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Development of postharvest heat treatment
techniques to enhance storability of fresh vegetables
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SUMMARY

The hot water dipping method for enhancing the storage quality of fresh
vegetables has been investigated. The efficiency of this method was tested
with green red pepper (Capsicum annuum L.), green onion (Allium fistulosum
L.) and perilla (Perilla frutescens (L.) Briton) leaves.

Green red pepper were stored at 10C for 4 weeks after without (control) or
with hot water dips at 50-65C for 10s. Treatments at 65°C, the serious heat
on the surface of stored green red pepper was observed.. The hot water dips
had no effect on firmness, Hunter a and b values and viable cell count during
3 weeks of storage. But the color value of fruit changed toward darker and
redder direction and firmness was decreased by heat treatment at 4 weeks of
storage. The contents of capsaicin and dihydrocapsaicin in green red pepper
were not significantly affected by different heat treatment, and decreased
during the storage. The optimum hot water dipping condition for maintaining
fruit quality after long term storage was found to be 55°C for 10s, which can
lead to reduced chilling sensitivity of green red pepper.

The control group of green onion was prepared tap water dipping for 3 min
and stored at 10C for 4 weeks. The other samples were done hot water
dipping at 45C for 5 min, 50C for 1 and 3 min, and 55C for 0.5, 1 and 2
min. Hot water dipping at 60C generally caused high levels of heat injury on
the surface of green onion. Heat treatment at 55C water for 2 min effectively
controlled 'telescoping (growth of inner white leaf bases)’ of green onion
stored at 10C, showed the best maintained hardness and sensory properties.
Heat treatment did not affect thiosulfinates concentrations and viable cell
counts during 4 weeks. The optimal hot water dipping condition for
maintaining green onion quality was found to be 55C for 2 min.

Perilla leaves were stored at 10C for 3 weeks after no treatment (control,
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tap water for 5 s) or hot water dips at 45C for 10 and 20 s, 50C for 5 and
10 s, and 55C for 5 and 10 s. Hot water dipping at 55°C generally caused
high levels of heat injury on the surface of perilla leaves. The hot water dips
had no effect on the surface color values of perilla leaves until 3 weeks. The
ho water dipping at 55C, the surface of perilla leaves showed the severe
injury symptoms and dramatically increased in viable cell count in 10 days.
From the results, the best hot water dipping condition for maintaining sensory
properties of perilla leaves was 50C for 5s.

To maintain high quality and to extend the shelf life of heat-treated
vegetables, the potential benefits of controlled atmosphere (CA) and modified
atmosphere packaging (MAP) were evaluated. The plastic films of different gas
barrier properties were used for packaging of heat-treated green red pepper,
green onion and perilla leaves at 10C. The packaged products were stored for
15~28 days with package atmosphere and their quality attributes being
monitored. Perforated package of normal atmosphere was prepared as control
for comparison. Respiration rates of heat—treated vegetables were increased
compared with that of the control. Control package resulted in high weight
loss, which accompanied low sensory properties. LDPE and CPP packages with
modified atmosphere were the best in reducing the color change and
maintaining the sensory properties of the heat-treated green red pepper and
heat-treated green onions, respectively. Appearance of the stored vegetables
was correlated with the CO: concentration in the package. CO: concentrations
inside CPP film revealed the highest levels among packages. Heat-treated
perilla leaves packaged with CPP film showed the severe quality deterioration
which caused by CO: injury. But modified atmosphere packages by CPP film
reduced the incidence of appearance deterioration of the green onion compared
to that of the control package.

Atmosphere compositions of 2% O containing 1% CO; and 05% O

containing 8% CO; were the CA conditions that maintained the visual

-9 -



appearance and prolonged shelf life of the heat-treated green red pepper and
green onion, respectively compared to the storage in normal air.

In the area of application of laboratory results to factory level, the best
heat treatment conditions obtained for the vegetables were provided to
minimally processed vegetable factory. This study suggested that hot water
dips at 55C for 10 s, 55C for 2 min and 50C for 5 s were the optimum
conditions for maintaining good qualities of green red pepper, green onion and
perilla leaves, respectively. These heat treatment(hot water dipping) conditions
can be applied to set the water temperature of washing process in the

minimally processed factory.
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t}. Capsaicinoids 4]

ANEEA AZAN7 1FED 02 g& 10 mL acetonitriled] ¥ i 20T A 44]
7F 2&938 A7 g, o] HAE 045 ume membrane filter® o A7 & I
oA azntE 189 ( HPLC, Agilent 1100 series, US.A)ol F93ste] A3k

t}, o] w] HPLC A x7A& Table 2-13% 7kt

Table 2-1. Operating conditions of HPLC for capsaicinoids determination.

Items Conditions

Detection wavelength | UV detector 280 nm

Column Zorbax SB-C18 4.6x250 mm, 5-micron
Column temperature | 30T

Mobile phase Water : Methanol (37 : 63, v/v)
Injection volume 40 uL

Flow rate 1 mL/min
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2Z}. Ascorbic acid £4]

A ME 20gS 100mL e buffer solution(0.1M citric acid, 0.05% EDTA in
5% aqueous MeOH)ol ¥ 2% F<b FAAZ F 2T centrifugeol] A
10,000rpm 2.2 103F A4 e A7tk o] wf A& AF S HCIZ pHE 245~
2408 =A% tvhE  Sep-Pak C18& FHAZ  F o o] 1Iml of
1,2-phenylenediamines 7}3+ & HPLC(Agilent 1100 series, US.A)E 24314
t} o] wf HPLC #4] %312 Table 2-29} 2 okth,

o

Table 2-2. Operating conditions of HPLC for ascorbic acid determination.

Items Conditions

Detection wavelength | Diode Array 261 nm

Column C18 RP, 30cm x 3.9mm, Guard-ODS-5S
Column temperature | 25 C

Mobile phase Water : Methanol(95 : 5, v/v)
Injection volume 20 ul

Flow rate 1.6 mL/min

ut, WA ESEH F4 A

A T AR PAESA FHde AdTsE SAS Hrlesld. AT
42 APHAS W29 &3kl ta3t 2ol sl A T XiaFE
FAR oY ME Hete] FHHow ZA g A F 2 el
294 180 mLE 7}l warning blender® 23%-7F A A A A A 3A T
AdS HFs] 3Aek thS petri dishel 1 mL® #3dlx2 PCA (plate count agar,
pH 7.0, Difco co., US.A)E 7t A% Fa-& 30Tl 347 widd § A5

8 g 58 ASsd
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Fig. 2-1. Average time-temperature water dip conditions required to enhance

storability of green red pepper. An effective treatment combination was one in

which there was no visible injury.
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Fig. 2-2. Inside temperature profiles of green red pepper during hot water
dipping.
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Fig. 2-3. Changes in weight ratio(weight/initial weight) of heat treated green
red pepper stored at 10C for 4 weeks. Data are averages of 3 replications of

10 pepper=std. deviation.
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Fig. 2-4. Changes in surface color (L, a and b) values of heat treated green red
pepper stored at 10 C for 4 weeks. Data are averages of 3 replications of 10

peppertstd. deviation.
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Fig. 2-5. Changes in hardness of heat treated green red pepper stored at 10C for 4

weeks. Data are averages of 3 replications of 10 pepper=std. deviation.
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Time(week)
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60C,10s —x—65C,10s

Fig. 2-6. Changes in viable cell count(CFU/g) of heat treated green red pepper

stored at 10C for 4 weeks.
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Fig. 2-7. Changes in capsaicin and dihydrocapsaicin of heat treated green red

pepper stored at 10C for 28 days.
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= AA AT A FAEEASF 5o S %Xlé‘h Riow A% 353
v vy dHe 227t =2 60C % 65C/102 EAEe TaFe As F4
dsts b aed 55T/10% EAeE e A 47744 b AT o
Zel HlE A e B FHe JEtdded, FEA57E 7.08 e Al
FEA A 5HRT o F =& s YEhdddt

Table 2-3. Effect of heat treatment conditions on sensory properties of green red

pepper which was stored at 10C for 4 weeks

Overall hedonic scale”

Time
(day) ] . . .
Control 507C/10s 55C/10s 60C/10s 65C/10s
0 8.8+0.4° 9.0+0.0° 9.0+0.0° 8.8+0.5° 9.0+0.8°
7 7.8+0.6 7.8+0.5° 7.8+0.8 6.8+0.9° 6.6+0.7°
14 6.8+0.4> 8.0+0.7% 7.3+0.8" 5.8+1.0% 6.2+0.8%
21 6.3+0.7% 55+0.9" 7.3+0.7° 2.5+0.5° 3.8+0.6°
28 2.5+0.4° 5.8+0.7" 7.0+0.8° 55+0.6% 43+05°

YMean+standard deviation, 9: Excellent, 7: Very good, 5. Good, 3: Poor, 1: Very

poor. Different superscript letters in a row indicate significant difference at p<0.05

by Duncan’s multiple comparison.

ool A¥E T B W FuFE 55T 259 102 HAAZHE Fax
o Z sty FHo 9IS FA Fn 5 AF5H FEES A 71z Uy
FAAZL F AU weEA o] dAe RS FuFe AFAAS FHAIE &
Al 202 AREE = QI ol¢F 22 A= bell sweet pepper-% A A&
FENAN 7] M= BT el A 122 HAshE Ao Frhal Had Fallik
@27 B &3 A dAFTh
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Fig. 2-8. Changes in weight ratio(weight/initial weight) of heat treated green
red pepper stored at different storage temperatures(3, 10 and 17C) for 4

weeks. Data are averages of 3 replications of 10 pepperzstd. deviation.
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Fig. 2-10. Decay of heat treated green red pepper stored at different storage

temperatures(3, 10 and 17C) for 4 weeks.
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Fig. 2-9. Changes in surface color (L, a and b) values of heat treated green red
pepper stored at different storage temperature(3, 10 and 17C) for 4 weeks. Data

are averages of 3 replications of 10 pepper£std. deviation.
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Fig. 2-11. Average time-temperature water dip conditions required to enhance
storability of green onion. An effective treatment combination was one in which

there was no visible injury.
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Fig. 2-12. Inside temperature profiles of green onion during hot water dipping.
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Fig. 2-13. Inner leaf extension ("telescoping”) of white stem bases of green onions
stored in air at 10C for 3 weeks. Onions were cut(complete removal of roots and

compressed stem) and heat treated. Data are averages of 3 replicateststd. deviation.
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Fig. 2-14. Effect of heat treatments on root development of green onion stored in
air at 10C for 3 weeks. Roots were trimmed on day 0. Data are averages of 3

replicates*std. deviation.
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Table 2-4. Effect of heat treatments on extension of leaf of green onion stored in

air at 10C for 3 weeks. Leaves were trimmed on day O.

Time Extension of leaf(cm)

(week)| Control 45C/5min 50°C/lmin 50°C/3min 55C/30sec 55°C/Imin 55°C/2min

0 0.0x0.0 0.0+0.0 0.0£0.0 0.0x0.0 0.0x0.0 0.0£0.0 0.0+0.0
1 3.2+14 2.8+05 2.7+0.9 3.0£1.1 2.9+0.8 2.0£1.0 2107
2 8.3+14 85£1.8 5714 6.2£2.0 6.7£1.1 57+0.8 6.4£1.1
3 17.3£32  170x41 13716 140+17 13927 134+27 105£14

Table 2-5. Effect of heat treatment conditions on sensory properties of green onion

which was stored at 10C for 3 weeks.

Overall hedonic scale”

Time
(week) i i i . . .
Control 45C/5m  50C/Im 50C/3m 55C/Im 55C/2m 55C/30s
0 8.8+0.1% 8.8+0.1° 8.8+0.3" 8.8+0.1° 8.8+0.1° 8.4+0.4" 8.8+0.2"

1 8.0+0.7° 8.3+0.6"  8.3+04" 8.3+0.5" 83+0.7"  6.7+0.8 7.8+0.6

2 6.0£04"  65+0.8"°  75+0.9" 7.3+0.5° 6.5+0.6°  7.0+0.5° 7.3+0.6

3 23+0.3Y  25+04°  35+05°  35+05"° 53+0.6°  58+0.7° 3.3+0.4°

UMean=standard deviation, 9: Excellent, 7: Very good, 5. Good, 3: Poor, 1. Very
poor. Different superscript letters in a row indicate significant difference at p<0.05

by Duncan’s multiple comparison.
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Fig. 2-15. Changes in surface color (L, a and b) values of the green onion stored
at 10 C for 21 days. Data are averages of 3 replications of 10 green onionzstd.

deviation.
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Fig. 2-16. Changes in hardness of heat treated green onion stored at 10C for 21

days. Data are averages of 3 replications of 10 green onionzstd. deviation.
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Fig. 2-17. Changes in weight ratio(weight/initial weight) of heat treated green

onion stored at 10C for 3 weeks.
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Fig. 2-18 Changes in viable cell count(CFU/g) of heat treated green onion stored at
10T for 3 weeks.
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Fig. 2-19 Changes in thiosulfinates of heat treated green onion stored at 10C for
21 days.
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Fig. 2-20. Effect of storage temperature on sprouting of heat treated green onion
stored in air at 3C, 10C and 17C for 3 weeks. Onions were cut (complete
removal of roots and compressed stem) and leaves were trimmed on day 0. Data

are averages of 3 replications of 10 green onion#std. deviation.
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Fig. 2-21. Effect of storage temperature on root development of heat treated green
onion stored in air at 3C, 10C and 17C for 3 weeks. Roots were trimmed on day

0. Data are averages of 3 replications of 10 green onionzstd. deviation.
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Fig. 2-22. Effect of storage temperature on weight ratio(= weight/initial weight) of
heat treated green onion stored at 3C, 10C and 17C for 3 weeks. Data are
averages of 3 replications of 10 green onion*std. deviation.
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Fig. 2-23. Effect of storage temperature on hardness of heat treated green onion
stored in air at 3C, 10C and 17C for 3 weeks. Roots were trimmed on day O.
Data are averages of 3 replications of 10 green onionzstd. deviation.
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Fig. 2-24. Effect of storage temperature on surface color (L, a and b) values of the
green onion stored at 3C, 10T and 17C for 21 days.
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Fig. 2-25. Average time-temperature water dip conditions required to enhance
storability of perilla leaf. An effective treatment combination was one in which
there was no visible injury.
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Fig. 2-27. Changes in weight of perilla leaf stored at 10C for 15 days. Data are

averages of 3 replications of 10 leaves*std. deviation.
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Fig. 2-29. Changes in viable cell count(CFU/g) of heat treated perilla leaf stored at
10C for 21 days.
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Fig. 2-28. Changes in surface color (L, a and b) values of perilla leaf stored at 10

C for 21 days. Data are averages of 3 replications of 10 leaveststd. deviation.
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Fig. 2-30. Changes in discoloration ratio of heat-treated perilla leaf stored at 10C

for 21 days.
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Table 2-6. Effect of heat treatment conditions on sensory properties of perilla leaf
which was stored at 10C for 21 days

) Overall hedonic scale”
Time

(day)

Control  45T/10s 45TC/20s 50T/5s 50C/10s 55C/5s 55C/10s

0 9.0£0.0" 88+04" 88+0.3" 9.0+0.0" 9.0£0.0" 8705 8.6+0.4°

5 83+0.8"  83+0.6" 86+0.6" 83+05" 84+05" 6.7+0.8" 6.9+0.7"

10 42+04>  64+07" 64+06" 68+04° 7.0+0.7° 3.2+0.7° 3.2+0.4"

15 22+04%  6.0+06° 52+06° 6.8+04% 2.0+03% 1.0+0.0° 1.0+0.0°

21 1.0£0.0¢  4.3+05° 23+05° 6805 1.0-0.0° 1.0+0.0¢ 1.0+0.0¢

YMean+standard deviation, 9: Excellent, 7: Very good, 5: Good, 3: Poor, 1: Very
poor. Different superscript letters in a row indicate significant difference at p<0.05 by

Duncan's multiple comparison.
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ALd HE

CA(controlled atmosphere, 337 AZHA%) A FAFo #AF4 T4
GAFAl 7] 3L pre- and post-climacteric 717FS A% A]A FH, ethylene 342l A
3, WA WA 5o AE FX], FAEEY] A, g Asf, A7

a4
WA, AR A%, A% F AEA shelf liferh AHE 5 Be 4HE 2

A

=01, ke CA A% ads Hd=E xo]7 H‘B‘H*% HAFE AL
A7l FEsoket, 3 & qls AAA Tt gk why] A gare] wojof
Foh = A e @A7A 2R By daks A4 AdFEoR v
of &t A7t Fete] AT del= A or @ Erh23). CA A #
3 AFE HAF B olyE 7145 FHF6,7), o178 T FYH

Aot FAfFoll digk A7 FEFS ol F 3 vk Aol CA #7¢x71(9,10) CA
AY = Ax, 2=, #58 F49 Wsk11,12), CA A% & A= uF2d,
8o A3} scald, off flavor(13,14) 5 thsr A7 A =o] gk,
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ol 223 Fro o8y x Q1)
MAP A= Z g9 v Aba %E%l =2 olxtglEa wERE sty T
250 5F 9 SA FeT Aste] AAdS FAAIZTHI6). =3 MAP W -
of & oA TR Ak AY T A4S A ®RE ol nAE
29 e o= dEA Avh(17-19). H AL siele] ¥
29 frEzol dwrsiyo] Fho webA] MAPO Hio] o

ok ool mElh HAa b AL MAPOl uidt 4% 243

b E =)
==

el TAPS UH MAP &3Z2 HESH1, F139 A MAP =4 T4
(21), enzyme kinetics®] ¥ & o]&3 MAPAA S FHAFe TFEA E4(22),
HA(23)3 FHE(24) T HokellA vreFsiAl xa s gl

H FAF AGE FEE AT A d AP TeR dAgE 8ol &&
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3. €49 AL MAPAR

e 2Hor dALF £uF 160g A=E VA B 57 FHE v
LDPE(low density polyethylene) 2 &, &2l ¥ (MPD2055, Cryovac Division,
W.R. Grace Co., Duncan, SC, USA) E &, CPP(cast polypropylene CPG, (5)4
%) g8 #ZE(SM 60, Cryovac Division, W.R. Grace Co., Duncan, SC, USA) &
o8 wE A ¥a dHFE gtof ks dEA T 10T Y ;ﬁﬂioﬂ
Bl 3453 AFs stk A8 digkes 300g A=E A Ed Fasx 2%
= Zgeda 23 A& FEE PDI0(Cryovac Division, W.R. Grace Co.,
Duncan, SC, USA)3¥ SM570(Cryovac Division, W.R. Grace Co., Duncan, SC,
USA)S 2 vt 3 ffol= 2 FFAE AMEsth o] § A& 59 SM6e03
SM5702 & ol mAg :r“ﬂo] oA o, gz xS SehaE
45 9 +1.0 mme] 7S 127F HFolA Al Ade] £ o
x Abgstlom g A g Heo FAVE T0g B H=
Al wES wolA EHsAT A B o] ibstek el gk E9 VA F2
TEHHEHA gt FAsA =, 1719 Al Al Azl et

of F3tE VA dorFH VAFAREE ALEAT o] EAA e
T3} 52 Table 3-1° #| A3tk

1=
o
m
rlo
g
oX o)
2
e <

o R
Mo rf wo
off

o

ol

41

£
S
N

Table 3-1. Gas permeabilities(mLm-2h-1atm-1) of plastic films used for packaging
green red pepper. at 10T

Gas permeability

Film(Maker) Thicknessgm (mL/m’/h/atm)
O2 CO2

Polyolefin 1

50 2797.2 29353.1
(PD 900, Cryovac,USA)
Polyolefin 2

15 23254 14298.9
(MPD 2055,vCryovac,USA)
LDPE (Daelim, Korea) 23 963.39 7959.1
CPP CPF (STC, Korea) 29 1145.2 3361.9

_65_



S
e e
R
UL
gé
[
lo
(@)
o>
R
o

L !

150g A=5 FehiE AXS o83k v CA A% 87

FAFA 7HF A Aoz dEA 2% 0, + 1% CO.9 &
o

o
iy

of Wi
F7141(36) =
& ol&3to CA A% &71e ¥ar tigte] FAFA 7 Aeds o=
AH 7 02% Op + 8% CO.9l EF7IABNE +

Aol date wRel =dstd VA fry e

ol A T CA A&7 Wi 7Axzds 443 gz FAsto] 7

patd
=l

N
rl
QL
32
=
=
“
lo,
o
4

=
rln

FoAth A Akl CA AF &R PEH] AW zTe Fuie o
o A% 7k Az CA AZEIIh 2L §719 AREel 47 3 mmel FHL
27 2705k 1008 HolA §7] RS Aw 0y] Yo WE F A48 Ak
g Agse

5. €A Az AR T F2 A

7F #5d 4

dx7 A2 MAP 2 CA AR 5 @5 2L 27 24 439 Wiy 2o

[o
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oo ZE3% v vt A8 thiosulfinates TFE 24 24 430 e HF

Hap o] FA3AY. F, IF #4402 A2 dg 2% 05¢S 15 mLe T
Foll ¥ar #d3 A7 thE 5000rpmell A 1027 e A7tk o] w A
Aol 500 pL¥} reference & =7F4 500 ULE 4SS0z 252 YA HFAXA 7
Ad o 4z Y=t Zze Ald ] 625 ple 0.8 mM cysteine £HS ¥
103 WXk o} o] &oe] 200 pLol 200uM DTNB-E9 800 L % 7}3he]

ul
AAZL Y 412 nmelA  FFEE 439l Han S(38)9 WHo=z

thiosulfinates 3 #&-S 74tk ).

t}. Capsaicinoids #4

1 02 g2 10 mL acetonitrileo] 212 20TCeolA 4A17F %

o] dS& 045 pme membrane filter® o #H}AIZl T uEAYIZwlE T8
HPLC, Agilent 1,100 series, U.S.A)°ll F=3sle] B4t o] wf HPLC 4%

A& Table 2-1°] vebd A3 Zoh

2}. Ascorbic acid ¥4

F3139 MAP % CA A% % ascorbic acid %S 2% 24 43} e
Wk o]l FA& AT o] W) HPLC &4 %312 Table 2-2¢ veR ATt

dAe Aie ¥V FoA IHFEHELRE S A LHA A="EES
o]&stitH14). MY dPrEm WE £aF 150 ¢ %S 500 mLe] Hel ¥
a2 DA S gas-tight syringe(Hamilton #1001, USA)Z o] &3lo] W W+
of 7IAE 1 mL A AFs 7AZZrtE 2 Z(GC, Hewlett Packard 5890A,
USA)E ©]&3dte] 00 CO: %5 FAstth e A9+ 240 ¢ A=9] A
25 1LY Wl ¥ "HAZ & 22 ARor A Fx
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% F4s5t 2 WWOR 08 CO, FEE ZSAFATh o W GCE ol 3ol
AS BA37] de] TCD detector®s CTR I (Alltech Associates, Inc,
Deerfield, IL, USA) AHES A3t 2™ injection =% 100 C, detector =% 90
T, &8 &% 35T, carrier gas® AF&3 He9 flow rate= 65 mL/min®] 3t}
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Fig. 3-1. Respiration rates of the heat-treat(55C/10s) and non-heat-treated green

red pepper. Data are average respiration rates of 3 replications of approximately

150g of green red peppertstandard deviation.
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Fig. 3-2. Changes in gas composition inside packages of approximately 150g
heat-treated green red pepper stored at 10C for 4 weeks.
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Fig. 3-3. Changes in weight ratio of the packaged heat-treated green red

pepper stored at 10C for 4 weeks.
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Fig. 3-4. Changes in moisture content of the packaged heat-treated green red
pepper stored at 10C for 4 weeks.
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Fig. 3-5. Effect of heat treatment(55C/10s) on the changes in L-value of the
packaged green red pepper stored at 10 C for 4 weeks. Data are averages of 3

replications of 10 pepper£std. deviation.
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Fig. 3-6. Effect of heat treatment(55C/10s) on the changes in a-value of the
packaged green red pepper stored at 10 C for 4 weeks. Data are averages of 3

replications of 10 peppertstd. deviation.
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Fig. 3-7. Effect of heat treatment(55C/10s) on the changes in b-value of the
packaged green red pepper stored at 10 C for 4 weeks. Data are averages of 3

replications of 10 pepper+std. deviation.
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packaged green red pepper stored at 10 C for 4 weeks. Data are averages of 3
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Table 3-2. Effect of packaging on the decay of heat treated green red pepper

during storage at 10C for 4 weeks.

Decay(%+std. dev)

Time(week)

CPP Polyolefin Pinhole Control

LDPE

0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00

0.00£0.00

0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00

0.00+0.00

0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00

0.00+0.00

0.17£0.00 0.50£0.00 0.56£0.10 0.7210.10

0.06+0.10

0.33+0.17 0.44£0.10 0.61£0.10 0.7210.10

0.17+0.00
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Fig. 3-9. Changes in ascorbic acid content(mg%) of the packaged heat-treated
green red pepper stored at 10 C for 4 weeks. Data are averages of 3 replications

of 10 peppertstd. deviation.

Table 3-3. Effect of MAP on sensory properties of heat-treated green red pepper
which was stored at 10C for 4 weeks.

Overall hedonic scale
Control Pinhole Polyolefin LDPE CPP
0 9.0+0.0a 9.0+0.0a 9.0+0.0a 9.0+0.0a 9.0+0.0a
1 6.5+0.6¢ 6.0+0.8¢c 8.3+0.5ba 8.5+0.6a 7.0+0.7bc
2 5.8+0.5b 5.8+0.6b 8.8+0.7a 8.0+0.6a 8.0+0.6a
3
4

Time(week)

3.8+0.5¢ch 3.3£0.6¢ 5.3£0.5b 7.5%0.7a 4.8+0.5¢h
3.8£0.5ba 2.0£0.4c 2.510.4bc 5.0£0.7a 4.8£0.6a

YMeanstandard deviation, 9: Excellent, 7: Very good, 5: Good, 3: Poor, 1: Very poor.
Different superscript letters in a row indicate significant difference at p<0.05 by Duncan's

multiple comparison.
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Fig. 3-10. Changes in gas composition in the controlled atmosphere chamber of

approximately 150g heat-treated green red pepper stored at 10C for 4 weeks.
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Fig. 3-11. Changes in weight ratio of heat-treated green red pepper stored in

air and controlled atmosphere at 10C for 4 weeks.
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Fig. 3-13. Changes in ascorbic acid content of heat treated green red pepper stored

in air and controlled atmosphere at 10°C for 28 days.
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Fig. 3-12. Changes in color surface of the heat-treated green red pepper stored in

air and controlled atmosphere at 10 C for 4 weeks.
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Fig. 3-15. Changes in overall hedonic scale of heat treated green red pepper stored
in air and controlled atmosphere at 10C for 28 days. Meantstandard deviation, 9:

Excellent, 7: Very good, 5: Good, 3: Poor, 1: Very poor.

_84_



Dihydrocaosaicin(mg%)

0
0 1 2 3 4 5
Time(week)
10
8

Capsaicin(mg%
~

1=t

H+

E

2
0
0 1 2 3 4 5
Time(week)
20

16

Capsaicinoids(mg%)
o
_|
Déﬂ
H

8 &\;/
4
0
0 1 2 3 4 5
Time(week)
—e—Heat CA —m—Heat Air
Nonheat CA Nonheat Air
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green red pepper stored in air and controlled atmosphere at 10C for 28 days.

_85_



3. €49 dive MAP A% 4%

gste] AAE A4 zdow pwE 5508 Lo 2% AAAL dhoe 5
EFEd 22E AN AR dHE TAES AgHEA SA® A4 T

SEEES WgE Fig 3-169% 2ok A% 5 A7 di#e s55EE 676~
9.60 mLCOykg/h, v g o] TF&H%E+ 583~10.72 mLCOvkg/he] 9=
et diAde® dAfrt g s5Eee] & 9SS MAAE KA
otk a2y A 3~59 Abolell= AX e SFEEF A el B A
oF7h A JEbY dX o] i FabEe] SE&EETF otk A Aye}
A A] g rH(46,47).

Respiration rate(mLCO 2/kg/h)
o'}
H
—
_H
——

0 2 4 6 8
Time(day)

—o— Heat treatment —&— Non—heat treatment

Fig. 3-16. Respiration rates of the heat-treat(55C/2min) and non-heat-treated green
onion. Data are average respiration rates of 3 replications of approximately 150g of

green oniontstandard deviation.
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Fig. 3-17. Changes in gas composition inside packages of heat-treated green onion

stored at 10C for 4 weeks.
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Fig. 3-18. Changes in weight ratio of the packaged heat-treated green onion stored
at 10C for 4 weeks. Data are averages of 3 replications of 10 pepper£std.
deviation.
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Fig. 3-19. Changes in moisture content of the packaged heat-treated green onion
stored at 10C for 4 weeks.
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Fig. 3-20. Changes in Hunter color value of white bulbous parts of heat-treated(55
C/2min) green onions packaged in different films during storage at 10 C for 4

weeks.
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Fig. 3-21. Changes in hardness of white bulbous parts of heat-treated (55C/2min)

green onions packaged in different films during storage at 10 C for 4 weeks.
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Table 3-4 Rooting ratio” of heat-treated (55°C/2min) green onions packaged in

different films during storage at 10 C for 4 weeks.

Time . -
Control Pinhole LDPE CPP Polyolefin
(week)

0 0.00+0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00
1 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
2 0.30+0.10 0.00£0.00 0.28+0.09 0.00+0.00 0.00+0.00
3 0.00+0.00 0.00£0.00 0.45+0.15 0.00+0.00 0.00+0.00
4 0.50+0.10 0.00+0.00 0.80+0.17 0.14+0.06 0.53+0.12

1)Rooting ratio is number of rooting green onion/total number of green onion.

Table 3-5. Sensory properties of heat-treated (55C/2min) green onion in different

films during storage at 10 C for 4 weeks.

Overall hedonic scale

Time(week)
Control Pinhole Polyolefin LDPE CPP
0 9.0+0.0a 9.0+0.0a 9.0+0.0a 9.0+0.0a 9.0+0.0a
1 9.0+0.0a 8.6+0.0a 9.0+0.0a 8.8+0.8a 9.0+0.0a
2 7.6+0.4a 6.0+0.6b 7.4+0.8a 8.0+0.8a 8.2+0.7a
3 5.2+0.7b 5.0+0.6b 5.8+0.5b 6.0+0.7b 8.0+0.6a
4 3.5+0.4b 2.5+0.5b 3.0+0.6b 3.5%0.8b 6.3+0.7a

YMean +standard deviation, 9: Excellent, 7: Very good, 5: Good, 3: Poor, 1: Very poor.
Different superscript letters in a row indicate significant difference at p<0.05 by Duncan's
multiple comparison.
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Fig. 3-25. Changes in gas composition in the controlled atmosphere chamber of

approximately 300g heat-treated green onion stored at 10C for 4 weeks.
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Fig. 3-26. Changes in moisture content of heat-treated green onion stored in

air and controlled atmosphere at 10C for 4 weeks.
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Fig. 3-27. Changes in weight ratio of heat-treated green onion stored in air

and controlled atmosphere at 10C for 4 weeks.
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Fig. 3-28. Changes in color surface of the heat-treated green onion stored in air

and controlled atmosphere at 10 C for 4 weeks.
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Fig. 3-29. Changes in thiosulfinates concentration of the heat-treated green onion

stored in air and controlled atmosphere at 10 C for 4 weeks.
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Table 3-30. Sensory properties of heat-treated (55C/2min) green onion stored in air

and controlled atmosphere at 10 C for 4 weeks.
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Fig. 3-31. Changes in gas composition inside packages of heat-treated perilla leaf
stored at 10C for 15 days.
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Fig. 3-32. Effect of heat treatment(50C/5s) on the changes in weight ratio of
the packaged heat-treated perilla leaf stored at 10C for 21 days. Data are

averages of 3 replications of 10 peppertstd. deviation.
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Fig. 3-33. Effect of heat treatment(50C/5s) on the changes in L-value of the
packaged perilla leaf stored at 10 C for 21 days. Data are averages of 3

replications of 10 pepperstd. deviation.
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Fig. 3-34. Effect of heat treatment(50C/5s) on the changes in a-value of the
packaged perilla leaf stored at 10 C for 21 days. Data are averages of 3
replications of 10 pepperstd. deviation.
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Fig. 3-35. Effect of heat treatment(50C/5s) on the changes in b-value of the
packaged perilla leaf stored at 10 C for 21 days. Data are averages of 3

replications of 10 pepper+std. deviation.
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Fig. 3-24 Discoloration ratio of heat-treated (55C/2min) perilla leaf packaged in
different films during storage at 10 C for 4 weeks. Discoloration ratio is number of

leaf discolored perilla leaf/total number of perilla leaf.

Table 3-6. Effect of MAP on sensory properties of heat-treated perilla leaf which
was stored at 10°C for 21 days

Overall hedonic scale”

Time

(day) Control LDPE CPP Polyolefin Pinhole
0 9.0+0.0* 9.0+0.0° 9.0+0.0° 9.0+0.0° 9.0+0.0*
5 7.3£0.7™ 85:0.6" 75£0.9™ 7.8+0.6™ 7.3£0.6
10 6.3+0.5" 75+0.8" 2.8+0.4° 4.0+0.8° 6.00.6
15 3.0£0.6” 5.3+0.8° 1.8+0.5° 1.3+0.5° 3.30.6
21 1540.6° 4.0%0.8° 1.0+0.0° 1.0£0.0° 1.3+0.5°

YMean+standard deviation, 9: Excellent, 7: Very good, 5: Good, 3: Poor, 1: Very poor.
Different superscript letters in a row indicate significant difference at p<0.05 by Duncan's

multiple comparison.
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