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Abstract: Extractions of apple pectins from apple pomace were performed using an ex-
perimental design with 22 factorial. The extractor agent was 5 % (w/v) citric acid) and 
the variables were time (30, 50 and 80 min) and temperature (50, 75 and 100oC). The 
best yield (16.8 %) was obtained using higher temperatures (100 oC; 80 min). Monosac-
charide composition of the pectic fractions was similar to others already described. 
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1. Introduction

Processing of waste by-products from agricultural origin generated by different kinds of industries can entails envi-
ronmental problems. In the South of Brazil apple pomace (raw material for pectin production) could play an important 
in pectin production, offering economic advantages and decreasing the environment impact. Pectins are derived with ag-
gregate value and have many applications in food and pharmaceuticals products as gelling agents and stabilizers [1,2].

The pectin composition varies with the source from which it is isolated, as well as the conditions used during isola-
tion and purification. The industrial demand for pectins with varying ability to gel or stabilize fruit and dairy products 
increases the need for accessing pectins of different types or pectin derivatives with tailored properties [3].

Pectins are complex heteropolysaccharides consisting of homogalacturonan (“smooth”, α-(1→4)-linked partly meth-
ylesterified-D-GalAp units) and rhamno-galacturonan (“hairy”, GalAp-α-(1→2)-Rhap-α-(1→4)-GalApα-(1→2)-Rhap) 
regions. In the latter, neutral sugar side chains containing mainly L-arabinose, D-galactose and D-xylose are covalently 
attached to the rhamnosyl residues of the backbone [4,5].

The degree of substitution of methyl esters determines the mechanism of formation of pectins gels. In high methoxyl 
(HM) pectins, which have a methoxyl content between 50-80%, gel formation occurs by the presence of relatively high 
concentration of soluble solids, usually sucrose, and a low pH. By the other hand, low methoxyl (LM) pectins, with 

methoxyl content of 25-50% form gels by interaction with Ca+2 by the “egg box” mechanism [1,2]. Moreover, the 
gelation properties of pectins are influenced by the length of their side branches, the degree of acetylation and the pattern 
of esterification (block-wise or random) [6].

Pectins may be obtained on a laboratory scale by extractions of the cell-wall material using different protocols such as 
cold and/or hot water or buffer solutions, cold and/or hot solutions of chelating agents, hot diluted acids, and cold diluted 
sodium hydroxide [7]. Pectins from citrus, apple or sugar beet pulp are mainly extracted with mineral acids. 

In the present work, extractions of apple pectins were performed using 5 % (w/v) citric acid aiming to establish opti-
mization of conditions (time and temperature) to have the highest yields.

2. Experimental

Plant Material

Ripe apples (variety Gala) were acquired in the local market in March 2003. The fruits were cut into four pieces, 
milled and pressed. The pomace was dried and ground to be used as apple flour.

Experimental Design

The experimental design used was a 22 factorial design with triplicate of central point. The concentration of extractor 
agent (citric acid) was 5 % (w/v) and the variables were time (30, 50 and 80 min) and temperature (50, 75 and 100oC).

Pectin Isolation

Aqueous extraction
Apple flour (20g) was stirred for 30 min in water at 25 oC. The residue was separated by filtration. The supernatants 

were concentrated under vacuum.
Acid extraction
The residue obtained in the aqueous extraction was submitted to extraction with 5 % (w/v) citric acid in different times 
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and temperatures according of the experimental design. The sample was cooled and its residue separated by filtration. The 
supernatants were precipitated with ethanol (2 vol). After approximately 12 hours, the pectins were separated by filtration 
and dried at 35-40 oC.

General Methods

Flour characterization
Nitrogen was determined by the Kjeldahl method and protein content was estimated as N x 6.25. Reduce sugar were 

analyzed by Somogyi-Nelson [8]. Moisture and ashes were determined by thermo gravimetric loss at 105 and 505 oC [9], 
respectively. Lipids were calculated like as ethereal extract with hexan [9].

Pectin characterization
Uronic acids were determined as anhydrogalacturonic acid by colorimetric determination [10]. Polysaccharides were 

hydrolyzed with 1M trifluoroacetic acid solution (5 h, 100 ºC), the hydrolyzates evaporated, the residues reduced with 
NaBH

4
, and the products acetylated with pyridine-acetic anhydride (1:1 v/v, 16 h, at 25 ºC). The resulting alditol acetates 

were analyzed by GLC (gas-liquid chromatography) using a model 5890 S II HP Gas Chromatograph at 220 ºC (FID and 
injector temperature, 250 ºC) with a DB-210 capillary column (0,25 mm i.d. x 30m), film thickness 0.25 µm, the carrier 
gas being nitrogen. 

Paper chromatography (PC) was conducted by the ascending method, on Whatman nº 1 paper using as solvent the 
system benzene-1-butanol-pyridine-water (1:5:3:3 v/v; upper phase). The sugar was detected by alkaline AgNO

3
 [11].

For each fraction protein content was determined by Hartree [12] method, total sugar by phenol-sulphuric acid [13] 
and degree of methylation by potenciometric titration.

3. Results and Discussion

The data from the apple flour analysis indicated: about 10% moisture, 3% protein, 30% reduce sugar, 6% starch, 2% 
lipids and 1.6% ashes.

Pectins fractions 1, 2, 3 and 4 were obtained from the extractions from apple pomace (after the juice extraction) using 
an experimental design with a 22 factorial. A triplicate of central point resulted in pectin fraction 5,6,7 (Table 1).

Apple pomace has been described to contain 10-15% of pectin on a dry matter basis [1]. In this study the yield of 
pectins obtained from apple pomace ranged from 5.7 to 16.8%. The increase in the yield was directly correlated with the 
increases in time and temperature of extraction (Table1).

Table1. Experimental design, yield, total sugar, protein and DM of apple pectins

 
Fraction 

 
Temp. 
(�C) 

 
Time 
(min) 

 
Yield1 
(%) 

 
Total Sugar2 
(%) 

 
Protein3 

(%) 

 
DM4 

(%) 
1 50 30 5.7 42.5 11.1 14.3 
2 100 30 14.0 48.0 10.8 29.4 
3 50 80 10.0 42.5 21.6 15.2 
4 100 80 16.8 44.3 11.5 15.4 
5,6,7 75 55  7.2 45.9   6.0 17.7 

 
Fraction Uronic 

acid1 
Rha Fuc Ara Xyl Man Gal Glc 

1 38.6 5.5 - 28.7 7.4 - 11.0 8.8 
2 36.7 5.6 - 8.5 14.0 - 18.0 17.2 
3 33.4 6.0 - 28.0 11.5 - 11.9 9.2 
4 42.3 5.6 - 5.7 14.4 0.9 16.6 14.5 
5,6,7 42.5 5.4 1.2 22.5 7.9 - 10.6 9.8 

 

extracted with 5 % (w/v) citric acid.
1 Based of dry apple flour 
2 Determined by Phenol Sulphuric Method 
3 Determined by Hartree Method 
4 Determined by Potenciometric Titration
Total sugar content was similar all fractions. The protein content, 6.0 to 21.6%, could be overestimate by the presence 

of phenolic compounds. LM pectins were isolated in all approaches as could be pointed by the degree of esterification 
(DM), that ranged from 14.3 to 29.4%. The central point showed DM 17.7 %.

The monosaccharide composition of pectins fractions (1,2,3,4 and 5,6,7) are shown in Table 2.

Table 2: Monosaccharide composition of apple pectins extracted with 5 % (w/v) citric acid.

 
Fraction 

 
Temp. 
(�C) 

 
Time 
(min) 

 
Yield1 
(%) 

 
Total Sugar2 
(%) 

 
Protein3 

(%) 

 
DM4 

(%) 
1 50 30 5.7 42.5 11.1 14.3 
2 100 30 14.0 48.0 10.8 29.4 
3 50 80 10.0 42.5 21.6 15.2 
4 100 80 16.8 44.3 11.5 15.4 
5,6,7 75 55  7.2 45.9   6.0 17.7 

 
Fraction Uronic 

acid1 
Rha Fuc Ara Xyl Man Gal Glc 

1 38.6 5.5 - 28.7 7.4 - 11.0 8.8 
2 36.7 5.6 - 8.5 14.0 - 18.0 17.2 
3 33.4 6.0 - 28.0 11.5 - 11.9 9.2 
4 42.3 5.6 - 5.7 14.4 0.9 16.6 14.5 
5,6,7 42.5 5.4 1.2 22.5 7.9 - 10.6 9.8 

 

Neutral Sugar determined by g.l.c. (%) 
1 Determined by Blumenkrantz and Asboe-Hansen (%)
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The qualitative profile of the pectic fractions was similar to that described by Schols et al [14]. Galacturonic acid con-
tent varied from 33.4 to 42.5% and it was not related to the extraction yields. The levels of uronic acid and the high con-
tents of neutral sugars, mainly arabinose and galactose, suggest the presence of arabinans and galactans as side chains.

Pectins are spatially localized in cell-wall domains and its composition varies with the source and the conditions ap-
plied during isolation [1]. Different pectin subpopulations can be distinguished by their sugar composition and uronic 
acid amount [15].

The ratio Ara/Xyl and Ara/Gal decreased with the temperature increasing, independent of time, this suggest that the 
more effective conditions of extraction could promote hydrolysis on more labile furanosidic arabinosyl units.

As the isolation process can influence in the structure and properties of polysaccharides, the potential uses and rheo-
logical properties of these pectins need to be investigated further.

4. Conclusion

Relatively high yields of pectin can be reached by acid extraction at 100 °C during 80 min. However, the data suggest 
that extraction conditions could have important effects on the features of extracted pectins of flour apple. Lower ratios 
Ara/Xyl and Ara/Gal were observed with increasing of temperature, independent of time. The quantity as well as the 
characteristics of the pectins varied often in a large range according to the experimental conditions of extractions.
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