEDRTETIE
TANTGXy, VAEZFF= BT Y AZBNT, 3 AREND 5 AFEICERIC
W LTohs, KREEEDORECIlEZzn b OEENIR ooz,

IEOREREF LD L, T 2 BEREE, ZERECHHITIX 1100~3100 mg/100 g
DM SHEELL T2, BaF3E (A B 7)) Tt 3000~4500 mg/100 g DM & EER{R L fih &
@%%ﬁokom%xﬁﬁéﬁg%%W%¢m?@ww&mmgmmDM&ﬁ&bfwt

, FTFIETIE 860 2°5 1210 mg/100 gDM TH Y, BERECFIL D £ E 0072, KU 7

x /Ui, BRI TIX 770~1820 1 mol/100 g DM (3430 1t mol/100 g DM & Z2H LT
Ve 4 B ORRBEERREL AR <), FEITIE 350~800 12 mol/100 g DM, fa-F3E Tl 3840~7990
©pmol/100 gDM TH 0, EMILFCENRO LN, ZOIZ LM GITIEE, FRECF
KB EERERES THHUERET X/ BAL OO THRIZIRE TH D2, BROFEER L &
NDERY 7z ) —/VRENZN D, EBRBIRO D &SRB XNz, BEMLIZI T 5t
TR BREBIORA) 7= ) — L EBOEHEMIRD LNRNDT, FFLID A

DWEBET 2 B E %< EGLRRIIINT U CHLEMMRERET RV EEDbN D,
132 UhAMTAOERET I/ BEREAR

DA AMLEBEORA D TINLIREEOWERET X/ B E Table 1.7~1.9 IR, £V
B A H BRI ET-RT LU0 A OWERET X/ BT AREE S EELL CQzs, 0
WEBET X BARR LY, ZEIRA T 720 mg/100 g DM, ST 850 mg/100 g DM & AEJR#EE LV
HIREEE 72, BB LU N AOWEET 2/ BEREIL, FRMT 560 mg/100 g DM, Hff;
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T1350mg/100 gDM TH Y, BT LU B A LEBEL T, BEFLIAALBBELY I A
1%, U AL ARD EWBET I JBREIL 12~13 LIREETH oD, @ LIEBRY
A, BUERET A (Y bTIA) BIOREAEY I A DZREFOWERET I /R
& (130~200 mg/100 g DM) & D EFHEIZ Lo Tc, VA A DWERET X/ BAET
PTRUD 13~1/4 LD THRnizd (BARG, 1967), Vi ADWEKT I /L2
BEDBURIZ DWW TFHEDRENL TN D, £ T, MAOZWEEOFR CIFERET I/ BiRE
WPIRNN T T LU ADHE AR, BEEEEIF (1998) 1%, 777 OWEET
J B &I 1310~1460 mg/100 g DM TH Y, <N, =T, BV FHEDORGHED 1/3~
1/4 RO TR EE T, BBRICEEE L WF U ) UNEREY X VBERED 12~13 2 5D,
EWEERFRFOT I =0, TV, TAEIVEBBIOT AN X UBERNDRNWT &
MWE T T TOBRERAIZLTVD EHELTWDS, N7 7T o=, Ty,
TN I VBB L OT AT X UEROKBEN, 260~300mg/100gDM THBHN, FF LY
A GERERB L O, BELY DA GERELS IO BIOWEEY A (Fi))
B 5 Lo 2R T S BRI 400~1060 mg/100 gDM TH Y, b7 7 7&EER
BRIV LZL, TNOOBFEET 2 JBRITT I ADOBRICKELBEE L TWnD EEXLRD,
El, A VU T AL EROMBRIERICES T oI I UL, R T T
IE 5~7 mg/100 g DM & 6 TIRE B/ DI L, U A5 GERATKS L O ) Tk
80~370 mg/100 g DM L EE &R T Linb, A J VBRI T oAV BEEDEMS, T
O DR RFREE OB LV, BRI S D 2 LIRS D (3, 1991),
FHNLE CTh HWEAET B AZEREOWEHET I/ BB E1E 200 mg/100 ¢ DM & HRR & &
FREZ Do 723, RN TCIZ 730 mg/100 g DM & EEBETH Y, ROBRERFETLYD
ADFPLFEETHSTZ LITEBITET 5, MEAED DAL, BB LERY I ALRIE
HIRU DALY GRRPBETH D EFHME SN TVWDDR, FMEZFRZETHZ g8 L
TWBEBZ LN, L5 (1993a) [TEDO Y ORRICBE ST D50 & LT, Ao
BEEME L ZZ bNDH, ZTNOHOEFEITVRVEOW|E (ARS, 1983 ; ARS, 1991)
o, S UDOERITERT IV BAEERTHD EHEL WD, EEAYE Y ZREE
L7=8z/ U OWFEET 2 BERELE, 132 3000~4000 mg/100 g DM TH ¥, s&EEE./ U T
i%, #£42 7000~9000 mg/100 gDM & HAE LV L E L EEETH-7- (FILb, 1993a;
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HiLb, 1993b; HILH, 1994), JZFLUI A EREBIOF), BELIY A (FER
BB IO BLOMEAEAT I A (Fh) (I8 2887 </ BB &EIT 500~1300 mg/100
g DM TH Y, #/ U X VEREIZ DRV, § U ERRICERET X/ BIZU 7 A DR
ICRESFHELTWDE BN, Lo T, SB%OHFTRU I ADMLABRFETIL, 17
BET X VBRELEBEICANDINERHD EEZ LD, THOLOREERND, MEEB LW
KELEDOFHOBERET I/ BREIIIEREL D o728, ZIUIERRE & T
INIEHD D DT DIZHERET XV BERNEH LI N EREE L T I N, B
AR TFIEEOFEET 3 BEREIT 3200~3500 mg/100 g DM TH 0, ADAFE L R TH -
Teo —7F, B UIREIRFEOWEET 2/ BB EIT 630~1350 mg/100 gDM TH Y, HIEK
ERTFEE L LR CTEREFIC DR o2 2 LD, MBS L 28T X BOEHNZ N &
AR LT, —RIOIS, U ADEERBHEESL, EHET I BTHLEBZ LN
TWD (#HHES, 1993), LnL, /VRear 7ok 5 ICHBREEWE, ~7F K, &
W, BEREOBEELEZLND I END, 5%, UhAORWKRESIZET 557207
TRMETHD B,

ULORRIVARZEZF LD E, U AMTRELONEFEEMTIRENZ B D157
L BHEBB I OTOREEZRS, TNOLOFREHL L, MR TS L T2
D LML TITEREY X BOBEITDR, BFLUNALEE LT A A OBERET 2
J B BEII Lo T, MBCOKE LEOERET I /&R, FBIREEL Y bR Em
DERO LT, FHINTETHIEERAEDY I A OWERET X/ BB EITIER K & B & [F
BRICIEE R 57, PMEET LU DA LR THoZ Emh, WMEET I ADRIZ
HRERLTHD EEZ BN, BFIECKIT 558 LIZK 5T I BOEB HITEZERES
TR FRRICEEE TH Y, SBOFHEMLAOBRBIILERET X/ BofEH 207235
MTHEEZZELURITIUE R 60, £/, VIAZEILIZBWLIERDITIE, UIAL
OB & DAE DI L D EROHERIERICET ORI LLETHD L EbN S,
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Table 1.1 Free amino acids, extractive nitrogen and EN recovery in extracts, and the values of total polyphenol, moisture, pH of the leaf otUndaria pinatifida from Miyake in Japan
(mg / 100 g dry matter)

Month January January January February February March April

(Early) (Middle) (End) (Early) (Middle) (Middle) (Middle)
Phosphoserine 16 £ 2abed 16 = 3abed 16 * 2abed 18 + dabed 28 = 7d 30 = 3abed 17 + d4abed
Taurine 32 = 6d 19 £ 4abed 22 = 19ed 8 £ Tabe 6 % 2abc 9 + labe 3 £ 3ab
Phosphoethanolamine 5 + Tlabedef 7 £ 2abedef 9 £ 3bcdef 7 = 2abcedf 10 = Sdef 17 = 5f 11 £ 3ef
Aspartic acid 38 = 8ab 27 £ 6a 67 = 12abede 64 =+ 28abcede 92 + 32abcdefgh 59 £ 14abed 66 =+ l16abcde
Threonine 9 % 2abed 16 + Gabede 14 £ 6abede 14 + 1labcde 16 = 7abede 12 £ Oabede 16 + 1bcde
Serine 21 £ Iab 23 + Sab 40 + IS5abed 28 = 6abce 23 %+ 9ab 42 + 3abed 48 * 8bcde
Asparagine 13 + 12ab 10 £ 9a 21 + T7abe 24 £ Oabcd 30 £ 9abcede 54 = S8cdefgh 78 £ 26fghi
Glutamic acid 282 + 39abe 405 = 69abe 462 £ 18%abe 444 + 4labc 347 + 94abc 480 + 32abe 334 = Glabe
Glutamine 42 + 10a 70 = 15a 130 £ 85abce 101 + 25abc 139 £ 93abe 276 = 36¢ 218 + 115be
Sarcosine - - - - - - -
- Aminoadipic acid 3 = 4ab - 4 £ 7ab - 2 % 3ab - -
Glycine 261 = 92cde 81 % 2labed 63 £ 45abc 18 £ 2a 12 = 4a 23 + 5a 25 % 9a
Alanine 569 + 27ab 1429 £ 642abedef 985 = 513abedef 1650 =+ 138cdef 1113 £ 465abedef 1788 = 433def 1086 + 400abedef
Citrulline 11 £ 3ab 9 £ 9ab 8 £ 8ab - 6 + 6ab 5 £ 8ab 7 = 8ab
a-Aminobutyric acid I £ la - I £ Ia 2 £ 2ab 2 £ 2ab 3 £ 0ab 3 + 3ab
Valine 16 £ labed 23 £ 4d 14 + 3abed 17 £ labed 19 £ 2bed 22 £ 3cd 7 £ 3ab
Cystine 11 £ Sabe - 6 £ 10abe - - 8§ + l4abc S % 8abc
Methionine 8 £ 3 - 4 £ 4 - - - -
Cystathionine 29 £ 3a 22 + 7a 26 = 9a 18 £ 9a 27 £ 6a 26 * 4a 31 + 18a
Isolencine 9 % Ia 9 % 2a 6 % 2a 7 + 4a 10 £ 6a 3 % 0a 4 & 2a
Leucine 5 £3 9 £ 2 6 £ 5 7 £ 2 6 £ 3 - 3 £ 3
Tyrosine 3 £3 - 2 £ 4 - 6 = 11 - -
B-Alanine 1 + 2 22 £ 32 9 £ 1 5§ 35 - - -
Phenylalanine 6 + 2 8 + 4 4 £ 4 6 = 1 8§ £6 3 2 6 = 2
B-Aminobutyric acid - - - - - -
Ethanol amine 1 £ Ia - - - - 10 £ 18ab -
Ornithine 3 £ Ic I £ labc 3 £ labe I + 2abe I £ labe 4 £ 2¢ 1 £ labc
Histidine - - - - - - -
Lysine 5 * labedef 12 £ Tef 13 £ Sef 11 £ Odef 11 £ Gef 14 + 3f 8 + 3cdef
Tryptophan - - - - - - -
Arginine 2 = 3a 5 £ 5a 1 £ 3a - 14 + 7ab 4 £ 6ab
Proline 44 £ 2ab 122+ 93abe 91 + 67ab 165 + 39abc 80 + 63ab 182 + 103abe 66 = 34ab
TOTAL 1448 + 136ab 2342 * 875abcdef 2032 £ 8Y99abede 2618 + 212abede 1994 + 656abede 3085 = S37bedef 2049 + 634abede
Extractive nitrogen 451 * 103abcede 526 * 17labcedef 514 = 14labedef 618 + 113abedef 564 = [70abedefg 823 + 78efgh 464 * 88abcede
EN recovery (%) 47 £ 6abe 63 + 6be 53 £ 13abe 62 = 8be 50 *= Sabc 55 + 10abe 64 + 10be
TP (umol/100g dry matter) 1027 + 105ab 1273 £ 457abced 1312 £ 415abed 1171 £ 189abc 1823 = 1043abede 862 + 209ab 1224 = 372abed
pH 6.25 £ 0.02def 6.28 =+ 0.26def 6.3 = 0.1def 6.1 £ 0.ldef 6.0 £ 0.1bcdef 5.9 =+ 0.1bedef
Moisture (%) 90.4 £ 0.1de 89.9 = 0.4de 89.9 + 0.5de 89.1 %= 0.Scde 88.6 = (.2cde 89.0 + 1.3cde 88.7 % 0.6cde
Total length (cm) 135 + 2.5a 59.7 = 5.3ab 82.8 = 8.1bc 110.7 £ 9.0c 1277 £ 134c¢ 189.9 £ 19.6d 255.0 £ 32.2¢
Wet weight (g) 1.0 + 0.1a 183 =+ 2.1a 45.3 = 7.6ab 78.0 + 4.0ab 118.0 + 6.2b 227.3 £ 29.6¢ 795.7 + 72.6d

Each value was expressed as mean + standard deviation (n = 3).

Values in rows followed by different superscript letters are significantly different (P < 0.05).

-, Not detected.
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Table 1.2 Free amino acids, extractive nitrogen and EN recovery in extracts, and the values of total polyphenol, moisture, pH of the stalk olUndaria pinatifida from Miyako in Japan
(mg/ 100 g dry matter)

January January February February March April

Middle End Early Middle Middle Middle
Phosphoserine 33 %= 13ecd 28 * 135abed 13 £ 3abe 22 + labed 18 = 2abed 10 £ lab
Taurine 20 = G6bed 15 £ 1labed 5 £ labe 6 = Tabe 6 = labc 4 * Oabe
Phosphoethanolamine 3 £ 3abedef 4 =+ 4abe - 2 % 3abed 1 £ 2ab -
Aspartic acid 130 £ 6labedefgh 132 £ S5S5abcedefgh 145 £ 39bedefgh 140 £ 42bedefch 132 % 32abcdefgh 121 * 9abedefgh
Threonine 15 % 8abcde 13 + 7abcde 15 % 3abede 11 £ 2abede 9 £ 2abed 11 £ Oabede
Serine 30 + 12abc 36 + 19abced 24 = 7ab 24 * 3ab 24 £ 1ab 27 £ 6abce
Asparagine 42 £ Y9abedefg 39 + 135abedef 39 £ Sabedef 49 =+ 8abcdefgh 70 + 22efghi 96 * 8abedefghi
Glutamic acid 420 = 192abe 547 = 370c 408 + 143abe 432 = 115abce 391 + 144abe 318 = 53abe
Glutamine 71 £ 34a 59 + 18a 40 % 1a 80 =+ Sab 71 £ 18a 67 = 22a
Sarcosine - - - - - -
o-Aminoadipic acid - - 5 £ Sab - -
Glycine 185 + 105abcde 135 £ 66abede 61 = S4ab 97 + 60abede 240 = 155bede 302 + 166bcde
Alanine 1623 £ 756bcdef 1080 £ 785abedef 1135 + 408abcdef 1607 £ 275abedef 691 % 210abc 554 + 173ab
Citrulline 5 + Sab - - - - 1 & 2a
a-Aminobutyric acid 1 £ 2a - - I £ la - 2 £ 2ab
Valine 18 + Sabed 15 % 2abed 15 % 3abed 17 £ labed 10 = 8abe 11 £ 2abe
Cystine - - - - 2 £ 3a -
Methionine - - - - 2 £ 4 -
Cystathionine 26 * Sa 24 % Sa 28 + 2a 30 = 3a 32 + 35a 28 + 4a
Isoleucine 6 £ 2a 4 + 2a 2 % 2a 1 £ 2a - 2 * 3a
Leucine I =2 1 +2 - - - -
Tyrosine 4 £ 4 + 12 - - - -
B-Alanine 59 18 + 11 § £7 - 56 7 £ 0
Phenylalanine 8§ =1 9 £ § I £2 2 +£3 5 £1 4 + 4
B-Aminobutyric acid - - - - - -
Ethanol amine 20 £ 5b 16 = 9b 19 = 13b 12 £+ 2ab 11 + 2ab 7 % lab
Ornithine - 1 + 2abc - - - 2 £ 2abe
Histidine - - - - -
Lysine 8§ £ 2bcdef 9 £ 2cdef 9 + 4ef 6 = 2abcdef 5 £ Tlabedef 4 + labede
Tryptophan - - - - - -
Arginine 6 £ Sab 5 + Sab 7 * 2ab 6 + 6ab 9 £ Sab 6 * 6abc
Proline 213 + 150bc 130 £+ 122abe 196 = 935abce 172 £ 38abe 127 * 65abe 90 = 23ab
TOTAL 2894 £ 1190abcdef 2330 £ 1514abedef 2170 £ 682abcedef 2121 * 422abedef 1859 + 345abed 1675 = 115abc
Extractive nitrogen 679 % 153bedefgh 500 + 275abcdef 421 + 87abed 571 £ 92abcdefg 485 £ Slabedef 366 =+ S3abc
EN recovery (96) 60 £ 13abc 62 + 7be 72 £ 9¢ 52 £ G6abe 55 £ T7abe 69 £ 8be
TP 802 £ 273ab 613 % 162a 620 + 176a 625 £ 7la 345 £+ 7a 570 + 153a
pH 6.25 * 0.04def 5.82 £ 0.31bcd 6.08 £ 0.07cdef
Moisture (%) 90.9 = 0.4de 90.4 + 1.0de 90.4 % 0.6de 91.2 = 0.2de 913 + 0.5¢ 90.9 + 0.1de

Each value was expressed as mean = standard deviation (n = 3).
Values in rows followed by different superscript letters are significantly different (P < 0.05).
-, Not detected.



Table 1.3 Free amino acids, extractive nitrogen (EN) and EN recovery in extracts, and the values
of total polyphenol, moisture, pH of the leaf of Undaria pinatifida from Miyako in Japan

(mg /100 g dry matter)

Month March April May

(Middle) (Middle) (Middle)
Phosphoserine 28 + 4d 19 + 2abed 16 * 6abcd
Taurine 9 + 2abe 6 =+ labc 10 = 4be
Phosphoethanolamin 4 =+ labcedef - 1 = 1a
Aspartic acid 208 + 86h 225 + 41h 190 + 48h
Threonine 18 + 2de 16 * 1labede 22 = 1le
Serine 70 £ 17de 80 £ 17e 67 + 13cde
Asparagine 174 + 74j 162 + 20ij 89 =+ S8abcdefghi
Glutamic acid 265 * S58abc 205 + 30ab 191 + 79a
Glutamine 142 + 44abc 167 + 26abc 100 + S7ab
Sarcosine - - -
a-Aminoadipic acid - - -
Glycine 293 + 45e 364 + 150de 366 = 149de
Alanine 2468 + 434f 2446 = 609ef 1696 + 510def
Citrulline - 96 * 59bc -
g-Aminobutyric acid - - 6 + 13ab
Valine 15 + Sabed 7 + la 16 = 4abcd
Cystine 41 + 26bc 15 £+ 12abc 23 + 8abe
Methionine 4 £ 7 - 7 + 4
Cystathionine 288 + 205d 133 + 31abced 98 + 63abc
Isoleucine 93 + 34b 78 + 28b 48 + 2lab
Leucine - - 3 +£5
Tyrosine 5+ 9 1 + 2 4 £ 6
B-Alanine 1 £ 2 1 =1
Phenylalanine 12 = 1 2 £ 4 11 + 4
B-Aminobutyric acid - - -
Ethanol amine 6 = 2ab 2 + 2ab 4 + 3ab
Ornithine - - -
Histidine - - -
Lysine 3 + 3abcde 1 + 2abc 5 + labcdef
Tryptophan - - -
Arginine 6 £ 6abc 2 * 3abe 4 =+ Sabc
Proline 357 + 109¢ 170 + Slabe 103 + S2ab
TOTAL 4508 + 1063f 4198 =+ 707ef 3081 = 819cdef
Extractive nitrogen 1214 + 447h 1023 + 176fgh 910 + 112defgh
EN recovery (%) 57 + 8abc 64 = 10bc 55 + 16abc
TP 7135 + S01lcdef 6302 = 1405bcdef 7985 + 2842f
pH 525 + 0.18a 6.05 = 0.09cdef 555 + 0.28ab
Moisture (%) 87.8 = 0.4bcde 84.7 = 0.6ab 84.1 + 2.8a
Wet weight (g) 222 + 13.5 1179 + 44.3 150.6 = 19.0

Each value was expressed as mean =+ standard deviation (n = 3).
Values in rows followed by different superscript letters are significantly different (P < 0.05).

-, Not detected.
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Table 1.4 Free amino acids, extractive nitrogen (EN) and EN recovery in extracts, and the values of total polyphenol, meisture, pH of the leaf of Undaria pinatifida from Otsuchi in Japan

(mg /100 g dry matter)

Month January January January February February February March March April

(Early) (Middie) (End) (Early) (Middle) (End) (Middle) (End) (End)
Phosphoserine 18 = 7abed 16 * Sabed 12 £ 2abe 9 % la 19 + 2abed 20 % labced 27 + 9cd 28 + Il4abed 30 = 13abed
Taurine 9 % Iabc 9 & 3abc § + labe 6 + 3abe 6 + Ilabc 6 £ 3abc 6 + dabe 8 £ 8abe 7 & 3abe
Phosphocthanolamine 4 £ labedef 10 = 2bcedef 9 + Zedef 7 % labedef 5 * 3abedef 9 £ 2bcdef 9 + Sbedef 7 + 6abedef i1 £ 9def
Aspartic acid 80 + t6abedef 59 + 19abe 35 + 8ab 86 + 20abedef 37 £ 3ab 80 + 32abcdef 73 + 22abcde 75 + 28abcede 67 + 27abcede
Threonine 9 + 3abed 8 & 2abed 7 + lab 8§ + 2abc 17 £+ lecde 10 + Oabed 9 £ fabed i1 + 1labede 17 + 10cde
Serine 22 % tab 31 £ 12abce 25 * 3ab 31 * 13abe 26 = 2abc 28 £ llabe 18 £ 35a 21 + 4ab 27 £ 9abe
Asparagine 10 £ 9a 21 £ 19abce 36 + Sabcde 40 £ 9abcdef 21 % labce 26 + 3abed 30 = tlabede 39 * [abedef 39 % 8abedef
Glutamic acid 291 = 69abc 452 + 84abc 397 + 82abc 412 + 63abc 427 £ 46abe 462 £ 45abe 313 + 38abc 317 + 36abe 272 £ 19abe
Glutamine 59 % 9a 149 + 104abc 112 £ 20abe 147 = Slabe 138 = 13abe 123 = 26abe 122 + 73abe 128 * 3labce 124 % 28abce
Sarcosine - 5 % 8a 3 £ 2a - - - 10 £ 10ab 22 *+ 16b
a-Aminoadipic acid 10 + 3b - 3 £+ 3ab - - 7 £ 6ab 8 + 7ab 3 & Sab -
Glycine 35 & 2Ia 28 = 20a 24 % 4da 15 + 15a 24 + 3a 11 + 5a 9 £ 3a 121 £ 65abede 95 + I9abede
Alanine 409 + 109ab 1001 * S02abcedet 702 £ 80abe 821 + 359abed 1323 = Id4abedef 832 % Y6uabed 526 £ 298ab 539 £+ 108ab 625 + 309abce
Citrulline 10 £ 7ab 4 * 6ab 7 £ 2ab 17 £ 19ab - 6 = Ilab 3 + 4ab 33 £ 1ab 48 + 13abe
o-Aminobutyric acid 4 % 6ab 2 % 3ab 2 + 2ab 0 % Ia 1 £ Ia 1 £ lab - 7 £ Sab 43 * 52b
Valine 15 % 6abed 17 + Sabed 11 = 3abce 9 + Oab 14 + Iabed 17 + 2abed 9 £ 2ab 14 = 6abcd 14 + Sabed
Cystine 6 = 2abc - 6 * 6abc 5 * Sabc 5 £ 9abe - 9 £ 8abc 16 + 8abc 18 £ 17abe
Methionine 9 + 12 2 £ 3 4 + 1 - - - - 1 £ 2 -
Cystathionine 28 + 20a 20 + Sa 7 £ 1la 25 + 22a 23 £ 6a 27 £+ 9a 23 £ 1la 73 + 25be 75 & 17c
Isoleucine 7 £ 4a 6 + 2a 7 + 2a 2 + 1a 8 % la 9 % 2a 4 £ 3a 10 = 7a 9 % 9a
Leucine 5+ 4 3 £5 3+ 3 3 £ 1 4 = 1 7 £ 2 2+ 2 53 4 £ 3
Tyrosine 10 = 11 2 £ 3 - - - - 4 £ 4 10 = 4 7 £ 5
B-Alanine 1 =2 6 £ 6 9 £ 2 3 =3 6 £ 6 21 £ 3 5+ 2 8§ £ 8§ 3 £3
Phenylalanine 1 =6 2 £3 4 + 4 2 £ 2 5 %1 8§ £ 3 8 £ 6 1 £6 8 £ 2
B-Aminobutyric acid - - - - - - - 1 + 1 -
Ethanol amine - - - - - - 1 + Ia - -
Ornithine 2 + 2abce 3 £ labe 2 % labe 1 £ Iab - 6 = Ic 3 £+ Obe 3 = 3abe 1 + 2abe
Histidine - - - - - 3 £ 3 1+ 2 3 £ 2 1+ 2
Lysine 7 4+ Sabedef 6 + labedef 4 + 2abcde 8 + 3cdef 8 = 2bcdef 11 & 2ef 9 % ledef 11 = 4def 13 + 8ef
Tryptophan 2 3 - - - - - 2+ 3 - -
Arginine 2 * 3abe - 3 = 3abe 2 £ 2abc 4 £ 3abc 6 + Sabc 3 £ 3abc 8 £ Sabce 3 £ 2abe
Proline - 100 + 83ab 79 = 49ab 30 + 1iab 148 £ 42abe 49 * 26ab 37 + 35ab 31 £ 14ab 42 + 10ab
TOTAL 1074 = 187a 1960 + 803abed 1523 + 28ab 1689 + 541abe 2268 + 119abedef 1787 + I6labe 1274 + 4662 1552 + 142abe 1623 + 3S56abc
Extractive nitrogen 292 + 42a 462 + 184abede 377 £ S5dabe 431 = 1i8abed 557 + 28abedefg 501 + 82abcdef 426 + 63abed 548 + 8Oabedefg 743 + 43cdefgh
EN recovery (%) 49 * [0abe 59 £ Yabe 57 + 10abc 56 = 13abe 58 = dabc 50 £ 6abc 40 + 10ab 4] + 3ab 32 £ 7a
TP (pmol/100g dry matter) 1725 = 102abcede 1517 £ 354abcde 812 + 118ab 767 + 440ab 1305 £ 242abed 1536 % 570abcde 1612 + 425abede 873 £ 283ab 3425 + 3167def
pH 6.29 £ 0.25def 636 + 0.2lef 645 + 0.16f 6.16 £ 0.10def 5.97 £ 0.16bcdef 596 + 0.10bcdef 6.05 = 0.15cdef 5.97 + 0.11bcdef 5.58 + 0.2labc
Moisture (%96) 88.0 * 0.5bede 89.9 + 0.4de 89.2 £ 0.3cde 88.3 % 1.0bcde 88.6 + 0.8cde §9.2 + 0.6cde 88.1 + 0.7bede 85.7 + LOabc 89.1 + L6ede
Total length (cm) 63.9 £ 4.7a 783 £ 7T.ia 84.5 + 8.0a 90.0 £ 3.5a 98.5 + 5.7a 144.0 + 8.4b 182.2 £ 16.0b 227.8 £ 254c¢ 2448 = 17.6¢c
Wet weight (g) 16.0 + 2.6a 37.0 = 3.6ab 41.3 % 3.1ab 46,7 + 2.5ab 49.0 £ 3.5ab 1350 = 7.9b 312.0 £ 22.3c 558.7 + 51.5d 1098.7 + 80.3¢

Each value was expressed as mean * standard deviation (n = 3),

Values in rows followed by different superscript letters are significantly different (P < 0.05).

-, Not detected.



Table 1.5 Free amino acids, extractive nitrogen (EN) and EN recovery in extracts, and the values of total polyphenol, moisture, pH of the stalk of Undaria pinatifida from Otsuchi in Japan

(mg/ 100 g dry matter)

Month January January January February February February March March
(Early) (Middle) (End) (Early) (Middle) (End) (Middle) (End)
Phosphoserine 26 + 2cd 18 + Sabed 24 + 8bed 17 + 6abed 28 + 4d 29 + 3abed 22 + Sabed I1 + 4ab
Taurine 9 + 2abc 4 + Oabe 10 + 3abed 6 + 2abc 3 + 3ab 6 + labc 1 £+ 2a 4 + lab
Phosphoethanolamine 1 + labe - 3 + labede 4 + labedef - - - I = lab
Aspartic acid 173 + 20efgh 139 + S6abcedefgt 189 = 45gh 154 = 7cdefgh 137 + 42abcdefgh 159 + 43cdefgh 137 + 28abedefgh 124 & 13abcdefgh
Threonine 8 + Oabed 8 * labe 9 + labed 9 + labed 10 = 2abcde 13 = 3abcde 7 % 2a 10 = 2abed
Serine 30 + 2abce 20 + 6ab 27 & 2abc 27 + 2abc 24 + 4ab 26 + 7ab 17 £ 4a 24 + dab
Asparagine 40 =+ 8abcedef 36 = T7abcde 59 + Ilcdefgh 64 + ddefgh 52 % 3bcdefgh 49 + S8abcedefgh 55 % 12cdefgh 84 + IShij
Glutamic acid 503 + 40abc 468 + 162abc 559 + 147¢ 531 + 1llbe 390 + 30abe 495 + 96abe 304 = 74abe 297 + 73abc
Glutamine 78 + 33a 79 &+ 23a 124 + 29abc 71 £ 2a 86 + 33ab 35 % 10a 49 * 20a 61 = 7a
Sarcosine - - - - - - - -
a-Aminoadipic acid 5 = 4ab - 3 + 5ab 1 = 2ab 3 + Sab 8 + 2ab 6 + 5ab 3 + 2ab
Glycine 78 & 37abed 34 + 26a 67 + 35abed 141 £ 67abede 59 = 13ab 118 + 80abede 368 + S0de 261 £ 15lcde
Alanine 810 + 227abed 721 % 355abc 1214 = 405abcdef 922 + 341abcede 1012 + 236abedef 737 £ 187abc 349 + 146a 591 = 190ab
Citrulline 6 + 2ab 2 + 2ab 7 + 1lab - - - - 1 £ Ia
a-Aminobutyric acid - 1 = 1a 1 = 0a - - 2 £ 2ab 2 £ lab 2 + 0ab
Valine 14 £ 2abed 17 + Oabed 8§ + 2ab 9 + lab 12 + labed 19 + 4abced 15 + 3abced 8§ + 2ab
BCystine 4 x 3ab 3 + 6ab 0 + Oa - - - - -
Methionine 4 x4 3 £ 2 7+ 12 - - - - -
Cystathionine 26 + 8a 27 £ 5a i0 + 9a 1T + 10a 26 £ Sa 38 £ 10ab 32 + 2a 7 + 8a
Isoleucine 4 £ 22 3 £ 3a 11 = 1la 3 + da 5 % Ia 9 = 4a 6 = 4a 5 + 4a
Leucine - - - - - 4 + 4 I+ 2 1 £ 1
Tyresine 2+ 3 - 1 £ 1 4 = 7 2+ 4 3 £6 - 1o+ 2
B-Alanine 2 +£3 6 + 7 6 = 3 9 + 6 15 + 1 21 £ 7 12 £ 6 7 5
Phenylalanine 5+ 4 1 £3 3 3 6 + 2 6 + 2 12 % 15 5«35 55
B-Aminobutyric acid - - - - - - - -
Ethanol amine 12 + 7ab 10 = 3ab 18 + 6b 12 + 3ab 15 £ 2b 12 + 3ab 11 + Iab 9 + lab
Ornithine I + lab 2 + 2abe 1 + labe - 1 + 2abe 5 + 2¢ 4 + Ic -
Histidine - - - - - - I+ 2 -
Lysine 6 + Oabcdef 6 + labedef 4 + labcede 5 + labedef 5 + labedef 7 + 2abedef 6 + labcdef 5 £ labedef
Tryptophan - - - - - - - -
Arginine 4 £ 6abc 6 + Sabe 12 £ 3abc 8§ + 1labc 6 + Sabc 8 + labc 6 £ 6abc 10 = 6abc
Proline 161 + 18abe 118 + 56ab 190 = 29abc 159 + S55abe 156 + 80Oabce 142 £ 32abec 69 =+ 80ab 148 + 65abc
TOTAL 2011 + 355abede 1732 + 663abe 2569 = 6635abcdef 2174 + 489abcde 2053 + 341abcdef 1977 + 294abed 1484 + 332ab 1679 £ 196abc
Extractive nitrogen 497 £ 73abedef 321 + 91ab 592 £ 11S5abcedefg 505 + 138abcedef 525 + 88abedef 583 =+ Sdabcedefg 365 = 132abe 446 = 7T4abede
EN recovery (96) 55 = 4abc 72 £ Tc 60 + Gabe 61 = 4abc 55 + 7abc 47 £ 8abc 62 + 10be 56 + Sabc
TP (umol/100g dry matter) 506 * 50a 361 + 7da 607 = 152a 348 £ 3la 715 & 238a 444 £ 96a 450 + dda 553 £ 66a
pH 6.31 £ 0.03def 6.30 £ 0.05def 6.33 £ 0.09def 6.12 = 0.05def
Moisture (%6) 90.0 = 0.2de 89.9 + 0.7de 91.0 + 0.3de 90.0 + 0.4de 91.2 + 0.5de 91.2 x 0.5de 90.9 =+ 0.1de 90.1 = 0.7de

“Each value was expressed as mean * standard deviation (n = 3).
Values in rows followed by different superseript letters are significantly different (P <0.05).
-, Not detected.



Table 1.6 Free amino acids, extractive nitrogen (EN) and EN recovery in extracts, and the values
of total polyphenol, moisture, pH of the leaf of Undaria pinatifida from Otsuchi in Japan

(mg /100 g dry matter)

Month March March May

(Middle) (End) (End)
Phosphoserine 24 + Obed 18 =+ 2abced 24 + 8bced
Taurine 6 =+ labc 7 + 2abc 9 + 2abc
Phosphoethanolamine 2 £ 2abcde 2 + Oabcde 3 + labcdef
Aspartic acid 180 = 28fgh 171 =+ 70defgh 159 + 49cdefgh
Threonine 12 + 2abede 9 + 2abed 17 + 4cde
Serine 41 =+ 10abcd 41 =+ 16abced 70 + 18de
Asparagine 112 + 19defghij 82 + 28ghij 136 + d44hij
Glutamic acid 252 + 42abc 190 + 10a 251 + 22abc
Glutamine 82 =+ 20ab 71 + 24a 145 + 43abe
Sarcosine - - -
a-Aminoadipic acid - - -
Glycine 292 + 64e 378 + 172de 349 + 75de
Alanine 1545 + 471abedef 1449 = 299abedef 1966 + 413ef
Citrulline - 126 + 114c -
dg-Aminobutyric acid 17 + 15ab 18 + 16ab -
Valine 16 + 2abed 11 + dabc 18 + 7abed
Cystine 41 + 12bc 21 =+ 19abc 42 + 22¢
Methionine 13 + 8 3 £ 5 10 £+ 3
Cystathionine 176 = 92abed 151 + 107abed 183 + 73abcd
Isoleucine 82 + 21b 53 + 62ab 8 + 9b
Leucine - 22 + 37 2 £ 3
Tyrosine 5 +£ 4 -
p-Alanine - 2 + 3 -
Phenylalanine 11 = 2 5 + 5§ 11 + §
B-Aminobutyric acid - 2 =3 -
Ethanol amine 9 + 3ab 4 + 1lab 3 + 2ab
Ornithine - - -
Histidine - - -
Lysine 1 + 2abed 1 + 1lab -
Tryptophan - - -
Arginine 3 + Sabe 2 £ 3bc -
Proline 160 + 39abc 131 = 34abc 100 + 23ab
TOTAL 3078 £ 647bcdef 2975 + 827abedef 3584 + S566def
Extractive nitrogen 859 £ 198bcedefgh 855 = 237bedefgh 1093 * 298gh
EN recovery (%) 53 + 6abc 54 + Sabe 50 =+ Sabe
TP (umol/100g dry matter) 7556 + 4222ef 4609 £ 727abcdef 3837 =+ 134labedef
pH 5.91 = 0.03bede 5.89 = 0.08bcde 5.93 + 0.08bcde
Moisture (%) 87.3 + 0.4abed 86.1 + 1.5abc 85.9 + 2.4abc
Wet weight (g) 11.6 = 1.7a 68.0 + 7.6a 169.6 + 46.9b

Each value was expressed as mean + standard deviation (n = 3).
Values in rows followed by different superscript letters are significantly different (P < 0.05).

-, Not detected.
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Table 1.7 Free amino acids in extracts and the values of moisture of the various products of Undaria pinatifida
(mg / 100 g dry matter)

Dried U. pinatifida  Dried U. pinatifide  Boiled leaf of U. Boiled stalk of U. Frozen leaf of U. pinnatifida  ¥rozen stalk of U. pinnatifida

of leaf from Miyagi of stalk from Miyagi pinatifida from Iwate  pinatifida from Iwate ;:t;tg:ot;;:;letmg with calcium ;:trt(e{:-ot:;;mg with calcium

Phosphoserine 20 £ 3 16 + 2 55 £ 21 79 + 11 23 £8 35+6
Taurine 7+ 1 7 +1 2 &2 4 + - 10 £ 2
Phosphoethanolamine - - 11 1 +1 - -
Aspartic acid 13 £ 2 26 + 11 32+£9 81 + 42 1+3 17 £ 5
Threonine 5+ 1 52 31 6 +2 1 £2 4 =4
Serine 15 +3 16 + 5 8§ £2 16 = 8 I £7 13 +3
Asparagine 24 £ 5§ 38 = 18 13 £4 32 +£19 - 42 = 83
Glutamic acid 91 + 18 171 + 85 127 + 32 366 + 215 16 £ 6 75 £ 53
Glutamine 50 + 10 42 * 11 13+3 33 + 19 - 1 +£3
Sarcosine - - - - - -
o-Aminoadipic acid - 2 +2 - - - -
Glycine 25 £ 8§ 46 + 29 10 +£3 14 £ 6 13 + 4 47 + 48
Alanine 275 + 51 322 + 132 232 £ 55 598 + 390 81 + 23 373 £ 156
Citrulline 585 1 +£2 - - - -
a-Aminobutyric acid - 2+ 1 - - - -
Valine 22 +£9 16 =2 10 £1 13 £4 17 £5 18 £2
Cystine - 1 +£3 5%0 4 +£3 6 +6 9 £ 10
Methionine - 1+ 1 31 2%2 16 + 23 30 + 18
Cystathionine 47 + 22 30 £3 it +1 20 £ 9 8 + 18 9+ 19
Isoleucine 9+£6 3 +4 - 2+4 - 5+5
Leucine 8§ £6 S+2 - - - I +£2
Tyrosine 7+4 5+1 - 36 - -
B-Alanine 14 £ 10 6 +4 - - 1+£3 13 £10
Phenylalanine §+3 S+1 - 2 +£4 - -
p-Aminobutyric acid - - - - - -
Ethanol amine 9 +2 6 =1 [E 3+4 - 4 +5
Ornithine 4 £2 0+1 1 £1 - 3 +£4 9 +1
Histidine I +£3 22 - - - -
Lysine 4 £2 0+1 2£2 I £3 - 2+5
Tryptophan - - - - - -
Arginine - 1+2 - - - -
Proline 61 = 13 77 £ 32 26 + 11 69 = 59 - 12 + 27
TOTAL 720 + 152 853 + 326 555 * 135 1349 £ 774 199 + 54 730 + 296
Moisture (%) 93.0 = 0.5 86.8 £ 1.6 93.4 + 0.3 93.2 £ 1.2 95.2 = 0.8 94.4 £ 1.1

Each value was expressed as mean =+ standard deviation (n = 3).
-, Not detected.
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Table 1.8 Free amino acids in extracts and the values of moisture of the various products of Undaria pinatifida
(mg / 100 g dry matter)

Boiled and salted U. pinatifida Boiled and salted U. pinatifida

. ' pinati f . ' pinatifi hi
form Twate form China Dried cut U. pinatifida form Iwate Dried cut U. pinatifida form China

Phosphoserine 59 £ 8 54 £ 7 47 = 26 70 + 8
Taurine - - - -
Phosphoethanolamine - - - -
Aspartic acid - - - -
Threonine - - - -
Serine 2 £ 2 3 £ 2 - 1 £ 2
Asparagine - - - -
Glutamic acid 2 &+

Glutamine I =3 - - -
Sarcosine - - - -
o-Aminoadipic acid - - - -
Glycine 3 +
Alanine 10 £
Citrulline - - - -
g-Aminobutyric acid - - - -
Valine 11 £ 12 21 £ 9 15 £ 9
Cystine +

Methionine 7 £ 13 £ 15 2 £ 4 7
Cystathionine 26 % 13 + 18 62 +

Isoleucine - - - -
Leucine - - - -
Tyrosine - - -

p-Alanine 2 £ 2 12 £ 10 25 = 12 22 = 7
Phenylalanine - - - -
p-Aminobutyric acid - - - -
Ethanol amine - - - -
Ornithine - - - -
Histidine - - - -
Lysine - - - -
Tryptophan - - - -
Arginine - - - -
Proline - - - -

()
-
&
W
[\5)
W
[75]

H,.

15
25

— e DN
¥ | =)

1

1

t

TOTAL 129 = 11 126 = 13 168 + 63 165 = 17

Moisture (%) 942 + 0.5 943 + 0.9 96.5 + 0.5 952 + 0.7

Each value was expressed as mean + standard deviation (n = 3).
-. Nat detected.



LT

Table 1.9 Free amino acids in extracts and the values of moisture of the various sporophyll products of Undaria pinatifida
(mg / 100 g dry matter)

Frozen sporophyll of U.  Frozen sporophyllof U.  Boiled and frozen sporephyll of U.  Boiled and frozen sporophyll of U.

pinatifida from Miyagi O pinatifida from Miyagi @ pinnatifida from Miyagi O pinnatifida from Miyagi @
Phosphoserine 29 = 2 22 £ 3 25 £ 3 28 = 10
Taurine 27 £ 4 23 £ 3 12 £ 1 1 = 2
Phosphoethanolamine - - - -
Aspartic acid 220 = 18 194 + 49 74 + 8 41 £ 11
Threonine 16 £ 3 16 £ 2 11 £ 0 6 £ 2
Serine 49 £+ 3 71 £ 7 30 £ 5 14 + 4
Asparagine 94 + 41 113 £ 12 40 = 5 21 = 14
Glutamic acid 345 =+ 74 356 = 56 58 +£ I8 72 £ 27
Glutamine 93 + 52 171 £ 20 67 £ 22 14 £ 12
Sarcosine - - - -
a-Aminoadipic acid - - - -
Glycine 372 = 62 221 = 77 77 £ 16 27 £ 9
Alanine 1486 + 193 2013 + 92 718 £ 113 283 = 150
Citrulline 34 + 59 - - -
a-Aminobutyric acid 8 = 13 - - -
Valine 14 £ 6 14 £ 1 12 £ 1 11 + 1
Cystine 31 £ 15 15 £ 13 22 £ 2 17 £ 3
Methionine 4 = 4 4 £ 3 8 £ 0 3 +£5
Cystathionine 167 = 79 105 = 44 97 + 11 47 £ 15
Isoleucine 78 = 12 73 = 13 54 £ 2 18 + 16
Leucine 3 6 1 £ 2 - 2 £ 3
Tyrosine - 2 = 4 - -
B-Alanine - - - -
Phenylalanine 17 + 4 12 £ 3 -
B-Aminobutyric acid - - - -
Ethanol amine 17 £ 10 18 = 5 5+0 2 £ 3
Ornithine - - - -
Histidine - - - -
Lysine 7 £ 2 5+ 1 -
Tryptophan - - - -
Arginine 15 = 2 12 =1 - -
Proline 84 =+ 33 52 + 4 37 = 13 15 + 13
TOTAL 3209 + 408 3512 £ 364 1347 + 130 630 = 277
Moisture (%) 852 £ 04 82.8 = 0.3 849 =+ 1.2 846 = 2.0

Each value was expressed as mean + standard deviation (n = 3).
-, Not detected.



B2E AU A ORESEMC X DR
21 FFE

WTEE, 1~2 BIZINE SN ATRBED VN AT LTINS AT 1 ADFENEIML T D,
—RENCMBEL TWEDEEE 1S mUTOREREOAT I ATHY, H@E LERY A
A DFBHIITES 2~3 m (LR LIZREZ AV D OB —RINTH D, MR EZE
TR — OB U A, THBIE T AL T, Z5M< TG
AT EENLR, MEVEORBESAERN BV -DICARED AR EM & LTERESNT
WD, ZO [RRO TN AN TEEEND 2L, BEMOHLTHE I TR, EEDH
BEMOREEIZLY, EFBIOEROEEN L EHMESICHT SN LD kol B
VONAZEMNCRIET 2EX L RO, ThEREE L-G@EUERY 7 A BIRFESN
TV, TETAAL EWHRBUL, UhAERTIE, EHEH» D MR SN oBm LIERY
T AN 10% LA EDRIEZ TN Ulc G5 LR Y 7 A OFER G 2 Bk 5 (T2, 2006),
—J7, AR TWMOR O ET N AL, WEEZOMEMLL TWRWI A THD,
T T A DINEE DRI, Bl LERECENE TR E LTCAERIgET A (B y Y
BA) EHA_TEBOTRETHY, 2V ald LnBREFoH () bALITEENL
NHZENFETH D, EE, EMCRRSOFEORM I LY, Bl LRI
SO IE, 2000 LI ER L, 2005 E121% 2000 FE OO 3 F127k0, &
WU Y 7 A (BHRE 15 O 13 I12ECaEELE (T, 2006), £7 5 ADIH
FHARRIIMIRETRCId 3~4 B & FERICHE <, MBI O EBR-CREE DL EE Th D
Zenb, BEEIVEF AT ORICKRERBEE L o> TD, £OTHIZ, AEHR
G b EEEREFEINE B OBEEN# e o Tnd, £72, HETR-X DI, HEL
IR 71 A DRBHEEFERIG T, LTI ABNMLSNSE CICREHEZZEL,
AT AAFD Chl a DAL S, RBERITERENPLEE SNTWD, TIT, A
ZETIL, FRENEECHRESERGE LEM Y I A ZRET A L b, BEERBERV A
UHAEEEICHETHIEEENE LT, £UDADRERFBIECOVTRETT S Z
L& LT
22 EBRGEE
22.1 B
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EFREHTR I ORI T 2005 41 A TERD 2 APEICRISNIZREY 1 A (£
£1.0~12m) 50 E L, IREREL TRV
222 HEUHIADRTE

U ADWEELE L OKEIZ L AIFERBIILLTO X 21977, 7205, (1) &
300 g ZE X 0.03mm OR Y =F L 8L (280 mm X410 mm) ICANEZRICAEZEL, &

[EBTIZBWT3,0 BLOT7 CTEE LN D 8~9 AROKEITER L AR Z
To7z, (1) 3BF 300 ¢ 25yERATF o — VRIERIANT KL vy —y MRIZLTE
2.6 COWEKFEREFK (CLTHAAT Y —KETRT) 6 kg ITIBEL, BaOEEZHALT
S U7 D, 0CT 9 BEPKEITER 21T -7, IR D RENOWEKA T U —KD
IBEE, FREAIHO-2.6CH 6 9 AMIFEEZIZIZ-1.0CIZ EF L, #iKkAT Y —KIX, &
1B U= RBEEENEKZERE 80 cm D AT L ABFIRI AN T, | BrffEIcEmicAe Lz
KEELIRN G, 25COMBEENT 4 RN TREETHRE L, BRItk LK
DRI 11 Thotz, (i) AE300g &2 A ar—RYV=FLr—F A 03 BEEE
MHIRD I AFIEALE (110X400 mm, WE(LTHNESHR) [ZANTEZEOER, EH
(ZHIBESE T AR 3L ZFE L, Y LAY S 0°C T 8 B REMEETR AT o 72, (iv) 30EF300
g & LEED I AFHEMEZ AN, W L 7= BRE A 25 L 2 AT b AZMA L (19
0.5 L OZEKMNEN), B LARRS 0°CT 8 BMBEIREIT 7=, (v) B#£300 g &k
FEOH AFHEALRIIAN, T LEBRERANEK 2 L2 AN THOERTRE 2R 6 A%
BAC, 1 L OMESES A2 FHEL, HEELARAS3BLO0CTS HEKER L OWE
FPE 21T > 72,

PLEO~W)DOEETRER LA T D AD Chla BL T =47 4 /L7314 Ka (Pheide a)
LpruvT 4 aDFBEE, B-haTy, pH, TAXFUVBOSFEBIOEOSTES
i OE LT FTH~T,

223 KEOBEIE

HEOKRSITE1E (122) LFEERICEIE LT
224 pH OHEIE

HEUBADOPHIL, F1E (12.6) EFERICHEIE L, T7bh, BIRIE 5 g ITEREK
45 mL #/0 %, IKA-Ultra Turrax T25 R E VA ¥— (KA Vv SUBERASHED) CT30#
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R L, 2 ofEEg O pH 2 8IE L7,
225 BROMHZRLCER
BEOHEITILN & D FEICHE- T~ (Yamauchi and Watada, 1998b), T 72 H, £1 gD
£ % TEREES mLOW0% T & R R CHS EHBEANTI VIR L, fiH LA
Rz, EHNo-SA (REEERE) CEBL, ARV I RAIZER L, BEOCENSEE
272 5 F CRIBROBMEERE VIR L, HBHEAIZS0 mLICER Lz, HBRF OERRSIT
EEES (1998) BILOTEE (1998) DHIEIZHEL, mdlikEs N2 7LC-2000 (H
KA ESHR, LT, AASAEREET) #HV, Shodex F-5110 7 4 (BEFIEILER
NEeH#, DT, BRETRETET, 46mmIDX250mm), 77 MRE30CIZHNT, T
T AF =k (50:45:5) HBEFEE L TR, JitER1.0 mL/min T4 L7z, FP-15208
Y HER (Ex 420 nm, Em 660 nm) (A4 R 2 HWTr a7 1 bak LUV O BhE
WEEIE L, UV2070885N ARG R (AR 2 AV T4s2mmTR-I a7 &
7 L72, Chla, Pheidea, Phy a}s LN B-h 1 7 AEHES, (FOYEMISE T3k Ua a8, LIF,
MR ETET) 2HAVTHEL-BRERL Y, SxORELEHLL,
22,6 TAXUBOSFERIOEDOSFESAORE
AT T ABEEFOT VX BRI Haug and Smidsrod — (1965) OFEICEC T L,
A5 (1993b) OFIEICHE L T, TAF UBONSFEAZBIE LI ATV H A 1g12 1% NaCOs
GRIEFRRR, FOCHEERED) 30 mL 20N%, (KR (5°C) T4 R L, TAXUVEBEE
H &7, 13,5902 (9,000 rpm) T 10 43 O@E OO BEE 1T o 72%%, BIEEBREIT 7=, 2
Z CIEHRIZ 3N D HCl GREEHSR, FnyefiZEiy) 6 mL 2 NA TRALE 21TV, RERATRE
Uiz, ZOMHIERO—#8% AT T2 7 4 /% — (Cellulose Acetate, 0.45 u m, BIEEHLE
X)) ICBL, mEREs e~ NI 7 4 =TT AX U BOSFEZRE Lz, 5
FEIILUTO@®Y Thod, TAXUBOSGFE Mw) BLOZEDOSFESM (Mw/Mn,
Mn IS FEEZRT) ORIERR, SRRE7 o< 777 LC-900 (RARSHER) %
FAV>, Shodex GF-7MHQ % 7 4 (FAFIE T, 7.6 mmID X300 mm), Shodex GF-1G7B A
— KA 7L (BBRETE, 7.6X50mm), #7 AEE 40°CIZHBVC, 50mM NaNO; &)
FHE LTHY, E 0.5 mL/min THHT L7, RI-930 mEEHkHEs (B ADER) 2 AV,
TNT AEUES, (Shodex standard P-82, BRFIETH) OMEMRLY, HFEMFTY 7 MY
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T 7 BORWIN-GPC (HASKE) LV TFEEZEH L, S FESHOLSIE, Mw (B
EVHSFE) /Mn BEEHOHFE) 1L THIBREHEITE 0T, AT 7 Y
TTICRY ZofEEEH LT,
22.7 HEHALE

SHTIE S ATV, FERITTEHECIEERECR L, ABEE, F1E (128) LFHER
WZHRTE LT,
2.3 fERELEBLE
231 Zmurg4agEOEL

AT 1 A D Chla&EBEDEFEF DE(LE Fig. 2-1(A~DIIRT, &R T COmEETR
IZBWTIE, 7°CTiE Chlaid 3 HEUBEERIZEA L, BFEETZ 716 mg/100 g DM Téh o
775, 8 B#IZIL 92 mg/100 g DM &7po7z, Ziuzxtl, 0°CTiX Chl a EEICHEERE
{BITRBD bR -7z, Fig. 2-1B IR LI LD IE, 2.6°CHEAKA T U —KIZ L AIKERETRER
BLOEKRGH T COICKEITHEZ LK L& ZA, Chl aE&IX9 HETH 430~630
mg/100 gDM TH Y, BEREEZITERD Hivieho 7=, Fig 2-1CI1I21E, 0CIZRBi A1
SEITHEMBATIER & ONIMEKIRIE T CoomBilra (UL Tk EAEATE & ~9) 0 Chl
a BEOEER L., BEFEGEIE CIE, 8 B BIZBWTY Chl a &&EIXE(LET,
590~730 mg/100 g DM TH - 7=23, ME/KBE{EAREITHE CIX, 3 HELE Chl a E&ITFE
W U, BRI 592 mg/100 g DM 225 8 B BIZ1E 321 mg/100 g DM ~ & 5 L 7=, Fig.
2-ID TR LT7e KD IS, T B A ZWKITIRIE L= R ICEESR 2 5 LT 0°C sy (LT,
HEKIRIERASFEE NRBATE &7 Y) i, Chla BBITAEICHED L, BFEATD 570 mg/100
gDM 725 8 B#IZIE 241 mg/100 g DM ~& RE B b LTz, —7, -3CICRBIT HHEKIEE
FRSRE AOKEETIEL TlE, Chl a B BEDOFEREITEED b7, 8 RZRIZB W TH 420 mg/100
gDM Th -7z,

IEDFREREE L DD L, EREMFTHRBITERIZKIT S Chl a EDEAITETRIEEIC
EFEL, FFRIEEREWVIZEZORIERE ol, 0COBRTEMEBITE, &
T TO-3CKEETER L 2.6 CHEK A T U —KEIFRIZ IV T, BFEFIZ Chla DD
IR LN T, WKBERBITR CIL, BREROFEIIEDHT Chl a EITFRICHE
DL, BBRINNOEEIIZRD LR -7, Chla BEOBNL, &R, BREA, WKX

L
KGR
>
=
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7 U —IKiRIE, WKiEER SOV KIZEBRS AL TR EOIBSEFITKEL, RUE
HOGEITIE, FBRREICIKE L

Yamauchi and Watada (1998b) D#ETIE, 7 mva U —FEED 10ppm =F L U EFE
SETEIZ BT Chl a O fEIIRE X4, —75, CA BT (control atmosphere storage) (10 %
COx+1 %0,+89% Na, v/v) ZEWNT Chl a DA fRIZHNH] & 4172, Maedaer al. (1998) b,
TF VAU 27 2 b > (Citrus unshiv Marc. cv. Nichinan No. 1) EF D7 nn
TANVERIE, IFEPICEEICED LI ERELTWD, BRPEM T, RO
MR Z-fN U, BPeiE A M L S A 729012 CO, & AV CA BFEA—MREIZIT LTV D

(B & /R, 1993), ABFZEICRTHETY H A OBEBFTEGEEE CIL, Chl a O4fEIE
MEI SN2, PHANIT- 72 CO B L O N, RGBT CIX, £V B A1L2~3 BUW
WCEGLUTBRENELTZZ Eb, BEY L IZATREFENERRD Z LOVRE ST,
232 TxFTFNNRAL RadEOEL

AT 1 A O Pheide a & B O DZEAL % Fig. 2-2(A~D)ZRY, Fig 2-2A [Z/RL7IZ &
INIEREMTHEEEICRS T, 77CTIE, 8 BRITEF I Pheidea S &1 1 725 287
mg/100 g DM ~EFEIZHEML, #RZ 5 H BLPGOEMMEE ThH -7, —7F, 0°C T
Pheide a B EDF BRI e oz, 2.6°CHKA T U —KFB I3 CTERSE
T C ORI T, BT H O Pheide a DA EIZD 72 <, 9 B TH IEIZ 5 mg/100 g DM
UTToHo7- (Fig.2-2B), 0CCEARFIHEMEAITE TIX, 8 B TH 11 mg/100gDM LLF T
ootz (Fig. 2-2C), —75, 0°CHF/KIZIEMERTE TlX, Pheidea &&(L5 B B LABIZERIC
WAL, 8 HZT276 mg/100 g DM &72 0, BERIEMARD biviz, 0°CHlEKIRIEREE
AGESTE T, Pheidea & &3 3 H BLMBEEIZHEML, AFERTO 4 mg 7>5 181 mg/100
gDM & 72 o7z (Fig. 2-2D), -3 CHpKIBERRRE KRR Tl 2R ohmpno7,

LEDEREZE OB &, IFERTO2FELD Pheide a HE1T S mg/100g DM LL T TH Y,
BYjE P DI, BPERUOBEWVIZ L D RE Blrolz, BEREMHET O-3CKEBATE, B
RFEMBATER L OMEK A T U —KBBTRIZ 3 CTiY, 8~9 HETEI% T Pheidea 131Z
EAEERET, 3~11 mg/100g DM Th o7z, SFREHETDO-3~TCHEBER L UUKEATE
“TiX Pheide a DAFITEFRIBE IZEE L, TCHRERE, 0CCH/KEEMRBIEL L U0T
WE/KIRIEBR SRS NRTRETRRIC 1T B Pheide a DAFREIIAIFFEIZ R T DMMOBFRIE & Hs
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THEIZL L, 181~287mg/100 gDM ThoT-, BREMETITE & FERIZ, MKEERSS
FABTREIZI\ T4 Pheide a DARITATROIREIC R & <R L7z, Yamauchieral (1997a)
& Yamauchi and Watada (1998b) 1%, 7w = U —fEEDRTEE GRS L OV DRt & H
W ARSI CORISRBIZBNT, 7rr7 40 7—F (BC 3.1.1.14) OEAICEY 7anm
TN ruaa7 4y R, Meg-7 X L4 —EOERICED 7maT 0 Uy Kipb 7
AT A NN RIZBLL, EDBITT =2F T 33 RUFF U7 —BIZ & D &K
BEDIESFLEM~E BT D a7 VRO ELHE LTV D, AFFRIC
BT, EU T ADEFEHIZ Pheide a D4R L OFEESHBO LN LD, 7ar”
4T —EBRMg-THF LA —ERIar T AranT )y FICER LEFRERD D,
BRAMHETIZERT D 0°CrERTE & 0CEAZR FEEMEATE TIE, Chl a D53fE & Pheide a O
ARICRERENR LN, BEREABRIFE CIZ/ a7 7 —EH LI Mg-TF
g —EOBERmElsh e bE LN, £, B UMESEHT CIHMERIEDH Chl a
I3PREF SN, Pheide a DABIHI S N/-DOT, FiEEEREEZIFRIBEICEEIN L
HEZ BT,

233 T=AT4FaFGEOE

A\
X

T 1 A D Phy a & B ORI T D% Fig. 2-3(A~DIIRT, EREMETIZBITS 0C
BIRETRELCIE, Phy a & EOFEREIMIRD b gn o720, TCHRIERITE T, 5 HE
LABEIZ
o7z (Fig. 2-3A), /KA 7 U —KEiTECR L OVE RS TICRB T 5-3CKERATE CiE, Phy

BHEICHML, BFRERLARFD 24 mg/100 g DM 75 8 B#IZ1E 128 mg/100 gDM & 72

a B EIZATERTD 14 mg/100 g DM 735 5 H#&IZ 16 B L VY19 mg/100 ¢ DM, 8 HiZIZi% 24
BLO38mg/100g DM EHEITHEIML, MHAKA T U —KEAFRIZI W T3 CKBETRL L
t, Phy a DFRWARKIIHIIESTRD vz (Fig. 2-3B), 0'CHIKIZIENERETHE C, Phya &
B35 B BLBICHIMER 2R~ L, BFEEIO 23 mg/100 gDM 75 8 BIZIZIE 74 mg/100 g
DM ~&FEIZHEM LT (Fig. 2-3C), 0°CH/KZ{ERRE AMmETE T, Phya & &I3ET
BRI 15 mg H>5 78 mg/100 g DM ~& A EIZHEM L7z (Fig. 2-3D),

VI EOFER G, BFEETORENTIS 1T 5 Phy a id 14~24 mg/100 g DM #& H & 41, Pheide a
GBIV OEZWVVERNR LN, EREHET TO 7CHmlTREIZI T D Phy a DEMEAEKE
X, AMIRIZBIT HDMOETOIFBIELY bEhoT, ROT CCHEKIRIERERRETER &
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O OCHKIB 1B R ABERETREIZ S Phy a DAKIZL <, Zh b0 3 SORFEETIL,
Pheide a DAERCE & AFFIEIZ T DMDITESRMEL U mholz, 3CEBLIV0CKEB LT
ITERETHRG, KA T U KT, BASRFEMERETRELRS L O-3 CHli/KIZIERE SR 5T AOK BT
BRIZIT, Phy a DFRARARMEIL 24~47 mg/100 gDM & 72 <, TN BICHEZEITR
IR o 7=, Phy a (ZEROYEA T Pheide a ~& B T 5 Z LN RE L TWD  ORFT,
1995), UL, FREFEEBERDIL, £ 70 ABFEFIZET %5 Pheide a DAL, 7 1
07 47— PEOBERIGIL VA LTZ00, Phya BB LTELEZDD, HENEED
W EE T4 U D0FERIT TE e dr o7,

234 B-uTUEROEL

U A B-TaT EEOITEFDOEE Fig. 2-4A~DNIRT, Fig. 2-4A /R L= &
T, BRGEMHT 0 BLOTCHBITE TIX, B-I T EBETITRATD 26480 ugh>
5, ATE 8 H BITiE 7690 1 g/100 gDM 3B LN 11840 1 g/100 g DM ~EFHEIZED LT,

KA T U =K L OVE KRG T3 OKBERE I, -7 a7 Vit hic ik
L7gdolz (Fig 2-4B), OCEAERFEMEITR CIX, B-I a7 135 B B LAEIZ AW
L, BRI 13018 1 g/100 g DM 26 8 HAZIZIE 7487 1 g/100g DM ~ & B EIZREAD L
72e —7, OCCURKEBESBATE CIL, -7 1413 HELURICEZICH L, 8 A%
V21 7255 1 @/100 g DM & 72 - 7= (Fig. 2-4C), -3°CH KON 0CHEKIRTEIRE SR ET AJKER L O
MBI, B-7u T U ERBIZEEIREIC» b b T REEOBIER 2R L, BTER1O
13050 1 /100 g DM 25 3 HAZIZIE 5160~5450 1 g/100 gDM ~EBEIZHED L, L
FEZEL Lo T,

ULOfREEL DD L, ER/EETIZE T2 0CE LU TCHERE, -3CHBLV0TC
HEKIRIERR EE AOKER L OWEETRICB T, B- 0T & Bl AmBIaE % H: &I
L, 3 BRIZIEEFERIOZNEN 64~68%, 39~42% & 721, FHIHE/KIZIERIE AKE
BLOWEEEF OB NEE TH o7, CCBREATEABIEIZBITS - 1T V85
DL, BEREHET 0°CE LV 7TCImEiTE, 0°CHl/KEERBITEB L -3 CHB LT 0C
/KRB E AOKER LOWMBETE L D bALMNTE T, AKX T U —KEiTER
FOERSEMT-3CKBITETIE, B-I a7 v EEORDTIH &/, FFRaOET A
ADB-FaT oEENE, 8930~26480 ng/ 100 g DM TH Y, HEHEHOERR LN, &
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ITET I ADERESN 1 AND 2 AThHoToZ & &, ESGFNRELEFRENTH-
THRBEATEEEHH & TR -T2 LI B 2 6N, AR TITEFRIGEEHD
FEE2HE TR ESNTET D A ZREE LIzS, REERTC 1 A EANIZERR L7236 B -
a7 & EIT 32670 1 g/100 ¢ DM (data not shown), AEFERRBRIZHZ 1 A FTEOR
BTGl 26480 1/100gDM & EEEE R LN, 2 A PAOFECIZ¥ER L Tz, —7F,
BEOHCEB LR B - aT o E8I1%, 8929~13044 1 g/100gDM ThHo7=03, 2 B
E®EOY 2 AREOREOFEIK 45%L0oTc, TNOMDETHAFDB-TaT
EEOFHREESCHILER D D 2 & AHERI S iz, KB LRy L Y U Tl B -
T oEENFHESCRBERT L I EARESNTEY (UhUb, 2000), U AT
AN DEEBDBE LTV EHD S LIVRY, FRFZRIZINT, AU I A DimjEs X UUKER
BIZRITD B-IuT EREYE, SREEFTIZBIT S 08 LU 7CHERRTRE CITRE TR
YLD, GREMH T3 OB CIRBAEMIIR ONehoTe, TuF /A NIZEHE
YDEERN T LA F 7 —E (ECLILLT), UARFFF—E (EC1.13.11.12) HEOEE
RICEVBLEIND T ENHENTND ORF, 1995), BN LR a Y
(Capsicum annmuum L.) O~IVA4 % #—F OEE pH 1X 4.5 TH Y, 30°C Tl 10 R0
BUL COIEMEZMER L7 b E SN T D (Serrano-Martinez et al., 2008), —7%, EIH
(Lupinus albus, Lupinus angustifolius) OFL Y R 7 —E O E# pH 1% 7.0~8.0, 0~50C
FCEERIEIEIIE Do 7203, BRI 20°CI B W THEME TR KRB A 7~ LTV B (Yoshie-Stark and
Wasche, 2004), ZHHDWEICL D, HBELRMFIIB T L -NAF I F—ERT REF Y
T —EOBERENEIZ0C LY b 20~30COFBERIEHITEmNZ D, £U T ADRT
BIZBWTH TCERIFRIZBIT D 8- a7 VORI NBEE ChH-72l b, ZbD
EEROBEE RIS ST, —IRIIC B-H 0T 0L, ERFENEICRBWT, Z U7 B LR
B LIESEE LCHEELTEY  (Bemhardt and Schlich, 2006), #EELLIZL D ZOBEE
BT D, AT ADHEKAT YV —KEERER & OVE RS T -3 CKBATRERIZHE N T
%, B-IuT U EEL I BECTHLIRRIE AEEDROONRP2T-Z &b, pB-Tn
TUEBZUNTEODEERIIEE L TN EXRRBEIND, AU LY UHD Chl a D
SIRIL, FBIEME CHBB-IuT L RoT7 Aa LtV BEEICLEEEINS (Yamauchi
and Watada, 1998a), 1> C, ABFFIZINT, KR T U —KETER L OEKRSEGT-3C
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JKIERRTIE TUX, BP0 - a7 U EEIFEL LR Do 7o e OIZHIB LEESMRE S =D
T, Chla DER{LyfRTInE SN bDLHEIND, —F, BREHT 7ChEiTEICE
WTIE, Chlag&i33 B BUBRERIZED LTWA, ZIUTIX - a7 v OB
IZX D Chla okt AHEMEEEDE T AEE L b0 LHEINS, 0 CHKBREMBETR
&, BREMET OCEB LR TCHIBETEICHBWTIE, Chla & 8- 07 O dsds %
MRBNT, Thbb, B-IaT EENEICED LTHG, Chla BEDBDRAE UK,
TDZENLY, TN AP O Chla DGR LT B-I a7 U BEE L TWAHHEE
W 5,

2.3.5 pH OZAL,

U T AZERIRO pH O BT O AL % Fig. 2-5 (A~DWI R T, BR/LME T 0CE L O7C
RIEATIEL T, Fig. 2-5(ANSTRT L2 I pHIZARIIE T L, BFEai0 6.2 b, FhEih
5.6, 53 ~LE{L LT, HEKAT V=K TONKEETE TIE, pH X 6205 6.6 ~EHE
\Z A U7z (Fig. 2-5B), AR FEGEATHE ClX, pH IXETRERID 6.2 /5 8 HIZIZ 5.5 ~&
BEIIET Lz (Fig. 2-50), -3°CH L O 0°CHg /KRB AOKER £ OGS RATRETR C
1%, OCEFRE DA E ERME T AERD B, pHIZIFRERTD 6.3 705 8 BEIZ S8 ~E{ET L
7o

UEDFRREZ OB L, GREMET 0CB IO TCHERR, 0°CEASE FTEMBRATREIC
BWTE, pHIZ3 HEETHEREIIETL, FNLUBELHRAIIET Lz, 88588 TKER
FORIEITIEF L ORI TERESE B KRR L OV ERTREC Cid, pH O T IR E 24K
7L, FEEESEWVEE pHIETRE L o7z, KA T ) —KBEBIZB W TOH pH
TR ER EFEERAFED b,

Chla |ZHEBAEA S5 & Phya BAERMT H Z &N —KIIZEH TV 5 (Yamauchi e
al, 1997b) . AMFFRIZIIT S pH & Phy a EBOELICIEET5 &, EREHT 7COME
BB CIE pHIZ 3 B B E CICABIZIET L, 5 B BEEIZIX pH 5.5 LT OFFERMRMFIC 72
ST EMG, TS Phy a BEEDOITEEFEICBIT A REBINIEELI-bDEEZXD
iz, EREET —3CKERETE T, pHIZEEBREBET, 9 BETHL pHIX 59 Ltk
B pHAR T 28N 2 5L 2 &5, Phy a & EOHEINIINHE X4z & B2 bivi,

HET N ARFBERO pHIKTIE, T AOEH 100 g J720 30%RBESZENDTLX B
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ISETEFICT LX) 7 — P OERIC L DIERS FENEE L T\ D LRI D, £,
THADBRBLL =7 X8 7—E1E, pH 2 5.0~8.0 IZBWTEVEREEZ T Z &0
WESN TS (D ETEE, 1982b), EFEFDOAET B AD pH IE 5.0~7.0 DFEEANTH
STDOT, BEFTOTLXUEE) T =BT AX U BOBRSFICEE Lz E 2 65,
23.6 TIAXUBOSTFERIVGTFESHRDEL

HETHAROTNX A BBOGTFE Mw) BEOZEOSTFESM (Mw/Mn) OFFEHFO
A% Figs. 2-6(A~D)I L N 2-7(A~DWIRT, EREM T 0CHEERR T, Mw 1321k
Lgdo7end, TCHRBETRRIZRVCiE, 5 B BRI SEICED L, Mw (SEFRRTO
1078,000 7> 8 H£IZI% 881,000 ~& HEIZHA L (Fig. 2-6A) , FAUIE Mw/Mn (Z
1.86 725 3.59 ~EFEILHIN L7z (Fig. 2-7A), #/KA T U —KEBE L OERSGHET
SCKERTRE T, Mw IZEEREIZRD Lo 7= (Fig 2-6B) 73, -3°COKERETRIC
BFD MwMn iZ, 1.96 725 2.57 ~EFEICHEM L7 (Fig. 2-7B), -3°CI LN 0°COHEK
RIBEWSREH AOKER L OWMEITE T, Mw CIXEEREE 2R & k- 7205 (Fig. 2-6D),
Mw/Mn 1 3-3 CH7KIRIERR RS AKBIFEIC RS W CTEEICEMN L, BT 1.84 25 8 H
%213 238 & 72p o7 (Fig. 2-7D),

ULDFREREELDDE, Mw DFEBERELITERGEMT TCHRBIFTRO AR b
7o FRHZ Mw/Mn OIS 1.73 EFETH Y, oK (026~0.66) & H~THHER
ZDROD DI, BEREMFTIZBIT 53 BLO 0°CKER L OGEER, -3°ClkiZiEmn
FEAKERETECIE, Mw/Mn OHNNIE 0.54~0.66 TH - 7=DIZHREL, KA T U —KIE
BrjE, OCEARFEMRATEL, 0CH/KIZEMEITEG LU 0 CHEKEERASR S AR TR
IZRBWTIE, Mw/Mn DL 033 LLT &IEFIT/NE ol BREHT TCRIERETEIC
BT, 5 BEUBICRD ST AE U BEO Mw OIET 722 5 0N Mw/Mn O, 4
U 1 ABEROEEHEE DR TICRHIS L TWA EEX bz, F£7-, BFEAROET I AZEIK
B pH AR FIZEBWT, TAX LB 7T —FOBS 2R L), FEEENR—EE S
REMT TCHEBEEICBWTOLAT VX VB FEOEERETHAED b LT,
KEEROIEMIZ L 28ED pH (BT O LTHRPSIFEND LEZ DN D, KREFTEARIC
BT DETEIRE QAN (3~70C) 2B\, FREENSEWIEETLF U BY 7T —F
DIEEDRE 21212, TCERITBICB T AU D AR T VX U BEOSFEK T AEE L
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IRolo LRI,

AR RIS B OB R, DX D RIFEEHENED I A OFEERFHICAENNETYT
BRRIRTH D LEZ BN, FFEGE UERY 7 A M THIZRT B REAORERH 2R
e DL EAFESS, BV AT I A ORBERFRBEZARICT S EEbhD, IFRTOL
U ADEFL, FEFCIIITRBIGIVEATH LN, HENHLT D L EEKRNR
WD WBEICELLTEY, BELEZEOBELIEFENGHADIWVFREIZELL T, HO5rY
I EBE DTS ANRIE LTV e, BB LBICEAICREIC R B L ERMENE L < 1K
TT5DT, £UDADHEEBIZITLOEENLETH D, MITOED I ADHEB
S OVRETIENL, FIEAT o — VIR AW TOKER LOWERS—RBTH Y, JEEET
bREBRIZERTE SN T D, UL, JEBECIIREBIOKDNEMRE L, IFRIEEIXREIZE 72
D, FEBCBITOEREHT TCHBITR EEL LIEEREThH L L Bbh s, JEEEIRGE
RRZRIT 24D B A DEBHIRIZ—REIC 3~4 B & S50, BFEh O @3B LOEBR O
FPENDT, HEHRBNTHLRH X BDIZANLZENEELWNWEBZ LS,
KA T V=K TlE, 9 BHBEOAET I A ZMEL THREBOLHE0F LnFREan1t
HLRBODLNRNZ &, TEROEEMIREZ RIBIIERTHZENTED, T A, TV
BBV T HIKA T ) — KRR L R RO B L BT T BN B A BN T
b, HEBEEWE SR, NEE OB L UBED ORI A L, RRFOES T4
VR B EEENNSEDEDOHENRE S TS (Losada er al, 2005; Rodriguez et al.,
2006) , AFFEZINT HIBK A T U —KERTERIZ, Chla 36 LUV -0 1 T B L O,
WAEYETEOMHIZNREIC LY, AV A eEABEICHER & L Bbhvic, KRR
26, 5 BLLEORBRETRE AT 9 HA11E, 2.6 COMKA T U —KEETE,, BR5&M
T3CKEITESFETH D EEZDND, T OKEATEIEIL, Chl a O B -7
BT D REIH L, FEORERRMEFCED LR TH Y, BITOMEHIE
LV HHLNEN TS, B-huaTFiivyue I A L LTaLIL ORF, 1995),
PR LBEL FEOMREIERL A TH U, AT I AELEENTNDZ &b (HETERKD
F, 2003), BFEFOSEEIHITEX 5 Z LIIBO THRBFBENDOERNH D, T,
WK A T U —IKERWTCRBBEOHERSDNRICETDMENEML (Losada, 2005 ;
Rodriguez, 2006), ERALIZHENT =K A T U —KBREEB OB LITHOIL TS (NEE
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@, 2007), ARFFEICEBT D FHEARICBOT, BEARAT 1 —/LEERIZANTZ2.6CD
HERKAZ ) —k%& CCTIERT 5 &, 10 BETHHKA T UV —KOEEIL-1~0CEHERF L
TWe, TDZElE, £V APEEREITBNTHE BIEAKRT V) —IK TONEATERIC &
DEEERFEN AR TH D Z EHTB L TS AN D, EREGTICERIT IFE T,
TEMRD pH DMEEIEL 705 Z LR & H, RS LOVEREEIZ R 2 R EEEIC
FHTE D Bbhi, pH DBRIEIIFES THY, UHADARE, M, MBOEHGICE
ASNDHRETH D LERRZ, MEAL THET H7-OICTHIREANDET I AD pH IE 5.5
LETHDZ L2 BRIZTE D ENRFER R DRI N, FFFIZBITH2TD
BTIBITIEICRWTAEY I A DFEEFRIE L 7 5 DX, Pheide a DEFEEX RO & TH S,
Pheide a (I@mBEERFICITIZ L A ERHE ST, BEEOHMIZE U TREFIIZHEIT 2 DT,
Pheidea DEFEZIRIZL LEREEENED TH D & Bbhvl, HIh/ifEes Lag,
EU T ARTEAICIT HEAED pH R TORKAA &, EDOETV I AZGELLTE
RLHZEEIBELZEERENLETHL EEZDLND,
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Fig. 2-1. Changes of chlorophyll a content of raw U. pinnatifida during storage under
following conditions: at 0°C (A) or 7°C (A) with air (A), in seawater crushed ice at -2.6 C
(O) or at -3°C (@) with air (B), at 0°C with O, ([(J) or in seawater at 0°C (H) (C), and in
seawater at -3°C () or at 0°C (@) (D). Each value was expressed as means + S.D. (n=5).
Values within the same figure followed by different superscript letters are significantly

different (P < 0.05).
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Fig. 2-2. Changes of pheophorbide a content of raw U. pinnatifida during storage under
following conditions: at 0°C (A) or 7°C (A) with air (A), in seawater crushed ice at -2.6 °C
(O) or at -3°C (@) with air (B), at 0°C with O, ([J) or in seawater at 0°C (H) (C), and in
seawater at -3°C () or at 0°C (@) (D). Each value was expressed as means + S.D. (n=5).

Values within the same figure followed by different superscript letters are significantly

different (P < 0.05).
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Fig. 2-3. Changes of pheophytin a content of raw U. pinnatifida during storage under
following conditions: at 0°C (A) or 7°C (A) with air (A), in seawater crushed ice at -2.6 C

(O) or at -3°C (@) with air (B), at 0°C with O, ([J) or in seawater at 0°C (H) (C), and in
seawater at -3°C () or at 0°C (@) (D). Each value was expressed as means = S.D. (n=5).

Values within the same figure followed by different superscript letters are significantly

different (P < 0.05).
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Fig. 2-4. Changes of fJ -carotene content of raw U. pinnatifida during storage under
following conditions: at 0°C (A) or 7°C (A) with air (A), in seawater crushed ice at -2.6 C
(O) or at -3°C (®) with air (B), at 0°C with O, ([J) or in seawater at 0°C (H) (C), and in
seawater at -3°C () or at 0°C (@) (D). Each value was expressed as means £ S.D. (n=5).

Values within the same figure followed by different superscript letters are significantly

different (P < 0.05).
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Fig. 2-5. Changes of pH of raw U. pinnatifida during storage under following conditions: at
0°C (A) or 7°C (A) with air (A), in seawater crushed ice at -2.6 ‘C (O) or at -3°C (@) with
air (B), at 0°C with O, ({J) or in seawater at 0°C (H) (C), and in seawater at -3°C () or at
0°C (@) (D). Each value was expressed as means = S.D. (n=5). Values within the same

figure followed by different superscript letters are significantly different (P < 0.05).
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Fig. 2-6. Changes of molecular weight of extracted alginate of raw U. pinnatifida during

storage under following conditions: at 0°C (A) or 7C (A) with air (A), in seawater crushed
ice at -2.6 C (O) or at -3°C (@) with air (B), at 0°C with O, ({) or in seawater at 0°C ()
(C), and in seawater at -3°C () or at 0°C (@) (D). Each value was expressed as means +

S.D. (n=5). Values within the same figure followed by different superscript letters are

significantly different (P < 0.05).
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Fig. 2-7. Changes of molecular weight distribution (Mw/Mn) of extracted alginate of raw U.
pinnatifida during storage under following conditions: at 0°C (A) or 7°C (A) with air (A), in
seawater crushed ice at -2.6 C (O) or at -3°C (@) with air (B), at 0°C with O; ((J) or in
seawater at 0°C (H) (C), and in seawater at -3°C () or at 0°C (€) (D). Each value was

expressed as means = S.D. (n=5). Values within the same figure followed by different

superscript letters are significantly different (P < 0.05).
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FIE NMTABEIC XD UL A OBEETRER L OBk DZE{k
3.1 FE

AARIZBWT, BEIZBTAHU I A (U pinnatifida) 1Z53E TR UHRIEVEETH Y,
EREOVRRU I A BT ix R I APRE SN TE T RRT I ADEERIT,
1960 FEARUTITEER] 3.8~6.5 7 h 2 Tho7203, 1966 FELIBRDIEFEDY 11 A DAEFEEDENMZ
VN, RRT A DAFEEITIREIZEAD L, 1983 2T 1 5 BT 720, 1990 LI
1205 RV LLFERRoTWD, BIET D ADAEEYL, »OTILI0F N 282720, RE
(WA L, 2006 EITIE 5.8 T b & e o7 (AL 18 FRIRZE - REEAFER ST (B0 , 2007)
ENE | LOLFEEZELEFRICKITORIEY I A DAERIZ2T T M (BHMOUKE
RN, 2002) THY, EWNEEEDR 50%% HDTND, F2MOEHIRDOAEEET 1.8
B bhrT, MREGOETENEEEDON 80% % G, ZEIYIA] OT T REFRL
TWD, 5, BRIZRBITDU I A DORETEEIL, METEMI0 T M 2B TEY, s
RESEHEEBEDS OMATHbA TN D (EFE, 2002), BT D A ORI, —i%
FEETH Tl RBIZY T HRBZHIZ L TERNLNAD, BFBIUEROER T, E¥
HINTIZZEDIZ L A EPIERE IS LERY 7 AT & s, FRi, AFRICBT
DEFED 0 A DUHEENL, 3~4 A1 AICEFR L CTRY, [HEE T DRI
O BMAED pH ORTHICL YD VD A DREIRTHNEEIZ/RY, SEE»DINTIAE &
I ST R T Z OB LT T 5, —7F, BHE» O Hm I/ GE LERY &
A, MIZEFIZ LY LBEIIG U OKREARM L TEMNT S, /NEY AOEE LER
DHhAEIRD, Fio, Bl UER D 7 A % YEKCHE K CHRESICEET L, BK%ICER S
CRAERRE Y 0 A (BERA - Ay NUBA) ICHBMLEND, I bmiiiE, KEL
RICEZDEERENONDDOPRTH 5, BHIREWZ LIZ EFRO/NEY OB LR Y
1 AREE, BEEARERH L CRFESND, Ziud, BB LER Y I A OREICE
L7 (i) 38 L OBENENICIEE L TV AE GO BLZIZIR A W ETH Y,
BEOBEMOESIZETHHD) OEHETRIN, 20~80% F Tk~ IR
SHTWD, EPEL BRERERLTHIETEBEEEENMELS, B2 30% LT TH
%, FEB I UOBEEOLMABARTDICBIT 2RGSEFRIIENR 0% U ETHY,
WELS BEDHEY B RWERGTIIRESHERN 0% & WO R R 5N 5, TEkIT,
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HETNAZEOEEGR, HHVTERKREB L CHOEBEIELTRU N A FER4
FTLINABIOKT LI A) BERTH o7, BIEE, 1970 BRUTEHZE S B

LB Y I ANERTHY, 2EMICEESIN TS, BFB L OEHROER TIL, 1TF,
HETE T 95% LA NS @ LI U 4 AZMTah TR (WhTREFR S A5, 2007),
2004 FEIZIB T DAL ORI 30% LGB LIER Y U A TH D (A, 2006), ZOXIIR
GLPEE PEELRMN A EDBE TN ATHD, THAREOMTEEOENI L 5 MEE
LIZBET DRI T <, MEVLERS?, KIS X OEEAIEIR ~DIR{BELIRIZEE 4 5 %0
RBRONDBETHD (Satoetal, 1976 ; 1R LR, 1977a ; R &R, 19770 ; 1E5E
LR, 1979 5, 1984 ; #Er, 1992), I HOREBRICITETERL FEFLUIA,
IRFL U AR IOFEER Y 1 A) BMERSITEY, i LERmE AV -z
BLOWBEFR 2L, BYBES BB L O ORKEEEIZE T 528E (Suzukier al,
1996) IAMI R S22 &L 5 Th 5, B RO O BRSO A HERF E 7213 (S T2 0
R 2 WET 57O DOMIE L ORTRETORIAES IS, BT L, KBS
VLB IOV T ARFIE ST D (Wennberg e al., 2006 ; Luna-Guzman el al.,
2000), WHZ, REEKFES MU U LARELT MY U AR, S E L TRIRENTERY, &
AR T AR D BEREEZ R7- L T2 (Korenaga and Fujii, 2000) ,

ARG TIE, TR E L CHEERL L OEFEOTREGE LR D B A ORWrHRE R
FOEREOE I LT, 5l UERY I A OAFERBICBW THEIEREREHF T D858
THDHME I DB L CHETT DT HAFTE~OFRIC OV TBBEET 52 & & LT

ERERIERER B, EENRRERECE I 2B T 0%E LR Y 7 A IR L, K
RLEOG @ LIER Y B A OEKFIZIBT HMBRLE, BLOHRE, B vs, 7
N EF R Y U AR COBELIRIC X 5 BRSCEBHEDOE L A TR, 872 5 His
TR L OB SN ZBEHI IS T DN TAHME DB I~
32 EBRFE
321 RE

Gl LB Y 1 A ZEREDOEEMBOBERAEL 2O OFHER E LT, PEOKE (7
BRI BLOBEFER ORAK) THREINCUVIA, BIOEFRTERENTCRKART I A
(TRR1R) M oBEE S N8B VR Y 7 A 23808 (§E23%i4) & L, ZEREOREEHEE
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BIUOEIZFH~, PEERFHIS CUSETHEALLTRGL TH Y, WSO
WITRBATH B, EFEREU DA ZFEE LG8 LR Y 0 A 33~4 R I a7
REVEORR AR E Uiz, BFERAVIAZFEEE LGB LERY 7 A%, 5~6
AT an= i 1S0fnzile & Lz,

RERLEERE RS LB I 2 F T2 HEERE, SFEREBIORRI I ANLER
EENTGE UER Y U A ORI E 158G (FIURE) 28BS LOMIEENOAFL
TERELE U, HBOKPICRT 2BV, LU, Lol Jras gy
U LRI ET D RO BIELEBR 21T o 1, RYERREE LR Y U A D BFINTLIC
BT HREUEEOEINE 2 LL FIRT, £V A ANBRR, AR L OOtz as %
BRZE L, 9400 LOYOCITHNE L=k AT B A K30 kgZ AL, #I80°CT30~60%
FMOMBAEIT ST 5, HHIZHI0COBWEKF TSoBmEA Lz, D%, WHKREREL
TeBn@ LU 7 AK2T kghzst L TRI40% ORI CEIR 2R\ TmiEE) 22 THaEAa L
72, 300~1000 LOYES » 712U A A LT, MBENEES 7 D8~ B/ %
&, MBEED LENCR A TH 5 100~200 kg DER 2T CI2BEOHEIES 1T 7=, &
B, HWIBY 7 PICE UK (BHIR TUD A2 L CHEOBREREL, HE
U 77 A100 kg 7= 0 30~60 kgD EA Z#E CTHE LK ERE Lo, 0%, FEET
XwlrEl, BREOHEZFE L Lie, BBHIOITIHT 5% T-10~-15CTHRE LT,
3.2.2  TRWTIREE DEIE

il LR D B A OREEIRE OBIEIE, NMR-2010J-CW LA A —4 — (RENTEHAS
HE) 2RV, EES (1976) OFFIEIZHE L CTRIE Lz, FINCIEWERS OEEREITEL,
I NS AR O BERAR O Se w3 I o oD, BEMRE ORIEEIZ RZENGRD b
Too T ZT, BEWMEEEOBRIEENLE LTI, Fig 3-1 1R L X D12, ENGKEIHOT:
EREO R LA E AV, BIEREEZ 25X25 mm OEFFARKIZEIEIEZ IZIEETEKIT 5
BEIZL, EHIZS200 F ATV A7 (A&7 Ly T7H) TKRREREL, EEN 1.2em
DROBANTZRAT U VAR 2 TEHE ZHA T LA A —F —OFEEICEE L, EE 3
mm OEFET T Vv —%& AV, 30 cm/ min OFEE CREIOPREAZZEHIL, Z OFED
BRTTE L O BWTRE (g/om?) ZEH L7, 728, KEL, MEVLETR K OEBEEETT
BHEAEE OFEHT BT A HEETTRE ORIE S FERIZIT o 70, £ TOMKEHREORIEIL 1 1%
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RIZoE 15 EU T 7=,
323 ESOHIE

U7 ATEREDOE X OWPEIE, RE2-330052 U —T7 A —&— (BEREHIUER) (2iE%
SNTCHC2-3305/Z S 5HTHIE L7z, EEDRIEE, KELEITORV G LER D 7 AR
mn DIE S ARG ITITIRIRIC O E3ELL TV, KE LB L UONMEBLEE 21T - 7o
BIOSEIZI0E L, BT 57,
32.4 Koy, RGEIUHESORIE

B DAKIEE 1 E (1.2.2) & RERICEIE Uiz, JR71E 550°C TR Lk (AOAC, 1990)
(R D BEE LT, H451T 450°C TIRIEEIC B —/LE (Greenberg ef al., 1992) THIE L7,
325 v

Bl LI D 71 A UL P CSoBRE L () 21TV, BuKIZ X DB OE &
T2DIZ, FE L7CIBEHK R T1 oM ORI E 1T o7, R (1997b) DFiEE —E
B L, 200 gDFELE2 LOMEN Y%K H (100°C) T5~605 EIMMBVLEE L, #0MZ10C
LT O EIEE K P CSaMmE Lz,
32,6 AHEBMEIR~ORIELE

325 FIERIC/AKRE L L3kl (%5200¢) Z=HAVy, 256 (1984) OWMEICHE L CTHEREO
BiaiE (1L) (CE{EOHE LTz, FRRLIRE, 7CO5%EEE:E (FnytrliZiil) yEikrh C2405H]
Tolz, BRI, TCOS%AEEA NV D b FIYEMZER) B L U0S% 7 v a gl MY UL

(FeAMiZERy) ik CSIR O BB 21T o 7o, IBIRIRE OREHE, 10°CLAT O&HE
TR Tl L,
327 RYHHEDOEER

BFEORRIGNIEM, BLOFEEOERMEY 7 A (U pinnatifida) %JFEE LTz
BB LR Y 71 A % FFRO X D ITKE L, 1%EKFITIBIT D MNESLEER, F 7038 H ks
BRI T D BB 1T -2, & BT, RD-300 EZRIEH S (It TaHHd)
ZRAVWTER 2 EZEREE L, KOIW-1 /NG EEE (B XS R) CTHhe
L72%, 30 A v o2 T OHmRRE L LTS L=,

KEVE (soluble dietary fiber (SDF)) 35 X UIEMEEWiHE (insoluble dietary fiber (IDF))
DEEIL, ER-EEIE (Prosky ef al, 1988 ; Suzuki ef al., 1996) IZHE> TiTo7c, TOHT
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AEHETERR GA-100 (CHPEEME) ZEFICOYE, 135£5°CT 1 BEmEL, EEL2
B E THNEAEARE Y IR UT-, VEEERZR 300 mg & 250 mL OEILEIZAN, AB304-S &1 KT

(METTLER TOLEDO $) THFEL 7=, 7K 30 mL Z/NZ CHplEAKF T 5 53 MmE L, K$
THS%, 2% (wiv) 2307 L7 F 2 (FifesliZEal) /KSR 20 mL, pH6.8 [ZFAR L 7= 1/15
M U EEEER (NapHPO, » 12H0, FREEAFRR, FOCHIZER ; KHPO,, #EESRHR, Fniehl
) 30 mL, 10 mM NaCl (GREERF#R, FOCHIEERD /KW 1 mL ZNEINA, BHEAI L
LT hvmy (GREERR, FCHMZEERD 2 2~3RL, MIR-153 A »Fan—F— (=
PEEMGASHE) A\ T 40°CT 24 BIOIR & D MEE A 1T o 72, SRX-201 EiRMHNE
DArEERR (RSt I —B TR 2V, 6,040 g (6,000 rpm) T 10 frfEiE.0%, (EE
I LTH T ABHEER A IBER 7 4 V2 =RV — (7 RV T v 7 HERREHR),
BERZIZIY 1T, TAC L—F—Z LV REEE LT, RiEx 78 %T &/ —/L 20 mL
T3[E, 95%T& /) —N20mL T2E, 7 o GREERE FGHER) 10mL <1E
Welf Lo, 105°C R C— iz o7, JRIRIZIE, 60CIZ LT 95% =4 ) —)b
Z4fE&E (320 mL) HiZ, 1REfERE L, SDF #ibB& 7=, R\\T, IDF L[EERICIESE
WZ LT T AR RS EB L, =&/ — & T TR L7214, 105°CT—BREL
BEXE7 (AOAC, 1990), [FIRFIZEME LB 2 rfED 5 b, —H e RIbIEIC L V&
SHF A VT 550°CT 5 BERRILS B CIRAEZBIEL, MhFidEI I 7 a s d—ik

(AOAC, 1990) (T &k W EREARY, RECEEN IR VNV B ER L, BR
RUBRT & DN B 21T - 7o B8R BR O 2 1R b _EFEJF1E & RIERICIIE Uic, e & 213,
HEEEDORLEREEEICEENIRELS VBB L OERELZZ LI TRD,
FRED L O ICHIE LR DR EL BT, EAY 100g H720 TRLT,
328 TAXUBROMER LU TFEORIE

T 5 ABERARFR O T VX B, Haug and Smidsrod (1965) OFIEICHECTHIEI L, 4

AR (1993b) OFEICEL T, TAXUVBOSTFEZAE L, ERROLSITKEL, M
BVLIRRS I OVE B SR IR IR AT OB EEEUEL 1 g 12 1% Na,CO; (BREERRR, FnitiliZRid)
30mL #0012, {&IR (5°C) T24 BB L, 7 VB AR H SE 7=, 13,590 g (9,000 rpm)
T 10 PEOELODBERIT o 70 %, BUEIEE L7, B OA72EHRIZ 3N HCl GREERFR, Fn
JEMZER) 6 mL M1 x CEEAEA 1TV, REBEHRE L, ZOfRO—HEz AT T
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7 4 /L2 — (Cellulose Acetate, 0.45 u m, FEFEEME) I2BL, EmEREI o~ 757 4
—TT X BOST B 2.2.6 & RERICHRIE LT,
329 #EHLE

ETOHHE 3 EFTY, ERIIFHELEERETR L, FEEL, F1E (1.28)
& FIBRIZHRTE L7,
33 WRBIUVEE
3.3.1 TEWTREE L E X OFERS

MEER IS FEOTIREGE LER T 7 A 23 A OMErHRER L OEREDE S
DB A A= FER % Fig 3-2 [ORT, FEEY B A OBETTRE T 2540~4690 g/em?®, A F
FEZTE D J1 A OFEEIIREE I 5370~8190 g/em?, *& FEEFRIR T B A DREEIFRE 1L 9120~13340
glem® %7 LTz, FEET I A OERIEOE 13 0.05~0.14 mm, HFERFEY I A DEIR
EDE E1E0.09~0.17 mm, HFERKKRD 7 A OFEREDOE XL 0.17~0.35 mm Th o7z,
TR & BERIRDE X IZIFIEDOFIES (r=10.766) (Significant at P < 0.05) 2338 bhiz,
TERAE D R EFE C IR R <, BERIK DRV KIR Y 7 A DIEBIRE &0 > 72,
U EDFERMNG, Ul ADOBEREOESOWEERELZRETSHZ LICLD, ARIS Uk
FHAFIREIZ /2D, T h A OWRREIZHE LI R0 R R CT& 2 L ifF & hic, AFRE
DEIE LR D 71 AL, BHEOERETHEBICLY, HEONE (BYOMHE, TP
GORERE), FEOBIEFY, KROyPMEEORN, FREOKE SO ORERE
ZEBERICEHI L TEHRATIT SN TWD (bnd®EEN K7 v 7, 1987), FH, FEET
THEINTEIRE 1~2 S05E LEER G IR 2 B E0mRBmeER S o/
BRI X OB LR R EOEIT/ NS W L ZEF TR L T\ 5, FEEOEA
LI ERRR & ORI DEAZEE B OFIENIZ L > T, bk, % &SRS
RN TV, BAZEE LENEEMIIBITAEREEREE (BFRETIEIBBEBOMNR
REEVEFRIBEOHEE ZZIT T LEREIND) OFERMTFHELEEIR—Sh T
RN, ETD, ABEMEC X 5ERMTTIE, R CEFEOEE LERY 1 A Th > THER
BEERBREE ORBRERCRENEIC L BT T AEHMENERD Z EHEZ D, RIC
W E L ES R E 2 B0 /MEOR—REREEZITO & LTH, EMPESIZLD
BEROIARITENT 2O THROTHRETH D, D2IT, ESREEREEIC XD 5HE LER
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U 71 A DERRAHTEHRIL, BHEOEMBICOLTN THL EEZ LMD,
332 BH@EUERU I ADKSEy, Ky, BB IUKRE LEDOEREDE S

Bp HHUE CEMEB L UOBER SN A OMTHEDOBENERAL DI, EFROLD
CERENBR LR T I A 3 BIK) Oksy, Ky, HHBIUKE LEDERED
B X DRIERFER % Table 3-1 12T, BRHHIKTAEET LR O a5 LER Y
A ADIKSGy, R ZOWESE, EEI 59.3~603%, 23.0~232%, 19.1%THY, Zh
DICHEBRETRD behole, FHEOEREDESIE, 016~0.54 mm Tho7o,
ERED I A DEEREDOE STLHEBOF TR LH 0.16mm TH Y, HZRKKRY I A TIE
0.54 mm & HJHLEP-TZ, THHD3REOEHIZTETEFETHICLINb LT,
FEEEHEY 7 A DIRKIL, BFERBBIORRELENTHEERICEN -T2, THHOD
FERB I OETRO 33.1 OFFEER (Fig. 3-2) 75, UM ADOBREITABTREICRE S HEX
NDIENRESNTZ, ZOX D RIBREDE S DEVE, e RMIABIZ BT 53R
TROMEWrTRE 72 & OB R EICRE L T D LB 2 vk, 72, HIER LUK
SAERIC X0 i LIEIER D 7 A ORI S EREE > TR Y, KEL TERICEKREEE
Bra &, KELZITORWEEEIZIE, HEHRER L OEREOE S OREMITAE < B
D, BRUIIGUESHCRIET 22 ENEETH D,
3.3.3 M L 5 RS BEOEL

i LB U o A DK 100 g 247 D @ SDF 8 L (N IDF D& &% Fig. 3-3 (Z7="$, SDF
Z8lE, 85~13.0g/100gDM Th 7=, —7F, IDF &%, 34.7~43.02/100g DM TH -
7zo SDF B LU IDF OFI TR SN L EW#SME (TDF) O&EEIX, 47.7~51.5 g¢/100 g DM
ThHoTm, 1%EKFT 1 BERIEAL /=T 2D IDF S8, AFERKRT D AT 416
~29.3 g/100 g DM, & FEEFEFE Tl 43.0~31.8 g/100 g DM, F[EFEZEE T 34.7~23.7 /100
gDM 700, £FEHIBWTERICED L, ZN60BDEIGEIF26~32%Th o712, *
7z, TDF & IDF OBRADIZHEVWEEIZED L, E60EIEIL 18~31%Th Y, PEEY
A ADFLEIEE, BFEVIALYVBEREICKE 272, 100mM (£ 0.5%) HEARFIZ
BUIDTToF o TRICERE L= U OMBVLEE (4~25 2[)) 12k Y, IDF BIW
TDF §&IZAEICHED LIZZ L3 HE SN TE Y (Nyman and Svanberg, 2002), /K9 C
DINFSLIRIZ L % IDF 8L TDF GEDE(LITIE, T A L=V O TEE LR
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RVFTEONT, TAX U BIIEEOMEEFREDE L L TEFEETLIZHETHY, a7,

AR, T TR, Y AEOBEIZBOTHBEERD 10~30%%2 DT D (b, 1993),
TR CBRITHEA T AEOEBIZ LV FOMHERDB LT HZ MBI TS (Korenaga
and Fujii, 2000) , AFFZEIZIT DT I A D 1%EAKF COMNEGIETIE, VI AROREME
T AGTN T A, IKEET VX BT N U U AZEL LT2TDiZ, IDF 3B L
lc& B, IDF BEEICED LiciZ b 53 SDF MEMN L7 2 72D, {&4HF
{E L7z SDF (%, B b 1%EKPICER Lz LRS-, $8R5 (1993a) 1T,

b 2% (Hizikia fusiformis) OFEENBIZIBNT, RERFOEE EIXREITHEMNL 1 K
B OBEDLY T BT 288,000, 6 B TIX 186,000 1L L7 Z & 2HE LT\ 5, AR
BT DT AD 1%EKRPTOMEWIETY, b IFITBIT 50 L EEIOREERRET
7w Bbh s,

Fig. 3-3BITRT L D12, U A D SWEFEREHE TR HIRIELHL, IDF & X U TDF
WCHEBREEST-D & oTc, —F, 6 REOEHBOIEIC LY, BFEREY I AD
SDF 13, 85725 21.5 /100 g DM ~ & BB ZHEIN U7 A2k & (1977b) B8 L TUNE & (1984)

1, 3~S%EFERIATRIZ T 7 A & 15~60 EHEIE LT-85E, U AFOKEBET VX U iEE
T 3KEE S FERIIRE B L, —F, REMET VX VB E TR 3 REME S FEE oK

SHMUIZERELTWD, TN ORER & AMEOFRAIRIZ L 5Bl 0Z(biX
RESER->TWe, ZORKE LT, HOIEFHRUIA (FEFLUIA) 2FEHRLED
W LT, AR TIIGELER D ARER LT2/cd e BEX e, —KIZ, AU AEE
BHIRE LR T LU AL TWRWOT, IXRT/L, B4 I UBIUONFHET X
JBRENEE THDL I EPMbNTND EiHD, 1993 ; HETREAMKSFE 2003, 2003),
—J7, BB LR D 0 AL, 3201 TIRAZLDIZ, EUD A ZMEVEKF CEMEL, S
LIZENDDERIIX LT 40%DE T 1~2 BROEIENHE SV, BRI Lo &
BEINTWD, £oT, ZTNOHDOMITAHEIZLY, IRTAREHT 2/ BEOKRS L
BHOEHPET L, BYBHEOIERZ(LA A U TREMII R ETE 2, T ORI
DOPERED, HERLRIZB T 52 EMBHEERICRESEEBLIZLEADND, KT
FRERTRONZU S AHFO SDF L TDF OB, FERAEIZL Y U0 A b
AIREMERL S DIRHIHE U, FAXFRUIC EMHEE I L7 2 &0, ALBEE ORI 100 g
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L) CARYIHEEZEH L TVWAZE LB L TNDTHA D @rARb, 1993a), Santoso
etal. 2006) HiF, A > F3rIT EDOHFERERIZIIT 27K LT 0.5%EBRE K T T ONIE
IR TIE, RFOINT T L TRy LOERETAREIEML, BICEBRLEIC
BOWTHEE -2 L2REL WS, &b, EEREER (1977b) BLUZE D (1984)
X, DB RAD 3~5%EHEREIR~DER COBRBELIRIZRBWT, BWlHET OT ~ Y 7 A,
AV T L, TR T ABIOINT T LOEHIE, KAOBELIE L A TEPo2 L
WELTWB, (- T, AFEIZBWTY, U ADOFRUIEIZLY I XTI ANELHLE

LEZ NS,

Fig. 3-3C IR L D1, FEFET I A D 1 BB OILEE I V> U LAERIRA~DIRIELE T,
SDF 3 L (NTDF (3, F4LE4 13.0 205 5.0 g/100 g DM, 47.7 75 37.3 g/100 g DM ~ & F
B Uiz, RS (1976) 1L, IRTF LR LU U A DOTREMET V¥ BEOBEINIL,
BRIRIZEFNTWA AN T LET VX UBOBEEIZRRE L, O, FREORNT
FRENEIM L2 EHELTWD, UL, FHFRIZET DI L2 T LR A~DRIFL
X, IDF BXONTDF OHEIN%E & 726 &720>o 7=, Nyman and Svanberg (2002) %, JnZ&
PABRIR IS L= =0 V0 % 100 mM B /L & o AR C 4~25 Sy nEVE L7856,
IDF (3B L7223, 400 mM TIE#IZ IDF i3 L7 L& L TWD, 2O IDF HEMOR
K7 Fo &y AORBEICRE L, U4 ADRT UABEBRLELL WD, &
WSR3 T D HLEE Vo T LRI OIRE1EH9 240 mM T& ¥, Nyman and Svanberg (2002)
DBRWTRE L B> TH0D ZE bEROHEIZEE LIZLEL DN,

Fig. 3-3DIZRT L DL, 5% T a ) b U U AER~D 5 Refi] DR {ELEE T, SDF
BELOIDF 32t Lieh o7z, LaL, TDF I, FEREDEWPERE T 1 KRRRIZ, E
RIEDBEVEFERIEY I A TS BEBZICERIZED L, BREOR EVEFERA
T A CREAERBDEIRD bR Nnol, ZHDZ e, JAar@gr I vam
TERE, ZBEBREOBNEBFET I AT L TRENVWEZZOND, VI AOFMIEEND
TR RN T BE, 0.1~ 1%REET b U U AEIRTIZRIT S 80 CONMBMLEIZ LY,
BHTNX BT MU U AIELT D Z & % Korenaga and Fujii (2000) 13#RkE L T\ 25,
AFFTAERL OB Y A A D TDF 27 va v M) U ARBRIC L W EEICED L
TEnn, SAarBEICEENAT Y UL, ML THU B AFOTAX B
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AN T BIVERLTCTAX VBT MU U LAPRER LIZTeDIZIDF 2 S8 ELX S
no, 7=, SDF 238 L2V DL, &S LIET AT BT N U LSEDSRYH
BIBETICIEHE Lm0 & B d, Nyman and Svanberg (2002) 1%, 77> F v 70
BICHAE S W= P %, 100~400 mM 7K T 4~25 53 EIINEMLER 21T - 72355, IDF
TR LT RE LTV D, BEMIEHEOTERIIR RS2, T M U LA A D IDF (25T
HIERITELIL T B EEZ BB,

334 INTAFEIC L DT 0 A BEREOBWIRE DAL

Fig. 3-4A IZRT K 912, U AZBREOBERHREL, 19%MEKFIZIIT S 1 B OmEk
MBRIZ LY, RIRU A A TIE 6180 235 2310 glem®, BHFERFEY 7 A TiE 3440 75 1470
glem?, PEFERTET B A Tl 1860 7>5 870 glem® ~EFEIMET Uiz, KR T B A DR
FEELII B O TR b RE Do 7203, 5 SR OB L 0 EEHREIT 6180 725 4530
glem’ ~EFBIET Lz, BFEEMEY I A bFFEOE/RZRL, 5 5MOMEVLEIC X
D 3440 735 2500 glem’ ~EHEZICIET L, SBFERKT B A & HICINEARTORENTRE D
213 120l HEFED (1977b) 1L, U0 AZlEKP T 15 SEMELIZGE, FERED
TEWTBREE IMNEART & LN CTHEBICIE T LI Z &2 HE LT 5, Ez, K5 (1993b) i,
v AT &K C 30 S RINEA LTS5, 2 Sy RIINENGURL & e~ CREBTIRER I 20% KT
Lz bz@lEL TN D,

Fig. 3-4B IZ/RT X D12, SU%EHERRIEF TU I A % 7CIZRT 24 BFEIEE L5 &,
T 0 A ZERE ORI EFEHI I W TR Lo T, 25 (1984) (2K, 3%HE
FRESIRIC 1 FRREIENIR AT o 7o U 0 A OIEREOIERITRE (X, BIERTO 1.5 I8
TeEBMELTND, BWBHEOELLED (1984) LARMFRICBITOFERPIRE HEL
T2 &b, HEEG & BRI AU I A O HEDEWIZ X BEEsEER o MR T
SOOFRENE U= 7= DB T AR EN R o= LR I,

Fig. 3-4C |29 L 912, SUHEEA N T KAER~D T 1 A DRIBELIETIX, KRRV
A BRI DREBTIREE D7 6180 735 7950 glem? ~ & HE /2% 7R LT, Sato er al. (1976)
X, DN T LEERETHRCTLELIZRT LI A AL, FFLIAAZBNT, ERE
DEESRENE, IRFLUAADFEBPET LI ALY BNl & @RELTHD,
TN T BTHRRER A F o ERERTH Z ERABNTEY, Hv v MUY, BE
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RRUIZB W TER AR E I ST 7-OICFIA SN T3, Martin-Diana ef al.
(2005) 1L, BT L7=1 % 2% 50°COIEEA N> T DR CHELE L-5E, L& %
HORTF U AFLT AT T7—F (EC 3.1.1.11) OEEEZERSE, ZOBEERTEL
TeRTF B AN T ADOFEEIZR Y, UVF RIFE LWV LR R LT E®RE LTS,
Luna-Guzman ef al. (1999) 1%, FIHRRIZHEMET L7z A v % 20~60°CD 2.5%HE LV
LRI 1 A FRE L2 0 B 5CT 12 AR L7256, KRB LZFEEI LD B FEI
L2 L 2HE L T0D, B, BFEBIORYOI LYY LMUBRE, BYE (N

FEEER L BYIHEO RIS EET) LY T ADOREEEECSEDN, TIUIBDikiE
DA A AELRED =D Tl By BERENETAF VBT, T F U T LEHESLTT MY

U LEESNCBEET B0, BV UL, BT UL, TR LAORNEREEL TIE
O EFEIH S5 PEERES Ao TS (1, 2000),

Fig. 3-4D 2R3 K DL, 5% 7 v a T N U 7 AR~ 5 R OEIERIRIZ RO T,
FIRT J7 A OREETREE L 6180 75 4510 glem® ~E B EIWD Uiz, v VBT R Y oA
PRI LB U 7 A0k, ER U7X 51, REET X BN T MMIKBEHET v
XU MU U AL U TEEROEAMEOEI L, BEOBBILNE LT EEXD
ND, ZNVargh ) LI LY, BEHEST VF UV BROSTFREIZEENAR O
RDNZHE NN BT, KRR I A OREBHREN A BIMET Lz 2 & 3BRER, FRED
JEVWRIRD 9 ACIE, 7 A3 U SR L DR E T DA RE o
T2, FREOHENETEY H A T OMBEORET/NE L, WHTREOHERIETILR
D ORI TE,

335 MIABIZBIT BT NLVXUVBOSTEOEL

Fig. 3-5A IZRT L HIZ, KRLUY D APGHE LT VT CEOSFEIT 838,000~
959,000 & 72V, FEHEICHEEZETRD bR o7, 1%MEKTTO 1 BFHEIIFVLEIZ X
0, RERT J3 A TIE 922,000 735 744,000 ~E FHEITET Lz, g5k (1993a) 1%, 100°C
T 6 BRI OB E{T o 72 & X 0 SDF O EERS D 53FEIT 485,000 725 154,000
WA LT EERE L T0D, AFRIZBITA2RARTU N A L b oFn 1 RFNELERIC
LB TEDERTEIEIL 18~19% LB THEEI L TV, FJIIE BB (199%b) 1%, 1M EF
BRI ZUBRIRIC T VX VBN T LEREL, 90CT S RRMAME L& Z

57



B, TAXBANT D LOGTFEE, MEFETD 1,100,000 7> 5 FEERIIZLE T 40,000
(2, 7T UBEINEAEETIE 24,000 IZKRESIETT5Z L5287, —7F, 90CDHKT 5B
FUINEA L 72858 D4y F &1 170,000 12721, BREENIEAIC L 50 FEIRTIZE X 2880
RENOTLZEEZRELTWD, 36, FINEEEA (199%a) 1E, T 7% 4 A L 2XHE
R DR & Al DT M) U MEEIRICEIET 5 &, AUAKEB LD bR
SO LEREET A LN TELDT, a7 OBICRIRITEREED T NE N & 2HRE
LTWo, REFFIZEIT 5T 0 A OIMBULIE T, KB I OBEFICEETS T R Y
DL, VAAZEEND V2 VB (ILFD, 1983) S LTy a2 v MU T ARAEL,
TINFROSFERTICEEZRIT L EEZI OIS,

Fig. 3-5BIZRT XL 918, SU%EHAAIRIZT I A % 24 BEIBE X & 72856, TAXVBO
SFRITEREHIINTEL LR o7, F)IEEE (1996b) &, TAF AL T A
Z 30CD 1 M BRI S BFRNRIE S VT & 2 A, TAXVEBHIN VD LD TFEDE
LITBEZE TR o2 2 2 HE LT D,

S5HFBEAN T T MBI S% 7 2 BT N ) U LEIRASORENLIRTIE, VI ADT
X BT EOBILIZR G- 7= (Fig 3-5C B X O Fig. 3-5D), iR L7=L 51T,
T I F U THRITEHRE LT = D B LT AR TR L =R E, b
v L0 100 mM VIR TR IDE 13N L7243, 400 mM &R Cid IDF (33 57 &,
IREIZIS CTEDBHEO LT R E < B> T2 Z &5 (Nyman and Svanberg, 2002),
FIFFIZB N T HERERRORE, BERERLSIWNRERHEZEXDHZ LICLY, &Y
BHER B, WERERS LOT X UBAFEOEIITIRR D EEX NI,

REZFELDDE, TIVFRUVBEERLZELSETIL, U AOBKETILSELHEIC
&, Za BT R U LENEL, —F5, BEEED LI, BT LA
HEE LT, AT, IEVLEE & 3B O F A AehbE 5 L, RS U Tl
BROBRLHIEBEREIIEZDZENTED, HlzE, AELTHLAEINDOETIIE
A2 BT a2 AR NTETREESNDI T AT T HTIE, KELEOEGEL
WY 0 A ZfERT 5 &, WEIZRK L TERITHILT 225, FLBEA L 0 MUERIZ LY,
T 5 A ORIKITINE S D O CTERAEE(LEEIETE 5, £, U0 ADRBESHNEL 7
B EEREIIBAEICLVREBIE LT D710, TOFIANRESINLTNSD, FLrar
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BT b U T ARREET MY U AIRIZ K SEEREDOTILER D Z & TRAFEM & L TOH
FMFIREIC A2 B, KEL YD ADREHEOMEBIIETIZ I v a7 4 VOGFRIC K DFED
EREC AN, dEERT I Aa B ) sz Aviud, eI EBREE2Eb
TEDLDT, MEBERFLIEEEVNALZFRTDLZLRNTE D, MAZHEDRVKEL
U 71 A D REFERIR A~ DBHELIRL, VI A DBEEEZ D Z LI L TR TH Y,
BYBHE~DOREL /X, RFEOFRRIT, 702 DRRERS ORI BEICIMEH
TEDHZEERLTRY, UIAOEHFRAICK L TRELFET D LEDNLD, £k,
EHRC AT RE OB L 0 ZEREOETEEI IR EICR R > Tk, EMITITEERED
BVWRART A ZFRL, A—TFOHYIEIIEREDENEEY I A HANWL2E, U
A DEERZ KB IEHABIIE U EN S TR LETH D,
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Table 3-1. Moisture, ash, salt contents and thickness of boiled and salted U. pinnatifida

(mean *£S.D.)

Sampling site of U. pinnatifida Moisture Ash Salt Thickness
(2/100g) (¢/100g) (¢/100g) (mm)
Dalian, China (cultured) 60.3+0.3*  23.00.1* 19.1£02" 0.16£0.05"
Iwate, Japan (cultured) 59.6+£03%  23.010.0°  19.1£0.0° 0.43£0.05°
Iwate, Japan (wild) 593+0.4"  232+02" 19.1%£02° 0.54%0.05°

Different superscript letters within the same column show significant difference (P<0.05).

Withered frond

Boiled and salted
part

Cut
Frond

Cut

Sporophyll \ Cut Cut

The measuring part of breaking strength and thickness

Fig. 3-1. The measuring part of breaking strength and thickness of boiled and salted U.
pinnatifida.
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Fig. 3-2. Correlation between breaking strength and thickness of boiled and salted U.
pinnatifida from the local market (n =23). Breaking strength was measured after soaking in
clean seawater within 5 s.

B, boiled and salted U. pinnatifida cultured at China; @, boiled and salted U. pinnatifida
cultured at Iwate; A, boiled and salted U. pinnatifida harvested in Iwate.

* : Significant at P < 0.05.
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Fig. 3-4. Changes in breaking strength of U. pinnatifida by boiling in 1% NaCl solution for
0-60 min (A), by soaking in 5% acetic acid for 0-24 h (B), by soaking in 5% calcium lactate for
0-5h (C), and by soaking in 5% sodium gluconate solution for 0-5h (D).

Each value was expressed as mean = standard deviation (n =15-24).

Values within columns followed by different superscript letters are significantly different (P <
0.05) within the same figure.
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Fig. 3-5. Changes in molecular weight of alginate of U. pinnatifida by boiling in 1% NaCl
solution for 0-60 min (A), by soaking in 5% acetic acid for 0-24 h (B), by soaking in 5%
calcium lactate for 0-5h (C), and by soaking in 5% sodium gluconate for 0-5h (D).

Each value was expressed as mean * standard deviation (n = 3).

Values within columns followed by different superscript letters are significantly different (P <
0.05) within the same figure.
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FAE BELERUVIABIOa 7 OEEEREFEORSE

41 F5

ZHEERIIEFB I OERERRICMEL, BE UERY I A DAEENE bR A 7R
ThDH, U A BIFRRFE RS54 5 Z OERDOIEBR 2N TFIEE, 1970 FR
WCBASS S T, BB LR T U A OBEOKE L, REFE SOFEETRR OB
EoTkY, MERCTARRBMEANEEIND Z EWRHICH D, HAANIRIT 2BFRE
RELIE, MTRIOFRBOMETRER, HELEHoRE, BRLEBEEOSE, BELED
MHBROREENFERE LTEZA NS, HRMEOMEOEECEREDRRAL, Al
DJREEFEER L O%E LINTORBOMIZ, HORNEOTRE, HEFHAORE, HE%
DPUKEER O ENEZ bILD, BHEN DT SN 558 LIEEY b A /&S
(X, —ETIERY, EESORGIE, HEHERSOHEEIC L MESEE L SER
PERE DS, BB LB 0% <3, K4, B, KpiEtEokE ez FIcHTsh,
BAEBIC X DHVBEHE CEORASIROBE, WHROZ ORI EDERE, BAkDORE
E, BV, EOVA XM, BMOME, ROBWESPEDEOFELR L) (280
BIRERD 1~2 ER EOFERPRTE SN TND (DOhDOFEFEN BT v 7, 1987), &FR
TIIBED KR Y A 2T Laminaria religiosa &'V 71 A & [RFRIZE@ LEBII T S 5703,
UAALD BENBENZD, FEITS 7R T0T 2 BRITI LI EShThD, Z
O LTHLE SN L8 LR = o 7 I3EFROBEN TH Y, oMK TIHEEALLERD
N, Bl LR = o7 ORI, EIERFRLSMNIT A A LRETH Y, "EmDKkge
578 EORSRS, BUR OB & ORHE B IREIS 5 O T, REFFRO—EIC BV T,
A TREDEE RS DEE S LTofTIct L7, AEIZRWTE, BRL2B@EL
IR 71 A DRFFHEE TG 572012, Bl LR Y I X DRFFOREELEH, &
BLI A NDERZ M TREZIRIML, BB LIERY VA 23 B LTz, FUEROREE L
WATLC, REEOERNTOME - SEOMEEF(bE BV E LT, BSR4
TLHZEE LT,
42 EBFHE
421 BB LERBY I A DRTEAER

Bl LR D 7 A DR IEEOHERICE S FRTF OO EAR~L Z L xRN L
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LCHBRRE 1T, BFEADRR S § AR L 0 BLE SNk TR 0.76 LLT
BLO0T79 L EOBEE LIS Y I ARGEE 4 BiEERE L Lz, Zhbid, iR uh A
M OIESLOTENT-ESy, 7R, ITFE (A b 7)) ZRELERE, F3E 321) IZiE-T
FEEEICIVMIEN-]GEEZAFL, ST 2% T10~-15CTHRE L7z, &R
BE800 g &R =T L U BIOSIZ ANT-RICEREBEEL,8C T4 » AL T TR L7,
Z OITRIREE, BENEECREINDIRELZZEL CRIRL, REtOARINEHKIC S
DELLRNWE S ICENETT o7, BFEF (0,1,4 » A) Diksy, sy, Ko1EHE, pH,
Juana T 4 )VEEWEOWINANT MAELLTO X S IZRIE LT,
422 Koy LB OBE

REIOAKZITE 1 E (1.22) ERBRICHEIE L., RBIOESIE I E 324) ERERIC
BIE LT,
423 KETEHEDORIE

B DK GTEMIE, Aqualab CX-3TE /KTEMERT (T H T 48 1oL 25CTRIEL
7
4.2.4 pHOHE

SURES gICZRBKOS mLA Nz, HIE (1.2.6) & FERICHIE L7z,
425 LHELUEBU U ADI vau 7 ¢ VEEME OWINA T FVELL

BEROMHIZILA S (Yamauchi and Watada, 1998b) DOFIEIZHE~72, T7245, 0.1 gD
Gl LD 1 A 25 mLOm90% 7 & h R THEA L JEL AW TER L, MLz
Rk %, TEHNo-SA CRUFEHRE) THBL, WBKEAAT I A BN L, HEOH
DEEIZRD ETREOEAEL R VR L, BRITE— U TRERNZ50 mLICER LT, &
FHIHRD350~800 nmiZ 1T B WIRALT B ADRIEE, V-5300 36 6EF (B Ay Y8l
W2 & VEIE LT,
42.6 LB LERY WA OFBICKIT HBEEOKRE

BB LU A 30 kg Ik LT, 10~50% (wiw) O¥EZEMZ, B3 E (32.1) 0L
48 BERIHETE L, MI1160D JHEERME (MhE# TERREER) % AV T 100 kg/em® O
E T 2K LT, BTGl LERY B A DKSy, oy, KOTEEZRE L7,
427 B UEBRY b A OBKEFIC X 25 EE L
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G LT A 60 kg lZxt LT, 20 BEUV40%DEIEZMA T 48 BERHEIE L, WMENXE
PR Z T R & RIEIC 180 /oI TR L7z, 15~180 43Il K L CHRR L 7=kl
KEy, oy, KOTEMHEZRIE L,

428 TROBGE LERY I ABI a7 OREHE

FELTRED O M SI-BE LR U 7 A8THE CEFERMTS, TEFERES,
BEERRY), BHFEEMA Y A 2T L religiosaz [FRE L, MU EE LTEB»S
I SV BB LSRR = o 733 a3kl e U, ENb oKy, By, KOEEZRIEL
7
429 SERMEHEKICEDEBRY W AB LU= 7 OFER

426~428IT R Lo Y, BATOSEBE LY I A OEERGEBEHRETL, S OIZTHRG
LU D U AR KO a o TR O 0K 3 TE M A 57 L 72 /E R, Bnl LIBBEOE &I
XL TCA0%DEEZMZ THZIRE L TNBIEES 7 I8 L, EyOBRE~DIRFEIC L
DAL DBHIRP CI~2BRIEET 2715, B@E LTI ADK90%I3K5TH D Z &
O, FERIEELAREKF CHEET A2 L EFETHD biEm LT, 2T, HEIERH
DRI L O LB G OE S 0B —b 25 2 L2 BME LT, BBLYA AR
K2 T EEaFfEE K CHEE L, B L OKNEEOELE T,

BN, BOFIEHEK SMEROBE /R LA R T 272010, BBLIYAAB IO
A u CROMRIC AT, UTOX I ICEE LT,

B DR L DA BEKDIRERTZEZEL, HELOBERNEL Y 30%%
DICEIE AW U= 8k 239 kg (F930L) FBLU260kg (F9200L) Z#HAE L=, %
NENDEFIRIE/KIZE B L U A A10 kg Ad, 18T EIE T480FME L CHEES
1To7ce —7, BB L7 10kgkh B350 & FIERIZ260 kg (59200 L) fafnaiEk 4 CHEIE
L7, 72k, REFEEBRTIE, WEROANSTEHERE SERISEKFITIRD 572012, HAKD
EARRD T T ZF v 7 WA — BN TREEIT 7,

1:4 (ww) ORFEHHEIL, GELEEY I ADEEFGIZBIT AEES 7 RO L
BHBEOEELRESEIZLUTERE L, 1226 (ww) OFRELERL, HESCEIEOEE
SOPEEIR I A~ DIBES O (Azoubel and Murr, 2004 ; Khoyi and Hesari, 2007 ; Andrade et al.,
2007 ; Singh et al.,2007) %#ZFZEIZL, UHADOEETOEKBEN NG ICETBEECTCHD Z
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L ABERNCHERR LI ETRELE,
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Too TR¥, VEEEIZTT AARFIMOKOEEILEITZ (ww) ICRE L, EEOBEBEIX, U
1 A TIE38F L U2 pm, = 7 TIiE62 rpm ClElER X & CTHIE Lo, Z OEBEOEEIL,
250 kg (#9200 L) OEafnBHE/KIZ20kgDBE L U H X BB A LT-5E ORKIBHEE D62
pmrHRE L, ThAEEEE L ER L, FERIS, 38 pm#% st & Ess Lz, 26F
M OEIERE T# OEMEEKRE X, EIERTDK26.5%70 HH26% KT L, HBIEMZF
TE LB KB U= BT 2 CIEfg L,
42.11 REBHTEEERERIC X 2 EAMRR

EFBIOEHEIRICIET 5T 0 A ORFELRRBERF TIE, 1RHZVHRKRT2H D
AREAGEUEBNTT2Z 600, 1BEHTEV2MDOEB LY I A ZEELETHZ
& FAETE Lo KB R SO IR S (1322141077 ) & AW CipEER R 21T -
7o BB DK & 2K ORERT 2867272912, fHE LEORERMELY
HH910% % DB &2 FRIN U7-8Fn &k 1100 kg (F9900 L) #1210 kg3 >8I A=
BB L UM A %300 kg (FERERIZI T 2 RKEUEIEIEE Of KIEHHERE ) O EEE & fafn i
EAROEENEZ1:4 (ww) IZ8RE) BAL, EEROEEHE 4 80~92 rpm THE LA
IR DIETE LTz, 2RER OBIERE T % Ofafm B KIRE Y, HIERTDK926.5%7%> H#I25 %K
TL, HEERNCFE L B PICILE LI BRI 2 TR LT,
4.2.12  HRUEERRI S EREEEE T L D EARER

1BHTZO1I RN DEB LTI A ZEEGEYT 5 2 & 2488 U P RRHR T S i 4
B (EERIF2.2.1502779) &AW TREBIEERR 21T o 7o, SBHROKSIE X S fafntEko
BERTZIHETH-01IC, HELOREBERNEL D b30%ZDIZEE L RN L -fafiE
7K1550 kg (]91200 L) H1210 kg T ORI ANTZGEB L T 7 A 2300 kg (4.2.11 & [FERIZ
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TARFBRE R D1 L B E /KO EELEE 1S5 (ww) IZRE) BAL, #HBEOME
BOHE A 104 pm CRE LN OIEIE LT, JOBBEE Y, EREARMEIEERICRIT 55K
REBFEE L 0O, AR HEKEITHEIZN360kg B00L) ZV\DOT, HEEOEEHMET
REEIRIE B L A (EEE#E 80rpm) £V BHIR ST iz, 2R DIIEE T % 0fafn
BEKIEET, HIERTDF265%0HbES, A OIS EEKTIIZE8ICF
FEL T,
4213 /PNEF Y DO OVEERBHRIE IR E D4R

INRLF ) OV g T IR R B O A Fig. 4-112 77, BRI mCE £0.74 mO M
TEKNE, R, AENEIZEY (1 B4R ORE, 02 kwDE—4 —NLER I LAD A
U O BRI IR E T, KRR OEIZE — 7 — L E R L7 ER0.5 mD RO
RHEDPEE SN, ZOEBREIZL, FBROKO _ EIZeOERR ORI (5 X0.1m,
[E&0.007 m) MELE SN2, Fio, AERNIBICE 0.7 mO=AR (ZAFOEKZ0.08 m,
B S0.1m) ROFAARZ HERE CHRY )72,
42.14 REA Y OF N EEREER IR R R O

KRB DF V@R R A B O EH R A Fig. 421077, Ao®mE, -4 —F
FOHEHEOERLUTOL Y ICEE L TR EZIT o7, B2 m T £0.8 mo I /KIE,
ER] mOBEE, KEPNEBIZEY ) BDNT4ROE, 5.5 kwE—F — TR I, T0
BHREITHRRORD LIZeOBIR ORI (F&0.18m, EX0.015m) BEE I/,
Fio, KERNEICE 08 mO =/t (ZAFOKIZ0.12m, &S0.15m) ROFE4REERH
& CHELY ~HiT 7,
4215 HEAY D EEBHREIEIRIEE O

LAY OV ER R R E LR E O EH X A Fig. 4-310R T, B—4 —, KIENEID4
AOHBIOEHEZLULTOLOIZEE LR THRREZITo, EREL6mTEI1 mD
FMTEKTE, ERE08 mOEHE, AMNEIZERY fT1F b /cdRDrE, 3.7kwDE—4 — T
FREAL, Z DOEBREIZABRORD LICeHOERRORT (FX0.13 m, EX0.012 m)
MELE S, F72, AENENICE 0.8 mO AR (ZAFOEN0I0m, &S0.13m)
ROFEAREZERMB TR 1772, Fig 418 L U42ATRT L H L, EHRLe—F—3=
LRBHDNTTF = — L BO~YL N TERE L7223, UL FOBEENE URT VR ED T
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LNIDT, APRBEEERE T, Fig 43107 T X5 RWB AT, T—F— L EHEY
EERERE S BEEE L,
4.2.16 HEEHLE

ETOHWIL3 EATY, BRITFHECFEERE TR L, AEEE, F1E (1.28)

& RERIZIRTE LT,

43 WERLEE

43.1 BB ULERY I A DR OKSy, Hoy, KoiEtE, pH, BRMEBROBINA RS
F v DZEAE

KETEEDEAR (0.76 LLTFRBEVN0.79 LAE) ICX 0 BIRUGE UERY 4 A 8 /%
8CT 4 » AR Li=BEDKSy, 45y, KoIEME, pH, BFEMEROPEIIA~T MLrod
A% Fig. 4-4 1 0R7, BB LEBDT 7 A 8 WG ORFEBIIARHC IS DK L1EMIE, £
FVEI 52.4~612%, 143~222% T 7= (Fig. 4-da(A B LU B)), HEFEBAGAEFORELD
RGTEMEE pHIZ, 11 0.75~0.82, 6.48~6.97 T - 7=(Fig. 4-4b(C B LU D)), 7
D pH 1, BB No.l Tid 4 » BRBICEZ ML, 3k Nod TiE 1 » ABICHEEICH
Ui, IS OmREHIBEANEETH Y, & HICIFRFIZEREOREICERE 1| mm
BEOKKao=—OFEEHER LTI N, B0 pH BIUIIMEMOEEN H T
bOLWR LU, —F, P OREIOKRSTEEZ, 38 No.1~5 FTIFFRIETL,
ek No.6 TIIABRHEMNAGR D iz, KGTEVEDIRTIX, #oray7 2kl ORI FE S 1
TORMEIZL D EZEX BT,

Bl LR Y 7 A DETBFICIBT 2BINART MDZEE, FEER (406~427 nm)
EAREES (660~667 nm) (23S AHEHEDHBAMEDL. (bluefred 2) 12 L YR L7z (Fig.
4-4¢(E)), BTEBAAEIFDAFELOD blue/red 213 1.98~2.05 L IZIE—EDET, £FEBHIBW
THEZEIIRO bR hroTe (P<0.05), BFET O bluefred i, B No.3 ZFRWTHE
WZHEANL, 4 » ARIRICIE 223~242 (25 LT, Fig 4-4dEITRT L DIZ, BTRBAGARRC
BT 411~433nm (FILIZ B SRR RIL, 4 # B R ORTEEZICIE 409~412 nm
DFEFRBNIEAT LTz, IHIT, BFEBIIERAZIOVN T 663~665 nm T 7 b i 7= IR
RITEFE ISR B Lic, THUODRINARY MVOEIG, 7saua” 4/vallE
ET ARFEERIIITRPIC BT 2 I g s, BE (1978) %, REDORMRERE
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FLUIADRO%T & ko AHHEIEED blue/red X 1.73~1.94 725 72DIZX LT, &E
DRERFBF LTI AD blue/red (T 2.65~2.97 EWVWHIEVMETH Y, FEIBOBIHTAR
KRIE, AFHREREE T 425~427 nm, BFEOR BB T 406~409.5 nm DIFRIIT
BRELIEZEEREL QD B/ VOIFBFICBIT L7 a7 )b a DGRIE, BTEE
B BB ORDICEES N, FWRTICEWTE,, JERORBELHERT LI, EKoH
OEAKTEME A R TR A REET A ENEETHD Z L ETARDL (1982) FHREL
TWd, LnL, RFFETELIZEE LERY 7 A DEFRA O bluered DN,
a7 v a ORE, BElOKS, By, KOTEEEOFEZRBRBERITERR 5%
IZBW TR LR T, UA AL YV OMIFEDENMNILY, 2 b 0BG DK,
By, RGTEEDOSIIRITRE L Bie->TEY, MRAOITHFEOHENFE LB X

LT,

BREIR LGB LB Y 0 A % 8CT 4 » ARETE LIz, HEIREREICAE L
FIGEOERD a0 = —RPE DA A Table 4-1 1R, KITEMED 0.76 LLT D
AREETZRBWT, BT O 2o =—RPEORE TR S, —77, KoMEE
23 0.79 LLEDRFEHZIWT, 1~4 » AMIOIFERTIC ) CBRWENFEE LT, ZhbOfE
BB, AKOTEMED 0.76 LLTFO%E UHER Y 7 A G, a0 =—RWEORKAET 5 FlEE
PRITAR D TR E HEER STz,

AREFRERER & A OBREE CIEHEIRFE SN D Z ENS\VGE LIER Y b A ORI
i, EHED T AR, KOTEMENR 076 LT THD Z EAHERL T L5 Z
EVNBEETHDLEEZ NS, JEEBGERICKIT S an=—KWEORAER, HAOINE
RREMELER, ZOMEOHEER KT HEEMEEL KD ARENH D, BB LIERY
A ARELORFBREIZIL 2 2H Y, 1 DIZJAEH O W SV B R 2T DO E EEE L TR
FTHFRET, b 1 D3RI L OKEEEMA TRETOHETH D, %2 DINE
TG EITEROKRSTEEEZIRT S5O T, AW OBFEI T DRt 2 BT & 5,
—75, MR LW gEicid, ARBRERO & 5 (CJEERTE IS0 CHRE DA U2 falRk
NDHDT, MFATOKSTEEIZ L SREERIIIEFICRUTHSLHLEZDND,

432 BEOWMEIGIZ L D58 LB I A DSEDOEL
BELY I ADOERICH LT, 10~50% (wiw) OBIG CHFES A T 48 Ref DR
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AT T23MEIGE LR U 7 A DK TEN &85 ORIEFR R % Fig. 4-5(ANCRLTZ, ki
DEDIZFTRE U758 LR T B A DIKGIEME L EH51E, BREOWNNETHERIZE(LL,
TRATTEMENE 0.92 (BRIE 10% I D 5 0.75 (B 5S0%ERN), #5712 7.8 ([F110%)0> 5 21.8%([7]
50%) & ip o T, EHEREIC L5 2 FEEOB/KERZ U 7-30E oK 451E, BERINEOEMC
HoTHEIWCRD Lic, TNOORRIE, E|ES v 7 FIZA UTEBHIROESRE DE
&0, BIEROKGOBKEIZENE LD EBEZBND, 30CIZRITH 10%B LV
25% D BIEKDIZFFETLIL, EENT0.6 BELWN152.1atm THY (I, 1999), ZNHD
B KIRE L, AEEFERICRIT 2 10%38 LN 40% O BEIRINC & 2378 CE& Ui iR
DR S, 2 5L EDRFEZEDEEORARICEE L2 LB X bill, Azoubel
and Murr (2004) 1%, $FCREIZNEZRRITZEIZ, 25%BIEKF T 6 RERIZELE L 72T
= U— ¥ FDOKGIE, 10%BEARERE LD bALNIE» 2722 L2 HmE L TS,
LoT, RO & TEHDHM, WIE LICEEOKRGRES L, BREANELRER (B
HigR) OESBEICRESFEINDI EEZLND,
4.33 KRR K 258 LR Y U A OMEZEAL

Ga LU ABEREICK LT 20%DREAINZ T 48 BRfEE U/- 5@ LI T 0 AR
TS OBKE R X DK5y, 5y, KOEEDOELE Fig. 4-5BNIRT, 2FEOKS
JEME 0.83~0.84 T, 15 ZEIOBIK E AT 60 2RI OBIAKIZ L ASTEEITEE (P
0.05) 1IN L7223, Bk 15 358 L TN 90~180 43 [k DK SIENEIZEEZE (P < 0.05) X3
D ORIz, 1o T, BKKEROBODIZ L) KSTEHRIZEL LRV ERA L E R
o7, MK 15 DB OES B L UKSE, FRER 154%72 5T 67.4% T, fiizk 180

SEICIE, FNEN 124% 7 HTN573%~EHE (P<0.05) (2 Lz, 40%DREE
N % T 48 FRfEIE L7 5n@ LR Y 7 AR L& Ok, E5y, KoEEOZE{L%E Fig.
4-5(ONIRT, P/KEFE OIER & & HIZ/KDIIEEIZHED L, Bk 15 55 % DK% 59.5%
Tho7lohd, WK 180 /EITIZ 49.5% & 7r Tz, —F, oI JOVKSTEMEID, BikEs
FOBEWVZEDEE (P<0.05) RELERD N7,

BB LU D ADEEITH LT 40%DEE M % THIE L= R OKSTEEE 0.74~0.75
Tho72m (Fig. 4-5 (Aand C)), ZIUTEAFNBIEKRDOKRSTEMN Q5STIZHBWT0.75) LiZ
EF—FLCRY, 48 BERIOEIRIC LY, BEENIZIZEfIBERD+ICBE L EER D
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Nice £o7TC, BAKRFEIOBVIZ LD K EIZEBICEL Lo Tm e & 2 -, 2T,
BHE TR BIOBBEL U AT 40%DEREZIMZ THRL-BE LER Y 7 A DED
RENIL, EOFRERDFED DTN, 20%TMEE ClIfERITE< Roniho =, —F,
Fig. 4-5 B/ RL7=& 918, BB LU D ADEEIIX LT 20%DE|E THIE L =3B ok
SHEVEIT 0.83~0.84 T, BAEFOEE/BEIZSfEEK I & o7, fEfIREKE
EL0HEWEERE (Fig 4-5(AIZBIT 5 10~30%DEHEZ RN L THEIE L7235 A1
W) THRE LU A, BUKFIZESIEEZEDT 50T, EERHAEED 1~2
BRI BEL, BB OESOKRDTEENRE—REEI101E, BFFROMAKIZE 285
DA RLE I D IKGTEWE DA X HITEITT 2 & EA BN D,

434 LB UEBRY I A B L= 7RO E R

FELTEBMNOHENINZBELEBR YV A =87 BLUW= 7 (0n=33) OKH
S (ABLOE), KOMEEEKS BBLUF), KkalEHELEsS CBLTG), K
EME LS KGO (D BLUH) & ORRE Fig. 4-6 1T T,

Bl LR U 0 A S DK 1E 49.1~63.1%, H31312.6~23.0%TH Y, T HITHE
RO b ol (P<0.05), Sl LD 7 ARG OKGIEEIL 0.75~0.84 T, i
5D 76%1% 0.75~0.77 \ZARIE L T e, KRATENE & BT EOREEE (=-0.709) ORI Z
TL, ZORERDIEESRAEOKRSEEREBRE VW LD, Bl LR D U A R
DG/ IRGF DHERIT 0.24~0.41 T, AKRoiEEEBWAROFERE (r=-0.903) Z7RL7,

Bl LSRR = o 7B OIK531E 64.2~T70.9%, #5713 18.6~253% TH VD, £ HITHEE
BRSO B o7 (P<0.05) 2%, KOMBWITEEDURWMEMNFBD b, BhEl
W = TR ORSIEMNE 0.75~0.81 T, b D 82%I1% 0.75~0.77 IRIEL TR Y,
Bril UHERR D 1 A L OFER LIERL L Tz, KRTENE & AKSIITXIEDOME (v = 0.811)

(Significant at P < 0.05) 23% 0, 5@ LER = o 7/ OKGEEZRET D Z &ITd -
T, KGOTFRMPTE, MEOKEERIJSATED LEX bN, KOIEELESITA
DOFERE([ = -0.708) (Significant at P < 0.05) Z/RL, %l LHEED 7 A ORGFOFRER & [Fkk
2, IEESRGEOKRGIEEETE WV ESB 2 6N, BB UER= T RILOE S /KD
FUF0.27~0.39 T, KOTEME L5y /7K O HlZ A OFEES (r=-0.793) (Significant at P < 0.05)
DO B, BRUEB U A A LEHUL W, BLEXY, KOEEEZAEETSHZ & T,
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MRS OB OBIELHET TE 5 2 LN b oln, AR CRZASIENS (8
RIE) WS X DARGTEEORIEL, BERRD 5 SFRE L BShORR e/, AEHE
BUTLmEEREICE L TWD & Ebir,

435 BFNBHKFCEBLEVIABIOa T OMERE

RO X S22, BATOEE LB T I A & a0 T OEBEFER, 58 LHERICS LTl
OO TIHRAERE L 2N O FEETRELININT 50T, BEOEGOKGTEMICZE
PDAETRTV, ERRTEONHEE (Fig. 4-5(A)F £ (N Fig. 4-6 (A~D)) 75, %< DERE
L, TR L UToBEIZ kT L C 40% L F OB AN THE L TWAIBERE W L Bbh b,
SRR OSREBEET G, MEOREICE LIEOERBIZVE SRR TRS &
WO EERENEERMEICEEL TV EEXOND, BERNEICED LN BERM
B LT Z &3, BHEOBFEICE Y GE LIEE) G A U iR D TR & LR
SYTREIRI A P L TIRAEEERS, MK OEIEEER ) ORDIIEZIRY B L TIENER D
LB END Z &ns, EAEREO a2 MNIEE B E LT, ABBIZITHRL TV
D EEDOND, ZORER, KOGTEMED 0.78 LLEDGE LIER Y 1 A d L= o 7 A3 T &
, REPOMAEY OIS IC L OREORELEAMEIC 2> TnD, ZhbDORER
EWET LI, TOFR L AMAEK CHEREAEET 5 2 N EE CIEnnetE
Alc. WFBEDOBERIINT AFEKOEELEL 114 (ww) BLU1:26 (ww) &L, %
BLLEU I AEIZ 2 7 E2ESIC AN TR IRIRRED & FfafnE ok CHEE L7/ R %
Fig. 4-7(A~C)Z/RT, Fig. 4-7BNWIRT L D1, HEOERBRAIZHEML T 10 REEZIZITHN
19%IZEFEL, FRUBBITEL UiehoTo, $£7o, 2 BEEIZOKSIEMEIZ 0.79, 4 R
0.77 L HEITIET L7ehs, ZDHITUT & A EEL LIRDro 7, 48 BFfd 4 T & /K VEMEL 0.76
UbTholoicd, BRITBRENICESICEZEL TV RWEE 2 bive, —F, BllLL
Te a7 Z AR K RO IRIRRE O F FIE LB A, 1.5 BB OKSTEMEIX 0.78, 6 F
FI2130.76 L BEIZIERT Lz, S HIC 18R MIERIZIZ 075 &Y, TDRIFZELRs
STz, L 3~6 BRI THEICEM L/22, ENLBIEE LR ole, XoT, 207
118 BRI DIEIE T, HITEBRICERIZESE LIz LB 2 b, iR & BIEEOIHIC
WT, B DTEEDET RO b7y, TALRBIIHRAIIRT L, fafiEkd T
BILRAEDFEFHEBE LU A L a7 OESE, EEFHENEL b LEl ol B
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B LIRS T D EIE LY U A L0 bEES & 725 DU, Fig. 47 705 & B BT
b5, THEEITR CBETH DA, 27 LD LU B AIZBWT TDF G EMNTEE|C & -
EWHE SN TN D (Suzukieral, 1996), T D & 9 RS FEEEROMEIC LY, —hbo
BRI D REDREBHEIIER D LD LHERINT,

Bra L LizUh ADOEEIIXT DM/ KOEELES 1:4 (ww) IZ L TErIEREDE
FHE LIS E, 48 BERIZICKDTENEIL 081, 10 15% & Aro7z, 6 BREIE CHEIEZ{T-
Teb T A, IKOTEMEIX 0.79~0.80, HAE 15~16% & B LT, AfERIHERE & fafirEK
DERICRESHEEINIZEEZ DI, WESHEKODERLRN 126 (ww) IZBT 5
WIETIE, fafEKORERTIZI%LT EHEFITNE o7y, EELFEN 114 (Ww)
DBFEITIE, 48 Btk OB /K DM SIREIL 22~23% T, £ 26.5% Dfafi&iEK & T
AT 3%LL B LT, $HIES v OERICIEE L= 81T, #BR S om0,
IRPICEAT I B DIRER T E U CHEHE Lied o o, MEOEIEICRET 2RI A
LNRNDT, BROWMEEBEILTDHE, A aRiZolc=0 P DEE 1ITKL
T, 4~6 FEDERIE & A7 0 — ADREWKIZIR LIcHE, = Y ORGBIVEEEE
OEMEE, BIEEROLFIZLG LizZ &% Singh (2007) HIFHE L TCWD, RO
HIBIZB W T O HEKORE &, W8 L KO LRNEROE S ORI R E BT 5 &
BADN, Bl L LRI 40% DIEZIRE L, HIEY v/ FCEALY LR LB IR
FTEDEE 1~2 BROEIRSAT 5 BYTOWIREIX, ARFICIZ 1T 2 88K Cligie s
EIRT AR LY, RIS AEOERANE LR TnD, BfTORVIEICES
WIEETIE, BEOBKERCTE L 2BHRITREICIEML, WEO BICFEE-EA &K
DI, MEHITEICBHET CHEESR Q0 5E, BESEICTIES— M5 L-RET,
BHBOWSIRENMET T2 L IREIZHET 50T, BHIKOESIRE I IEM SRR
WEBZ LD, DAIT, AR HMEEREZFAMEEKFT CRLE L X EEET 5%
B, Wtk E CRMBEKDESRELHER T2 LBPUETHA I,

4.3.6 FAFIRIEKF CHREER LTV ABL O 7 ORERME

B L LIBEOEEICH T S kOEELREL 1113 (ww) &L, BELUDA
RHOWNIa T EMASICIANT, NERBRRAEEER 2 AV, fafE kP CEH LR
R OYEIE LR % Fig. 4-8(A~OIUZRT, 38 rpm (T2 FEEBIRIC L D U 0 A D&
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T, 1.5 B DK TEEIT 0.75 T, & B2 62 rpm (2361 2 s < 1 BRI 0.75
Tholz, TOREOESE, TNEFN 19 BL O 2% 2B TEY, EHMSHFISNLT
WARISE O SEGE L FSENENL LD S Th o7, Bl LIER T B A DKGTEED
BB L OES OEIMOEE L, HEIEEEOBIPEEIKTEL Tz, a7 OEREBH
IZ X AEIETIE, 0.5 BEE% OKDTENMIX 075 T, FRLEREL L s olz, —F, &
5313 0.5 BERICIT 23% 2B X, D% 0.5~1 B Th T MMM L7283, FNLIEIEE
b Uiadroie, 2 OB, BBIOEME, T A TIE20~23%, =27 Tid24% &
20, U A TITREEEIC L A5 OEVDTRD bz, KTEMEDN 0.75 1Z2ZET 5 F
TORFEIE, VALY ba s 7ICBIT 5580 RALNIENI oz, T OMERITEL
YK CER LR Lo /R S L T e, PEIERRIC K DIIETIE, 1~1.5 BRI TK
STEVEIX 0.78~0.75 ~E B OEFE (P<0.05) IZET L, UL, ZORROKSRE
GrOBEATIEF /N E L, EREN 57.9~56.5%, 182~194% CTh o=, MEOEEFIZ
B DT NRKGPESOEENL, KOEMICRESEET D EER bz, REBRIZ
FBUNT, W L OEBHEIRIC L 0 ffn Ak B CHEIE Lo ML O S, HRIER
23 1~1.5 B[] & FEF NN b b b F, (L W Sh o EEsEHm L FETH
ST EIREBIET 5, AR T, MEA SR AE K iR L) SIRIET 28R
BEOFRMEZR OIS LD, FIUTITTRS) RBH/KIRIC & 2 B~ D SaFnE K OfERT
FIZR BN L TV A2, LV, £72, BIEROMEL LT, EIET O KOR
EERTEZMET 5 02T s, RFE T, SafiEKPIITEiE L & ey gl
BIEZEM LT2OT, BEOEOPINSCEED BB LIoKICE Y, fafnikORET—
REAICART L7e2s, Z o@R7ZR BRIk ORER TIZS UTC, @K XL 0 IREIZE
FEL, WIZEFEADEEL Q. 378b 6, WEERIXFEICafnalkKP CEEsn L
E2 bbb, BEROEEIZET 2 INETOMRIIZ LOWOT, BYOWEEZSEIZTD
&, Andrade (2007) & jenipapo 7 /L— Ik B A Y v — AEROBAVERIC T A5
FEDOHFT, REE RS o —AERICEIE LT3 BESER LS4, BRELOSRE L
AT, BAREFELSHIEN ST EHE L TWD, AW OEKLEE T HIBHR R OK
DRNCEDNNER LT & BA b, BRI T 2 EEOEFZEREDET, EEROTEE
RBIBEROESRERT LEET LD, FUERLEE —EORMEEKT TRIET 25
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B, ME~OBEOBFEANEETH Y, HAKOERRIZ L 2 0EBIERITSH=(L
THEEZONZ, IbIZ, BEHEOEEEREZ TIE22<, Fig 4-1 T3 KERERIC
BTt 2 DERICRESEE L, ZOMTE UKL, EROA -7
WO X %, RERDOEHERLOL L, Z OMEOER S EIERE O ick &
CHFHELEEEZEZOND, MAT, faMEHKOEFO S THEIE U BEEOKSTE PR
SOTE, TERBYEIC L AR L AR TH—LENLDT, BB LEBRY I AR L=
YT DREEOR EICEBRT 5D LI D,
4.3.7 REUSEBHIIEIRIEEIC X 2 ERILOMREE

B2 m OKRBIEEERANEREE 2 AV, BB LU AOERICHT 2 8afBHEAKD
HELEL 114 (ww) &L, SfIREKF CEED O mEEH (80~92mpm) LN bk
B L7 R % Fig 4-9A~ONIRT, (53D b @iliRiRic L 5 2 RIS % O RIEKIRE D,
SRIERT DK 26.5% 5> HFY 25% 28D Uie, RANEEER 4 AV BT, SRR
DYENMT L EIERFENI AN S 4L, AROTEMDS 0.76 LUTF &7 5 D1E, @R (92 rpm)
DEEE 1 BT, /INUERIEBE ORI R B U, K J O @S (80~86 rpm) (2
BT BARDIEMEE, 0.5 BRfEICIE, & 512 0.80 T, FHUEITAEEICET LT 2 B
121X 0.76~0.77 T o7z, @EBFHFEORIEICIT D 0.5 FifEE DKRSIEMET 0.77 Th o7
ZEND, SRR CIIARICKMEEMET Uiz, KRB I OHE (80~86 pm) D
HWIBIZ X D 0.5 BB O3 & HIZ16% TH Y, ZNLARITHEE (P <0.05) (2880 L T,
2RI E BIZ 17 T% E o Te, —7, EiRER (92 pm) OHEJETIE, 0.5 K%
WA 17.5%, 1 BFE#%RIZIE 17.7%, 2 RefiRi213188% TH Y, 1 KRtk OREHIE S
18%35 L UVKGTEM 0.76 LLTF TH o722 &b, (RIFHICENTEGER LERY I A THDH
&I C & o, IR~ (80~86 rpm) FEERIC K DHEIETIE, 1 FFEIHZIZIZE K 17% (16.9
~173%) FBILUKGIEME 0.77~0.78 TH Y, BEE~DESDRGBIIRTmTEo7, K~
ENRTEHROEIEIC K D 0.5~1 FEIZ R 2 AT, 2B CHEERBINERD b/
MoTeDs, KOTEMITERBHIB W TARIE T L, Ko T, KESEEEBIZB TS
IWNEISEIREERE & [FARICIBH PR B IRIER IR E S EE L TV D Z LALLM o T,
43.8 REHEHRANRIEEEIC L 5 ERALOMREE

B 1.6 m 0PI EEREHRAEIRERE 2, BE LU D A OEEICK T D REK
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DEELREY 1.5 (ww) &L, SMEEKP CamEER (104 pm) L7227 BHIRE LR
R % Fig. 4-9A~ONIRT, 1 B O3 1E 18.2%, KOTENEIX 0.75 T, 2 BRI IZIT& 4
19.5%F L1075 THh o7z, 0.5~1 BEENZIRIT AKRIEMER L OESIIEE (P <0.05)
AL, KOTEMET 1 REUBIIAEERIETIEERD ber o7 (P<0.05) 285, Hoyidl
FFRILIELEE (P <0.05) (M LT, RESEIRERIZRT 5 1 R S #Ee (92 rppm)
CEDEIRRER LU L TERAE LN, WEEOEEIME A IR LRI T TOER L R
EMA TR EDOFIMENTED i, PRIEIEEREIC LD ZDBEEFIECB T,
ZEORMEE/KEANWD 7m0, BEREOREREIIRAEELER &L b TEWDS, fafn
BHK LIBROEDHEIEEIET LT, UL, BIZEZEOREOREIE 2R
THBEITEE SN/=OT, SRMEHEKOBEIIESZE TIERTETN265% L —ETH-
7o 437 BEIT 438 1B 2RBAER) G, BEEIE T ORMEEKORERTIX,
BEDESD DR FBI LRI BE 52 5 7 LR SN, BFICREA I Lz fafig
KR TORERIC L DB, MK OEEMEME S THEBEE~DE S ORFEEIED
b, AR TH LT —0/NHER AR TH L EBEI NS, ARBRICHW
3.7 kw DE—Z—TIIHI 16 A, 55 kw DE—F—TiFM 25 A DBEFRENLIET, REE
(T OB E MY FAELIT 7oL TA, —KOMBEBNMER TE LD 3.7kw BRATH
D, 55kw TIHBEBNEENRETELLWVWIEBERNBEL oz, AW TIEEER L T
25, B 2m OKRBEIEERIZ 3.7 kw OF—F —52 0 17, ER 1.6 m OFRIEIREE
& FRRICIBEIFLRRE TRERE L2 5A10, FEROERE DN DM OWTIIIEF 1T HL
BRRWDT, 5% S BIZIRT DLEND D, BINET Dl T 52 81F, BRESHER
T ADRERBRER SN TERIIRETH S &R Lo, REEEERIC L5 o s
BT, EERAZDKETA 40 cm & PEUEIRERE O 80 cm & H_THEL, SRl
KREREHEECH L BT D ERBICBEKORENS LA L, B@L YDA DREN
HItT DrRReERE L 725, 1 BdH7= 0 3~4 BEIOEJERLIEAIT 5 121%, fafi&Eke LY
IRIRIZHERF T DM ERH D DT, I VIREOEFNEE L, DI, REFFEIZRIT S5 F
RUEIRIEE IC L 5 OZEEB 2 MG LIEEFEPE L T D EBEX bive, ZOHEES
B LD, PRUEREEE CIL 300 kg D% | FF CHEEN TE L 2 L B LT LTS,
REEIEIERE TIE 500 kg DR LV ERFEAICEIE CX A Z LR ahiz, 1 BH7Y
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2 FUDEIBELT O BEFE LOEREORFUERIEZEE ) GIT 1 BRI T 500 kg DIEIEHN T
EOEENMRLWEOBEER DY, EBEOMAMELHERLRAS, ERLICEITTED
IR ED DUENH D, mEEFREEIREORZEICIE, BEHRESHBEROIRDOW
&, B —ORRE L UWESOBRIRE TR S ERMEEC LD, KRR TIIREERR
b D3RO/ VEME DT L Ak 72 7o 72, 30~60 R DERFHE OB L TlEEF o
TAXFRY T —EOIERIIIRET 5 SHE SN, ERORRFEOEEIIFER TIThN D
DT, HAKIED EFIC LV BEFOTAX ) 7T —EOEENEE Y, EIEFOBREIT
RE\HILT DRREMEN B D, —FF, BFEE T 1 R CHRIEISR T L CE Ik E
NLOT, TAXUB) 7T —EOERIZ L DBET(ILOEBIT/ NS EEZLLND, &o
T, R L HEE CREE L7i5@ LR D 0 A OB E 2 R T O ENH D &
Bbohs, ZUDATARTHANR S D Z EDRFHETCHLIND, HEETEROEMRETLY
WD D158 LR Y A DNESWIUE, ZEEUSADLD BT T MUk E
SEBRTED7EA9,

RELZEL DD E, BB LTI AOEER L OBKEEOKRS, TIREE LR Y b A
BELO 7oKy, R LOKSTEEICET 2B FMFRE, fafEKsHnwg@L
B DYRIR S DT do L OV BE D S R R E O BR 35 36 KL O EA L Ot B,
LTFOL 57l EHWALMI LT, OF8 UEBRY H Aoy TRIBOREES, ENE
HEPBEGINE D NORWHEIZE L LT, KOIEEOEDMENRE STz, @TERIEIC L
DHIEREFNI 1~2 BRAZE L TV, Sk TR LR GEEET 5 &, Wi
LS 1 B TR I BRRIIEE L, MIROEES G EFETH D Z & MR LT,
AEEIRIAT, BB LIRS OSUEHM A2 RIBICEMRE L, £EEOFDHIBICEBRT 2L &
HiZ, HEZIHRFHEORGREENREINDTD, HADOEEESCEZEMENEED &
EZbD,
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Table 4-1. The occurrence of material as microbial colony of boiled and salted Undaria
pinnatifida during storage at 8°C for 4 months in polyethylene bags under aerobic condition

Sample 1 2 3 4 5 6 7 8
0 month - - - - - - - -
1 month + + - - - - - -
4 months + + + + = - - -
The occurrence of material as microbial colony evaluated by appearance observation: —, no

material as microbial colony; +, material as microbial colony.
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0.7 m 0.65
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ec— !
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Fig. 4-1. Specification of small-sized original salting machine.
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Fig. 4-2. Specification of large-sized original salting machine. With the fourth chapter, the
stirring wing was modified, as described in 4.2.14.
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Fig. 4-3. Specification of medium-sized original salting machine. With the fourth chapter,
the stirring wing was modified, as described in 4.2.15,
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80 e A
ef ef
70 - fg gh fg h fe gh dif ababc bed
h h gh h fgh h gh & fgh od de cde abcdef’®abccge

fg de gh ©' de g5 ab

Moisture (%)

30

MO0 month #1 month

NaGCl (%6)
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Sample number

Fig. 4-4a. Changes in moisture content (A), NaCl content (B), water activity (C), pH (D), the
blue/red absorbance ratio (E) in the extracted pigment and absorption spectra (F) in the
extracted pigment, of boiled and salted U. pinnatifida which were comprised of low (less than
0.76, sample 5-8) and high (more than 0.79, sample 1-4) water activity samples during storage
at 8°C for 4 months after packing in polyethylene bags under aerobic condition. Each valu
was expressed as means =+ standard deviations (n = 3).
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Fig. 4-4b. Changes in moisture content (A), NaCl content (B), water activity (C), pH (D), the
blue/red absorbance ratio (E) in the extracted pigment and absorption spectra (F) in the
extracted pigment, of boiled and salted U. pinnatifida which were comprised of low (less than
0.76, sample 5-8) and high (more than 0.79, sample 1-4) water activity samples during storage
at 8°C for 4 months after packing in polyethylene bags under aerobic condition. Each value
was expressed as means + standard deviations (n = 3).
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Fig. 4-4c. Changes in moisture content (A), NaCl content (B), water activity (C), pH (D), the
blue/red absorbance ratio (E) in the extracted pigment and absorption spectra (F) in the
extracted pigment, of boiled and salted U. pinnatifida which were comprised of low (less than
0.76, sample 5-8) and high (more than 0.79, sample 1-4) water activity samples during storage
at 8°C for 4 months after packing in polyethylene bags under aerobic condition. Each value
was expressed as means =+ standard deviations (n = 3).
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Fig. 4-4d. Changes in moisture content (A), NaCl content (B), water activity (C), pH (D), the
blue/red absorbance ratio (E) in the extracted pigment and absorption spectra (F) in the
extracted pigment, of boiled and salted U. pinnatifida which were comprised of low (less than
0.76, sample 5-8) and high (more than 0.79, sample 1-4) water activity samples during storage
at 8°C for 4 months after packing in polyethylene bags under aerobic condition. Each value
was expressed as means * standard deviations (n = 3).
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Fig. 4-5. Changes in moisture, NaCl content and water activity of boiled and salted U.

pinnatifida.

A: U. pinnatifida was salted with 10-50% NaCl (w/w), and dewatering process was for 120min.
B: U. pinnatifida was salted with 20% of NaCl (w/w), and dewatering process was for

15-180min.

C: U. pinnatifida was salted with 40% of NaCl (w/w), and dewatering process was for

15-180min.

Values were expressed as means £ standard deviations (n = 3).
followed by different superscript letters are significantly different (P < 0.05) within the same
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Fig. 4-6. Relation between moisture and sodium chloride (NaCl) content (A and E), water
activity (ay) and moisture (B and F), a,, and NaCl content (C and G), and NaCl content /
moisture and a,, (D and H), of boiled and salted U. pinnatifida (A to D, from 87 factories) and
L. religiosa (E to H, from 33 processing factories).

indicate significant at 0.05.
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Fig. 4-7. Changes in moisture (A), NaCl content (B) and water activity (C) of boiled and
salted U. pinnatifida and L. religiosa during salting without stirring (0 rpm) in saturated NaCl
solution. Each value was expressed as means * standard deviations (n = 3). Values followed

by different letters are significantly different (P < 0.05) within the same figure.

A to C: Samples were treated in various solution ratio to sample ratio.

O, 0 rpm- U. pinnatifida (solution to sample ratio 26:1, w/w); ®, 0 rpm- L. religiosa (26:1,
wiw); A, 0 rpm- U. pinnatifida (4:1, w/w).
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(P < 0.05) within the same figure.
sample ratio at 13:1 (w/w).

M, 38 rpm-U. pinnatifida (13:1, w/w); A, 62 rpm-U. pinnatifida (13:1, w/w); O, 62 rpm-L.
religiosa (13:1, wiw).
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Fig. 4-8. Changes in moisture (A), NaCl content (B) and water activity (C) of boiled and
salted U. pinnatifida and L. religiosa during salting with stirring (38-62 rpm) in saturated
NaC(l solution by means of small-sized salting machine.
* standard deviations (n = 3). Values followed by different letters are significantly different
A to C: All samples were treated in the same solution to
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Fig. 4-9. Changes in moisture (A), NaCl content (B) and water activity (C) of boiled and
salted U. pinnatifida during salting with stirring in saturated NaCl solution by means of
large-sized and medium-sized salting machines (salting condition of large-sized salting
machine; stirring speed was 80-92 rpm and solution to sample ratio 4:1 (w/w), salting
condition of medium-sized salting machine; stirring speed was 104 rpm and solution to
sample ratio 5:1 (w/w)).

Values within columns

Each values were expressed as means + standard deviations (n = 3).
followed by different superscript letters are significantly different (P < 0.05) within the same

figure.
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S
%24

T

U7 A (Undaria pinnatifida) (2B, SEEEERB IOHEO—HME LB T 7 VB
BHEOHERSNABETHD (TR, 2006), RIET A ODENEEE (585 b, R
BEE) O 80% (4S5 H ) #EOLEFBIOBERRTEEINLI =Y I A
AFER DEBELDEITORBEE TR DI DIZ, FOAERITKREIZEI LTS, Z0=
B2 H AR T T FELTOMUEIBHIIL TS, LirL, BEY D ADHRREKD
AEEIXFETHY, 1999 FLRBITARICBIT2ENEEEDON 45 (REBRREME) OV
AABEPARITWASNTND, FEENENRRKO=ZIEY I AL, TEEY DA OHK
AED VA LTTHY, =77 FefERHT o7 OIlITBREDCAEEKEZHER L T
VERHDHEEZ LND, ZEHURICE T 5 U0 ABEOMEANRENREERS TIE, 4
BOAEEOHEFIIRECTHY, HEE RKROLELCHEN, BRURENREEY L
A DHER L OIIL Y 2T LAEOIFFENITON TN D (BRI, 2006 &) &K, 2005 ;
FHLES, 2004 ; FEHDS, 2001 ; EH, 2003 ; EHEE, 2004), ENTROLEEEDEZ WY
AL THHEE LERY b A ORER, ZER CIXEEE LS BFMITREZ,
BEML T, BEHOFERE»OLRHOET I ABNEIN, TOk, FEER%IZEE
LRI LA T, MAFafF cen o OEEIIKT T 5, EH mﬁ%&y&WKé
UK TR Z BBV & L, BKBISERk EEEMTON, FEO L TABEZEB L TH
WIND, BFRTIEI~4 BOR 1 » AT OMEENES L, IUEIXERZ B3 ik
BLOHFEEICEDN, BERICLEDLIRKET LD Z OIS, FEFICEEHH
REOHRCZREDCEHE LERY I ATEEINTHD (BEJEEAR, 2005),

THOLIEHESEENO=ZEIIAT T REFALAZDO—ET 52 2B E LT,
U A DGR L ORISR T 2R 21T o7, ZRRU I A DRROBEIL, AET
WARHDZ L& UNEFFLIKT, 2003), BWIAME D bEFSLEREOTRERIZEND Z &
THHA (ERE, 2002), ZhHICEATIRFRMAIIMOTZ LroTe, £/, BELE
YW A% 1 BTI100 b 8ET L RHAERMIE TIE, RELEBIZB T H8FOHLE
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WO REZEZ TEBY (BRIIEEA, 2005), KM TIIEOMRKER T, HELE
U AEDOU I AMLEDEREER DD, £UN A DOIFBRECERT I /Bl
72 & OFFHEFEAZEL, EERUIAMLHETHIEBLERY 7 A 2R E LT,
WP TOMEBE L OFBRBREORIBIZL DT E2ITV, EHOMEIZ L2 EBYMiEE
RWERE A i U, BH»bOHEM SN D58 LERY 1 A MGOELS B FRE—TH D
ZEmn, "WEESOE—(bERDEH LWEEEICOWTHRE Lz, EbiT, AEHRBIC
BV TCHE RS OE S BEIEIC A B K TS O REEIE OB $hME & EE LT,

BI1ETE, BFRIRECERBEINTZAET I A OEWMEOERT I/ BHEKRETHE, £
NODONMLAPM TR E R LTz, £T D ADWEET XV BOKEIX, ERESHFIHT
/% 1100~3100 mg/100 g DM & 3B L TW/=23, BaFZ (A4 7) Tid 3000~4500 mg/100 g
DM L EERESCHE Y b holz, R 7=/ —AREI, FERETIE 770~1820 u
mol/100 g DM, i) CiZ 350~800 u mol/100 g DM, AA-FZETiZ 3840~7990 u mol/100 g DM
ThY, SBUEICENRBDLN, MFETERESCFHED RIZRETHDH, BN
BRI R SN, IMEEREIZBWTHRE L TREOH DU I AMLEOERT 2 /B
DENTD2L, BFLIIARLEBEB LY D ADWEBET X ) BREITE T, MEB X
VKELEOT A AMLHOWERT X /BB, ERELY LFHMCEWERRZED bR
Too WERAT D ARHOWEEET 2/ BRREIL 760 mg/100 gDM EFET LU I A L RIERICE
WZEDDEBRE LY bEMBETHDI EELBN, VI ADOBRGFREORDF ALK
HZEE, BORWHBRMTMEBEETAICE, U ADERET I BLUAO RS %
RO T D ENEINTCRETHDL EEZOND,

B2ETIE, £AVNADOEERMREEER L OIFBRIERED -0, 3~TCERATR, 0C
TR IERTE, OCEEEEI AT, -2.6°CHEAK R T U —KBIERE, -3~0CHEKEEEZEE
ABTEEZ1TV, Chla &8, Pheidea &, Phya g &, B-Iui &8, pH, 7TVX B
DRFEBIVEDGFESMERN L, TORER, Chlag &L - T U EEDRED,
3 LU Pheide a DM G, AT H ATRIRITEISHERFICE L TV Z L 23bh

o7, MKRIBITE CIHEREER CHOBERSDRITBO bNRN o122, BKAT Y —
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KIBEITE CIIBEE R HEREDREIRD bz, REICHER? D, £V N A DOIRITE
RETIER, BMRBESIRB IR Z UV —KRIBRITESE L, 2~-3CORFEIEE DB HZ
ThodeZenbhol, FiZ, WKAZ ) —KREE T, I BRIZETV T A%
MEL THELWREBEOLHERREDHITFROONT, EROHBEHRLEHIELZ
ENTET, EUDADOEERIZEL LT, pHXLPheide a EEBEZFARDZ ENEDTH Y,
AERG TOERPEHFINT, BaSNWBREE LT, VI AMLEOBEROEGEIC
EoT, FHEPIZBIT AT I ABKOBREE LOBEOBMEICET A= A
DIFEAPMETH DL B2 NS, FT2, £EUIAFBRFIZEIT 5 B SORER S
AL ZFEMICHAN, AR U TRERITBRIELZRBINT 5 Z ENEFE LU,

FEIETI, EMBIUOAEBTRENRRLGE LERY U A 23R ELE LT, 1%EAKPT
OB, Eifg, LIV T ABIOI L a B M) ULADE SKIFRT TORIES
TV, BYEHEER, MBTREBIOT AU BATFEREZEIE Lz, TORE, MEEEE O
BT & 0 2FRBHI B W TR E I L OREHE RS B2 A E (P <0.05) D L,
TNXROGFRBITZRIRY N ANZBWTHE (P<0.05) 2D Uiz, FREBRALEE TIIK
BB X ONEEEYHEES &, TAXUVBOSFEIFEEREMERIRP2T2H, X
KT J1 A DRI, HEH N U LMUBETHE (P<0.05) Z#mL, Fvar@gEr b
VY LETHEE (P<0.05) (2D Lic, KEIZLY, VN ADRRBIIESDOLMIZH
EKTEDHZ DNy, BREDEWKARY I ATBITAERKRE o7, £, KK
T 71 A OFEWFREIIEE Y A L0 b EBIZEL, 1 BEOME%E CLZO@EMTIEDL
RN LG, REIRT A ATEFET 7 A LD bIMEGAEICE L T\ 5 B vz, —F,
EROHENPEREY I AT, BETREMEV O TEREZER LRV A —7E~0OFBIE
L, BEPERENDI Y T XBIITEFERBEIVAPBELTND EEZ b, HEL
gD 1 A DIMTFEIZBWTE, PEICKWCTEEEN L WVEEESL =Y I A TR
THEENZWEBESOMEH & OEEZITY, T LDOMIBEIZESW - /EDHF
DFRAZND Z EPERENTZRETHDHEEZXDND, KETIIEE LERBY 7 A DFER
EEFRELE L, MIAREE L CEERPHOEE LRI OV T HIITAM: 2 1
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BIDZELBNETHDEBPNE, 51T, FEBAETIERT LY I A ZAWTRERD
RERAER (EBELERE, 1977b; 25, 1984) TiE, BWHBRENE RV, NEERYE
BEMEMNTHEMEINTRY, BELEBRY I AZRB L LEAEDORFERERE A
BLIEZEND, 5%, TNOORREZHEATILERDDHLEZDND,

BAETI, UHAOEERIOBIKSEEORE, HREE LERV I ARBLIO=T
DKGy, R L UKGERICET 2R 2MREE, AfmEKE AW EE LIBEOEIRS
B ORRETR X OWEER O BB R A BB OB L OVERLORF £1T o 12, T OREE,
TIRDOBE LY 7 AR TR OKS, EELOKGEERIITIE—THY, Ko
JEEDEWEBR LR D I A DREENRE D Z L2 LI L, 318 LIERR & ORF
O, WAEENSELYNE ) hOHIBIEEL LT, KOEEOENMEN TR SN, REFME
WCENTZGE LR Y I A B L2 o 7RG OKSERIL 076 LTICT2HERDHD &
FERALNIGELERY I AR Lo 7 OREREIEIC KT 2IEERMIT 12 BREE
R 2 B LTy, ffEikd ClRBPAEBREBIC L VBB LRV OHEES L L, @
MR L b 1 R TRDTEMIZ 076 LT &2 0, RO ®mEARE LFE TH o1, Lo T,
BEIEIREL, BB USRS O BLERIR 2 KIBICEHE S ¥, AEE 05 HHIBICERRT D
EEHIT, HEEIIIRFECER -SRIt SN 720, MEOFEEECRENEDN R
FDHEEZOND, ZOWEEB L LR T HZ0ICIE, BEREREIC L RS LG O
BB RBER S E LT, ERMR L L, MEREOHELBATILEND D,
E BT, HIEEROMAECEERS CHEA LLROMBEASLBEL, EEZTFHENT
TWEBIMLE TR ERNEETH L LELOND, KOEMIC & 2B ORFIEF ML
L, BFREBHFEASESS (BFRRE) T3 BEASH, BB UERDY 7 ARE
BICB T A REOREEEICHASN TV, BHSE~OBMI—MEERV, EE
DMFEDEE L 72> TNBZ Edb, EEA—H—IZ L5 100 5HALT ORERELE K
DASTERHBEFE SN 2T ER LRV E Bbhns, ZhcabE TRIBEDORE DR
EEBIATICAT 5 MU L UETH B L b5, |

ARFENS, LT ADWEEET I ) BRSO, FRAEIER & O T EE B

95



NI LT, BB LIERY 7 A DB KON ISE LR~ Eif, BEBLURRED
BOVLVIMIAER RS ZE2HALMNC L, BBLERI I ABIOar TR DR
RIS ET DS 2 RIE L < THKGEEORIEIC & 0 BE ORI 2 TEFHE © &
ZEEBALMI LI, BE LU N A wiafnti/kf CHEEBERET 5 LIESROIR D IS &
THBO TERMCTHEETEL I LEHAOMNI L, BT, YU ADRKSE IOIMIEE
BT OMOD TEEBERMANEONLLEZ D, RFERRITIY I ANMLEOELEE
L OBMIEEICEBRTE 2 & EBADN, ZBU D ADELRDT7 7y Mua s
DLDTHD, b T, BHMEEEBORMIIL, GELEBRY I AOREICKIT54E
THEB L ODRIGIZHFET D2 &b, SHOERIEIRFEIND,

96



B

AL DO ZITT DICHTY, BB R LEEE, W2 £ L EREER
FHENFRRMEERFER R BEAEHR, KBEEBPZRE I EHIRETFBhEIC
DEVEHOBEELRL, ZIICEELRELETET,

7o, FRFFR BHERERRIZE, B ORRZBEBE LEHEREZEBY, LLVE
EMFLE L RTFET,

AESCERICEE L, BOREEoR & TERAEREEZBY £ U, BEREHEREER
FR BEPREER, DNIEBER, B FEEERICEA TEHE L ETET
ST, RFREITOICHIY, ARVEETLHBHEZES £ LIaFRKERITE
VA —FREATRECICBE SN, AN IERRSHANE R CICTBRE SN, &
FRBIOEHBRADOERR LOMIEZFSIIH L TIOH2EY) TRVWEHOEZRL
=7,

97



5] FH SCHR

Andrade, S. A. C., Barros Neto, B., Nobrega, A. C., Azoubel P. M. and Guerra, N. B. Evaluation of
water and sucrose diffusion coefficients during osmotic dehydration of Jenipapo (Genipa
americana L.). J. Food Eng.,2007; 78: 551-555.

FHE—, BEEM, NRTHK, BRED, FKk E, AL=T=, BOF&EFE— FHZET,
FOEE, LWoBC. BEEEOMIE. DKERRT] (BLU=FT=, BEE_
) [EEAEAR, A, 1993:304-325.

A &, /NIEE, KE B, EBIEL, mF O£ SEME, BIL L S5EK
TEETICR T DHO Y RO BSEMS DOR L.  BKEE, 1982; 48: 647-561.

iRk B OB e, /JIEE, XE OB, I i BEOY ORISR HKa LR

it

FEDREE.  HBIKEE, 1985;51: 1109-1114.

Association of Official Analytical Chemists. AOAC. Official methods of Analysis, 15™ ed., AOAC,
Arlington, VA, 1990.

Azoubel, P., M, and Murr F.E.X. Mass transfer kinetics of osmotic dehydration of cherry tomato.

J. Food Eng., 2004; 61: 291-295.

BOREM, EER L, FHEEE Rl b2 EL OB 2006 FFRFA
R 3806366 -

Bernhardt, S. and Schlich, E. Impact of different cooking methods on food quality: Retention of
lipophlic vitamins in fresh and frozen vegetables. J. Food Eng., 2006; 77: 327-333.

HETRARAOTER 2003) (B FIR) ZFRERFHRE, HR, 2003: 132133,

Greenberg, A.E., Clesceri, L.S., Eaton, A.D. Standard Methods for the Examination of Water and
Waste Water, 18 ed., American Public Health Association, Washington D.C., 1992: 4-48
—4-49.

BHR L, IA—iL, FLEWE, RHHER EERU I ARBENE S 2T LOEESITICE
D<AETMLORE. KETE, 2001;38: 61-68.

BRIBEE. =ZeRICBIT 2EEY 7 AR EEDTBREMESHT. KELZE, 2006;

98



43:179-184.
ERNBEE, SRMUAR. JIET U A OINHER X OMEBRNTIEEHAE. KELFEHETER

#, 2005;27: 61-80.
EWLTRE. DPROOEERD #1989 EAHE
ES

INERYE 1-27673 &
BILTRE. OO B 1990 ERABZE

N 2-12879

Haug, A. and Smidsréd, O. Fractionation of alginates by precipitation with calcium and magnesium
ions. Acta Chem. Scand., 1965;19: 1221-1226.

Hayashi, K., Nakano, T., Hashimoto, M., Knekiyo, K. and Hayashi, T. Defensive effect of a
fucoidan from brown alga Undaria pinnatifida against herpes simplex virus infection. /nt.
Immunopharmacology, 2008; 8: 109-116.

SERk 18 FEIAZE - BIESEAERGT (B0 ) BHOKES XKEEBEMEES, A, 2007:20.
ERL 14 SE1R2E - BIEEAERFER] (BOKEE REEEREHER MEEN R
=, B, 2004:207-213.

JKHE 2. RO va T o WZET 5L R T b AR ORI AN bk
sunz /U E . HIKEE, 1978;44:1003-1007.

Hochberg, Y. A sharper Bonferonni procedure for multiple tests of significance. Biometrika. 1988;
75: 800-803.

Honya, M., Kinoshita, T., Ishikawa, M., Mori, H. and Nisizawa, K. Monthly determination of
alginate, M/G ratio, mannitol, and mineral in cultured Laminaria japonica. Nippon
Suisan Gakkaishi, 1993; 59: 295-299.

BEERA. RA&OK TRA(bF) §IAEE, B, 1991;109-124.

FHLEEE, WAN—IL, BOREHR. BEU I A DO EEEROSBERR. KEILFEIFRATK
#, 2004;26: 47-51.

Wb TRER®R S A5 (BADBR) SFREERFMESESS, 5F, 2007:3.

FEiE—, DERE, BT, WFEA, SIHFFH. HERaT7rbxy ) —UH L

TeZun 7 4 VESEAEYOMIRE o T X ~OFFH. H/KEE, 2000; 66:

99



104-109.

Bl o6, 4FME, Ak % /NIES, KE W, EBIEL FE X SEKS
EETICRT 280 W IBEDZE L. HKES, 1983;49: 787-793.

Khoyi, M. R. and Hesari, J. Osmotic dehydration kinetics of apricot using sucrose solution. J. Food
Eng., 2007; 78: 1355-1360.

Kbt . I F A FElm EEE TRROEEOE] ORF &, FHEER, INEEE
EfR) JEBR, B, 1995; 187-290.

NEERE L, B VEAOK, MEAOKOENET A, BUEEE N UURFTIEE. 2007 AR
FFANEREE 278667 =

Korenaga, T. and Fujii, S. Separation and enzymatic sacchrification of cellulose from wakame
Undaria pinnatifida. J. food Comp. Anal., 2000; 13: 865-871.

Losada, V., Pineiro, C., Barros-Velazquez, J. and Aubourg, S. Inhibition of chemical changes
related to freshness loss during storage of horse mackerel (Trachurus trachurus) in slurry
ice. Food Chem., 2005; 93: 619-625.

Luna-Guzman, 1., Cantwell, M. and Barrett, D.M. Fresh-cut cantaloupe: effects of CaCl, dips and
heat treatments on firmness and metabolic activity. Post-harvest Biol. Technol., 1999; 17:
201-213.

Luna-Guzman, I. and Barrett, D.M. Comparison of calcium chloride and calcium lactate
effectiveness in maintaining shelf stability and quality of fresh-cut cantaloupe.
Post-harvest Biol. Technol., 2000; 19: 61-72.

Maeda, H., Hosokawa, M., Sashima, T., Funayama, K. and Miyashita, K. Fucoxanthin from edible
seaweed, Undaria pinnatifida, shows antiobesity effect through UCP1 expression in
white adipose tissues. Biochem. Biophys. Res. Commun., 2005; 332: 392-397.

Maeda, Y., Kurata, H., Adachi, M. and Shimokawa, K. Chlorophyll catabolism in ethylene-treated
Citrus unshiu fruits. J. Jpn. Soc. Hort. Sci., 1998; 67: 497-502.

Maki, Y., Sakata, T., Yamanaka, N. and Ogawa, N. Physicochemical properties of viscous exudate

100



of Mekabu (Part 1) Influence of preparation temperature on viscosity of viscous exudate
of Mekabu (Sporophyll of Undaria pinnatifida), and factors involved in the changes in
property. J. Cookery Sci. Jpn., 2001; 34: 196-200.

BEFHF. KT Lbnd LERIEDAD OREOMECHE T2 —5E. ARFES 1992
25:288-292.

Martin-Diana, A. B., Rico, D., Barry-Ryan, C., Frias, J. M., Mulcahy, J. and Henehan, G.T.M.
Calcium lactate washing treatments for salad-cut Iceberg lettuce: Effect of temperature
and concentration on quality retention parameters. Food Res. Int., 2005; 38: 729-740.

Maruyama, H., Tanaka, M., Hashimoto, M., Matsuhisa, I. and Sasahara, T. The suppressive effect
| of Mekabu fucoidan on an attachment of Cryprosporidium parvum oocyst to the
intestinal epithelial cells in neonatal mice. Life Sci., 2007; 80: 775-781.

ERE B BAENTOULARERZEE SN, ALEAMRSE, 2003; 31: 21-38,

BEH M E NG BFRICBTDUNARIERE ORE LIRE. #IsAZENTSE, 2004;
44: 91-108.

HF OB RFLUL A REKENLERE) BH #, HBER, FMEEEFES)
JEBK, FE. 2005; 509-512.

FREN, BEGL. TAFX AN T DINDDI N T LB RIS AR R Y
U LEOZE. BRI, 1996a; 43: 526-534.

FOINFEA, B TIX CBRONMKGIRICRIETERBROZE. BRI, 1996b; 43
917-922

FiE—f. DrOOMT. Tonrd AR BAREFRMLE, Hx, 2006 9-137.

EHZET. UNAORE NEROFTE] (REE—R #FIREE, B 1993;59-85.

BFHIE=I, NRTHK AREREoEE (RRERF EELELR, F 1993
147-197.

EERRK EE R H AR 2006 “EREETE (ERBIH AL B 0BA) | BHKEE KEEREE
PRESEBRBORER, A, 2007:13-37.

101



Nyman, E.M.G-L. and Svanberg, S.J.M. Modification of physicochemical propreties of dietary
fibre in carrots by mono- and divalent cations. Food Chem., 2002; 76: 273-280.

NN, LB NRMEBGES) SEHk, B, 1999; 25-56.

NEFSRRAR, AATE—. EROQEEESER I OSEESEIC L RE LRI
2007: ABISFRFAHEE 135577 5.

NEFRERMP, KT E. VB AOMIHRS IO LOELOBMSE. K 12~14 FEE
IR S USSR LA e (R 2 THus R RV 2 Al o s I E L Bl
PAZE) #fEHRES, HOK, 2003;15-29.

ML, R OIR, AR OB AR LY DRBITAB- e T VBEOEHBLV
BZ5{k. BIZEEE, 2000; 69: 477-482.

Prosky, L., Asp N-G,, Schweizer, TF., DeVries, JW. and Furda I. Determination of insoluble,
soluble and total dietary fiber in foods and food products: Intercollaborative study. J.
Assoc. Off Anal. Chem., 1988; 71: 1017-1023.

& EBE. ARBOFA - FAKE GEEOU N AREEZEFID) | BRI REANSCEE
FOBE, 2004; 12: 17-31.

Rodriguez, O., Barros-Velazquez, J., Pineiro, C., Gallardo, J. and Aubourg, S. Effects of storage in
slurry ice on the microbial, chemical and sensory quality and on the shelf life of farmed
toubot (Psetta maxima). Food Chem., 2006; 95: 270-278.

Ruperez, P. Mineral content of edible marine seaweeds. Food Chem., 2002; 79: 23-26.

VTR, BlREE. RABIUOEE N7 7 7 AO—Asy, TEREEHAR, HBET X
B, WMER I OMAEEICOWNT. B/KEE, 1998; 64: 116-120.

PBRAERE. W< b, BiF. REKENLERE] (A %, BT, FEEETEES)
Yk, IR, 2005; 578-581.

Santoso, J., Gunji, S. Yoshie-Stark, Y. and Suzuki, T. (2006). Mineral contents of Indonesian
seaweeds and mineral solubility affected by basic cooking. Food Sci. Technol. Res.,2006;

12: 1-8.

102



Santoso, J., Yoshie, Y and Suzuki, T. Polyphenolic compounds from seaweeds: Distribution and
their antioxidative effect. In: Sakaguchi, M (ed). Development in Food Science. 42. More
efficient utilization of fish and fisheries products. Elsevier, UK. 2004: 166-177.

EEf—. DU ADWALRE. BREGOLERELNI - i@ CMNIEE, gBAE
i) [EEAEAER, BA, 2002:91-105.

VEREFRF, PERRTRER. INEC X 2 oD BRI L O T ¥ CBRoEILENEL. &

75, 1979;30: 429-433.

ERRI T, EETRER. FREEME L b OYBEERB L OT AF UBOMERIZONT. &
BLEE, 1977b; 28: 467-470.

Sato, S., Miyata, Y. and Kunitomi, S. Physical properties of “ Narutowakame” and its alginate and
metal contents. Nippon Suisan Gakkaishi., 1976; 42: 337-341.

VERETRER, R T 03D DMERMER & 7 X UERIZ OV T KBS, 1977a; 28: 463-466.

Serrano-Martinez, A., Fortea, M.1., del Amor, F.M. and Nunez-Delicade, E. Kinetic characterisaton
and thermal inactivation study of partially purified red pepper (Capsicum annuum L.)
peroxidase. Food Chem., 2008; 107: 193-199.

& BT, ERRIRER, R BRRRAERIZAE S U U A B KO L U BROMRIRZE.
HIKEE, 1984;50: 827-831.

Singh, B., Kumar, A. and Gupta, A.K. Study of mass transfer Kkinetics and
effective diffusivity during osmotic dehydration of carrot cubes. J. Food Eng., 2007; 79:
471-480.

Suetsuna, K., Maekawa, K. and Chen, JR. Antihypertensive effects of Undaria pinnatifida
(wakame) peptide on blood pressure in spontaneously hypertensive rats. J. Nutr
Biochem., 2004; 15: 267-272.

gn Rk B, hIESL, HILAETF, AHEH, FEEIT. MEUNIARIC X SEREAD
BMBHEDZE L. BIKEE, 1993a; 59: 1371-1375.

Suzuki, T., Ohsugi, Y., Yoshie, Y., Shirai, T. and Hirano, T. Dietary fiber content, water-holding

103



capacity of seaweeds. Fisheries Sci., 1996; 62: 454-461.

SR &, HILEET, BHER, FHEIT. B L3 a TR LEHORE. AKEE,
1993b; 59: 1777-1781.

BANE, KAE—, BFEF. BOEREOWERET I/ BRERIZOW T, BHIKES, 1967; 33:
669-673.

EAERE, BRAENTF, EHER H B7F BsFREI7 o~ 770X DRB L
OBEDS-E /X7 LAF REL 2 (3) -/ X7 vAFF FEOSH. BRELTL
#5, 1991; 38: 1-6.

EAERE, BENTE, ZAKTE &0y OKBEEDEOSH. BAKEE, 1983; 49:
1121-1125.

o S B TKEEEEE. B ORS) G B, & SUER) SR ES,
I, 2000: 60-66.

FEBEIR BEUERY D A, [REKENTLRE] G B, BER, mEEET
BofEs) Sedk, HAE. 2005; 517-519.

TonOFEE N RT v ) CEFRIBERRMAGESGSELHR) SFRIAEGRES

HES, BF, 1987:51-95.

Wang, W., Onagawa, M., Yoshie, Y. and Suzuki, T. Binding of bile salts to soluble and insoluble
dietary fibers of seaweeds. Fisheries Sci., 2001; 67: 1169-1173.

£ &, HILHZET, HiARX B Ty MRS LCEBRHEERERROBILES L OZ
DRIFERB~OFE.  BKEE, 2002;68: 172-179.

BAEE. U AOMI. NEREOLFLFM] EELEAR, RAT 1983;154-164.

DR, HE—F KTFLBLIUETLYIACRBTATAXUEY 7T —EEHEDOHE
BFE. HIKEE, 1982a; 48:237-241.

BN EE, TE—R. KT LA X D5BREIEBILICBEE LT AT AR 77—
B OBEEBIIZE. HIKEE, 1982b; 48: 243-249.

Wennberg, M., Engqvist, G, Olsson, K. and Nyman, M. Changes in carbohydrate and glucosinolate

104



composition in white cabbage Brassica oleracea var. capitata during blanching and
treatment with acetic acid. Food Chem., 2006; 95: 226-236.

WEESR. MEEORKY & SHEE. MEREAAOMZE] RILEEE, A, 2001; 85-136.

Wezeil, AREH, HR—M, HMKE BRECILIEMTOV2UVBOER. BF
36, 1983;24: 454-458.

L 7Z22d, WMINEF. AAT L 0BT OREMEOBLERRE. BRFES, 1998;31:

2-6.

We7poa, WNIEF. ADT7 XDEET 2RMEME OBILFERSE (B 2%H) AR
WA 7 THANEE ORI E 2 D88, RFAFIES, 2000; 33: 44-52.

Yamanaka, N., Ogawa, N. and Sakata, T. Influences of sodium alginate extracted from “Mekabu”
(Sporophyll of Undaria pinnatifida) on digestive organs and cecal contents in rats. Food
Sci. Technol. Int., 1996; 2: 108-112.

W RE—. DDl 258 L & RERE. NERALOLERR ST - @) [EEA
JEAR, B, 2002; 17-27.

Yamauchi, N., Akiyama, Y., Kako, S. and Hashinaga, F. Chlorophyll degradation in Wase satsuma
mandarin (Citrus unshiu Marc.) fruit with on-tree maturation and ethylene treatment.
Scientia Horticulture, 1997b; 71: 35-42.

Yamauchi, N., Harada, K. and Watada, A.E. In vitro chlorophyll degradation in stored broccoli
(Brassica oleracea L. var. italica Plen.) florets. Post-harvest Biol. Technol., 1997a; 12:
239-245.

Yamauchi, N., Watada, A.E. Ascorbic acid and f -carotene affect the chlorophyll degradation in
stored spinach (Spinacia oleracea L.) leaves. Food Preservation Sci., 1998a; 24: 17-21.

Yamauchi, N., Watada, A.E. Chlorophyll and xanthophyll changes in broccoli florets stored under
elevated CO, or ethylene-containing atmosphere. Hort Science, 1998; 33: 114-117.

THE—. BEROEEEE. 1995 FEFAMRE 112423 5.

HILHEZET, #oRk &, BHER, FEEIT. o) OMIIRIZET SRS El. RK

105



#, 1994; 60: 117-123.

EILHET, SR & BFEH, FERIT. £EHR D Mg 0RR 58D Y Ok
7R B L OMBIIEEAERL. B KES, 1993a;59: 1769-1775.

HILHET, K & BHFEH, FHRT, = ER BEELO D ORWHEKE, B
B, BT X BB L UMERAEAERL. FAUKERFEHIRIHRSE, 1993b; 80: 197-203.

Yoshie-Stark, Y. and Wasche, A. Characteristics of crude lipoxygenase from commercially de-oiled
lupin flakes for different types of lupins (Lupinus albus, Lupinus angustifolius). Food
Chem., 2004; 88: 287-292.

Yoshikawa, T., Takeuchi, I. and Furuya, K. Active erosion of Undaria pinnatifida Suringar
(Laminariales, Phaecophyceae) mass-cultured in Otsuchi Bay in northeastern Japan. J. Exp.

Marine Biol. Ecol.,2001; 266: 51-65.

106



