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Abstract

Antioxidant and antibacterial activities of Phlomis umbrosa Turcz. (PU) ethanol extracts were investigated
in vitro. Total polyphenols, flavonoids and FRAP values of PU extracts were 57.321+2.30 ng/mg, 21.44+2.52
ng/mg and 0.26 mmol Fe?'/g, respectively. The PU extracts also showed strong DPPH scavenging activity and
antibacterial effects against Staphylococcus aureus. In addition, the DPPH scavenging effect of the seasoning
sauces was increased by the addition of PU extracts. This study was also conducted to evaluate the quality
characteristics of seasoned pork treated with PU extracts during storage at 4°C for 21 days. Seasoned pork
was produced containing 0, 0.5, and 1% PU extracts and 0.1% BHA. The total bacteria and TBARS values
of seasoned pork added with PU were decreased compared to the control, whereas coliform bacteria were not
detected after longer storage periods. With regards to sensory evaluation, seasoned pork treated with 0.5% PU
had higher juiciness, flavor and overall acceptability compared to seasoned fork. These results suggest the possi-
bility of manufacturing seasoned pork with PU extracts for the improvement of shelf-life and quality.
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Sere U7 oA A Aele] A4S Tste] A}

& Ak &9 Eol 108 ZFH(w/v)e] 70% F8<5 7hato
24A12E B AX St F 33 HHE FE3H A, FEAL
o] 7} 2] (Whatman No. 3, Maidstone, England)E A&}
& ¥}&}al rotary vacuum evaporator(Rotavapor R-205,
BUCHI, Postfach, Switzerland) 2 55°C°ﬂ A AFEEIT T
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1,1-Diphenyl-2-picrylhydrazyl(DPPH)
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A1 7.9 free radical 442 Blois(28) WH S OE]-‘?'—
Fol 221384931, stable radical?l DPPHOI
A3 Ao Z 99% WErgd Z+ A|lE 5 =
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= gram 24 Escherichia coli KCTC 1042, Pseudo-
monas aeruginosa KCCM 113213} gram A<l Staphy-
lococcus aureus ATCC 259232 %, ASw] A= nutrient
broth(NB, Acumedia Manufacturer, Inc., Baltimore, MD,
USA)9} NBoll 1.5~2%9] agarE 3 7}3F nutrient agar(NA)
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H) A& AF8-3te] 37°C, incubator(HB-101M, HANBAEK,
Bucheon, Korea)oll A 12417t &<t vjFst & Al&-3F4 T

gdAd L s NAUAE & 10 mLA 253149
=23 & 7 FFE 200 uLA =23k o, W ¥ filter paper
disc(disc diameter: 8 mm, Toyo Foshi Kaishm, Ltd.,
Tokyo, Japan)E& £1 £9FEE9 HF F=71 0625,
12.5, 25, 50 mg/disc7} H =5 50 LA F7HA A oluf
GANZF S 2 vancomycing 50 pL/discC. 2 FL3IA
gkt 37°Col A 2441 7F T v FAIZ &, disc FH
A2 H inhibition zoned] A7 & A3l A FTAH AT E

=5t

SCIESS A7} U AA0| DPPH radical 272
&g FHAFEES HU18 Fd 229 free radical &7
252 free radical 2724 SAHM(28)= o7k A8t
ZAAY F SEFEE TRV L2 SUFESE
2025 05 075 @ 1.0% SE2 A71e Fdin gl
Zvz} 4 mL# 8t 4 mM DPPHE9 16 mLell 7}ake] 30%
<

A8g & 517 nmel A FZEE SAIAH. od
DPPH 27%5(%)< [1-(A 59 F3/HNEzT9 F45)]
x 10082 YeEbl At

= o=

Az ge WA $4S HA AGuigoln Fskel
g A A x2S AASL 9F 03 cm FARE Hsko]
AHEBERAAL, 718 Bl = AlTollA T8k ARSI
H A5+ 100 goll 3+ 375 g, ¥ 1625 g, 5 0.375 g,
= 422~ 10 g, worcester sauce 10 g, A4 ¥ 8375 g 1
I E 175 g9 wiFgYE 1% FFdAa 20 g FHI8H
NE2F(CO)Z AMESIH T, FHE Fdiol 955
Z+7y 05% 2 1%= FA7Ee T1, T2+ 283 0.1% BHAES
A7 A 2T BIE he AT FEE S AxT
5, 4°Co YA B3 18X £ 4AI1Z s, 22 HlE
(nylon/polyethylene, vacuum food storage system, Fre-
shiel, Siheung, Korea)2 HZXA3 & 2147 4°Co] ¥ 3
oA WA RASHAA EA 8 ol BHAS H7bEe
A EZFA3)NA =524% 2] BHA 3832 10 mg/kgH th
100 o B Fs H7bste] Hlast o
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pH= ZA Al&3 AlF 10 g¢& 75 90 mLe} 34
homogenizer(Nihonseiki Co., Osaka, Japan)Z 5,000 rpme]
A 387 #ZAE] pH-meter(Metrohm AG, Zofinyen,
Switzerland) 2 2331, MEE F T3 T 4°Co
Ads AEE e & 373 WA 03 cme] A7|E &
2} A 2A Chroma meter(CR-400, Minolta Co., Kyoto,
Japan)E ©] &3ty Lx(H =), ax(H %), b+(FN=)7hS 3
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E5L2 7 A8 10 goll @5 FF 0 mLE 37}
3}od Stomacher(LB W400, TMC, Seoul, Korea)E ©] &3}
of 1% F¢ #2353 & 1 mLE AFst] EFEHFFE
AFEsle] AA 31435l F H 9+ plate count agar(Difco
Laboratories, Detroit, MI, USA), t &+ 4== violet red bile
agar(Difco Laboratories)E ©]-8&3}a 37°CollA] 24A17F vl &
3 & JelUE colonyd & AFEET

X|GtATH = (thiobarbituric  acid ~ reactive  substances,

APl E= AR 5 gl S/ 15 mLE 78t #2
st A7l & 2N 5 mLE Al #ol H3l 7.2% BHAS
50 uLE 7tk & &3¢ £ thiobarbituric acid(TBA)/
trichloroacetic acid(TCA) E£%-89& 5 mL 713 o
90°Ce] BeFxoA 1587 7tgetant. 98 5 WA
A 1,500 x gl A 1523 A2 st Fe5HS 3l 532
nmol A FFEE ZF5Ath

2=t

Hsgrte AT AE7HE3E HAE g4 2 d7d
A TsAAL Bagh FARHS AXA & F A4
Ao b #AE 5 13 108S Be2 U= F
Z ety AFHAE AASIA T AA A4 200 g,
9 50 goll & FAHFEES 05% Ev 1%=2 427 7t
sl B3 5, 4°Co] WAL T 42171 o,
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(flavor), M (color), ©+& Al (juiciness), 9% (tenderness) L
231 A¥kA el 715 % (overall acceptability)oll sl 2+ &+
2wz #7419, A7 7402 74 755 A=woz Bt
At

SAHAz|

AP A BEARAL SAS programe o] &3 dUR

=
AR S A A]Sle] Duncan’s multiple range testell 2] 3j
A1Z2ZEY 94 2] (p<0.05)E AA3A T
#o} 3 DE
ECE FYHFEEF 0| shtst 2y
25 EAste 2 TES A AZA 2
28 F ot EHaFEE EAe F s FFS

57324230 pg/mg, & ZZYExo)= S 2144+252 pg/
mgol AL, £& FZ5=EE 2] FRAP k-2 0.26+0.01 mmol
Fe''/go & Yebgth(Table 1). 281 &9 FAHFZEC
DPPH 4&AEA4S £33 27, 100 pg/mLe F=eA
95%<] DPPH 2 AL 293, DPPH L2A A4 st
RCso 32 46.30+5.41 pg/mLol A tH(Table 2). 23t
92 wite] Z2ElE o] 247 855429, 845145 pg/mg
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Table 1. Total polyphenols, total flavonoids contents and
FRAP (ferric reducing/antioxidant powers) activity of Phlomis
umbrosa Turcz. ethanol extracts

Total Total
Item polyphenols”  flavonoids
(ng/mg) (ng/mg)

2 FRAP value
(mmol Fe*'/g)

Phlomis umbrosa

Turcz. extracts 57321230 21.44+2.52

0.26+0.01

1)Micrograms of total polyphenol content/mg of plants based
on tannic acid as standard.

2)Microglrams of total flavonoid content/mg of plants based on
quercetin as standard.

Each value is mean+SD (n>3).

Table 2. Scavenging effects of Phlomis umbrosa Turcz.
ethanol extracts and butylated hydroxyanisole (BHA) on a,
a-diphenly-B-picrylhydrazyl radicals (DPPH-)

Sample Concentration Scavenging RCso
P (ng/mL) effect (%)  (ug/mL)
. 10 13.61+4.12
r hTJO””S unibmfa 50 69.24+354 46.30+5.41
urez. extracts 100 94.77+5.29
1 17.45+3.19
BHA 10 806144 OPE2T

Each value is mean+SD (n>3).
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3tth FRAP WL 4tsh 2 gkl
Z 37hEo) 271 2 39E w BAshs A s S
o PP S Agtets WO R(29), &9 FAHAFEE
FRAP o] 0.26 mmol Fe?/go 2 9 m 2} 744 (31)2] FRAP
#2030 mmol Fe*'/g2 vlS3t aaksl &4 5388 7131S
& 4 AATE T free radicals AHH o2 A= Hlo
ofste] bl B49S Hrhshe DPPH W o2 S43 &
G3EE9] RCy gol 46.30 pg/mLE, -3+ kg2
B 9 2 A5f o] RCy gkol 46.0, 44.4 ng/mL=E
B3 (32)H o5 Al8¢} HIS:g DPPH 2AE4 S 7M1=
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29| gHEdS golr 7] Yt tET
© 2 vancomycin @ AF =A<l gram A2l Staphyio-
coccus aureus(S. aureus) ATCC 259239} gram <49
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Fig. 1. Antimicrobial activity of Phlomis umbrosa Turcz.
ethanol extracts against Staphylococcus aureus ATCC25923.
a, con; b, vancomycin 50 pg/disc; ¢, 12.5 mg/disc of Phlomis um-
brosa Turcz. extracts; d, 25 mg/disc of Phlomis umbrosa Turcz.
extracts; e, 50 mg/disc of Phlomis umbrosa Turcz. extracts.

Escherichia coli E. coli) KCTC 1042, Pseudomonas aeru-
ginosa(P. aeruginosa) KCCM 11321& tjd oz 233 2
Z}= Table 39| JERN IS @ FEE-2 gram 472
S. aureus®| ™3] 50 mg/disc A glolA 14 mmZ 71 &
FHEAS BYar, o] FAA vancomycin(50 pg/disc) B
o o 2 o84S deti Aok (Fig. 1. 28y gram =73
o E coli @ P. aeruginosa®] sl E <3 8-S
YA o= ditslsol 4% AR EEds 5%
=21 7Y A9 gram ST R gram W34 wl
R S 1= 2333349 FAEH, S8+
5% gram A TR gram AT ths) A3 &
2 7 Ao Hl

S. aureusw AAA0) d2 2X3H SF 2 17}
TAE, B2 AF 5o S5t 543 He5S
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Table 3. Antimicrobial activity of Phlomis umbrosa Turcz. ethanol extracts against food-borne bacteria

Inhibition zone of plate (mm)"

Mi .
{Croorganisms 6.25 125 % 50 mg/disc
Staphylococcus aureus -2 96=*1.3 11.8£1.7 14.0£2.8
Escherichia coli - - — 9.0+0.1
Pseudomonas aeruginosa — — — 9.0£1.3

UDiameter (mm). ?No inhibitory zone was formed.
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Fig. 2. Scavenging effects of pork seasoning sauce added
with Phlomis umbrosa Turcz. ethanol extracts. S, seasoning
sauce; SPU-0.25, seasoning sauce+0.25% Phlomis umbrosa
Turcz. ethanol extracts; SPU-0.5, seasoning sauce +0.5% Phlomis
umbrosa Turcz. ethanol extracts; SPU-0.75, seasoning sauce+
0.75% Phlomis umbrosa Turcz. ethanol extracts; SPU-1.0, sea—
soning sauce+1.0% Phlomis umbrosa Turcz. ethanol extracts.
Means with different letters on the bars are significantly different
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Fig. 3. Changes in pH Value of seasoned pork added Wlth

Phlomis umbrosa Turcz. ethanol extracts during storage at
4°C for 21 days. C, control group of seasoned pork; T1, seasoned
pork added with 0.5% Phlomis umbrosa Turcz. extracts; T2,
seasoned pork added with 1.0% Phlomis umbrosa Turcz. ex—
tracts; B, seasoned pork added with 0.1%6 BHA. Means with dif-
ferent letters on the bars are significantly different (p<0.05).

(p<0.05).
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Table 4. Changes in color values of seasoned pork added with Phlomis umbrosa Turcz. ethanol extracts during storage at

4°C for 21 days

Storage days

Item o
Treatments 0 7 14 21

C 50.21+1.05" 69.97+3.79"* 60.83+0.48™ 59.47+5.05™

L T1 48.834+1.94% 71.06+0.22" 71.384+1.12°" 75.97+2.92*4
T2 46.22+0.58" 72.90 447" 74.01+3.30"* 80.37+3.49™

B 49.62+0.92*° 77564214 69.59+1.17*" 64.41 +4.42"°

C 11.47+0.45" 14.96+2.03*" 9.85+0.96" 9.70+0.53"

T1 11.53+0.46™ 16.64+1.02** 12.58+0.65" 10.67+0.61%

a T2 8.09+£0.12"° 14.08 2,52 10.28+1.71*8 9.86+0.53""
B 10.82+0.52°8 17.67+1.45" 10.69+0.40"® 10.67+0.90°®

C 15.23+0.58* 11.67+2.63™ 13.49+0.22¢ 14.39+2.32%

b Tl 15.49+1.26" 13.86+1.71" 1542051 15.14+0.88*
T2 11.98+0.41"° 10.53+0.64" 14.3340.48"* 14.71+1.26*

B 13.67+1.15"® 12.83+1.93"8 14.47+0.24" 15.27+0.29*

1)C, control group of seasoned pork; T1, seasoned pork added with 0.5% Phlomis umbrosa Turcz. extracts; T2, seasoned pork
added with 1.0% Phlomis umbrosa Turcz. extracts; B, seasoned pork added with 0.1% BHA.
Means with different superscripts in the same column (a-c) and the same row (A-C) are significantly different (p<0.05).
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Table 5. Changes in microbiological properties of seasoned pork added with Phlomis umbrosa Turcz. ethanol extracts during

storage at 4°C for 21 days

Storage days

Items Treatments”
0 7 14 21
C 3.98+0.12° 491+0.18" 5.37+0.12° 5.78+0.07
Total bacteria T1 4.09+0.07* 4.85+0.17° 5.10+0.06 5.54=+0.06"
(Logio CFU/g) T2 3.94+0.13° 4.36+0.14° 4.31+0.06° 5.44+0.16"
B 4.12+0.09° 501+0.12° 494+0.11° 5.29+0.22"
C 2.67+051" 3.11+0.374° 3.38+0.12% 357+0.114
Coliform bacteria T1 2.45+0.21° ND ND ND
(Logio CFU/g) T2 2.65+0.49° ND ND ND
B 2.28+0.29° ND ND ND

D¢, control group of seasoned pork; T1, seasoned pork added with 0.5% Phlomis umbrosa Turcz. extracts; T2, seasoned pork
added with 1.0% Phlomis umbrosa Turcz. extracts; B, seasoned pork added with 0.1% BHA.
Means with different superscripts in the same column (a-c) and the same row (A, B) are significantly different (p<0.05).
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Fig. 4. TBARS contents of seasoned pork added with Plz)é)mis
umbrosa Turcz. ethanol extracts during storage at 4°C for
21 days. C, control group of seasoned pork; T1, seasoned pork
added with 0.5% Phlomis umbrosa Turcz. extracts; T2, seasoned
pork added with 1.0% Phlomis umbrosa Turcz. extracts; B, seas—
oned pork added with 0.1% BHA. Means with different letters
in the same incubation periods are significantly different (p<0.05).
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Table 6. Sensory evaluation of seasoned pork added with Phlomis umbrosa Turcz. ethanol extracts

Treatments” Flavor Color Juiciness Tenderness Overall acceptability
C 5.79+0.14" 6.54+0.22" 5.48+0.16" 6.03+0.12" 6.05+£0.13"
T1 5.81+£0.12° 6.25+0.14™ 6.00+0.15° 5.99+0.16* 6.31£0.12°
T2 5.69+0.09" 6.19+0.12° 5.69+0.20" 6.11+0.12° 6.19+0.13"

1)C, control group of seasoned pork; T1, seasoned pork added with 0.5% Phlomis umbrosa Turcz. extracts; T2, seasoned pork
added with 1.0% Phlomis umbrosa Turcz. extracts; B, seasoned pork added with 0.1% BHA.

Means with different superscripts in the same column are significantly different (p<0.05). Each value indicates the average of
the sensory scores in the range from 1 (dislike extremely) to 7 (like extremely) that 10 panels recorded.
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