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INTRODUCTION

The genus Crataegus, also referred to as hawthorn fruit,

belongs to the Rosaceae family. These small trees are distributed

throughout East Asia, eastern North America and Europe1,2.

Hawthorn is represented by 17 different species in Turkey3.

However, despite Turkey's naturally conducive environment

to growth the full potential value of hawthorn fruit has not

been fully explored. The characteristics of some Crataegus

species have been described in earlier studies focusing on their

anti-oxidant, antinociceptive and anti-inflammatory activities

in Turkey4,5. However, the use of red hawthorn fruits as a source

of pectin has not been reported. In Turkey, the flowers and

fruits of hawthorn have several traditional medicinal uses for

the treatment of different ailments. Hawthorn fruits are called

crabapples and their original name was Aliç, they are consumed

fresh.

Pectin is a biopolymer composing of α-D-galacturonic

acid linked at the (1, 4)-positions and partially substituted by

methoxyl ester. The galacturonic acid residues can be methyl-

esterified at C-6, which determines the degree of esterification

(DE); high-methoxyl pectin is explained to have a (DE = 50 %),

whereas low-methoxyl pectins6 has DE < 50 %. High-methoxyl

pectin needs sucrose at a concentration higher than 55 w/w %

and acidic conditions (usually a pH range from 2  to 3.5) to

form gels, whereas low-methoxy pectin needs Ca2+ ions to

form gels within a pH range from 2 to 7 regardless of the
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sugar content7. However, the degree of acetylation, which is

the proportion of acetyl groups in relation to the total galac-

turonic acid units of the pectin is also relevant8. Both the degree

of esterification and degree of acetylation have a substantial

impact on the functional properties of pectin, influencing

solubilization and gelation9. Furthermore, the anhydrouronic

acid (AUA) content indicates the purity of the extracted pectin.

The suggested minimum value of anhydrouronic acid is 65 %

and pharmaceutical standards must contain7,10 at least 74 %.

Pectin is frequently applied in the food industry, nutrition,

cosmetics and pharmaceuticals. It is traditionally used as a

thickening agent, such as in the production of jam and jelly11.

In medicine, pectin is used for treating injuries, lowering blood

cholesterol levels and reducing the risk of cardiovascular disea-

ses12. In addition, it prevents spontaneous cancer metastasis13.

Numerous studies have concentrated on the extraction

method, chemical composition and gelling properties of

pectin14,15. We hypothesize, hawthorn might contain many

dietary fibers composed of pectic polysaccharides. Hence, the

utilization of this residue increase its economic value and

provide a wide range of suitable applications.

The aims of this study are intended (i) to optimize the

impact of the processing conditions (pH, temperature, time)

and the type of acidic extracting solvent on the yield; (ii) to

assess and amend the functional properties of the new extracted

hawthorn pectin in model and real food systems. The results

obtained could serve as a foundation for further research on
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the potential bioactivity of hawthorn pectin in relation to its

polymer structure.

EXPERIMENTAL

Fresh red hawthorn fruits were used in this study. They

were purchased from the herbal market in Eskisehir (Turkey).

Analytical-grade hydrochloric acid, ethanol, sodium hydro-

xide, citric acid and magnesium sulfphate (Sigma-Aldrich,

Chemical Co., Milan, Italy) were used without further purifi-

cation.

Extraction of pectin: The red hawthorn fruits were first

cleaned in deionized water and dried in a cool place and the

seeds were removed manually. Then, the seedless fruit was

ground for a few minutes in a domestic coffee grinder and

sieved. The percentage yield of pectin from the initial wet peels

was then determined on both a wet and dry weight basis. The

relative humidity was 78 % before chemical analysis. The

powdered samples were oven-dried at 40 °C to obtain constant

weight. The moisture content of the pump used to dry the

samples extracted from pectin was 16 %. The extracted samples

were stored in polyethylene bags and left in a dry, dark place

at 4 °C until used.

Isolation of pectin: To determine the best conditions for

isolating pectin from red hawthorn fruit, different extraction

conditions were applied. The dried pulp produced was re-

suspended in water at a ratio of 1 g:10 mL of water. The pH

was adjusted to 1-4 with 70 % (v/v) citric acid solution. The

mixture was then heated to 60-90 °C and the extraction was

performed with continuous stirring for 60-120 min16. Similarly,

pectin was extracted in lemon juice in a pH range of 2.28-3.8

at 90 °C and 120 min. Deionized water was used to dilute both

extraction solvents.

The hot acid extract was vacuum filtered through filter

paper and the filtrate was cooled down to 4 °C. The filtrate

was supplemented with one-half volume of 96 % ethanol. The

system was instantly mixed and left to rest at 4 °C overnight.

The mixture was centrifuged (Beckman Coulter Avanti J-25,

California, USA) at 10000 rpm for 15 min at 10 °C and subse-

quently washed three times with 50, 75 and 96 % ethanol and

distilled acetone. The alcohol-insoluble residue (AIR) was

again centrifuged at 5000 rpm for 10 min at 10 °C. Eventually,

the obtained pectin was dried at 40 °C until reaching constant

weight and ground in a mortar. The pectin extraction yield

was described as the % yield (grams dried pectin per dried

peels). Each set of extraction conditions was undertaken in

triplicate. The obtained pectin was used for the following

analysis.

Characterization of pectin powder: The pectin, extracted

from the two different extraction solvents, was examined accor-

ding to diverse physico-chemical parameters, i.e., ash and

moisture contents, equivalent weight, methoxyl content, anhy-

drouronic acid, degree of esterification and acetyl value17,18.

Structure analysis: FT-IR spectra of hawthorn pectin

were recorded on a FT-IR-ATR spectrophotometer (Perkin

Elmer 100 FT-IR Spectrophotometer, Berlin, Germany). The

lyophilized dry powder was mixed with KBr and pressed into

pellets. FT-IR spectra were obtained in a wavelengths range

of 4000-400 cm-1.

Data analysis: All values are expressed as the mean ±

standard deviation of three replicate experiments. The data

were analyzed by one-way analysis of variance (ANOVA).

The level of confidence was 95 %. Significant differences

among means were determined by the SPSS 20 (IBM Corpo-

ration, New York, USA) system software.

RESULTS AND DISCUSSION

The yield and properties of pectin are rely on both the

nature of the source and the extraction process. The process

of extraction of hawthorn pectin was optimized on the basis

of three different conditions e.g., pH, extraction time and

solvent15. The extraction conditions were determined after

comparing the result of articles that used different extraction

conditions to obtain pectin from natural sources. Lemon juice

and citric acid were applied to see the differences in terms of

yield and other physico-chemical properties. The properties

of enriched hawthorn pectin were used to evaluate the physico-

chemical characteristics of samples extracted in citric acid and

lemon juice.

The functional properties and some applications of

hawthorn pectin were then compared with those of commercial

apple pectin in the food system. The calculated yield and

physico-chemical properties of hawthorn pectin are presented

in Tables 1-5 and Fig. 1.

Extraction of pectin: Pectin extraction was evaluated at

pH values between 4 and 1.5 at different times (60-120 min)

and different temperatures (60-120 °C) as well as using diffe-

rent extraction solvents (lemon juice and citric acid). Table-1

displays the extraction yields of pectin from hawthorn under

different conditions. The yield of the extracted red hawthorn

fruit pectin ranged from 4.56 to 16.75 % of the dried peels,

depending on the extraction conditions used. The maximum

extractable pectin yield was obtained at pH 1.5/60°C/90-120

minutes in citric acid. The highest pectin yields, 16.75 ± 0.21

and 15.76 ± 0.42 %, were acquired under the following condi-

tions: pH 1.5/60°C/90 and 120 min, respectively, in citric acid.

For this reason, the extraction at pH 1.5/60°C/120 min will be

used as a reference dataset for the recovery of pectin from red

hawthorn. In this study, citric acid was selected based on

reports that showed that citric acid is more effective for pectin

extraction than any other acids in terms of physico-chemical

properties and yield of pectin.

However, lemon juice was also selected as an alternative

to citric acid in a suitable pH range to ameliorate the extraction

yield using environmentally friendly extraction conditions. The

yield of the extracted red hawthorn fruit pectin ranged from

3.91 to 7.32 % of the dried peels in lemon juice. The highest

pectin yield (7.32 %) was obtained from the extraction under

the conditions of pH 2.76/90°C/120 min in lemon juice. The

extraction with lemon juice resulted in 7.32 % pectin, whereas,

extraction with citric acid yielded 4.63 % pectin under the

same conditions: 90 °C and pH 2.28 with an extraction time

of 120 min. There was a notable difference between the pectin

yields using lemon juice and citric acid in a given pH range.

The results showed that extraction with lemon juice was more

effective than citric acid, with the exception of pH 2.28 and

3.8. However, the use of citric acid, as an extractant, yielded
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TABLE-1 
YIELD OF PECTIN FROM HAWTHORN AT DIFFERENT pH, 
TEMPERATURE AND EXTRACTION TIMES USING LEMON 

JUICE AND CITRIC ACID AS EXTRACTION SOLVENTS 

pH Temp. (oC) 
Extraction 
time (min) 

Lemon juice 
yield (%) 

Citric acid 
yield (%) 

1.5 60 60  14.28 ± 0.26a 

1.5 60 90  15.67 ± 0.42a 

1.5 60 120  16.75 ± 0.21a 

1.5 90 60  13.72 ± 0.42a 

2.03 60 90  3.53 ± 0.24a 

2.28 90 120 7.28 ± 0.09b 10.19 ± 0.22a 

2.76 90 120 7.32 ± 0.05a 4.63 ± 0.14b 

2.85 90 120 3.91 ± 0.11a 3.57 ± 0.05a 

3.02 70 120 2.71 ± 0.06a 2.87 ± 0.08a 

3.5 75 90 5.64 ± 0.03a 4.02 ± 0.08b 

3.8 60 90 3.96 ± 0.13a 4.56 ± 0.15a 
a,bMean values in a column with different superscripts differ signify-
cantly (P < 0.05). All results were obtained in triplicate 

 

a higher amount of pectin than lemon juice. A pH value of 1.5

resulted in the highest extraction yield at 60 °C, therefore, this

value was used in subsequent experiments. An extraction time

of 120 min was also applied, as there were small differences

in pectin yield between 90 and 120 min. Hence, pH 1.5 for

120 min at 60 °C was used to extract pectin. Using lemon juice

as a solvent, the highest pectin yield was obtained at pH 2.76,

90 °C and 120 min reaction. Therefore, it could be assumed

that an extraction time of 120 min was beneficial for the

extraction of high quality pectin and would be the most suitable

extraction time for obtaining good quality pectin. Most impor-

tantly, in citric acid, the pectin yield, from red hawthorn fruit

was 16.75 % on a dry matter basis (w pectin/w red hawthorn),

which is the same as values reported for main sources of pectic

substances, such as apple fruit (16 %) the pectin obtained in

our experiments, had a yield greater than 10 %, which makes

it feasible for chemical use19.

Characterization of extracted pectin by physico-chemical

parameters: Three extraction conditions were compared to

determine the characteristics of the hawthorn fruit in citric

acid. The moisture of all pectins, including enriched pectin,

was quite high (10.51-10.7 %) and did not show any significant

differences (Table-2). Pectin should have as low a moisture

content as possible for safe storage and to inhibit the growth

of microorganisms that can affect the quality of pectin due to

the production of pectinase enzymes17.

Table-1 shows that citric acid-extracted pectin contained

almost as much ash content as the commercial apple pectin.

Low ash content is good for gel formation. The maximum

allowable ash content to meet good quality gel criteria17 is

10 %. The equivalent weight obtained was used to calculate

the anhydrouronic acid content and degree of esterification.

Methoxyl content is a main factor in the determination of pectin

functionality. The spreading quality and gelling degree of

pectin depend on its methoxyl content18. The hawthorn fruit

pectin produced in this study can be categorized as high

methoxyl pectin because it has a degree of esterification (57.19-

51.19 %) higher than 50 %, with methoxyl content values of

(11.63-8.82 %) for all extraction conditions in citric acid at

pH 1.5 (Table-2).

The acetyl content of hawthorn pectin was (0.68-0.13 %)

in citric acid (Table-2). The properties of pectin in cell walls

are sometimes modified by low levels of hydroxyl esterification

in acetyl groups. The acetyl groups have been reported in the

literature8 to approach 4 %. The presence of acetyl groups in

pectin inhibits gel formation. For this reason, the low acetyl

content of red hawthorn, recommends the usefulness of red

hawthorn fruit in making jam, jelly and other types of food.

TABLE-2 
PHYSICO-CHEMICAL PROPERTIES OF HAWTHORN 

IN THE PRESENCE OF CITRIC ACID, AND 
OF COMMERCIAL APPLE PECTIN 

60 °C 90 °C 
pH 1.5 

90 min 120 min 60 min 

Commercial 
apple pectin 

Moisture (%) 10.07 ± 0.13a 10.51 ± 0.21a 10.22 ± 0.05a 7.02 ± 0.21b 

Ash (%) 1.71 ± 0.02a 1.86 ± 0.04a 1.76 ± 0.04a 1.16 ± 0.01b 

Equivalent 
weight 

470.63 ± 0.45b 390.51 ± 0.41c 326.11 ± 0.22d 1030.92 ± 0.69a 

Methoxyl 
content (%) 

8.82 ± 0.7b 11.63 ± 0.14a 10.10 ± 0.16a 5.32 ± 0.07c 

DA (%) 0.26 ± 0.05c 0.68 ± 0.04a 0.13 ± 0.03d 0.50 ± 0.02b 

DE (%) 57.19 ± 1.06a 54.16 ± 0.08b 51.53 ± 0.75c 42.68 ± 0.19d 

AUA (%) 87.35 ± 0.27c 122.90 ± 0.15a 111.28 ± 0.24b 70.50 ± 0.29d 

a-dMean values in a column with different superscripts differ signify-cantly (P < 
0.05). All results were obtained in triplicate; DA: degree of acetylation; DE: 
degree of esterification; AUA: anhydrouronic acid 

 
The anhydrouronic acid content of the citric-acid-extracted

pectin was found (122.90-70.50 %) and is given in Table-2.

Based on these anhydrouronic acid values, the pectin obtained

from hawthorn fruit could be considered of high purity, indi-

cating its suitability for its use in the pharmaceutical industry10.

Furthermore, some of the characteristics of the pectin extracted

with lemon juice, such as the methoxyl content (15.11-5.62 %),

anhydrouronic acid content (136.09-58.43 %) and degree of

esterification (63.03-54.41 %) are comparable to correspon-

ding values of 5.3, 70.50 and 42.68 % in commercial apple

pectin in a suitable pH range20. These results show that the

physico-chemical values of hawthorn pectin, in both types of

extraction solvents, are higher than the physico-chemical

values of commercial apple pectin. Table-3 demonstrates that

the highest anhydrouronic acid content of (136.09 %) was

observed in the pectin obtained from lemon juice, while citric-

acid-extracted-pectin contained lower amounts of anhydrouronic

acid (122.90 %). Hence, pectin was more effectively extracted

from red hawthorn in lemon-juice, compared with citric acid,

at a given pH range and both types can be classified as high

purity pectin when compared with the anhydrouronic acid

content of commercial apple pectin.

Tables 4 and 5 show the pectin yields and some chemical

compositions of the extracted pectin types at constant time

(120 min), temperature (60 °C) and pH values in citric acid. At

constant time and temperature, the yield significantly increased

with decreasing pH (or increasing acid strength) of the extrac-

tion21. Similarly, when the temperature was increased while

pH and time remained constant, the pectin yield decreased.

At constant pH and temperature, when the extraction time

increased, with an expectation at 70 °C, the yield of pectin

was significantly increased. Table-5 shows that the highest

yield and anhydrouronic acid content were obtained in the

range of pH 1.5. Different analysis divulged that pH was the
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TABLE-5 
COMPARISON OF THE EXTRACTION YIELD OF 

PECTIN AT pH 1.5 AT DIFFERENT TEMPERATURES 
AND EXTRACTION TIMES IN CITRIC ACID 

Constant extraction time (120 min) Constant temp. (60 oC) 

Temp. (oC) Yield (%) Extraction time (min) Yield (%) 

60 16.75 ± 0.20a 60 4.28 ± 0.26b 

70 4.06 ± 0.07a 70 1.77 ± 0.20b 

80 6.80 ± 0.12a 80 4.24 ± 0.14b 

90 3.91 ± 0.4b 90 15.47 ± 0.40a 

a,bMean values in a column with different superscripts differ signify-cantly 
(P < 0.05). All results were obtained in triplicate 

 
main parameter influencing the anhydrouronic acid content.

The pectin-extracted at pH 1.5 contained more anhydrouronic

acid than that obtained at other pH values, suggesting that the

pectin content in anhydrouronic acid increased with decreasing

pH (or increasing acid strength). These results also indicate

that the pectin extracted at pH 1.5 was the purest compared

with pectin obtained at other pH values at a given temperature

and time.

FTIR analysis of Hawthorn fruit pectin: The fourier

transform infrared (FTIR) spectra were analyzed to recognize

the major functional groups of the extracted pectin in the range

of 4000-400 cm-1 (Fig. 1). To confirm the identity of hawthorn

pectin, the spectrum of apple commercial pectin was compared

with the spectra for the enriched pectin samples extracted using

lemon juice (pH 2.76/90 °C /120 min) and citric acid (pH 1.5/

60 °C/120 min). The FTIR spectra of different pectin samples

showed a good match with the spectrum of the commercial

apple pectin spectrum. The broad peak at 3600-3200 cm-1

relates to OH groups in the pectin molecule. The characteristic

peaks of ester and carboxylic (C-O) vibrations were observed

at 1770-1760 and 1630-1600 cm-1, respectively. According to

previous studies, the relative intensity of the ester band propor-

tionally expands with the degree of esterification (DE), whereas

the intensity of the band, corresponding to carboxylic stret-

ching, decreases19. This could be used to correlate the distinct

types of pectin. Fig. 1 shows that hawthorn pectin shows a

higher absorbance at 1750 cm-1 than at 1650 cm-1, exhibiting
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Fig. 1. FTIR spectra of pectins; (a) commercial apple pectin; (b) pectin

extracted in lemon juice; and (c) c pectin extracted in citric acid

a high metoxyl pectin. The region between 1300 and 800 cm-1

is known as the fingerprint region; in particular, the peak at

1235 cm-1 indicates the presence of (-O-CH3) groups.

Conclusion

The increasing industrial demand for pectin with varying

ability to gel or stabilize products, boosts the need for pectin

of various types or derivatives with tailored properties. In this

study, red hawthorn fruit was subjected to some physical

treatment to produce pectin in citric acid and lemon juice. The

pectin, obtained from red hawthorn fruit, had a yield of appro-

ximately 18 %, a high degree of esterification (54.16 %) and a

high anhydrouronic acid content (122.90 %) in citric acid,

while enriched lemon-juice-extracted pectin yields values of

approximately 8 %, (54.52 %) and (82.26 %), respectively.

TABLE-3 
COMPARISON OF PHYSICO-CHEMICAL PROPERTIES OF HAWTHORN WITH CITRIC ACID AND LEMON JUICE 

2.28 2.76 2.85 
pH 

Lemon juice Citric acid Lemon juice Citric acid Lemon juice Citric acid 

Equivalent weight 394.86 ± 3.24e 372.28 ± 1.42f 470.71 ± 0.05c 437.48 ± 0.98d 660.16 ± 1.03a 597.83 ± 1.0b 

Methoxyl content (%) 15.11 ± 0.1a 11.2 ± 0.67b 7.9 ± 0.13c 8.1 ± 0.12c 5.62 ± 0.09d 4.44 ± 0.05e 

Degree of acetylation (%) 0.25 ± 0.02d 0.23 ± 0.01d 0.76 ± 0.03a 0.61 ± 0.03b 0.38 ± 0.02c 0.32 ± 0.02c 

Degree of esterification (%) 63.03 ± 0.30a 57.36 ± 0.63b 54.52 ± 0.20c 53.34 ± 0.31c 54.41 ± 0.21c 46.11 ± 0.23d 

Anhydrouronic acid (%) 136.09 ± 0.2a 110.86 ± 0.41b 82.26 ± 0.04d 86.21 ± 0.72c 58.43 ± 0.07e 54.63 ± 0.22f 

a-fMean values in a column with different superscripts differ significantly (P < 0.05). All results were obtained in triplicate 

 
TABLE-4 

EXTRACTION YIELDS (% DRY PEELS) OF HAWTHORN PECTIN IN CITRIC ACID 
AT INCREASING pH, CONSTANT TEMPERATURE (60 °C) AND TIME (120 MIN) 

pH 1.5 2 2.5 3 3.5 

Yield (%) 16.75 ± 0.2a 3.58 ± 0.12b 3.08 ± 0.11b 1.97 ± 0.1c 2.02 ± 0.07c 

Equivalent weight 390.51 ± 0.41e 430.43 ± 0.43d 488.48 ± 0.35c 723.54 ± 0.34b 824.41 ± 0.13a 

Methoxyl content (%) 11.63 ± 0.14b 10.35 ± 0.22b 10.4 ± 0.12b 14.28 ± 0.22a 9.40 ± 0.08b 

Degree of esterification (%) 54.00 ± 0.08e 58.95 ± 0.27d 62.15 ± 0.14c 76.90 ± 0.18a 71.42 ± 0.41b 

Anhydrouronic acid (%) 122.90 ± 0.15a 99.65 ± 0.46c 94.96 ± 0.22d 105.51 ± 0.4b 76.90 ± 0.19e 
a-d Mean values in a column with different superscripts differ significantly (P < 0.05). All results were obtained in triplicate 
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This study also demonstrates that the pectin from red hawthorn

fruit can be obtained using a lemon juice extraction method

without chemical acids in an appropriate pH range. Because

consumer cares about chemical additives have grown, this

study can donate to the movement of the food and pharma-

ceutical industry into the natural area of eco-friendly processing

technology without harmful chemicals. In addition, pectin form

red hawthorn fruit is readily extracted and has a long history

of food consumption in Turkey. Therefore, there is significant

commercial potential for this new type of pectin.
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