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EXTRACTION OF PECTIN FROM APPLE POMACE
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Abstract. Pectins are biopolymers, which exist inside the cell walls. Apples are the richest source of pectin
comparing to other fruits and vegetables. Pectin has many health benefits and might be used in regenerative
medicine as drug delivery systems, as dietary fiber, as edible films, to neutralize cholesterol and to lose excess
weight. Five cultivars grown in Latvia, Tukums Municipality, Pūre parish in the season of the year 2019: ‘Zarja
Alatau’, ‘Antonovka’, ‘Antejs’, ‘Sinap Orlovskij’ and ‘Alesja’ were selected for extraction. The study was
carried out with the aim to investigate the extraction possibilities of pectin from apple pomace using pH
decreasing untraditional acidifying agent – lemon juice. Pectin from apple pomace was extracted using the hot
acid extraction method. The content of pectin and sugars (glucose, fructose, sucrose, total sugars) was
determined by the colorimetric method and HPLC Shimadzu Prominence LC-20 Refractive Index Detector
(RID-10A). The highest level of pectin was determined in the cultivars ‘Antejs’ (4.9 g per 100 g), ‘Sinap
Orlovskij’ (4.8 g per 100 g) and the lowest in ‘Antonovka’ (3.9 g per 100 g). The results demonstrated that the
highest concentrations of total sugars of glucose, fructose and sucrose were in the cultivars ‘Antejs’ (Glucose
1.2, Fructose 6.6, Sucrose 4.1 = Total sugars 11.9 g per 100 g) and ‘Alesja’ (Glucose 1.2, Fructose 6.6, Sucrose
3.6 = Total sugars 11.4 g per 100 g), the lowest in ‘Antonovka’ (Glucose 0.9, Fructose 6.0, Sucrose 1.4 = Total
sugars 8.3 g per 100 g). The best content of pectin and total sugars from all cultivars was detected in the apple
cultivar ‘Antejs’.
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Introduction
Food and pharmaceutical industries make products for human life and health, but sometimes, the
artificial agents – preservatives, flavours, colorants, sweeteners and binding agents, are very hard
usable for internal organs, like the intestinal tract and liver, because there are possible toxic
accumulations [1]. Therefore, one of the solutions is to use materials from natural sources, like
heteropolysaccharides, such as pectins. Pectin is the binding material for the cell wall of plants present
in the middle lamella and primarily made up of α-1.4-D-galacturonic acid units and is a complex
substance of homogalacturonic acid, which contains the side chain of carbohydrates – arabinose,
rhamnose, galactose, fucose, mannose and glucose [2-5]. The largest natural sources of pectin in
nature are citrus peel 20-30 % and apple pomace (18-19 %), which are used for commercial extraction
of pectin, but in nature exist other sources, such as gooseberry, strawberry pomace, sunflower heads,
mango peel, banana peel, papaya and sugar beets [4; 5]. Pectin has been considered in the class of
dietary fibers with a positive effect on digestive processes [6; 7]. It is used in food industries for
confectionery products, jams, fruit conserves, jellies as a gelling agent, emulsifier, thickener, stabilizer
[8; 9]. In pharmaceuticals, it reduces the glucose uptake [10; 11], cholesterol levels [12], it is used to
prevent colon cancer [13] and has anti-inflammatory properties [14].
Worldwide 85 % of pectin is produced from citrus peels and 14 % from apple pomace [15], and in
future its necessity in the global market will increase annually by 8.56 % until 2023. [16]. Extraction
from plant cells is the most important process in pectin production. A water-insoluble protopectin
form is found in the middle lamellae of plant cells, but water-soluble anionic polysaccharide is formed
by fruit ripening or heating fruit substrate in an acidic environment [17; 18]. The regulation of pH is
very important for pectin extraction. Most of the procedures aimed at pH decreasing have an adverse
effect on human health, since they involve the use of strong acids, such as hydrochloric or nitric [19;
20]. Another method for reducing pH is to use not so dangerous substances as weak organic acids, like
citric, tartaric, malic, acetic, lactic and phosphoric acids [21]. The best extraction parameters for
powdered pectins from apple pomace are pH = 2.5, temperature = + 88 ºC and time 120 min, if citric
acid is used [21]. Most of commercial pectins are in powdered form, which means more time is
needed for extraction and a mixture of 96 % ethanol is used. An alternative method could obtain pectin
in soluble form, it reduces the cost of production, time and no need for purifying from 96 % ethanol.
Before extraction of pectin pH is reduced to acidity level. pH can be reduced by adding powdered or
DOI:10.22616/ERDev.2020.19.TF549

1934

ENGINEERING FOR RURAL DEVELOPMENT

Jelgava, 20.-22.05.2020.

liquid form of acidifying agents – organic or inorganic acids – to solution. The production of these
acids in pure synthetic, natural form needs time and energy that cost extra money. Fruits or berries,
which contain the same organic acids as citric, malic or tartaric acids, can be used as alternative
acidifying agents. One of such fruits that can be used as a natural acidifying agent is lemon, which has
a high content of citric acid. The aim of the present research was to investigate the extraction
possibilities of pectin from apple pomace, using a pH decreasing untraditional acidifying agent –
lemon juice.
Materials and methods
Apple origin and harvest
Five apple cultivars were harvested by hand in the early morning in Latvia, Tukums Municipality,
Pūre parish in the season of the year 2019, and the stage of maturity was detected by Streif index [22]
and Iodine Starch test [23] for ‘Zarja Alatau’ 0.10, 6.10, ‘Antonovka’ 0.12, 6.20, ‘Antejs’ 0.11, 6.00,
‘Sinap Orlovskij’ 0.15, 5.50 and ‘Alesja’ 0.16, 6.80. Apples were packed into polystyrene boxes and
transported to the laboratory.
Preparation of the apples for extraction
Apples were prepared on the day of harvest and selected based on the absence of physiological
and mechanical injuries and washed in tap water. The washed apples were cut into four pieces and the
seeds within the core were removed. Sage BJE820 (Sage, UK) equipment was used for the separation
of juice from the sample, and apple pomace was obtained.
Extraction method for pectin
Apple pomace was transferred into glass beaker and heated at temperature of + 88 ºC for 120 min
in deionized water (Crystal E HPLC System, Adrona, Latvia) with the solid/liquid ratio 1:3 w/v.
Heating was carried out using a digital hot plate with thermostat control (Biosan, MSH-300, Latvia).
Lemon juice (obtained by Sage BJE820 equipment) was added to water to decrease pH to 2.5 and
apple pomace was added to acidified water. After extraction, the solution of the apple pomace water
mix was filtered through fivefold cheesecloth and allowed to cool down to + 21 ºC. The obtained
filtrate was collected and then concentrated in a vacuum rotary evaporator Heidolph Laborota 4000
(Heidolph Instruments GmbH & CO. KG, Germany) at + 40 ºC to the end Brix % 9.0.
Determination of total pectin
Total pectin was determined according to the spectrophotometric method described by Mohamed
[24]. 0.1g of samples were mixed with 300 mL of 0.05 M of the sodium salt of ethylenediaminetetraacetic acid (EDTA-Na2, Merck, Germany) and the pH was increased by adding 1M NaOH
(Sigma-Aldrich, USA) to reach 11.5. After standing at the room temperature for 30 min, the pH was
adjusted to 5.0 with 1M acetic acid (Sigma-Aldrich, USA). 0.1 g of enzyme – pectinase from
Aspergillus niger (1U mg-1, Sigma-Aldrich, Switzerland) was added to the acidifying solution and
stirred for 1 hour. 1 hour later the solution was diluted to 500 mL with deionized water and filtered
with Whatman No. 1. The first five filtrates were discarded. 2 mL of the filtrate were diluted to 50 mL
with deionized water. 2 mL of the end solution were used for the colorimetric determination with
JENWAY 6405 UV/VIS Spectrophotometer (Baroworld Scientifid Ltd., UK). The absorbance of total
pectin was measured at the wavelength of 520 nm and the known amount of galacturonic acid (SigmaAldrich, Switzerland) ranged from 0.5-3.5 mg 2 mL-1.
HPLC analysis of sugars
Glucose, fructose and sucrose were determined by a high-performance liquid chromatograph
Shimadzu LC20 Prominence (Japan). The parameters of analysis of the chromatography system were
set as follows: detector: refractive index RID-10A, column YMC NH2, 4.6 mm x 250.0 mm, 5 µm
(YMC CO., LTD, Japan); temperature 35 ºC; isocratic regime; mobile phase acetonitrile (HPLC grade,
Sigma-Aldrich, USA) and deionized water (Crystal E HPLC System, Adrona, Latvia) (80:20); flow
rate
1.0 mL min-1, volume of injected sample 10 µL; total time of the analysis up to 15 min. Data
for analysis was processed using Shimadzu LabSolution software (LCSolution version 1.21 SP1).
Determination of pH
The pH of water was measured directly using a potentiometric method with WTW inoLab pH
7110 (WTW GmbH, Germany).
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Determination of moisture
Weight of 1g of apple pomace or extract in the moisture analyzer AND MX-50 (A&D
Instruments Ltd., United Kingdom) was analysed 25 minutes at temperature 140 ºC.
Determination of total solids content (Brix %)
Total solids content was determined using the digital refractometer Krüss DR-201-95 (Krüss
GmbH, Germany) and was expressed as Brix %.
Data processing/Statistical analysis
The data of the research were analysed by the statistical and mathematical methods (mean,
standard deviation). The data were compared by the analysis of variance (ANOVA) and significance
was defined at P < 0.05. For the data analysis the Microsoft Excel software of the version 2016 was
used.
Results and discussion
For the extraction of pectin, with lemon juice as acidifying agent, no earlier reports exist, as well
as using other fruits or berries. In nature lemons are fruits that have strong acidic properties and can be
expected to decrease pH, if added to water [25; 26]. Acidity is formed in lemons due to the high
content of citric acid 45.8-48.0 g·L-1 in lemon juice, comparatively, the grapefruit and orange juice
contain less amount of citric acid, respectively 25.0 g·L-1 in grapefruit juice and 16.7-9.10 g·L-1 in
orange juice [27].
Before adding the apple pomace, lemon juice was added to water to decrease pH to 2.5.
Traditional standard time 120 min., pH 2.5, temperature + 88 ºC and 9.0 Brix % of total solids content
were used to obtain pectin. The results after vacuum rotary evaporation showed that the highest level
of pectin was determined in the cultivars ‘Antejs’ (4.9 g per 100 g), ‘Sinap Orlovskij’ (4.8 g per
100 g) and the lowest in ‘Antonovka’ (3.9 g per 100 g) (Fig.1).

Fig. 1. Content of pectin in apples and apple extracts
The highest level of pectin before extraction was detected in ‘Antejs’ (5.3 g per 100 g), ‘Sinap
Orlovskij’ (5.2 g per 100 g) and the lowest in ‘Antonovka’ (4.2 g per 100 g). Comparing the results
before and after the extraction of pectin, it was detected that 92 % of substances were extracted into
the apple extract. Respectively, the best apple cultivars with the highest pectin content were ‘Antejs’,
where the content of pectin before extraction was 5.3 g per 100 g and 4.9 g per 100 g after extraction,
and ‘Sinap Orlovskij’, where the content of pectin before extraction was 5.2 g per 100 g and 4.8 g per
100 g after extraction. The content of extracted pectin is not only dependent on the time, pH and
temperature, but also on pectin in different apple varieties and by-products. Bhushad et al. reported
and summarized other researchers’ findings on the sources of the content of pectin, which differed in a
wide range and varied from 3.50 to 14.32 % or 3.50 to 14.32 g per 100 g in apple pomace [28]. In the
1936

ENGINEERING FOR RURAL DEVELOPMENT

Jelgava, 20.-22.05.2020.

process of juice and cider production from apples, large amounts of residues – apple pomace (peel,
calyx, stem, core and soft tissue) are formed [29]. Therefore, apple pomace is a good source not only
for obtaining pectin, but also for other biological active substances. Bhushan et al. determined that
apple pomace is rich in functional components – polyphenols, dietary fibers, vitamins, minerals and
carbohydrates [30].
Traditionally, powdered pectin is in pure form without other natural substances, and for gelling it
needs to add pure carbohydrates-sugar like sucrose. One of the advantages is that apple extract with
pectin contains natural carbohydrates (Fig.2) and there is no need to add them or add as much as it is
added by using powdered pectin.
The results demonstrated that the highest concentrations of total sugars of glucose, fructose and
sucrose before extraction were detected in the cultivars ‘Antejs’ (Glucose 1.2, Fructose 6.6, Sucrose
4.1 = total sugars 11.9 g per 100 g) and ‘Alesja’ (Glucose 1.2, Fructose 6.6, Sucrose 3.6 = total sugars
11.4 g per 100 g), the lowest in ‘Antonovka’ (Glucose 0.9, Fructose 6.0, Sucrose 1.4 = total sugars
8.3 g 100 per g) (Fig.2).

Fig. 2. Content of glucose, fructose and sucrose in apples before extraction
After extraction, 75 % of carbohydrates were dissolved from the apple pomace matrix in apple
extract. The content of total sugars was detected and expressed as total solids content in Brix %, which
means that in production of pectin from apple extract, the best apple cultivars ‘Antejs’ and ‘Sinap
Orlovskij’ Brix is 9.0 %, by calculation of total sugars, it was detected that 8.9 Brix % of total solids
were carbohydrates, respectively, the sum of glucose (1.0 g per 100 g), fructose (4.9 g per 100 g) and
sucrose (3.0 g 100 per g). The rest of the total solids 0.1 Brix % were other biologic active watersoluble compounds, like polyphenols, pectin, dietary fibers, vitamins and minerals. From all examined
cultivars the best content of pectin was detected in ‘Antejs’ and ‘Sinap Orlovskij’, which can be used
to produce apple extract with pectin.
Conclusions
1. In the used non-tractional hot extraction process of pectin from apple pomace and lemon juice as
acidifying agent it was found that it is possible to produce apple extract with pectin from different
apple cultivars without strong inorganic acids or pure organic acids.
2. Apple cultivars ‘Antejs’ and ‘Sinap Orlovskij’ showed the highest content of pectin in apple
extracts.
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Regardless of the studied apple cultivars, using the hot extraction method with untraditional
acidifying agent – lemon juice – showed that 92 % of pectin was extracted into the apple extract
in the form of pectin.

Acknowledgements
The research was implemented in the project “Sustainable use of Latvian agricultural resources
for the development of innovative technologies and functional food products with increased nutritional
value” (No. 17-00-A01620-000034) with the support of the Ministry of Agriculture and the Rural
Support Service.
References
[1] Laufenberg G., Kunz B., Nystroem M. Transformation of vegetable waste into value added
products:(A) the upgrading concept;(B) practical implementations. Bioresource Technology, 87
(2) 2003, pp. 167-198.
[2] IUPAC. Compendium of Chemical Terminology, 2nd ed. (the “Gold Book”). Compiled by A. D.
McNaught and A. Wilkinson. Blackwell Scientific Publications, Oxford (1997). Online version
2019, created by S. J. Chalk.
[3] Lara-Espinoza C., Carvajal-Millán E., Balandrán-Quintana R., López-Franco Y., Rascón-Chu A.
Pectin and Pectin-Based Composite Materials: Beyond Food Texture. Molecules 23(4):942, April
2018. E942.
[4] Van Buren J.P. Function of pectin in plant tissue structure and firmness. In The chemistry and
technology of pectin. Academic Press, San Diego, 1991, pp. 1-22.
[5] Bush P.L. Pectin: Chemical Properties, Uses and Health Benefits. Nova Science Pub Inc; UK ed.
Edition. 3, 2014, 268 p.
[6] May C.D. Industrial pectins: Sources, production and applications. Carbohydrate Polymers 12:
1990, pp. 79-99.
[7] Kumar R., Chanalia P., Gandhi D., Dhanda and Rakhi S. Optimized Extraction and
Characterization of Pectin from Gooseberry and Strawberry Pomace Validated by Response
Surface Methodology. World Applied Sciences Journal 34 (6): 2016, pp. 704-713.
[8] Braddock, R.J. Hand book of citrus by-products and processing technology. John Wiley & Sons,
Inc. New York. 1999, pp. 191-197.
[9] Yuste J., Garza S. Pectin gels and their application in the food industrie. Alimentaria, 40(342),
2003, pp. 93-98.
[10] Rocha Bezerra Sousa R., V., Florindo Guedes M.I., Mendes Marques M. M., Araújo Viana D.,
Neto Goes da Silva I., Alves P., Rodrigues S., Pinto Vieira I. G. Hypoglycemic effect of new
pectin isolated from passiflora glandulosa cav in alloxan-induced diabetic mice. World Journal of
Pharmacy and Pharmaceutical Sciences 4(1), December 2014, pp. 1571-1586.
[11] Flourie B., Vidon N., Florent C.H., Bernier J.J. Effect of pectin on jejunal glucose absorption and
unstirred layer thickness in normal man. Gut. Sep;25(9), 1984, pp. 936-941.
[12] Brouns F., Theuwissen E., Adam A., Bell M., Berger A., Mensink R.P. Cholesterol-lowering
properties of different pectin types in mildly hyper-cholesterolemic men and women. European
journal of clinical nutrition 66(5), December 2011, pp. 591-599.
[13] Zhanga W., Xu P., Zhanga H. Pectin in cancer therapy: A review. Trends in Food Science &
Technology. Volume 44, Issue 2, August 2015, pp. 258-271.
[14] Markov P. A., Popov S. V., Nikitina I. R., Ovodova R. G., Ovodov Yu. S. Anti-Inflammatory
Activity of Pectins and Their Galacturonan Backbone. Russian Journal of Bioorganic Chemistry
37(7), October 2010, pp. 817-821.
[15] Ciriminna R., Fidalgo A., Delisi R., Ilharco L.M., Pagliaro M. Pectin production and global
market. Agro Food Industry Hi-Tech, 27 (5), 2016, pp. 17-20.
[16] Wiseguyreports. Dietary fiber market research 2018-Industry based on, price analysis, supply
chain analysis, gross margin and porters five force analysis by Forecast to 2023. ICRWorld
Research, 2018, 118.p. https://www.wiseguyreports.com/reports/3430571-world-dietary-fibermarket-by-product-type-market.

1938

ENGINEERING FOR RURAL DEVELOPMENT

Jelgava, 20.-22.05.2020.

[17] Smith, D.A. Jams and Preserves | Methods of Manufacture. Encyclopedia of Food Sciences and
Nutrition (Second Edition). Elsevier Science Ltd., 2003, pp. 3409-3415.
[18] Kumar, S., Javed A., Baboota S. Polysaccharide nanoconjugates for drug solubilization and
targeted delivery. Polysaccharide Carriers for Drug Delivery. Elsevier Science Ltd., 2019,
pp. 443-475.
[19] Morales-Contrerasa B.E., Wickerc L., Rosas-Floresa W., Contreras-Esquivelb J.C., GallegosInfantea J.A., Reyes-Jaqueza D., Morales-Castroa J. Apple pomace from variety “Blanca de
Asturias” as sustainable source of pectin: Composition, rheological, and thermal properties. LWT
Volume 117, January 2020, pp. 108641.
[20] Kaya M., Sousa A.G., Crépeau M.J., Sørensen S.O., Ralet M.C., Characterization of citrus pectin
samples extracted under different conditions: Influence of acid type and pH of extraction. Annals
of Botany. 114, 2014, pp. 1319-1326.
[21] Pereira P.H.F., Oliveir T.Í.S., Rosa M.F., Cavalcante F.L., Moates, G.K., Wellner N., Waldrona
K.W., Azeredo H.M.C. Pectin extraction from pomegranate peels with citric acid. International
journal of biological macromolecules. Volume 88, July 2016, pp. 373-379.
[22] Streif, J. Optimum harvest date for different apple cultivars in the ‘Bodensee’ area, 1996. p. 1520. In: A. de Jager, D. Johnson, and E. Hohn (eds.). Determination and prediction of optimum
harvest date of apples and pears. COST 94. The postharvest treatment of fruit and vegetables.
Office for the Offic. Publ. of the European Communities, Luxembourg.
[23] Brookfield, P., Murphy, P., Harker R. and MacRae, E. Starch Degradation Pattern Indices;
Interpretation and Relationship to Maturity. Postharvest Biology and Technology. 1997,11:23-30.
[24] Mohamed, H. Extraction and characterization of pectin from grapefruit peels. MOJ Food
Processing & Technology. 2016:2(1), pp. 31-38.
[25] Castillejo N., Martínez-Hernández G. B., Gómez P. A., Artés F., Artés-hernández F. Red fresh
vegetables smoothies with extended shelf life as an innovative source of health-promoting
compounds. Journal of Food Science and Technology volume 53, 2016, pp. 1475-1486.
[26] Di Cagno R., Minervini G., Rizzello C. C. G., Angelis D., Gobbetti M., Cagno R. Di Gobbetti M.
Effect of lactic acid fermentation on antioxidant, texture, colour and sensory properties of red and
green smoothies. Food Microbiology, 28(5), 2011, pp. 1062-1071.
[27] Penniston K.L, M.D., Nakada S.Y., Holmes R.P., Assimos D.G. Quantitative Assessment of
Citric Acid in Lemon Juice, Lime Juice, and Commercially-Available Fruit Juice Products.
Journal of Endourology, Mar; 22(3), 2008, pp. 567-570.
[28] Bhushan, Shashi, Kalia, Kalpana, Sharma, Madhu, Singh, Bikram and Ahuja, P. S. Bhushan,
Shashi, Kalia, Kalpana, Sharma, Madhu, Singh, Bikram and Ahuja, P. S. Processing of Apple
Pomace for Bioactive Molecules. Critical Reviews in Biotechnology.2008, 28:4, pp. 285-296.
[29] Kennedy, M., List, L., Lu, Y., Foo, L. Y., Newman, R. H., Sims, I. M., Bain, P. J. S., Hamilton,
B. and Fenton, G. Apple pomace and products derived from apple pomace: Uses, composition and
analysis. Analysis of plant waste materials. Spriger: Berlin, Germany. 1999. pp. 74-119.
[30] Bhushan, S., Hoshi, V.K. Baker’s yeast production under fed batch culture from apple pomace.
Journal of Scientific and Industrial Research, 2006, pp. 65-72.

1939

