
ww.sciencedirect.com

j o u r n a l o f f o o d and d ru g an a l y s i s 2 4 ( 2 0 1 6 ) 3 0 5e3 1 0
Available online at w
ScienceDirect

journal homepage: www.j fda-onl ine.com
Original Article
Histamine production by Raoultella ornithinolytica
in mahi-mahi meat at various storage
temperatures
Chung-Saint Lin a,**, Hsien-Feng Kung b, Chia-Min Lin c,
Hsin-Chuan Tsai c, Yung-Hsiang Tsai c,*

a Department of Food Science, Yuanpei University, Hsin-Chu, Taiwan
b Department of Biotechnology, Tajen University, Pingtung, Taiwan
c Department of Seafood Science, National Kaohsiung Marine University, Kaohsiung 811, Taiwan
a r t i c l e i n f o

Article history:

Received 12 April 2014

Received in revised form

27 June 2014

Accepted 30 June 2014

Available online 2 January 2015

Keywords:

histamine

histamine-forming bacteria

mahi-mahi

Raoultella ornithinolytica
* Corresponding author. Yung-Hsiang Tsai,
Chuan Road, Nan-Tzu, Kaohsiung City 811,
** Corresponding author. Chung-Saint Lin, D

E-mail addresses: chungsl@mail.ypu.edu
http://dx.doi.org/10.1016/j.jfda.2014.06.010

1021-9498/Copyright © 2014, Food and Drug Adm

BY-NC-ND license (http://creativecommons.org
a b s t r a c t

Mahi-mahi meat was inoculated with Raoultella ornithinolytica at 5.0 log CFU/g and stored at

�20�C, 4�C, 15�C, 25�C, or 37�C to investigate bacterial growth and formation of total vol-

atile base nitrogen and histamine in mahi-mahi meat. R. ornithinolytica grew rapidly in

samples stored at temperature above 15�C. The histamine contents quickly increased to

higher than 50 mg/100 g in samples stored at 25�C and 37�C within 12 hours as well as those

stored at 15�C within 48 hours. The total volatile base nitrogen contents increased to higher

than the index level (30 mg/100 g) for fish decomposition at 25�C within 48 hours and 37�C

within 24 hours. However, bacterial growth and histamine formation were controlled by

cold storage of the samples at 4�C or below. Once the frozen mahi-mahi samples stored at

�20�C for 2 months were thawed and stored at 25�C after 24 hours, histamine started to

accumulate rapidly (>50 mg/100 g of fish).

Copyright © 2014, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Histamine is the causative agent of scombroid poisoning and

is a foodborne chemical hazard. Although scombroid

poisoning is usually a mild illness with symptoms including

rash, urticaria, nausea, vomiting, diarrhea, flushing, and

tingling and itching of the skin [1], the severity of the illness
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varies considerably depending on the amounts of histamine

ingested and the individual's susceptibility to histamine.

Scombroid fish such as tuna, mackerel, bonito, and saury that

contain high levels of free histidine in their muscle are often

implicated in scombroid poisoning [1]. However, several spe-

cies of nonscombroid fish such as mahi-mahi, bluefish, her-

ring, and sardine can also be implicated in scombroid
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poisoning. In Taiwan, scombroid poisoning occurs occasion-

ally [2e4] and has commonly been associated with tuna,

mackerel, and black marlin. Recently, sailfish, swordfish, and

marlin have also been implicated in several scombroid out-

breaks in Taiwan [5e8].

Biogenic amines are formed mainly through the decarbox-

ylation of certain free amino acids by exogenous decarbox-

ylases produced by a number of bacteria associated with

seafood. Many species of the bacteria can produce histidine

decarboxylase that can convert free histidine to histamine

throughdecarboxylation [9]. In addition toMorganella morganii,

Klebsiellapneumoniae, andHafniaalvei,whichhavebeen isolated

from the fish incriminated in scombroid poisoning [10], several

species of the enteric bacteria capable of producing histamine

have also been isolated from fish [11,12]. These include Proteus

vulgaris, Proteus mirabilis, Enterobacter aerogenes, Enterobacter

cloacae, Serratia fonticola, Serratia liquefaciens, and Citrobacter

freundii [13,14].Aside fromtheentericbacteria,Clostridium spp.,

Vibrio alginolyticus, Acinetobacter lowffi, Plesiomonas shigelloides,

Pseudomonas putida, Pseudomonas fluorescens, Aeromonas spp.,

and Photobacterium spp. have also been reported as histamine

producers [11,15]. Recently, we isolated several prolific

histamine-forming bacteria, including Enterobacter, Klebsiella,

Raoultella, and Citrobacter spp. from sailfish fillets, dried milk-

fish, tuna dumpling, and tuna sandwich in Taiwan [16e19].

Recently, a case of histamine intoxication associated with

mahi-mahi fillets was reported in Kaohsiung City in southern

Taiwan in January 2009 [20]. A high content of histamine

(37.7mg/100 g)was detected in suspectedmahi-mahi samples,

which were the possible etiological factor for this foodborne

poisoning. Raoultella ornithinolyticawas isolated from themahi-

mahi products and found to be a prolific histamine former

capable of producing >500 ppm of histamine in culture broth

without shaking at 35�C for 24 hours [21]. If the mahi-mahi

meat is contaminated with histamine formers, such as R.

ornithinolytica, and stored at improper temperatures, it is

important to be aware that mahi-mahi meat could become a

hazardous food vehicle for histamine poisoning. Moreover, we

demonstrated that R. ornithinolytica produced significant

amounts of histamine (>50 mg/100 g) in artificially contami-

nated canned tuna meat stored at elevated temperatures

(>15�C) [22]. Currently, little information is available concern-

ing histamine formation in contaminated mahi-mahi meat.

This work was undertaken to study the effect of R. ornithinoly-

tica proliferation in mahi-mahi meat on histamine formation

and total volatile base nitrogen (TVBN) under the controlled

storage temperatures of �20�C, 4�C, 15�C, 25�C, and 37�C.
2. Materials and methods

2.1. R. ornithinolytica strain

A strain of R. ornithinolytica Lc22-2 previously isolated from

mahi-mahi product sold in the retail markets of Taiwan was

used [21]. To confirm histamine production capability, the

bacterial isolate was inoculated into tryptic soy broth (Difco,

Detroit, MI, USA) supplemented with 1% histidine, and incu-

bated at 37�C for 24 hours. The histamine content of 600 ppm

was then detected in the culture broth in duplicate using the
high-performance liquid chromatography method described

by Chen et al [5]. The bacterium was grown on trypticase soy

agar (TSA; Difco) slant, stored in a refrigerator (4�C), and

transferred to a fresh TSA slant every month. One loop of the

bacterial culture (TSA slant) was inoculated into tryptic soy

broth and incubated at 37�C for 18 hours. One milliliter of the

enriched culture was serially diluted in 0.1% peptone water,

and 0.1-mL aliquots of the diluted culture were spread on

aerobic plate count agar (Difco) containing 0.5%NaCl. Bacterial

colonies were counted after the plates were incubated at 35�C
for 24 hours. The enriched culture was stored at 7�C prior to

being used for sample inoculation. Based on the colony counts

obtained, the enriched culture stored at 7�C for 24 hours was

then serially diluted with 0.1% peptone water to obtain a cul-

ture suspension with the desired concentration.

2.2. Mahi-mahi meats and storage conditions

Fresh mahi-mahi loin kept in ice at retail stores was obtained

from a local seafood market in Kaohsiung City, Taiwan. The

sample wrapped in aseptic bags was placed in ice and trans-

ported to the laboratory immediately. The skin of the fish loin

was aseptically removed in a vertical laminar flow hood. After

the fish loin was washed with absolute ethanol/acetone (1:1,

v/v) and rinsed with sterile water [23], it was placed in a sterile

food processor, ground to mince, and mixed with diluted

culture suspension of R. ornithinolytica by blending at low

speed to prepare a contamination level of 1 � 105 CFU/g for

studies. The inoculated samples were then aseptically trans-

ferred to sterile polyethylene bags (30 g/bag) and stored at

�20�C, 4�C, 15�C, 25�C, or 37�C. Growth of R. ornithinolytica and

formation of TVBN and histamine were monitored every 6

hours for samples stored at 25�C and 37�C. For samples stored

at 4�C and 15�C, analyses were performed at 24, 48, 72, and 96

hours. Fish samples that were stored at �20�C were analyzed

for bacterial loads at 0.5, 1, 1.5, and 2 months. All analyses

were conducted in triplicate for each sampling time. Results

were reported as means of triplicate determinations.

In another study to determine if frozen storage at �20�C
would kill the inoculated R. ornithinolytica and prohibit TVBN

and histamine formation, fish samples that had been stored at

�20�C for 2 months were thawed and then transferred to

storage at 25�C. The fish samples were analyzed at 6, 12, 24,

and 48 hours.

2.3. Microbiological analysis

Ten grams of minced mahi-mahi meat was taken from each

sterile polyethylene bag and homogenized at high speed for 2

minutes in a sterile blender (Osterizer, Madrid, Spain) with

90 mL of 0.1% peptone water. The homogenate was serially

diluted with 0.1% peptone water, and 0.1-mL aliquots of the

diluted sample were plated on aerobic plate count agar (Difco)

containing 0.5% NaCl in duplicate. Bacterial colonies were

counted after the plates were incubated at 35�C for 2 days.

2.4. Determination of total volatile base nitrogen

The TVBN contents of each mahi-mahi meat sample were

measured using the method of Conway's dish [24]. The TVBN
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Fig. 1 e Growth of Raoultella ornithinolytica in mincedmahi-

mahi meat inoculated with R. ornithinolytica at 5.0 log CFU/

g during storage at 4�C, 15�C, 25�C, and 37�C. Each value

represents the mean of three determinations ± standard

deviation.
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extract of each sample in 6% trichloroacetic acid (TCA; Sigma,

St. Louis, MO, USA) was absorbed by boric acid and then

titrated with 0.02N HCl. Results of TVBN contents are

expressed as mg/100 g fish.
2.5. Analysis of histamine

Five grams of minced mahi-mahi sample was transferred to a

50-mL centrifuge tube and homogenized (Omni International

Waterbury) with 20 mL of 6% TCA for 3 minutes. The ho-

mogenate was centrifuged at 10,000 � g for 10 minutes (4�C)
(SCR20B; Hitachi, Tokyo, Japan) and filtered through a
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Fig. 2 e Formation of total volatile base nitrogen (TVBN) in

minced mahi-mahi meat inoculated with Raoultella

ornithinolytica at 5.0 log CFU/g during storage at 4�C, 15�C,
25�C, and 37�C. Each value represents the mean of three

determinations ± standard deviation.
Whatman No. 2 filter paper (Whatman, Maldstone, England,

UK). The sample filtrate was collected in a volumetric flask

and mixed with 6% TCA to a final volume of 50 mL. Each

sample extract (1 mL) and histamine standards (0.5, 1.0, and

1.5 mg) were derivatized with dansyl chloride according to a

previously described method [5]. The dansyl derivatives were

dissolved in 5mL acetonitrile, and an aliquot of 20 mLwas used

for histamine analysis with a Hitachi liquid chromatograph

(Hitachi) consisting of a Model L-6200 pump, a Rheodyne

Model 7125 syringe loading sample injector, a Model L-4000

UVeVis detector (set at 254 nm), and a Model D-2500

Chromato-integrator. A Lichrospher 100 RP-18 reversed-phase

column (5 mm, 125 � 4.6 mm; E. Merck, Damstadt, Germany)

was used for separation. The gradient elution program began

with 50:50 (v/v) acetonitrile/water at a flow rate of 1.0 mL/min

for 19 minutes, followed by a linear increase to 90:10 aceto-

nitrile/water (1.0 mL/min) in the next 1.0 minutes. The

acetonitrile/water mix was then decreased to 50:50 (1.0 mL/

min) during the next 10minutes. All sampleswere analyzed in

duplicate.

2.6. Statistical analysis

Results were analyzed with analysis of variance and Duncan's
multiple range test. Significance between means of treat-

ments was established at a p value of <0.05.
3. Results and discussion

R. ornithinolytica grew rapidly in mahi-mahi meats stored at

37�C. The bacterial levels increased to 9.0 log CFU/g after 12

hours and to 9.5 log CFU/g after 24 hours (Fig. 1). Similarly, R.

ornithinolytica grewwell in samples stored at 25�C and reached

7.4 log CFU/g after 12 hours, and 9.5 log CFU/g after 24 hours of

storage. Determination of bacterial populations in samples

stored at 25�C and 37�C was terminated after 48 hours of

storage owing to sample spoilage. The samples stored at 15�C
supported gradual increases of bacteria until they reached

about 8.9 log CFU/g after 48 hours. However, growth of R.

ornithinolytica was retarded in samples stored at 4�C up to 4

days of storage (Fig. 1). The bacterial counts stored at 37�C
were significantly higher (p < 0.05) than those of samples

stored at 25�C before 12 hours. Bacterial populations in sam-

ples stored at 15�C, 25�C, and 37�C were significantly higher

(p < 0.05) than those of samples stored at 4�C at all times.

However, no difference was observed between the pop-

ulations in samples stored at 25�C and 37�C after 24 hours

(Fig. 1).

TVBN, including trimethylamine (TMA), dimethylamine,

and ammonia (NH3), is one of the most widely used indicators

for fish quality and spoilage [25]. The levels of TVBN increased

rapidly in samples during storage at 37�C (Fig. 2). TVBN in

samples increased to 30.5 mg/100 g after storage at 25�C for 48

hours and to 55 mg/100 g after storage at 37�C for 24 hours

(Fig. 2). These TVBN levels all exceeded the decomposition

limit level of 30 mg/100 g for fish quality determination. All

samples stored at 15�C also had levels of TVBN below 25 mg/

100 g during storage time, reaching 22.0 mg/100 g in 96 hours.

When stored at 4�C, the TVBN levels only slightly increased,

http://dx.doi.org/10.1016/j.jfda.2014.06.010
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reaching about 18mg/100 g after 96 hours. Although the TVBN

levels of the samples between 4�C and 15�C were not signifi-

cantly different (P>0.05), those of the samples between 25�C
and 37�C were significantly different (p < 0.05) during storage

time (Fig. 2). The increase in TVBN is related to the formation

of volatile basic components, such as ammonia and TMA, by

enzyme autolysis and bacterial spoilage. Therefore, the

elevated temperature (>25�C) can increase autolytic enzyme

activity and bacterial proliferation.

Similar to TVBN, formation of histamine in samples was

significantly faster in samples stored at 25�C and 37�C than at

15�C and 4�C (p < 0.05; Fig. 3). Histamine contents increased to

60 mg/100 g and 165 mg/100 g after 12 hours of storage at 25�C
and 37�C, respectively (p < 0.05). After 48 hours storage, his-

tamine contents increased rapidly to 184mg/100 g at 25�C and

280 mg/100 g at 37�C (Fig. 3). When the samples were stored at

15�C, a low level of histamine (38 mg/100 g) was detected in

samples after 24 hours, whereas a much higher level (165 mg/

100 g) was detected in samples after 96 hours. Histamine

production in samples stored at 4�C for 96 hours was negli-

gible (<3.0 mg/100 g). According to the statistical analysis, the

histamine contents of samples at 37�C for the same storage

time were significantly higher than those of other storage

temperatures (p < 0.05). Therefore, the optimal temperature

for histamine production by R. ornithinolytica in spiked sam-

ples was 37�C.
The highest levels of histamine were detected after growth

of R. ornithinolytica had reached the late logarithmic phase in

the samples stored at temperatures above 15�C. This corre-

sponded to an early observation that maximum histidine

decarboxylase activity was observed during the late logarith-

mic phase of bacterial growth [26]. Similarly, we previously

demonstrated that high histamine contents were produced in

sailfish and milkfish muscle by E. aerogenes during the late

logarithmic phase of growth [23]. However, Kim et al [27] re-

ported that the highest level of histamine was detected in
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Fig. 3 e Change of histamine in minced mahi-mahi meat

inoculated with Raoultella ornithinolytica at 5.0 log CFU/g

during storage at 4�C, 15�C, 25�C, and 37�C. Each value

represents the mean of three determinations ± standard

deviation.
contaminated fish muscle after M. morganii had reached the

stationary phase of growth. The difference between the ob-

servations could be attributable to the use of different hista-

mine producers and fish species in those studies.

The U.S. Food and Drug Administration has indicated that

fish containing histamine at levels above 50 mg/100 g

(500 ppm) should be considered a potential hazard for human

health [28]. It is important to realize that presence of hista-

mine in a fish does not change the color or smell of that fish

because histamine is a colorless and odorless compound [29].

A fish with no obvious sign of spoilage may contain a high

level of histamine and be consumed.When the decomposition

index of TVBN contents reached the level of 30 mg/100 g, the

histamine contents had increased to higher than 180mg/100 g

in samples stored at 25�C and 37�C (Figs. 2 and 3). Therefore,

the use of TVBN value as an indicator to predict histamine

contents and risk of scombroid poisoning should be avoided.

The changes in bacterial count in tested mahi-mahi meat

with an initial bacterial count of 5.0 log CFU/g during the 2

months of storage at �20�C are presented in Fig. 4. According

to the statistical analysis, the bacterial count of R. ornithino-

lytica was not statistically different during the 2 months of

storage at �20�C (P>0.05). No histamine (<0.05 mg/100 g) was

detected in any sample tested during the 2 months of storage

at �20�C (data not shown). Therefore, histamine production

by R. ornithinolytica in spiked samples was effectively

controlled by frozen storage at �20�C. Behling and Taylor [26]

and Kim et al [27] reported that storage of seafood at 0�C or

below limited histamine formation to negligible levels.

Once the frozen mahi-mahi meat stored at �20�C for 2

months was thawed and then held at 25�C, a rapid increase of

R. ornithinolytica reaching the levels of >9.0 log CFU/g was

observed after 24 hours (Fig. 5A). The spiked samples also

showed rapid increases in the contents of TVBN, reaching

36.5 mg/100 g in 24 hours and 43.5 mg/100 g in 48 hours

(Fig. 5B). The TVBN contents of thawed samples stored at 25�C
for 24 and 48 hours were significantly higher than those of
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spiked samples stored at 25�C for the same storage time (Figs.

2 and 5B). The increase in TVBN is related to the formation of

volatile basic components, such as ammonia and TMA, by

enzyme autolysis and bacterial spoilage. Therefore, the
accumulation of TVBN in thawed fish stems from the release

of autolytic enzymes from cells of thawed flesh and

histamine-forming bacteria. Although no histamine was

detected in any of the frozen mahi-mahi samples right after

thawing, it began to accumulate rapidly after 12 hours of

storage at 25�C (Fig. 5C). Histamine at levels of 77 and 89 mg/

100 gwere detected in samples after 24 and 48 hours of storage

at 25�C, respectively (Fig. 5C). In this study, histamine for-

mation was followed by bacterial proliferation in mahi-mahi

meat, when previously frozen fish was placed at 25�C. Hista-

mine levels in the previously frozen samples were always less

than those that had not been previously frozen (Figs. 3 and

5C). In this study, R. ornithinolytica might be injured during

the freezing process. When previously frozen fish were stored

at 25�C, the optimum temperature for bacterial recovery,

histamine formationwas followed by bacterial proliferation in

the muscles. However, R. ornithinolytica still produced haz-

ardous levels of histamine (>50 mg/100 g of fish) in thawed

samples stored at 25�C after 24 hours.

The free histidine content in fresh mahi-mahi fillet has

been reported to be 705 mg/100 g in a previous study [21].

Baranowski et al [30] reported that free histidine content

ranged from 490 to 940 mg/100 g in white muscle of mahi-

mahi. However, Antoine et al [31] reported free histidine

level ranging from 290 to 334 mg/100 g in mahi-mahi. Such

variations are a result of several factors: feeding, season, sex,

and stage of maturity [32]. The minimum histidine concen-

tration required for bacterial histidine decarboxylase activity

was estimated to be 100 to 200 mg/100 g [33]. Therefore, mahi-

mahi meat also acted as a good substrate for histidine

decarboxylation in this study.
4. Conclusion

In this study, we demonstrated that hazardous levels of his-

tamine could be formed by R. ornithinolytica in mahi-mahi

meat when stored at temperatures above 15�C. Mahi-mahi

fillets or dried mahi-mahi products may become a hazard-

ous food if the mahi-mahi meat is contaminated with hista-

mine formers, such as R. ornithinolytica, and exposed to

temperatures above 15�C. However, formation of histamine by

R. ornithinolytica in samples stored at 4�C after 96 hours was

negligible. Although histaminewas not detected in any frozen

samples, it accumulated rapidly in the previously frozen

mahi-mahi meat and once thawed and stored at 25�C. It is

suggested that mahi-mahi meat should be stored below 4�C to

control histamine production.
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