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Abstract Beta-aminoisobutyric acid (BAIBA) and branched-chain amino acids
(BCAA) have recently received considerable attention because of their various
health benefits. In this study, the hydrolysis characteristics of chicken breast for
11 commercially proteolytic enzymes were studied to evaluate the effect of
protease type, reaction pH (5-8), leaction time (2-24 h) and enzyme concentration
(0.25-8%), and the effect of two combined enzymes for the preparation of BAIBA-
and BCAA- enriched chicken breast hydrolysates. The content of BAIBA was higher
in hydrolysate by prozyme 2000P (38.72+3.01 mg/g, dry weight base), foodpro
alkaline protease (30.24+2.54 mg/g) and alcalase (26.24%£1.01 mg/g) while the
BCAA content was higher in prozyme 2000P (108.96+2.63 mg/g), flavourzyme
(81.12+4.78 mg/g) and sumizyme LP (62.88+3.83 mg/g). As the effects of reaction
pH, time, and amount of added enzymes, the optimum condition for the
preparation of BAIBA- and BCAA-enriched hydrolysates were as follows; reaction
pH 6-7, reaction time 8-16 h and the amount of enzyme 4% (w/w) based on the
dried chicken breast. However, no significant increase of BAIBA and BCAA content
was observed when hydrolyzed with two combined enzymes. These results suggest
that commercial proteolytic enzymes can be applied to prepare BAIBA- and
BCAA-enriched chicken breast hydrolysates.

Keywords chicken breast, proteolytic enzymes, BAIBA, BCAA, hydrolysis conditions

1. M2

ofu|lAbRE Tl A A5l At TR AEA 5% TS sHA|TE fEF 9] ot
LA A F5F0] wet 2] o2 st A E 715A4S AYD ok Aol B A ok
(Pasini &, 2018: Wu, 2010; Wu, 2013). 7] ZAA A= 3005 o4 ofn| AR
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7t HAE] 9o o5 & 234 2059 ofu|iite] Tl
T30l Zefsh, ole2 BT -39 ofn|lAbRolt W,
2009). Ao EA5l= ofn|ARR Zo|= citrulline,
ornithine™} 72 v|ghl A Al ofu| - ARR L taurine ¥ A-
alanine™ -2 EAF24 o-Fo| obd opw|iAtd A et
T QI7te] g Ao A d AFACl 8% AT
< SHH(Curis 5, 2007; Hu & 2008). <&foll&= oJeki
offint ofye}, AlFANY RO A E 75/ AlEFAAEA
otu| At I IR EE0] AlHEHI JoHKim §, 2015).
dZA arginine¥} citrulline @3S o|¥sk= E29I
AR A O] AAEA R AEsto] ool =S &

IESt T FES] o 9 A5E A FR VIS B
AZA AFEEI glon, oo ZUE A AA, 471
s A, AR A4 T ohdet Ag@Adol wet AAn
0] ®HiFo] QltkBahadoran &, 2021). E3h r-
aminobutyric acid(GABA)= oA AlFAY 491 of
AEEd9] #HE S7HA H7 5 SX5ks 244,

A, B, B, 923, £3 Svie} YA 2 7
715 FEAHOZ NAAFIE AoR dEHA th(Diana

%, 2014; Ngo% Vo, 2019).

H|" 4 ofu| - AbRo] £31= B-aminoisobutyric acid
(BAIBA)= Ef-5=04 H714E2 thymined} E<4=o]
AR valineo] AWolA thAtE= oA A== A
oz IHA EZZA(Begriche 5, 2010; Tanianskii
5, 2019) WA AR Ao A 2l AR §HREO]
AS S7HI7IAL, Zholl A AAE p-AekE S7HA- 024

5k 2 4 Aol 7jAd71s0l e Ao E HeA o
HBarlow 5, 2020; Roberts 5, 2014). o]2]o|%= BAIBA
© Aol s A F HEE 5F= S
AEE 29 et Je Ao A Sili(Roberts
5, 2014; Stautemas &, 2019), BFE °l-&% LY
Aol A BAIBAE 2= q1 AHE AfAsto 24 Hjgkat g
d tAHEEE ool =32 & 5k ofye}, k3= QIS
&4 2875 &de ”}7\16}& AN Qe AoR By
o] tKBegriche 5, 2010; Kitase &, 2018; Shi &
2016). E3L, B opieAto|HA FA|4f O}Ullc*i(branched
chain amino acid, BCAA)Y FAl(leucine), O]AFAl

(isoleucine) ¥ & (valine)2 THd T4 ofu] - AHF9]

jud
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30-40%E AAotH, & ofn|leAbi= 2 7HofA diAb
=) A5t BCAAS] thiE-2 A-SA=E o7t 242, AW
ZA A yof £gslo] thAEtHChung 5, 2010; Zhang
5, 2018). W=HA BCAAQ E%L +5 3ol =S Ha
Z 4= 9loW, BCAAZ} S5t Atk &% @il oA,
A A 2 fAL 55 7H dete 27t 9l&ol B
ol A= A7 71584 A, oE, SEARE F7HA
F& 98 508 99 AREI SIthliu 5, 2021).
g, ZEE oA oJgt T JieEdlEES A
5H og5gd, 458, 5EAEE 4 7|E AYGEoE AL
o] ¥tt(Neklyudov &, 2000). & 7]'/\33]]‘3—9— -

2 [EE opn|iAlRe}l ARALY] Pelo|ERTF FEL
A olEjgt 7heEsl P ESS Do vis] Ju 57t
Bolstil 7+ @S Ad ARAGY] Hepo| =50
FEo] ol YL TEaA Ee A8 LA=E o8&
AtHKorhonen¥} Pihlanto, 2006; Sanchez®} Vazquez,
2017). &3] AEAS] HWepo|ER= AHolA A S5
7] ol Ax= G Qo] HA9 dAFFYol E B
ofyz}, Tl HEA|ZA o]§/do] wom, AFAto]
w2 di- 9 tripeptide?} £A1Fo] 22 A E O] HE}o]
EE2 FEo|AtE T B W E5Ee ZA0E A
AtHManninen, 2009). 15t 4715 S3 L A&
A AE BFHoE ddid o] 22 3EA AR
(Ahhmed®} Muguruma, 2010; Rezaharsamto®} Subroto,

Z

e

e Lo

Ol

2019; Ryan &, 2011; Vercruysse &, 2005), A&4 4

Z(Daliri 5, 2019; Kong &, 2008; Leo 5, 2009; Sun,
2011; Wang 5, 2019; Wouters &, 2016) ¥ s4H=(In 5.,
2016; Lee &, 2010; Nikoo &, 2016; Vijaykrishnaraje}

Prabhasankar, 2015)& thd o2 g40f oJst Thufd 7}
FE A7 gol =AU

59 QU A gl g e B o
WA S Eof dY] tholojE AEo R ﬂ%'% T g
oh §7RSAE AHe 7Y 7+ 5 Qe 4
AEE FESHA 1 871 FAIEAL 97 1% Sit, 2ol
FgA] Fokar goeh A3 wiZo] AvAsolA 2=
W2 Zokal Qltk wEbd BRSNS 4R[S SHAIZ)YI
e M= 7H71e A8 33 15771 7‘1]’191

o] 8E T o8, HrlE ] FHE TN SR
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o] Wt AT= te $Eo] UthKurozawa
2009; Lindberg &, 2021; Nchienzia &, 2010; Saiga
2003; Sangsawad &, 2017; Sun 5, 2012; Terashima
<. 2010; Wu 5, 2020). B7Fs4olu &9 7]
A AEEE FAEEY ZRHoMA o o3t ZHeRs) A+
T2 oA S YAFHoF Aslely] gt TAHAY
HoES At YU 35 Ee AHUEAHE Ad el
ER9| g2 SHAE FHoE oy L2k
olgt G7ks4ke] 7HeEs] 270] BAIBA € BCAAS] A4
of mX= el dsixe AL LA B glet wEhA
2 AFoM = FUF LR AEE= 1159 ZEEHHAE
ARESte] H7REAE 7RSIt A4 oAt
o] 24g AL, 7t 2A(ZREE oM FF7, ¥
pH, ¥FSAIZE, &4 7190l BAIBA % BCAA A7l |

At g 2ARERA Stk

=
[o)

=
[°X}

i

|

1o

2. Mz & Uy

21 M
72 (F)old(ksan, Korea)olA 7155 A2 A

Table 1. List of proteases used in this study

Siot (F)xoKWanju, Jeonbuk, Korea)ollAl @84x
ki T ZUFH= 24ste] ARSI et
8719 Y2 o -20CoA BsIHA o]

22 @i LAY

ohld 71 R8i 8401 alcalase 2.4 L FG(from Bacillus
licheniformis), nutrase 0.8 Ifrom B amyloliiensquefaciens),
flavourzyme 1,000 L(from Aspergillus. oryzae), protamex
(Bacillus sp.), papain T100 MG, bromelain DR 1200
2 @UEAAKSeoul, Korea)olAl U43+9A3L, prozyme
2000P%} foodpro alkaline proteasesw @H|ZH}0| 2.7
(Seongnam, Korea) 02+ E| Ydlo] ARE3ITE Sumizyme
LP(from Asp. oryzae)|= @27 uHto] QEl(Seoul, Korea),
ficin(from fig tree latex), Asp. saitoi protease %
thermolysin (from Geobacillus stearothermophilus)
S Sigma-Aldrich(St. Louis, MO, USA)OIA F+45}od
ARgStom, & AHo)A AR protease?] ST
#3f type, ¥+ 2 pH % &2%)2 Table 13+ Ztt.

Casein(sodium salt from bovine milk), Folin-

Enzyme Type Activity (U/mg) Optimal condition
1 Alcalase 2.4 L FG Endo 0.54£0.05 pH 6.5-8.5, 55-70C
2 Flavourzyme 1,000 L Exo 0.76+0.09 pH 6, 55-60C
3 Neutrase 0.8 L Endo 2.10£0.06 pH 8.0, 50T
4 Protamex Endo 3.020.31 pH 5.5-7.5, 356-66T
5 Papain T100 MG Endo 0.24+0.01 pH 5-8, 65T
6 Bromelain BR 1200 Endotexo 0.30+0.10 pH 7.0, 50C
7 Prozyme 2000P Exo 3.60+0.10 pH 5-5.5, 55-60C
8 Foodpro alkaline protease Endo 1.090.06 pH 6.5-9, 55-60C
9 Protease (4sp. saito) - 0.09+0.04 pH 3.5-5.5, 45
10 Ficin (fig tree latex) Endo 0.20+0.05 pH 6.5, 60T
1 Sumizyme LP Endo 0.69+0.03 pH 6.0, 50C

Protease activity was assayed using casein sodium salt as the substrate, according to the He et al. (2004) and Joung et al. (2018) with some
modfication. The reaction mixture (2 mL) containing each 1 mL of diluted enzyme, 2% casein and 0.9 mL of 50 mM Tris-HCI (pH 7.0) was incubated
at 40 for 20 min. The reaction was terminated by adding 2 mL of 0.4 M trichloroacetic acid. After centrifugation, 1 mL of supernatant was mixed
with 5 mL of 0.4 M sodium carbonate and 1 mL of 1 N Folin-Ciocalteu reagent, and incubated at 40C for 20 min. The absorption value of the
mixture was measured at 660 nm. One unit of protease activity was defined as the amount of the enzyme required to release 1 uM of tyrosine

from casein per minute under the above conditions.
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Ciocalteu A|9F, L-BAIBA, L-leucine,
sodium dodecyl sulfate(SDS)= Sigma-Aldrich Co.
Ltd(St. Louis, MO, USA)°A +sto] AREsFL, TNBS

(2,4,6-trinitrobenzenesulfonic acid, 5% w/v methanol

tyrosine %

solution)= Thermo Scientific Co.(Rockford, IL,
USA)OA d5te] ARE3F3Itt. Amino acid standard
mixture(1.0 gM/mL)E Sykam GmbH(Gewerbering,
Eresing, Germany)ollAl F4sFA1, 7]EF Lul A9k
analytical gradeE g8 Wonju, Korea)ollAl st

o ARSFITE

2.3. ZZEoty & FE
T2 EolA 42 He 5(2004)3 Joung 5(2018)2
E ‘?3% oFZt Mgsto] st &, SRTE ARt
At 5 g SA% 4% 1 mLe 50 mM Tris-HCI
buffer(pH 7.0) 0.9 mL & 2% casein 29 1 mLE &3}
a1 50CofA 1087 ¥-g-AIZ1 o2 0.4 M trichloroacetic
acid €% 2 mLE 7loto] ¥Hg= SRAIZTE oJojA] W
dle AAEE(12,000 xg 20&)3t] dojd A5H 1
mLE Fot 0.4 M sodium carbonate €% 5 mL%} 1
N Folin-Ciocalteu A19F 1.0 mLE 7}t o2 40C A
2087 HRSAIZI & UV-vis.  spectrophotometer
(Shimadzu UV-1601, Kyoto, Japan)E& AR&sto] 660
nmoA E&FEE A9t B2 tyrosine(0.5-20
pg/mLye AREste] A/t A AEste] ZEH oM
S Aitstaltt. 248449 1 unit(U) caseinolA]
Z 1 MY tyrosines FeAl7]= ] 283 249] oF
o= SIth

2.4. §oIS49 I+ thEt pHS T FE

Ale] g EopAlof 9t AF H7REAY 7Sl
it ¥H-3-9 pHO P2 Fig. 13 22 A= 535150
om ¥R3AO] pHE 0.1 M sodium acetate Y4&52N
(pH 5)7 0.1 M sodium phosphate &4%-8%(pH 6-8)
= Agsto] A4Skt &, AR 9754 1 g0l pHE
23t 4589 8 mlAS Zhotal AHAE ZAafofA
BAIBA ¥ BCAA AA%ol =U" a4l alcalase,

prozyme 2000P %+ foodpro alkaline protease® %

https://www.ekosfop.or.kr

Dried chicken breast

—— Water or buffer solution

Reaction
(pH 5-8, 0.5-24 h, enzyme 0.25-8% )

Inactivation of the enzyme
(85°C, 20 min)

Cooling
(Room temperature)

Centrifugation
(4,500 rpm, 20 min)

\ 4

Sludge

Supernatant

Freeze-drying

Analysis
(BAIBA, BCAA)

Fig. 1. Flow diagram for the preparation of protein hydrolysates
from chicken breast by commercial proteases.

Z S diste] 247t 4%4 H7RE o 50T 9] S
ZollA ZgstHA 1247 &9t BHSAIHAT. ZF B
85C oA 207t 7HEsto] a4aE EZ4SHAIT + 3,400
x g (gravity) 2 102 &< A& dojd A5 U+
E ohilE JeREe 238 A

AR FAAX5IAH

A

flo 4

2.5, BUIS49 JIE2a0) st BISAIZH 55

2 H7K54 1 g9l 0.1 M sodium phosphate &%
%@"(DH 7) 8 mLE 7Foto] S9et th AR 974
ti5lo] 4%7F H=E alcalaseE A7I5H, 5009 8%
oA 24417 NFHEEZ Al7IHA F718 08 Almgs A5
SHRATh 2429 RS2 pHOl 85TA 2023t 7HEsto]

A48 EZASAT & 3,400 xg(gravity)Z 10& &<t
ARt dojzl A5HL FAAXRSAH
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2.6. FUISA49 JI+E2H0 et 2 LAEIE X

AZ §7K54 1 g9 0.1 M sodium phosphate &%
|94pH 7) 8 mLE 7iote] &t thg alcalase,
prozyme 2000P E+ foodpro alkaline proteaseE 7
Z G7keA] st 42 0.25-8%% H7bstal, 50T 9
FEFo|A 12417 S HHAI T 2H2Ee] RSB pH
o] 85TolA 2087t 7Hdste] 845 B &
3,400 xg(gravity)=2 10% &< Y4l E2|oto] Aojxl A

R =4
Soe $AAzt] Aol Agstnh

2.7. HHE Jf+2E S

AE9] 7lpEas AR G974 1 g9 0.1 M sodium
phosphate &4&-8%(pH 7) 8 mLE 7Ioto] T3t o2,
Z17Yo] gAg x H7IEA0 disto] 4%4 H7kstal 50T
9] EZ0j|A 50T A 12417 A% BRSAIHT. E3L 2%
o] ZEEoMAE EFAE SIS W T TR
of MRz Y= YolHr] fsto], AUz H7isdol tist
o alcalase(endo-type)?} foodpro alkaline protease
(endo-type)E ZtZ} 2% Hx= alcalase(endo-type)2t
prozyme 2000P(exo-type)E Z4Zf 2%% & A7kt o2
50T 8204 12417 2% §RSAIF T, ZH2e] BhS
B2 pHO| 85COA 2087t 7HEste] 45 S/
71 &, 9AEZ(4,500 rpm, 108)5t0] Hold A5HS
gl VRS s S8 AlER ARESITE TNBSH O
oF Thil A 7B = (degree of hydrolysis, DH %)=
Adler-Nissen(1979)9] ol w2t S4s513ch &, 84
7Hras] & Aol YR A5 1 mLE 1% SDSE
oke SR 2008 3A%E 894 0.25 mLof| 0.2 M
sodium phosphate buffer(pH 8.2) 2.0 mL ¥ 0.1%
TNBS €9 2.0 mLE 713kl 50COA 1A17F Bt w4
At oJojA] ¥kgAlof 0.1 M HCl €% 4.0 mLE 7FslxL
A0l 3087 fAI8E TR UV-Vis spectrophotometer
£ AR&ste] 340 nmolA FFE=E Ak, 1%
SDSE I#dhs SFTEE HETE oA TNBSHO
ot T ZheREEE SDSE 1%9] B2 AR 5
ol &3iAIZl L-leucines AHESto] 23t ARAE

o|-83lo] AAlstitHAdler-Nissen, 1979; Spellman 5,

1o

280

2003).

Formol¥el 9t 7hpisie 5742 fIste] ofv|ieg
ZAA(e-amino nitrogen) TH B7E4S a4 78
At oF2 3,400 x g(gravity)Z 10% 59 ¥AEE 5}o]
o7 F5HE SFTE 2008 AT v, 15 2 mL
£ Folo Sorensen®(AOAC, 19951 wwat 35%
formaldehyde €02 A5}, Ax H7ISH T2
ZA4 FFL animal food analyzer(Kjeltec 8400,
FOSS, Hillerod, Denmark)@ A%t th- oo} 22
Ao et 7hrRSE AT

a@-Amino nitrogen (AN)
DH %) = x 100
0 Total nitrogen (TN)

2.8 OfOj# 24

H7Ied 9 Form| AR AR 0.5 gofl 6 N HCI
|H 10 mLE 7total AA7FAR Xt o3 110TolA
24A17F Eofistoith. oS AdEET e s5HA
FHTE 10 mLAE 7Iote] oA AYsSste 342 2
3] ¥HEsto] HClx &d6] AASHH. 5582 sample
dilution buffer(pH 2.2)2 3]4% ©3 membrane
filter(0.45 pm)& oj3t & ofw|iAt BA7|E FA5HY]
ot ZEEopAl] oJet 7rEelES YR ste] dojdl
Ao FAAZR B4 A& 0.2 g& sample dilution
buffer 25 mLol| &3AIZl ThZ &40 ARgstelon, 7}
SRS %9 BAIBA ¥ BCAA EA4Z3= mg/g(dry
weight base)2. 2 HA|SI ). ESH TR oA QJst 7}
SEEA BEAE E8Fotu iz Htotal amount of
free amino acid, TFAA) <04 BAIBA T+ BCAA7}
Aok v &S WEE(WE AU

oAt B47]%= Sykam GmbHAKGewerbering, Eresing,
Germany)®] S7130 amino acid reagent organizer,
$5200 sample injector?} S2100 solvent delivery system
2 AR89 oM, columne cation separation column
LCA K06/NA(4.6 mmx250 mm)E A&t o] 54
9] 842 0.45 mL/min, ninhydrine 0.4 mL/min® &

sheion, 7 AR FS SykamAjol AEH= $2) of

https://doi.org/10.11002/kifp.2022.29.2.276
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WAH4ST) ) EEGAE HAT thg obulieAl B4
7ol WAE 2L olgstel A

29 En=4

7 A2 33] gHESte] A2 ANE FHL EFHAE
UER QAeE. 3, Adgtol gt AR =
Package for the Social Sciences SPSS, IBM 20, NYC,
USA) Z273& o]&35F91, one-way analysis of
variance(ANOVA)Z £A43% & Duncan’s multiple
range test ' o]-&sto] HH gk 7ol §2l4<= p<0.05
oA Fold= AU

Statistical

3. Zaf 3 JIFE

3.1. EHE Jf+E6

aaof o3t T o] TteEel SHH O 2= pH-
stat¥], TNBSH, formol &A%H, o-phthaldialdehyde
(OPA)H, trichloroacetic acid-soluble nitrogen(SN-
TCA)H, osmometric 5 thoFet HHEo| AMEH) 7F
FEN = S0 AMEEl= HhSAI2fo] ©EiE 9] TR
Sfofl 9fsf BAE ot Al E HEpo| =) BEESh= 7]
Aoyt A7t gt 4o g vkl 7= E
Uehd o= e ez 4 A AhRutherfurd, 2010;
Spellman &, 2003). wetA ©eld 7pEeie s S49
NoIA = 2-37HA] WS oA A-&ste] S5k Zo] vt
ZAstY, IFAE  pH-stat, TNBSHS, OPAH,
formolyo] 7} g 0|85 #HHEo|tiRutherfurd,
2010; Spellman 5, 2003). & ”@01]/\1% 1129 ==&
HoHAE A& §7H5A tisto] 242 4%4 371 & 50T
oA 12A17F ¥FA1Z1 T2 TNBSH Y} formolH o & 714
Ba=E =73t 7= Fig. 29} 2tk TNBSHO 2Jgt 7h
FENE E£HE7, prozyme 2000P(58.90+3.42%),
flavourzyme(50.08 £4.28%), alcalase(45.48+3.60%)
4 sumizyme LP(44.55+£0.97%)& 7F2oiota< o 7t
FEAE7F =%2oH, formolel 93t ZHAT AN E o
Al prozyme 2000P(24.62+0.20%), flavourzyme(22.04+
0.57%) 4 alcalase(16.50+0.14%)°l 93t 7t4HalEo]
Al E=T} o]e} o] ARESE Aol met HrkeA] S

https://www.ekosfop.or.kr

(A) 80

Degree of hydrolysis (%)

=

Degree of hydrolysis (%)

Proteases

Fig. 2. Comparison of degree of hydrolysis of chicken breast
by proteases. A, TNBS method; B, formol method; 1, alcalase;
2, nutrase; 3, flavourzyme; 4, protamex; 5, papain; 6,
bromelain; 7, prozyme 2000P; 8, foodpro alkaline protease; 9,
Asp. saitoi protease; 10, ficin; 11, sumizyme LP; 12, mixture
alcalase (2%)+foodpro alkaline protease (2%); 13, mixture of
alcalase (2%)+prozyme 2000P (2%). Values are meanststandard
deviation (SD) (n=3). Different superscripts in the same row
indicate significant differences (p{0.05).

H Sedo] gt 7kt e ol BAE 99F

A E(specific acivity), E4&E 7|14 Eo]A(substrate
specificity), HEto|E Aol oo AZH oAt A&
of gt 284S Apolo] ZQlgttia & 4 U+t
(Tavano, 2013).

Z.X%H]‘lﬂtﬂi ]:I]j!_‘é]—oﬂ_g. [qioﬂJ:_ TNBSlﬂOﬂ 94‘5]— 7]-_’_":
_E_‘B'H ix—]ﬁj,]-7} formoltﬂoﬂ 40}- ZX—]Q‘L}EE‘{- X-]H]—X-]
0= &7 Yetgth ZEF ool o3t ThiE o] T
T 7Rl AFHEE 249 FF, Rk, 99
pH, ¥FgAIZE AREE 714, 7183 a4l vlEg 2
Hol| wat gtk (Beaubier 5, 2019; Nielsen &,
2001; Spellman &, 2003). 9= Rutherfurd(2010):=
hemoglobing esperase?} flavourzymed I&HO=Z
gt & pH-stat¥, SN-TCAHY, formolHO =2 7}4E
s SAote] Blwet 23, formolel 2t F7g4tol
7V 29kal, SN-TCARH] 93t 432 formolHol 9

ks
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ot SAET 28 o]} =A YEHHY Eusioith ®
3t Kurozawa 5(2009)2 H7H54E pH 8.09] &45-&
Hol| FEFAIZ] thS, alcalaseE 4.2% F7Fokal HRSAIZ]

< pH-stat & 7I4RE=E SIS of JH=x
Ao M 9] Z7hpRe s oF 30%F k. 1ottt Fallah-
Delavar®t Farmani(2018)& 5&< ZZEH A= & A
A5 pH 7-8.5, &% 50TOA] 2A17F 7h==3fiet o= 7+
TN =E HWSHHS W, alcalase A 49.19%,
protamex 31.65%, nutrase 25.05%, 12]aL flavourzyme
A TE 8.92%ATk BA5HA, Jung(2019)2 F-%
I AN H7REAE alcalase®} flavourzymeC 2
12417 B¢t 7HpeEelstgls o, 7FeEsiEs alcalase
Ao A= i F7FFo] whet 50-52%, flavourzyme
Ao A= 46-48% HYoldtk Hiskgitt. HhHO
Nchienzia $(2010)2 117]E alcalase, flavourzyme
4 protamex® 7FES(pH 7.0, 50T, 6A1ZE, &4%47F
F 1-3%)°5t92 1 7HeEdiEs 10-11% o]tk
Hrseie}

T35t G40 kA ans doty] ¢5tod, alcalase
(endo-type)?} foodpro alkaline protease(endo-type)
£ 2V 2% E+= alcalase®} prozyme 2000P(exo-type)
747 2% EFAEsto] Aojzl Az 7leEele &
A7, alcalase?} foodpro alkaline protease®] &+
A e 250 A4S dE0F XYL HrH 7
o=t sk STk
2000P9] E3tA2lF+= prozyme 2000P] T3 2|0
Hsf 7t =7t A9l S7FsHAl kgt

oxl Ml

, alcalase®} prozyme

3.2, Jf+EHZ9 OO/t Z4

B Agox Z2EolA o] oJgt H7REA THrREE
A 22%9] ofu]icito] AEEQILt o] FolA] ZhpEs|
T7F ROk Asp. saitoi ZEHOHA] oJ7t TtrE e
AQJstal, YA Z2glotAo] 93t 7krRalE <] ot
LA 24 BA%E ATk Table 29F 2t} 34 7l5E
ol 9ol B FRelotn| Al T ARESH X2
ofAlo] wet W2 ZolE EHY+=T prozyme 2000P
(492.71£35.03 mg/g), flavourzyme(379.84+27.44
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mg/g), sumizyme LP(307.36%23.81 mg/g)°ll &3t 7}
FEYEA =93, nutrase(121.07+11.42 mg/g),
protamex(164.32+19.24 mg/g), papain(172.48+17.41
mg/g) ¥ ficin(187.68+19.57 mg/g)°ll &gt 7I=EalE
of|Af Wotth i ofm|Ate] SHFE AE]gk ZEE oA
S5Ol et Zol7t Qe BE Aol tAH R
glutamic acid, leucine ¥ lysine9] o] =< Ho|g]
ot 7 oAt FHFE HH alcalase A=
BAIBA(26.24+1.01 mg/g), glutamic acid(25.76+2.27
mg/g), leucine(23.84+1.43 mg/g), f-alanine(23.04+
0.89 mg/g), flavourzyme AZTollA&= glutamic acid
(42.88+2.34 mg/g), leucine(40.32+2.32 mg/g), lysine
(35.84+0.89 mg/g) ¥ arginine(30.08+1.14 mg/g)<
o] w3} £, prozyme 2000P &4 AZ|FollA=
leucine(52.80+1.58 mg/g), glutamic acid(50.72+3.22
mg/g), lysine(42.88+1.23 mg/g), arginine(39.5+3.14
mg/g) ¥ BAIBA(38.72+3.01 mg/g)9] g#o] &9k,
2124 Z2H 0|9l bromelain, papain ¥ ficinof 2J3t
ZtrEdlEe, nAEolA ks ZEE oA Ble &
7hsa el o] ZpRei e Wi, fEE SREo| e
A9 T -2 HollH}. o]9f Zo] ARGRH G4 whet
H7RA 7SR ofn] Al 2/4J0] tE A T
of it §4H 714 Eo]X(substrate specificity), BE
olt Agto| oA AZH Asel gt 74+ 549 g
A1) ztolof 7191t & 4= SltK(Tavano, 2013).
Kurozawa 5(2009)< alcalase®] &3t B7R54F 7k
wofEolAl, FHoE Wol] AEH ofv]|iARE glutamic
acid(14.80 g/100 g), tryptophan(9.01 g/100 g),
lysine(8.79 g/100 g), aspartic acid(8.71 g/100 g) &
leucine(7.91 g/100 g)olzkx Eugt v} Qlc}. E3t, &7
o} AHAI 9] E7FEAS alcalase®t flavourzymes &3
gt 7R B0 A+ aspartic acid¥] #&Fo] 7MY =
QFa, I942-02= leucine, glutamic acid, BAIBA ¥
arginine?d o] =2 o0& H1EAHJo 5, 2021).
ZzgopAlo] o7t BV ThrRSES oAt £
JolA £ Ayt £ Hid ZAael tha Zo]E Hol=

H
AL, hrndjo] AgE 540 B0} H7F, o)
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Preparation of B-aminoisobutyric acid and branched chain amino acid-enhanced hydrolysates from chicken breast

pH, ¥F&-2=2} A7t 59 Zfolo] 7|91 Ao & W
3.3 72 & BAIBA %' BCAA g3 Hlu

BAIBAE ?lxﬂ WollA a1 eido] thatel= 2HofA
thymine S 25 D-BAIBA, valine S 25 E+= L-BAIBA7}
A= Ao 7 HE o] QltiBegriche 5, 2010; Roberts
5. 2014; Tanianskii 5, 2019). BAIBAY: -8& 37}
Al713L, SEFA dorahg, od gy oS 24
g, 5 o3 H=E fAa, fAAE 252 JiASkE B
7} 9= Ao= g5 A Qtk(Begriche %, 2010; Liu 5,
2021; Roberts &, 2014). S7F54E 7Rt Wor
H Asp. saitoi Z2HOHAIE A|QSt 1052 TZEopA| =2
7heEafst o2, Sto] dojzl 5N FAUX
Eo| A4 BAIBAY] 3Hg-Z #4 H|w gk A¥k= Fig. 3(A)
2t} Prozyme 2000P9] 9J3t H71&4H0] 7R al&E0
Al BAIBAY] $Hg2 38.72+3.01 mg/gQ & £ AF oA
ARESE 1059 ZRH|oH| FolA 7HY &9k, o3
foodpro alkaline protease(30.24+2.54 mg/g), alcalase

PR

(A)eo mBAIBA (Mg/g) i 120

—O—BAIBA (%) inTFAA

BAIBA (mg/g)
BAIBA (%) in TFAA

IS
o

w
o

BCAA (mg/g)

N
o
BCAA (%) in TFAA

o

Proteases

Fig. 3. Comparison of BAIBA (A) and BCAA (B) content in
chicken breast hydrolysates by proteases. 1, alcalase; 2,
nutrase; 3, flavourzyme; 4, protamex; 5, papain; 6, bromelain;
7, prozyme 2000P; 8, foodpro alkaline protease; 9, ficin; 10,
sumizyme LP; TFAA, total amount of free amino acid in
hydrolysate. Values are meanstSD (n=3). Different superscripts
in the same row indicate significant differences (p<0.05).
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(26.24+1.01 mg/g) ¥ sumizyme AP(25.76+1.76
mg/g)°l Y3t 7ol Eol FHEE o] ZhaEsiol
AMEE ZREHOHA| 9 FRol wEt BAIBA ATl B
Zol7t Slgg & & Uk E3RL B ZHEdiEolA

AEH RO Al oA BAIBAZ} AHAIok= HI&-Z ¥
EE(%=Z Tiot3le moll= foodpro alkaline protease
(14.96%)2} alcalase(12.76%)°l oI5t 7HEalEoA &
gttt Jo 5(2021)2 alcalase®} flavourzyme©] 23t &

A 7HEA] ZheRelEolA BAIBA 32 0.98+0.9%,
Ao AE 1.10+£0.22%= A aspartic acid, glutamic
acid ¥ leucine tF&-0 & @o| 3-§xjo Itk HIils}
ct.

3td, 2

AdolA ZEEopAof o5t H7IEA EE
SfEoll Al BCAAS] o= #4oto] H|Wek A= Fig.
3(B)et Zth. BCAAY] 32 prozyme 2000P9] 74
BajEoA 7B =93, t2oZ  flavourzymed}
sumizyme LPO] 94"?‘} 7}—1\45: Sl A =2 Holdoh 7t
ZtrEsiEolA A SHeElotu| At FollA, BCAAZH
AR Stz HlEZ nutraseoﬂ o)t 7=l A oF 31%
B2A 7P =9k 7]Er ZEEH oA gJgt THEsiEolA
£ 20% FF0IAtt Jo(2021)E SAI AtA 9] gk
A2 alcalase®} flavourzymes E§42]5te] dojAl 7}
FEfEe] R FRElotn] At FollA BCAAZE A
o= Hl&2 Z7F 15.3% 9 16.8%= H1I3h v} glom,
Sun $(2012)2 papain°l 93t B7k54 THRAE S
9] BCAA k2 54.2 mg/geleta K15ttt E3t £
o Gl SFHS alcalase flavourzymeoi z
AA P 5te] Fofl ZhpEdlEol oh-E FF-2lot] At
A BCAAZ} AHA| sk W& oF 25.1% XéE?l Aog B
%o Qi Chung 5, 2010). Kurozawa 5(2008)2 &
7t alcalaseol| 9Jsf 7hpEsfiste] BAJE ofm| At
< phenylisothiocyanate(PITC)Z F+E=A|sloto] 451
+ Pico-Tag methodZ EA5}¥S w, BCAA TF2
173.7 mg/gl & Hilsto] & Ao RAATEY =
A=tl, olzfgt Afol= AR Afo|& Qe Ao= W
SEH wEbA AlEE IR E HYkeA
dfjsto] BAIBASE BCAAS] &Hgo| w2 7H-E °H a7 ]

|
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HelA+= prozyme 2000P, foodpro alkaline protease,
alcalase T= flavourzyme .2 7}pR38}|5H= Zlo] Higt

g Aoz woE

3.4. BAIBA % BCAA &0 i3t pHSl &5t

£ AFolA 53] BAIBAY Aol =W 845 4
o7 gHAFo=E 359 AA(alcalase, prozyme 2000P,
foodpro alkaline protease)s A&sto] ¥W-3-49] pH7}
BAIBA®S] Aol n|A|= JFE AR Aik= Fig. 49
2t} Alcalase®] 93t 7eEaE2] 4%, pH 6-8 ©Hl
A1 BAIBAS] AT 32.3+1.21-33.94£1.09 mg/g2=
A B3] pH 6-7 AfoloflA =St} ¥HHO| prozyme
2000P9] 9t 7HEsEe] 4-F B pH 5 F-ofA
BAIBA A4d¥o] 7HY =41, pH7t 571845 /3%l

(A) 50 ) 1 30
mmm BAIBA (Mg/g) —O—BAIBA (%) in TFAA
40 <
— d d <
G < 120 &
2 30 =
g 20 g
< 10 <«
@ P
10 <
[11]
0
(B) 50
40
5 3
o
30 F
E £
< <
o [11]
10 | g
1]
0
(C) 50
40 g
a [
i =
g %0 £
5 20 i—
3 o
10 g

o

5 6 6.5 7 75 8
pH

Fig. 4. Effect of pH on BAIBA content in chicken breast
hydrolysates by three proteases. A, alcalase; B, prozyme
2000P; C, foodpro alkaline protease; TFAA, total amount of free
amino acid in hydrolysate. The pH of the reaction solution was
adjusted using 0.1 M sodium acetate buffer (oH 5) and sodium
phosphate buffer (pH 6-8). Values are meanstSD (n=3).
Different superscripts in the same row indicate significant
differences (p<0.05).
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f9H o7 TAdhe FAFS HYY. Foodpro alkaline
protease?] 7%, BAIBAY AATFS pH 6-7 Ate]ojA
=oroH, o3t Ait= 7 A Tl TiEGE 9
3 M4 pH HYet #ol S ALE wotdh g, 3
9| TR 93t 7REsEolAl BCAASY T2
H|5tYS 1 alcalase®} foodpro alkaline protease2]
3% pH 7.5 9] oA 7teEafstie o 7HF B
o] BgElon, ol 7EslE 59 BCAAY T2
o3t JRrESfEO|A  64.8+0.74 mg/g,
foodpro alkaline protease®] 23t 7tEoEolA=
70.4+0.85 mg/gC|ATt. Prozyme 2000P°f &Jgt 7&
Sj=ol4 BCAAY T2 pH 5-6 AfoloA Rojdo=
EOA, IdFoME B3] pH 6914 7HeEdstdS o

119.040.92 mg/gl&A 7} =9ktHFig. 5).

alcalase]

(A) 80 m—BCAA (mg/g) —O—BCAA (%) inTFAA 50
e
d <
5 c £
> [
E £
< g
a b
O
m
(B)
<
G P
=) -
£ =
1 g
& b4
Q
o
(C)
<
= P
o
Ky =
g <
< g
Q
H 2
1]
5 6 6.5 7 75 8
pH

Fig. 5. Effect of pH on BCAA content in chicken breast
hydrolysates by three proteases. A, alcalase; B, prozyme
2000P; C, foodpro alkaline protease; TFAA, total amount of
free amino acid in hydrolysate. The pH of the reaction solution
was adjusted using 0.1 M sodium acetate buffer (pH 5) and
sodium phosphate buffer (pH 6-8). Values are meanstSD
(n=3). Different superscripts in the same row indicate
significant differences (p<0.05).
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3.5. HISA/ZIY Z5f

ou] AP Ao A alcalase, 2000P ¥
foodpro alkaline proteaseE AR&-sto] BR-3-A|7He] JTF
< RARIYS o ¥REAIZto] AFFE] wet BAIBASH
BCAA® 19| H|#|sto] F7tot= AFE Btk wehA
HHEHO R alcalaseE ARSI 24A417F 52t BHEAI7]H
4] BAIBA % BCAAQ| 432 43 23 = Fig. 63}
Zth. BAIBAS BCAAQ| AT AR & 2417 oy
o §475] S7Iet tha 11 o]F AR = ERtsHA|RE A
LA o ® F7I6ISAl, 8AIZE olF 16AIZt0l =Yl
Ztol7t @lRlet. ol#et 23E Hig o medd o Z=E|
ofAlell gJgt H7sA] TH-E TA o] TR, e
Z712ARL 2A7F ool F&stA dojur]  wizol
BAIBA®} BCAAR §hg 27|dHAl] S43] 442 Zo=
TeE

prozyme

3.6. g4 FIIE9 &t

ZZEoAof] o5t Theld o] 7Ry ZhEelEe]
£/32 WS pH, ¥FSAIZE o]&jo] a4 7ol whEh B
L gk Hr=tlKurozawa =, 2008; Kurozawa =,
2009; Jung 2019). Z2EHoFH|2A] alcalase, prozyme
2000P ¥ foodpro alkaline protease® H7Fs4ol o
SiA 0.25-8%F H7Iet th, 50COolA 12A17F §HEAIA
Aozl 7hrEoiEol A BIABA &< #4% A3t= Fig.

mBAIBA BBCAA

30

Content (mg/g)
N
o

-
o
T

Hydrolysis time (h)

Fig. 6. Effect of hydrolysis time on BAIBA and BCAA content
in chicken breast hydrolysates by alcalase. Values are
meanstSD (n=3). Different superscripts in the same row
indicate significant differences (p{0.05).
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73 2t} Alcalase®] 9J3t 7HpRaiE2] 39 0.25-4%71
A= H7Fskol vlFsto] BAIBA AAHE FoFoz &
7¥tl o, 11 o|% 8%/ BAa7FEE S7HIFHS Tl
= BAIBA AJAFo] #TA3I¥ch  Prozyme 2000P2:
foodpro alkaline protease H7FolAE HA] 0.25-4%
THA= B4 A7t vlEsto] BAIBA BAFE #9382
= 7RO Y, a4 AVMEE 8% STHAAE 19
291 BAIBA A9 S7h= TEEA &ttt ofzqt 4
T & AolA ARSS 359 a4 BF BAIBA BAF
< FHhisketr] A%t A A7 oF 4%Ee A= UER
T Aot 84 AN 4%E 710 = H|WsHlE o
alcalased] 9J3t 7}-2ofEoflA BAIBAS] /T 31.44+
1.36 mg/g°14.21} prozyme 2000P%} foodpro alkaline
protease®] 23t 7eESjEA A= 42 39.84+1.31
mg/g E 33.60+2.00 mg/gol At}

2hH, BCAA AAZFY] A4 alcalaseol| 23t 7H&olE
olA= 84 F7Hgo] S71gol wet BCAAS BT H]

A m—BAIBA (mg/g) —O—BAIBA (%) inTFAA 730

b

BAIBA (mg/g)
BAIBA (%) in TFFA

]

BAIBA (mglg)
BAIBA (%) in TFFA

G}

BAIBA (mg/g)
BAIBA (%) in TFFA

0.25 0.5 1 2 4 6 8

Enzyme concentration (%)

Fig. 7. Effect of enzyme concentration on BAIBA content in
chicken breast hydrolysates by three proteases. A, alcalase; B,
prozyme 2000P; C, foodpro alkaline protease; TFAA, total
amount of free amino acid in hydrolysate. Values are
meanstSD (n=3). Different superscripts in the same row
indicate significant differences (p<0.05).
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Aoz F7leto], a4 H7bEol 4% W gkl =
ol tkFig. 8). E3H prozyme 2000P%} foodpro
alkaline protease® AT 0.25-4%7HA= a4 H715F
o] HlZsto] BCAA BAFE RoH o= F76t3loH, &
& H7VEE 4% olB o E FHAIRS W BCAA AAHS
71 o)% F7FSHAl ot olEet At 359 mEEoMA
£ o|-g3}o] BAIBAS} BCAA &fo| Zoid E7igate] 71
FEES AXSH] HsiAe 97 7IEeE 84
£ 4% B= F7oke Aol HigAsithe AS A=

Atolct.

-

OOF
A=

>

BAIBASF BCAAS gl =2 H7s4] 7HE3le
< Alzs7] sk, AEE 1159 ZZEHOHE §7t
Sl diste] 4%% H7F & 50To1A 12418 vEeAIZE

=
o Tl 7R alcalase, flavourzyme, prozyme

m—BCAA (Mg/g)

—O—BCAA (%) in TFAA . 50
e de

—_
=z
o
=]

bc be cd

BCAA (mg/g)
N
o
BCAA (%) in TFAA

BCAA (mg/g)

BCAA (%) in TFAA

BCAA (mglg) O
o ® 8 N B
o O O o o

,;
o
BCAA (%) in TFAA

N
(=]

o

0.25 0.5 1 2 4 6 8

Enzyme concentration (%)

Fig. 8. Effect of enzyme concentration on BCAA content in
chicken breast hydrolysates by three proteases. A, alcalase; B,
prozyme 2000P; C, foodpro alkaline protease; TFAA, total
amount of free amino acid in hydrolysate. Values are
meanstSD (n=3). Different superscripts in the same row
indicate significant differences (p{0.05).

https://www.ekosfop.or.kr

2000rof| oJ5t 7HpEelEollA Et. SRElohr| Al g
2 prozyme 2000P(492.71+35.03 mg/g), flavourzyme
(379.84+27.44 mg/g) ¥ sumizyme AP(307.36£23.81
mg/g)oll &3t 7krESEoA £k, papain, bromelain,
ficint} 22 254 Z2HoH= S Fd ZEEoH
of Hsj| 7hEoi =} fejotn]Ate] A Adgo] W Ho]
At} 7RIS %9 BAIBA TS prozyme 2000P )
foodpro alkaline pretease ) alcalase ) flavourzyme
o] £o02 =9rou} BCAAS &2 prozyme 2000P,
flavourzyme, sumizyme LPO 2J3t 7}EallEof A &9k
I, 718} &4 AHFo|A= 45 mg/g olotz @2 Holgl
th. o] A4E F BAIBASH BCAAY] o] w2339 &
ZH|otA|(alcalase, prozyme 2000P, foodpro alkaline
protease)& AAsto] ¥H-3H9 pH, ¥HEAIZF 2 G4
71gol anE AP Z3, BAIBA AT A
alcalase®} foodpro alkaline protease©] 2|3t 7}<=H-5)
E A= pH 6-7 HHYoA =2 ¥ prozyme 2000P+=
pH 5914 &3ttt BCAA AT 4%, alcalaset
foodpro alkaline protease®] 23t 7tEaEolA=
pH 7.5°14 &=& ¥HHo| prozyme 2000P= pH 5-7.5
AtolollA] =9ttt B HUhge] JFS 2ARE 23 3%
o] a4 BT H7FFol 4%AZ W BAIBASL BCAA B4
o] Hthgtell =gt on, EAHOZ alcalaseE ©l-&3
of HRGAIZEY] JFE AR A}, F AR 84
9t A4 WEEAIZERS 8AZIOISIT. & At AT Al
ZHOHA|E o]-&35to] BAIBAS} BCAAS] o] =2 |7
4 7R EE Alxcts d /8% ARR 28T &
o

Ag Ao HoEr)

-

[ o

—_

£ A+t= SAMA7|AETAHNS $2861066) A4
St AFTA 9 dRZ olo] FA=HYt)

Conflict of interests
The authors declare no potential conflicts of interest.

Author contributions
Conceptualization: Kim MK. Data curation: Kim EB.

287



Preparation of B-aminoisobutyric acid and branched chain amino acid-enhanced hydrolysates from chicken breast

Formal analysis: Kim DW. Methodology: Choi HS.
Validation: Kim EB, Kim DW. Choi HS. Writing -
original draft: Kim YH. Writing - review & editing:
Kim YH, Kim MK.

Ethics approval
This article does not require IRB/IACUC approval

because there are no human and animal participants.

ORCID
Eun-Bee Kim (First author)

https://orcid.org/0000-0001-6148-8378
Dae-Woon Kim (First author)
https://orcid.org/0000-0001-9310-7170
Han-Suk Choi
https://orcid.org/0000-0001-6792-5620
Young-Hoi Kim
https://orcid.org/0000-0001-6094-559X
Myung-Kon Kim (Corresponding author)
https://orcid.org/0000-0003-3765-9987

References

Adler-Nissen J. Determination of the degree of
hydrolysis of food protein hydrolysates by
trinitrobenzenesulfonic acid. ] Agric Food Chem,
27, 1256-1262 (1979)

Ahhmed AM, Muguruma M. A review of meat
protein hydrolysates and hypertension. Meat
Sci, 86, 110-118 (2010)

AOAC. Official Methods of Analysis, 16th ed,
Association of Official Analytical Chemists,
Washington DC, USA, p 7 (1995)

Bahadoran Z, Mirmiran P, Kashfi K, Ghasemi A.
Endogenous flux of nitric oxide: Citrulline is
preferred to arginine. Acta Physiol, 231,
el3572 (2021)

Barlow JP, Karstoft K, Vigelso A, Gram M, Helge
JW, Dela F, Pappan K, ONeil D, Dunn W,
Solomon TPJ. Beta-aminoisobutyric acid is

288

released by contracting human skeletal muscle
and lowers insulin release from INS-1 832/3
cells by mediating mitochondrial energy
metabolism. Metab Open, 7, 100053 (2020)

Beaubier S, Framboisier X, Ioannou I, Galet O, Kapel
R. Simultaneous quantification of the degree of
hydrolysis, protein conversion rate and mean
molar weight of peptides released in the course
of enzymatic proteolysis. ] Chromatogr B, 1105,
1-9 (2019)

Begriche K, Massart J, Fromenty B. Effects of B-
aminoisobutyric acid on leptin production and
lipid homeostasis: Mechanisms and possible
relevance for the prevention of obesity.
Fundam Clin Pharmacol, 24, 269-282 (2010)

Chung YL, Bae IN, Lee HG. Preparation of
branched-chain amino acid (BCAA)-enriched
hydrolysates from corn gluten. Korean J Food
Sci Technol, 42, 39-44 (2010)

Curis E, Crenn P, Cynober L. Citrulline and the gut.
Curr Opin Clin Nutr Metab Care, 10, 620-626
(2007)

Daliri EBM, Ofosu FK, Chelliah R, Park MH, Kim
JH, Oh DH. Development of a soy protein
hydrolysate with an antihypertensive effect. Int
J Mol Sci, 20, 1496 (2019)

Diana M, Quilez ], Rafecas M. Gamma-aminobutyric
acid as a bioactive compound in foods: A
review. ] Funct Foods, 10, 407-420 (2014)

Fallah-Delavar M,
characterization of enzymatic protein hydrolyzates
and fat from chicken skin. ] Am Oil Chem Soc,
95, 1151-1161 (2018)

He H, Chen X, Li J, Zhang Y, Gao P. Taste
improvement of refrigerrated meat treated

Farmani J. Recovery and

with cold-adapted protease. Food Chem, 84,
307-311 (2004)

Hu YH, Lin CL, Huang YW, Liu PE, Hwang DF.
Dietary amino acid taurine ameliorates liver
injury in chronic hepatitis patients. Amino
Acids, 35, 469-473 (2008)

In YW, Yun HS, Bang E, Lee HJ, Lee MY, Cho HY.

https://doi.org/10.11002/kifp.2022.29.2.276



Korean J Food Preserv, 29(2) (2022)

Selection of commercial proteolytic enzymes for
the preparation of anchovy protein hydrolysates
under pressurization. Food Eng Prog, 20, 89-97
(2016)

Jo S, Yim E, Kim YS, Lee C, Shin D. Comparison of
the chemical and amino acid compositions of
breast meat of broiler and laying hens. Korean
J Food Preserv, 28, 297-302 (2021)

Joung JA, Park MN, You JY, Song BJ, Choi JH.
Application of food-grade proteolytic enzyme
for the hydrolysis of regenerated silk fibroin
from Bombyx mori. ] Chem, Article 1285823,
1-9 (2018)

Jung DS. Production of chicken breast meat
hydrolysates using enzymatic hydrolysis under
medium-high hydrostatic pressure. MS Thesis,
Yonsei Univerity, Korea, p 27-37 (2019)

Kim YC, Hong HD, Cho CW, Chung SK. The trends
of functional foods in the USA. Food Ind Nutr,
20, 15-17 (2015)

Kitase Y, Vallejo JA, Guthe W, Zhou J, Brotto M,
Bonewald LF. f-Aminoisobutyric acid, L-BAIBA,
is a muscle-derived osteocyte survival factor.
Cell Rep, 22, 1531-1544 (2018)

Kong X, Guo M, Hua Y, Cao D, Zhang C. Enzymatic
preparation of immunomodulating hydrolysates
from soy proteins. Bioresour Technol, 99,
8873-8879 (2008)

Korhonen K, Pihlanto A. Bioactive peptides:
Production and functionality. Inter Dairy J, 16,
945-960 (2006)

Kurozawa LE, Park KJ, Hubinger MD. Optimization
of the enzymatic hydrolysis of chicken meat
using response surface methodology. J Food
Sci, 73, C405-C410 (2008)

Kurozawa LE, Park KJ, Hubinger MD. Production,
properties and stability of chicken meat protein
hydrolysate powder. In: Handbook of Nutritional
Biochemistry: Genomics. Haugen S, Meijer S
(Editors), Nova Science Publishers, 1-24 (2009)

Lee SH, Qian JJ, Kim SK. A novel angiotensin I
converting enzyme inhibitory peptide from tuna

https://www.ekosfop.or.kr

frame protein hydrolysate and its antihypertensive
effect in spontaneously hypertensive rats. Food
Chem, 118, 96-102 (2010)

Leo FD, Panarese S, Gallerani R, Ceci LR.
Angiotensin converting enzyme (ACE) inhibitory
peptides: Production and implementation of
functional food. Curr Pharm Des, 15,
3622-3643 (2009)

Lindberg D, Kristoffersen KA, Bosch HV, Wubshet
SG, Bocker U, Rieder A, Fricke E, Afseth NK.
Effects of poultry raw material variation and
choice of protease on protein hydrolysate
quality. Process Biochem, 110, 85-93 (2021)

Liu S, Sun Y, Zhao R, Wang Y, Zhang W, Pang W.
Isoleucine increases muscle mass through
promoting myogenesis and intramyocellular fat
deposition. Food Funct, 12, 144-153 (2021)

Manninen AH. Protein hydrolysates in sports
nutrition. Nutr Metab, 6, 1-5 (2009)

Nchienzia HA, Morawicki RO, Gadang VP. Enzymatic
hydrolysis of poultry meal with endo- and
exopeptidases. Poult Sci, 89, 2273-2280 (2010)

Neklyudov AD, Ivankin AN, Berdutina AV. Properties
and use of protein hydrolysates (review). Appl
Biochem Microbiol, 36, 452-459 (2000)

Ngo DH, Vo TS. An updated review on pharmaceutical
properties of gamma-aminobutyric acid. Molecules,
24, 2678 (2019)

Nielsen PM, Petersen D, Dambmann C. Improved
method for determining food protein degree of
hydrolysis. ] Food Sci, 66, 642-646 (2001)

Nikoo M, Benjakul S, Rahmanifarah K. Hydrolysates
from marine sources as cryoprotective substances
in seafoods and seafood products. Trends Food
Sci Technol, 57, 40-51 (2016)

Pasini E, Giovanni G, Aquilani R, Romano C, Picca
A, Calvani R, Dioguardi FS. Protein-amino acid
metabolism disarrangements: The hidden enemy
of chronic age-related conditions. Nutrients,
10, 391 (2018)

Rezaharsamto B, Subroto E. A review on bioactive
peptides derived from various sources of meat

289



Preparation of B-aminoisobutyric acid and branched chain amino acid-enhanced hydrolysates from chicken breast

and meat by products. Int J Sci Technol Res, 8,
3151- 3156 (2019)
Roberts LD, Bostro P, O'Sullivan JF, Schinze RT,
Lewis GD, Dejam A, Lee YK, Palma MJ, Calhoun
S, Georgiadi A, Chen MH, Ramachandran VS,
Larson MG, Bounchard C, Rankine T, Souza
AL, Clish CB, Wang TJ, Estall JL, Soukas AA,
Cowan CA, Spiegelman BM, Gerszten RE. B
-Aminoisobutyric acid induces browning of
white fat and hepatic B-oxidation and is
inversely correlated with cardiometabolic risk
factors. Cell Metab, 19, 96-108 (2014)
Rutherfurd SM. Methodology for determining degree
of hydrolysis of proteins in hydrolysates: A
review. ] AOAC Int, 93, 1515-1522 (2010)
Ryan JT, Ross RP, Bolton D, Fitzgerald GF, Stanton
C. Bioactive peptides from muscle sources:
Meat and fish. Nutrients, 3, 765-791 (2011)
Saiga A, Okumura T, Makihara T, Katsuta S,
Shimizu T, Yamada R,
Angiotensin I- converting enzyme inhibitory

Nishimura T.

peptides in a hydrolyzed chicken breast muscle
extract. ] Agric Food Chem, 51, 1741-1745
(2003)

Sanchez A, Vazquez A. Bioactive peptides: A
review. Food Qual Saf, 1, 29-46 (2017)

Sangsawad P, Roytrakul S, Yongsawatdigul J.
Angiotensin converting enzyme (ACE) inhibitory
peptides derived from the simulated in vitro
gastrointestinal digestion of cooked chicken
breast. J Funct Foods, 29, 77-83 (2017)

Shi CX, Zhao MX, Shu XD, Xiong XQ, Wang JJ, Gao
XY, Chen Q, Li YH, Kang YM, Zhu GQ. 8-
Aminoisobutyric acid attenuates hepatic
endoplasmic reticulum stress and glucose/lipid
metabolic disturbance in mice with type 2
diabetes. Sci Rep, 6, 21924 (2016)

Spellman D, McEvoy E, Ocuinn G, FitzGerald RJ.
Proteinase and exopeptidase hydrolysis of whey
protein: Comparison of the TNBS, OPA and pH
stat methods for quantification of degree of

hydrolysis. Inter Dairy J, 13, 447-453 (2003)

290

Stautemas J, Van Kuilenburg ABP, Stroomer L, Vaz
F, Blancquaert L, Lefevere FBD, Everaert I,
Derave W. Acute aerobic exercise leads to
increased plasma levels of R- and S-8-
aminoisobutyric acid in humans. Front Physiol,
10, 1240 (2019)

Sun XD. Enzymatic hydrolysis of soy proteins and
the hydrolysates utilisation. Inter J Food Sci
Technol, 46, 2447-2459 (2011)

Sun Y, Pan D, Guo Y, Li J. Purification of chicken
breast protein hydrolysate and analysis of its
antioxidant activity. Food Chem Toxicol, 50,
3397-3404 (2012)

Tanianskii DA, Jarzebska N, Birkenfeld AL, Osullivan
JF, Rodionov RN. Beta-Aminoisobutyric acid as
a novel regulator of carbohydrate and lipid
metabolism. Nutrients, 11, 524 (2019)

Tavano OL. Protein hydrolysis using proteases: An
important tool for food biotechnology. J Mol
Catal B: Enzym, 90, 1-11 (2013)

Terashima M, Baba T, lkemoto N, Katayama M,
Morimoto, Matsumura S. Novel angiotensin-
converting enzyme (ACE) inhibitory peptides
derived from boneless chicken leg meat. ]
Agric Food Chem, 58, 7432-7436 (2010)

Vercruysse L, Camp JV, Smagghe G. ACE inhibitory
peptides derived from enzymatic hydrolysates
of animal muscle protein: A review. ] Agric
Food Chem, 53, 8106-8115 (2005)

Vijaykrishnaraj M, Prabhasankar P. Marine protein

Their
perspectives in food chemistry-A review. RSC
Adv, 5, 34864 (2015)

Wang R, Zhao H, Pan X, Orfila C, Lu W, Ma Y.
Preparation  of

hydrolysates: present and future

bioactive peptides with
antidiabetic, antihypertensive, and antioxidant
activities and identification of ae-glucosidase
inhibitory peptides from soy protein. Food Sci
Nutr, 9, 1848-1856 (2019)

Wouters AGB, Rombouts I, Fierens E, Brijs K,
Delcour JA. Relevance of the functional properties

of enzymatic plant protein hydrolysates in food

https://doi.org/10.11002/kifp.2022.29.2.276



Korean J Food Preserv, 29(2) (2022)

systems. Compr Rev Food Sci Food Saf, 15,
786-800 (2016)

Wu G. Amino acids: Metabolism, functions, and
nutrition. Amino Acids, 37, 1-17 (2009)

Wu G. Functional amino acids in growth, reproduction,
and health. Adv Nutr, 1, 31-37 (2010)

Wu G. Functional amino acids in nutrition and health.
Amino Acids, 45, 407-411 (2013)

https://www.ekosfop.or.kr

Wu PT, Lau YQ, Dai FJ, Lin JT, Kao HY, Chau CF.
Ability of chicken protein hydrolysate to lower
serum cholesterol through its bile acid binding
activity. CYTA-] Food, 18, 493-499 (2020)

Zhang 7Y, Monleon D, Verhamme P, Staessen JA.
Branched-chain amino acids as critical switches
in health and disease. Hypertension, 72, 1012-
1022 (2018)

291



