
Introduction

Live reef fi sh are regarded as premium fi sh for con-
sumption in Southeast Asia and China, and higher 
value species are principally consumed in restau-
rants. With the economic growth in Hong Kong 
during the last 30 years, the demand for live reef 
fi sh has increased substantially. It is estimated that 
imports into Hong Kong account for about 60% of 
the volume of live reef fi sh traded in the Asia-Pacifi c 
region (Sadovy et al. 2003). Recent estimates show 
that the declared annual volume of live reef fi sh 
imported into Hong Kong is 12,000–14,000 tonnes, 
with a retail value of about 350 million US dollars 
(USD) (Muldoon et al. 2005).

There are concerns that the high demand for live 
reef fi sh has led to overexploitation of fi sh stocks 
and damage to coral reefs (Cesar et al. 2000; Sadovy 
et al. 2003). Practices used in fi sheries for live reef 
fi sh, such as the use of destructive harvesting tech-
niques, including cyanide fi shing, and the targeting 
of spawning aggregations and juvenile fi sh, dam-
age the marine ecosystem and threaten the sustain-
ability of the supply of reef fi sh. 

Because the supply of wild-caught fi sh from reefs is 
under pressure, the potential to supplement wild-
caught supply with aquaculture production is con-
sidered important for the long-term sustainability of 
the trade. Aquaculture production of grouper spe-
cies is now expanding rapidly, increasing at an aver-
age of 43% per year from 1999 to 2002 (Rimmer et al. 
2006). Consumer acceptability of cultured product is 
obviously an important factor in terms of the degree 
to which cultured product can displace wild product 
on the market and thereby help ensure the persist-
ence of wild stocks. We need to better understand 
consumers’ preferences for live reef fi sh, particularly 
with respect to cultured versus wild fi sh.  

The Australian Centre for International Agricul-
tural Research (ACIAR) is funding research aimed 

at ensuring the sustainable economic development 
of the trade. As part of this research, two projects 
related to consumer preferences for live reef fi sh 
in Hong Kong were undertaken during December 
2005. One was a survey of consumer attitudes re-
lated to the consumption of live reef fi sh (Chan et 
al. 2006). The other was a taste test that aimed to 
determine whether consumers could discriminate 
between wild and cultured samples of a particular 
species of live reef fi sh in a “blind” situation (i.e. 
in which the tasters do not know which product 
they are tasting), and to examine which product at-
tributes they prefer. This latter project is reported 
on here. 

Methodology

There are a number of taste test techniques, such 
as pair comparison and contingent ranking, which 
were applied by The Nature Conservancy on cul-
tured and wild-caught malabar grouper (Epinephe-
lus malabaricus) (OmniTrak 1997). The triangle test 
technique was selected for this study because it is 
the most widely used discriminative test in sensory 
analysis, which has the aim of determining wheth-
er or not detectable differences exist between two 
samples (Huss 1995). In the triangle taste test, asses-
sors receive three coded samples of fi sh. They are 
told, accurately, that two of the fi sh samples come 
from the same type of fi sh and that one is differ-
ent, and are asked to identity the odd sample. These 
tests can be useful in determining whether consum-
ers can detect sensory differences between cultured 
and wild fi sh products.

In the test, humpback grouper (Cromileptes altiv-
elis) was selected as the taste test product (Fig. 1). 
Humpback grouper is a highly valued fi sh in the 
Hong Kong market, selling for approximately 
USD 83 per kilogram in Chinese seafood restau-
rants in Hong Kong. The wild-caught humpback 
groupers were supplied from Indonesia through a 
Hong Kong trader, while the cultured humpback 
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groupers were supplied from the Gondol Research 
Institute for Mariculture (GRIM) in Bali, Indonesia. 
All the tested fi sh were of typical market size: 0.6 to 
1 kilogram. 

In the original test design, two types of cultured 
products were to be included for comparison with 
a wild-caught product. Both of the cultured hump-
back grouper products were raised from full-cycle 
aquaculture but one was fed “trash fi sh”, which is 
usually smaller sized species of low value, while the 
other was grown out on fi sh pellets, which consist 
of a scientifi cally formulated feed of fi sh meal and 
vegetable products. Unfortunately, the two types of 
cultured humpback grouper products were mixed 
together during transportation to the restaurant. It 
was consequently necessary to modify the taste test 
to solely compare wild-caught and cultured hump-
back groupers, without discrimination between the 
two types of feeding regimes.

of cultured fi sh, each assessor was given only one 
of the two types to compare with the wild-caught 
sample. Each assessor sat at his or her own table 
and was asked not to converse with the assessors at 
adjacent tables.
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Figure 1.  Humpback groupers used in the taste test, 
swimming in a restaurant tank, November 2006, 

Hong Kong (photo by B.G. Johnston).

Thirty participants were recruited for the taste test: 
16 were guests invited by the Hong Kong Chamber 
of Seafood Merchants (HKCSM), mostly merchants 
involved in the trade, and 14 were staff from local 
seafood restaurants.

The taste test was carried out in a Chinese seafood 
restaurant whose staff was highly skilled in prepar-
ing live reef fi sh for restaurant meals (Fig. 2). The 
fi sh were prepared in the manner typical of such 
meals. The fi sh were cut into pieces so that the as-
sessors could not see the whole fi sh. Each assessor 
was given one bowl of each of the three fi sh sam-
ples. They were told that two of the bowls came 
from the same source, while one of the bowls was 
different. They were not told whether the odd sam-
ple was a wild-caught or a cultured sample, as illus-
trated in Figure 3. Although there were two types 

Figure 2.  Restaurant placement setting for the taste test, 
Hong Kong (photo by B.G. Johnston).

Figure 3.  Sample triangle taste test questionnaire.

The taste test included three parts. First, assessors 
were asked to taste the samples, identify the odd 
one and identify the key sensory characteristics that 
made it different. Second, they were asked to identi-
fy the sample they preferred for each of fi ve specifi c 
listed attributes: colour, taste, texture (smoothness), 
texture (elasticity) and skin. Third, they were asked 
to guess which samples were wild and which were 
cultured.

Results

In Test 1, 53% of assessors were able to correctly 
identify the odd samples (Fig. 4). In terms of the as-
sessors who were live reef fi sh traders (the HKCSM 
guests) versus those who were not (the seafood res-
taurant workers), 44% of the former group correctly 
identifi ed the odd samples, compared with 64% of 
the latter group.



In Test 2, it was found that most 
respondents preferred the sam-
ple of wild humpback grouper 
over the cultured product 
in all fi ve of the sensory at-
tributes (Fig. 5). Among those 
participants who were able to 
correctly discriminate between 
the wild-caught and cultured 
products (16 assessors; see Fig. 
4), it was found that for all fi ve 
attributes, most preferred the 
wild-caught product to the 
cultured product (Fig. 6).

In a triangle test, assessors can, 
even if they cannot discrimi-
nate among the samples, uti-
lise random guessing to iden-
tify the odd sample. Therefore, 
in part 3 of the test, assessors 
were asked to describe the 
sample combination; that is, to 
indicate for each of the three 
fi sh samples whether it came 
from a wild or cultured source. 
It was found that 37% (11 as-
sessors) were able to correctly 
identify their sample combi-
nations (Fig. 7). Thirty-one 
percent of traders and 43% of 
non-traders did so correctly. 
Because Test 3 is more diffi cult 
(in terms of the probability of 
being correct by chance alone) 
than Test 1, we would expect 
the percentage of correct an-
swers to be lower in Test 3 than 
in Test 1, as they were.

We further analyzed the at-
tribute preferences of those 
respondents who correctly 
identifi ed the sample combi-
nations in Test 3 (11 assessors; 
see Fig. 7). It was found that 
all of them preferred the wild 
sample over the cultured one 
in colour, taste and texture 
(smoothness) (Fig. 8). How-
ever, for the texture (elastic-
ity) attribute one person in 
this group preferred the cul-
tured sample and another 
expressed indifference be-
tween the cultured and wild 
products, and for the skin at-
tribute one person preferred 
the cultured product and two 
expressed indifference.
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Figure 4.  Number and percent of assessors that correctly 
identifi ed the odd sample.

Figure 6.  Preferences between wild and cultured products, by attribute, 
among the 16 assessors who correctly identifi ed the odd sample.
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Figure 7.  Success in identifying sample combinations.
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Figure 5.  Preferences between wild and cultured products, by attribute.
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Discussion

Overall, the triangle test methodology worked well 
and all participants were able to complete the test. 
They also provided positive feedback that suggests 
this methodology can be applied to assess the qual-
ity of cultured fi sh of other species in order to ob-
jectively test the widely perceived perception that 
cultured fi sh are of inferior quality relative to wild-
caught fi sh.

The results indicated that there was a defi nite pref-
erence among participants for the colour, taste and 
texture of the wild-caught product (more than 
70% preferred the wild-caught product in these 
attributes). However, informal feedback from par-
ticipants after the test indicated that the cultured 
product was also highly acceptable to participants. 
This bodes well for the widespread commercial ac-
ceptance of cultured products in the future.

There were some aspects of the triangle taste test 
that we would do differently in the future. First, the 
cultured fi sh comprised two types (trash fi sh-fed 
and pellet-fed), but it was not possible to test for 
differences between them. It would be desirable to 
test the two types of cultured fi sh separately in fu-
ture tests to ascertain whether there are preferences 
for trash fi sh-fed or pellet-fed products.

Also, it would be desirable to broaden the sample to 
include a larger group of more typical consumers of 
live reef fi sh, rather than relying on individuals in-
volved in the industry to provide assessments. The 
blind triangle taste test methodology worked well 
in a restaurant setting and could be easily extended 
to a larger and more representative sample in the 
future. It would also be useful to evaluate the visual 

aspects of the fi sh swimming in the restaurant tanks 
to ascertain whether consumers can discriminate 
between wild and cultured products when choos-
ing the fi sh to consume in the restaurant.

At the completion of the taste test, in an open dis-
cussion, the seafood merchants offered a number 
of comments that might be valuable to aquaculture 
scientists and marketers of cultured fi sh.

• Many merchants thought there was a very good 
future for cultured live reef fi sh in the market in 
Hong Kong.

• The taste and texture of cultured fi sh is already 
considered quite acceptable to Hong Kong con-
sumers, although it currently trades at a discount 
price relative to wild-caught product (the size of 
this discount varies across species and will re-
quire further market research to determine).

• Among the higher value species that are avail-
able from culture (which appear to only include 
humpback grouper and giant grouper, Epinephe-
lus lanceolatus, at this time), the trade appears to 
be favouring giant grouper. It grows to market 
size relatively quickly, appears to be a more ro-
bust species for cage culture, and its fl avour and 
texture appear to be well accepted. A merchant 
familiar with both cultured humpback grouper 
and cultured giant grouper said that the best 
tasting and textured cultured live reef fi sh was 
giant grouper from Taiwan raised on pellets.

• Individuals involved in the trade in live reef fi sh 
are highly aware of environmental and health is-
sues associated with the trade. The import into 
Hong Kong of groupers raised with the applica-
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Figure 8.  Preferences between wild and cultured products, by attribute, among 
the 11 assessors who correctly identifi ed the sample combination.
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tion of malachite green has heightened consum-
er awareness of the need to purchase healthy 
and safe fi sh, and the industry is responding to 
this issue. The Hong Kong aquaculture industry 
has been cooperating with Hong Kong’s Agri-
culture, Fisheries and Conservation Department 
to introduce a Certifi ed Fish Tag Scheme (Sun 
2005) in which fi sh farms that comply with cer-
tain conditions, such as criteria related to pond 
size, drainage, source of water and protection 
from contamination, and that submit to regular 
government checks, can place a certifying tag on 
their fi sh at the point of sale in the market. The 
tag is fi xed to the fi n of the fi sh and is designed 
to be tamper-proof.

• Individuals involved in the trade are aware that 
overfi shing has been occurring in wild popula-
tions and that future supplies of wild-caught 
live reef fi sh will be more limited. They conse-
quently see the aquaculture sector as providing 
future growth opportunities for the trade.

Conclusions 

The blind triangle taste test showed that most par-
ticipants in this study could discriminate between 
wild and cultured fi sh samples in a “blind” situation 
and that the wild-caught product was preferred in 
most sensory attributes. The blind triangle taste test 
methodology was found to be a suitable method for 
assessing perceived taste differences in live reef fi sh 
products. 

Some valuable lessons were learned from the test, 
including the need to protect the integrity of the 
samples being tested from the point of production 
through to the restaurant tank.

Future triangle taste tests of live reef fi sh products 
should test for differences in preferences and prod-
uct attributes between cultured products produced 
from different food sources (trash fi sh versus pel-
lets). They should also include a more representa-
tive sample of typical Hong Kong consumers to 
complement the “expert panel” approach used in 
this study.

References

Cesar H.S.J., Warren K.A., Sadovy Y., Lau P., Mei-
jer S. and Ierland E.V. 2000. Marine market 
transformation of the live reef fi sh food trade 
in Southeast Asia. p. 137–157. In: Cesar H.S.J. 
(ed.). Collected essays on the economics of cor-
al reefs. Sweden: Cordio. 

Chan N.W.W., Bennett J. and Johnston B. 2006. Con-
sumer demand of sustainable wild and cul-
tured live reef food fi sh in Hong Kong. EMD 
Occasional Paper No. 12. Canberra: Australian 
National University. [also available at: http://
www.crawford.anu.edu.au/degrees/emd/oc-
casional_papers/emd_op12.pdf]

Huss H.H. 1995. Quality and quality changes in 
fresh fi sh. FAO Fisheries Technical Paper 348. 
Rome: Food and Agricultural Organization 
of the United Nations. 195 p. [also available 
at: http://www.fao.org/DOCREP/V7180E/
V7180E00.HTM] 

Muldoon G., Peterson L. and Johnston B. 2005. Eco-
nomic and market analysis of the live reef food 
fi sh trade in the Asia-Pacifi c region. SPC Live 
Reef Fish Information Bulletin 13:35–41.

OmniTrak. 1997. Summary of the taste test between 
the mariculture and wild-caught malabar 
grouper. Honolulu: The Nature Conservancy. 
14 p.

Rimmer M.A., Phillips M.J. and Sim S.Y. 2006. 
Aquaculture of grouper species in Asia and 
the Pacifi c. p. 116-134. In: Johnston B. and Yeet-
ing B. (eds). Economics and marketing of the 
live reef fi sh trade in Asia-Pacifi c. Proceeding 
of a workshop 2–4 March 2005, Noumea, New 
Caledonia. ACIAR Working Paper No. 60. Can-
berra: Australian Centre for International Agri-
cultural Research.

Sadovy J.Y., Donaldson T.J., Graham T.R., McGilvray 
F., Muldoon G.J., Philips M.J., Rimmer M.A., 
Smith A. and Yeeting B. 2003. While stocks last: 
The live reef food fi sh trade. Manila: Asia De-
velopment Bank. 147 p.

Sun C. 7 Dec. 2005. Tags offer peace of mind – at a 
price. South China Morning Post.

35SPC Live Reef Fish Information Bulletin #17 – November 2007


