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ABSTRACT

This study evaluated the quality characteristics and antioxidant activities of pork
patties with Wasabia koreana Nakai leaf powder added at 0%, 1%, 2%, 3%, and 4%
(w/w). The results show pH increased as more Wasabia koreana Nakai leaf powder
was added, but the moisture content and cooking loss rate decreased with more powder.
The hardness, chewiness, and gumminess all increased with increases in Wasabia
koreana Nakai leaf powder content. As the amount of Wasabia koreana Nakai leaf
powder increased, the pork patties showed increases in antioxidant activity such as
total flavonoids and phenolic content, and DPPH and ABTS radical scavenging activities.
As a result, the groups with added Wasabia koreana Nakai leaf powder showed higher

antioxidant activity than the control.

Key words: Wasabia koreana Nakai leaf, pork patties, quality characteristics,

antioxidant activity
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Sto] AFEE AL Qlet. wjEle] M7t Ve AEE
& EffE(Kim & Chin 2011), AlEUE(Ko &
Yoo 2017), #IEHE(Shin & Choi 2020), A4
Z2H](Cha & Lee 2013), I&g(Mun & Chin
2021), E977 #Z(eon et al. 2021) 5ol A
o FHEAN 7548E ST A7 ABF
oJct.

ARl e] &5k Aol AR 1Fyo]
(Wasabia koreana Nakai), 53 0] QAkxQl AoF
Ab 1zyo(horseradish, Armoracia rusticana),
UHEA 313 Yol(wasabi, Wasabia japonica
Matsum) 522 Wi (Kang et al. 2019). 1L
Fols AA 59 FolA B2 dF LHo|
R AHE I, 24 o]Qof Yt E7]oME &
A} 2o =55 wi ES 7HIAL oy 2
73] Hlste] o]&Eo] ¥ A&olthKim et al.
2018). Aei o 279 3¢ F<&o] 47H o
o]4}o] F7HARl Aul7}t ofeew THAE A
FLA 7HAo BlsiA AEFALA RO o]-gof ATt
Q1 Agoltt. st 23 A dit £71E
ARESHH 15o]o] AE 9 AEAAE ol&E
7 & S A0 g2 AZAEHKim et al.
2018). 1go] Q19| UNMIE-2 BSlE 53.41%,
Zehd 25.00%, 2312 13.64% B AR
7.95%01aL, #7142 100 g 71+ ZE(5.96 g),
Z(1.79 g, A(772.05 ng), "F1U%(614.89
mg), oFd, W7k, HE, 9 & hpE Fr1E
o] FH51A EolUtHPark & Lee 2015). I3
Jol9] 75/ T A= 15g0] B sinigrin
SiEFF &0 Pat(Park et al. 2006), 154
o] 9l BE¥&9] 45t E4(Kang et al. 2019),
nFgole] o|zfetd E4 H 4kEE 4 (Kim
et al. 2018), @& 35 JAZAH(Morimitsu Y

et al. 2000) 5°] Ut IFYPolE 83 AlF

o
=

oN

FFgo] M7t =84 A (Lee & Kim 2020), 1L
Zo] H7} 13 HOh et al. 2002), ¥ A%
= 73ol=2S HrIst 7HoFd AL 21 E

o

J(Seo & Chung 2012) 5= tj&E 273

ZE3 AR S 8T TRt A7 285t
t}. 319] =do] oid oA 1Ego] Afuj7t
AFEQOER o] 83t A=t 8T A
ojct. HAEHS AlFol A7Isto] 4 A
£ tiAlste = AlE7do] o]FolA 1 gloH, &
7HE0 IS flsto] MR 7|59k G
FHORL 43 A 4kt E4o] tigt A+
o] " g/do] A7|€rt. waba] ik 1180 9

of 2] FhS PIA TFYe] AL W ESR
AelE pstol AN THsHE ST
[e]

HElS Az F H7E Bl W2 e F
4 9 kst B TN G Bl

3.

o
A1 20219 24 At 2e FASHALL €71
A Aot a15=o] gt ARESITt. aS=go] 9]
2 A#Esta E718 AAT § s2Ad=RMCFD
8508, Ilshin Bio Base, Yangju, Korea)E SIS
243 ¥ 30 mesh® A|Z 2 -40C 4
o HystHA o] gs5gint. & Aol AR
et =52 Aoty AEWADS ARESHA
1, W712(Ottogi Co., Anyang, Korea), &%

(CJ Cheiljedang Co., Seoul, Korea), A8(CJ]

i oft R

=ha



=
T

El

Cheiljedang Co., Seoul, Korea), &5(Ottogi
Co., Anyang, Korea), fi5(CJ Cheiljedang
Co., Seoul, Korea)= AlFolA Yot

2. T{E| HIZ=

1ol Qe WK MY AxE AYAT
(Kim et al. 2015)9] AlxHS st o
o Wo] ouA%e B A g Hee
Table 1] #EAISIIHE. 520 %% 1130l o
e =5 oiH 42 0%, 1%, 2%, 3%, 4%4
d7kete] Az =5 RARE W=E7I(MP
1015, Housoen Electric Manufacture Co.,
Paju, Korea)oll ¥l 4402 3& 5t &It
T 70 g¥ 283l AE 8.5 cm A2 It
et WEE EE 2EB(ML32AW, LG, Seoul,
Korea)oll A 158-5<%F 180T oA & & 1AI7k
Hystal Ao Alme ARSI

)

3. IFH0| o MUt ME|Sl EEHEH
1) pH

aFgol o e ViRt WiE el 7] A pH

= AR 5 gol FF4 45 mLE sterile filter

Table 1. The mixing ratio of pork patties with
added Whasabia koreana Nakai leaf powder

Concentration of Wasabia koreana
Nakai leaf powder

0% 1% 2% 3% 4%

Ingredients (g)

Wasabia

koreana Nakai 0 2.5 5 75 10
leaf powder

Pork 250 2475 245 2425 240
Salt L5 L5 1.5 L5 1.5
Black pepper 0.5 0.5 05 0.5 05
Sugar 4 4 4 4 4
Soybean oil 8 8 8 8 8

Bread crumb 11 11 11 11 11

bag(3M™ St. Paul, Minnesota, USA)ol 41l
#A5KModel 400, Interscience, Mourjou,
France)l3it}. o792 pH meter(F-51, HORIBA,
Kyoto, Japan)& 33] ¥ 43 5 B &
THAE YERAH

5] o e SR 1.0 g& B0t
o] AeJA 4E=797](MB45, Ohaus Co., Zurich,
Switzerland)E ©]-83}1 105Co)A] 33] vHE =
goto] B BEHAE okl

7] A 1 5] FS 2T H L Ho] A
o thet wg= AL

Cooking loss rate (%)

_ Raw patty weight (g)— Cboked patty weigh (g)
Raw patty weight (g)

x 100

AATASS T3] Q) Bt H7} elo] B
7] A AT 7& o) AL 2Asi0] 1 Holo]

dfslel Akt 7 AL 53] v Stk

Diameter loss rate(%)

_ Cooked patty diameter(cm)

*x 100
Raw patty diameter(cm)

4) Az =A

T o] 9 B HIIgh g 9] QB0 &
$.0] M= MTA(CR-310, Minolta Co., Osaka,
Japan)E AR&ste] SAstAtt. Laklightness,
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H), agl(redness, HAIE), bgk(yellowness,

Ao M ZES 33] vhE 7% & Hogtat
HEZHAR Uit ofuff ARESE 3 WA
(standard plate)¥] L, a, b g2 Z}2z} 93.77, -

0.15, 3.63°]3ick

¥

.1>i
N\
o

5 =

71 3 mjg]o] 2272 TPA(texture profile
analysis) 2 ol-&5f 103] ¥HE Z75H3l o
Bt BEEAE YERITE Texture analyzer
(TA-XT2 Express,
Haslemere, UK)E AF&5t] A/d(gumminess), 4
73 (hardness), BH¥(springiness),
23 X(cohesiveness)S UEINAT AlBE 7}
Z, A2 15 mm, =°] 10 mm 7|2 &334
o XA & BEAZX7AL test distance 7.0

Oli

Stable Micro System,

3 X(chewiness),

mm, pre-test speed 5.0 mm/sec, test speed
3.0 mm/sec, post-test speed 5.0 mm/sec,
trigger force 5 g© & 3}l 75 mm diameter
3719 round probeZE ARE5ILt.

4. DFH0| o Hot THE|Q| hitet Y =F

) F&8 Az

T5go] g et Dol 9 BT A/
THE] 10 gofl 70% o= 10vH 7ot & st

53l shaking incubator(SI-900R, Jeio TECH,
Kimpo, Korea)ollA 25T, 120 rpmC.& 244
7+ &S FESIQIHE 5T ARE o TAIE °oE
sto] ofsllal oA AYo oA sEE X
Asfo] A|gAo T ARSI

e ¥ EdulE T2 Swain & Hillis
(1959)9] Folin-Ciocalte}& o]-83lo] =435}
Aot &5 150 plo] S5 2,400 pl2F 2 N
Folin-Ciocalteau-&¥ 50 uLE Al@&] do
mekstal 387 FAAZL F 1 N sodium
carbonate(Na,CO3) 300 pxLE 75kt 1
2AZEERE Aol A AHAZIAL, 725 nmOllA]
ZZ(T60UV, PG Instruments, Wibtoft, UK)Z
zz%s}%u]-_ 2 A N?‘)‘J o 94 u}i zz% o]—

u&"

[e}

n:lolr -lolr

EEE
A2 gallic acid(Sigma-Aldrich Co., St. Louis,
MO, USA)E AH&sto] HFAS 2Hdet & At
SHly Batghat BEHAE YER i
3) & EfH ol T =F
% ZgtR ol FFHL DavisS 383 Um
& Kim(2007)° w2t 45ttt A2 1 mL
o 90% diethylenglycol 10 mLe} 1 N NaOH
1 mLE 7Fsto] 1A17F &%t 37C 9] water bath
(WBT-IO Jeong Bio Tech., Incheon, Korea)
oA §EERH & 420 nmolA FFEE S35k
=42 rutin
(Sigma Co., USAy& AMEste] AFde 73 &
AR BT BEHAE YERITH
4) DPPH radical &4 84 &%
DPPH(2,2-diphenyl-2-picrylhydrzyl)
radicalol| gt AAE/L Blois(1958)2] =l
ufel 245190t} 5408t A2 3 mLo] DPPH
solution(1.5x107% M) 1 mLE 7}ste] wHksh
T 308 7t Aol A FASHAIL 517 nmoflA &
BeE 33 v SASIoH Hgiat #EHA
2 HASF



DPPH radical scavenging activity (%) =
(1 - sample absorbance/

control absorbance)x 100

5) ABTS radical &4 &4 &4

ABTS radical &7 &/ Re et al.(1999)&
HYgslo] AYSIALE. 2.45 mM potassium
persulfate®t 7 mM ABTS(2,2-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid)& &%
5to ABTS radical(ABTS) A4S Hsll 12~16

A7t Ao A HRSA1AH ABTS solutiong A
ZolHtt. ABTS radicale] AAE 892 PBS

bufferg ol-&sto] 3484 734 nmolA 3=
ZF 0.70 £ 0.020] A3}t ABTS solution
900 L2} AlEH 100 pLE &35t 734 nmol
Al FBEE ST thE A& ARESto] A
G NEEE RASHIL, A¥S 33 HHES

of BT mEUAR e

ABTS radical scavenging activity (%) =
(1 - sample absorbance/control
absorbance) x 100

5. SAXE]

B AF9] BAAE = SPSS Z & 13(Statisical
Analysis Program, version 25, IBM Co.,
Amonk, NY, USA)Z ol-&st3i1 7z A At

= B BEHAE YU Ao {9
A AE5H7] YoM L LR A B4 (one-way
analysis of variance, ANOVA)& AA|5}H O
o, Fo4o] e B AFHSeE b4
Z(Duncan’s multiple range test)2 AA|5}%
Hp<0.05). FARR} &/g7te] A=

9] A& AJAK(Pearson’s correlation coefficient)

Al
=
=

Al

Pearson

= =
1. pH & E&H=
5ol o Bk A7} wjg] o] pHeF ESEF

< Table 29} Zt}. #jE|9] pH Ad, HixT=
5.270]13L H7REZ 5.30~5.3302 31Fyo]
o B H7FFol 371 whEt pH7F EoHAl=
ko] YERHATHpP<0.001). Sung et al.(2017)
o] 9] pHE 5.91~6.842 EJ_o}Oﬂ o
9] W] gjxFE= 5.2750 15go] A9
pH7} E0UE WE9] pH A é%o}%l Holet
Azt

o] of 7t e o] RS Rt
63.83%, 4% 7= 58.52%% H7FFol 7t
SHHA SERFFE RolHtHp<0.001). =3t
o 47} 9€](Cho & Chung 2010)2} o=y
b 27F QEl(Kim et al. 2015)94E EA=
A7ietol| wheh fESEo] Aasilon], 2
T fARE TS Bt =59 $EY
60~70%= FHA AE=d HE AR Al &
aaxst A7tetaA $EE 5ot
e S o] FolEs ZOoE wHEH
A9 & SRl wet Ao|7F U= AL
2 HOItKCho & Chung 2010).

—1—’—‘—71:
HoX
2

o

=
=

Nl
o

R

Huolo

2 47t e 7HEEAET 4
AHAEL Table 20 EASIRLE 71EEAE

At 2= 20.05%= Uepgom H7E 14.00~
18.95%& Goldog 74strhp<0.001). I
o] Y49 F S AT VIEoR
52.27%7} S+S-E o9tk sFF oM (Park & Lee
2015), 275 E2 HEAE AoldRol 9

ol

ol

OIA

HOo
©°
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Table 2. The pH level, moisture content, cooking loss rate, and diameter loss rate in pork patties
with added Wasabia koreana Nakai leaf powder

Concentration of Wasabia

Moisture content

Cooking loss rate

Diameter loss rate

koreana Nakai leaf powder PH (%) (%) (%)

0% 5.27 + 0.01° 63.83 + 1.79° 20.05 + 1.11° 13.73 + 3.40
1% 530 + 0.01° 60.20 + 0.84° 18.95 + 0.95° 12.55 + 1.36
2% 532 % 0.00° 59.96 + 1.63 16.33 £ 0.95 9.80 + 3.40
3% 532 % 0.00° 58.93 + 0.32° 1400 + 1.38 9.41 £ 2.04
4% 5.33 £ 0.00° 58.52 + 0.90° 14.00 + 0.71¢ 7.84 + 3.40
F-value 44,700 8868 23.241°"" 2,140

DALl values are mean + SD (n=3).

“Values with different small letters within a column differ significantly by Duncan's multiple range test (p<0.05).

wxk

p<0.001
NS:Not Significant

& Haed S712 g 71 § R S4o] T 3. A
atirta Husto] B el GAket Avks Uet T5o] ol Bt Myt wfEle] ot 7tE &
o= Mz A= Fig. 1. Y Table 3] YebRc 7

W 5o] Qlo] Alo]dfof o3t 2o R APzt
(Jeon & Choi 2012). tiAZ A1} o]

< WA dEl= 28 3 S Aol EEHT
wofat 2717F Wy E o] fEEo] AAsHA H

o] 7154 9 Z2 A5} YoluAvHKauffman

g & yZ=uo] 9 el M2 H|wst AT} L3+
2 A7lgo] 371ESE FYH R Faste] 1
E]2] Ajo] of =R |= A3k UERHAIL(p<0.001),

agke] A% 2= FH &, F7HolA 29

et al. 1986), & A3 9] gEjofA= 1Fgo] 9] e BT 7SS 2 WostH(p<0.001).
IS Hrlotolm 7Mg9EdEo] @58 HAaE IFYolE 7K AAAONAE agh2 29 TS
o] 27 ¥ AF BFE FAok=T g0l HE By Hriek] e 542 YeEh: 29 go]
2 FHEA FHHA IS v o= 7 LolgrthLee & Kim 2020). a5yo] ¥ H2t
et 7F el bk R9)FQl Afols YA ¢

kl
P
o%
o,
=)
jui
N
o fﬂ”
10
L‘

'r‘

>4

s
I}
o
iy

L

7igo] BoPA4E ARALEL st WSS

ot B Aol -2 HAFS E%E}Goo & Choi
2014)

‘%OW% 7/1

A+ US A2 o %E}(Chm & Kim 2014).

Fig. 1. Visual comparison of pork patties with
added Wasabia koreana Nakai leaf powder.
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Table 3. Color values of pork patties with added Wasabia koreana Nakai leaf powder

Concentration of Wasabia Color value

koreana Nakai leaf powder a b

0% 59.25 + 2.31° 546 + 0.17° 144 + 1.02
1% 48.58 + 1.86" -4.74 + 1.20° 16.92 + 2.46
2% 46.41 + 179 -5.89 + 0.61° 14.07 + 1.61
3% 4379 + 1.68° -5.57 £ 0.55° 12.28 + 1.41
4% 38.30 + 2.21¢ -6.00 + 0.45° 1476 + 2.32
F-value 45.462""" 157.346""" 241985

YAIl values are mean + SD (n=3).

“Values with different small letters within a column differ significantly by Duncan's multiple range test (p<0.05).

*kk

p<0.001
N$:Not Significant

St} wheba] sfElo] AL Wb BARo] &

F9H AN, 719 i 5] ostol e W
Aoz Az,

4. zx
EEEREEE R M EEES s
J= Table 49] Uehfoich Z=E =43 2

I YRTE 3,082.42 g HIHES 3,283.36~
3,967.72 g& 1150l ] ¥ H7Fgo] ol
of met foHoR EoE AT EATHpC
0.001). £ A9 Ao 1ol o £ A
7Fgo| 37FdE e 9] R WolA|HA]

Hel7t Gtz = Aoz FYZHEHTable 2). 7F
SUE A7 dEoAE 7REvE £9E 71
T8 RG] RobA HEY] Aot mobslt
I Hysto] & A FARE FkE UErgIc
(Wu et al. 2022). WG AL xFECH

o] o HEE s w2 47 e
L‘rE}lﬁi’i‘:Kp(O.OOl). A=, A4 H A |§
s o] o H7IE QIS el
EOFAA AE7t oA wA MR HEE =
o 471 Ay= AZEoh ZAIY H7t wfiE
(Ahn et al. 2015)%¢} 7FEUHE HE(Wu et al.
202201 RARS] H7igo]l /IS 4

Z2}2o]

Table 4. Texture characteristics of pork patties with added Wasabia koreana Nakai leaf powder

Concentration of
Wasabia koreana
Nakai leaf powder

Hardness (g) Springiness

Chewiness Gumminess Cohesiveness

0% 3,082.42 + 207.74° 0.89 + 0.02 1,336.79 + 132.97° 1,507.27 + 121.88° 0.49 + 0.04
1% 3,283.36 £ 6261 0.84 + 0.02 132676 = 52.04* 158576 = 57.41° 0.49 = 0.02
2% 3,480.28 + 190.34™ 0.90 + 0.01 1,582.95 + 117.34® 1,752.91 + 113.70™ 0.50 + 0.02
3% 3,634.34 + 149.49° 0.85 + 0.06 1,618.87 * 35885 1,885.56 + 348.04™ 0.52 + 0.07
4% 3,967.72 + 325.69* 0.87 + 0.06 1,759.38 + 228.43* 2,014.35 + 219.93* 0.51 + 0.04
F-value 16.223"" 2.763 4945 6.512""" 0.486™*

* SD (n=10).

YAIl values are mean

“DValues with different small letters within a column differ significantly by Duncan's multiple range test (p<0.05).

kx

p<0.001
NS:Not Significant.
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=, A9 89 =
el A9 4TS BT, D 94

R9J29l Folg Mol ok TFo] 9 B
o WPt RS S 2 9T FA &
S & 4 gt BIPAS WL HeloIAE

3.06 mg GAE/g 5.64 mg RE/g SRS LERY
At Ax3S 5ol Qo] F ETHeS
1,561.43 mg GAE/100 g, & St colt 3
2 555.44 mg NE/100 g2 &2 R 15lHHSung
et al. 2017). ¥ A2} g2 AfolE Ho]
= A= AA e} FE5H 59 Zpolof| ot
Zo s AZFE. 5ol Rojd F Eedls
g vt AFolA B9 5 Yol 7P w2
dFor SHH| 2= AN TFeAde ST
AAHSung et al. 2017; Kim et al. 2018).
J13yo] 9] DPPH 9 ABTS =z 474 &4
50%7F E& 59l IC5 #e2 YeRHIL
DPPH iz &A &2 435.88 pg/mlolil

>

rlo

ABTS 2452 499.50 pg/mLe] 235 H itk
aFPo] 91o] F Egjulsdt et ko|Ert §
FIFE A= ALE ddH
aFgo] o] B MUt s Akt &4 2
IH= Table 6ol EAJSITE g =49 & &
Aol g2 15.21 mg GAE/100 golH, it
Yol 9 M7+ 31.80~84.68 mg GAE/100 g
o= mEo] o BHo] Hrlgo]| 7S
o o= FFgo] EoMlE B EAHp<0.001).
2ToA= & St o] =9 ghgo] S HA|
ogorow, o] 9 B H7RL2 12.50~
101.80 mg RE/100 gOo.& 7ol we} gego]
F7Fohe BE UEWRITH(p<0.001). & A4
el fAsHA sfEo] % E£%(oo & Choi
2014), 2937 E%(eon et al. 2021)7} Al
U=(Ko & Yoo 2017)& A7FEE & 91
= ol SUFskATt AL BalEo] & AFet fA
g A4S eIt DPPH 2HHZ £AZAL
AR S ST o HEFO0E ARGEY, T
= SR 22 gAEE 245 Thid ol
2AE T Bepdo] Lo g ShETHBondet
et al. 1997). i279] DPPH =z &4 &4
2 31.28%%1d] Hls| 1Fgo] o} HH M7
81.12~100.78%= =2 &7 E4Z Uetdo] 1
| o £ H7hgo] S7Hdas ik 84
1519 EH(p<0.001). ABTS 2]z &7 24
L R4 25.69%2 7 A YEREIL, 4%

g0
o 37

Table 5. Antioxidant activities of Wasabia koreana Nakai leaf powder extract

Total phenolic
Antioxidant activities content

(mg GAEY/g)

Total flavonoid
content
(mg RE/g)

DPPH radical ABTS" radical
scavenging activity [Csy  scavenging activity 1Csg
(ug/ml) (pg/mL)

Wasabia koreana

Nakai leaf powder 3.06 £ 0.12 5.64 +

extract

0.32 435.88 + 3.68

499.50 £ 1.48

All values are mean + SD (n=3).
YGAE: gallic acid equivalent, RE: rutin equivalent.
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Table 6. Antioxidant activities of pork patties with added Wasabia koreana Nakai leaf powder

Concentration of Total phenolic Total flavonoid DPPH radical ABTS" radical

Wasabia koreana content content scavenging activity scavenging activity
Nakai leaf powder (mg GAE/100 g) (mg RE/100 g) (%) (%)

0% 15.21 £ 1.96° ND? 31.28 = 3.68° 25.69 + 1.48°

1% 31.80 + 2.11¢ 12.50 + 2.06° 81.12 + 10.56" 35.08 + 3.87

2% 52.03 + 1.61° 59.96 + 1.24° 9891 £ 1.97° 44.09 £ 1.99°

3% 69.00 + 2.76 85.04 + 6.37° 100.78 £ 1.63* 52.70 + 0.40°

4% 84.68 + 3.88° 101.80 £ 5.11° 100.22 £ 4.21° 59.18 + 3.05°

F-value 347.651"" 408.932""" 95.431""" 87.903""

All values are mean £ SD (n=3).

U GAE: gallic acid equivalent, RE: rutin equivalent.
2 ND : Not detected.
9 Values with different small letters within a column differ significantly by Duncan’s multiple range test (p<0.05).

"'p<0.001

A7ket mEolA 59.18%% 7P EA 2=
=7 O] 1:!\]1—0 ;(47].0]—_|_E’8o]- ﬂ-i}a‘/\go

271819 eHp<0.001). £ dT A=

—_

o]
T

B3 tjzEc 12=yo] 9 BukS 715} wjE
7} 3Aks} shAjo] 93RS Folslgl on wE|d
B7RrezA 7540 B4 el AT 5
NE A= 7|diEt

£

QBT A7 e FAS BT
_]

A A A Table 73 2ot 2=
< EZdtHo|E, ABTS, DPPHe ZF r=0.980

Table 7. Correlation coefficients between antioxidant
activities and pork patties with added

Wasabia koreana Nakai leaf powder

TPCY TFC DPPH ABTS

TPC
TFC
DPPH
ABTS

1.000
0.980"""? 1.000

0.815"" 0.769""  1.000
0.991""" 0.987°"" 0.800""" 1.000

UTPC : total phenolic content, TFC : total flavonoid

content

DSignificant at ~ p<0.01, ~p<0.001
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