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NATURAL AGAR

limxing of seaweedl
lgﬁashing of seaweed]

¥
| Poiling of water |
!

Adding of hard z2a-
in tha tank

weed

ading of soft cea |
and acid

4

Mrmaining by residu -

ETE

!
~iltvztion |

}

S

Flow Chart

Toamilation of amgar .

thn woondan

o

1 e,
i ~2] in

rEL

Sutting Cutting
L eminre [to strin

! |

irerzing and sunlight

.

-

Deavdrating and drving
in the fizld bv naturs

-
b

melitinog and drving for

1
<] ¢

uﬁWQﬁuaunWin13ﬁﬁﬂ§uTuU5zLwﬁu 1

INDUSTRIAL AGAR
REFRIGERATION WMETHOD

Material {Gelidium)

wWashing of seaweed ]

le—] 1ty e

wtracting agar f-on
2aweed by boiling

aawveed with wataor

N prassure tank

]

0y
P

A

l

Primary filtration |

Ehie—

Terminal iltrationl

b—

Coagulation in pipa |

Cutting of coagsulat l

- el — A
od s aqar coel

Ref-igeration at - 138
5 nd 1
+-20 C for 30 hours
V owa

Insnactbing |

13

vy

PRESSURE METHOD

Haterial \Gracilaria)'
vashing of
Treat witn MNaod for
removing So

seaweod |

3

seaweed [

Zitracting agar from
seaweasd Dy bolling
3 with water
pressurs

Ceagulntion on con -

l

Pl [y =
Jutting oL

VRYor

coagulat

2010 ael

[ Drying by heat]

I S

|C“ushing|

[Facxing
IInspcctingl

iTo mariet



b

A7

-
s

o v - T , [ . p
5 flow chavt i,a:riﬂq’lz".l,a-‘.un"ﬁﬁﬂﬁ’i_u 2 35 s ms wluiss iwale

B Hr e o i ey
WINOIRI LD

1. N19A79A sulfate lWfunpuniinisefs
2. NI9NI80 Sulfata ﬁ-}ﬁqq1ﬂ‘.-'1"1n1iﬁﬁﬂ:‘§uLL§$1
WIS
HUfUnI 5a0 55 | aa
. g i
o5 '_;: - )
(3} { 1 J ,35 2 I}
Hrafaminay
AUATT
¥
ditndiagan

- v
oy -
v Pa

B o LY
¥ l'.'-.qui {247

h 4

e .l -
velediwigunnd — 10
< o
0e - 20 ¢ uszian

24 - 30 4y,

l



UGty 1a0cl 0.0%%
destrnt 15 wva (et

i
(=]
ne

+ .
st B > wiluugang paon

= e LR Pat -4
5-20% Uisdwl 2 YU

v
L]
L iy
[ HRA R "'3,;‘"{- 173
alssar o ns o~ = U S S
At -5t L MackSa ) e
WITWEL 505y T BRI NN =R
B
RS LDy
Y
wpes g ade e e
rlL '1: s

185 |



A5 6

Japan Agricultural Standards for Agar

Strip agar (natural)

Criterion

Grade

Color and lustre

lustercus white,
to fairly
lusterous milk-
white; slight
vellowish of
darkish tinge is
acceptable

white to milk-
white,somewhat
reddish or
darkish tinge

light yellow to red

1. very evenly cut,
well separated

1.guite evenly
cut,gquite wall

1. not evenly cut,
not well separated

Shane 2. almost no 2. a few 2. chopped,broken
deformed pieces, deformed or pieces are
but a few broken broken vlieces tolerable
onss
Completely free Slight impurities{With Kibari,5yibi,
from impurities of Hanavake }iparijor Dankan remaining.
Purity Hanayake(A), Dankan,or S%ibi. Mixture of less than

Kibari (B},
Dankan (C) or
Shibi (D).

Free from clear
strips on side
or end.

Mix ture of less
than 30% Sukiura
{E) is tolerable.

20% each of superior
Kamani (F) and
Funazoko(G)is tolerable.

Gel S trength

350 g/cm2 or more;
except for

Naganc Pref. agar,
300 g/cm”or more

250 g/cm2or more;
Nagano Pref.agar,
200 g/cm or more

150 g/cmzor more;
Nagano Pref. agar,
100 g/cm” or more

Water content

22% or less

same

same

Crude protein
content

1.5% or less

2% or less

Solids insoluable
in hot water

2% or less

3% or less

% or less

16



(G)

Hanayake
Kibari

Dankan

Shibi

Sukiura

Kamani

Gunazoko

Both ends of strip or square agar-agar cclored with a
pigment and impure constituent of raw seaweeds. -
Agar-agar colored with a pigment and impure constituent of
raw seaweeds.

Yellowish red agar-agar, the agar-agar element of which is
decomposed, because of gelidium J2lly remaining
uncoagulated for a long time due to warm temperature.

Agar -agar presenting an external appearance something

like a collection of many opague bubbles of milk.-white, on
account of unseasonable weather conditions.

Inferior portion of agar -agar removed at the time of careful
selection.

Low-grade agar agar produced by reboiling residue remaining
after the extraction of agar -agar through boiling raw
seaweeds.

Low-grade agar-agar made from jelly remaining at the
bottom of the box used for coagulating jelly.
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f191 6 (9a)

Powdered,flake.granular.network and other processed agar

Criterion

Gra

o}
[0}

Sprcial

color and lustre

lusterous white to
fairly lusterous
milk white

lusterous white to
fairly lusterous
inili white; slight
vellowish or
darxish tinge is

acceptable

whi;eJto milk-white,
somehat reddish or
darkish tinge

light yellow to

red

Purity

consistent aquality
and size

consistent quality
and size

inconsistent quality
and size

very inconsistent
quality and size

81

Gel strength

2
600 g/cm” or more

350 g/cmzor more

250 g/cm2 or more

150 g/cmzor more

Water content

Same

same

same

Crude protein content.

2% or less

3% or less

Solids inscluable

hot water

3% or less

% or less

Crude ash content

samne

same

same




4 y
AT 7 UNSTWIBNTUR W gsp. €AY rec.

General Specificaticns of Agar USP and FCC

usy FCcC
Microbial limit, Salmonella Negative { )
Water,% maximam 20 20
Total ash- % macimum 6.5 6.5
Acid-insoluble ash.% maximum 0.5 0.5
Foreign organic matter,% maximunm 1 €~}
Foreign insoluble matter .% m=aiimum 1 1 {(beiling water)
Arsenic. ppm 3 3
Lead. pom 10 i0
Heavy matals,pom 40 40
Foreign starch Hegative Negative
Gelatin Negative Negative
Water absorption.ml, water maiimum 75 75

USP = United Stctes Pharaaconooia
TCC = Foond Chnwicals Codox
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Bacteriological Agar. , Purified Agar gy Ngarcse

a e C«i. uﬂl ) o
8M5Y  Bacteriolegical Agar (THRENUISNW sulfate UTsWW 3% ,
o o 1 :
pyruvic acid IS 1% ) AWEUTHIRDN fgarose GRIRN Com’ntercial'l’ﬁa
D e oo =]
food grade agar. URBURTIU acar AV neutral agarose HITHMW 10 - 15% ,
cna“ged agarose  yIriil 40n W uﬁnﬁ]gaqun non - gelling sulfated agar.
3 1 ] A/ ! o C] i
3 non - galling sulfated agar 4 mLi'mﬂrmanlLu'm sy lanast i

. v wd ~ ¥ s
’ﬁml,udm'mmmm'lmmLﬂﬂ a2l ' faduy ‘IMB\-,...:szfn‘idnth purificd agar

[ SR S

lf_iu lon agar ‘Colah Lobhoratories. Inc. . U S.A00. lchle agar (D

e

Laboratories, Inc.. [(iichigan. U.S5.A.}. Dein agar . Izhringrerke Harburg.
Garmany) @9y neutral agaose 3;,%43 highly »rtified agarosce 1y aglfan
A19if1an purified agar  wnTaAL J'T”'m choogad neiysacchartide BE]'ﬁ‘]JS‘T
RNt eharged polvnsccharide tuniandil Hinws 1 Ao ﬂa.maﬂm%at
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1.

Appendix

Physical Properties Determination of Agar.

1.1

Gel clarity is determined in three manners, as follows : For

general clarity, a 1% gel is prepared in a 2.5 x 5 x 5-cm. absorption
cell and the absorbance compared with a standard suspension at fuller's
earth. This is a common method used in water analysis. In a more
specific test, a 0.15% gel is prepared in a l1-cm. cell and the

optical density determined at 205 nm, which is the amide linkage

absorption region of proteins. The third test is performed on a

1% gel contained in a l-cm. cell. The optical density is determined

at 500 nm, using water as a standard.

Geliing Temperature measurements are made on a 1.5% sol contained in

an 18 x 150 mm test tube to a depth sufficient to reach the

Iimmersion line (76 mm) of a thermometer also in the tube. The tube
and its contents are immersed in a water bath of about 60° so that

the meniscus of the sol is about 1/2 inch below that of the water,

to prevent the surface from cooling too rapidly. The bath is

equipped with a stirrer and cold water cooling coil, and the
temperature is lowered at the rate of about 1°/min. until the bath
temperature is about 45-50°C, then the flow of water through the R
coil is reduced to give a steady drop in temperature of about 0,3-
0.5°C/min, care being taken to keep the temperature in the tube

within 0.5°C of that of the bath., Periodically, the thermometer is
carefully withdrawn from the agar:sol and immediately replaced after
observing the meniscus. At the gelling temperature, a distinct hole
wiil remain where the thermometer was withdrawn; otherwise, a normal
meniscus will form. Gelation usdﬁlly occurs quite abruptly, generally
within the span of 0.5°C.

Melting Temperature is taken as that temperature at which no particles

of gel can be detected when this process is reversed by substituting
a steam coil or electric hot plate for the cooling coil in the bath.
Again, the rate of change of temperature is kept in the d.S'/min.

range.
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One word of caution regarding the gelling temperature of agar and
agarose sols may be in order here. Unfortunately, gelation appeare to be
somewhat time dependent, and although an agarcse with a gelling temperature
of say, 36 C determined by cooling a sol at 0.5 /min will exhibit this
temperature time and time again under these conditions, it will probably gel
at 40" or even 42°C if held at that temperature for 2 or 3 hours.

1.4 Gel Strength Measurement
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-1l. Preparation for Sample
Put 3 g of agar—-agar In a 500 cc flask and add water in it to make
it 200 g.
Then, heat it slowly and dissolve it perfectly. It a contraflow cooler
is attached to the flask for prevention of evapouration of moisture,
it will be ideal. If the contraflow coolor is not available then, add
hot water in it after disselution to correct it to the original 200 g
and maintain Ehe concentrasion of 1.5% correctly.
After dissolution, pour it in a 300 cc beaker and place it on a
horizontal stand for solidifying it at room temperature.
Leave the jelly at 20°C for 15 hours. If no device for maintaining
it at 20°C is available, it will be permitted to leave it at room
temperature. But, it is advisable to keep it at 20°C or so, so
far as practicable.

11. Operational Procedure for Measurement
Make the measuring Instrument horizontal by means of an adjusting
screw. Move the handle at right side and raise the weight adding
device. and place jelly in such a way that the center of jelly is in

accord with the axis of the device.
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Place an appropriate balancerweight on the weight adding stand

according to hardness of jelly.

Move the bandle in the reverse direction as that at the beginning

and lower it gently until the end of the weight adding device comes

in contact with jelly. A

Paying attertion to the moment the handle supporting the weight

adding device is separated from the weight adding device and weight

is given to jelly completoly, cheek the time-piece and read the
number of scconds.

From then on, pay attention to the end of the weight adding device,

record the time from the beginning with cracking and destruction

of surface of jelly and entry of the end of weight adding device

into jelly as final point. ,

If it drops within 20 seconds, change the measuring position and

decrease the number of grams of counter weight and repeat the

measurement once again.

If it does not drop after a lapse of 20 seconds, add a counter

weight and make measurement in the same way.

And repear measurement until the maximum weight which can withstand

for 20 seconds is sought.

After measurement, add 100 g to the number of grams of counterweight

and this value is regarded as jelly strength.

111, Description on Measuring Instrument

(I} The end of the weight adding device has an area of 1 ecm2 and the
weight of weight adding device is 100 g. Thus, add 100 g to the
weight of the counter weight and the value is regarded as jelly
strength.

(2) 4 units of 200 g counterweight,. 1 unit of 100 g counterweight,
l.unit of 50 g counterweight, 2 units of counterweight and 1
unit of 10 g counterweight are attached i.e. 5 different kinds
of counterweight are qttached.

According{g, measurement on jelly strength can be made up to
1,100 g.

(3) A horizontal adjusting screw is provided so that the weight
adding device may move vertically.

(4} Supply oil to the measuring instrument once in a while and pay
attention to the weight adding device so that it may move

smoothly vertically. :
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iv.

Cautions for Measurement

(1

(2)

If there is a difference of 0.1% in concentration of jelly, a
difference of approx. 7.6% in strength will be produced.

If there is a difference of 1°C in temnerature of jelly, a
difference of approx. 3% of strength will be produced. If the
temperature is high, jelly strength will be expressed lower
while if the tempernture is low, it will be expressed higher.
Accordingly, if the temnerature is different from 20°C,
correction must be made by means of the following CONVERSION
TABLE.

Incidentally, conversion coefficient is different slightly
according to kind of raw material used.

Those mentiocned hereunder are the mean coefficients of agar-
agar produced in Nagano, Gifu Prefectures and Kansai Area.

It is extremely important to keep the temperature at 20°C.

If the temperature is very different from 20°C, the true and
correct value can not be obtained even correction is made.
When the Tabkle is used, be sure to record the jelly temperature
and the then measured value.

Incidentally, the first place is counted as one fractions of
more tham .5 inclusive and cut away the rest and expression is

made in a unit of 10 g.

CONVERSTION TABLE FQOR TEMPERATURE o

Temperature Multiplier Temperature Multiplier

(oC) : (oC)
10 0.74 21 1.03

11 0.76 22 1.06

12 0.79 23 1.09

13 0.81 24 1.13

14 0.84 25 1.16

15 0.85 26 1.20

16 0.89 27 1.23

17 0.91 28 1.27

18 0.94 29 1.31

19 0.97 30 1.35 .
20 1.00
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(3}

(4)

(5)

(6)

{Example of Conversion)
If the measured value at 10°C is 500 g.

500 x 0.74 = 370
This will be the jelly strength calculated in conversion of
20°c.
Time for Leaving It As It Is : Jelly becomes stronger and
stronger after starting solidification. After a lapse of
10 hours, no change will take place in jelly strength. It
is the reason why it is left as it is for 15 hours. Immediately
after solidification, jelly strength is expressed usually by
5%7weaker.
As for the weight adding device, the handle must be operated
little by little so that it may comes in contact with jelly.
If weight is given rapidly, the measured value will be expressed
weaker.
Solidification Vessel
Size of jelly exerts influence over strength. It the diameter
of vessel and height of jelly are too small, the measured value
will be expressed weaker.
Their limits are 5 cm in diameter and 3 cm in height. When
200 cc. of agar-agar solution is solidified in a 300 cc. beaker,
it will be ideal to measure the central part only once. However,
trial may be made some 3 times. It is nocessary to prepare 2-3
pieces of the same specimens until you are accustomed to the
operational procedure.
There is a fixed relationship between number of weight grams
and number of seconds for withstanding. Time limit of 20
seconds 1s of significance. It is expressed by the following

relative formula. B

log WZO = logw + K (logt - log 20)
Wéo = Max. number of grams which can with-
stand for 20 seconds
w = Number of grams of weight at option
= Number of seconds when wg is added,
K = Coefficient : The measured yvalue by

experimentation is (.18.
The number of grams added in one measurement and number of
seconds are introduced in the formula, the maximum number of

grams which can withstand for 20 seconds can be sought.
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(Example of Calculation)
With 400 g. of weight, if the number of seconds for withstanding

is 15 seconds,

log W20 = log400 + 0.18 (log 15 - 10 g. 20)
= 2.6021 + 0.18 (1.1761 - 1.3010)
= 2.,5796
.. W20= 380

This value will be the jelly strength calculated in conversion
to 20 sec.

(7) The pH value of water at the time of dissclution, Kind of heat
source and codling speed of jelly have a slight influence over
.the measured value But, so much attention is not needed to be

paid if not different from conventional method.
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THE EXTRACTION OF AGAR FROM GRACILARIA SPP. FOR ORCHID CULTIVATION
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Sukumvit 23, Bangkck 10110

In this study, the sulfate content in the seaweeds are removed by
heating the seaweed with 2-5% sodium hydroxide . Then the extraction was
carried on at pH about 6.5. After the extracted dgar was cleaned. then, it
was added the nutrient formular Vacine and Went for cultivation the young
orchid plants in comparing with the commercial agar. The measurements of
the increasing weight were done in several periods of time as shown in Fig.
t. It was found that this extracted agar could be used as a medium for
orchid cultivation.
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THE SUITABLE CONDITIONS FOR EXTRACTION OF THE AGAR FROM GRACILARIA SPP.

FROM EAST COAST OF THAILAND

Paveena Vorraruxseree, Thararat Supasiri, Udomchal Chinadit, Suwalee
Chandrkrachang and G.A. Santos* ’
Department of Chemistry, Faculty of Science, Srinakarinwirot University,
Sukunvit 23, Bangkok 10110, Thailand and *University of Hawaii, USA

The purpose of the study.is to find the appropriate condition for agar

extraction from Gracilaria spp. in Thailand. The variations of some
factors were treated in the process of extraction viz. the concentration of

sodium hydroxide treatment. the proportion of water and the time of
extraction (Fig. 1-4). The suitable condition was 2-3% sodium hydroxide
treatment in 2 hour-extraction. The Infrared spectra of the extracted agar
in comparing with the standard agarose and other commercial agar were shown

in Fig. 5.
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COMPARATIVE STUDY BETWEEN ALKALI TREATMENT ON SEAWEEDS AND ON MUCILAGINOUS
EXTRACT

Paveena Vorraruxseree. Udomchai Chinadit and Suwalee Chandrkrachang
Department of Chemistry. Faculty of Sciences, Sri-nakrinwirot University,
Sukumvit 23. Bangkok 10110

The methods for removing the primary sulfate group from the agar were
studied in two different ways. i.e. the alkali treatment on the seaweeds
and the treatment on the mucilaginous extract. The methods were carried on
at room temperature at various alkali concentrations and periods of time.
The results show that the alkali treatment on mucilage give the better
result on the gel strength and the color of agar. Cur study also indicates
that the low temperature aikali treatment on mucilage is more efficient
than the traditional method in which the seaweeds is treated with alkali at

about 85°C.
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THE DISSCLUBILITY OF THE MIXTURE OF POLYSACCHARIDES EXTRACTED FROM SOME

AGAROPHYTES
Udomchai Chinadit and Suwalee Chandrkrachang

Department of Chemistry, Faculty of Science, Srinakarinvirot University,
Sukumvit 23, Bangkok 10110

The peolysaccharides extracted from Agarophytes, are usually composed of
neutral polysaccharides (agarose) and the ionic poorly gelling agaropec-
tins. The higher content of neutral part, the higher gel strength of the
agar 1is revealed. The extraction for high content of the agarose can be
accessed by different methods such as the preheated seaweed with alkali,
the precipitation out of agarose or agaropectin by some suitable polyelec-
trolytes and even by chromatography.

In our study, the solubility of Epe extracted mucilage and the commer-
cial agars were investigated from 50~ to 70°C for 1/2 hours. The poorly
geiling part seemed to be separated out which were shown in the remarkably
increasing of the gel strength of the residual agar. The recovering yield
of the good gelling agar were in the range of 50-95%.
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EXTRACTION OF AGARQSE FROM GRACILARIA SPP, IN THAILAND
Somnuk Rungruengtuch, Sombat Netsuwan and Thararat Supasiri
Department of Chemistry, Faculty of Science, Srinakarinvirot University,

Sukumvit 23, Bangkok 10110 .

Agarose is a well-defined neutral polysaccharide which its primary
structure has been determined. It is found to have the repeating unit of
B-D-galactose and 3,6-anhydro-=-L-galactose. Because of the nonionic
character of agarose, it is used as a suitable medium for electrophoresis,
chromatography and immunology which are the important biomedical wethods in
clinical diagnosis.

Since there has been no reports on suitable isolation of agarose from
seaweed in Thailand and the agarose is alsc one of the imported goods,
therefore, the present investigation was undertaken in order to extract the
agarose from Gracilaria spp. grown in Thailand and see some of its physical
properties. The agarose extracted in our laboratory was used as a medium

in electrophoresis with satisfied result.
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EFFECT OF ALKALI-TREATMENT ON YIELD AND GEL-STRENGTH OF AGAR FROM
GRACILARIA SPP. IN THAILAND

P. Vooraruxseree, U. Chinadit, T. Supasiri and S. Chandrkrachang
Palysaccharide Research Laboratory, Department of Chemistry, Faculty
of Science, Srinakharinwiret University, Sukhumvit 23, Bangkok
10110, Thailand :

) The agars consist of two components, a neutral polymer agarose
and a poorly gelling agaropectin. Agarose was shown to consist of
(1-4)-linked 3,6-anhydro-a-L-galactose alternating with (1-3)-linked
B-D-galactose forming the repeating unit of disaccharide neocagaro-
biose. BAgaropectin has the same repeating units as agarose but some
of the 3.6-anhydro-a-L-galactose are replaced by L-galactose sulfate
{(1}. Previous reports have shown that preheating of Gracilaria spp.
with alkali converts 6-O-sulfate-L-galactose residues to 3,6-anhy-
dro-L-galactose, forming agarcose molecules with a more regular
structure and having a higher gelling ability (2). In this report,
we would like to present the properties of mucilaginous polysac-
charide which has been treated with alkali at room temperature for
variousa times.

Various concentrations of sodium hydroxide (from 2-20%) were
used to treat the extracted agar (3) for 1-5 days. Fig. 1 shows
that the gel strength of the alkali-treated agar tends to increase
with increasing sodium hydroxide concentration and/or period of
alkali treatment. At the same time, the percentage yield was in the
range of 40-70% as shown in Table 1. These results will enable us
to choose suitable conditions of alkali treatment for improving the
gquality of the agar for the extraction of the agarose to be used as
a medium for electrophoresis.

Table 1 The percentage yields of agar after treatment with NaOH
at various concentrations and times

-

% Yield of agar

% NaOH (w/v)
24 h 48 h 72 h 120 hi

2 72 - 72 70 70
3 76 70 74 66.
5 68 70 70 66
10 70 74 64 64
15 68 74 60 64
20 70 78 72 44
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Fig 1 The gel strength of agar after treatment with
NaOH at various concentrations and times.
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