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Taste Enhancing Effects of Enzyme Hydrolysates of Rice Protein Residue
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Abstract

The taste properties of enzyme hydrolysates of rice protein residue were investigated, and then their taste enhancing
effects were evaluated by examining the changes in total taste pattern after their addition to a yeast extract. While
enzyme hydrolysates of rice protein residue showed different taste properties according to the enzyme that was used
for hydrolysis, the Flavourzyme treated sample expressed the strongest umami and bitter taste among the enzyme
treated samples. On the other hand, the Protamax treated sample showed considerable umami with a slight bitter
taste so that it is expected to be suitable as a taste enhancing ingredient. Furthermore, by LC-MS/MS analysis, the
effective fraction isolated from the Protamax treated sample was found to contain peptide fractions such as Ile-Gly-
Tyr-Pro-Thr-Tyr-Pro-Leu-Pro-Arg (Mw: 1175); therefore, it is expected that the peptide fractions contained in Prot-
amax hydrolysates of rice protein residue could be applied for preparing a natural taste enhancing ingredient.
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4ABEE HH1d F ST she IrSIIAZS] Jhdo]
HEZ I AH(Lee et al, 2011). Ikeda(1909)7} SFEAko]
]3] 7+ sk umami)o] HHEPS B IS olgf, 7HAB S8
Aop AAEE QA7 gk AF7F J Eo] FFEAo]
theFet G-a A AR o Agete] cAMPY] sEZA
o wat Belx ATE BUlE Aoz dHAT

(Lindemann, 2000). F=3+ gl4k-e G-ohd AF58-A 9
allostericst 28-S sl FFHAe FrE SXAZITL
B 73} © ™ (Nakamura et al.,, 1991) Soldo(2003) &< v}
A= WA EQ (H)«(S)-alapyridaine2] BH] % & 7ol
thate] A3 A3} alapyridaine®] FE7F F71gte] wiet o
g, s Ante] Fx H|HA R Frlet eute] A4
alapyridaine®] §% F7el = 2 o] §lof -3 vt 7}
a7} lvke 232 Bsdh 283 Ogasawara (2006)
T A, B 22 R Aol v = vkl ofa)
of A== sjete]=9] Bt A ZHgel tiste] B 81
= 53] #43F 1000-5000% 91¢] wid= vkg- A
Hefol=of| A Zhaste] A5 a7t el om, o] siEt

=AY e AHA GAT AU 5 43 F
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ol

sl S48 0|2 Yepiths 438 BRad. ol
& Helo| == glu-glust 7S TIHEFO| =, asp-glu-glust

722 EHE] =, beefy-meaty 3 EFO] =21 H-Lys-Gly-
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Asp-Glu-Glu-Ser-Leu-Ala-OH9} 732 SEFEle] =712] T
&3t HEelo]=rt B 9T Wang et al., 1996). -4
Calcium-sensing receptor(CaSR)ell ]38+ Bt ¢14]o] #3F A
T-E F3le] gre] A g B3 A3e JYHIT =
] (Gabriel et al., 2009; Ohsu et al., 2010), Ohsu(2010) &
& U FX AEES 222 %S YA 2A% CaSRE
Fote] ©ut, Al Aske M7 Bt der=
CaSRoNA S| & o] Fo = y-glutamyl peptide <] B
o] Z3 gxto| #Aste] BHIFAY 2 T E v-Glu-
Abu-Gly, y-Glu-Val-Gly®l| 2|3t Z3n| ZF7}7F $-4=38lthL
3t o CaSRoAA AR = ste] Ak Aty 7]}
< obF Wes] wEAX] FaL Utk wEbA] o] & Fho]
CaSRE Falo] e &3 715S Yedl= HEol=

=

R 4% A% BN heRaERE Pert e
PN
T
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2 AFoA AHEgH 2 TaE e w 7)o 9] Beneo-Remy
NVoA] Al zgt Tl 38F 80% ©]/d<l Remypro N8OE
A (7)8) £ (Anyang-si, Gyeonggi-Do, Korea)Z5-E T 3}
nou monophosphate(5-IMP),  5'-guanosine
monophosphate(5'-GMP), TCA(trichloro acetic acid)= Sigma
AKSt. Louis, MO US.A)°A, HPLC &4 &wi= T
Baker AH(Phillipsburg, NJ, US.A)olA] #9)5ted AMg-shTt. A
ol AFg-3 28| 0] 29l Alcalase, Delvorase, Flavourzyme,
Protamax-2  (57) H] A 1}o] 7 (Sungnam-si, Gyeonggi-Do,
Korea), &F7H|o]2= th7HKOtsu, Shiga, Japan)©] A|&S
A3t AR E Saccharomyces cerevisiae(ATCC 7754)
£ S| A B HEAE (Seoul, Korea)ollA] H-¢F whol ALS-3}

5'-inosine

SEFES ¥ MCHEE TAL SAEGHE2| M=
EH| e 2 S (5%, wiw) &9 7HEE(121°C,

15 min) & Alcalase, Delvorase, Flavourzyme, Protamax=.
I

7bzh & AR)(0.05%, 60°C, pH 7.0, 24 hr)ste] Ao A
5 RO TEYE%, wwE A7HEL oA ssrE e

(121°C, 15 min) & Saccharomyces cerevisine ATCC 7754
2B S HE5ko] Bl F(30°C, 48 hr)stAtHFig. 1). v o]
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Fig. 1. Manufacturing process of yeast extract supplemented
with a rice protein residue hydrolysate.

RNase®] 2S5 AA717] flall EA12](90°C, 30 min) &
% 5-IMP, 5-GMPZ &% 0® F23}7] $Jal(Kim et al.,
1999; Chae & In, 2004), B-1,6 glucanase®} B-1,3 glucanase=
Ztz} 10 mg/mL, NaClZ 0.5% 718t 28l 5ked(60°C, 24
hr) ERFEES AxAh o] & Adiz LS
Alcalase, Delvorase, Flavourzyme, Protamax® Z}Z} ThA] &
A83(0.05%, 60°C, 24 hr)ste] de 7HESES %
FZE H7lste] nte] wistE S48kt

LB

ER o] AL AT E AR f2) ob

A5 NS o33} Waters AccQ-Tag chemistry package
(Waters Co., Milford, USA)S AM&3ll =233 5 Table
18] 270 A Z}zte] opm| =it FFEFS o] &t A
< 8ol ARFEA

RCHEE T SAR6E2| 2=

Achild g ARs]Ee] EAE Sx mE gk 549
2pol 2 ZAFsE7] 93hed Ultrafiltration cell(Amicon Co.,
Beverly, MA, USA)S A18-3te] #3315 =0, 4 5Kda
Ultrafiltration membranes(Amicon Co., Beverly, MA, USA)<
o]-g-ste] At F Hojxl oS thA] 1 Kda membrane>
2 ojFsle] #3283 5Kda9t 1 Kdag 9o Ao 7145
=3, 1Kdaolste] Aoz 7l &2 8 she] gel
filtration chromatographyS AA8IA . Ak 7H4=F3)
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Table 1. Operating conditions of HPLC for the analysis of free
amino acids.

Samples Free amino acids
Instruments Younglip Acme 2000
(Younglin Co., Anyang, Korea)
Column Waters AccQ-Tag column
Column oven 37°C
Detector UV detector
Absorbance 254 nm
Flow rate 1.0 mL/m
Eluent A - AccQ-Taq
Mobile phase buffer .
Eluent B - Acetonitrile
Eluent C - Water
Injection volumn 10L

Table 2. Operating conditions of LC-MS/MS for the analysis of
amino acid sequences.

Items Condition

Instrument Quadrupol.e-TOF L_C-M_S/MS spectrometer
(Q-Star Elite, Applied Biosystems)
1. Agilent Zorbax 300SB-C18 column
(300 pm i.dx50 mm, 5 um, 100A, Agilent

Column Technplogies)
2. Agilent zorbax 300SB-C18 column
(75 pm i.dx150 mm, 3.5 pm, 1004, Agilent
Technologies)

lonization Ion spray voltage(2300eV)

Flow rate 300 pL/min

Mobile phase Eluent A - 30% acetonitrile

Injection volumn 1-2 uL

2o ¥x3 EF=Superdex Peptide 10/300GL column
(10x300 mm, AmershamPhamacia Biotech, Uppsala, Sweden)®]
42 prep-FPLC system(fast protein liquid chromatography;
AKTA, Amersham Pharmacia Biotech, Uppsala, Sweden)2 ©]
£t BASPEY 30% acetonitriles o]EAO®
isocratic =74 4 0.5 mL/min, 214 nmo|A &3}
o}, Akl A 2850 FAA glS LC-MS/MSE
AR&-sted Table 298] Z710A AAI8H3A T

DHMIA] £
PR o T AR5 Gl Holg 1s7] 18 A

4 7](Insent, Atsugi, Japan)S AR&-sto] AAFsEATE A2
2 dgo2 FAEY e wllME 23 AgCl3.3M
o2 A3, 7S SAHNME A g ¥

A 3kal 13] 2ol S83 S A

< ol&ste] et A4F dde
SPSSE o]&sto] FAA Y s, EEAAE AHEste
FAEACH, Bare] FAA F4-2 one-way ANOVA

o
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Fig. 2. Degree of hydrolysis (%) of rice protein residue with
various proteases.

DRice proteinresiduehydrolysate by Delvolase

JRice proteinresiduehydrolysate by Protamax

JRice proteinresiduehydrolysate by Alcalase

“Rice proteinresiduehydrolysate by Flavourzyme

£ o] &3} p<0.05 72 =4 Duncan's multiple range

ATHEE TR SAEH

AT AS exod ZEH 0|29 Alcalase, Delvolase,
Protamax®} exo- % endod ZZH| 0|22l Flavourzyme2
2 2H7F BEjste] aRFEE ARE S e o,
T2 AT e T TS SR ZRH|ARE
Zhz} Falste] Tl EES Aol Avhid pake] vt
LA =E SA A 2H7he] ZEE o]z &gk Aty
ZhAe] TR R AlZke] A3l met Frtskd =T
T 9 1AIZE ofujol] WhEA] 7hRitel H= Ao R U
EFstth Alcalase, Protamax®} Flavourzyme®] #2752 12
AZE o] ¥ HE = ThEs] S=7F A4aski ot Delvolase
A= 24X A 7S =7 578 thFig. 2).

SAEI29| of EA

S A =o

Zzte) AgE A} EaREEe] o B4 244
£ A= Flavourzyme # 2|72 72 5ro] 10.83 024
che Helel vistel 1 ol e A 2 o drHe
2 ZHste] A%HE & 4 AT} Flavourzyme®] A 2]
RrhE ERFZE(Yx)o H7HE AR (Yx+Rrhfys 332

gro] A7t 29 4.88941 H7F Foll= 10382 F718FAS
W 228k 84704 89302 Z7tslgl ot Z7X|7) 1 o)
sl2A #AFHow 7AE HEE ol ATHTable 3).
Flavourzyme2 exo® 3} endo¥ o] ZZH|o]X 58 H A
3 aAhEA ZPFelo|=8 LTy Eol=g Rajga
Ao o] Z Q8| :eEFH ofu| At 7|2 HE o ke



e

Table 3. Taste sensing results of yeast extracts added with a rice
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Table 5. Taste sensing results of yeast extracts added with a rice

protein hydrolysate by Flavourzyme. (points) protein hydrolysate by Protamax. (points)
Umami Bitterness Saltiness Astringency Richness Umami Bitterness Saltiness Astringency Richness
Yx! 4.88° 8.47 -19.68° -0.15° 0.73¢ Yx" 4.88° 8.47° -19.68° -0.15° 0.73°
Frhf” 6.71° 6.07° -17.02° 1.13¢ 0.70° Frhp? 5.68" 4.62° -12.17° 1.64° 0.80°
Yx +Frhf  6.70 6.29 -16.67° 1.28° 0.75¢ Yx +Frhp  5.69 4.75° -11.96¢ 1.77° 0.81°
Rrhf? 10.83¢  8.08° -13.24¢ 0.69 0.66" Rrhp” 9.61° 3.28° -2.54° -0.10° 0.54°
Yx + Rrhf 10.38° 8.93¢ -12.08° 0.97° 0.68" Yx+Rrhp  9.60° 6.90¢ -13.50° 1.70¢ 0.72°

**Means in the same column not sharing a common letter are significantly
different (»p<0.05) by Duncan's multiple test

DYeast extract

DFiltrate of rh (rice protein hydrolysate by Flavourzyme® after yeast
culture

JRice protein residue hydrolysate by Flavourzyme®

FENT= &‘% 125 BRItk o83k A= Flavourzyme
o] ttE ainth AchiE o) Jeto]=A%S Eafsh=t)
A oL} 7}4“5—3]1 I T A= AR FERel =t
lle, Leu, Phes &5t UYEhE 474 ofieAts Wol Al
Ao} &uke & £ ot AW E ZARE Flavourzyme
o7 Hgj O]'O:] A2 Rrhf= ;ﬂ'%‘ 0]—1:!]‘;_{\_]- z740] E]—‘C

A A9} gl E8kal 229k Protamax*] 2] <
o] thE A= A Zol7F YAl FUTHTable 4).
Protamax*] 2] 7+ (Rrhp)= & 5te] 9.612A] Flavourzyme*]
2ol HlaA ZHABEE F A o= oFPAINE 25k 328
2X Flavourzyme*] 2] +(Rrhf, 8.08)4+ Delvorase*] €]
(Rrhd, 9.13), Alcalase™ 2] T(Rrha, 9.59)0l] H]3}e] 23] 2

Table 4. Residual free amino acids in the rice protein

hydrolysates. (ng/e)

No Aminoacids Rrhf?  Rrhp? Rrhd®  Rrha?

1 Asp - - - -

2 Ser 7.35 - - -

3 Glu - 5.81 - -

4 Gly - - - -

5 His 67.85 - - -

6 Arg - - - -

7 Thr - - - -

8 Ala 28.31 2.99 - -

9 Pro 4421 9.04 - -
10 Cys 99.18 - - -

11 Tyr - - - -
12 Val - - - -

13 Met 5.98 - - -
14 Lys - - - -
15 Ile - - - -
16 Leu - - 11.46 -

17 Phe 62.78 71.54 - -

YResidual rice protein hydrolysate by Flavourzyme
JResidual rice protein hydrolysate by Protamax
9Residual rice protein hydrolysate by Delvorase
“Residual rice protein hydrolysate by Alcalase

*“*Means in the same column not sharing a common letter are significantly
different (»p<0.05) by Duncan's multiple test

DYeast extract

IFiltrate of rh (rice protein hydrolysate by Protamax®) after yeast culture
Rice protein residue hydrolysate by Protamax®

oj A Thil o] JARE| EoA YA 0= UER= 22l
ot 7|3 % AstE EAT F US Ao=E A FHIUT
(Table 5). Protamax* 2] 7-(Rthp)E ERFZE(Yx)ol 7}
gk Al S(Yx+Rrhp)= 72 to] 7t 9] 4.88004 7t
o= 9.622 7™ &5k 847914 697 A
st EafsES] Hrtaspt aRFEE9 9 Bes)
£ 22 YESTH(Table 5). Delvorase* 2] 7-(Rrhd) 1}
Alcalase®] 2] -(Rtha)s 7+2gbo] zbzt 959, 9692 4]
Protamax*] 2] 72} ARSI o1, 228k 717} 9,13, 9.5924]
Protamax*] 2] ol H|8}e] 7}eH3 0 2 e TH(Table 6, 7).
o]¢} 7+o] Protamax* 2]79] &uto] thE A gl

Table 6. Taste sensing results of yeast extractsadded with a rice
protein hydrolysate by Delvorase. (points)

Umami Bitterness Saltiness Astringency Richness

Yx" 4.88° 8.47° -19.68* -0.15° 0.73%
Frhd” 4.42° 537" -16.28° 2.09¢ 0.74*
Yx +Frhd  4.49" 5.87° -16.23¢ 2.22° 0.81°
Rrhd® 9.59¢ 9.13¢ -17.57° -0.28* 0.94¢

Yx+Rrhd  9.25¢ 8.55¢ -15.92¢ 0.55¢ 0.89¢

*“*Means in the same column not sharing a common letter are significantly
different (»<0.05) by Duncan's multiple test

DYeast extract

DFiltrate of rh (rice protein hydrolysate by Delvorase® after yeast culture
Rice protein residue hydrolysate by Delvorase®

Table 7. Taste sensing results of yeast extractsadded with a rice
protein hydrolysate by Alcalase. (points)

Umami Bitterness Saltiness Astringency Richness

Yx" 4.88° 847  -19.68 -0.15° 0.73*
Frha? 4.84° 547 -17.12° 2.37° 0.79°
Yx +Frha  4.49° 5.87° -16.28¢ 2.22¢ 0.81°
Rrha® 9.69° 9.59°  -17.74° -0.18* 1.05¢

-15.65° 1.36° 0.92¢

“*Means in the same column not sharing a common letter are significantly
different (p<0.05) by Duncan's multiple test

" Yeast extract

IFiltrate of th (rice protein hydrolysate by Alcalase® after yeast culture
JRice protein residue hydrolysate by Alcalase®

Yx +Rrha  9.54¢ 9.12¢
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Fig. 3. Size exclusion chromatogram (A) and total ion
chromatogram (B) of a rice protein residue hydrolysate by
Protamax.

Hlsled gridom oFg A& 2 Yehle A7 £
obpliedt w vk eto =] o] H7] MRS o=

|
H IR ™ (Table 4), A IAME Protamax® # 2] §
22l Ee] H7tel ofsted Bk
BT ECAA EAVE He
F IS o7 AT

_9__._—-—ng0| =y
Protamax*] 2] 7-(Rrhp)oll &= Aspt} Glue} Z-2 7+ ke
et = ofr]i=ite] AAZel = £33 (Table 4), Rrhp

g 7K anFEEe] haute] 453 21 Rrhpoll 7t
ol EAY AR o
upe} ghejo gk & FPLCE At
ZAFskSATh 01 wf ztz}

2 dorA ARG FANY F=
So] A2 B4L vl e Bast Yo

Ogasawara(2006)= A 1-5 Kday $12] rldEle vh-s-
Ad et =71 ApAl= Bte] Zhehzl A kel A
s 8-S Fald ¢S FHE veEtE 2
stk wetA Rrhps ghelofsfuhe o] §-sfe] R 1-
SKda 912 Z#-F3laL o]ojA] FPLCE ©]-&3te &gt
F8 H3S LC-MSMSE ot Ee A5tk
A Rrhpe] #2ME siElg #Ae A3 o EAE
1-5KdaH 92] ¥3E 15-35% Alolo] &&= 0o #ab
ZF 1 Kda ©]3+e] F3E 358 o]|Fd &=9 = (Fig.
3) B 1-5Kda 99 33.058004 718 & =7t &

ZF9lon o] £33 LC-MSMS 2413 A3} Ile-Gly-
Tyr-Pro-Thr-Tyr-Pro-Leu-Pro-Arg(Mw: 1175) 52| 22|23
Bl =77 3HrEo] Ad5S & F AATE Wang 5]
(1996) beefy meaty peptide®} -2 &2] 3L HEfO| =77} 3
AR olgel AsAES veRt AL sk 83t 4

Hgo] e AoR gt o]e} Fro] Atk Zhat
EProtamax® A4 270X & ste] Ax$ Rrhpe
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Pro-Thr-Tyr-Pro-Leu-Pro-Arg(Mw: 1175) 5<] 3 Elo] =7}
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