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Coagulation of Preheated Skim Milk Dispersion Induced by Various Fruit Juices
and Angiotensin-Converting Enzyme (ACE) Inhibitory Activities of
the Resultant Peptides

BOo#r
Yuji HOSHI

The clotting ability of fruit juices (fig, kiwi, mango, papaya, and pineapple) on skim milk dispersion
preheated to 80°C was investigated. Mango and papaya did not clot milk, whereas fig, kiwi, and pineap-
ple did. The curd obtained from kiwi juice showed the highest hardness, and scanning electron micro-
scopic observation revealed that its microstructure was denser than that of curds derived from fig
juice, pineapple juice, or rennet- treated milk. SDS-PAGE patterns of milk treated with mango and pa-
paya were similar to those of intact skim milk. In contrast, x-casein selectively disappeared in samples
digested with fig and kiwi juice. Furthermore, almost complete degradation of all milk proteins was ob-
served with pineapple. The ACE inhibitory activities (IC;)) of peptides prepared with kiwi and pineap-
ple juice were 2.2 and 1.6 ug/mL, respectively, which were lower than that of peptides digested with
trypsin (2.9 pg/mL), indicating stronger inhibitory activity.
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Table 1. Milk-clotting Abilities, Fracture Forces, and
Protease Activities of Fruit Juices.
F Protease Specific
. racture e protease
Frui Clotting activity .
ruit oy force ’ activity
Ability (gf) (Ass0 am 10 A /
g 20 min) 280 nm

pg*min)
Fig Present 39.8 1.913 8.68x107*
Kiwi Present 103.0 1.697 1.72x10~*
Mango Absent — 0.913  1.45x10°*
Papaya Absent — 0.843  1.06x10°*
Pineapple Present 34.6 9.117 3.27x107°
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Fig. 1. SDS-PAGE patterns of constituent proteins of

skim milk digested with various fruit juices.

Electrophoresis was carried out using e-Pagel ET-12.5L
(ATTO) at 20 mA for 70 min. After electrophoresis, the gel
was stained with Comassie Brilliant Blue G-250 for 1 hour
and then destained using acetic acid-methanol-water
solution.
lane 1: molecular weight standard proteins
lane 2: undigested skim milk
lane 3: skim milk treated with mango
lane 4: skim milk treated with papaya
lane 5: skim milk treated with kiwi
lane 6: skim milk treated with pineapple
lane 7: skim milk treated with fig
lane 8: skim milk treated with rennet
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Fig. 2. Gel filtration profiles of skim milk treated with mango or papaya juice.

Gel filtration was carried out using Toyopear]l HW-60 with a column size of 1.6 X 52 cm at flow rate of 0.8 mL /min. The
effluent was collected in 4 mL fractions, and absorbance at 280 nm was measured.

Each sample was dissolved in 20 mL of 0.02 M phosphate buffer (pH 6.8) containing 0.5% SDS, followed by
centrifugation and ultrafiltration. Two milliliters of the resulting sample were mixed with 0.4 mL of glycerol and then

applied to the column.
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Fig. 3. Gel filtration profiles of skim milk clotted with kiwi, pineapple, or fig juices.
Each coagulum was dissolved in 20 mL of 0.02 M phosphate buffer (pH 6.8) containing 0.5% SDS, and then
homogenized using a glass homogenizer, followed by centrifugation and ultrafiltration. Two milliliters of the resulting
supernatant were mixed with 0.4 mL of glycerol and applied to the column. Gel filtration was performed according to the

method described in Fig. 2.
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1 2 3 4 5 6 7 8 9 10 11 1213 14
BSA W
OVA
n— a-casein
CAH = - B-casein
K-casein
STI B-lactoglobulin

Fig. 4. SDS-PAGE patterns of the column effluents
(skim milk) shown in Fig. 2.
Electrophoresis, gel staining and destaining were per-
formed as described in Fig. 1.
lane 1: molecular weight standard proteins

lane 2: skim milk

lane 3: skim milk dispersion before gel filtration
lane 4: fraction number 10

lane 5: fraction number 11

lane 6: fraction number 12

lane 7: fraction number 13

lane 8: fraction number 14

lane 9: fraction number 15

lane 10: fraction number 16
lane 11: fraction number 17
lane 12: fraction number 18
lane 13: fraction number 19
lane 14: fraction number 20
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PRI R S 72,
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3 4 5 6 7 8 9 10 11 12

12
BSA F
ova B0

a-casein
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CAH _
K-casein
STI
B-lactoglobulin
Fig. 5. SDS-PAGE patterns of the column effluents

(papaya) shown in Fig. 2.
Electrophoresis, gel staining and destaining were per-
formed as described in Fig. 1.
lane 1: molecular weight standard proteins
lane 2: skim milk dispersion before gel filtration
lane 3: skim milk dispersion treated with papaya juice
before gel filtration
lane 4: fraction number 10
lane 5: fraction number 11
lane 6: fraction number 12
lane 7: fraction number 13
lane 8: fraction number 14
lane 9: fraction number 15
lane 10: fraction number 16
lane 11: fraction number 17
lane 12: fraction number 18

1 2 3 4 5 6 7 8 9 10 11 12 13
BSA
OVA
a-casein
CAH ' . - : : g = = = B-casein
K-casein

STI

B-lactoglobulin

Fig. 6. SDS-PAGE patterns of the column effluents
(mango) shown in Fig. 2.
Electrophoresis, gel staining and destaining were per-
formed as described in Fig. 1.
lane 1: molecular weight standard proteins
lane 2: skim milk dispersion before gel filtration
lane 3: skim milk dispersion treated with mango juice
before gel filtration

lane 4: fraction number 10
lane b5: fraction number 11
lane 6: fraction number 12
lane 7: fraction number 13
lane 8: fraction number 14

lane 9: fraction number 15
lane 10: fraction number 16
lane 11: fraction number 17
lane 12: fraction number 18
lane 13: fraction number 19
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Fig. 7. SDS-PAGE patterns of the column effluents

(kiwi) shown in Fig. 3.
Electrophoresis, gel staining and destaining were per-
formed as described in Fig. 1.
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a-casein
B-casein

-
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L

CAH
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ST B-lactoglobulin

Fig. 9. SDS-PAGE patterns of the column effluents
(fig) shown in Fig. 3.
Electrophoresis, gel staining and destaining were per-
formed as described in Fig. 1.

lane 1:
lane 2:
lane 3:

lane 4:
lane 5:
lane 6:
lane 7:
lane 8:
lane 9:

BSA

OVA

CAH

STI

molecular weight standard proteins
skim milk dispersion before gel filtration

skim milk dispersion treated with kiwi juice

before gel filtration
fraction number 13
fraction number 14
fraction number 15
fraction number 16
fraction number 17
fraction number 18

1 2 3 4 5 6 78 9 10 11 12

a-casein
B-casein

Fig. 8. SDS-PAGE patterns of the column effluents

(pineapple) shown in Fig. 3.

Electrophoresis, gel staining and destaining were per-
formed as described in Fig. 1.

lane 1:
lane 2:
lane 3:

lane 4:
lane 5:
lane 6:
lane 7:
lane 8:
lane 9:

molecular weight standard proteins
skim milk dispersion before gel filtration

skim milk dispersion treated with pineapple juice

before gel filtration
fraction number 9

fraction number 10
fraction number 11
fraction number 12
fraction number 13
fraction number 14

lane 1:
lane 2:
lane 3:

lane 4:
lane 5:
lane 6:
lane 7:
lane 8:
lane 9:

molecular weight standard proteins

skim milk dispersion before gel filtration
skim milk dispersion treated with
before gel filtration

fraction number 10

fraction number 11

fraction number 12

fraction number 13

fraction number 14

fraction number 15

fig juice

lane 10: fraction number 15
lane 11: fraction number 16
lane 12: fraction number 17
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lane 10: fraction number 16
lane 11: fraction number 17
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Fig. 10. Scanning electron micrographs of skim milk clotted with various fruit juices and rennet.
The coagulates were cut into cubes of approximately 5 mm per side and immersed in a 5 % glutaraldehyde solution.
After overnight fixation, they were rinsed with water and then dehydrated by sequential immersion for 15 minutes each in

50, 60, 70, 80, 90, 95, and 99

% ethanol. Following dehydration, ethanol was replaced by sequential immersion for

15 minutes each in 50, 70, and 100 % t-butanol, after which freeze-drying was carried out. The freeze-dried specimens
were coated with gold and observed for microstructure with a Hitachi scanning electron microscope (TM-1000).
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Fig. 11 IZ/" 9, Fig. 11 2 HHFEIEEDN50% L2 5 DI
DEIRXTF FRIE IC,) ERDOAER. F 71 K
WINEFL R T F R D ICs, 1& 2.2 pg/mL, /814 F » 7
VRN TIE 1.6 pg/mL &0, ZAFLINVIZTY TV
VTHR LU YA 2.9 ng/mL &z S 7z,

v. Z28

L FVr, FuA, v T—, NA Y, BLUH
F o FNEETIZ, HE5PUDHKISCIZMELZZAF LI
VI HHBIZIMR =LA AFV 7, FI4, BXU

100
..... °
;\; 80 F
= o= Trypsin
= 60
& e Kiwi
©
oo P I
E 40 ineapple
a
=
£ 20
0 U N TN TN T TN [N SN TN SN TN [N TN T T T N T S N 1
0 5 10 15 20 25 30
Peptide Concentration (ug/mL)
Fig. 11. Effects of peptide concentration derived

from skim milk digested with fruit juices
and rennet on angiotensin-converting
enzyme inhibitory activity.
Inhibitory activity for angiotensin-converting enzyme
was measured using ACE Kit-WST manufactured by
Dojindo Laboratories according to its manual.
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