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Background: Peas (Pisum sativum L.), the second largest edible bean in the world,

have comprehensive and balanced nutrition. In China, peas are mainly used in

the processing of starch and related products, during which a large amount of

processing by-products—pea dregs—is produced. Because of its large particle

size, coarse texture, and di�culty in storage, it is mostly discarded or used as feed,

resulting in unnecessary waste.

Materials and methods: The preparation and simulated moving bed

chromatographic purification process conditions of pea-resistant dextrin

were optimized using pea production waste-pea residue as raw material, and

structural characterization and functional properties of pea residue-resistant

dextrin were analyzed.

Results: The results showed that the optimal preparation process conditions for

pea-resistant dextrin were as follows: acid concentration 1.0%, acid addition 7.3%,

treatment temperature 178.8◦C, and treatment time 92.5min. Subsequently, the

pea-resistant dextrin content of 42.15 ± 0.16% was obtained. The optimal SSMB

purification conditions were as follows: feed volume 455 g/h, feed volume 682

g/h, circulation volume 346mL, outlet concentration 24.8 ± 0.2%, purity 99.35

± 0.17%, and yield 91.08 ± 0.42%. The structural characterization revealed that

pea-resistant dextrin had large and variable particle size and amorphous structure;

the chemical bond or functional group di�erences between pea-resistant dextrin

and pea starch were not significant; pea-resistant dextrin was a glucose-based

dextran with a monosaccharide composition of 2.6% arabinose, 1.5% xylose, and

95.9% glucose, and its molecular weight was (601.1 ± 8.5) × 103u. Functional

characterization revealed that the RS content of pea-resistant dextrin was 92.35%,

which had significantly slow digestive properties as well as hypoglycemic and

hypolipidemic e�ects.

Conclusions: Using pea dregs to produce pea dregs resistant dextrin has low

production cost and significant functional characteristics, which can be widely

applied in the food industry.

KEYWORDS

pea pomace, resistant dextrin, preparation, purification, simulated moving bed
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1. Introduction

Peas (Pisum sativum L.), the second largest edible bean in the

world, have comprehensive and balanced nutrition (Huang et al.,

2020). They have a high nutritional value, containing 33.4–47.5%

starch, 24.3–30.4% protein, and 14.4–19.5% crude fiber (Gomes

et al., 2018). In China, peas are mainly used in the processing of

starch and related products, such as vermicelli, during which a

large amount of processing by-products—pea dregs—is produced.

Because of its large particle size, coarse texture, and difficulty

in storage, it is mostly discarded or used as feed, resulting in

unnecessary waste (Wu et al., 2020). The starch content of pea

dregs is about 20% (Zhou et al., 2016), and if the starch in it can

be processed to make a high-quality, high-value-added resistant

dextrin, the utilization rate and added value of the peas can be

improved significantly.

Resistant dextrin is a short-chain glucose polymer formed by

high-temperature cleavage and condensation of starch as a white or

pale-yellow powder, a non-sweet, low-calorie indigestible dextrin

(Hobden et al., 2015). Resistant dextrin reduces the secretion of

digestive tract hormones that regulate the activity of digestive

enzymes in the intestine to alter and maintain the balance of

the metabolic activity of the body, which promotes human health

(Xie et al., 2017). It has the physiological functions of regulating

blood sugar (Shigeru et al., 1999; Aliasgharzadeh et al., 2015)

and fat metabolism (Basu and Ooraikul, 2010; Dong et al.,

2015), improving the composition of human intestinal colonies

(Le et al., 2003; Barczynska et al., 2010; Lanubile et al., 2012),

and being a laxative (Emilien et al., 2018; Pérez-Calahorra et al.,

2020). Also, as a major water-soluble dietary fiber with good

processing characteristics, it can be widely used in dairy products,

baby food, pasta products, meat products, and other fields and

has a broad application prospect. The preparation of resistant

dextrin is similar, and the structural characteristics, physiological

functions, and other properties of resistant dextrin are related

to the raw materials and their starch composition; therefore,

the studies on the preparation of resistant dextrin are focused

on the selection of raw materials. Shigeru et al. (1991) made

resistant dextrin from potato starch. Kapusniak and Jane (2007)

prepared maize-resistant dextrin from maize starch. Kamonrat

et al. (2019) prepared cassava-resistant dextrin from cassava starch;

Liu et al. (2022) prepared mung bean resistant-dextrin from mung

bean starch. Zhang et al. (2020) prepared buckwheat resistant-

dextrin from sorghum starch. Hitherto, the preparation of pea-

resistant dextrin has not been reported. Thus, the present study was

carried out to prepare pea dregs-resistant dextrin by acid thermal

enzymatic method using pea dregs as raw material. Then, the

dextrin was purified by simulated moving bed chromatography,

and its physicochemical structure was analyzed by scanning

electron microscopy, infrared spectroscopy, X-ray diffraction, gel

chromatography-multi-angle laser light scattering method, and

gas chromatography-mass spectrometry coupling, and it’s in vitro

digestibility, in vitro hypoglycemic effect, in vitro lipid-lowering,

and other functional properties were also evaluated. Gas scattering

and gas chromatography-mass spectrometry analyzed the physical

and chemical structure. Therefore, the present study aimed to

explore themethods of deep processing of bean starch waste and lay

the foundation for the comprehensive utilization and industrialized

production of bean residue.

2. Materials and methods

2.1. Materials

Pea okara was supplied by Shuangta Food Co., L2.2.1td Yantai,

Shandong, China. Pea okara was dried at 40◦C, crushed, and

screened (200 µm).

2.2. Methods

2.2.1. Preparation of pea resistant dextrin
After impurity removal, the pea dregs were degreased with

petroleum ether, extracted with 0.1 mol/L NaOH solution for 3 h,

centrifuged at 3,550 × g for 10min, and the supernatant was used

to prepare protein. The precipitate was repeatedly washed with

deionized water to remove the yellowish-brown substances in the

upper layer of the precipitate until the starch slurry is white, then

mixed with 1 mol/L hydrochloric acid to pH 7.0, filtered, dried at

30◦C, crushed through 80 mesh sieve, and pea starch was prepared

(Kou et al., 2017). Pea starch was dried at 90◦C for 1 h and reduce

the water content to below 5%, then spray with hydrochloric acid

and pyrolysis at 160–200◦C for 1–2 h; After completion, taken

it out for natural cooling, add water to the pyrolysis product

(pyrodextrin) to make a solution, used 1mol/L NaOH to adjust it to

pH 5.5–6.5, 0.5% high temperature resistance α-amylase reacted at

95◦C for 1 h, and the 0.4% saccharifying enzyme reacted at 60◦C,

pH 4.0–4.5 for 2 h, and then concentrated in vacuum to obtain

the crude pea resistant dextrin. The resistant dextrin was purified

by simulated moving bed chromatography and its structure and

function were determined (Li et al., 2020).

2.2.2. Optimization of preparation process
parameters of pea resistant dextrin

Weighed pea starch 1,000 g, added hydrochloric acid at the

concentration of 0.6, 0.8, 1.0, 1.2, and 1.4%, respectively, add

hydrochloric acid at the level of 4, 5, 6, 7, 8, 9, and 10% of

raw material, pyrolysis temperature at 150, 160, 170, 180, and

190◦C, and treatment time at the level of 80, 90, 100, 110, and

120min, respectively, high temperature resistance α-amylase added

was 0.5%, and the reaction was conducted at 95◦C for 1 h. The

saccharifying enzyme added 0.4%, reacted at 60◦C for 2 h, and

concentrated in vacuum to obtain crude resistant dextrin. Taking

the content of resistant dextrin in pea as an index, the relationship

diagram was drawn by using sigma plot to determine the best

rotation test center level. On the basis of single factor test, the

response surface method was used to optimize the extraction

process. The content of pea resistant dextrin was Y, the acid

concentration (%) was X1, the amount of acid added (%) was X2,

the treatment temperature (◦C) was X3, the treatment time (min)

was X4, and the test factor level coding in Table 1.
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TABLE 1 Factor levels coding table.

Coding
vale

X1 HCl
concentration/

%

X2

HCl
addition/

%

X3
Temperature/

◦C

X4

Time/
min

−2 0.8 6 160 90

−1 0.9 6.5 165 95

0 1 7 170 100

+1 1.1 7.5 175 105

+2 1.2 8 180 110

2.2.3. Purification technology of pea resistant
dextrin
2.2.3.1. Technology of preparative chromatography

Weighed 99K+310 resin (Dow Chemical Company, Midland,

MI, U.S.A.) 200 mL(structural framework: styrene diethylene

benzene, functional Group:-SO−
3 , homogeneous particle 310µm),

washed it repeatedly with deionized water to remove the damaged

resin and impurities in the process, and soak it overnight

with deionized water. The self-made preparation chromatography

device (10× 1,200mm with thermal insulation function, equipped

with six-way sample injection valve) was used for the preparation

chromatography experiment. The resin was filled into the

preparation chromatography column. After filling, the resin was

continuously flushed with deionized water until the conductivity

of the effluent was consistent with that of deionized water. During

this period, the temperature was continuously increased, and the

temperature is maintained to 60◦C. The resin was ready for use

after filling. The preparation chromatographic separation test was

carried out with the feed concentration of resistant dextrin of

60%, the feed concentration of 10mL, the column temperature of

60◦C, and the elution flow rate of 1 BV/h. The concentration was

determined by the saccharometer, and the purity of the sample

was analyzed by HPLC. The single-column elution curve of pea

resistant dextrin was drawn according to the test results (Li et al.,

2016b).

2.2.3.2. Technology of SSMB chromatography

The SSMB-6Z6L device (National Coarse Chemical

Engineering Technology Research Center, Daqing, Heilongjiang,

China) was used for the separation of SSMB purified resistant

dextrin. The device has 6 chromatographic columns, which are

connected in series. Each chromatographic column has to go

through three steps of full in and full out (S1), large cycle (S2)

and small cycle (S3) in one operation cycle day (Figure 1). Step 1:

injected desorber D into the upper end of the first chromatographic

column, and release AD (purity) at the lower end, and F (raw

material) at the upper end of the third column at the interval,

and release BD (resistant dextrin component) at the lower end of

the fourth chromatographic column at the interval; Step 2: The

material does not enter or exit the system, but only carries out a

large cycle; Step 3: injected desorber D into the upper end of the

first chromatographic column, and release BD (resistant dextrin

component) at the lower end of the fourth chromatographic

column in the interval Then switch to the next chromatographic

column, carry out three steps in turn, and then cycle until the end

of the test (Li et al., 2016a).

2.2.4. Structural characterization
2.2.4.1. The molecular weight of pea resistance dextrin

The molecular weight distribution was determined by liquid

chromatography using the method of Wu et al. (2010) with slight

modifications and a highly efficient size exclusion chromatography

(SEC)-18-angle laser light scatter-differential refractive index

detector coupled system, (Wyatt Company, Santa Barbara, CA,

USA) with a size exclusion chromatography column (TSK G5000

PW 7.5 × 600mm; Tosoh Company, Tokyo, Japan). The prepared

sample (100 µL) was analyzed using ASTRA 6.1 software. The

instrument was calibrated with bovine serum albumin, the mobile

phase was 0.1 mol/L NaNO3 (containing 0.02% NaN3), the flow

rate was 0.4 mL/min, the column temperature was 60◦C, and the

loading volume was 100 µL (Wu et al., 2010).

2.2.4.2. Monosaccharide composition analysis

Refered to the method of Cao et al. (2021) and make some

changes. The whole process of sample treatment requires nitrogen

protection, reduction and acetylation, and GC-MS analysis. The

chromatographic column is HP-5MS quartz capillary column

(30m × 0.25mm, 0.25µm). The monosaccharide composition

of pea resistant dextrin was determined by qualitative analysis of

monosaccharide according to the peak time of gas spectrum and

the ion peak of mass spectrum.

2.2.4.3. Scanning electron microscope measurement

A Ultra-High-Resolution Schottky Scanning Electron

Microscope SU7000 (Hitachi High-Technologies, Tokyo, Japan)

was used for analyzing and observing morphology of pea resistance

dextrin. resistance dextrin granules homogeneously dispersed were

fixed with electrically conductive adhesive, coated with gold using

an ion sputter coater, observed using SEM, and representative

photographs were taken (Wei et al., 2022).

2.2.4.4. Infrared spectrum measurement

The infrared spectrum was measured with a FTIR-1500

Fourier transform infrared spectrometer (Thermo Fisher Scientific,

Madison, WI, USA). The sample and KBr were mixed and ground,

and the vacuum tablet press was used for tablet pressing, and

the infrared spectrum scanning was conducted in the range of

4,000 400 cm−1.

2.2.4.5. X-ray di�raction method

The prepared pea starch and purified pea resistant dextrin

were dried and crushed, and then measured by Empyrean X-

ray diffraction (XRD) (PANalytical B.V. Almelo, Eindhoven,

Netherlands). The voltage of the instrument is 40 kV, the current

is 40mA, and the scanning range is diffraction angle (2θ)5∼40◦,

step is 10.16 steps/s (Sankhon et al., 2013).

2.2.5. Other determination methods
Refered to the methods of Li et al. (2015) for the

determination of the concentration, purity, yield and resolution of

resistant dextrin.
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FIGURE 1

The process flow diagram of SSMB.

2.2.6. Evaluation of resistant dextrin’s functional
properties
2.2.6.1 Evaluation of in vitro simulation of digestion

Refered to the method of Li et al. (2019) and make

some changes. Determined the absorbance of the digestive

solution at 540 nm, calculate the maltose content in the digestive

system according to the standard curve of maltose, and then

analyze the content of digestible starch (RDS), slow digestible

starch (SDS), and resistant starch (RS) of pea starch and pea

resistant dextrin.

2.2.6.2. Evaluation of in vitro hypoglycemic function

Refered to the method of Ramkumar et al. (2010) and make

some changes. Taken acarbose as control, determined the α-

inhibition amylase activity and α-inhibition glucosidase activity of

resistant dextrin.

2.2.6.3. Evaluation of in vitro lipid-lowering function

2.2.6.3.1. Oil-holding capacity

The oil-holding capacity were determined by reference to Guo

et al. (2018) with a slight modifications.

2.2.6.3.2. Cholesterol adsorption

The adsorption of cholesterol was determined according to

Peerajit et al. (2012) with slight modifications.

2.2.7. Statistical analysis
Microsoft Excel (Redmond, WA, USA) and SPSS

software (IBM Corp, Armonk, NY, USA) were used for

statistical analysis. SigmaPlot (Systat Corporation, Palo

Alto, CA, USA) was used for image processing. All data

were collected in triplicate and the average value was used

for analysis.

3. Results

3.1. Experimental results and analysis of the
preparation of pea-resistant dextrin

The results showed that hydrochloric acid concentration,

hydrochloric acid addition, treatment temperature, and treatment

time had significant effects on the yield of resistant dextrin

(P ≤ 0.05) (Figure 2). The yield of resistant dextrin in peas

increased with the addition of hydrochloric acid; the yield of

resistant dextrin was equivalent to the addition of hydrochloric

acid >7%, the subsequent increase was not significant, and the

yield was maximum with the addition of hydrochloric acid at 7%.

Subsequently, the yield of resistant dextrin increased with rising

treatment temperature, the increase of yield slowed down and

tended to equilibrate with the treatment temperature >170◦C, and

the yield was maximum with the treatment temperature of 170◦C.

The yield of resistant dextrin increased with increasing treatment

time, and the yield was maximum with the treatment time

>100min. The yield of resistant dextrin increased with increasing

treatment time, and the yield of resistant dextrin increased slowly

and equilibrated at >100min. The maximum yield was obtained

at 100min of treatment time. Therefore, a response surface test

was conducted with a concentration of 1% hydrochloric acid, 7%

hydrochloric acid addition, a treatment temperature of 170◦C, and

a treatment time of 100min as the center point.

Based on the results of the single-factor test, a response surface

test was conducted using X1 (acid concentration), X2 (amount of

acid added), X3 (treatment temperature), and X4 (treatment time)

as independent variables and pea-resistant dextrin content as Y.

The statistical analysis of the test results showed that the regression

model R2 = 0.95, P < 0.01, and the F-value of the out-of-fit term

was 0.21, P > 0.05, indicating a good fit for the model. The F-

value of the primary term was 12.41, P < 0.01; the F-value of the

interaction term was 4.07, P < 0.05, and the overall F-value was
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FIGURE 2

E�ect of di�erent preparation conditions on the yield of pea resistant dextrin. (A) HCl concentration; (B) HCl addition; (C) Preparation temperature;

(D) Preparation time.

FIGURE 3

The chart of elution curve.

12.39, P < 0.01, indicating that each term affected the pea-resistant

dextrin content to different degrees. Based on the experimental

results, the regression equation Y = −4559.53 + 641.46X1 +

99.36X2 + 32.13X3 + 22.39X4 - 481.15X1
2 - 35.25X1X2 + 2.8X1X3

+ 1.1 X1X4 - 4.7X2
2 + 0.03X2X3 - 0.07X2

3 - 0.1X3X4 - 0.03X4
2

was obtained using X1 (acid concentration), X2 (amount of acid

added), X3 (treatment temperature), and X4 (treatment time) as

independent variables and pea-resistant dextrin content as Y.

Based on the analysis of the regression equation, the

standardized values for X1, X2, X3, and X4 were 0.126, 0.302,

0.886, and−0.747, respectively, and the parameters after conversion

to non-standardized values were as follows: acid concentration

(X1) 1.03%, acid addition (X2) 7.3%, treatment temperature

(X3) 178.86
◦C, treatment time ah (X4) 92.53min, the theoretical

maximum value was 42.38%, and the content of pea-resistant

dextrin was 42.15 ± 0.16% obtained from the validation test. The

prepared pea-resistant dextrin mainly consisted of five peaks with

three main substances: resistant dextrin (peak time 9.974min),

disaccharide (peak time 10.962min), and glucose (peak time

12.585min), in which the content of resistant dextrin was 42.1%.

3.2. Purification of pea-resistant dextrin

3.2.1. Preparation of chromatographic
purification techniques

The results of preparative chromatography of pea-resistant

dextrin showed (Figure 3) that the retention time of resistant
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TABLE 2 Operation conditions and test results on SSMB.

NO. Crude
product/g·h−1

Water/g·h−1 Circulation
volume/mL

Concentration/
%

Purity/% Yield/%

1 455 1137.5 364 11.9± 0.2 96.55± 0.34 85.22± 0.86

2 455 1137.5 336 10.8± 0.3 99.39± 0.46 83.15± 0.29

3 455 910 336 16.6± 0.4 98.12± 0.28 88.33± 0.77

4 455 910 373 18.9± 0.2 98.79± 0.37 90.82± 0.46

5 455 682 328 22.3± 0.3 99.32± 0.39 86.67± 0.59

6 455 682 346 24.8± 0.2 99.35± 0.17 91.08± 0.42

7 455 682 364 25.5± 0.3 97.21± 0.33 87.26± 0.53

FIGURE 4

Liquid chromatogram spectrum of peas resistance dextrin purified by SSMB.

dextrin and heterosaccharides differed greatly, and the separation

was calculated to reach 0.49. Although some overlapping parts

could not be separated completely, the separation distance and

time could be prolonged by simulated mobile chromatography,

the amount of elution feed water could be increased, and a

good separation effect could be achieved entirely through the

optimization of the experiment.

3.2.2. Optimization of process parameters for
sequential simulated moving bed purification of
pea-resistant dextrin

Based on the results of the preparative chromatographic

evaluation tests, the feed refraction of SSMB was determined to

be 60%, and the temperature was 60◦C. The technical parameters

of the purification of resistant dextrin by the SSMB method were

optimized (Table 2). Considering the feed volume, feed-water ratio,

exit refraction, purity, and yield, the sixth group of tests showed

better results than the other six groups. Hence, the best separation

conditions were determined as follows: the feed volume was 455

g/h, the feed water volume was 682 g/h, and the circulation volume

was 346mL. At this time point, the exit refraction was 24.8± 0.2%,

the purity reached 99.35 ± 0.17%, and the yield reached 91.08 ±

0.42%. The liquid chromatogram of the resistant dextrin fraction

after separation by SSMB is shown in Figure 4.

3.3. Results and analysis of the structural
characterization of resistant dextrins

3.3.1. Molecular weight determination
The results of molecular weight determination (Figure 5)

showed only a single peak on the DPF detection curves of both

pea starch and pea-resistant dextrin, indicating that the molecular

weights of both molecules were concentrated. The molecular

weights (Mw) of pea starch and pea-resistant dextrin were (1465.4

± 53.2)× 103 u and (601.1± 8.5)× 103 u, respectively.

3.3.2. Determination of monosaccharide
composition of resistant dextrins

The monosaccharide composition of pea starch was more

diverse than that of pea-resistant dextrin, containing six

monosaccharides, including rhamnose 0.6%, arabinose 6.1%,

xylose 4.3%, mannose 1.5%, glucose 82.3%, and galactose 5.2%.

Conversely, the monosaccharide composition of resistant dextrin
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FIGURE 5

Di�erential refraction detection spectrum of pea starch and peas resistance dextrin. (A) Pea starch; (B) peas resistance dextrin.

FIGURE 6

SEM images of pea starch and pea resistance dextrin. (a) Pea starch (×500); (b) pea starch (×5,000); (c) pea resistance dextrin (×500); (d) pea

resistance dextrin (×5,000).

consisted of only three components: glucose as the main ingredient

and a small amount of arabinose and xylose. The monosaccharide

composition was 2.6% arabinose, 1.5% xylose, and 95.9% glucose.

This might be due to the degradation of pea starch under acid heat

conditions with glucose as the main body for repolymerization.

Also, arabinose and xylose participate in this process, forming

a pea-resistant dextrin polymer, while rhamnose, mannose, and

galactose may not be involved in and are not detected in the

pea-resistant dextrin.

3.3.3. Electron microscope determination
The scanning electron microscope results of pea-resistant

dextrin showed (Figure 6) that pea starch and purified pea-resistant

Frontiers in Sustainable FoodSystems 07 frontiersin.org

https://doi.org/10.3389/fsufs.2023.1182642
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Li et al. 10.3389/fsufs.2023.1182642

FIGURE 7

Fourier transform infrared spectra of pea starch and peas resistance dextrin. (A) Pea starch; (B) peas resistance dextrin.

dextrin had completely different morphological structures at the

same magnification. The pea starch granules were small, with a

slight particle difference, regular oval-shaped granules, and smooth

granule surface, while the purified pea-resistant dextrin had larger

and different-sized granules and irregular fragments, and the

granule surface became rough due to an amorphous structure.

This phenomenon could be due to the effect of acid and heat

that breaks down the starch molecules, which are reassembled

irregularly with different sizes of polymerization. This results in

varied sizes and rough surfaces of particles of purified pea-resistant

dextrin, favorable for the entry of water molecules, reflecting

better solubility and smaller viscosity of pea-resistant dextrin than

pea starch.

3.3.4. Infrared spectroscopy measurement
The results of the infrared spectra of pea-resistant dextrin

(Figure 7) showed that pea starch and pea-resistant dextrin had

absorption peaks near 2,900, 2,300, 2,000, and 1,600 cm−1. The

peak shapes and positions of the characteristic peaks of both

infrared spectra did not change significantly, only the size of some

absorption peaks differed, which was related to the content of

the corresponding chemical bonds. This finding indicated that the

chemical bonds or functional groups of pea starch and pea-resistant

dextrin had not changed significantly.

3.3.5. X-ray di�raction measurement
The results of pea starch X-ray diffraction test showed

(Figure 8A) that the crystalline type of pea starch was C-crystalline

with 2θ at 15.40, 17.32, and 23.38◦, respectively, and the crystallinity

was 34.37% by fitting analysis. The X-ray diffractogram of pea-

resistant dextrin showed (Figure 8B) that the diffraction peaks of

pea-resistant dextrin are broad and not highly crystalline when

viewed directly, and its 2θ is about 19◦, which is typical of the

amorphous spectrum, indicating that pea-resistant dextrin belongs

to the amorphous state. This is due to the degradation of pea starch

under acid heat conditions, following which the original crystalline

structure of pea starch is destroyed; thus, the pea-resistant dextrin

is a glucose-based dextran in the amorphous state.

Frontiers in Sustainable FoodSystems 08 frontiersin.org

https://doi.org/10.3389/fsufs.2023.1182642
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Li et al. 10.3389/fsufs.2023.1182642

FIGURE 8

The X-ray di�raction spectra of pea starch and peas resistance

dextrin. (A) Pea starch; (B) peas resistance dextrin.

3.4. Functional properties of resistant
dextrins

3.4.1. In vitro simulation of digestion
The content of RDS, SDS, and RS of pea starch was determined

by simulated gastrointestinal fluid digestion: 81.77, 12.36, and

5.87%, respectively. The content of RDS, SDS and RS of pea-

resistant dextrin was 5.37, 2.28, and 92.35%, respectively. The starch

content of the resistant dextrins was significantly higher (P < 0.05)

than that of the untreated starch.

3.4.2. In vitro hypoglycemic function
measurement

The in vitro hypoglycemic function test results with pea-

resistant dextrin (Figure 9) showed that the inhibition rate

of α-glucosidase and α-amylase showed a significant increase

in pea-resistant dextrin-dependent manner. This phenomenon

indicated a positive linear correlation with the inhibition rate of

α-glucosidase and α-amylase. The inhibition rates of α-glucosidase

and α-amylase of pea-resistant dextrins were significantly lower

than the corresponding inhibition capacity of acarbose (P < 0.05).

FIGURE 9

The inhibition of α-amylase and α-glucosidase. The black line

represents α- Inhibition of amylase activity; The red line represents

α- Inhibitory e�ect of glucosidase.

TABLE 3 Results of cholesterol adsorption by pea resistant dextrin.

Functional characteristics Pea
resistant
dextrin

Pea
starch

Cholesterol adsorption

capacity

pH Adsorption rate (%)

7.0 28.12± 1.58 –

2.0 22.50± 1.16 –

Oil adsorption capacity Oil type Adsorption quantity (g/g)

Lard 1.78± 0.15 1.28± 0.13

Soybean oil 0.88± 0.09 0.76± 0.08

3.4.3. In vitro lipid-lowering function
measurement

The in vitro lipid-lowering function of pea-resistant dextrin

(Table 3) showed that pea-resistant dextrin had a marked lipid-

lowering function. The cholesterol adsorption capacity of pea-

resistant dextrin was 28.12± 1.58 mg/g at pH 7.0 and 22.50± 1.16

mg/g at pH 2.0. The cholesterol adsorption capacity of pea-resistant

dextrin at pH 7.0 was significantly greater than that of pea-resistant

dextrin at pH 2.0 (P < 0.05). The adsorption capacity of pea starch

for lard and soybean oil was determined as 1.32 g/g and 0.76 g/g,

respectively, the adsorption capacity of pea-resistant dextrin for

both was 1.69 and 0.88 g/g, respectively, and the adsorption effect

of pea-resistant dextrin for oil and grease was better than that of pea

starch (P < 0.05).

4. Discussion

Currently, the purity of the prepared resistant dextrin is about

40–50%, and purification is essential to reach the international

standards of purity >95%. The common purification methods

include microbial fermentation, enzymatic methods, and ethanol

precipitation. Aboubacar et al. (2006) studied the effect of Brewer’s
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yeast on the purification of resistant dextrin, and the dietary fiber

content of purified resistant dextrin reached 90%; however, the

microbial fermentation method has several by-products, complex

operation, and high production costs, and is not suitable for

industrial production. Zhang et al. (2020) purified sorghum-

resistant dextrin by enzymatic method and achieved 88.23%

purity. Liu et al. (2022) and Su et al. (2022) used the ethanol

method for the purification of resistant dextrin, which showed that

ethanol precipitation is still the most commonly used and effective

method (Liu et al., 2022; Su et al., 2022). The purity of purified

resistant dextrin by ethanol precipitation method reaches >95%,

but requires several consecutive washes and complicated operation;

the ethanol needs to be recycled, the production cost is high, and

also serious pollution and safety risks are recorded. The current

methods have problems of low product purity, high consumption,

and high purification costs. In this study, SSMB chromatography

was used for the purification of resistant dextrin, and the purity of

the purified resistant dextrin was >99%, and the yield was >90%.

This technique uses deionized water as the eluent, with high inlet

and outlet concentrations and low production costs, the purity and

yield of the product are high, and the industrial mass production

can be automated and continuous (Ha et al., 2016).

Structural characterization revealed that the particles of

pea-resistant dextrin were large and of different particle sizes

and irregular fragments; the surfaces of the particles became

rough and different as amorphous structures. The chemical

bonds or functional groups of pea-resistant dextrin did not

change significantly after acid heat treatment; the monosaccharide

composition of pea-resistant dextrin was dominated by glucose

and differed significantly (P < 0.05) from that of starch

monosaccharides. Also, the molecular weight of pea starch

pea-resistant dextrin decreased significantly (P < 0.05) after

acid heat reaction, the glycosidic bonds were reorganized by

heat breakage, and the corresponding chemical bond content

changed, and the chemical bond content of anti-digestive

enzyme hydrolysis increased, resulting in significant changes

in physicochemical properties and the molecular weight and

monosaccharide composition of resistant dextrin. In addition, the

resistant starch content in the resistant dextrin was significantly

higher (P < 0.05) compared to pea starch-resistant dextrin and

exhibited in vitro hypoglycemic and hypolipidemic functions,

which is consistent with the current findings (Liu et al., 2022;

Su et al., 2022). The overall condensation and polymerization

processes of resistant dextrin are stochastic, and its cleavage

process is fixed. The α-1,4 glycosidic bond of starch is broken

by amylase hydrolysis to form small molecules of glucose and

disaccharide analogs, which are reconnected and polymerized by

α-1,6 glycosidic bond to form resistant dextrin (Li W. et al.,

2016). Digestive enzymes and human gastrointestinal fluids can

act only on the α-1,4 glycosidic bond and not on this newly

formed bond (Kong et al., 2020), leading to a significant decrease

in the ratio of fast- and slow-digesting starch in resistant dextrin

and a significant increase in the proportion of resistant starch.

Moreover, pea-resistant dextrin exhibited inhibitory effects on α-

glucosidase and α-amylase. Resistant dextrin is a glucan with a

more complex branching structure than starch. Thus, the presence

of these irregular structures may provide the resistant dextrin with

an effect similar to acarbose in binding to α-glucosidase, inhibiting

the activity of α-glucosidase and α-amylase (Jiang et al., 2022).

5. Conclusion

The present study was conducted to investigate the preparation,

structural characterization, and functional properties of pea

residue-resistant dextrin using pea production waste-pea residue as

raw material. Based on a single factor, the processing conditions

for the preparation of pea-resistant dextrin by acid thermal

treatment were optimized by response surface methodology, and

pea-resistant dextrin with purity>99%was obtained by preparative

chromatography and simulated moving bed chromatography

purification. The structural characterization revealed that the

resistant dextrins have satisfactory processing properties and can

be widely used in the dairy, beverage, noodle products, health food,

meat products and other food industry. The functional properties

of in vitro digestibility, hypoglycemia, and hypolipidemia were

analyzed, and we found that pea-resistant dextrin has significantly

slow digestibility as well as hypoglycemic and hypolipidemic effects.

This study provided novel ideas for the comprehensive utilization

of pea dregs, which significantly increased the added value of pea

dregs processing and promoted the development of pea cultivation,

production, deep processing, and other related industries.
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