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To characterize the structure of purified raspberry pectin and discuss the impact of different extraction methods
on the pectin structure, raspberry pectin was extracted by hot-acid and enzyme method and purified by stepwise
ethanol precipitation and ion-exchange chromatography isolation. Enzyme-extracted raspberry pectin (RPE50%3) presented relatively intact structure with molecular weight of 5 × 104 g/mol and the degree of methylation
was 39%. The 1D/2D NMR analysis demonstrated RPE50%-3 was a high-branched pectin mainly containing 50%
homogalacturonan, 16% branched α-1,5-arabinan and α-1,3-arabinan, 18% β-1,4-galactan and β-1,6-galactan.
Acid-extracted raspberry pectin (RPA50%-3) contained less arabinan than RPE50%-3. Moreover, RPE50%-3
inhibited the nitric oxide (NO), TNF-α, IL-6 production of lipopolysaccharide-induced macrophages by 67%, 22%
and 46% at the dosage of 200 ug/mL, while the inhibitory rate of RPA50%-3 were 33%, 9%, and 1%, respec
tively. These results suggested that enzyme-extracted raspberry pectin contained more arabinan sidechains and
exhibited better immunomodulatory effect.

1. Introduction
Raspberry (Rubus idaeus L.), as one member of the berry family, is a
fine fruit widely distributed and consumed in different climatic and soil
regions of Europe, North America, South Africa and Asia (including
Northeast China), which possesses delicious taste and high nutritional
and medicinal value (Yu et al., 2015). According to Food and Agriculture
Organization (FAO) data, with the great economic importance in berry
fruit, the global production of raspberry has increased around 46% from
373 thousand tons in 2010 to 684 thousand tons in 2019. Raspberry is
known as a valuable source of phenolic compounds. However, in recent
years, many food scientists and nutritionists have begun to pay attention
to the functional polysaccharides in raspberries, which have been re
ported to possess anti-tumor activity (Yang, Xu, & Suo, 2015), immune
regulation (Tian, Yang, Wu, & Chen, 2020), antioxidative and anti
glycation activity (Chen et al., 2020; Xu et al., 2019).

Pectin is an acid heteropolysaccharide existing widely in the plant
cell wall of fruits and vegetables, and it is popular in scientific fields due
to its health-promoting functionality (Wu et al., 2020a; Wu et al.,
2020b). As one of the most structurally complex polysaccharides, pectin
mainly consists of three domains: homogalacturonans (HG), type I of
rhamnogalacturonan (RG-I), and type II of rhamnogalacturonan (RG-II)
(Mohnen 2008). Additionally, different extraction methods lead to
different structural characteristics (Voragen, Coenen, Verhoef, & Schols,
2009). The commercial pectin products usually were obtained from
citrus peel and apple pomace by harsh acid extraction. However, some
studies have reported that hot acid extraction can induce the degrada
tion of neutral sidechains in citrus pectin (Chen et al., 2021; Zhang et al.,
2018). Recently, ultrasound, monosonication, and hot-compressed
water have been researched for the pectin extraction. Shivamathi
et al. (2022) have reported that ultrasound-assisted extraction can in
crease the pectin yield. Also, at the condition of 42 ◦ C and pH12,
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monosonication could accelerate the extraction of citrus RG-I pectin and
the maximum yield was 25.51% (Hu, Ye, Chantapakul, Chen, & Zheng,
2020). However, all of these sonication treatment and high temperature
can induce poor uniformity of pectin product and the destruction of
pectin microstructure, especially the neutral sidechains (Hu, Ye, Chan
tapakul, Chen, & Zheng, 2020; Mao et al., 2019). Enzyme extraction is a
very mild method for pectin extraction. The most commonly used en
zymes include cellulase, hemicellulase, protease, and pectinesterase.
The combination of these enzymes could accelerate the cleavage of cell
wall structure, so as to release pectin. Cui et al. (2020) have studied the
effects of different extraction methods on the structure and fermentation
characteristics of citrus pectin and they found that cellulase-extracted
pectin possessed more extended conformation and was more benefi
cial for the growth of intestinal microorganisms. Milošević and Antov
(2022) showed that compared to acid extraction, cellulase-xylanaseextracted pectin had higher molecular weight, more uronic acid, lower
starch content and better antioxidant ability than acid-extracted pectin.
Pectin is the major component of the soluble fiber in raspberry. Yu et al.
(2015) have used the complex enzymes (cellulase, pectinase, and
papain) to extract the polysaccharides from raspberry fruits, but pecti
nase did destroy the structure of pectin. Chen et al. (2020) and Xu et al.
(2019) have reported the antioxidant activities of crude raspberry pectic
polysaccharides extracted by acid or hot water. However, the fine
structural characteristics of pure raspberry pectin remains unclear.
Additionally, there has been no systematic evaluation of the effects of
different extraction methods on the structure and functionality of pure
raspberry pectin.
Dietary pectins are considered as immunological molecules in some
immune diseases, such as IBD, due to direct or indirect effects on im
mune system (Mzoughi et al., 2018; Wu et al., 2021b). It has been re
ported that citrus pectin can interact with the Toll-like receptors (TLRs)
in macrophages and, thus, regulate the immune responses in colitis and
ileitis mice (Ishisono et al., 2019; Sahasrabudhe et al., 2018). Recently,
numerous studies focused on the structure–activity relationship of
pectin regulating inflammation (Wu et al., 2021c). Low degree of
methylation contributes to the pectin function on alleviating the gut
inflammation (Fan et al., 2020; Wu et al., 2021a). Pectin with high
amount of neutral sidechains could directly interact with macrophages
and inhibit IL-6 production, while no marked reduction was observed in
the culture of citrus pectin, which contained less sidechains (Ishisono
et al., 2019). Therefore, the immunomodulatory activity of pectin is
highly structure-dependent. Macrophages are important immune cells
involved in the initiation of inflammation and lipo-polysaccharides
(LPS)-induced macrophages will secrete more pro-inflammatory medi
ators, such as inflammatory cytokines (IL-6, IL-1β, and TNF-α), nitric
oxide (NO) and reactive oxygen species (ROS). However, the effects of
purified raspberry pectin on inflammatory macrophages remain unclear
and whether pectins extracted by different methods can induce different
immune responses in immune cells need to be studied.
Therefore, our hypothesis is that different extraction methods will
lead to different structure and bioactivity of raspberry pectin. In this
study, crude raspberry polysaccharides were extracted by the hot acid
extraction and enzyme extraction to compare the effects of vigorous
extraction method and mild extraction method on the structure and
activity of pure raspberry pectin. Stepwise ethanolic precipitation and
ion-exchange chromatography column were combined to purify and
obtain the pure pectin fraction. The structural characterization of pure
raspberry pectin was performed, and its immunomodulatory activity
was evaluated. Our results afford fine structural information for rasp
berry pectin and also provides insights on efficient extraction of the
functional pectin in the food industry.

2. Materials and methods
2.1. Materials
Raspberry fruits purchased from the local market in Hangzhou,
China were used for pectin extraction. Freeze-dried fruits were thor
oughly ground into fine powder (200-mesh sieve), soaked in absolute
ethanol with stirring, oven-dried, and then kept in desiccators for sub
sequent extraction and analysis. Commercial pectin, monosaccharide
standards, D2O and other chemicals of analytical grade were all pur
chased from Sigma-Aldrich (Shanghai, China). RAW264.7 cell lines
were kindly provided by Dr. Xiao-liang Zheng (Center for Molecular
Medicine, Zhejiang Academy of Medical Sciences, Hangzhou, China).
RPMI 1640 medium, fetal bovine serum (FBS) and the 3-(4,5-dimethy
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were obtained
from Sigma-Aldrich (Shanghai, China).
2.2. Pectin extraction under different methods
Conventional hot acid extraction according to Kurita, Fujiwara, and
Yamazaki (2008): Dried fruit powder was dispersed in HCl solution with
a pH value of 1.5 (solid–liquid ratio of 1:40, w/v). The suspensions were
stirred and heated at 85 ◦ C for 1 h. After extraction, the resulting slurries
were cooled to room temperature (23 ◦ C), neutralized to pH 7.0, filtered
using a 400-mesh filter bag, and centrifuged (8000 × g, 10 min) to
separate some insoluble cell wall components like cellulose and hemi
celluloses in the sediment from pectic polysaccharides soluble in the HCl
solution. The supernatant was then collected and prepared for stepwise
ethanol precipitation.
Enzyme extraction according to Yu et al. (2015) with minor modi
fications: In brief, raspberry fruit powder was added to 500 mL citric
acid buffer liquid (pH 5.0) mixed with 1 g of cellulase (Sigma-Aldrich,
Shanghai, China) and 20 mg of papain. This enzyme extraction was
carried out at 55 ◦ C under stirring for 5 h. After that, the temperature
was reduced to 37 ◦ C, and 0.5 mL α-amylase and 0.1 mL glucoamylase
were added, which can hydrolyze starch into glucose. These enzymolysis
reactions was kept for 3 h. The solution was then heated at 100 ◦ C for 5
min to inactivate the enzyme. The following steps were the same as that
of acidic extraction.
2.3. Stepwise ethanolic precipitation of crude pectic polysaccharides
Fig. S1 shows the scheme for precipitation of the crude raspberry
extract, according to Guo et al. (2016) with some modifications.
Ethanol (125 mL) was gradually added to a 500 mL acidic extract
under stirring to reach a final ethanol concentration of 20%. A constant
flow pump was used to control the flow rate of ethanol addition at 11
mL/min. After standing at 4 ◦ C for 4 h, the precipitates were collected
via centrifugation (8000 × g, 10 min) and washed three times with 95%
ethanol. The sediment was dissolved, dialyzed, and lyophilized to obtain
RPA20%. Different volumes of ethanol were stepwise pumped into the
supernatant to obtain the concentration of 30%, 40%, 50%, 60% and
70%. And the precipitated fractions RPA30%, RPA40%, RPA50%,
RPA60% and RPA70% were collected, respectively, as described above.
The enzymatic aqueous extract was only precipitated with 30%, 50%
and 70% ethanol, and RPE30%, RPE50%, RPE70% was obtained for
further determination.
2.4. Fractionation of pectic polysaccharides by Q-fast flow column (QFF)
chromatography
QFF column chromatography was applied to isolate the crude rasp
berry fiber as previously described (Liu et al., 2020). RPA50% or
RPE50% (150 mg) were dissolved in 10 mL of distilled water and then
applied to a QFF column (3 × 27 cm). Elution was performed by a linear
gradient of 0–0.5 M sodium chloride solution at a flow rate of 0.5 mL/
2
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min. Every tube of 4 mL solution was collected. The content of carbo
hydrate fractions was determined by the improved phenol–sulfuric acid
method at 490 nm. Fractions within one peak referring to the same
fraction were pooled, dialyzed, and then lyophilized.

2.10. Determination of NO release of RAW264.7 cell culture
The content of released NO from active RAW 264.7 cells induced by
LPS was determined by NO assay kit (Beyotime Technology, Shanghai,
China). Cells were plated and incubated with different pectic fractions at
different concentrations and LPS (5 μg/mL) for 24 h. After incubation,
the culture supernatants were collected and the NO content was
analyzed according to the instructions.

2.5. Chemical composition determination of different polysaccharide
fractions
The total amount of carbohydrates was analyzed according to the
phenol–sulfuric acid (Soria et al., 2010). The total phenolic content of
the pectic fraction was analyzed using the Folin-Ciocalteu method
(Kazemi, Khodaiyan, & Hosseini, 2019).
The degree of methylation (DM) was determined by the m-phenyl
phenol method (Levigne, Thomas, Ralet, Quemener, & Thibault, 2002).
After saponification, the pectin solution was prepared to analyzed
methanol and acetic acid using high-performance liquid chromatog
raphy (HPLC) (Waters 1525, US) equipped with a C18 column (Sino
Chrom ODS-BP 250 mm × 4.6 mm, 5 mm, Elite, China) and a refractive
index (RI) detection (Waters 2414, US). Isopropanol was used as internal
standard and 4 mM sulfuric acid was the mobile phase.

2.11. Measurement of ROS of RAW264.7 cell culture
The determination of ROS generation of RAW 264.7 cells after pec
tins or LPS treatment was performed using the commercial kit (Beyotime
Bio-Technology, Shanghai, China). LPS-induced RAW 264.7 cells were
incubated by the pectic samples at different concentrations (50 μg/mL,
100 μg/mL, 200 μg/mL, 400 μg/mL, and 800 μg/mL) for 24 h. DCFH-DA
(100 μL) was then diluted in the medium and added to each well and
incubated for another 30 min. The cells were washed three times with
PBS solution and covered with 100 μL of fresh medium. The intracellular
ROS levels were measured using a fluorescence microplate reader
(SpectraMax® iD5, Molecular Devices, Shanghai, China) with an exci
tation wavelength at 485 nm and an emission wavelength at 525 nm.

2.6. Assessment of molecular weights

2.12. Measurement of TNF-α, IL-6, and IL-1β in RAW 264.7 cell culture

The homogeneity and molecular weight of pectin were analyzed by
high-performance (HP) size exclusion chromatography (SEC) with a
multi-angle laser light scattering (MALLs) (Wei et al., 2019).

The level of pro-inflammatory cytokines was according to previous
study (Wu et al., 2021c). The concentration of IL-6, IL-1β, and TNF-α
were measured using immunoenzymatic assay (ELISA) kits (mlbio
Biotechnology, Shanghai, China), according to the manufacturer’s
protocol.

2.7. Determination of monosaccharide composition
The monosaccharide composition was determined by a HPAEC-PAD
method (Hu, Ye, Chantapakul, Chen, & Zheng, 2020). Pectins (~2 mg/
mL) were decomposed by 4 M trifluoroacetic acid (TFA) at 110 ◦ C for 8
h. The hydrolysates were evaporated with 200 μL methanol under ni
trogen blower twice, and then diluted to 10 mL with deionized water.
After filtered through a membrane of 0.22 μm, 25 μL sample solution
was injected into the ICS-5000 system (Thermo Fisher, USA) coupled
with a Carbopac-PA10 analytical column (4 mm × 250 mm, Thermo
Fisher, USA) and an electrochemical detector. The column was washed
with 18 mM NaOH for 15 min, followed by a 35 min elution with a fixed
18 mM NaOH in 100 mM sodium acetate. The flow rate was set at 1 mL/
min, and all fractions were analyzed at 30 ◦ C.

2.13. Structure characterization of RPE50%-3
2.13.1. Determination of NMR spectra
RPE50%-3 (15 ~ 20 mg) was dissolved in D2O and lyophilized twice,
and then dissolved in D2O and placed in an NMR tube. The 1H NMR, 13C
NMR, 1H–1H COSY and 1H–13C HSQC were detected on an Agilent DD2600 MHz spectrometer (Agilent Technologies, Santa Clara, CA, USA)
(Wei et al., 2019). The resonances of –CH3 groups of acetone in D2O
were used as the internal reference.
3. Results and discussion
3.1. Analysis of ethanol-precipitated fractions from acid-extracted
raspberry polysaccharide (RPA) and enzyme-extracted raspberry
polysaccharide (RPE)

2.8. Determination of FT-IR spectra
FT-IR spectra of pectins were detected through a Fourier-transform
infrared spectrophotometer (Nexus IS10 FTIR, Thermo Nicolet, USA)
(Zhang et al., 2018). Pectins (~2 mg) were ground together with KBr
powder and pressed into pellets for FT-IR scanning in the range of
4000–400 cm− 1.

According to the procedure shown in Fig. S1, six fractions RPA20%,
RPA30%, RPA40%, RPA50%, RPA60%, and RPA70% were collected.
The ratio and basic chemical compositions were listed in Table 1. The
content of RPA50% was 74%, suggesting RPA50% was the major frac
tion of acid-extracted polysaccharides. From the results of mono
saccharide composition and molecular weight (Mw), RPA20% and
RPA30% were mainly composed of glucose, xylose, galactose (Gal),
arabinose (Ara) and galacturonic acid (GalA), indicating the presence of
many hemicellulose with a huge Mw. The monosaccharide composition
of RPA40% was similar to that of RPA50%. The high amount of GalA,
arabinose, galactose and glucose suggested the presence of pectic sub
stances and some xyloglucan (Fig. S2), and the content of GalA in
RPA40% and RPA50% was higher than other fractions, indicating that
pectin mainly existed in RPA40% and RPA50%. While the Mw of
RPA40% was larger than that of RPA50%, suggesting that stepwise
ethanol precipitation could isolate similar polysaccharides with
different molecular weight. The last two minor fractions RPA60% and
RPA70% contained more than 50% of arabinose and galactose, sug
gesting the small Mw fraction of acid-extracted products mainly

2.9. Cell culture conditions and cytotoxicity assay of RAW264.7 cell line
The cell culture methods were according to Yang et al (2018). Mu
rine macrophages RAW264.7 cells were cultured in RPMI-1640 medium
containing 10% FBS and 2.5% antibiotic and incubated at 37 ◦ C in a 5%
CO2 humidified atmosphere. The cytotoxicity of the pectins was per
formed by a commercial cell counting kit-8 (CCK8) (Solarbio Life Sci
ence, Beijing, China). RAW264.7 cells (2 × 105 cell/well) were seeded
into 96 well plate and incubated with various concentrations (50 μg/mL,
100 μg/mL, 200 μg/mL, 400 μg/mL, and 800 μg/mL) of the samples for
24 h. At the end of the incubation period, 10 μL of CCK8 buffer solution
was added to each well and the culture plate was incubated at 37 ◦ C for
2 h. Subsequently, the absorbance of all the wells was measured at 450
nm using a microplate reader (Bio-Rad, USA).
3
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Table 1
Chemical composition and molecular properties of RPA fractions and RPE fractions.
Monosaccharide compositions (mol%)
Arabinose

Galactose

Rhamnose

Galacturonic
acid

Glucose

Xylose

Mannose

±

11.84 ± 0.97

±

43.30 ± 4.32

±

43.26 ± 2.42

RPA60%

±

11.15 ± 1.54

±

6.62 ± 0.73

±

7.32 ± 0.18

RPE50%

16.59 ±
0.09
18.22 ±
0.11
15.31 ±
0.49
14.50 ± 0.1

±

40.77 ± 3.18

RPE70%

5.01 ± 0.24

±

3.87 ± 1.77

35.91 ±
2.3
50.08 ±
2.5
13.96 ±
1.7
10.53 ±
1.1
13.35 ±
1.3
24.12 ±
0.5
46.02 ±
2.17
16.97 ±
0.03
55.79 ±
2.3

17.47 ±
0.08
5.57 ±
1.34
3.28 ±
0.03
3.31 ±
0.13
4.98 ±
1.50
4.74 ±
0.09
9.91 ±
0.77
4.28 ±
0.21
10.73 ±
1.37

–

9.96 ± 0.27

1.81
0.06
1.86
0.67
4.32
0.62
4.86
0.46
7.68
0.17
9.66
0.21
3.69
0.47
6.79
0.49
3.55
0.24

10.46 ± 2.52

RPA50%

21.76 ±
0.07
19.18 ±
2.91
26.91 ±
1.00
28.09 ±
0.72
46.26 ±
1.12
37.57 ±
0.79
10.18 ±
0.31
11.60 ±
0.01
7.20 ± 2.39

±

RPA40%

12.57 ±
0.21
11.48 ±
1.28
8.24 ± 0.98

RPA20%
RPA30%

RPA70%
RPE30%

–
–
–
–
–
7.24 ±
0.06
5.28 ±
0.34
11.71 ±
0.8

Yield
(%)

Phenol
(mg/g)

Mw (KDa)

Polydispersity

0.5 ±
0.01
0.2 ±
0.00
1.3 ±
0.07
11.6 ±
0.3
0.6 ±
0.03
1.4 ±
0.05
2.0 ±
0.02
13.2 ±
0.21
4.2 ±
0.13

89 ± 0.9

2.03 ± 0.36

20 ± 0.8

200 ±
0.21
250 ±
0.11
262 ±
0.45
154 ±
0.12
65 ~ 9

29 ± 1.4

70 ~ 17

2.07 ± 0.07

32 ± 0.9

11790 ±
0.56
265 ±
1.18
122 ±
1.14

5.81 ± 0.03

92 ± 1.2
60 ± 0.5
49 ± 0.7

23 ± 0.7
19 ± 0.2

2.52 ± 0.81
2.62 ± 0.45
4.63 ± 1.13
2.40 ± 0.02

6.02 ± 0.94
2.13 ± 0.54

Values represent means ± standard derivatives of three replicates;
- indicated not detected.

consisted of neutral sidechains and hot acid extraction might lead to the
severe degradation of neutral sidechains of pectin. These results sug
gested that one-step ethanol precipitation (ratio of 3:1 ethanol/water)
generally led to complex polysaccharides of multiple components and
pectic polysaccharides mainly consisted in RPA50%. Moreover,
RPA60% and RPA70% are composed of two polysaccharide fractions
and with concentrations inversely proportional to the volume of ethanol
(Fig. 1A). The smaller Mw fraction dominated in RPA70%, also revealing
that ethanol solution of high concentration helps to precipitate out small
molecules (Hu & Goff 2018). The major polysaccharides of large Mw
could be collected by 50% ethanol precipitation. The low polydispersity
index (Mw/Mn, close to 1) demonstrates homogeneous polysaccharide

fraction (Wang, Liu, & Qin, 2017). According to the gel permeation
chromatography (GPC) profile, all of the values of polydispersity fall in
the range of 2.03 ~ 4.63 (Table 1), suggesting that fractions obtained by
ethanol precipitation were polydisperse aggregates, and further purifi
cation were needed to isolate the pure pectin from RPA50%.
Raspberry was also viewed as a rich source of phenol compounds,
which could interact with polysaccharides (Liu, Le Bourvellec, &
Renard, 2020), so the phenol content of each fraction was determined.
The RPA20% ~ RPA50% contained much higher amount of phenols (89
mg/g, 92 mg/g, 60 mg/g, and 49 mg/g, respectively) than RPA60% and
RPA70%, suggesting that raspberry phenol compounds tended to
interact with large Mw polysaccharides.

Fig. 1. Stepwise ethanolic precipitation and QFF column isolation of RPA and RPE: (A) HPGPC profiles of RPA fractions (B) HPGPC profiles of RPE fractions (C)
Elution profile on QFF column of RPA50% (D) HPGPC profiles of RPA50% fractions (E) Elution profile on QFF column of RPE50% (F) HPGPC profiles of
RPE50% fractions.
4
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The RPE supernatant was also applied to gradient precipitation by
30%, 50% and 70% ethanol concentration, as shown in Fig. S1. The
chemical composition and molecular properties of RPE fractions were
presented in Table 1. Compared to RPA fractions, all of the RPE fractions
represented relatively larger Mw, suggesting that enzyme extraction
could afford large molecules. The high amount of glucose in all these
fractions indicating that many hemicellulose with different Mw might be
released by cellulase (Laroze, Soto, & Zúñiga 2010). Compared to RPA
fractions, all of the RPE fractions contained relatively higher amount of
glucose. This might be due to the release of soluble glucan and the ac
tivities of α-amylase and glucoamylase, which hydrolyzed starch into
dextrin of small Mw precipitating with other polysaccharides fraction.
RPE30% mainly consisted of glucose, xylose, arabinose, galactose,
which was similar to RPA20% and RPA30%. Additionally, some
mannose existed in RPE30%, suggested the mannan or glucomannan
(hemicellulose) might be released from the interaction with insoluble
cellulose. It has been reported that hemicellulose could coat the cellu
lose microfibrils via hydrogen bonding and van der Waals interactions
(Cosgrove 2014; Gu & Catchmark, 2013). The content of GalA in
RPE50% was about 41%, indicating that pectic substances mainly
existed in RPE50%. RPE70% contained almost 80% glucose, and the
amount of neutral sidechain (galactan and arabinan) was much lower
than that of RPA70%, indicating that the small Mw fraction of enzymeextracted products mainly contained glucan and enzyme extraction
could degrade cellulose or hemicellulose into relatively low Mw glucan
without degradation of arabinan and galactan. Moreover, the superna
tant from 70%-ethanol-precipitation of RPA contained much more
arabinose than that of 70%-ethanol-precipitation of RPE (Fig. S4).
Moreover, the proportion of galactose in RPA20%~RPA70% fractions
was about two or three times that of Ara, while in RPE30%~RPE70%
fractions, the ratio of arabinose was similar as that of galactose. These
results confirmed the degradation of arabinan sidechains induced by
hot-acid extraction (Chen et al., 2021). RPE70% mainly consisted of
water-soluble glucan, while RPA60% and RPA70% contained higher
amount of galactose, arabinose, rhamnose and GalA, suggesting that
hot-acid extraction might also lead to the rupture of RG-I main chain and
the degradation of arabinogalactan. The results of phenol content
(Table 1) revealed that enzyme-extracted fractions contained less
phenol compounds than acid-extracted fractions, suggesting that
enzyme combinations might help break the interactions between phe
nols and polysaccharides. The Mw of the RPE fractions were also
determined by HPSEC-MALLs. As shown in Table 1, the decreasing order
of Mw of RPE fractions was similar to that of RPAs. RPE30% was of huge
Mw and RPE70% mainly contained low-Mw polysaccharides. RPE50%
with high polydispersity, mainly containing pectic substances, was used
for further purification of raspberry pectin by the QFF column.

3.2. Analysis of pure pectins obtained by QFF gradient elution
Crude polysaccharides RPA50% was then fractionated by anion ex
change chromatography on the QFF column, and the eluted solution was
collected by a fraction collector. The total sugar content in every tube
was determined. As shown in Fig. 1C, three major peaks of poly
saccharides were eluted from RPA50%. As listed in Table 2, the presence
of neutral hemicellulose with high molecular weight dominated the
earlier eluting fraction (RPA50%-1). Negatively-charged fractions,
eluted in the gradient of NaCl solution, were obtained and noted as
RPA50%-2 and RPA50%-3. The polydispersity of these three fractions
were 2.36, 1.37 and 1.23, respectively. RPA50%-2 contained 18% of
GalA and other neutral fractions, suggesting the mixture of poly
saccharides. RPA50%-3, the major component of RPA50%, contained
66% of GalA. The one peak in the GPC profile revealed that RPA50%-3
was the purified pectin under hot acid extraction, with a molecular
weight of 77 kDa.
RPE50% was applied to the QFF column for further purification of
enzyme-extracted pectin. As shown in Table 2 and Fig. S6, four fractions
(RPE50%-1, RPE50%-2, RPE50%-3 and RPE50%-4) were eluted in
increasing order of GalA content. The polydispersity values were 1.59,
3.02, 1.97 and 2.92, respectively. Neutral fractions mainly contained
glucans of large Mw in RPE50%-1 and RPE50%-2. RPE50%-3 was the
major fraction with a ratio of 69%, in the form of pure RG-I pectin with
Mw of 51 kDa, containing more neutral sidechains than RPA50%-3,
especially more arabinose. These results confirmed that acid extraction
induced the degradation of arabinan sidechains in RG-I pectin. RPE50%4 mainly contained the HG pectin of low Mw, which might crosslink with
cellulose or hemicellulose in the cell wall polysaccharide network and
could be released by cellulase (Zykwinska, Ralet, Garnier, & Thibault,
2005).
We examined the FT-IR spectra of the pectins to determine the
structural characteristics and differences between RPA50%-3 and
RPE50%-3. The IR spectra of RPA50%-3 and RPE50%-3 were essentially
identical (Fig. S3). The strong absorption band observed at 3447 cm− 1
represented O–H stretching, and the weak band at approximately 2923
cm− 1 was attributed to the C–H stretching of polysaccharides. The
wide, intense bands at 1621 cm− 1 originated from the stretching vi
brations of carboxylate ion (COO− ) moieties. The low absorption band at
– O stretching of methyl-esterified
1747 cm− 1 corresponded to the C–
carboxylic groups (Vriesmann & de Oliveira Petkowicz 2009), indi
cating the low DM of both RPA50%-3 and RPE50%-3. The presence of
GalA was also confirmed by the apparent absorption band at 1417 cm− 1
(Saberian, Hamidi-Esfahani, Gavlighi, & Barzegar, 2017). Moreover, the
absorption bands at 1239 cm− 1 demonstrated the C–O stretching of
pectin (Szymanska-Chargot & Zdunek, 2013). These data indicated both
RPA50%-3 and RPE50%-3 were low DM pectins. And the DM values of

Table 2
The monosaccharide composition, molecular weight (Mw) and recovery rate of RPA50% fractions and RPE50% fractions.
Monosaccharide compositions (mol%)

Mw (KDa)

Recovery rate
(%)

Purity
(%)

5.01 ± 0.4

100

–

2650 ±
1.50
182 ± 1.11

7.36 ± 0.3

98.5

–

77 ± 3.26

25.44 ± 1.21

96.7

5.52 ± 0.21

1950 ±
0.93
71 ± 1.61
51 ± 0.48
50 ~ 6

5 ± 1.01

100

8 ± 0.76
42 ± 1.43
6 ± 2.19

92.7
94.3
65.7

Arabinose

Galactose

Rhamnose

Galacturonic
acid

Xylose

Glucose

Mannose

RPA50%1
RPA50%2
RPA50%3
RPE50%-1

10.03 ± 0.66

15.01 ± 1.00

2.29 ± 0.08

4.82 ± 1.33

28.53 ± 0.92

5.39 ± 0.21

17.99 ± 0.98

5.31 ± 0.17

14.45 ± 0.05

6.18 ± 0.17

65.59 ± 0.94

57.93 ±
0.87
27.63 ±
2.96
3.73 ± 1.33

5.31 ± 0.04

12.82 ± 3.16

10.48 ± 2.00

10.00 ± 1.11

1.15 ± 1.14

2.42 ± 2.41

RPE50%-2
RPE50%-3
RPE50%-4

12.07 ± 0.31
16.40 ± 0.49
3.97 ± 0.44

20.07 ± 1.22
18.29 ± 0.24
2.51 ± 0.46

5.53 ± 0.09
4.93 ± 0.1
1.48 ± 0.77

14.17 ± 0.18
55.11 ± 0.15
91.25 ± 2.48

4.46 ±
0.18
7.71 ±
1.86
4.76 ±
0.03
4.09 ±
0.54
6.63 ± 1.4
0.53 ± 0.5
–

65.38 ±
0.81
34.03 ± 1.7
0.78 ± 0.29
–

Values represent means ± standard derivatives of three replicates;
- indicated not detected.
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RPA50%-3 and RPE50%-3 were determined as 36% and 39% by HPLC
method (Fig. S5), respectively.

decrease the level of IL-1β (Fig. 2F). Compared to the model group,
REP50%-3 also significantly declined the concentration of TNF-α and IL6, while there were no significant differences in the RAP50%-3 group.
These results indicated that more neutral sidechains in RG-I pectin might
help the inhibition of inflammation responses, which was in accordance
with previous work (Wu et al., 2021b; Ishisono et al., 2019). Also, both
RPA50%-3 and RPE50%-3 alleviated the ROS production in LPS-treated
macrophages, and RPE50%-3 exhibited better protective effects against
oxidative stress (Fig. 2C). It has been reported that raspberry poly
saccharides can reduce the intracellular ROS level (Chen et al., 2020).
Ultrasound-assisted modified pectin showed higher bioactivity than
raspberry pectin. However, the important structural factors remained
unclear. Our results revealed that both RPA50%-3 and RPE50%-3 were
low-esterified pectin with the molecular weight of 50 ~ 80 KDa, while
RPE50%-3 contained more arabinan sidechains. Based on the cell cul
ture assay, RPE50%-3 showed better anti-inflammatory properties,
suggesting that arabinan sidechains could contribute to the antiinflammatory activity of biological pectin.
The mechanism by which pectin exhibited the anti-inflammatory
effects might be through the interaction of pectin and TLR receptors in
the surface of immune cells. The non-esterified GalA in pectin could bind
to TLR2 and inhibit proinflammatory TLR2-TLR1 pathway (Sahasra
budhe et al., 2018). This might be the reason why both of RPA50%-3 and
RPE50%-3 are anti-inflammatory. Moreover, an arabinan-rich pectin
has been reported to be immunobiological on the murine lymphocyte
(Dourado et al., 2004). Likewise, arabinan from Ligusticum chuanxiong
could regulate the production of inflammatory cytokines in RAW264.7
cell (Zhang et al., 2021). Previous studies suggested that arabinan
possessed excellent immunomodulatory activity, and REP50%-3
exhibited better effects could be due to higher amount of arabinan
sidechains than RAP50%-3. However, the potential mechanism by
which arabinan sidechains function need further exploration.

3.3. Analysis of anti-inflammatory activities of RPA50%-3 and RPE50%3
The biological activity of RPA50%-3 and RPE50%-3 has been
determined based on murine macrophage RAW264.7 cells. Macro
phages are one of the most abundant immune cells and play an impor
tant role in a variety of biological processes, including initiating
inflammation (Sisirak et al., 2016; Smith et al., 2011). Bacterial LPS can
stimulate and activate macrophages via the cell membrane receptor
CD14 and, thus, induce much higher amount of inflammatory molecules
than in normal conditions, such as inflammatory cytokines (TNF-α, IL-6
and IL-1β) and NO. The considerable accumulation of these molecules
will exacerbate the inflammatory response. Additionally, there is high
production of ROS during the inflammatory response, leading to DNA
damage and cell death (Fubini & Hubbard. 2003). Therefore, reducing
the level of inflammatory cytokines, NO and ROS could alleviate
inflammation and the production changes on LPS-induced macrophages
can be employed to evaluate the anti-inflammatory activity of pectins. In
the present study, we determined the effects of RPA50%-3 and RPE50%3 on the cell viability of normal RAW264.7 by CCK8 kit. These dosages
of the two pectins exhibited cell growth above 97%, suggesting that
these pectins had no cytotoxicity on macrophages (Fig. 2A). After being
stimulated by LPS, the NO production of RAW264.7 cells increased
about 4-fold (Fig. 2B). Both of these pectins could significantly reduce
the level of NO in a dose-dependent manner. Moreover, RPE50%-3
showed better effects than RPA50%-3 with significant differences at the
concentration of 200 μg/mL. Moreover, the changes on cytokines pro
duction could be observed at the dose of 200 μg/mL. The treatment of
LPS on RAW264.7 could significantly increase the production of proinflammatory cytokines TNF-α, IL-6 and IL-1β by 183%, 286% and
83%, respectively. Both of RAP50%-3 and REP50%-3 could remarkably

Fig. 2. The effects of RPA50%-3 and RPE50%-3 on RAW264.7 cell line: (A) Cytotoxicity of the two pectins on RAW264.7 cell (B) Effects of the two pectins on NO
release by LPS-induced RAW264.7 cell (C) Effects of the two pectins on the intracellular ROS levels of LPS-induced RAW264.7 (D) Effects of the two pectins on TNF-α
production of LPS-induced RAW264.7 (E) Effects of the two pectins on IL-6 production of LPS-induced RAW264.7 (F) Effects of the two pectins on IL-1β production of
LPS-induced RAW264.7. Groups with different letters are significantly different (p < 0.05).
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3.4. Structural characterization of RPE50%-3

homogalacturonan of RPE50%-3. Additionally, some correlation peaks
at C2/H2 (4.23/70.35 ppm), C3/H3 (3.94/71.81 ppm), and C6 (δ 179 and
δ 171) could be assigned to α-1,4-GalA (Kostalova & Hromadkova 2019;
Zhou et al., 2018). The 5.22/96.22 ppm could be assigned to the α-1,2Rhap and the substituted 1,2,4-α-Rhap. The α-Ara residues could be
identified with characteristic H1/C1 at 5.08/109.55 ppm (α-1,3-Araf),
5.05/109.24 ppm (α-1,3,5-Araf), 4.99/110.00 ppm (α-1,5-Araf),
respectively. The anomeric cross-peaks at 4.51/105.71 ppm and 4.55/
105.70 ppm could be attributed to β-1,4-Galp and β-1,6-Galp, respec
tively (Xu, Qi, Goff, & Cui, 2020). Other chemical shifts were provided in
Table S1.
HMBC spectrum was used to reveal the intra-connections between
neighboring residues in RPE50%-3. As shown in Fig. 4C, the strong
correlation in HMBC between H-4 (4.65 ppm) and C-1 (101.91 ppm) of
residue A, C-3 (71.81 ppm) of A and H-1 (5.01 ppm) of A, confirmed the
…→4)-α-GalpA-(1 → 4)-α-GalpA-(1→… backbone. The H-2 (4.23 ppm)
of residue C and C-1 (101.45 ppm) of residue A, the C-1 (96.22 ppm) of
residue B and H-3 (3.94 ppm) of residue A, indicated the existence of
rhamnogalacturonan I backbone. The correlation peak between C-3
(86.32 ppm) and H-1 (5.08 ppm) of residue D revealed the sidechains of
→ 3)-α-Araf-(1 → 3)-α-Araf-(1 → . The correction between C-4 (81.55
ppm) and H-1 (4.99 ppm) of residue F, C-5 (76.58 ppm) and H-1 (4.99
ppm) of residue F, C-3 (73.21 ppm) and H-1 (4.99 ppm) of residue F
indicated that the presence of sidechains → 5)-α-Araf-(1 → 5)-α-Araf-(1
→ . The correction between C-5 (84.32 ppm) of α-1,3,5-Araf and H-1
(4.99 ppm) of α-1,5-Araf, C-3 (73.21 ppm) of α-1,5-Araf and H-1 (5.05
ppm) of α-1,3,5-Araf, confirmed that α-1,5-arabinan was partly
branched. The H-1 signal (4.99 ppm) of α-1,5-Araf had a correlation
with C-3 (72.3 ppm) of β-1,4-Galp, revealing the existence of arabino
galactan sidechain. Additionally, the intensive cross peak between C-3
(70.54 ppm) of α-1,2,4-Rhap and the H-2 (4.31 ppm) of α-1,5-Araf
confirmed that α-1,5-arabinan sidechain was linked to the O-4 of Rha
residues. The correlation between C-2 (73.58 ppm) and H-4 (4.16 ppm)
of β-1,4-Galp showed the fragment of → 4)-β-Galp-(1 → 4)-β-Galp-(1 → .
The cross peaks between C-6 (64.12 ppm) and H-2 (3.43 ppm), C-6
(64.12 ppm) and H-3 (3.75 ppm) of β-1,6-Galp revealed the structure of
β-1,6-Galactan.
As described above, the structure of RPE50%-3 is a highly branched
pectin consisting of 50% of linear homogalacturonan, short RG back
bone, 16.4% of long and branched α-1,5-arabinan and α-1,3-arabinan,
18.3% of β-1,4-galactan and β-1,6-galactan sidechains and minor ara
binogalactan. The RG-I amount of RPE50%-3 was 44.55% and the Rha/
GalA was calculated to be 0.09. Therefore, RPE50%-3 could be catego
rized as RG-I type pectin (Zhang et al., 2016).

The two pectin samples had similar chemical structure features and
RPE50%-3 contained more complete sidechains regions and the cell
culture assays revealed RPE50%-3 possessed better immunomodulatory
effects. Therefore, RPE50%-3 was applied for further structural eluci
dation study.
One-dimension (1D) and two-dimension (2D) NMR spectroscopy,
including 1H, 13C, 1H–1H COSY, 1H–13C HSQC and 1H–13C HMBC, were
applied to reveal the precise structure of RPE50%-3 further. The primary
chemical shifts of these residues are listed in Table S1.
In the 1H NMR spectrum of RPE50%-3 (Fig. 3A), signal δ 5.01 could
be assigned to the H-1 of 1,4-linked α-GalA, and the signal at δ 4.88 was
attributed to the methyl-esterified GalA (Li et al., 2019). The signals at δ
5.08 and δ 4.99 were assigned to H-1 of 1,3-linked α-Araf and 1.5-linked
α-Araf, respectively. The signal of H-1 of α-1,3,5-Ara was overlapped,
which were confirmed by the cross-peak at 5.05/109.24 ppm in the
HSQC spectrum (Fig. 4B). Resonance at δ 5.22 was attributed to the H-1
of Rha residues (B and C). Signals at δ 4.51 and δ 4.55 were assigned to
1,4-linked β-Galp and 1, 6-linked β-Galp, respectively. The peak signal at
δ 3.71 was attributed to –OCH3 chemical group. In the anomeric region
of the 1H–1H COSY spectrum of RPE50%-3 (Fig. 4A), the intensive
correlation peak of H1/H2 (5.01/4.28) was attributed to α-1,4-linked
GalA residues. The presence of GalA-OMe could be confirmed by the
cross-peak of H1/H2 (4.88/4.13). The correlation peaks at 5.08/4.38
ppm, 5.05/4.37 ppm, 4.99/4.31 ppm, 4.50/3.43 ppm, 5.22/3.75 ppm
were assigned to the H1/H2 of α-1,3-Araf, α-1,3,5-Araf, α-1,5-Araf, β-1,4Galp or β-1,6-Galp, α-1,2,4-Rhap or α-1,2-Rhap, respectively. In the
anomeric region of the 13C NMR spectrum of RPE50%-3 (Fig. 3B), the
intense anomeric signals around δ 110 - δ 109.24 could be attributed to
C-1 of α-Araf (D, E, and F). Signals at 105–106 ppm could be assigned to
the anomeric carbon of different β-Galp residues (G and H). The C-1 of
α-1,4-GalA could be observed by the intensive signal at δ 101.91. The
signal of methyl-esterified GalA (GalA-OMe) was assigned to δ 102.31,
which could be confirmed by the intensive cross-peak at 4.88/102.31
ppm in the HSQC spectrum (Li et al., 2019). Also, the correlation peak at
3.71/56 ppm in HSQC spectrum was assigned to –OCH3 chemical group.
The small peak at δ 96.22 was from the C-1 of α-Rhap residues (B and C)
(Feng, Du, & Wang, 2021; Dutton, Merrifield, Laffite, Pratviel-Sosa, &
Wylde, 1982). The weak signal at δ 19.50 was assigned to –CH3 from Rha
residues.
Combined analysis of COSY and HSQC spectra (Fig. 4A and B)
allowed signals from different residues to be assigned. The anomeric
region of the HSQC spectrum contained an intensive signal H1/C1 of
α-1,4-GalA at 5.01/101.91 ppm, suggesting the major

Fig. 3. 1D NMR spectra of RPE50%-3: 1H (A) spectrum and
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Fig. 4. 2D NMR spectra of RPE50%-3: 1H/1H COSY (A); 1H/13C HSQC (B) and 1H/13C HMBC (C) spectra.
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Milošević, M. M., & Antov, M. G. (2022). Pectin from butternut squash (Cucurbita
moschata) -The effect of enzyme-assisted extractions on fiber characteristics and
properties. Food Hydrocolloids, 123, 107201.
Mohnen, D. (2008). Pectin structure and biosynthesis. Current Opinion in Plant Biology, 11
(3), 266–277.
Mzoughi, Z., Abdelhamid, A., Rihouey, C., Le Cerf, D., Bouraoui, A., & Majdoub, H.
(2018). Optimized extraction of pectin-like polysaccharide from Suaeda fruticosa
leaves: Characterization, antioxidant, anti-inflammatory and analgesic activities.
Carbohydrate Polymers, 185, 127–137.
Saberian, H., Hamidi-Esfahani, Z., Ahmadi Gavlighi, H., & Barzegar, M. (2017).
Optimization of pectin extraction from orange juice waste assisted by ohmic heating.
Chemical Engineering and Processing: Process Intensification, 117, 154–161.
Sahasrabudhe, N. M., Beukema, M., Tian, L., Troost, B., Scholte, J., Bruininx, E., … de
Vos, P. (2018). Dietary Fiber Pectin Directly Blocks Toll-Like Receptor 2–1 and
Prevents Doxorubicin-Induced Ileitis. Frontiers in Immunology, 9, 1–15.
Shivamathi, C. S., Gunaseelan, S., Soosai, M. R., Vignesh, N. S., Varalakshmi, P.,
Kumar, R. S., … Ganesh Moorthy, I. M. (2022). Process optimization and
characterization of pectin derived from underexploited pineapple peel biowaste as a
value-added product. Food Hydrocolloids, 123, 107141.
Smith, P. D., Smythies, L. E., Shen, R., Greenwell-Wild, T., Gliozzi, M., & Wahl, S. M.
(2011). Intestinal macrophages and response to microbial encroachment. Mucosal
Immunology, 4(1), 31–42.
Sisirak, V., Sally, B., D’Agati, V., Martinez-Ortiz, W., Ozcakar, Z. B., David, J., …
Reizis, B. (2016). Digestion of Chromatin in Apoptotic Cell Microparticles Prevents
Autoimmunity. Cell, 166(1), 88–101.
Soria, A. C., Corzo-Martínez, M., Montilla, A., Riera, E., Gamboa-Santos, J., &
Villamiel, M. (2010). Chemical and physicochemical quality parameters in carrots
dehydrated by power ultrasound. Journal of Agricultural and Food Chemistry, 58,
7715–7722.

In summary, crude raspberry polysaccharides were extracted from
raspberry fruit by hot-acid and combined-enzymes methods. After
stepwise ethanol precipitation and Q-fast flow column chromatography
isolation, two purified pectins (RPA50%-3 and RPE50%-3) were ob
tained. Although, these two extraction methods had no remarkable ef
fects on the molecular weight and degree of methylation, but enzymeextracted raspberry pectin (RPE50%-3) contained a higher amount of
arabinose, suggesting vigorous hot-acid extraction induced degradation
of neutral sidechains in raspberry pectin. The structural characterization
results suggested RPE50%-3 was RG-I pectin containing α-1,5-arabinan,
α-1,3-arabinan, β-1,4-galactan, β-1,6-galactan and minor arabinoga
lactan sidechains. Besides, RPE50%-3 exhibited better immunomodu
latory properties on lipopolysaccharides-activated macrophages. These
results revealed that arabinan sidechains contributed to the regulation
of pectin on immune cells. The enzyme-extraction method could keep
the highly branched sidechains of raspberry pectin, and the traditional
acidic extraction might not be suitable for producing bioactive pectin.
This study provided fine structural information of pure raspberry pectin
and also was helpful for rethinking efficient extraction of functional
pectin in the food industry.
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