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Abstract

This study investigated the activity of crude enzymes obtained from Pyrus pyrifolia cv.
Shingo on milk proteins. In the milk processing industry, there is an increasing interest in the
addition of functional materials to dairy products or functional peptides isolated from milk
proteins. First, Pyrus pyrifolia cv. Shingo was separated into core, flesh, and peel regions,
and crude enzymes were obtained from the individual regions. The activity of the obtained
crude enzymes was measured using casein and gelatin agar. The crude enzyme obtained
from the flesh of Pyrus pyrifolia cv. Shingo decomposed gelatin, but the activity of the crude
enzymes obtained from the peel and core regions was insignificant. On the other hand,
the crude enzymes obtained from the flesh and core regions of Pyrus pyrifolia cv. Shingo

|
'.) had a remarkable enzymatic activity in casein agar. However, the activity of the crude
T enzyme obtained from the peel region was insignificant. In addition, the crude enzymes
updates

obtained from the individual regions were mixed with casein to induce reactions, and the
degradation patterns were investigated through electrophoresis and high performance liquid

a OPEN ACCESS chromatography (HPLC). According to the results, the crude enzymes from Pyrus pyrifolia

Citation: Park MG, Kim HS, Nam IS, cv. Shingo degraded milk proteins. Thus, the results of this study can be used in studies on
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enzymes obtained from Pyrus pyrifolia functionality. Additionally, it is expected that the use of pear peels and cores in the milk
cv. Shingo on milk proteins. Korean processing industry would greatly contribute to the reduction of food waste.
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This s an Open Access artide (Eun etal., 2012). Bj= -G53 A12] AUl(Pyrus communis L.)2}F 59|91 U2 ul(Pyrus pyrifoliaN.),
e - mszmmmmmmof kil ?%HH(Pyms ussuriensis M.) 2 T-EE CHFeron et al., 1996). 22|} Hil= 190610 Y EofjA]
License (ttp: /creativecommons.org/licenses/by- TN BEE0] Es]o] =14 0 2 2fufi=] 11 QIrHHwang et al., 2006). =il *A13T = 1963 o]
nc/4.0/) which permits unrestricted non-commerdial oly] X0 & 04 o] AYo] ’Al 71’0 o) . Hilo]l 2o B
oo, chitbution, and reprodhctonin any medm, EQE E202 &7 969 ool A2 QJtHLee etal., 2010; Lee et al., 2017). HiS] = &
provided the original work is properly cited. 02E=7-10%2] EpShg, 0.3%2] TR 0.2062] AR 0.5%9] A9, 12|31 85 - 88%602] B
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23957 rHLee tal, 2003). HF= 238 LREAEO R N, K, Mg, P 58 Bo| 310l 20l ol 22 o= 2
217 QICHZhang et al., 2003). Bj2] 8 7|5/ /g0 2+ vle/d A2 58/ Alo] A/ 2] JUTHLeontowicz et
al., 2003; Zhang et al., 2003; Zheng and Wang, 2003). Hol|A] A HlsA] SFhHE-2 arbutin, caffeic acid, catechin,
chlorogenic acid, coumaric acid, 4-hydroxymethyl bezoic acid, epicatechin, rutin 5-2 2 JTHZhang et al., 2007). ERJ 0 &
e Eejulse PAtsl 7150 & AlE Aol thk ER5hH %1431 500 -4,000 Dal] AR 7FA 1L ItHHaslam,
1989). 2] 11 Seoetal. (2001)-2 Bljof|A] 71 % Q 5t &2 H|s-E21-2 chlorogenic acid, epicatechin, 12| 11 4-hydroxymethyl
bezoic acide}al 51T} LFSHH chlorogenic acidi= Al TEHoll A SHHo] HHAY513lS- wf F25] 7h-Asto] Hio] Atstet e
o] 17| wiZo|tk HH Alold-f= daskd AEAFEA 2 Hijol A& B2 Alo| Rt EAlisto] e B 7154 @ 5
+ A0 & B x| o] THZhang etal,, 2005). HEl2 ~8/d sfo| =2 FZ 0| & B2 2] HSA|, A Y A = AlEo
o gt B2 2= F4-5 AoiAA TS| EF glucose tolerance 5 S7IA|7 1= 2102 oA Ut o= 4
B3 Aol 72129 S =0 Sl MREE AR S Al g slo] Y] Aot F4E AAAIR At
SFACHTorsdottir et al., 1991). o] 2jo] Ql&dint vijFZ-Eo] Eakalgo] ofgt uEd et vt oAl am} A A
QtHTrejo-Gonzélez et al., 1996; Femandez et al., 1994).

Qa5 4122 Qlsjo] S ol G5 T A2 Hlol 9 Elo] he T el A] 248 thizolek sHcKChoe e
al,, 1996). 117|9] 4 7} A| 7P F235F @ 4 0] 51}l A= actomyosin toughness2} background toughness©]] 2]
3} 27 =} (Locker, 1960; Marsh and Leet, 1966). 1712 ¢15}1A] h= HPHL 2] 0f|A] @ eisot £44-S 5hAUL Fe 7}
Sh=H T2 1 TR S Balishe @ 4-S o] 85K=HPH 50| 44 QtHDransfield and Etherrington, 1981; Macfarlane,
1985; Elkhalifa and Marriot, 1990). ZL2{L} o|2{3t §}R12 17|15 HAA| 7| AL, A = dste] dhot o] EA1E 4= 9
T} o] x{& Algatedol glojA] AR 171e] AspR] 0 2= tiekst Hirgo] o 85|11 ik BRI SAIE Aldol QoAM= &
Abat, &2 9 Zegolo ofgh thilAl Bajjof] of=star Qlck. fAlEel QlojA TR = tioet E)7 )5S 7R
peptide 5= 7|t 4= e}, 12Ut 24 o] §A-E o] 85t -9- Tl Fofiof] thigh ALt 71 FofE2 7 E Hoj peptide
59 750l et At =72 B vt glrk. whebA] 2 A= Pyrus pyrifolia cv. Shingo (A8 2] Aojl 2§ 4]
S-FtE o) ofeh ZoE ARSI S-FetiEo] 1H o) g 4] oJsiA] ThSt peptide = ol FITHH, K017 peptide

=9] AelA 75 St 7| 4= ik

-

rlr

=2

Materials and Methods
Aok

Amresco (USAAFZEE] tris, TEMED (tetramethylethylenediamine), SDS (sodium dodecyl sulfate), NaCl (sodium
chloride), 12|11 glycine S ARE-3FZATE TNT research (Korea)AF2 5 E] urea, acrylamide, 18] 11 CBB-R250-2 AR&-5}3iTt
Acetic acid, ethanol, methanol} glycerol2 Daejung Chemicals & Metals (Korea)Ate] Z1-& ARESIICE 1 9] caseine
Calbiochem, EMD Biosciences (USA), gelatin-2 Difco (USA)AFR] 21 ARSI

M2 RE Eg il 2

715 QPAA] ARSI 54 ol AP ATk Al o] §3tsich. v B SR o] A, 2
2 2k o) AR 0 2 Belaleirh Z17te] Balel et 50 mM Tristel buffer (pH §)2} 2 23 Mol W A|Z
Ba7)(IKA, China) 2 ohafiatich. mialE 7 2.9l 9IAIE2) 7] (Hanil, Korea)ol|A] 4,000 rpm/20 min/4°C 710 & 214l
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olr

JSiT}, Aof %l Azl 0.459}F0.22 pum syringe filter (Toyo Roshi Kaisha, Japan)S- 0]-&5}0] {2519t of ke A
e -20°Col Y5 HakspA] el o} 8513

oN Mz

Gelatinz} casein0f| Ci$t =54 2 £H

Z}zko) AzFZakA A0 gelatin casein 1 g ¥, agar (1.5%)5 7F5o] 231151 Casein2 0.1 N NaOHE %75}
HA] gslfelitt 12|11 autoclaveo] Bt &, ZF2+9] petri dishol] 20 mLA] Fo| 23Tt Zo{7 gelatin} casein agar$]
of| ZHlH ulie] A, &AL A o 2 HE] dojX] 2EAE 20 pLA AHEA B0 ZF2ke] AHE-2 37°C 27|l o
AR 2 2,

o= 1

Zymography2} SDS-PAGE

ljo] 7+ Hol 2 HE] Aozl g Ao o]t casein} gelatin®] Zymography ZHd-2- Caballero et al. (2001)2] H¥rdof] w2}
2851 ch. T12] 11 SDS-PAGE= Laemmli (1970)2] BFsHo| w2} 109 B 129 gel-2 0]-8510] 43351 ch b2 ebAl
H(67.5% milli Q water, 7.5% acetic acid, 25% methanol) © 2 435}k,

Casein2} 2118 0] ZF o2 HE] Beld 2 gAE 717t 1 1 2 23tel9lth 23 ZF Al 5+=37°CollA 6,12, 12|31 24

H L
AZHRESAIZACE BES F8 2, ZF Al 5= - 20°Coll HishHA HPLC A 17195 2418 3513l

HPLCEAM

Casein?} §ES-A71 ZF A|2.9] 442 prominence liquid chromatograph system (Shimazu, Japan)-2- 0]-85}21th. Column
- shim-pack GIS-ODS column (4.6 mm X 150 mm)2 AR25}SIC) 71&7]+= SPD-M20AE 0|85} 14 190 - 330 nm
o] HQJoj|A] AZE3IITE 89 A= Z5200] 0.1% (V/V) trifluoroacetic acid (TFA)2Q} 294 B= acetonitrilel] 0.1% (V/V)
TFAE 37I% 7 -§a 24 o] 85Itk 7 Al &o] FUTZ2 100 L= S oM, §45-2 A8 BEY 27 | mL/
min© 2 5}¢ith

Results and Discussion

Gelatinthcasein agarol wle] 717, 441, 40 2 0E] lofx] 2H 45 71720 w4 APIEA £ 8 5, 37°C L7l
o] 124)7F¥k8-& =43t ATH= Fig. 13} 2T}, Gelatinol| A= vie] £AF2HE] dojrl 2&47} 714 Sish E44S 1}
ERNQICHFig. 1A2). 18] Lz v A (Fig. 1A-1)2} B4 (Fig. 1A-3)ollA= teaist vhe-S Liehyj] ekokct. ahn
caseinol] Q{01 747, 44k, A0 R EE] ozl 2] g0 ATk Fig. 1Bo| LERAQIT Caseinoll QoA 2ol
Aok Uhe-S Lt 312 wijo] 448t 4] ol9lon, HilolA Brk o &2 B4S UehiitkFig. 18,2, and 3). 7L
2 742 S9lol A whS o] RSk LhetA] lotthFig. 1B-1)

Hjjo] ZhELe) 2 RE oj JFlo] 27| g5 el Fig. 29k Tt 217]%9-57/dellA] 26 kDa F-of &3t Whert
Uil 3, 2R Ao] BAj2kS 24517] Ylste] Zymography S NS e, Zymogramol ] 2 kel
2 UER}A] 229ktHdata not shown).

Casein} He] A, <48, 2] 0 743 29J0) 2 EHATL FHRE ASAS 22} 112 510 37°CollM 24A17HERFHES:
A7) F 2719950 2 2418 AR Fig. 30| Uehiich 171995402 2a40] o3t casein®] 23] Yt P

E

N

d
L
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(A) (B)

Fig. 1. Enzyme activity of gelatin (A) and casein (B) of supernatant obtained from the three parts
of Pyrus pyrifolia cv. Shingo. 1, Peel; 2, Flesh; 3, Core.
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Fig. 2. Electrophoresis pattern of supernatant obtained from the three parts of Pyrus pyrifolia cv.

Shingo. SDS-polyacrylamide electrophoresis was performed on a 12% gel. M, standards molecular
weight; 1, Peel; 2, Flesh; 3, Core.
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Fig. 3. Electrophoresis pattern obtained after reaction between casein and supernatant of Pyrus
pyrifolia cv. Shingo for 24 hours at 37°C. SDS-polyacrylamide electrophoresis was performed on
a 12% gel. M, standards molecular weight; 1, casein + core extract solution/6 hr; 2, casein + core
extract solution/12 hr; 3, casein + core extract solution/24 hr; 4, casein.

PR eoteHFig. 3). mebA Hle] 2 & 47t aHE AZ T} casein@ 3510 24AIZHEQF HHS A7) B, HPLCE o]
5t0q casein®] FlE S5t (Fig. 4 -6). Fig. 4= vl A 2HE Boly a4 -8, casein, 12|11 ZZ 2 HE]
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Fig. 4. HPLC obtained after reaction between casein and supernatant of peel of Pyrus pyrifolia
cv. Shingo for 24 hours at 37°C. A, Peel extract solution; B, casein solution; C, mixture solution of
casein and peel, Injection volume, 100 pL.
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Fig. 5. HPLC obtained after reaction between casein and supernatant of flesh of Pyrus pyrifolia
cv. Shingo for 24 hours at 37°C. A, flesh extract solution; B, casein solution; C, mixture solution of
casein and flesh, Injection volume, 100 pL.

o} 855k caseinB H AIZ] 3 210l 7] HPLC 7342 9tk Fig. 4L o) Z5e] Qlofl §5918 HPLCE 24
St Axto|t}, 2|4l Fig. 4B+= caseing HPLCZ % AE eI Caseiny} v AR 2 EE] HojR 2a4h hg
FEHS 1112 237, 247G AIT 7&4 g. 4Co] YEHHRITh. Casein (Fig. 4B)ollA] 85 18 - 20 Afo] o] Thil
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Fig. 6. HPLC obtained after reaction between casein and supernatant of core of Pyrus pyrifolia
cv. Shingo for 24 hours at 37°C. A, core extract solution; B, casein solution; C, mixture solution of
casein and core, Injection volume, 100 pL.

218 B (red circle)o| B 4% 2@ 40 HFSAIZI & Flg 4Collx] Bz 2} o] Fig. 4B2] 18 - 204 Ato] T (red circle)
| 25015 Zlo] ERIE|IL} Fig. 5= caseinT} B AR HE] dof 7]l ZEA TG AFZONS |11 555 24A7HHRSA)7] 21
Aet Ao ot Hijo] LAt = 72 é’mr%%‘s}ﬂl%% 18 -20-2 Ato] ] ThilA (red circle)o] 2ol Zlo] Zl=| QlrHFig.
and 5C). FE3H o213t k= ule] AojjA] Aojxl AgZ-Hojlx = 22 Ak eRHITHFig. 6). HPLC 441} Hj9] 3
(AR, 4 A= EE HojZ ZGAE caseinS 5] H3ll5k= 7102 A Eich
A= HiY] BAE o] 8% Rl gk fEte]|Eo] 52 B0 g Hafl 7hs/de HESIIH: Korea
Dairy Committee (2017)]] wh2r 20101T=_1—‘7‘—E1 AR Boo] 2| ERe 25| Z7)5h1 Qi) wWebA] 2-9.9] tofsl o
5 7} Tlefol =) 2820} TR AoIEk Kits and Weiler (2003)= Aeabd Hefo] =5 A7) 52} el
19 182 210} AL R Q21| 2ol RS Fi 0 Q0] L0 HoIRISIE. 5 o Hele

Helo|Sh WEY 2§, PUSRE, AN, FTAE, YLFIAE, 3402 BYAE 50| Leid YckKim,

H

e

N

2010). X ZA|Z A] 288491 B «-caseino]] 22510 105H#]2] Phenylalaninex} 106514 2] Methionine AFo]S &
TSt} Met'® o]0] HEfo| =S k-caseinglycomacropeptide (GMP), TE= caseinmacro peptide (CMP)2tal £2] -2t
(Kim, 2010). Otani et al. (1992)-2 nRA9] HZA|Z S 0]- &5} nlo] 41l Zx5lo]] Qloj A GMPE= MEZALLS- RSl
H3}9Ick =5 Yun et al. (1996)0]] 2]5HH GMPE= LPS 2 A=A nRQA HIAIM| O] M| ELE 03094 & 7 "_/I:/\]ﬁq-
T 25190t 1.9 GMP= 9JAkEH] 9] ojA|7]50] LA QItHYvon et al., 1994). 2HED|2-e A So] 9]En|ol Ul 5.
Jof| Z}E] o] Q= 7|4 Thii 2 gl o, thl BRI Z A= ZUL 7158 71X 31 QItHGarcia-Montoya et al. 2012), =)
EHdS H 0 2 BalisPH SEn|E] A (lactoferricin) 2= 7o gt FEFO] =71 o Rt Opioid peptide= 715, BH,
Saio|eh A At s 50| A Qltt o]2{Stopioid peptide=-9-1- T 2-3-2] a-casein, B-casein, a-lactalbumin,
12]31 Blactoglobulin © 2HE] -8-2]% Zlo|t}, o349l Felo| & 2= B-casomorphin (B-casem) exorphine (o-casein), 1
2] 7 casoxin (kcasein) 5©] ACHLoukas et al., 1983; Teschemacher et al., 1997). 2-3-2] casein THHZZHE Gafe
casokinin?} -G THIR 2 HE] Q29 lactokinine Y75} HERo| =2 Aej#] QITHTauzin et al., 2002; Walsh et al.,
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2004). Glutathione-2 cysteine, glutamate, 12|11 glycine©| 28 tripeptide S @t} o] 222 Q17+o] 717-3-4]of| Qlof
A AUe] HAXA7E [&54 0 = 2-8sto], MUz fUE 5/ B4 sh5A7|H, Alae] &2 UAehe g2 g
th. 9L olutathione2] T/3/d22] cysteine, glutamate, 12|11 glycine©] H-551A] $ha-E|o] Ql.om, A|uljof] At
3t avts AT S1ItHAImutis, 2004). 1 2] -8 caseinthilZ-S EFAl 2]2]of] 2J3] HojZl CPP (casein
phosphopeptides)i= 48t A0l 2gH/g o] ok A7 ofef7tA] mdsto] Zhga} Q19] S4-5 S7HAZITHL 513{THSun et al,
2016).

2 Ql7E Fols Mz Re] fef £AAE SRTHIAS Bolshe A0 2 W{Ach 1ol 1 ] SAE 9 pELe] A
SAA DojXl Atz RE -frhlde] 715-50] ST Held 2082 AlgEoh

Conclusion

& A= A= RE doj g 4o Rkl tigh 2/d 2 ZARSISIT Hi= 4, £4, 121
SIAL, 7 RO 2R E 2845 55I3Ith HojRl 284-0] /d2 casein'} gelatin agarE 0]-8-5}0]
O 2 gelatinol|A+= SAkoA Fojd 2a A7 /A4S LRI, BHA caseinol| A= 4 EJ—]’ Aloj| 4] Hojzl ZF AT} =2
/3 LERASITE. Tgh 7 Bo| 2 HE] Hojxl X GAE caseindt 23toto] ¥RS- Al71 & 2471953 HPLCE: 5510
3l TiElS ARSI Al THO] 28 4 caseing 2 3HGIA 2 H, Yol Atz -2l 7157/d Aol tit 7|25 Alls e
Aoz AtEHk

oxl lli

REDL
ik 2

_ll)lf

11
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