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Abstract

This study was conducted to increase the keeping quality of the minimally processed pear slices during the cold storage.
Korean pears, ‘Shin-go (Niitaka)’, ‘Chu-hwang’ and ‘Won-hwang’ were immersed in 1% ascorbic acid, 0.1% calcium
propionate, 1% citric acid, 0.2% N-acetyl cysteine and 0.5 M 4-hexylresorcinol solution for 3 three minutes and then
stored at 1+0.5°C for 10 days. We have also examined into the firmness and the color difference of pears slices as affected
by the application of the anti-browning agents. The firmness of pears slices which that were immersed in 0.1% calcium
propionate and 0.2% N-acetyl cysteine solution were not significant at did not differ significantly after 10 days after of
cold storage. However, the AE' values of ‘Shin-go’ slices which that were treated with 0.1% calcium propionate and 0.2%
N-acetyl cysteine solution and stored for 10 days decreased by 3.18 and 3.83, when compared with that in of the control,
which decreased by 6.36. The AE’ values of ‘Chu-hwang’ slices which that were treated with 0.2% N-acetyl cysteine and
0.1% calcium propionate solution had the slight difference by differed by only 2.09 and 2.14, when compared with that
in of the control, which differed by 3.04. The AE" values of ‘Won-hwang’ slices which that were treated with 1% citric
acid and 0.5 M 4-hexylresorcinol were 4.49 and 5.83, respectively, while that in of the control decreased by 8.95. It was
assumed that the anti-browning agent treatment had the different activities among varieties of the pear varieties slices,
however, application of 0.2% N-acetyl cysteine and 0.1% calcium propionate application had greater the higher anti-
browning activity.
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AN B (Adelmo et al 1993, Shewfelt RL 1990), 7HHA o2 <18t

239

b

T =9 50 Frl] ©E shdo] BE o) w2
AtA A F2] FF, FA WA F HAEFE
v Fhe A F L AR A AR 7
& 2 A rEd AFQRIA Hehe] 8.8 FUAE A
o7 d251 thKim & Klicber 1997, Peter er al 2004).
& Thgolgt A3 Adele AlE BA4E A A 71X
oA 1f 71EAES SVME F UEF lEd Aew

' Corresponding author : Buk-Gu Heo, Tel : +82-61-335-0091,
Fax : +82-61-335-0092, E-mail : bukgu@naver.com

¥ S5 tEo] v L Atel Zo] tiFt AFE sH|EHE
HAFAAAM 2L SHIAE 2 5 Avhe FAAM = A
o] Algg 2ot Son SM 2007).

a8, o] Hi JFES AF AL oA 1t
5, Ak, A4, 28 59 /A E AXNEAM 229} &4
of W dAstel Age] 7] wE2 T vAE LY ¢
W2, 28, o3 58 A g AR dee] skl v
& A7 B kgadel EASH HolAle die] Jleng
FE 7I3ke] 938 A%k A £4 7]Eo] H e st Agar
et al 1997, Gomey JR 1997, Park & Jung 2002, Sapers &

i



240 U - 9 - 3 o)de - oRl - AR - o B

Miller 1992). #Hde] FHa 712 7ol & A7 JAF
7V8 B0l 40% ©]/do] =& AR oA Tl Al Ax
(Wright & Kader 1997), At2} “2382] ZB3(Nicoli ef al 1994),
Akl A e] w=3HRosen & Kader 1989), Al Ao A
e(Agar et al 1997) 5ol 8] A7} o]Fojz o, -2
vt M gdote] 2hd dse] M4 5 AAste} g Wizl
B3 A Park & Jung 2002, Park YS 2002, Park & Kim
2001)7} o]fo) ATt

T vl Fhae] 7REE 10%9 % R A
s, 53] 7} Y2 A2v)E= v A 2hHAJo] "oy
217) wjgel 8 F7F A ARe glew, el A
Abio] WE 714 o] AEASFE 2 A7 ot Son SM 2007).
ek HA 7 AEE Jpdet Foule] d3 Al Ay
& vhel] 28] tAge] HalA gt F2l9] F48 FoR
o] Zo7t o)fold Aoz AziE)xint wje] % Hi vt
F AYoR 7 wf dRio] 7PF EAIA] €t wijoA] Z
Mgl w2 g4 73] Wkgo| B2 2(Rosen & Kader 1989),
HIEW C, AAE33E 59 34 o], pHE W] &
A RS A7 FALE 59 A AL, AHold
oFFo] AME, QY To UIH S AH8-she W (Sapers &
Miller 1992)°l] ojal ZW¥ WA & HAsl A1 F A& A2
2 AZtEL, o] o] tid A A9 fle Aotk

oje} Z& wjAelA B A7 o] Ha rHEe 4
& A5t S AL AA Y-S TR ke
Z1dstaal 2 WA S g

X

2

]

Gl
pi]

1. Hf AR

Ase Ad v Aol Aula 213(Shin-go, Niitaka)’,
‘Y43 (Won-hwang) Z ‘F 3 Chu-hwang)’ & o] &8ttt uj
o] 192 20092 39 20¥9] 15 kg& ZHA| vt2o) GAX
2417C, B FE 80~90% XA A ¢ AL 7US
Fed, Alaet Az Uz, 32 =
YA 52srel w7l FRYstd, AH7F 3 A, F
Aoz Bid 3 5& EF A7 g o) &3ch

14
o
-~

2. ZH &YX dxz2|

T91E vl FAE 242 420£15 g9l AN AR A5
18.20+0.34 N(N/mm’), ‘3-8 14.0£021 N 2 <13 13,50+
0.19 Noj Wi & Adste] 7]3e] Mg F g Fhol
i, S R REMT o ] K& AAs

3. 2 XA X2
2 XA & ascorbic acid(Sigma Chemical Co. Ltd., USA),

Koot EtimE ik

calcium propionate(Sigma Chemical Co. Ltd., USA), citric acid
(Sigma Chemical Co. Ltd., USA), N-acetyl cysteine{(Acros
Organics, USA) 3 4-hexylresorcinol(Sigma Chemical Co.
Ltd., USA)S ol &atsich 2% A4 Mg 232 737
T 559 ascorbic acid ' citric acidy 2z 1% o),
calcium propionate= 0.1%24¢l], N-acetyl cysteine-2 0.2%H
ol], 4-hexylresorcinol& 0.5 M 9ol 2}z} 383+ HA) A7 &)
Ak 2 A A2 Fole Fo] Bl v A
Hel| 32 E7]18 AAA

4. M

78 iAol At v AHL 1.8 L o] A
N B T ¥ JATE Yo Mo FUT v AAE Y
2 fEe ex9 57 2AEFE ARnISPC-1500C,
JSR Co. Ltd., JAPAN)ol| ¥ F= 90%2} 1+0.5CE F-+]&}
Ak A% 7IRE Al el FHab 7 Aol sRgolA &
B 6~74 oo o] FoJX]aL %= A(Son SM 2007)S
aetsle 109t e 2 sheivh

5. =A} LiE1} gy

23 WA A F 104 $<L 28 Ao E Ars A
& AR T, Axe ARA(ELFH, BR)S o] &dld
H-EZ 0 2 probeE 50 mm/min HEZ 1 cm AYskd 1 A
3k Nmm’ o2 Jehigich vje] 2 H e A7) ¢
g ¥yo] ME= MAA(CR-300, Minolta Co., Japan)Z ©]
&3l vl Hle] FH FF 98 FHA e, Axe
Hunter scaleel] ©]3}d L'Zl(lightness: O=black, 100=white), a gt
(red-green: +80=red, —80=green), b Zk(yellow-blue: +80=yellow,
-80 =blue)Z 7|F2 2 M3t MxE vehll AEg
& AES[(AL'YHAa YHAD Y] 2og A&t

e

6. AT dix[et SAH X2l

Ae] 232 15F T ol AAHS 1o s 34k
o2 ZARIAEL EAIAEl & Statistical Analysis System(SAS)
PackageE ©|83ta] E4F B8 2A15M9 21, Duncan?)

= W29l 7% *H(Duncan's multiple range test) .8 Z1H Hb
AA FF 2 A2 {5 e 59482 AF AN Lee ef ol

1998).
2y 2 o
A3, 3P 9 gk Fee) AEE A7 Aol 182, 14.0

3135 Nejd 2] A% Aad57t S7HEFE oA
AA 1097+ 212 14.32, 1346 2 12.10 NS JeR)ich



20(2): 239~247 (2010)

(Table 1). 24 WA|A] 2ol wr& A5 A o] A4 108
A2 AEE 1% ascorbic acid Z 1% citric acid &< X 2]
T= 274 vle] A3t AQA7E 53] 0.1% calcium pro-
pionate 3 0.2% N-acetyl cysteine & 2] 242} 16.55
N3} 17.10 N& vehfo] tiz7) B3] 1.10 N 2 145 N
gho] 7+AE|e}] Ax i F3pAo|Th

3P Aol A 108A2] HAEE 0.1% calcium propio-
nate ¥ 0.2% N-acetyl cysteine -8 ] xto] tj 2ol vl
& A= A Z9E JERYIL <43 EH A3 1094
o] AXE 1% citric acid, 0.5 M 4-hexylresorcinol 2 0.2%
N-acetyl cysteine £ 22|77} 7ol 8] A= 4 &
e JeEPRAG ohebr] 2 A4 Mgl g v dH
o] A& 10872] HE+= 0.2% N-acetyl cysteine 8- 2]
T Al FF9 8 25A, 0.1% calcium propionate 8-
Aelte Adae F2PelA, citric acid 1%E Y3 oA]
AE A BIE Yepd ¥ 1% ascorbic acid 2] 2] 7E

2 A A7 AL AEE

) AR A9y Bl vAE 9 241

7o A= Hsle] zto]E ERHA] ei3tTh

Chang & Byun(1997)& #9] 3% ae oEdle] 2
Azt 28 Fgo] AstE AR Fow, Moon et al
(2008)& T FEHe] A5 7IF T FAS HAM
S8l g 22 oAAQl 1-MCPE 0.1~1.0 ¢m/LE ]
3 A3 AR 14949 3 Are FA Tl vlE) =2
A oddl 1.0 2 0.5 pnvl HElTE g7l v
T2} gsttha ald Axe AA =t 23 B3] A&
AlAFEIATE E Park YS(2002)2 o] AHS AAs7] 9
AMe AF F ALAEE FANTIE Aol tids] Fosit
2 i e, ol A4 A AHdEs A3t & 239
332 §43] Attty ok Wb 2 Aol A
S7b 2Had RE AHAr AlEdoka & 4= 9long )
ol ZF AAIGel A Zhho] E3E LIeld 0.2% N-ace-
tyl cysteine -8 A2+ vl AH] A= fA|9F AR &

Aol moA oSk

7
2
=

Table 1. Changes in the firmness of the minimally processed pear slices as affected by the application of the anti-
browning agents

Pear Anti-browning Firmness(N/mm’)

cultivar treatment Start 2 days 4 days 6 days 8 days 10 days
Control 1820034  17.0610.11°  1677+020°  15.58+0.42% 15223032  14.32+0.23"
1% Citric acid 1820034  17.68+0.13°  17.32+0.18"  16.08£0.36™  15.60+021°  15.11+0.33"
) 1% Ascorbic acid 1820£0.34"  17.98+020°  17.55:0.16°  16.8120.54°  1546:046"  14.20+0.34
Niltaka 0.5M 4-Hexylresorcinol ~ 1820+0.34°  18.00£0.17°  17.78+0.12"  17.60+035®  15.51+0.54"  15.45+0.21°
0.1% Calcium propionate  18.20+0.34°  18.1020.22"  1802+0.14°  16.68:0.42°  16.60:022°  16.55+0.28"
0.2% N-Acetyl-L-cysteine 1820034  18.120.10°  18.00£0.13*  17.88£0.56®  18.50+034°  17.10+0.15™
Control 14.00+021°  13.52+0.06°  13240.11°  13.20:022°  12.82+032°  12.6320.11%
1% Citric acid 1400£021°  13.8040.13°  13.50£0.09° 13212023  12.84+033°  12.5440.13°
Chu- 1% Ascorbic acid 1400£021°  13.83£0.22"  13.60:0.12°  13.2240.12°  12.64£031°  12.43+0.21°
hwang  0SM 4Hexylresorcinol ~ 14.00£021°  13.9040.14°  13.76£023°  1320+0.17°  12.40:022°  12.0620.16°
0.1% Calcium propionate  14.00021*  13.87+0.12°  13.5020.19® 13412022 13.33:028"  13.22+1.10°
0.2% N-Acetyl-L-cysteine  14.00£021°  14.9020.18"  13.88£022°  13.58+0.58  13.50+043®  13.46+0.39"
Control 13.50£0.19°  13.40+0.19°  1321:0.16°  12.86+0.14°  12.52+021°  12.10+0.18%
1% Citric acid 13.50£0.19°  13.50+0.18"  13.42+021°  13.38+0.21°  13.35£022°  13.3240.19°
Won- 1% Ascorbic acid 1350£0.19"  13.4040.13°  13.124020°  12.8840.12°  12.54£032°  122240.17"
hwang  05M 4-Hexylresorcinol ~ 13.50+0.19°  13.5040.12°  1341£0.32°  13.28+0.16°  13.20£033°  13.1440.12°
0.1% Calcium propionate  13.50£0.19"  13.42+0.17°  1333£023*  13.10£0.20®  13.00:024™  12.924021®
02% N-Acetyl-L-cysteine  13.50£0.19°  13.48+0.19° 1334025  13.284021°  13.10+0.11°  13.00+0.23%

*~4 Different superscripts within the same row are significantly different by Duncan's multiple range test at p<0.05.
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Table 2. Changes in the chromaticity of the minimally processed pear cultivar ‘Niitaka’ slices as affected by the application
of the anti-browning agents

Hunter's value

Anti-browning Storage time
treatment (day) L a b AE
0 67.64+123° -1.3240.02° 8.30+1.23° 0.00+0.00°
2 64.29+0.42% -0.49+0.03° 11.35£1.12° 3.57+0.74°
4 64.38+0.23% -0.6340.02° 11.04£1.34° 431+0.23°
Control . ~ b . R
6 63.4840.34 0.63+0.01 11.14+1.41 5.08+0.54
8 63.39+0.27° -0.69+0.02° 11.54£1.31° 5.38+0.43"
10 62.2410.34° -0.50+0,04" 11.55+1.32° 6.36+0.55°
2 66.78£0.25" -1.040.03° 7.57+1.44° 1.16£0.28°
4 67.1420.23° -1.15+0.03° 7.97+1.21° 0.62:£0.39
1% Citric acid 6 65.99+0.17™ -1.1520.02° 8.55+0.99° 1.68+0.30°
8 62.7120.24° ~1.2420.03° 9.94+1.21% 5.20+0.20°
10 62.57+0.11° -1.2640.03° 10.07+1.41 5.37+0.51°
65.70£0.21° -0.4140.03" 11.15£1.71° 3.57+0.39°
4 69.11£0.22° -0.14£0.02° 10.63+1.52 3.00£0.44°
1% Ascorbic acid 6 64.60+0.34 -0.7120.03° 10.70£1.67° 3.92+0.66°
8 61.4140.27% -0.38+0.02° 11.14+1.32° 6.91£0.70°
10 62.03+0.41™ -0.43+£0.01° 11.31£1.55° 6.43+0.77"
65.56+0.34™ -0.33+0.02° 9.84+1.43% 2.77+0.44°
4 66.59+£0.35® -0.91+0.01° 11.00+2.21° 2.93+0.38°
0.5M
. 6 66.44£027" - -0.95+0.02° 11.30+1.34* 3.25+0.29
4-Hexylresorcinol
8 62.98+£0.36° -0.610.04° 10.70+1.36° 5.29+0.67"
10 63.35+£0.33° -0.65+0.03" 10.87+1.41° 5.05+0.56"
2 69.46£0.29° ~1.10£0.02° 7.83+1.55° 1.890.54°
4 67.98£0.31° -0.6120.01" 9.53+1.32° 1.46+0.26°
0.1% Calci
o acium 6 68.47£0.41° -0.75+0.01° 8.85+1.43° 1.15£0.28°
propionate
8 64.65+0.44% —0.87+0.02° 9.68+1.23% 3324031°
10 64.91+£0.67° —0,82+0,02° 9.85+0.99" 3.18+0.41°
2 69.3620.77° -1.08£0.01° 6.93+0.75° 2.214033°
4 68.38+£0.45° -1.07£0.02° 7.56+0.65° 1.08+0.23°
0.2% N—Acetyl ab c c c
eystcine 66.58+0.55 -1.0620.03 7.43+0.61 1.40£0.19
8 64.48+0.65% -1.10+£0.02° 8.60+1.01° 3.1840.20°
10 63.83+0.36 -1.120.02° 8.65+1.21° 3.83+021°
Anti-browning treatments(A) NS * *k *ok
Days after storing(B) * * * ok
AxB NS % * sk

*7¢ Different superscripts within a same column are significantly different by Duncan's multiple range test at p<0.05.
NS, * and ** ; not significant, and significant at p<0.05 and p<0.01 by LSD test, respectively.
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Table 3. Changes in the chromaticity of the minimally processed pear cultivar ‘Chu-hwang’ slices as affected by the
application of anti-browning agents

Anti-browning

Storage time

Hunter's value

*

*

*

*

treatment (day) L a b AE
0 63.69+027° -0.87+0.02° 10.74+1.05® 0.00+0.00°
2 65.75+0.25" -0.74+0.01% 9.89+1.72° 2.23+0.14°
Control 4 63.17+021° -0.58+0.03% 10.02+1.01% 2.5340.12°
6 61.27+0.67° -0.19+0.03" 10.93+£1.32® 2.5240.22°
8 60.02+0.77™ -0.49+0.02" 11.31+1.33° 3.7320.16°
10 60.84+0.80™ -0.040.04° 11.41+1.23° 3.0440.21°
2 65.05£0.67" —0.97+0.03° 8.611.32% 2.53+0.22°
4 69.45+0.72* -1.03+0.03% 8.98+1.24™ 2.93+0.23°
1% Citric acid 6 60.82+0.68" -1.05+0.02% 9.55+1.44° 3.11£0.16°
8 60.14£0.55™ -1.10£0.02* 9.75+1.09° 3.69+031°
10 60.46+0.48™ -1.22+0.03% 9.77+1.06" 3.39£0.41°
2 57.99+0.72° -0.480.02™ 9.63+1.41° 5.82+0.40°
4 64.18+£0.80™ -0.45+0.03% 10.28+1.20" 0.79£0.31
1% Ascorbic acid 6 64.39+0.68" -03120.03° 11.21£1.22° 1.01+0.24%
8 60.85+0.58" -0.010.03" 11.38+1.31° 3.04£0.26°
10 60.16+0.62™ -0.13+0.02° 11.75+1.61° 3.8140.28°
2 59.65+0.70° -0.980.04° 8.53+1.22" 461£0.32%
4 67.10£0.60° -0.53+0.03" 10.89:+1.82% 3.4340.33°
0.5M 4-Hexylresorcinol 6 66.0240.55° -0.330.05° 10.49+1.63* 240£0.34°
8 58.68+0.66° -0.36+0.06° 10.47+1.44® 5.04+0.29*
10 58.08+0.70° —0.48+0.05™ 10.57+1.71% 5.62+0.28°
2 63.95£0.58° -1.0420.06" 8.83+1.64™ 1.94+0.31¢
4 61.90+0.28° -0.73+0.04™ 10.29+1.37% 1.85£0.30%
0.1% Calcium propionate 6 63.10£0.34° -0.51x0.02% 10.10+1.46" 0.94+0.26%
8 62.65+0.26° -0.330.03" 10.25+1.63" 127+031%
10 62.12+0.34° -0.190.03" 12.03+1.61° 2.14£031°
2 65.99+0.41° -1.1240.03% 9.61+1.28° 2.57+0.32°
4 65.84+0.52" -1.020.04° 8.69+1.25" 2.6120.34°
0.2% N-Acetyl cysteine 65.37+0.61" -0.990.03° 8.73+1.43" 2.69+0.41°
8 64.15+0.50° -0.88+0.02° 8.92+1.11™ 2.88+0.38°
10 63.99+0.48" -0.99+0.02° 8.68+1.38% 2.09£0.41°
Anti-browning treatments(A) NS *k *k *k
Days after storing(B) * * *k *k
AxB NS * *% ok

¢ Different superscripts within a same column are significantly different by Duncan's multiple range test at p<0.05.
NS, * and ** ; not significant, and significant at p<0.05 and p<0.01 by LSD test, respectively.
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Table 4. Changes in the chromaticity of the minimally processed pear cultivar ‘Won-hwang’ slices as affected by the
application of anti-browning agents

Hunter's value

Anti-browning Storage time
treatment (day) L a b AE'

0 67.03£0.42° -0.90+0.03" 7.83+1.35% 0.00+0.00"

2 61.41£0.41° —1.120.02° 8.64+1.55° 5.68£0.12°

4 59.96+0.38% -0.69+0.01° 7.5141.61% 5.18+0.34°

Control 6 59.88+0.31% —0.76:0.04° 8.43+1.72° 6.69:0.26™
8 60.50+0.28° —1.82+0.02% 8.94+1.81° 7.08+£0.35"

10 58.15£0.46™ -1.1840.02° 8.93+1.06" 8.95+0.41"

2 62.24+0.44° —1.090.03° 6.89+1.08™ 4.89+0.29%

4 65.3120.46™ -1.2540.03° 6.52+0.89% 2.19+0.32%

1% Citric acid 6 64.12+0.51° —1.13+0.05° 6.90+0.77° 3.06+0.39%
8 63.26+0.75° -1.32+0.03° 7.50£0.42% 3.81+£0.51%

10 62.63+0.61° -1.20+0.03° 6.97+0.16™ 4.49+0.61™

2 65.33£1.01® ~1.18+0.03° 8.26+0.01 1.78+0.54%

4 63.47+0.72° —0.82:0.02" 7.71£0.02° 3.56£0.44

1% Ascorbic acid 6 61.59+0.68° —1.04+0.02° 7.84+0.01° 5.53+0.34°
8 61.26+0.67° -0.91+0.04™ 8.14+0.03° 5.78+0.28"

10 60.06+0.71° —1.110.03° 8.58+0.02° 6.99+0.39™

64.50+0.62" -0.97+0.03" 7.92+0.04" 2.53+0.61%

4 64.46£0.54™ —1.00£0.05° 8.05+0.05" 2.58+0.71%

0.5M 4-Hexylresorcinol 6 63.410.86° —0.83+0.03® 8.70£0.04° 3.72+0.29%
8 61.80£0.76° —-0.97+0.02* 9.00:0.03° 536£0.34°

10 61.49+0.67° —0.95+0.03™ 9.64+0.02° 5.8340.55°

63.49+0.78° —1.18+0.03° 8.81+0.04° 3.68+£0.37%

4 62.66+0.82° -1.130.04° 8.13+0.03° 4.39:+0.42%

0.1% Calcium propionate 6 61.15:0.77° -1.07£0.02° 7.71£0.03* 5.88+0.36°
8 61.09+0.76° ~1.06+0.02° 7.47£0.02%° 5.95+0.48°

10 59.85+0.53 -1.000.01° 8.83+0.05° 7.25+0.41°

2 64.1320.67° —1.25+0.03° 7.84+0.03%° 2.92+0.54%

4 65.790.73® —1.43+0.03* 8.17+£0.02° 1.39+0.36%

0.2% N-Acetyl cysteine 6 62.6140.71° —1.44+0.03% 8.10+0.03 4.46+0.42"
60.64+0.77° ~1.33+0.03° 7.88+0.03" 6.40+0.48°

10 60.98+0.76° -1.2120.04° 7.95£0.04™ 6.06£0.51"

Anti-browning treatments(A)

*

E3

*

*ok

Days after storing(B)

*

*

*%

*%

AxB

*

*

*

kg

*~! Different superscripts within a same column are significantly different by Duncan's multiple range test at p<0.05.
NS, * and ** ; not significant, and significant at p<0.05 and p<0.01 by LSD test, respectively.
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