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Effects of Red Light Exposure on Skin Coloration and Sugar Content in
Rind and Juice of Miyauchi iyo (Citrus iyo hort. ex Tanaka) Tangor

Junichiro WatanaBe, Hikaru Omsui, Hiroaki Axrvoshr

Masatoshi Funta and Makoto Oxamoro

e

B v E Y REOREFEOIGERE, BE, X loREERAES LTWS 2 b Tv5,
1 ahvRIRCENTS, BEI12C, BE8S% DIrBIRAN N REDOFLICIHRRZ L IHTL 2
hTuwsd, —ic, 125 v REEOIFEIUET L VR T Cfilchbh Tuicsy, HF, REELEN
DERAI SN ETe e Z &b, FRFO— R KGO AT o EELH D, Ll &
DA KBEON L v, Fhic X 2HESROMENLEVLVbhB,

LE], bhbiut, R SHC IhiRfERO NS, BEECCEYDTH D Lubh b ERER
Db, RO YA A LT, RSO’ R L ORI AR K OB I & ORI EY B L@ T0%H
H L, ¥, T, BEBSIOCRTOEGREEMBRICE JIETHELRELIE L

MHELUVHE

FERAICIT 19914212 7 10 AT A ZEb) 8 245 0 RSB o HIKE L e REH Al o, REDHE R LU
TR O 12200 & LHE 458, 838, 10D 3[Ecbi b IE Lz, MO MENIREX12T
L, BEIBRSEIC X - T80~90% - 7o, I OB EA~DIRE DO AB DT 8 LHIX &
Lz, bbb, 1K~ 6 RKIZAKEIT (A E— KT, MTFETEIOW (HF100X D, 7RXKix
AROBKLT (5 — FROEHT, A TFETHE, 20W, FL20SR—F), 8KuTEMEL FEX) &L
foo WRBSHOMBIENIE I KGR LcE B TH D, REIFFRT Y L LTE X, BT RESE
DL D1.5mOEEEA BT o e, BIIC O TIEEED LIER, . LRI 3 0Fhc
DNWT, FUAANTGF— A —2— (HEREBKK, TC360 OPHE) THlEL, RE LRI DORESHT
BH A< N5 7R RACTTIE T,

Jll]

o %

1. FEHER
A. RK
a. RIEED
SRR O TUR R 8 I & Bl 4 - B8 2 BEKIERHBIK IR TENKE C, GRS ST,



FUC, B 6 EMK & B 2 BB AT ISR E, g 4B R b ZENDIRh o T,

F WSO TR 4 - 8% 2 BRI & RO TE BN S <, i S BRIK AR b7 <,
DK IXEDHRITH - T,

v O TR ER KT e HARTIC & 46 1 6 K TaEA % < §ill 4 B A Bmic A 7s s -
fo, ERICOWTRATOUBRK THBX X 0 HEAE <, WEX O T ail 4 BR8P 7eds -
fehh, ORI HFE HENTLI T

| I AT 4
2_ 00070000000 000 0 0 e v AEAT— I Y 8 B M
Q?%//%%V/ i B e
2oy 0, 7] K RAT— %4 6
1; 5: V. 7777 kEIT—HH2HEH
6 7 777777 Kk RAT—HH 4 -t 2 B
7 :-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-] HREBEELEN —&HH
8_ | mEACHFRBRK)
| | 1 1 |
0 2 4 6 8 10

wo® g oM GE)
1R ST oo LB A

1% HRHHFPREREROHEMBIC K JigTE ,
R OB 7 F vk > a Bl 2 B

e (%) (%) (%) (%)
KT R 4 o R 3.91+0.40 3.82%0.28 1.33£0.10 9.07x0.75
KO AT BT 8 A R 4.75+0.33 3.45%0.31 1.63%£0.17 9.821x0.75
7 S S B 1 4.191+0.24 3.57x0.19 2.160.11 9.92£0.54
KGR AT & W 6 A M 4.42+0.18 3.61%£0.22 2.20%£0.14 10.24%0.53
KOERAT B 2 8 4.36+0.22 3.78x0.21 1.75%0.12 9.89+0.54
KERATHET 4 - # 2 HIH 4.63x0.37 3.86%0.19 1.60%0.09 10.09+0.62
N i S Ll 4.10£0.23 3.9940.20 1.98+0.24 10.000.60
*F e X 3.56+0.34 2.90x0.21 1.31%£0.13 7.77£0.67

b. FEER

BT OWTIRAT 4 - B 2 BB BRI E RS <. R THRERLTI T, B 6 EEK &%
B2 BRI X D A Tah o T,

7 F oI AREEOIETE A R D% <, KTl 4 BHEX LR 4 - 5 2 8K T, o nEXITe
T MEFES AR BT,

v g BT O TR K ERIT 2 MK 5 & O 6 B THE2 4 <, AT 4 HE K & R 8 FEX
T T -1,



LAIZ O TITRT 4 - 8 2 HREIK & AREREETIK L <, Rl 4 BEIX, BT 8 B L B 2 38
KTt <, B 2 BRKIZAE X O TR L A7k - 72,

2% KM REEBOBMEIC S JIETEE

W o\ C 7 Ko pE Voo Bl 4 b

(% (%) (%) (%)
K ER KT BT HE 4 FH 4,16x0.39 3.83%+0.31 1.29+0.11 9.29+0.82
A2 4T BT HR 8 A A 4.21+0.44 3.69%0.21 1.49%0.17 9.394+0.81
Koo o2 # M 4.23+0.22 3.54+0.11 2.09+£0.08 9.87+0.39
KGR KT % W 6 B 4.03x=0.17 3.63%+0.17 2.10£0.15 9.86+0.59
KT M 2 H M 3.9640.32 3.5640.25 1.61+0.07 9.01%0.64
AKERATHT 4 - # 2 AR 4.68+0.27 3.84+0.24 1.67+0.11 10.1940.63
7B 8 6 kT 4 #F R 4.44%0,34 4.03+0.29 1.65%0.18 10.13%0.81
s Ji&} X 4.05%+0.15 3.09+0.09 1.44=0.04 8.58+0.27

c. RHFEE

HRHC O W TR ABAOCT KA R b G &S < Bl 4 RREIX &KL 2 X D e - 1,

7 K o RO TIR AT 4 R, S 2 WK LR AR TH <, BT 8 HHK LiT 4 - #
2 A X DRI D T s 5 72,

v a BRSO\ T AKERKT S IR L 80 6 R T& <, Al 4 @EK clR b D7 ORED
FOEbLLILH 5T,

LR O TIIAR R NITE AR b BB % <. RWT, B 2 BRIK, B 6 MR, KT 4
WX OIETH - 7o, SEODIORT 4 EX, 58 AMK & A4 - % 2 BRI T, &<
W, 4 - 8 2EEIX T T 5 T,

Pl 2, E ORI T & KA SR 3 X O 6 BREIK THRIC Y o« O FEDS <
foote, Flo, KL TONRHOBBEZHEEC KLY - FEH L D &, Dbl Fot
BRI BT BEOLREE BEORINLELK E D - o, SMRDCRH OLHZ T8 - 18 &
AT X 0 S RBIT Ty s OE RS e, KRS, 7 v R AT < Te B
DA, ¥, B E B TRBHOBEBIENE < BHEEILEVCESIRAE D o 1,

3K B EE SRR ORI B JIF T e

mom % FOBE 7 F ok > a Bl & B

(%) (%) (%) %)
b ST I R R i 3.88+0.22 3.85+£0.16 1.22+0.04 8.95%0.41
KSR KT B B8 A ] 4.15+0.33 3.20%0.35 1.59+0.14 8.9410.82
v S N i I 3.97+0.15 3.64£0.18 1.94%£0.14 9.55+0.47
KGR KT % 6 B A 4.10+0.14 3.58%0.13 1.99+0.11 9.67£0.38
KT &M 2 H M 4.17+0.29 3.83%0.25 1.77£0.09 9.77£0.62
KEELT R 4 - £ 2 JAR 4.15%£0.34 3.21x0.22 1.61£0.09 8.77+0.64
R SR il 1 4.33+0.23 3.80+£0.15 1.75%0.16 9.88+0.55
b Y X 3.94£0.18 3.294+0.18 1.3840.11 8.60+0.48




B. it

BRIz OV T AREE T ARL L <, £ LT, e, B 8 MEK & &1 2 HE K347
Drodtz, LasL, DB S F D ED I -T2,

7RSOV TR 4B, B 6 A, FTd - & 2 BBXK EROHXTKOZENS
<y ELE, AREHOGITITS < B 8 WK & KEAT &R X2 A Teds - 72,

> BERKERAT 2 IR & B 6 BT & AR BEATIX T <\ ATl 4 B KB imic A 7nds -
7o AR OWCTIRAREHICAT TS <, T, KT 2 MK &1 6 BHEK T, BT 8 MEIX
RIS ATy o T,

— i, BT TEAAEIE X% > 2 BEOH AT & b SERAAEK TRE <, Th R
e LXK e L, RUWHIRC I » TAR LIcXD > s EES LD - T,

A BRI RTOEMBRC R I TEE

mom X L 7 F ok > a B & i

&) %6 (%) (%)
P S ST I 1.52+0.09 1.40%£0.05 2.821x0.08 5.75%0.22
A CGKT AT 8 A [ 1.37+0.07 1.30+0.07 3.48+£0.12 6.16£0.22
G S ol i I 1.5540.11 1.29+0.09 3.88+0.18 6.72£0.30
KGR AT & M 6 o [ 1.57+0.12 1.43%0.10 3.78+0.12 6.78+0.36
K EAT R M 2 EH 1.40+£0.10 1.34%£0.07 3.27£0.15 6.02£0.22
KELAT T 4 - £ 2 ] 1.61+0.09 1.46%0.10 3.241x0.16 6.31+0.41
ar B OE AT & MM 1.91+0.11 1.52£0.09 3.72%0.15 7.15£0.38
*f e X 1.28%£0.05 1.22+0.08 2.7510.24 5.79£0.52

2. REEE

BIES O & O ARSRIT 2K, REXETR I ELBEChic > TRH LEKD 2 /b ENE
rofo, AT, BT 8 ARIK, HEI6 MK EAT4 - 28K TcH b, Gl 48X L 2
X2 R K w7, FRODOHITE LT, a,/ bEXBHIEHORE G EEI -1z, T, FEH
LR D BER L AROEETH oo, foid, I TRBHARIER 2 b O ebhicic b s
Db LT L 0 RETC B\ TE» -1,

ok NREHLPREAMORLE (a/bf) Wk XETHE

_ H H

L E K 1,723 2 ./20 3,6
AKOER KT BT A 4 8 R 1.65% 1.64° 1.57°¢
KGR LT BT 18 WA R 1.67% 1.84% 1.69°
KO OKT 4 B M 1.65°% 1.88% 1.86%
KR T # o6 o 1.27° 1.62° 1.68°
KB AT 1 2 B R 1.28° 1.48° 1.57¢
KERKTRT 4 « £ 2 E M 1.69° 1.61° 1.69°
DA i A 1.71 1.84° 1.85%
*f i X 1.30° 1.47°¢ 1.59°¢

FvhvoLEHRBRE (5 %)



ek KBAPFETOREE (a/bfl) 1k LixTHE

] JE! H

LB K 1 /23 2./% 35/6
KB KT BT R 4 A [ 1.46% 1.42° 1.44°
KO8R AT BT M 8 A [ 1.46° 1.62° 1.57°¢
KOO & MR 1.50° 1.64° 1.73%
KO AT % W 6 B H 1.24° 1.44° 1.59¢
KR AT $ M 2 A 1.25° 1.38°¢ 1.45¢
KERITHI A« # 2 B 1.45% 1.45°¢ 1.58°¢
A 80 X AT & [ 1.51% 1.612 1.66°
% i [X 1.25° 1.35°¢ 1.43¢

Zvh O EREETE (5%)

BTE RBHNARNTOREE (a/bfE) K LiETE

; A H
B K 1,723 2./20 3,6
K8 KT ET M 4 R 1.45% 1.54° 1.52¢
K8 KT AT B8 8 1.45% 1.64% 1.61¢
KO T 4 m M 1.50% 1.68% 1.79%
KR AT M 6 M 1.23° 1.54° 1.59°¢
KT H M 28 1.22° 1.40°¢ 1.51¢
KERETRT 4 - # 2 1.46% 1.41°¢ 1.58°¢
D O A o i 1.49° 1.63% 1.69°
%t i X 1.24° 1.42°¢ 1.47¢
v v oL EEEBEE (5 %)
Z ®

B s L B OB LS OEEOTLIZOVWTRAML Y Ay vy 2w IV THALTE
D REMC T o TR ORI L, JEE T MESLSPRA T E VS, Fh, BADLY
EHF A OB OB X A FAE LTV A, SEOREREFY TR T TH LA, R EHERS
LRI E b, KoY hic CWREKR T, REOS BRI N TENRE S Eh o T,
SO L, BRI R TRER CRAEIEA TOLHEFRT, EEREOHEMAKEN -THD L
Exbhb, 6, FEUMAEL Dt~ T, O b AENEA THEESHM LG D
LEZLNS,

BREhORESE L HEAOBMRICOVCTIHEY , BALS VKL~ THEIR TR D, REGFHC
FEREPORESBEOMINALETE D, SlEDbhbhORR»S S, KR X 5EEEHEOH M
e > THERBIIND T ERELM LT, FhiCi, Sk v b RS T, i, B
K D REREB I LA REAR VX 5 TH S, REORARTH REMC I THEOR N
PAEL, HEMABIFTI LEMAOHMC LD, REANDKOE R FA LIHEL S ORBIC X
e, BERNNOFIBIFELEFAEHATRELU LTS, T, SElOFER T ORI
BUWTHRIFOEESEAS <, BHOBSLEOEETEH, BRHNHORVWIARVEREZELD L
PR TE L IUE, BEOLIL T, BIFAOPBLREBONMFFE LS IEFTL0EFZ2 LR



B, ot SETORMETERC LI AFENRFC AKX EbRLDICH LT, RIt~OFEN DT
Mot Z SEHMORETHILEE, L5 DRI TORDOFBIFLLTY aBTHY, K
HOv s BHIBMIT S, BBIhC hotdbDEEZOND, —MiC, Kb ORI ORLTFR
HECIDEENEATE, O EnD, EEFIC I SHOBRBESTRIC B EERICAN
o BT, IHEREM O ESECEYAELLLDEEIDLRD,

PLEDZ &, BEOHBREESMCE I REL, REOTFTRSLEBER L BEICHOI &
T, BEEROWAEB OV THIENTE, LI, FEREOLYHHHZECLD, &H
PMERABEEOELIEL Ebhs, TOBERIZE T, IFEREEONE R LI tBH B
MM O—2L LTHELLN S,

i -3

FrEirh OB A 2 RECIBH G S L ORHIEEZZE 2 ¢, REEOX LB Lz, £ORE, R
Jerp iR L, L@, RERCBTHFEE ST VOO MAKE D - 1o, BRI TR
ToTy a ORI KRED -, Fo, HRECOVTERBHPBARVCELGR G-, 2
W, AR D AL LB A R A AL AR AN R, B S B OBIN R £ O ORISR
Ry P

UEDZ &b, BHA 2 ORFEAh O B ECROBOX L AT 5 2 EATRETH S,
51 A X mt

1) AMMEST - Hks—5 - HE BB — -3 € 976) WM 3 5 v O %
(554 8D BEPBEEROEGHNELICOWT. E¥M 440 © 375—380.

2) BAOKA ¢« RAIBA - NEFEEIE - KE 2 (1979 At vEF Y OSBECET AP BT
B Aa2rvix—Trx Ly DREGEOIEFOLEL. HEFLLERSIFEERFASHEELE
5 370—371.

3) W 3R (199D 7 v Y OFFf & Rpchis &L OBtk WM 60 (JI1) 1 656.

4) EAREE - $RET - MMl (1986) Y v v I A VREED S v a7 4 LOWLE REH
HOBfR. MEERERCIFEEEASREREE 36—37.

5) EABEE - aIIEIN - KRS - SAMS (1988) v vy v i p v REFORE, NSGELED
DEFRIZOWT . EEELHEAEMEEMRFEALRERE 26—27.

6) FEE - mEET (19900 RENDONETNCET L% G 15 BEOREN~DFAKD
AT R SR R 59 (BI1) C 144—145.

Summary

Using Miyauchi iyo (Citrus iyo hort. ex Tanaka) tangor fruit after harvest, we examined the
effects of time and duration of red light exposure on skin color development and sugar content
in peel and juice. The treatment enhanced rind coloration along with increase in the level of
sugar, especially fructose and glucose in the peel at stylar end of fruit. Increase in the sugar
content, especially sucrose, was also found in the juice. The longer the duration of exposure, the
greater the color development. As a whole, it seemed that fruit responded more greatly tb red

light during later periods of storage than earlier treatments. Our present results suggest the



potential use of red light to enhance skin color development of Miyauchi iyo tangor fruit after

harvest.
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