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Relationship between the Occurrence of Internal Browning and Anatomical and Chemical Factors in
the Tuberous Root of Sweet Potato (Ipomoea batatas 1..) cv. Kokei No. 14

Nobuyuki Fukuoka'®*, Daisuke Masuda?, Youichi Ikeshita' and Yuri Kanamori'

Sand Dune Agricultural Experimental Station, Ishikawa Agricultural Research Center, Kahokushi, Ishikawa 929-1126
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Abstract

The present study investigated the anatomical and chemical factors causing the internal browning (IB) in Jpomoea tuberous
roots cv. Kokei No. 14. The experimental results demonstrated that roots exhibiting IB were more prevalent during the
maturation period and an increase in the severity of IB symptoms was accompanied by a parallel increase in tuberous root
weight. Heating treatment during maturation period inhibited optimal root growth during this period, reducing IB occurrence.
Destroyed parenchyma cells were often observed in tuberous roots with severe browning compared with those in normal roots.
A pronounced increase in polyphenol oxidase (PPO) and decrease of glutathione reductase (GSHR) was detected in the former
cells as compared with the latter. These observations suggest that activation of the H,0, detoxifying pathway derived from PPO
accompanied a decline in H,0,-decomposing capacity of the ascorbate-glutathione cycle by cell destruction is one of the main
reasons for the occurrence of IB.

Key Words : ascorbate-glutathione cycle, parenchyma cell, polyphenol oxidase

F—TO—F:T7R2revVBI AT EE, i, R) Tt FoA—¥

_ D, WEELich T HEMEE L LT, £ 2 v (Fukuoka*

& B Enomoto, 2001; JI[3K « B H, 1986) %7 &+ (Kajiura 5, 1976;
Y <4 % (pomoea batatas L.) 1%, BABEMIH D FEERD, 1993 EARMD, 1995) REOHERDHB. L
WMAERNS L, BRAL LTI Titikl, Mk L, <A % CIIRARGBE T HERNH D Z LIk
TERER: L CAFAINRTED, "M Av2&REEL  AEBRBETLEEALZALh THLT, FIgrEsd @Rt
TOfifEbEmE D >0H5. e Th, BRARER BE- LR Vo TR,
L, MIARERLE, TORBRIEECRY, Thbit T, KWIGETE, vy A = ORNEEEENAREL
MEARBEEHI ATV S, ToBRAR & R4 o BRAR A P TARET RSB A B B 51
—fit, BEEECHBECARBEENRETA LM HERENRRERT A LD, W OhDRLAHETE
BOAKBET A0, +Y w1 2B CHMRHKE #TecoREEoRERHEOERCOVTHREL, AFEED
B O(PID, 1987), EAR (Bab, 1987, Rwd (Bl RAEFRROEBMMARE LS L L.
b, 1984) e EOEBBENREET B 2 LML TV D,
LI AT, EE, BD (2006) KX oT, YYwAET MEE LOHE
BENTIBEYET 2 AEEE S L AHES K STEHOERY A)ED e BERBRSOBHES s X

. BRI R NT, ERTOAMAKEREYE L USRMASEBES -2 &L WIhoERd
ER 14 (BFRH & U, HEFEE LR 80 cm,

20084E6 A S H . 2008474 7H EIE Fl40om & L7, )

* Corresponding author. E-mail: nfukuoka@ishikawa-pu.ac.jp 1. BEEREOFEENTOREE (B

YA BIRILRY B D FEA KR AE DRERFIIZLAL % 4 B 72, 2007 4 5 7 18

47



48 fafffE =z « JEKh

HiER L, 95, 123, 154 HEw 12 3 o8B L 7o
Maltex, FIEw BM FBSRHESHER (B%5%, U
vk 10%, 7V 129%) % 200kg- 102 JEF L. AL,
Mo FIRE, SPEBIRE, NEABEEORERTCOWTET
W, BB OFEEILERE 95 BB T30 g REGOHUE %, 123
H B P 50 g SR OBRAB & IR L TIT » 7. PIIREBRE
DFEEOREI, BARE Y 2 mm R TR b Ui,
BEORARI LM, M, b, B, B s5EHRcCXS L (8
1D, B L EERENORERLEL L T .
2. BBEOKXXZLEERLE L OBROKRE (5258 2)

B A O A B IE, 2006 455 H 28 HIWER L, 10
A24H (149 B wIRFE L 72 30 Bk OBR & fiv-7o. fi
MR ZERE I BM B B R H S & Akl % 240 kg » 10 27! i
ALz BRoKkEI EERELOBRRYL B9, I
BEULBRIIE b 100 g Dk 200 ¢ K35, 200 g LA E 300 g
R, 300 g BL oD 3 L, BRI BT
FERNARE L. 4, NEETEOHEIER 1
U7
3. THERE L EERL & OMGROKRET (EE 3)

2006E5S A3 HEG6H 1S HREHET 5 2 REy &k,
REMtex, 2 BM BRSNS AN A 240kg - 10 2™
BEF U7z, 8250, 10 H 24 Him &K 10 B L, #o b3
B, TIHURE, WISEEEORL R 2T - 1

< WTE— - 2FRE

AR OREL, 100 g RIGOMBEERI L TIT, WETEE
EDOFEILER 1 dET.
4. EFRFOSEUBELIEEZSRECREI

(5% 4)

2006 4F 5 A 31 BB EERE O 2 KA CEH
L7z SREGECE ECES S0ecm D » v R AT, 8
A3 H (EHER2HEE 22510 18H (GEE140 HE)
FT00SMmEDEV VT 4 V7 4 VAREBELL. %
fo, BRI BARREOMAIE L Uik, RE, 10 718
o &K 10 BERER U, 83 & FIRRTT - 7o LB IR+
DER s D R L, FEPRREOEX 30 om OFE &
FT 10em OMBIEE L vy — AWML, &
5 — 2 B EEIES (Model SK-L200T (Bf) B85
BB TIEEI RS L.

5 BEERCBLBOEFEHRSTITEIEBOLE

(5282 5)

TR, 2005 104 IRFT A OIS CHIE I 7500 g
FR OBEERE PNEAIORE S EE SR H . R
B OBZEIR PRI O WY, IR U T E B
k=Y v 5%, BEEE 5%, 60% T &/ — A KIS 90%
DEEW (FAA) THEELR. 0%, HEEz7ira—1
) =X (=& —VEBE 50%, 70%, 80%, 90%, 100
%) THiAK, “F74vir—FEERL, v—%Y—37

B OBREY

Fig. 1 Typical internal browning in [pomoea tuberous root.

The degree of browning was classified by visual inspection into five categories; none, slight (A), little (B), moderate (C), and severe (D)
discoloration. E and F represent roots with category A and C, respectively.

Arrows indicate disorderly portions.



FESWF.  (Hort. Res. (Japan)) 8 (1):47-53. 2009. 49

gk —ATI0um DEIRXT it~z r® 9 v
Ty v CEGYE, YR T CRMROREREE L.

EREEORMEL, WRPRFORY 7 =2/ —ndF v
& —iEE (AT, PPO L5 9) &7/ rvgsFr v v a2
& —€iEH (BUF, GSHR &) @2V THT» . PPO
EEOBEIZE R, 91 g ORI SmL © 50mM ) v
IZERW (pHT5), 0lgDAEY E=AKY €r ) Fvaink,
KT 2 5fm e r 4 X, 10,000 g T 10 2 RE.O0- B
L, EBEHBERKE L. ERORE, 50 mM HEPES
BER QH7.S), 1%» 72—, HEREEYEURIGE
2.1 mL % 30°C OERAKM TS5 FHKE X%, 420nm FC
DORIRE OB A PTE L. GSHR FEHEORE, Wlg
OFEFEFHBC 1I0mM O v A F 1 v & &L 9mL D 100 mM
) VERREMEHE (pH7.5) Mz, Kb T2 4MEe oA
A, 10,000 g T 10 HHE LD HL, RERHEEBRKE L
Fo. WEMEORIE Y, 100 mM Y v EREERR (pH 7.2), 0.1 mM
NADPH, 0.5mM BEM 7 v 294 v, HBERYETR
O 2.5 mL % 25°C DERIE © 5 4 EEE &%, 340nm
T CORICE O B JE LT

#w R

1. BEREORENET(LOEE (2007 F) (EBED

W B ER 123 BB E CilsEmLcn, oBir%
o T L GR2RD. FHMBEEEE IS HE
T 110g &/ &ofedd, 154 AR 28D 24g &
Tnote. NEMEEEORA, B s HEOMBTiE &
AL, 123 BE CREEREME L0}
DB 30% DMBBRDHB NI EIX) . EEOMERX
FTOBBECERL, 154 BAOBERERIZIZZEAD
250 s8%iIcE L.
2. BBOKRE X LBEERLE & OBFRORKRE (2006 %)

(8 2)
B R4 O I B4 IR o HEix, 100g B E200g

700 300
600 F 1250 B
T 500 - =
o i
é‘ 200 %
2 400 | =
E 4150 8
2 300 f e
o
z 4 100 P
S 200 e
= >
100 150 <
0 1 1 1 0
95 DAP 123 DAP 154 DAP
Fig. 2 Changes in top (O) and root weight (@) during maturation
period (2007).
DAP indicate days after planting. Vertical bars represent SE
(n=10).
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. 3 Changes in the occurrence of internal browning during
maturation period (2007).
The degree of browning was classified by visual inspection
into five categories; none (A), slight (B), little (C), moderate
(D), and severe (E) discoloration. DAP indicates days after
planting.
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Relationship between the root weight and the occurrence
of internal browning (2006).
The degree of browning was classified by visual inspection
into five categories; none (A), slight (B), little (C), moderate
(D), and severe (E) discoloration. RW indicates root weight.
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Table 1 Effect of planting time on plant growth at the harvest time (2006).

Planting time Top weight (g) Underground weight (g)*  Average root weight (g)” T/R rate (%)*
May 31 506 974 275 £ 16% 52
June 15 502 865 213+ 15 58
Significance’ NS * * %

*Tuberous roots above 100 g were collected and total weight per plant was calculated.

Y Tuberous roots above 100 g were collected and average root weight was calculated.

*T and R indicate top and underground weights, respectively.

¥Means = SE (n = 34-36).

YNS and * indicate non-significance and significance at the P <0.01 level by Duncan’s multiple-range test, respectively.

Table 2 Effect of film covering on plant growth at the harvest time (2006).

Treatment Top weight (g) Underground weight (g)*  Average root weight (g)* T/R rate (%)*
Control 502 990 275 £ 16% 51
Film covering" 300 870 233+ 13 34
Significance" % % " *

“Tuberous roots above 100 g were collected and total weight per plant was calculated.

¥ Tuberous roots above 100 g were collected and average root weight was calculated.

*T and R indicate top and underground weights, respectively.

“Means = SE (n =31-33).

Y Tunnels 50 cm high and 80 cm wide were laid above the rows and these were covered with polyolefin (PO) film (0.05 mm thick) from 92 to
140 days after planting.

“# indicate significance at the P < 0.01 level.
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Fig. 5 Effect of planting time on the occurrence of internal Fig. 6 Effect of film covering on the occurrence of internal
browning (2006). browning (2006).
The degree of browning was classified by visual inspection The degree of browning was classified by visual inspection
into five categories; none (A), slight (B), little (C), moderate into five categories; none (A), slight (B), little (C), moderate
(D), and severe (E) discoloration. (D), and severe (E) discoloration.
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Fig. 7 Comparison of cell formation between none (A) and severe (B) discolored tuberous root.
Arrows indicate destroyed cells.
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Fig. 8 Comparison of enzyme activities between roots showing discoloration rated as none and severe. Vertical bars indicate SE (n = 3).
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