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ABSTRACT - This study was designed to estimate self-life of Kimbab and sandwiches marketed in convenience
store. While the 12 different type of Kimbab (n=6) and sandwiches (n=6) were kept at 10°C for 72 hours, quality
changes including volatile basic nitrogen, aerobic plate count, pathogens detection and sensorial property was moni-
tored, and effective quality indicators were selected. Volatile basic nitrogen, indicator for protein deterioration was
slightly increased during storage periods in all samples. E. coli, Staphylococcus aureus, Salmonella spp. and Vibrio
parahaemolyticus were not detected from any of samples. Change of aerobic plate count of Kimbab and sandwiches
were increased moderately but increased dramatically after 48 hours of storage. Overall acceptability were maintained
over 5, purchasing power limit, for 40 hours in 4 general Kimbab, 48 hours in 2 samgak Kimbab and 42 hours in 2
sandwiches. Shelf-life of each item was calculated from regression equation between reference limit from effective
quality indicators, aerobic plate count and sensory property, and storage period. Estimated shelf-lives of general

Kimbab were 15~33 hours, samgak Kimbab were 32 hours and sandwiches were 27~30 hours at 10°C refrigerated
condition.
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Table 1. Major Ingredients of Kimbab (K) and sandwiches (S) used in this study

Sample

Major ingredients (%)

K1 Rice(64), crab analogue(9), pickled radish(7), egg(4), ham(4), cucumber(4), carrot(3), beef(2), sesame leaf(1)
K2  Rice(79), pickled radish(5), ham(4), crab analogue(4), egg(3), cucumber(3), carrot(2)
K3  Rice(71), egg(11), pickled radish(8), crab analogue(8)

Kimbab (K) K4
salmon(3), seasoning(3)

Rice(42), pickled radish(10), crab analogue(3), egg(5), Kimchi(6), ham(6), cocumber(6), carrot(4), kelp(4), tuna(3),

K5  Rice(70), kelp(7), beef(7), soybean paste(7), soy-sauce(3), seasoning(3)
K6  Rice(70), salmon(12), skipjack(12), seasoning(3)

S1 Barley bread(51), tomato(16), egg(15), lettuce(5), mayonnaise(8), ketchup(3), mustard(1)
S2 Croissant(47), ham(10), cabbage(8), lettuce(5), cucumber pickle (5), cucumber (5), mayonnaise(14), ketchup(5)
S3 Bread(48), tuna(20), egg(14), lettuce(5), mayonnaise(11), mustard(1)

Sandwi S4  Bread(51), cabbage(11), lettuce(5), egg(5), red cabbage(3), tuna(4), tomato(3), crab analogue(2), ham(2), cheese(2),
andwich (S) :
carrot(1), mayonnaise(5), ketchup(2), mustard(2)
S5 Bread(50), cabbage(11), lettuce(9), cheese(7), ham(7), cucumber(3), carrot(3), mayonnaise(4), ketchup(3), mustard(3)
S6  Bread(46), egg(6), cabbage(8), lettuce(5), ham(6), cheese(6), cucumber(3), carrot(3), cucumber pickle(2), mayon-
naise(5), ketchup(3), mustard(5)
oreE =H Zat g ¥
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Table 2. The proximate analyses and initial aerobic plate counts of Kimbab (K) and sandwiches (S).

Kimbabs (n=4) Samgak Kimbabs (n=2) Sandwiches (n=6)
Moisture (%) 61.8~66.0 57.0~58.0 43.8~62.4
Crude fat (%) 09~1.3 1.2~1.8 6.9~17.5
Crude ash (%) 1.2~1.8 0.8~1.2 1.4~2.1
Crude protein (%) 3.2~38 6.0~6.4 55~13.1
Total carbohydrate (%) 24.5~32.0 33.6~34.0 20.2~32.5
K1-3.04 K5-3.95 S$1-2.53
K2-4.43 K6-2.90 S2-2.34
Aerobic plate counts K3-3.98 S3-2.74
(logCFU/g) K4-4.18 $4-2.92
$5-2.92
S6-2.81

logCFU/g2 AFE=Z & zlol7} gt v 59 2zt
et 553 WERR] 559 vAE 2QAEE EXsl] 4+
77 wke] GRkAlF47F 3.5~5.5 logCFU/gol 2, M=%
£ 3.88-6.29 logCFU/get . H syt 7 S92 7w
30709 ARFTE E43Y, HE i ESE 647
logCFU/getal WkEate], B Age] Al & x0)5 B
Atk o] olfe & AN A At ME9R 9
Al 4 Al wiE xolzty e 4§
2o AR o g7t Gt FHAC) Blg® A A7 A
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&3 AFL FFAA AR 45 A YAZAR 25
ste] H}E AJEE & Zoluid] 7] vBE 7t
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St 2, Mepba 522 yolAg ot A7l &4 105S
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Table 3. Changes of the volatile basic nitrogen in Kimbab (K) and sandwiches (S) during storage at 10°C

XN T ZUReL MEHXRe HI Y Ho 1242 W

WiazA A F 7+ AR dal AR7|EE 3§
WA G71F A S £4% A= Table 334 2Tt
ANFe A A 1.3~4.1 mgolr A 12A17F Foll=
3769 mg%z 7+ F7Mte AdE HAFUTh K1
A37] REAROE 27] 1.3 mg%olX A 71247 ¥
o 40 mgwZE FUIeIE e, AN K= 7] 14
mg%lA A 2N 7 F 6.9 mgnE F7FsA T vy
Al K3 3.0 mg%olA 5.1 mgnZ o] F71E
AFRon, 27| FUAE7EAL o) 7T =%
AREZW K4e Z7] 4.1 mg®olX 1247 A%
OF7he] FUMWHE HAAFQTH ARl Kse
71 3.0 mg%olA, T2A17 A & 6.9 mg%=E 3.9 mg%h’t
7t o, 7kl 42wl K62 3.1 mg%ollA 72
AT A ol ghere] Mshyt A flith wEkA, A
FAES T/ wet 27 IFAAHG7A L o] Iz
o) zpolg B oy, ¥R oA 7247 AR E
 F7PF #EEHA eobx, dA=R g F49 I3t
' A e Aeg daEdnh

A=A AFE 27] AWH Fr1PAE ol

b o f

(unit: mg%)

Period (hrs) K1 K2 K4 K5 K6
0 1.3/0.23" 1.4/0.74 3.0/0.60 4.1/0.60 3.0/0.74 3.1/0.55
24 1.6/0.34 2.1/0.38 3.1/0.78 4.5/0.78 4.1/0.45 3.3/0.34
48 2.9/0.55 6.6/0.78 3.7/0.96 5.3/0.47 5.6/0.38 3.7/0.53
72 4.0/0.25 6.9/0.47 5.1/0.74 5.7/0.78 6.9/0.25 3.7/0.72
Period (hrs) S1 S2 S4 S5 S6
0 1.5/0.53 2.1/0.76 10.3/0.53 2.9/0.61 1.8/0.72 3.0/0.49
24 2.6/0.72 3.3/0.64 10.6/0.68 3.0/0.21 2.4/0.61 3.4/0.34
36 2.9/0.68 4.8/0.38 10.5/0.36 3.1/0.86 2.9/0.23 3.5/0.41
48 3.6/0.29 7.2/0.36 11.2/0.78 3.0/0.50 3.0/0.21 4.1/0.50
60 - 3.9/0.23 9.7/0.30 11.8/0.74 3.1/0.61 3.3/0.86 3.9/0.42
72 4.5/0.61 10.1/0.49 12.3/1.15 3.1/0.39 3.4/0.64 4.0/0.43

*, Standard deviation (n=3)
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Table 4. Change of aerobic plate counts of Kimbab (K) and
sandwiches (S) during storage at 10°C. (unit: logCFU/g)

Period
(hrs) K1 K2 K3 K4 K5 K6

0 3.04 4.43 3.98 4.18 3.95 290
8 4.08 457 4.57 4.75 4.11 2.95
24 443 4.69 4.83 4.93 4.52 4.11
32 4.40 493 4.95 4.98 473 4.46
48 452 4.98 4.89 5.36 4.68 451
56 4.65 5.89 4.79 6.76 5.04 497
72 4.94 6.04 6.43 6.98 5.60 5.68

Period
(hrs) S1 S2 S3 S4 S5 S6

0 2.53 2.34 274 292 292 281
24 3.53 3.64 353 3.53 3.36 3.53
42 4.63 4.94 4.81 N - -
48 471 5.02 4.88 493 4.66 4.74
60 5.83 5.68 6.87 5.69 6.02 5.94
72 5.98 5.83 7.02 7.61 741 749

* not tested
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K1; Y=0.020%+3 601, =08613
K2; Y=0.023%+4.295, =0.9283
K3; ¥=0.024%+4,108, =0.8288
K4, ¥=0.038X+4.123, =09332
K5; Y¥=0.021X+3.955, =0.9675 -
KB; Y=0.038%+2.924, =0.9735 -

oegq0®

Aerobic Plate Count (log CFU/g)

0 12 24 36 48 60 72
Storage Period (hrs)

Fig. 1. Correlations of aerobic plate counts and storage period in
Kimbab (K) during storage at 10°C.

® S51; Y=0.051X+2.452, =0.9895
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¥ 53, Y=0.064%+2.340, =0.9627

71 7 54, ¥Y=0.061%+2.452, =0.9502 v -,
W 56 Y=0.061X+2.378, =0.9500 Py
o

S6; Y=0.062X+2.361, r=0.9595 .

Aerobic Plate Count (logCFU/g)

0 12 24 36 48 60 72
Storage Period (hrs)

Fig. 2. Correlations of aerobic plate counts and storage period in
sandwiches (S) during storage at 10°C.
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o] 7)&d HFsta o, 4847 A Fol= 5
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7} 5 logCFU/ge] d& dwAld4E HAFY
o2 b3 71EoR AAEE dRHTES 5 logCFU/
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3| AEA A A7 E duAEFE RE A
HE7E 080 HE 52 ABAAE RAF o, E3
Aukel K59 K6 0.957F Y= w9 =& A3
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Table 5. Regression equations between standard aerobic plate
counts (Y) and storage period (X) during storage of Kimbab (K)
and sandwiches (S) at 10°C

. . Correlation Calpulated
Sample Regression equation Coefficient Period (h{s)
at'Y=5
K1 Y= 0.020X + 3.601 0.8613 69
K2 Y=0.023X+4.295 . 0.9283 30
K3 Y=0.024X + 4.108 0.8288 37
K4 Y=0.038X + 4.123 0.9332 23
K5 Y=0.021X + 3.955 0.9675 50
K6 Y=0.038X +2.924 0.9735 54
S1 Y=0.051X +2.452 0.9895 50
S2 Y=0.051X + 2.481 0.9857 49
S3 Y=0.064X + 2.340 0.9627 41
S4 Y=0.061X +2.452 0.9502 41
S5 Y=0.061X + 2.378 0.9500 42
S6 Y=0.062X +2.361 0.9595 42

*, Storage period calculated by regression equation at 5 log CFU/
g of standard aerobic plate count under 10°C storage.

Table 6. Change of sensory overall acceptability in Kimbab
(K)and sandwiches (S) during storage at 10°C

Storage

period (ghrs) K1 K2 K3 K4 K5 K6
0 90 90° 90° 90° 90° 90
8 g5t 850 g® g7  g3® g2
24 g2® 77 73 74 75> 17
32 700 75 60" 68 64 68
40 51 628 55 61 61 61
48 40° 43 41 47 54% 55
56 200 25 28 290 384 36

pei.tgfia(g};) St $2 S3 S4 S5 S6
0 90° 90° 90° 90° 90°  90°
12 86®  86° 860 8T 86°  88®
24 78 770 75 71 710 1P
36 64>  62%  62* 65  64* 64
42 560 568 56 56 52¢ s
48 47 49 46 4P 46 46
56 319 290 28 28 31F 29¢

*n=20; l=very much different from control, 5=different from
control, 9=same as control
**Mean with different superscript within a column indicator
signigicant difference (P<0.05)

AR FRHE 7150t 57 oldeE
Rt AEAS AT A e 34 7E=s)
Table 7. Regression equations between overall acceptability (Y)

and storage period (X) of Kimbab (K) and sandwiches (S) during
storage at 10°C

. . Correlation Callculated
Sample Regression equation Coefficient Period (hrs)
at Y=5

K1 Y=-0.095X + 9.790 -0.9328 50
K2 Y=-0.107X + 9.717 -0.9296 43
K3 Y=-0.105X + 9.209 -0.9807 40
K4 Y=-0.102X + 9.554 -0.9653 44
K5 Y=-0.085X +9.169 -0.9792 49
Ko Y=-0.086X +9.243 -0.9624 49
S1 Y=-0.104X + 9.691 -0.9684 45
S2 Y=-0.105X + 9.672 -0.9667 44
S3 Y=-0.107X + 9.665 -0.9700 43
S4 Y=-0.104X + 9.612 -0.9629 4
S5 Y=-0.104X + 9.533 -0.9792 43
S6 Y=-0.108X + 9.646 -0.9741 42

*, Storage period calculated by regression equation at 5 log CFU/
g of standard aerobic plate count under 10°C storage
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Table 8. Shelf-life of Kimbab (K) and sandwich (S) under 10°C
storage

Self-life (hrs)

Sample - -

Calculated Estimated
K1 50 33
K2 30 20
K3 37 25
K4 23 15
K5 49 32
K6 49 33
S1 45 30
S2 44 29
S3 41 27
S4 41 27
S5 42 28
S6 42 28

*  Bstimated shelf-life=calculated shelf-life x safety factor (1/
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HolHolM Fvjste ALF 65, M=AAF 65 o
3 10°C W 2AstlA 7247 A AsAA, ELWUEE
B, 24 AEE =312, F571E AF3Aoh
A 717 & AR 9ide RixE vehie ¢
A G184 e ZE AFA £ HsE HolX
gt A7 5 AWFRY FAYE7IEA L AT FHAQ
Z27] 13~4.1 mg%AA A7 7247 3 3.7~6.9 mgh=
7t Z1et R, MEAXNE 27 1.5~10.3 mg%N A A
2 7207 & 3.1~12.3 mgRE F718ld & WHelE Ho
2 gttt AR, Sz, Ardeld, HlEe
#e ARV B BE AR AESHA] &t
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