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Effectiveness of Organic Acid in Ice to Enhance Quality of Squid (Loligo spp.)
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Abstract

Squid (Loligo spp.) is a species that is of great economic importance for Thailand. It has high nutritional
value. However, fresh squid deteriorates easily. As it does so, it softens in texture and loses its flavor. Moreover,
its nutritional features quickly drop off. Therefore, an effective preventive substance is needed to keep the squid
fresh longer. In this project, mixtures of natural organic acids in ice were used as preservatives. The effectiveness
of maintaining the quality of squid (Loligo spp.) was investigated by varying types and concentrations (% v/v) of
acids in an icing system; I1L02 (0.02% lactic acid), IL05 (0.05% lactic acid), ILC207 (0.02% lactic acid and 0.075%
citric acid) and ILC210 (0.02% lactic acid and 0.1% citric acid). Experimental investigations were setup that were
compared to ICC (ice without organic acid; the control) during ice storage at a squid to ice ratio of 1:2 (w/w) at room
temperature for 21 days. Afterwards, the samples were boiled at 95°C for 3 min before being evaluated for
microbiological quality (total viable counts), chemical qualities (TVB-N and TMA-N), physical quality (shear force)
and sensory properties. The results indicated that the squid packed in ice with lactic acid and citric acid
concentrations of 0.5-2.0 log CFU/g and 1.5-3.0 log CFU/g showed total bacterial counts, TVB-N and TMA-N that
were lower than that of the lactic acid ice pack and the control sample (P<0.05). The squid packed in ILC207
showed the lowest total viable counts, TVB-N and TMA-N, and recorded the highest shear force and best sensory
evaluation (P<0.05). A squid sample was considered to be within shelf life provided that the number of
microorganisms did not exceed 6 log CFU/g. The squid packed in ILC207 showed the longest shelf life of 9 days.
Samples packed in ILC210 demonstrated a shelf life of 6 days, whilst squid in IL05, IL02 and ICC showed the same
shelf life of 3 days.
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Table 1 The quality index method scheme developed for cooked squid (Loligo spp.).

Characters Score Description

Appearance 5 White, glossy
4 Slightly yellowish white, non-glossy
3 Moderate yellowish white, non-glossy, no other unusual colors appear
2 Moderate yellowish white in matte color, unusual colors appear on

some part (fade in green/gray/pink)

1 Moderate yellowish white in matte color, obvious unusual colors
(green/gray/pink)
Odor 5 Fresh (watermelon odor)
4 No watermelon odor, no other off odor
3 No watermelon odor, slightly off odor as putrid, fishy or sour
2 No watermelon odor, moderate off odor as putrid, fishy or sour
1 Obvious off odor as putrid, fishy, sour or ammoniacal
Taste 5 Fresh (sweet of boiled squid)
4 Slightly sweet, no bitter
3 Tasteless, slightly bitter
2 Slightly sour, slightly bitter, slightly fishy
1 Intense unusual taste as sour or fishy
Texture 5 Elastic, firm, not hard
4 Moderate elastic
3 Slightly elastic, not hard
2 Loss of elastic, slightly soft, slightly slime

1 Soft, intense slime
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Figure 1 Total bacterial count of squid stored under different icing condition: no acid presentinice (ICC; ), 0.02%
lactic acid present in ice (IL02; W), 0.05% lactic acid present in ice (IL0O5; A), 0.02% lactic acid and
0.075% citric acid present in ice (ILC 207; X) and 0.02% lactic acid and 0.1% citric acid present in ice

(ILC 210; >k). Bars representing the standard deviation (n=3) are generally smaller than the symbols.
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ILC210) Tngl 1LC207 \Heuinfiafunns TMA-N ﬁfaﬂﬁ'zgmmmmmmmmﬂﬁu?ﬂm (P<0.05) iasannnsaudnin
LL@znm%m?mﬂ’u&mwim?fy“ﬂm'ﬂauw?ﬂrﬂdm aerobes, anaerobes, psychrotrophs, proteolytic bacteria 39314
Enterobacteriaceae I (Garcia-Soto et al., 2013) u’aﬂ@’mﬁﬂim%ﬁ*qu i chelator AUALIANLAITLABNNTNNIULES
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Figure 2 TVB-N (a) and TMA-N (b) values of squid stored under different icing condition: no acid present in ice
(ICC; @), 0.02% lactic acid present in ice (ILO2; @), 0.05% lactic acid present in ice (ILO5; A), 0.02%
lactic acid and 0.075% citric acid present in ice (ILC 207; X) and 0.02% lactic acid and 0.1% citric acid
present in ice (ILC 210; ). Bars representing the standard deviation (n=3) are generally smaller than the

symbols.
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Figure 3 Shear force of squid stored under different icing condition: no acid present in ice (ICC; ¢), 0.02% lactic
acid present in ice (IL02; @), 0.05% lactic acid present in ice (ILO5; A), 0.02% lactic acid and 0.075%
citric acid presentinice (ILC 207; X) and 0.02% lactic acid and 0.1% citric acid present in ice (ILC 210; ).

Bars representing the standard deviation (n=3) are generally smaller than the symbols.
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Figure 4 Sensory evaluation of squid stored under different icing condition: no acid present in ice (ICC; ), 0.02%
lactic acid present in ice (ILO2; @), 0.05% lactic acid present in ice (IL05; A), 0.02% lactic acid and
0.075% citric acid present in ice (ILC 207; X) and 0.02% lactic acid and 0.1% citric acid present in ice

(ILC 210; *k). Bars representing the standard deviation (n=3) are generally smaller than the symbols.

agUuanisAnm

miﬁwﬁﬂﬂé’qmm%\iﬁqmuﬂuﬁwLLﬁqm@mimEuﬁﬂ’(ILO2, IL05, ILC207 uaz ILC210) demzanniaidny
A seaifeviinndaeldaninnsugluiudemaannsedurid (1C0) Tnamsutwiinndagluiudnaunsaudngin
0.02% WwaxnIATaATN 0.075% (ILC207) ﬁqmmx@@nm,ﬂ?iﬂml,ﬂmQmmwmqLmﬁ (TVB-N uaz TMA-N) e
(U31RBY) AATIAINYN (é’wuawﬁuﬁa’%mm) uaztlsramAda (nAw saTR uasediia) ”Lﬁﬁﬁzgm 0989 lAun
B aauNIAUANFN 0.02% WATNIATEEN 0.1% (ILC210) Yufanaunsaudnan 0.05% (1L05) waztnudanannan
LANAN 0.02% (IL02) ANAAL mwﬁnﬂﬁqaﬁLLﬁluﬁﬁLLﬂﬁqﬂmﬁmnmm%uw‘?‘ﬂ’(|CC) ﬁmmm@mé’*qﬁmm NNIANUUA
mﬂmimmnmumﬂmmLm‘lumu,bmmwumﬁnmmuwmimwmmmmaumﬂmumwmummﬁm (mnrm
6 log CFU/g) umnmwLLﬂuu’lLLm\mmmmmnmn 0.02% WaxnIAgFATN 0.075% (ILC207) umﬂﬂ’mﬂmm:mmumm
Ae 9 3 sesasnldun wiinndaefutluufsnannsaudnFn 0.02% uaznaedsan 0.1% (ILC210) FUSHLE 6 4
sasiFuinm g 3 Suwindu Idun wiinndaeutlurnudesaunsaudnan 0.05% (L05) wiinndaemutlurinudena
NIALANGN 0.02% (IL02) wazuiinndaefiutluin wiatsrAannnsm@uyael (1CC)



390 NTANTINHATNIZAANNAN 2563 : 38 (3) : 382 - 391

= =3
naAngsNUszn A
a o -ﬂ” Yo o a o = v = s 1 a o =
AdellAsunuaivayunfdeanulszinutuneldanRugauiuiguns (@ussunniudumn) dszand

'
=

JULTTHIU WAL 2561 NUINLNREYIN HNUANTINITBAMENTINNNTITEUNTIR L aNdeyeyn 12/2561

LAaN&19A19D

nesuleLnauasgnsAanFmuINIsLszag. 2561, atifnstszusuatlszmalng w.a. 2559, \enansatlifl 12/2561. naulsza.
https://www.fisheries.go.th/strategy-stat/themeWeb/books/2559/1/yearbook_2559.pdf (25 We#N1AN 2562).

NIING A9UNTNED, AR Tazql wavdl Jens adtygeu. 2560. miﬁmmamsﬁui”nmLmzmﬂﬂa'ﬂuuﬂm@mmwmqmamwmm
A9E9gNIEMINNIRALINEN AL NTUTIW. 3178739NEIANAATYINT 21(Wiei): 141-152.

Auifiey waiedumad uazfifen Sauntluud. 2553, uuAfiBuuARNIAUANAN. AuiAsadnedayaa1nsnsLaas.
http://www.foodnetworksolution. com/W|k|/word/782/Iact|c acid (25 NOBNIAN 2562).

PR i‘“'arm LL@"’ﬂ{]EI‘VIﬁ A3TYBAU. 2561. miﬂa‘“’&lﬂﬁﬂfﬁmI,L°ﬂ<11/1N@Nﬂimumim’mﬁﬁmwL‘W'aﬂmmﬂmimmnﬁ’mmﬂmﬂ
W PeaunsIsereaniautlseaind 2561. quwmmmm °]]m_lﬁ‘

Zﬂuﬂ\‘iWuﬂm"ﬂ??uﬂ’ﬁ"mﬂ’]ﬂm“’ﬂ’] 2559. m/@m?Ugummmﬂnmﬂnnmwﬂ7ﬁ’;?mm (ﬂll?.li’l 364) W.A. 2556
L?mmmwummmm%umwm?mnmfm uwnm 41181113 F1TTNIUAUZNITNNITRNUITURZEN.

zmmrmu L‘Llﬂ_l‘ﬂﬂ@ 2548. Lﬂ?JLLﬂ;’ﬂ[Mﬂ’]WﬂWJ‘lJ’? NN Iﬂmﬂuﬂimi

49991 WAUAN, u’Wl‘Wﬂ ﬂmmmmm HAZITINT NUINTYIUNA. 2553. ﬂ’]i‘ﬂi‘yﬂﬂﬁnﬁ’&ﬂis&l’]L‘Tjﬂﬂﬂm'ﬂ@ﬂsﬂﬂsﬁsﬁ\iL‘Wﬂﬂﬂ’ﬂ@%ﬂi‘ﬂﬂﬂii‘ﬂ
slummnmém'&mm Tu miﬂimmmmi NYINRLNHATARAT PINW 48: A1919ARNUNTININLAT. U. 408-416.
NWINLGENERTAGAT INUNIALIUDY, NAUNN.

AOAC. 1994. AOAC official method 991.14 Coliforms and Escherichia coli counts in foods. Day rehydratable film (PetriﬂlmTM
E.coli Coliform Count Plate™ and Petrifilm™ Coliform Count PIateTM) methods. Journal of AOAC International 74: 635.

Atrea, |., Papavergou, A., Amvrosiadis, ., and Savvaidis, I. N. 2009. Combined effect of vacuum-packaging and oregano essential oil
on the shelf-life of Mediterranean octopus (Octopus vulgaris) from the Aegean Sea stored at 4°C. Food Microbiology 26(2):
166-172.

Badii, F., and Howell, N. 2002. Effect of antioxidants, citrate, and cryoprotectants on protein denaturation and texture of frozen cod
(Gadus morhua). Journal of Agricultural and Food Chemistry 50(7): 2053-2061.

Bahmani, Z. A., Rezai, M., Hosseini, S. V., Regenstein, J. M., Bohme, K., Alishahi, A., and Yadollahi, F. 2011. Chilled storage of
golden grey mullet (Liza aurata). LWT - Food Science and Technology 44(9): 1894-1900.

Bensid, A., Ucar, Y., Bendeddouche, B., and Ozogul, F. 2014. Effect of the icing with thyme, oregano and clove extracts on quality
parameters of gutted and beheaded anchovy (Engraulis encrasicholus) during chilled storage. Food Chemistry 145:
681-686.

Bono, G., and Badalucco, C. 2012. Combining ozone and modified atmosphere packaging (MAP) to maximize shelf-life and quality
of striped red mullet (Mullus surmuletus). Food Science and Technology 47(2): 500-504.

Cobb, B. F., and Vanderzant, C. 1971. Biochemical changes in shrimp inoculated with Pseudomonas, Bacillus, and Coryneform
bacterium. Journal of Food Technology 34: 533-540.

Dabadé, D. S., Azokpota, P., Nout, M. J., Hounhouigan, D. J., Zwietering, M. H., and Besten, H. M. 2015. Prediction of spoilage of
tropical shrimp (Penaeus notialis) under dynamic temperature regimes. International Journal of Food Microbiology 210:
121-130.

Erkan, N., and Bilen, G. 2010. Effect of essential oils treatment on the frozen storage stability of chub mackerel fillets.
Journal fir Verbraucherschutz und Lebensmittelsicherheit 5: 101-110.

Garcia-Soto, B., Aubourg, S., Mata, P. C., and Barros-Velazquez, B. 2013. Extension of the shelf life of chilled hake
(Merluccius merluccius) by a novel icing medium containing natural organic acids. Food Control 34(2): 356-363.

Garcia-Soto, B., Fernandez-No, |., Barros-Velazquez, B., and Aubourg, S. 2014. Use of citric and lactic acids in ice to enhance
quality of two fish species during on-board chilled storage. International Journal of Refrigeration 40: 390-397.

Hasegawa, H. 1987. Laboratory manual on analytical methods and procedures for fish and fish products.
Singapore: Marine Fisheries Research Department, Southeast Asian Fisheries Development Center.

Hernandez, M. D., Lopez, M. B., Alvarez, A., Ferrandini, E., and Garcia-Garcia, B. 2009. Sensory, physical, chemical, and
microbiological changes in aquacultured meagre (Argyrosomus regius) fillets during ice storage. Food Chemistry 114(1):
237-245.

Kilinc, B., Cakli, S., Dincer, T., and Tolasa, S. 2009. Microbiological, chemical, sensory, color, and textural changes of rainbow trout
fillets treated with sodium acetate, sodium lactate, sodium citrate, and stored at 4°C. Journal of Aquatic Food Product
Technology 18(1-2): 3-17.



King Mongkut's Agr. J. 2020 : 38 (3) : 382 - 391 391

Kusuma, B., and Teerawut, S. 2014. Shelf-life extension of pre-cooked shrimp (Litopenaeus vannamei) by oregano essential oil
during refrigerated storage. Burapha Science Journal 22(Special Volume): 71-77.

Mendes, R., Silva, H. A., Anacletp, P., and Cardoso, C. 2011. Effect of CO, dissolution on the shelf life of ready-to-eat
Octopus vulgaris. Innovative Food Science & Emerging Technologies 12(4): 551-561.

Metin, S., Erkan, N., Varlik, C., and Aran, N. 2001. Extension of shelf life of chub mackerel (Scomber japonicus Houttuyn 1780)
treated with lactic acid. European Food Research and Technology 213: 174-177.

Okpala, C. O. R., Choo, W. S., and Dykes, G. A. 2014. Quality and shelf life assessment of Pacific white shrimp
(Litopenaeus vannamei) freshly harvested and stored on ice. LWT - Food Science and Technology 55(1): 110-116.

Ozyurt, G., Kuley, E., Balik¢i, E., Kagar, C., Gokdogan, S., and Etyemez, M. 2012. Effect of the icing with rosemary
extract on the oxidative stability and biogenic amine formation in sardine (Sardinella aurita) during chilled storage.

Food and Bioprocess Technology 5(7): 2777-2786.

Qiu, X., Chen, S., Liu, G., and Yang, Q. 2014. Quality enhancement in the Japanese sea bass (Lateolabrax japonicas) fillets stored at
4°C by chitosan coating incorporated with citric acid or licorice extract. Food Chemistry 162: 156-160.

Quitral, V., Donoso, M. L., Ortiz, J., Herrera, M. V., Araya, H., and Aubourg, S. 2009. Chemical changes during the chilled storage of
Chilean jack mackerel (Trachurus murphyi): effect of a plant extract-icing system. LWT - Food Science and Technology
42(1): 1450-1454.

Sanjuas-Rey, M., Garcia-Soto, B., Fuertes-Gamundi, J., Aubourg, S., and Barros-Velazquez, J. 2012a. Effect of a natural organic
acid-icing system on the microbiological quality of commercially relevant chilled fish species. LWT - Food Science and
Technology 46(1): 217-223.

Sanjuas-Rey, M., Gallardo, J. M., Barros-Velazquez, J., and Aubourg, S. 2012b. Microbiological activity inhibition in chilled mackerel
(Scomber scombrus) by employment of an organic acid-icing system. Journal of Food Science 77(5): M264-M269.

Xiao, T. X., Yi, F. F., Jian, G. L., Ya, Q. H., Dong, H. L., Shi, G. C., Xing, Q. Y., and Tian, D. 2017. Preservation of squid by slightly
acidic electrolyzed water ice. Food Control 73: 1483-1489.

o

FUsULNAIU (Received date) : 1 {.1. 62
Fuurlaumaaa (Revised date) : 6 4.A. 63

JuRaLTULNAIIN (Accepted date) 1 5 W.A. 63



