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Abstract

Agar has widely been used as medical aids and food ingredients due to its pecular physicochemical
and rheological properties. In this paper, the effects of spray drying and extrusion drying on functional
properties of agar were investigated to clarify the sol-gel transition mechanism at low temperature and
microstructure of agar gel by measuring phase transition by differential scanning calorimetery, structur-
al differences by light microscope and scanning electron microscope observation. The lowest endo-
thermic onset(T,), peak(T,), conclusion(T.) temperature and enthalpy(AH) using differential scanning
calorimetery were showed in extrusion-dried agar which were checked in 41.30, 61.72, 80.50 and 0.73
cal /g. In cases of unmodified and spray-dried, the values were 81.20, 95,51, 112.14 and 3.22cal /g, and
60.11, 76.45, 89.54 and 1.53cal /g, respectively. When all samples were reheated using differential scan-
ning calorimetery after gelling fully, no significant differences of endothermic 7,, T, T. and AH ap-
peared. The surface structure of unmodified agar powder observed by light microscope and scanning
electron microscope appeared a continuous surface without any indication of small pores, gaps or point
of discontinuity. In cases of spray-dried agar, the unstable structures with pores was resulted. The mic-
rostructures of extrusion-dried agar, however, was solid with large gaps and areas of discontinuity in
the surface. From the results above, it was suggested that significant differences in phase transition
and surface microstructures were clearly related to the physicochemical changes and rheological proper-
ties, solubility and gelling ability of the types of agar gel.
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Fig. 1. Differential scanning calorimetery ther-
mograms of unmodified(A), spraydried(B) and ex-
trusion-dried(C) agar. Heating rate = 5¢C /min,
agar /D.W. =1/15, w/w.
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Table 1. Gelation characteristics of unmodified,
spray-dried and extrusiondried agar after gelling
at 25 for 24 hours from differential scanning cal-

orimetery thermograms(heating rate=5C/min,
agar/D.W.=1/15, w/w)

. AH*

1o 2( 9 3

Agar T, (C) T,2(c) TA(C) (cal /g)
Unmodified 79.82 93.07 113.23 3.17
Spray-dried 78.71 93.71 1il.61 3.18
Extrusion-dried 79.65 98.26 115.19 3.16

! Onset temperature : * Peak temperature : * Con-
clusion temperature : + Enthalpy.

=37 FHAFG R

Aol Aol emel Sd ke dwtghdolA 113.23T
3.76mW, 2123 A 111.61C 9 6.56mW g
al 23 skl A 115.19C ¢ 4.44mWo Tk, HE$
Agalghe duketal 317cal /g, EFA%3A 3,18
cal /g, 42434 3.16cal /g=, GA el 2

of whe & Aoli= iUk

Ak, EFUEHH L Y& TS 100 me-
shz AEs 2oIdE FFr| 4oz x1,000 W&

173
£ BEe Ax= Fig, 209 JeEl)ich
35, 2 A A £4gle] vdslal Fdo)
on, A} AAE FH2
T2 B7Ps @ B 2R o) /lol, Dol 83

Fig. 2. Light microscopic photographs of unmo-
dified(A), spray-dried(B) and extrusion-dried(C)
agar-agar powder(1,000x). P : pores, G : gaps.



Vol. 10, No. 2(1997) Ak, EFARI, AT € B9 % BETRI vw 237

P um s b (A0 S

Fig. 3. Scanning electron microscopic photographs of unmodified agar-agar powder.
A 100X, B : 500%, C : 2,500%, D : 5000x.
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Fig. 4 Scanning electron microscopic photographs of spray-dried agar-agar powder.
A :100%, B : 500x, C : 2,500x, D : 5,000x, P : pores.
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Fig. 5. Scanning electron microscopic photographs of extrusion-dried agar-agar powder.
A 1 100%, B 1 500, C :2,500%, D :5000X, G : gaps.
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Fig. 6. Proposed schematic for sol, gel and solid transition of agar-agar powder. A : Folding solid, B :
seme-sol (double helix), C : sol(random coil), D : unfolding solid aggregate, h : heating, c : cooling, qd : quic-
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