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Determination of Biogenic Amines in Squid and White Prawn
by High-Performance Liquid Chromatography with Postcolumn
Derivatization
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A simple method was developed for the determination of biogenic amines in aquatic food products
using a reverse-phase high-performance liquid chromatography with postcolumn automatic o-
phthalaldehyde derivatization and fluorescence detection. The linearity, repeatability, and recovery
of the method for seven amines (tyramine, putrescine, cadaverine, histamine, agmatine, spermidine,
and spermine) were evaluated. This optimized method was applied to detect biogenic amines in
squid and white prawn during refrigerated storage. Sensory analysis, pH value, and total volatile
base nitrogen value were combined to evaluate the freshness quality of these two raw materials.
Agmatine and cadaverine in squid, cadaverine, and putrescine in white prawn were the most obviously
changed amines during the storage at two different temperatures, and these biogenic amines could
be the effective quality indicators for the freshness of the raw aquatic materials.
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INTRODUCTION A number of methods to analyze BAs in food so far have

Biogenic amines (BAs) are low molecular weight organic beer? employed.hTheset methﬁds ".]CIUdE th|n-|tayer cEromatog-

compounds that can be found in various foods and beverages,r""p_y €), gas ¢ romatograp yE_X, 'on chromatograp Y4,

such as wine, beer, fish, and meat, normally as a consequenc apillary electrophoresis (CEJY, liquid chromatography (LC)

of microbial activity (enzymatic decarboxylation of free amino b8, 9), and som de I;)therk_rnethr:)dsf (1,). T?ese ‘T‘?t.h"df' hav_e

acids) (1). Several countries have established regulations for>€€" compared by taking the factors of sensitivity, linearity,
rapidity, repeatability, efficiency, and operational requirements

BAs intake from various kinds of foods because amines, . ) : . o
especially tyramine (Tyr) and histamine (His), can be toxic when INt0 consideration2, 13). High-performance liquid chroma-

their levels are high. Polyamines, such as putrescine (Put),109raphy (HPLC) is the most extensively used technique in
cadaverine (Cad), spermidine (Spd), and spermine (Spe) determining BAs in different kinds of food due to its selectivity,
although not having a direct toxic effect, can enhance the toxic SENSitivity, great versatility, and simple sample treatmé#).(
effects of Tyr and His by competing for the detoxifying enzymes Chemical _derlvat|zat|0n is usga_lly applied fo.r.thelr anaIyS|s.by
in humans (2). Nowadays, the regulatory limits are focused on HPLC t0 increase the selectivity and sensitivity of detection
the content of His for 50 mg/kg (Food and Drug Administration, Pecause the majority of BAs does not possess chromophoric or
United States), while other BAs have no accordant limits. Some fluorophoric traits. A pre- or postcolumn derivatization step to
BAs can appear during food fermentation processes or food facilitate detection is used for the sample preparation. In general,
storage under certain conditions if amino acid decarboxylase 0-Phthalaldehyde (OPA) and dansyl chloride are the two most
positive microorganisms are present. These compounds are théommonly used derivatization reagents; the advantages and
chemical indicators of spoilage of fish, as well as those of disadvantages of using these derivatization reagents have been
maturation of wines and cheeses, and can be formed in relativelycompared 15, 16). With the development of automatic deriva-

high concentrations due to prolonged storage tiFigutre 1). tization equipment, the time-consuming sample preparation of
The high content of proteins in meat results in an increased Precolumn derivatization procedures will be replaced by the
probability of fast decomposition processe).(So BAs, rapid, simple postcolumn derivatization method. In recent years,

irrespective of their important health significance, can serve as Several methods have been employed for the determination of
alternative food quality markers, especially their changes in BAs in aquatic food products (1@,1, 13). However, these

nonfermented foods such as meat and fish during storage. ~ methods were time-consuming, and the results were not
satisfactory. Therefore, a versatile methodology needs to be

*To whom correspondence should be addressed. Tel: 086-532- devgloped for th(_e determina_tion of BAs that can be used as a
82032468. Fax: 086-532-82032468. E-mail: xuech@ouc.edu.cn. quality measure in the food industry.
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Figure 1. Structures of some BAs related to aquatic products.

Squid and white prawn are economically important aquatic
food products in China. The objective of this work is to develop
an analytical method in determining the quality of these aquatic
products with the simple pretreatment of the sample for a
reverse-phase HPLC analysis. In this study, an optimized HPLC
method with automatic postcolumn OPA derivatization was

applied to determine the changes in BAs contents in squid and

white prawn during 8 days of storage at 0 and@. The
obtained results were to test the possibility of finding useful
indicators for the freshness of squid and white prawn samples
in the quality control procedure of aquatic products processing.

MATERIALS AND METHODS

Chemicals.Acetonitrile and methanol were HPLC grade (Burdick&

Zhao et al.

Chromatographic Conditions. Two eluent reservoirs containing the
following eluents (17): (A) 10 mM sodium octanesulfonate in 0.1 M
sodium acetate (Dima, United States), adjusted to pH 5.3 with acetic
acid, and (B) a mixture of solvent-Bacetonitrile (2/1, v/v). Solvent B
was a solution of 10 mM sodium octanesulfonate in 0.2 M sodium
acetate adjusted to pH 4.5 with acetic acid. Eluents A and B were
filtered through a 0.4m filter and then degassed before use.

The postcolumn derivatization reaction reagents were prepared as
follows: 31.0 g of boric acid and 26.0 g of potassium hydroxide were
dissolved in the mixture of 1 L ofiltrapure water and 3.0 mL of
polyoxyethylene (23) lauryl ether (30% Brij-35, Sigma). Then, 0.2 g
of OPA (Fluka, Austria) dissolved in 5.0 mL of methanol was added
to the mixture. At last, 3.0 mL of 2-mercaptoethanol (Sigma) as a
reducing agent was added into the above solution. The derivatization
reagents was prepared fresh daily and kept in darkness, filtered, and
degassed before use.

The gradient elution program was controlled by a system controller
at the flow rate of 1.0 mL/min, and the flow rate of the derivatization
reagent was 0.3 mL/min. The optimized gradient program was
implemented as follows: time 0 min, A—B (80:20); time= 40 min,

A—B (50:50); time= 42 min, A—B (40:60); time= 46 min, A—B
(50:50); time= 50 min, A—B (40:60); time= 55 min, A—B (80:20).

The eluted OPA derivatives were detected by monitoring the FLD at
330 and 465 nm for the excitation and emission wavelengths,
respectively (18). The analytical chromatographic column was set at
40°C, and the column reaction equipment was kept &Clehroughout

the experiment. Prepared standard or sample solutiornu(Q0wvas
injected by an automatic injector.

Samples.Two aquatic samples were obtained from the fish market
in Qingdao, Shandong Province, China. Samples of sqllids(
argentinus) had been kept unde20 °C before the cargo reached
Qingdao. The muscle from each squid was cut into small pieces (2 cm
x 2 cm), divided into two portions randomly, put in two beakers, and
stored in a refrigerator at 0 and 4C. Samples of white prawn
(L. vannamei) were alive. White prawn samples with crust were divided
into two groups and stored in a refrigerator at two different temperatures,
the same as for the squid samples. A small amount of sample was
taken out at random from each portion and subjected to experiments
every 2 days during 8 days of storage.

Analytical Methods. The degree of decomposition of the samples
was evaluated by sensory test by six laboratory panelists and classified
in the following three stages: acceptable stage (original color, no smell,
and firm texture-sensory rating 1), stage of initial decomposition (slight
color change, faintly putrid smell, and fairly soft texttareensory rating
2), and stage of advanced decomposition (apparent color change, putrid
smell, and very soft texture—sensory rating 3) (19).

The sensory rating could be the freshness index cursorily, and the
values of pH and total volatile base nitrogen (TVBN) could be combined
to evaluate the freshness quality of aquatic products. The muscle pH
value was measured on the homogenate of the sample. For the
determination of TVBN, the microdiffusion method of Conway was
applied, and the TVBN values were expressed as mg/100 g muscle of

Jackson, Muskegon, United States). Ultrapure water was obtained fromsquid or white prawn (20).

a Milli Q-System (Millipore, Bedford, MA). BA standards, Tyr, His

For the determination of BAs, 3.0 g of muscle of squid or white

free base, Cad, and Spe were from Nacalai tesque of Tokyo, Japan;prawn was homogenized with 15 mL of cold perchloric acid@} in

agmatine (Agm), Spd, and Put were from Sigma Chemical (St. Louis,
MO). 1,6-Diaminohexane (Fluka, Germany) was selected as the internal
standard (IS). The stock solution of each amine was prepared in 0.1 M
HCI with a concentration of 1000 mg/L, and solutions for further studies
were prepared by diluting these standard solutions with 0.1 M HCI.
The above solutions were filtered through a 0.4 filter (Millipore),
stored at 4°C, and protected from light.

Equipment. Chromatographic experiments were performed using
Agilent 1100 Series (Palo Alto, CA) liquid chromatograph with an
Agilent G1321A fluorescence detector (FLD), and a Pickering PCX5200
(Mountain View, CA) was used as the postcolumn reaction apparatus.

a high-speed homogenizer at 10000 r/min for 30 s and centrifuged at
4 °C (10000 r/minx 5 min). The procedure was repeated, and the
removed supernatants from the two extractions were combit@d (
The extraction solution was filtered through a 045 filter and kept

in darkness at 4C until the HPLC analysis.

Statistical Analysis. The IS method was used for accurate deter-
mination of BAs. The concentration of each BA was calculated directly
by interpolation of the ratio (each amine peak area/lS peak area) in the
corresponding linear calibration curve (amine peak area/lS peak area
against amine concentration) between 0.01 and 25.0 mg/L. All statistical
analyses were performed by means of the Statistical Software Package

The samples were injected with an Agilent G1313A automatic injector. for Windows SPSS, version 11 (SPSS, Chicago, IL). For testing the
The chromatographic separations were carried out using a Capcell Pakreliability of the method, analysis of variance of linear regression and
MG-C18 (150 mmx 4.6 mmx 5 um) supplied by Shiseido (Tokyo, thet test for mean comparison were applied. Stastical comparisons of
Japan). Chromatographic data were collected and recorded on theBAs contents, TVBN values, and pH values during storage at different
Agilent Chemstation software Rev. A. 10.02. temperatures were analyzed.
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Figure 2. Chromatogram of BAs standard solution (5 mg/L) by HPLC-FLD. Abbreviations: 1, Tyr; 2, Cad; 3, Put; 4, His; 5, Agm; 6, Spd; 7, Spe; and
IS, 1,6-diaminohexane.

RESULTS AND DISCUSSION Table 1. Linearity, Precision, and Sensitivity for Seven BAs
. . Determination
This method, based on the HPLC procedure, requires that

the equipment consist of a reverse-phase stationary column, a sensitivity (ug/L)
postcolumn reaction system for OPA derivatization, and a good linear regression RSD?

separation of amines from possible interferences of the complex Bas equations R2a (n=6,%)  LOD¢ LoQ¢?
matrix. In preliminary work, different wav_elengths were tr_ied_ Tyr  y=02429x+0001 09999 0.77 2.00 6.50
and the largest peak areas were obtained at an excitation pyt  y=0.2849x+0.0166  0.9999 0.38 0.45 1.50
wavelength of 330 nm and an emission wavelength of 465 nm, Cad  y=0.4858x+0.0912  0.9998 0.69 0.20 0.65
also at the same term with Pickering laboratories mariL@j. ( His — y=03362x+00152  0.9999 1.96 0.75 2.0
The optimization of HPLC procedure showed that the retention égg‘ §; S e T 000 1
times of BAs standards depended on pH values of mobile spe  y=01740x+00111 0.9998 172 0.80 2.80

phases. Particularly, the pH of eluent A was critical for the

steadiness of the elution of the compounds throughout the g2 jinear regression correlation coefficients.  RSD, RSD for six determinations.
analyses, and the proportion of acetonitrile in eluent B also cLoD, limit of detection. ¢LOQ, limit of quantification.

obviously affected the separation and retention times of Cad

and His. The elution program developed provided chromato- Table 2. Precision and Mean Recovery of the Method for

grams of high-resolution peaks, allowing a complete pattern of Determination of BAs in Squid and White Prawn

seven amines in a single run of less than 1 h. The chromatogram _ _
of a standard solution (5 mg/L) is shown Figure 2. As can squid white prawn

be observed, chromatograms were simple without interferences, __ =19 _ =18

and the identification was certain. This HPLC condition may mean  Clos global mean  Clos global
be applied to analyze other samples containing more kinds of RSD? recovery recovery’  RSD  recovery recovery
BAs (17). Moreover, to obtain more precise quantitative %) (%) ) ) (%) )
analysis, the IS (1,6-diaminohexane) was added. As shown in TY" 547 9.3  921-985 528 871 86.9-914

: ; i« Put 6.05 88.3 86.2-90.4 6.69 88.9 88.0-93.8
the chromatogram, the IS was appropriate for the amine analysis Cad 827 80= 868-927 820 920 88.7-05 4

and quantification. . . o His 749 991  946-1016 516 897  89.2-94.3
Linearity. FLD response in the corresponding calibration Agm 532 97.2 94.3-100.1  4.80 94.6 92.4-96.8

curves (10 points from 0.01 to 25.00 mg/L) was linear. Linearity Spd ~ 6.78 898  875-932 341 92.9 915-94.1
was verified by analysis of the variance of the regression and SP¢ 822 986  941-991 756 938  923-973
by the calculation of the relative standard deviation (RSD) of , —— - -
the response factor (each amine peak area/lS peak area against aRSD, RSD for six deterrpmaﬂons. Clgs, confidence interval (95%) of the mean
amine concentration). For Tyr, Put, His, and Agm, the correla- recovery from all three addiion levels.
tion coefficient (R) was 0.9999R < 0.001), and théx? value
of Cad, Spe, and Spd was 0.9998 ¢ 0.001). Furthermore,  than 2% [Table 2). Because no aquatic products contained all
the RSD of the response factors was less than 2.0% in all casesseven amines, two different samples were prepared by adding
ranging from 0.3 to 1.9% (Table 1). known amounts of all BAs (0.5, 5.0, and 10 mg/L, respectively)
Precision. Method reproducibility was evaluated. Six deter- to test the precision at three levels of concentration. The RSDs
minations of a standard solution of all amines (10.0 mg/L) were obtained for all amines of intraday calibration were always less
performed using the same reagents and equipments on the samihan 5.0% (data not shown). These results demonstrated that
day. The RSDs obtained from all determinations indicated less the method was reproducible for the detection of all amines.
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Table 3. Changes in BAs of Squid during Storage at 0 °C (mg/kg)?

storage
time sensory
(days) Tyr Put Cad His Agm Spd Spe TVBN pH rating?
0 0.17 £0.11° A 0.61+0.38 ND¢ ND 0.16+0.07A 3.17+0.80 1.09 +£0.33 0.63 6.66 1
2 0.18+0.15A 1.12+£0.24 0.24 £0.21 A ND 031+0.11A 3.47+0.71 0.96 £ 0.42 0.89 6.64 1
4 0.73+0.21 AB 1.46 £0.32 0.63+0.35A 0.26 £0.10 055+045A 3.21+0.94 1.23+£0.68 1.88 6.71 1
6 0.81+0.16 B 1.97 £1.07 220+ 131A 0.35+0.27 135+2.058B 424 +1.61 1.04+£0.39 2.57 6.82 1
8 2.03+1.01B 211+150 21.5+4.01B 0.48+0.41 101.1+741B 2.09+1.04 0.75+0.40 3.76 6.91 2

a(A-B) Mean values of the same BA bearing different superscripts differ significantly (p < 0.01). ® The values were expressed as means + standard deviations (n =
3). °ND, not detected. 9Key: 1, acceptable; 2, initial decomposition; and 3, advanced decomposition.

Table 4. Changes in BAs of Squid during Storage at 4 °C (mg/kg)?

storage
time sensory
(days) Tyr Put Cad His Agm Spd Spe TVBN pH rating?
0 0.17+0.11°A  061+0.38A ND°A ND 0.16+007A  317+080  1.09+0.33 0.63 6.66 1

2 024+0.12A 1.36 £0.18 AB 042+0.30A ND 051+021A 3.66 +1.44 0.62+0.42 0.89 6.74
4 026+0.19A 1.68 +0.60 AB 159+125A 0.15+0.15 122+1.05A 2.74+134 1.14 +0.68 2.28 6.82
6 152+0.36A 6.97+1.428B 472+ 148A 0.29+0.16 90.5+2358B 4.78 £0.64 1.11+0.39 3.92 6.94
8 12.2+0.96 B 262+320C 776+751B 0.68 £ 0.46 188.9+9.55C 249+ 141 0.83£0.40 5.30 7.02

WN - -

2 (A-C) Mean values of the same BA bearing different superscripts differ significantly (p < 0.01). © The values were expressed as means + standard deviation (n = 3).
¢ND, not detected. YKey: 1, acceptable; 2, initial decomposition; and 3, advanced decomposition.

Recovery. Recovery was tested by the standard addition 4 °C by generating an increased amount of the amines faster and
procedure using three levels of concentration. The samples wereearlier as compared to storage at@ Agm and Cad were the
prepared by adding known amounts 0.5, 5.0, and 10.0 mg/L of two most obviously changed amines in squid during storage.
all BAs to test the precision and recovery at a low, medium, Increases in the amount of amines (Agm and Cad) during storage
and high level of concentration. Six replicas were carried out at 4°C were more rapid than those at®. In case of the storage
for each additional level (Table 2). For squid samples, the at 0°C, Agm values rapidly increased from day 6 and reached
average recovery was 88:99.1%, and the RSIn(= 18) was ~ 101.1 mg/kg Table 3) at day 8. Cad concentrations, from 2.2
between 5.3 and 8.3%. For white prawn, the average recoverymg/kg (Table 3) after day 6, reached 21.5 mg/Ktpble 3)
was 87.1-94.6%, and the RSD € 18) was between 5.1 and  sample at day 8. Values of other amines were relatively
8.2%. Depending on different amine, the recovery varied with |ow and did not change so much throughout the 8 day storage
the RSDs below 9.0%. The mean recovery could satisfy the period. In contrast, in the case of the storage ¥ 4Agm values
need for quantification of BAs in our work. Because of the started to increase rapidly from day 4, a day earlier than the
complex matrix of aquatic samples, the obtained recoveries werestorage at 0C, and reached 188.9 mg/kgble 3) sample at
considered to be lower than the wine samplg§) (ut at a day 8. Cad levels, from 4.72 mg/kgdble 3) before day 6,
comparative level with meat samples, which were treated with (oached 77.6 mg/kg (Table 3) sample on day 8. In addition,
precolumn derivatization (2). when stored at 4C, Put and Tyr levels increased gradually,

Sensitivity. The detection limit was calculated from the i, 5 significantly higher increase than stored 460 However,

amount of amines required to give a three-fold signal-to-noise His. S e - :
. , Spd, and Spe fluctuated within negligible levels during the
ratio and was found to be between 0.2 and &L for all of storage period in two conditions.

the BAs (Table 1). Because of the higher sensitivity of FLD .
than other method4lf, the quantification limit was established In Ta_bles 3and4, t_he changes in pH and TVBN values of
the squid muscle during storage at 0 antiCAwere recorded,

at 10-fold the signal-to-noise ratio and 0.01 mg/L was fixed as X ; )
the first point in the calibration graphs. This may be useful to t09€ther with sensory ratings. Values of TVBN and pH in the
squid muscle stored at°€ were clearly higher than those stored

detect trace amount of BAs. - L
Determination of Aquatic Products. This method was &t 0°C. At the beginning of the storage, the TVBN value of

applied to determine the BA content in two aquatic products the squid muscle was low (0.63 mg/KEable 3). After storage
during the storage at two different temperatures. After simple &t 0°C for 6=7 days or at £C for 5-6 days, the muscle gave
sample preparation, 24L of filtered solution was injected by ~ ©Off a faintly putrid smell, the pH value increased sharply, the
the automatic injector. The peak areas of amines obtained fromTVBN values exceeded 3 mg/kg, which is the national limit of
the integration software of Agilent 1100 Series HPLC system China for freshness quality of aquatic products, and this stage
were emendated by adding the known amount of IS to obtain Was designated as the sensory rating 2, the stage of initial decom-
the response factors. Quantification was based on the calibratiorPosition. At the corresponding time, BAs started to increase
curve of each amine. Dilution was needed when necessary tosharply. This study also demonstrated that there was a good
match the amine calibration curve. correlation between the production of BAs (Agm and Cad) and
Squid. The concentrations of BAs present in the muscle of TVBN values as well as sensory rating. Similar results were
squid stored at 0 and*€ are given inTables 3and4. Because obtained from other researche}. Moreover, according to
of different fresh levels of raw materials, the contents of BAs the SPSS analysis, the changes in BAs, TVBN, and pH values
were a little higher than other researchet8)( It was obvious of squid muscle during storage at different temperatures were
that squid quality deteriorated more rapidly during storage at really significantly different (P< 0.05).
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Table 5. Changes in BAs of White Prawn during Storage at 0 °C (mg/kg)?

storage
time sensory
(days) Tyr Put Cad His Agm Spd Spe TVBN pH rating?
0 ND¢ 0.28 +0.15" A 0.15+0.05A ND 0.66 +0.32A 217+048 11.1+163B 0.73 7.08 1
2 0.37£0.25 3.81+1.02AB 1.80+£0.11A ND 1.56 £ 0.82 AB 3.02+1.25 10.3+2.33 AB 0.89 7.54 1
4 2.66 +£1.01 2.79 £ 0.65 AB 102+1.42B 0.59 £0.30 425+ 1.05BC 1.49+0.86 5.56 + 0.58 AB 1.19 8.02 1
6 2.36+1.16 6.16+1.12B 238+236C 0.35+0.27 2.99 +1.22 ABC 191+151 478+199A 2.97 8.11 1
8 303+122 139+150C 51.7+450D  040+012 5.03+1.13C 059+044  487+154A 351 8.26 2

a(A-D) Mean values of the same BA bearing different superscripts differ significantly (p < 0.01). © The values were expressed as means + standard deviation (n = 3).
¢ND, not detected. YKey: 1, acceptable; 2, initial decomposition; and 3, advanced decomposition.

Table 6. Changes in BAs of White Prawn during Storage at 4 °C (mg/kg)?

storage
time sensory
(days) Tyr Put Cad His Agm Spd Spe TVBN pH rating?
0 ND¢ 0.28 £ 0.15° A 0.15+£0.05A ND 0.66 £0.32 A 217+048 11.1+1.63 0.73 7.08 1
2 048+ 0.15AB 316+0.84A 430+0.35A ND 206076 AB  372+137 965214 1.27 7.53 1
4 1.13+0.74 AB 6.61+1.56 A 37.7£547B  068+022 533+148AB 176+094 6.85x165 1.80 8.09 1
6 336+1.06BC  102.8+7.97B 958+7.61C 023+017 631%227B 745+168  5.03+1.25 3.64 8.23 2
8 6.03+141C 1245+844C 2337+9.06D 048+021 6.14+214AB  429+225 527+241 421 8.32 2

2 (A-D) Mean values of the same BA bearing different superscripts differ significantly (p < 0.01). © The values were expressed as means + standard deviation (n = 3).
¢ND, not detected. YKey: 1, acceptable; 2, initial decomposition; and 3, advanced decomposition.

Chemical and microbial changes, together with sensory for Cad and Put, it is necessary to find proper safety limits with
evaluation of squid muscle, are generally the main indices of these two components for the quality control.
squid quality 21). The efficiency of BAs indices for freshness In summary, Cad was the most potential index for the
evaluation was investigated in this work. Therefore, the obtained freshness of white prawn, and Put would be a supplementary
results suggest that characteristic Agm and Cad could beindex in the evaluation of the quality of white prawn. TKe
efficient quality indices for freshness of squid muscle. value was suggested as a freshness index of shrimp of high

White Prawn. During the storage of white prawn, nigres- quality, and the TVBN value could be used as a decomposition
cence of the shell and softening of the muscle were noticed. It index of shrimp at a late stage of storag2), Therefore, BAs
was observed that the lower the temperature, the slower thedetermined by a simple method carried out in this work could
quality deterioration. At the stage of acceptable sensory rating be effectively employed for the early control of quality
(Tables 5and6), the TVBN value of white prawn muscle was deterioration as well as for the evaluation of acceptable stage
0.73 mg/kg, and it was in an excellent quality. The initial of the prawn in aquatic food industry.
decomposition stage was reached when the TVBN value Characteristic production of Agm and Cad could be a useful
exceeded 3 mg/kg. The pH value went through a sudden increaséndicator for the freshness of squid muscle, whereas that of Cad
at the start of storage, and then, the changes slowed downand Put could be used for the quality of white prawn.
through day 8 at both storage temperatures. After storage at ODetermination of BAs using the method developed in this study
°C for 7—8 days or at £C for 5—6 days, panelists of sensory can be applied to other aquatic food products as a part of the
analysis denied the white prawn samples for the quality quality assurance measures.
deterioration. These results were similar to other reports with
similar raw materials (22). LITERATURE CITED

Tables 5and6 also showed that large changes in the contents
of Cad and Put were observed from less than 1 mg/kg (at day 0)
to more than 50 and 13.9 mg/k@igble 6) at day 8, when stored

(1) Silla Santos, M. H. Biogenic amines: Their importance in foods.
Int. J. Food Microbiol.1996,29, 213—231.
(2) Shalaby, A. R. Significance of biogenic amines to food safety

at 0°C, respecti\_/ely. Also, when stored at@, Cad concentra- and human healtiFood Res. Int1996,7, 675—690.

tions started to increase rapidly from 4.30 mg/Hglgle 6) at (3) Vinci, G.; Antonelli, M. L. Biogenic amines: Quality index of
day 2 and reached 233.7 mg/kGaple 6) at day 8. However, freshness in red and white me&bod Control2002,13, 519-

in the case of Put, the values rapidly increased from 6.61 mg/ 524,

kg (Table 6) at day 4, 2 days earlier than the samples stored at (4) Shalaby, A. R. Multidetection, semiquantitative method for
0°C, and reached 124.5 mg/kg (Table 6) at day 8. This period determining biogenic amines in foodSood Chem.1994,49,
also generally matched with the results of sensory analysis and 305—-310.

TVBN determination presented above. Spd and Spe were in (5) Rogers,.P. L..; Staruszkiewicz, W. GC methoq for putrescine ar)d
relatively high concentrations at the original state of white prawn caiﬁvznfne r':_‘ tca“.”efi tﬁ”g arl_d m"’;h"maA% :gdl ?Lllcgg;netnc
muscle but decreased to some degree as the storage time was method for histamine:collaborative study. n ’

. . . . 80, 591-602.
extended. Like the squid sample, the concentrations of Tyr, His, Draisci, R.: Giannetti, L.: Boria. P.: Lucentini, L.: Palleschi, L.:

and Agm were not stable to detect throughout the storage time. Cavalli, S. Improved ion chromatography-integrated pulsed
Combined with the changes of TVBN and pH values, the amperometric detection method for the evaluation of biogenic
differences of BAs changes between 0 arf€4vere significant amines in food of vegetable or animal origin and in fermented

(P < 0.01) by analysis of SPSS. Because of no regulatory limits foods.J. Chromatogr. A1998,798, 109—116.



3088 J. Agric. Food Chem., Vol. 55, No. 8, 2007

(7) Arce, L.; Rios, A.; Valcalcer, M. Direct determination of biogenic
amines in wine by integrating continuous flow clean-up and
capillary electrophoresis with indirect UV detectiah. Chro-
matogr. A1998,808, 249—260.

Salazar, M. T.; Smith, T. K.; Harris, A. High-performance liquid

chromatographic method for determination of biogenic amines

in feedstuffs, complete feeds, and animal tissdeAgric. Food

Chem.2000,48, 1708—1712.

Tamim, N. M.; Bennett, L. W.; Shellem, A.; Doerr, J. A. High-

performance liquid chromatographic determination of biogenic

amine in poultry carcasses. Agric. Food Chem2002, 50,

5012—-5015.

Yeh, C.-Y.; Lin, S.-J.; Hwang, D.-F. Biogenic amines, histamine

and label of dressed fish meat products in Taiwgwod Control

2006,17, 423—428.

(11) Cinquina, A. L.; Cali, A.; Longo, F.; De Santis, L.; Severoni,
A.; Abballe, F. Determination of biogenic amines in fish tissues
by ion-exchange chromatography with conductivity detection.
J. Chromatogr. A2004,1032, 73-77.

(12) Lange, J.; Thomas, K.; Wittmann, C. Comparison of a capillary
electrophoresis method with high-performance liquid chroma-
tography for the determination of biogenic amines in various
food samplesJ. Chromatogr. B2002,779, 229—239.

(13) Jeya Shakila, R.; Vasundhara, T. S.; Kumudavally, K. V. A
comparison of the TLC-densitometry and HPLC method for the
determination of biogenic amines in fish and fishery products.
Food Chem2001,75, 255—259.

(14) Moret, S.; Conte, L. S. High-performance liquid chromatographic
evaluation of biogenic amines in foods: An analysis of different

8

~

)

(10

methods of sample preparation in relation to food characteristics.

J. Chromatogr. A1996,729, 363—369.

(15) Stute, R.; Petridis, K.; Steinhart, H.; Biernoth, G. Biogenic amines
in fish and soy saucekur. Food Res. Technd002,215, 101—
107.

Zhao et al.

(16) Loukou, Z.; Zotou, A. Determination of biogenic amines as
dansyl derivatives in alcoholic beverages by high-performance
liquid chromatography with fluorimetric detection and charac-
terization of the dansylated amines by liquid chromatography
atmospheric pressure chemical ionization mass spectrometry.
J. Chromatogr. A2003,996, 103—113.

(17) Carmen, M.; Vidal-Carou; Lahoz-Portolés, F.; Bover-Cid, S.;
Mariné-Font, A. lon-pair high-performance liquid chromato-
graphic determination of biogenic amines and polyamines in wine
and other alcoholic beveragds Chromatogr. 2003 998 235—

241.

(18) Pickering Laboratories. HPLC post-column derivatization instru-
ments, columns, methods, chemicals, reagents. Product Catalog
No. 3, p 80.

(19) Yamanaka, H.; Shiomi, K.; Kikuchi, T. Agmatine as a potential
index for freshness of common squidl. Food Sci.1987,52,
936—938.

(20) Cobb, B. F.; Alaniz, I.; Thompson, C A. Biochemical and
microbial studies on shrimp: Volatile nitrogen and amino
nitrogen analysisJ. Food Sci.1973,38, 431—436.

(21) Lapa-Guimara'es, J.; de Fe’cio, P. E.; Guzman, E. S. C.
Chemical and microbial analyses of squid muscle (Loligo plei)
during storage in icei-ood Chem2005,91, 477—483.

(22) Yan, L.; Peigen, Z.; Xiaoyu, Q. Changes in freshness of
Macrobrachium rosenbergii during storage at different temper-
atures.J. Shanghai Fish. Uniz2002,1, 62-67.

Received for review October 7, 2006. Revised manuscript received
December 22, 2006. Accepted December 27, 2006. We are thankful for
the financial support of the National High-Technology Development
Project of China (2006AA09Z444) and Program for New Century
Excellent Talents in University (NCET-04-0642).

JF062887+



