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Abstract
Background and Objectives : People of Koh Samui in Surat Thani Province often bring Gracilaria Salicornia
(C. Agardh) Dawson that is in large quantities during the season to be blanched and frozen to preserve raw
materials before being processed by drying methods. The purpose of this research was to study the effect of drying
kinetics on the physical and chemical quality of dried Gracilaria Salicornia (C. Agardh) Dawson.
Methodology : Drying experiments were carried out at drying temperatures of 60, 70 and 80°C using six different
drying methods were a vacuum drying (VD), a blanching before (B-VD) vacuum drying, and a freezing and thawing
at room temperature before vacuum drying (F-VD), a hot air drying (CD), a blanching before hot air drying (B-CD)
and a freezing and thawing at room temperature before hot air drying (F-CD).
Main Results : VD at 80°C of algae showed more rehydration, less color change, higher total phenolic values, higher
tannin values, and higher B-carotene values compared to other drying methods. Consequently, the VD at 80°C was
suggested as the best drying condition.
Conclusions : VD at 80°C of algae showed shorter drying, higher values of the effective moisture diffusivity and
lower values of activation energy. The high moisture diffusion at the short drying time creates a large amount of
pores inside the product, which corresponds to a high rehydration ratio. Moreover, the short drying period resulted
in the high retention of total phenolic compounds, tannins, chlorophyll A and B—carotene in the product. The suitable
thin layer model for drying of algae with VD at 80°C was two-term exponential.
Keywords : Gracilaria salicornia (C. Agardh) Dawson ; vacuum drying ; drying kinetic ; rehydration ratio ;

product structure

*Corresponding author. E-mail : wannapit.jun@sru.ac.th
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arviefiadnaglunguainsanziaduns TeanunAans A Gracilaria salicornia (C. Agardh) Dawson
lij % dld Qrgl a b4 1 = a :/j a [~4 % o 1 ¥ a
Tganfiaaansnignsfiuayyadase MHun ansdsznauiuedniionna wazunuiiy dusiu ansadnaiuiadedie
ANANIID TUNN9 AN UueUYARAsY 2,2-diphenyl-1-picrylhydrazyl (DPPH) RANwiniufasas 11.3940.75 uaziAn
ANdindunaNnsndudtayyagasylfsenar 50 (IC50) Winfy 5.86+0.07 Hadniusaiadans (Junlakan, 2022)
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Table 1 Effect of drying methods on physical quality of dried Gracilaria Salicornia (C. Agardh) Dawson

Drying Temperature Time Color parameters RR
methods (°Cc) (min) L* o b AE
60 540 15.3240.90° -3.13+0.72*° 6.92+0.48" 14.68+0.63" 9.92+0.31°
VD 70 420 20.60+0.26" -2.60£0.05° 9.1141.18" 9.2140.90° 11.46+0.78"
80 300 25.92+1.99%° -2.94+0.81% 10.20+1.02% 5.41+0.51°" 12.3740.12°
60 360 21.36+2.09" -6.22+0.20" 13.94+0.43% 6.69+2.06°" 9.86+0.10%
B-VD 70 300 20.89+1.31% -5.96+0.47' 13.06+0.86™" 7.23+1.49%°" 8.94+0.26"
80 270 19.30%4.08' -5.43+0.43° 14.01£2.09% 8.60+4.23% 9.26+0.11"
60 150 25.2540.26" -6.54+0.17" 11.18+0.66°" 4.99+0.67" 7.7540.14
F-VD 70 120 25.1140.46° -6.16+0.82' 10.78+2.10° 5.39+1.45" 8.01+0.20'
80 90 21.56+1.71% -6.64+0.87" 7.05+1.64"° 10.3840.36" 7.18+0.13¢
60 720 11.68+0.45" -2.87+0.18% 5.85+0.24° 18.34+0.49 9.08+0.09"°
CD 70 450 23.55+2.61%°% -4.68+1.33% 10.35+1.03% 6.32+2.29°" 10.36+0.05°
80 360 19.75+0.76' -3.97+0.60° 7.1440.71° 11.02+1.04° 11.370.11°
60 570 21.5144.49™ -6.38+0.58" 11.37+1.99°% 7.67+4.28°° 10.01+0.04
B-CD 70 420 24.18+1.47°%°° -5.84+0.90 15.2942.37° 4.48+1.04" 9.12+0.07°
80 300 21.95+0.957 -5.890.53' 10.60+1.25° 7.3241.52%" 9.4940.15"
60 180 27.64+1.82° -6.40£0.37° 11.96+0.78™ 4.020.18" 8.6020.12"
F-CD 70 150 21.93+0.61° -7.4040.56° 11.00£0.92°% 7.65+0.84 8.10£0.15
80 120 22.47+0.86™" -6.42+0.54" 11.67+0.80"* 6.51+1.00°" 7.5420.10"
Fresh seaweed 27.63+1.81° -4.10+0.63 14.83+1.48°

“In the same column with different superscripts means that the values are significantly different (p<0.05). Rehydration ratio of dried samples at recovery time of 10 minutes
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Figure 3 SEM photographs showing cross section of samples dried by CD methods at (a) 60, (b) 70 and (c) 80°C; VD methods at

(d) 60, (e) 70 and (f) 80°C; B-CD methods at (g) 60, (h) 70 and (i) 80°C; B-VD methods at (j) 60, (k) 70 and (I) 80°C;

F-CD methods at (m) 60, (n) 70 and (o) 80°C and F-VD methods at (p) 60, (q) 70 and (r) 80°C

Table 2 Effect of drying methods on the chemical qualities of dried Gracilaria Salicornia (C. Agardh) Dawson

Drying Total phenolic compound Tannin B-carotene
Temperature (°C) Chlorophyll A (ug/ml)
methods (mg GAE /100 g, DW) (mg TAE/100 g, DW) (mg/100 g, DW)

60 16588.89+2600.28™ 271444441645 65° 0.06120.011* 11.070.29°

) 70 18077.78+452.56°" 15344.44+3256.16°" 0.018+0.005™" 8.3040.11°
80 26444.44+1419.05° 25644.44+2837.12°" 0.057+0.017%* 8.75+0.41"

60 14611.114636.25° 19444.4441787.72°7°% 0.030+0.024°* 7.81+0.17°

B-VD 70 26188.88+3645.60° 23411.11£2501.18" 0.041%0.015"° 4.0240.29"
80 23955.55+2479.32" 20844.44+9576.15°° 0.034+0.018%* 3.41+0.23"

60 21177.78+1500.12°°° 20900.00+1507.02°° 0.038+0.003"* 3.90+0.24'

F-VD 70 22155.55+453.79° 25211.11£738.12" 0.011+0.008" 5.3140.35'
80 25500.00+300.00° 22355.55+4641.88° 0.028+0.005*' 4.24+0.17"

60 18044.44+6047.71°° 19644.44+1152.947% 0.036+0.013"% 8.53+0.34"

cD 70 22122.22+3700.50°° 24622.22+1776.81%° 0.022+0.007*"' 6.03+0.11°
80 16588.89+2503.41% 22344.44+2964.67° 0.011+0.006° 4.5540.11%"

60 17555.56+1236.63°" 24077.78+3987.39" 0.006+0.004' 4.1740.17"

B-CD 70 17177.78+2456.81° 17755.56+1001.30°°* 0.017+0.002*' 3.18+0.11"
80 19622.22+485.72°% 18677.7746551.02°°° 0.073+0.041° 2.31£0.29
60 23888.89+3333.39" 14066.67+8806.50% 0.011%0.007° 4.3620.29"

F-CD 70 22588.89+3288.42°" 12211.11£1792.68° 0.013+0.002*' 4.7740.11°
80 7055.56+6125.48' 19477.78+1721.227°% 0.019+0.017* 3.98+0.23"

*In the same column with different superscripts means that the values are significantly different (p<0.05).
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Table 3 Kinetic parameters of drying models as affected by different temperatures and drying methods

Model VD B-VD F-vD
Coefficient
numbers 60°C 70°C 80°C 60°C 70°C 80°C 60°C 70°C 80°C
1 k 0.00473 0.00872 0.01246 0.01518 0.01736 0.01880 0.02342 0.03598 0.04785
a 1.14407 0.97017 0.99525 0.98599 1.07890 1.03793 1.09321 1.00812 1.02096
2 k 0.00332 0.00758 0.01202 0.01581 0.01676 0.01818 0.02014 0.03357 0.04517
c -0.17440  -0.02227  -0.00759  0.01596 -0.04056  -0.02410  -0.07759  -0.02193  -0.02096
k 0.00407 0.01625 0.01433 0.02171 0.00405 0.00521 0.00756 0.04627 0.04110
’ n 1.02856 0.86204 0.96586 0.91043 1.37873 1.33041 1.29129 0.93069 1.04810
a 0.51576 0.10323 0.03396 0.45568 0.70143 0.86516 0.89431 0.14604 0.50227
4 Ko 0.00469 0.33751 0.08143 0.00940 0.01847 0.01913 0.02405 1.46360 0.04808
b 0.47924 0.89677 0.96607 0.55164 0.34373 0.15121 0.13449 0.85396 0.50193
K, 0.00469 0.00720 0.01183 0.02309 0.01847 0.01914 0.02404 0.03128 0.04808
a 0.00654 0.10164 0.02026 0.02440 1.92179 0.00308 0.00294 0.12953 1.44139
° k 0.71581 0.07231 0.59397 0.60037 0.02864 6.07041 7.92628 0.24602 0.05503
a -6.30762  0.10326 0.03394 0.54422 11.1510 7.98733 0.64720 0.14596 1.75254
6 k 0.00653 0.32596 0.08133 0.02272 0.01029 0.01267 0.02342 0.57089 0.03788
b 0.95483 0.02210 0.14549 0.41525 0.94908 0.94375 0.99974 0.05480 0.74998
Model CD B-CD F-CD
Coefficient
numbers 60°C 70°C 80°C 60°C 70°C 80°C 60°C 70°C 80°C
1 k 0.00330 0.00532 0.00932 0.00402 0.00551 0.01470 0.01663 0.02385 0.03673
2 a 1.68174 1.44155 1.04561 1.92453 1.41737 1.03825 1.11987 1.08567 1.04547
k 0.00137 0.00266 0.00862 0.00143 0.00295 0.01487 0.01331 0.02026 0.03393
c -0.68257  -0.45777  -0.04435  -0.90934  -0.42287  -0.01247  -0.11403  -0.07518  -0.03615
3 k 0.00004 0.00086 0.00709 0.00005 0.00129 0.00071 0.00670 0.00875 0.01402
n 1.72569 1.33992 1.06346 1.77075 1.27561 1.78464 1.22068 1.25708 1.27323
4 a 0.51552 0.51456 0.50459 0.53525 0.51534 0.68853 0.65074 0.61926 8.22620
Ky 0.00338 0.00548 0.00951 0.00427 0.00572 0.01526 0.01715 0.02436 0.06166
b 0.51555 0.51418 0.50661 0.53461 0.51647 0.33886 0.37772 0.40377 -7.22671
K, 0.00338 0.00548 0.00951 0.00427 0.00572 0.01526 0.01715 0.02436 0.06762
5 a 0.00196 0.00181 0.00268 0.00160 0.00189 0.00182 0.00274 0.00302 0.00488
k 1.67863 2.92317 3.45465 2.49636 2.89534 8.01952 6.04766 7.87284 7.48093
6 a -24.5856  -19.6446  1.30706 -24.2094  -15.9645  9.08779 5.03349 -22.4275  0.66628
k 0.00707 0.00982 0.00770 0.00825 0.01003 0.01088 0.00920 0.04183 0.03673
b 0.95720 0.96441 0.50171 0.96051 0.95897 0.96196 0.86062 0.97127 1.00008
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Table 4 Statistical analysis of drying models as affected by different temperatures and drying methods

Drying Model 60°C 70°C 80°C
methods numbers R’ X RMSE R’ X RMSE R’ X RMSE
1 0.99606 0.00092 0.02930 0.99266 0.00175 0.03915 0.99919 0.00018 0.01284
2 0.99897 0.00024 0.01497 0.99520 0.00157 0.03613 0.99932 0.00015 0.01181
3 0.99619 0.00089 0.02882 0.99567 0.00083 0.02625 0.99936 0.00014 0.01144
® 4 0.99609 0.00091 0.02919 0.99790 0.00030 0.01572 0.99940 0.00013 0.01105
5 0.99610 0.00091 0.02915 0.99733 0.00055 0.02143 0.99938 0.00014 0.01126
6 0.99656 0.00080 0.02738 0.99790 0.00030 0.01571 0.99940 0.00013 0.01105
1 0.99624 0.00121 0.03170 0.99370 0.00277 0.04805 0.99670 0.00118 0.03074
2 0.99656 0.00110 0.03030 0.99632 0.00162 0.03676 0.99743 0.00092 0.02714
3 0.99673 0.00105 0.02957 0.99996 0.00002 0.00366 0.99993 0.00003 0.00463
BYD 4 0.99724 0.00088 0.02713 0.99515 0.00213 0.04217 0.99691 0.00111 0.02978
5 0.99627 0.00120 0.03157 0.99981 0.00008 0.00841 0.99662 0.00121 0.03110
6 0.99721 0.00089 0.02730 0.99673 0.00144 0.03461 0.99796 0.00073 0.02421
1 0.99386 0.00176 0.03887 0.98485 0.00442 0.06068 0.99915 0.00032 0.01604
2 0.99766 0.00067 0.02402 0.98531 0.00428 0.05974 0.99946 0.00020 0.01277
3 0.99932 0.00019 0.01291 0.98517 0.00432 0.06003 0.99932 0.00025 0.01426
o 4 0.99443 0.00160 0.03701 0.98604 0.00407 0.05826 0.99916 0.00032 0.01592
5 0.99374 0.00180 0.03925 0.98597 0.00409 0.05840 0.99936 0.00024 0.01395
6 0.99386 0.00176 0.03887 0.98604 0.00407 0.05826 0.99952 0.00018 0.01208
1 0.97739 0.00634 0.07653 0.98369 0.00470 0.06467 0.99873 0.00031 0.01670
2 0.99681 0.00090 0.02889 0.99861 0.00040 0.01892 0.99962 0.00009 0.00919
3 0.99684 0.00090 0.02875 0.99249 0.00217 0.04396 0.99925 0.00018 0.01283
v 4 0.97823 0.00671 0.07511 0.98441 0.00450 0.06324 0.99886 0.00028 0.01585
5 0.97728 0.00638 0.07671 0.98359 0.00473 0.06485 0.99867 0.00032 0.01713
6 0.99381 0.00175 0.04021 0.99222 0.00225 0.04475 0.99963 0.00009 0.00903
1 0.97155 0.00828 0.08676 0.98900 0.00307 0.05258 0.99147 0.00328 0.05122
2 0.99669 0.00098 0.02977 0.99956 0.00012 0.01053 0.99216 0.00301 0.04910
3 0.99479 0.00153 0.03735 0.99562 0.00123 0.03321 0.99964 0.00014 0.01058
Bep 4 0.97519 0.00723 0.08109 0.99002 0.00279 0.05008 0.99202 0.00307 0.04957
5 0.97138 0.00833 0.08702 0.98887 0.00311 0.05288 0.99140 0.00331 0.05144
0.99021 0.00288 0.05113 0.99571 0.00120 0.03290 0.99198 0.00309 0.04969
1 0.99477 0.00155 0.03644 0.99420 0.04026 0.04026 0.99640 0.00111 0.03041
2 0.99960 0.00012 0.01006 0.99755 0.02619 0.02619 0.99767 0.00072 0.02447
3 0.99905 0.00028 0.01555 0.99833 0.02163 0.02163 0.99941 0.00018 0.01237
Fep 4 0.99537 0.00137 0.03426 0.99457 0.03895 0.03895 0.99935 0.00020 0.01297
5 0.99465 0.00158 0.03685 0.99410 0.04061 0.04061 0.99631 0.00114 0.03081
6 0.99975 0.00007 0.00792 0.99826 0.00059 0.02209 0.99640 0.00111 0.03041
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Table 5 Comparisons of moisture diffusivity, activation energy, coefficient D, and related correlation coefficient

Drying methods Temperature (°C) De,,(mQIS) R? E, (kJ/mol) D, (m?/s) R?
60 1.30x10™7 0.9527
Vb 70 2.22x10" 0.9791 37000 9.30x10™" 0.9901
80 3.18x10™"" 0.9703
60 4.15x10™" 0.9820
B-VD a7 5
70 4.98x10 0.9552 15000 9.38x10 0.9938
80 5.60x10™"" 0.9721
60 4.78x1077 0.9625
F-VD 70 7.54x10™" 0.9734 30000 2.63x10™ 0.9846
80 9.55x10™"" 0.9779
60 1.06x10™7 0.9370
cb 70 1.61x10™7 0.9384 32000 1.21x10™ 0.9903
80 2.30x10™"" 0.9551
60 1.26x10™" 0.9177
B-CD a7 9
70 1.60x10 0.9380 55000 5.04x10 0.9562
80 3.98x10™" 0.9640
60 3.23x10™"" 0.9578
F-CD 70 4.92x10™" 0.9655 40000 6.28x10™" 0.9957
80 7.80x10™"" 0.9756
a71nans3e

s @ U aRALUTAIF0ERE VD 1 80 avA AL d NARA T AU in1a Al ad e uiauiu
\ ° A o = a o a al & = - p = o
ANMIILANRN N1TAUAIES LavassenauueANIuNe unuilu raalsilad luazualsNuasfgaiew Bauauiy
y acd o o A a ~ o aal o gy o a o ea
NNTALLANA 81 AGHILNANATUNIANIEMUNIZAN LUN1Ta LN ANNI BN LT [Hsr e sina gl NARAUNNANNS
A % dl a v = a :// a a & = & ad d‘ A
AURNgY N7ilasuulacdtias a1ssznavuuedniiannn unuilu aaelsiad 1o uazualsnuessga Aan1Mgniaen
[~ aa dl A U 1 v ac k2 dl a o
HWAsnNsmnizadn Ae NN9aULINAINIIEAARIERTALUINKLLANIUINIAT 80 B4ANTALTLA IALLULANA89NIT
AUUWANNNZaN TUNN I U AN HIUZNNTR UL AR Two-term Diffusion approach aINNNTNARBINLIGIAAUNAANERAT
nsauuiaHasennnINaasa e daasii Inansauuiiedaeds VD Nguugigedanasaduilss@nsnisuns
g ' o o a0 P g P = o gy a , a o & v \
AYTNTUGIUAZANNAINIUNTLAUNAT WaANTUAReuneanazin liifiadesdnane lunansusiauwiisdenase
@mmwo%umiﬁuﬁwmmﬁmﬁmﬁmuémgﬁﬂﬂuLLﬁqﬁQq UANANDATUNFIAIANNTUAANANNHAR T UT ALI19790159
Ml sz azinaniseuwiadudenanan1inAuanslsznauNue AnTanNe wulu Aaalsnas luazwalsnuass
lunaasusiauuiiegs
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