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Abstract

Enzymatic hydrolysates of food proteins (defatted soybean cake, egg albumin and casein) were tested for
inhibitory activity against angiotensin-l converting enzyme (ACE). Food proteins were hydrolysed with
complex enzyme, bromelain, alcalase, @-chymotrypsin, trypsin, papain and pepsin by heating method. The
hydrolysates obtained from the treatment of complex enzyme and bromelain showed the higher ACE
inhibitory activity. ACE inhibitory activity of hydrolysates exhibited a tendency to be increased until 8hrs
and increased with increment of concentration. The activity was also stable by heat treatment at 100° C for
20min. Molecular weight of active fraction was about 1,400 and defatted soybean cake hydrolysate below
1,400 in case of defatted soybean cake hydrolysate treated with alcalase. Amino acid of the active fractions
was abundant in Asp, Glu, Lys, lle, Leu, Ala and Val.

Key words : angiotensin-1 converting enzyme (ACE), protein hydrolysates, ACE inhibitory activity, amino
acid composition
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Table 1. ACE inhibition effect of enzymatic hydrolysates of proteins on hydrolysis time

ACE inhibition ratio(%)*

Protein Enzymes
0.5 hr 8 hr 16 hr 24 hr
Complex enzyme 10.6 374 38.0 29.1
Pepsin 14.9 38.3 326 439
Defatted Bromelain 149 37.5 459 27.6
soybean Papain 14.5 22.7 27.3 30.7
cake Alcalase 3.2 42.9 326 34,7
a-Chymotrypsin 9.0 28.5 271 24.7
Trypsin 7.0 23.4 27.3 30.5
Pancrease 7.3 10.9 15.5 21.0
Complex enzyme 13.0 46.7 48.1 213
Pepsin 32.7 45.2 46.6 48.3
Bromelain 240 41.7 221 23.8
Egg Papain 28.1 43.6 34.2 29.7
albumin Alcalase 30.4 31.6 238 17.5
a-Chymotrypsin 19.4 32.3 24.2 28.1
Trypsin 19.1 36.9 20.8 7.0
Pancrease 17.6 44.5 41.3 19.8
Complex enzyme - 21.0 22.1 253
Pepsin - 479 40.1 421
Bromelain - 40.7 45.6 48.1
Casein Papain - 32.7 45.5 45.3
Alcalase - 29.8 16.7 16.1
a-Chymotrypsin - 21.0 23.3 13.2
Trypsin - 336 31.0 28.6
Pancrease - 16.5 131 10.1

» ACE inhibition ratio was determined with 50l of hydrolysate containing 20ug of protein

Table 2. ACE inhibition effect on amount of protein hydro-
lysates

Protein

ACE inhibiti io(%
hydrolysates CE inhibition ratio(%)

(Enzyme used) 20ug 50ug 100ug 200ug
DSH*(Com)® 11.8 14.1 29.2 39.8
DSH(Alc) 7.0 15.2 19.1 31.9
DSH (Pep) 6.4 8.0 10.1 22.6
ALH (Com) 9.9 28.7 277 545
ALH (Pep) 7.1 11.7 19.9 314
CAH (Com) 141 329 40.8 57.3
CAH (Bro) 14.7 321 46.7 71.1

*DSH, ALH and CAH denote defatted soybean cake, egg
albumin and casein hydrolysate powders, respectively

®Com, Alc, Pep and Bro mean commercial enzyme, alcalase,
pepsin and bromelain, respectively
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Table 3. Changes in ACE inhibition and browning intensity
of protein hydrolysates before and after heating

Browning intensity  ACE inhibition ratio”

Protein

Hydrolysates  (O-D. at 420nm) (%)

(Enzyme used) before after before after
DSH*(Com)® 0.059 0.060 141 19.1
DSH (Alc) 0.049 0.078 15.2 13.5
DSH (Pep) 0.017 0.019 8.0 7.8
ALH (Com) 0.110 0.157 28.7 21.0
ALH (Pep) 0.020 0.021 1.7 17.5
CAH {(Com) 0.012 0.014 329 27.6
CAH (Bro) 0.030 0.031 321 28.0

* Fifty micrograms of the hydrolysate powders was used for
the ACE inhibition assay
b Refer to the comment in Table 2

Table 4. Comparison of ACE inhibition of protein hydroly-
sates at the same level of protein

Protein

hydrolysates Protein ACE inhibition ratio
(Enzyme used) (ug) (%)
DSH*(Com)* 20 21.2
DSH (Alc) 20 12.1
DSH (Pep) 20 18.6
ALH (Com) 20 20.9
CAH (Com) 20 34.0
CAH (Bro) 20 29.7

*» Refer to the comment in Table 2

Table 5. Amino acid composition of various protein hydrolysates
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2 A, B3 el 2% casein 71488 E2] ACE
Aol AR $48 Ao Yehgos, 1 g
©. 2 bromelainell 2] casein 7}EHE, BFgE L
o gt fFd N A2l E 2 egg albumin b
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( % to total amino acid )

Protein hydrolysates (Enzyme used)

Amino

acids DSH* (Com)® DSH (Alc) DSH (Pep) ALH (Com) ALH (Pep) CAH (Com) CAH (Bro)
Asp 10.8 10.8 11.0 10.0 9.8 6.1 6.3
Thr 3.5 3.4 3.5 4.5 4.0 3.8 3.8
Ser 2.6 2.5 2.5 4.0 3.5 3.8 3.2
Glu 25.1 27.1 25.1 18.0 18.1 27.8 28.7
Gly 53 5.0 5.3 4.6 4.6 2.2 2.2
Ala 6.0 59 6.0 7.9 8.1 4.1 39
Val 5.0 4.6 .5.0 6.9 7.1 7.8 7.7
Cys 0.2 0.3 0.1 1.2 1.4 0.1 0.2
Met 0.8 0.9 0.9 2.7 2.8 2.4 2.8
lle 4.7 4.6 4.7 5.3 4.7 5.8 5.8
Leu 7.7 7.4 79 9.0 9.1 10.3 9.8
Tyr 3.8 3.6 4.1 3.6 3.7 34 3.6
Phe 4.8 4.6 4.6 5.6 5.5 4.9 4.6
Lys 9.5 9.2 8.9 8.9 9.4 10.3 10.2
His 3.1 3.2 : 3.1 29 31 3.7 3.8
Arg 7.1 6.9 7.2 4.9 5. 36 34
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

5 Refer to the comment in Table 2
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Fig. 1. Gel permeation chromatography of defatted soybean
cake hydrolyzed with complex enzyme on the Bio-
gel P-2 column.
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Table 6. ACE inhibition of the fractions separated from de-
fatted soybean cake hydrolysates on Bio-gel P-2 col-

1o oy 2 o

umn
Protein ACE inhibition
hydrolysates Fractions ratio®
(Enzyme used) (%)
Part 1 (Fraction No. 20~23) 0
Part 2 (Fraction No. 26~30} 0
Part 3 (Fraction No. 35~37} 346
Part 4 (Fraction No. 39~41) 26.4
DSH®(Com)® Part 5 (Fraction No. 44~48) 20.7
Part 6 (Fraction No. 51~57) 10.7
Part 7 (Fraction No. 59~62) 1.5
Part 8 (Fraction No. 68~75) 1.2
Part 9 (Fraction No. 78~82) 0
Part 1 (Fraction No. 23~28) 0
Part 2 (Fraction No. 33~39) 8.6
Part 3 (Fraction No. 41~46) 18.6
DSH (Alc) Part 4 (Fraction No. 48~52) 4.7
Part 5 (Fraction No. 56~62) 14.1
Part 6 (Fraction No. 64~69) 23.7
Part 7 (Fraction No. 73~79) 3.7
Part 1 (Fraction No. 22~26) 14.5
Part 2 (Fraction No. 28~32) 17.6
DSH (Pep) Part 3 (Fraction No. 34~40) 20.4
Part 4 (Fraction No. 41~47) 18.4
Part 5 (Fraction No. 48~54) 18.4
Part 1 (Fraction No. 22~27) 4.7
Part 2 (Fraction No. 37~42) 39.2
ALH (Com) Part 3 (Fraction No. 51~55) 17.0
Part 4 (Fraction No. 60~63) 1.3
Part 5 (Fraction No. 67~69) 2.4
Part 1 (Fraction No. 20~24) 12.5
Part 2 (Fraction No. 26~29) 153
ALH (Pep) Part 3 (Fraction No. 30~35) 11.1
Part 4 (Fraction No. 38~44) 25.0
Part 5 (Fraction No. 46~50) 32.2
Part 1 (Fraction No. 21~26) 14.0
Part 2 (Fraction No. 28~32) 30.8
Part 3 (Fraction No. 37~41) 48.4
CAH (Com) Part 4 (Fraction No. 43~48) 46.0
Part 5 (Fraction No. 51~55) 17.2
Part 6 (Fraction No. 57~60) 17.1
Part 7 (Fraction No. 63~66) 10.2
Part 8 (Fraction No. 72~77) 6.8
Part 1 {Fraction No. 20~25) 1.4
Part 2 {Fraction No. 29~34 379
CAH (Bro) Part 3 (Fraction No.-35~37 42.0

Part 5 (Fraction No. 49~56 9.9

)

( )

Part 4 (Fraction No. 39~47) 48.8
( ) ’

Part 6 (Fraction No. 58~68) 10.1

# ACE inhibition ratio was determined with 50ul of hydro-
lysate containing 20ug of protein
@ Refer to the comment in Table 2
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Table 7. ACE inhibition effects of the active fraction on Bio-
gel P-2 column

Table 9. Amino acid composition of the active fractions sepa-
rated from each protein hydrolysate on Bio-gel P-2

column
(% to total amino acid )

Protein IC
hydroysates . 80
(Enzyme used) Fractions (ug protein/ug powder)
DSH?*(Pep)” Part 3 26.4/124
ALH (Com) Part 2 43.9/ 95
CAH (Com) Part 3 371/121
CAH (Bro) Part 4 26.9/ 75

. Fractions
Amino

" acids Part 3 of Part 2 of Part 3of  Part 4 of
DSH*({Com)® ALH(Com) CAH(Com) CAH (Bro)

P Refer to the comment in Table 2

Table 8. Amino acid composition of active fractions on Bio-
gel P-2 column of egg albumin hydrolysates by

complex enzyme
( % to total amino acid)

Asp 12.0 12.0 10.8 4.5
Thr 4.2 43 10.9 30
Ser 2.8 2.8 6.7 2.2
Glu 25.8 21.2 223 22.3
Gly 5.6 5.5 2.9 20
Ala 7.8 6.7 34 53
Val 5.2 8.2 - 5.8
Cys 0.1 1.3 0.5 -

Met 1.2 2.1 2.5 3.5
lle 5.4 59 1.7 5.4
Leu 7.6 9.1 8.6 10.1
Tyr 2.5 1.7 2.1 2.9
Phe 2.3 2.3 1.6 29
Lys 9.3 11.6 10.4 17.9
His 2.9 31 2.6 7.6
Arg 53 2.2 3.0 4.6
Total 100.0 100.0 100.0 100.0

Fractions
AZEI(TSO Part 2 of Part 3 of
ALH (Com)* ALH {Com)
Asp 12.0 8.9
Thr 4.3 27
Ser 2.8 3.7
Glu 21.2 121
Gly 5.5 4.0
Ala 6.7 59
Val 8.2 5.7
Cys 1.3 0.3
Met 2.1 59
lle 5.9 6.6
Leu 9.1 8.0
Tyr 1.7 2.6
Phe 2.3 5.6
Lys 11.6 7.6
His 3.1 10.3
Arg 2.2 10.1
Total 100.0 100.0

# ALH (Com) denotes egg albumin hydrolysates by complex
enzyme

¥4 ACE A 8] 2185 49 2 & Table 63} 3e}.

BFA Lo o3 X7 v Ee] g8y
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*» Refer to the comment in Table 2
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