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Abstract

In order to study the shelf life of grapes, appearance, weight loss, shattering rate, pH, titratable acidity, sugar content,
color, free sugar, organic acid, and ethanol contents of grapes grown in were measured for 12 days of storage
at room temperature by treatments with phytoncide pads derived from pine tree (phytoncide pad 1 and phytoncide
pad 2) and a sulfur dioxide pad as well as a control group with pad only. As the storage period increased, the
color of the sulfur dioxide pad changed to red. The weight reduction rate significantly increased by the sulfur
dioxide pad treatment and the lowest weight reduction rate was obtained by the phytoncide 2 treatment. The percentage
of the highest shattering rate was determined on the 12th day of storage in the control. Moreover, the sulfur dioxide
pad treatment was carried out at the lowest pH, and the phytoncide 2 treatment at the highest pH. Titratable acidity
increased until the 6th day of storage, but decreased at the 12th day for both treatments. The sugar content decreased
with increasing storage period, and the control group showed the highest decrease with 13.13-13.50 °Brix on the
12th storage day. The L and a value were increased in the sulfur dioxide pad treatment, and the b value increased
in all treatments except the phytoncide pad 2 treatment at the 12th day of storage. Fructose content was
56,805.88-67,157.12 mg/L on the 12th day of storage. In the phytoncide pad 1 treatment, it showed a low decrease
in fructose content during the storage period. A similar decrease in the content of tartaric acid, which is the highest
content in the organic acids of grapes, was observed in all treatments except in the control. The lowest increase in
ethanol content was observed in the phytoncide pad 2 treatment during the storage period. Therefore, grapes were
better preserved by the phytoncide pad 2 treatment at room temperature than that by using conventional sulfite
pads.
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Table 1. Changes in the weight loss of grapes during the storage of phytoncide treatment derived from pine bark

(unit: %)
Storage period (day) Control Sulfur dioxide Pad Phytoncide pad 1 Phytoncide pad 2
3 02320.04°" 0.28+0.07 0.22£0.04° 0.19£0.07
6 0.2610.03° 0.3240.04° 0.2510.06° 0.2240.05°
9 0.60+0.05" 0.70£0.03° 0.59+0,05" 0.52+0.06°
12 0.98+0.04" 1.15+0.05* 0.9410.06" 0.87+0.03"
YMeans within column with different superscripts are significantly different (p<0.03).
Table 2. Changes in the shattering rate of grapes during the storage of phytoncide treatment derived from pine bark
(unit: %)
Storage period (day) Control Sulfur dioxide Pad Phytoncide pad 1 Phytoncide pad 2
3 477:0.12" 397:023 1.66+0.21° 141:0.19°
6 1992221 13.65+1.53° 13.78+1.03° 15.71+1.32°
9 37.08+2.02* 25.8042.47° 34.16:241° 28.162.04°
12 65.80£3.45" 48.70+2.43" 58.90£3.65 49.70+4.03°

YMeans within column with different superscripts are significantly different (p<0.05).
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Fig. 1. Changes in the appearance of grapes during the storage of phytoncide treatment derived from pine bark.
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Table 3. Changes in pH of grapes during the storage of phytoncide treatment derived from pine bark

Storage period (day) Control Sulfur dioxide Pad Phytoncide pad 1 Phytoncide pad 2
0 3474004 3.52+0,05° 3.70+0.07° 3.67+0.05°
3 387:0.17° 3.86£0.10° 405013 4.09:0.17°
6 4,02:001° 4,04+0,01° 4.22+0,03° 4.18:001°
9 423+0,01° 4.0820,01° 429£0,01° 4.3020.01°
12 436+0.01° 427+0.01° 4.39:0,01° 4.45:0,01°

Y Means within column with different superscripts are significantly different (p<0.05).

Table 4. Changes in the titrable acidity of grapes during the storage of phytoncide treatment derived from pine bark

(unit: %)
Storage period (day) Control Sulfur dioxide Pad Phytoncide pad 1 Phytoncide pad 2
0 0330,05 0.3420,05° 0.32£0.05° 031£0.05°
3 0.480.05° 047+0.05° 0.36:0.02° 0354007
6 0.75:0.02° 0.71+0,04° 0472003 0.51:0,05"
9 0.62+0.03 0.5810.03" 0.5720.05" 0.54+0,04°
12 0.3420,05° 0.5410.04" 0.50:0,06° 0412004
+OMeans within column with different superscripts are significantly different (p<0.03).
Table 5. Changes in the sugar content of grapes during the storage of phytoncide treatment derived from pine bark
(unit: °Brix)
Storage period (day) Control Sulfur dioxide Pad Phytoncide pad 1 Phytoncide pad 2
0 14.65+0.19" 14.70+0.20° 14.90:0.10" 14.80:0.15°
3 14.000.12° 14.6320.08° 14.85:0.05" 14.600.12
6 13.330.04° 14.10£021° 1433£027° 14.50£0.07°
9 13.25:0.05° 13.48£0.11° 14.2040,05° 13.76:0.08°
12 13.5340.04° 13.13+0.13 14.05:0.15° 13.50£0.07*

YMeans within column with different superscripts are significantly different (p<0.05).
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Table 6. Changes in the color of grapes during the storage of phytoncide treatment derived from pine bark

Storage period (day) Control Sulfur dioxide Pad Phytoncide pad 1 Phytoncide pad 2
0 21.63:0.24°" 24.30£0.01° 24.20£3,08° 22.070.05°
3 2535121 25.48+0.51° 26.60£1.35 26.3042.54°
L 6 26.60+0.22" 28.10+0.22° 27.8240.11° 26.8340.39"
9 27.33+0.34° 29.83+0.20° 29.03+0.88° 27.7543.12%
12 28.15+1.34° 31.67+031° 30.0540.22" 30.50+0.07°
0 0.4040.38" 04520.05¢ 0.17£0.05¢ 0.30£0.07
3 0.48£0.36" 3.25+0.05° 1.8820.51° 0.541025°
a 6 0.67£0.25" 4.7320.17° 2.732031° 0.8320.18"
9 0.7320,09" 7.50£121° 3.1840.20° 0.8720,05°
12 333+0.12° 8.82+0.13" 3.38+0.04° 2.23+0.09"
0 -1.77+0.09° 247005 -1.73£0.05° 0.73£0.05"
3 -136+0.05° -1.78+0.05* -03040.12 -1.00+0.34°
b 6 -0.7620.15° 0.52+0.04® 0.65£0.21° -1.23+0.04°
9 -0.75%0.17° -0.50+0.08™ 0.8320.04" -1.35+0.05°
12 -0.70£0.12° 0.23£0.05" 1.1820.08" -1424047°

DMeans within column with different superscripts are significantly different (p<0.05).
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Table 7. Changes in the free sugar content of grapes during the storage of phytoncide treatment derived from pine bark

(unit: mg/L)
Storage period (day) Control Sulfur dioxide Pad Phytoncide pad 1 Phytoncide pad 2
0 54,115.84 56,192.74 57,154.29 51,473.56
3 51,038.11 55,051.14 56,122.75 50,075.63
Glucose 6 44,508.00 48,516.97 49,081.48 52,621.81
9 49,432.08 46,998.11 45,629.86 47,137.62
12 44,698.72 45,048.47 49,413.54 39,301.59
0 78,986.79 81,997.89 80,466.99 77,506.58
3 78,741.35 81,815.79 79,378.13 73,789.21
Fructose 6 69,369.88 71,716.99 72,327.98 76,789.85
9 73,129.83 70,796.34 68,503.59 69,765.68
12 68,440.72 67,157.12 71,256.77 56,805.88
Table 8. Changes in the organic content of grapes during the storage of phytoncide treatment derived from pine bark
(unit: mg/L)
Storage period (day) Control Sulfur dioxide Pad Phytoncide pad 1 Phytoncide pad 2
0 89.66 5645 71.56 62.54
3 129.50 36.64 4441 41.64
Citric acid 6 21773 74.20 45.64 56.04
9 5572 49.58 7147 61.84
12 4173 4761 59.42 4645
0 426677 3,663.93 3,563.93 3,663.93
3 3,926.84 3,539.62 3426.11 357177
Tartaric acid 6 425724 3295.10 347359 3,454.82
9 3,146.68 324237 3,610.38 3,414.05
12 3,160.70 322207 3,593.35 3,189.65
0 747 8.25 7.24 8.98
3 1048 1111 9.51 8.92
Shikimic acid 6 9.69 14.29 10.93 872
9 9.28 1121 10.61 9.86
12 9.51 11.30 13.73 6.46
0 14.56 6.11 18.99 23.65
3 13.63 9.61 18.74 273
Fumaric acid 6 1528 19.40 2237 20.90
9 2582 1491 17.06 25.11
12 2738 14.83 14.74 2281
0 94.10 31.60 17.08 47.16
3 785.00 78.94 94.10 99.59
Acetic acid 6 2,457.12 96.81 127.07 300.84
9 558.78 207.19 1,095.07 817.13
12 64.75 346.60 1,006.81 307.26




Quality characteristics of grapes stored using phytoncide and sulfur dioxide pads 261

falgy
FPATEE 2UEF AFEHA G2FS 23 A
7} Table 77 25kth. ExolA A& fe9e T
2}

3Y = 50,075.63-56,122.75 mg/LZ A @ THZ FA]| Aol
7F 9oy, A% 1299 39,301.59-49,413.54 mg/LE

Tee] g g By
A THE i GARINT B8 2 /1Y B
Z T

o] FHH e S Az A 3U el 73,789.58-
81,815.79 mg/LE JEX == 204 71 B FAS
Boltyrh, A% 12 ¢l & 56,805.88-67,157.12 mg/L= LFE}
with o dE Ay pE e spg 2o A Hol A7
T oM E A3 7P vt AA vepd A3
T JEAEAE 1 AZFATh B A 2719
Feld =7t A FE R v2A vehd 23713 5t
Al ite] frejidel Aol & FRlets AL of7] wjie
Z17te] AR A7l WMets E9lstut A3
= AAEHGT

714t

TURIEEE 129 <t AFAA f714E S
Z 3} Table 83} 2Skth. A4 (citric acid), 52 4H(tartaric
acid), 9+2] 8 H(shikimic acid), F9}2AKfumaric acid), ZAF
(acetic acid) °] AEHAE A7 Bt AL S
o] 7} Wo] yehdt A2 7E 5942 mgLE I EA ==
1otk FAAE Stke Tl F9 fr)Ate g A% 713t
o] F7IetHA BE A oA AE B, dixTo|
Me A7 64 o] 5] HAdte] 1290l = 3,160.70 mg/L
R, ol E Al te A% 3Y o] Y 254 A
sPAA A 1290 322207 mg/L, S EX == 1 AT
E A% 1299 3,593.35 mg/L, JEX =T =2 A2 FE
A7 1299 3,180.65% FHAstct 2y A7 Bt
FA] HagS 2T Algstae A Aol Hol
A EATE. P EAI FutEARE A 1295t AEF
HEZ alo]E HGom, kb SEX == | AT
7} 7V Bk, FrtEAke ti oA ko] 71 ol
UERsith 24hehae AL Oy o2 7MY Bl &
7VE g om g A 620 2715 % 94.10 mg/Lo)

Al 2457.12 mg/LE A S7H A3, B EX == 1 A

= 17.08 mg/LelA] 1,006.81 mg/L= Z7}ateich 7H3
B 2kshe] $7HE Hel HRl XETe g EX s
1 A7k AR o] 7ol A A% 6dell A F
7HEIE AL A} A4 Sheke] g Wel S
7] woleka AT wpebs] Al A = A7
69 7P Be S7HE Hol ARitre} f714ke] St
A2 gHS B Th Lee 5(29) oFAY A =l o3k A
Eo ol Az Al o}t Azlel] 9g e AT
23} ofgikA gl ol A =A% e 1.14 mg/L, 742
T 1.09 mgLE o8k gl el A tha =4 Ve
i sk £ AT ofgFiku So A A bo] =
A yehstoy b Az gebe & zkelE HolA] sk

upebx] f7l4ke] FEshs 2719 f714t ko] thE
o2 X F1re] fold ASE og7] wiizel Aelite]
7717k whet ks A8k

X
my
i
il
v
o
=

g 8
1S,

(o
o
oot
o
rlo
N
o2,
W
e,
o,

014
4o
i)

O
e,
X
rr
U
sy

IN

bl o A4 120l = 2Fghe] A
B ol& txTlA A7 9% o] FHEl= g0l
=71 AlABEAA AR RV dojur] AlAeRsitha
24t} oflghikal 2ol A& 821.72-9,340.96 mg/LOZ A
12¢ B AGAH o7 dAZo] Aol TIE L, A
TZoA dS8A 0] 7S Btk meka] ofgibsi=
S Fol| FQ3 At Ak} Fef vHlE wjEd
Z3teFo] 71 Wol A ATk AZE ) T3 5
T = 1A= EFEEo| 823.56-4,807.01 mg/LE
129 Bt AE kel oy 43 AP 2
S7FeHA sk, S EAEHE 2 ATl ¢FS3
o] 756.99-3,566.87 mg/L= #7713t we} 7P o gk
] F7F AA vEhETh it 2EE 129 Bt
Aol A AAgstir ETxo] AR7|he Agsted &
o = JEANEHE 2 A Fetn Y4HT

A

2ol (] o o o ®Mr

Table 9. Changes in the ethanol content of grapes during the storage of phytoncide treatment derived from pine bark

(unit: mgfL)
Storage period (day) Control Sulfur dioxide Pad Phytoncide pad 1 Phytoncide pad 2
0 755.59 821.72 823.56 756.99
3 1,853.97 2,558.25 3,466.11 2,431.39
6 3,090.57 5,692.63 5,216.38 3,499.44
9 3,979.20 8,231.81 4,738.25 4,494.12
12 3911.73 9,340.96 4,807.01 3,566.87
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