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Physicochemical and Sensory Properties of Red Pepper Extract treated with Enzyme Complex

. +
Jong-Yeol Lee, Gu-Hee Choi and Kyung-Haeng Lee
Dept. of Food and Nutrition, Korea National University of Transportation, Chungbuk 368-701, Korea

Abstract

The ground red pepper puree was treated with cellulase (C treatment), pectinase (P treatment), amylase (A treatment)
and/or enzyme complex (CP, CA, PA and CPA treatment) for 2~8 hours to improve the yield and bioactivity of extracts.
And physicochemical and sensory properties of red pepper extracts were evaluated. The extraction yield of the control was
38.84%, which was lower than those of the enzyme treatments. And extraction yields of enzyme complex treatments were
higher than that of single enzyme treatments. Especially, extraction yield was increased to 74.37% by cellulase + pectinase
+ amylase complex treatment (CPA treatment). The soluble solid and reducing sugar contents were higher in the extracts
treated with enzymes compared with the control. CA and CPA treatment showed the highest soluble solid and reducing
sugar contents. No significant changes in lightness, redness and yellowness of the control and the samples by enzyme
treatments were observed during 2~8 hours experiments. The sensory evaluation results revealed that panelists preferred the
extracts with enzyme treatments to the control. Therefore, enzyme treatment for red pepper extracts is a good method to
improve the yield and sensory properties.
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M E o] &[5t 771 Foll &3 o, A £ Erh(Jeon
= 2008).

TS 255 AT A7l it Talo] Eokdal AF= 5 EiF 2.8-3.0%, ILFH] 25.2~25.8%, T+ 62.2~
Tk MG A1ES] 7o) GO @ EH SR of  626% A 6.7-80%8] MEE AT gom, n2e| 3
Ueh wobihd, g3 W A 58 adE & U A SARORL e oF] A, 2HE 0|90 glucose, sucrose
g3 71548 7 AEFS AT "3l ol wet 7)E 59| amino acid, F7]& 5] -5} (Farrell KT 1981), ascorbic
d AE 9 7158 AELA 7T A 2ie] 2 acid, capsanthin, capsorubin, cryptocapsin {7} o} Z{(Manjeshwar
3= JQtHKwon 5 2009). 5 2003), quercetin, luteolin, capsaicinoids®} Z+2 phenolic 3}

AN

AA A 7HE 4 o] &H e FilE F2 gHE, vitamin E, carotenoid 59| ¥ S92 AIet &4
F(Capsicum anmum L)= T=9] SA22HE g &E3h= A Eg AFE] 2 Ao dA 9IthHasler CM 1998). £3]
oF nEApo] FUuY Byt ofya}, ohFet T34 2 Al 139 w29k 821 capsaicin Fi A AoV &
off AH8-5=L &’lt T Al A B £ Qe e A gREN F ABE IRAA 59 AR 53t B3
hEA Q] Aol wi(Song 5 2009), AANA 2FE 7P W Hol o, AT oY, Aok A FE B 5
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of gt thefet Aqt=o] A= L UTHSurh 5 2000; Song
S 2010; Kim 5 2010).

Egh 3o Au4E B AuARE Bed AES
A A GAE SUATIHE AT} 198040 FHE
B GHA0 R B E|9)etChang 5 2003), ol2ig Aok 41
njAlEou An RS Biet 9 X 7of o8 4= k=
7FeAE RoFthHenry & Emery 1985; Jawada 5 1986).

olo} o] thaket 715 AS 7 RS UA EE 1R
olele] AEAAZH o §3TA B AR SracsKwon
= 1998; Lee 5 2012a) T= T3 %(Lee S 2012b), 324
7} dotan] & Ak(Park 5 2009) A=, Tt U
olgloli T2E olgate] 4FAR R AHgIY) e AT
£ ojoja Wolzk @ 4 gle.

T, e NS Folo] & o AT 54 48
R P FTHE $1stel FAKKIm 5 1999), B7)(Kim 5
2007), 2P A(Kim 5 1989), £ HY(Kim 5 2009) 5l pec-
tinase, cellulase 59 G425 AFsto] o] A& T W3}
et dFEo] AYPHUA R, 1539 &) @ 2T T
of #e A= mmE Aok

w2ba 2 AFolA = LFE o] &ste] AT A Y= o
I YA 7leAEs AT AESA Y L FEEY 5
& FE AT 712 AFEMN, AYH LR Wol ARgSk QL
= cellulase, pectinase T+ amylase S T E= B84 3}
of Ay 9 AIZHEE Aste FEES A2 -, Az
& 9 o|3shy WIE A5t

S

Mz o e

W=

3= 20009 % 890l SAolA Aufe 2RES n3
£ FY3to] A%t &, chopper(HM-1800, Hanil Electric Co.,
Seoul, Korea)2 mh45te] WE AT A< Aol AHgsHe
ok nFEEE 3 AT B TV Adtel AHE
3t G4+ cellulase(Viscozyme, Novozymes, Bagsvaerd, Denmark),
pectinase(Pectinex, Novozymes, Denmark) & amylase(AMG300L,
Novozymes, Denmark)E AR5} T}

RSt 250t FRFE 4l(ww)e] HIEE SRS, £
P A 49 S ST 5 e ARkt A
A 27E AAS7] 3H cellulase(C) TH= A 71E, pectinase
(P) &= A7, cellulase + pectinase(CP) 23t A7}, cellulase
+ amylase(CA) &%} 7|, pectinase + amylase(PA) Z¢H3]
7}, cellulase + pectinase + amylase(CPA) £ 7+ 9 &

o ojsfeba W WA B4 629

pul

22 HEshA] e g2 A(Control) 0.7 FEFIP o, HA
A Fee 0.5%ww)7t Eleg AZ-EeAae) M7t
Hot plate stirror(SJ808H, Sejong, Korea)S o835} 50C of A]
80 rpme] A 8AIZHE Rt HhSAIH o1, 247 1A 02
WS NS A FSHH T Amylase7} H7HE A2 o E WS

< A A7l 3 amylaseE 7}k, 60ColA RESAIFTH
Zkzbe] ma AP § A AgS 95k 90T el F4
2o A 307 Bt A5t vhg-H-2 80 meshE Aozt
o o g ousigitt

3. &4 XNE2| nF FEUO| 2 Y JI2M TR &

13 FENY g 9 QY TS Hste 1FE
AZbE 9 aadE BjA7l & 7EA e skal, oqTAl
T FENY &3 SHEeH, M8 1P E dF
brix & A(DR-Al, Atago, Tokyo, Japan)Z B+-2-510] =33}
At

A7l 2EHo] M =A0 71710l A|& 5 mLE petri dish
(5%5 cm)o]] ¥ A= A2}A|(model CR-300, Minolta, Osaka,
Japan)E ©]-8-3}o] L*(lightness), a*(redness) & b*(yellowness)

o zsgom, AR 7 WA Zol7] Y3tel A7 o
53] olake] HhE AlWS Shof Aol Wat Yrg 25y
t}. ojuf ARESF FEWATO] ZFe [#=95.02, a*=0.04, b*=
0.260]it}.

5. &4 Xa| 1% 50| Helg sl
T3 2F000) £8 U AT S st RS A7
EE 8

BN & 7HEA Sk, ATA|Z] F2H | ST
FHe SN BUT TF =
acid) 2 (Miller GL 1959)& o] -&3to] =43}t

2Rz WLt UHE 7, A=e] & F N, 237
1 314 7|50 tjste] ties]| 4ltH(dislike extremely) 1
A, BEo]tKneither like nor dislike)S 373, thebs] Zch(like
extremely)S 58 0 & 3F= Likert 58 H=Wo]| wiet 245}
sk
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7. SHAZ

£ A oA HojR At SPSS 14.0(Statistical Package for
Social Sciences, SPSS Inc., Chicago, IL, USA) program= AR
sto] ZF AT 7Ho] {2442 5T ¥ Duncan's multiple
range teste] ©J3) AWL 7+ Hol S LA

xqa;& 53.40~74.37%2 &42 30| wat zH7] &2
HAAT, d=x2 ks B8R Al #80] %ﬂo?
o, A A2 Agte] Aojd4E foHoz fgo] F
7}?‘5}h Aoz Yehgth
24 Ao o3t F& 3o F4 EAAS
(Youn 5, 2003)9) A = B3ta i Fo] ¢

1. &4 2| 1% 50| $2 U S et

1% 2z yeBy 122 4

7Hd, aada 1 & 7tE A gsla, o33t 2248
2 Table 1, 29} 7H:}

| 38.84% HLZ nf$-

)\00

2 54 gk
w7 Lrwxm, C AelEe 4371~

=
2ol vl FE&0] B4 Uehy, & d723et 4

ssict

7HY PR FFHSe a4 A E A g2 gz
9] 7ol 851 °Brixg YERHTE 284 C A2
11.37~15.07 °Brix2 A& A|7}0]
ZFol oAz F7tetinh P AT B-9+= 11.07~12.67
Brix® fj2FHT= =4 UebgARE o2 Addel st
o FH o 71 A Yehgon, CP EA g 12.13~

ZrleeE 7hed THE 3

58.40%, P A T]2L 39.72~46.50%, CP X 2] 42.33~57.90%,
CA A2 Z-& 53.34~72.51%, PA X222 47.37~53.58%, CPA

14.17°Brix, CA E3}Fx 2] ol A+ 13.47~15.53 °Brix, PA &3}
AP EL 11.13~14.87 °Brix, CPA £ 2|22 13.53~15.73

Table 1. Changes in extraction yield of red pepper extracts at different enzyme treatments (Unit: %)
Treatment” Treatment time(hr)
2 4 6 8
Control 38.84+0.22
C 43.41£1.17°Y 54.95+0.62"¢ 57.16+£0.33"® 58.40:£0.14*C
P 39.72+1.20° 42.93+0.87"" 45.36+0.48°° 46.50:£1.04°"
CP 42.33+0.21<¢ 52.70+0.40°° 56.47+0.12*® 57.90+£1.65%
CA 53.34+0.58% 61.74+1.09 70.92+0.18% 72.51£0.36"
PA 47.37+0.32% 48.3340.32F 49.83+0.32°¢ 53.58+0.63%
CPA 53.40+£0.68% 64.03£0.21°4 70.98+0.83% 74.37+0.26"

" Control, none enzyme treatment ;
amylase ; CPA, cellulase + pectinase + amylase
? Values with different superscripts within the same a row (*%) and a column (

Table 2. Changes in soluble solids of red pepper extracts at different enzyme treatments

C, cellulase ; P, pectinase ;

CP, cellulase + pectinase ;

A~F

CA, cellulase + amylase ;

) were significantly different (p<0.05).

(Unit: °Brix)

Treatment time(hr)

Treatment"”
2 4 6 8
Conrtol 8.51+0.24
C 11.3740.15? 11.93+0.12¢ 14.05+0.20* 15.07+0.12®
P 11.07+0.12% 11.13£0.12°° 11.4340.12%E 12.67+0.29°°
CP 12.13+0.23%® 12.57+0.06% 13.30+0.26"° 14.17+0.29°C
CA 13.47+0.06* 14.1340.12%4 14.5740.12"8 15.53+0.06*
PA 11.1340.129P 12.03+0.25% 13.2340.25"° 14.87+0.12°®
CPA 13.53+0.06% 14.07+0.12¢A 15.00:£0.00% 15.73+0.12*

PA, pectinase +

D Control, none enzyme treatment ; C, cellulase ; P, pectinase ; CP, cellulase + pectinase ; CA, cellulase + amylase ; PA, pectinase + amylase

; CPA, cellulase + pectinase + amylase

? Values with different superscripts within the same a row () and a column (

A~E

) were significantly different (p<0.05).
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°Brix2 CA EFA 4 A & APl vlst 94
o3 =9 jled PR IS HY)

Im 5(2011)2 42 49| 4% 7l zwloﬂ w2
FAEA A7 BEoRY B4 ARt S B
3 T4} pectinase S 8IS o, 7HA 1Y s

o] 7ttty Btof & Aol A= Ans UrEHH"*D}

2L o AN 7]7] <5}
LB = 7}gﬂa}o}J~ o] 7hA|
& ¥skE &3¢ Z3be Table 33+ Zh

3 22N lightness ¢, B4 HHE 3}
A g EHZ: £ 3528901}, C #2722 Ao 3632~
37.09, P & E|Zo| A 35.86-36.08, CP E3HA] )2 35.995~
36.55, CA T 22 34.93~37.16, PA T 2|22 34.93~
36.80, CPA Z3A 2|l Al 35.67-36.292 R HTH &
A A7 A] YA A2 lightness7} ¢FzF 2715190, & =
o]2 KoL ok Ao Uehton, JH4Ea] A7t u}
£ Aol AL g2 ZoF waEdch

o a3
7

=, ==
L_”:liﬁ
/\

—

HBRALE ol §F 1F 22N olsteA U WA A4 631

84 A7 1% FZM9) redness= 2L 12,1901 01,
C HEZEE 11.12~12.79, P A2 Zo) A= 10.14~11.53, CP &
FHA A 11.12~12.29, CA A A= 10.05~11.26,
PA A2 10.11~11.41, CPA A 2l7oll A= 10.59~11.02
2 o) H|5te] redness7t A H o2 ZHAastal, & A
g Al7to] S7FE4F redness= Hadhs FRQ Aoz &
S| QIT) 3 340 FRo what oFke) ghe| Apol7t gi7]
= SHARE & Aol obd Zo=E ARECH

a4 A 15 FEN 9] yellownessE AHEH 27

L 9490|901}, C Aol Ao 9.27~10.19, P A&7
o A= 8.70~9.55, CP &3+ 2|72 8.85-9.62, CA &34
o A= 8.16~9.98, PA &3]0l A= 8.52~9.41, CPA &
FA N 830~8942 HF R a4 Ao fE
Z ZolE HolA = g AoRE dAdEIh

Kwon 52010y &4~ Z2jo] o3t 7] F&5H A2 A| &
4 Ao WE lightness= =715}, redness?} yellowness=
Hashe Aol Jang 5(2014)2 o] FA Ax Al &
2 Ao &g MAF Mo A=
£ $7kske AEFolzt st tha

redness= 74, yellowness
= E-‘-]‘— E-O]L‘ )\—i

Table 3. Changes in Hunter's color values of red pepper extracts at different enzyme treatments

Treatment time(hr)

Treatment”
2 6 8
36.58+0.07°52) 36.32+0.03 36.58+0.05™ 37.09+0.10
P 35.97+0.58°5¢ 35.8620.48"" 36.88+0.21% 36.08+0.49"
L CP 36.55+0.62*8 36.48+0.03* 36.05+0.08°° 35.99:£0.06°
(Lightness) CA 35.53+0.37C 34.93+0.23%¢ 36.49+0.03% 37.16+0.10*
PA 36.70+0.09*8 34.93+0.58° 36.80+0.25* 35.58+0.37*
CPA 35.67+0.63C 35.8740.11%® 36.2940.1° 36.15£0.11°°
C 12.7940.09** 12.2540.11° 11.30£0.18° 11.1240.07%
P 11.53+0.06™ 10.14+0.29™ 11.35+0.32°¢ 10.18+0.34™
a CP 12.2940.25% 12.20£0.10* 11.19£0.22°48 11.12+0.09%8
(Redness) CA 11.1120.36* 10.05+0.39<¢ 11.26£0.09** 10.69+0.10%
PA 11.41£0.20°° 10.660.21° 11.08+0.1248 10.1120.15%
CPA 11.0240.15% 10.81+0.27*8 10.97+0.14% 10.59+0.34%8
C 9.47+0.07°48 9.27+0.07* 9.40£0.08°8 10.19+0.16**
P 9.07+0.06™*P 8.70+0.34" 9.55+0.33% 9.34+0.68"
b CP 9.62+0.21** 9.22+0.05" 8.90+0.11° 8.85+0.06°%C
(Yellowness) CA 8.58+0.24 8.1620.30° 9.29+0.04°" 9.98+0.11*
PA 9.2840.31%% 8.52+0.32°%¢ 9.4110.14™8 8.6120.15*
CPA 8.9040.17% 8.30+0.26"P 8.94+0.08* 8.60+0.25*

D Control, none enzyme treatment ; C, cellulase ; P, pectinase ; CP, cellulase + pectinase ; CA, cellulase + amylase ; PA, pectinase + amylase

; CPA, cellulase + pectinase + amylase

? Values with different superscripts within the same a row (%) and a column (**) were significantly different (p<0.05).
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Hol 7} Yz wat a4 Aol o3t ZpolE Hole ZoR A AYE sHA] g2 229 #E 53 7L = 5%
wE, oo tigt &A1 AkF A7t Bod ASRE A on, aAA O] Bl PGS s A, @t veut
2H Uk o] A% A A WY #eF7 Avt A F o=
fziote =4 Ueigth Y ool aaA Tl

3. A X2| IF FSYo| SRl e ot IF7E AT S AT AL, 2 AYLEE 9
1F FE2HY & 9 AR 7T FEA717] st o] A4 Ao Yt M| Fpol= gl AR HHE L
of 1FE AZHER BARAT & 7FEA sk, oA FTHA 715% Holx AmEH cellulase, pectinase, amylase
0 FE2H9| 2 o BIstE 43 Ao Table 494 2 £ EFsto] AYstge Wt 7MY w2 7R EE By,
ok 54 A E ohA] g2 2o T T 2.98 mg% Aoz as A5 6}11 U2 2ol Blste] a4 A
Ao}, C AL 6.52~7.24 mg%, P A g)wo)| A 540~591 g A 7|3 WM E S48t 8 9 o 3 B 27}

mg%, CP E3A 2o A& 5.99~6.93 mg%, CA A 2|+ StER, o] & &85ty N2 S8 D AMELE AF Lol
2 8.13-832 mg%, PA AT 6.88~7.58 me%, 5 Aos AlRETH
CPA 3} A7FZlAE 7.39~8.13 mg% o & Uebytch E3t

cellulaseE 8A|7F F2F A 2)gt & amylaseE # 2|3t CA A  <F

2o B B ez vlwsid of 200 AE B2 A

o= Uehy, 54 Ald] ofste] BT Teol AL & wE 2309 25 U YU S1SHES PR 95
4 3tk C = P UE XYL E b= amylase S 37 & o] 3139 cellulase(C * 2]), pectinase(P 2] 2]<), amylase(A
Aol o ES ST BES ek AP DS 247} Ei 0| HLES ETCP, CA, PA 9 CPA

Chun 5(2009)¢] -0l w= Z5=20] cellulase S ]2 A 2l) H7ksto] 2~8A13bE ¢t RSzl - 7B A 25t
Ste o, B A2E A 2 ti2te] W) AT i, ABAZ] FE A diste] o|skety Bl WeE] FrE S

o] ghl o] oF .68 FUIRITEAL Stof & AT} FAL ottt a4 A2 13 FENY 82 a AYE 1A
g ACR AoE, o9 gy EFE 37 e oS f 38.84% F== wf¢ WA YehgAR, aadeE
AtE =, olo] gt ApF ARE P ojof & Aot o] 2 £&S B, 54 dEAETE HE8AY A
o] S7IIeH, ax A AZto] Aojdas foHo

4. BE=ZAHA} 2 $80] ZUsl= Ao 2 eyl E£3] cellulase + pectinase
1= 2zoo] 22 U HaF F|E=ALS FFAA 77 98t + amylase(CPA) E3tA |2 FE5489] 7437%7H4] S7F

of o] HAE Hrhshe] ARPAR AL F 74D sllck 718 TER] S tare] Hoo 851%
A, ojupi7l 2EAe] sl 7 AEWoR B § B Ushjgont aaHYe daut £ dEe U
8 Y EHE )swe] dste] PR ZYY AIE Hfglon], CA ERALYZI CPA ERALYZ] M B

Table 59} Ztt. 7HA 1P RS B S g B3 a4 A7
Table 4. Changes in reducing sugar of red pepper extracts at different enzyme treatments (Unit: mg%)
T N Treatment time(hr)
reatment
2 4 6 8
Conrtol 2.98+0.33
C 6.52+0.25"? 6.7210.31° 7.08+0.15"P 7.24+0.09%°
p 5.40+0.21%F 5.4620.42%C 5.610.08"F 5.91+0.09™
CP 5.99+0.28"" 6.73£0.24°C 6.93+0.08*° 6.93+0.17
CA 8.14£0.07°* 8.25+0.03* 8.31+0.08** 8.32+0.03**
PA 6.88+0.11% 7.09+0.09° 7.2840.09% 7.58+0.12*¢
CPA 7.39+0.028 7.82+0.06™ 8.06+0.12°8 8.13+0.058

Y Control, none enzyme treatment ; C, cellulase ; P, pectinase ; CP, cellulase + pectinase ; CA, cellulase + amylase ; PA, pectinase + amylase
; CPA, cellulase + pectinase + amylase
? Values with different superscripts within the same a row (“) and a column (**) were significantly different (p<0.05)
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Table 5. Changes in sensory properties of red pepper extracts at different enzyme treatments

Treatment time(hr)

Treatment”
2 4 6 8
5.20+0.10°? 5.3440.11%¢ 5.44+0.17°8 5.42+0.08°°
P 5.08+0.08°¢ 5.06+0.05°F 5.18+0.08°¢ 5.18+0.08%
CP 5.18+0.08 5.46+0.11%¢ 5.48+0.08"® 5.60+0.07°¢
Sweet bB bB cA cB
CA 5.5440.09 5.68+0.13 6.24+0.15 6.1240.13
PA 5.08+0.08"C 5.20+0.07°° 5.20+0.07°¢ 5.18+0.08F
CPA 5.96+0.11* 6.024+0.08° 6.18+0.04%* 6.46+0.05*
C 4.98+0.08"8 5.16+0.11°5¢ 5.24+0.09° 5.26+0.09%
P 5.10+0.07*8 5.10+0.07°¢ 5.18+0.088 5.12+0.08*P
CP 5.18+0.08%* 5.28+0.08° 5.46+0.05%* 5.66+0.05*
Hot CA 5.14+0.05°* 5.2440.05°8 5.48+0.08°* 5.68+0.13%
PA 5.12+0.08"* 5.08+0.08"C 5.26+0.09° 5.06+0.11°°
CPA 5.18+0.18 5.2240.08%8 5.24+0.05® 5.2040.07°¢
C 4.9240.13%C 5,040,098 5.10+0.12® 5.16+0.11°8
P 5.16+0.11%8 4.76+0.09° 4.9240.15" 4.92+0.08"
CP 5.0440.05 5.00+£0.10% 4.8240.13%C 4.74+0.09°°
Color aA abB aB bC
CA 5.18+0.08 5.08+0.08 5.12+0.08 4.96+0.11
PA 5.16+0.058 5.204+0.07° 5.12+0.08°® 4.76+0.15"°
CPA 5.10+0.078 5.104+0.07°8 5.30+0.07°* 5.40+0.07
C 4.96+0.17® 4.92+0.13® 4.88+0.18™P 4.86+0.11%*
p 5.06+0.1148 5.18+0.08% 4.86+0.11°8 4.72+0.08°48
CP 4.96+0.11% 4.74+0.11°C 4.80+0.07°8 4.56+0.09°
Flavor aA abA bA cAB
CA 5.18+0.08 5.10+0.07 5.02+0.08 4.76+0.11
PA 4.98+0.088 5.10+0.07°¢ 5.02+0.08%4 4.74+0.25B
CPA 4.94+0.11°® 4.68+0.16 4.78+0.08"8 4.66+0.11°4B
C 5.02+0.08"® 5.08+0.08"° 5.22+0.08°% 5.26+0.05
P 4.74+0.05" 5.1440.05 5.16+0.09® 4.74+0.11°°
Overall CP 5.1240.08"8 5.16+0.05°¢ 5.32+0.16° 5.50+0.078
acceptance CA 5.26+0.054 5.284+0.08B 5.5440.11% 5.8440.11*
PA 4.94+0.11"8 5.06+0.05%¢ 4.80+0.23>¢ 4.66+0.11°P
CPA 5.28+0.28" 5.4240.13" 5.52+0.08 5.9240.13*

D Control, none enzyme treatment ; C, cellulase ; P, pectinase ; CP, cellulase + pectinase ; CA, cellulase + amylase ; PA, pectinase + amylase

; CPA, cellulase + pectinase + amylase

? Values with different superscripts within the same a row (*%) and a column (*T) were significantly different (p<0.05).

off st F7tshe AL R Uehgth &4 #2|of 23 A=
o] Wt A= 2 aaFed ol MEo] Hakg =2
o|A= Yt A AT A FEYo ot AeHA 2
Tl A ARPH o= a4 A2 E 5] F2 diz] Bt
of B4 A2 Al 7|15k "ol A 3 Ao 2 YEhY, a5
FEE ARE AT 54 A e H71EE SXE AT
F2 YHOE AR"n.
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