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Abstract

Abstract

A short questionnaire was devised during the 4th ISAP conferaridalifax (2011)
to gather some information on the algal eating habits op#tcipants. Responses
were also collected from random members of the generalcpubliGalway and
Copenhagen. Most phycologists had eaten algae before (93%), bpafeeipants
ate it more regularly than per month. The general public respovesessimilar. A
probability model tested the likelihood of a participant eatiggea Neither age nor
nationality significantly influenced this probability, although gendereased the
probability of eating algae regularly by 9% if the partiapaas male (at the 90%
confidence limit). As hypothesised, being a conference atehihly significantly
increased the probability of eating algae by 22%, in comparisbnnen-conference
attendees (i.e. the general public). The type of phycologisalarch studied also had
a significant effect. Researchers working with macraalyare 22% more likely to
eat algae, whereas microalgal researchers 15% lesgtikeat algae on a monthly or
more regular basis. The main reasons for eating algae bygbmilps were ‘taste’,
followed by ‘other’ (undefined) reasons. Phycologists also lgeedor the perceived
‘health benefits’, whereas few members of the germrhlic chose this option. The
difference in eating habits between the groups may be athilbutathe lack of algal
knowledge within the general public group.
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1. Introduction

The International Society of Applied Phycology (ISAP) aims to:

“...promote research, preservation of algal genotypes, anddigsEmination of

knowledge concerning the utilisation of algae.”

(ISAP websitehttp://www.appliedphycologysoc.orgtcessed 23/7/11)

In order to promote such research, the society holds a triecmiderence, and
publishes a peer-reviewed journal — the Journal of Applied Phycdb&P). This
year, the # ISAP conference was held in Halifax, Canada (19-Rne, 2011), with
310international delegates in attendance. Some of the maergrebsgroups that
attend the ISAP meetings do so because of the appliedjwwdel use of algae as a
human foodstuff. The majority of the world’s cultivated kefjpsl Porphyrasp. for
example, are used in Asian countries as a central pdtteof traditional cuisine

(McHugh, 2003).

The menu for the Halifax conference gala banquet containedutieated red
macroalgaChondrus crispusproduced in Nova Scotia by the company Acadian
Seaplants. This is an edible seaweed and is well knowncdhs ksy a handful of
countries that border the North-Atlantic Ocean. However, itbéster known
internationally as a carageenophyte. Two of the authors of #perpHoldt and
Edwards) used the opportunity of the gala banquet to gather sconmatibn about
the algae that phycologists choose to eat. It was hypothéksae@searchers of algae

would be aware of the multiple health and taste benefiteguflarly including algae
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in their diets. This study compares the algal eating habfibyzologist and non-algal

specialists with members of the general public.

2. Materials and Methods

Questionnaire and Respondents

A short questionnaire was designed to collect information oaltja eating habits of
ISAP conference delegates, and was distributed to those attehdimggla banquet.
The questionnaire collected some personal information (natigngénder, age to
nearest decade, and type of algal research the respondeet cart — ‘macro’,
‘micro’, ‘both’ or ‘none’). The question ‘Have you eaten macraimalgae before?’
divided the remainder of the questionnaire into a shorter ‘no’ regpansl a more
detailed ‘yes’ response. Respondents who answered ‘no’ weretaskieaose from a
list of reasons containing taste, lack of availabiligckl of culinary knowledge, or
some other reason. Respondents who answered ‘yes’, were taskedord the
frequency of eating algae (daily, weekly, monthly or marely). These respondents
were also asked why they ate algae. The list includeddllowing reasons: health
benefits, tradition, taste, or other reason. The number dafiespeaten was also
requested, along with the respondent’s favourite three speciakyad eaten. To
understand how the algae were obtained for consumption, respondeatasked to

circle ‘shop’, ‘collected’ or ‘both’.

The same questionnaire was used to poll random members of the ipuGalway
city (Ireland) and Copenhagen (Denmark) with the exceptiothefquestion in

relation to the type of algal research carried out. Thparses from Galway (58) and
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Copenhagen (46) were pooled, and were used as a comparisahevghycologist

responses.

Logit model - Modelling the Probability of Eating Seaweed on at leddbathly
Basis

The probability of eating seaweed on at least a monthly basisnedelled, based on
a mixed sample of 273 conference attendees and 104 random memberpuilic.
The response variable of interest in the survey (and the deypevalgable in the
model) was dichotomous, taking the value 0 if the respondent dichhséaweed on
at least a monthly basis and 1 if they did. The responsebl@amas modelled as a
function of gender, age, whether the respondent works with maeonecro algae, and
whether the respondent is a conference attendee and whetheretlfiymaEurope or
Asia. Since the dependent variable in the model can onlyttekealue O or 1 a
nonlinear estimating method of maximum likelihood must be usde [Bgit
modelling approach was used (Greene, 2008) to do this, usingtiséicst| software

package STATA. More formally the logit model can be \eritas:

L, = b, + b,Gender+ b,Age+ +b,Macro+ b Micro + b,Conference
+ b,Europet+ b;Asia+ m

where b represents the variable coefficients,is the constant term angl is the error
term associated with individual In the modelgenderis a dummy variable where
female is taken as the base case (male = 1); for the yumariables ofmacroand
micro the base case is does not work with either macro or raigee; for the dummy

variable conferencethe base case is not a conference attendee (i.e. the respond
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was sampled randomly in Galway or Copenhagen). Finally, foduhemy variables

of EuropeandAsiathe base case is not from either.

3. Results

Algal eating habits of phycologists and the general public

Summary statistics of responses to the questionnaire atgbeéesin Table 1. The
number of responses gathered from phycologists attending the ermderas 273,
while 104 responses were gathered from members of the benéle. Responses
were gathered from 35 countries during the conference, and 25iesuwhiring the
poll of the general public. Most phycologists answered the questare you eaten
algae before’ positively (93%), whereas fewer membersefgeneral public did so

(64%; Table 1).

Table 1. Questionnaire summary statistics.

Conference General Public
Mean (Std Mean (Std
Variable Dev.) Dev.)
gender 0.57 (0.5) 0.44 (0.5)
age 41.48 (12.16) 39.16 (14.23)
macro 0.29 (0.45) 0
micro 0.47 (0.5) 0
both 0.12 (0.33) 0
none 0.10 (0.29) 0.44 (0.5)
Have eaten algae
before 0.93 (0.25) 0.64 (0.48)
Number of
Nationalities 35 25
Number of
Observations 213 104

A large proportion of both phycologists and the general public only nagly eat
algae (Table 2; 45% and 55%, respectively). It is quite confordooth groups to eat

algae on a monthly basis, but few people eat algae dalgekly (Table 2; less than
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Table 2. The frequency of eating algae (proportion of the saole who have

previously eaten algae falling into each reason category).

Frequency of Conference General Public
consumption

Daily 0.07 0.03

Weekly 0.18 0.17

Monthly 0.31 0.25

More rarely 0.45 0.55

The most popular reason for eating algae within the phycologisgemeral public

groups was ‘taste’ (Table 3; 44% and 57%, respectively). Phystdagso ate algae

because of (perceived) health benefits (36%), whereasemrpf the general public

stated health as a reason to eat algae (only 13%). Tp®rpon of both groups

choosing ‘tradition’ as the reason for eating algae was loss (lean 20% in both

groups; Table 3). A large proportion of both phycologists (39%) andy¢meral

public (42%) chose another reason for eating algae other than(pesteived) health

benefits or tradition.

Table 3. Reasons given for eating algae (proportion of the sanmepWwho have

previously eaten algae falling into each reason category).

Conference Gengral
Reason Public
Health 0.36 0.13
Traditional 0.18 0.15
Taste 0.44 0.57
Other 0.39 0.42

Results from both phycologists and the general public indicate thlealack of

availability of algae is the greatest reason why algaertibbeen eaten before for
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most people (50% of phycologists, 49% of the general public; T&bléack of
culinary knowledge was an important factor in not eating digiathe general public,
whereas fewer phycologists cited the same reason (Tabitew)of the general public
had any other reasons other than taste, lack of availabilittack of culinary
knowledge for not eating algae (only 5%), whereas ‘other’ ressmunted for 39%
of responses from phycologists. ‘Taste’ as the reason for roigeaeaweed

accounted for 22% of phycologists and 30% of the general publicg(#abl

Table 4. Reasons given fonot eating algae (proportion of the sample* who have

not previously eaten algae falling into each reason category).

Conference Gengral
Reason Public
Taste 0.22 0.30
Lack of Availability 0.50 0.49
Lack of Culinary 011 0.35
Knowledge
Other 0.39 0.05

*n = 18 for conference attendees, and n = 37 for general puiomses

The Logit model - Modelling the Probability of Eating Algae at leasttlly

Rather than showing the coefficients of the logit model,ciwigan be difficult to
interpret, the marginal effects of each of the independamahbles are presented. A
Likelihood Ratio test was performed to test whether thenpetiers of the fitted model
are jointly equal to zero. The statistic (with 7 degrees of freedom) of 50.56 shows
that, taken jointly, the coefficients in the chosen gfation are significant at the 1%

level.

In terms of coefficient interpretation, and following conversiomarginal effects, it

appears that being male increases the probability of ealyag by 9% at the 90%
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level (Table 5). Age and nationality were found to have goifstant impact on the
probability of eating algae on a monthly basis although iitesésting to note that the
marginal effect of being European has a negative sigpaificipants work with
macroalgae his/her probability of eating algae on at Easonthly basis is increased
by 21% while the reverse is true for participants working vmticroalgae. The
probability of participants working on microalgae eating alga at least a monthly
basis is actually decreased by 15% (Table 5). Both thesélemriare significant at
the 95% level. Finally, conference participants are highly fsogmitly more likely to

eat seaweed on a monthly basis, with a 22% increase prthiability (Table 5).

Table 5. Logit Model of eating seaweed on at least a monthly bss

Variable Marginal Effects
Gender (male) 0.09 (0.06)*
Age 0.001 (0.002)
Work with macroalgae 0.21 (0.08)**
Work with microalgae -0.15 (0.07)**
Conference attendee 0.22 (0.08)***
Europe -0.07(0.06)
Asia 0.10 (0.08)
Observations 377

Standard errors in parentheses, *** indicates $icamt at 1%, ** indicates significant
at 5%, * indicates significaratt 10%.

The edible algae of choice

To estimate the variety of algal species commonly eapamticipants in the
guestionnaire were asked to record the number of specigbdljaite. Figure 1 shows
that the general public ate approximately 1 to 3 differertiepecross their age range,
whereas phycologists typically ate between 1 and 6 speciedgaé (Figure 1).
Phycologists in their forties and fifties ate significgntnore algae than their

counterparts in the general public (Figurg<40.05).
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Figure 1. Number of species of algae eaten by conferengaarticipants
(phycologists) and the general public within each age class the nearest decade.

Error bars represent 95% confidence limits.

The three favourite, or ‘top three’ species of algae wererded for questionnaire
participants. Approximately 27 genera were recorded in totguf€i2). Most of the
genera represented macroalgal species, while 6 of theagemee for microalgae.
Many responses were colloquial e.g. ‘dulse’Patmaria palmatahence the reporting
of both terms. This made it impossible to estimate tta totmber of species that were
eaten, as responses such aaminaria’, ‘kombu’ or ‘kelps’ were sufficiently
ambiguous. In this case, all responses were reported todetheaise of comparison
with other species or genera (Figure 2). SpecieBasphyra were by far the most
popular recorded in both groups, however the genus accounted fotea geraentage
of the general public’s responses (57%) compared those from phycoI{8fish).

Other popular genera/species in both groups incllidedinaria andSaccharinaspp.,
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P. palmataandChondrus crispusOf the microalgal genera prese8pirulinasp. was
the most popular, accounting for nearly 5% of phycologist's choiEegurge 2;

Spirulinasp. not recorded in the general public choices).
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Figure 2. Algal species chosen as the ‘top three’ specieaten by conference
participants (phycologists) and the general public, expresseas a percentage of all

choices.

Broadly divided into their representative groups, red seawasglshe most popular
species of choice within the phycologist and general public grouparé=B). 60% of
phycologists recorded red seaweeds in their ‘top 3', whereagetheral public recorded
even more (71%). Brown seaweeds were equally popular witbofigists and the
general public, and accounted for approximately 30% of all choBeen seaweeds

were chosen by relatively few participants from both groupseGiseaweeds were as



11-WP-SEMRU-04

popular as varieties of microalgae (amongst phycologists),eakeno microalgae are

consumed amongst the general public at all (Figure 3).

100+
80+
< [ Conference
o 60- [ General Public
(@)]
i)
@
S 404
(O]
o
20+
. N—=_ [
) ) ] ]
& o & 0\
Q)eb eeb eob \e‘§
S N >
3 2 Q
i 2 Qfo‘z’ &
S N
N & o &
&

Figure 3. All recorded algal ‘top 3’ algae chosen for eating.Species grouped
according to type — marine macroalgae divided into red, brownand green
seaweeds. All microalgae are grouped into one. Groups expsesl a percentage

of all species/genera recorded.

The data were also interrogated to see how many respondergsNdroBorphyraas
one of their ‘top 3 algae’ after answering ‘yes’ to eating@al@nd citing some ‘other’
reason rather than eating algae for taste, tradition ocgped) health benefits. 52%
of all phycologist responses, and 75% of all general public respoveses ‘yes’,

‘other’ and ‘NorifPorphyrd.
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4. Discussion

A simple poll asking phycologists and members of the general pwhither they
had eaten algae before shows encouraging results (Table &xpAsted, the vast
majority of phycologists (93%) and approximately two thirds of theegd public
had consumed algae. However, on closer inspection, when askedfteowalgae
were included as part of their diet, both groups showedasitnends of only eating
algae on a monthly or more rarely basis (Table 2). It mighexXpected that the
proportion of phycologists eating algae more regulary (than ‘maedyawould
have been higher, given the exposure to scientifically relsedrinformation on
umami, health benefits, and historical and/or geographicaltiiaali uses of

seaweeds.

Interestingly, both phycologists and the general public st&tekl of availability’ as
one of the main reasons foot eating algae (Table 4). Perhaps algae would be

included in diets of more people if a wider range of algae wede readily available.

This poll did not distinguish between the different flavours, wie/taste of algae is
appealing, or how the algae are used for the reason of ltastever, participants
from both groups cited ‘taste’ as the top score reasondbeyat algae (Table 3).
Seaweeds are known especially for their many flavours angplieagin food. They

are included in particular because of the K salt or forfiftle taste and for the
enhancement of the flavors of the rest of the food (Mourit3@89; Mouritsen and
Styrbaek, 2011). A project with a newly trained seaweed flavensesic panel has
recently published a report about the taste and possibilitiepmfcation of Irish

seaweeds. This report argues that 9 g of kombu is needeatt¢h the sodium content
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in 1 g of table salt (although users must be aware of tlentmithigh iodine content
in this amount of kombu). Furthermore, the flavour potential andamgsication of
dry and fresh seaweed are evaluated, together withtyb@tof food they fit the best
(e.g. bread, soup; Hotchkiss, 2010). The brown kelps in particola@io high
amounts of “the fifth taste”, monosodiumglutamate (MSG, also knasvmmami).
Nordic Alaria, Palmaria and Saccharinahave been investigated in both the Nordic
Food Lab, and the scientific kitchen of the best restauimathie world, Noma. This
investigation was based on the search for the synergétictebf tastes with other
foods such as dried ham or chicken to create a Nordic versite dapanesgashi

(Mouritsenet al, 2011; Mouritsen and Styrbaek, 2011).

Although many genera were represented in the preferred ‘tegilSfe algae (Figure
2), records from the general public only represent some of thé copsnon and
commercially available species i.e. mairfRorphyra sp. P. palmata Chondrus
crispus,and various species of kelps. Figure 1 also shows that fotbers of the
general public appear to eat fewer algae species than phytslegigecially in their
forties and fifties. Therefore in addition to making algae en@adily available in
shops, further education may be required to encourage more peagaé aowider

range of seaweeds and microalgae.

A strong trend amongst participants shows that 52% and 75% of pbigtsland the
general public, respectively, eat algae, but choose ‘otbdhar reason for doing so.
Citing Nori orPorphyraas the algae eaten followed this particular pattern of regpons
The results suggest that the ‘other’ reason that particigatBorphyramay be due

to the popularity of Japanese cuisine across the world (atg.rrost familiar form —
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sushi). It is suggested that these respondents may not négésisaose’ to eat algae

per se; thé>orphyrais simply present as part of the food served.

One difference in responses from phycologists and the ggnéstit relate to eating
seaweed for the perceived health benefits (Table 3).thHdmEnefits (e.g. anti-
inflammatory, anti-viral, anti-obesity) are numerous as showmecent reviews
(Chacon-Lee and Gonzalez-Marino, 2010; Plazal, 2009; Stengeét al, 2011;
Holdt and Kraan, 2011). The daily consumption of seaweed hasvémasestudies
shown to reduce the Insulin-like growth factor 1 (IGF-1) and estrdgeel in
postmenopausal healthy women. The daily seaweed consumptioheafavaurable
effect of seaweed on IGF-1 and the estrogen metabolisifikelseto be involved in
the significantly lower breast cancer rates of Japanesmeonspausal women (Teas
et al, 2011; Tea®t al, 2009). Furthermore, a pilot study has shown that daily intake
of microalgae, seaweed or both is safe, improves qualitieaind may help patients
with HIV to remain healthy and postpone the need for ardiveal therapy (Teas and

Irhimeh, 2011).

While not conclusive in a small survey, it may suggest figicologists are more
aware of the health benefits of eating algae (36%x) the general public (13%).
However, this awareness by the phycologists makes it even strikieag that only
10% and 20% of the phycologists eat algae daily or weekly, resggctClinical
researchers such as Tezsal (2009) and Teas and Irhimeh (2011) shows that the
effects of algae on estrogen level and HIV were shownetaeversible, which

suggestshat the daily/regular intake of algae is needed
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It would be interesting to note if there would be changes toptbportions of
phycologists and general public eating seaweed for the percezadith benefits if a
variety of algal products were marketed more visibly than #eycurrently. The
proportion may also increase if the general public were edutatacdgreater extent
about the positive effects of adding algae into the daily theeed, microalgae are
most often marketed as a health product, and yet no general patti@pants chose

to eat (or were aware that they ate) microalgae (Figure

The results of the probability model (Table 5) analysingiktetihood of participants
eating algae on at least a monthly basis were as remarkaltiee non-significant
results as for the significant ones. Compared acrosssglbmelents, neither age nor
nationality affected the likelihood of eating seaweed. Th®mewhat surprising as
Asian countries such as China, Korea and Japan are notanky af the greatest
producers of seaweeds but the populations of these countries sarewall-
documented as having a long tradition for daily consumption of algéeod, as well
as for the use as medicine (Murata and Nakazoe, 2001; AraghKirasaki, 1983).
The association is so established that bacterial genesgctmti enzymes that break
down red algal polysaccharides in the geRagphyrahave recently been discovered
in the bacteria of the digestive tract of Japanese sshwensumers (Hehemann,

2011).

However, it is encouraging to think that eating algae i®peddent of age and
nationality, which might in turn suggest a certain ‘open-nunéss’ to consumption,
even if algae don’t form a traditional part of the diet (Teblend 5). With an ever-

increasing global human population, seaweed production from cidtiv@ong with
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other marine aquaculture species) may become increasingly anpad a source of
nutrition (FAO, 2010). The highly significant probability that corfeze attendees
are more likely to eat algae regularly than the publainsost certainly attributable to
the availability of algal knowledge through research. This reasaly reinforce an
earlier point, that with increased available informationtle® topic (e.g. improved
culinary and health benefit knowledge; Table 4) the general paialicchoose to eat
more algae. In an improved questionnaire, participants shoutgkexl to rankvhy

they choose to eat algae. In a further question, particigdmusld also be asked
whether they would eat more algae if it were easily addesavailable (using a scale

to agree or disagree with the question).

Finally, of the phycologists who answered the questionnairg,nitost interesting to
note that a ‘macro/micro’ debate also exists for the consampf algae. Macroalgal
researchers are significantly more likely to eat algsgularly, perhaps given that
most algae consumed are seaweeds (Table 5, and Figures 3).aR&rhaps
microalgal researchers do not generally consider the organisgth which they work
as a source of food. This may be especially prevalent wighimps where for
example, microalgae are studied as a source of biofuel, sasduwaces of harmful
algal blooms (therefore shellfish poisoning). Perhaps this hygistheould be
extended to mycologists in a similar questionnaire to skether the type their
research carried out influences the types and amounts of firngadg bodies (i.e.
mushrooms) consumed. Those researchers who work on a ‘microstal@oulds,
mildews, and other pathogenic fungal organisms may be legstiikeat mushrooms

than for example, field taxonomists.
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The questionnaire described in this paper was designed tobefags possible. The
design of future questionnaires could and should be improved amdezhia order to
better understand why participants do or don’t eat algae ane thhesvailable data

more fully.

5. Conclusion
In conclusion, this survey finds that phycologists attending thd®I18&nference in

Halifax are more likely to eat algae compared to the géipeblic but ‘only’ by 22%.
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