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Haeng Ran Kim¥*, Dong Sun Shin, Kyung Mi Kim, Sun Mi Yu, and Jin Sook Kim
Department of Agrofood Resources, National Academy of Agricultural Science, RDA

Abstract This study was conducted to improve the packaging technology used for Gangjung and the product’s quality
characteristics during storage. Packaging materials consisting of (1) IP: OPP (oriented polypropylene)/PE (polyethylene) +
Paper, (2) LP1: OPP/PE + Paper, (3) LP2: OPP/PE + Can, (4) LP3: OPP/PE + Plastic, (5) BP1: OPP/PE, (6) BP2: OPP/
DL/CPP (cast polypropylene), (7) BP3: PET/PE/CPP, and (8) BP4: OPP/PVDC (polyvinylidene chloride)/PE/CPP were
used. The major fatty acids including 54.2% linoleic acid, 24.1% oleic acid, 11.2% palmitic acid and 6.0% linoleic acid
were assessed. The packages effective in maintaining moisture were in the order of LP2, BP4>IP>LP3, BPI,
BP2>LP1 > BP3. There were no significant differences in water content and the products in IP, BP3, and BP showed the
highest level in the increase in hardness on day 60 of storage. Acid values of IP, LP1, LP2, LP3, BP1, and BP2 were
maintained at <2.0 during 40 days of storage. IP, LP1, LP2 and BP1 had the below of 40 in and peroxide during 20 days.
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Table 1. Packaging system applied in this experiment
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Film composition Moisture vapor permeabillty Oxygen transmission Light transmittance
P (g/m?/24 h) (g/m*/24 h) (%)
OPP20/PE25 7.05+0.01 910+127.30 91.50
PP20/DL/CPP20 0.54+0.01 7.50+0.71 92.30
PET12/PE25/CPP20 9.05+0.11 123+£19.77 89.70
PVDC coating/OPP20/PE15/CPP20 6.25+0.03 16+0.87 91.50
Table 2. Characteristics of various packaging materials
) Package element
Packaging method
Abbreviation Inner film Outer pack
Individual packaging P OPP20/PE25 (60x110 mm) Paperboard
LP1 OPP20/PE25 (250%350 mm) Paperboard
Large size packaging LP2 OPP20/PE25 (250%350 mm) Can
LP3 OPP20/PE25 (250%350 mm) Plastic (PVC)
BP1 OPP20/PE25 (250%350 mm) -
B Kaoi BP2 PP20/DL/CPP20 (250x350 mm) -
ag packaging BP3 PETI12/PE25/CPP20 (250350 mm) -

BP4 PVDC coating/OPP20/PE15/CPP20 (250350 mm) -
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Table 3. Changes in moisture contents of Gangjung by different packaging methods during storage at 35°C for 60 days (Unit: %)
Storage time (day)
Packaging method £ >
0 5 10 15 20 25 30 40 50 60
Individual” P 9.87% 8.68" 8.67" 8.82% 10.53* 6.53% 8.35% 7.40% 4.84° 5.79¢
LP1 9.87% 8.38° 10.10* 9.52° 9.93 9.25° 9.30° 9.38" 8.35° 8.24°
Large size?  LP2 9.87%¢ 8.57 9.13 10.02® 10.40° 8.874f 9.51% 9.29bede 8.52¢f 9,53
LP3 9.87¢< 8.27" 10.08" 11.02¢ 10.05%¢  10.17%* 9.61% 9.94% 8.62° 10.68*
BP1 9.87%® 8.20% 9.64%° 10.19* 9.69%* 8.70bd 6.80° 8.9220cd 7.87% .42
Bagd BP2 9.87%® 8.33¢ 9.18" 9.94° 9.29¢%c 8.99« 10.01® 9.22% 8.25¢ 8.85%
ae BP3 9.87° g44c  890® 921 917" 917 7.30¢ 912" 656 7.30¢
BP4 9.87%® 8.36° 8.53« 9.21% 10.23* 9.70%® 9.45° 9.60% 7.98¢ 9.16™

YIndividual packaging, OPP20/PE25 (In)+Paper (Out)

f)Large size packaging, LP1: OPP20/PE25 (In)+Paper (Out), LP2: OPP20/PE25 (In)+Can (Out), LP3: OPP20/PE25 (In)+Plastic (Out)
*Bag packaging, BP1: OPP20/PE25, BP2: OPP20/DL/CPP20, BP3: PET12/PE25/CPP20, BP4: PVDC/OPP20/PE15/CPP20)
“Different superscripts within a same row (storage day) are significantly different by Duncan’s multiple range test at p<0.05.
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Table 4. Changes in water activity of Gangjung by different packaging methods during storage at 35°C for 60 days

. Storage time (day)
Packaging method
5 10 15 20 25 30 40 50 60
Individual” 1P 0.572%% 0.586" 0.589* 0.545% 0.545% 0.526° 0.474¢ 0.456¢ 04524 0.411°
LP1 0.572° 0.572" 0.603* 0.564" 0.546* 0.537% 0.519¢ 0.510" 0.502" 0.437"
Large size?  LP2 0.572¢ 0.573%¢ 0.586" 0.568" 0.539" 0.535"™ 0.531™¢  0.529*%¢  0.510% 0.508°
LP3 0.572® 0.558"¢ 0.579* 0552 0.548™¢ 548" 0.526¢ 0.535< 0.540 0.527¢
BP1 0.572% 0.568" 0.581* 0.553% 0.536° 0.529° 0.491¢ 0.495¢ 0.487¢ 0.452¢
Bao) BP2 0.572° 0.566° 0.595° 0.567° 0.559% 0.539% 0.525% 0.522% 0.488" 0.477¢
2 BP3 0.572° 0.571° 0.600* 0.553% 0.554% 0.534% 0.513% 0.508° 0.465° 0.413¢
BP4 0.572% 0.568" 0.577* 0.553% 0.573% 0.537 0.530 0.541°4 0.523¢ 0.490°
Table 5. Changes in hardness of Gangjung by different packaging methods during storage at 35°C for 60 days (Unit: g/cm?)
Storage time (da
Packaging method g )
0 5 10 20 25 30 50 60

Individual” 1P 448.2%Y 287.4° 175.0° 569.0%% 448.7% 554.7°% 643.1°% 776.6™ 897.2"
LPI1 4482 270.3 240.9 351.7 359.3 384.8 428.9 336.4 493.7

Large size” LpP2 448.2 360.4 262.5 372.0 360.9 3393 2529 389.4 221.6

LP3 4482 388.5 289.4 289.0 3574 401.6 2933 295.0 297.1

BP1 448.2 293.8 295.6 359.8 393.1 407.2 4912 611.9 657.8

Bagd BP2 448,20 399.7%® 274.3% 496.3" 378.7%% 356.1°% 347.1¢% 4429 768.5°
2 BP3 448 2% 427.7%¢ 308.2¢ 267.3 473.35 350.3¢ 358.3¢ 382.5¢ 710.4°
BP4 448.2° 445.9° 307.9° 435.8° 347.7° 370.8° 342.6° 264.2° 668.6"

Individual packaging, OPP20/PE25 (In)+Paper (Out)

JLarge size packaging, LP1: OPP20/PE25 (In)+Paper (Out), LP2: OPP20/PE25 (In)+Can (Out), LP3: OPP20/PE25 (In)+Plastic (Out)
Bag packaging, BP1: OPP20/PE25, BP2: OPP20/DL/CPP20, BP3: PET12/PE25/CPP20, BP4: PVDC/OPP20/PE15/CPP20)
“Different superscripts within a same row (storage day) are significantly different by Duncan’s multiple range test at p<0.05.
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Table 6. Changes in acid values of Gangjung by different packaging methods during storage at 35°C for 60 days (Unit: mg/g)
Storage time (da;
Packaging method £ (day)

5 10 15 20 25 30 40 50 60
Individual” P 0.5 1.0 1.2 0.6 1.0 0.7 0.9 0.8 23 39
LP1 0.5 1.3 1.1 0.9 1.3 1.6 1.0 0.8 23 43
Large size? ~ LP2 0.5 1.1 1.2 12 0.8 1.7 0.8 0.8 23 3.1
LP3 0.5 1.1 1.3 1.4 0.9 1.1 0.7 0.9 24 3.0
BP1 0.5 1.0 1.2 0.8 0.9 1.0 1.0 0.9 29 23
Bae? BP2 0.5 0.6 0.8 0.7 0.6 0.9 0.7 0.8 23 2.0
e BP3 0.5 0.3 0.9 0.6 11 1.0 0.6 0.7 13 22
BP4 0.5 0.5 0.8 0.5 0.7 0.7 0.7 0.6 1.8 2.0

YIndividual packaging, OPP20/PE25 (In)+Paper (Out)
JLarge size packaging, LP1: OPP20/PE25 (In)+Paper (Out), LP2: OPP20/PE25 (In)+Can (Out), LP3: OPP20/PE25 (In)+Plastic (Out)
*Bag packaging, BP1: OPP20/PE25, BP2: OPP20/DL/CPP20, BP3: PET12/PE25/CPP20, BP4: PVDC/OPP20/PE15/CPP20)

Table 7. Changes in peroxide values of Gangjung by different packaging methods during storage at 35°C for 60 days (Unit: meq/kg)

. Storage time (day)
Packaging method
5 10 15 20 25 30 40 50 60

Individual” P 20.85 30.04 18.21 31.09 12.95 77.65 133.97 147.28 147.66 155.84

LP1 20.85 49.74 17.29 47.24 22.87 80.91 87.65 117.61 97.93 144.94

Large size?  LP2 20.85 29.37 24.79 12.44 12.77 50.87 113.06 110.60 91.26 188.05

LP3 20.85 40.85 76.14 4191 50.46 36.90 65.73 116.03 110.87 119.02

BP1 20.85 30.07 38.50 29.00 24.53 65.56 75.31 126.44 119.34 146.03

Bag? BP2 20.85 32.90 48.19 27.45 57.46 31.57 101.36 117.92 109.02 169.34

28 BP3 20.85 31.17 50.95 38.19 46.83 122.44 161.61 140.05 122.77 200.61

BP4 20.85 38.09 46.79 21.38 95.11 65.84 155.49 196.19 130.81 205.86

YIndividual packaging, OPP20/PE25 (In)+Paper (Out)

f)Large size packaging, LP1: OPP20/PE25 (In)+Paper (Out), LP2: OPP20/PE25 (In)+Can (Out), LP3: OPP20/PE25 (In)+Plastic (Out)
9Bag packaging, BP1: OPP20/PE25, BP2: OPP20/DL/CPP20, BP3: PET12/PE25/CPP20, BP4: PVDC/OPP20/PE15/CPP20)

@ WAL A el w9, YT 49 RE NPT
H Awrt pasle 23S BT ol Awsk A v%s
A FAS Jlol AR FUY B AR AR oleld

O

whe .

:(0

H2RFE 7] 59 olfrE =eAE

s}

T ashe Ao, ole A Ayl HEsiA K3y
o itelEe] Hall&wrt AdEERT mEr] gl B
I HF QUTh23). 2007 AFEHE4)] AFA T4 B HF
2FE FEHANA SRl tig FSHET 71EX= 40.0 meq/
kg wIFto] o A 2009 AFFH22)0lE HAAbstE T
2 7)Ee GAT IitElETHE o)A g AW el Ao

>

e A A Ao #AS AsAlTlE F8 2120 dasith I 9 A mE InslEvE AuEE,
2NeE dEA louzg o] T} EXJHC}H,; “x-‘ EAA HX‘W‘ NEEASE 1P 9 OPP/PE BEo 2 XASH Aoz A% 20
717k W 4b7te] ¥stE &7g9 Aol 12.95 megkgel Ao A 25Y0)E= 77.65 megkgE F

2EFFH(22)0] MBAF FETA 940}
71%X= 2.0 mg KOH/g ©|8l2 =o] gt} *&7}~ BE AT
N AJZko] Aol we} ekl o i% 4047= 2.0 mg

3] F7Fetdch. i@ xEe] 79 LPl= OPPPEHECIRE X7
Aoz A% FA 2085 megkgdlH 2T S7¢] WIS 1w
oltirt A7 25U E 80.91 meqkglE ~7}o} 5Tk, OPP/PE+

O o Y

KOH/g m|gto 2 7]ZX]2 Hojul= A7 aideh. 28 A o7 ¥AS LP2= A% 2080l 12.77 megkgR 7HAsH= 7S
A 5081 BRI X7 BP3S} BP4= 11]3]?‘& BEE AFFA 2.0 S Holtrt A7 2599 50.87 meg/kgel AL A7 30€l= A
mg KOH/g®| ©1’¢¢] k& uveho] 71X Blojyitt. o]k %259 Hrh 2v] o]4te] F7HES Hth. OPPPE+ZERAE S
AZ B AP E 379 o) FHElE A F4o] AalHE 2 AT LP3e A 1080) 76.14 megkeE Be AHEET)

& YeMITh 3 BAEAd A= OPPPE Z5o=2 A

= Wiel W A48 @ 5 S e Aes T )
sk

2 gl ke AARAASA Ol B9 A7t BEEeR ojfed BP19] A= A 27 2085 megkgolr =34 F7keitirt
o el AT SANE F Jg Aew Az A7 20990 24.53 meg/kgolet A7 60Ll= 146.03 meg/

DpAtSEET | WSt

rbslE7Rs 7ol A Abel A-ste] Abvtel A F&
g X golH o] A3 A= Table 734 2t FisE7]
Hal= BE AJFTelr] #7g7)7ke] At wet Frtstcrt

kgo & EFZo] @o] A3slEIT}h. OPP/DL/CPPOE #7335 BP22
A9-ole A% 2599 31.57 megkg® HlwA oHYE EHLS &
A&t ot 27 30%_‘oﬂb 101.36 meqkg® F43] 7SIt
PET/PE/CPPL.2 273t BP3= A7 25Ul 12244 meqgkg,
PVDC/PE/CPPL.E z 6& BP4E= A4 30€0] 15549 meq/kg=
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Table 8. Changes in fatty acid composition of Gangjung by different packaging methods during storage at 35°C for 60 days  (Unit: %)
Fatty acid”
.Storage Packaging method v
time (day) 8:0 10:0 14:0 16:0 18:0 18:1 182 18:3 20:0
0 0.2 0.2 0.1 11.2 3.8 24.1 54.2 6.0 0.2
Individual” P 0.3 0.2 0.1 11.7 3.7 25.1 53.1 5.6 0.2
LP1 0.2 0.2 0.1 11.7 3.6 24.7 53.7 5.8 0.2
Large size? ~ LP2 0.1 0.2 0.1 11.7 2.6 25.0 543 5.8 0.2
30 LP3 0.2 0.2 0.1 11.6 3.6 24.9 53.6 5.7 0.2
BP1 0.2 0.2 0.1 11.8 3.6 24.7 53.7 5.7 0.2
Bag? BP2 0.2 0.2 0.1 11.8 3.7 25.0 533 5.6 0.2
a8 BP3 0 0.2 0.1 15 3.6 2438 538 5.7 02
BP4 0.2 0.2 0.1 11.7 3.7 25.0 534 5.7 0.2
Individual” P 0.3 0.2 0.1 11.8 3.7 25.0 53.1 5.6 0.2
LPI 0.2 0.2 0.1 11.8 33 24.5 54.1 5.7 0.2
Large size”?  LP2 0.2 0.2 0.1 11.8 3.7 253 52.9 5.5 0.2
60 LP3 0.3 0.2 0.1 11.9 3.7 24.8 53.1 5.6 0.2
BP1 0.3 0.2 0.1 11.9 3.7 24.9 53.0 5.6 0.2
Bag?) BP2 0.4 0.2 0.1 11.9 3.7 24.8 53.1 5.6 0.2
a8 BP3 0.2 0.7 0.1 11.8 3.7 24.9 52.9 5.5 02
BP4 0.3 0.1 0.1 11.8 3.7 25.0 533 5.6 0.2

Individual packaging, OPP20/PE25 (In)+Paper (Out)

JLarge size packaging, LP1: OPP20/PE25 (In)+Paper (Out), LP2: OPP20/PE25 (In)+Can (Out), LP3: OPP20/PE25 (In)+Plastic (Out)
Bag packaging, BP1: OPP20/PE25, BP2: OPP20/DL/CPP20, BP3: PET12/PE25/CPP20, BP4: PVDC/OPP20/PE15/CPP20)
98:0 caprylic acid, 10:0 Capric acid, 14:0 Myristic acid, 16:0 Palmitic acid, 18:0 Stearic acid, 18:1 Oleic acid, 18:2 Linoleic acid, 18:3 Linolenic

acid, 20:0 Arachidic acid

F43] 7kt F4 Astel ®¥skE: JeRiATh
B Age] Aujela AdadAre}l vws) mH 23k 24 {3t
1+ F tstETE gl BE 2RFA ST
som tA] F7kshe Aol Athe Baleh §A}
s S YERAT. et $xje] Ak} Atol ] BP3el BP4
o] A TAAE ARAE W ks FA SURIA %
Fedl PkslErL S7kek olfis Ao Adekae] =4 ¢
of F&at=dl ofElgel o] FEA| tha JASA gdof T

X|tisto] HiS)

DA SHeE AR Z WA 2L EAU 1 ¥
ANAEE 27gstar] 4 2345 Table 89l LFERN AT
Z7] A 2432 EXIATARI linoleic acid(18:2)7F 54.2%
2 7P B9y I o802 oleic acid(18:1)7F 24.1%, palmitic
acid(16:0)7F 11.2%, linoleic acid(18:3)7} 6.0%, stearic aicd(18:0)
7t 3.8% w22 YRt B3t A7k g At 24S
Ao EH palmitic acid(16:07F A7 30¢FE 904714 w]v]5HA
S8k AES BT stearic aicd(18:0)9} oleic acid(18:1)= A
717 W wH3skskA] 22t ™ linoleic acid(18:2)2} linolenic
acid(18:3)= wIR|sAl ZHaehe AFS HeRHIT oleigh vl
g Aol= BXSIETE T2 T 7] Aiite] A EWA o]
FAZe] Ao wet Yehbe @4US & AUt Kum
T Tl FASAE HItste] Ad2olA AsiHAl A
2 EAT A3, AFE7] linoleic acid(18:2)7F 54.2%, oleic
acid(18:1)7F 23.4%, palmitic acid(16:0)7} 11.3%, linoleic acid
(18:3)7} 6.5%, stearic aicd(18:0)7} 4.6%= JERATIAL sl & A
o] Al FAIITE Han )2 +#= v)d E43te] 100

=~ Ox

3

)

o

A AABPHA AARS 223 A3 linoleic acid(18:2)7F 52.47%,
oleic acid(18:1)7F 23.84%, palmitic acid(16:0)7} 12.39%°] 21}
A7} 304 A = linoleic acid(18:2)7F 11.26%, oleic acid(18:1)7}
17.17%, palmitic acid(16:0)7} 422%Z 7Z+Ad3ET, ol 23|
e} Fo] Qdrta STt

=
5
A5 vINE L 2AR] AN TP g
Y, hYTF R BALFY P Wus gl TRLS

ARSI 4 FALS (1) IP: OPP/PE+E0], (2) LP1: OPP/
PE+%°], (3) LP2: OPP/PE+3}, (4) LP3: OPP/PE+ZE}2=E, (5)
BP1: OPP/PE, (6) BP2: OPP/DL/CPP, (7) BP3: PET/PE/CPP,
(8) BP4: OPP/PVDC/PE/CPPZ FE3IATE A Adx7] A
WAk 4L linoleic acid(54.2%), oleic acid(24.1%), palmitic acid
(11.2%) linoleic acid(6.0%) and stearic aicd(3.8%)°1 o™, A%
T S, FEENE, AR, AL itsEVHE S4Ekh
A & R Wiyt =A yelhd AlE= LP2, BP4>1P
>LP3, BP1, BP2>LP1>BP3 o|th. FEZYTE= & 2o|E
Holx| ¢kgkom, A= 1P, BP3 ¥ BP4E A 6040l =719
Zo| 7 AA Yelsth A7be 1P, LP1, LP2, LP3, BP1 %
BP2 7% A7 40l 7152191 2.0 mg KOH/g ©lstellom, i}
2b8lE7R= 1P, LP1, LP2 2 BP12] 7% 715X 40.0 meg/kg
Hjgto] 204721 AR yEhyith Z8H0E xPAAEE =
LP2¢} BPIo] Aol SFatdon gz = =
A >BAEXY >NEEY o7 el
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