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Abstract - This study aimed to assess the potential use of Paeonia lactiflora Pall. seed cake (PSC). The extraction yield of
the PSC extract ranged from 22% to 45%, depending on the extraction solvent used. The PSC extract showed significantly
higher levels of total polyphenols and flavonoids contents, and radical scavenging compared to the P. lactiflora seed oil
(PSO) extract. The antibacterial activity of the PSC extract was superior to that of the positive control and remained
effective for up to 48 hours. Furthermore, when the PSC extract was applied, it significantly reduced the inflammatory
response induced by LPS, demonstrating the anti-inflammatory activity of PSC. This study confirmed the effective
bioactivity not only in PSO, but also in the PSC extract, highlighting the potential of PSC as a bio-health ingredient.
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At} ol% sA%E ABTSEH 950 pL Al 50 pLE E35}o]
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Table 1. Extraction yield and soluble solid contents of Paeonia lactiflora Pall. cake extract by extraction solvents

Extraction solvent

Extraction yield (%)

Soluble solid (mg'mL™")

80% Ethanol

80% Methanol

80% Acetone
M:A:W*

22.05 + 1.304b"
27.11 + 1.719b
45.14 + 4.121a
26.17 + 0.982b

447 + 0.240b
5.47 + 0.353b
9.00 + 0.808a
5.27 + 0.176b

M:A:W, methanol:acetone:distilled-water (7:7:6). *Different letters indicate a significant difference using Tukey’s HSD

test at P < 0.05 (n = 3).
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Fig. 1. Total polyphenol (A) and flavonoid (B) contents of Paeonia lactiflora Pall. seeds oil and cake depending on the extraction
solvents. Different letters indicate a significant difference using Tukey’s HSD test at P < 0.05 (n = 3). ACE, acetone; PSO, P.
lactiflora seed oil; EtOH, ethanol; MAW, methanol:acetone:distilled-water (7:7:6); MeOH, methanol.
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radical £275-& §ujo] W& AfolE Hw, o= 4 &
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(Fig. 3A). S aureus°| tRh 2tof -} 252 F5-8vljof
Aglo] Jtarts Hylow, FE8vljo] TAgle] It
AR H=AloflehE K =& oAleo] 2AME IThFig, 3B).
2RO ol 2280 B 0o/ D S aureusol T3 TS oA
52 ool 2 9149l oI BAAH, T Fold B
Jo 544 9.9 BT} 9T S S Lpsbick, o)1 ATl 4
OF 22252 Bacillus anthracis, B subtilis, Candida albicans,

ON

S aureus, Streptococcus muntans X Clostridium perfringens
o) 3t 3t S JERFTHBoo et al, 2011; Lu et al., 2022;
Park et al., 2007), Choi and Kang (2022) 2] ¢1=tof wh=H 2}
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Fig. 2. ABTS (A) and DPPH (B) radical scavenging of Paeonia lactiflora Pall. seeds oil and cake depending on the extraction
solvents. Different letters indicate a significant difference using Tukey’s HSD test at P < 0.05 (n = 3). ACE, acetone; PSO, P.
lactiflora seed oil; EtOH, ethanol; MAW, methanol:acetone:distilled-water (7:7:6); MeOH, methanol.
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Fig. 3. Antibacterial activity of Paeonia lactiflora Pall. seeds oil and cake depending on the extraction solvent. Different letters
indicate a significant difference using Tukey’s HSD test at P <0.05 (n=4). ACE, acetone; PSO, P. lactiflora seed oil; EtOH, ethanol;
MAW, methanol:acetone:distilled-water (7:7:6); MeOH, methanol.

A B
= 100{ [ d d
e T 5 = T L 40
At
T Z

S s = T <
s 3
1) F 30 a
J
S 601 £
S =
= L20 S
.-g 40 b =
> =
5 a L10
L
&) 20 1 ﬂ

0 . , , . . . , ; , )}

Control — QCT PSO EtOH MeOH ACE MAW Control — QCT PSO EtOH MeOH ACE MA\V

LPS (1pg-mLY)

LPS (1pg-mLY)

Fig. 4. Effect of Paeonia lactiflora Pall. seeds oil and cake extract on cell viability and NO production in LPS-induced RAW 264.7
cells. Different letters indicate a significant difference using Tukey’s HSD test at P < 0.05 (n = 6). ACE, acetone; PSO, P. lactiflora
seed oil; EtOH, ethanol; MAW, methanol:acetone:distilled-water (7:7:6); MeOH, methanol; QCT, 25 uM quercetin.

-451 -



Korean J. Plant Res. 36(5) : 446~454(2023)

A A o2 0]-83 4= ¢l O m(Tong et al , 2021), THA] Auli5}k
7] 918l B AlRte] 2 Fnh, webA HAtEL o U FAS
ol 3249] ok 4} ujo] o3 A2 o] bl vl 57}

ok o], o] 54 Bk ojel S04 22 ¥

2 A%
B fure] 282 B AS7RsR SUL AT 4 ek

o 2
B AL A= Z}2K(Paeonia lactiflora Pall,) $AF 2 Y3}
ouro] AalakA o] u| e Ea 2Hok Za} oul Bho] 71

lata 2 e, 2ot B4 0t 22 B0 23 58
22-45%5 FE8vlo] 2 Aol Bt F Sl %
ZtH o] E2} radical A 5L 2 A H T §HF == FofA] &
Slsil lth. Aok FEe) YRBHE PR

v

H]3) &3t on | o] 48A|17IHA] R4 Qie}h EdF LPSE
SEH Q% WL fuk 222 AN B THaslo] 4
oF 37 §919) 5115 B4lo] AFHUTE & TS Fo) Hor
7 9.9 ok ot 2582 943 PA, Pt %
BU% B Uehol ol oal a2 A Hok 54} fut
o] &g 7Fs/do] Bel= i
A AL

o] =BE FHE TS0 418G o

Reiabieey

Conflicts of Interest

The authors declare that they have no conflict of interest,

References

Ahangari, H., J.W. King, A. Ehsani and M. Yousefi. 2021.
Supercritical fluid extraction of seed oils - A short review of
current trends. Trends Food Sci. Technol. 111:249-260.

Alkhalaf, M.I., W.S. Alansari, E.A. Ibrahim and M.E. ELhal-
wagy. 2019. Anti-oxidant, anti-inflammatory and anti-cancer
activities of avocado (Persea americana) fruit and seed
extract. J. King Saud Univ. Sci. 31(4):1358-1362.

Azab, A., A. Nassar and A.N. Azab. 2016. Anti-inflammatory
activity of natural products. Molecules 21(10):1321.

Blois, M.S. 1958. Antioxidant determinations by the use of a
stable free radical. Nature 181:1199-1200.

Boo, K.-H., D. Lee, J.K. Woo, S.H. Ko, E.H. Jeong, Q. Hong,
K.Z. Riu and D.S. Lee. 2011. Anti-bacterial and anti-viral
activity of extracts from Paeonia lactiflora roots. Appl. Biol.
Chem. 54:132-135.

Boussetta, N., E. Vorobiev, V. Deloison, F. Pochez, A. Falci
maigne-Cordin and J.L. Lanoisellé. 2011. Valorisation of
grape pomace by the extraction of phenolic antioxidants:
Application of high voltage electrical discharges. Food
Chem. 128:364-370.

Chan, C.H., G.C. Ngoh and R. Yusoff. 2012. A brief review on
antidiabetic plants: Global distribution, active ingredients,
extraction techniques and acting mechanisms. Pharmacogn
Rev. 6(11):22.

Choi, Y.R. and M.K. Kang. 2022. Evaluation of cytotoxic and
antibacterial effect of methanolic extract of Paeonia lactiflora.
Medicina 58(9):1272.

Choung, M.G. 2002. Variation of bioactive component contents
in plant parts of Paeonia lactiflora Pall. Korean J. Med. Crop
Sci. 10(5):392-398.

Dhar, P., C.S. Kar, D. Ojha, S.K. Pandey and J. Mitra. 2015.
Chemistry, phytotechnology, pharmacology and nutraceutical
functions of kenaf (Hibiscus cannabinus L.) and roselle
(Hibiscus sabdariffa L.) seed oil: An overview. Ind. Crop.
Prod. 77:323-332.

Dias, J.C.S. 2014. Nutritional and health benefits of carrots and
their seed extracts. Food Sci. Nutr. 5(22):2147.

Eo, HJ., Y. Park, G.H. Park, J.A. Kim, Y. Kang, K. Kim, J.H.
Jang and H.J. Kim. 2021. Study on the correlation between
the soil properties and albiflorin, paeoniflorin contents of
Paeonia lactiflora Pall. Korean J. Plant Res. 34(4):384-394.

Gupta, M., S. Dey, D. Marbaniang, P. Pal, S. Ray and B. Ma-
zumder. 2020. Grape seed extract: Having a potential health
benefits. J. Food Sci. Technol. 57:1205-1215.

Jahanban-Esfahlan, A., A. Ostadrahimi, M. Tabibiazar and R.
Amarowicz. 2019. A comparative review on the extraction,
antioxidant content and antioxidant potential of different
parts of walnut (Juglans regia L.) fruit and tree. Molecules
24(11):2133.

Karlsen, M.C., G.S. Ellmore and N. McKeown. 2016. Seeds-
Health benefits, barriers to incorporation, and strategies for
practitioners in supporting consumption among consumers.
Nutr. Today 51(1):50-59.

Kim, S., J. Park and K. Kim. 2006. Change of medicinal com-

-452 -



ponents by different species, plant parts and growth stage of
Paeonia spp. Korean J. Crop Sci. 51(3):215-219 (in Korean).

Lee, H., B. Ji, B.K. Jang, K. Park, S.Y. Lee, K. An and J.S. Cho.
2022a. Effect of hydropriming and light quality treatments on
sprout growth and antioxidant activity in Brassica oleracea
var. capitate seeds. Korean J. Hortic. Sci. Technol. 40(2):
242-252.

Lee, M.S., H.J. Jeong, S.H. Park, H. Chung, J.T. Jeong, M.K.
Kim, J.S. Gil, J.B. Lee, S.R. Kim, K.H. Yun and Y. Lee.
2022b. Development of a chloroplast-based InDel marker
that discriminates between Paeonia suffruticosa and P. lacti-
flora. Korean J. Medicinal. 30(6):430-439 (in Korean).

Lee, S.M., L. Li, J. Sung, J. Yang, Y. Kim, H.S. Jeong and J.
Lee. 2015. Anti-inflammatory activities of methanolic extracts
from different rose cultivars. Korean J. Food Nutr. 28:551-
557 (in Korean).

Lee, Y.J., M.S. Choi and P.S. Choi. 2022¢. Optimal conditions
for adventitious root organogenesis from peony root explant
callus cultures. J. Plant Biotechnol. 49(3):207-212 (in Korean).

Liu, P., Y. Xu, X. Gao, X. Zhu, M. Du, Y. Wang, R. Deng and
J. Gao. 2017. Optimization of ultrasonic-assisted extraction
of oil from the seed kernels and isolation of monoterpene
glycosides from the oil residue of Paeonia lactiflora Pall.
Ind. Crop. Prod. 107:260-270.

Liu, Q., D. Li, W. Wang, D. Wang, X. Meng and Y. Wang.
2016. Chemical composition and antioxidant activity of
essential oils and methanol extracts of different parts from
Juniperus rigida Siebold & Zucc. Chem. Biodivers. 13(9):
1240-1250.

Lu,J., Z. Huang, Y. Liu, H. Wang, M. Qiu, Y. Quand W. Yuan.
2022. The optimization of extraction process, antioxidant,
whitening and antibacterial effects of fengdan peony flavonoids.
Molecules 27:506.

Min, H.J., D.H. Kim and K.I. Seo. 2023. Biological activity of
Euonymus alatus (Thunb.) Sieb. wing extracts. Korean J.
Food Preserv. 30(2):358-368 (in Korean).

Nie, R., Y. Zhang, Q. Jin, S. Zhang, G. Wu, L. Chen, H. Zhang
and X. Wang. 2021. Identification and characterisation of
bioactive compounds from the seed kernels and hulls of
Paeonia lactiflora Pall by UPLC-QTOF-MS. Food Res. Int.
139:109916.

Paranhu, K., F. Zamamiri-Davis and J.B. Stewart. 2002. Selenium
deficiency increases the expression of inducible nitric oxide
synthase in RAW 264.7 macrophage: role of nuclear factor-
KB in up-regulation. Biochem. J. 366:203-209.

B3 AoF $ArEe] A ol 7K Wt

Park, H.S., K.J. Min, C.G. Cha, J.W. Song and J.C. Son. 2007.
Antimicrobial activities against oral microbes and growth-
inhibitory effect on oral tumor cell by extract of Paeonia
lactiflora. J. Environ. Health Sci. 33(1):21-29 (in Korean).

Phuyal, N, P.K. Jha, P.P. Raturi and S. Rajbhandary. 2020.
Total phenolic, flavonoid contents, and antioxidant activities
of fruit, seed, and bark extracts of Zanthoxylum armatum
DC. Sci. World J. 2020:1-7.

Rakita, S., B. Koki¢, M. Manoni, S. Mazzoleni, P. Lin, A.
Luciano, M. Ottoboni, F. Cheli and L. Pinotti. 2023. Cold-
pressed oilseed cakes as alternative and sustainable feed
ingredients: A review. Foods 12(3):432.

Ramadan, M.F. 2020. Introduction to cold pressed oils: Green
technology, bioactive compounds, functionality, and applica-
tions. /n Ramadan, M.F. (ed), Cold Pressed Oils: Green
Technology, Bioactive Compounds, Functionality, and App-
lications, Academic Press, Cambridge, MA (USA). pp. 1-5.

Shu, X., W. Duan, F. Liu, X. Shi, Y. Geng, X. Wang and B.
Yang. 2014. Preparative separation of polyphenols from the
flowers of Paeonia lactiflora Pall. by high-speed counter-
current chromatography. J. Chromatogr. B. 947:62-67.

Sultana, B., F. Anwar and M. Ashraf. 2009. Effect of extraction
solvent/technique on the antioxidant activity of selected
medicinal plant extracts. Molecules 14(6):2167-2180.

Sunil, L., P. Appaiah, P.K.P. Kumar and A.G.G. Krishna. 2015.
Preparation of food supplements from oilseed cakes. J. Food
Sci. Technol. 52:2998-3005.

Tak, Y., M. Kaur, R. Kumar, C. Gautam, P. Singh, H. Kaur, A.
Kaur, S. Bhatia, N.K. Jha, P.K. Gupta and R. Amarowicz.
2022. Repurposing chia seed oil: A versatile novel functional
food. J. Food Sci. 87(7):2798-2819.

Teh, S.S., A.E.D. Bekhit and J. Birch. 2014. Antioxidative
polyphenols from defatted oilseed cakes: effect of solvents.
Antioxidants 3(1):67-80.

Terpinc, P., B. Ceh, N.P. Ulrih and H. Abramovi¢. 2012. Studies
of the correlation between antioxidant properties and the
total phenolic content of different oil cake extracts. Ind.
Crop. Prod. 39:210-217.

Tong, N.N., X.Y. Zhou, L.P. Peng, Z.A. Liu and Q.Y. Shu.
2021. A comprehensive study of three species of Paeonia
stem and leaf phytochemicals, and their antioxidant activities.
J. Ethnopharmacol. 273:113985.

Wang, H., X. Shuai, S. Ye, R. Zhang, M. Wu, S. Jiang, Y. Li, D.
Wu and J. He. 2022. Recent advances in the development of

bitter gourd seed oil: from chemical composition to potential

-453 -



Korean J. Plant Res. 36(5) : 446~454(2023)

applications. Crit. Rev. Food Sci. Nutr. 1-13.

Wang, J. and G. Mazza. 2002 Inhibitory effects of anthocyanins
and other phenolic compounds on nitric oxide production in
LPS-IFN y-activated RAW 264.7 macrophages. J. Agr. Food
Chem. 50:850-857.

Wu, G., Y. Shen, R. Nie, P. Li, Q. Jin, H. Zhang and X. Wang.
2020. The bioactive compounds and cellular antioxidant
activity of Herbaceous peony (Paeonia lactiflora Pall) seed
oil from China. J. Food Sci. 85(11):3815-3822.

Xin, Q., R. Yuan, W. Shi, Z. Zhu, Y. Wang and W. Cong. 2019.
A review for the anti-inflammatory effects of paeoniflorin in

inflammatory disorders. Life Sci. 237:116925.

Zhao, D.D., L.L. Jiang, H.Y. Li, P.F. Yan and Y.L. Zhang.
2016. Chemical components and pharmacological activities of
terpene natural products from the genus Paeonia. Molecules
21(10):1362.

Zheng, W. and S.Y. Wang. 2001. Antioxidant activity and phe-
nolic compounds in selected herbs. J. Agr. Food Chem.
49(11):5165-5170.

Zhou, K. and L. Yu. 2004. Effects of extraction solvent on
wheat bran antioxidant activity estimation. LWT-Food Sci.
Technol. 37(7):717-721.

(Received 21 July 2023 ; Revised 14 August 2023 ; Accepted 14 August 2023)

-454 -





