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The aim of this project is to make onion kimchi with functional herb and

SUMMARY

Title : A study on processing and packaging of onion kimchi with herb

Research purpose

to select optimum packaging method.

The research is composed of the storage life of herb-onion kimchi, general

kimchi packaging techniques, domestic style of kimchi marketing as well

as packaging materials.

The results can be used to produce functional kimchi with high quality.

These data will be also used to determine optimum marketing system and

methods.

.
o
o
o
o
o
o

O

Contents and scope

Physicochemical characteristics of onion and herb
Functional studies on onion and herb

Stability assessment by addition of the herb

The recipe of herb-onion kimchi of optimum condition
Developing optimal process to make herb-onion kimchi
Functional properties of herb-onion kimchi

Sensory evaluation of herb-onion kimchi

o0 Physicochemical change of herb-onion kimchi during storage

O

O

O

O

Test production of herb-onion kimchi
A study on storage life of herb-onion kimchi
Research on general kimchi packaging techniques

Connection study on packaging materials and packaging skills of herb

-onion kimchi

O

O

Changes of microorganism by packaging materials and methods

Optimum packaging experiment of herb-onion kimchi



O Visual variations during marketing
o Selection for packaging material and methods of herb-onion kimchi

O Selection of marketing structure and marketing method

In this study, Onion kimchi was made with various herbs with various amounts.
Physicochemical properties and functionality of each herb-onion kimchi were
measured and 15 recommendable recipes were selected by sensory evaluation.

Rosemary and lemon balm were better than any other herbs. Sensory evaluation
indicated that rosemary was best of all the tested herbs. Adequate amounts of
rosemary was less than 1 % while more than 3 % was evaluated as not good.

After the determination of herb-onion kimchi, optimal storage and packaging
techniques were studied on the determined herb onion kimchi.

Peroxide value(POV) and thiocyanate method were carried out to
investigate antioxidant effect of onion, rosemary, and thyme extract. Onion
extract showed significant difference in antioxidative effect based on
peroxide value and thiocyanate method. Rosemary extract was similar to
BHA and BHT, but thyme extract did not indicate antioxidative effect.
Inhibitory effect of onion, rosemary and thyme extract against gram
positive and negative bacteria, yeast and mold was observed. Three
extracts all showed antimicrobial activities on gram positive but onion and
thyme extracts did not affect to E. coli and salmonelia, yeast, and mold.
Rosemary extract indicated strong activity to Lac plantarum. Onion
extract, rosemary extract, and thyme extract all had effect on hangover
cures by lowering alcohol concentration of blood in rat. Blood pressure in
the male spontaneous hypertensive rat(SHR) was suppressed by onion
extract after 3 days of feeding, but rosemary extract and thyme extract
were not effective for lowering blood pressure. The effect of packaging
materials, Ny/PE, PET/PE/Al, PET/PE/LDPE/CPP, PET/Al/Ny/CPP, and
packaging methods, atmospheric and vacuum packaging on physicochemical

properties of packaging materials onion kimchi and rosemary-onion kimchi

,10,



were investigated. Maximun swelling days of packaging materials were
increased more in rosemary-onion kimchi than in onion kimchi, and the
order was followed by PET/Al/Ny/CPP, PET/PE/Al, PET/PE/LDPE/CPP,
and Ny/PE. pH and reducing sugar contents of onion kimchi and
rosemary-onion kimchi were decreased during storage, and those of onion
kimchi and rosemary-onion kimchi packaged in PET/Al/Ny/CPP were the
higher than those in different packaging materials. Titratible acidities and
vitamin C contents of rosemary-onion kimchi were lower than those of
onion kimchi. L and b values of onion kimchi and rosemary-onion kimchi
were similar. Texture analysis and sensory evaluation were preferenced
more in rosemary-onion kimchi than in onion kimchi during storage. It
was indicated that the quality changes of rosemary-onion kimchi at

storage temperature lowerd more than those of onion kimchi.

,11,
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Table 2. &3] AWk E (100g )

T LR A4 34 A2 3]
(%) (g) (g) (g) (g) (g)
84.9 19 0.4 11.8 0.3 0.7

o &3] A7), A, FAERA R A3
HA Alm Guel A7) 2 FAE S nstAE T S5 27 $3F A7)
2 F4 o7 calipersE AM&3te] ZH &R t).(Table 3)
T g £44 75 SASAT G5 A4 e 6~ AY <t
o] & el we vk FAE T
WS Hunter®] L, a, b gk& MAA(JX-777)E A+
43to] =433l Hunter? L, a, bt 2 YERNSITH

& BES FAE 2 x2 onE sl AMAAEHS A A
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Table 3. A5 &3] A7|e} FA

FAZ () &7 (Ijlm) SFo=d (em) e
(FAF3)  |OV A )
74.9 +2.33 6.65 +0.33 244 +1.14 182 +9.51
Table 4. A= Fshe] A2
L a b
69.8+0.35 5.351£0.27 8.52+0.73

3 Az Fe 2AAA 2 A

Texture analyzerg AF&3sl] Algs Y3t 714 & BE FodA 1x1 n9
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AAHAE S Hsld SAHWE) S H445E 24 Foto 53] whE A
Aletgth. A8 AL pre test speed= 4.0 mm/s, test speedi= 1.7 mm/s,
distancet= 1.0 mn/s= 3} T}

Table 5+ FZAZAHTPA) Aol

Table 5. A5 %3}o] TPA 3k

=
o3 3} 3 Hardness| Fracturability | Adhesiveness| Chewiness | Cohesiveness
o AT
Ann 1.191 1.147 -0.003 0.200 0.198
=T +0.173 £0.240 +0.001 £0.153 +£0.062
= nn 1.434 1.370 -0.003 0.512 0.225
T 10,429 +0.261 +0.001 +0.342 +0.066
R 1.523 1.385 -0.008 0.341 0.265
ST 10222 +0.267 +0.001 +0.247 £0.024

v AR B AEEN £ A

A () AHES O sBol dutgie A3 A7) B QA Ae

eSS4 ATh

Aol A 7+ 5 don, & A Wo] o] &HIUT 2=whe

(Rosemary)?] A2 o 100719 FA, ZHolgt ==& HAAAELE Z
3]

calipers& ©| &3} 53] W& =43 =0 L 32 Table 6, 73 2t}
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Table 6. 2=vlg]9] AE T % (100 g9F)

Fu(%) | @A) | AE(2) T (2) & & () | BIEFIC(mg)

9.3 4.9 15.28 64.1 331 61
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Table 7. 2=wvtg]e] A - A7 SA 3k

10070 FA (g) Z o]l (mm) # (mm)

o

TEETHA} 1.0£0.01 26.90+3.77 1.30+0.33

2zulgle] M F SAHE)SH7] et 2=t 1 g¥ & 1 g& 9o ¢
A 7)ol wpdlskar 1413 305t A & AR 55 U] AE 34 Al
Z AREetY o 33 vEEgE A= Table 8% 2t}
Table 8. Z=nlg] 2] Hunter L, a, b %k

GRS L a b
H+E A=} 57.34+1.14 8.89+0.71 3.02+0.23
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Table 9. AA3 B 3 7T = FA}L

rosemary thyme lemon balm
A7z 6.7 56 6.6
oF 6.9 6.5 6.7
is 6.4 6.0 6.6
THHV = 6.6 6.1 6.7
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Table 11. Rosemary 7}l wh& Fupgl 2o 57 A}
0(%) 1(%) 2(%) 5(%)
el 5.60+0.74 5.06+0.76" 5.30£0.81° 4.900.75"
N4 5.20+0.76" 5.20+0.76 5.27+0.70° 4.070.78"
HAY 5.27+0.85" 553+0.53" | 5.60£0.93"™ 4.06+0.96°
4 5.27+1.16° 5.47+0.64° 5.40+0.83° 4.33+0.78"
AWrA 7] 5 | 547+0.73 5.47+0.82° 4.93+0.79™ 4.35+0.82°
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44

42 + —&— Control
—— 1%

40 - —A— 2%
—— 3%

38

36

— 34 r

32

30

28

26

24 1 1 1 1

0 1 2 3 4

Storage period(week)

Fig. 11. 3B 7Fe} A7) w& Hunter LAt

,61,



14

12

10

22

20

18

16

14

12

10

—— Control
—— 1%
—h— 2%
—— 3%

o

1 2

Storage period(week)

w

Fig. 12. 3B A 7}¢} Ao & Hunter agt

.

—&— Control
+ 10/0
—h— 20/0
—— 3%

o

1 2

Storage period(week)

w

Fig. 13. |2 71e} A& o] & Hunter bat




s
7014 5177, b e 1413914 11.230% eyttt BEE H7pgh
L 3ol sBE H7letA] &2 R o FA YERE AL,

JARE et a g (Aao] 385% S48, H4e] FUSE 4
B H7tE 2

hepol @efm vl vhebath E, Aol webA L oa, b gk BT wobd
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: F A8%E w4 AskE Bl whi

(B, O 30 ool #43% Asts vehler D, F= &4 1004704
% 7

2

Awket 7 S Hol 4 1009 F B, C, D, Fol pH7l 2+2F 452, 451,
467, 47002 L‘rE}Ur §H 60 g6 %) H7/FH(F)9 A5 thE 5o H|F
pHe] Ast7b =9 Z1 o2 yEpgt

s Aol Ay FE Tt AT uExzTY Ae 54 208 olF 57
3 Z712 ®Wel v B Huk (B, 0L 4 309 o]Fo F43% 712

HAow D & 60Y o5 041 %olA 060 %= F7FstAth 4 100¥
T T ARE 079 % 9oH B H7E B, C, D, Fo| AlxE 74zt
0.77, 0.77, 0.64, 0.58% % 32 60 g W7}te] =7} 744 @A Lpepyt),
91(1998)0 ofstd wjFH Aol 2§ FHEIZIS H7kete] pHeF Abke] WstE
ARG A3p djzTell wla) AAF b dsiAl of2 Al7IRl pH 429 A=
05 %l o]2i= Alzke] Al 49744 AFHATT Huggon] F 5(1996)&
NF=A A AEAE H7bsksle W izl Hls) pHSE 2hee] #shrh ant
g AEE Bk ek

jus)
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Table 17. 3=

A7} grepel W pHel W

04 | 109 209} 309 | 409 50% 60 80 | 1009
A 518 545 555 48 | 434 431 423 422 | 438
B 512 542 551 559 ; A77 449 435 430 @ 452
C 518 548 556 539 | 462 453 434 430 451
D 511 557 562 564 | 535 513 474 452 | 467
F 52 552 557 538 | 527 512 498 467 | 470

Table 18. 312 7} gFol wbE 4o W3} (Unit @ %)

L0 109 | 209 | 309 409 | 509 60 | 80 11009 |
A 034 027 026 040 | 054 071 073 083 | 0.79
B 034 027 023 023 041 059 068 083 077
C 031 023 023 027050 056 070 082 | 077
D 03 019 022 022027 033 041 060 @ 064
F 032 019 023 025027 032 037 044 058
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Table 19. Properties of packaging materials

Packaging

Properties
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grjdolds] FFFEHE wrEY -920 mbarz st WF EF7

(Tower VAC T-420)& o] &3l

13 30%, sealing time 1+°=2 aFth H=d Fol¥ 242 4y 8§79
AAE @2 T AelA F4<S €i, PET/AVPE= AAE Hob 7M=&
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2) Peroxide value (POV) &4

Sy, 2z=uiE] 2 Y FEES POV FAHL AOCS Wl wak 70T
incubatord] R #sAA FAHSAY. F FA 1gS 250ml AA4EZ = 3
3t chloroform-acetic acid(2:3) £ 1l T} potassium
iodide E3--8&9 ImlE A=s] 7ksk $ 183F JAGAIA d2 il A 533
WEg-AlZATE o] whgoHel Tomle] FRTE Thete] 1% HEE& NS AAFow

0.01N sodium thiosulfate® %] A3t POVIFE AF=38t9dt}.

3) Thiocyanate method

Mitsuda 59 =l wat 200ul9] chloroformel] %3, Z=wvlg] 2 gl
FE2E ANEE Fo]1 0.13mlY linoleic acidE -3 99 % ethanol 10ml
= 7}3ty o} 7)o 0.2M phosphate buffer &< (Na;HPO, + KH:PO4, pH 7.0)
10 mE ¥ FH5F2 AA o] 25ml A 3} o] A]F NS cap test tube
of ¥a 40 TellA wistHA dA7|7He tAow FAAT F8WHE
Alg el 200 mlol 75 % ethanol 4.7 mlE ¥ 30 % ammonium thiocyanate
o} 0.1 mlel 0.02 M ferrous chloride®] 35 % 944H&< 0.1 mlE 7}ate] A8
3l 3% o 500 nmellA FFEE FAt HAakstEEFS EFH AT

dAdFo AsuA= gt 4 MRS wiA(Difco)E A&, 1
gre] Aol distel= Nutrient HIAI(Difco), &R FZeolol distol=
meopeptone, dextrose”’} &% Sabouraud dextrose agar Bl A](Difco)E A}-&
stk FuAEEAY 42 paper discHo® A=, S 33 /g )
k3t Aujekd 0.1 mlE S1F pipetteCE #3to] petri dish o] 71 & 45 C
2 A" wiAE 156 ml 7hskar wiA7E 27] Hol Z E9kske] o 7)o AR
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1 g/ml e Gub, m=nty] 8 g7 =5 77 @ﬂfﬂ U Az
paper disc(®8mm, Whatman)& <& $ 085 % A AT= SiA1A Al
T2 37 CoAl 16~18A1FF S E+= 30 CTolAl 16~18A1F 28] F3Fol&=
30T A 36417 vl %3] paper discT+ 99l clear zoned Z7](mm)E =43}
of InAE 24S AU FHDAS AN fste] Ader oY
FAT 7F, 1Y ST 3F, AR 2F, #%0] 2¥ 5 EF UdFIF AHEH
ATt

5) Alcohol @FFE A3

SDA ratE 1F9IF oH] AbS3ste] A&A2 § 2H2e] sample® 74 7%
3 o3 1A% ﬂagi 23] MAW £ A4S Fstel o 05miE AP}
Aok AEE o 3

AN %433
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AU 189t 2l SHR(Spontaneous Hypertensive Rat)& 145 o] €
g i A rat vbS ddste] ARESA A, 7 AlEEAS 6
woll 7HEs AA A A4 AFeH, tix ofFE®=+ propanolols AREE
o 14 13] AA AT Fostdrt. @942 Fol F 194, 3¢4, 64A=
indirect blood pressure =4 € transducerZ ©o]&3lo] m| A=W HAets =A3}

[ex]
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i\
N
N

. XFAR 2 Jsd & nABEY HEATS

Rosemary?] s&=®, Ad2=do] wE Fao Wit NA# A (Difco)E
o] &3t FAtAom, FAaktseo] W= MRSHIA (Merck)& o] &3] &
AslAck T kol 065 ml + 80 % glycerol 0.35 mlE 1 ml
eppendorf tubeol] ¥o] 72Tl WEsH T dlo] AF&3ST}

fx
&)
flo
:% r

1) Rosemary?] 5% % &%) @& 244 =3

Al5E 10,000 rpme= #@&gs & 1 ml T4

[o

2 843l NA#| A9
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AEste] 30 CTollA 24~48A1 7+ vl st colony forming

unit (CFU/mDZ YeEr AT}

2) Rosemary?| &k 3 &5k WPE THAATETE 54

AB2E 10,000 rpme 2 ¥ 33 3 1 mlE F o]
(Merck)ell HZE3te] 30 ColAl 24~48A17F #j<kst & yehd FEss
colony forming unit (CFU/ml)& e AT}

jud

bR gRAe] AH £3AY

EgA 2AYHES dEsk Gu gx 2=uiy] 4y 1A pHeE 4y
AANE FEF A 7|2 28 3027 952 buchnerZ ® 7] (Whatman
o3 & o]Ahe A pH meter(Orion Model SA 520) 2

AN

Fat ARt mz=vhy] duk AAE TFANG AGLEE DElste] A b
T WEE v 2 AAe FA 100 meoll dEZEEd A S AR
0.IN NaOH= pH 83¢] 2 wj7}# 24¥]¥ NaOHe| 35 2 4k(actic acid,
%) 0. % FHikate] A s
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4) ¥ Vitamin C &% =4

=4
g¥ ®o} Chroma MeterE AF&3le] FAsdon FH3-2 Hunter color
system®| L, a, b #o 2 ¥ A5
L3t WEg oulshe, aghe +o]d A A ol = A pglo] +o] A -

o]tﬂ ;‘g@}h ag]_ b71—o] D‘: Oo]l:n] ﬂxxﬂoi 4/\] ]q_

o, ¥IZAAY EFNH 2A

A HF 2AAEHAA AZAL H BTl g AT

1) Texture 37

gu AAE ARy AF F Gy 22 BAS =AY 9§ texture
analyzerE Al-&3o] TPA(texture profile analysis)E =43 tl Ay
Fae] T F9dA 2x2 cme] AAMAE S AHAdd=d HHAEAFH Z2A

AS sl 33 wbE F4 S AA AT APEL pre test speedt w9
4.0 mm/s, test speed= 1.7 mm/s, distance™ 1.0 mm/s& 3}t
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A%
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e
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3. 2% 5 n#

b Fhe Hne) 54 4T
7h) @4akst &

A% AFemAe] 7lsde HESHY] fstel &3k HA Azl AHEE &
o, mz=uty] B BlS 77 a7 a 2zvig] 7] seh Bl AR
o A zxste] A3 A A peroxide value(POV)3te]l W3¢}l thiocyanate W
of oate] Fskst @3 BHAS BHTE ol&she] vl AES Ai= oy
I o

Gt 7|z, mzuie] o7|xeh Bl 7|25 7Y FF AFstHA FA43
POVgre] Wgh= Fig. 163} 2ok E& AJ5e] 3aks}
Y S7ketr] AlAstdow 44 A= 7t 128 meg/kg Q1 Zloll HlSto] ¥
3} A7) 2=F 115 meg/kg, Z=vkE] 7] 2~+= 100 meg/kg, EFY 712~ 120
meq/kg, BHAE 102 meqg/kg, BHT+= 97 meq/kgES YEMHAT A% 7L
= % H7F 561 meg/kgS YERE B Ee] %d 7] A= 403 meq/kg, =
zutg] 7] ~= 350 meg/kg, BFY 9712+ 525 meg/kg, BHAE 362
meq/kg, BHTE 349 meq/kgét #o] E=wly] 7]~ BHA, BHTS v
g kst gakE yedllen, 43 7]2== BHA, BHTel #Hlsto] ¢fzho
zkol= oy diFfFE ©]&3 POVHLY Wste] Z37F U= Ao s YER
thoolgdt A= A8 FAE ol&d du FEE AP S ARG
71Ee Bael dA st Aol = 9

71 2o wste] Aol @Absla st ‘Sit Aoz A7ZtE} Thiocyanate ol
olgh bzt o] g3 Fig. 179 vebd wpep 2ok 12997F 40TelA A%
A =43 thiocyanate ol 23 ZA3}i= BHT, BHA, Z=vlg] 7]~
Gt A7) Fow s aE Ko Folou Bl raE dxdd 7
o] frAbgk WistE wWol kst b UEiuA @5S BoFAH POVELe
H3lo) Ao} 37X & thiocyanate WH oz =43 Azl a3 F-AHS
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Incubat ion time (days)

Fig. 16. The Changes of pereoxide value(POV) in onion, rosemary and
thyme extracts

(Onion Ex. 0.2% ; -4 Rosemary Ex. 02% ; -l , Thyme Ex.
0.2% —4-,BHA, —+—;BHT, —=—)
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Fig. 17. Antioxidative activity of onion, rosemary and thyme extracts by

thiocyanate method

(Onion Ex. 02% ; -4 Rosemary Ex. 02% ; -l , Thyme Ex
0.2% —4-,.BHA, ——;BHT, —<—)
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Table 20. Antimicrobial activities of onion, rosemary and thyme extracts

Clear zone (mm)

Microorganism " Onion Rosemary Thyme
B.A. 2
extract extract extract

Gram positive bacteria

Micrococcus luteus ATCC 9341 17 13 15 10
Staphylococcus  epidermidis  ATCC
11 12 10
12228
Staphylococcus aureus ATCC 6538 16 12 12 9
Staphylococcus mutans ATCC 25175 15 11 14 -3
Lactabacillus plantarum ATCC 3104 9 12 15 11
Leuconostoc  mesenteroides  KCTC
9 11 9 10
3100
Bacillus subtilis ATCC 6633 16 13 14 10

Gram negative bacteria

Escherichia coli ATCC 10536 9 - 9 -
Salmonella typhimurium ATCC 19430 11 9 9 -
Pseudomonas aeruginosa ATCC 9027 10 - - -

Yeasts

Saccharomyces cerevisiae IFO 1850 12 9 10 -
Candida albicans ATCC 10231 16 - 9 -
Fungi

Aspergillius flavus KCTC 1375 12 - 9 -
Aspergillius parasiticus KCTC 6170 12 - -

1) 0.65mg benzoic acid / 8mm paper disc
2) 0.5g eq. onion, rosmary and thyme extracts / 8mm paper disc
3) No growth inhibition
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Table 21. Effect of onion extract, rosemary extract and thyme extract on

alcohol concentration of blood in rat

Dose  No.of
Sample Alcohol conc.(mg/dL) Alcohol conc.(mg/dL)
(g/kg)  rat
1 hour  Inhibition(%) 2 hours Inhibition(%)
Control - 6 152.279 - 140.440 -
Onion Ex. 2.5 6 132.483 13 129.205 8
Onion Ex. 5.0 6 109.641 28 88.477 37
Rosemary Ex. 25 6 123.346 19 106.734 24
Rosemary Ex. 5.0 6 115.732 24 95.499 32
Thyme Ex. 2.5 6 135.528 11 126.396 10
Thyme Ex. 5.0 6 111.164 27 91.286 35
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Table 22. Effect of onion extract, rosemary extract and thyme extract on

blood pressure in the male spontaneous hypertensive rat (SHR)

Dose(ml/ days
Sample No.of rat

rat,day) 1st 3th 6th
Control D.W. 3 100.5+£0.4 100.7¢1.2  101.7£1.9
Propranolol 30mg/kg 3 98.4+1.6 93.8£0.6 92.2£1.1
Onione Ex. 30 3 98.3+1.7 98.0+5.0 97.7+4.3
Rosemary

30 3 101.0+2.1 101.5#1.0 100.3£1.2

Ex.
Thyme Ex. 30 3 1025114 103.7£2.1  103.9%£3.8

The values are meantS.E. of 3 experiments
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Fig. 18. The changes of total survival microbial in concentration
of rosemary during storage of onion kimchi at 25C (10°CFU/ml)
(—@— ; Control, —l— ; 1%, —A— ; 2%, —€—; 3%)
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Fig. 19. The changes of total survival microbial in 1% rosemary -onion
kimchi during various temperature storage (10°CFU/ml)

(—@— ; Control, —l— ; 1%, —A— ; 2%, —€—; 3%)
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Fig. 20. The changes of total lactic acid bacteria in concentration of
rosemary during storage of onion kimchi at 25C (10°CFU/ml)
(—@— ; Control, —l— ; 1%, —A— ; 2%, —€—; 3%)
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Fig. 21. The changes of total lactic acid bacteria in 1% rosemary -onion
kimchi during various temperature storage (10°CFU/ml)

(—@— ;5C, —Ml— ; 15C, —A— ; 25T, —€—; 35T)
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Table 23. Maximum swelling days of packaging materials

Sample Packaging Temperature
materials 5C 15C
Ny/PE(v) 46 17
PET/PE/Al(a) 47 18
A PET/PE/Al(v) 52 19
PET/PE/LDPE/CPP(v) 46 17
PET/Al/Ny/CPP(v) 53 20
Ny/PE(v) 46 18
PET/PE/Al(a) 48 19
B PET/PE/Al(v) 56 20
PET/PE/LDPE/CPP(v) 47 18
PET/Al/Ny/CPP(v) 56 22

A ; Onion kimchi
B ; 1% Rosemary-added Onion kimchi

- 120 -



)

s QA s zzne g

O
+Z} Fig. 229 Fig. 233 2t}

&

5

5 e} 2zulel

[e]

)

Fst BA G 2=
gom, 43 79 7A

H 3}
7b pH ®3}

1) 5CollA A

—~

o

o
|

=
ok

ol

1)

[e]

Fob A9 s zvle] v

s gH A 73

I
Ho

Zl

o

o]

1<

JECAL

1l
P
7}

=}

=

=

=3

s
)

ol 7+

7t 22t

3z

=

o}ZHQ] DH %i}

3L X
-

PET/Al/Ny/CPP

-

o
pad

AAE 4 ghle, PET/PE/Al

% o]

[e)

Fub f1A1e] pHel W3}

o
o

B

o)

=

}o]

1<

°o]-&

=

doll ¥ Adds
=

3L X
-

A e]
}4 e PET/AL/Ny/CPP

7
el pHel ®sk7y 7hg kol 7t

&0l

|

fite)

o

|

—_
o

ol
_.AO

o

N
No

ie]
i

o

1]

°

Fst AH 7 Zzvhe

i

7}3

h=i

=]
e sk el pHAF %t 7

Fel pHel W 3}7F oAl =

M A= A2l ¢

<]

=

o

=}

=]

=
o,

=

Fed pH2

- 121 -

i<

R EREE

Aol W]

]

=4

Z
SEE e

B!
FE7F AR e o]® <l

=]
=

B

-

S

SFX]

ol AAE T Hus ey ==t

7}

73 -l &=

>~

-

=
=4

1¢] pHell #]

o

=

Pz



0 5 10 15 20 25 30 35
Storage time (day)

Fig. 22. The changes of pH in packaged onion kimchi at 5C

(—O0——; Bottle, —@——; Ny/PE(v) —&—; PET/PE/Al(a), —Il—
. PET/PE/Allv), —4— ; PET/PE/LDPE/CPP(v),
PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)

X

’
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Fig. 23. The changes of pH in packaged 1% rosemary-added onion kimchi
at 5C

(——O——; Bottle, —@——; Ny/PE(v) —&— ; PET/PE/Al(a), —Il—
;  PET/PE/Allv), —4— ; PET/PE/LDPE/CPP(v),
PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)

X:
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Fig. 24. The changes of titratible acidities in packaged onion kimchi at 5C
(——O——; Bottle, —@——; Ny/PE(v) —&— ; PET/PE/Al(a), —Il—
,  PET/PE/Allv), —<4— ; PET/PE/LDPE/CPP(v), X ;
PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)
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Fig. 25. The changes of titratible acidities in packaged 1% rosemary-added
onion kimchi at 5C

(—O— Bottle, —@——; Ny/PE(v) —&——; PET/PE/Al(a), ——
,  PET/PE/Allv), —4— ; PET/PE/LDPE/CPP(v), X ;
PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)
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Fig. 26. The changes of reducing sugars in packaged onion kimchi at 5C
(—O——; Bottle, —@——; Ny/PE(v) —a&—; PET/PE/Al(a), —l—
;  PET/PE/Allv), —4— ; PET/PE/LDPE/CPP(v), X ;
PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)
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Fig. 27. The changes of reducing sugars in packaged 1% rosemary-added
onion kimchi at 5C

(—O0——; Bottle, —@——; Ny/PE(v) —&— ; PET/PE/Al(a), —Il—
. PET/PE/Allv), —4— ; PET/PE/LDPE/CPP(v),
PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)
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Fig. 28. The changes of Vit C in packaged onion kimchi at 5C

(—O0——; Bottle, —@——; Ny/PE(v) —&—; PET/PE/Al(a), —Il—
. PET/PE/Allv), —4— ; PET/PE/LDPE/CPP(v),
PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)
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Fig. 29. The changes of Vit C in packaged 1% rosemary-added onion

kimchi at 5C

(—O—— Bottle, —@—; Ny/PE(v) —&——; PET/PE/Al(a), ——
PET/PE/Al(v), —4— ; PET/PE/LDPE/CPP(v),

PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)

X
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Fig. 30. The changes of pH in packaged onion kimchi at 15C

(——O——; Bottle, —@——; Ny/PE(v) —&— ; PET/PE/Al(a), —Il—
;  PET/PE/Allv), —4— ; PET/PE/LDPE/CPP(v), ;
PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)

X:
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Fig. 31. The changes of pH in packaged 1% rosemary—added onion kimchi
at 15T

(—O——; Bottle, —@——; Ny/PE(v) —&—; PET/PE/Al(a), —l—
;  PET/PE/Allv), —4€— ; PET/PE/LDPE/CPP(v), X ;
PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)
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Fig. 32. The changes of titratible acidities in packaged onion kimchi at 1
5C

(—O——; Bottle, —@——; Ny/PE(v) —&—; PET/PE/Al(a), —l—
;  PET/PE/Allv), —4— ; PET/PE/LDPE/CPP(v),
PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)
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Fig. 33. The changes of titratible acidities in packaged 1% rosemary-added
onion kimchi at 15C

(—O——; Bottle, —@——; Ny/PE(v) —&—; PET/PE/Al(a), —l—
;  PET/PE/Allv), —4€— ; PET/PE/LDPE/CPP(v),
PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)
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Fig. 34. The changes of reducing sugars in packaged onion kimchi at 15C
(—O——; Bottle, —@—; Ny/PE(v) —&— ; PET/PE/Al(a), —Il—
;  PET/PE/Allv), —4€— ; PET/PE/LDPE/CPP(v), X ;
PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)

- 138 -



700 -

600

500

400

300

Reducing sugars

200

100 r

0 5 10 15 20 25 30 35
Storage time (day)

Fig. 35. The changes of reducing sugars in packaged 1% rosemary-added
onion kimchi at 15C

(—O—— Bottle, —@——; Ny/PE(v) —&— ; PET/PE/Al(a), —l—
;  PET/PE/Allv), —4— ; PET/PE/LDPE/CPP(v),
PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)
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Fig. 36. The changes of Vit C in packaged onion kimchi at 15C

(—O—— Bottle, —@——; Ny/PE(v) —&— ; PET/PE/Al(a), ——
PET/PE/Al(v), —4— ; PET/PE/LDPE/CPP(v), ;

PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)
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Fig. 37. The changes of Vit C in packaged 1% rosemary-added onion
kimchi at 15T

(—O——; Bottle, —@——; Ny/PE(v) —&—— ; PET/PE/Al(a), —l—
;  PET/PE/Allv), —4€— ; PET/PE/LDPE/CPP(v),
PET/Al/Ny/CPP(v), a ; atmospheric packaging, v ; vacuum packaging)
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Table 24. The changes of colors of packaged Onion kimchi during 15 days
at 15T
Sample packaging materials L a b
bottle (a) 38.25 -4.56 59
Ny/PE(v) 39.11 -3.33 5.7
PET/PE/Al(a) 39.35 -2.15 6.0
A
PET/PE/Al(v) 39.12 0.91 6.1
PET/PE/LDPE/CPP(v) 39.45 0.17 5.7
PET/Al/Ny/CPP(v) 39.09 0.54 6.6
bottle (a) 38.54 -0.98 5.7
Ny/PE(v) 39.25 1.70 5.1
PET/PE/Al(a) 38.21 1.06 59
39.55 1.35 5.3
0.32 5.7
5.3

PET/PE/Al(v)
38.21
0.68

PET/PE/LDPE/CPP(v)

PET/Al/Ny/CPP(v)

37.78
A : Onion kimchi, B : 1% Rosemary-added Onion kimchi
vacuum packaging

a . atmospheric packaging, v
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Fig. 38. The changes of pH in onion kimchi and 1% rosemary-added onion
kimchi packaged with PET/PE/AI film at 5C

(—O—; Onion kimchi by atmospheric packaging

—A—; Onion kimchi by vacuum packaging

—@—; Rosemary-added Onion kimchi by atmospheric packaging

—A— ; Rosermary-added Onion kimchi by vacuum packaging)
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Fig. 39. The changes of pH in onion kimchi and 1% rosemary-added onion
kimchi packaged with PET/PE/Al film at 15T

(—O—; Onion kimchi by atmospheric packaging

—~A—; Onion kimchi by vacuum packaging

—@—; Rosemary-added Onion kimchi by atmospheric packaging

—A— ; Rosermary-added Onion kimchi by vacuum packaging)
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Fig. 40. The changes of pH in onion kimchi and 1% rosemary-added onion
kimchi packaged with PET/PE/LDPE/CPP film and PET/Al/Ny/CPP film
at 5C

(—O—; Onion kimchi by PET/PE/LDPE/CPP,

—A—; Onion kimchi by PET/Al/Ny/CPP,

—@—; Rosemary—added Onion kimchi by PET/PE/LDPE/CPP,

—A— ; Rosemary—added Onion kimchi by PET/Al/Ny/CPP)
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Storage time (day)

Fig. 41. The changes of pH in onion kimchi and 1% rosemary-added
onion kimchi packaged with PET/PE/LDPE/CPP film and PET/Al/Ny/CPP
film at 15T
(—O—; Onion kimchi by PET/PE/LDPE/CPP,

—A—; Onion kimchi by PET/Al/Ny/CPP,

—@—; Rosemary-added Onion kimchi by PET/PE/LDPE/CPP,

—&— ; Rosemary-added Onion kimchi by PET/Al/Ny/CPP)
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Fig. 42. The changes of titratible acidities in onion kimchi and 1%
rosemary-added onion kimchi packaged with PET/PE/AI film at 5C
(—O—; Onion kimchi by atmospheric packaging,

—A—; Onion kimchi by vacuum packaging,

—@— ; Rosemary-added Onion kimchi by atmospheric packaging,

—A— ; Rosermary-added Onion kimchi by vacuum packaging)
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Fig. 43. The changes of titratible acidities in onion kimchi and 1%
rosemary-added onion kimchi packaged with PET/PE/AL film at 15T
(—O—; Onion kimchi by atmospheric packaging,

—~A—; Onion kimchi by vacuum packaging,

—@— ; Rosemary-added Onion kimchi by atmospheric packaging,

—&A— ; Rosermary-added Onion kimchi by vacuum packaging)
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Fig. 44. The changes of titratible acidities in onion kimchi and 1%
rosemary-added onion kimchi packaged with PET/PE/LDPE/CPP film and
PET/Al/Ny/CPP film at 5C

(—O—; Onion kimchi by PET/PE/LDPE/CPP,

—A—; Onion kimchi by PET/Al/Ny/CPP,

—@—; Rosemary—added Onion kimchi by PET/PE/LDPE/CPP,

—A— ; Rosemary—added Onion kimchi by PET/Al/Ny/CPP)
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Fig. 45. The changes of acidities in Onion kimchi and 1% Rosemary-added
Onion kimchi packaged with PET/PE/LDPE/CPP film and PET/Al/Ny/CPP
film at 15T

(—O—; Onion kimchi by PET/PE/LDPE/CPP,

—A—; Onion kimchi by PET/Al/Ny/CPP,

—@— ; Rosemary—added Onion kimchi by PET/PE/LDPE/CPP,

—A— ; Rosemary-added Onion kimchi by PET/Al/Ny/CPP)
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v, HA A ANA A L Bl die AT
1) Texture W3}
15T A 109 <3
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)

Table 25. Changes of texture analysis of packaged onion kimchi and 1%

rosemary—added onion kimchi during storage at 15C

Storage days
Samples Packaging materials

1 3 5) 7 10
PET/Al/PE(a) 0786 1166 1.015 1121  0.875
PET/Al/PE(v) 118 1119  1.005 0812  1.021
A PET/PE/LDPE/CPP(v) 1.024 1.032 0891 0833 0.752
PET/Al/Ny/CPP(v) 1366 1451  1.021 1113  0.976
PET/Al/PE(a) 1.045 0999 0818 0920  0.822
B PET/Al/PE(v) 1312 1211  1.098 1325  1.247

PET/PE/LDPE/CPP(v) 1326 1199 1211 1273 1145
PET/Al/Ny/CPP(v) 1778 1352 1015 1211  1.398

A ; Onion kimchi, B ; 1% Rosemary-added Onion kimchi

a ; atmospheric packaging, v ; vacuum packaging

A% F hardnessv= BT XFAA 2=uig] &3t AX7F Gy A A]of H]
a o =dh ol 9o #T HA Ay} mzEuiEE HUbgoer AFAS
FAAZTE Rusy AdXegar =3 A £ Bus AE FFA %
2 7ro]l o et 1 x93 I AR Ao AuEs AT
F I T2ZAA e FHE Z Aole= Aoy PET/AUNy/CPP(E%H, 4
FA) EFTFAAN 7 F AFRE YR B5HEAF Aol A EAT
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Table 26 3} Ax|e} 2z=vhy] ¢ap AAE Az F 15TAA 104 A

Ashea A, £

Table 26. The Changes of sensory evaluation scores of packaged onion

kimchi and 1% rosemary-added onion kimchi during storage at 15C

) . Storage days
Samples Packaging materials

1 3 5} 7 10

PET/Al/PE(a) 6.3 5.1 4.7 4.9 3.7

A PET/AI/PE(v) 6.2 5.6 5.2 5.7 4.3
PET/PE/LDPE/CPP(v) 6.4 0.4 5.4 5.6 5.1
PET/Al/Ny/CPP(v) 6.8 6.3 6.5 5.6 4.7
PET/Al/PE(a) 6.1 4.9 4.3 41 3.5
PET/Al/PE(v) 6.4 5.6 5.3 5.2 4.9

. PET/PE/LDPE/CPP(v) 6.0 0.8 5.6 5.9 4.4
PET/Al/Ny/CPP(v) 6.7 6.1 7.0 59 4.8

A ; Onion kimchi, B ; 196 Rosemary—added Onion kimchi

a ; atmospheric packaging, v ; vacuum packaging
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