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Abstract

This study was carried out to investigate the total polyphenol and flavonoid contents and antioxidative activities of
enzymatic digests from dried Citrus unshiu and C. grandis peels. The yields of digests from dried C. unshiu and C.
grandis peels were high in viscozyme (a carbohydrase) and kojizyme (a protease), and enzymatic digests from dried C.

grandis peels appeared highly comparable to those of C. unshiu. Total polyphenol contents were high in ultaflo (a
carbohydrase) and alcalase and flavourzyme (proteases), and the digests from dried C. unshiu peels appeared high in
comparison to C. grandis. Total flavonoid contents were high in ultaflo, alcalase, and water extract. DPPH radical
scavenging activities appeared very high in digests from dried C. grandis peels in comparison to C. unshiu, and was the
highest in viscozyme and kojizyme. The viscozyme digest displayed particularly high activity. Hydrogen peroxide
scavenging activities increased somewhat with increasing amounts of digests, but displayed very high activity, more
than 91%, except kojizyme the digest from dried C. unshiu peel, at 2.0 mg/mL. Alkyl radical scavenging activities
increased rapidly with increasing amounts of digest, and all enzyme digests from dried C. unshiu and C. grandis peels
displayed very high activities at more than 0.5 mg/mL. Hydroxyl radical scavenging activities increased rapidly with
increasing amounts of digests, and all enzymatic digests from dried C. unshiu and C. grandis peels displayed relatively

low activities in comparison to other activated oxygen species.
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1971, Jeong WS 5 1997), 53] & Hajo| v -
%o} 21+ hesperidin®] Y} naringin®} 22 flavonoid &2
S M EO] F2]8 JAIFH(Kim JHY Kim MK 2003,
Yoon CH¥} Jwa SM 2006), RAEH] =8 ZXAA
TEYE dPgeta, €9 yio] LDL S ZHES S A
SIAA el 1A7s FXIAIZITHSon HS & 1992, Bok
SH %5 1999, Kim HJ 5 1999). 121} o]2i3 Fa3F A
g4 7S EHAES dhdl Jde A Jue I 9
7 AR 2hol= A Qlelle diE-E #H7]EHa vk
F-HAKCitrus grandis Osbeck)= A|FollA &L=
AR e AT Al AEEA, 2R
3, grEolael &als WrE Fuzt T 4
o] wj-¢- E4L pH7}F Ho} 5/ 2uto] sl AAH4
o] FA oo} A= HF ] Htp= i 1EEY
Aol Al FHAHOE 7FEEHAY Fgo =Tt o] g
=31 9JtiSong EY & 1997). °]21d TfAlol= &5
HolXes AESEA X TS flavonoid F7F EA3HH,
O T 58 Ao® RIEI tiLlee CHEF Kang
YJ 1997, Rhyu MR & 1997, Satoru K & 1999, Kim
YC & 2001). =3 BAbolls Sl 71eAd AEd
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YJ & 2007, Lee HI ‘& 2006, Lim HK -& 2006, Lim
HK 5 2009).
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hesperetin®ll Hlg}e] Aej&Ado] HolFe wel(Cha JY <}
Cho YS 2001), 7r= wjgA] Fe|o] EetH=o|=E agly-
con FH ZEtHo|l=ER Ao 2N VTS
HE 71oE 4 2=, Ahn SC 5(2005)2 7HaEol o
Y TR/ FENELE o]&st el FTE AT
A FEl SR olE FEES aglycone FENY
gRrolEg Mgk Alxy FAHAPEY TS
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1. T2 % Al

Aol A" 252N Citrus unchiv) R SAH Citrus
grandis)®] I = AFEEAAE AAZA hAFo 9
+ TARA A AT Aol AHEE EE AoF
& Flukat} Sigma-AldrichAKSt. Luois, USA)2] A|&E-2 A}
|ty Aol AE Bl adlrs AEE
T AMG, A4 E3lEA celluclast, amylose2} amy-
lopectin #-3] €4 termamyl¥} viscozyme, 52 &2 (gums)
=5 W3lekE ultraflo 5, SHARNEAZA prota-
max, kojizyme, neutrase, flavourzyme, alcalase 5= Novo
AHNovoeyme Nordisk, Bagsvaed, Denmark)ZFE T
sto] ARRSIETE EE &4 F Table 13 o] A9 1k
& 259} pHE ZHste] ARSI

Table 1. Characteristics of different carbohydrases and proteases in hydrolysis process

Enzyme Characteristics Optimal
pH Temp(C)
AMG Hydrolyzes 1,4- and 1,6-a-linkages in liquefied starch 4.5 60
Celluclast Catalyzes the breakdown of cellulose into glucose, cellobiose and higher 45 60
glucose ploymer

Termamyl Hydrolyses 1,4-o-glucosidic linkages in amylose and amylopectin 6.0 60
Ultraflo Breakdown of a-glucans, pentosans and other gums 7.0 60
Viscozyme Ability to liberate bound materials and to degrade non-starch polysaccharides 4.5 50
Protamex Production of non-bitter protein hydroysis 6.0 40
Kojizyme Amino- and carboxypeptidase activities 6.0 40
Neutrase Endopeptidase activities 6.0 50
Flavourzyme Endopeptidase and exopeptidase activities 7.0 50
Alcalase Endopeptidase activities 8.0 50
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1000 mL Eepxzol g $AAZ AR 75 o7 =
4 500 mLE 7}ske] pH(1 M HCI/NaOH)E 11 AI]
2 €4 0.5 mLE 7Sk EF3SF £ incubatorol A
12A17F JAg8hiA WA T 5 80 TollA 1021t
F4E B2YSIANZ & pHE 72 2743t Whatman &
AR AFsta, g5 d2A3 & 54 dxsdth &

lo
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7¥ske] 20°C 9] incubatorol| A 24A13F F9F FEFSIHA] S
%3 ¥ Whatman 9FHAE A8, §4 P23 3 5
a4 iz . 2 =

3. & Edlullz
% ZY¥E IS Folin-Denis®] WHA(AOAC 1980)S

Ciocalteu reagent 0.5 mLE 7}ste] Ao 581F =] 8}
of ¥HEAIZl ¥, 5% Na,CO; 1 mLE I8kl o] 7
(A2)ollA 1AIZE HESAIZ]L T 725 nmollA 3=
Attt & FEvls T2 (Hcatechin FEZH o

shel 24T el el Asnh

do i M

A\

s EotE0|E HE

% ZgRwolE S Zhuang 5o WWH(1992)0 wh
7y 72 Ayle] g4 FEFE 0.5 mLoll 2 mLe] EF
9} 0.5 mL2] 5% NaNO,& 23 T3 & 623t
AlATE 1 & 10% AICl 0.15 mLE ¥il tHA] 6
JESAIZTE ©]olA 2 mLe] 4% NaOHE ¥il &
mLZ FHFE 2 F 1587 vHESEE A 510 nm
oA AUt ¥ SR ol S quercetin TF
Foll oJate] 2Adgk A wet AlLkE Ao

o2 Mz
flo (3L %
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5. SHAtst B4 S

1) DPPH ZtC|Z A&y

e 9 2397 199 34 FEFE9 DPPH(a,0f-
diphenyl-B-picrylhydrazyl) radical 4~71€/d-> Nanjo 52
W 1996)l ot SAsIAT. 60 L A= & 60
puL DPPH €60 uM)<= 718t 10% 5<%t wRkgk o
S EF8NE quartz capillary tubel]l 371 & 28 o
electron spin resonance(ESR) spectrophotometer(JEOL Lts.,
Japan)Z ZA43IH T 2HEH-S scan time: 2 min, field:
337.1#5 mT, time constant: 0.3 s, power: 1 mW, ampli-
tude: 1x5009] FHO2 7|53tk F4tstA gl thad
DPPH radical®] 471848 ofgfo] 2& o] &ste] ALt
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Activity(%) =
ESR signal intensity for medium containing the additives of concern
ESR signal intensity for the control medium

> 100

2) Hydroxyl 2iC|Zt A7{gkM

2FEd 9 A 2199 4 FZEE9 hydroxyl
radical 274842 Rosen GM®} Rauckman EJo| W
(1980)°l =3t A3t &, AT 559 AIE 20
pLE e-tubed] F2 F 7]of 03 M 5,5-dimethyl-1-
pyrroline-N-oxide(DMPO) 20 pL, 10 mM FeSO4 20 pL
2 10 mM H;0»/0.1 M phosphate buffer(pH 7.4) 20 pL
Hrkslo] &3 o AolA 2.5%8 WA & quartz
capillary tube®] 71 ESR spectrophotometer2 Z43}3
o} ~HEHL scan time: 200 s, field: 3461.3+50 G, time
constant: 0.3 s, power: 1 mW, amplitude: 1x2008] =710
2 71239t} a4kt 5o i3k hydroxyl radical 4~7]
gAo] Aake €19 DPPH radical 2424 =4 W3t
sttt

3) Alkyl 2tz A7Ed

2747 9 FA 2199 54 FEE9] alkyl radi-
cal £2AE4L Hiramoto 52 ¥H(1993)0 &3t =4
sttt &4ksl AlE 20 pLell S/ 20 pls S/
% 40 mM 2,2’-azobis(2-methylpropion-amidine)dihydrochlo-
ride(AAPH) 20 uLE ¥l 40 mM a-(4-pyridyl N-oxide)-
N-tert-butylnitrone(POBN) 20 uLE &3t ths 37Tl
A 3083 WS % quartz capillary tubeoll %71 ESR
spectrophotometer= S 3I{ T Y EHLS scan time:
200 s, field: 3461.3+£50 G, time constant: 0.3 s, power: 1
mW, amplitude: 5x1002] ZHO2 7|S3HTE 4iks)t A
o) 3 alkyl radical &AL A4S 9ol DPPH
radical £AEY 4 WHA Tk

4) Hydrogen peroxide(H.0;) A7{&HM

2747 9 gA 2199 54 FEFF9] hydrogen
peroxide 224E4-2 Miillere] ®WH(1995)%1 2,2-azinobis
(3-ethylbenzthiazolin)-6-sulfonic acid(ABTS) peroxidase sys-
temol Al SA3HTE 96 well plateo| 4] A|5-8& 80 uL,
10 mM H,O, 20 pL phosphate buffer(pH 5.0, 0.1 M) 100
pLE o] 37CoA 583F ¥HEAIHTE 1 % 1.25 mM
ABTS 30 pL®} 1 U/mL peroxidase 30 pLE 23 &%
gk 3 37CANA 1083 HESAI7]2L enzyme-linked immu-
nosorbent assay(ELISA) reader(Sunrise, Tecan Co. Ltd.,
Austria)Z ©]€3} 405 nmolA FHEE A3
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eFUY R FHA ARe] mx

FALRYG B4 eyttt grdtE R as FEEEL
FETES 27U A9 B9 343+1.2~51.7+1.5%
HLIZA viscozyme FE=EolA, Tglal FHAF 9
735 40.3£1.5~52.0+1.7% HZA] viscozyme, celluclast
D ultraflo FEENA 50% o Fo=2 =it} TadE
JEah FEEEY FEFES 2797 I A
44.7+1.5~57.3+1.5% W EA kojizyme FEEO|A, 1
2 FFAY] S 52.7£1.5~66.0£2.0% BIEA ZE
"4 FEEAA 50% ooz =it I 2Fuzt
I A Y FEEY FEFES A 30751.2% 2
47.7£1.5% =24 SrstE el A (Al AMGS} ter-
mamyl-> dlehy @E B aikol Hlste] A UE}

P} o9} o] BFAte] 4 FEEo| 2FUY FE
(53 @R EL FEE)EY FE5E0 52
ZoE Hol olF vld EBAEL FA T F
Zoll 88 Ao AYZHETE Lee MH 5(2007) B
as Ao WE g A9 7188 1P E TS
A% A3 78 1B E &Y AS xRt g X1y
o] A 48.49%, EAATE IS T 63.03~72.97%
Table 2. Yields of enzyme digests from dried C. unshiu and
C. grandis peels (%)

Enzymes C. unshiu C. grandis

Viscozyme 51.7+1.5° 57.3+1.5°

Celluclast 343+1.2° 57.0+1.0°

Carbohydrases AMG 41.7+0.6° 44.7£1.5°

Termamyl 42.3+1.2° 453+£1.2°

Ultraflo 36.7+1.5° 50.0+1.7°

Protamex 48.0+2.0° 61.7+1.5°

Kojizyme 52.0+1.7° 66.0+2.0"

Proteases Neutrase 41.3+1.5° 52.7+1.5°

Flavourzyme  40.3+1.5° 56.7+1.5"

Alcalase 40.3+1.5° 52.7+1.5°

Water extract 30.7+1.2° 47.7+1.5°

Values with different superscripts within the same column are
significantly different at p<0.05 by Duncan's multiple range test.

2 7HA AR FFol =2 R YEyta 2u
stk & A7 23 olEe) AdRg YAl yest=d,

olglgt A= o]ERT FANLr) Ba, JieES 2

il

A FEEEYN B FEE
} A3}= Table 30 YERY
2547 9 Ak X9
FEEEY T ZH¥s TS A7 536.4+8.3~762.3+

5 2 584.7+3.1~660.3£16.1 mg/100 g WS ZA, ultaflo
FEENA 7P =kom, T3 celluclastsS A &lstas
27U 9 FEEo] A 9 FEFEERT =4
Uelstth el dBs) gl otk &5Ud 9 g
9 FE2E559 F s FFe 77 564.3+6.7~
655.3£8.2 E 577.7+7.5~646.4£152 mg/100 g HWHIZA,
Z¥7} alcalase ¥ flavourzyme FE=olA 7 &3kor,
alcalaseE A&t e 2720 A 2T FE2E0|
Hl=%k 35S YERSITE Mahinda S 5(2008)2 2F
U7k FAES BeslE EdlaaE e & Adxx
Ao mE F Fg9s FFS 333k 500~700 mg/
100 golg} i, £ A7 A% ol59 Adst & o
ARtk 28y Ahn MS 5(2007)2 542 {AxH 25
U7ke] 70% olehE: FE2=2] T =TS 836.8 meg%
2 BIsYH o™, Kim YD 520092 43 AlZ[E=E
g AT F Zevle FFS A3 126.89014
852 mg%hZE TrASIFY R I18}$3, Goinstein S 5
(2001) 7 AxAy)e] gixZ] =R 317, #
2 59 #Ayd FiE F Zds FHES 140~200
mg% AEo|Tta RSttt B A7Ad o]59 A
ARt A YeEbg=T, olgd Afole B dAFelAe

Table 3. Total polyphenol contents of enzyme digests from

dried C. unshiu and C. grandis peels (mg/100g)
Enzymes C. unshiu C. grandis
Viscozyme 739.4+ 4.0°  621.0+13.5°
Celluclast 536.4+ 8.3  584.7+ 3.1°
Carbohydrases AMG 687.2+18.0°  599.6+ 1.7
Termamyl 656.3+16.8°  611.1414.4™
Ultraflo 762.3+13.5"  660.3+16.1°
Protamex 5643+ 6.7° 5777+ 71.5°
Kojizyme  580.7+ 9.9  581.2+ 6.0°
Proteases Neutrase 597.6+ 7.5°  578.2+17.2%
Flavourzyme 6553+ 82°  646.4+152°
Alcalase 661.8+ 1.5°  593.6+17.3"
Water extract 606.1+ 3.8° 586.2+11.0°

Values with different superscripts within the same column are
significantly different at p<0.05 by Duncan's multiple range test.
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=9 & STHEkolE dFe 5
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AR5 FETEY F Feppwol= G

Hyole e 7h7h 18.4+0.5~30.040.5% B 25.8+0.9~
28.6+1.1 mg/100 g HAZA] 2}t alcalase B flavourzyme
FEEA 7P w4t 58] 2578 21919 ultraflo
FZELS 598409 mg/100 g 24 7 He kS
Bt ¢ 2d7 9o & FEFELS protamex
E Aslue §4 FEES sl ¥ FdHS U
ERH WHA fRAl 2d]e] EFEEL termamyl¥} ultra-
flog A3l E4FEEEC sl & dFe U

[e)

TIE BasE Bt & dxxdd & T &

Hyole ke =A3ke] 1 gheFo] 35~85 mg/100 go]
Z} 3l9em™, Kim YC 50022 ZHEH 54 o &=
EetR ol 3 ¥SE SAste] ¥ F SR
ol= e 11.73~4821 mg/g WOl H5E 9.97~
48.21 mg/gelH, =4 Fol okt FTkta skele=T,
B AT Ay} o]59] A3} Mahinda 52 AFRTE= o
%o}t Kim 59 A#9} o= HE UASAATE Yang
YT 5(2008)°l ©Jstd &Fd3k x19)e] Fefrole &
F2 9F 345.3 mg%(rutin 13.6, naringin 241.8, hesperidin
285.2, neohesperidin 3.6, hesperidin 1.1 mg%)ZA] -5

£

Table 4. Total flavonoid contents of enzyme digests from

dried C. unshiu and C. grandis peels (mg/100g)
Enzymes C. unshiu C. grandis
Viscozyme 24.7+0.4° 28.7+0.3°
Celluclast 35.7+1.6% 26.0+0.4°
Carbohydrases AMG 28.6+1.1° 24.3+0.1°
Termamyl 26.6+0.3¢ 32.7+0.7"
Ultraflo 59.8+0.9" 36.6+1.1°
Protamex 18.4+0.5" 27.0+0.3°
Kojizyme 21.4+0.7° 27.4+0.5%
Proteases Neutrase 25.4+0.5% 25.840.9°
Flavourzyme  28.2+0.4° 28.6+1.1°
Alcalase 30.0£0.5 27.9+0.1°
Water extract 22.0+0.3° 29.7+0.3°

Values with different superscripts within the same column are
significantly different at p<0.05 by Duncan's multiple range test.
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Faa) 2 22| 3hsks) 4] A 263 A 135 (2010)

(199.4 mg%)Et}t ¢F 178 F1 FTFE OdFsiAl EA
g B skt
4, st 2

1) DPPH radical A7{&HAM

27 9@ FA 2199 84 FEEE(2 mgml)9

WSAtE DPPH £AE4EES AMG FE2ES A9 e
& FEEE 9 B FEEAA GHA W9 FEE0

FA Wy FZF2EE2] DPPH radical £2A4EAL 27
28.6+2.0~67.21.8 & 20.2+0.5~86.4+2.5% HYIZA] vis-
cozyme F==olA 7 A UEREO ™, AMGS} ultraflo
FEZES AYstae FHA FEEE0] 2F44EY
=5 A4S U 538 BiARY] viscozymet
celluclast FEEEL 80% AT =& &4 Y
o) el RS g4 o 23Ut 9@ FiA Wy F
ZEE2| DPPH radical 2AEAL Z47F 41.2+1.2~61.9+
1.6 2D 57.2+4.0~74.8+2.4% HYEA kojizyme
oA 7H =A JElgth 53] g 39 F
flavouzyme FE=< ALtlE 70% A2
AR ul$ =2 S48 Yt o] Az
B A 299 84 FEEL 237497 9 F
Hoh o 233 drtelss ks oz AdEn ¢
# Shin DB 5(2006)> &A4%® 2R/ %92 DPPH
radical 2AZAES A3 C unshiue s FEE
10 ppmolAl 2.03+1.87%, 100 ppm 15.67+2.49%}F 34
ot B AT A o5 AT A}t & AolE YERY

A, ol F Foli oS APol AgH o] e

i

VKL o i
et Nl e
o o w2 rlo

Table 5. DPPH radical scavenging activities of enzyme digests
and water extract from dried C. unshiu and C. grandis

peels (%)
Enzymes C. unshiu C. grandis
Viscozyme 67.2+1.8' 86.4+2.5"
Celluclast 55.6+1.28 79.340.5%
Carbohydrases AMG 28.642.0° 20.240.5°
Termamyl 50.9+0.5" 66.7+3.0°
Ultraflo 28.942.6° 38.6+2.1°
Protamex 47.840.9° 68.2+1.2
Kojizyme 61.9+1.6" 74.8+2.4°
Proteases Neutrase 442+1.5° 70.3+0.5%
Flavourzyme 55.6+3.0° 57.244.0°
Alcalase 41.241.2° 73.242.7
Water extract 23.4+1.2° 72242 4

Vitamin C 96.040.6' 96.00.6'

Values with different superscripts within the same column are

significantly different at p<0.05 by Duncan's multiple range test.



Table 6. Hydroxyl radical scavenging activities(%) and ICso (mg/mL) of methanol extracts from dried C. unshiu and C. grandis peels

Digest C. unshiu C. grandis L
- » - » Vitamin C
(mg/mL) Viscozyme Kojizyme Viscozyme Kojizyme
0.5 6.6+0.9° 9.5+0.6° 23.7+1.2¢4 21.7+1.0° 32.540.3°
1.0 38.9+1.8° 20.9+2.1° 45.742.2° 45.6+2.2° 63.0+0.7°
2.0 41.842.0° 46.7+1.1° 56.241.2° 48.942.7° 91.1+1.5
ICso >3.0 2.1240.09° 1.41£0.15" 2.2940.16°

Values with different superscripts within the same row are significantly different at p<0.05 by Duncan's multiple range test.

g, B AFoAE olE9 AHES YR B ds
AHEEHIA 2= Aolegt AdETh 3 Mahinda S 5
(2008)2 2FH7t HAMES AMGE E3g & Azxx
Ao w2 DPPH radical AAZAHE =AH3l] 1C5°]
0.10£0.01 ~0.24£0.01 mg/mLZ} 3}¥S™, Kim HS &
(2007)2 3] 7+ 52 DPPH &AZAS SH3HA
IC50°] 132.2416.4~609.8+84.2 pg/mLe} 3G =, 2 A
ToAAE TEEHE FSASA obA ICsee HnE &
AT

o]’d2] Z3KTable 4)9} Table 22| FE5-8, Table 3
o & s FF 58 THHOE 1Pt @
A &A1 viscozymed THHA RS G4 kojizyme

el

st oete] 2A4taFEdd et s=
_]

<

2) Hydroyl radical A7{&Hd

27Ed 2 A M99 54 FE559 hydroxyl
radical £2784<E 5783 A= Table 60 HERHIUTH
U 9 FHA 2199 hydroxyl radical &AL
=29 do| STl STkl on, MNrA o2 W
9 FEEFE0] 27U FEEEY U =& &
A& YeElY. 23y} hydroxy radical AL T
FAF2] viscozyme FEE(56.2+1.2%)= AlJstal= 50%
uRko 2wl Wity w3 RE E4 FEFEES UE
BT EY AAGAC HIste iR og v
e YT 84 FEEEY 1Csoe TiAke] v
cozyme, At kojizyme, =TE7 kojizyme, =TL7F
viscozyme F==° AR YT o] AdeR
B @il 23U a4 FEEES OE A4

>

ik

1s-

Y

A% AR E Ao E 35S 4 F Atk
Shin DB 5(2006) A" 7H&F
dical 2AES A3 C junos?] A&-E F=E 10
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A7 #oe} 7Iere] FAHEESo]l £3EH Ae Al
W, B AFollAe IE AR WEd AL
vE

d
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Table 7. Alkyl radical scavenging activities(%) and ICsp (mg/mL) of enzyme digests from dried C. unshiu and C. grandis peels

Digest C. unshiu C. grandis i
(mg/mL) Viscozyme Kojizyme Viscozyme Kojizyme
0.125 28.8+1.5° 43,541 .5° 55.8+1.3¢ 35.0+1.3° 52.6+0.7°
0.25 70.8+2.9% 67.2+1.4° 70.6+2.4% 66.32.1° 55.5+1.0°
0.5 83.142.6° 82.442.2° 78.842.5° 82.142.6° 66.2+1.0°
1.0 86.9+2.8° 87.6+2.4% 87.8+1.8% 83.03.3° 69.2+1.1°
ICso 0.19+0.01° 0.16+0.01° 0.08+0.01° 0.19+0.01°

Values with different superscripts within the same row are significantly different at p<0.05 by Duncan's multiple range test.
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Table 8. Hydrogen peroxide scavenging activities(%) and ICsy (mg/mL) of enzyme digests from dried C. unshiu and C. grandis peels

Digest C. unshiu C. grandis L
3 = 3 » Vitamin C
(mg/mL) Viscozyme Kojizyme Viscozyme Kojizyme
0.25 18.6+1.0° 16.0+0.5° 16.5+0.6° 16.2+0.8° 73.4+1.6°
0.5 30.9+£0.7° 26.3+0.7% 26.9+0.5° 25.7+0.4° 82.8+0.3¢
1.0 44.5+0.8° 42.940.6° 41.0+0.9° 38.1£1.0° 91.8+0.3°
2.0 92.9+0.4° 56.5+1.8" 91.6+0.9° 91.1%1.1° 96.00.6°
ICso 0.48+0.01° 0.84+0.08° 0.52+0.01° 0.53+0.02°

Values with different superscripts within the same row are significantly different at p<0.05 by Duncan's multiple range test.
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