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 3 

Polyphenols associated to pectic polysaccharides account for most of the 4 

antiproliferative and antioxidant activities in olive extracts. 5 

 6 
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ABSTRACT  31 

Extracts rich in pectic polysaccharides associated to polyphenols were obtained from 32 

alperujo, the by-product of olive oil extraction, by different thermal treatment and 33 

subsequent chemical treatments. The resulting “Pectoliv” extracts exhibited strong 34 

antioxidant activities and a high antiproliferative capacities in vitro against colon 35 

carcinoma Caco-2 and leukemia monocytic THP-1 cell lines. Bleaching of the extracts with 36 

sodium chlorite removed the phenolic compounds and significantly reduced 37 

antiproliferative and antioxidant activities, confirming that these were due mainly to the 38 

associated polyphenols present in Pectoliv. However, even after bleaching, these activities 39 

remained very similar to that of a commercial citrus modified pectin obtained by chemical 40 

treatment from citrus pectin, which has been implicated in cancer treatment and prevention. 41 

Thus Pectolivs have a high potential as antiproliferative or antioxidant agents. 42 

 43 
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1. Introduction 51 

Alperujo is one of the most important by-products generated by the olive oil 52 

manufacturing process using the continuous two-phase extraction system, with over 4 53 

million tonnes generated annually in Spain. Alperujo is a combination of the olive 54 

vegetative water and solids (skin, seeds, pulp, and stones) from olive-pomace mill waste 55 

(Rubio-Senent, Rodríguez-Gutiérrez, Lama-Muñoz, & Fernández-Bolaños, 2013). Alperujo 56 

is a source of substances of high added value, including phenols, carbohydrates and 57 

proteins (Navarro, Fiore, Fogliano, & Morales, 2015)(Troise, Fiore, Colantuono, 58 

Kokkinidou, Peterson, & Fogliano, 2014). The thermal treatment of alperujo (Rubio-59 

Senent, Rodríguez-Gutiérrez, Lama-Muñoz & Fernández-Bolaños, 2012), which allows an 60 

easy separation of the solid and liquid phases, also results in the solubilization of 61 

compounds of high added value in the liquid phase. For example, considerable amounts of 62 

pectic polysaccharides can be obtained from the aqueous fraction, because one third of the 63 

olive-pulp cell wall is made up of arabinose-rich pectin polysaccharides (Cardoso, 64 

Coimbra, & Lopes da Silva, 2003). 65 

Pectins are a complex polysaccharide found in the cell wall of higher plants. They 66 

contribute to soluble dietary fiber, which is incompletely processed by human digestive 67 

enzymes and not absorbable in the small intestine, but is fermented by colon bacteria 68 

(Rodríguez, Jiménez, Fernández-Bolaños, Guillén, & Heredia, 2006). Moreover, it is 69 

associated with gastrointestinal health and recently there is evidence of the prevention and 70 

treatment of cancer (Wollowski, Rechkemmer, & Pool-Zobel, 2001; Mudgil & Barak, 71 

2013).   72 

Pectin treated with pH adjustment – by alkali or acid, heat or enzyme, and known as 73 

“modified pectin” – has been broken into small fragments that, in theory, with a molecular 74 

weight around 10 kDa, can be absorbed and pass into the blood circulation (Zhang, Gao, 75 



 

Shi & Zhang, 2007). Several studies proved that modified pectin has an anticancer effect, 76 

causing the reduction of cell proliferation, migration and adhesion, as well as triggering the 77 

induction of apoptosis and anti-metastasis (Nangia-Makker et al., 2002; Liu, Huang, Yang, 78 

Lu, & Yu, 2008; Maxwell, Belshaw, Waldron, & Morris, 2012; Zhang, Xu, & Zhang, 79 

2015; Maxwell et al., 2016). Generally, it is thought that modified pectin is biologically 80 

active due to its galactan side chains that can bind to the pro-metastasic protein Galectin-3 81 

(Maxwell et al., 2012). Galectin-3 is a target protein that when overexpressed promotes 82 

metastasis and protects cancer cells from apoptosis (Nangia-Makker et al., 2002), and when 83 

its activity is blocked, inhibits cell adhesion (Maxwell et al., 2012) and enhances the 84 

induction of apoptosis (Liu et al., 2008).                                                                  85 

Citrus fruits and apple pomace are the major sources for commercial pectin, 86 

although other sources are being introduced. Alternative sources include residues from 87 

agricultural and food industries, which could lead to a revalorization of waste materials that 88 

are otherwise discarded, as is the case with alperujo. Previous studies carried out by our 89 

group indicate that the pectic material obtained from alperujo by hydrothermal treatment 90 

(160º C/30 min) (Rubio-Senent, Rodriguez-Gutierrez, Lama-Munoz, & Fernandez-91 

Bolaños, 2015a) or by gentle heat treatment (50–80º C) (Rubio-Senent, Rodriguez-92 

Gutierrez, Lama-Munoz, Garcia, & Fernandez-Bolaños, 2015b) showed different physical 93 

characteristics and biological properties. In both cases, it had a high oil capacity and 94 

emulsifying activity, and a higher capacity for binding bile acids and glucose than 95 

commercial citrus pectin. A high antiproliferative activity was observed in different bladder 96 

cancer lines from alperujo-derived pectin extracts rich in polyphenols compared with a 97 

modified citrus pectin (MCP) (Pectasol-C) or cisplatin (CDDP), a known anticancer agent 98 

(Bermúdez-Oria et al., 2019a). In addition, other alperujo-derived pectin extracts 99 

containing phenols inhibited proliferation of Caco-2 and THP-1 cancer cells, and also 100 



 

inhibited hemagglutination by galectin-3. These inhibitory effects were even higher than 101 

those of MCP (Bermúdez-Oria et al., 2019b). 102 

The first objective of the present work was to investigate the effect of different 103 

chemical or thermal treatments on the composition, antioxidant effect, and antiproliferative 104 

activity on Caco-2 cells of pectic extracts obtained from alperujo. The second objective was 105 

to determine whether polyphenols are related with these activities. For this, polyphenols 106 

were removed from some of the extracts by bleaching using chlorite before assessing 107 

antioxidant capacity and the effect on proliferation of Caco-2 and THP-1 cells.  108 

 109 

2. Material and Methods 110 

2.1 Materials 111 

Neutral red and thiazolyl blue tetrazolium bromide (MTT) were purchased from 112 

Sigma. Pectasol-C is a commercial modified citrus pectin supplement from Econugenics 113 

(Santa Rosa, California). Caco-2 and THP-1 cells were provided by the European 114 

Collection of Authenticated Cell Cultures, Public Health England. Cell culture media and 115 

serum were from Gibco, Thermo Fisher Scientific.  116 

 117 

2.2 Raw material 118 

Olive pomace, or “alperujo” (a semi-solid residue composed of olive peel, pulp, 119 

seeds, and ground stones), was collected directly after the two-phase centrifugal system 120 

used in a local pomace processing mill (Marchena, Sevilla, Spain) for the extraction of 121 

olive oil. 122 

 123 

2.3 Isolation and purification of extracts from alperujo 124 

The hydrothermal treatment of alperujo (Fernandez-Bolaños et al., 2010, Patent no. 125 



 

ES2374675) was performed using a steam treatment reactor prototype, designed by our 126 

research group at the Instituto de la Grasa (Seville, Spain). Fresh alperujo samples (8 Kg) 127 

were treated with saturated steam for 60 min at a temperature of 80º C or 120º C, or for 30 128 

min at a temperature of 160º C. Heating of the alperujo was performed by direct steam 129 

injection, enhancing the contact between the steam and the alperujo. After closing the 130 

steam inlet valve, the pressure was reduced to atmospheric pressure at a controlled rate. 131 

The wet material was centrifuged at 4700 g (Comteifa, S.L., Barcelona, Spain) to separate 132 

the solid and liquid phases, with subsequent ultrafiltration of the liquid phase at 3000 Da. 133 

The liquid phase higher than 3000 Da was concentrated to 2 L in a rotary evaporator, and 134 

precipitated with 70% EtOH. The alcohol-insoluble residue was freeze-dried and named 135 

according to the temperature at which it was obtained: Pectoliv-80, Pectoliv-120 and 136 

Pectoliv-160. Part of the Pectoliv-80 and -120 extracts were divided and a basic hydrolysis 137 

carried out with 1 M NaOH for 1 hour, with subsequent neutralization with 1 M HCl. The 138 

liquid was lyophilized, and the extract were named Pectolive-80A and -120A (Fig. 1). 139 

 140 

2.4 Bleaching of Pectoliv 141 

Pectoliv extracts were treated with acid followed by bleaching according to Renard 142 

& Thibault (1996) with some modifications. A bleaching solution was prepared by mixing 143 

acetic acid (CH3COOH 0.2% w/v) and sodium chlorite (NaClO2 0.2% w/v). Briefly, MCP 144 

and Pectoliv-80, -80A and -160 (7.5 % w/v) were added to the bleaching solution. The 145 

mixture was heated at 70º C for 1 hour. These steps were repeated twice. The samples were 146 

precipitated with 70% EtOH, filtered and rinsed with EtOH. The bleached phenolic 147 

residues were removed by washing and ultrafiltration at 1000 Da, and then lyophilized. 148 

Bleached extracts were named Pectoliv-80B, -80AB, -160B and MCP-B (Fig. 1). 149 

 150 



 

 151 

Figure 1. Scheme of the extraction procedure employed to obtain the five different extracts, 152 

named Pectoliv, from olive by-product by different thermal and chemical treatments and 153 

yield (g/dry kg alperujo). Three of the extracts were bleached with sodium chlorite in acidic 154 

conditions. 155 

 156 

2.5 Characterization of pectin extracts  157 

Galacturonan (anhydrogalacturonic acid) was determined according to the m-158 

hydroxydiphenyl method described by Blumenkrantz & Asboe-Hansen (1973) for uronic 159 

acids.  160 

Glycosyl compositions were determined by gas chromatography (GC) after 161 

conversion to alditol acetates. Individual neutral sugars were analyzed from duplicate 162 

samples with initial TFA hydrolysis (2 N TFA at 121º C for 1 h) prior to reduction, 163 

acetylation and analysis by GC (Englyst, Wiggins, & Cummings, 1984) using inositol as an 164 

internal standard. Calibration was performed using a series of standard solutions of L-165 

rhamnose (Rha), L-arabinose (Ara), D-galactose (Gal), D-glucose (Glc), D-mannose (Man) 166 

and D-xylose (Xyl). The chromatographic conditions were described by Lama-Muñoz, 167 

Rodríguez-Gutiérrez, Rubio-Senent & Fernández-Bolaños (2012). 168 

Total phenolic content was determined using the Folin−Ciocalteu spectrophotometric 169 

method and expressed as grams of gallic acid equivalents (Singleton & Rossi, 1965).  170 

 171 

2.6 Relative molecular weight determination 172 

The homogeneity and molecular weight distribution of the purified Pectoliv extracts 173 

were estimated by high performance size exclusion chromatography (HPSEC) using two 174 

different columns (300 X 7.8 mm i.d., Tosoh Bioscience LLC, King of Prussia, PA) in 175 



 

sequence TSK gel GMPWXL (dextran MW<50000 kDa) and T  gel G    P    176 

(dextran       kDa  as descri ed previously (Dos- antos   im nez- raujo   odr guez-177 

 rcos    Fern ndez-Trujillo, 2011). The system was calibrated with standard dextrans of 178 

500, 110, 70, 40, and 6 kDa using a regression curve.   179 

 180 

2.7 Oxygen radical absorbance capacity (ORAC) assay 181 

The ORAC assay is based upon the inhibition of peroxyl radical-induced oxidation 182 

initiated by the thermal decomposition of 2, 2′-azobis(2-amidino-propane) dihydrochloride 183 

(AAPH). The reactive oxygen species (ROS) generated from this thermal decomposition 184 

quench the signal from the fluorescent probe fluorescein. The antioxidant capacity of the 185 

samples was assayed according to Ou, Hampsch-Woodill, & Prior (2001) with minor 186 

modifications. Samples were diluted with sodium phosphate buffer (10 mM, pH 7.4) and 187 

25 µL of each were transferred to a microplate. The blank well received 25 µL phosphate 188 

buffer while standards received 25 µL Trolox solutions (10-140 µM). Then 150 µL of 1 189 

µM fluorescein was added to all wells. After incubation (37º C, 15 min), 25 µL AAPH (250 190 

mM) was added to each well to initiate the reaction and readings were taken every 5 min 191 

for 90 min (Ex. 485 nm, Em. 538 nm) in a microplate reader (Fluoroskan AscentTM, 192 

Thermo ScientificTM). Results were calculated using the difference of areas under the 193 

fluorescein decay curve between the blank and the sample and expressed as µM Trolox 194 

equivalents. 195 

 196 

2.8 Cell culture and treatment 197 

Caco-2 and THP-1 cells were cultured and treated as described (Bermúdez-Oria et 198 

al, 2019b). Cells were cultured in Dul ecco’s  odified Eagle  edium (1    mg/ml 199 

glucose, 110 mg/ml pyruvate, and 580 mg/ml glutamine) supplemented with 10% fetal 200 



 

bovine serum (FBS), 1% non-essential amino acids, 100 U/ml penicillin, and 100 g/ml 201 

streptomycin and incubated at 37º C with 5% CO2. Fetal bovine serum was heat-202 

inactivated at 56° C for 30 minutes. Caco-2 cells were subcultured once a week using 203 

trypsin-ethylenediaminetetraacetic acid, and medium was replenished once between 204 

passages. THP-1 cells were subcultured every 2–3 days by resuspension in fresh medium. 205 

Treatments were carried out under the same standard culture conditions. The lyophilized 206 

Pectoliv extracts were dissolved in Hank’s Balanced Salt Solution (HBSS) at 100 mg/ml, 207 

heated at 100º C for 30 minutes, and diluted with culture medium as required. Cells were 208 

seeded in 96-well microplates (4 x 10
4
 or 14 x 10

4
 cells/well, 50 µl/well). Extracts were 209 

added to the same volume (50 µl/well) to achieve a final concentration of 10% v/v HBSS. 210 

Caco-2 and THP-1 cells were incubated for up to 9 and 4 days, respectively. In addition to 211 

the cell proliferation assay (described in 2.9), cells were periodically inspected under the 212 

phase contrast microscope. 213 

 214 

2.9 Cell proliferation assays 215 

Proliferation of adherent (Caco-2) and suspended (THP-1) cells was determined by 216 

measuring proliferation at different times using the neutral red and thiazolyl blue 217 

tetrazolium bromide (MTT) assays, respectively. For the neutral red assay, cells in 96-well 218 

plates were incubated in fresh culture medium containing the vital stain neutral red (50 219 

µg/ml) for 30 minutes. Cells were then washed using HBSS, and the stain was extracted 220 

using acetic acid (75 µl, 1% (v/v) in ethanol 50% (v/v)). Absorbance was measured at 550 221 

nm using a plate reader (Borenfreund & Puerner, 1985; Girón-Calle, Alaiz, & Vioque, 222 

2010). For the MTT assay, cells in 96-well plates were incubated in culture medium 223 

containing MTT (0.5 mg/ml) for 60 minutes. The blue formazan crystals formed by the 224 

reduction of MTT were dissolved by the addition of 100 µL HCl (0.1 N) in isopropanol, 225 



 

and absorbance at 570 nm (with subtraction at 630 nm) was measured using a plate reader 226 

(Kops, West, Leach, & Miller, 1997; Girón-Calle et al., 2010).  227 

 228 

 229 

3. Results 230 

3.1. Preparation of the extracts from alperujo 231 

 Five extracts were obtained from olive oil by-product by different thermal and 232 

chemical treatments. Pectoliv-80 and Pectoliv-120 were obtained from mild thermal 233 

treatments, using the conventional temperatures for the recovery of pectin from fruits, 80º 234 

C or 120º C for 60 min, respectively. Extracts Pectoliv-160 was obtained from thermal 235 

treatments at 160º C for 30 min, with the objective of reducing the molecular weight to 236 

gain a product similar to a heat-modified water-soluble pectin preparation, which presents a 237 

known antiproliferative effect (Lefsih et al., 2018).  238 

 In order to obtain other extracts of low molecular weight by chemical treatment, 239 

Pectoliv-80 and Pectoliv-120 were hydrolyzed with alkali (NaOH). The resulting products  240 

were named Pectoliv-80A and Pectoliv-120A, respectively. The same chemical treatment is 241 

used for production of PectaSol-C, a commercial modified citrus pectin (MCP) extracted 242 

from citrus pectin (Jackson et al., 2007), although some authors indicate that MCP may be 243 

enzymatically modified (Maxwell et al., 2012). The latter extracts were modified in a 244 

variety of ways to provide an array of extracts with varying chemical composition and 245 

molecular weight. 246 

. 247 

3.2 Effect of the olive extracts (Pectoliv) and MCP on cell proliferation of Caco-2 cells 248 

The effect of each of the five different extracts – differing in their method of 249 

preparation, thermal or chemical treatment – on the proliferation of Caco-2 colon cancer 250 



 

cells was investigated to understand whether the different extraction methods affected the 251 

extracts’ biological effect. Cells were treated with 0.35, 1.10. 3.50 and 10 mg/mL of 252 

Pectoliv extracts or commercial MCP for up to 7 days. At 0.35 and 1.10 mg/mL, neither the 253 

five Pectoliv extracts nor MCP inhibited cell proliferation (Figure 2). Incubation with 3.5 254 

mg/mL Pectoliv-80 inhibited cell proliferation completely, while the inhibition caused by 255 

Pectoliv-80A was not as high.  Pectoliv-80, -80A, -120 and -160 completely inhibited cell 256 

proliferation at 10 mg/mL from the first day of treatment. Pectoliv-120A and MCP reduced 257 

proliferation to a minor extent, reaching a maximum inhibition of 75% and 56% at day 7, 258 

respectively. Several studies indicate that pectins with a lower molecular weight, including 259 

Pectasol-C, exhibit greater bioactivity than pectins with a higher molecular weight 260 

(Hayashi, Gillen, & Lott, 2000; Maxwell et al., 2012). However, our results show that 261 

Pectoliv-80 has a higher inhibitory effect than Pectoliv-80A, which has suffered hydrolysis 262 

by treatment with alkali. This result suggests that molecular weight alone is not indicative 263 

of bioactivity.  264 

 265 

 266 

3.3. Antioxidant activities of Pectoliv and MCP 267 

 The antioxidant activity of the five Pectoliv extracts and MCP were evaluated 268 

according to their oxygen radical absorbance capacity (ORAC). The five Pectoliv extracts 269 

showed higher antioxidant capacity (with values between 120 and 387 µmol Trolox 270 

equivalent / g extract) than the commercial MCP (68 µmol Trolox equivalent / g extract) 271 

(Figure 3). These results were similar to those obtained in previous studies with other 272 

Pectoliv extracts (Bermúdez-Oria et al., 2019). Pectoliv-80 showed the highest antioxidant 273 

activity, followed by Pectoliv-80A, which can be explained because these extracts 274 

contained two-fold more phenolic compounds than the other extracts, as seen in the 275 



 

chemical characterization (Table 1). The ORAC assay confirmed that these phenols 276 

partially maintained their antioxidant activity after their theoretical polymerization and 277 

binding to the polysaccharide fraction, which indicates certain availability of the catechol 278 

groups, responsible for antioxidant activity (Spizzirri et al., 2009). These results coincide 279 

with those obtained from the cell proliferation assay in Caco-2 cells, where a direct 280 

relationship between a major antiproliferative activity for Pectoliv-80 and Pectoliv-80A and 281 

their higher antioxidant activity was observed. These findings are also in agreement with 282 

those of other authors who published similar observations with different degrees of potency 283 

depending on the type of cancerous cell line and antioxidant extract studied (Seeram et al., 284 

2006; Tow, Premier, Jing, & Ajlouni, 2011; Baby, Antony, & Vijayan, 2017; Losada-285 

Echeberria, Herranz-Lopez, Micol, & Barrajon-Catalan, 2017). In addition, although MCP 286 

was recently shown to be an effective antioxidant (Hawach, Boujaoude, & Abdel-Massih, 287 

2016; Ramachandran, Wilk, Malnick, & Eliaz, 2017), our data, using the ORAC assay, 288 

showed that MCP had a lower antioxidant activity than the Pectoliv extracts, which also 289 

coincided with the lowest antiproliferative activity. Effectively, the Pectoliv extracts have 290 

important antioxidant properties, including free-radical scavenging, acting as hydrogen 291 

donors to the peroxyl radical generated in the ORAC assay. Peroxyl radicals are reactive 292 

species generated during lipid oxidation in food and living tissues (Lobo, Patil, Phatak, & 293 

Chandra, 2010; Phaniendra, Jestadi, & Periyasamy, 2015). Thus, these ORAC values can 294 

be considered to be of biological relevance as a reference of antioxidant effectiveness. 295 

Therefore, there appears to be a direct relationship between the antioxidant activity of each 296 

extract and its antiproliferative activity.  297 

 298 

3.4. Chemical composition and molecular weight of the Pectoliv extracts 299 

The uronic acid content of the extracts increased with temperature up to 120º C/ 60 300 



 

min, with a slight decrease at 160º C/ 30 min (Table 1). However, alkali treatment did not 301 

affect the uronic acid content or reduce the molecular weight, as might be expected by 302 

chemical β elimination (Renard & Thibault, 1996). Indeed, certain depolymeration with the 303 

reduction of molecular weight was only observed when the treatment temperature was 304 

increased (Figure 4). The ratio of uronic acids to neutral sugars was between 1 and 1.5 for 305 

different Pectoliv extracts, which is consistent with previous results reported by Rubio-306 

Senent et al., (2015a), compared to a ratio of  9 for MCP. The US Pharmacopeia defines 307 

pectin as a polysaccharide with not less than 74% of galacturonic acid (Rolin, 2002), yet all 308 

characterized Pectoliv extracts had a content of 49%–61% uronic acids and so cannot be 309 

considered as pectins. However, Pectoliv extracts had a high proportion of uronic acids so 310 

they could be considered as “pectin-like polysaccharides” with a high proportion of 311 

associated neutral sugars and phenols.  312 

The composition of neutral sugars showed that the extracts were rich in arabinose 314 

and galactose, with rhamnose, xylose and glucose present in minor proportions, which is 315 

indicative of arabinogalactan being an integral, branched region of pectin. The phenol 316 

content was higher in Pectoliv-80 and -80A, with 8% and 11% respectively, more than 317 

double the amount of the other extracts, while the phenol content for MCP was very low, at 318 

only 0.15%. The presence of these phenolic compounds could be due to the possible 319 

interaction between the polysaccharides of the olive cell wall and the hydrophilic 320 

compounds, such as phenols, which occurs during the rupture of fruit tissues by olive 321 

crushing and further malaxation of the olive paste before oil extraction. In addition, 322 

oxidation, condensation and/or polymerization reactions (via enzymatic or non-enzymatic 323 

action) provide a significant quantity of non-carbohydrate polymeric material associated 324 

with the cell wall polysaccharides (Obied, Allen, Bedgood, Prenzler, & Robards, 2005). 325 

These findings in Pectoliv-80 and -80A were probably due to their high polyphenol 326 



 

concentration (since polyphenols bind to pectin polysaccharides), and correlate with their 327 

high antioxidant and antiproliferative activity. 328 

 329 

3.5. Bleaching of Pectoliv extracts: chemical composition and antioxidant activity 330 

Due to the presence of chemical linkages between polyphenols and carbohydrates, 331 

pectin-bound polyphenols are difficult to eliminate. In order to confirm the components of 332 

the extracts responsible for their antiproliferative activity, polyphenols in Pectoliv-80, -80A 333 

and -160, and MCP, were eliminated by bleaching using sodium chlorite in acid medium. 334 

The resulting low-molecular weight oxidized products were eliminated by dialysis. The 335 

bleached extracts were characterized and their antioxidant activities measured. Although 336 

the phenolic compounds were degraded or solubilized, in accordance with Gellerstedt 337 

(2009), the bleached extracts did not show a substantial modification in uronic acid or 338 

sugar composition (Table 2). The ratio of uronic acids to neutral sugars (0.7–2) was very 339 

similar to unbleached Pectoliv for MCP-B. The uronic acid content in the bleached samples 340 

varied between 24% and 56%, with a decrease in the MCP-B (37%) with respect to MCP 341 

(52%) or an increase from 39% to 56% for Pectoliv-160-B. 342 

 344 

 Bleaching caused a drastic decrease in the antioxidant capacity of Pectoliv extracts 345 

(Figure 3), reducing the ORAC activity from 120-387 µmol/ g to 34–94 µmol/ g extract, 346 

and with ORAC disappearing completely in MCP-B. These results suggest a clear 347 

correlation between antioxidant activity and the presence or absence of the phenolic 348 

compounds in the Pectoliv extracts.  349 

 350 

3.6. Effect of bleached Pectoliv extracts on the proliferation of Caco-2 and THP-1 cell 351 

lines 352 



 

 In order to assess the correlation between the presence of phenolic compounds in 353 

the extracts and their antiproliferative effect on cells, the Caco-2 colon cancer and THP-1 354 

leukemia cancer cell lines were treated with bleached extracts. Following the exposure of 355 

Caco-2 cells to increasing concentrations (2.5, 5 and 10 mg/mL) of bleached and 356 

unbleached Pectoliv extracts (-80-B, -80AB, -160-B and -80, -80A, -160, respectively), we 357 

observed that at 2.5 mg/mL, and more clearly at 5 mg/mL (Figure 5A), all the unbleached 358 

Pectoliv extracts inhibited cell proliferation compared to the bleached samples and the 359 

control, with a clear time dependent effect. It is remarkable that the inhibitory activities of 360 

bleached Pectoliv were similar to bleached and unbleached MCP for the same 361 

concentration and the same treatment time. This effect was even more evident at higher 362 

concentrations. For example, at 10 mg/mL, Pectoliv-80, -80A, and -160 completely 363 

inhibited proliferation after 1 or 2 days of treatment (with a continued inhibition of 364 

proliferation from there on), while the corresponding bleached Pectoliv extracts allowed 365 

proliferation to a similar extent as MCP and MCP-B. 366 

 367 

 368 

Next, THP-1 cells were treated with the same range of concentration of bleached and 369 

unbleached extracts for 4 days. Treatment with 2.5 mg/ mL unbleached Pectoliv-80 and -370 

160 resulted in reduced cell proliferation with respect to the control, and almost completely 371 

inhibited proliferation at 5 mg/ mL (Figure 5B). Similar to the results with Caco-2 cells, 372 

bleaching of these Pectolivs greatly reduced the antiproliferative activity. At 10 mg/ mL, 373 

proliferation was almost completely inhibited by the three unbleached Pectoliv extracts. At 374 

this concentration, bleaching of these three Pectolivs allowed for a proliferation rate 375 

similar, although still lower, than the proliferation of THP-1 cells exposed to either 376 

bleached or unbleached MCP.  377 

Therefore, elimination of phenols by bleaching greatly reduced the antiproliferative 378 



 

activity of Pectolivs on both Caco-2 and THP-1 cells, resulting in an effect similar or 379 

superior to the antiproliferative effect of MCP. Consequently, the phenols linked to 380 

polysaccharides seem to be responsible for the majority of the antiproliferative effect 381 

observed for the Pectoliv extracts isolated from the by-product of olive oil extraction. Our 382 

findings are consistent with reports showing an antiproliferative effect of polyphenols or 383 

polyphenol-rich extracts on Caco-2, THP-1 and other cancer cell lines (Tsan, White, 384 

Maheshwari, Bremner, & Sacco, 2000; Girón-Calle et al., 2004; Megías et al. 2009; Gul, 385 

Ahmad, Kondapi, Qureshi, & Ghazi, 2013; Sánchez-Vioque et al., 2016). In addition, a 386 

polyphenol mixture from olive oil processing waste was described to decrease the 387 

production of superoxide anion in THP-1 cells (Léger, Kadiri-Hassani, & Descomps, 388 

2000). Since high levels of ROS are present in cancer cells and may help tumor survival by 389 

inactivation of the caspases involved in apoptosis induction (Halliwel, 2007), the Pectoliv 390 

extracts, via their free-radical scavenging capacity, could help to reduce the concentrations 391 

of ROS and induce apoptosis. 392 

                     393 

4. Conclusions 394 

This study revealed that the Pectoliv extracts had a high antioxidant and antiproliferative 395 

activity on Caco-2 and THP-1 cell lines, as compared to MCP. Interestingly, the extracts 396 

obtained at the lowest temperature, Pectoliv-80 and Pectoliv-80A, had the highest 397 

antiproliferative and antioxidant activity, consistent with them having the highest content 398 

of phenolic compounds. Bleaching caused an important decrease in the antiproliferative 399 

activity of all Pectoliv extracts, reaching levels similar to those found for MCP. Moreover, 400 

bleaching produced a drastic decrease in the antioxidant activity of the Pectoliv extracts. 401 

Therefore, we showed that the high antioxidant and antiproliferative activity observed in 402 

the extracts from alperujo was mostly due to their content of phenolic compounds. 403 



 

However, other components in these extracts, possibly pectic polysaccharides, may also be 404 

involved in the antiproliferative activity, as indicated by the fact that the antiproliferative 405 

activity of bleached Pectolivs was still similar or even superior to that of commercial MCP. 406 

These Pectolivs are products with a high potential for application in the pharmaceutical 407 

industry. 408 

 409 

Funding 410 

This work was supported by the Spanish Ministry of Economy, Industry and 411 

Competitiveness and co-funded by a European Social Fund (ESF) [Ramon y Cajal 412 

Programme RyC 2012-10456; project AGL2013-48291-R and project AGL2016-79088-R]. 413 

A. Bermúdez-Oria received funding from the Spanish FPI program (MEIC) [BES-2014-414 

068508]. The funding sources had no involvement in the study design; in the collection, 415 

analysis and interpretation of data; in the writing of the report; or in the decision to submit 416 

the article for publication. 417 

 418 

Declarations of interest  419 

None. 420 

 421 

References 422 

Baby, B., Antony, P., & Vijayan, R. (2017). Antioxidant and anticancer properties of 423 

berries. Critical Reviews in Food Science and Nutrition, DOI: 424 

10.1080/10408398.2017.1329198. 425 

Bermúdez-Oria, A., Rodríguez-Gutiérrez, G., Rubio-Senent, F., Fernández-Bolaños, J, 426 

& Sánchez-Carbayo, M. (2019a). Olive extract rich in polysaccharides with antioxidant 427 



 

and antiproliferative activity on bladder cancer cells. Journal of Medicinal Food 428 

(accepted your publication). 429 

Bermúdez-Oria, A., Rodríguez-Gutiérrez, G., Alaiz, M., Vioque, J., Girón-Calle, J., & 430 

Fernández-Bolaños, J. (2019b). Pectin-rich extracts from olives inhibit proliferation of 431 

Caco-2 and THP-1 cells. Food & Funtion, 10, 4844-4853. 432 

Blumenkrantz, N., & Asboe-Hansen, G. (1973). New method for quantitative  433 

determination of uronic acids. Analytical Biochemistry, 54(2), 484–489.  434 

Cardoso, S. M., Coimbra, M. A., & Lopes da Silva, J.A. (2003). Calcium-mediated 435 

gelation of an olive pomace pectic polysaccharide arabinan side chains. Carbohydrate 436 

Polymers, 52, 125- 133. 437 

Dos- antos       im nez- raujo       odr guez- rcos        Fern ndez-Trujillo, J. P. 438 

(2011). Cell Wall Polysaccharides of Near-Isogenic Lines of Melon ( Cucumis melo L.) 439 

and Their Inbred Parentals Which Show Differential Flesh Firmness or Physiological 440 

Behavior. Journal of Agricultural and Food Chemistry, 59(14), 7773–7784.  441 

Englyst, H., Wiggins, H. S., & Cummings, J. H. (1982). Determination of the non-442 

starch polysaccharides in plant foods by gas-liquid chromatography of constituent 443 

sugars as alditol acetates. The Analyst, 107(1272), 307.  444 

Fernández-Bolaños, J., Rodríguez-Gutiérrez, G., Lama-Muñoz, A., & Sánchez, P. 445 

Dispositivo y procedimiento para el tratamiento de los subproductos de la obtención del 446 

aceite de oliva. ES2374675. 2010.  447 

Gellerstedt, G. (2009). Chemistry of bleaching of chemical pulp. In M. Ek, G. 448 

Gellerstedt, & G. Henriksson (Eds), Pulp and Paper Chemistry and Technology (pp. 449 



 

201-237). Berlin: Walter de Gruyter GmbH & Co. KG. 450 

Girón-Calle, J., Alaiz, M., & Vioque, J. (2010). Effect of chickpea protein hydrolysates 451 

on cell proliferation and in vitro bioavailability. Food Research International, 43, 452 

1365–1370.  453 

Gul, M. Z., Ahmad, F., Kondapi, A. K., Qureshi, I. A., & Ghazi, I. A. (2013). 454 

Antioxidant and antiproliferative activities of Abrus precatorius leaf extracts - an in 455 

vitro study. BMC Complementary and Alternative Medicine, 13, 53. 456 

Halliwell, B. (2007). Oxidative stress and cancer: have we moved forward? 457 

Biochemistry Journal, 401, 1–11. 458 

Hawach, V., Boujaoude, M. A., & Abdel-Massih, R. M. (2016). The cytotoxic and anti-459 

proliferative activity of high molecular weight pectin and modified citrus pectin. 460 

Functional Foods in Health and Disease, 6(9), 587-601. 461 

Hayashi, A., Gillen, A. C., & Lott, J. R. (2000). Effects of daily oral administration of 462 

quercetin chalcone and modified citrus pectin on implanted colon-25 tumor growth in 463 

Balb-c mice. Alternative Medicine Review, 5(6) 546–552 464 

 ackson  C      Dreaden  T      Theo ald         Tran         Beal  T      Eid      … 465 

Mohnen, D. (2007). Pectin induces apoptosis in human prostate cancer cells: 466 

correlation of apoptotic function with pectin structure. Glycobiology, 17(8), 805–819.  467 

Kops, S. K., West, A. B., Leach, J., & Miller, R. H. (1997). Partially purified soy 468 

hydrolysates retard proliferation and inhibit bacterial translocation in cultured C2BBe 469 

cells. Journal of Nutrition, 127(9), 1744–1751.  470 

Lama-Muñoz, A., Rodríguez-Gutiérrez, G., Rubio-Senent, F., & Fernández-Bolaños, J. 471 



 

(2012). Production, characterization and isolation of neutral and pectic oligosaccharides 472 

with low molecular weights from olive by-products thermally treated. Food 473 

Hydrocolloids, 28(1), 92–104.  474 

Lefsih, K., Giacomazza, D., Passantino, R., Costa, M. A., Bulone, D., Mangione, M. R., 475 

… Madani, K. (2018) Biochemical and biophysical characterization of water-soluble 476 

pectin from Opuntia ficus-indica and its potential cytotoxic activity. Phytochemistry, 477 

154, 47-55. 478 

Léger, C. L., Kadiri-Hassani, N., & Descomps, B. (2000). Decreased superoxide anion 479 

production in cultured human promonocyte cells (THP-1) due to polyphenol mixtures 480 

from olive oil processing wastewaters. Journal of Agricultural and Food Chemistry, 48, 481 

5061–5067. 482 

Liu, H. Y., Huang, Z. L., Yang, G. H., Lu, W. Q., & Yu, N. R. (2008) Inhibitory effect 483 

of modified citrus pectin on liver metastases in a mouse colon cancer model. World 484 

Journal of Gastroenterology, 14 (48), 7386–7391. 485 

Lobo, V., Patil, A., Phatak, A., & Chandra, N. (2010). Free radicals, antioxidants and 486 

functional foods: Impact on human health. Pharmacognosy Reviews, 4(8), 118–126.  487 

Losada-Echeberria, M., Herranz-Lopez, M., Micol, V., & Barrajon-Catalan, E. (2017). 488 

Polyphenols as Promising Drugs against Main Breast Cancer Signatures.  Antioxidants, 489 

6, 88. 490 

Maxwell, E. G., Belshaw, N. J., Waldron, K. W., & Morris, V. J. (2012). Pectin - an 491 

emerging new bioactive food polysaccharide. Trends in Food Science & Technology, 492 

24(2), 64–73. 493 



 

Maxwell, E. G., Colquhoun, I. J., Chau, H. K., Hotchkiss, A. T., Waldron, K. W., 494 

Morris, V. J., & Belshaw, N. J. (2016). Modified sugar beet pectin induces apoptosis of 495 

colon cancer cells via an interaction with the neutral sugar side-chains. Carbohydrate 496 

Polymers, 136, 923–929. 497 

Megías, C., Pastor-Cavada, E., Torres-Fuentes, C., Girón-Calle, J., Alaiz, M., Juan, R., 498 

Pastor, J., & Vioque, J. (2009). Chelating, antioxidant and antiproliferative activity of 499 

Vicia sativa polyphenol extracts. European Food Research and Technology, 230, 353–500 

359. 501 

Mudgil, D., & Barak, S. (2013). Composition, properties and health benefits of 502 

indigestible carbohydrate polymers as dietary fiber: A review. International Journal of 503 

Biological Macromolecules, 61, 1–6. 504 

Nangia-Makker, P., Hogan, V., Honjo, Y., Baccarini, S., Tait, L., Bresalier, R., & Raz, 505 

A. (2002). Inhibition of human cancer cell growth and metastasis in nude mice by oral 506 

intake of modified citrus pectin. Journal of the National Cancer Institute, 94(24), 507 

1854–1862.  508 

Navarro, M., Fiore, A., Fogliano, V.,  & Morales,  F.J. (2015). Carbonyl trapping and 509 

antiglycative activities of olive oil mill wastewater. Food & Function, 6, 574-583. 510 

Obied, H. K., Allen, M. S., Bedgood, D. R., Prenzler, P. D., &  Robards, K. (2005). 511 

Investigation of australian olive mill waste for recovery of biophenols. Journal of 512 

Agricultural and Food Chemistry, 53, 9911–9920. 513 



 

Ou, B., Hampsch-Woodill, M., & Prior, R. L. (2001). Development and Validation of 514 

an Improved Oxygen Radical Absorbance Capacity Assay Using Fluorescein as the 515 

Fluorescent Probe. Journal of Agricultural and Food Chemistry, 49, 4619–4626. 516 

Phaniendra A., Jestadi D. B., & Periyasamy, L. (2015). Free radicals: properties, 517 

sources, targets, and their implication in various diseases. Indian Journal of Clinical 518 

Biochemistry, 30(1), 11–26. 519 

Ramachandran, C., Wilk, B., Melnick, S. J.,  & Eliaz, I. (2017). Synergistic Antioxidant 520 

and Anti-Inflammatory Effects between Modified Citrus Pectin and Honokiol. 521 

Evidence-Based Complementary and Alternative Medicine, 2017, 1–9. 522 

Renard, C.M.G.C., & Thibault, J.-F. (199    Pectins in mild alkaline conditions: β-523 

elimination and kinetics of demethylation. Progress in Biotechnology, 14, 603–608. 524 

Rodríguez, R., Jiménez, A., Fernández-Bolaños, J., Guillén, R., & Heredia, A. (2006). 525 

Dietary fibre from vegetable products as source of functional ingredients. Trends in 526 

Food Science and Technology, 17, 3–15. 527 

Rolin, C. (2002). Commercial pectin preparation. G. B. Seymour, & J. P. Knox (Eds), 528 

In Pectin and their manipulation (pp. 222-230). Oxford: Blackwell Publishing,  529 

Rubio-Senent, F., Rodríguez-Gutiérrez, G., Lama-Muñoz, A. & Fernández-Bolaños, J. 530 

(2012). New phenolic compounds hydrothermally extracted from the olive oil by-531 

product alperujo and their antioxidative activities. Journal of Agricultural and Food 532 

Chemistry, 60, 1175–1186. 533 

Rubio-Senent, F., Rodríguez-Gutiérrez, G., Lama-Muñoz, A., & Fernández-Bolaños, J. 534 

(2013). Phenolic  extract  obtained  from  steam-treated olive oil waste: 535 



 

Characterization and antioxidant activity. LWT- Food Science and Technology, 54, 536 

114–124. 537 

Rubio-Senent, F., Rodriguez-Gutierrez, G., Lama-Munoz, A., & Fernandez-Bolaños, J. 538 

(2015a). Pectin extracted from thermally treated olive oil by-products: Characterization, 539 

physico-chemical properties, in vitro bile acid and glucose binding. Food 540 

Hydrocolloids, 43, 311–321. doi: 10.1016/j.foodhyd.2014.06.001 541 

Rubio-Senent, F., Rodriguez-Gutierrez, G., Lama-Munoz, A., Garcia, A., & Fernandez-542 

Bolaños, J. (2015b). Novel pectin present in new olive mill wastewater with similar 543 

emulsifying and better biological properties than citrus pectin. Food Hydrocolloids, 50, 544 

237–246. doi: 10.1016/j.foodhyd.2015.03.030. 545 

Sánchez-Vioque, R., Santana-Méridas, O., Polissiou, M., Vioque, J., Astraka, K., Alaíz-546 

Barragán, M., … Girón-Calle, J. (2016). Polyphenol composition and in vitro 547 

antiproliferative effect of corm, tepal and leaf from Crocus sativus L. on human colon 548 

adenocarcinoma cells (Caco-2). Journal of Functional Foods, 24, 18–25.  549 

Seeram, N. P., Adams, L., Zhang, Y., Rupo, L., Sand, D., Scheuller, H., & Heber, D. 550 

(2006). Blackberry, black raspberry, blueberry, cranberry, red raspberry and strawberry 551 

extracts inhibit growth stimulate apoptosis of human cancer in vitro. Journal of 552 

Agricultural and Food Chemistry, 54, 9329–9339. 553 

Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of Total Phenolics with 554 

Phosphomolybdic-Phosphotungstic Acid Reagents. American Journal of Enology and 555 

Viticulture, 16(3), 144–158. 556 

Spizzirri, U. G., Iemma, F., Puoci, F., Cirillo, G., Curcio, M., Paris, O. I., & Picci, N. 557 



 

(2009). Synthesis of antioxidant polymers by grafting of gallic acid and catechin on 558 

gelatin. Biomacromolecules, 10(7), 1923–1930. 559 

Tow, W. W., Premier, R., Jing, H., & Ajlouni, S. (2011). Antioxidant and 560 

antiproliferation effects of extractable and nonextractable polyphenols isolated from 561 

apple waste using different extraction methods. Journal of Food Science, 76(7), 163–562 

172.  563 

Troise, A. D., Fiore, A., Colantuono, A., Kokkinidou, S., Peterson, D. G., & Fogliano, 564 

V. (2014). Effect of olive mill wastewater phenol compounds on reactive carbonyl 565 

species and maillard reaction end-products in ultrahigh-temperature-treated milk. 566 

Journal of Agricultural and Food Chemistry, 62, 10092-10100. 567 

Tsan, M. F., White, J. E., Maheshwari, J. G., Bremner, T. A., & Sacco, J. (2000). 568 

Resveratrol induces Fas signalling-independent apoptosis in THP-1 human monocytic 569 

leukaemia cells. British Journal of Haematology, 109(2), 405–412. 570 

Wollowski, I., Rechkemmer, G., & Pool-Zobel, B. L (2001). Protective role of 571 

probiotics and prebiotics in colon cancer. The American Journal of Clinical Nutrition, 572 

73(2), 451S–455S. 573 

Zhang, W., Xu, P., & Zhang, H. (2015). Pectin in cancer therapy: A review. Trends in 574 

Food Science and Technology, 44, 258–271.  575 

Zhang, W. B., Gao, L., Shi, X. F., & Zhang, Q. L (2007). Determination of the 576 

molecular mass of modified citrus pectin using high performance size exclusion 577 

chromatography. Chinese Journal of Chromatography, 25(5), 711–714. 578 

  579 



 

Figure captions 580 

Figure 1. Scheme of the extraction procedure employed to obtain the five different 581 

extracts, named Pectoliv, from olive by-product by different thermal and chemical 582 

treatments and yield (g/dry kg alperujo). Three of the extracts were bleached with sodium 583 

chlorite in acidic conditions. 584 

Figure 2. Anti-proliferative activity of the extracts obtained by thermal (Pectoliv-80, -120 585 

and -160) or thermal and chemical (Pectoliv-80A and -120A) treatment at four different 586 

concentration, as compared to MCP. Neutral red uptake was determined after incubation 587 

of Caco-2 cells for 1 to 7 days. Data are the mean of three replicates ± SD. * indicate 588 

statistical significant difference between sample and vehicle control for each incubation 589 

period and # indicate statistical difference of the all samples for the day of incubation 590 

(one way ANOVA-LSD test, p<0.05).    591 

Figure 3. Antioxidant capacity of Pectoliv extracts (unbleached and bleached extracts) 592 

compared to those for commercial modified citrus pectin (MCP). Oxygen radical capacity 593 

(ORAC) is expressed as μmol Trolox equivalent /g extract.  Average, and standard 594 

deviations are shown (n = 3).  595 

Figure 4. Refractive index elution profiles of the Pectoliv extracts obtained by high 596 

performance size exclusion chromatography using two TSK gel columns (GMPWXL and 597 

G3000PWXL) placed in a series. Numbers above the peaks represent molar masses of 598 

dextran standards. 599 

Figure 5. Effect of unbleached and bleached Pectolive extracts on proliferation of (A) 600 

Caco-2 and (B) THP-1 cells. Cells were cultured in 96-well plates (5 x 103 cells/well) in 601 

culture medium containing 2.5, 5 and 10 mg/mL of extract (Pectoliv-80, -80A, -160, and 602 

MCP unbleached and bleached) and a control (without extract). For the Caco-2 cells, 603 

Uptake of neutral red by Caco-2 cells was determined after incubation for 1, 2, 3, 4 or 7 604 

days, and reduction of MTT by THP-1 cells was determined after incubation for 1, 2, 3 or 4 605 

days. Data represent the mean of three incubations ± SD. * indicate statistical significant 606 



 

difference between sample and vehicle control for each incubation period, # indicate 607 

statistical difference of the all samples for the day of incubation (one way ANOVA-LSD 608 

test, p<0.05).    609 
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Table 1. Chemical composition (g/100 g) and glycosyl residue composition (% molar ratio) 632 

of Pectoliv extracts obtained by thermal (Pectoliv-80, -120 and -160) or thermal and 633 

chemical (Pectoliv-80A and -120A) treatment as compared to modified citrus pectin 634 

(MCP). The data shown are mean ± standard deviation. Rha: rhamnose; Xyl: xylose; Man: 635 

mannose; Gal: galactose; Glc: glucose; UrA: uronic acids. N.D. not detected. 636 

 637 

    Pectoliv 

 
MCP 80 80 A 120  120 A  160 

Uronic acid 51.52 ± 7.78 26.98 ± 2.6 29.93 ± 0.92 42.29 ± 1.87 48.51 ± 1.27 38.67 ± 0.59 
Neutral sugar 5.24 ± 0.07 23.33 ± 3.00 30.22 ± 0.92 28.78 ± 0.90 29.92 ± 0.60 36.28 ± 1.93 

Phenol 0.15 ± 0.01 8.08 ± 0.1 10.93 ± 0.32 4.54 ± 0.13 4.71 ± 0.06 4.93 ± 0.08 
Total 56.91 58.39 71.08 75.61 83.14 79.88 

                  
UrA 90.77 ± 0.35 51.46 ± 0.00 49.22 ± 0.00 58.97 ± 0.00 61.51 ± 0.00 50.67 ± 0.00 
Rha 1.69 ± 0.11 4.47 ± 0.11 5.82 ± 0.36 5.49 ± 1.97 6.03 ± 0.37 6.28 ± 0.16 
Fuc N.D 0.22 ± 0.01 0.31 ± 0.02 0.21 ± 0.04 0.22 ± 0.00 0.32 ± 0.01 
Ara 1.08 ± 0.14 22.62 ± 2.30 23.11 ± 0.28 12.50 ± 0.98 11.00 ± 0.31 14.44 ± 0.52 
Xyl 0.49 ± 0.04 1.93 ± 0.13 2.12 ± 0.05 4.21 ± 0.24 3.75 ± 0.09 5.84 ± 0.21 

Man 0.56 ± 0.07 1.70 ± 0.08 1.82 ± 0.03 2.49 ± 0.29 2.44 ± 0.04 3.64 ± 0.18 
Gal 4.67 ± 0.08 11.97 ± 0.82 13.36 ± 0.07 12.15 ± 0.51 11.29 ± 0.35 14.60 ± 0.56 
Glc 0.63 ± 0.01 3.37 ± 0.26 3.70 ± 0.05 3.45 ± 0.18 3.41 ± 0.06 3.28 ± 0.01 

 638 

  639 



 

 640 

Tabla 2. Chemical composition (g/100 g) and glycosyl residue composition (% molar ratio) 641 

of bleached Pectoliv extracts (Pectoliv-B) and commercial modified citrus pectin (MCP-B). 642 

The data shown are mean ± standard deviation. Rha: rhamnose; Xyl: xylose; Man: 643 

mannose; Gal: galactose; Glc: glucose; UrA: uronic acids. N.D. not detected. 644 

  

Pectoliv-B 

 
MCP-B 80 80 A 160 

Uronic acid 37.03 ± 4.94 29.41 ± 2.83 23.79 ± 2.45 56.45 ± 1.51 
Neutral sugar 4.52 ± 0.51 29.54 ± 3.20 33.71 ± 5.10 24.82 ± 1.78 

Phenol N.D 
Total 41.55 58.95 57.50 81.27 

                          
UrA 87.33 ± 2.64 49.45 ± 6.02 41.53 ± 4.96 69.49 ± 1.40 
Rha 3.56 ± 1.68 5.29 ± 0.97 5.18 ± 1.52 5.47 ± 0.29 
Fuc 0.29 ± 0.05 0.36 ± 0.01 0.36 ± 0.08 0.32 ± 0.01 
Ara 1.61 ± 0.09 23.42 ± 2.71 24.83 ± 1.16 7.88 ± 0.22 
Xyl 0.94 ± 0.09 1.71 ± 0.13 6.96 ± 8.75 2.97 ± 0.13 

Man 0.38 ± 0.13 2.46 ± 0.03 2.09 ± 0.32 2.21 ± 0.82 
Gal 3.59 ± 0.48 14.21 ± 1.95 15.84 ± 0.90 10.04 ± 0.23 
Glc 2.31 ± 0.31 3.09 ± 0.28 3.22 ± 0.32 1.63 ± 0.02 
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