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Theeffect of sucrose on some gelling properties of agar extracts from six Philppine
agirophytes: Gracilaria eucheumoides, G. firma, G. salicornia, Gelidiella acerosa,

as reference. Sucrose-agar gels consisted of 50% sucrose in 1.5% (w/w) agar souticn.
Control gels contained 1.5% aqueous agar solution. Addition of sucrose resulted in

ofgelsprepared from G. eucheumoides, G. firma, G. salicornia, L. flexilis, G. heteroclada
and Bicto-agar. On the other hand, syneresis lndu decreased. Similar effects were
observed vith Gelidiella acerosa agar except for strength which decreasedin the

serce of sucrose. Chemical analys du:alzd h 3,6-anhydrogalactose and low
sulfate contents of agar samples. The FT- IF\ specm ndicated sulfation at C-4on te

G. fi
agars were classified “sucrose-reactive” based on (helr gel s\rmqlm which |nmasod
addif

that of the control up
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Agar has s wide variety of uses as human and
animal foods inadidtion to having numerous industrial
applications. The multitude of uses trom this
polysacciaricleis based on ts behaviour in aqueous
solution (Armisén 1991).

In the food industry, agar is employed
predominantly_for its stabilizing and gelling
Sharacetios e thkening efect of sger when

dispersedin vater medium is the basis for ls use as
buking, sabilig and emullying agent i foods, e
gels are wsed 15 texture modifier. Furthermore, it has
i ir moisture

gel, agr,

contectionery products (Armisén & Galatss 1987).
Soft and elastic gels used In the bodindustry are
obtained from Gracilaria species (Yaghe &Duckwortn
1972). Armisén & Galatas (1987) incicated that
addition of high sugar concantration (above 50%) o
Gracilaria agar increases its gel strength much more
than Gelidium agar does. Murano (995) called this
type of agar “sugar-reactiva’ which's corsidered the
‘most expensive phycocollold today (ADLot 1998).
Few studies have been done on the effect of
sucrose addition on the gelling properties of

(Meer 1950) whereby preventing quick dehydration of

Addition of increasing amounts of
sucrose (up 10 al least 60%) inweased melling
(Nishinari ef al. 1990) and improved

“Conesponstg autor: Jb. Romero

resistance {o rupture and firmness (Fisznan & Durdn



Romoro et 4l

1992) of k-carrageenan and alginate gels. Gel
strengths of agar Solutions increased upon addition
of sucrose (Que el al.1995) while Matsuhasi {1990)
cbsarved doubling of the gel strengih when 50%
sucrose was addec
The objective of the sludy wias to assess the sfiect
;

and other properties of agar from different
agarophytes. Chemical and spectral analyses of the
samples were done (o support some observations.
Moreover, the “sucrose-reactivity” potential of agar
from cifterent Gracilaria species and ther agarophyles
veere als evaluated. The results obtained in this study
may be used as a basis for the optimurm utlization of
agar in the food industry especially in bakery and
confectionery.

Materials and Methods

Agarophytes

Agarophytes were collected from different places
in the Philippines. Gracilaria eucheumoides Harvey
and Gelidiella acerosa (Forsskél) Feldmann etHamel
were collscted from Bolinao, Pangasinan; Gracilaria
salicornia (C. Agardh) Dawson from Tawi-Tawi

Gracitaria firma Zhang et Xia and Laurencia floxilis
(Setehell} from Currimao, llocos Norte and
Gracilariopsis heteroclada (Zhang et Xia) Zhang et
Xia from Maimbong, Sulu. Powdered Baclo-agar,
oblained from Dilco Laboratories, USA. was used as
reference material for all determinations and
analyses.

Agar Extraction

Algae were thoroughly cleaned of epiphyles and
hed with

iedat 60°C. Alkal o
o extraction. Gracilaria eucheumoides wes pretreated
with 10% NaOH using the optimized method of
Vilianueva et al.(1997). Gracilaria firma, G. salicornia,
Gracilariopsis  heteroclada and L. flexifis were
pretreated with 5% NaOH at 80°C for 1 h. After
oretreatment, samples were washed with water and
soaked with 0.5% acetic acid solution for 1 h to further
was left, Extraction of agar
from seaweed samples was done by boiling or by
autoclaving (44 kg cm, 121°C for Gelidiella acerosa)
the thalli with water for 1 h, Algal mixtures were finally
blended and pressure-filtered with the aid of
diatomaceous earth, The agar extracts were frozen,
thawed, dehydrated with 2-propanol and oven-aried
a160°C, Extraction was done In three replicaes.

Gel Preparation

Twoy re preparsd. Tne control gel was
mads of 1.5% aquews ager solution. The Sucrose-agar
gel. on the other 2 3 =@ by incorporating
sucrose to consliuT 250% sucrose n 1.5% agar solution,

Gel strength

Gel strengths olihe conirol and the sucrose-agar

e me atured using a Marine Coloids Gel
Tester (Model GT-1. The plungar nad a cross-head
area of 1 omé and adescent rate of 2.5 mmis.

Gelling and MeltimgTemperatures

Dynamic glin g lemperatures of the control and
sucrose-agar souti ans ware determined. Each soluion
was poured inta test tube fitted with a thermometer
with s bulb i ted just below the surface of the
solution. The sdlution was allowed to cool and glass
beads (2.85 mn ciie, vi. 30 mg) were dropped at
intervals of 0.5C. The temperature at which a bead
failed to sink was laken as the dynamic gelling
temparature. The g eluwas allowed to stay overnight at
ro0m temperature & fier which a lead shot (4.30 dia mm.,
wt: 500 mg) was p laced on the surface. The gel was
placed in a water bath and gradually heated. The
femperature atwhid the lead shot dropped 1o the
botiom was recorded as the melting temperature.

Syneresis Indlex

The amountof wweler exuded from the gel samples
ined

er i
and quantified using 2modified method of Fiszman and
Durén (1962),

Approximalely 10 grams of hot 1.5 % (wh)
agar extracts were poured into test tubes (21mm
dia) and allowsd togel at room temperature (28-
31°C) for 24 h. The initial weights of these gels
were measured before placing them on dry
Whatman (No. 1}fi lter papers. Loss of exudate from
the gels was moni taied by weighing the gels after
2h. The sucrose-zxgar gels were treated similarly.

The syneress index values of the gel samples
wers taken as e difference between the initel
weight of the gel and ils final weight after 2 h.
This value indicates the water holding capacity of
the gel.

Chemical Analysis.

The amount of 35-anhydrogalactose (5,6-AG)
Ppresent in agar extraus of the different agarophytes
wers determined by lhe resorcinol-acetal method of
Yaphe and Arsenaull (1965) while the method of
Jackson and McCardes (1978) was adapted in the



deteminaton of the sufle cantentatter hydrolsis
with 1N HCl at 110°C for 4

Spectral Analysis
Fourer-Transform Infrarad(FT-IR) spectra of agar

PC FT-IR spectrometer. Films were prepared by drying
5 mL of 0.5% agar solutions ina teflon-coated pan at
60°C. Relative amounts of 364G tosulfata contents
of the agar samples were determined by taking the
ratio of the absorbances of bands at 930 cm” (3.6-
AG) and 1250 om " (iotal sulfae ester)

Statisticat Analysis

nalysis of Variance (ANOVA, p=0.05) using a
Statistical Analysis Softwars v 6. 10 (SAS Instiute

MIC of antimicrobiafs for Acinetobacter

Inc., NC. USAJ program was used to analyze resuls
while a Duncan's Multiple Rangs Test (DMAT, p=0.05)
was used to compare fraalment means.

Results

The gel strengths of agar extracts from differant
agarophytes in the presence and absence of sucrose
are prasented in Fig 1. Agar solutions (1.5% wiw)
prepared from Gracilariopsis heterociada and
Gelldielia acerosa exnibited the highest gel strengih
followed by Laurencia flexils and Graciteri fima then
Gracilaria saiicoria. Graciloria eucheumoides agar

The gel strength of Bacto-agar, the reference material,
was lower than that of Gradilariopsis heteroclada and

oo
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Gelidiella acerosa but higher than the other agar
d.

samples studie
I d

addition of sucrose.
The extent of synerssis as measured by the

the
hown in Table 1. The amount

except

(p<0.05) gel strengths than lhe control. The gel
strength of Bacto-agar also increased when sucrose

of water exuded from the control gels were significanly
higher (p<0.05) than those of the sucrose-agar gés,
ol

G. firme
Cooransa st Athough sgar extiacts o raciatia
euchsumoidss, G. firma, G. saflcomia and Laurencia
Gexiis wor saher han ihe ohor agars Sucid, ey
possessed gel strengths which increased more than
twice that of the control when sucrose was added.

the highest syneresis index while those of Gracikia
salicornia and Laurencia flexils, the lowsst. Tie
el of
amount of synsrized water whie Graciaria fima hag
the least.
The diferencen the synresis ndex velues (05)

Thess resulls corroborate the made by
Matsuhashi (1950).
The sucrose-agar solulions were prepared by
N pvd

of both the ble 1) were
measured to determine the amount of wster retaingd
when sucrose was added to the gel. Gracilara

solution. Assuming that sucrose acted purely as co-
solute, it would constiute half of the total weight of the

the most amount of water while Geiidiella acerosa the
Ieast. The seaweed source of Bacto-agar was unknown,

On the other hand, the control el was made of 1.5%
(whw) agar soluion which was twice diluted then the
sucrose-agar solution. Therefore, f the concentration
of agarin the two solutions were compared, agar would
be two times less concentrated in the control than in
the sucrose-agar solution.

The strength of agar gels vary with concentration.
In fact, agar gels can be formed from very dilute
salutions conteining a fraction of 1% agar (Glicksman
1983). Hence, luti

Table 1. Syneresis index values of agar gels from different
agarophytes with (8) and without (A) sucrose. Dico Back-

the harder the gel becomes. It is therafore expected
that the sucrose-agar gels would be at least two times
stronger than the contral.

‘Agars which exhibit gel strengths more than twice
the control when 50% sucrose is added may then be
classified as *sucrose-reactive’. At this juncture,
Graclara eucheumoides, G. fima, G. salcornia and

o th similar etier ot
difer significantly. (n = 3 =SE).
Souce ) 5o sl
Basto-Agar 152005 06010 0&F
2082007 1602025 048
Guaciana euchounoides 1,68 1017 0812016 084
6. tima 1382020 042008 08
G saticomia 12192010 0562003 085
Grasilaropsis hetercleca 158 20,15 0562008 050
Lauarcia foxlis 12202016 0672020 05

and suctoas-agar gia vhen dancies o wate nadng capady ¥

o¢ ‘sucrose-reaciive” agar.
‘The gelling and melting temperatures of the two gel
preparations are shown in Fig. 1. The 1.5% agar soluion
' A e

Table 2. Chemical composiion of agar exracts fom diferert

the highest gelling temperature, while that of G.
eucheumoides, the lowest. On the other hand, G.
salicomia agar solution exhibited the highest gelling

adition of sucrose, the increase was too minimal.
Similarly, Bacto-agar exhibited minimal increase in
gelingtemperature pon sucrose adiion.

enerally, gels containing 50% sucrose exhibited
svgmhcanﬂy higher (p<0.05) gelling and melting

agarophytes. Difco Baclc-Agar was usedas reference. Mears
=E).

than sucrose. Of the agars
studied, G. fimaand L. el

ignifcanty. (0=
source 3.6 % Sulals

Bacto-Agar 3602070 2067208
Gefreta acerosa asFz07 2627200
Gracilaria eucheumoidas. 4044°£1.80 368'20.12
6. fima 2880°2078  270°£0.10
6. salicomia ae20°4085 30572001

4259213 a39°£000

2930°2063 2202016

gelation and melling temperatures. Bactc-agar lso
increased its gelling and meling temperatures upon

10

and sucrose-agar gels which danofss the water holding capacity o
suerose-agar gols. eS1=A- B



Physical Properties of Philippine Agars

n

The 3,6 -anhydrogalaciose (3,6-AG) and sulfate
contentsof axgar extracts and Bacto-agar ars shown in
Table 2. Chemical analysis indicated high 3,6-AG
content anging from 28.30 to 42.59%. Gracilariopsis
heterockoa sgar contained the highest 3,6-AG while
Gracilariz f/ma the lowest. The sullate content of the
samples rarged flom 222 to 3.63%, the highest of
which wes Graciaria eucheumoides and Laurencia
flexis tre €3st. The 3,6-AG and sulfate contents of
Bacto-agar were comparable with those oblained for
Gracilare saicomia.

Resuls of the chemical analysis of agar extracts

G. firma, G. salicomia, Gracilariopsis

1820 cm”* (assigned 1o equatorial hemi-ester sulfate
at 0-6 of the galactose residues). Bacto-agar
preparation was also Ires of this sulfation. On the
contrary, FT-IR spectra of Gelidiella acerosa extract

since the seaweed was not pretreated prior o extracton.
The amount of sulfate present in G. acerosa could stil
be reduced through alkali treatment.

D

iper igur
2. Promine nibands appear at 930 e’ (3,5-AG) and
om*

04 on their gal

tevealadby tands at 845 om" (Armisen & Gaatas oo,
Caceres o7 4l 1997). The sulate contents of these
agars obtained through chemical analys:s may be

attributed tolhese alkali-stable sulfate grou
ai sament fficenty simineted sufation at
OBofre Hinked galactose residues of agar. This was
of extracts of G.

The results corroborate previous observations.
(Glicksman 1983, Nishinari st al. 1990, Fiszman &
Duran 1992, Que et al. 1995) that sucrose markedly
increased the gel strength, gelling and melting
temperature of agar solutions.

The diflerences in the gelation temperatures of
the different ager gels are attributed to the variation in
their individual methoxy contents (Guiseley 1970)
although the memyi contents of agar samples used in

T T T
12000 10000 8000
wave numbers (cm-1)
Figuro 2. FT-IR specira of agar exiracled from ifferent
sgerulyces . BacorAgar. 2 Goidiaacocss 3, Gacians

14000

600.0

4. Gracilaia

racicpse fuorochd 7. Loganch
Sezom? {eakassigned (o equatorial o sarsutato 2
0% dhe galacise residues)

'
geHlng \empera\ure Similarly, the melting temperature
of these gels increased. This may be due to the
interaction of sucrose with the agar polymer.

Gel formation involves association of chain

regions are known as junction zones, and may be
formed from two or more chains. It is interesting to
note that polymer chains usually form interconnected
network that gives rise to characterstic texture and
properties, i the interstices of which are molecules
of solvent and other species (Rees 1966). Sucrose
which Is present in the interstices reinforces the
sirengh nl the junction zone as noted by Nishinari et
al, (19

s also observed that agar gels undergo
syneresis in the absence or presence of sucross.
However, syneresis was reduced in the presence of
sucrose. Syneresis indicates gel network stability
(Fiszman and Durén 1992). Itis a_phenomenon by
which water is spontaneously released with the
contraction of the gel matrix that may occur upon
standing. The process is spontaneous and conslitules
a shift 10 a more stable state (Rees 1966) hence, the
agar framework is said 1o continually break and re-
form. This is due to the rotational and restricted

polymer segments thereby
breaking the junction zones. in the presence of
sucrose, breaking of the junclion zones is speculated
to be minimized thereby creating a more stable agar
network.

1
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Hemi-estor sulfales were present in the agar
samples studiedas revealed by the FT-IR specira.
Sulfate contentsof agar exlracts were reiatively low
compared to the 3.6:AG  (Table 2) indicating that it
occurs occasionslly dlong the ager backbone. It is
speculated that sucrose may align itsell with the sulate
groups minimizing repulsion while : the same time
interacting with the sulfate as well as the agar
backbone through hydrogen bonding. It may be the
manner by which the ramework s stasilized. This is
possible since sulate groups may be situated far from
each other offering the right it for sucrose.

Sucrase beconing partof e gel natwork is ikewise
suspected (o trap walor (Fiszman & Duran 1990)

This ha:
the agar samples studed. Although the liberatian of
waler from the gels was minimized with the presence
of sucrose, the degee by wiich syneresis ocours vary.
Among the agars studed, Gracieriopsis heterociada
and G. eucheumaides agar retained the most amount
of water after starding for 2 h.

Gelidiila acsrasa agar,on the other hand, retained
the least amount of water. I should be noted that the

! ¢ ,

Research and Development (PCAMRD). The senior
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