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ABSTRACT

Dry corn gluten meal of 70% protein content was enzymatically hydrolyzed by alkaline protease in a
pH-stat reactor. Such process variables as temperature, pH, and enzyme-to-substrate ratio were var-
ied, and at each condition degree of hydrolysis was monitored and calculated. The ultimate degree of
hydrolysis, which ranged between 25 and 28% based on gluten protein mass, was not significantly af-
fected by the process variables. However, 50°C and pH 9-10 appeared optimum. Kinetic analysis indi-
cated enzyme deactivation was negligible during the hydrolysis, and the experimental data were near
perfectly fitted to the model kinetic equation which was modified after neglecting enzyme deactivation
term. The enzyme reaction was 100x scaled up and basically the same hydrolysis performance was
resulted. Amino acid analysis showed the hydrolyzate was relatively rich in glutamine/glutamic acid,
leucine, and alanine at 19.6, 16.1, and 12.3 mole %, respectively.
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o} webdq g&Aq LT AHE F3 corn gluten
mealW] e A waokA Al7)EAolx soluble
g peptideF2 WA= FA gt A7t A
#=lo] shoh(4).

Corn gluten meal®} 7-& ¥-2-4] (insoluble)
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o) HAsE selz, WeEEe 79 WUses
Azglo] el 49 deactivation oj¥o] £4&
Po] MRSETEA 1EE § F, 2dwAA
A& o]e}2 H83lo oz} kinetic parameter 2
e AdAAs w=g o] ZAwkeE 100w
scale-upsle] ¥F-3-2] scale-up abilityE #elsln
s oful AR AT B olvlAle] B
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MzZ% corn gluten meald (F)FAFEEA F
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BAEE A oA ffe] AZARI|FoR & 70
%olth(8). WA A ELRE alkaline protease
(APL 440™, Solvay Enzymes, Inc., Elkhart, IN,
USA)E ol&3bgic}. o] a4+ SR &) bacteri-
al alakaline protease (E.C.3.4.21)¢]v] Bacillus
licheniformiso| /| A3 %]+ serine endopeptidase &
A ehRAl YRl 8|38k peptide Zgg Easte
uhL o] ZojdgS dch(9). o] alkaline protease
Lo 1ml Wl A= g4 28ke Bradford pro-
tein assayell 93§ 2 20mge 2 el (10). &
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A7 R au-e 8 | liter beaker WellA] A H o
o pH 2EZA7)(model 5652-00, Cole-Parmer
Co., Chicago, IL, U.S. A)E o]&3}o] pH-state
FA5tdx HALd7]2E IN NaOHE AH43H4
t}. ¥k pHE 8.0, 9.0, 10.0004 ¥leex: 40,
50, 60°ColA WH3AFH o™, corn gluten meald]
FEE 63~139g AzxAE/L, i 7" A=k
Hl= 0.83~2.86mg /g ¥ WY ey
#s}A| 7},
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DH = Nuumber of Peptide Bonds Cleaved (1)
" Total Nuumber of Peptide Bonds
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Soy protein 7F5E8]4] pH, pK, &x2] #sle|
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A oedaEe AL 553 % filter aid (Per-
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Fig. 1. Effect of Hydrolysis Temperature(s,=84g/
0, e,=80mg/0,pH=9)
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Faukbgold 229 <d8S FHrlslr] s pHE
9.002 odAHsA & F 2= E 40, 50, 60CE ¥
BAIZ o] wo] 7] JAGNAY BT (s)e
84 g/f, =7} E2% % (eo)= 80 mg/f o|gich.
Fig. 12 7749 Lxoi AZte] W& 7peise
H3tE HojEo) 27] 10873E 60CAA 7H%8 =
T WHEHEE RojFAR 2 F2E JleRHEd
Helsl A9 ¢l 7o & p]fo] alkaline protease
a0t 60°C o A ) A we] denaturatione} =¢J
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&5 g 47“2’ T UL, o)L ity w2
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F‘ig. 2% 50C A=A pH 8, 9, 100149
b= Wstprofiles BodEt) (Fad 7"
Hl&& Fig. 13 §43). pH 8¢ »ls) pH 9%}
104 Br} 22 wle4n o 7} THzE d&
+ Jslxz, pH 98ch= 1064 et = Eo1}
&}z (ultimate) 7}pEdlzs= 2 Aojrl ¢Hdh.
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Fig. 2. Effect of Hydrolysis pH(s,=84g/¢, e,=
80mg/¢ , temperature =50C).

oA whg-o] HEg % T ok 7 2749 2F
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Fig. 3. Hydrolysis Profiles for Various Enzyme-to
-Substrate Ratios.(pH=9, Temperature=

o
50°C).
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Fig. 4. Effect of Addition of Fresh Enzyme Dur-
ing Hydrolysis. (so=84g/¢, e ,=80mg/?,
temperature =50°C).
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Kinetic Analysis
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Fig. 5. Effect of Addition of Fresh Substrate Dur-
ing Hydrolysis. (e ,=80mg/¢, pH=9, tem-
perature =50C).
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2ol B Ae ASEAEE BN 9
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teaseE o]&3%} chick pea flour?d] 7}pEaA], ¥k
70l A4E FUHFsY AR s ot
(F 15.5%l4 o 16.5% %) A<A|FHckE Mo-
reno®t Cuadrado®] A#Z7(5)9k 438 AFH
r}. 22y} fungal protease® o] &3} soy protein
9] solubilization®| 2] 4@ Aztel=(6) Ux|shc).
ol{gt AMbE Azt chiiAry|As g47k9] affin
ity, F7IEAF LA (RH-FHE mE Fut) Sof 7]
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Futel = o|n] 7]AW 9] alkaline proteasel| specif-
icgt peptide bond7} 221591 &S HojFr),
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3l 20g corn gluten meal& 7128 E of, vk
T3 10g9 freshgt corn gluten meals Z7}%
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o] AA3A FIlsts HoR Hol FvlR £
R0l de ARl AS A8RE ¥ 4 9
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2hA ZhpEal A gl o ZAuks 94 (inhibi-

H

mL
wlo



544

tion) AT wu|gE & 4 Qloh o]#F A
malt proteasedl| 2|&+ wort 7}EEA] 7leRIs
= substrate depletion®.th= F A5 o} o5
A|2Fg wr=r}= Sopanen et al.9] i (14), neu-
tral proteasecl] 2J&} barley protein®] E-sjuh-g4]
protease 47} ©]9| solubilize® WAz ZHikg
o2 ¥hgo] AP ulel YR FLEA
o] oA =Ech= Markovic et al.9] FA(15)% w2
e Aolsl, EaNs4EE /|9 B4 A,
Z solubledt7} insolubledlz}el] F3s}A 34 712
9] %o vla|gch= Schurre} McLarend] 9|
A F5(16)9} dAFTE el Aol wabi
ezl pH o4 ¢ alkaline protease BH8-4] &
49| deactivation 8- FAI 4 ks BES
=&59

F4Hk2-9] kinetic parameter?d & 317 9
d 9o APANE 1A FLNEEERA T
Ao AgAjA Boieh rtdAel @)Y g4
qhg-2& ofeflo] Al(4)2mechanisme] o8] E3
g Slek(17).

k] kg k&
E+S, =2 ES, 2 ES,., = E+ 3P (4
k-, ko, koy

3714 S¢] 2k n, n-m &2 A 7|4
9] peptide chain®] Zo]& vehlle Zo|x P& 4
SAdEal o421 Aol peptided] Wakgolct. of
mechanismel| 23] A|7te] wE slgRaz, wm=
A2 AAEEE ey (6)

d(XP)  (V/K)[so(1+VK/VK)ZP] exp(-ki)

dt 1+s/KA(1/K-1/K) 2P

(5)

714 V, V,, K, K,= 22t lumped forward
reaction constant(mg/ml - min), lumped back-
ward reaction constant(mg/ml - min), lumped
Michaelis-Menten  constant(mg/ml), lumped
product inhibition constant (mg/ml)24] o}z 2]
AEZ veld 4 9l k= enzyme deactivation
rate constantojck.

V.=kokyseo/ (ki +k,+ks) (6)
V.=k_k_e)/(k_ +k,+k_,) (7
Ky= (k- k-, +kiks+koky) /ki(k +k,+ky)  (8)
K,=(kok_,+k- ky+kk,)/

kos(ko i +ky+k-y) (9)
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Fig. 6. Comparison of Experimental Profile(®)
with That Predicted by Eq(11)(-).

Table 1. Value of Kinetic Parameters in Eq(10)
Estimated from Experimental Data
Using Nonlinear Regression Analysis.
(Temp=350C, pH=90, s,=84g/¢, e,=

80mg/? ).

Parameter Value
Vs 4386
Vs 0.106
K, 7.866
K, 0071

Fig. 52 Z3}d] wlg} enzyme deactivatione §-
AlghE 4 (5) & olele] A(10) o2 Hy"E 5 9l

d(zp) _ (Vs/Ks)[SO'(l +Vsz/Vst)EP]
dt 1+Sy/K+(1/K,-1/K)SP

(10)

A& d|olelE o] 43lo] 21(10)e] 3l parameter
5% Marquardt nonlinear regression £A#& &
& ARtz 2 ZAFE Table 1o gokstdn).
Backward reaction rate®] lumped¥ gte| for-
ward reaction rate®} ZZ7}ol| w]s] < 1/402 ufj$-

z2.g ok 4= 9] 31 product inhibition §3 4] ©)q
g o 4= it} 9ol 4 T8 parameter) e 4)

1

—~
=]

Yol thadgh Az} ol o} A1(11)S 932 = glglth.
d(ZP)_ 0.558(5.-3.669>1P)

dt 1+0.127S,+13.9603P

Fig. 62 A3E 53 o9& 71454 profilezt 2

(11)& A43F profiled vlwg Zefzojch. 2

(11)
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Fig. 7. 100X Scale-up of Hydrolysis. ((A)CG 3kg,
Alkaline Protease 2g in DW 23/ (@)CG
30g, Alkaline Protease 20mg in DW 230ml
pH=9, temperature =50C).

Table 2. Amino Acid Distribution in Corn Glu-
ten Hydrolyzate Filtrate.

Amino acid mg/g protein mol %
CYA' 0.400 5.11
ASX*? 0.493 5.66
GLX* 1.899 19.55
SER 0.361 5.20
GLY 0.239 483
HIS 0.141 1.38
ARG 0.243 2.10
THR 0.241 3.06
ALA 0.758 12.89
PRO 0.765 10.07
TYR 0.263 2.20
VAL 0.396 5.13
MET 0.144 1.46
ILE 0.365 421
LEU 1397 16.14
PHE 0.484 444
TRP 0.051 0.38
LYS 0.126 131

A BEo]l F profileo] 79 siA UdFgo R
&8 ubs-o 49 model equation3} o] A}

2182l Scale-up ¥ 7H-EaliY el ool it XY
Fig. 7= 347lrE8k2& 100X scale-upd}
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o Ixdajet 7tpEsle profiled Blwd ez ol
t}. 1x 9= corn gluten meal 30g& £ 230mlol
slurryA}7] % alkaline protease 20mg2- A}-43}9
2, 100x & 3kge corn gluten meal, 23 7 9
£, 2g9 alkaline protease® A}gstgic). 2x¢}
pHe 77+ 50°Ce} 94ic}. 2T o4 REo)] kg
27104 oFzhe] zto7} Qllet AAHa e
8 profile ¥ HF7leElizs AY U3
webA E B ofg foldAl scale-up ¥
T UTE & 7 Uk

100x Agel|4 A 7ieRaide CaCl, 1.0%
(w/v), NaH,PO, 0.5% (w/v)& 713 & 2%(w
/v)2] Perlite™& filter aid® o]&3}e] filter
pressE &3 oJ#3tgct. ojzfol e ofu| Akt
Table 2o vteblitt. oJ7]4] o}m|icabe) ek dry
corn gluten mealdl] T35 hilal lgof siods=
7b opw|iAtel Asfo g FAIYPY olmlipabe] A
2 mol% 2 Z78c). 2 23 glutamine 2 glu-
tamic acid®] #gFo] 1955mol% & 713 E9w
leucine, alanine, proline o] z+2+ 16.14, 12.89,
10.07mol% & 874 & »5& HoFqu} o7
2 ofulAl AL v|HELT L complex nitro-
gen substrate2 AAbgvjElm 9l Hydrolyzed
Corn Gluten™(18) 2] o}u|xAZ A3} (glutamine
= glutamic acid, 19.73; leucine, 15.88; proline, 9.
63; alanine, 8.81% (w/w)) w|-$ FAlst4la, ot
A o] Tk ade A w4EEE S AadoeR
A8 ¢ 9lE Ao B AlEEr

8 o

bacterial alkaline protease® ©|€% corn glu-
ten meal®] &47}EaA] pH, &5, 34
o] Azng Foll G2 WhEA g w20 M3}
£ Haoln, £49 deactivationo¥o| 2HY& o
Fol FAWHSEEEA WAL AokEAbekedn).
a2 73, 50°C, pH 9~10914 71 g2 7l5E8)
=F Ui e/s7t EEFF ubes e 9 HE
AEHES} 2ok AEsRAEE gluten
meal HA|AgkriFE o & 17~20%, gluten mealfe]
hl A AT 0 2 25~28% ot HHS-Fubel| A<
ledrabao 25 Yol 7} (substrate de-
pletion) |9 o]u] enzyme deactivation % product
inhibition9] @32 v|vjdt 7o 2 Slggct. T4
deactivation@-& F-AJ5te] #H#A]7] model equa-

fel
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tiono] 23] o] FAHFSd #Fd= 38 kinetic
parameter£-9] zt& AAHEAE 23} product inhi-
bition& @7} mju|ghe &<eldtgdch. #3 = kinetic
equationd} APHo R de sprLa dojels A
o] H3tA dAstgch. E4HFES 100 % scale-
updt A3 7bE8 profile ¥ 7beEdizes 1x 9
¥ 719 A3 enE o] Fiubgo] 4ol
Al scale-up® 4 J&& Balstgly, ofv|eAtEA
A3} s de et ar|dg AaYe A}
L8 4 95E AXsHA

Z A

¥ dFE gekdigty ) eyl os) &
B gyt olo 7A=>uth, & scale-upAE
of x| FA (F)FAZFAF 7lgdTide
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