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Processing Conditions for Low-Salted Squid Jeotkal
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Low-salted and fermented squid products, squid jeotkal was prepared and fermented at
10C. During fermentation of squid, microbiological and chemical changes were examined.
Sensory evaluation was also carried out. After 20 days of fermentation, taste and flavor
of the squid jeotkal containing 10% NaCl were proven to be the best; in contrast, the
jeotkal with 7% NaCl exhibited the highest sensory score. At the period showing the best
flavor and taste, viable cell count reached to 10%/. Throughout the fermentation period,
types of microorganisms isolated were significantly different in squid jeotkal of different
salinity. In general, protease producer and bacteria producing components of jeotkal-flavor
and organic acids more likely contributed to producing the jeotkal of the best quality. pH
of the squid jeotkal with 10%
fermentation periods; however, in the case of the jeotkal with 7% salinity, pH increased

salinity maintained under pH 7.0 throughout the

over pH 7.0 after day 25. Similar tendency was observed in the results from VBN and
hypoxanthine formation. Total nitrogen was decreased as fermentation proceeded; in
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contrast, total free amino acids were increased.

introduction

Jeotkal, one of the most beloved traditional food
of Korea used to be prepared in home-made scale
until recently. However, the rapid changes in dwel-
ling patterns have made the jeotkal industry com-
patible with its home-made counterpart. It is confi-
rmed by the steady increase in sales of the ready-
made jeotkal. And yet, the large scale process has
not been fully developed only to follow the tradi-
tional methods. To preserve jeotkal for long period
of time, salt has been added to the jeotkal at very
high concentration. This causes a lot of health pro-
blems such as hypertension and nephritis. For this
reason, low salted jeotkal appears to be the attrac-
tive product for the consumers sensitive to the
health problem. So far, only a few researches have
been carried out to reduce the salt concentration
in jeotkal(Lee ef al, 1982; Mori et al, 1980). Partial

substitution of NaCl with KCl was also tried by se-
veral researchers(Marsh, 1983; Camirand ef al,
1983; Cha and Lee, 1985). However, most of these
attempts were proven to have some drawbacks
such as reduced shelf life and poor flavor and ta-
ste.

To cope with these limitation of jeotkal manufac-
turing process, squid was selected for model study.
Salt concentrations of 3, 5, 7, and 10% were emp-
loyed and fermentation was carried out at low tem-
peratures rather than room temperature. This pro-
cess will be more suitable considering the marke-
ting of jeotkal product, which employs cold chain
system. By evaluating the changes in microbial po-
pulation, sensory and chemical properties, we in-
tend to determine the optimal conditions for prepa-
ring low salted squid jeotkal with low fermentation
temperatures.
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Materials and Methods

Preparation of the squid jeotkal

Squid(Todarodes pacificus) was purchased from
local market as frozen state. The average body le-
ngth and weight were 30 & 5¢m, 130 + 20g, respec-
tively. After removing viscera, squid was sliced at
Smm thickness. To 20kg of squid, NaCl was added
to make the final concentration of 3, 5, 7, and 10%
(w/w); 3,5, 7, and 10% salted squid will be desig-
nated as 3, 5, 7, and 10% SSJ, respectively. The
salinity of the raw material was 1.0%. Fermentation
was carried out at 7€ and 10T for 40 days. During
the fermentation, changes in microbial population,
sensory and chemical properties were evaluated at
five day interval.

Analysis of the squid jeotkal

Moisture was determined on 5g of homogenized
samples by placing them in a drying oven at 105C
and determining the weight loss. Structural nitro-
gen was estimated by semi-micro Kjeldhal method
after washing the sample with 0.9% saline. pH and
salinity were determined by pH meter and AgNO;
titration, repectively(A.O.A.C,, 1984). Volatile basic
nitrogen(VBN) was estimated by Conway’s method
(Miwa and lida, 1973) using conway unit and free
amino acids by using o-phthalodialdehyde(Ryu et
al, 1988). Hypoxanthine contents were measured
by the Ke and Burns’ method(1989). 5.0z of each
sample was extracted with 0.6M perchloric acid(50
mi), and then filtered, the filtrate was neutralized
with 40N KOH and an aliquot was injected on the
HPLC. Separation of Hypoxanthine was performed
with an C3 column(Finepak SIL-C18, JASCQ). The
mobile phase and flowrate were 0.01M KH,PO, and
1.5ml/min, respectively.

Isolation and identification of microorganisms
Medium for isolation or viable cell count was
prepared by adding 1.5% agar and 65% NaCl to
brain heart infusion medium(BHI medium, Difico,
U.S. A). Each sample was mixed with 65% saline
water to give 10% by weight and homogenized
with waring blender at 10,000 rpm for 90 sec. Ali-
quots of 0.2ml were spreaded on the BHI agar pla-
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tes and incubated at 20C. After 40~72k, colonies
were counted and isolated. The isolated colonies
were identified according to the method of Krieg
and Holt(1984) and morphorlogical and biochemi-
cal test were undertaken by the method for Harri-
gan and McCance(1976).

Comparative sensory assessment

Sensory evaluation of the squid jeotkal was car-
ried out by the panel of ten members. Five diffe-
rent description were employed to grade the ove-
rall quality in terms of flavor, taste, texture, and
color: excellent, good, acceptable, unacceptable, and
poor. ‘Poor’ corresponded to 1.0, indicating the
beginning of spoilage and ‘Excellent’ to 5.0. ‘Una-
cceptable’ meant that consumers could notice the
bad changes in quality of the products. To have a
commercial value, grade should be either ‘good’ or
excellent because these products will be displayed
and sotred for substantial period of time until con-
sumption.

Statistical analysis

To detect significant differences in the results of
the sensory evaluation and other analyses, data
were treated statistically using SPSS. The subprog-
ram, ONEWAY, which was specifically designed for
a one-way analysis of variance, was employed using
a significance level of 0.05. If significant differences
were present, Duncun’s multiple range test was
performed using a significance level of 0.05.

Results and Discussion

Sensory evaluation

Overall quality of the squid jeotkal was evaluated
by sensory panel. Sensory evaluation was based on
color, texture, flavor, and most importantly, the ta-
ste. The grading guidelines for quality evaluation of
the squid jeotkal are shown in Table 1. As shown
in Table 2, salt concentration of 10% proved to
produce the best products at 10T in overall quality
followed by the 10% salted jeotkal at 7T. As expe-
cted, putrefaction was observed in 3% and 5% sal-
ted squid jeotkal(SS]) even at 7C. Thus, 7% and
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Table 1. Sensory grading guidelines for the jeotkal

Overall Criteria
Grade .
quality Color Texture Taste Flavor
5  Excellent White translucent Elastic firm Excellent Pleasant
4  Good Translucent Firm Good Good
3 Acceptable Brownish translucent  Reasonably firm  Acceptable Acceptable
2 Unacceptable Opaque Soft Unacceptable  Some odor
1 Poor Green-yellow opaque  Very soft Poor Very offensive odor
Table 2. Sensory evaluation of low-salted squid jeotkal f
fermented for 20 days. :
\'/. 5 1'OE+09§ /Ej—:ﬂ:—:
Temperature Salinity( %, w/w) ) 3 /2 -
(0 30 50 70 100 g E o
o 1.0E+07:
70+ 05 1.1 1.3 3.1° 3.9° § E g
100+ 0.5 1.1° 15 34> 45 2
*Scores graded by 10 panelists were evaluated -& 1.0E+053
by Duncan’s multiple range test. Significant é /g
differences were detected by different super- 8 ;;/
scripts. g 1.0E+033
Z ]
g
10% SS] were selected for the further study and 1.0E+01 .
fermented at 10C. Sensory evaluation was carried 0 10 20 30 40 50

out every 5 day.

Changes in microbial population and sensory as-
sessments
During fermentation of 7% and 10%

squid jeotkal, changes in viable cell count and sen-

salted

sory assessments were shown in Fig. 1 and Table
3, repectively. Flavor and taste of the jeotkal were
found to be the best when viable cell count rea-
ched to 10%z. At 10T it took 15 and 20 days to
reach that number for 7% and 10% SSJ, repecti-
vely. 10% SS] proved to be better than 7% coun-
terpart by sensory evaluation. Moreover, in 10%
SSJ viable cell count did not increase to 10%g until
day 40. 7% SSJ], on the other hand, showed inc-
rease in viable cell count over 10% on day 30 and
significant loss of quality was followed.

Significant relationship was observed between
sensory evaluation and changes in viable cell count.
The index of well fermented jeotkal would be via-
ble cell count of 10%g and that of 10%g should be
considered as the beginning of quality deterioration

Fermentation time (day)
Fi Changes in viable cell counts of squid jeotkal
with 7%(M) and 10% total salinity((3) when
fermented at 10T,

g. 1.

Table 3. Sensory evaluation of low-salted squid jeotkal
fermented at 10C.

Salinity Fermentation time(day)
(%, ww) 10 15 2 25 30 35
70 32° 39 34 31' 260 23
10.0 - 3.7¢  45' 4.0° 38 36

* Scores graded by 10 panelists were evaluated
by Duncan’s multiple range test. Significant
differences were detected by different super-
scripts.

for 7% SSJ. This result implies that once well fer-
mented, jeotkal should be stored at low tempera-
ture to prolong the shelf life.

Bacteria involving fermentation or squid jeotkal
were isolated and identified(Table 4). Four types
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Table 4. Morphological and biochemical characteristics of strains isolated from fermented Squid

Characteristics
Acid from:

Shape Gram Mot Cat Oxi H;S Ind MR VP Cit Gel Cas OF Lac Fru Dex Suc Man Sdl
Staphylococcus xylosus coccls + - + - - - - - - - - -+ + + + 4+ +
Micrococcus varians coccus + - + - - - - -~ 4+ - t +/- - + + + + -
Unidentified cocous type 1 cocus + - + + - - - - - - - NG - =~ - ~ - =
Unidentified coccus type 2 cocwss + - + - - - + - - - - N6 - - - - - -
Pseudomonas diminuta o - + + + - - - - - - + 4/- - + + + + 4
Flavobacterium odoratum  rod ~ — - T A e
Pseudomonas sp. D1 rod - I S T S S S S S
Pseudomonas sp. D2 rod - + -+ - -+ 4+ == = = = = -
Acinetobacter calcoaceticus bcz?ccifl(:s - -+ - - - - - 4 4 + 4/ 4+ 4+ + + -
Aeromonas sp. D3 v S S S A L SR S S

Gram; Gram stain, Mot; Motility test, Cat; Catalase test, Oxi; Oxidase test, Ind;

Indole test, MR;

Methyl-red test, VP; Voges- roskauer test, Cit; Citrate test, Gel; Gelatin liquefaction, Cas; Casein test,
O/F; Oxidation and fermentation of glucose, Lac; Lactose, Fru; Fructose, Dex; Dextrose, Suc; Sucrose,

Man; Mannitol, Sal; Salicin.

of cocci, four types of bacillus, and two types of co-
ccobacilli were isolated. Micrococcus varians was the
most dominant coccus throughout the fermentation.
Interestingly, Staphylococcus xylosus grew well in 10
% SSJ but seldom in 7% SSJ. Type 1 and 2 were
unable to be identified and appeared only in the
initial period of fermentation. In the case of bacilli,
Pseudomonas diminula, Pseudomonas spp. D1 and D
2, and Flavobacterium odovatum were isolated.
When 7% SSJ was fermented at 10T, F. odora-
tum and M. varians were isolated; as fermentation
proceeded, their numbers increased dramatically to
the maximum in between day 15 and 20(Fig. 2).
In that period the flavor and taste were proven to
be the best in 7% SSJ. Besides, Pseudomonas spp.
D2 and P. diminuta were detected in high numbers
during the same period. With F. odoratum and M.
varians, they were likey to be involved in jeotkal
ripening. F. odoratum and Psudomonas spp. D2
were protease producer but were not able to utilize
sugars to produce acids; on the contrary, M. va-
rians and P. diminuta were unable to produce pro-
teases but able to utilize sugars. Thus, the unique
flavor and taste of the squid jeotkal seemed to be

1.0E+094

1.0E+07

1.0E+05

]

Number of viable cells (cells/g)

1.0E+034

0 10 20 30 40
Fermentation time (day)

80

Fig. 2. Changes in microbial population isolated from

squid jeotkal of 7% total salinity when
fermented at 10C.
Each microorganism was designated as follows:
*, Flavobacterium odoratump [, Micrococcus
vartars; +, Pseudomonas spp. D1; A, Pseu-
domonas spp. D2; X, Pseudomonas diminuta.

the combined effect of these two kinds of bacteria
with different biochemical characteristics.
Rather different tendency was observed in 10%

315



Young-Man KM - Yun-Mee JEONG and Jeong-Hwa HONG

SSJ(Fig. 3). Pseudomonas spp. D1 and D2, P. dimi-
nuta, M. varians, and S. xylosus were detected in
high number during the period between day 20
and 30 when the flavor and taste were the best. S.
xylosus, P. diminuta, and M. varians in particular
were thought to mainly involve in fermentation but
these three species did not contain proteolytic acti-
vities. Hence, Hydrolysis of the muscle protein, ho-
wever, could be attributed to Pseudomonas spp. D2
considering their steady increases in cell numbers
during the later period of fermentation.

1.0E+09{
!

1.0E+07

1.0E+0S

Number of viable cells (cells/g)

1.0E+031

0 10 20 30 40 50
Fermentation time (day)

Fig. 3. Changes in microbial population isolated from

squid jeotkal of 10% total salinity when
fermented at 10T,
Each microorganism was designated as follows:
W, Staphylococcus xylosus; [, Micrococcus variars;
+, Pseudomonas spp. D1; A, Pseudomonas spp.
D2; X, Pseudomonas diminuta.

Changes in pH

Changes in pH during fermentation at 10T were
monitored(Fig. 4). During the first 15 days, no
change in pH was observed for 7% salted jeotkal
and then large increase in pH was observed. On
day 25, pH came to be over pH 7.0, suggesting po-
ssible loss of commercial value of the product. On
the other hand, for 10% SSJ, pH was dropped slo-
wly until day 25 followed by substantial increase;
however, pH did not go over pH 7.0 even on day
35, suggesting the product still maintains good qua-
lity.

When the resuits of viable cell count and sensory
assessments were compared with the pH changes,
close relation of pH changes to jeotkal quality be-
came more evident. When viable cell count reached
at 10%g, jeotkal turned out to have the best flavor;
in addition, pH value was lower than pH 7.0. pH
value exceeded pH 7.0 as viable cell count rose to
10%g. For 10% SS]J, viable cell count and pH did
not go beyond 10%/¢ and pH 7.0 throughout the ex-
periment, respectively. Consequently, pH could be
used as an indicator to determine the quality of
jeotkal; pH 7.0 was the upper limit to keep the
good quality.

During the initial period of fermentation, slight
decrease in pH was observed regardless of the sa-
linity of jeotkal. In conjunction with biochemical
study and their growth curves of bacteria isolated
from jeotkal, this phenomena seemed to be partly
due to the rapid growth of the bacteria producing
acids when utilizing sugars in muscles. In addition,
the acids produced might activate proteases which
were believed to play an important role in fermen-
tation of jeotkal. To acquire squid jeotkal of excel-
lent quality, total salinity of 10% and fermentation
temperature of 10T are recommended.

Changes in VBN and Hypoxanthine(Hx)
As shown in Fig. 5, VBN sharply increased after
day 20 in the case of 7% SSJ when fermented at

8
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Fig. 4. Changes in pH of squid jeotkal with 7%(l)
and 10% total salinity((C]) when fermented at
10C
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Fig. 5. Changes in VBN of squid jeotkal with 7% (@)
and 10% total salinity(C]) when fermented at
10C.

10T and reached to 35mg/100g on day 35(Fig. 5).
In contrast, 10% SS] did not show such a large in-
crease in VBN as 7% counterpart. VBN level of 10
% SSJ did not increase significantly after day 25
and the values remained very close to that of 7%
salted one on day 20. According to sensory evalua-
tion, acceptability of 10% SSJ sharply declined af-
ter day 25; on the contrary, 10% salted one did
not lose its acceptability throughout the test period.
Therefore the result of VBN changes show signifi-
cant relation to sensory evalution. However, to eva-
luate the commercial value of the squid jeotkal,
VBN alone would not be sufficient to represent it.
In this respect, hypoxanthine was selected as a
quality parameter for jeotkal grading(Fig. 6). Hy-
poxanthine formation patterns were similar to VBN
patterns. During fermentation at 10T Hx levels
rose steadily in both samples; however, 7% salted
jeotkal showed more dramatic increase than 10%
counterpart. Hx levels in 10% salted jeotkal remai-
ned below 0.5 wrolg/g throughtout the experiment;
moreover, even up to day 35, all the samples were
pronounced to be acceptable or more than accepta-
ble by sensory evaluation. In contrast, Hx levels in
7% S8S] increased to more than 0.5 pmolg/g on day
30; in fact, sample on day 30 obviously lost™its co-
mmercial value according to sensory evaluation.
As a quality indicator, VBN and Hx contents
were compared with the results from sensory asse-

ssments. VBN in 7% salted jeotkal remained below
25mg/100g throughout the experiment; in contrast,
Hx levels went beyond 0.5 wmnolg/g on day 30. Hx
levels of 0.5 umolg/g were used to assess the qua-
lity of surimi by Ke and Burns(1989) and results
from this study well agreed with their standard.
For 10% SS], VBN and Hx contents remained be-
low 10mg/100g and 0.5 wnolg/g throughout the fer-
mentation, repectively. In the viewpoint of sensory
assessments, Hx levels proved to be more accepta-
ble standard than VBN levels.
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Fig. 6. Formation of hypoxanthine in squid jeotkal
with 7% (M) and 10% total salinity((]) when
fermented at 10C. (moisture-free and salt-free
basis).

Changes in total free amino acids

Total free amino acids decreased during the ini-
tial 5 days and then increased regardless of salinity
of the jeotkal(Fig. 7). Free amino acids in muscles
of squid seemed to be utilized by the bacteria for
growth and then the proteases produced from them
resulted in increase of free amino acids. When the
flavor of jeotkal was the best(on day 15 and 20 for
7% and 10% SSJ, respectively), peaks were obser-
ved in total amino acids curves. Any significant in-
crease in total free amino acids was not observed
for 10% SSJ after day 20 but 7% SSJ showed con-
siderable increase after day 20. It was coincided
with the fact that protease producer, Pseudomonas
spp. D3 grew remarkably during the later part of
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fermentation in 7% SSJ. On the contrary, Pseudo-
moans D3 began to decrease after day 30 in 10%
SSJ and Pseudomonas D1, a possible acid producer
maintain high numbers. The increase in acid pro-
ducer and decrease in protease producer appeared
to be able to maintain the good quality of 10% SS]J.
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] 10 20 30 40
Fermentation Time (day)
Fig. 7. Formation of total free amino acid in squid

jeotkal with 7% (M) and 10% total salinity(CJ)
when fermented at 10C. (moisture-free and
salt-free basis).

Structural nitrogen contents

Structural nitrogen decreased as fermentation
proceeded regardless of salinity of the jeotkal (Fig.
8). Thus it confirmed that protease played an im-
portant role in jeotkal production. Interestingly St-
ructural nitrogen contents were almost the same
for both jeotkals at the time of the best flavor(on
day 15 and 20 for 7% and 10% SSJ, repectivlely).
Therefore, a certain amount of protein had to be
hydrolyzed to give the desirable flavor.

To produce the squid jeotkal of good quality, we
recommend the following coditions for large scale
process; Jeotkal with total salinity of 10% should
be fermented at 10T for 20~25 days followed by
storing at 3C or lower temperatures. In our unpu-
blished data microbial action was slowed dramati-
cally if the jeotkal was stored below 3C. By using
this process, salt concentration and fermentation
time can be remarkably reduced; consequently, fla-
vor will be enhanced and the cost of product will
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be lowered. In addition, during the fermentation of
the jeotkal at 10C. We found that change in micro-
bial population, chemical and sensory properties
were closely related each other. Thus, the quality
changes in the jeotkal could be assessed by measu-
ring pH or viable cell count. Further research is in
progress to provide criteria for evaluating quality
of the jeotkal during fermentation.
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Fig. 8. Changes in total nitrogen of squid jeotkal with
7%(W) and 10% total salinity(C]) when
fermented at 10T, (moisture-free and salt-free
basis).

Acknowledgement

This paper was supported by the fund from Re-
search Institute of Korean Food and Dietary Cul-
ture, MIWON, 1991.

References

A.O.A. C. 1984. Official methods of analysis. 12th
ed., Association of official analytical chemists.
Washington D. C.

Camirand, W., J. Randall, K. Popper and B. Andich.
1983. Low sodium/high potassium fermented
sauces. Food Technol. 37(4), 81~85.

Cha, Y. J. and E. H. Lee. 1985. Studies on the pro-
cessing of low salt fermented seafoods: 5. Pro-
cessing conditions of low salt fermented an-



Processing Conditions for Low-Salted Squid Jeotkal

chovy and yellow corvenia. Bull. Korea Fish.
Soc. 18(3), 206~21.

Harrigen, W. F. and M. E. McCance. 1976. Labora-
tory methods in food and dairy microbiology.
Academic Press Co., pp. 21~78.

Ke, P. J. and B. G. Burns. 1989. Recommended ob-
jective methods for surimi quality evaluation
based on hypoxanthine and free fatty acids fo-
rmation. Lebensm.-Wiss. u-Technol. 22, 93~97.

Krieg, N. B. and J. G. Holt. 1984. Bergey’s manual
of systematic bacteriology. Vol. 1. Williams and
Wilkins Co., pp. 140~598.

Lee, E. H, K. S. Kim, J. K. Jeon, S. H. Nam and
J. G. Kim. 1982. The taste compounds of fer-
mented anchovy. Bull. Nat. Fish. Univ. Pusan,
22(1), 13~18.

Marsh, A. C. 1983. Process and formulations that
affect the sodium content of foods. Food Tech-
nol. 37(7), 45~49.

319

Miwa, K. and lida, H. 1973. Studies on ethylacahol
dtermination in “Shiokara” by the microdiffu-
sion method. Bull of the Jap. Soc. of Sci. Fish.
39(11), 1189~1194.

Mori, K., H. Shinano and M. Akiba. 1980. Histolo-
gical changes of “Ika-shiokara” during the ri-
pening process. Bull. Jap. Soc. Sci. Fish. 46(10),
1287~1292.

Nie, N. H, Hu, C. H, Jenkins, ]J. G., Steinbrenner,
K. and D. H. Bent. 1975. Statistical package for
the social sciences. 2nd ed., McGraw-Hill Book
Co., New York. p. 675.

Ryu, H,, Moon, J. and Lee. K. 1988. Conditions of
quantitative analysis for free amino acid in fer-
mented proteins. J. Korean Soc. Food Nutr. 17
(2), 136~143.

Received February 17, 1993
Accepted July 3, 1993



Young-Man KIM * Yun-Mee JEONG and Jeong-Hwa HONG

A4d eqolAE Az 22

Aot - Yool - M
Fovstm I8
VA et v 4 8 ot
AR FT HEAGATLE

G LA AZ G A=) 3t 10Tl LaAIEM BeF, v gty 2
o]gstd A WaAE 2AEEG 957 10%¢ AFY AE, 2E 208 A A5
oz M $4% EFA2L Jehider 7% A9AEL 159 Aol 23 WAL Fdo
T AE 2% o] ANHAM BEF) 10%ee s JElgon @y vt wel FE o

F9 Z2He 5o gl ozl g el Belas AETFS AG afo dAl
AR Ag Adste #3571 34 A2 3 846 Jdste Aog Jelgd pHe
10% AES %5 3549 A7HA pH 7.0 ©18E FASIL Y, 7% AMEFL 259 APEE pH

7%
7.0 ool H At} ol2ld FF2 VBN Hypoxanthine B3 % 5o A3ek frAtatdch
240l AT FALFE TE APl BB wep AP old wi F £
obpliite Frtake 2 HA

320



