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Effects of Cellulolytic Enzyme Pretreatment with Fruit and Vegetable Meat
Tenderizer on Quality Characteristics of Pork
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Abstract

This study aimed to enhance consumption of underutilized pork cuts by examining effects of tenderizers made from
fruits and vegetables pretreated with dietary cellulolytic enzymes on pork tenderloin. Tenderizers were formulated as
follows: The control group did not include any cellulolytic enzymes. EG1 contained 3% Celluclast. EG2 contained
3% Viscoflow. EG3 contained 3% Pectinex. EG4 contained a combination of 2% Celluclast, 1% Pectinex, and 0.5%
Viscoflow. Results indicated that the mixed treatment group (EG4) had significantly higher moisture content, water-holding
capacity, polyphenol content, DPPH radical scavenging activity, and enhanced palatability, including color and texture,
than other groups. Furthermore, EG4 demonstrated significantly lower hardness, cohesiveness, and springiness. These

findings suggest that mixed enzyme treatments are highly effective in improving pork quality and encouraging the
consumption of underutilized cuts.
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2304 A=, 72, @94, 34, A4 2 RDEE

O3~ T 1
i
9. & Zclul= &  DPPH 2| &S

% 9l DPPH 2tjzd 27152

- 457 -



4 sizmsimsis|x| R34 35 2025

Zel22(2021)3 ZA(2016)¢] A&
Alak St Alz=ell 108 ol 3 &-8h= 80% il
T3t A7 ok 25 CollA 2023t =9 F=(UIL-
DHS15040, f¥ %23}, ¢kt 3l=1)3F &
2e)e 7o) Bl g ARl o R ALl &
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A T B33 =7 (Spectra MR, Dynex Technologies
Inc., Chantilly, Virginia, USA)Z 750 nmoj|A 9] S4F=
E 439t & Ze]9ls e gallic acidE 584
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A A3+= SPSS program(IBM SPSS statistics 27,
IBM SPSS Co., Armonk, New York, USA)S A}-8-3}4]
Yehl o, tizwat AETite] Abo] A5 dd W
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E50) % 9 7FA5 o] olshatd B4 Wmi ol g &

t-testES A AT

)
r-{m

o

e

=50 RS <i >3 2} SRS =T
70| 64.21~64.89%E fro|H o=
Eekon, 53] AT 471 71 = 34Th(p<0.001). Z=3E
e h2a(1.10%) et Aol 1.21~1.31%= 2l
, O] o7k AT 47} 7P E=34TH(p<0.001).
e tE(27.92%)01 wls Aol
28.40~30.80%= folH o2 Egton, 0% AT 47}
7Hg =4 JeERTh(p<0.001). A FEe dz2T
(1.94%)0l vl 3l 230] 2.04~2.78% = 2] 2 © & %k
on, 53] 3T 471 7P =8k ek(p<0.001). o] 215 A3}

= AYT 47} R APT o Hl3) S, 23, b

(E 1) YudE 949 %
=T ARl A2 A3 284 F-value
FE 63.61+0.01"% 64.73+0.01° 64.21+0.01° 64.41+0.01° 64.89+0.01° 10251.955™9
Z 38 1.10£0.01° 1.25+0.01° 1.21+0.01° 1.2240.01° 1.3140.01¢ 239.864""
Zeh g 27.92+0.05° 30.61+0.02¢ 28.40+0.05° 29.85+0.09° 30.80+0.01° 444235.206""
ZA 1.94+0.01° 2.04+0.01° 2.66+0.01¢ 2.09+0.01° 2.78+0.01° 4011.853™

Y Data represents mean+SD(n=3)

2 *Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).
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B g AXg] d5AV ES FE L AR g 5 & AET 20 ARE-E Viscoflow @5 2 2] E4d9] G
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ok AR A28 50| o] ol whAuzty] wiiE o
A ETE A 9, 2024). 7FA(1999)2 2ol
AP IS A7) o b olghaL Batst

w50 By 7haake < 2>9F Ak B otk dnjgh, H4438)(2012) R i Akl
) Z21(25.04%) 0l ¥]3l] AP0l 36.25~61.25%% 2] Foll ket =5 ] o] 7fgd7tko] sk
Ao g gskom, OF AAT 47} 7P = veedl B, ole &I 59 slE2F Aol d R

=
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< 84 AL FAStE e AE S orlet(EHE 5, 2007). 9] V)5 B8 Tl A8 EY 7 £48 A
FHH(1998)= =2 Brgo] &4, de, vd54d 59 5 7]& ul 7]ogttta st gict. 3, Bhelu) 21(2005)% 2]
S BRI EFle, H7]5(2017)2 SR - A 23] &2(Celluclast, Pectinex)S 7} 714 Az
AR A =]7] wjitel] Bpgo] oW £ AR Qs Al FESEro] v B skt wEh B2

pi A=

BA o] Msa, WsHo st §ho] FHHA  Folx ART 139} 49] hezkeo] TRt W et

¥} 5te] 71570 At AT A2 Aol EelEa AP A5 H7EE Qs

Holf RolEL AH e ASAE WG UIT Aol f ol F71ste] myeo] ol Anm 2 5
e

ek,

=T A7 A2 2873 ¥4 F-value
B 25.0420.04V2 50.02+0.02¢ 36.25+0.03° 38.77+0.02¢ 61.25+0.03¢ 678145.827"
71 A7 (%) 36.65+0.04° 35.07+0.06° 37.71+0.04¢ 37.99+0.24¢ 33.62+0.25% 402.070™

Y Data represents mean+SD(n=3)
D *Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).
3y b

»<0.001.
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HE th274(5.92)l vlal 2@To] 4.83~5.528 H-2] 2]
o A Yo, aF AT 27 /P v A
47} 71 = oH(p<0.001). 71959 pHE th 273}
At 10] 242 6.022 frejnl gk 2ol 7} glgl ot A3
2E 6.04% ) ZFHTE foH o =9ka1, ART 37 4
717} 5,967 6.002. 2 f-o] 4 o 2 Wgkrh(p<0.001). vt
0] 9](2013)0l w2, pH7} H&55 7Ha7 o] a4
ZgFo] Jrkar st £ AFellM= A5<] pHY}
of oo A&t 404 7 = A vER, 7 EzkEF
o 7leofstaL 7td § S/ o 7wl TAA
nzZ Aoz welth w3k, AfA|ol IAAH =52
pHE ASHT} 7t SoA foldoz 2 HdS 1
= (p<0.01), o= 57 7k A Tl d g o 2 Qlsf
2Age] oFstEA] 714 o] =7]9] imidazoliumo]
wEd A4, 71189, 2016)2 A5 Ho)
T Ko A= tZT(0.31 Brix%)oll B8] A3+

o

> 1 |o
41k

o o rr
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1

oo N, £
o B BN rlr

]

x

=

T
=

A =5 Gl BT} 7S lA frejH o=
=/ RS TH(p<0.001). 571 £1(1997)
&} & 2~(Celluclast, Viscoflow)2] H7}+=
F7HAFTAL 3FAAL, 1 5(2023) A
ARG FE7t ok M8 LR el S
Yot B uskQdet. 3k, o]H3) 2](2014)= Celluclast,
Viscozyme, Pectinex 4 8= 29 =S 7}
AlZem, o= EA7) wie] AEH JE< cellulose,

2, Selug

O30,

hemicellulose, pectinS cellobiose 2

Pk 9](2023)= FH= 7HE A
FREAPE At 5o FHASA
aFlct. wheba] 2 AolA A
t} =7 JeEhd He 2o)d-6 B ax A dA5A] AL
Bol F7FeE9 |3t ST BsH FEE 7Hdshk=

gl 7)ol 5+ 9he-S AAFE

0] 0.41~0.54 Brix%= o2 0 & =gko v, 7} S0l 4]
© g)E2(0.61 Brix%)®eh g7 081~1.11 Brixve M=
2 FfHoR 22 FEE HT(p<0.001). 53 BF w0 me 2 Avi= <q 459} 2oh AL o= o
94 719§ B5oA AdT 27 7 =8 RS YERY T, Ay AT g gt vlE)] AdT 1~30] 5o F
SO, o= A 20 ARG Viscoflow &5 M2l 84 ¢ o g N9F 45 YT (p<0.001). 1A G M=
ol o] ©1=(3.64 Brix%)”7} Cellucalst, Pectinex T | ] Wl ST} 2T R T A8 T Go]H o 2 o)
9 Cellucalst, Viscoflow, Pectinex &3 *| 2] &4 o, B3] AAT 47} 71 =& S B ATHP<0.001).
(1.73~2.43 Brix%)ell w3 3£8k7] mho 2 24 EHH iy gaee gz us) Agwol fojdow wiok
221 £1,2024). gHA, Ao A el A A 2] A5A 2 S H(p<0.01), 25 AAT 1°] 7P & AN E B
(% 3) pHet £
) 2T AT A2 A3 234 F-value
A 5.92+£0.005"? | 520+0.005° | 4.83+0.004° | 4.92+0.006" | 5.52£0.006° | 22308.195"
pH 4 R=K=3 6.02+0.003° 6.02+0.003° | 6.04+£0.005 | 5.96+0.005" | 6.00+0.005" 146.902°""
t-value -23.145™9 -187.43377 | 2234597 | -173.344™ -79.424™"
A& 0.31+0.007° 0.41£0.54° | 0.54+£0.005° | 0.43+0.005° | 0.51+0.007° 484.175™"
(;’:,X’; 719% 0.61+0.007° 0.81+£0.003° | 1.11£0.003¢ | 0.81£0.005° | 1.02+0.005° | 4637.860"""
t-value -51.933™ -97.817" 2137390 | -109.697" | -254.000""

Y Data represents mean+SD(n=3)

2 **Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

sk

7p<0.01, "p<0.001.

¥ The comparison between both raw and cooked meat samples was analyzed by paired-samples t-test.
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o} FAE(1998)9) &) (1998)= Hy#o] Zrlahd
S DAz Agto] oFslE] o oxymyoglobin FHeF

sto x| S o] 7l Tk kit gk, 7R
9(1987)= 2 Bdo] FREIAEE A7), &
2] g 7 (dilution effect) S 53 352 =5 THAAA
2% 71 & dAskE 2s vhe-g FHAAIRIt L B
STk 2 Aol M = ASollM= AT 49 Werh g
ol ¥ AgAg ulon, 7S M E gz Hrh
A7) Wert folF o2 A YT o) 2ol

=

nholor2 9hg- 5 A dAto] oA =] Sa0] JfdH

=A% QR T ASTH 5
st vl T84 dFES | o=
3 2](2018)+= Y =H|E M 27} betalain 7
doll &3, =2 A& wl= betacyanind 2415 1
EEoka ). =3k, AFE <
(2021)+= betalain 24~ anthocyanin 24X T} & oFA
’do] Fo} 317] M 2x(myoglobin) ¥ 7} E = Qg wiolok=
W&ol wh2 A W slof A J3Fg whA| gherhal B st
ok, gk BHed(2022) H|E F2of 405 X5
betacyanino] &3} =] o] A =7} ZHA-gkofar 24 st St
2 AT E AS 2 7SN B4 ArR(EEE
1~3)e] A7} v 7] i 2atiot B Yepd A
L ole} Zo o 2 At shH, AT 45 ASol
AME E2TEY 22 FATE HY o, 7ldSdiE
HA =7} Zhaske] 27 EY BHA YERdT) ol =5

r

o A7HE Aol i AL ARAVE BT 1-30141
o5 A2 E ke, 09T 4 B A2lE A 88ie)
ol 7he Rolli= W8 Aolsk hehA s3gkont, 74
Fole 28 Aele] asprh sl the APEH 4t
a7l ozt v AAE g 1ol 2o 2 Peke
SREEE BERIE

S 73 oA e =7 ok
2 Ql8f 71 2rd o] Askd 4 glrk. 2 A ellA Aol f &
A a A ] A5Al HbE ER AT A A4
=E SR 7]ofskglon, ol SR7t oA e =9
ANE detehs 89S Tl e d FA gl 3
A g vE Ao R By
5 ZxZ

w50 AN SH A= < 5> 2t AEE gz
1.39 g)oll ]l A &0] 406.40~587.13 g 2 F2]
AT 47} 7P e 3hs Bt

(p<0.001). ¥hd, B2 ot 270] 0.02 mJ = -2 2] o
2 7 Sdth(p<0.001). $H AL 23T 2(0.77)2 Al
QI3 YA Ad o] th2T(0.75)HT} fojzom o
2 0.68~0.779] HHE YEpHon, 07 AT 47}
0.68%2 7F¢ Sdth(p<0.001). ©E4de thxT(0.74
mm) ol H] &} 23T 47} 0.63 mmE 527 o2 vhopor}
(p<0.001), AT 1, 2, 33 F3 zol7h it
(p<0.01). /4% W3 /d-2 AF T 204 212} 466.70 g2
3.31 mI2 YEl o, o] 5 Al ejgh yrA] Aiwe =

(E 4) M
=T AT A2 A3 A4 F-value
. A5 44.07+0.20" 41.010.05 41.06+0.14° 43.30+0.30° 44.54+0.14° 244116
o res 54.72+0.04° 60.3740.01¢ | 60.20+0.03° | 56.71+0.06" | 62.97+0.08° | 13976.120""
T value -109.652™" -608.634"™ -205.993" -64.628""" -151.923™
2 A& 11.58+0.03¢ 6.86+0.02° 9.67+0.03° 11.16+0.25¢ 13.65+0.05¢ 14243317
A 7 s 14.95+0.03¢ 7.84+0.02° 11.47+0.02¢ 9.15+0.02° 11.33+0.14¢ 5255.330""
= | tvalue -113.634™ -146.000"" -82.654"" 13.130™ 21.109"
3} s 3.52+0.11¢ -0.55+0.01° 1.01£0.09° 2.84+0.01° 4.30+0.02° 2723.361°"
A TS 6.67+0.01° 13.79£0.02¢ 13.65+0.02° 13.25+0.21° 15.33+0.01¢ 3970.026™
= | tvalue -80.714™" -503.256™ -384.491™ -250.597" -50.769"""

Y Data represents mean+SD(n=3)

D *Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

9*p<0.01, "p<0.001.

 The comparison between both raw and cooked meat samples was analyzed by paired-samples t-test.
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(A4 441.89 g, 34 3.20 mI)HT} foFom e
714(288.35~344.58 )7 R 314(2.01~2.61 mI)S 1%
th(p<0.01). F}713(1999)E AmEr} 421 =23} 7zt
2] Z7Fatol whe} ol ek sl ol & 2AR, B o

Fol ET 7 ET R e FEE Bel Al Fe
nselow o8| Aol Reb] MR 5
=, )@ 212010y ©EgT A Ptk ] 4
sho] Fa A F shieba sheinh. B AT E APT

;

1, 3, 4= ol vlsf =gt ofuet 3, S5,

A
s

o
Ol
M

2lzlEs % DPPH 2iojzt A4S

59o] 2 Zg)3E 2 DPPH gz £27%S <& 6>
7+ %‘E? Z2)9 P ) 27(69.62 mg GAE/mL)
ofl v]af &) 82.46~141.44 mg GAE/mLE 2] &
2 =gton], a3 AT 471 P 2L £AE B
(p<0.001). DPPH 2}t]Z 27 4] th(34.39 mg
GAE/mL)|| B3 A 30] 41.66~65.40%2 fro]H o=
=9k, npFA| =A™ 471 7MY e 89S eI

A4, A5 30] Sel5H) Grot 117] AAst F=r} o) 2T H (p<0.001). A&A| A5 < H=HE: anthocyanin?}
=09 Btolat 5= 9QiT}. B3], AT 4= Ar, gy  etanin ol kst g ek 2t e Eeluls A
4, 7%, A0 A1 wigkov), B wEd gul ey O UL Al el Rasul Sl (enRt £, 2017). <]
A= SolHo g Yol S8 olste] 714 Bl Ao A& 2](2009)= F+= flavonoid$l kaempferol-S- $H7-3}
Beec), ein] SIQ013)E S5 A8t el 7 WOl SOl S vitamin, phenol7] 5 U
A 298 9oloz A8l FH2 B ok B e A7) amine 52| s} 288 Ve = S 4S vk §skaL
whsee] W A7ke nekichn selch. meka) Aoy O B AT AL SRl i, A9, S
% 2o as AN A8Ae] IR Qd Awe) gy COIDE M AT Al el EeA=el T
50 #54 7|5EE Boli /)aT 5 Qe Aoz O BTV W FUS et opis WS 5
Bolt}, Z2ZY2v 2 FAAE 2 297} ok Buskg
(% 5) =2z
=T g A2 283 234 F-value
A%(g) 611.39+£0.557°2 | 412.47+0.03° | 587.13x0.18% | 471.17+4.62° | 406.40+0.53" | 6361.332""
F2EA (ml) 0.02:£0.005" 0.02£0.002° | 0.02+0.004" | 0.03£0.002° | 0.04+0.002° 18.067""
44 0.75+0.003¢ 0.74+0.01° 0.774£0.004° | 0.72+0.005° 0.68+0.01° 123.236""
€274 (mm) 0.74+0.003° 0.73+0.004° 0.75+0.06° 0.74+0.04° 0.63+0.01° 6.005""
7A743(g) 441.89+0.52¢ | 340.77+0.98° | 466.70£0.01° | 344.58+0.10° | 288.35+£0.05" | 67439.303""
A3 (m)) 3.20+0.02¢ 2.15+0.01° 3.31£0.01° 2.61£0.01° 2.01£0.02* | 6856.068"""

Y Data represents mean=SD(n=3)

2 **Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

9™p<0.01, ""p<0.001.
(% 6) & E2l5l= &2 ¥ DPPH 2| &S
=T A1 AE T2 A3 274 F-value
Fells w 69.62+0.04V2 | 101.64+0.10¢ 82.46+0.04° 94.2840.11° 141.44+0.07° | 374677.699""
(g GAE/mL) .62+0. ) ) } . . } : ) i
DPPH Z
Aﬂfy)é 34.39+0.15° 57.70+0.17¢ 41.66+0.14° 53.45+0.05° 65.40+0.09° 28364.607
as ALY

D Data represents meantSD(n=3)

2 *Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

3) wkx

»<0.001.
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HEHR E &5 S7H41A DPPH gtz 2455 %1
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O
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1A o2 FZH oh, o A7 A AT 294
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N
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= r
Hl

2
>
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[
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Y
(o
[t
)
S
>
N
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L
B
=2
20

. oF ul A=
7 7|55 ZHA} IV, goF 9 A2
=59 7|35 AL AF= < 7> 2ok A ek g 2 AT A S 799 57 & F30S #1724k
ul, o, 227, AR 7|5 F F 67 FEoA A g A3 S BHo g FEgon B3] 54 FH AFE
o] YRTET FoHoR e JFEE BHYtt Ao sl Awo} o)slEld 9 B EA AN ArE o
(p<0.001). 2o A3} oA 7| S /b S A2 84 ofruA) 3H¢IH). o] 2 Y&l 2o f Bl ass dAlz
vz 2|2 ols) d=n|Ee] HMo] o ZE3F Aol W 3 HAEE o835l A 23 A=A =80 oAl #
olo g wetet}, w, A¥Fo] YRITERYG B 7|5 E  x3ly, o|d 2 EAEAL BT d8A Al
7F =T AL Ao df Bl Eah AAE] ASA HITE o g2l Ao g Bl EAE nEs) AT 1=
7y 7|S= AL
= AE1 21872 2873 213874 F-value

% 3.10+0.579*2 5.50+0" 5.20+0.63° | 5.40+0.52%° | 5.90+0.74¢ 33.598""

ot 3.50+0.53° 5.70+0.48° | 4.70+0.48° 5.60+0.52° 5.90+0.57¢ 37.200"

) 4.00+0.67° 5.30+0.48° 5.30+0.48"° 5.40+0.52° 5.60+0.52° 14.088"

2 4.50+0.53° 6.00+0.67°¢ 5.20+0.42° 5.70+0.48° 6.10+0.57° 14.943™

Z A7+ 3.90+0.88" 5.70+0.67° 5.30+0.48"° 5.60+0.70° 6.40+0.52°¢ 19.153™

Akdel 7z % 4.80+0.63° 5.80+0.79* | 5.30+0.48% | 5.90+0.57° 6.50+0.53¢ 11.129™

Y Data represents mean+SD(n=50)

2 *Means within row with different superscripts are significantly different by Duncan’s test(p<0.05).

HH<0.001.
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C 3%, 237 290 V 3%, AT 3901 P 3%, AE+ 4

o= C 2%, P 1%, V 0.5%5 &3 3718l e] Alz319itt.
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