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Changes in proximate composition and protein quality were determined to find out
appropriate processing conditions of the seasoned and smoked squid(Neon flying squid,
Ommastrephes bartrannii). Moisture and crude protein contents were severely reduced
(p<0.05), while increasing of fat and ash contents were not apparent. Seasoning and
smoking contributed in enhancing TBA value. Trypsin inhibitor(TL) content was not
increased severely after those processing steps. TI content checked in the all steps of
squid processing was not correlated with the TBA value of squid in the same processing
step. An improved digestibility and protein efficiency ratio(PER) were observed in the all
products except with steak(mechanically soften product). In vitro enzymatic digestibilities
of both raw Neon flying squid meats(mantle and arm) were significantly inferior{(p<0.05)

to other squid species.

Introduction

Neon flying squid(Ommatrephes bartranii) pro-
vide approximately 60% of the total pelagic squid
caught in Korea(Kong, 1990), and it is consumed
popularly as the seasoned and smoked products.
With the decrease in the availability of traditional
pelagic squids caught using gillnet fishing, the de-
mand for the effective utilizing appears to be gro-
wing. On the other hand, like other fishery produ-
cts, those squids have been processed only for sa-
tisfying consumer’s organoleptic appetite by impro-
ving its taste with various additives and textural
properties without testing the effect of processing
conditions on nutritional quality. Due to a growing
concern about availability nutritional data of sea-
foods, it is becoming important to study the benefi-
cial processing conditions that can produce superior
products nutritionally rather than satisfying the co-
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nsumer’s organoleptic appetite. Hence, the primary
focus of this research was to check the changes of
the proximate composition and in vitro protein
qualities related with trypsin inhibitor(TI) content
in the seasoned and smoked squid products th-
rough every steps of processing. TBA value was
also measured to know the relationship between
the peroxides and trypsin inhibitor.

Materials and Methods

1. Sample collection and preparation

Frozen Neon flying squid(Ommatrephes bartra-
nii) was obtained by the courtesy of Suh-Jin Food
Co. in Young-Il Korea and its previous history was
unavailable. The averages of total length and wei-
ght of squid mantle were 42.5 ¢m and 1,520 gram,
respectively. Packaged frozen squids(mantle and
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tentacles) were thawed in flowing water of 13C for
3 hours and used them as raw samples. Beka squid
(Loligo beka) and Japanese flying squid were pur-
chased from local fish market in the frozen form
to compare its protein qualities with Neon flying
squid. Skinning was practiced in 55 C of warm wa-
ter for 8 minutes with industrial scale(260 kg of
thawed mantle in 150 liter of water). The skinned
squid was then passed for 5 minutes through con-
tinuous conveyor system maintaining the tempera-
ture of 95C and them chilled in water tank of 15C
for 20 minutes. Marinated squid was soaked a mix-
tured seasoning for 6 hours. The mixtured seaso-
ning contains 15 gram of sucrose, NaCl, monoso-
dium glutamate(MSG) and citrate dissolved in 100
ml of water. Seasoned squid was drained and dried
in a hot air blast dryer at 38T for 6 hours so that
its moisture content reached to 55%. Hot-smoking
process was employed in preparing the smoked
products. The hot air blast dried squid was placed
inside the hooded grill having oaktree chips and
smoked at 80T for 50 minutes. After smoking,
squid was sterilized using steam heating process
(95%, 30 min.).

2. Chemical analysis

Crude protein(NX6.25) and total lipid content
on the edible portions of squid mantle and tentac-
les were determined by the methods described in
AQAC mannual(AOAC, 1984).

Moisture content was determined by drying sa-
mples in a vacuum drying oven(15 mmHg) for 8
hours at 100 €. Samples for ash determination were
heated in a muffle furnace at 550C for 6 hours to
constant weight. TBA value was measured by the
method of Turner(1954) using 2-thiobarbituric acid
reagent. Trypsin inhibitor(TI) content was deter-
mined using the procedure of Ryu{1983) which is
modified from Rhinehart method(1975). Results of

TI are expressed in trypsin inhibitor equivalent,
which equals the mg of purified soybean trypsin

inhibitor per gram sample. The correlation coeffi-
cient between pH and TI content was 0.9935 and
the equation for calculation is Y=4.0307X—27.63,
where Y=npurified soybean trypsin inhibitor(mg)
and X=pH at 10 minutes incubation.

3. Amino acid analysis

The edible portion of each squid sample was hy-
drolyzed in 6N HCI under vacuum at 100T for 25
hours. The hydrolysates were injected into a LKB
Autoanalyzer(4150, a-type) for the determination
of amion acids. Tryptophan was released using an
alkaline hydrolysis by Hugli and Moore method
(1972), and sulfur-containing amino acids were
quantitatively oxidized using performic acid(Spen-
cer and Wold, 1969).

4. Protein quality

The in vitro protein digestibilities of the all sam-
ples were measured by the AOAC procedure(1982)
using four enzymes including trypsin(Sigma, 14,600
BAEE units/mg solid), e-chymotrypsin(Sigma, 41
units/g solid), peptidase(Sigma, 50 units/g solid)
and bacterial protease(Streptomyces griceus, Sigma,
58 units/mg solid). The reference protein used in
digestibility assay was ANRC casein. Computed
protein efficiency ratio{C-PER), discriminant com-
puted protein efficiency ratio(DC-PER) and predi-
cted digestibility were calculated using the correc-
ted procedure of AOAC(1982). Protein digestibility
via a procedure using four enzyme, and amino acid
profiles were used in calculation C-PER.

Predicted digestibility and DC-PER were calcu-
lated solely from amino acid profiles of sample
proteins.

Results and Discussion

1. Proximate composition

The changes of proximate composition of squid
products at different stages of processing is shown
in Table 1. Mantles and tentacles were sampled
and processed separately, and proximate composi-
tion of the two kinds of Korean coastal squids, such
as Beka squid and Japanese flying squid, were also
analyzed to compare the its food quality with Neon
flying squid. Moisture contents of both squid samp-
les were not changed until skinning step, and those
products contained moisture levels ranging from a
low of 784% for raw mantle to a high of 823%
for mantle steak. These values were within the va-
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lues reported by Hashimoto et al.(1979), and Suy-
ama and Kobayashi(1980). Boiled products showed
a lower moisture content than raw ones by 5%,
and there was a significant(p<0.05) reduction(28
%) in moisture content of finally smoked squid
products. Protein content of squids before boiling
stage was about 80% for mantle and 74% for ten-
tacles as moisture free basis. It should be noted
that both raw Neon flying squid samples have more
protein than those of other coastal squids. Protein
levels were lowered by 7% for mantle and 104 %
for tentacles in boiled products because nitrogen
compounds were extracted by water. These results
were compared well with those reported by Saka-

moto et al.(1979). Crude fat and ash content of raw
and processed squids were similar to the results by
other researchers(Lee et al. 1974, Suyama and Ko-
bayashi 1980, Jhaveri et al. 1984, Krzynowek et al.
1989). The analysis of the skinned mantle and ten-
tacles showed a decrease in fat and a consequent
increase of the ash, as the process of seasoning.

2. Trypsin inhibitor and TBA value

Table 2 shows comparison of TI and TBA value
Neon flying squid during processing.

Generally, TI includes typical proteinous inhibi-
tory materials contained in raw sources and indige-
stible materials induced from the results of intera-

Table 1. Changes in proximate compositions through the commercial seasoned squid processing

% wet basis(% moisture free basis)

Crude protein

Samples Moisture (NX6.25) Crude fat Crude ash
Mantle
Raw 784 16.85(78.03)  126(584)  141( 6.07)
Steak 82.3 14.28(80.77)  0.67(3.76)  1.30( 7.33)
Skinned 806 15.80(81.28)  042(217) 1.35( 6.97)
Boiled 759 17.15(71.16)  0.48(1.99)  1.39( 5.77)
Seasoned 65.9 20.64(6049)  0.75(221)  3.03( 891)
Air blast dried 493 31.46(62.00) . 158(3.11)  3.37( 6.64)
Smoked 489 31.08(60.76)  1.12(2.20)  4.09( 8.01)
Rolled 55.2 30.16(67.32)  0.80(1.79)  3.53( 7.87)
Packaged and aged 46.4 31.38(58.59) 2.59(4.83) 4.56( 852)
Tentacle
Raw 80.3 12.77(75.11)  049(225)  1.20( 6.07)
Skinned 80.9 13.83(72.37)  0.50(2.60) 1.12( 5.86)
Boiled 75.1 16.11(64.69)  0.65(2.61)  1.84( 7.38)
Air blast dried 574 20.17(47.38)  1.63(3.82)  2.65( 6.23)
Smoked 459 23.27(43.02)  101(229)  3.20( 7.26)
Packaged and aged 51.8 22.23(46.11)  1.30(2.70)  3.31( 6.87)
Beka squid(Loligo bdka)
Raw mantle 812 1349(71.76)  1.74(9.23) 1.38( 7.35)
Raw tentacle 814 11.07(59.52)  137(7.37)  091( 4.87)
Japanese flying squid(Todarodes pacificus)
Raw mantle 80.1 1341(70.95)  1.30(6.88)  146( 7.71)
Raw tentacle 776 11.31(50.49) 1.64(7.33) 2.39(10.65)

408



Changes in Quality of Seasoned and Smoked Squid During Processing

ction between protein and other components. When
measured by Rhinehart method(1975), about 21
mg/g solid of TT was contained in mantle and 57.5
mg/g solid in tentacles. But those were lost through
processing such as boiling or sometimes were inc-
reased by the interaction of protein with other co-
mponents during processing(seasoning and drying).
Raw Neon flying squid had more than 2 times of
TI, especially 5 times in tentacles comparing with
the results of Ryu(1983) using california bay squid
as sample. Steak from mantle, which was removing
only skin by hands and carving vertical line me-
chanically in order to soften tissue, has a lower co-
ntent in TI due to the removal in TI in skin. Boi-
ling contributed in decreasing TI in tentacles but
those effect was not revealed in mantle. From the
results described above, it could be concluded that
TI content during processing was not increased.
Unlike the tendency of TI changes, 2 or 3 times
more levels of TBA value was checked after seaso-
ning. It could be thought those high levels of TBA

Table 2. Changes in the trypsin inhibitor(T1*) and TBA
value during the commercial seasoned squid

processing
Samples I TBA
P (mg/g solid) (0D.at 535mm X 100)
Mantle
Raw 213 46
Steak 16.0 33
Boiled 16.2 40
Seasoned 22.1 116
Air blast dried 218 108
Smoked 19.2 108
Sterilized 18.0 132
Packaged and aged 199 109
Tentacle
Raw 575 33
Skinned 517 47
Boiled 20.1 45
Seasonned and dried 16.9 1,665
Smoked 207 1,697
Packaged and aged 159 1,537

* Determined by Rhinehart method(1975)
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value is rather the results of interaction between
TBA reagents and uncertain materials in the mix-
tured seasoning than the fat oxidation occurred in
processing.

3. Amino acid profiles and in wvitro protein
quality

The results of amino acid analysis of various
smoked squid products are presented in Table 3.
Among the essential amino acids, all except lysine
(847 g/100g protein) showed value within the re-
sults reported by Suyama et al.(1980) who analy-
zed the amino acid content for 4 species of Japa-
nese squid. Tentacles have more total essential
amino acids than that in mantles. Proline, histidine,
arginine, and alanine were reduced during skinning
and boiling, as reported by Suyama and Kobayashi
(1980). The in vitro enzymic protein digestibilities
and protein efficiency ratios are summarized in Ta-
ble 4. Protein digestibility of raw mantle and tenta-
cle was 79%, and this was lower by 10% than that
of raw coastal squids. However, this species was
unsuitable for consuming as raw one. Boiled pro-
duct showed the greatest value of digestibility(88
%) among all the samples studied, followed by
seasoned(87.8% ), dried(87.6%) and smoked(87.0
% ). These digestibilities were lower than the dige-
stibility of boiled california bay squid(boiled for 1
minute at 95C), as Ryu(1983). It was noted that
digestibility of raw Neon flying squid was improved
to considerable level by processing. Though overall
protein digestibility of tentacle products was lower
than that of mantle, boiled one has a comparable
digestibility to mantle product. Predicted digestibi-
lity was further calculated based on amino acid
profiles and the results did not indicate significant
differences among processed samples, so this me-
thod is not appropriate to check different digestibi-
lity of squid products. The computed protein effi-
ciency ratios(C-PER) fo raw mantle and tentacle
were 2.14 and 2.15 for both boiled ones. Processed
squid samples showed the value of C-PER around
2.25, without any significant statistical difference
between them(p>0.05). Neon flying squid samples
were observed to be significantly(p<0.05) inferior
to other squids(Lee et al. 1974, Ryu 1983). Discri-
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Table 3. Amino acids profiles of the commercial smoked squid product

(g/100g protein)

) ) Air blast Packaged

ﬁléliidnso Raw Skinned Boiled dried Smoked and aged

M T M T M T M T M T M T
Lys. 841 881 867 83 766 78 851 821 810 820 803 824
His. 205 208 207 262 199 210 206 234 202 195 198 192
NH; 124 125 125 134 110 091 075 107 130 114 115 116
Arg. 837 884 808 852 761 770 796 840 788 861 763 7.69
Trp. 154 140 138 142 131 123 144 136 154 144 138 140
Asp. 959 863 964 863 893 872 915 1020 944 922 1088 9.89
Thr. 454 462 435 462 466 468 510 495 483 481 493 452
Ser. 472 490 393 447 408 452 416 395 447 434 491 436
Glu. 16.17 1724 1537 1673 1494 1611 16.73 17.16 1681 1680 1641 1663
Pro. 437 456 425 410 301 360 361 418 458 530 482 451
Gly. 417 474 373 455 387 454 404 440 418 466 420 4.05
Ala. 462 405 451 408 422 403 488 475 471 445 440 463
Cys. 120 113 114 111 097 100 131 132 146 138 121 111
Val. 448 449 400 394 554 458 454 386 432 441 410 3.66
Met. 252 331 331 314 311 317 306 338 356 325 357 325
Ile. 495 466 487 471 523 455 467 406 469 412 445 495
Leu. 820 778 800 7.88 827 721 761 728 728 706 798 764
Tyr. 346 316 310 321 324 333 327 303 349 325 314 317
Phe. 450 453 419 433 487 460 465 497 448 487 407 479
Trp. 074 069 070 070 068 072 053 062 053 060 060 0.72
Total 99.74 9991 9654 9845 9629 96.15 98.03 9949 99.67 99.86 99.84 9829

*M  mantle, T  tentacle
minant computed protein efficiency ratio(DC-PER) Referénces

of Neon flying squid products approved to inferior
to rat-PER of other squids(Lee et al. 1974, Ryu
1983) also, presumably due to lower concentration
of proline than that in other seafoods, which plays
an important role in calculating C-PER and DC-
PER.
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