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MBI NEREET, 2SI EA MY SRR

Abstract This study investigated the effects of storage temperature and packaging materials on the
quality of paprika (Capsicum annuum L.), focusing on weight loss, hardness, soluble solids contents,
appearance, carotenoids contents, and DPPH radical scavenging activity. Various packaging
materials were tested for 28 days under 10°C, 22°C, and fluctuating temperatures (10°C to 22°C)
to simulate diverse distribution conditions. The packing materials for paprika storage were non-
packing as control, non-perforated, perforated, oxygen-restricted, and thermoplastic starch (TPS)
film, respectively. Results revealed that cool storage at 10°C, particularly with oxygen-restricted
film, was the most effective for quality retention, whereas higher storage temperatures accelerated
quality deterioration. This study shows that an optimal combination of low temperature and suitable
packaging, specifically oxygen-restrictive materials, could significantly enhance the shelf life and
maintain the quality of paprika for domestic distribution and export.
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1. ME

B g A DA 2ol AEe) NS fA0] ERAY Yoz HuET Ut
(Brdene 5, 2022; Lee %, 20080). 2 8ol @vjele] ofe] 2910 913, horet ol
Ee 5% vhuelvle] A% 4 el dig 277} Bk olck

B el kpaprika)2e B0l 2] TelAolol SARHON, SEANE B 138 SHoHE
U2 ARRE T QItH(Erdene 5, 2022; Kim 5, 2011a; Park &, 2011). TX2]7}9] M2 Capsicum
annuum L.2 sweet pepper, bell pepper, pimento 5 2.2 ThFsHA &89 (Kim 5, 2011a), =+
qAE ATty E87|% SFth(Lee, 2001). T |7k WA 953l ©@to] glo] M=ot
22 WA8oE Yol FEET UTk(Choi 5, 2015; Kim 5, 2011a). T2 Ffole 138
Yoz ZoleR TRIAT, St BAFE BRI AT (Kin 5 2011a; Park 5,
2011). E3E T2 7R= blocky, mini-blocky, conical 2= FEejo] wet, &2 2L, L, M, S, 2S 59
20710] wief T2 SIcAns} Lee, 2023). U144 T 8ol H4aie] et 24, B, 25
5, e S Wsfsls, ojefet Al s} A) AR Eol, Wi ST 5] phytochemical
AAstE AoR & A QItk(Choi 5, 2012; Erdene 5, 2022; Jeong &, 2008; Kim &, 2011a;
Lee &, 2016; RDA, 2020).

106 The former name of Food Science and Preservation was Korean J. Food Preserv. (ISSN: 1738-7248, eISSN: 2287-7428).


https://crossmark.crossref.org/dialog/?doi=10.11002/fsp.2025.32.1.106&domain=pdf&date_stamp=2025-2-28

Food Sci. Preserv., 32(1) (2025)

oA o] malzl PARS 1900t Zutol AJZHE|glo
™, 2000 5L E] $&0] o]Foj#], A& AA9] 60-70%= X}
Aot= 5, AA BANE F 71 Wol £&HE Eo]7|k o
CHPark 5 2011; RDA, 2020). oof we} A% 45 oA
mxe)7te] R4S SES] ot A7t AP,

g 5 AE)3 E4(Kang 5, 2008), 23t S8 st o=@l
A g (Lim &, 2005), & Z}o]9 &¥}(Jeong 5, 2006) 5]
Act.

mxe7iel 22 A FE S8 S A L /5 5 55 ¢
FAk 22 A S5 vE QP07 Hujjyl dhayste] A
E/Jo] Astd & Uri(Jang 5, 2017; Lee 5, 2016). TH=o]
M mtxeylr 3 3 Aoy E: ZwA] ARl A
AR 9 557 9o, ojnf 37| k&= Qg Al Hl
2A A== Aoz IHA JrhLim 5, 2005; RDA, 2020).
ES 8 Fol= dF B A, SR &4, A4 Wsl 5o
2 Q8] £4 Asprt WA, ol& Aot A=E FA5H]
A3l 295 =4S 83 7]&o] HuH vf Qlou(ang 5,
2017), A% 4 95 59 &%, T4 59| ¥ 7t wtxe
7 AAE 9 AAEA] nXEe o] gigh F¢E dATs 7
Z31 Agoltt.

kA B Ao ME sy w2y} 85 AR 75t
of, AL, AL, Heo e AL A5 et EAY
EIAAE =hste] AR 2 95 5 mrzErte] 4 wHslks
EA5t2; oFgict. o]#gt Az R mxesto] ALE ¢
Ao a9l & A 9 T EAL 7HT & AL A
oz 7gidc}.

2. Tjg %! ity

2.1. &g Mg

2 Q7oA ASH S HARE el A9 8
Ego| A JLujstgl o, 3t 7oA 48+t Mavera FI1(Enza
Zaden, Nederland) 2502 319t 22 M(EE) Alo]Z
2 nokat Azt Fdgt AS AEsto] ARESEeIT. Ao &

(A) (B) ©

o sk At F 45-5020 LY A5(H A A
ol g3t

2.2. BZZxY

2 Aol ARSI A, YR O & ARGE= polypropylene
(PP) 249 53 TE(F)AFAIY, Kimhae, Korea), 5L
PP AA9] 3 HE, 181 7|54 YEOF, thermoplastic
starch(TPS) BE3} AbA AlgE 502 sI9IthFig. 1). §35
I E(Thickness 40 pm)2 oriented polypropylene film(OPP)
20 um, cast polypropylene(CPP) 20 ymZ F-/dE|o] glom,
OAHE 3 mmE Z3SHL v 5 28k §5 5% 5
Yot 24T THEo] o, AL THEA Qe TPS
I E(Everchemtech, Hwasung, Korea)2 Ak3} o}¢jo] E3}E]of
Qlom TPS 30%%} AJEafA ILEAQ] poly-butylene adipate
terephthalate(PBAT) 70%Z FAE TEOZ AtA B :
6,000 cc/m’- dayo|ith. AbA Agt PE(Everchemtechy OPP
30 pm, HAE AZHE 3 um, CPP 40 ym=E /g =0] oM,
A BAEE 0.7 co/m? - dayolth. RE ZAA 77| 7tR
15 cm, A& 15 cmZ 3191 78 EZAsF Tt

2.3 XNE 22 2 J/ZF
2 dAqolA HeH A 2k 242

A 20| A A= o] Ad2olM -85 MR E Sl A
717 = 9 9] % 52 1EE &5 9 A% 7Tt
1493} 587171 149 7H35to] & 28U = A5t A2
ZAL 10°C, A2 AL 22°CE 3l AL A1 (CBL-020MS,
Coolmax, Yangju, Korea)o A 28Y7t AR5 oH, HL %
A2 10°Co A 14Y 59 A7 F 22°CE =5 WA
F712 149 5% A%stact

i)

IT. E. =
24 FE2 54 24

AA; & wuzglzte] 24 HekE Yrtol7| Y9) Erdene &
(2022)9] XAP|EE Fatste] BAlEH A4, Ak, 7MY 1

(D) (E)

Fig. 1. Types of packaging materials for storing paprika cultivars, Mavera FI1. (A), Unpakaged treatment; (B), perforated PP film; (C),
non-perforated PP film; (D), thermoplastic Starch film; and (E), oxygen restricted film.
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A 5F daee Su7ke Aol g o] 27]
S A 14 HF R BA FFZ S 27 SFE
7o E A $F A4 A=E WESE YEUITH

BTt A S Lee(2023)9] Wi wet =4 24
7](Texture analyzer A.XT2, SMS, Godalming, UK)& ©]-85
of Z7gstelct. wze)7t B82 A% 5 mm plungers 0|85
o depression limit 25 mm, test speed 2 mm/sec S}OJ|A] 2-bite
testz AL E =751t

7MY 19E S xYrt s BRolA S92 A
HAY GE=A(PAL-1, Atago, Tokyo, Japan)E °]-8-5to] A2
oA &7kl

ARt stxE}rte] AEA= ERlshy| flsl 24 24 E ut
g7te] Q¢ W3lE #Y(Samsung galaxy S22, Samsung,
Suwon, Korea)sto] B w5} 0m, MAF 3= Lee 5(2008a)
9] B & Fa1slo], AEA(CR-300, Minolta, Osaka, Japan)S
o810 7% 11402 2L 7 ARS] FE(L), HHE
(@), BUEG)ZRE AEAADE AT, A F 4
s} A2 SFUHAE=(AL + Aa®+ Ab)%, 0-1.5-4 3}
OV UL, 16-6.0-243 A Rol7k UL, 6.1 oA

& 9 A Hol7k 98,

2.5, 7IZE[L0/E 25 24

S rle] FrtEE ol G S Sdted 4 =
A9 shrerle SAAEse] A8t FAO Bal A2
(2008)°] Wk, TLEsl A% AR 0.1 ¢S OHEEO:L,
v/v) 5 mLZ &3 F 1087 3,000 pm o2 YAR 5}
o ST 43 RS, OME-E 3 mLE F7I5te] 3
3] AFEE WSt 9L FEES 20 mLE A8
microplate reader(Biotek Synergy Mx, Biotek Instruments,
Winooski, VT, USA)Z 0]&35}o] 462 nmoj|A] SF=E &3
Bt AR THE 03-0.7 AolS 9X3T, thee] 4]
(1) ol &3t F7t=E ol = AF& AR o714 A
= AR TP, 2,1002 1% capsanthin &N 9] 462 nmoj|A]
o FWAL, W AR TA|, 208 5|4uj4S ekt

- - A 20
= T o2k 0/ = = 2
oy}gE]io]_ =1, c,(mgA>) 2.100 X W>< 1,000 (1)

2.6. 3,4-Dihydroxy—-L-phenyl-alanine(DPPH) radical
25 F&
DPPH radical

A7% BS99 Blios(1958)9] W< ¥
sl ARgstAT

£7 Azsjo] niafE BEFE 1:100
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(W/v) BI&Z 3] 95% TERZof|A] 24417 &3}o] AlFo|
ARE519 T 100 uL9 0.4 mM DPPH(Sigma, St. Louis, MO,
USA)9} 100 pL] Thxe]7} 225(10 mymL)yS E35t] &
Alof| 4] 308 ¥k &, 517 nmoj|A4] Microplate Reader(Multiskan
GO, Thermo Scientific, Forssa, Finland)E ©]-85l9 S¥=E
2745191t} DPPH radical 27%5(%) ol9] 4] (2)& o]&
sto] A&stiet

DPPH radical 245(%) =
ZANBTE TLT - AEF ST
TAET ST

x 100 (2)

2.7. H &4

7+ &4 Atmo] gt 54 42 2kt 948 2AAE =
Y W4 Slo], SAS T & T3;(Version 9.2, SAS Inc., Cary,
USA)S ARgsto] o]z BAF 242 5o R4 Shshy
17, least significant difference(LSD) W02 AL A4S A
ASE 7 2GS s wEoz doja dolge B
(mean)=HEFH X}(standard error, SE)Z HHIH . A S
Haey 74 19w o 7Y I 7hEEo|=et
DPPH & Z 475 719 /g2 Pearson?] oW J¥HE
A4 olgsiol B,

3. Zit A 1H

3.1. YA5Z H

A% L 9% B9 Rt 25 242 MGT 7 2ARL
(10°C), AL(2°0), E(10°C—22°0) 01K ERALRER,
3 WS, T BE, TPS BE, ALAY BF) Hueplo)

-

‘?I"O HEJ'ED
4 ol PAFF Hotz gelsiith
7} 2% 20X BA 7 Haks AL2olA 7 2 et

£ Hglon, HaL AdHos EotEy, AoiE Bsh}
2 AtHFig. 29} Table S1). A2 27104 A% 28U nHiLe]
7ke] A T TAEL 0.1-152%=2, T2 2% 2710 H|5|
7P Aolon, A2 20 E 0.5-25.9%= 7HY w2 YA
Y 4AEE BT, H2 AN A3 A9 7t &
291 0.3-18.7%2] AL YRt} AL 2AoAE ot
2]719] A Al D50 EStEIL 7 o] Hol A FF
Hsl7F 37 o, Moy A2 2 2% Aol ot
2t At E50] SR 8 SEE S0P o] BE X
A 20 ABA FFol FE5] AAaTt Ao AZHr)

=
& E Al AR 2959 ol Ak AR EE2 A 28
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Fresh weight loss (2%)
o
.

Fresh weight loss (%)

Storage time (day)

Storage time (day)

Fresh weight loss (%)

Storage time (day)

Factors
10°C)

Low temperature condition

Room temperature condition Fluctuating temperatures condition
(22°C) (10°C to 22°C)

Packaging materials” )

Storage time

Packaging materials x storage time

Fig. 2. Changes in fresh weight loss of paprika packed with packaging materials under 3 types of temperature conditions, low
temperature [10°C, (A)], room temperature [22°C, (B)] and fluctuating temperatures [10°C to 22°C, (C)] for 28 days. "Refer to Fig.
1 for packaging materials. All values are mean+SE (n=5). ?""Significant at p<0.001.

A 2o AF2olA 0.5%, H200 4= 0.3%, A4 0.1%9]
A S A4E HEHIeH, 75 52 2014 1.2%,
2 0.5%, A& 02%% oHE ZgA 0 Hls] ¥ B SF
Hage otk W, §5 B89 4% 6.0-12.5%, TPS I
9] B 11.0-16.1%2] BA| TF Ha&S YEHIIL, 72
e A2oNA 25.9%, HZOIA 18.7%, AL0A 15.2%Z
S BA ¥ dLES U AL A Eolu 7
T 52 UE IE ARG 7iA A ATt oA & AL
& AIRHY, gebA ol ZFME ARERE A, R 7tA
wgto] A3t &l s, fF Hat w7t 2ojA
25k WOk Etotal A ST I RA fAEH AR
Held}. i, TPS BEoIY & 5 3%, + ZAA
T2 kA wgho] Ht7] wiiol BA $FY] Aaso] tha
U FEGE o2 2 220 Ble) YA S Wl A
7v 7V A Uehgtetl, 9F e YAl FE£o & 2l
3 i o] A dofity] WiEe R wHE

et o2 AoZEo] +EFFFS hEE 90-95% o2
=, 5-10% FLo] FFo| st AE/40] le Ao U
7] QQtH(Chang 5, 2016; Kader, 1989; Kays, 1991). Powrie%}
Skura(1991)= Hofl&Eo|A A% 2= IR 7t A SF
W3l F83F YFS VA= 2 & BISHITh Lee 5(2008a)
2 Ay #%; A| HDPE(high density polyethylene)2} PP E&
5 2R Aoluct A7 o3k A7 5% W] AFS o
ALk Lk Lee SQU0GE 24 AARTHE 7 ol
webd 9uotel 7] WS ofiiol we A F% Hskpol
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AL 3h9In Jung 5(2014)E VIAFHETE W 2
Az 2t @719 A A T IF=RE 5719 7Y

o] WobdozA S5 747t A Dolutty Bt uf
eh shzetol AR $% A4S A 250 J8) e
Qe W AR UERIATL mAAle) 24)0] w2 27 §
o et A% BRI AP W oJF} Y 2 3T
2 AL Ao Ukt shrelr 43 5 S04 5% 0
wro] 4B 9AE AshHE FRBSO ALk A% BE 5

o A Aelo] tj FRG Ao WerETh

3.2. 3k H3f

nng|7ts & PAoE HIEH, ojnf Fr= A/
DHoHA FTAEo] Qlof An|Rte] 4 Brlo| FR3F o]
Hth(Change, 2017). A% 2Lt ZAA Sl whe wtze]7}
o] AZe A% 717 5% 794 AolE Y ATHFig. 37
Table S2). 7} A4 oA A% 7|7t0] Bafds opxej7t
9] Ar= Hasks AS BYloH, A2 A4 Hrrt
H A =4 FAEQIY, ¥, A2 21 ¢0& F27t fda
Skt

AL 270 wtze|7ke] H= 7] 22.4-22.8 Noj|A| A
7 289 16.2-20.5 NO.2 ZASHAYL ThE 2% ZAHT} H]
B EA FAEHAL. A2 2NN A7 28U 9.3-15.6
N A=g & HO0 & ZAAsigirt M2 A= AL 24
Ho} ¥} Zo] AA 28YHA| 12.8-16.4 NO.& Z+ASHT A
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240 (A) 240 (c)
g 00| N e g 200 g 200
@ 180 @ 180 @ 150
o | [} v,
£ 160 . £ 160 £ 160
I R £ . £
= = 14l -
L | e i ic
g D -
- 0
7 4 2 8 h 7 4 2 ]
Storage time (day) Storage time (day) Storage time. (day)
Factors Low temperature condition Room temperature condition Fluctuating temperatures condition

(10°C)

(22°C) (10°C to 22°C)

Packaging materials" D

Storage time

Packaging materials x storage time

Fig. 3. Changes in firmness of paprika packed with packaging materials under 3 types of temperature conditions, low temperature [10°C,
(A)], room temperature [22°C, (B)] and fluctuating temperatures [10°C to 22°C, (C)] for 28 days. "Refer to Fig. 1 for packaging

materials. All values are meantSE (n=5).

FAES

2ol4 stz Ao FAT gk
ot 5ol BT, 48 £40] F7Re HE AR 24
of ¥} W02 WeEh W AL AN B BEo]
oAslol AHoR AEA F §A8 A0 Bl
T SRol B AEL BE L8 2404 Ak AT

Fﬂ }‘N

gEgo| 71 7%] A=, 5 48, §5 U5, TPS &
5, 529 £& YT Atk Ast ‘%% AR 70

19.6-22.1 NoJA, A%} 28Yof = 15.6-20.5
LR =)9lct £ xAL A 28U 13.5-18.2 NO]‘,’,i_Tl, AL
oA 153 NoJlth. 5 FE9 A= A% 28U 11.7-
17.3 NO.2 ZrAsl9ich TPS WE T2 ZA 28Uol= 10.9-
16.9 NO.2 71459t FxAL. %) 280 9.3-16.2 NO.
EHE 2E UM A Fart 7P & AR UEETh
28X o® muej7to] Ak Hote A% 2=t A o] 2
A FFE o, Ed] A2 Atk Algt 5 2] Ax §
]Oﬂ aytzel Aoz et Powrie?} Skura(1991)= I3
AT 749 F8 Yol ¥yl £49] 7Hg3et o w2
*ﬂiﬁtﬁ /J&9] Wkl B skginh Park 5(2011)2 e
7 AR 2 AL =4 Oﬂfﬂ OPP TE0] PLA(polylactic acid)
o0 Hsf vl 2 Ar $AE Yol AA S5l
et A wslof|A ZpolE Hole g Eskyith & Ao
Ae ZAAE S IFEH R & Ad, 1 T IA
AR} A2o| A9l w7t Wi a4 &0 AE S Al

w8 7483}0] A7) 5 mAR|eL Lwo| Bybalel Ago] T
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™" Significant at p<0.001.

2] A% Ao GFL v Aoz werc)

3.3. 784 2= Hz

nugsle) 7184 19E BHE A% & Sl e
UeRtow, A% 25 223 2] tet $9)4 Holg B
AT, 5L 79 Hel oS BolH duE AnE
UERYR] QFth(Fig. 42} Table S3).

Ae 24014 7484 1BE FEE A4 A 6.5 BrixelA
A7} 28Uof|= 6.6-7.2 °Brix® &7} Zo| 3] U9ttt} o=
AL 2AGNAE FEFUSES} 127, G4 BEo| oA
WA 7he TR et ol WHs FHHE 4 B
Q) Aoz BRE AL AL 7184 1FE o] 289
o 7479 *Brix71] Z7}e1ge, Ad o Bo e

Ao A SREo] S71stA AAETe] F4st
, B ARECR 184 1PEe) Fego] w2A 24
g 7oz wolth We 2742 Aeos HUHWA /184 1
Fg0] 2715t0] A4 28%0] 7.1-7.6 *Brixo] RS A
wHon A% Lxo] mE 184 1R WY WSt A%
7 500 S8 A Be Pelo] 9 Ao wekEg)
o, olo] WA £ 74T YT ek wste] A B4
A, ABAS 0.731(p<00)9] £ AT eyt &
o, 7 A £ 270 e 1848 1980 L 904
#0](p<0.001)% Btk ojeiet w&g— 58] L5 %70
7484 19E e wse] 2449 a4 Ao Yeith

L‘L

u b

|

N
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Soluble solids content
Soluble solids content

Storage time (day)

Storage time (day)

Soluble solids content

Storage time (day)

Factors Low temperature condition

(10°C)

Room temperature condition Fluctuating temperatures condition
(22°C) (10°C to 22°C)

Packaging materials" )

Storage time

ok

Packaging materials x storage time

Fig. 4. Changes in soluble solid content of paprika packed with packaging materials under 3 types of temperature conditions, low
temperature [10°C, (A)], room temperature [22°C, (B)] and fluctuating temperatures [10°C to 22°C, (C)] for 28 days. "Refer to Fig.

1 for packaging materials. All values are mean+SE (n=5).

Aol WE 7HEA 1FEY o HSkE EH, kA A
g 80| HE 2% 244 A7 2890 6.6-7.4 °BrixE Y
Etio] ¥3t J=7t 71 AQit §35] A2 2 A = 271
6.4 °Brix°ﬂ*1 28] 6.6 °BrixE UEfH o] ¥3lgo] 74 1]

nst L, B2 2704 = 28YU0f| 7.1°BrixE YEHo] tha
vﬁo}%ﬁ}. 55 89 24 A= At AR 98 el E
7 IFEQ W3} A o], A% 28YU0f| 7.0-7.7 °Brix
ojltt. 7 & TPS E2 tha w2 74 1FEY
SkRS Ko, A% 28] 22} 7.1-7.9 °Brix@} 7.2-7.9 °BrixS
Uehiolt. Fage] F9= U980 R 2% A vi =
2 AFE YA H (A7 2890 7.3-7.6 °Brix), £3] A=
Z79 A= A% 219 F[t 7.9 °BrixE HERAJLL o] F 28
o= 7.6 °Brix® A4S 2 25 ZA0A o7} 11
P AFZ ZAA | gt A 717 S /A AolE
ERflomH, ol iﬂ Aol nme)7t 7R 1P E T F
A HjA 1 QIS HojEoh
ag 59} ZAFA Q] FoAEo] o) w7t
M 1BE J% Hol= A29 AkA Alg & 27A
7V AA UeraL, Y] FxA 27004 7P A4 UEr
o} o]= A2 2ANA Abd AlgE ZAA Q] ARgo] ZAA] Y]
oz 7to] Al B} 5 WS AAALL, TR
7Hd 13E9] HgkE FAsleles a9E UEHH ZoE H
It

Han 5(2016) wtzej7t A% Al 714 198E Tl 5
7¥sitt asks 23E Bkt 2 AolA9] A= A
A Bl mmyt 7R 1= T Haket fArRE

°l=0 ) é
fu O{N l
r°1'

N
_1>~l oX 7

O
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V™" Significant at p<0.001.

A%S Bk Erdene 50222 Hueite] 7184 THE
Yol A L7t ou F/1hA, FEY 70| THT 4
outh 37 AL BETkL shgih. Tt ANHOR 7hg

§ 9RO W WS AL SO, 1 U] T
B R0l B3Eelel Yoz Yo e ASHel o
F7} ololA & Zoltt.

¢

34. o/# & MY HSHAE)

A%e] A Wk 118 B ASE Julshel, 4F 7
o 4U2 IR S, 2 2 8 shaeste) ojn s
£ Fig. 59 UEoleh AN 02 44 717ko] Aukte] wh
o ojgo] Wb} SIEYAT, A% L5 W 2HA AH§ o
3o uhet xjol2 Btk AL} e 2ANN BIHE A4S
Ste] G A9, UL A7 B BE Hold 4F
42 ERRgic EAA0) U2 shelsto] ojg Weke M
o A, BE SE 2404 ALk AT BEol A7 5
sprelto] 4EAS 7V BN 0R BEAET 13, 45,
TPS WEL 7 £ 2A0H Ak Ast BERCH: 9 Ay
CIBAR: M AFE F RATISICL Jelt 5 27
MAE BE L& ZANA A4 142 olFHH BE Srw
bED rﬂim Uehgeh 2 £ 2N T4 8 A% 7]
Zol i shaelshe] Mg MSKAE)S F3R: Fig. 63F Table
sdo] Rgict. A4 skl ABE 27] ShEeste) B,
s, PG V20T AY7I7r0] Fuke AgolHe 2
3ol 42 ol 83te] A4k HAHR M| Aol ek A
2 A4 A Aste] FEi 289 Ao TA H 2.67.2
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o 14 21 28 0 14

Storage time (day)

Storage time (day)

21 28 0 14 21 28

Storage time (day)

Fig. 5. Appearance changes of paprika packed with packaging materials under 3 types of temperature conditions, low temperature [10°C,
(A)], room temperature [22°C, (B)] and fluctuating temperatures [10°C to 22°C, (C)] for 28 days. YRefer to Fig. 1 for packaging

materials.
(A) (B) ©
180 | A 140 | —+-A o |
2 | 8 2o | =t * i 0
.
0.0 100
0
w80 w0
4 q
6.0 60
40 40
20 20
00 14
Storage time (day) Storage time (day) Storage time (day)
Factors Low temperature condition Room temperature condition Fluctuating temperatures condition

(10°C)

(22°C) (10°C to 22°C)

Packaging materials' 2

Hhk

Storage time

Fok

Packaging materials x storage time

Fig. 6. Color differeces (AE) of paprika packed with packaging materials under 3 types of temperature conditions, low temperature
[10°C, (A)], room temperature [22°C, (B)] and fluctuating temperatures [10°C to 22°C, (C)] for 28 days. DRefer to Fig. 1 for packaging
materials. All values are meantSE (n=>5). 2" Significant at p<0.001. Color differece (AE): trace=0-1.5; appreciable= 1.5-6.0; much=6.0-.
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Fig. 7. Total carotenoids contents of paprika packed with packaging materials under 3 types of temperature conditions, low temperature
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Supplementary materials

Table S1. Changes in fresh weight loss of paprika packed with packaging materials under 3 types of temperature conditions, low
temperature (10°C), room temperature (22°C) and fluctuating temperatures (10°C to 22°C) for 28 days

Temp. cond. Packaging 0 day 7 days 14 days 21 days 28 days p-value
materials

Low AV 0.00.007<Y 3.7+0.00¢ 4.3+0.00° 11.9+0.00° 15.2+0.00° 0.000
B 0.0+0.00° 1.320.00° 2.9+0.00° 4.5+0.00° 6.020.00° 0.000
C 0.0+0.00° 0+0.00° 0.1£0.00° 0.2:0.00° 0.2+0.00° 0.000
D 0.0+0.00¢ 2.840.00° 4.2+0.00° 8.3£0.00° 11.0+0.00° 0.000
E 0.0£0.00° 0.0£0.00° 0.0+0.00° 0.10.00° 0.10.00° 0.000

Room A 0.0+0.00° 6.2+0.00° 13.9+0.00° 18.8+0.00° 25.9+0.00° 0.000
B 0.0+£0.00° 2.120.00¢ 5.1£0.00° 8.0+0.00° 12.5+0.00° 0.000
C 0.0+0.00° 0.2+0.00° 0.3£0.00° 0.7+0.00° 1.240.00° 0.000
D 0.0+0.00° 3.8+0.00¢ 8.7+0.00° 12.3+0.00° 16.120.00° 0.000
E 0.0+0.00° 0.120.00¢ 0.2+0.00° 0.3%0.00° 0.520.00° 0.000

Fluctuating A 0.0£0.00° 4.7+0.00° 9.420.00° 12.8+0.00° 18.7+0.00° 0.000
B 0.00.00° 1.0£0.00? 2.5+0.00° 3.8+0.00° 6.3%0.00° 0.000
C 0.0+0.00° 0.120.00° 0.1£0.00° 0.2+0.00° 0.5+0.00° 0.000
D 0.0£0.00° 2.240.00° 5.2+0.00° 7.6+0.00° 12.0+0.00° 0.000
E 0.0+£0.00° 0.0+0.00° 0.1x0.00° 0.10.00° 0.3+0.00° 0.000

DA, unpakaged treatment; B, perforated PP film; C, non-perforated PP film; D, thermoplastic starch film; E, oxygen restricted film.
DAll values are mean+SE (n=5).
IDifferent superscript letters with the same columns indicate significant differences according to LSD test (p<0.05).
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Table S2. Changes in firmness of paprika packed with packaging materials under 3 types of temperature conditions, low temperature
(10°C), room temperature (22°C) and fluctuating temperatures (10°C to 22°C) for 28 days

Temp. cond. Packaging 0 day 7 days 14 days 21 days 28 days p-value
materials

Low A 22.8+0.50° 19.1+0.69° 17.8+0.69° 17.240.69° 16.2+0.18° 0.000
B 22.6+0.71* 20.0+0.87° 19.0+£0.87" 18.1£0.87 17.3£0.52¢ 0.000
C 22.4+0.98" 21.240.33" 20.0+0.33" 19.0+£0.33 18.2+1.98¢ 0.000
D 22.5+0.51° 19.5+0.39° 18.10.39° 17.740.39% 16.9+0.55¢ 0.000
E 22.4+0.43° 22.140.45™ 21.5+0.45° 20.8+0.45° 20.5+0.74° 0.000

Room A 22.5+1.10° 14.7+0.72° 12.8+0.72° 11.3+0.72¢ 9.3+0.52° 0.000
B 22.6+0.40° 15.6+0.23° 13.8+0.23¢ 12.9+0.23¢ 11.7+0.57¢ 0.000
C 22.740.79* 17.2+1.87° 15.9+1.87° 14.3+1.87° 13.5+0.81° 0.000
D 22.5+0.22° 15.240.68" 13.540.68° 12.5+0.68° 10.9+0.77° 0.000
E 23.1+1.02° 19.6+0.82° 18.3+0.82° 17.0+0.82¢ 15.6+0.40° 0.000

Fluctuating A 22.6+0.42° 19.2+0.50° 17.740.50° 14.5+0.50° 12.842.72¢ 0.000
B 22.5+0.43° 19.8+£0.32° 18.8+0.32¢ 15.8+0.32¢ 14.5+0.53¢ 0.000
C 22.6+0.54° 21.0£0.37° 20.0£0.37° 16.8+0.37° 15.8+0.72° 0.000
D 22.4+0.61° 19.4+0.40° 18.0+0.40° 15.1+0.40¢ 13.740.75° 0.000
E 22.5+0.66° 21.640.17° 21.140.17° 17.740.17° 16.4+0.31¢ 0.000
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Effects of storage temperature and packaging materials on paprika quality

Table S3. Change in soluble solid content of paprika packed with packaging materials under 3 types of temperature conditions, low
temperature (10°C), room temperature (22°C) and fluctuating temperatures (10°C to 22°C) for 28 days

Temp. cond. Packaging 0 day 7 days 14 days 21 days 28 days p-value
materials

Low A 6.50+0.07° 6.80+0.07 7.04+0.13° 7.18+0.08° 7.34+0.11° 0.000
B 6.48+0.13° 6.62+0.19° 6.80+0.07° 7.00£0.07* 7.10+0.00° 0.000
C 6.44+0.19° 6.52+0.22" 6.70+0.08° 6.90+0.07* 7.02+0.08" 0.000
D 6.52+0.27¢ 6.76+0.15° 6.96+0.18" 7.12+0.16™ 7.22+0.08° 0.000
E 6.44+0.15° 6.48+0.11" 6.52+0.04™ 6.5+0.16™ 6.64+0.05° 0.088

Room A 6.44£0.15" 7.34+0.09° 7.60+0.00° 7.88+0.04° 7.63£0.05™ 0.000
B 6.52+0.16° 7.26+0.09° 7.40+0.07¢ 7.62+0.04° 7.78+0.04° 0.000
C 6.50+0.27° 7.100.00¢ 7.28+0.04° 7.48+0.04° 7.66+0.05° 0.000
D 6.48+0.18° 7.30+0.12¢ 7.50+0.00° 7.70+0.00° 7.86+0.05° 0.000
E 6.48+0.16° 6.84+0.09° 7.00£0.10° 7.22:0.04° 7.44+0.05° 0.000

Fluctuating A 6.48+0.04° 6.78+0.04¢ 7.04+0.05° 7.500.00° 7.62+0.04* 0.000
B 6.50+0.00° 6.66+0.05¢ 6.80+0.00° 7.28+0.04° 7.42+0.04° 0.000
C 6.54+0.09° 6.60+0.00¢ 6.7020.00° 7.10+0.00° 7.30+0.00° 0.000
D 6.52+0.18¢ 6.74+0.09° 6.92:+0.04° 7.38+0.04° 7.50+0.00° 0.000
E 6.500.00" 6.56+0.09° 6.66+0.05° 6.90£0.00° 7.1240.04° 0.000
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Table S4. Color differences (AE) of paprika packed with packaging materials under 3 types of temperature conditions, low temperature
(10°C), room temperature (22°C) and fluctuating temperatures (10°C to 22°C) for 28 days

Temp. cond. Packaging 0 day 7 days 14 days 21 days 28 days p-value
materials

Low A 0.0+0.00° 1.7+0.10° 3.120.10° 5.30.10° 7.240.10° 0.000
B 0.0£0.00° 1.7+0.10¢ 2.0+0.10° 2.940.00° 5.240.10° 0.000
C 0.0£0.00° 1.4+0.10° 1.8+0.10° 2.50.00 5.0+0.00° 0.000
D 0.0+0.00° 2.3+0.10° 3.0£0.20° 4.120.10° 5.5+0.10° 0.000
E 0.0£0.00° 0.7+0.10¢ 1.3+0.10° 1.9+0.10° 2.6+0.10 0.000

Room A 0.00.00° 8.7+0.10° 10.240.10° 12.940.10° 12.9+0.00* 0.000
B 0.0+0.00° 4.6+0.20° 3.620.10° 4.9+0.10° 6.0£0.10° 0.000
C 0.0£0.00° 4.0£0.10° 3.5+0.00° 3.440.20° 3.9+0.10° 0.000
D 0.0£0.00° 5.2+0.10 3.740.20° 4.1+0.30 6.0£0.10° 0.000
E 0.0+0.00° 3.1£0.00° 1.9+0.10° 2.2+0.00° 2.3+0.10° 0.000

Fluctuating A 0.0+0.00° 1.30.00° 2.3+0.00° 9.0£0.10° 12.9+0.00° 0.000
B 0.0£0.00° 0.5+0.10¢ 1.9+0.10° 6.240.00° 8.7+0.00° 0.000
C 0.0+0.00° 0.4+0.10° 1.1£0.10° 3.9+0.10° 6.3%0.00° 0.000
D 0.0£0.00° 1.1£0.10¢ 2.0+0.10° 7.240.00° 9.5+0.00° 0.000
E 0.0£0.00° 0.5+0.10¢ 0.70.00° 3.120.00° 4.8+0.00° 0.000
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Effects of storage temperature and packaging materials on paprika quality

Table S5. Total carotenoids contents of paprika packed with packaging materials under 3 types of temperature conditions, low
temperature (10°C), room temperature (22°C) and fluctuating temperatures (10°C to 22°C) for 28 days

Temp. cond. Packaging 0 day 7 days 14 days 21 days 28 days p-value
materials

Low A 29.11+0.61° 58.700.15° 57.94+0.20° 51.05+2.40° 57.94+0.20° 0.000
B 45.24+1.53° 43.21%0.1¢ 61.84+0.78° 65.00£1.01° 61.84+0.78° 0.000
C 40.00+0.19° 29.81+1.26° 52.25+0.94° 45.43+0.27° 52.25+0.94° 0.000
D 40.83+0.11° 44.95+0.19° 53.78+0.48" 53.95+2.76° 53.78+0.48" 0.000
E 35.46+0.44° 44.13+0.68° 38.67+0.76° 43 .43+0.66° 38.67+0.76° 0.000

Room A 29.11£0.61¢ 69.95+0.74° 80.16+1.86" 91.67+0.20° 80.63+0.88° 0.000
B 45.24+1.53° 78.62+2.76° 101.00+2.22° 126.76+0.67" 93.05+0.54° 0.000
C 40.00+0.19* 59.29+0.20" 55.97+2.70° 67.14+4.83° 62.67+1.15% 0.000
D 40.83+0.11° 53.6242.69° 83.48+1.28° 90.06+2.10 114.13+1.10° 0.000
E 35.46+0.44° 65.05+0.92° 58.32+0.15 46.60+0.20° 48.52+0.74° 0.000

Fluctuating A 29.11£0.61¢ 58.70£0.15° 57.94+0.20° 41.56+1.30° 79.2440.13" 0.000
B 45.24+1.53° 43.21£0.11° 61.84+0.78" 61.78+4.02° 82.05+0.20° 0.000
C 40.00£0.19° 29.81+1.26° 52.25+0.94° 51.59+5.00° 59.62+0.62° 0.000
D 40.83+0.11° 44.95+0.19¢ 53.78+0.48° 67.02+4.00° 80.00-2.02° 0.000
E 35.46+0.44° 44.13+0.68° 38.67+0.76" 44.05+3.03° 46.10+2.02° 0.000
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Table S6. DPPH radical scavenging activities of paprika packed with packaging materials under 3 types of temperature conditions,
low temperature (10°C), room temperature (22°C) and fluctuating temperatures (10°C to 22°C) for 28 days

Temp. cond. Packaging 0 day 7 days 14 days 21 days 28 days p-value
materials

Low A 22.7+0.62* 25.0+6.19° 27.6+1.86° 27.243.79° 28.243.05° 0.000
B 23.6+6.47° 2524202 30.6+1.14® 32.2+1.16° 33.8£0.91° 0.000
C 9.442.27° 18.4+3.21° 22.0+4.24° 26.7+0.95 28.7+0.70° 0.000
D 21.0£0.57° 20.9+1.12° 20.9+0.57* 20.6+2.29° 18.8+1.37° 0.000
E 17.0+1.39° 38.743.96™ 36.9+2.02° 34.5+2.93° 43.1+4.74° 0.000

Room A 22.7+0.62° 25.6+3.07° 29.2+3.90 35.3+1.01° 45.749.79° 0.000
B 23.6£6.47" 18.43+1.21° 44.7+1.58" 37.542.44° 34.1£11.01° 0.000
C 9.4+2.27° 30.0+6.98" 34.1+11.01° 28.942.21° 29.1+7.84 0.000
D 21.0+0.57° 29.9+1.17° 31.8+3.77° 36.442.33° 38.741.16° 0.000
E 17.0£1.39¢ 36.4+1.07° 47 4£1.07° 42.6+1.59° 38.3£0.97° 0.000

Fluctuating A 22.7+0.62° 25.04£6.19® 27.6+1.86™ 27.243.79" 30.4+3.30° 0.000
B 23.6+6.47™ 25.242.02% 30.6+1.14™ 22.8+4.00° 33.0+3.02° 0.000
C 9.442.27° 18.4+3.21° 22.0+4.24® 30.4+3.30° 26.1+7.02% 0.000
D 21.0+0.57° 20.9+1.12° 20.9+0.57° 21.940.57° 25.1+1.69° 0.000
E 17.0+£1.39* 38.743.96 36.9+42.02° 35.9+1.40° 36.5+1.23° 0.000
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