Asian Agricultural Research 2026, 18 (9); 41 -45

DOI: 10.19601/j. cnki. issn1943 —9903.2026. 09. 008

Exploration of Purification Process for Total Phenolics from Whole

Silkworm Bodies

Hua CUI, Yan XIE"
Institute of Sericulture, Chengde Medical University, Chengde 067000, China

Abstract

whole silkworm bodies. [ Methods] The macroporous resin type was screened through static adsorption and desorption experiments. The

[ Objectives | This study was conducted to determine macroporous resin purification process parameters for total phenolics from

process parameters, including sample solution concentration, pH, ethanol volume fraction of desorption solution, and flow rate, were optimized
by static adsorption/desorption kinetics and single-factor experiments. | Results | The optimal resin was D101. The optimal purification condi-
tions were as follows; sample solution pH of 2.0, sample concentration of 0.2 mg/mL, 60% ethanol as the desorption solution, sample-loading
flow rate of 1.6 mL/min, and desorption flow rate of 1.6 mL/min. Under these conditions, the purity of total phenolics from whole silkworm
bodies increased from (7.26% +0.12% ) to (23.57% +1.65% ), representing a 3.2-fold increase in purity. [ Conclusions | This purifica-
tion process significantly improved the purity of total phenolics from whole silkworm bodies with relatively low cost, providing a technical refer-

ence for the resource development of silkworm.
Key words

0 Introduction

The silkworm ( Bombyx mori Linnaeus) belongs to the genus
Bombyx in Bombycidae of Lepidoptera, and is an economic insect
that feeds exclusively on mulberry leaves and spins silk to form
cocoons. In addition to silk production, the silkworm can absorb
and utilize the components of ingested mulberry leaves. Its body
is rich in alkaloids, flavonoids, phenols, lactones, organic

-2]

acids, sugars, and glycosides'' > | and exhibits antioxidant, lip-

3-3] " The medicinal value

id-lowering, and hypoglycemic effects
of the silkworm has been documented in ancient works such as
Qimin Yaoshu, Compendium of Materia Medica, and Chinese
Maieria Medica. As the saying goes, " it can strengthen the
body when consumed and cure various diseases when used as
medicine" .

Previous research by our group has shown that phenolics are
the main active components responsible for the antioxidant activity

of whole silkworm bodies"®

. Polyphenolic compounds exhibit ex-
cellent antioxidant capacity'”’ and have become a research hotspot
in exogenous antioxidants in recent years. Phenolic compounds are
aromatic compounds with phenol as the basic framework, charac-
terized by the substitution of one or more phenolic hydroxyl groups
on the benzene ring. Phenolic hydroxyl groups are readily oxi-
dized, enabling them to scavenge free radicals and chelate metal
ions to prevent the formation of hydroxyl radicals, thereby exerting
antioxidant effects'® ™"

Polyphenols obtained by general extraction are crude poly-
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phenols, which still contain non-phenolic impurities such as poly-
saccharides and cellulose, resulting in relatively low purity.
Therefore, it is necessary to adopt certain methods to remove im-
purities and improve the purity of polyphenols'®™""". Macroporous
resins are widely used in polyphenol purification due to their ad-
vantages of high adsorption capacity, easy regeneration, and low

cost'"™

. However, studies on the purification process of total poly-
phenols from whole silkworm bodies have not been reported yet. In
this study, optimal macroporous resin was selected by measuring
static adsorption and desorption conditions, and the purification
process parameters of whole silkworm bodies were optimized, ai-
ming to provide a reference for the industrial utilization of silk-

worm resources.

1 Materials and methods
1.1 Materials and reagents Silkworm ( Bombyx mori, Jing-
song X Haoyue ) was obtained from Guangdong Guangtong Silk-
worm Eggs (Group) Co. , Ltd. Macroporous resins D101, AB-8,
and HPD100 were purchased from Shanghai Yuanye Biotechnology
Co., Ltd. Folin-Ciocalteu reagent was obtained from Jinclone
(Beijing) Biotechnology Co. , Ltd. Gallic acid standard was pur-
chased from Beijing Solarbio Science & Technology Co. , Lid.
1.2 Instruments and equipment Ulirasonic cleaner ( Skymen
Cleaning Equipment Shenzhen Co., Ltd.); peristaltic pump
(Baoding Longer Precision Pump Co. , Lid. ); UV-visible spec-
trophotometer ( Beijing Purkinje General Instrument Co. , Lid. ) ;
electronic balance (Changzhou Ohaus Instrument Co. , Ltd. ).
1.3 Experimental methods

1.3.1

standard was dissolved in distilled water to prepare a gallic acid

Plotting of standard curve. First, 10 mg of gallic acid

standard solution. Next, the standard solution was diluted to pre-
pare a series of solutions with concentration gradients of 0. 00,

0.01, 0.02, 0.03, 0.04, and 0.05 mg/mL, and the absorbance
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values were determined by the Folin-Ciocalteu method. A standard
curve was plotted with the standard concentration as the abscissa
and the absorbance value as the ordinate. The linear regression
equation was obtained as y = 14.34x +0.009 3, with R* =0.999 2.
1.3.2 Pretreatment of macroporous resins. D101 and HPD100
macroporous resins were activated with anhydrous ethanol. After
soaking for 4 h, the anhydrous ethanol was filtered off, and the
resins were rinsed with deionized water and stored and soaked at
room temperature. AB-8 macroporous resin was soaked in 3% -
5% sodium hydroxide solution for 24 h, then rinsed with deionized
water until the pH was neutral. Subsequently, 95% ethanol solu-
tion was added for soaking for 4 h, followed by rinsing with deion-
ized water, and finally stored and soaked at room temperature.
1.3.3 Screening of macroporous resins. First, 1 g of each pre-
treated resin was weighed and added to 20 mL of whole silkworm
total phenolic extract at a certain concentration. Next, the mixture
was placed in a constant temperature shaker and shaken at 25 °C
and 120 r/min for 24 h for adsorption. Next, 0.2 mL of the super-
natant was taken to determine the total phenolic concentration C, ,
and the adsorption rate of the macroporous resin was calculated ac-
cording to the following formula.

The macroporous resin saturated with adsorption was washed
with deionized water to remove impurities, filtered under vacuum,
and then placed in a 100 mL conical flask. Next, 20 mL of 70%
ethanol solution was added, and the mixture was placed in a con-
stant temperature shaker at 25 °C and 120 r/min for desorption for
24 h. Subsequently, 0.2 mL of the supernatant was taken to de-
termine the total phenolic concentration C,, and the desorption
rate of the macroporous resin was calculated according to the fol-

lowing formula.

. Co - CI
Adsorption rate = R 100% (1)
0
C, xV,
(G, -C) xV,

where C;. initial concentration of the total phenolic extract

Desorption rate = x 100% (2)

(mg/mL) ; C, : concentration of the total phenolic extract after ad-
sorption (mg/mL) ; C,: concentration of total phenolics in the de-
sorption solution (mg/mL) ; V, : volume of the total phenolic ex-
tract (mL); V,: volume of the desorption solution (mlL).

1.3.4 Static adsorption and desorption kinetics of D101 macro-
porous resin. First, 1.0 g of D101 macroporous resin was added in
a 100 mL conical flask, and 20 mL of the total phenolic extract at
a certain concentration was added. The flask was placed in a con-
stant temperature shaker and shaken at 25 “C and 120 r/min for
adsorption for 8 h. Every 1 h, 0.2 mL of the supernatant was sam-
pled to determine the total phenolic concentration until no signifi-
cant fluctuation was observed, and a static adsorption curve was
plotted. Next, the D101 macroporous resin saturated with adsorp-
tion was washed with deionized water to remove impurities, fil-
tered under vacuum, and then added in a 100 mL conical flask.
Subsequently, 20 mL of 70% ethanol solution was added, and the

flask was placed in a constant temperature shaker at 25 °C and 120

r/min for desorption for 8 h. Every 1 h, 0.2 mL of the superna-
tant was taken to determine the total phenolic concentration until
no significant fluctuation was observed, and a static desorption
curve was plotted.
1.3.5 Optimization of static adsorption and desorption conditions
for D101 macroporous resin. First, 1. 0 g of pretreated D101
macroporous resin was added in a 100 mL conical flask, and the
total phenolic extract was added. The flask was placed in a con-
stant temperature shaker and shaken at 25 “C and 120 r/min for
adsorption for 5 h. Next, 0.2 mL of the supernatant was sampled
to determine the total phenolic concentration, and the adsorption
rate was calculated using the formula. The effects of different sam-
ple solution concentrations (0.2, 0.4, 0.6, 0.8, 1.0 mg/mL)
and different pH values (2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0)
on the adsorption rate were compared. Subsequently, the macro-
porous resin saturated with adsorption was washed to remove impu-
rities, and then placed in a constant temperature shaker at 25 °C
and 120 r/min for desorption for 4 h. The effect of different etha-
nol volume fractions (50% , 60% , 70% , 80% , 90% ) in the de-
sorption solution on the desorption rate was analyzed.
1.3.6 Optimization of dynamic adsorption and desorption condi-
tions for D101 macroporous resin. A wet packing method was
adopted. In specific, 5.0 g of pretreated D101 macroporous resin
was packed into a glass chromatography column (® 3 cm x
30 cm). Five aliquots of 25 mL of the total phenolic extract at 0.2
mg/mL were adjusted to pH 2.0 and loaded at different flow rates
(0.8,1.6,2.4,3.2,4.0 mL/min). Then, 0.2 mL of the efflu-
ent was sampled to determine the total phenolic concentration, and
the adsorption rate was calculated using the formula.

Another five aliquots of 25 mL of the total phenolic extract at
0.2 mg/mL were adjusted to pH 2.0 and loaded at a constant flow
rate of 1.6 mL/min. After complete adsorption, the resin column
was rinsed with deionized water, and 25 mL of 60% ethanol solu-
tion was added for desorption at different flow rates (0.8, 1.6,
2.4,3.2,4.0 ml/min). Then, 0.2 mL of the desorption solu-
tion was sampled to determine the total phenolic concentration,
and the desorption rate was calculated using the formula.
1.4 Data processing All experimental data are expressed as
mean + standard deviation of three biological replicates. Origin

2021 was employed for data visualization.

2 Results and analysis

2.1 Screening of macroporous resins As shown in Fig. 1A,
the adsorption rates of different types of macroporous resins ranked
as D101 (63.33£1.01)% > AB-8 (59.26 £2.01)% > HPDI100
(58.68 +1.74)% . As shown in Fig. 1B, the desorption rates
of different types of macroporous resins were as follows: D101
(67.99£2.75)% > AB-8 (63.84 £2.%4)% > HPDIOO (60.51 +
1.72)% . Both the adsorption rate and desorption rate were high-
est for D101. Therefore, D101 was selected as the most suitable
macroporous resin type for subsequent total phenolic purification

experiments of whole silkworm bodies.
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Fig.1 Adsorption and desorption rates of different types of resins for total phenolics from silkworm

2.2 Static adsorption-desorption Kkinetics curve of D101
macroporous resin  Through static adsorption-desorption kinet-
ics experiments, the adsorption and desorption rates of D101
macroporous resin for total phenolics from whole silkworm bodies
at different time points were investigated. As shown in Fig. 2,
both the adsorption and desorption rates of D101 resin increased

with time. As shown in Fig.2A, D101 macroporous resin exhibi-
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NOTE A. Adsorption kinetic curve; B. Desorption kinetic curve.

ted rapid adsorption of total phenolics within 1 h, and adsorption
equilibrium was reached at 5 h. As illustrated in Fig. 2B, total
phenolics were rapidly eluted within 1 h. Thereafter, the desorp-
tion rate gradually stabilized and desorption equilibrium was
achieved at 4 h. Accordingly, 5 h was selected as the static ad-

sorption time and 4 h as the static desorption time for subsequent

experiments.
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Fig.2 Adsorption-desorption Kinetic curves of total phenolics from silkworm on resin

2.3 Optimization of static adsorption and desorption condi-
tions for D101 macroporous resin As shown in Fig. 3A, the
adsorption rate gradually decreased with the total phenolic concen-
tration increasing. When the concentration was 0.2 mg/mlL, the
adsorption rate reached its maximum value of (62.17% +1.74% ).
It may be attributed to the fact that higher concentrations lead to
more impurities in the solution, which block the resin pores and
reduce the adsorption rate. Therefore, 0.2 mg/mL was selected as
the sample loading concentration for subsequent experiments on to-
tal phenolics from whole silkworm bodies.

Fig. 3B illustrates that the adsorption rate of the macroporous
resin decreased with increasing pH. When the pH was 2, the ad-
sorption rate reached its maximum value of (63.68% +1.45% ).
It indicates that the adsorption rate of total phenolics is higher un-
der acidic conditions, because total phenolics exist in molecular

form under acidic conditions, which is more favorable for adsorp-

tion by macroporous resins.

According to the results in Fig. 3C, the desorption rate of
macroporous resin rose first and then declined with the ethanol vol-
ume fraction increasing, peaking at (68.81% +2.60% ) under
60% ethanol. This phenomenon may be attributed to the high po-
larity of total phenolics from whole silkworm bodies: high-concen-
tration ethanol disrupts hydrogen-bond interactions between total
phenolics and the resin, facilitating their desorption.

2.4 Optimization of dynamic adsorption and desorption
conditions for D101 macroporous resin As shown in Fig. 4A |
with the flow rate of the sample solution increasing, the adsorption
rate first increased and then decreased. When the flow rate of the
sample solution was 1.6 ml/min, the adsorption rate reached its
maximum value of (80.22% +1.29% ). At higher flow rates, the
contact time between the total phenolic solution and the resin was

shorter, and the phenolics flowed out with the solution before be-
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ing adsorbed.

According to the results in Fig. 4B, the desorption rate
showed a decreasing trend with the flow rate of the desorption solu-
tion increasing. At higher desorption flow rates, the contact time
between the ethanol solution and the resin was shorter, and the in-
teraction forces between the polyphenols and the resin could not be
sufficiently disrupted, leading to a decrease in desorption rate.

When the flow rate was 0.8 ml/min, the desorption rate reached

65 68

its maximum value of (61.87% =+ 1.69% ), and when the flow
rate was 1.6 ml/min, the desorption rate was (61.04% +=1.71%),
showing little difference between the two. However, when the flow
rate exceeded 1.6 mL/min, the desorption rate decreased rapidly.
A slower desorption flow rate is favorable for the dissociation of to-
tal phenolics from the resin, but reduces time efficiency. There-
fore, 1.6 mL/min was selected as the flow rate of the desorption

solution for subsequent experiments.
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Fig.3 Effects of sample solution concentration, pH, and desorption solution volume fraction on static adsorption/desorption of macroporous resin

84

A

82
= 804
§ 78
g
a 76
g
2 74

72+

70 1 1 1 J

0.8 1.6 2.4 3% 4.0

Flow rate Il nl/min
NOTE A. Sample-loading flow rate; B. Desorption flow rate.

0 rp
60 &
> 509
g
g 40
a 30
3
KL 20
10
0 1 1 1 J
0.8 1.6 2.4 3.2 4.0

Flow rate /| mL/min

Fig.4 Effects of sample-loading flow rate and desorption flow rate on adsorption/desorption rates of macroporous resin

2.5 Verification test
tion was carried out under optimal conditions: total phenolics ex-
tract from whole silkworm bodies at 0.2 mg/mL, pH 2.0, sample-
loading flow rate of 1.6 mL/min, 60% ethanol as the desorption
solution, and desorption flow rate of 1.6 mL/min. After calcula-
tion, the purity of total phenolics from whole silkworm bodies in-
creased from (7.26% £0.12% ) to (23.57% +1.65% ), repre-
senting a 3. 2-fold increase in purity, indicating a significant puri-

fication effect. The results demonstrate that D101 macroporous

Using the wet packing method, purifica-

resin has good purification efficiency for total phenolics from whole
silkworm bodies.

3 Conclusions and discussion

In this study, three different types of macroporous resins
(D101, AB-8, and HPD100) were compared for their adsorption
and desorption rates of total phenolics from whole silkworm
bodies, and D101 was selected as the optimal macroporous resin

type. Using D101 macroporous resin for adsorption and desorption

of total phenolics from whole silkworm bodies, the equilibrium
times for adsorption and desorption were determined to be 5 and 4
h, respectively. The optimal process parameters were as follows:
sample solution concentration at 0.2 mg/ml, pH 2.0, ethanol
volume fraction of desorption solution of 60% , sample-loading
flow rate of 1.6 mL/min, and desorption solution flow rate of 1.6
ml/min. After purification under these parameters, the purity of
total phenolics from whole silkworm bodies was increased by 3.2
fold, indicating a significant purification effect.

Under acidic conditions, phenolic compounds predominantly
exist in molecular form, with reduced polarity and enhanced inter-
[10.12-131 " Therefore, the ad-
sorption capacity of total phenolics from whole silkworm bodies is

stronger in acidic environments.

action with the non-polar D101 resin

Compared with plant-derived
mulberry leaves, the optimal sample loading concentration for pur-
ification of total phenolics from whole silkworm bodies is lower,
the ethanol concentration of the desorption solution is lower, and
[14]

the sample loading flow rate is slower' *'. These differences may
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be attributed to the different complexity of their extract composi-
tions. As a living organism, silkworms contain phenolic com-
pounds that may exist in the form of metabolic conjugates ( such as
glycosides and sulfate conjugates) or interact with macromolecules
such as proteins, resulting in physicochemical properties that dif-
fer from those of free phenolics in mulberry leaves. A lower etha-
nol concentration is sufficient for effective desorption, which may
indicate that the adsorption force between total phenolics from
whole silkworm bodies and the resin is relatively weak. The slower
adsorption flow rate may be related to its mass transfer rate, requi-
ring longer contact time to reach saturated adsorption’"’

In this study, a macroporous resin purification process for to-
tal phenolics from whole silkworm bodies was preliminarily estab-
lished, providing a technical reference for the deep development
and comprehensive utilization of silkworm resources. Further stud-
ies can systematically evaluate the composition and bioactivity of

the purified total phenolics.
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