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SUMMARY   

The minimallevels of5‘r－ribonucleotides needed toinlprOVe the sensory qualities of  

Canned vegetables wereassessed by the organoleptic test，and their stability during  

heat processlngand storage was assayed by the method that uses5’－nuCleotidase・  

Severalvegetableitemswereex‡把rlmentallypackedintin cansandprocessed according  

tocommercialpracticqswith5一－ribonucleotidesatthe followlnglevels：0．08％forgreen  

peas，0．025％forasparagus，0．01％for mushrooms，and O．02％for greenぬns，etC・   

Canned samples stored for severalmonths were submitted to taste test・Vegetables  

with added 5’－ribonucleotides tasted nluCh t＊tter at a highlevelof significance，and  

theadditives were reta享ned fairly wellevenin canned samples storcd six monthsat  

room tem匹rature．   

INTRODUCTION  

Alongwiththetheoreticalelucid？tionoftheirproperties（Kuninaka．1960；Honjoei  

aL，．1963），number早Ofthenuc！dcaQid groupsuchas5’－inosinicacidaTld5′－guanylic  

acid．eachofwhichis one of theessentialtastegiving substances originally presentin  

foods．havebeenmanufacturedonalargescaleasflavorenhancers・Thesesubstances  

havealreadyぬn we11acceptedas seasonlngagentSforhomeuse▼butstudiesonthe  

applicationofth寧SeagentSinthef∝迫industryshouldhavemade furtheradvance皿ent・  

Shimazono（1964a，．b）recentlyreviewed．theapplicationof5’－ribonucleotidetofods・   

Thedistributionof5．－ribonucleotidesinvegetablesand mushrooms wasreportedby  

Bergkvist（1958a，b）．Nakajimaet LZZ．（1961），Fuiita et al．（1961a）．andHashida elLZL・  

（1963，】964a）．Theirdistributionpatternsinvegetablesandmushroomsweredifferent  

fromthosehmeat．Th鱒efoodscontainedappreciableamountsof5I－AMPand5r－UMP  

but not measurable arnounts of 5，－IMP．Rernarkable amounts of 5’－GMP were found  

inShii・take（Le”iEntESJedodes）and＄hirnezi（LyophyLLLL”laggl－ega17LnL）．butitwas not  

foundinmushrooms（materialfor（辺nning，PsoLIEofa bisi）0，・1LS）．Glutamicacidhaslong  

beenrecognizedasa potent flavor－enhancing substance・The synergistic effects of  

5，－1MPand5・－GMPwithmonosodiumglutamatewererecentlyreportedbymanyauthors  

（Kuninaka，1960；FujitaetaZ．，1961b：etC．）．Itwasthus assumedthatwhen5しrMP  

and5，－GMPwereadded tovegetables containing appropriate amounts of glutamate・  

＊脚注：ReprintedfromFoodTechnology，July1966，Vol・20，No・7，Pages：95－99  
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theirflavorenhancingactivity would begrqater thaninglutamate－freeproduct・Glu－  

tamatecontent should t妃takeninto consideration before adding5’－ribonucleotides・   

WehavebefnStudyingapplicationofthesesubstancestoimprove thetasteofcanned  

foods，Particularly forenhancement of their taste，and this paper repOrtSapplication  

oftheagents tocannedagriculturalproducts・ExperlmentS WereCarriedoutoneight  

kindsof▲Water－boiled canned agriculturalfoods such asgreen‡妃aS．aSparaguS，muSh－  

rooms．and green beans，etC．．Whieh were producedin relativelylargequantities・   

丸IATERIALS AND METHODS   
Sodium salt of5I－ribonucleotide（Ribotide．registeredtradenarneof TakedaChemical  

lndustries for this substance as a flavor enhancer：1：1mixture of 5r－IMP・Na2 and  

5’－GMP・Na2）and theenzyme 5’－nuCleotidase．used二in assayi11g5’－nuCleotides．were  

Supplied through the cOurtesy of Takeda Chemicallndustries，Ltd．，Osaka，Japan・   

Agriculturalcanned foods．tlamely bamboo shoot．asparagus．mushroorns，CarrOtS  

（babyfood），andgreenbeanswereexperi皿entally produced attheauth（ir’slaboratory・  

andgreen p＆S，岳☆eet corn，and tomatojuice wereobtained ftom markets・TheseCan・  

71edfo∝王sLWereuSed・aSSamplesforchemicalanalysisaftermaking themintoaporridge  

formwith an electric mixer．These samples werealso used as thecontroIsin sensory  

tests t治fore Ribotide was added．Forchemicalanalysis．both solidsandliquids of each  

Canned food weremiⅩed t（）gether，eXCeptWjthcanTledmushrooms．whoseliquid port；on  

WaS replaced by water．Salt（NaCl），reducingsugar，tOtalsugar，tOtalnitrogen，amino  

nitrogen，and acidity were determined by conventionalmethods．GlutaTnicacid was  

determinedbydecdrboxylat；oh method employLng th6enzymefrom Escherichia cnli・   

After preliminary estim盆tion of the optim良1additionlevelofRibotide．the foods werc  

Canned experlmentally．Ribotide wasdissoIvedin theliquid at twicethe optimalcon－  

Centration for the totalcotltentS Of cach can，and the cans were sterilized by conven－  

tionalmethod．The cans so produced were storedfor 6mOnths and then opened for  

SenSory test and盆1so for determihatin ofJthe Ribotidelevelremalnlng．Green peaS  

WereCanned at theHamaguchifactory of Sansllin Food Co．，and asparagus at the  

HeadOfficefactory of ShinkaiAsparagus Co．．and tomato juice at the XuraすOShi  

factoryof TottoriCanningCQ．Theotherfoodswere canned at the authors’1atx）ratOry．   

Sen畠Ory te8t．The panelof tasters comprised at泊ut 40 person岳 at the co11ege and  

laboratory who wereinvoIvedinfoodscience．Apired・preference test wascarried out  

byquestioning the tasters as to their preference for the Ribotide－free controlor the  

Sample to which Ribotide had been added at var・i6us co7）Centrat王ons．and thelevels of  

Significanceoftheirjudgments wereassessed．based on thez2method．A rankingtest  

WaSalso conducted on a few different addit；onlevels of Ribotide so as to determine  

the optimalconcentration of the additidn of R；botide．The tasters w占re asked to rank  

the severalsamplesin order ofpreference．   

Aisay of5′－ribonucleotide．Theremainihglモibot；delevelinthesolidandliquidofthe  

Canned foods was quantitatively deterJnined from the phosphoric ac；dliberated by  
5’－nuCleotidaseprepared from bullsemen（Nakajima et LLZ，，1963）．  
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RESLiLTS AE;D DISCUSSION 

Ch‘mic81analysi80fcanned food5．Rcsults of the cllellicalanalysis are shownin  

Tablel．Ttappeared that thcdominanttastecomponents；n these vegetableswere：  

saltingrcenpeas；Salt，Sugar・a・¶inoacid・andacidityinLaSparaguS：ぬ1t，Sugar h  

sweet corn；Saltin mushrooms：Sugar，aCidityin carrots；Saltin green bans；Salt，  

TablelComponents oE canncd foods．  

慧忠霊ra・  ≡ごT0  Mush・   

rOOmS  

9
 
 

pH：  

Moisture（％）t：  

4・▲li6・2  

l・5I81・7  

5．2   亡l．8  

94．8！87．望  

In soluble fraction   

Salt．影   

Reducing sugar，％   

Totalsugar，鬼   

Totalzlitrogen，％   

Amino nitrogetl，ち   

Glutamic acid，，彰  

0．920．66  

：：：こ こ●㍑；：；：【3：；：  

0・お  trace 2・27．11・6  

一 こ  

：：≡三 三二ご三 ∴ ‾∴ ‾l：ニ‡               l  

0・008 0・00－l0・055O・10  

2．J  3．．1 1う．9  6．2   Titratable acidity  
N／10－ml／100111Il  

Sugar，andacidityin tornato juice．Sign；ficant a－nOuntS Of glutamic acid werefound  

in swcet corn，aSParaguS．and tollatOeS．TheperCent glutamic acidin the vcgetables  

wasapproximately the sa・T］e aS repOrtCd byliacI・L‘ll・（1949）and Ohara and Komata  

（1964）．   

Preliminary addition of Ribotide．As showIlin Table2．no slgnificant prefereIICC  

wasindicated between thc Ribotide・free and the o．006％Rrbotide asparagtlS Samples．  

However，75％of the59tasterS prefcrfcd the O，05％ Ribotide0両r theRibotide－free  

sample．Thescevaluatiohs．whenassessedbythezゴmethod∴gave al◆％significance  

levelfor the O．O125％addition，and a O．1知Significance・levclof the O．05％Ribotide・  

Table2 The－effect of added Ribotide on asparagus．  

No．of  No．of tasters   
who iudged 
Ribotide－added  
Sample to t光  
better  
（B）  

％of judgments  
PreferringRiboti・  
de－added sample   

Additionlevel   

or Ribotide  

（鬼）   

Who judged  
Ribotideイree  
sample to be  
better  
（A）  

Statistical   

Significance  B  

A＋B  
×ln（）  
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・・・：nOt Significant at5％level   

＊；Significant at5％level  

＊＊：Significant atlタ占1evel  

＊＊＊：Significant at・0こl％leve）  
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Thethree salnples ofasparagllS COntainingo．o125．0．025％，and o．05％Ribotide and  

thQCOntrOIwerealsorankedforpreference bya panelof20tasters・A11threesamples  

COntainingRibotidewere preferredover thp controlwith thelowestlevel．0．0125％  

Ribotide．beingpreferredoverthetwohigherlevels．Thusitmayl光deduced therefrom  

that theoptimaladditionlevelof Ribotide toasparagusiso．0125彩．andthatwhenthe  

possible breakdown of Ribotide by sterilizationis takeninto considerat；on，twice the  

level（i．e．0．025％）wi11be desirable．  

Table3 The effect of added Ribotide on mushTOOmS．  

whojudged   

o一tide 
r  号芸；董察塾蕪塵璧・ A≡BXlOO   

0．001  17  a3  5．1  寧   

0．0025  Ⅰ2  一帖  19．9  ＊＊＊   

6   

66                                       79  

・・・：nOt Significant at5％level  

＊：Significant at5％1evel  
＊＊：Significant atl％level  

＊零：Significant at o．1％1evel  

Asgivenin Table 3．the nuillbcr of tastcrs preferring the mushroom samples  

COntaining Ribotideincreased as the additionlevelwas raised．   

Sensory tests were performed on sarnples of other agrlCulturalproducts first made  

into a porridge form and Ribotide then added at variouslevels．The results are  

Summarizcdin Table4．  

Table4 Theminimaladditionlevelof Rit）Otide at whichits taste－improving effect  

can be appreciated at a5％or O．1鬼Ievelof significance．  

Kimdso‖00ds  

Bamboo sboots  

Green peas  

Asparagus  

Sweet corn  

Mushrooms  

Carrots（baby food）  

Greem玩ans  

Tomato juice  

0．0125  

0．001  

0．025  

0．005  

0．00＄   

Alevelof O．0063％was reported by Fujita ct al．（1961b）to be the threshold value  

of Ribotidein an aqueous solution．As shownin Table4．a taSte－irnproving effect of  

Ribotide could be distinctly recognized wtlenit was added to green peas，tOmatO3uice，  
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and bamboo shoots at alevelaroundits threshold value．However．such effect could  

t光71Oted when Ribotide was added to mushrooms even at alevellower than the  

threshold value．In this case．however．itwi11be necessary to consider the synergistic  

taste・glVlngeffect ofthe5’－nuCleotidesandglutamicacid normally pr由entin mush－  

roomsata fairly high1evel．Greenぬns and carrots，in contrast，heeded Ribotide  

added at about5－10timesthe thresholdlevel．The optirnaladditionlevelof Ribotide  

should therefore be determinedwithduerigard to the effects of the naturalcomposl－  

tion of eachagriculturAlproduct．   

canned food81Ⅳitlladded Ribotide．Cd7川CdgT－CellPeaS・Gi・een PeaS Were Canned h  

No．4CanS（Japan standard，74．1×113．Omm）witheachcancontaiIling285gOfsolid  

and170gofl％NaCIsolution and thefo1lowing Ribotidelevels：   

No．1，COntrOl，nO Ribotideadded   

No．2．RibotideO．08％of totalcontent   

No．3．Ribotideandmonosodiurnglutamate（MSG）atrespective concentraions of  

O．04and O．1％．   

The cans were openedlO，111．and180daysaftcr sterilization，and tastetests and  

determination of remaining Ribotidelevelwere carried out．   

Asindicatedin Table5，apairedpreferencetestonthe solidsof the samples showed  

that more tasters preferred sarnples2and3oversamplel・This resultwas supported  

by a ranking test．  

Table5 The effect of addition of Ribotide on canned green peas  

（a paired－preference test）．   

The fact that the5’－nuCleotide content of the solid was found to be about one－half  

oftheliquidlO daysafteradditionlindicatedinsufficient penetrationofRibotideinto  

the solid．After189days’storage at room tem匹rature，almost the samelevels of  

Ribotide were foundinboththesolidandtheliquid，SuggeSting satisfactoryI把netration‘  

Since greenp％Sare highin starchcontentand sterilized under hightenperature．  

the stability of Ribotide might belowerin green peas thanin asparagus（cf・neXt  

item）．   

Co77Tled L7St・al・agtES・Asparagus was cannedin No・7cans（岳peciallong．G5．3×138．9mm）  
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With each can containing315g of solid and120g of3％NaCIsolution，and the Lollow－  

ing Ritヵtidelevels：   

No．1，COntrOl．no Ribotide added   

No．2．Ribotide at o．025％of totalcontent   

No．3，Ribotidcand MSG at respective concentrations of o．0125and o．1％   

The ranking totalgivenbya panelof20tastersonthe solids of these three samples  

is shownin Table6．It can be seen that an overwhelminglylarge number of the  

tastcrs preferred satnples2and 3to samplel．No remarkable differcnce between  

Sarnples2and3may beinterpretedtoindicatethat the Ribotidelevelcould t治reduced  

by half when MSGis added at alevelof o．1％．  

Table6 Ranking test o（canned asparagus，  

Table7 The rcmalnlng5しnucleotidelevelin canned asparagus．  

Total contents 
per can（g）   5しnucleotide し〝mOl．perl00g）   5しnucleotide  

し〟mOl．per catl）  

After3days’storage   

No．lcontrol．  
added no Ribotide   

No．2added  
O．025％of Ribotide   

No．3added  
O．0125％of Ribotide  
and o．1％of MSG  

After184days’storage   

No．1control．  
added no Ribotide   

No．2added  
O．025％of Ribotide   

No．3added  
O．O125％of Ribotide  
and o．1％of MSG  

＄Olid  
liquid  

SOlid  
Iiq11id  

SOlid  
liquid  

so】id  

liquid  

sol壬d  

liquid  

solid  
liquid  
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1鋸刷   

…孟‡85  

57  

1射】52   

n
U
′
－
・
1
 
 
■
1
 
－
 
 
 
 
ハ
‖
V
－
－
・
 
 

（
U
3
 
9
3
 
 
n
U
勺
り
 
 

〔
d
・
1
 
2
1
 
 
n
d
 
－
 
 

ー
′
‥
b
 
l
l
八
U
 
 
」
↓
q
リ
 
 
 

0
〇
．
」
l
 
 
出
U
7
 
 
 
4
1
 
 

－
1
（
ソ
】
 
■
ヘ
リ
●
h
V
 
 
▲
り
り
．
」
1
 
 

ハ
U
・
1
 
－
a
6
 
 
3
7
 
 

0
n
J
 
O
9
】
 
 
ハ
リ
サ
ー
 
 

n
d
1
 
3
1
 
 
3
－
1
 
 

0
8
 
‥
っ
じ
 
 
っ
り
史
U
 
 

1
9
2
1
…
朋
 
3
4
8
8
 
 Table7shows the Ribotidelevelper can remalnlng，after3and184day’s storage，  

determined as5’－nuCleotide by enzymatic method．Nolarge differencein 5’－nuCleotide  

content was found between the solids and theliquid of sample52and3．These facts  

implied that Ribotide so added readily penetrated the solid from theliqu；d，Spread  

uniformly．and rcllained at a desirablelevelin the solid．exerting a taste－inlprOV）ng  

effect．   

Cansopened3days after sterilkation showed a remarkable atnountof5’－nuCleotides，  

evenln canswithout added Rilntide．as shownin thcsecond columnof Table7．This  
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might be attributedto5′－AMPand5しUMPinherentlypresentin thematerial（flashida  

貞一扉．．1964a）．   

Thestabilityof added Ribotide was calculated with salnple2and3after3days’  

StOrage；   

The amount of5’－ribonucleotide rcmalnlng WaS Obtained bycomparlngthe5r－nuCleo・  

tidc content of sampIc2with that of samplel．and also tllat Of sample3with that  

Of samplel．   

Sample2－Samplel＝2Alr88＝153：川10I   

Sample3－Samplel＝160－88＝72；1mOI   

This difference corresponded to thea・nOuntOfRibot；dcadded，i．e”109mg（218fLmOl．）  

in sample2．and54mg（108！！mOl・）in sample3（0．5mgofRibotide usedin this  

CXperimentisequivalcnt tolrTTIOl・Of5’－nuCleotide）．The re†Ⅵaln］nglevelofRibotide  

after3days’storagc was：  

153／218×100＝70％in salⅥple2   

72／108×100＝67％in sample3   

0nlya slightdifferencein5’－nuCleotidecontent was found between samples opened  

after3daysand184daysof storge・It was assul－1ed that brcakdown ofRibotide during  

StOrage at rOOm teTIPerature need not to be takcninto consideration．  

（’d””ed ′′〃バ＾・’001那・Toeach of31acquered No・8cans（65．3×52．7m111）containing  

85g of blanched mushrooms and60g of brine（2．5％salt solut‡on）were added no  

Ribotide（No．1），0．01‰Ribot；de（No．2），and o．005ちRibotide and o．1％MSG（No．3）．  

The cans were opened9．57．and190days after sterilization for18】nin at120CC，and  

a sensory test was carried out and re：Tlaining Ribotide dctcrmirled．  

Insamplesstored570r190days・SOlidenriched with Ribotide tasted betterat a high  

levelof significance than Ribotide－frce solid，aS Shown；n Tablc8．But the effect of  

Ribotidewasnotclearlydetectedata5免・1evelofsignificancein samplesstored9days．  

Thereasonmaybe that thelevelof Ritx）tide wasless；n solidthaninliquid，0wing to  

difficulty ofpenetrating the solid，   

The remalnlng Ribotide was determined as the 5’－nuCleotide content of cach can  

Table8 The eEfect of addition of Ribotide on canned mushrooms  

（a paired preference test）．  
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Table9Y5l－nuCleotidercontentTOfCaTIPed；nuShrobms681days■after canning）． 一  

5しnucl由tide  
（〃mOlノcan）  

Totalcontent  5しnucleotide  
percaIl（g）  （〃皿01ノ100g）  

No．l，COntrOI  
Ribotide unadded  

Ⅳ0．2，added  
0．01％．of鱒ibotide  

No．3，added   
O．005％of Ribotide  
and o．1％of MSG  

solid  
liquid  

旨01id  

1iquid・   

solid  
liquid  

25．7  

27．2  

．‖」  
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33．7  
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（Table9）．In samples held58days．Ritntidelevels wereneatlyequalhboththesolids  

ahdtheliquid，Sho☆ingsatisfactotypenetねtion．5’－PJdcle6tidewas fc．hnd eヤen壷hen  

Ribotidewasnot added，because of5′－AMP and－’5T－UMP or；ginally fIreSentin tlle  

material．Thea血odntof5′－nJicleotide remalnlng WaSCaltulateda畠desdritxd preViously．   

Sample2－Samplel＝21．5f！mOl・   

Sample3－Samplel＝10．5．t∠mOl・   

Suchdifferencecorrespondedtothe anountof Ribotide added．i．e．，1‘I．5m色（29．O  

F！mOl．）in畠ample2ind7．25mg◆（14，5い一Ol．）in sahlPle台．Thらre‥naini由1e↓elof  

Ribotide after58days．storage was：   

2l．5／29．0×100＝74％insample2  

10．5／14．5×100＝73％in sample3   

0［heT・．）gT・lcz（lt”7・〟lpTY・d”C／ド．Blanchedかeen beans were patkedinI）1ainNo．7cans  

（65．4×101．1mm），eaChconta；最nglOOgofsolid．120gof2．0％NaClaqueoussoldtiohこ  

andRibotideatOorO・02％・Alargetやumberoftasters preferredbeansふith added  
Ribotide（1％1evelofsignifiねnee）after6－175days●stdrage．The－kibotidele専elof  

o．02％cotlldbereduced by half when MSG was addcdat o．1ぢ1evel．Bvenafter6  

months of storage，64－69％ofinitia11yaddedI～ibot三de was found・   

TntoこT）atO甲（juice）ands＆eetcorn・furtheてinvesti由tionmayb巳neededbecasu岳ethd  

range of optimaladditionlevelsof Ribotide to them were very nartow・Excessive  

additionnotonlywastedRibotide butharn二edtheflavorofsweetto王ム．   

S。me C。TZSEde7LaI；u，is on aci；Ldl’caltni′lg．Theadditiohkv占lofR；botid畠shouldbe decided  

afterconsideration ofits苧ynergistic effect withglqtamicacid・Which・is natura11y  

presentin many foods・   

Althoughthetaste－in］prOVi旦geffectofRibotideis cIcar．itseffect on the natural  

flavor bf food must be con岳ideredJ f  

J二  Addition of Ribotide should beこdecided ohly－1after prof妃rrConsiderationis given to  

thespecificuseofeacbfood，Sincethereareavarietyof厄Se去′E6f theso－Cal1edぬnded  

foods＝for exa・nrne．bamboo shoots areusedasa materialforcooking・aSparaguSjs  

eatenwithoutfurthercooking，and green peas areused by sQmeprlnClpally for the  

＜’colorlng”effect．  

It maytxconsidered that the decoこnpOSition of5．－ribonucleotideoccurred mainly  

duringheat－Sterilization（Hashida et EZl・上196▲1b），withonlya slight decreasein other  

Canning processes．  
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要  旨   

5■ニイノシン酸（5’⊥1MP）や▲5’－グアニノ噛矩’ヰ如け？軍鱒作中村境らがになっ’で．とれ  

から卑る準味申年重量率御物とレて，食品初耳甲面でも大い特使帽さ弟るよう昨年？キ・   

農産食品には元来5’－IMPは姶んど含まれていないが．本報では5′－IM倉＼・甘－G▲Mpを添加  
t ・→ 

した農産缶詰を如三し，その風味に対す卓効果草レらペネと薬た，融】し喪∈れを声．クレわド  

類の缶詰製造時および製造後貯蔵中の安定性を検討した．農産缶詰の大部分は有力缶詰製造工場  

の廟磨た妄フて轟作して頂いたも¢であろ・  、   

5■－ヌクレオチドの分析は5しヌクレオチダーゼを用うる酵素法，缶詰食品の風味にういては当  

短大艶員をパネルとする、曽憶換査はよった・喪虚弱話すなわち舛坪1スて…アスノ寺ラホ，マ   
ッシュノヒーム，ダリ㌢ピーンズにはそれぞdlO．08％，0．q25％、、0．01％，・0こ02％のリボタイ．ド（商  

品名t5・■二輔p15㌧仁山やの等憂慮合物）’が添加き 
l 

缶詰をト，3・6・瑚間室温で貯敬し・瀾缶して旨味の増強効果を2点横取法ある畑埠順位法  

でしらペたが，前記の缶藷では5％音たは’よこり高度め有草差で旨嘩が強ぐなると」と好みとめられ  
1 

た・・鋸占に添加・したき●Tヌクレオチ＝ド甘雄琴的安定で・ア守一シ1ル「しムで70％鱒ヰ・・アろ′ヾラダス  

で62～70％．グリンビュンズで64ん70％め残存率がみとめられた二  
1  

1t－k   

■I  
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