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Antioxidant, digestive enzyme activity, and anti-inflammatory effect
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Abstract The objective of this study was to identify functional materials with potential benefits
for digestive enzyme activity, anti-inflammatory effects, and antioxidant activity. The study
evaluated water extracts from Pyrus pyrifolia Nakai (PP), malt (MA), Ziziphus jujuba Mill. (Z7J),
Leonurus japonicus Houtt. (L)), Scutellaria baicalensis (SB), and various mixtures of these. These
extracts were concentrated, lyophilized, and labeled as PPW, MAW, ZJW, LJW, SBW, Mix1, Mix2,
Mix3, Mix4, and Mix5. Among all the samples tested, Mix3, composed of PP, MA, ZJ, LJ, and
SB in a ratio of 1:1:2:1:2 (w/w), showed the most promising results. It exhibited the highest DPPH
radical scavenging activity at a concentration of 1,000 pg/mL. Mix3 showed the highest total
polyphenol content compared to the other mixtures. The study also assessed the anti-inflammatory
effects of the extracts by measuring the levels of nitric oxide (NO) and tumor necrosis factor-alpha
(TNF-0)) in lipopolysaccharide (LPS)-stimulated Caco-2 cells. Mix3 was found to suppress the
production of both NO and TNF-a significantly. Additionally, the digestive enzyme activity of the
samples was evaluated. Mix3 demonstrated superior lipase and a-amylase activities at 100 pg/mL,
as well as comparable or higher trypsin activity at 500 pg/mL when compared to other extracts.
These findings suggest that Mix3 enhances digestive enzyme activities and anti-inflammatory effect,
making it a potential functional material for improving digestion.

Keywords anti-inflammatory effect, antioxidant activity, digestive enzymes activity, Caco-2 cells,
functional material

1. ME

23} Egfolet ARG wHAste] FE WA= 342 4‘37’46& = %01‘/}“ 228} Zgoff
THOE ol T2 PFATE M AA QI F 2 W ol ARt Bt 4-5% P o|th(Baet
Seo, 2019). £33t 4% 1y 52 7154 48t E3F 9} ZAol7| = stk
(Lee, 2021).

ot BT SABE AW B4 /K5 H6l2 Rejslel B4t 412 e etk 9
< Uitk &% A8 F 9}01.;(4 91( Y2 IEAL FAE0] A%ka A ool ARA YFAE
Hofiol= Aolh. waka] 43t 715 A ] {5 AstaAl] B4 EXlsk= Ao] g Hiolth
(Ministry of Food and Drug Safety, 2020a). €t=3HE, thlal 78|31 AHRS 3] gJUY4o]1l, o]
9] 2375 /MAdS got7] ¢t Hio]| QA= AR A (a-amylase) B, THA R A
(protease) A 18|11 X AEFaA(lipase) EAJo|1, o|5 ATLaA TAS YolE: JFE0

—
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3= 31 QIth(Lee, 2021; Ministry of Food and Drug Safety,
2020a). E3H Y A(gastritis)T 27 (gastroenteritis) 5 A3}
7\A%e) Aol ola) 9iukat Euto] £AE 43iu
0 F5 B 90 & Youz P U 4EL
Adste A 43715 7440 £80] B AoltHan =,
2024; Ministry of Food and Drug Safety, 2020a).
WSS ARt o] ofsto] A o] £2l0] &% o]
FEEAY 1 9 Aol s PAsk=T, AFHEse] FEEH
A3 50] tumor necrosis factor-a( TNF-a), interleukin(IL)-
1p 283 IL-69F 22 AZA A|E7IS o A3ttt
(Kang, 2012). Lipopolysaccharide(LPS)= 1% 24 Al4+2
Alx #HS At 248 A9 A2 435S I
7] 98] AMEE7]1 % Stok(Han 5, 2024; Kim 5, 2024). LPS
= AT Alx W AedgHE B4Z 53f nitric oxide(NO)
2 A=A Ao]E7}Q] TNF-a, IL-1p, IL-6 S-S T}k Eu|s}o]
OFSHA|ZItHHan 5, 2024; Kim 5, 2024). 4598 &
A2 oy A9 F 9 9to] Qo] Hof oje} 2
AA S tiet TS =oAL UATE, T R
£ H oFEo s QIR R ¥k AR T
2020) o]l:l 6;) n% ]_4 E_Q.___ _AX]— /K]X]— Eoﬂ _br‘J]-
Yo & rh= Eivt Ith(Kim 5, 2023). o]¢} &

N
o
0

1o EI% = of
o] [¢]
= o
o

J

o
Ol
"‘ 0l

ol L
d

o Hio] EAfste] FaHgo] Ak LA 9],
$2go] AT PYF At 940 AARS TESTA 3
+ A7-=°] APE A AL UH(Choi 5, 2020; Han -5, 2024;

Lee?} Rhee, 2015; Lee 5, 2023).
g hspEage] AAGSHT Ui ASAE T ARgO
& 749733, OVJOHP"“* Sin —‘?—H] 34 Y ol e
82 NATY 5 YoHA, £3ELES PHSNIIT B}
of TS AFS MAT 5= AU 4%l B3 F= HA=
glo] 2757 ek
7o) A& (colon)of| Al {5t Caco-2 A E= Hu|Q} {A}
FH| & Hjeo] F2ksto] Zal o] A7} ZE3EHA FE
NsHoz Age] 4% RS S48 Uehit Ao
A QlchPark S, 2021; Pinto S, 1983). Caco-2 A|EL
SloREQIA ABSIREMABAUN WA AN
754 7L Aol =0lH A 217 B 75 TS Sl
F AT AR 22 A ASEL QA (Ministry of Food and Drug
Safety, 2020b), FH5 o4 T2 4 A5 T 2 A 24
WS 915k Ao AlZrdE AR QT Chu 5, 2024;
Han &, 2024; Kim 5, 2024; Tu &, 2016; Yang 5, 2016;
Yang &, 2019).

9% % 4319 BelE 41 o
o, ot Al o, o, 32, weA, o
FHE 00 £28 FE 41 W2E 9 4

[e]

oflt r—'

B ot

oN P
> oH o
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A9 AFAEY A AolA kA, g, Jdf 121
e FEF 27t v A 2HES AAISHAL(Kim
5, 2018; Kim 5, 2021), 9229} A} 22EE A5 T4
o] %

9]cHChoi Z, 2020; Kim 5, 2021). Wo}, 312 1|7 o
S 75y SSRY PA BIRTRER AL
Ao]th(Rho 5, 2022). F+= Helicobacter pyloriol 23t A
554 90 118 44 o B30} 90 dajel YEF B
oA 9ltk(Son S 2005; Son S 2006). Hjo] Lo 2L d
25 oA 713, 7HY, M4, siE, olkx, ¥H] 2= *c}
GHoIA il(Lee 5, 1975), 97 FAitet ans 7}11
ChJiang 5, 2016). TEHA 4310 =33 = 44 %5}
1 9190 2. W, ook, Ak, o, oJmz, 2, £ebA, el
W) TR W FEEE AT, oS 11559 £EE
S LPSZ A28 RAW 2647 thAIA|5] Relat 5 o)
N0 4 O Ea R EYA BS Lopugty, At o)
—?—(Ziziphus Jujuba Mill.), 21X 2 (Leonurus japonicus Houtt.),
SF(Scutellaria baicalensis)®] F&=0| IHEH] &= NO2H
TNF-a QL 24417 Fiold 9ei5 T3} UsickLee 5.
2023). %, ), sot, Abah, ek, Ee] el Atk g
H NO A AASHAA, tiF, JH % 9 Fakvhs T2
H] H NO 4dZ& AAIsHA] &5t3lth(Lee 5, 2023). LPSE At
=35F RAW 264.7 AN Zof X5t & #2H] E NO A4 9
A 237} 7K ol AL 1559 35% 014 B3] 22
0], IEH] F TNF-a A4 A 237t 7H Hojd A
= olpx W g2 22Eo|gltKLee S, 2023). Caco-2 AJE
oA TEHE NO°t 954 Al E7I A= 9548 & &
T2 A5t Adlo] E2-8 £ 4 Yrh(Han 5, 2024; Kim
5, 2024). W2kA Caco-2 AIZE 0|83t IJHS s Yot
e 4 W] o) WA RAW 2647 SREATAA T
A% BIHE ok 4 YckKim 5, 2024). 2, o, ok, Al
i, ARz, B, =24, oY, Ad 123 A FEE S
oA Ala} 2EES AQJely BT EYA AL ZTHAFA
Uk 8}(Pyrus pyrifolia Nakai) 12|11 Wol(malt)7} EHAl 4
o 714 SkthLee 5, 2023). 3] FHES HHEA %L
oh$E B B3 A1 FolT, EF BAE S5
THLee 5, 2023), WA A 2 %:ioP v E 2] R5f Al
O3Sy, mebA o, mof, %, elnx 9 YRR TYES
UL, ol SUE FHES DPPH g 47580
golubal LPSE A3t RAW 264.7 ThAIA| o] A] THEH]
£ NO A4S oSlel FUE 44 E THHE AT B
17} Ak(Lee &, 2023). ZLE{ut BY, Wo}, T, AR %, S
121 olF E3E FEEY W F AYA RN FHS &
mf 9 astas G40 #It Ate A9 Qo
A7 BAL 25jo] £9S FE AALHS W25
A1 S 2 A Bl A 24, A
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et 9% A A 9 RS GIHE Qolrt Row H, o
of, tj%, olmx, B 1T ofF THE 0| A %
AT T (Caco2) BN FAB A3} 2 AFTR(EY
AL, ool 2, o-obdeo]) 32 orobugt
51, Salo] g} BT Lobmor.

=2

=

W

of A
ol

2. Mz ¥

(1

EH
[=]

2.1 Mg & F=5 H=E

TG YA HPuE| A Wi(Pyrus pyrifolia Nakai)Q} o
(Ziziphus jujuba Mill)E FY5t91, ZAEE LY (Gunwi,
Korea)o| A F+Ust @Wolk(malt), EZ(Leonurus japonicus
Houtt.) @ &FK(Scutellaria baicalensisy 7AZ3t Al&E0|tt.
Z=9] Feje} QQu o] AFES ARSI Hig tie A
5 Hie] 34Tt o] NE AASHIAL, A AA gle] 50°C
A AZS & BHste] & F2E AZRE Al A8 2081
Z245E 718 & shaking incubator(JSSI-100C, JSR, Seoul,
Korea)& 40°CE S F 2447 35510t F5E2 o3}
o T A4S oL, s5AL sEAESH] 20°Co] Ht
St A ARESEGITE |, Wol, oS, Rz 81 g & F
259 5AAx 2% 77 PPW, MAW, ZIW, LIW 1121
SBWZHLL ofolth. oehs 3252 2 A9 S 104
9] &2 VISt & & FEEN FUN WHOE 25, 55
9 SAARSUL, 524X 22 217 PPE, MAE, ZIE,
LJE 71211 SBE=HY o}3ith. & &ujo] o ey a3t
7t 2L, oetEd E2 WEE, oA, 4k otMlE T F
71-&mo] Hlsf Fsgo] QHAsto] & SR FE AREIL Q
o](Chung, 2012; Kim¥} Kim, 2020), & oA = AR5
o}, ulj, Wo}, tfS:, Q% 9 g xR EZU(PPP, MAP, ZIP,
LJP 128|311 SBP)S Table 13} -2 H|S&(w/w)E &35t &
(Mixture 1-5) 7] W3 5UsHA =&, o3, 55 4 52

?ﬂm{u

Table 1. The ratio of mixtures containing pear, malt, jujube,
Leonurus japonicus Houtt. and Scutellaria baicalensis

Mixtures Mixture ratio (w/w)

Mixture 1 PPPV:MAP”:ZJPV:LJPY:SBP” = I:1:1:1:1
Mixture 2 PPP:-MAP:ZJP:LIP:SBP = 2:1:2:1:1
Mixture 3 PPP:MAP:ZJP:LIP:SBP = 1:1:2:1:2
Mixture 4 PPP:MAP:ZJP:LJP:SBP = 1:1:2:0.5:0.5
Mixture 5 PPP:MAP:ZJP:LIP:SBP = 1:1:2:1:1

YPPP, Pyrus pyrifolia Nakai powder.
IMAP, malt powder.

37IP, Ziziphus jujuba Mill. powder.
YLIP, Leonurus japonicus Houtt. powder.
9SBP, Scutellaria baicalensis powder.

https://www.ekosfop.or.kr

AZS 524A% EES Mixl, Mix2, Mix3, Mix4 18|31l
Mix5e1 stoich. EFEY ofghE 359 541% #E2
Mix1-E, Mix2-E, Mix3-E, Mix4-E 1811 Mix5-E2}al 5F3ich.

2.2. DPPH EBfLjzt 2742 &

PPW, MAW, Z]JW, LIW, SBW, Mixl, Mix2, Mix3, Mix4,
Mix5, PPE, MAE, ZJE, LJE, SBE, MixI-E, Mix2-E, Mix3-E,
Mix4-E, 1831 Mix5-E(100, 250, 500, 1,000 pg/mL)S] TFAL
s otE7] Y3l 2,2-diphenyl-B-picrylhydrazyl(DPPH;
Sigma-Aldrich Co., St. Louis, Mo, USA) &}tjZ &7 A4S
225199 tHLee 5, 2024). THESE %% 0] A| 29} DPPH(1.5x
10* M) €4S 1.5:1 HEE I35l 3087 WHgA7 &
UV/Visible spectrophotometer(Ultrospec 3000, Pharmacia
Biotech, Cambridge, UK)E AR&5}0] 517 nmoj|A] S3 =&
24T FAYIRLCRE 1, 2.5, 5, 10, 25, 50, 100 18|37
250 pg/mL ascorbic acidE 72 B o7 A$sl3tt. DPPH
SgaAREe daTol da AR 27170 FRES ¥
@jod [1 - N2 FFE / 2ol T x 1000] ofs
o %= UYEAcHChung 5, 2016).

2.3 ZEfH=s g3 5&

PPW, MAW, ZJW, LIW, SBW, Mixl, Mix2, Mix3, Mix4,
Mix5, PPE, MAE, ZJE, LJE, SBE, Mix1-E, Mix2-E, Mix3-E,
Mix4-E, 18] Mix5-E ZZF 1 mgo] 55 1 mL E+= &
& 1 mLE Wlelel AR AR BB B
Folin-Ciocalteau B} (Singleton 5, 1999)S HEslo] =75}19]
t}. 3148 A& 1 mLo] Folin-Ciocalteau A]2F(Sigma-Aldrich
Co.) ¥ 10% EANFEH(Na,CO;, Sigma-Aldrich Co.) 89
747} 0.5 mLA A= 7hsto] A29] AofA 1A ¥REAX]
% 53T+ UV/Visible spectrophotometer(Ultrospec 3000,
Pharmacia Biotech)E AME-5}0] 760 nm THof| A =745} tt.
NFE BH7FLE gRFOE 5191, EREAR gallic acid
(Sigma-Aldrich Co.)Z 0-0.025 mg/mLo] ¥ &2 A|Z3} A]
59| FEYHE AT SHT AN 2 YRR SRS
Z7oto] HAgAS skl SEYHE FF2 FEE 5
AAZ N&E 1 g 3t mg gallic acid equivalent(GAE)Z L}
Ehfi it

24 EE2EL0/E B =X

AE & FE ETTPRLo|E FFL Lee 5(2012)9)
oA AR BT o R S5l AR FE
¥z g S8 Aol ARSS AR TSl 3ARE AR 1
mLo] 5% NaNOx(Sigma-Aldrich Co.)& 30 pL #7}3t &
SE7F A0 A 8RS A7 &, 10% AlClL(Sigma-Aldrich Co.)
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30 uL2} 1 M NaOH(Sigma-Aldrich Co.) 200 pLE S35t ut
S Y 510 nmOJlA] = (Ultrospec 3000, Pharmacia Biotech)
£ Z45t9tt. E2EZ = gercetin(Sigma-Aldrich Co.)E 0-2
mg/mLe| Tz A|xsto] Alget FU WHoE FFEE
2A5l0] AFNE AyaIglon], FBehucolE BFS 32
E 5Z24% A= 1 g9 st mg quercetin equivalent(QE)=
YERY %I tH(Lee 5, 2012).

2.5. METF HfSf

17} A7 (colon)ofl A Fefigt Caco-2 Al RH=A|ZF2
Y(Seoul, Korea)ol| A F+5t0] AR8-51%I T}, Minimum Essential
Medium(MEM; WelGene Co. Daegu, Korea) B Z]o] 10% H]
A3t QEjolEH(fetal bovine serum, FBS; WelGene Co.)
29 9 1% penicillin®} streptomycin(PEST; WelGene Co.)&
Cgt HjAE Caco-2 Ao 7Kgt F H{7I(BB 15,
ThermoFisher Scientific, Waltham, MA, USA)°lA] 8]F5}%]
TH(Kim &, 2024). WjF7]9] AL 37°Co]1L 5% COt &5
=k

2.6. HEZSY T

NE=AL golr 7] 98] Caco-2 AE(1x10* cells/wel )=
96-well plateo] 53] 3U 5t BTt &, FBS7} o5
A QRS MEM HA(SFMHIR) 2. mAste] 2412 1 Wiokslg}
o} ARE kst SEE 24417F S A2ok) 5 me/nL
3-(4,5-dimethylthiazol-2-y1)-2,5-dipheylterazolium bromide(MTT;
Sigma-Aldrich Co.) 293} SFM HjAZ 1:109] H]&E A&
HIAE welld 100 pLE F715H0] 4A17F 59 HESAIZTH(Lee
5, 2023). MTTE SLAA HAE formazans F7|1 HiA]
= 4A3] AASH tS dimethyl sulfoxide(DMSO; Sigma-
Aldrich Co.)E 100 pLA #7}sla, 308 & &35t A|5E
microplate reader(AMR-100, Allsheng Co., Ltd., Hangzhou,
China)7|& AR&Se] 570 nmollA FF=5 S45HAAL, DMSO
£ blank® ARESIAHH(Lee 5, 2023). Alm A 2|70 FFEgL
< N2 SRR e & 100 H53F %a Al BE

& YERAH.

2.7. LPSZ & & Caco-2 ME ZZ ZZ0JA NO &
&5 2 TNF-o 445 &

Caco-2 A|Z(5%x10° cells/well)Z 24-well plateo] F-3=5}a]
79 52t HigStRith. NO 2 TNF-o 4% 5742 9I5] SEM
HiR = WA|ste] 2417F B9k § HiFRE & Alm Aot
A& PPW, MAW, ZJW, LIW, SBWS} A& Mixl, Mix2,
Mix3, Mix4, Mix55 ZtZ} 3A17F 42§t 3 1 pg/mL LPSES
18A1ZF A 253t
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A& ATt AZ WiAZE 0.5 mL 225t} 1.5 mL nfo]=
2% H(Axygen Biotechnology, Hangzhou, China)of] ¥ 7
2 9] GriessA|2F(1% sulfanilamide in 5% phosphoric acid
9} 1% a-naphtylamide in HO)& @1 2 412 & o5& 3o
A 1027 A £ 540 nmoll A FFEE S45HT Sodium
nitrite(NaNO,, Sigma-Aldrich Co.)Z S EFE A4S %
ate] w0 F5E NO BES Z stk

NOZ 27 73 2 AZdlFelo] THE TNF-o B
2 enzyme-linked immunosorbent assay(ELISA) kit(eBiosience,
Inc., San Diego, CA, USA)9A AAJRE S o] &3] 54
sheict.

28 EBIN 2, Zf0/Ho/A 28 ¥ a-01ZH0/x 25

5y

EAl &4 % ojmo]lA B4 S4L A
YEolorEetB oA WAR 7754
ol= 27 Bel AR e Agsie] 34
(Ministry of Food and Drug Safety, 2020a).

EA(trypsin) 4 54 99 EF4E 10 mM sodium
acetate buffer(pH 7.5; Sigma-Aldrich Co.)o] &9 0.01% EHAI
2 =R 2 mg/mLe) A|EE 0.185 mLe} 0.01% EFAI 0.015

E st 37°CollA 1083F AXSITt.  Phosphate
buffer(pH 7.5; Sigma-Aldrich Co.)°] azocasein(7]&; Sigma-
Aldrich Co.)& 9] 3% azocasein®] 0.8 mLE A2 &M
A7lslo] 37°Co| Al 3087 ®FA]5FE). 110 mM trichloroacetic
acid reagent(TCA; Sigma-Aldrich Co.) 1.0 mLS #7}5lo] Ht
2 BAT F 200 1587 9-HS X |oto] G A
HAXNZ T QAE(10,000 xg, 20 min, 20°C) SFATHLee
5, 2023). QAR & A=(1.2 mL)Z} 1 N NaOH(1.4 mL)Z
&3lsto] UV-vis spectrophotometer(Ultrospec 3000, Pharmacia
Biotech)Z 440 nmol|A &4 =5 =75t

gto]H|o] A(lipase) B/ F42 T AIEE 025 mL, A
ZE 38 A (lipase, Sigma-Aldrich Co.) 800 unit/mL 0.5 mL3}
0.05 M PBS(pH 6.5) 0.5 mLS &g5}0] 37°Cof|A 1587 A
23t & 10% isooctane(Sigma-Aldrich Co.)o| &3A171 &
2|2 @ Y(Chungjungone, Seoul, Korea) 1.25 mL& &7}5}o]
37°Col A 2087 AR FTE 5 mLE] oFAlE(acetone,
Sigma-Aldrich Co.)& T|5to] ¥Hg-Z HAAZ F 5% cupric
acetate 1 mL2 7}sto] Etsto] AFRoA FX5tAL, A5
H(1 mL)Z 720 nmoJA FFE=E S5

0-oPEHo] A(a-amylase) &4 32 Wu 5(2022)9] =
S 4B ¥Aslo] 2431} =, starch azure(Sigma-Aldrich
Co.) 20 mg& 10 mL2] 0.5 M Tris-HCI 2ZH(pH 6.9)0] &
aoto] 5E St 7HE T WAt 1.5 mL FEO| =
A|EE 200 uLE 2k 1 o2 0.5 M o-oPE o] Z(Sigma-

2

Mo

>,

oH o
1o

©,

H

o)
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Aldrich Co.) €9 200 pLg &3151'% 1, starch azure 300 pL
£ A7t ZdsiTh 37°ColA 1027 RESAIZL A8

50% acetic acid(Sigma-Aldrich Co.) 100 uLE 37}t

595 nmollA FFE=E SAsHh

E4 24, Stojuol& &4 T8al e-ofgde o] = T2
qETHERet 7)ol ditt Ale A7 &4, 718 29 A
2)9 FHEE VSN RY] FF/HETY FEE)R
sto] diz7- FgE] w2 eI

2.9. A/

B= A 33 o4 whESto] HAISIATL AR 0] FAA
2]+ SPSS(statistical package for the social science) version
18.0 L& I1M(SPSS Inc., Chicago, IL, USA)S o]&-3}o] B4
(mean):H¥FH | (standard deviation, SD)Z HFA|5}ct. AY
7t Batghe AL 424 (one-way ANOVAYS SHAAL,
494 A7l Y42 Hey = A A% (Duncan’s multiple range
testy= AAISI O, B A Ao FO4L p<0.05 $EL
= A4S

3. 2L ¥ o

3.1. 55 Halot AlZ=5/29 DPPH cL/Z £HXE
DPPH= Atobd FEjo M f2)7](free radical)’t F4ket &

IE 7 25 50l Yol AE 1 S Z2 A
9] DPPH”} diphenylpicrylhydrazine® 2 ZA% =] oA
OoFet AL =R Ak E4 '] I AREE I 9l
St(Jung 5, 2012).

PPW, MAW, ZJW, LIW, SBW, Mixl, Mix2, Mix3, Mix4
183 Mix5E 5%(100, 250, 500, 1,000 pg/mL)E &&|sto]
DPPH |z £AZE GIHE LolHEYTH(Table 2). & F&
E2 100 pg/mLe} 250 pg/mLoA] SBWE 69.6%8}F 70.1%2
7V ZstA DPPH 2tz &750] QU324 500 pg/mLoflA]
L Mix1(78.7%)°] 1L 1,000 pg/mLoJAE Mix3(86.2%)
7t 02 AEERET 2 DPPH #HZ &A2REo] Sl 9
RS 2ZE0 1(00-500 pg/mL7HA|= SBE7} THE 925 AR
Xt} DPPH 2z 42FaR80] H FHo{Ral, 1,000 ng/mLojA]
£ SBE(90.1%)} Mix3-E(89.8%)7} TF& A|ZEXtt DPPH
gz AAZEo] EUTh & 5529 DPPH vz &~A%
82 46.8-86.2%%1H| oJe-E FEE9] DPPH Zd AA%
22 553-90.1%% et F&50] & :£EXt DPPH
Uz 2AZgo] &2 Aol AU T4 AS ¢ FEE
I ofetE FE=00A TR A&l Zol7t 911, ginsenoides
ogo] G FEEEY e 580 ¢ Eol gEe] 3l
oAl 51t (Lee, 2023) & AoA= & FEEET o&

=
gol FRElo] %S SO F2H1 oj@ Bo] FRuo] 9
A golrt A7 A A solof & Aol

Table 2. DPPH radical scavenger activity of extracts of Pyrus pyrifolia Nakai (PP), malt (MA), Ziziphus jujuba Mill. (Z)), Leonurus
Jjaponicus Houtt. (L)), and Scutellaria baicalensis (SB) and their mixtures (unit: pg/mL)

Extracts Water extract EtOH extract

100 250 500 1,000 100 250 500 1,000
PP 59.6+0.3¢ 63.2+0.7" 65.6£0.4" 74.2+0.1¢ 56.3+1.1 56.4+0.9" 63.7+0.8¢ 72.0+£0.7"
MA 62.3+0.4¢ 64.7+0.5¢ 69.4+0.8" 75.240.3° 55.7+1.0% 55.6+0.9° 61.0+0.8" 67.140.6°
VAl 60.5+0.4" 63.9+0.2¢ 67.8+1.3¢ 74.6£0.6® 55.3£0.9¢ 55.5+0.7¢ 60.2+1.0° 66.0+0.7"
LJ 46.8+1.0" 49.0+1.08 57.3+0.3' 64.4+1.0" 57.1£0.3% 65.2+0.7° 73.0£0.6° 75.5+1.1°
SB 69.6+0.8" 70.1+0.3* 75.7+0.1° 84.4+0.7° 64.4+0.6" 73.8+0.5° 88.3+0.3° 90.1+1.5"
Mixture 1 63.7+0.9° 70.4+0.2° 78.7+0.3° 84.8+0.2° 59.240.8" 63.3+0.9° 76.1+0.8° 84.4+0.4°
Mixture 2 61.6+0.2° 67.0£0.3° 72.740.3¢ 83.1£0.1° 58.2+1.2° 62.6+0.9° 74.6+0.2¢ 84.4+0.3°
Mixture 3 63.0£0.3° 69.4+0.2° 73.7+1.2° 86.2+0.1° 59.8+0.7° 65.5+0.8" 78.3+0.4° 89.8+1.0°
Mixture 4 61.8+0.6° 66.7+0.3° 71.4+0.7° 80.5+0.8¢ 57.1£0.9% 59.5+0.9° 68.2+1.1° 81.9+0.4¢
Mixture 5 62.8+0.4° 65.01.6° 70.00.6" 78.0+0.8° 57.8+1.0% 61.5+1.0¢ 74.6+0.7¢ 82.9+0.4°
Ascorbic acid 1 2.5 5 10 25 50 100 250

32.5+0.4° 64.5+0.6 91.2+0.9* 88.9+1.2% 88.7+1.2° 90.1+1.5 88.7+1.1° 89.1+1.2a

All values are mean+SD (n=3). In each column different superscript letters mean significant differences between results (p<0.05) but means with different

letters on ascorbic acid in row are significantly different (p<0.05). The explanation of mixtures (Mixtures 1-5) are provided in Table 1.
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I B FEEY 52U BT 2%E 3550 =] DPPH
gz AARES dolHE A} 45.3%0|THMin 5, 2023).
DPPH #ttjZ QB 29| Wehg &5 1,000 pg/mLe] DPPH
2z AAZEL 48.9%Kim 5, 2014)0]91, 2 %0
A E FEEZ 64.4% 191 ofghE FEE2 75.5%0|9t
AQuz & FEELIW)Z £ A1oA AES AE FEE F
oA 7H¢ W2 DPPH 2z AAZE-S Ut lch B4
70% ogE F5E2] 1,000 pg/mLo| A DPPH 2ttjzd AAZ}
22 92.8%0]% I (Eun 5, 2016), SBS} Mix3 ofEHe 2&E
9] 1,000 pg/mLol|A] DPPH 2}t]Zr 42780] 90.1%2} 89.8%
o]t}

3.2 gFE Ealet AE2EIE9 SEANE Y FE2H
o/t glgf

ZY9 &4 2452 3 A Wof 27§ ©]A}9] phenolic
hydroxyl(OH)7]& 7}4 benzene 3FgHE0]thH(Chio 5, 2013).
o= M 3RMEQl EdtHo|Eg} ghdo] FHECE A
s, el FEF 5 TR e 24 7ls= 7L = AL
2 o#A 9QItHChio <, 2013).

HUA g 55 SR 5E5Y B FEEPPW, MAW,
ZIW, LIW, SBW, Mix1, Mix2, Mix3, Mix4, Mix5) @ ofgt
< FZE(PPE, MAE, ZJE, LIE, SBE, Mixl-E, Mix2-E,
Mix3-E, Mix4-E, Mix5-E)2] ZZ2|5 sleki} 2Zels 1o
T 3RS BAGH A7E Table 30 AASHITE 1059 AR
o] FEeE dFS B4 A3, SBW(77.6 mg GAE/g

dried extract)”} 7F3 =341, 1 ThS-2& Mix3(63.1 mg GAE/g
dried extract), Mix1(57.3 mg GAE/g dried extract), Mix2
(54.6 mg GAFE/g dried extract) £ & =2 7HS Yt &
AFoA & F25 5 Edus ol M W2 Al PPW
(25.8 mg GAE/g dried extract)°]%{T}.

Min 5(2023) AtollA =9 FE2H=0] 32 mg GAE/g
Ao, Akt Ao o3 FEDHE ol F76
=, & AFA Fg & FEEY FEYUE FFL2 776
mg GAE/gQ =& 28j| o4} =2 dgo|qith. o]t -2 Aol=
FEYuE TS S0k AR, AR WY, =9 AEiA
59 Gl 2t Aozt 7Tt Zhang 5(2003) Hi 2] ¥}
o, B& 9 3 FEo EduE g2 47 62.38, 3.67 €
20.14 mg/go|2kal 5l3l=H], & Aol Hie & FEEY
gt 59 E7dE S 258 E 29.8 mg GAE/g
dried extracto] {ct. 2 Ao A AR v A== HjY] T4
2 AANAT AAS AASNA elgrert ol Tgolg)
o AR F HE FF2 593-817 ug/g(Kang 5, 2023),
191.6-403.8 pg/g(Kim S, 2007), 509.44-570.78 mg/100 g(Jin
5, 2022)0 2 tfofolA HilE]glon, ol & i gl
AR o] FR7, E4 W, 581 5o wt Aolg BY &
A=Z(Suriano 5, 2018) AJAFSIIH:. webA 2 A Air}
O A7 235 Zol7t U AL AR F5, 4 W
9 2581 5o ©E ZoE FZH

Ko 5(2021) t59] & #l=3lgE Fdo] 190°CoA =
RS 1 7P =9 T TS 67.79+£3.45 mg GAE/go|2t

Table 3. Total phenolic and total flavonoid contents in extracts of Pyrus pyrifolia Nakai (PP), malt (MA), Ziziphus jujuba Mill. (ZJ),
Leonurus japonicus Houtt. (LJ), and Scutellaria baicalensis (SB) and their mixtures

Samples Total polyphenol content (mg GAE/g dried extract)’ Total flavonoid content (mg QE/g dried extract)”
Water extract EtOH extract Water extract EtOH extract
PP 25.8+0.6" 29.8+0.8" 17.142.1% 23442 48
MA 46.3+2.2° 26.6+0.7¢ 20.9£1.3° 31.6+4.1°
Z7 33.743.6° 25.6+0.6% 19.1+1.3f 28.5+2.9"
LI 48.7+0.9¢ 77.4+3 4° 24.4+1.1° 71.3+4.1%
SB 77.6+6.1°* 89.0+2.9* 37.0+3.4° 51.043.6°
Mixture 1 57.3+0.9° 57.8+0.8¢ 26.2+1.5° 70.1+2.4°
Mixture 2 54.6+1.3° 56.7+2.4 21.5+0.8% 73.942.5
Mixture 3 63.1+4.1° 61.8+1.5° 22.2+1.1¢ 78.8+4.2°
Mixture 4 47.6+0.4° 44.8+1.2° 22.9+1.1¢ 56.7+4.7¢
Mixture 5 47.5+0.5¢ 46.8+1.8° 22.5+1.6° 60.2+1.6"

All values are mean+SD (n=6). In each column different superscript letters mean significant differences between results (p<0.05). The explanation of
mixtures (Mixtures 1-5) are provided in Table 1.
DExpressed as mg gallic acid equivalent (GAE)/g of dried extract weight.
PExpressed as mg quercetin equivalent (QE)/g of dried extract weight.
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ol

tled 2 A9 tiF & 552 33.743.6 mg GAE/go|
1, ofJEFE 2ZE2 256+0.6 mg GAE/gO 2 Worth 1
Park¥} Kim(2016)9] A7+ A¥o] W= tj50] F Hl=
FES 62.5 pg/gdl Aot vjwd f 2 A Ao g &
2 S F2E9 F e dFel =3tk
1059] &t olt F2 & 55 5 SBW(37.0 mg
QE/g dried extract)7} 7F3 =9k, Mix1(26.2 mg QE/g dried
extract) > LJW(24.4 mg QE/g dried extract) <=0] 31t} Mix2,
Mix3, Mix4 12|11 Mix5+ 21.5-22.9 mg QFE/g dried extract
2 A 29 294 Aol Qoiet. o FEBL MixdE
(78.8 mg QE/g dried extract) > Mix2-E(73.9 mg QE/g dried
extract) > LJE(71.3 mg QE/g dried extract), Mix1-E(70.1 mg
QE/g dried extract) > Mix5-E(60.2mg QE/g dried extract),
Mix4-E (56.7mg QE/g dried extract) <=0]3]t}.

St o B tEAQl EPHs SRMES dFoR AE
ol Al Bo] o] AFAAER A 2 S0 RHE FAS B
Toke= TS 5, Atto] HHAE BF BAIAE Alolst
g JlohA AEFARRE AZE Hosto] ofd] Ao &
A 93-S U= 4 tHKim 5, 2015; Mutha 5, 2021). Min
50232 Fe & FEEY FEFNEO|E AFS 21.5 mg
CE/gdL SHAL, You 5(2024)2 ABfOFYA :E59] &3
Hlo|E k2 17.18 mg CE/go]1 A7 £EEL 7.64 mg
CE/go|2tal 319t} Lee9} Ji(2023)= EEFEZ 2 querceting
ARESEITL, w =R quercetin®] 7HA I Ql= SFEE A
AGA met s oo, Rz, ofdx, Ay Egt
E9 EFEE | mgmL XA £X 5= flavonoid FFS
=73t A3}, 8.18+0.16 mg/gO 2 YERGTHY 3t & o
TOHE querceting FREAE AMESto] 25 Agkdog
FFE FY, EFEE | mymL 5Loj4 EA5k= flavonoid
e 24 23 TR B 2EEL 222262 mygO R
Rz, ol4z, Au BEHEe] B 2EEHCE Sojuiols
ol B9 & AN B FEEEYE HE 55
oA EetE ol okgFo] #3l=t], Choi 5(2021) Ho|H
A & FZ2HT 70% olFE 9 95% e FEE]A]
S 0| E FFgo] Ethe A RARIAH. SRt o=
A &4o] slotatzof| whet &3 ofhZo] tigt &=t gt
At Z 17} Ql=d|(Middleton®} Kandaswani, 1992) &
FolM AR AR & FEEEY oEE FEE0 9 &
B3l SRS 7 EFtE 0| =Tt AtE] e A
o7 FZHrh

DPPH Zit}Z 442, SE9us % 181 Sl
olt 3 AIES T T FEE0| THET FAkSH
v B 52 A At vk 2e & 5 Al 22
oM EtEols BY Fa FEEEY F59 9ol ¥

ARE 1,000 pgmLolA e FE=3 EFE 3 FEEY

%,
i)

ook

0

=

https://www.ekosfop.or.kr

YRS Asis a7t Qth(Lee &, 2022). Wk SBW

AT Aght AP AEH LS
TaAA g G5 A8 =82 £ 5k Us ACE A
ZHelot.

3.3. Caco-2 HEOA 5= Ealst 4/==25/F9 NO
Z TNF-a 28] X z2f

NOE= &4 AAZ(reactive nitrogen species)?] djLfo]H,
Hejr s NOE F%E A/ 5 Helihge] Tl
Agk, theke] NO7} Ao AAE g g 2l
chopat el X9l -2 9o ZIt Laroux 5, 2001). 9% 7
o] ofs) Qo] WAksh 9% AZOIN B4 AolE}2)
(TNF-a, IL-1B€} IL-6)0] HEH]HH(Jeong &, 2014). Lee &
(2023)9] AFolA LPSE FZHHgo] FEH RAW 264.7 o
Ao A B, Wof, TS, AR %, S 9l o]E ERtEo] I
H| E= NOQF 454 AIEZR] A4S AR HArsted
ot & dAolA= LPSE H55H3o] fed Xt A A=
Caco-20 A& Hf, Wof, tj&, A%, g5 ¥ o]
THEH] == NOZF TNF-o /8 A 4= Ql=A] dobk gttt

v, Wol, tf&, %, g5 Y o|AEY THEY B &
=(PPW, MAW, ZJW, LJW, SBW, Mix1, Mix2, Mix3, Mix4,
Mix5)E2 Caco-2 A|ZE9] 500 pg/mL SL71A] 24A17F A2
< 1 AlZ =7do] QIth(Fig. 1A). wWehA NOLF TNF-o A4
of| n]A & P golr 7] Q3 A8 2] BE= 500 pg/mL
A2 S

Caco2 A|ZIA LPS H22 NO7H RAR e st
Hl st fojA o g St (p<0.05). & AlRS(PPW,
MAW, ZJW, LIW, SBW, Mix1, Mix2, Mix3, Mix4, Mix5)=
LPS T A2} H|slo] NO = 2308 HAaAZ
I(p<0.05), 7 47} FHold A2 Mix22}F Mix3E 500
ug/mL #ZJ3t Fo| Ih(Fig. 1B). T2 =014 MixS= SBW
o} ulsto] o2 Fol7} YAOL PPWEF MAWHTIE £
ojHog NO o] HAsIUTH(p<0.05). &2 FLofA
Mix1& PPW, ZJW, LIW 181l SBWE} v|w3lo] 52|14 }
o7} flloU MAWHTH= 214 0 & NO o] A4astl
THp<0.05).

Caco-2 Al 20| A LPS #|2of| 2|3 TNF-a7} F4]2|2l of
223} v @kl 90)M 0 Z7katArh(p<0.05). 500 pg/mL
9] PPW, MAW 18|11 ZJW A 2]+= LPS ©= A2 v
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Fig. 1. The effect of water extract of Pyrus pyrifolia Nakai

(PPW), malt (MAW), Ziziphus jujuba Mill. (ZJW), Leonurus
japonicus Houtt. (LJW), and Scutellaria baicalensis (SBW) and
their mixtures (Mix1-Mix5) on cell viability and the production
of NO in human intestinal epithelial Caco-2 cells. All values are
mean+SD (n=3); means with different superscript letters (*)
significantly differ from each other (p<0.05) by Duncan’s multiple
range test. Con, control. The explanation of mixtures (Mixtures
1-5) are provided in Table 1. NS, not significantly different from
each other. PPW500 — LPS: pre- treated with 500 pg/mL PPW
for 3 h before the addition of 1 pg/mL LPS for 18 h.

Sto] TNF-o 3HE F-94 02 AAaA|7]A] Fotgl oy LIwet
SBW A 2o oAz KA 0E FAAFTH(Fig. 2; p<0.05).
Mix3E 100, 250 18] 500 pg/mL A2 % LPSE A3t
A7} 100 pg/mLe] Mix3 LS LPS ©% X 2]L7} v ws}
of {4 ztol7k AL, 2503} 500 pg/mLe| FEoA=
LPS ©= A2|Z3} vlwsto] {2]4 0% TNF-a o] 4
SHlth(Fig. 2; p<0.05).

ool NO A2 959 2 i7iAe]i NO+= iNOS9
9l8f F4=ctJung 5, 2013). LPS A=) 9]a NO AJ4to]
S7HE] ke A2 d5EH3o] R EEEE &9 4 UL,
Mix29} Mix3e T2 A|REHTH NO A4 A a3} o
ol o] Erlxlo] o5 E5E0] FAT BTt UL A=
AZFET) LPSE A3 RAW 264.7 Al ZoA Z2hA], tg
I93 J B FEE2 U AAEE NO2F TNF-a BA<
oAIRte 2N FAF ATE U= AS € 4 AUHKim
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Fig. 2. The effect of water extract of Pyrus pyrifolia Nakai
(PPW), malt (MAW), Ziziphus jujuba Mill. (ZJW), Leonurus
Jjaponicus Houtt. (LJW), and Scutellaria baicalensis (SBW) and
their mixtures (Mix1-Mix5) on the production of TNF-a in human
intestinal epithelial Caco-2 cells. All values are mean+SD (n=3);
different superscript letters (*%) on the bar indicate significant
differences (p<0.05) by Duncan’s multiple range test. Con,
control. The explanation of mixtures (Mixtures 1-5) are provided
in Table 1. PPW500 — LPS: pre-treated with 500 pg/mL PPW
for 3 h before the addition of 1 pg/mL LPS for 18 h.

5, 2018). Panaro 5(2012)2 LPSZ A}=3t Caco-2 Af| EofA]
resveratrolo] THEH| H NO AjAdo] AAIg o2 FHZE a7t
b ek stoick. 0] ola) shEu] Ee NO A ol
AHe) B IEE AN & Sl LA AS % 4
Q= A3/t B 2 QTKYi 5, 2017). Han S(2024)% LPSE
A=3E Caco-2 AlZOA] 71 NOZF TNF-0E A7 = &
9Z AAAANE EZ519e. VS (Taraxacum coreanum
Nakai) &5 9 ttA|ul(Laminaria japonica) F&=2 LPS
2 A% Caco-2 AlZAA A5 AAA7IAL & A9 75
FHE AAAA A58 & A2 A3t A= A 78S
AJAFSFITHHan 5, 2024; Yang 5, 2019). Gallic acid= LPS
2 Z=3E Caco-2 A EOJA NF-kB/MAPK signaling pathway
:c"zl—/ﬂ ;qz‘sH ol oﬂzﬂ /\]'0115._7]-0 Aﬂ/ké o%xﬂ _@—_347]. 9)\04 1, LPS
of 9]l £} ROS(reactive oxygen species) o2 A5
=8 olF 2HEL gallic acid7} A5 Ao A wAz 7
7FsAE AIARFETHChu &, 2024). Chitosan nanoparticles™
Caco-2 A|3of|A] NF-kB signaling pathway g4 A9 7|9l
stof Lpsol la) 8 3L AT 4 Uek skt
(Tu Z, 2016).

Ahn 5(2022) A7Lo] 9Jo}H, & AE(Caco-2 cell)o|A &
0] G52 PUTCE 2L TNFa mRNA 45 5712 2
QUKL 2 Y FEE ACPY S TR o4 571
TNF-o mRNA ¢E3 EIF 02 AAAFHTGL
A 2 9% 335L IS oplR ABALL Aa
o2 AAAA Caco-2 A|EZE HISJH= AL 91519t
Lee(2021)= LPSE o]-&5}o] RAW 264.7 A E0] 5
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Nrﬂ'

ot

RN T, 2T 22BL A2t 23 TNF-ao] A40] o

AY Aoz 2HT 2289 FAZ ATE Yowskin 5
9irh. mhetd] B QATolA] LPSE At Caco-2 Ao Mix3
ZEPS ] 3EH] Tl= NOQ TNF-a $tgfo| ZHAsIgoH
Mixi7h 9% TS 71 Aok 22 2 % 990tk Mixd
7} Caco-2 A|3E0]|A NF-kB/MAPK signaling pathway &4 A
S 4= AS Al et 71 A= ALEHo Aok & Aol

3.4. 5= Halat AE=2EE0/ EEL, 2fo/mojA 2
2/ o-0lZ20|= Z&0) O/xl= F&F

E A (trypsin), 2to]H|o] A (lipase) L2} 3L oFdFH 0] Z(amylase)
9].71—_9_ aArs _9_/\1‘:'_4 OHQ,]- OﬂO]:/\_,] A"‘—' iX] o]—.L_‘_ Eﬂ
oﬂA]Z4 O] 7] = E _,_oﬂo]-]:]- _,_E 2] H TI'Z]-OH Z]-Oﬂ Eoﬂlﬂ
HHE= 2% 847t Z7] tE SAE duS 2ottt o]
o sl gk, 9k SATRRE A UYL
BHoz §4% 4 glov], 43} Baln 2L ofe] BAIS

A EckHur 5, 2021; Ministry of Food and Drug Safety,
2020a). Wb & Ao 430 E2ES Fe a4 T
2 98] PPW, MAW, ZJW, LIW, SBW, Mix1, Mix2, Mix3,
Mix4 12|31 Mix57} ERAL, gto]golA 18]l a-obd o]
= 4ol vAE e Lohugt

EA AL 500 pg/mLoA PPW, SBWS Mix37} T2
AEe ZAYG E39T Mixsl, 2, 32 EFAl Z4o] FA
319, Mix4?} MixSEth &=Qtth(Fig. 3). 22 204 Mix3
£ PPW, MAW 18|17 SBW} FARE EPA A4S HYO
U ZIWSF LIWHTH= =51t

glojHlo]A &L ZL &

=
2

ToA Mix37F PPW, MAW,

Trypsin activity (folds of control)

0.4
0.2
0.0
A L& QS 2y D LSS
XQ?»\ \\\ SRR SR S
Qoo\ ("QQ@@\ S 60“ 5“ Qﬁ\@%eﬁ%@n@%ﬁuﬁyQ ‘—;“i@i;o%@

Concentration (pg/mL)

Fig. 3. The effect of water extract of Pyrus pyrifolia Nakai
(PPW), malt (MAW), Ziziphus jujuba Mill. (ZJW), Leonurus
Jjaponicus Houtt. (LJW), and Scutellaria baicalensis (SBW) and
their mixtures (Mix1-Mix5) on the trypsin activity. All values
are meantSD (n=3); different superscript letters (*') on the bar
indicate significant differences (p<0.05) by Duncan’s multiple
range test. Con, control. The explanation of mixtures (Mixtures
1-5) are provided in Table I.
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ZIW, LJW, SBW, Mix1 181 Mix2 BT} 89|50 7 =9}
o Mix4 121 Mix59] EZA 4T 904 x}om
ATk(Fig. 4). PPWE 4%} 708 A2fe s Ga

Holl Rol7t Goim e ARSS Sodow 274 q.
MAW, ZJW, LIW 181 SBW A 2|2 gto]go]A g0
994 2o]7h it

3HH, 100 pg/mL #2|Fof|A a-ofgFo]= BYL Mix37}

2 ZgE(Mix], Mix2, Mix4, Mix5)X2t} SdthHFig. 5). &
£ A=A =7t S71EE a-ofd#o]2 B4 HAsHl
17, 1,000 pg/mL A 2|FoA ZIWSF LIWE g F 7T} a-of
dilo]= /o] fofAor FAast: 53] LIWE 250 p
gimLol A2l thzt wmsjo] o-obuEo] g0l 914
oz zhastgrt,

ARIVSAE 7154 7L TOI=(8) 27 BRI 23]
5 M4 714 Belg 9ia) Askad BHEAREL o
A4, AZEfasr &4, AR T4 (c-amylase)] S HHo]Qut
A2 ARg-5FaL Qlth(Ministry of Food and Drug Safety, 2020a).
mebA & AFolM e A =FS F= oA deEe fdl
olE A4 ZHE TVHIE F e 2AE HA Syl

2704 EfAlzlo] FH]E o] g 27|vlo] =0 ofs] &
g3t EfAl(trypsin) Ao ©lES 22 fEto] 2
oot maolrh E3, EPALEZ o] REFA| LS 71o]
HEYA o R gAslsto] 242 fEto| =9 tho|flEto| R
WA BEofoly ZErl2EAHEYo|2E 7IEEAHET
0|22 BYTso] BIL dolmEto|o} ofp|Ato R B
fole 9E8-L SHH(Hur 5, 2021). PPW, SBW 18|11 Mix3
= EfA 848 S7HA dd L3 535 € 5 U

o= 7|didEt

4.0
35
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Lipase activity (folds of control)

PSS S S o p S
N $ & & P SR SPCA
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¢S
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Fig. 4. The effect of water extract of Pyrus pyrifolia Nakai
(PPW), malt (MAW), Ziziphus jujuba Mill. (ZJW), Leonurus
Jjaponicus Houtt. (LJW), and Scutellaria baicalensis (SBW) and
their mixtures (Mix1-Mix5) on the lipase activity. All values
are meantSD (n=3); means with different superscript letters )
significantly differ from each other (p<0.05) by Duncan’s multiple
range test. Con, control. The explanation of mixtures (Mixtures
1-5) are provided in Table I.
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Fig. 5. The effect of water extract of Pyrus pyrifolia Nakai (PPW), malt (MAW), Ziziphus jujuba Mill. (ZJW), Leonurus japonicus
Houtt. (LJW), and Scutellaria baicalensis (SBW) and their mixtures (Mix1-Mix5) on the o-amylase activity. All values are mean+SD
(n=3); means with different superscript letters (**) significantly differ from each other (p<0.05) by Duncan’s multiple range test. Con,
control. The explanation of mixtures (Mixtures 1-5) are provided in Table 1.
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