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Abstract

Gelidium latifolium collected monthly at Sinop Peninsula (Black Sea, Turkey) was studied during a 1-year period. Physical
and gelling properties of agar extracted from G. latifolium were investigated. Results showed that agar yield was not
significantly affected by seasons and ranged from 32.79 £0.78 to 39.26 = 0.37%. Quality parameters such as pH, total ash,
acid-insoluble ash, and moisture complied with the international standards and acceptance criteria established for agar.
High melting temperature (93.86+0.27 °C) and gelling temperature (47.46+0.20 °C) were obtained in autumn. A
relatively high viscosity, gel strength was obtained in autumn and during the second half of the year. Lowest acid-
insoluble ash (0.012 £0.002%) and moisture (9.276 +0.20%) were obtained in winter, autumn, and spring, respectively.
Using G. latifolium from the Sinop Peninsula, good quality of agar with a gel strength ranging from 206.83 +£5.36 to
591.85+2.42 g cm > was obtained, indicating its potential for commercial exploitation. The highest hysteresis tempera-
ture was obtained during summer with a maximum in June (48.63 +0.18 °C) and a minimum in autumn (46.20 +0.09 °C).
Results of this study indicate that the best quality agar was obtained during the second period of the year and in autumn.
FTIR analysis of agar extracted from G. latifolium showed a fairly constant spectrum that were recorded to contain high
gel strengths and low sulfate residues. We conclude that the extracted agar is of good quality agar and may have the
potential for commercial agar production.
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Introduction

The term “hydrocolloids™ is generally used to describe a
range of polysaccharides and proteins that are widely used
in industrial sectors because of their unique physicochemi-
cal and gelling properties (Phillips and Williams 2009). The
agar obtained from the red seaweed is one of the most im-
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portant commercial hydrocolloids (Phillips and Williams
2009; Porse and Rudolph 2017). The United States
Pharmacopeia (USP) and the Food Chemical Codex
(FCC) describe agar as a hydrocolloid extracted from red
seaweeds soluble in boiling water but insoluble in cold wa-
ter (Lee et al. 2017). Agar is extracted from members of the
red seaweed (Rhodophyta) genera such as Gracilaria and
Gelidium spp. (Kraan 2012). It is used in food, pharmaceu-
tical, medicinal, and biotechnological industries as a gelling
agent, thickener, or stabilizing and emulsifying agent
(Yaphe 1984; Li et al. 2009). Bacteriological agar with
low gelling temperature is extracted only from Gelidium
spp- McHugh 2003). Agar is a polysaccharide that is found
in the cellular matrix of red seaweeds and formed by a mix-
ture of agarose and agaropectin (Naidu 2000; Lemus et al.
2008; Yarnpakdee et al. 2015). Agarose is a linear polymer
and composed of the (1,4)-linked 3,6 anhydro-a-L-
galactopyranose and (1,3)-linked [3-D-galactopyranose
units. Agaropectin, the non-gelling fraction, is a more com-
plex structure that includes sulfate ester, pyruvate, p-
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galactose, and 3,6 anhydro-.-galactose (Matsuhashi 1998;
Naidu 2000). High-quality agar is extracted from a seaweed
belonging to the genus Gelidium but a large and growing
population of the Gracilaria seaweed has caused this sea-
weed to be the main source of agar (Rodriguez et al. 2009;
Heydari et al. 2014). Overexploitation of Gelidium natural
populations led to the search for other agar-producing sea-
weeds. Gracilaria agar, although not as stable during stor-
age as that of Gelidium, has adequate gelifying properties
for food industry and has replaced the use of the latter in
several preparations that do not require long-time storage
(Armisen 1995).

Agar quality can be affected by diverse factors such as
the seaweed source, extraction methods and drying condi-
tions (Lemus et al. 2008), physiological factors, life cycle,
environmental variations, and postharvest storage
(Marinho-Soriano and Bourret 2003; Marinho-Soriano
et al. 2006; Romero et al. 2008). Moreover, the presence
of some chemical groups such as pyruvate, methyoxyl, and
sulfate can affect the quality of agar (Arvizu-Higuera et al.
2008; Hurtado et al. 2011).

In the present study, the agar extracted from Gelidium
latifolium was subject to several quality parameters and
our results indicate that this species can be conveniently
used for producing good-quality agar. Also, a suitable
technique for producing the desired quality of agar was
determined in this study; however, detailed studies are
required to further evaluate the agar from this species
for commercial use.

Materials and methods
Collection and preparation of Gelidium Iatifolium

Specimens of Gelidium latifolium were collected on a
monthly basis from January to December 2011 from a
depth of 3—5 m in the coast of the Sinop Peninsula located
in the center of Black Sea, Turkey (42.11.2.85" N,
35.4.40.88" E). The samples were washed with tap water
to remove solid debris/contaminants. The cleaned sea-
weeds were placed in an oven (60 °C, 48 h) immediately
after harvesting. The dried seaweed was vacuum-packed
and stored at room temperature.

Agar extraction
The method described by Ogretmen and Duyar (2018) was
used to extract agar. First, the samples (12 g) of seaweed

dried in an oven were refluxed with 900 mL of distilled
water for 6 h at 95 °C (sample/distilled water ratio of about
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1:75 (w/v)). Thereafter, the agar solution was filtered off
and the residue was removed using a Whatman paper No.
541. The hot extracts were centrifuged at 3000 rpm for
3 min. The extracts were gelled at room temperature into
a strafor plate and then frozen at —25 °C for 20 h. The
frozen gel was thawed at room temperature and oven dried
at 60 °C for 20 h. Dried agar samples were ground to
enhance their solubility for measurement of physical pa-
rameters and stored at room temperature.

Determination of yield and physicochemical
properties of agar

FTIR analysis The agars were analyzed using PerkinElmer
Spectrum Universal ATR Sampling Accessory, over the wave

number range between 4000 and 650 cm ™.

Agar yield The agar yield (%) was calculated as the percentage
of dried seaweed

Agar yield (%) = (W,/Ws)*100

Where W, is the dry agar weight and W is the dry seaweed
weight (g).

Gelling and melting temperatures Gelling and melting tem-
peratures of the agar samples were measured by the meth-
od described by Young (1974). Agar solution (1.5% w/v)
was prepared in a test tube (1.7 cm diameter, 15 cm
height). The gelling temperature was measured by dissolv-
ing agar in distilled water and pouring 10 mL of the agar
solution in test tubes. A glass bead (3 mm diameter) was
placed in each test tube and all the test tubes were imme-
diately placed in a rack maintained at 60 °C in a water-
bath. Each tube was tilted up and down in the water-bath
until the glass bead ceased to move. Using a thermometer,
the gelling temperature was determined to be the tempera-
ture at which the movement of the glass beads ceased. To
determine the melting temperature, the test tubes were
placed in a water-bath with its temperature increased grad-
ually from 50 to 100 °C. The melting temperature was
recorded with a precision thermometer when the glass
beads dropped to the bottom of the test tubes.

pH value The pH was determined according to Atay (1974).
Briefly, 4 g of the agar samples were washed with tap water at
18 °C for 30 min. The samples were put in Erlenmeyer flasks
and kept at room temperature for 24 h. Then, the pH of the
samples was measured by using a pH meter (Metter Toledo
Seven Multi mV/ORP).
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Ash content Ash content was determined by burning 1 g of the
agar sample in a porcelain crucible at 600 °C for 3 h.

Viscosity The viscosity of 1.5% agar solution may be mea-
sured by using a Haake Maers III rtheometer at 85 °C and a
shear rate of 100 mm ™" according to a 35-mm-diameter par-
allel plate/plate (cv, 2°) method.

Gel strength Agar samples were dissolved in boiling dis-
tilled water to obtain a concentration of 1.5% (w/v). The
agar solutions (50 mL) were transferred to a cylindrical
mold with a diameter of 5 cm and a height of 3.5 cm.
The gels were equilibrated at room temperature (20 °C)
for 24 h before analysis (Romero et al. 2008; Kumar and
Fotedar 2009). Gel strength was determined at 20 °C using
a texture analyzer (TA.XT2, UK) with a load cell of 5 kg
and a cross-head speed of 1 mm/s, and equipped with a
1.27-cm diameter, flat-faced, cylindrical Teflon plunger.
The maximum force (gram) taken when the plunger had
penetrated 5 mm into the agar gels was recorded. Gel
strength was calculated and expressed as g.cm™ 2.

Acid-insoluble ash The acid-insoluble ash was determined ac-
cording to the procedure of Ilyas (1989). A certain amount of
ash was boiled for 5 min with 25 mL of hydrochloric acid. The
insoluble matter was collected in a sintered crucible or on an
ashless filter paper, washed with hot distilled water, and burnt
at about 400 °C to a constant weight. The weight of the acid-
insoluble ash was calculated in milligram per gram of air-dried
material.

Moisture The moisture content of the agar samples was
determined by the vacuum oven method (AOAC 1990).
The samples were dried in a moisture dish in an oven
(Niive FN500 model) at 105 °C until they reached a con-
stant weight.

Hysteresis Hysteresis temperature was calculated as the differ-
ence between melting and gelling temperatures.

Statistical analysis

Monthly experiments were performed in triplicate, while a
total of nine seasonal experiments were performed (three sets
of three months each). A one-way analysis of variance
(ANOVA) was used to evaluate seasonal variations.
Seasonal data from each of the three sets were averaged.
Statistically significant differences between monthly and sea-
sonal results were tested using the JMP 5.0.1 program at 5%
significance level. When a significant effect was found,
Tukey-Kramer HSD was used. P values < 0.05 were consid-
ered statistically significant.

Results

The FTIR spectra of agar products extracted in different
months from and its fractions are represented in Fig. 1. The
most significant bands were obtained at 1646, 1372, 1258,
1042, 930, 890, 771 cm *, typically detected as agarocolloid.
Based on spectra, the raiding band was observed at 3349 cm ™'
associated with OH groups. The band at 2921 cm ' was at-
tributed to CH, groups of agar. The absorbance at 1646 cm
assigned to amide I vibrations suggests the presence proteins
(Guerrero etal. 2013). The bands at 1372 cm ' and 1258 cm !
corresponded to ester sulfate groups. The band with wave-
number of 1042 cm ' is equivalent to skeletal mode of the
galactan (Sekkal et al. 1993). The FTIR absorbance band
930 cm ™' indicated to the C—O—C group of 3,6 anhydro-oc-; -
galactopyranose (3,6-AG) (Sousa et al. 2012). The band at
1152 cm™! (C-0, axial deformation) was observed as princi-
pal band of agarose (Garcia et al. 2000). According to Garcia
et al. (2000), the 890 cm ' band is specific for agar and ob-
served at all agar products in this study (Fig. 1).

The yields of agar from G. latifolium being the lowest in
July (32.79 +£0.78%) and highest in January (39.26 + 0.37%)
are summarized in Table 1 with different results obtained dur-
ing the rest of the year (p < 0.05). Maximum agar yield from
G. latifolium was obtained in winter (36.74 £0.77%) and min-
imum in summer (35.89 +£0.78%). There was no statistical
difference (p > 0.05) in the ratio of agar yield between season-
al changes (Fig. 2). A negative correlation between seasonal
agar yield-gel strength (r=—0.97).

Gelling temperature varied from 47.90+0.10 to 0.30 +
0 °C. The highest gelling temperature was obtained in
November and December and the lowest in April. There
was a statistical difference between the results obtained on
a monthly basis (p <0.05). The generally low gelling tem-
perature observed in the first 6 months of the year could be
related to low seawater temperature. From the seasonal
point of view, the highest gelling temperature was record-
ed in autumn (47.46+£0.20 °C) and the least in spring
(40.98 £0.31 °C). While there is no statistical difference
between summer and winter seasons (p > 0.05), statistical
differences have been observed in the other seasons
(p<0.05) (Fig. 2) in terms of gelling temperature.
Correlation analysis of seasonal gelling temperatures
showed a significant positive correlation with pH (»=0.97)
and viscosity (= 0.96).

The highest melting temperature was obtained in
November whereas lower values were obtained in April. On
the other hand, melting temperatures in G. latifolium were
higher in autumn (93.86+£0.27 °C) and lower in spring
(88.74+0.19 °C). The monthly melting temperature values
were observed higher in the second half of the year as in the
gelling temperature. Statistical differences between the
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Fig. 1 FTIR spectra of extracted agar from Gelidium latifolium collected at different months

melting temperatures obtained in some months and in the
seasons are given in Table 1 and Fig. 2. A positive correlation
between seasonal melting temperatures and gelling tempera-
tures (#=-0.94) was observed.

The maximum pH value was obtained in December (7.46
+0.01) whereas minimum values were obtained in March
(6.25+0.01). As a seasonal, pH values were higher in autumn
(7.28 £0.02) and lower in spring (6.41+0.05). pH values
were obtained to be high in the second half of the year (be-
tween June—December and summer—autumn seasons) when
the seawater temperature was high. Statistical differences be-
tween the pH values obtained in some months and in the
seasons are given in Table 1 and Fig. 2. A strong positive
correlation (»=10.98, y=0.1654, x=8.216) was obtained be-
tween pH value and melting temperatures.

The maximum viscosity of agar obtained from
G. latifolium was 214.67 +15.059 cP in November, while
the minimum value of 17.28 +1.33 cP was determined in
April. The viscosity parameters namely the melting and gel-
ling temperatures were found to be higher in the second half of
the year (Fig. 3). The viscosity of the agar reached its highest
value of 153.66 + 16.51 cP in summer and its lowest value of
25.40 4+ 2.23 cP in spring. The agar viscosity varied signifi-
cantly between months and seasons (p < 0.05). A strong pos-
itive correlation (»=0.99) was found between viscosity and
the melting temperature value and between viscosity and pH
(r=0.96).

Total ash values of extracted agar from G. latifolium
were obtained highest in November (4.77 £0.32%) and
lowest in July (2.82 +0.07%). The total ash values obtain-
ed in this study were found to decrease regularly toward
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the summer season (Fig. 2). Total ash values were found
highest as 3.89+0.25% (autumn) and lowest as 3.09 +
0.07% (summer).

The highest gel strength was found in the samples ob-
tained in September (591.85+2.42 g cm 2) and lowest in
those obtained in January (206.83 +5.36 g cm 2).
Considering seasonal samples, the greatest gel strength
was recorded in autumn (507.33+25.21 g cm %) and least
in winter (545.92+28.32 g cm ). There were statistical
differences between the results obtained on a monthly
and seasonal basis (p <0.05).

Acid-insoluble ash ranged from 0.011 £0.004 to 0.051
+0.009% in our study. The acid-insoluble ash was maxi-
mum in June and minimum in November. Considering the
seasonal samples, the highest value was found in winter
(0.37+£0.019%) and lowest in autumn (0.012 £0.002%).
Significant statistical differences were found between
acid-insoluble ash quantities in the monthly and seasonal
samples (p < 0.05).

The maximum moisture content in the extracted agar was
obtained in January (14.54 +0.11%) and minimum in June
(8.54 £ 0.23%). Considering the seasonal samples, the highest
moisture content was obtained in winter (12.43 +0.62%) and
lowest in spring (9.276 £0.20%). Significant statistical differ-
ences were found between moisture content in the monthly
and seasonal samples (p <0.05) and are detailed in Table 1
and Fig. 2.

The hysteresis temperature of G. latifolium was highest in
July (48.63+£0.18 °C) and lowest in October (45.70 +
0.05 °C). Considering the seasonal samples, the values of
hysteresis temperature in G. latifolium ranged from 48.01 £
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39.3 °C. The differences in gelling temperatures may be relat-
ed to factors such an extraction methods and seasonal changes
in environmental conditions.

The relationship between melting temperature and gel
strength and both measurements are usually considered
when agar quality is of interest (Selby and Wynne 1973).
In the present study, the highest gelling temperature and
gel strength values were obtained in autumn (gelling tem-
perature in November, gel strength in September) and
summer (gelling temperature value in July, gel strength
value in June). Mouradi-Givernaud et al. (1992) found that
the gel strength of extracted agar from G. latifolium in-
creased from 400 g cm* in March to around 800 g cm 2
in October and then declined. In the present study, max
values of gel strength were recorded between May to

September. These results are in agreement with those ob-
tained from G. latifolium by Mouradi-Givernaud et al.
(1992). Melting temperature is used to judge agar quality
and higher than 85 °C (Armisen and Galatas 1987,
Chapter 1). All samples in this study had a high melting
temperature that falls in the range of the USP standards (>
85 °C) and all melting temperature values of this study
had commercial grade agar standards. The range values
of melting temperatures of agar (94.86 £0.28—-88.26 +
0.08 °C) is comparable with those previously reported
for this species (73-92 °C by Ganesan et al. (2008); 85.1—
93.7 °C by Freile-Pelegrin et al. (1995); 90-98 °C by
Roleda et al. (1997); above 90 °C by Villanueva et al. (1999)).

Israel et al. (1999) extracted agar from Gracilaria
tenuistipitata and recorded pH values between 6.5 and 8.
Scholten and Pierik (1998) extracted agar using different
methods and obtained pH values between 4.2 and 7.5. In
general, the pH values of extracted agar from G. latifolium
were comparable to those found in the literature.

The ash content of the agar solution was in the range of
4.77+0.32 to 2.82+0.07%. Following its evolution ac-
cording to the seasons, it was shown that it remained stable
during the year. Important trading companies such as FCC,
USP, ECC, and FAO have defined standard specifications
and reported that the maximum ash contend for agar should
not be more than 6.5% (Table 2). The total amount of ash
obtained in this study ranged from 4.77+0.32 to 2.82 +
0.07%, which makes our agar suitable according to the
agar standards accepted by the international trading
companies.

Gelidium latifolium showed variations in the agar viscosity
along seasons. In general, the highest agar viscosity was ob-
served in autumn (maximum value in November) and summer
(maximum value in August) coinciding with the highest
values of temperature. The results suggest that temperature
can influence the agar quality. Contrarily of the present study,
Nil et al. (2016) found that the viscosity of agar extracted from
G. sesquipedale had the minimum value in autumn
(November, 8.53 1.2 mPa.s). The difference may be as-
cribed to the different extraction conditions used. The viscos-
ity values obtained from G. latifolium was superior to those
obtained by other authors (Calumpong et al. 1999; Meena
et al. 2007; Pereira-Pacheco et al. 2007; Prasad et al. 2007;
Yarnpakdee et al. 2015; Nil et al. 2016). However, Pereira-
Pacheco et al. (2007) stated that a high viscosity agar is used in
the food industry as mainly in spreads and soft-texture food
products.

In this study, seasonal gel strength values increased regu-
larly throughout the year from winter season. Martin et al.
(2013) studied the gel strength of agars from Gracilaria
gracilis harvested in Patagonian coast (Argentina) and ob-
served that the higher values were obtained in spring/
summer and the lowest in winter. The highest gel strength
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Table 2 Standard specifications
of agar for trading companies

Quality parameters FCC uSP EEC FAO JECFA EU
Moisture, % max. 20 20 20 22 22
Ash, % max. 6.5 6.5 6.5 6.5 6.5 6.5
Acid-insoluble ash, %max. 0.5 0.5 0.5 0.5 0.5 0.5

FCC, Food Chemicals Codex (Source: FAO/NACA 1996)

USP, The United States Pharmacopoeia (Source: FAO/NACA 1996)

EEC, Europan Ecomomic Countries (Source: FAO/NACA 1996)

FAO, Food and Agriculture Organization of the United Nations (Source: FAO/NACA 1996)

JECFA, Joint FAO/NACA Expert Committee on Food Additives (Source: JECFA 2006)

EU, Offical Journal of Europan Union commission (Source: Commission Regulation (EU) No 231/2012)

values obtained from G. gracilis were obtained in summer
(828 cm ?) by Marinho-Soriano and Bourret (2003). The gel
strength values obtained at present study are comparable to
those obtained by other authors (Ganesan et al. 2008; Vergara-
Rodarte et al. 2010). In contrast, there have been studies of
high values in gel strength for winter and low ones for summer
for G. canariensis (Freile-Pelegrin et al. 1995). These differ-
ences may be attributed to various factors such as the presence
of some chemical groups, such as pyruvate, methoxyl, and
sulfate, which influence gel strength and are the main agar
quality parameters as suggested by Arvizu-Higuera et al.
(2008) and Hurtado et al. (2011). Eventually, our results sug-
gested that agar from G. latifolium had gel strength equivalent
to the first grade (second grade in January) food agar standards
specified by Japanese Specification (see Arasaki and Arasaki
1983 for details) for Processed Agar (JSPA).

The acid-insoluble ash content of agar extracted from
G. latifolium had significant seasonal variations (p < 0.05)
with gradual decrease from winter to autumn. The maxi-
mum concentration of acid-insoluble ash for agar is report-
ed not to be more than 0.5% (Commission Regulation EU
No 231/2012; JECFA 2006). At the same time, important
trading companies as FCC, USP, ECC, and FAO reported
acid-insoluble ash contend for agar to not to be more than
0.5% (Table 2). All agar samples extracted from
G. latifolium in this study had an acid-insoluble ash lower
than 0.5%, which fulfills the requirement of EU commis-
sion and FCC, USP, ECC, and FAO.

The moisture content was relatively stable over the year,
except a small increase in winter (14.54 =£0.11% in January).
FCC, USP, ECC, and FAO have determined the maximum
moisture content to be 20% (Table 2). According to JSPA,
the agar must have a moisture content of maximum 22%
(Arasaki and Arasaki 1983). In this study, the results are in
the acceptable range specified by the major trading companies
and JSPA.

According to Stanley (2006), hysteresis is most pro-
nounced for agars and range from 40 to 60 °C depending
on the seaweed source. All agar samples in this study fall

@ Springer

in this range. Hurtado et al. (2011) obtained hysteresis
temperature ranging from 58.1 to 61.1 °C according to
harvest beds of Gelidium robustum along the western coast
of the Baja California Peninsula, Mexico. According to the
literature results, the hysteresis temperature can differ ac-
cording to the extraction method applied and the seaweed
source.

Conclusion

In this study, the effect of seasonal variation on yield and phys-
icochemical properties of agar extracted from G. latifolium was
investigated. Based on our results, agar yield is not affected
considerably by seasons. The quality parameters of our
monthly and seasonally obtained agar samples such as
moisture, ash, acid-insoluble ash met the standards spec-
ified by the FCC, USP, EEC, and FAO. The best harvest
period to obtain high gel strength, high viscosity, and
the high melting temperature is autumn and in the
second half of the year. Armisen and Galatas (1987)
propose the gelling temperature between 32 and 43 °C
for agar gels used for commercial purposes. In this
study, the gelling temperature values of the agar obtain-
ed in the first part of the year and in the spring season
indicate that the agar extracted from G. latifolium is of
commercial grade.

This study is the first study on seasonal agar production
in this region and we believe that it will be the pioneer for
future agar studies. Therefore, we conclude that
G. latifolium from the Sinop Peninsula coast of Black
Sea, Turkey, produces agar of a reasonably good quality
and thus could be used as a source for commercial agar
production. If commercial agar production is considered,
it is necessary to determine growth parameters and inves-
tigate agriculture conditions.
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