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Natural acidifying agents (yuzu juice and organic acids)-assisted
alkali extraction process for naked oat (4dvena sativa L.) proteins
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HPLEE IS AL

Abstract This study aimed to determine the optimal alkali extraction conditions—including alkaline
pH, isoelectric precipitation pH, and enzyme treatment—for enhancing protein yield and crude
protein content when using yuzu juice in the alkali extraction of naked oat proteins. First, unsoaked
oat grains showed lower protein loss than soaked grains. Furthermore, the use of yuzu juice as the
precipitation agent resulted in higher crude protein content and extraction yield than the use of citric
acid alone. When oat proteins were extracted at alkaline pH 11 followed by isoelectric precipitation
at pH 6 using a combination of organic acid and yuzu juice, the process achieved the highest values:
crude protein content of 17.72%, extraction yield of 54.36%, and total amino acid content of 203.7
mg/g. To further improve extraction efficiency, three types of enzymes—starch hydrolyzing/
saccharifying enzymes, fiber-degrading enzymes, and proteases—were evaluated. Enzymatic treatment
significantly increased protein extraction yield compared to the non-enzyme control. Among them,
the treatment with Enzyme II showed the highest crude protein content and extraction yield. Taken
together, the most optimal conditions for oat protein extraction were identified as follows: enzymatic
pretreatment with a starch hydrolyzing/saccharifying enzyme, alkali extraction at pH 11, and
subsequent isoelectric precipitation at pH 6 using yuzu juice as the natural acidifying agent.
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QEY g9 AEoR HHEUHAmanT} Graham, 1987,
Jeong 5, 2014). =7FAE/JETo|E o oJatH Fg] o] whd
L 11.14 g/100 g, W=oju] AR 4,736 g/100 gO.& tf
=(36.21 g/100 g, 14,627 /100 g) ThH] 31%2] THela, 32%
9] Fotu| i AbS ROt §lom, tE IEd} v A Tl
A ol & FECITHMFDS, 2025). E3F, 5229 47l
Hofsiy A% 9 wo] B3} Ze &5 BEX 9TE ohe
lysine T2 IR0 A= Tl o] 0 1 ko] g
oA = AT Holut A9 A% lysine TFS ST g
It A gle] AL FHrh(Jeong , 2014; RDA, 2016).
olAg 7] w9 ot it 1872 FAE O] T +F
3l ot ieAbS RS 7] wizoll A SR 5t
= ARES 9o od 339og I 7FA7F EtiJeong 5,
2014).
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Ze] 2292 9ge 20N 9dE 827 § &
7 TS A 2709 pHOA FHAIA E55k= Holtt
(Cluskey, 1973; Hohner®} Hyldon, 1977; Ma, 1983). o]&{%t
U] F2HLE 54 Ay ¢ oE EYH@S) 221 5),
SleHA(HA 5), BB (Ea 5) o] vlsle] & $80]
A9k, Wo] Zhdetal & Hl-8o] AHsto] A7t} H-EA
Ql HolA AAIARI L 7HA AL glo] A29] Thld &9
ZFE 9o g o] 257 Qlth(Jeong 5, 2014; Tang 5, 2013).
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2020; Chamba 5, 2013; Farjami 5, 2024).
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2.2 A%

E oJ Lo AFRE A9k caustic soda(Youngjin, Bucheon,
Korea), citric acid anhydrousfRZBC(JUXIAN) Co., Ltd.,
China], trisodium citrateflRZBC(JUXIAN) Co., Ltd., China],
sodium chloride(Sigma-Aldrich Inc., Co., St. Louis, MO,
USA), sulfuric acid(Daejung chemicals & metals Co., Ltd.,
Siheung, Korea), amino acid standard Mixture(Prod#20088,
Thermo Fisher Scientific Inc., Waltham, MA, USA), cystine
(Merck & Co., Inc., Rahway, NJ, USA), L-Tryptophane
(Sigma-Aldrich Inc., Co., St. Louis, MO, USA)°|3]t}.
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38491 Glucoamylase(Amylase AG 300L, Novozymes A/S,
Lyngby, Denmark) 0.1%, Enzyme 11 % 2]+ Enzyme 1 & 2]°]
Axy Baaiscl 23t 494 Bgi(Viscozyme® L,
Novozymes A/S, Lyngby, Denmark) 0.1%% 7} A2|5}%
2, Enzyme 1 A2 Enzyme 1l Azlo] w92 2ejasel
Protease(Alcalase 2.4 LFG, Novozymes A/S, Lyngby,
Denmark) 0.1%% 7} A2|sto] ARGt A& #sfas
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Alkali extraction of oat proteins using yuzu juice
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Table 1. Protein characteristics of oat groats protein by pretreatment of whole grains and protein precipitation acid

Protein extraction conditions”

Precipitation protein
contents (mg/mL)

Crude protein
contents (%)

Extraction yield of
protein (%)

Raw oats groat (Choyang) - 11.00+0.23 -

Pretreatment of whole grains Soaked oats 2.08+0.03? 3.18+0.06™ 21.17+0.41"
Unsoaked oats 2.32+0.04 3.53+0.19 26.69+1.40

Protein precipitation acid Citric acid (CA)  1.67+0.04™ 2.97+0.09™ 21.17+0.66
CA+yuzu juice 2.3240.04 3.53+0.19 26.69+1.40

DRaw oats, freeze-dried powder sample; Soaked oats, hot-air-dried powder sample after water immersion and protein precipitation by CA+yuzu juice
— pH 13 alkaline extraction and pH 3 precipitation; Unsoaked oats, hot-air—dried powder sample and protein precipitation by CA+yuzu juice — pH
13 alkaline extraction and pH 3 precipitation; Citric acid (CA) and CA+yuzu juice, using unsoaked oats — pH 13 alkaline extraction and pH 3 precipitation.

YAll values are mean+SD (n=3).

Mean equality was evaluated by independent samples t-test (‘p<0.05, “p<0.01, “"p<0.001).

Ab 470l 87-91%, A 50% ©l4, ofdd 64% o, i
45% SAEAHA Hadt AIE Ed2 S S5 o
ofof el &4o] A ZoR ARH.
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2.97%, A & $8L2 21.17%E eI, FALHRA

ol-&at Sl Yo chld > 2.32 mg/mL,
4 AFE 3.53%, THE 225 FE2 26.69%F UEF
o &, Aol B 22 3 U E=oR AR

= o] FAe] o gk

LA r =4

R

jab)

A0 0
TET

=
=
% A

¢

p<0.0001, ZTHA JF2 p<0.001, THA

p<0.05 oA FolHoE o £ & U2 A
Chamba 5(2013) AT)A] thFgh 22 A] v)2 2ge] 3
3 & FEE(pH<2.5) SAHHA Al T g=F 91.21%,
& 43.62%= 4 SRHEENaOHe HCD)S o83 of
Wl GASHATEAL 5, Cai 51(2020) HFoflA] AL, A4
TARS AREoto] Qe Thild X A AR Ao g
AE T o)A 78 ZRET T Aol o FE35HA E9lH
ot gttt ol f714L HE FEECIUY fA A5He
I} 22 FpAto] vof o WMol W2 vhg BolFe A

o 1 gy
4n
i N

an

r
£

2 OR

o o = %9 o

H 132 11.12 mg/mLE Yepfo] ¢Ze|ido] 345 o

el

https://www.ekosfop.or.kr

==
dAEe] I g, 2dad
H 9A] 1 217 371845 9
F= 57 pH 13 ¥ & F pH 7
A Al e o] 7P w2 A CE e ol 2
Iz A E S REEANE o83 NaOH €27 5=
A

Sy

)

= o
N,

N

£ 193 A pH 5 B4 $&0] F76k= A% Hel
Jeong S(014)2] AT AT} ol TS| Al %
7oA Teld ad3ke] BHE QIR 4 YA St
JHHA )31 olefdt &G0 Qe el EH Aokl
7Fete] &oi=7t F7tel7] Wiz & AR ETHShen 5, 2008).
SR %% 289 49 pH 11 55 4] pH 5, 6, pH 12 33
Al pH 4, 5, pH 13 3% Al pH 4, 5, 6914 7} &2 4=
UEHI, O% pH 11 % ¥ pH 5, 6 A4 54.12%,
54.36%, pH 12 3% 5 pH 4, 5 AAA 55.34%, 54.90%=
W S 588 HYOH, o 4717 23 $8L BE 394
02 Aol gelrkp-0.989). ol Fle] B Fa 74
Al 3= globulin, prolamin, glutelin®] 57Z7%0] pH 4-69]
HAZ(Ma, 1983a) 222 27004 &8 Dol pH 4-6
B2 SHE AMOT £S 23 £88 59 A2 By
ok ol2fdt A= A pHO| WhE & $89] Hgt 5
pH 4.9914 | 48 81.80%% T E It 5} Jeong
(2014)9] A4} 5°C o|5lo)A] pH 4.602 AL FE2ES
Adolde o A dHde] o FeF de = Ate
Hohner?} Hyldon (1977)9] 9 239} AL
HEHoR 23 580l 1Y £ 249 2ok B
S u|75) M, pH 11014 33 5 pH 6 WES 17.72%, pH
12014] 22 ¥ pH 5 AW 1735%0]5], A2 foH0= 4
o7k ALTHP=0.015). TP, T} 7} HFkg ol 8
2 o] 24 SH-EL2 pH 6 J=& THEAY, AZE

=
[e]

=
[e]

e
o old

1113



Alkali extraction of oat proteins using yuzu juice

Table 2. Protein contents and yield of oat proteins under the alkaline extraction and acid precipitation pH conditions

Alkaline extraction

Isoelectric

Extracted protein

Precipitation protein

Crude protein

Extraction yield of

pH precipitation pH contents (mg/mL) contents (mg/mL) contents (%) protein (%)
11 3.0 12.7740.03 1.55+0.08° 5.45+0.31° 33.09+3.36°
4.0 12.77+0.03* 2.23+0.04¢ 8.33+0.27 29.38+0.67°
5.0 12.77+0.03* 2.76+0.01° 16.99+0.33¢ 54.12+4.25°
6.0 12.77+0.03° 5.90£0.05" 17.720.24° 54.36+0.39*
7.0 12.77+0.03* 7.55+0.05° 22.02+0.26* 10.03+1.20°
12 3.0 11.760.05° 1.59+0.04° 5.1740.09° 42.16+7.66°
4.0 11.76£0.05° 3.27+0.02¢ 11.11£0.27¢ 55.3447.80°
5.0 11.76+0.05° 5.2240.05° 17.3540.15° 54.90+3.89°
6.0 11.76+0.05° 7.11£0.05° 19.28+0.25° 42.16+0.88°
7.0 11.76+0.05 9.09+0.04° 21.06+0.38° 13.42+0.89°
13 3.0 11.120.05° 1.63+0.08° 2.69+0.28° 23.55+3.99°
4.0 11.1240.05° 4.45+0.10° 11.91£0.25¢ 37.9241.37°
5.0 11.12+0.05¢ 5.35+0.03° 17.36+0.27° 33.69+2.46%
6.0 11.12£0.05° 8.27+0.04° 28.76+0.30° 35.56+1.26®
7.0 11.12+0.05° 9.62+0.05 45.38+0.18° 31.1743.80°

DAll values are meantSD (n=3).
IDifferent superscript letters (“°) in the same column indicate significant differences (p<0.05) by Duncan’s multiple range test.

pH 11904 &7

& % pil 0 541 14 4 2

T & $80] 7P & ACE Algdoh

3.3 2=Z9 A 2oy M2 =Z EHE EN

HA0R Bat adi 4E Jldtel 49 ¢

papain, ®o}2]Fof arabinofuranosidase, cellulase, xylanase &
g, ALFol Viscozyme & o83 Aol o4 Bajas

E Z89tt= AT Ao} SA5FtHGouseti S, 2023).
g, g Bofas of§ A2(enzyme ) FEH7 JAY
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N W oW
a o o

=
o o

Protein contents (mg/mL)
N
o

(9]

OpH13 extraction

b

d

@ pH3 precipitation

old T
At 124 TS Sel Al s 58 9 o
2% §89 o= Eﬂ 82 #HGouseti ‘3, 2023). =]
© v ide FEE B Eofste] e dde] g3t
EYAS ZojF, 484 BEfasre 1L, J—.’.J, EEde)
24 22 AT =9 9}"”‘4 A2 Qlolk A& AEHe £3
stol Wbl 33 S PIY S U B BofEas
2 GEe ekl S9E ST B 7
Aohs dg2 Sh(Gouseti 5, 2023). webA A2 Tl
29 582 Eol/] o) BTG 4 F2E A2o] 42 &
< odo] dild E443 295kl E]-(Flgs 1-3).

¥

e
Uik 500 48 T YL E 2 Aol
A T2 (control) ThH] &} oW, E5] HE T3t - Eofaiet
29 579 BHIAE 150 cmyme ] A21IA 7 we
Ao = Uehdth & A7 959 34 A= A ¥F

A thle o gilEos 225 & 988 HojZEL 7:140:1
t}. o] &R fi&Hof cellulase, xylanase, pectinase, S0l
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Control

o

Enzyme I Enzymell Enzymelll

Type of complex enzyme treatment

Fig. 1. Protein characteristics of alkaline-extracted and acid-
precipitated fractions of oats groat powder from enzymatic
treatment. Enzyme I, o-amylase 0.1% + glucoamylase 0.1%;
Enzyme II, Enzyme I + complex of cellulase 0.1%; Enzyme III,
Enzyme II + protease 0.1%. All values are meantSD (n=3).
Means with different superscript letters (**) on the bars are
significantly different at p<0.05 by Duncan’s multiple range test.
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m Crude protein (%)
6.0

50 |

ab a b
c
40 r
3.0 |
20
1.0 |
0.0 L L L

Control Enzyme I

Type of complex enzyme treatment

Crude protein contents (%)

EnzymeIl Enzymelll

Fig. 2. Crude protein content of oat groat fraction extracted by
enzymatic pretreatment. Enzyme [ o-amylase 0.1% +
glucoamylase 0.1%; Enzyme II: Enzyme I + complex of
cellulase 0.1%; Enzyme III: Enzyme II + protease 0.1%. All
values are mean+SD (n=3). Means with different superscript
letters (*) on the bars are significantly different at p<0.05 by
Duncan’s multiple range test.

m Extraction yield of protein (%)
70 ¢
60
50 r
40

a
b
F b
30 r
20 c
10
. . . . .

Control

Extraction yield of protein (%)

Enzyme I Enzymell
Type of complex enzyme treatment

Enzymell

Fig. 3. Extraction yield of oat proteins extracted by enzymatic
pretreatment. Enzyme I: a-amylase 0.1% + glucoamylase 0.1%;
Enzyme II: Enzyme I + complex of cellulase 0.1%; Enzyme III:
Enzyme II + protease 0.1%. All values are mean+SD (n=3).
Means with different superscript letters (*°) on the bars are
significantly different at p<0.05 by Duncan’s multiple range test.
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Alkali extraction of oat proteins using yuzu juice

Table 3. Amino acid composition of extracted oat groat proteins by soaking treatment

Amino acid (mg/g) Raw oats (Choyang)

Soaking treatment

Soaked oats Unsoaked oats
Tyrosine 1.67+0.03" 0.36+0.00 0.33+0.05
Glycine 5.35+0.18 0.76+0.05 0.700.05
Serine 5.73+0.09 1.09+0.00 1.03+0.05
Alanine 5.03£0.19 0.9120.00™ 0.79+0.05
Glutamic acid 22.46+0.52 4.45+0.09" 3.79+0.23
Lysine 4.48+0.18 0.73+0.00 0.70+0.05
Leucine 8.19+0.16 1.67+0.05° 1.450.09
Methionine 1.47+0.05 0.48+0.05 0.45+0.00
Valine 5.79+0.15 1.24+0.05 1.18+0.09
Arginine 6.18+0.30 1.42+0.05" 1.2440.05
Aspartic acid 8.46+0.14 1.52+0.05 1.36+0.09
Isoleucine 3.89+0.11 0.76+0.05 0.70+0.05
Threonine 3.9240.11 0.82+0.00 0.760.05
Phenylalanine 8.230.22 2.79+0.05 2.76+0.23
Proline 4.40+0.63 0.06+0.06 0.15+0.10
Histidine 2.64+0.19 0.58+0.05 0.55+0.00
Cysteine 2.22+0.00 0.02:£0.00 0.02+0.00
Tryptophan 1.08+0.00 0.00+0.00 0.00+0.00
Total essential amino acid 39.67+0.97 9.06+0.28 8.55+0.55
Sum of 18 amino acids 101.16+2.85 19.65+0.54 17.96+1.00

DAIl values are mean+SD (n=3).

IMean equality was evaluated by independent samples (soaking treatment) t-test (‘p<0.05, “p<0.01, *"p<0.001).

FAOIIALE enzyme T Aelo]A 7 AR Fotul i,
Pooful Al Gepo] RH O 7F 9L enzyme L3} [
tyrosine, valine, aspartic acid 2 At U A] LT} &
oAl WeohnliAle Az folHom Aol7t gisich
enzyme IIIE Aot 72 GHA ] Fopn| il 72 62.84
mg/g2 A7 62%, Byotu]lik 23.05 mg/gR AX9]
St BER S WS Lhebich, ek 43 o] s0% ol
UFS 2 AR 135019108 15 BerohliARe. ysine,
leucine, methionine, valine, threonine, phenylalanine 65-0]31
11, 9] tyrosine - YT 97%= 1 o] FAFRT
wEbA, ] TEA 2& Al enzyme Il A2+ enzyme 17}
I ] gl 35 8o Yol & 85 =ol7] A%t &=
g gAY o oy FAotuieAl S =Y 4 Qlof ot
U]eAbAF0|(AAS) SO A2 DA EA enzyme 13}
I the] 928 Zo= WHE|QTH(Table 6).
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Table 4. Amino acid composition of extracted oat groat proteins by alkaline extraction and acid precipitation pH conditions

Amino acid (mg/g) pH 13 pH 11 pH 12 pH 13
pH 3.0 pH 4.0 pH 5.0 pH 6.0 pH 7.0 pH 6.0 pH 6.0 pH 6.0

Tyrosine 0.33+£0.05"2 2.53+0.21°  2.5940.12°  3.96+0.10*°  1.38+0.00° 7.7740.10° 6.55+0.28" 3.96+0.10°
Glycine 0.70£0.05¢  3.51£0.24°  3.22+0.14°  4.85+0.00°  2.12+0.10° 8.90+0.18" 7.45+0.28 4.85+0.00°
Serine 1.03£0.05° 4424036  3.690.14°  5.69+0.00°  2.81+0.10° 9.96+0.18" 8.65+0.36" 5.69+0.00°
Alanine 0.79+0.05°  4.00+£0.36"  3.57£0.14°  5.41+0.10°  2.41+0.00° 9.79+0.18" 8.47+0.36 5.41+0.10°
Glutamic acid 3.79+0.23°  19.51£1.52° 17.5120.58° 26.14+0.26" 11.19+0.34°  48.16£0.80°  41.08+1.47°  26.14+0.26°
Lysine 0.70+0.05°  3.30+0.24°  291£0.07°  4.18£0.00°  1.95+0.10° 8.36:0.18" 7.09+0.28° 4.18+0.00°
Leucine 1.45+0.09°  7.09+0.61°  628+0.14°  9.42+0.10"  4.13+0.17¢ 16.96+0.27°  14.53+0.55"  9.42+0.10°
Methionine 0.45£0.00°  1.75+0.12°  1.53+0.00°  2.29+0.10*  1.09+0.10° 3.9740.10° 3.36+0.28" 2.29+0.10°
Valine 1.1840.09°  5.05£0.36°  4.59+0.12°  6.74+0.10*  3.04+0.10° 11.45+0.21°  10.09+0.54°  6.74+0.10°
Arginine 1.24£0.05¢  6.32+0.56°  5.77+020°  8.58+0.10°  3.79+0.17° 15.95£0.27*  13.57£0.45°  8.58+0.10°
Aspartic acid 136+0.09°  6.60+0.49°  5.85+0.18°  8.9240.10°  4.02:+0.10 16.010.18°  13.81£0.55°  8.92+0.10°
Isoleucine 0.70+0.05%  330+0.24">  3.14£0.07°  4.63£0.10  2.01+0.10° 8.13+0.10° 7.09+0.28" 4.63+0.10°
Threonine 0.76£0.05°  3.30£0.24"  2.83+0.12°  4.18+0.00°  2.07+0.00° 7.59£0.10° 6.55+0.28" 4.18+0.00°
Phenylalanine 2761519 8.84+£0.42°  6.64+0.14°  9.75:0.10°  6.02+0.17° 15.0740.27°  13.69+0.83"  9.75+0.10°
Proline 0.15£0.10°  3.16£0.21° 3224034  4.9120.19"  1.15+0.60° 10.08+0.10°  8.35+0.28" 4.91£0.19°
Histidine 0.55+0.10° 2324021  1.96+0.07°  3.01+0.00°  1.43+0.10° 5.16+0.18" 4.50+0.18° 3.01+0.00°
Cysteine 0.02+0.00°  0.08+0.00°  0.12£0.00°  0.17£0.00°  0.0320.00" 0.36:0.00° 0.18+0.00° 0.17+0.00°
Tryptophan 0.00+0.00  0.00£0.00  0.00£0.00  0.00+0.00  0.00+0.00 0.000.00 0.000.00 0.00+0.00
Total essential amino acid 8.55£0.55°  34.95+2.39" 29.88+0.69° 44.20£0.39" 21.74+£0.78"  76.69£1.28"  66.91£3.17°  44.20+0.39°
Sum of 18 amino acids 17.96+1.00° 85.07£6.26° 75.42+2.49° 112.8+1.08" 50.64+0.9¢°  203.7+3.13*  175.0+6.26°  112.8+1.08°

DAIl values are mean+SD (n=3).

IDifferent superscript letters (*°) in the same row indicate significant differences (p<0.05) by Duncan’s multiple range test.
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Table 5. Amino acid composition of extracted oat groat proteins by enzymatic treatment

Amino acid (mg/g)

Enzymatic treatment”

Enzyme I Enzyme II Enzyme III
Tyrosine 1.51£0.002% 1.16£0.09° 1.62:£0.00°
Glycine 3.010.00° 2.96+0.09° 3.93+0.09"
Serine 3.23£0.10° 3.1240.09° 4.5240.00°
Alanine 2.29+0.10° 2.33+0.18° 3.34+0.19"
Glutamic acid 7.41+0.26° 7.57+0.24° 14.81+0.34°
Lysine 2.12£0.10° 1.96£0.09° 2.75+0.16"
Leucine 2.9040.10° 2.86:0.16° 4.5240.00°
Methionine 0.89+0.10° 0.85+0.09° 1.24+0.09°
Valine 2.17£0.00° 2.33£0.09° 3.3420.09°
Arginine 1.8440.17° 1.64+0.18° 3.02+0.25°
Aspartic acid 3.96+0.19° 3.49+0.16° 5.39+0.09°
Isoleucine 1.23£0.10° 1.2240.18° 1.83+0.09"
Threonine 1.90+0.10° 2.01£0.09° 2.80+0.09°
Phenylalanine 4.40+0.19° 4.44+0.27° 5.28+0.25"
Proline 0.78+0.63" 0.62+0.97* 2.37+1.57°
Histidine 1.06=0.10° 1.010.09° 1.29+0.00°
Cysteine 0.67+0.00° 0.63+0.00° 0.8120.00°
Tryptophan 0.00+0.00 0.00+0.00 0.00+0.00
Total essential amino acid 16.67+0.54° 16.67+0.69° 23.05+0.47"
Sum of 18 amino acids 41.36+1.79° 40.20+1.79° 62.84+2.22°

YEnzyme I, a-amylase 0.1% + glucoamylase 0.1%; Enzyme II, Enzyme I + complex of cellualse 0.1%; Enzyme III, Enzyme Il + protease 0.1%.

YAl values are mean+SD (n=3).

*Different superscript letters (*°) in the same row indicate significant differences (p<0.05) by Duncan’s multiple range test.

Table 6. Amino acid score by processing stage of oats

Processing stage

Amino acid score (AAS, %)

Histidine Isoleucine Leucine Lysine Methionine  Phenylalanine Threonine Tryptophan Valine
+ cysteine + tyrosine
Raw oats 17.58+1.296”" b12.96£0.35" 13.88£0.27° 9.95:0.40"  16.77+0.22° 26.04+0.63° 17.032047° 17.92+0.40 14.85+0.40°
Unsoaked oats  3.64+0.00° 23240.17° 247015  1.5540.12° 2.15£0.00°  8.13+0.72°  3.29+023°  0.00 3.03+0.23°
Enzyme [ 7.06:0.64° 4.09£032°  4.91£0.16°  4.71£021°  7.09£0.44°  15.55:0.51° 8.24+0.42°  0.00 5.57+0.00°
Enzyme 1I 6.70+0.61° 4.06£0.61¢  4.84+027% 435+020° 6.73+0.42°  14.76+0.64° 8.74+0.40°  0.00 5.97+0.23¢
Enzyme III 8.620.00° 6.10£0.31°  7.6740.00°  6.10+0.36° 9.30+0.42°  18.14+£0.65° 12.17+0.41° 0.00 8.56:0.24°
pH 11 — pH 6.0 34.40+1.19" 27.09+0.34°  28.75£0.46" 18.58+0.40" 19.68+0.47° 60.09£0.54* 33.01£0.45" 0.00 29.35+0.53"

DPercentage of reference essential amino acids converted to analytical values.

DAl values are mean+SD (n=3).

IDifferent superscript letters (*°) in the same column indicate significant differences (p<0.05) by Duncan’s multiple range test.
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