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Legends to Figures: 

Fig S (1a):  Effect of time on the production of HMF during nitric acid extraction of pectic polysaccharides 

Fig S (1b):  Effect of time on the production of furfural during nitric acid extraction of pectic polysaccharides  

Fig S (2a): Relative abundance of log MW values derived from Size exclusion chromatograms of 

polysaccharides extracted from BP by enzymatic and nitric acid 

Fig S (2b): Relative abundance of log MW values derived from Size exclusion chromatograms of 

polysaccharides extracted from PP by enzymatic and nitric acid 

Fig S (2c): Relative abundance of log MW values derived from Size exclusion chromatograms of 

polysaccharides extracted from SBP by enzymatic and nitric acid 

Fig S (2d):  Relative abundance of log MW values derived from Size exclusion chromatograms of 

polysaccharides extracted from OH by enzymatic and nitric acid  

Fig S (2e): Relative abundance of log MW values derived from Size exclusion chromatograms of 

polysaccharides extracted from OH by Ammonium oxalate and sodium hexametaphosphate  

Fig S (3a) : HPAEC chromatogram of the monosaccharides produced during nitric acid extraction of pectin from 

sugar beet pulp 

Fig S (3b) : HPAEC chromatogram of the monosaccharides produced during enzymatic extraction of pectin from 

sugar beet pulp 
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               Fig S (2a) 

1. EAE: Peaks of MW (I) 18479-2604 (II) 2604-507 (III) 507-33  

2. NAE: Peaks of MW (I) 5371981-10554 (II) 10554-702 (III) 702-40 

 

The highest peak is put on 100% 

 

 

 

 

 

 

 

 

 

 

 

 



 

  Fig S (2b) 

1. EAE: Peaks of MW (I) 163374-30252 (II) 30252-2766 (III) 2766-540 (IV) 540-28  

2. NAE: Peaks of MW (I) 1461234-6079 (II) 6079-647 (III) 647-31 

 

The highest peak is put on 100% 

 

 

 



 

     Fig S (2c) 

1. EAE: Peaks of MW (I) 2299596-167967 (II) 167967-5963 (III) 5963-341 (IV) 341-54  

2. NAE: Peaks of MW (I) 1513202-118702 (II) 118702-2939 (III) 2939-476 (IV) 476-31  

 

The highest peak is put on 100% 

 

 

 

 

 

 

 

 



 

        Fig  S (2d) 

1. EAE : Peaks of MW (I) 224565-9567 (II) 9567- 444 (III) 444-45 

2. NAE: Peaks of MW (I) 295827- 9682 (II) 9682- 453 (III) 453- 49 

 

The highest peak is put on 100% 

 

 

 

 

 

 

 

 

 

 

 



 
      Fig S (2e) 

1. AO: Peaks of MW (I) 145352-961 (II) 961-39  

2. SHMP: Peaks of MW (I) 119497-1814 (II) 1814-588 (IV) 588-29  

 

The highest peak is put on 100% 

 

MW: molecular weight; BP: berry pomace; PP: pressed pumpkin; SBP: sugar beet pulp; OH: onion hulls 
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Abstract α 26 

The influence of different extraction methodologies was assessed on the composition 27 

of both neutral (arabinose, rhamnose, galactose) and acidic (galacturonic acid) pectic 28 

polysaccharides obtained from four agro-industrial residues viz. berry pomace (BP), onion 29 

hulls (OH), pressed pumpkin (PP) and sugar beet pulp (SBP). For acidic pectic 30 

polysaccharides, the extraction efficiency was obtained as: BP (nitric acid-assisted extraction-31 

2h-62.9%), PP (enzymatic-assisted extraction-12h-75.0%), SBP (enzymatic-assisted 32 

extraction-48h-89.8% and nitric acid-assisted extraction-4h-76.5%) and OH (sodium 33 

hexametaphosphate-assisted extraction-0.5h-100% and ammonium oxalate-assisted 34 

extraction-0.5h-100%). For neutral pectic polysaccharides, the following results were 35 

achieved: BP (enzymatic-assisted extraction-24h-85.9%), PP (nitric acid-assisted extraction-36 

6h-82.2%) and SBP (enzymatic assisted extraction-48h-97.5% and nitric acid-assisted 37 

extraction-4h-83.2%). Based on the high recovery of pectic sugars, SBP and OH are 38 

interesting candidates for the further purification of pectin and production of pectin-derived 39 

products.  40 

 41 

Keywords: Berry pomace, Onion hulls, Pressed pumpkin, Sugar beet pulp, Extraction, Neutral 42 

and acidic pectic polysaccharides, Pectin, Pectin based derivatives. 43 

 44 
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1. Introduction 51 

During the production of agricultural commodities, various agro-industrial residues 52 

are generated that can be a potential source of valuable compounds, such as antioxidant, 53 

protein, pigment and starch. Some of these residues are rich in pectin- a carbohydrate 54 

polymer. The structure of pectin is hypothesized to be made of smooth and hairy regions. The 55 

smooth region, also known as homogalacturonan, is composed of (1,4)- linked galacturonic 56 

acid residues backbone while the hairy region, recognized as rhamnogalacturonan, comprises 57 

an alternating backbone of galacturonic acid and rhamnose residues (→ 2)-α–L-Rha- (1→4)- 58 

α-D-GalA-(→1 )n .
1 

The hairy appearance of RG is due to the presence of branched arabinan, 59 

galactan, arabinogalactan chains at O-4 of rhamnose residues.
2
 60 

Pectin is typically categorized into three classes: (1) soft pectins, extractable with 61 

dilute salt solutions; (2) chelator-soluble pectins, extractable with calcium-chelating solutions 62 

such as ethylenediaminetetraacetic acid, cyclohexanediaminotetraacetic acid and sodium 63 

hexametaphosphate, and (3) protopectin, extractable with alkali or hot dilute acid solutions.
3 64 

The widely used method for liberating pectin from plant materials is acidic extraction. The 65 

principle involves the hydrolysis of the protopectin which results in diffusion of pectin from 66 

the cell walls.
4
 The extraction with chelators, on the other hand, liberates calcium bound 67 

pectin by loosening the egg box structures formed by homogalacturonan and calcium 68 

complex.
5
 69 

A major challenge in pectin recovery from residues concerns the extraction process 70 

used for its isolation. Previous studies have indicated that the extraction process can cause a 71 

high degree of pectin degradation, resulting in a low yield and a loss of pectin functionality 72 

i.e. gelling property.
6 

This can partially be due to the uncontrolled generation of pectic 73 

monomers, as a result of partial pectin hydrolysis, that fail to precipitate during purification. 
7 74 

Knowledge on these monomers, present in the crude extract but lost during pectin 75 
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purification, aids to design a high yield recovery of minimally damaged pectic 76 

polysaccharides. 77 

Moreover, there is an increasing interest in pectin-based derivatives. This includes for 78 

instance the pectic oligosaccharides with a dedicated chain length that recently have gained 79 

interest as a potential prebiotic agent and are produced from the homogalacturonan and 80 

rhamnogalacturonan moieties.
8 

These type of products are in full exploration and are not 81 

expected to have the same requirements as that of  pectin which is used for traditional 82 

applications. To reduce production costs, they are produced from a crude rather than from a 83 

purified pectin, and their compositional and molecular requirements, as galacturonan content 84 

or esterification degree, may be different. Therefore, also for this applications an accurate 85 

knowledge is needed on the influence of the extraction technology on the chemical 86 

composition of the crude extract.  87 

For the production of these dedicated pectin-based derivatives, un-common agro-88 

industrial by-products may become of value. This includes for instance by-products that are 89 

smaller in volume, different in composition or not having the required properties as the ones 90 

typically used for pectin production. Berry pomace (BP), onion hulls (OH) and pressed 91 

pumpkin (PP) are by-products generated during processing of berries, onions and pumpkin. 92 

These by-products are expected to have potential because they have not extensively been 93 

exploited for commercial purposes. Their properties can however not be assessed properly 94 

since only scanty literature is available on their pectin content/pectic saccharide composition. 95 

9-12 
Sugar beet pulp (SBP), on the other hand, a by-product of sugar beet processing, is more 96 

widely studied and contains 12-13% pectin on dry matter basis.
13 

Nevertheless, the highly-97 

branched pectin composition makes it less suitable for typical pectin applications, 98 

necessitating the search for other types of outlets.  99 
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It has been reported that different sources of pectin are affected differently by various 100 

extraction conditions.
14 

The main aim of the present study is therefore to study the effect of 101 

the extraction on the composition of neutral (arabinan, galactan side chains) and acidic 102 

(galacturonic acid polysaccharide) pectic polysaccharides and their degradation into low 103 

molecular weight sugars in the crude extract. Four different wastes are assessed, being BP, 104 

OH, PP and SBP, and the effect of different extraction methods, viz., the use of acids (nitric 105 

acid), enzymes and chelators is analyzed on the recovery and composition of crude pectic 106 

polysaccharides.  107 

 108 

 109 

 110 

 111 

 112 

 113 

 114 

 115 

 116 

 117 

 118 

 119 

 120 

 121 

 122 

 123 

 124 
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2. Material and Methods 125 

2.1 Raw material 126 

The agro-industrial residues i.e. onion hulls (OH) and sugar beet pulp (SBP) were 127 

provided in a dried condition by the Institut fur Getreideverarbeitung (IGV GmbH), Germany. 128 

Dried and deseeded berry pomace (BP) was provided by Eco Treasures, Belgium. Pressed 129 

pumpkin cake (PP) was procured in a wet condition from Provalor, The Netherlands, and then 130 

dried for 24 h in a vacuum oven (Thermo Scientific) to a moisture content of 7-8%. The 131 

residues were milled with a laboratory blender (Kenwood), sieved to a particle size smaller 132 

than 0.8 mm, and stored in zip-lock bags at room temperature until use. Celluclast 1.5 L (C-133 

2730), Viscozyme L (V-2010) and standards for rhamnose, arabinose, galactose, xylose, 134 

glucose, fructose and galacturonic acid were purchased from Sigma-Aldrich (St. Louis, MO, 135 

USA) and Merck (Germany). The dextran oligomers (molecular mass 180-1223000 Da) and 136 

analytical grade chemicals used during extraction were also purchased from Sigma-Aldrich. 137 

2.2 Total sugar composition of the raw material 138 

The total sugar composition of the raw materials was determined by performing two 139 

types of hydrolysis followed by the analysis of the monosaccharides. In the first, ground BP, 140 

PP, SBP and OH residues (1 g each) were subjected to enzymatic hydrolysis at a substrate 141 

concentration of 5% (w/v) in 100 mL erlenmeyer flasks. An enzyme cocktail of Celluclast 142 

1.5L and Viscozyme L, each at 20 U/g d.m. (based on filter paper activity, FPU/ mL), was 143 

added to the biomass suspended in 50 mmol/L citrate buffer (pH 4.8). The filter paper activity 144 

of the enzymes was analyzed using laboratory analytical procedure of National Renewable 145 

Energy Laboratory.
15 

The flasks were incubated in an incubator shaker (Innova, New 146 

Brunswick, USA,) at 48 °C and 150 rpm for 48 h. The hydrolyzed biomass was centrifuged at 147 

5000 xg for 10 min. The supernatant (containing the monosaccharides) was assayed for its 148 

monosaccharide composition by high performance anion exchange chromatography with 149 
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pulsed amperometric detection (HPAEC-PAD, see Section 2.4). Fructose and glucose were 150 

corrected for the amounts of sucrose present in the enzyme cocktail. In comparison, also a 151 

seamans hydrolysis was performed. In short, it comprises of treatment of biomass with 11.5 152 

M H2SO4 at 20 °C for 2 h followed by dilution of 11.5 M H2SO4 to 1 M and further keeping at 153 

100 °C for 2h.
16 

The hydrolyzed biomass was centrifuged at 5000 xg and analyzed on 154 

HPAEC-PAD (HPAEC-PAD, see Section 2.4. 155 

2.3 Extraction of pectin from agricultural residues 156 

To extract intact pectic polysaccharides from the four agro-industrial residues, three 157 

types of extraction methods were investigated. All the extraction processes were carried out in 158 

100 mL conical flasks using 1g of biomass at 5% (w/v) substrate loading. Enzymatic 159 

hydrolysis was carried out using Celluclast 1.5 L which primarily contains cellulases (endo-160 

glucanase units) and has been found to be effective in extracting pectin from plant cell 161 

walls.
17 

While acid extraction was carried out using dilute nitric acid.
18

 For the extraction of 162 

pectin from OH, in addition to acid and enzyme extraction, chelator based extraction was 163 

carried out using ammonium oxalate 
11 

and sodium hexametaphosphate.
19  

The selection of 164 

extractant was based on the inefficiency of conventional extractant i.e. enzyme and nitric acid 165 

to release pectin from OH stated elsewhere in the article. After each extraction, the biomass 166 

was centrifuged at 5000 x g for 10 min and the supernatant was assayed for sugars on 167 

HPAEC-PAD (see Section 2.4). The extraction conditions for different agro-industrial wastes 168 

is given in Table 1. 169 

Also, the monosaccharide and polysaccharide composition of each biomass was 170 

determined by dissolving the sample (1g) at 5% (w/v) in distilled water at 48 °C for 4h. 171 

2.4 Analysis of total free monosaccharides and pectic polysaccharides by HPAEC-PAD 172 

All extracts were analyzed on HPAEC-PAD in two ways, i.e., without further 173 

treatment to assess its monosaccharide content, and after complete hydrolysis to determine its 174 
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total saccharide content. The amount of dissolved pectic oligo- and polysaccharides, was 175 

determined by correcting the total amount of saccharides detected after hydrolysis by the 176 

amount of monosaccharides already present in the extract.  177 

To achieve a complete hydrolysis and full recovery of the monomers of galacturonic 178 

acid and the neutral sugars, the extraction fluid was post-hydrolyzed by digestion with 5% 179 

(v/v) of Viscozyme L at 45 °C for 24 h. 
20  

Viscozyme L is a multienzyme complex composed 180 

of pectinases, hemicellulases and arabinases. 
21 

The hydrolysis method is based on the work of 181 

Martinez and coworkers.
22 

It is worth mentioning  that the commonly used acid hydrolysis 182 

was not suitable for these pectin rich extracts, even when applying the mild conditions of the 183 

seamans hydrolysis. In all cases low amounts of galacturonic acid were found due to 184 

degradation (data not given). After hydrolysis, the enzyme was inactivated by a thermal 185 

treatment at 100 °C for 5 min and the liquid was centrifuged at 5000 x g for 10 min to get a 186 

clear supernatant. Samples of the extraction fluid were adequately diluted and injected into a 187 

high performance anion exchange chromatography with pulsed amperometric detection 188 

(HPAEC-PAD).  189 

The HPAEC-PAD used for analytical purpose is a Dionex ICS-5000 model (Thermo 190 

Scientific, Inc., USA) equipped with an ED-5000 electrochemical detector. The separation of 191 

monosaccharides was carried out with a Carbopac PA -1 (4mm X 250mm X 4 mm) column 192 

coupled to a guard column Carbopac PA- 1 (4mm X 50 mm X 4mm) column. The analyses 193 

were performed using a gradient of deionized water (eluent A and D), 250 mM sodium 194 

hydroxide (eluent B) and 1 M sodium acetate (eluent C). The mobile phase was used at a flow 195 

rate of 1 mL/min for 46 min. The monosaccharides were quantified by comparing them with 196 

the concentration of known standard solutions (ranging from 10 mg/L to 1000 mg/L) of 197 

rhamnose, arabinose, galactose, glucose, xylose, fructose and galacturonic acid.  198 

 199 
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2.5 Analysis of hydroxymethyfurfural (HMF) and furfural. 200 

 The formation of HMF and furfural in acid treated samples were determined by 201 

UPLC. The system used was from Waters coupled with a PDA UV detector, a column, 202 

Kinetex 2.6µ biphenyl 100A with dimensions of 100 mm X 2.1 mm. The flow rate was 203 

maintained at 0.4 mL/min. The integration of the peaks were done on the basis of wavelength 204 

at 240 nm. The temperature of the column was set at 40 °C. The system was eluted 205 

isocratically with a mixture of 99% water and 1% acetonitrile. 206 

2.6 Analysis of the methylation and acetylation degree.  207 

Methylation and acetylation degrees were determined as previously reported.
23  

208 

Briefly, 30 mg of freeze dried crude extracts containing pectic material were incubated (2 h, 209 

room temperature) with 1 ml 0.4 M NaOH in D2O and 0.1 ml of internal standard (TSP, 2 210 

mg/ml in D2O). The supernatant was centrifuged (Centrifuge eppendorf 5810R, 211 

EPPENDORF Augsburg, Germany), clarified (nylon syringe filter system, 0.4 µm) and 212 

transferred in NMR-tubes. 
1
H NMR spectra were acquired on a VARIAN-INOVA 600 MHz 213 

spectrometer, equipped with a triple resonance inverse probe (HCN), operating at 599.736 214 

MHz for proton. Spectra were collected at 298 K, with 32K complex points, using a 90◦ pulse 215 

length. 128 scans are acquired with a spectral width of 7196.8 Hz, an acquisition time of 2.53 216 

and a relaxation delay (d1) of 5s. The experiments were carried out with water suppression by 217 

low power selective water signal presaturation during 5 s of the relaxation delay. The NMR 218 

spectra were processed by MestreC software. The quantitative determination of acetic acid, 219 

methanol and ferulic acid was obtained by manual integration of the corresponding signals 220 

(1.920 ppm for acetic acid and 3.358 for methanol) and the comparison with the TSP area.  221 

2.7 Assessment of the molecular weight.  222 

The molecular weight (MW) of pectic polysaccharides from BP, SBP, PP and OH was 223 

determined by gel permeation chromatography against dextran standards. In this system, the 224 
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pectic polysaccharides are separated based on their different hydrodynamic volumes (radius 225 

of gyration). Since the MW estimations were done using dextran standards which have 226 

different hydrodynamic volumes as compared to pectic polysaccharides, only approximate 227 

estimations of the molecular weight were obtained. All the samples were filtered through a 228 

0.45 µm membrane filter prior to analysis. A gel permeation chromatography system from 229 

Shimadzu, Japan was used and consisted of a solvent degasser (DGU-20 A), quaternary pump 230 

(LC-20AT), refractive index detectors (RID-10A), auto sampler (SIL-20ACHT) and column 231 

oven (CTO-20AC). An isocratic method using 0.1% sodium nitrate as eluent was applied. The 232 

flow rate was maintained at 0.6 mL/min and the temperature of the columns was maintained 233 

at 40° C. The system contained a guard column followed by two separation columns, i.e. 234 

Ultrahydrogel column 120 and a Ultrahydrogel column 500, both with dimension of 7.8 × 300 235 

mm (Waters) and an exclusion limit of respectively 5x10
3 

and
 
4x10

5
. All the chromatograms 236 

were corrected for the contribution of the enzyme/ acid/ chelator by substracting the 237 

corresponding peaks. 238 

2.8 Statistical analysis and assessment of the extraction efficiency 239 

All the experiments were conducted in triplicate and the mean and standard deviation 240 

were calculated using MS Excel software. Wherever necessary, the data were analyzed with 241 

one way ANOVA and LSD (P < 0.05) for tests of significance with JMP software (SAS Inc, 242 

Cary, NC, USA).  243 

The percent extraction efficiency of pectic polysaccharides extracted from agro-industrial 244 

residues was determined by the following formula: 245 

𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =  
(𝐶𝑡𝑜𝑡𝑎𝑙,𝑒𝑥𝑡𝑟 − 𝐶𝑚𝑜𝑛𝑜,𝑒𝑥𝑡𝑟)

𝐶𝑡𝑜𝑡𝑎𝑙,𝑏𝑖𝑜𝑚𝑎𝑠𝑠
 𝑥100 
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Ctotal, extr = total concentration of galactose, arabinose and galacturonic acid found in 246 

the extract after post-hydrolysis. Expressed relative to the biomass treated (in w/w 247 

DM). 248 

Cmono, extr = concentration of free galactose, arabinose and galacturonic acid found in 249 

the extract by direct analysis. Expressed relative to the biomass treated (in w/w DM). 250 

Ctotal, biomass = concentration of galactose, arabinose, and galacturonic acid found after 251 

hydrolysis of the biomass. Expressed relative to the biomass treated (in w/w DM). 252 

The extraction efficiency of rhamnose is not shown owing to its very low concentration in the 253 

biomass considered. 254 

 255 

 256 

 257 

 258 

 259 

 260 

 261 

 262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 

 270 
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3. Results and Discussion 271 

3.1 Total sugar (galacturonic acid and neutral sugar) composition of berry pomace (BP), 272 

pressed pumpkin (PP), sugar beet pulp (SBP) and onion hulls (OH)  273 

To determine the composition of pectic polysaccharides, the biomass was hydrolyzed 274 

and analyzed for monosaccharides. In particular, these are galacturonic acid as acidic sugar, 275 

and arabinose, galactose and rhamnose as neutral sugars. In the present study, acid hydrolysis 276 

(Seamans hydrolysis) was initially used as a first choice to completely hydrolyse the biomass 277 

and determine constituent sugars. It was found that in all cases significantly low amounts of 278 

galacturonic acid ware obtained (data not shown), which relates to rapid breakdown to other 279 

degradation products. Therefore second method of hydrolyzing the biomass with enzyme 280 

containing cellulolytic, pectinolytic and hemicellulolytic activities was then evaluated. Both 281 

Viscozyme and celluclast contains several activities in the form of endoglucanase, 282 

endoxylanse, pectinase, endomannase, polygalacturonase, total cellulase, cellobiohydrolase, 283 

β-D-glucosidase, β-D-mannosidase, β-D-xylosidase, α-L-arabinofuranosidase in various 284 

proportions.
24

 Using enzyme cocktail, the obtained values of glucose and xylose were lower, 285 

which could be due to lesser β-glucosidase and β-xylosidase activity of enyme cocktail. 286 

Therefore, to obtain the most representative estimation, the values of galacturonic acid, 287 

galactose, fructose, rhamnose and arabinose are taken from enzymatic hydrolysis while 288 

glucose and xylose were obtained from acid hydrolysis. As also stated in the review of Sluiter 289 

et al., each method has its limitations and there is still a need to develop methods for complete 290 

hydrolysis of the feedstocks.
25 

Moreover, its possible that the standard method like NREL and 291 

Seamans hydrolysis which are mainly developed for lignocellulosic biomass are not 292 

completely suitable for pectin containing biomass due to sensitivity of galacturonic acid 293 

moiety. Table 2 shows the constituent sugars present in various agro-industrial residues. The 294 

results are expressed as % (w/w) d.m. The galacturonic acid content of OH is the highest 295 
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(19.3 ± 0.9 %) followed by SBP (17.3 ± 0.9%), PP (5.6 ± 0.1 %) and BP (5.9 ± 0.6 %), 296 

respectively. The value of galacturonic acid obtained for SBP in the present study is slightly 297 

lower than the 21.9% (w/w) d.m. found by Leijdekkers et al.
26 

This can be due to a different 298 

source of the sugar beet pulp starting material.  299 

In addition to acidic sugars, some agricultural residues contain significant amounts of 300 

the pectin-related neutral sugars i.e. rhamnose, arabinose and galactose.
27  

In the present study, 301 

the total neutral sugar composition calculated as the sum of the individual neutral sugars, 302 

varied from 25.2% to 44.1% for PP and SBP respectively (Table 2). Whereas, the neutral 303 

sugar content of both BP and OH are 39.1% and 36.3%, respectively. The arabinose content is 304 

the highest in SBP (16.6 ± 0.6%) while the other residues contains low amounts (0.3 ± 0.1% 305 

to 0.9 ± 0.1%). The presence of minor amount of arabinose in OH in this investigation is in 306 

line with the results obtained by Matsura et al., who also found less arabinose in OH.
28

 The 307 

rhamnose content of SBP is the highest (1.2 ± 0.4%) followed by PP (0.6 ± 0.4%), OH (0.4 ± 308 

0.1%) and BP (0.4 ± 0.5%), respectively. The highest galactose content of 7.0 ± 0.9 % is 309 

found in OH followed by SBP (5.7 ± 0.1%), BP (4.7 ± 0.1%), and PP (3.7 ± 0.2%).  310 

In the residues other neutral sugars such as xylose, glucose and fructose are also found 311 

and considered to be primarily originating from the hemicellulose, cellulose and residual 312 

sucrose.
8 

The glucose content of residues range from 15.2 ± 0.3% to 26.1 ± 0.1% for PP and 313 

OH, respectively (Table 2). In case of BP and SBP, the glucose content account for 18.9 ± 0.5 314 

and 18.8 ± 0.2, respectively. A significant amount of fructose up to 8.9 ± 0.1% and 4.3 ± 0.2 315 

% is present respectively in BP and PP. Both OH and SBP contains negligible amount of 316 

fructose. Also, Chandrasekaran & Bahkali
 
found that some fruit processing residues contain 317 

significant amounts of inverted sugars.
 29

 The remaining constituents of the biomasses were 318 

not analysed and can comprise of protein, ash, unhydrolysed fiber etc. There is still a need to 319 

develop methods for complete biomass hydrolysis of the feedstocks.
29

 320 
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Thus, both SBP and OH contain pectic polysaccharides in a reasonable amount, while 321 

relatively low amounts of pectic polysaccharides are found in BP and PP. Also, based on the 322 

results, the highest rhamnogalacturonan sugars are found in SBP amongst the other residues. 323 

In the following sections the impact of different extractants on the extraction of pectic 324 

polysaccharides from the four residues are evaluated. 325 

3.2 Effect of different methods on the extraction of pectic polysaccharides from agro- 326 

industrial residues 327 

The effect of the hydrolysis time on the extraction of pectic polysaccharides from BP, 328 

PP, SBP and OH by both enzymatic and nitric acid treatment was evaluated. In addition, the 329 

extraction of pectic material from onion hulls also studied with the chelators mentioned earlier 330 

in the paper. In the following section, the polysaccharides relevant to pectin are described and 331 

the results are expressed as extraction efficiency and yield as % (w/w) on dry matter for all 332 

the residues. 333 

3.2.1 Berry pomace (BP) 334 

The pectin composition of BP is shown in Table 2, highlighting the presence of 335 

galacturonic acid and galactose as major pectic sugars. The data in Fig 1a shows that time has 336 

a significant effect on the recovery of galacturonic acid polysaccharides. A rapid increase in 337 

the galacturonic acid polysaccharides is seen in the first 24 h with an extraction efficiency of 338 

59.0% and a yield of 3.5% (Fig 1 a). It has been reported that cellulase breaks down the 339 

cellulosic material and β-glucanase further converts cellobiose to glucose, thereby liberating 340 

pectin during hydrolysis.
16 

Simultaneously, also increasing amounts of free galacturonic acid 341 

is formed during the extraction, accounting for 20.0% at 24h and additionaly also doubles by 342 

the end of 48h. Celluclast 1.5L is a multi-enzyme complex composed of different enzyme sub 343 

components in different titres. In addition to the cellulase activity, also polygalacturonase and 344 

arabinase activity are present.
22 

These side-activities are considered to be responsible for 345 
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increased monosaccharide concentration at extended extraction times. At the optimal 346 

extraction time of 24h, the extraction efficiency of galacturonic acid comprises of 59.0% 347 

polysaccharides and 20.5% monosaccharides which indicates that 20.0% of galacturonic acid 348 

remains unextracted. Ptichkina et al., studied the recovery of pumpkin pectin and 349 

demonstrated that the use of an enzyme from Aspergillus awamori having higher cellulase 350 

activity (β-glucanase) gave higher pectin recovery than the enzyme prepared from 351 

Trichoderma viridae.
30 

In the present study, enzyme from Trichoderma viridae was used 352 

which has multi-component enzyme activity as mentioned earlier and therefore could be 353 

responsible for lower activity and hence lesser yield. For the treatment with nitric acid, time 354 

has insignificant effect on the galacturonic acid polysaccharide extraction from BP (Fig 1b). 355 

The highest extraction efficiency of 62.9% with a corresponding yield of 3.7% is obtained at 2 356 

h with a levelling off of the concentration after this time. Negligible amounts of 357 

monosaccharides are formed (Fig 1b). A comparison of the results of Table 2 with those in 358 

Fig 1b, suggests that at an ideal extraction time with nitric acid solution, still 37.1% of 359 

galacturonic acid polysaccharides remains unextracted. For neutral sugars, the enzymatic 360 

extraction at 24h results in highest extraction and yield of galactose polysaccharides i.e. 361 

85.9% and 4.0% respectively (Figure 1a). Also, the presence of 0.025% (w/w) HMF is 362 

observed at the end of hydrolysis, which is likely from the degradation of monosaccharides 363 

(Fig S1 a).  364 

Based on the results obtained it can be inferred that nitric acid extraction seems to be 365 

more effective for the extraction of galacturonic acid polysaccharides and enzymatic 366 

extraction more suitable for galactose polysaccharides extraction from BP which can be 367 

explained owing to structure of the raw material. It is very likely that the source of enzyme 368 

and the nitric acid concentration play a significant role in the extraction. Nevertheless, further 369 
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investigation with other extractants is needed to recover all the galacturonic acid 370 

polysaccharides from BP. 371 

3.2.2 Pressed pumpkin (PP) 372 

Pumpkin cake contains mainly galacturonic acid, galactose and smaller amount of 373 

arabinose (Table 2). It is evident from Fig 2a, that hydrolysis time in enzymatic extraction has 374 

insignificant effect on the extraction of galacturonic acid polysaccharide. An extraction 375 

efficiency of 75.0% with corresponding yield of 4.3% is obtained after 12 h of hydrolysis. 376 

Production of insignificant amounts of monosaccharides of 0.3% and 0.6% are seen at 36 and 377 

48 h respectively with enzymatic extraction, which can probably be due to polygalacturonase 378 

activity of cellulase.
22

 In case of nitric acid extraction, at 6 h, an extraction of 59.2% 379 

galacturonic acid polysaccharides are obtained (Fig 2b). The extraction behavior of the 380 

polysaccharidesin case of BP was differenet as the time of hydrolysis (with nitric acid) has 381 

insignificant effect on the yield. Differences in the structure of plant material are likely to 382 

have a significant effect on the extraction processes.
31

 383 

For neutral sugars, the highest extraction of galactose polysaccharides is 44.3% and 384 

82.2% at 12 h and 6 h hydrolysis with enzymatic and nitric acid extraction, respectively (Fig 385 

2a and 2b). Small amount of arabinose polysaccharides (< 1% ) are also extracted by both the 386 

extractants (Fig 2a and 2b). It should be noted that in PP, about 18.9% monosaccharides are 387 

already present in the control extraction. It is worth mentioning here that some HMF is 388 

formed in the beginning of hydrolysis which is due to presence of monosaccharides of 389 

galactose and a further increase in HMF content after 6 h is noted (Fig S1 a). Formation of 390 

furfurals were also observed in the beginning of hydrolysis and their content levelled off 391 

thereafter (Fig S1 b). Presence of furfurals indicates the degradation of pentose sugars i.e. 392 

arabinose also took place during hydrolysis. 393 
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Enzymatic extraction results in highest galacturonic acid polysaccharides yield, 394 

indicating the possible hydrolysis of cellulose which led to solubilization of pectin from cell 395 

wall. The extraction of galactose polysaccharides is higher with nitric acid which is in contrast 396 

with the results obtained for BP, clearly highlighting the differences in the structure of plant 397 

materials.  398 

3.2.3 Sugar beet pulp (SBP)   399 

The presence of both neutral and acidic sugars in sugar beet pulp indicates a 400 

substantial amount of neutral side chains and acidic backbone of pectic polysaccharides 401 

(Table 2). Fig 3a, shows that with the time of incubation in enzymatic extraction, a linear 402 

increase in galacturonic acid polysaccharides occurs. The highest extraction efficiency of 403 

89.8% and corresponding yield of 15.5% is obtained at 48 h. Throughout the enzymatic 404 

hydrolysis, monosaccharide production is not observed. These results are in contrast to the 405 

results obtained for BP and PP, wherein a degradation of acidic polysaccharides is noted with 406 

a simultaneous increase in monosaccharides. In case of nitric acid, an extraction of 407 

galacturonic acid polysaccharides is highest at 4 h with an extraction efficiency of 76.5% and 408 

yield of 13.2%, after which it levelled off (Fig 3b).  409 

 Amongst the neutral sugars present in SBP, the most important neutral sugar is 410 

arabinose followed by galactose (Table 2). The enzymatic extraction of arabinose 411 

polysaccharides does not result in any monosaccharide production (Fig 3a). The highest 412 

extraction efficiency of 97.5% and yield of 16.2% is obtained at 48h. However, a continuous 413 

decline of 1.2 and 1.6 fold arabinose polysaccharide at 6h and 8h is noted with nitric acid 414 

extraction (Fig 3b). Formation of furfural arising from the degradation of arabinose 415 

monosaccharides is also observed in SBP and their concentration increases with the increase 416 

in incubation time (Fig S1 b). Also a slight production of HMF is observed in the beginning 417 

of hydrolysis and their concentration levelled off thereafter (Fig S1 a). The enzymatic 418 
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extraction of galactose polysaccharides was highest at 48 h with an extraction efficiency of 419 

98.4% (Fig 3 a). As observed with BP, nitric acid is also not suitable for the extraction of 420 

galactose polysaccharides from SBP.  421 

From the above results, it is clear that both enzymatic and nitric acid extraction are 422 

suitable for pectic polysaccharide extraction from SBP with enzymatic extraction giving 423 

better efficiencies and yield. The cost of nitric acid is significantly lower than enzyme, 424 

therefore nitric acid can be considered as a cheaper extractant for pectic polysaccharide 425 

extraction from SBP, since extraction times are much shorter. 426 

3.2.4 Onion hulls (OH) 427 

Onion hulls have a good potential for pectic polysaccharide extraction because they 428 

contain a reasonable quantity of galacturonic acid (Table 2). As evident from the results given 429 

in Fig 4a, enzymatic extraction did not facilitate the extraction of galacturonic acid 430 

polysaccharides from OH and a yield of 2.1% was obtained at 12 h without further increase. It 431 

is likely that the pectin was strongly bound through calcium cross links and could therefore 432 

not be extracted by simple enzymatic hydrolysis (Fig 4a). To the best of our knowledge, this 433 

is the first time that the extraction of pectic polysaccharides from OH with enzymes is 434 

described. With nitric acid, although, an increase in hydrolysis time has a significant effect on 435 

the extraction, but the overall yield of galacturonic acid polysaccharides remains low. The 436 

highest galacturonic acid polysaccharide yield of 3.1% is achieved at 8 h (Figure 4b). A slight 437 

increase in furfurals are observed in onion hulls (Fig S1 b).  438 

Kalapathy & Procter 
32

 reported that acid strength used for extracting pectin from soy 439 

hull has a significant effect on pectin extraction while a longer time and higher extraction 440 

temperature does not affect the pectin yield. It is therefore likely that further lowering of pH 441 

can help in breaking the recalcitrant bonds to liberate pectin, but at the same time further 442 

lowering of pH can damage the neutral side chains.
8 

The inefficient extraction of galacturonic 443 
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acid polysaccharides by both acid and enzyme suggests that pectic substances in OH are 444 

tightly bound within the cell wall, probably via Ca
2+

 cross bridges between adjacent 445 

galacturonic acid sequences within pectin polymers.
11 

Therefore, extraction with two different 446 

chelators i.e. ammonium oxalate and sodium hexametaphosphate was investigated. The 447 

results in Fig 4c shows that the variation in galacturonic acid polysaccharide content is 448 

insignificant with respect to the concentration and time of ammonium oxalate extraction. The 449 

galacturonic acid polysaccharide are completely extracted with yield of 22.3% with 0.5% 450 

ammonium oxalate at 0.5h. For sodium hexametaphosphate, on the other hand, a significant 451 

interaction between extraction time and concentration of the chelator on galacturonic acid 452 

polysaccharide formation is observed (Fig 4d). Full extraction and a yield of 23.1% is 453 

obtained with 2% sodium hexametaphosphate at 0.5h with a marginal decline after 3% 454 

concentration. At sodium hexametaphosphate concentration of 4% and 5%, the pectin formed 455 

a highly viscous mass. This viscous mass may have induced diffusion limitation in the 456 

enzymatic post-hydrolysis which could be responsible for an underestimation. A lower 457 

extraction of galacturonic acid polysaccharide with sodium hexametaphosphate at 1 h in 458 

comparison to 0.5 h is observed (Fig 4d). However, it is likely that this low value is again due 459 

to an underestimation of galacturonic acid polysaccharide as explained previously. 460 

Yamaguchi et al., obtained maximum pectic polysaccharides from soy hull at sodium 461 

hexametaphosphate concentration of 2%. These results are in line with the results obtained in 462 

the present study, except that a slightly longer extraction time of 3.5 h was needed.
33

 The 463 

scarce availability of literature on the extraction of pectic polysaccharide from OH restricts 464 

the discussion about this specific residue. However, the results clearly demonstrate that the 465 

sodium hexametaphosphate and ammonium oxalate treatment solubilized most of the 466 

polygalacturonic acid from OH without production of monosaccharides. These results are in 467 

line with the results obtained by Kratchanova et al., for leek.
34

 They also found that the 468 
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extraction of pectic polysaccharides by chelators is less destructive. Furthermore, the 469 

remarkably high extraction obtained with sodium hexametaphosphate and ammonium oxalate 470 

confirms that most pectic substances are bound within the cell walls of OH via Ca
2+

 cross 471 

bridges between adjacent galacturonate sequences within pectin polymers.  472 

 Table 3 presents a brief summary of the results obtained at the best optimized 473 

conditions of extractants for polysaccharides extraction from all the four agro-industrial 474 

residues. Based on the detected amounts of free galacturonic acid and galactose, it is 475 

concluded that there are some losses in the quality of pectic polysaccharides during extraction 476 

at the best optimized condition. Especially, in PP, there is a loss of about 45.8% of galactose- 477 

containing polysaccharides, in BP of 20% galacturonic acid- containing polysaccharides and 478 

in SBP of 10.1% of arabinose- containing polysaccharide, respectively, with enzymatic and 479 

nitric acid extraction. In SBP, the extraction with enzymes and in OH, extractants, sodium 480 

hexametaphosphate and ammonium oxalate resulted in pectic polysaccharides without any 481 

degradation. Further studies on MW of pectic polysaccharides obtained at the optimized 482 

extraction conditions is given in section 3.4. 483 

3.3 Degree of Methylation (DM) and Acetylation (DAc) 484 

 The degree of methylation (DM) corresponds to the percentage of carboxyl groups 485 

esterified with methanol. The degree of acetylation (DAc) on the other hand, is the percentage 486 

of galacturonosyl residues esterified with one acetyl group.
35  

The results for the DM and DAc 487 

are shown in Table 3. As expected the SBP exhibits highest DAc (59.1%) as also found in the 488 

literature.
36 

In general, the DAc is high in pectin extracted by enzymatic extraction for SBP, 489 

PP and BP. Low values of DAc of pectin extracted by nitric acid from these residues could be 490 

due to an increased hydrolysis of acetyl esters by nitric acid. Some exceptions are found in 491 

OH, where in the highest DAc (21.0%) is exhibited by nitric acid extracted pectin (Table 3). 492 

On the other hand, the overall trend of increased DM is found in the samples treated with 493 
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nitric acid in comparison to enzymatic extraction. This effect could partly be due to the 494 

inactivation of demethylase enzyme by nitric acid resulting in higher DM of the samples. The 495 

highest value (> 50%) of DM is found in BP followed by PP, SBP and OH (Table 3).  496 

3.4 Molecular weight distribution of pectic polysaccharides extracted from agro-497 

industrial residues 498 

  The chromatogram showing the molecular weight distribution of polysaccharides 499 

obtained from agro-industrial residues at their best optimized conditions is shown in Fig S2. 500 

Since, no further purification was performed, the relative abundance of log MW values 501 

derived from size exclusion chromatogram constitutes information on the crude pectin. The 502 

crude pectin also contains contaminants like degradation products of cellulose and 503 

hemicellulose. The HPSEC chromatograms (Fig S2 a) show the MW distribution of 504 

polysaccharides extracted from BP with enzymatic and nitric acid extraction at their 505 

optimized levels. With nitric acid, higher molecular weight (MW) fractions i.e. 40-5371981 506 

Da are extracted in comparison to enzymatic extraction. Formation of lower MW fractions in 507 

enzymatic extraction is in agreement with the detection of higher amount of galacturonic acid 508 

monomers during extraction. Also, the presence of low molecular weight fractions in both 509 

enzymatic and nitric acid could be from the hydrolysis of cellulose. In case of PP, the higher 510 

MW fractions i.e. 31- 1461234 Da extracted with nitric acid show that there is less 511 

degradation of pectic polysaccharides in comparison to enzymatic extraction (Fig S2 b). In 512 

case of SBP, the fractions obtained with enzymatic extraction have higher MW 54- 2299596 513 

Da in comparison to nitric acid (Fig S2 c). This indicates higher degradation of pectic 514 

polysaccharides with nitric acid resulting in smaller MW fractions, which is evident from the 515 

degradation of arabinose polysaccharide (Fig 3 b). From the results of Fig S2 d it can be 516 

derived that in case of OH, fractions of lower MW are formed with both enzymatic and nitric 517 

acid extraction. In comparison, pectic polysaccharides extracted by chelators, reveal the 518 
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presence of one significant peak in ammonium oxalate (961-145352 Da) and sodium 519 

hexametaphosphate (1814-119497 Da) extracted pectic polysaccharides with few smaller 520 

peaks (Fig S2 e). Therefore, both sodium hexametaphosphate and ammonium oxalate can be 521 

considered as smooth extractant due to solubilization of higher molar mass.  522 

This study shows that out of the four residues i.e. sugar beet pulp (SBP), onion hulls 523 

(OH), berry waste (BW) and pressed pumpkin (PP), substantial amounts of galacturonic acid 524 

polysaccharides and both galacturonic and arabinose polysaccharides are present respectively 525 

in OH and SBP. This study provides information on the best suitable extraction method for 526 

producing a crude pectin extract causing minimal damage to pectic polysaccharides from the 527 

agro-industrial residues under study. The present research further broadens the possibilities 528 

for the production of pectic oligosaccharides and partly for producing minimally damaged 529 

pectin at an industrial scale especially useful for gelling properties.  530 
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Abbreviations: 544 

BP Berry pomace 

DAc Degree of acetylation 

DM Degree of methylation 

HPAEC-PAD High performance anion exchange chromatography-

pulsed amperometric detection 

HPSEC High performance size exclusion chromatography 

HMF Hydroxy methyl furfural 

OH Onion hulls 

POS Pectic oligosaccharides 

PP Pressed pumpkin  

MW Molecular weight 

SBP Sugarbeet pulp 
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Legends to Figures: 

Fig 1: Effect of time on the extraction of neutral and acidic pectic polysaccharides from berry 

pomace by (a) enzymatic and (b) chemical pretreatment  

Fig 2: Effect of time on the extraction of neutral and acidic pectic polysaccharides from 

pressed pumpkin by (a) enzymatic and (b) chemical pretreatment  

Fig 3: Effect of time on the extraction of neutral and acidic pectic polysaccharides from sugar 

beet pulp by (a) enzymatic and (b) chemical pretreatment  

Fig 4: Effect of time on the extraction of neutral and acidic pectic polysaccharides from onion 

hulls by (a) enzymatic and (b) chemical pretreatment (c) ammonium oxalate and (d) sodium 

hexametaphosphate  
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                                       Fig 1a 

LSD (p<0.05) values for galactose polysaccharides, galacturonic acid polysaccharides, and 

galacturonic acid are 0.34, 0.76 and 0.56, respectively.  

 

                                                          Fig1b 

LSD (p< 0.05) values for galactose polysaccharides and galacturonic acid polysaccharides are 

0.05, 0.08 respectively. 

Mean values having the same superscript are not significantly different ( P< 0.05). 

Control: galacturonic acid polysaccharides is 1.1% w/w on d.m. 

LSD: Least significant difference Values are reported on the basis of dry matter 
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                                                               Fig 2a 

LSD (p< 0.05) values for galactose polysaccharides, galacturonic acid polysaccharides, 

galactose and arabinose polysaccharides are 0.98, 0.85, 0.80 and 0.61, respectively.  

 

                     Fig 2b 

LSD (p< 0.05) values for galactose polysaccharides, galacturonic acid polysaccharides and 

galactose are 0.09, 0.20 and 0.05, respectively. 

Mean values having the same superscript are not significantly different ( P< 0.05). 

Control : galactose 0.7% w/w ; galactose polysaccharides is 1.0 % w/w on d.m. 

LSD: Least significant difference 

Values are reported on the basis of dry matter 
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Fig 3a 

LSD (p<0.05) values for galactose polysaccharides, galacturonic acid polysaccharides and 

arabinose polysaccharides are 0.99, 0.99 and 0.09 respectively. 

 

                           Fig 3b 

LSD (p< 0.05) values for galacturonic acid polysaccharides, arabinose polysaccharides and 

arabinose are 0.06, 0.08 and 0.08, respectively. 

Mean values having the same superscript are not significantly different ( P< 0.05). 

Control: Arabinose polysaccharides is 5.5 % w/w; galactose polysaccharides is 1.4 % w/w; 

galacturonic acid polysaccharides is 6.6 % w/w 

LSD: Least significant differenc 
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  Fig 4a 

LSD (p< 0.05) values for galacturonic acid polysaccharides and galacturonic acid are 0.77 

and 0.82, respectively.  

 

                  Fig 4b 

LSD (p<0.05) values for galactose polysaccharides, galacturonic acid polysaccharides are 

0.13, 0.01 respectively. 
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                                                              Fig 4c 

LSD (p< 0.05) values for ammonium oxalate (1%) and (0.5%) are 0.39 and 0.45, 

respectively. 

 

              Fig 4d 

LSD (p< 0.05) values for galacturonic acid polysaccharides (0.5 h) and (1 h) are 0.48 and 

0.30 respectively. 

Mean values having the same superscript are not significantly different ( P< 0.05). The 

superscripts of different sugars are marked with asterisk sign to depict the difference.  

Control: Did not show extraction of any monomer /polymer. 

LSD: Least significant difference 

Values are reported on the basis of dry matter. 
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Legends to Tables 

Table 1: Summary of extraction conditions used for extracting pectin from agro-industrial 

residues. 

Table 2: Galacturonic acid and neutral sugar composition of different agro-industrial residues 

Table 3 : Effect of best pretreatment on the extraction efficiency and degree of acetylation & 

methylation of pectin extracted from various agro-industrial residues  
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Table 1 

Extractant Hydrolyis 

medium 

pH during 

hydrolysis 

Concentration 

of extractant 

Incubation 

conditions 

Time (h) Neutralization Enzyme 

inactivation 

Nitric acid Water 1.4 0.4% w/v 48 °C, 150 

rpm 

12-48 10 M NaOH 

to pH 4.8 

- 

Enzyme 

(Celluclast 1.5 

L) 

Citrate buffer 

50 mmol 

4.8 20 FPU/g d.m 80 °C, 125 

rpm 

2-8 - 100 °C, 5 

min 

Ammonium*  

Oxalate 

Water 4.8 0.5 and 1% 

w/v 

90 °C** 0.5-2 - - 

Sodium 

hexameta 

phosphate* 

Water 4.8 1-5% w/v 95 °C** 0.5-1 - - 

 

 

* used only for onion hulls 

** without stirring 
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Table 2 

Residue Galacturonic 

acid 

Rhamnose Arabinose Galactose Xylose* Glucose* Fructose 

% (w/w) d.m 

BP 5.9 ± 0.6  0.4 ± 0.1 0.9 ± 0.1 4.7 ± 0.1 5.2 ± 0.3 18.9 ±0.5 8.9 ± 0.1 

PP 5.6 ± 0.1 0.7 ± 0.4 0.6 ± 0.4 3.7 ± 0.2 1.4± 0.1 15.2 ± 0.3 4.3 ± 0.2 

SBP 17.3 ± 0.9 1.2 ± 0.4 16.6 ± 0.6 5.7 ± 0.1 2.1±0.2 18.8 ± 0.2 0.9 ± 0.1 

OH 19.3 ± 0.9 0.4 ± 0.5 0.3 ± 0.1 7.0 ± 0.9 2.9± 0.2 26.1 ± 0.1 N.D 

 

Non-hydrolysed cellulose, lignin, protein, hemicellulose and other extractives make up for the remainder of the composition.  

 

Values are mean ± SD, n= 3.  

 

BP: Berry pomace; PP: pressed pumpkin ; SBP: sugar beet pulp OH: onion hulls.  

 

N.D- Not detectable 

Values of glucose  

* Xylose and glucose values are reported after seaman hydrolysis. 
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Table 3  

Residue Extraction 

process 

Conditions  Galactose Arabinose 

 

G Galacturonic 

acid 

Total Yield** %  

(w/w) d.m 

 

DAc (%) DM (%) 

   Extraction efficiency %     

   POLY MONO POLY MONO POLY MONO POLY MONO   

BP Enzymatic 24 h 85.9 N.D N.D N.D 59.0 20.0 7.6 1.1 6.4 ± 0.4 32.7 ± 1.7 

Nitric acid 2 h, pH 1.4 15.9  N.D N.D N.D 62.9  N.D 4.5 N.D 4.7 ± 0.7 72.5 ± 5.1 

             

PP Enzymatic 12 h 44.3 37.7* N.D N.D 75.0  N.D 6.5 0.9 58.3 ± 5.4 57.6 ± 5.8 

Nitric acid 6 h, pH 1.4 82.2  N.D N.D N.D 59.2  N.D 6.3 0.8 16.3 ± 0.5 72.1 ± 1.6 

             

SBP Enzymatic 48 h 98.4  N.D 97.5 - 89.8  N.D 37.8 N.D 59.1 ± 0.9 51.9 ± 0.9 

Nitric acid 4 h, pH 1.4 53.9  N.D 83.2 10.9 76.5  N.D 29.8 2.1 48.5 ± 0.4 62.6 ± 0.8 

             

OH Enzymatic 12 h  N.D  N.D N.D N.D 10.8 15.5 2.3 1.2 8.1 ± 0.4 29.2 ± 1.7 

Nitric acid 8 h, pH 1.4 13.4  N.D N.D N.D 16.3  N.D 4.1 N.D 20.6 ± 6.9 56.3 ± 3.4 

 Ammonium 

oxalate  

0.5% (w/v) 

0.5 h, 95 °C  N.D  N.D N.D N.D 100  N.D 22.2 N.D 3.7 ± 0.8 18.6 ± 0.4 

 Sodium  

Hexameta 

phosphate 

2.0% (w/v) 

0.5 h, 95 °C  N.D  N.D N.D N.D 100  N.D 22.0 N.D 4.0 ± 0.3 23.8 ± 1.3 

 

* 18.9 % of galactose monosaccharides were already present in the control sampleBP: berry pomace; PP: pressed pumpkin; SBP: sugar beet 

pulp; OH: onion hulls; DAc: Degree of acetylation; DM: Degree of methylation ** Sum of galactose, arabinose and galacturonic acid 

polysaccharides and monosaccharides 

TOC Graphic: 



39 

 



40 

 

 


