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　　　The　specific　gravity，　solub｝e　solid　coRtent　（Brix　va｝ue），　sugar　and　organic　acid　coRteRts　of

harvested　tomato　fruits　were　measured．　The　fiirm｝ess　and　surface　celor　of　tomato　fruits　were

also　determined．　The　Brix　value　of　tornato　ftuits　was　strongiy　corTelated　to　specific　gravity　with

high　coefficient　of　correlation　（r＝O．829）．　The　strongly　positive　correlations　were　also　found

between　malic　acid　coRtent　and　fumness　（r＝O．800），　malic　acid　content　and　L＊　value　（r＝O．813），

whereas　malic　acid　content　correlated　negatively　to　a’　value　（r　一一一〇．807）．　lt　was　suggested　that

the　soluble　solid　content　of　tomato　fmits　could　be　deterrnined　by　specifie　gravity　nondestruc－

tively．　But　the　results　also　showed　that　there　was　signiflicant　effect　of　the　eavity　inside　fruit　on

the　specific　gravity　of　tomato　fruit．　The　organic　acid　expressed　high　Brix　value　resulted　in

remarkable　effect　on　measuring　the　value　of　soluble　solid　content．

INTRODUCTION
　　　　In　recent　years，　researches　have　been　focused　on　the　development　of　non－destructive

techniques　for　measuring　quality　attributes　of　tomatoes　such　as　sugar　content　and

firirmess　（Iwao，　et　al．，　1989；　Kawano，　et　al．，　1993；　Choi，　et　al．，　1995；　Olmo，　et　al．，　2000；

Sugiura，　et　al．，2001）．　The　advantages　of　these　techniques血clude撫st　execution，血nited

sample　pre－processing　and　easy　use　in　process　control　and　grading　systems．　The

maturity　and　sugar　content　of　haivested　tomato　fruits　is　one　ef　the　main　factors　that

determined　commereia｝　quality．　The　torrtato　fruits　harve＄ted　kaving　a　high　level　of　matu－

raも量◎n　are　m◎re　suscepも圭bleも◎mecha慮cal　damage◎r㎞6eCもめ熟d鯛取9鶏卵posもharvesも

haRdling．　OR　the　other　haRd，　if　the　frnits　have　Ret　develeped　eRough　at　the　time　of　har－

VeSも，　iもCa㎜（）もhaVe　the　Se蓑S◎ry　CharaCter韮SもiCSもhaも搬ake隻もSO　te類Pも聴も◎もhe　C◎捻S疑mer．

Theref6re，　iもis圭mp◎rもa簸tも◎have澱eth◎dも。　evaluaもeも◎mato癒磁も勲a雛raもi◎R　stage　a嚢d

qwality　attribgtes，　especia｝ly　for　sugar　ccRtext．　The　method　shexld　be　cheap，　RoRde－

structive　aRd　easy　te　use．

　　　The　sgluble　selid　ceRteRt　in　the　ftuit　is　mest　widely　used　as　an　index　te　estimate　the

qua］ity　and　maturity　level　of　fruits　（YaRg　arid　ChirmaR，　1987）．　ln　most　friAts，　their　fwm一
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nesses　dirmsh　as　the　degree　of　maturatioR　increases　due　te　the　action　of　pectin　enzymes

during　fruit　maturation　（Soda，　et　ai．，　1987）．　Fruit　softening　is　often　used　as　a　criterion　for

selecting　the　most　suitab｝e　harvest　date　for　several　commodities．　The　most　common

method　to　determine　the　firmmess　of　fmit　is　destructive　aRd　measures　its　resistafice　to

pelletratioft．　Co1◎r　is　als◎considered　t◎be　one　of　the　most㎞P◎rta貧t　factors　of£掘t　qua玉一

ity，　as　the　appearance　of　the　frnit　greatly　miluences　eoRsumers　（Hobson，　et　al．，　1983）．

D耀r沁9撫e】喰a綴rati（）n，　t（）mat◎fru韮ts　chε㎎¢もhek　c◎1◎r（）w搬9も◎chl（）rophyll　degradaも叢（）n

and　the　increase　of　lycopene　and　carotenoid　（Penelope，　et　al．，　2001）．　The　relationship

between　color　and　the　level　of　maturation　ha＄　been　widely　studied　in　tomatoes　（inaba，et

al．，　1970；　Yang　and　Chinnan，　1987）．　Hunter　color　indexeg．　L＊，　a＊　and　b＊　are　used　as　being

the　best　parameters　for　differentiating　the　different　stages　ef　tomato　maturity．

　　　The　RoRdestructive　methed　can　be　applied　te　detemme　cheraical　compesitieRs　sueh

aS　S㎎a㌘，◎rganic　acid　cOntentS　aRd飯τ㎜eSS　aS　W醗aS滋the漁dUStぞy　t◎aCCUraもely　Sh、OW

the　apparent　maturation　degree　of　the　fruit．　This　study　was　done　to　measure　the　specifTic

g翻ty，　s曲ce　color，∬㎜ess，　s㎎ar㎝d　or脚。　acid　contents　of　tomaも。魎もs　and　tQ

determine　the　ability　of　specif7ic．　gravity　and　Hunter　color　index　to　effectively　predict　the

Sduble　s◎蓋d　conten直心もomato£㎞まts。

MATERIALS　AND　METI－IODS

Plant　materials
　　　The　tomato　frui，ts　（Lycopersicon　esczLeentum　Mill）　with　different　maturity　（variety：

Momodaro）　were　harvested　from　a　local　greenheuse　in　Fnkuoka　Prefecture　and　trans－

ported　from　the　cultivation　area　to　｝aboratory　withn　1　h　for　experiment．

　　　The　volume　of　each　tomato　fruit　was　deterrrtmed　by　method　of　the　displace　water．

Namely，　the　volurne　was　measured　by　immersing　the　tomato　fruit　in　water　completely　in　a

2000mi　beaker　that　was　placed　on　digital　weighing　balance　（Mettler，　PM6100，　Tokyo，

Japafi）　with　an　accuracy　o．f　l　e－2　g．　Speeifie　gravity　was　determed　from　the　volume　ar｝d

weight　of　teraato　frui’ts　axd　vvas　caieulated　by　llsing　t，he　follewirtg　equatioR．

　　　　　　　　　　　　　w・p
　　　　　　　　sp：

　　　　　　　　　　　　　　　W，

Where　SP　is　speci血。　gravity，　W　is　sample　weight　of　tomato　frUit（g），ρis　spec箇。　density

of　water　（g　minvi），　Wal　is　weight　of　displaced　water　in　beaker　（g）．

FimRess
　　　The　firinness　of　each　tomato　，fmit　was　assessed　（after　removal　of　skin）　by　sc｝eremete／

（model　FHK，　Fuji　Hira　lndusty，　LTD，　Tokyo，　Japait）　equipped　with　an　8－mm　diarReter

plunger．　The　measurement　was　carried　out　at　5　different　points　（one　each　at　the　blossom

and　stem　ends　and　three放l　equat◎rial　p◎sition）on　each　tomat◎血uit．　Dial　readings　were

measured　in　kg．



Quaiity　EvGlmuion　of　Tomago　FTraas 383

Color
　　　The　surface　c◎めr◎fも◎maも◎f踊t　was　de蝕ed　at　thre鋤◎㎞ts　whichもw◎P◎沁ts　wore

set　along　the　equatorial　region　and　one　point　was　fmed　the　top　for　each　tomato　frttit　with

a　chromameter　（model　CR　200；　Mirtolta　Corp．，　Japan）．　A　tristirnulus　colorimeter　with　an

llma　aperture　anct　diffu＄e　illumiRatieR　（C　light　seur¢e）　was　calibrated　wtth　a　white

standard　cahbr就ion　plate　CY＝92．9，　x＝0．3136，　y＝0，3200）．　Expression　of　tomato　color　was

characterized　as　Hunter　color　indexes　L＊，　a＊　and　b＊；　where　L＊　indicates　the　lightness，　a＊

meaRs　the　ce｝er　axas　frem　greeii　te　red，　b＊　the　blue－yellew　ce｝or　axis．

So豆紐b監e　so猛d¢o餓｛；e鉄t

　　　The　j磁ce◎f　each　f㎞it　was　extracted　by　a　homo齢nizer　and　solub玉e　so五d　c◎ntent　in

the　extracted　jni　ee　was，　measured　using　a　refractometer　（Atago　IATC－IE，　Osaka，　Japan）

aRd　expressed　in　Brix　value．　ee／e　was　calibrated　with　distMed　water　at　20“C．

S琶gar　co丑te盤t

　　　Sugar　content　was　determirted　by　HPLC　equipped　with　NH2P－5e　column　（4．6rrwn

¢　×250rnm）　at　40“C．　The　colunm　（Asahipak　model，　Showa　Denko　Corp．，　Tokyo　Japan）

was　packed　wtth　SUS　316．　Tke　moblle　phase　was　acetonitrlle　：　water＝75　：25　at　a　fiow

rate◎f　1．◎ml　min鼎1㎜鯛ection　vo1㎜e　was　5μ1．　De驚ector　is　RI．．Tomato　wおcut　and

homogenized　to　squeeze　juice　by　homogenizer．　The　25　ml　sample　juice　was　taken　and

d量uted　1◎もimes　w三th　75％aceも◎n圭tr銭e．　The　h◎瓢oge熱熱e　was　ce魏rぜ縫ged　aも3ρ◎◎×g致）r

15　min．　The　supernatant　was　taken　as　sample　to　measure　the　sugar　content．

Organie　aeid

　　　Orgar［ic　acid　content　was　a｝so　determined　using　HPLC　equipped　wtth　Shim－pack

SCR－le2H　celumx　（8　ma¢　×3g　cm）　（Shimadzu　model，’　Simadzu　Cgrp．，　Tokye　Japan）

packed　with　H　type　cation　exchanger　that　consists　of　semi“rigid　styrene－divinylbenzene

copolyrfier．　Detector　is　RI　and　terrtperature　is　40“C．．The　mobile　phase　is　O．5mM

p－toluenesulfonic　acid　and　fiow　rate　is　1．O　mi　min－i．　The　25　rni　ef　tomato　jnice　was　taken

and　diluted　5　times　with　distilled　water．　The　homogenate　was　centrifuged　at　3，000　X　g　for

lsmm．　The　supernatant　was　takeR　as　sainple　to　measure　the　coRtent　of　organic　acid．

RESULTS　AND　DISCUSSION

Correlation　between　specine　gravity　and　soluble　solid　content

　　　Fi91shows塩e戯就1◎n　between　spec澁。　gravity　and　Br圭x　value．　lt　indicated　that

there　was”　high　correlation　betweeR　specific　gravity　ar｝d　Brix　value　with　coefficient　of

correlation　（r＝O．829）．　Sugiura　et　al．　（2001）　reported　that　there　was　high　coefficient　of

eerrelatioR　（r＝O．981）　betweeR　specdic　gravity　Emd　seluble　sglid　coRtekt　ef　grape　berries．

For　tomato　fmits，　the　eerrelation　coefficient　was　lower　than　that　of　grape　berries．　lt　was

considered　that　the　value　of　the　correlation　coefficient　might　be　affected　by　the　range　of

sd醐e・solid・content・of・the・fr嘘も◎acerta盈degree．㎞漁e　present　expe㎞enいhe　Brix

values　of　tomato　fru．its　were　at　rather　narrow　range　of　4．1－9．30／o，　while　Brix　values　of

grape　berries　was　wide　range　of　16．0－23．00／o　（Sugiura　et　a’｝．，　2001）．　It　was　also　considered

that　the　effect　of　eavity　inside　tomate　fruit　ok　specific　gravity　was　aRother　reason　for
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1（）w¢rもhe　c◎ef負。沁批of　cor艶ぬt三◎嚢（Fig．2）．　Fig．2showe（iもh就sp¢ciflc　graviもy　was

deereased　with　increase　in　cavity　inside　tomato　fruits．　lt　was　indicated　that　the　specMc．

gravity　of　tomato　fruits　was　significantly　af．fected　by　the　cavity　inside　fruit．　lt　was

suggested　that　selub｝e　sglid　conteRt　could　iiet　be　determiRed　accura’te｝y　by　speeific

grav晦r　in　tomato　fruits　with　cavity．　It　was　appeared　that　p主ckh’1g　period　has　an　impor融も

kxfluence　gR　the　occurreRce　of　cavities　in　temate　fruits．

Effect　of　sugar　and　organic　acid　content　at　various　mature　stages　en　Brix　value

　　　Fig．　3　shows　su，gar　and　mahe　aeid　coRtents　at　various　mature　stages　of　temato　frnits．

Total　sugar，　fructose　and　glueese　contents　were　increased　from　mature　greeR　to　red

stage，　while　they　were　decreased　at　mature　turning　stage．　It　ceuld　be　deduced　that　res－

pirat．ion　rate　of　tomato　fruit　was　reached　cljmacteric　maximum　at　mature　tuming　stage，

sugar　as　respiratery　g．　ubstrate　was　quickly　depleted　and　resulted　in　the　deerease　in　sngar

content　at　mature　turning　stage．・The　relation　between　sugar，　organic　aeid　eonteRts　of

tomato　ftuit　arid　Brix　values　at　differeRt　stages　was　shown　in　Table　1．　lt　showed　that　the

Brix　values　were　much　higher　than　that　of　actual　sugar　conteRts，　the　ratio　of　sugar

concentration　and　Brix　value　was　only　36．1－50．80／o．　The　highest　ratio　（50．80／o）　was

obta㎞ed　fr◎m　m就慧re　hght－red就age．1もwas㎞dieatedもhaも撫e　expressio難◎f　Br重x　va海¢

was　sig面cantly　ef艶cted　by　s◎me　chemical　compositions　such　as　orgardc　acid　and　solub1砲

pecti，xx　inも◎maも◎f瀬もs．1もwas　suggestedもhaもBrix　va撫e　c◎uld　be　as漁e　s◎luble　s◎姦d

centent，　but　it　could　not　represent　sugar　conte’nt，　for　tomato　fruits．

t
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Table　1．　Relations　between　sugar，　organic　acid　contents　and　Brix　values　at　different　mature

　　　　　　　stages　of　tomato　fruits

Mature　Stage Sugar　Content
　　　（Ye）　A

Organic　Acid　Content　Brix　Value

　　　　　　（％）　（ore）B

AZB　×　100

　　（oro）

Red
Light　Red

7ur轟熱9

Green

3．23

3．03

2．23

2．56

O．63

0．63

e．96

0．77

6．83

5．96

6．17

6．41

47．3g

“ro．80

36．le

39．90

Relatien　between　sagar，　organic　acid　ceneentrations　and　Brix　value

　　　In　order　to　ciarify　the　ef『ect　of　orga血ic　acid　on　the　Bdx　value　and　recovery　rate　of

sugar　cexteRt　！yieasured　by　refractemeter，　t｝rie　3．0－18．ee25　selntiexf　of　fructese，　glucose，

sucrose，　malic　acid　and　citric　acid　were　made　and　Brix　values　were　measured．　The

results　were　shown　in　Table　2．　lt　indicated　that　the　recoveries　ever　l　eee／o　were　obtained

from　3．0－9．OC／e　fructose，　gluco＄e　aRd　sucrose　solutiens．　While　iR　12．0－18．00／e　sugar

solutions，　the　recoveries　were　below　1000／o．　lt　was　demonstrated　that　the　Brix　value　was

㎏her撫art・ac撫ai　sugar　c◎盤ce瞭at沁漁s　aも茎◎wer　｝evels◎f　s㎎ar，　w短1e　iもwas沁wer℃ha簑

actual　eoncentrations　at　the　range　of　higher　sugar　｝evels．

　　　For　organie　acid，　the　resnits　showed　that　organie　acids　were　also　expressed　high　Brix

values．　The　changing　treRds　were　sirr“lar　wt　th　Bri，x　values　of　sugar　selutioRs，　Rame｝y　Brix

value　of　organic　solution　was　higher　thart　actual　concentrations　at　lower　levels，　while　it

was玉owerもha識actu滋。◎盤cenもraも韮◎Rs　aももhe　ra費ge（）f　high8r玉evels．1もwas　reasoRed鎌aも

the　soluble　soxxd　content　was　much　higher　than　actual　sugar　content　（Table　1）　due　to　the

effects　of　other　chemieai　compositions　such　as　organic　acid　in　tomato　fruits．

Taむ茎e　2。　Re｝a乞i◎薮s　b就wee簸。◎峯聖ee瞭aもi◎繋＄◎f　f想。も◎se，蜘cos¢，　s疑cm＄¢，獄a難。ぬd，　c韮もr重。

　　　　　　　acid　and　their　Brix　values

C〈）轟ce瓢撒穏。飛Fr犠蕊ose　BIA×圭◎◎G蓋軽cos¢C／A×1（X）S縫cr◎se　亙）／A×王O（｝懸擁孟。　Aeid　憂ンA×10（）C誌r呈。　Acld　F／A×1◎◎
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Co曲tio油etWeen　organie　acid　co舳t　an面㎜oss
　　　Fig．　4　shows　relation　betwee．n　malic　acid　coRtent　and　firmness　of　tomato　fruit．　There

was　relative　high　correla’tion　between　malic　acid　content　anct　finmess　of　tomato　fruit　with

c◎effi（tienも◎f　c◎rre玉aもi◎嚢rニ0．8◎α琵was鎗（慧cated　that　tomat◎f澱iもs帆h　higher飴㎜ess

value　have　relative　high　organie　acid　content．　The　decreas．　e　in　firrrmess　of　tomato　fruit
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Fig．　4．　Relation　between　malic　acid　content　and　firmness　of　tomato

　　　　　　frtiitS

was　accompanied　with　decrease　in　organic　acid　content　during　maturing　and　ripening．

But　it　was　not　found　that　the　correlation　between　citric　acid　content　and　firmness　（data

not　shown），　It　was　suggested　that　maturity　of　tomato　ftUits　could　be　detem血led　by　the

changes　in　the　firmess　and　malic　acid　content．

Correlation　between　Hunter　color　L＊，　a＊　values　and　malic　acid　content

　　　Hunter　color　L＊　and　a＊　values　were　used　to　deterrnined　changes　in　surface　color　of

tomato　f血its　as　a　function　of　harvest　maturity．　Relationship　between　surface　color　and

level　of　maturation　has　been　widely　studied　in　tomato　fruits　（Choi，　et　al．，　1995）．　ln　this

study，　it　was　found　that　L“　value　was　strong　correlation　to　malic　acid　content　with

coefficient　of　correlation　r＝O．813　（Fig．　5）．　L＊　value　was　declmed　with　decrease　in　malic

acid　content　during　maturing．　lt　indicated　that　there　were　low　levels　of　L＊　value　and

organic　acid　content　for　mature　tomato　fruit．　The　degree　of　maturity　and　quality　of

tomato　frUit　could　be　detemmed　by　Hunter　color　value　L“．　For　the　relation　between　a＊

value　and　malic　acid　content　（Fig．　6），　lt　was　also　found　the　high　negative　correlation

between　a＊　value　and　malic　acid　content　with　coefficient　of　correlation　r＝一〇．807．　When

the　surface　color　of　tomato　fruit　was　changed　froM’green　to　red　during　processing　of

mature，　the　a＊　value　was　increased，　while　malic　acid　content　was　decreased　due　to　be

consumed　by　physiological　metabolism．　lt　was　suggested　that　degree　of　maturity　was　not

only　determined　from　the　a＊　value，　but　also　malic　acid　content　in　tomato　frult　could　be

examined．
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CONCLUSIONS
　　　　The　S（）1Uble　SO互（i　c（）灘もeRt◎fも◎raaも◎致UltS　waS　Sもr◎鍛91y（X＞rrelatedも◎SpeC澁C　graVity

with　relative　high　eoeffieient　of　correlation．　The　strongly　pesitive　correlations　were　a｝so

found　between　malic　acid　content　and　fimmess，　malic　acid　cOntent　and　L＊　value，　whereas

malic　acid　content　correlated　negatively　to　a＊　value．　The　results　showed　that　there　was　a

significant　effect　of　the　cavity　inside　fruit　on　the　specific　gravity　of　tomato　fruit．　The

organic　acid　expressed　high　Brix　value　resulted　in　greatly　effect　on　measuring　the　value　of

sd穀ble　s〈）蓋d　c◎嚢te嚢も．　B『重x　vai嚢e　c（）uld　b妊｝畿sもhe　i蓑dex◎fso玉疑ble　s◎蓋d　c◎鼓もe簸宅and　did

Rot　express　as　sugar　coRtent　in　tomato　fruit．　k　was　sugge＄ted　that　the　soluble　solid

content　of　tomato　fmits　could　be　deterrtmed　by　specific　gravity　nondestructively．
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