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Effect of Puffing in the Extraction of Active Ingredients from the Roots
of Paeonia lactiflora and Astragalus membranaceus
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Abstract — In Asia, the roots of Paeonia lactiflora and Astragalus membranaceus have been used as therapeutic
agents for thousands of years. Once the medicinal plants are harvested, they are dried and their ingredients are
extracted by heat-mediated reflux extraction. However, the condensed structure of organic products (especially
roots) limits the extraction of bioactive components. In this study, we assessed the effect of the puffing method
(using high temperature and pressure) before the extraction process in relation to the profile and antioxidant
capacity of active ingredients. We demonstrated that the additional puffing process before extraction methods
improves the yield of polyphenol concentrations and antioxidant activities from the roots of P. lactiflora and A.

membranaceus.
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Introduction

In Asia, the roots of Paeonia lactiflora and Astragalus
membranaceus are used as traditional therapeutic agents.
P, lactiflora roots have anti-inflammatory and antioxidant
activity owing to high levels of paeoniflorin and albiflorin.'?
Meanwhile, A. membranaceus roots improve immune
response and reduce oxidative stress with minimal side
effects.** The extraction process is essential in the
exploration of these active ingredients. The heat-mediated
reflux extraction is a conventional technique widely used
in industry and research, as it requires less extraction time
and solvent compared to percolation or maceration
methods.’> Additionally, ultrasonic extraction is normally
used for natural product extraction with the advantages of
high yields with lower energy consumption and can be
performed under low temperature.® However, it is difficult
to extract the ingredients from the condensed plant root
through the reflux and ultrasonic mediated extraction.
Therefore, the pre-treatment technique is necessary and
can be easily coupled with extraction methods to improve
extraction yields of bioactive components from roots. In
the food industry, puffing (or extrusion) of substrates,
such as starch, at high temperature and pressure induces a
porous matrix and structural changes, thereby increasing
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the substrate’s water-holding capacity.”® Puffed grain is
normally consumed as cereals and snacks such as ready-
to-eat food formulations. Some studies reveal changes in
the profile of the active ingredient in Korean Ginseng due
to several processes involved in its extraction including
the puffing method.”!" To assess the effect of puffing on
the solubility of active compounds from roots, we applied
the puffing method and tested the extraction level of
Paeoniflorin and Albiflorin from P, lactiflora, and calycosin-
7-O-B-D-glucoside from 4. membranaceus. In previous
studies, the explosive puffing of natural products including
Red Ginseng and Dendrobium officinale significantly
improved the level of polyphenols and antioxidant
contents.'>"* Therefore, we compared these findings with
that from non-puffed samples and found that puffing
improves the extraction of total polyphenols, and also
enhances their antioxidant activity.

Experimental

Materials — The roots of P lactiflora and A. mem-
branaceus (cultivated in Jecheon, Chungbuk province,
Republic of Korea and harvested at November to
December, 2020) were purchased from Jecheon Korean
Medicine Bio Promotion Foundation (Jecheon, Korea).
The samples were chopped into 3-cm-long chips before
use. Analytical grade of Albiflorin (BP0134, Chengdu
Biopurify Phytochemicals Ltd., China), Paeoniflorin (P1876,
TCI, Japan), and Calycosin-7-O-3-D-glucoside (BP030601,
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Chengdu Biopurity Phytochemicals Ltd., China) were
purchased.

Puffing and Extraction conditions — The roots of P,
lactiflora and A. membranaceus were separately puffed
before the ingredients were extracted from them. Puffing
was performed using a rotary gun-type cereal puffing
machine under 900 kPa followed by the method elaborated
from previous studies.'* During the puffing process, non-
uniform medicinal herbs are easily burned, so the solid
supplement such as rice, wheat bran, or soil can be
combined.”® In this regards, the additional condition of
puffing with rice (roots:rice=1:3, w/w) was used to
protect roots from carbonization during heating.”'* Dried
root sample group without puffing treatment was used as
a non-puffing control. Each sample was powdered and
weighted one gram and underwent extraction using 100
ml of 70% methanol (1:100, w/v), followed by extraction.
The extraction of reflux and ultrasonication were per-
formed under same solvent condition and 30 min of
extraction time.

HPLC condition — Standard materials and root extract
samples were analyzed using the high-performance liquid
chromatography (HPLC), separated by Capcellpack C18
Type MG II column (4.6 x 150 mm ID, 5 um, Osaka
Soda, Osaka, Japan) in Agilent 1260 series HPLC system
(Agilent Technologies, USA). The mobile phase H,O:
acetonitrile (A/B, v/v), 75:15, 0.8 mL/min, UV spectrum
230 nm. The standard materials of albiflorin and paeoni-
florin were dissolved in 100% methanol, and calycosin-7-
O-B-D-glucoside was dissolved in DMSO (Dimethyl
sulfoxide, SAMCHUN Chemical, Korea). All samples
and standards were filtrated using a 0.45-um syringe filter
(NYLON filter media, Whatman, USA) before analysis.

Polyphenol analysis — The total polyphenol content
analysis was performed using the Folin-Denis method.'®
Briefly, the 1 mL of sample extracts were mixed with 0.5
mL Folin-Denis’ reagent (47742, Supelco, USA), 1 mL
Na,CO;, and 7.5 mL distilled water. After 30 min, the
absorbance at 760 nm was measured using a spectropho-
tometer (Thermo Scientific™, Multiskan™ FC Microplate
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Photometer, Waltham, Massachusetts, USA). The poly-
phenol concentration was obtained using the calibration
curve with 0.0625-1.00 pg/mL of gallic acid as standard.

DPPH radical scavenging activity — DPPH ((1,1-
diphenyl-2-picryl hydrazyl, Sigma Chemical Co., St.
Louis, MO, USA) scavenging assay was used to analyze
the antioxidant activity of the samples.!” A total volume
of 0.2 mM DPPH solution reacted with the root extracts
for 10 min and the absorbance was measured at 517 nm.
DPPH radical scavenging activity was calculated using
the equation:

DPPH radical scavenging activity (%) =

(] _absorbance of the sample) <100
absorbance of the control

Statistical analysis — All experiments were carried out
in independent triplicates and data obtained were presented
as mean + standard deviation (SD). For the significance
test for each sample group, a value with p<0.05 after
Student’s t test was considered as a significant result
compared to the control group.

Result and Discussion

Dry roots of P lactiflora and A. membranaceus are
condensed and hard to rupture, thereby rendering the
extraction of active ingredients difficult. Therefore, we
employed the puffing process before the extraction and
analyzed the amount and antioxidant activity of active
ingredients. The active ingredients of the root samples
treated by puffing or non-puffing were analyzed using
HPLC. Moreover, the puffing process was separated in
two different ways, puffed roots and puffed roots with
rice, and compared as shown in Table 1. Using the reflux
and ultrasonication methods, the total albiflorin extracted
from non-puffed P, lactiflora was 37.44 + 0.37 ug/mL and
35.6 £ 0.25 ug/mL, respectively. The extraction level in-
creased to 41.58 +0.46 ug/mL and 36.32+0.33 pg/mL
after puffing the roots of P. lactiflora with rice. These

Table 1. Quantification of albiflorin, paeoniflorin, and calycosin-7-O-p-D-glucoside of non-puffed, puffed, and puffed with rice of P
lactiflora and A. membranaceus. (RE: reflux extraction, SE: sonication extraction)

P, lactiflora A. membranaceus
pre- Non-puffed Puffed Puifed with Non-puffed Puffed  Puffed with rice Non-puffed ~ Puffed Puffed with
treatment rice rice
albiflorin (ug/ml) paeoniflorin (ug/ml) calycosin-7-O--D-glucoside

(ug/ml)

extracion RE 3744+037 2559+04 4158+046 372.62+0.64 26532+044 27993+122 143+0.17 151+£0.04 2.12+0.02

method SE

356+£025 33.68+0.1

36.32+0.33 350.82+0.56 261.78+037 27479+121 138+020 142+0.07 220+0.04
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Fig. 1. Total polyphenol content of P lactiflora and A. membranaceus root extracts before and after puffing and extracts by reflux

extraction (RE) and sonication extraction (SE). Values are presented as mean £ SEM. * indicates p <0.05 and ** indicates p <0.001.
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Fig. 2. Antioxidant activities (DPPH radical scavenging activity) of P. lactiflora and A. membranaceus root extracts before and after
puffing obtained with reflux extraction (RE) and sonication extraction (SE). Values are presented as mean = SEM. * indicates p <0.05 and
** indicates p <0.001.

benefits were observed in puffing the roots of 4. mem-
branaceus. The level of calycosin-7-O-p-D-glucoside in

the extraction products through reflux and sonication
significantly increased from 1.43+0.17 ug/mL and 1.38+
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0.20 pg/mL to 2.12 + 0.02 pg/mL and 2.20 + 0.04 pg/mL
after puffing their roots with rice. However, the indivi-
dually puffed roots of P. lactiflora and A. membranaceus
rarely changed ingredient levels as compared to non-
puffed samples. The decreased content of paeoniflorin
from P lactiflora after the puffing process is due to the
thermal instability of paeoniflorin.'®!? Therefore, the puffing
process performed with rice before the reflux and soni-
cation treatment has the beneficial effects when extracting
ingredients from root samples.

A comparison of the total polyphenols from puffed or
non-puffed roots is displayed in Figure 1. In the root of P
lactiflora, the extracted level of total polyphenols using
the reflux-mediated method was 121.38 + 1.2 ug/mL, and
it increased to 136.15 £ 1.3 pg/mL after puffing with rice.
Moreover, after ultrasonication, the amount of extracted
polyphenols was 76.58 + 0.3 pg/mL, and it increased to
127.03 + 1.2 pg/mL after puffing the root with rice before
the extraction. The puffing process significantly increases
the efficiency of sonication extraction in P. lactiflora. In
the A. membranaceus, the total extracted polyphenols
from both reflux and sonication methods increased by a
minimum of 65% after puffing with rice. Therefore, puffing
especially with rice significantly increases the extraction
level of polyphenol contents in the roots of P lactiflora
and A. membranaceus.

The free radical scavenging activity indicate the
antioxidant ability of plant extracts measured in their
ability to prevent the formation of free radicals that destroy
cellular core materials resulting in various diseases
including cancer. Here, the DPPH scavenging activity was
tested which reflects the antioxidant capacities of natural
products.” Figure 2 illustrates this activity of root extracts
extracted by puffing, puffing with rice, and compared to
the non-puffed sample extracts. Using the sonication
method, the DPPH scavenging activity of the P. lactiflora
samples was 56.67% before puffing, increased to 72.78%
after puffing, and up to 84.04% after puffing with rice.

In the roots of A. membranaceus, a 1.84% radical
scavenging activity was observed in non-treated root
samples, puffing increased to 14.98% and puffing with
rice increased up to 44.61%. These findings reveal that
puffing with rice drastically increases the amount of the
extracted contents of the DPPH scavenging activity of
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substances from the roots of P. lactiflora and A. mem-
branaceus.

Acknowledgments

This result was supported by “Regional Innovation
Strategy (RIS)” through the National Research Foundation
of Korea (NRF) funded by the Ministry of Education
(MOE)

References

(1) Wang, C.; Yuan, J.; Wu, H. X_; Chang, Y.; Wang, Q. T.; Wu, Y. J.;
Liu, L. H.; Wei, W. Inflamm. Res. 2013, 62, 1035-1044.

(2) Wang, Q. S.; Gao, T.; Cui, Y. L.; Gao, L. N.; Jiang, H. L. Pharm.
Biol. 2014, 52, 1189-1195.

(3) Adesso, S.; Russo, R.; Quaroni, A.; Autore, G.; Marzocco, S. Int. J.
Mol. Sci. 2018, 19, 800.

(4) Lai, P. K.; Chan, J. Y.; Wy, S. B.; Cheng, L.; Ho, G. K.; Lau, C. P;
Kennelly, E. J.; Leung, P. C.; Fung, K. P; Lau, C. B. Phytother. Res. 2014,
28, 395-404.

(5) Zhang, Q. W.; Lin, L. G; Ye, W. C. Chin. Med. 2018, 13, 20.

(6) Vinatoru, M. Ultrason. Sonochem. 2001, 8, 303-313.

(7) Kantrong, H.; Klongdee, S.; Jantapirak, S.; Limsangouan, N.;
Pengpinit, W. J. Food Sci. Technol. 2022, 59, 2209-2219.

(8) Kuo, C. H.; Shieh, C. J.; Huang, S. M.; Wang, H. M. D.; Huang, C.
Y. Food Hydrocoll. 2019, 94, 363-370.

(9) Shin, J. H.; Park, Y. J.; Kim, W.; Kim, D. O.; Kim, B. Y.; Lee, H,;
Baik, M. Y. J. Microbiol. Biotechnol. 2019, 29, 222-229.

(10) Lee, S. J.; Oh, S.; Kim, M. J.; Sim, G. S.; Moon, T. W.; Lee, J. H. J.
Ginseng Res. 2018, 42, 320-326.

(11) Han, C. K.; Hong, H. D.; Kim, Y. C.; Kim, S. S.; Sim, G. S. J.
Ginseng Res. 2007, 31, 147-153.

(12) Lee, S. J.; Moon, T. W.; Lee, J. J. Food Sci. 2010, 75, C147-C151.

(13) Kim, S.; Jo, K.; Byun, B. S.; Han, S. H.; Yu, K. W.; Suh, H. J.;
Hong, K. B. J. Funct. Foods 2020, 73, 104144.

(14) Mariotti, M.; Alamprese, C.; Pagani, M. A.; Lucisano, M. J. Cereal
Sci. 2006, 43, 47-56.

(15) Herbology Editorial Committee of Korean Medicine Schools.
Herbology [Boncho-hak]: Young-Lim Press: Korea, 2016. pp 111-148.

(16) Singleton, V. L.; Rossi, J. A. Am. J. Enol. Vitic. 1965, 16, 144-158.

(17) Lu, Y.; Yeap Foo, L. Food Chem. 2000, 68, 81-85.

(18) Lee, H.; Jang, K.W. Kor: J. Pharmacogn. 2021, 52, 157-162.

(19) Kim, T. K.; Kim, K. J.; Joo, G. J.; Rhee, 1. K. Korean J. Food
Preserv. 1997, 4, 69-75.

(20) Huang, D.; Ou, B.; Prior, R. L. J. Agric. Food Chem. 2005, 53,
1841-1856.

Received May 16, 2022
Revised June 23, 2022
Accepted June 23, 2022



