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Abstract

This research was carried out for searching the treatment conditions of organic acid and heating to prepare
oligomers from the carrageenan. The applied treatments were autoclaving, microwaving, and ultrasonicating
with acetate, citrate, lactate, malate, and succinate. Among several physical depolymerization methods, auto-
claving treatment was the most effective for hydrolyzing the carrageenan to low molecular compounds such as
oligosaccharides. Citrate or malate was the most effective catalyst in hydrolyzing carrageenan to some oligo-
saccharides among 5~ 7 different organic acids. An acceptable autoclaving condition for hydrolyzing carrageenan
to oligosaccharides was to treat for 120 min at 110~120°C. The maximum depolymerization ratio produced by
autoclaving was about 23.0%. The depolymerized carrageenan prepared by autoclaving at 120°C had oligo-
saccharides of 5~7 species.
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Table 1. Degree of hydrolysis of carrageenan treated with organic acid at 90°C in water bath

Treatment Acetate Citrate Lactate N Malate Succinate
time (min) Al B C A B C A B C A B C A B C
30 0287 028 126 0.78 1.10 042 056 085 040 077 110 057 033 043 024
+0.01 *£0.02 +0.12 *0.11 *0.10 006 *003 *0.05 £0.03 +0.05 +0.08 £0.12 =£0.03 +0.03 +0.04
60 034 039 026 1.42 187 129 0.91 1.37 080 127 180 118 051 065 039
003 *£0.01 £001 *0.11 2014 £0.05 *£002 =014 003 =*0.11 *021 *016 =005 *0.05 *0.04
90 0.41 052 037 229 280 222 130 201 155 195 289 206 066 083 068
. +£0.04 +007 £0.05 013 %015 £0.12 *0.11 +t024 1017 +020 *026 £0.18 *£0.08 *+0.11 *0.14
120 050 064 050 3.09 347 3.2 170 264 208 260 357 32 087 116 091
£0.02 £003 +0.05 019 *0.25 £022 *0.18 *0.17 =021 =*£021 *031 £0.17 =£0.03 *0.10 *£0.16
150 037 057 068 237 300 380 137 203 278 208 302 371 066 096 126
? +£0.02 004 *+0.11 £024 £031 +023 £014 +021 1022 1024 +£0.20 £014 =*0.11 *£0.17 +0.11
120 048 070 0.85 322 379 470 180 300 371 262 373 445 092 126 163
10.04 *£011 *0.13 2030 *0.26 022 =*0.16 *0.26 £021 £022 £031 *024 +0.15 £022 *0.26

It - . .
Organic acid concentration
ot

“Each datum represents the

(96) for hydrolysis of carrageenan: A-0.3, B-0.5, C-0.7.
meantSD from three replicates (n=3).
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Table 2. Degree of hydrolysis of carrageenan treated with organic acid at 100°C in water bath

Treatment Acetate Citrate Lactate Malate Succinate
time (min) A" B C A B C A B C A B C A B C

018”7 037 018 044 152 044 070 112 0.16 103 162 04 037 054 0.11

30 +0.02 *£0.02 £004 *0.11 £0.08 £003 =£012 *£010 *007 =011 *£0.12 007 =005 £0.12 £0.01

60 051 117 0.16 223 268 155 141 209 079 193 25 148 079 117 025
+0.06 *011 £004 =*018 *022 £026 =025 +£027 =011 *021 *014 *015 =012 *012 =0.06

90 028 056 025 216 296 292 094 228 164 176 2.89 268 063 127 075
+0.04 014 002 =*£012 £037 £031 =021 *+034 £021 =*026 *029 £030 =015 021 *£0.13

120 084 115 061 414 586 468 214 471 261 376 216 4.02 1.31 600 1.24
+0.14 %018 014 *049 *£041 £024 £039 *+033 £034 =£017 040 £022 =018 £1.36 £0.58

150 054 091 068 343 424 546 204 348 347 310 447 485 096 167 188
+0.21 £021 £0.18 =£036 *040 *£0.18 =*014 *026 £042 *026 *034 =024 +£0.13 *025 =042

180 098 117 136 5556 454 673 3.08 310 457 409 409 650 155 164 242

+037 *044 £039 *027 *£038 *052 *£037 042 £1.04 =026 *027 =033 =*064 =038 *0.78

.J))Organic acid concentration (%) for hydrolysis of carrageenan: A-0.3, B-0.5, C-0.7.
“Each datum represents the mean*SD from three replicates (n=3).
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Table 3. Degree of hydrolysis of carrageenan treated with organic acid at 110°C in autoclave

Treatment Acetate Citrate Lactate Malate Succinate
time {min) A" B C A B C A B C A B C A B C
30 1577 204 3.08 4.59 7.70  10.20 553 525 817 1091 1024 1593 2.51 360 487
+042 038 £0.74 *1.08 +172 £143 %135 *092 £182 £210 *191 *230 *0.41 *091 *1.14
60 3.93 544 7.89 10.84 11.81 14.22 803 940 1203 12776 1500 17.78 563 713 949
071 *101 *212 =101 £181 *231 *214 £199 *270 =*£231 *242 £283 *1.71 £1.83 *2.06
90 6.85 751 1112 13.03 1075 1562 1490 1145 15.03 1271 1384 20.34 817 1151 1457
+190 +201 £230 £151 *170 £280 =*£300 *1.81 *£252 =£1.11 *203 £182 =£154 =241 £191
120 9.21 10.33 14.04 14.03 1384 20.95 1456 13.09 16.72 1488 15.17 20.85 10.74 1058 15.06
+201 +£230 162 *181 *£222 205 =*114 *071 £220 =*£131 *1.71 £161 =*1.10 *240 191
150 1355 1260 15.05 11.01 1833 17.11 1543 1599 17.38 1358 1593 1827 144 1483 16.69
+191 *242 281 *160 £222 £150 =*£201 =242 £210 %184 *212 *242 +1.21 *210 £2.19
180 1687 17.34 1584 1856 1095 1854 1582 1884 18.07 2177 2235 21.78 16.05 17.08 16.83

+252 *181 £230 *234 *191 £261 *£250 £222 +261 *+153 £249 181 *£193 £229 *1.22

i’Organic acid concentration (%) for hydrolysis of carrageenan: A-0.3, B-0.5, C-0.7.
“Each datum represents the mean*SD from three replicates (n=3).
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Table 4. Degree of hydrolysis of carrageenan treated with organic acid at 120°C in autoclave

Treatment Acetate Citrate Lactate Malate Succinate
time (min) A" B C A B C A B C A B C A B C
30 11107 1322 1527 16.12 2025 17.81 1894 2063 22.44 1841 2067 2221 1475 1842 1844
+241 +212 *1.81 *321 *£270 £3.12 £321 302 ¥220 *311 £282 +t271 *+183 £220 *+291
60 1273 2141 14.33 15.80_ 19.01 17.08 1644 1459 16.82 1725 1986 2215 1346 1469 1582
T1d41 209 192 =+225 256 £137 +1.87 £225 157 =*£174 +237 =351 *216 *172 214
90 14.06 1547 1643 1975 20.09 2148 1827 1829 19.23 1885 2134 2277 1630 1615 1822
) T152 *1.61 +238 *294 £225 +237 +218 *222 £364 +£128 +234 =272 +194 *139 +185
120 16.33 1547 24.11 2175 2264 23.09 2134 21.08 19.06 1945 2292 2311 1969 1992 2085
205 241 314 +1.78 +£225 265 t181 £204 251 *£245 +£232 £194 *+183 +1.74 +155
150 1844 1923 1821 23.04 2150 2388 1995 21.38 1599 19.94 2367 2429 1844 2293 1841
+241 *1.84 227 *T141 *£200 £186 1142 £225 £216 *£181 *222 £135 F18 *2.71 *1.62
180 2221 1945 1827 2290 2278 2445 2291 2038 1823 2145 2553 2379 1993 1890 1981

127 *£162 £214 +244 *£192 £236 *+186 +128 £229 +216 +186 +218 *234 +234 *£155

l,:()rganic acid concentration (%) for hydrolysis of carrageenan: A-0.3, B-0.5, C-0.7.
“Each datum represents the mean®SD from three replicates (n-3).

Table 5. Degree of hydrolysis of carrageenan treated with organic acid at 100°C using microwave system
Treatment Acetate Citrate Lactate Malate Succinate
time (min) A" B C A B C A B C A B C A B C
1127 155 084 2.41 236 227 132 118 245 216 225 368 125 116 195
+0.11 *£007 £0.13 =*0.18 *0.04 *0.16 *002 +£011 +0.07 *021 *£004 £013 =*0.08 £0.03 £0.13
1.21 1.14 123 258 341 415 157 372 383 344 447 581 177 204 293
+£0.04 *£0.10 £022 *022 *006 *006 +004 +0.26 023 030 *0.16 *020 +011 +0.12 +0.06
Orgamc acid concentration(%s) for hydrolysis of carrageenan: A-0.3, B-0.5, C-0.7.
“Each datum represents the mean+SD from three replicates (n=3).
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Table 6. Degree of polymerization (DP) of carrageenan hydrol-

- ysates
Sample DP"
110°C -citrate 74115
120°C—citrate 59+1.2
110"C-malate 71209
120°C-malate 48+1.1

“Each datum represents the mean* SD from five replicates (n=5).
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