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Abstract

'Shine Muscat' (Vitis labruscana Bailey x Vitis vinifera L.) grapes recently have been greatly
favored in Korea, and as of 2022, account for 38.6% of the total grape market in Korea.
However, there is a lack of research on post-harvest quality control appropriate to the unique
characteristics of ‘Shine Muscat’. In order to continuously increase domestic demand and
exports in the future, it is essential to establish proper postharvest techniques. Essential oils
have remarkable potential as biologically active and environmentally friendly antiseptics for
the fruit industry. The objective of this study is to evaluate the effects of essential oils and
aroma constituent treatment on fruit quality attributes of ‘Shine Muscat’ grapes in order to
extend fruit quality during a simulated export period. A cluster of ‘Shine Muscat’ grapes was
placed in a newly developed paper box container, and treated with rosemary essential oil,
thyme essential oil, and linalool, along with an untreated control. The results showed no
significant effect on fruit quality indices, such as cluster weight loss, berry firmness, soluble
solids content, titratable acidity, sugar acid ratio, and color change, but showed a positive
effect on the alleviation of berry shatter compared to the untreated control. In addition,
rosemary oil treatment reduced the proportion of unhealthy berries. Therefore, the results
indicated that the newly developed packaging container along with certain essential oil
treatment could be applied as a promising packaging material for table grape export.

Key words: aroma constituent, berry decay, berry shatter, essential oil, Shine
Muscat

Introduction

‘ARRIM A7 (Vitis labruscana Bailey X Vitis vinifera L)y tHH O 2 M= *Aakro) 424
A 74 o] 7hs$h EE O 2 (Yamada et al., 2008) 2|t oA A S =7 A F71sto] 2021
| 7] A o] AEiHE A o] 33% Z7F5FI THKREIL 2021).
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ARIHAT 2 AE 5 A Z oA Y3 R]+= gibberellic acid (GA;) 5= 0] ?_]' Tl AARS Bl H

7} 7]—7’(]%— =Y 4 QA Ao EF | E/dEARQ1 f-aokA| forchlorfenuron (CPPU) 22 H|'d-$-2|o}A| thidiazuron

= Yol IEu|tE S31E 4= U thReynolds et al., 1992; Kimura et al., 1996; Piao et al., 2003; Lee et

al. 2013) JEM, 2| AT A}, ARIHAIN Aol tfgh TDZ 22 2HAe] 8 7w HicE| 2 H O]
32 = 4 Akl dHH thWang et al., 2020).

ShH, ARIM AT O] thgh A4 M 7] 9 FABA AFE B ALy F ahdol thet A 4] 2] (berry
thinning)= 7H 52 3} 2|28 F 22 2(°]5} linalool) B& F7HAIZITHAL E11(Choi et al,
2021310, A & 7S 2AS Aa, 10°CollA] a17-9] 7] 2 T /4382 linalool 3Hg0] FA|EHEZ
2% Sofl= HIEA| 4525 FHISH= post-storage conditioning 2] 2] 7} & @5}kl B 1 ¥ HE QltHMatsumoto
and Tkoma, 2016). =3, £2 & Jig =5 De|oto] T2 SIS 2ARSH Z2xh, wgo] = 9 Map ke o=
2 FegolM AR 77 Q] F4E 9ote 244 21olleS EalE Bl lTtH(Watanabe et al.,
2018). Gl &0, 58 ARIHAI & A U s, o2l A 2 dFEFAA A2l THalel &
3 2 Haf 2o E2p7} lokar B v QITkKim etal., 2021).

ofdld @2 X5 H|ES B4R 43 5 wejo glo] XA Rufl WA 2A g 3kt E4 9 o
oo Z ALEE 4 Qe B Z [ =1 §Jth(Taghavi et al., 2018). ZZ0}2](Rosmarinus officinalis), E+ (Thymus
A 9 e) 2t 4% Ex EFol Yol 45 F ag Fole o EnHolztn B
& I(Guillén et al., 2007; Abdolahi et al., 2010; Servili et al., 2017), o|AlAd @ o] Q9 B Fof A= carvacrol,
linalool 12| 21 thymol<> £ =] Botrytis cinerea®} Penicillium digitatum wAF 37 A 2 F°go] 7 W], & &
=2 HZo| gapzlolgtal B 1H v} QT Marandi et al., 2010, 2011; Shin et al., 2014). £3], 2t4] A3} linalool
ARIHAZN 0] THF-5FAL Qli= free B2 F 60% o) XFAISHH ARIHAI 9] FHo| Y= F++= T2
SH/d 2o = A JATHWang et al., 2020).
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rosemary@k thyme 22 2 linalool 217} 24 £ 221 Wsto] n]x| FFS FHFIA HHL Ak

Materials and Methods

T A g 20219 102 052 BE FHA 225 852 NI SFA D D) olA] ARIHAZN =5 Fajjs}o]

ot Tt AHA R 28 2, 1Y TRl A x]eE & ARl o] 8513t A2t TR, 239
oA @ = Z=n}z] 2 A(0|5} rosemary; rosemary oil, Kanta Enterprises Pvt. Ltd., Noida, India)™} EF] 2 (]
S} thyme; white thyme oil, Kanta Enterprises Pvt. Ltd., Noida, India), L2] 21 ‘AFRJIHAZN 0] 20 7|/ EQl 2| 2&
(°]3} linalool; linalool 97%, Alfa Aesar, Ward Hill, Massachusetts, USA) 5 47}A] 28] -2 F31th AFEH oAl @
o] 5}5h4] 242 Table 17+ 2t} 28] W2 A|E 110 mme] &{2}HA](Advantec No. 6 110 mm, Toyo Roshi Kaisha
Ltd., Tokyo, Japan)E 1 mLe] S-F+= A4l & 7+ H2] 45 125 UL 7kl tix24= 552 S75E
7kttt o] & Aol AH B A2 Wx]et7] S8l stEro] 7H-E-H H]'E(HDPE, 0.02 mm, Cleanwrap, Seoul,
Korea) QFol] §11 7HH o] 327 ¥bA viehi o] ol Wi 3t S 745 HAth(Fig. 1). ol 2o vt
2 ) Hol 37 5125 3125 ppm AEE H2I512100] Bl4E44712K1°C, 37) BU A ke £k
X2 gk HER B 00 0| R o]5E45717H1°C, 359 Holeh § 25°02) AHolA 1422t 2ol
28 717 3he) B 2918 BAale
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Table 1. Chemical compositions of the essential oils (%) used in this study.

Rosemary oil (Rosmarinus officinalis) Thyme oil (Thymus vulgaris)
o-Pinene (22 - 26) Thymol (35.72)

[-Pinene (4 - 8) p-Cymene (31.07)
Camphene (6 - 9) v-Terpinen (13.70)

Camphor (16 - 19) Caryophyllene (3.51)

Cineol (21 - 25) Carvacrol (2.77)

Geraniol (2 - 4)

Limonene (5 - 9)
Linalool (2 - 4)

p-Cymene (2 -4)
Terpineol (6 - 10)

B8

Fig. 1. Newly developed packaging box designed for the experiment.

EAZAR= 22757177, 142 A & = ¥ A5 o T2 74 24A-2(CB-3000, AND, Seoul, Korea)

2 =243t ¥ o] HE= E4=747](TMS-Pro, Food Technology Corp., Philadelphia, USA)S- ©]-835}0] 22

o 7 30704 S5kl oM, 274 5 mm 5752 5 mm sample move, 100 mmmin” 2] 210 2 HEwof 5220

2 7VelR] = S S5t 7HAd =2 I 1070E 20} cheesecloth S ©]-8-510] 2535t £ digital

refractometer (PR-32a, ATAGO, Tokyo, Japan) S AF8-51] S5}t A gHF2 5 LS o 2 255t k5 smL

435 mLO]| 3]A415}0] 0.1 N NaOHE ©]-8-510] pH 8.37HA] 53} A4 gt & A 4k0 & Shikstolrt.

%ﬂ 2 Rafl= ZAFAIZIE 97]9] 22 oo = 13hd e 2 2 Ral o] xbE A B4R Uieo]

a2 F7]6l]le). ofZut Aslet MAabd 3 A 2o Hlg ke 5 UoHA ARSI o] 2= 3

Fo] B = S5Rk0 2 A mpgoll tigh 24t WA 9 Fago] MY A S sTA A2 B7161 T A4 12 A

A| 27 2 2] A 0] (- 10%, 4> 2 11 - 30%, A4 32 31 - 60%, A4 4= 61 - 80%, A= 5= 81% O] o= 1t
g5

129

O
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o] A Z7Jof]+= chroma meter (CR-410, Minolta, Osaka, Japan)S- ©]-8-510] *]2|d TH 30704 2FH o] HrHS
S5} O™, L* (lightness), a* (redness), b* (yellowness)S- 75} Hue angle= A4t}

EA| 42 SPSS I & 130 (Ver. 26, SPSS, Inc., Chicago, Illinoise, USA)S- AF-&513 T EAFE A (ANOVA)YS p < 0.05
o] f-o) ol A AsYE| %) 0, 32 Duncan’s multiple range test= xF0] S 7475}

Results and Discussion

ko] 7k g2 R o] §-57]7to] gt whet F7ksto] §-5717F 14 ol| 10% o1& ZAFE|loH ZJE‘J
T 7ol gk Zpol= Hol x| ekSkTh(Table 2). o] = oAl @ Qo] M| 2 A7 F atAl o] A HE A6k ThH= Bl
(Marandi et al.,, 2011)2H= TF2 0| =t o] FF 2po], X2 s% Y AREH ojj7| 4] Zfolof] 7|QIgt o2
TeHED &, oAl e dut SHEAIHEAEEA H 50| 3k Eof thet EAZ ASSH OW i_row ofj Al
29| s tRxFET & AAloh=t] a7t 3] FUA FHEAH YA EE A H 53 E3HA g
St 7 Qoll= T Aol a5 Ho] T2 44T 28-S UEFITHMei et al,, 2021). 23Tl A= %lt g4 27

S ATet7| flsl SvtAgEE 2 glo] To] BEARKS AFESIglo B 2 Folo] EA A &
7} —5—01 Aoz mE|u 2 oAl e o] aats FXIA7)7] fleiAls BE o] H4A

f
o
ko
LR
E

Table 2. Comparison of quality indices during shelf-life at 25°C in ‘Shine Muscat’ grapes treated with aroma
oils and linalool.

. . . Fruit quality parameter
Shelf-life (days)  Treatment Cluster wt. loss (%) Berry firmness(N)  SSC (%) TA (%) SSC/TA (ratio)
7 Control 5.9 3.69a 18.0a 0.28a 65.3a
Rosemary 7.8a 391a 17.8a 0.30a 59.7a
Thyme 7.3ab 3.55a 17.6a 0.30a 58.0a
Linalool 6.7ab 3.70a 184a 0.29a 64.2a
14 Control 11.3a 3.52a 18.4b 0.28a 69.3a
Rosemary 11.4a 3.22ab 19.0a 0.2%9a 66.1a
Thyme 12.5ab 3.02bc 19.1a 0.24a 81.5a
Linalool 12.5a 2.83¢c 17.8¢c 0.25a 70.8a
ANOVA
Treatment (B) * * NS NS NS
AxB NS NS ok NS NS

SSC, soluble solids content; TA, titratable acidity.

¥ After a simulated export period at 1°C for 3 weeks, fruit box was stored at 25°C for 14 days.

“Each aroma oil or linalool (125 uL) treated on filter paper soaked with 1 mL distilled water.

a - ¢: Different letters within each shelf-life indicate significant differences at the 5% level based on Duncan's multiple range test.
NS,*** ##* indicate none significant, difference at p <0.05, p <0.01 or p <0.001, respectively.

0] g ZARE A, 29 §571o] Fuol et st shetet 202 Uehtio] ok 22 8
linalool | 2J 7= 2.9] £-5 727bA) = thz T2k ] wato] $712] f.2] i}é Ho|x] gt FEAH I HE mel §
$717t0] okl ute} thh F745T AL tha PAShs AFS HYou el 7 FAHOR Rejd 1
ol glck Gl mel §571200] shol wieh chi S71SE S Blch o) §5710 7943 24
ol A= thz 7ol H] 3 2] 77} Th Bgro Lt 14 A E] ol v]5] Tk -2 BFL Bk

=
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AR 70 51 Al R 7100 AU s B7HH AT 2 AT 45N
$1.004) SRIE-S W] 7 51 W, linalool X2)e] A9 55 725} 0 14213o] 217 50 % 21,997}
A3, rosemary 2 2] F] = 12.5%2 A2 F Yol s 7P YkoH thyme 2 2= G5 701;].01]_
19.9%, 1442toll= 42.5%7F B =] @ Al &7t 7P Dol X{th(Table 3). B /32
T2 77 ateo] RelS ojnjsioe SRS BE] JeliE ABE Fol7] 98 24 A A7 2
Q3H|(Crisosto et al., 2001), & A 3ol AFE-H Foldkao] 22 EAo = el f7|H ARE 7= A &
Ug LAY AT PUEDE 25 A E SAE 97 BB $A ol FHUTE

Table 3. Comparison of incidence of berry shatter, aroma damage, berry decay and percentage of healthy
berry during shelf-life at 25°C in ‘Shine Muscat’ grapes treated with aroma oils and linalool.

. " Fruit disorder parameters
Shelf-life (days)"  Treament Shattered berry (%) Aromadamage (%)  Decayedbemy’(%)  Healthy bery’ (%)
7 Control 94a - 0.0a 90.6a
Rosemary 14.7a 1.9ab 0.0a 83.2ab
Thyme 19.9a 42a 04a 75.5b
Linalool 5.0a 0.9b 0.0a 93.5a
14 Control 519a - 12.1a 35.6ab
Rosemary 12.5¢ 7.2b S54a 722a
Thyme 42.5ab 12.0a 94a 32.3b
Linalool 21.9bc 3.6¢ 10.9a 61.8a
ANOVA
Treatment (B) ok okok NS ok
AxB * NS NS NS

" After a simulated export period at 1°C for 3 weeks, fruit box was stored at 25°C for 14 days.

* Each aroma oil or linalool (125 pL) treated on filter paper soaked with 1 mL distilled water.

¥ Percentage of decay was investigated for berries decayed in cluster and shattered berry.

Percentage of healthy berries among the total number of berries in a cluster.

a - ¢: Different letters within each shelf-life indicate significant differences at the 5% level based on Duncan's multiple range test.
NS,* % 4% indicate none significant, difference at p <0.05, p <0.01 or p <0.001, respectively.

o] Rujl= 29| {5 78xlol= thyme @Y 2 2|712] 0.44%E A|J5tal Rolj=] 2] o -5 14D }o]]
= A 7 EAA golat= gilo 217} 12.1%2 YEh rosemary 22 %]2]712] 5.4%, thyme 2 2]+
2] 9.4%, linalool 2] 2]7-2] 10.9%01| H|3H ThA =2 Full &3 H % Th(Table 3).

SHH, ARIMAZ 2 T o] Thu]of|A] Eo]&Ql tiAo] PAHE| Q)= o]« oAl U *{2|toll ARt 2HAgstR
o 2] disk7} A7 T FLlollA T EAskT o] f-8717te] Aol wet L e AR Ao R
HAE| 7 ASHH 1 297 A2 REd e E JHITHFig. 2). ©]& of=rt Fell= Bl Y ES A=t
linalool % 2] 7= R-2JobA] R3ke §FH thyme & 2|10l Al 2 WA &5 H I TH(Table 3). o] 70| thE & 2|+o] H]
Sl thyme *] 2] 7Lol| 4] FHafjg-o] =9t Qlo 2 ket

HA T2 Al ATt o] HlgS ZARRE A1}, 29| /-5 77t 14U Atol] o2+ 35.6%01 H]3H rosemary
2 9 linalool ] 2]7tol|A] 22t 72.2, 61.8% = ZAFE|o] FAA 0 & {05k xfo| & ol v mtg o] Wy S
JAsh=tl| S+ E T Table 3).
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I3 E] 4.6 o] Ay 2|4

7o) 2 Bl F3go] 'Y A5 AR A}, 3 o] A2 Ro) {5717 7Y
£ 2o oAllshztl 2 237t ISl o] = ISl B WA E o] w3t Ao 2 woheTh w7 o] Fgo] Iy A4
£ 29| f-57170] S7Ietol whet tha S7kshs Ao HAAL -5 7UAF AR A t 2ol vl ofAld 2
2|77t tha S HAA T A2 0= F-2] 5k 2ho] = A Th(Table 4).

Hpuj o] MHSkE 2ARE 2, =S e L2 A H 4308 A= 29| f-57|30] !
off ket thax Zhashs S Bl o 22|t f-oleh Ahol= UreubA] eigtth =S Yehdl= axs A7 A
-5.9% ZAFE =T B.9| -5 717ko] atetel whe tha S7Fsto] ARIM AN A1f-0] ARl M7} vha 2

Table 4. Comparison of stem browning and stem mold incidence during shelf-life at 25°C in ‘Shine Muscat’
grapes treated with aroma oils and linalool.

. . Stem disorder parameter
Shel-ife (days) Treatment Browning incidence (index, 0- 5 Mold incidence (index, 0- 5f
7 Control 4.6a 04a
Rosemary 4.8a 0.2a
Thyme 4.7a 0.1a
Linalool 4.8a 0.2a
14 Control 5.0a 1.3a
Rosemary 5.0a 1.7a
Thyme 5.0a 2.0a
Linalool 5.0a 1.0a
ANOVA
Shelf life (A) okk ook
Treatment (B) NS NS
AxB NS NS

* After a simulated export period at 1°C for 3 weeks, fruit box was stored at 25°C for 14 days.

¥ Each aroma oil or linalool (125 pL) treated on filter paper soaked with 1 mL distilled water.

“The index was investigated based on the amount of occurrence per total area (1 [<20%)], 2 [<40%)], 3 [< 60%)], 4 [< 80%, 5 [> 80%)).
a: Different letters within each shelf-life indicate significant differences at the 5% level based on Duncan's multiple range test.
NS,* % ##* indicate none significant, difference at p <0.05, p <0.01 or p <0.001, respectively.
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Table 5. Comparison of color differences during shelf-life at 25°C in ‘Shine Muscat’ grapes treated with
aroma oils and linalool.

. . Color differences
Shelf-life (days)’ Treatment T e o C T
7 Control 41.5a -5.9a 12.6a 13.9a 115.5a
Rosemary 40.8ab -5.3b 11.5ab 12.7ab 114.6a
Thyme 40.5ab -5.2b 11.0b 12.2b 1153a
Linalool 39.8b -54b 11.2b 12.4b 115.7a
14 Control 39.6a -54a 1l.1a 12.3a 115.8a
Rosemary 39.1a -5.1ab 10.6a 11.7a 115.6a
Thyme 39.3a -4.8b 10.2a 11.3a 114.9a
Linalool 39.2a -5.3ab 11.0a 12.2a 116.0a
ANOVA
Shelflife (A) ok * *k ok NS
Treatment (B) NS ok * * NS
AxB NS NS NS NS NS

¥ After a simulated export period at 1°C for 3 weeks, fruit box was stored at 25°C for 14 days.

“Each aroma oil or linalool (125 uL) treated on filter paper soaked with 1 mL distilled water.

a, b: Different letters within each shelf-life indicate significant differences at the 5% level based on Duncan's multiple range test.
NS,* % 4% indicate non significant, difference at p <0.05, p <0.01 or p <0.001, respectively.

ol’Fe] Auts Faksto] £ ulf, ARIMAZL 3 0] rosemary 2 U= ‘JEJ%P B AR E Y o A, 7
V= T AL, GAH], ML 5 FA A ol= & 2 vIRA] FUAAT DHE Ao a9 BT E
3k, rosemary ] 2] B Y Aol = §tE Hof 258 2= IYANEE AFEE 5 Ue 7Hsde

T Tabarzeh’ ZLX=.2] Borytis cinerea wAHA| 37 A & Falz] §31-5 Ko 7+

A °T:
Zol= 5 A 22 920 aTHE BAH thyme 2 2121200 - 600 pL-L")= ‘AFQIH
| A0 2 ZAE Q=Y ol o] 5 W oAlld Y 7] sro] xfolql Aoz
THETHAbdolahi et al., 2010). 3HH, & Aol A Uepd dh o] FE4 6= 44 02 x & Hafjkz] & $fs) A
&= oAkl s 9] 15T AFoll(Gao et al., 2003)2F FAFRE A 0= Hojz| =0, odlld e US IEE=E X2
S5 FoffdiA] a1 HojRiths o] Q] At AxK(Mei et al, 2021)7F YA 7HsA = ATk AJZEH =5
ARIHAZN F5o] theh A7 &= 2 X 2{ ol gk 27F4 <l A5 4=dfsfioprt & 7 o = ket
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