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Changes of Fruit Quality and Anthocyanin Composition of ‘Kyoho’ and
‘Heukboseok’ Grape Berry Skins under High Temperature at Veraison

Suhyun Ryu*, Jeom Hwa Han, Hyun Hee Han, Jae Hoon Jeong, Jung-Gun Cho, and Kyeong Ran Do

Fruit Research Division, National Institute of Horticultural & Herbal Science,
Rural Development Administration, Wanju 565-852, Korea

Abstract. We analyzed the skin coloration and anthocyanin composition of ‘Kyoho’ and ‘Heukboseok’ grape ber-
ries to determine the cause of poor coloring in ‘Kyoho’ berry skins under high temperature (HT) at veraison.
Although the skin coloration inhibited in both ‘Kyoho’ and ‘Heukboseok’ berries under HT for 30 days from verai-
son, the total anthocyanin content in ‘Heukboseok’ berry skins increased to the level of control after the end of tem-
perature treatment, but ‘Kyoho’ did not increase. Malvidin derivatives were most significantly reduced in ‘Kyoho’
berry skins, followed by those of delphinidin and petunidin. Among individual anthocyanins, diglucosides and acylated
malvidin derivatives were most decreased in ‘Kyoho’ berry skins. Acylated and tri-hydroxylated anthocyanins were
reduced more than those of non-acylated and dihydroxylated, respectively. All different types of anthocyanin compo-
nents in ‘Kyoho’ berry skins decreased by HT, and they were similar to that of total anthocyanin. In ‘Heukboseok’ berry
skins, accumulations of all different types of anthocyanins were inhibited by HT, and increased to the level of control
after the end of the treatment. These results suggest that the poor coloration of ‘Kyoho’ under HT at veraison was not
caused by the decrease of specific anthocyanins but because the whole anthocyanin biosynthesis was suppressed by HT.

Additional key words : poor coloration, anthocyanidin, acylation, abnormal high temperature
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2007), o= FF ALY A 54 B E4Ad &
el oJ3l A ETk(He 5, 2010b).

PEAOPAS TG} viFAQ] QFEAOHe] Ajto s
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w2 Fa] Aef PgAde] deEiAH, QtEAlRde R 9}
AE o]%9 acylation Y F7HQ 7HEel osiA=
gS WH=THTamura 5, 1994).

IUlelA 7 2ol A= e tigA F5<
AR ZFao] AFEE 7-899] 1o Qlale]
o] BaFA= ddo] A7 HaEal glo, 7|1%
W2 Qg o] dare dde] WA HITrl F7FsaA
o=z o] FAZE © AAAE Fe= o= Utk
(Lee &, 2012). 3MAI%F #& 219 AEAlOPD 27
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o] ETES o83 AT AFTFHoE Ao
mg-g e T9E e

ZE BAI*El= SAS Enterprise Guide 7.1 ZZ 1)
o ]38t t-test(independent sample)@® 77| 243
(P < 0.055& #AA

Table 1. Individual anthocyanin contents in berry skins of ‘Kyoho’ and ‘Heukboseok’ grape under control and high temperature (HT)

conditions at 125 days after full bloom.

) Kyoho Heukboseok
Anthocyanin (mg/g FW)
Control HT Control HT

Total 3.24+0.91* 0.94+0.36 2.38+0.25 1.76+0.48
Del-3-glucoside 0.09+0.02 0.04+0.03 0.05+0.00 0.07+0.01
Peo-3-glucoside 0.10+0.02 0.07+0.00 0.06+0.01 0.06+0.01
Mal-3-glucoside 0.21£0.07* 0.07+0.03 0.09+0.01 0.13+0.04
Peo-3,5-diglucoside 0.16+0.05* 0.04+0.04 0.08+0.02 0.06+0.01
Mal-3,5-diglucoside 0.38+0.14* 0.07+0.02 0.27+0.07 0.18+0.10
Del-3-acetylglucoside 0.12+0.02* 0.05+0.00 0.12+0.01 0.07+0.02
Del-3-coumaroyl-5-diglucoside 0.11+0.02* - 0.09+0.01* 0.06+0.01
Del-3-coumaroylglucoside 0.11+0.03 0.05+0.00 0.07+0.00 0.07+0.02
Cya-3-coumaroyl-5-diglucoside 0.06+0.01 0.03+0.03 0.06+0.01 0.02+0.03
Cya-3-coumaroylglucoside 0.06+0.00 0.02+0.03 0.06+0.00 0.05+0.00
Pet-3-acetylglucoside 0.04+0.03 - 0.05+0.00 0.05+0.00
Pet-3-coumaroyl-5-diglucoside 0.07+0.00* 0.05+0.00 0.08+0.00* 0.06+0.01
Pet-3-coumaroylglucoside 0.12+0.03* 0.04+0.03 0.07+0.00 0.08+0.01
Peo-3-coumaroyl-5-diglucoside 0.16+0.05* 0.07+0.01 0.08+0.01 0.07+0.01
Peo-3-coumaroylglucoside 0.09+0.01 0.06+0.01 0.05+0.00 0.06+0.00
Mal-3-acetylglucoside 0.08+0.01 0.04+0.03 0.06+0.00 0.08+0.01
Mal-3-(cis)-coumaroyl-5-diglucoside 0.10+0.03 0.03+0.03 0.10+0.02 0.07+0.03
Mal-3-(trans)-coumaroyl-5-diglucoside 0.81+0.27* 0.09+0.03 0.69+0.05 0.30+0.18
Mal-3-(cis)-coumaroylglucoside 0.06+0.00 0.03+0.03 0.06+0.00 0.03+0.03
Mal-3-(trans)-coumaroylglucoside 0.33+0.09* 0.08+0.02 0.18+0.01 0.18+0.05

Value : mean + SE of duplication.

* Indicates a significant difference between control and HT at P < 0.05.
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Table 2. Anthocyanidin contents in berry skins of ‘Kyoho’ and ‘Heukboseok’ grape under control and high temperature (HT) conditions
at 125 days after full bloom.
Cultivar Treatment Total Cyanidin Delphinidin Petunidin Peonidin Malvidin
Kvoh Control 3.24+0.91* 0.12+0.01 0.43+0.10* 0.23+0.07* 0.50+0.13* 1.97+0.61%*
oho
Y HT 0.944+0.36 0.05+0.05 0.1440.03 0.09+0.03 0.24+0.06 0.424+0.18
Control 2.38+0.25 0.11£0.01 0.33+0.03 0.21+0.01 0.27+0.04 1.45+0.17
Heukboseok
HT 1.76+0.48 0.07+0.03 0.2740.05 0.18+0.02 0.25+0.03 0.994+0.35
Value : mean + SE of duplication.
* Indicates a significant difference between control and HT at P < 0.05.
Table 3. Contents of different groups of anthocyanin in berry skins of ‘Kyoho’ and ‘Heukboseok’ grape under control and high tempera-
ture (HT) conditions at 125 days after full bloom.
Cultivar Treatment Total Non-acyla'Fed Acylateq Di-hydroxyl'ated Tri-hydroxy!ated
anthocyanins anthocyanins anthocyanins anthocyanins
Kvoh Control 3.24+0.91* 0.93+0.17* 2.31+0.35* 0.62+0.08* 2.62+0.44*
oho
Y HT 0.94+0.36 0.30+0.06 0.64+0.14 0.29+0.06 0.64+0.14
Control 2.38+0.25 0.56+0.08 1.82+0.10 0.38+0.04 1.9940.14
Heukboseok
HT 1.76+0.48 0.50+0.08 1.26+0.20 0.32+0.03 1.44+0.25
Value : mean + SE of duplication.
* Indicates a significant difference between control and HT at P < 0.05
T ERA Fvle] F qlEAolde 1 Aelel o
7ashe A%e wolAw, dzole] felaph v
SR A AQITHTable 1). “SHAP FHy]o| A= acyl group®]
SJi= Del, Pet-diglucoside HE|7} 11-20f 2J3l 7343A
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oPd9] acylation &%, B ring® hydroxyl group®] 7}
b BAgle] BE ol vl Bls) kA &
<= A7t FRE FHEH S F 559
=<

=1
=

HAZIRE 30U ] 3200 o3l AE,
T FE EFolA 39 tEAlopd Efo] 7Sttt
(Table 1). 727] #]9] AdEAoRd AT} Z47he] g
g vlagk dyh, AeolA o B TR GEA}
o] 1120 o3 7FASItt. & QMEAloPd RS
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Fig. 1. Berry skins coloration in ‘Kyoho’ and ‘Heukboseok’ grapes under control and high temperature (HT) conditions. A, ‘Kyoho’ con-
trol; B, ‘Kyoho’ under HT; C, ‘Heukboseok’ control; D, ‘Heukboseok’ under HT.
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Exlophd gHgo] F7FslA] Esfar o] RIS,
SEAPS H]o] FEAoRdo] oA FH| 7] ARkt
o FE7lolle 7o) b Zjol7h vehA] edskth
(Table 1). SEAIYF AA] FElr]e] S vz nla)
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Fig. 2. Changes in anthocyanidin contents in ‘Kyoho’ grape berry skins under control and high temperature (HT) conditions. Vertical bars

indicate the standard errors of the means (n = 4), and asterisks indicate significant differences using Student’s t-test at P < 0.05. Del,
dephinidin; Peo, peonidin; Mal, malvidin; Pet, petunidin; Cya, cyanidin.
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Fig. 3. Changes in anthocyanin contents by structure in ‘Kyoho’ grape berry skins under control and high temperature (HT) conditions.
Vertical bars indicate the standard errors of the means (n = 4), and asterisks indicate significant differences using Student’s t-test at P <
0.05.
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Fig. 5. Changes in anthocyanin contents by structure in ‘Heukboseok’ grape berry skins under control and high temperature (HT) condi-
tions. Vertical bars indicate the standard errors of the means (n = 4), and asterisks indicate significant differences using Student’s t-test at
P <0.05.
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Table 4. Anthocyanidin component ratios in berry skins of ‘Kyoho’ and ‘Heukboseok’ grape under high temperature (HT) conditions at

96 and 125 days after full bloom (DAFB).

Date Cultivar Total(%) Cyanidin(%)  Delphinidin(%) Petunidin(%) Peonidin(%) Malvidin(%)
Kyoho 100 741 741 741 37.0 44.4
96 DAFB
Heukboseok 100 0.00 8.33 12.5 20.8 54.2
Kyoho 100 5.32 14.9 9.57 25.5 44.7
125 DAFB
Heukboseok 100 3.98 153 10.2 14.2 56.3
£ ol Hole o] Awyl fupuold WAE 53 non-acylated(68%)2} HIwFS wl acylated(72%)y7} T
3] AR ExEo] e EEAlobde] A o] F HIEE ZASITH(Table 3). 71E9] AT A%

A== v, QFEAlobde] A7 BAlddl= ejzialnt
Higk ebAl BIAA o] &37] wiwol ol o7} v
ERgtia AaEdnh. 120 93 o] zha) Bak)
A FE WE Bl e IEAoRd 3 wislo)
Helire F7HAR) 24e] Zasital ddEn.

2 Aol FHA Hu)o] FEAoPRd JFe] S}
7} QEEAJORH L] HIET Agle] HAFoZ TA] &
7Fhe Ao R UERE7] wiol(Table 4), 120 ogh
AE, SEAP] ME TE A kS QFEAJoRd
o] 73 HlEoly VI QEEAlRdS] 54 wjiZo] op
2h, 7} #E9 AEAloPd A FHollA a1o] m|
= 9ol t=7] fFoZ FeErh

QtEAOPAL flavilium®] 78 25 Zka glow,
ol A, B, C9 3379 ring® & o]Fo HJtH Mazza®}t
Francis, 1995). X% 33| &A= tEAlOMMY 1
F2 B ringd x| Wl & oA ME tE
=2 S H2It} Di-hydroxylated 15 (Cya, Peo)k
T} tri-hydroxylated 15 (Del, Mal, Pet)o] 1-2of ] Tl
e whgehH ZhAashH, o= EEAloRd AFA I}
oA tri-hydroxylated 7%= 3= flavonoid 3°5 -
hydroxylase®] W&o] 1120 3l 7HAsh7| wliEo|th
(Mori 5, 2007). ‘As T ME 1120l 3] Mal,
Del, Pet, Cya, Peo?] <XE ZA| ZHASINIL(Table 2),
1 F Cya©] a2l o3 7FE =Al s wgtoH
g0l AAth(Fig. 2). WA, g AFAoy &
A8 YJERHE= tri-hydroxylated AlE2] SHEAJobde] g}
dol Ao o3 tl FA JA|EHA A HAo]
A o] FARA] 3k Aolgtarl A=t

JIEAJOPAE 2 Fxo] we} &0 tigh Al
dei|et], YRS R acylationo] Yolud F A%
7131 Ax=Z 9] o)Fo] FXIEM(Gomez 5, 2009)
X Yol anthocyanic vacuolar inclusion 7-Z5 B4
3t (Kallam &, 2017) -2 Z704 t] st
A Atk(Tarara 5, 2008). HATF, AR zha]ojA
J12of 23] acylation® Malo] 7Pg @o] AN,
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2o 93 non-acylated®] A H|E&o] E=AH(De
Rosas &, 2017), HHNZ acylated’} T o] AEE=
ke Avpt B uEQthAzuma 5, 2012). B Ao
A%E S, 2 27)9] 3120 o8| uje] Ao
EFIAE olfie 7I&dd FEE tEAlORdo] EaiE]
A7 1B HAHR] FEAJoRd ] AFHdo] A=
HEds & 5 UAATH wEbA, AE-9] QEEAJoRd
A 7P B HlE-S ZHAISHE acylation® Mal®] A
o] 7P =3d Aoz FH= Y.

Falol] EAshs G2 SHEAloRIS] 4 AREA] F
83 IS s, Flo] o] I e oo E F
7FIA] B3P QEEAJoRdS] Ao o]FofR|A] k=t
(Sadras®} Moran, 2012). SHEAJoPAS] =2 o7 Zalo]
o] FofR| = Alke] A, ogre] a12e] of3) o]
ghgo] 7haste] Fdo] ERFRvial HAalEtH(Ryu
5, 2015). 3ANF AR SHA o] Ay] ] T geF
& a1 o3 7HASHA] Fgkor, Ae] FETt SH
Ao] grof vl 238 =& ATS VepckE o]
B mAA]). o] FoRt a1gol o) o] AAld A
ol ¥wo] Twrt ZORAU(Shinomiya 5, 2015),
Z gl zfol7t VEREA] R9kthE Bl (Koshita 5,
2015)9} viszgt A¥E, #Aaje] o ke A 27)9
2o ofs)] Aol Qg 7 o]dtE TS| Y=
Ao FAGEAe) weby, 1L ZHA Fao] Bk
A AL T T A wiito] ofd, tEAleI
A AgE FAA @ G40 o] .29
o] AAEA7] wWEoZ AAETHDe Rosas 5,
2017; Mori &, 2004; Mori 5, 2007).

wEbA], B Ao A9E Bl WA 2719 112
At A SR ME TS o] vkge F
o] AEAJORA Aol T120] mXE FPo] th=r
o2 AETh WA 27]9] o 1o F QIS X%
o] 2N E7FS A7) SsliAte, T 8L HEAlOl
U A A zlolE 7 DAE Held Ba
7} om, 7ol wpE $& AT} Basioial s
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R QFEAORT ol 77]'5}741 ok a2l ¢
3] AE 9] QdEAlOPYLS Mal, Del, Petd] 502 =
Al 7asigon, i AESZE diglucoside 2 Mal-
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