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Abstract Histamine is a potentially hazardous compound

andoneof themajor concerns in foodchemistry. In the present

study the histamine levels of 20 muscle sample for each milk

fish (Chanos chanos) and Indianwhiting (Sillago indica)were

analyzed with 6, 12, 18 and 24 h intervals and compared by

enzymatic assay (EA), thin layer chromatography (TLC) and

high performance liquid chromatography (HPLC) methods.

During storage, histamine levels were ranged between

16.50 ± 1.63 and 48.13 ± 1.24 mg/100 g with a linear

regression r2 = 0.855; P\ 0.05 for the milk fish as deter-

mined by the EAmethod.Whereas, histamine levels in Indian

whiting was 19.86 ± 1.64–43.84 ± 2.44 mg/100 g with a

linear regression r2 = 0.997; P\ 0.01. In the TLC method,

histamine were observed at lower levels compared to the EA

and HPLC and showing 4.77 ± 0.13–7.72 ± 0.16 and

6.81 ± 0.11–7.53 ± 0.15 mg/100 g in milk fish and Indian

whiting muscle, respectively. The linear regression

r2 = 0.835; P\ 0.05 was noted in both fishes. The HPLC

analysis also confirmed that the histamine levels were ranged

from 18.18 ± 1.03 to 28.69 ± 1.14 mg/100 g in milk fish

with a linear regression r2 = 0.903; P\ 0.01. For Indian

whiting fish, histamine was ranged from 17.28 ± 1.67 to

23.97 ± 1.27 mg/100 g with a linear regression r2 = 0.910;

P\ 0.01. Therefore, monitoring of histamine is a critical task

in the seafood industry. Our result showed that the TLC

methods can be used to monitor the histamine content in

routine analysis and enzymatic analysis can be used to

quantify the levels of histamine in the seafood industry.

Keywords Histamine � Milkfish � Enzymatic � TLC �
HPLC

Introduction

Biogenic amines (histamine, tyramine, putrescine and

cadaverine) are toxic substances that cause a severe health

problem in humans and animals [1]. Histamine can be

produced by the action bacterial decarboxylation of free

histidine constitutes in their fish muscles [2]. The natural

decomposition of protein yield peptides and free amino

acids that are susceptible to further decay, resulting in

formation of biogenic amines in proteinaceous seafood [3].

The synthesis of histamine is extremely induced by post-

harvest exposure of fish at high temperatures that enhance

the multiplication of histamine producing bacteria. Storage

at high temperature plays an important role in histamine

and other amines production in most fish species [4]. The

fresh fish contains negligible amounts of histamine;

improper handling and storage of fish can increase his-

tamine formation by the proliferation of bacteria possess-

ing the enzyme histidine decarboxylase [2]. In India [5],

works pertaining to evaluate the histamine content in milk

fish (Chanos chanos) and Indian whiting (Sillago indica) at

different temperature very scanty. Thondi is a semi urban

area and major fish landing center of Tamil Nadu, South-

east India, fishermen are not much aware about seafood [5]

safety and good handling practice in this region. They only

use flake ice or crushed bar ice for a long time storage.
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Some fishermen selling the fish at elevated temperature of

sunlight, i.e. room temperature (25 ± 2 �C) without

applying ice to maintain low temperature.

However, several common lactic acid bacteria (e.g.,

Lactobacillus, Pediococcus, and Streptococcus spp.) and a

few foodborne pathogens (e.g., Clostridium, Klebsiella,

Escherichia, Pseudomonas, and Shigella spp.) are capable

to produce histamine to hazardous concentrations in short

periods when protein-rich food is kept at relatively high

temperatures [6].

From the toxicological point of view, histamine has

been implicated as the main contributor to scombrotoxin

fish and the leading causes of food-borne illness associated

with consumption of fish worldwide [7]. It is the most toxic

biogenic amine responsible for nearly all seafood amines

intoxication [8]. Histamine intolerance results from accu-

mulation of histamine in the system that cause a series of

toxic effects similar to a common food allergy, such as

swelling, rashes, hives, and asthma-like symptoms as well

as gastrointestinal symptoms [9]. The consumption of an

excessive amount of biogenic amines can represent a health

risk for sensitive individuals. The typical symptoms of fish

poisoning associated with peppery or metallic taste, oral

numbness, headache, dizziness, palpitation, rapid and weak

pulse (low blood pressure), thirst and less specific symp-

toms such as nausea, vomiting, abdominal cramps and

diarrohea [10]. It is thus, important to monitor the levels of

biogenic amines in foodstuffs and beverages from food

safety aspects.

The European Union has set the maximum average

level of histamine in fish and canned fish at 100 mg/kg,

but the content allowed rises to 200 mg/kg in such

ripened product as anchovies [11] and Japanese set that

the average content of histamine in sardine fish 15 mg/

100 g [12]. According to the FDA guidelines [13], the

toxicity and defect action levels of histamine, established

for tuna, mahi–mahi, and related fish, are the 50 and

5 mg/100 g, respectively; the term defect action level

refers to the level of histamine naturally or inevitably

occurring in foods without, however, presenting a con-

siderable hazard for humans. Moreover, the FDA has

issued industry guidelines, aiming at establishing proce-

dures for the safe processing and importing of fish and

fishery products based on the hazard analysis and critical

control points (HACCP) approach [13]. The European

Food Safety Agency (EFSA), has recently established a

daily maximum intake of 50 mg of histamine for healthy

individuals, this level may be still drastically reduced in

the case of reported intolerance or use of monoamine

oxidase inhibitor drugs. Whereas, above 50 mg/kg is

conclusive evidence of too extensive a decomposition

[14]. In India, maximum permissible limit of histamine in

all fish and fishery products within 200 mg/kg [15].

Several analytical methods for assaying histamine in

seafood products have been described, including gas

chromatography, ion pair chromatography, ion exchange

separation, and LC/MS are quick, easy and reliable

method for detection of histamine in seafood [16].

Enzymatic method [17, 18] is basic qualitative and

quantitative method used to measure histamine in the

food industry. Spectro-flurometric method, colorimetric

method, rapid colorimetric assay and enzymatic method.

However, the most commonly used method is fluorimetry

which involves extraction of histamine with hot metha-

nol, ion exchange chromatography, and derivatisation by

o-phthalaldehyde and fluorometric quantification. These

methods are sensitive and reproducible, and time con-

suming [19]. High histamine as well as other biogenic

amine levels in salted-fermented fish (Feseekh) and they

demonstrated that amine levels increased during ripening

period of the product [20]. An Egyptian study also

evaluated the usage of Ion exchange chromatographic

method to determine the levels of histamine in different

types of fish products [21, 22].

The other methods used quantification of histamine such

as an enzyme electrode method, test strips, dipstick test,

capillary zone electrophoresis and flow injection analysis

[23]. However, thin layer chromatography is a very fast,

inexpensive and semi quantitative method used to test the

seafood quality in the food industry, but its accuracy is

limited near to 50 mg/kg of histamine [23, 24] and high

performance liquid chromatography (HPLC) is advanced

equipment with high precision to quantify the histamine in

fish samples.

In view of the above, there is a lack of analytical

equipment and awareness among the fisherman and the

manufacturers, outbreaks of histamine fish poisoning

occurred every year in different parts of the world. The

most source of histamine food poisoning is fish and

fishery products in the year 2004–2007 with total victims

of illness were 1858 people. Therefore, this study is very

useful for the public and seafood producers to detect the

histamine health hazard in the fishery products with a

cost effective method and to minimize the histamine

outbreaks in the future and enhance the food safety.

Thus, the present study was carried out to find out the

histamine content in milk fish (C. chanos) and Indian

whiting (S. indica) using enzymatic, TLC, and HPLC

methods for 6, 12, 18 and 24 h storage with room tem-

perature (25 ± 2 �C). By comparing these three methods,

cheap, reliable and rapid method for the detection of

histamine could be identified.
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Materials and methods

Sample collection

The fresh milk fish (C. chanos) and Indian whiting (S.

indica) were purchased from Thondi fish landing centre,

Palk Bay, Southeast India. The two types of fish were

transported to the laboratory in a aseptic condition. Com-

pletely fresh Indian whiting and milk fish were weighed at

40 and 130 g, respectively. The samples were stored at

ambient temperature (25 ± 2 �C). Triplicate muscle sam-

ples (each sample consists of pooled sample of three whole

fish) were taken for analysis up to every 6, 12, 18 and 24 h

at ambient temperature.

Chemicals and reagents

Leucocrystal violet, diamine oxidase, from porcine kidney

(DAO), horseradish peroxidase (HRP), O-phthaldialdehyde

(OPT), Histamine dihydrochloride and Dansyl chloride

were obtained from Sigma-Aldrich (USA) and other high

purity chemicals were purchased from Merck, Germany.

Estimation of histamine by enzymatic assay

The histamine levels of milk fish (C. chanos) and Indian

whiting (S. indica) samples were measured using the

enzymatic assay. Briefly, fish muscle weighed 5 g of each

were homogenized twice with 50 ml of 0.4 N perchloric

acid (HClO4) after that it was centrifuged (REMI, CPR 30

Plus, India) at 870 g for 10 min. The volume of the

supernatant was made up to 100 ml with 0.4 N HClO4.

From the supernatant 5 ml was transferred to the filtration

unit and the filtrate was taken into a separating funnel. Five

ml of 1 N NaOH, 10 ml of deionized water and 2.0 g of

NaCl were added. The supernatant was extracted in 4 times

consecutively with 25 ml of n-butanol. The butonolic

phases were washed again with 10 ml of 1 N NaOH sat-

urated with NaCl. The histamine then was extracted 5

times with 10 ml of 0.1 N HCl and the volume adjusted to

50 ml. Finally, the histamine extract was derivatized with

o-pthaldehyde to minimize the interference of other com-

ponents already present in fish muscle samples [17].

Extracted samples and standard histamine dihydrochlo-

ride 0.5 ml were transferred into a test tube. One ml of

phosphate buffer (0.0075 M KH2 PO4 and 0.075 M Na2
HPO4, pH 6.8), 0.5 ml of diamine oxidase (0.35 U I/ml)

and 0.1 ml of leucocrystal violet (0.5 mg/ml in 0.5 % HCl)

was added. The mixture was kept on the thermostatic water

bath at 37 �C for 30 min. Finally, the colored test solution

absorbance was measured at 596 nm using a UV–VIS, PC

Scanning spectrophotometer UVD-2960 (Labomed, Inc.,

USA). The histamine concentration in fish muscle samples

was calculated using the following formula.

Histamineðmg=100 gÞ

¼ OD of sample � Concentration of standard

OD of standard

¼ Histamine mg/100 g of fish muscle

Quantification of histamine by thin layer

chromatography (TLC)

Histamine level was determined using semi-quantitative

thin-layer chromatography method TLC [25]. The extrac-

tion was done according to the method described by Taylor

et al. [26]. A 5 g of each well-mixed samples were

extracted with 10 ml of methanol and sample was cen-

trifuged at 870g for 10 min at 5 �C, the aliquots of

supernatant were applied to precoated TLC plates SIL

G-25 UV254 (Macherey–Nagel, Duren, Germany). A stan-

dard solution of histamine dihydrochloride (ranged from

0.05 to 1 lg per 5 ml) was prepared in methanol (Merck,

Darmstadt, Germany). The fish extracts and standard

solutions were applied to the TLC plates. Air-dried plates

were placed in the TLC chamber. The chamber containing

acetone and ammonium hydroxide (95:5 v/v). The plates

were gently warmed on a hot plate and sprayed with 3 %

(v/v) ninhydrin in methanol, which turned purple in the

presence of biogenic amines [25]. Sample spots were

compared with the standard ones. All analyses, including

standard reference materials were done in triplicates.

Quantification of histamine by high performance

liquid chromatography (HPLC)

Milk fish (C. chanos) and Indian whiting (S. indica) sam-

ples were ground in a warring blender for 3 min with

crushed ice cubes. The ground samples (5 g) were trans-

ferred to 50 ml centrifuge tubes and homogenized with

20 ml of 6 % trichloroacetic acid (TCA) for 3 min. The

homogenates were centrifuged (10,000g, 10 min, 4 �C)
and filtered through Whatman no. 2 filter paper (Whatman,

Maidstone, England). The filtrates were then placed in

volumetric flasks, and TCA was added to bring to a final

volume of 50 ml. One-milliliter aliquot of the milk fish and

Indian whiting extracts were derivatized with dansyl

chloride using the same procedure as used for the dansy-

lation of standard amine solution [27].

Biogenic amines were determined with a Hitachi liquid

chromatography (Hitachi, Tokyo, Japan) consisting of a

model L-7100 pump, a Rheodyne Model 7125 syringe

loading sample injector, a model L-4000 UV–Vis detector

(set at 254 nm), and a Model D-2500 Chromato-integrator.
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A LiChrospher 100 RP-18 reversed-phase column (5 lm,

125 9 4.6 mm, E. Merck, Damstadt, Germany) was used

for chromatographic separation. The gradient elution pro-

gram began with 50:50 (v/v) acetonitrile: water at a flow

rate of 1.0 ml/min for 19 min, followed by a linear increase

in 90:10 acetonitrile: water (1.0 ml/min) during the next

1.0 min. The acetonitrile: water mix decreased in 50:50

(1.0 ml/min) for 10 min.

Microbial assessment

Milk fish and Indian whiting muscle 10 g was aseptically

taken from the anterior and dorsal region of the fish

(n = 3) and homogenized using pre sterilized mortar and

pestle for 1 min with 90 ml of pre-chilled sterile peptone-

physiological saline solution (0.1 % neutral pep-

tone ? 0.85 % physiological saline) in sterile deionized

water. The samples were diluted from this homogeneous in

the same chilled sterile diluents (1:10). The total meso-

philic viable count (TMVC) was determined using plate

count agar (PCA) [28]. After incubation, the plates were

stored at 30 �C for 48 h and the colonies were expressed as

CFU/g. The TMVC were done in triplicate on all sub-

samples of each of the replicates. All the culture media

were purchased from Hi media (Mumbai, India).

The total volatile base nitrogen content (TVB-N)

The TVB-N content of milk fish and Indian whiting muscle

was measured by the Conway’s dish diffusion method [29].

The TVB-N extract of fish muscle with 6 % trichloroacetic

acid (TCA) was absorbed by boric acid and then titrated

with 0.02 N HCl. The content of TVB-N was calculated

and expressed as mg/100 g of muscle sample.

Statistical analysis

The mean values were calculated in triplicates for TVB-N

analysis and in duplicates for TMVC analysis. Regression

analysis was done using SPSS version 17.0 for windows

(SPSS INC, Chicago, IL, USA) to determine the relation-

ship between histamine, TVB-N and TMVC.

Result and discussion

Estimation of histamine by enzymatic assay

Histamine is produced in raw fish from the action of

bacterial histidine decarboxylase at higher temperatures.

The production of histamine is greater at high abusive

temperature (21.1 �C or higher) than at moderate abusive

temperature (7.2 �C), while its generation is particularly

rapid at temperatures near to 32.2 �C [30]. The change in

histamine content in milk fish (C. chanos) and Indian

whiting (S. indica) fish muscle was estimated by enzy-

matic assay (EA) method and the results were presented

in (Fig. 1a, b). A linear relationship (r2 = 0.855;

P\ 0.05) was found between 16.50 ± 1.63 for 6 h

storage and 48.13 ± 1.24 mg/100 g for 24 h storage in

milk fish at ambient temperature (Table 1). It was opined

by Viciano et al. [4] that higher storage temperature

plays an important role in the formation of histamine and

other amines production in most fish species. Likewise, a

linear relation (r2 = 0.997; P\ 0.01) was also found

between histamine levels in Indian whiting was ranged

from 19.86 ± 1.64 to 43.84 ± 2.44 mg/100 g at 6–24 h

storage (Table 1). This level of histamine was exceeded

the maximum permissible level 5 mg/100 g of histamine

[31]. Enzymatic assay may be a cost effective method

than other methods. Apart from the reagents and chem-

ical, sophisticated equipment facility not required [18].

Therefore, the enzymatic assay method appears to be

simple and affordable to low cost of seafood analysis of

histamine. In this study, color of enzymatic assay sam-

ples initially was found to be whitish yellow and after

heating in a water bath for 30 min at 60 �C the sample

was turned into bluish pink. A similar result was reported

by Patange et al. [18], the color of the enzymatic reaction

between histamine and the reagent was first yellowish

color, then was turned to pink color after 30 s and the

histamine content measured by enzymatic assay of tuna

fish was ranged from 1.80 to 51.25 mg/100 g at 0–24 h

storage, respectively. Papadopoulou et al. [32] was

detected the histamine content in the anchovies which

was ranged from 2.6 to 113.3 mg/kg-1 using ELISA

method. In contrast, the histamine level was found to be

48.13 ± 1.24 mg/100 g and 43.84 ± 2.44 mg/100 g for

milk fish and Indian whiting, respectively after 24 h

storage as shown in (Fig. 1a, b). In agreement with our

findings, histamine formation of mackerel, albacore,

mahi–mahi and salmon was increased and its levels was

ranged from 90 to 146 mg/100 g after 6 h of storage at

-30 �C to 37 �C [33]. Histamine content was increased

in tuna as (14 mg/100 g) sardine (17 mg/100 g) and seer

fish (18 mg/100 g) stored for 6 h at ambient temperature

(30 �C) [5]. The highest concentration of histamine

(281.17 mg/kg) was recorded in sardine by 120 days

(P\ 0.05); by the same time, its content in anchovy

(166.21 mg/kg) was also significantly higher than that in

smoked fish (P\ 0.05) [21]. Approximately 100 mg/

100 g histamine is considered to be toxic, but a number

of incidents have involved foods containing less than

5 mg/100 g histamine.
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Fig. 1 Histamine levels via

EA, TLC and HPLC methods of

a milk fish and of b Indian

whiting during storage

Table 1 Regression coefficients of milkfish and Indian whiting fish samples

Parameters Milk fish (linear equation) R2 Significance level Indian whiting (linear equation) R2 Significance level

EA Y = 10.47 ? 1.335x 0.855 P\ 0.05 Y = 7.918 ? 11.74x 0.997 P\ 0.01

TLC Y = 1.154 ? 3.34x 0.835 P\ 0.05 Y = 1.154 ? 3.34x 0.835 P\ 0.05

HPLC Y = 3.4 ? 13.74x 0.903 P\ 0.01 Y = 2.069 ? 14.96x 0.910 P\ 0.01
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Quantification of histamine by TLC assay

The TLC method is a semi quantitative method for routine

analysis of food quality control [26]. Results from linear

regression (r2 = 0.835; P\ 0.05) showed the histamine

levels, which was ranged between 4.77 and 7.72 mg/100 g

for milk fish and Indian whiting, respectively, after 6–24 h

of storage (Table 1). In contrast, the present findings

revealed the lower level of histamine in milk fish and

Indian whiting at 6–24 h of storage (Fig. 1a, b) compared

to the previous reports by Tao et al. [34]. The histamine

level in Kawakawa (22.10 mg/100 g), Sardinella gibbosa

(16.40 mg/100 g) and Mugil cephalus (11.00 mg/100 g)

[35]. Tao et al. [34] detected the histamine level at

16.3–186.9 mg/100 g after 12 and 24 h storage, respec-

tively. Moreover, the histamine levels in mackerel

(10.90 mg/100 g) and Sardine (5.77 mg/100 g) that was

reached maximum threshold toxicity level of 5 mg/100 g

[36]. The histamine level in squid (32 ± 12.3 mg/100 g-1)

and Mediterranean blue mussel (76.7 ± 17.0 mg/100 g-1)

determine by the TLC method at 24 h storage [37]. This

method can be effectively used in the fish industry to detect

histamine, especially tyramine, putrescine and cadaverine

that can potentiate histamine toxicity in fish and fishery

products [38, 39].

Quantification of histamine by HPLC

The high-performance liquid chromatography method

(HPLC) was validated by assessing the following aspects;

specificity, repeatability, reproducibility, linearity, recov-

ery, limits of detection, limit of quantification and uncer-

tainty [19]. Histamine levels of milk fish was ranged from

18.18 ± 1.03 to 28.69 ± 1.14 mg/100 g and Indian whit-

ing 17.28 ± 1.67–23.97 ± 1.27 mg/100 g in fish meat

during storage as illustrated (Fig. 1a, b). The linear

regression (r2 = 0.903; r2 = 0.910; P\ 0.01) was

obtained with histamine levels of 17.28–28.69 mg/100 g

for both milk fish and Indian whiting, respectively

(Table 1). It has been reported that the histamine level was

282 ± 34.5 mg/kg in mackerel stored at 25 �C which was

exhibited upper level of the toxicity regulated by FDA

[30, 40]. Our result showed that histamine content was

28.69 ± 1.14 mg/100 g and 23.97 ± 1.27 mg/100 g for

milk fish and Indian whiting, respectively after 24 h of

storage as shown in (Fig. 1a, b), this level of histamine was

exceeded the maximum permissible limit for human con-

sumption [30]. In contrast, Visciano et al. [4] reported that

the histamine content ranged from 39.9 ± 20 mg/100 g for

S. pilchardus and 122.6 ± 17.5 mg/100 g for Engraulis

encrasicolus stored at 25 �C for 24 h of storage. Likewise,

Papadopoulou et al. [33] has reported that the histamine

level was ranged from 3.5 to 164.7 mg/kg in anchovies and

2.4–220 mg/kg in herring. The histamine concentration

was presented at low level 36.35 mg/100 g in Indian

mackerel (Rastrelliger kanagurta) after 16 h of storage at

ambient temperature (25–29 �C) [41]. Moini et al. [42] was

proposed 14.2 mg/g of histamine after 18 days of ice

storage in tiger toothed croaker fish. The histamine content

in tuna was ranged from 2.17 ± 0.15 to 56.62 ± 1.22 mg/

100 g and mackerel 2.17 ± 0.15 to 78.76 ± 0.84 mg/

100 g at 30 �C storage [18]. In the present study, the his-

tamine accumulated in both the fish after 6 h of storage

itself and was increased progressively with increasing time

at the end of 24 h storage. The milk fish had higher his-

tamine (28.69 ± 1.14 mg/100 g) content than Indian

whiting 23.97 ± 1.27 mg/100 g at the end of the storage

periods. TMVC population proliferated and increased the

histamine formation in time and temperature abused con-

dition (Fig. 1a, b).

Comparison of EA, TLC and HPLC methods

A comparative performance was performed by, EA, TLC

and HPLC methods to determine the histamine content in

milk fish and Indian whiting. Among these three methods,

EA and TLC assaymethods are very simple, fast and cheaper

in cost. EA and TLC assay methods take 1–2 h to estimate

the histamine both qualitatively and quantitatively in fish

samples [32, 38]. The cost of HPLC also too high compared

to other methods. Determination of histamine levels using

the enzymatic method for milk fish found to be in the range

from 16.50 ± 1.63 to 48.13 ± 1.24 mg/100 g with a linear

regression r2 = 0.855; P\ 0.05 and for Indian whiting

histamine levels was ranged between 19.86 ± 1.64 and

43.84 ± 2.44 mg/100 g with linear regression r2 = 0.997;

P\ 0.01 after 6–24 h of storage at ambient temperature

(Fig. 1a, b). Using the TLCmethod, the histamine levels was

observed at 4.77 ± 0.13–7.72 ± 0.16 mg/100 g for milk

fish and 6.81 ± 0.11–7.53 ± 0.15 mg/100 g for Indian

whiting with a linear regression of r2 = 0.835; P\ 0.05

(Fig. 1a, b). The result from fromHPLCmethod showed that

the histamine levels was ranged between 18.18 ± 1.03

and 28.69 ± 1.14 mg/100 g and 17.28 ± 1.67–23.97 ±

1.27 mg/100 g for milk fish and Indian whiting, respectively

with a linear regression (r2 = 0.903; r2 = 0.910; P\ 0.01)

(Fig. 1a, b; Table 1). Our result showed that, in comparison

with EA and HPLC methods used for the determination of

histamine level was less within the all samples tested.

Moreover, the difference between TLC and enzymatic

methodwas very high levels regarded to histamine content in

both fish types. Therefore, the TLC method can be used for

basic screening and EA method can be used for routine

quantitative analysis of seafood samples.
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Total volatile base nitrogen (TVB-N)

The total volatile base nitrogen (TVB-N) level was

increased based on long time of storage. The TVB-N

concentration of milk fish and Indian whiting stored at

ambient temperature with time interval are shown in Fig. 2.

At the beginning of the storage TVB-N content was pre-

sented at 22.4 and 25.2 mg/100 g after 6 h of storage for

milk fish and Indian whiting, respectively. It has been

reported that TVB-N content of fish and fishery products

acceptable up to 30 mg/100 g and the product would be

considered as spoiled\35 mg/100 g of TVB-N [43]. In the

present study, TVB-N content was found to be 39.2 mg/

100 g for milk fish stored at ambient temperature after

18 h, Indian whiting fish showed TVB-N level (36.4 mg/

100 g) after 12 h of storage and this content of both

investigated fish samples was exceeding the limit of

acceptability [6]. The increasing level of TVB-N was

produced mainly due to of mesophilic bacterial decompo-

sition in fish muscle. The higher value of total mesophilic

viable counts (TMVC), 6.7 and 7.0 log cfu/g-1 were

observed in of both milk fish and Indian whiting after 24 h

of storage and that could have enhanced the higher TVB-N

content in both fishes. The TMVC count of milk fish and

Indian whiting were gradually increased with time interval

(6–24 h) at 25 ± 2 �C, therefore TVB-N content of both

fish muscles were also rapidly increased. Similarly, The

TVB-N content of milk fish muscle stored at 37 �C for

12 h had TVB-N level 35 mg/100 g [43]. High TVB-N

content of 51.66 mg/100 g was detected in carangid fish

(Carangoides praeustus) at 25 �C of storage [44].

Microbial assessment

The total mesophilic viable count (TMVC) on the milk fish

and Indian whiting stored in ambient temperature with time

interval shown in Fig. 3. The total mesophilic bacterial

growth was increased in milk fish and Indian whiting after

18 h of storage at ambient temperature. TMVC was

exceeded the maximum acceptable level of 6.7–7.0 log cfu/

g-1 of during storage. In this study, TMVC was correlated

well with storage time and temperature (r2 = 0.975,

P\ 0.01). Similar to our results, Ozyurt et al. [45] reported

the total viable count 7 log cfu/g-1 after 8 days of storage

in goldband goatfish and 11 days of storage in red mullet.

Higher bacterial count 6.71 CFU/g was reported from the

skin with muscle of deep queen fish (Scomberoides tala)

during ice storage at 24 h [46].

Conclusion

This study has given a comparative insight into histamine

levels in milk fish and Indian whiting using the EA, TLC

and HPLC methods for the first time ever. Histamine was

formed within 6 h of storage at ambient temperature both

in Milk fish 17.28 ± 1.67 and 18.18 ± 1.03 mg/100 g in

Indian whiting. Therefore, TLC assay was basic screening

method and is very suitable method to check the presence

of histamine in random samples for routine analysis in the

seafood industry. EA method is rapid and reliable method

for quantitative analysis of histamine using simple instru-

ments like spectrophotometer in order to prevent the his-

tamine health hazards formation in seafood’s and for the

well being of coastal people and seafood consumers.
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