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Abstract

The aim of this study was to investigate physicochemical properties of porcine blood hydrolyzed by proteases under
various conditions for utilization as a food source. Five kinds of proteases (Alcalase, Neutrase, Protex40L, PTPF-1430,
and KMFP-15) were tested at different concentrations (0.1, 0.2, and 0.3%, w/v) during hydrolysis at 55 for 4
hr. Hydrolysis with C KMFP-15 showed the lowest pH by 7.3. The highest soluble solid (24.3 °Brix) and free
amino acid (4,944 mg%) contents were obtained by hydrolysis with KMFP-15 (w/v) at 0.2% addition level, which
was not significantly different from the sample hydrolyzed at 0.3% level. Under the optimal condition of KMFP-15
at 0.2%, porcine blood was hydrolyzed at 60 up to 8 hr. The C free amino acid content reached the highest
at 4 hr, and then decreased with longer hydrolysis time. Under the optimal hydrolysis conditions, porcine blood
hydrolysis powder had plenty of crude proteins, amino acids, and minerals, including iron, potassium, and zinc.
The results showed that porcine blood could be utilized as an useful source of food supplement. The optimum
conditions of hydrolyzing porcine blood, using 0.2 KMFP at 60C for 4 hr, can be used in the commercial production
of protein supplements, amino acid sources, and iron fortifying agents
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Table 1. pH, soluble solid and Hunter’s color value of porcine
blood hydrolysates treated with various enzymes

Hunter’s color value

a b
173t00°0  28+0.0' 0100 -0.1z00°
203:05"  67:00° 00200 0800
238:00" 58:00° 0.0:00 -0.7:00"
1940.1°  7600° 0100 -1.0£0.1°
230:00° 84:00° 02:0.1 -0.7:0.1"
243:00'  6.1200° 0.1:0.1 -1.0+0.0"

Soluble solid
(°Brix) L

Protease* pH

Control  7.5:0.0"™
Alcalase (A)  7.610.1"
Neutrase (B)  7.540.0°

Protex-40L (C)  7.5+0.1"
PIPF-1430 O) 7.7:0.I"
KMFP-15 ()~ 730.0°

"Test concentration of protease is 0.1% (w/v).

"Mean+SD (n=3).

Values in the column with different superscript letters are significantly different
at p<0.05.
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Table 2. Free amino acids contents of porcine blood hydrolysates treated with various enzymes

(mg/100 mL)
Amino acids Protease”
Control Alcalase (A) Neutrase (B) Protex-40L (C)  PTPF-1430 (D) KMFP-15 (E)
Isoleucine 14.85+1.39" 132.91+1.38 24214049 64.14+1.16 19.24+3.26 302.12412.16
Leucine 29.73+148 352.47+8.26 49.65+1.60 255.86+2.12 39.11843 1,058.00+11.12
Lysine 49.60+2.76 253.1243.65 704142.65 203.93#3.11 6647+10.02 122024115
Essential Methionine 8.672.35 73.63+0.69 9.33£0.17 25214035 9.79+0.49 204.78+72.25
amino acids  phenylalanine 1690+2.52 252.64+4.16 26.64+0.44 204.59+2.41 31511205 949.70+60.66
Threonine 18.90+1.31 143.78+1.02 32.34+1.09 105.81+1.33 28.84+6.49 75.4142.04
Valine 37.82413.11 200.29+3.01 38.78+1.38 126.23+0.68 43.06£6.05 369.87+4.76
Histidine 11.79+2.24 153.01+1.58 24.24+0.82 110.76+1.59 2336+2.50 409.29+218.95
Total essential amino acids 188.26+8.81” 1,561.85+23.74" 275.60+7.76" 1,096.53£12.75° 261.38+49.28° 3491.28+66.63"
Alanine 51.98+2621 338.70£1.55 85.03+3.85 240.38+5.67 60.18+9.91 279.899.51
Arginine 4.80:0.16 149.99+4,07 22.39+0.89 75.24+1.29 6.5620.10 12121+7.54
Aspartic acid 1.68+0.52 66.38+1.03 332+0.12 28.4240.75 3474229 149.72+16.43
Non- Glutamic acid 63.74+4.58 357.70+2.90 89.16+6.81 252.49+5.93 70.28+12.04 307.8246.51
m?;ﬁ“f;é‘%ds Glycine 63.2842.35 161.46+2.34 65.31+2.58 117.32¢1.63 65.86+8.74 132.65+2.85
Proline 34.80+2.89 101.08+0.91 46.07+0.81 80.24+0.63 4.67+2.54 80.302.84
Serine 13.100.73 143.09+2.42 25.70+0.84 89.94+0.30 25.76+7.40 75.22+0.83
Tyrosine 16.96+0.95 128.14+1.70 2138:042 105.21+0.89 2931£9.87 305.27+19.21
Total nonessential amino acids ~ 250.342745° 1,446.54+16.91° 358.36+14.29" 989.24%15.59° 304.00+52.68* 1,452.57+58.38"
Total amino acids 438.59+36.26° 3,008.38+40.66° 633.94222.05° 20857742834 5654710196 4,943.8548.25°
“Test concentration of protease is 0.1% (w/v).
1>Me,an+SD(n =2).
Values in the row with different superscript letters are significantly different at p<0.03.
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Table 3. pH, soluble solid and Hunter’s color value of porcine
blood hydrolysates treated with various enzyme concentration of
KMFP-15

Concentration Soluble Hunter’s color value
Hwpy) pH solid
0 (Oan) L a b
0 76:02"  210£09° 270.1° 01:00 0.1:0.0"
0.1 71201°  248t01° 82:01° 01200 -08:00°
02 70:0.1°  25.1+07°  44+01°  0.1:00 -07+00"
03 70£0.1°  254+00" 42+01° 01+00 -1.0£0.1°

"MeanSD (n=3).
Values in the column with different superscript letters are significantly different
at p<0.05.

7} 7.6°.2 YJEREOH 0.1% (w/v) & 77t A pH 7.12
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o]A] it F 1T Tkl 7% FA T T 21.0 Brixl
A} KMF-15(E) 0.1, 02 2 0.3% (w/v) X8| A Z+2} 24.8,
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Table 4. Free amino acids contents of porcine blood hydrolysates treated with various enzyme concentration of KMFP-15

(mg/100 mL)
Amino acids KMEPIS
Control 0.1% 0.2% 03%
Isoleucine 14.85£1.39" 204.20£2.92 290.032.06 32551231
Leucine 20.73+1.48 10201146 1,203.92+8.56 1,293.7249.19
Lysine 49.60+2.76 141.80+2.03 194.09+1.38 196.96+1.40
Essential amino Methionine 867235 492.37+7.03 361.98+2.57 352962251
acids Phenylalanine 16.902.52 1,578.7822.55 1,475.91£1049 1,466.12+10.42
Threonine 18.90+1.31 71524102 97.98+0.70 96.17+0.68
Valine 378241311 354.97+5.07 324824231 309.872.20
Histidine 11.792.24 3533745.05 422274300 491.13+3.49
Total essential amino acids 188.26+8.817 3299.03+47.13° 4,37099+31.06' 45324443221
Alanine 519842621 322494461 468224333 48590345
Arginine 480+0.16 120434172 188.42+1.34 180.88+1.29
Aspartic acid 1.68£0.52 4583246.55 864.9316.15 889.566.32
Non- essential Glutamic acid 63.74+4.58 167.36£2.39 27.05+1.61 22593161
amino acids Glycine 6328235 15485+2.21 209.35+1.49 13099093
Proline 34.80+2.89 17.04£0.24 15.15+0.11 ND”
Serine 13.10£0.73 81.64+1.17 120.1440.85 126.83+0.90
Tyrosine 16.96£0.95 532.93+7.61 759.43£5.40 702.74+4.99
Total nonessential amino acids 250.34£27.45° 1,855.06+26.50° 2,852.68:2027 2,742.83+19.49"
Total amino acids 438.5936.26° 5,154.09+73.63 7,223.67+51.34° 727527451.70"
l)Me,amSD (0=2).
Values in the row with different superscript letters are significantly different at p<0.03.
INot detected.

Faedd nE 7ieEslEe F felon| At g o] FHEA S AN A= Table 5, 62F 2t pHE] 74-%-
©] A% KMF-15() 0.1% (wiv)°lA] 5,154 mg% = T 7} 7 2A17F HE] Al 7302 T TR oF 0.3 2AE
B} oF 1184 718K AL 02% 2 0.3% (w/v)ellAl 2zt SAIZIA 2ol A 728 U ATl whE 2 HskE UrEMJ
7,224 mg% 2 7275 mg% = °F 1658 =7)sksich 45 x] gttt = uFE ke 2 4 U oA 7oA 22} 246,

glopu| gl gheF ek 3 fElon| Aty 2 Ao s
Bh sEUF SMESE o]l A YERer 03%
wWv)llA 4,532 mg% = 7P =71 YERST o= 7149
A-gohe B0 w57t Foldd wet frelE e ofv|iegt
o] o] F7tsle oz dATHTh

E AFAYE 712 Feshe 54| TvF T
ANA 02% (wiv)E S7Feel wet ksl o] F7tet
A(16)7 TL3 ZAaks BRAINE 712 tief o= A =F
olFe] BAE HW/KlS W TVkshe EAA9 sk HE|
e 7hrel &l Sk etk Badk A2y A
3174 KMF-15(E) 02% 2 0.3% (w/v) 27} 7toll 2] Al
2ol & Ho|A| kol BAAl FEE 02% (wiv)7F A et
RO 2 Aztdrt

EAH Ha| Aziol o= ds
02%(w/v)e] KMFP-15(E)& 71838 A|7to)] w2

25.2, 26.0 °Brix® A g A|7to] A G2 2qFH Zrle=
B8 YR AAI T 6] o] 2= F WSS HolA|

Table 5. pH, soluble solid and Hunter’s color values of porcine
blood hydrolysates treated with 02% KMFP-15 for each
hydrolysis time

Soluble solid Hunter’s color value

Hydrolysis oH

time (hr) (°Brix) L . b
0 76:01"  126t037  66:01° 0100 -08:00™
2 73402 246402 66+01° 0.1:00 -09:0.1%
4 73101  252:0.1°  59+0.° 0.0:00 -0.8+0.1"
6 72401  260:0.1°  75:0.0° 01:00 -07+0.1°
8 72402 261+13 5301 01:00 -1.0:0.1°

"MeanSD (n=3).
Values in the column with different superscript letters are significantly different at
p<0.05.
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Table 6. Comparison of Free amino acids contents of porcine blood hydrolysates treated with 0.2% KMFP-15 for each hydrolysis time

(mg/100 mL)
Amtino 2cids Hydrolysis time (hr)
0 acl
0 2 4 6 8
Isoleucine 23.32+0.28" 129.98+1.86 199.030.71 194.99+1.39 17574125
Leucine 48.6440.59 1,790.77425.58 2757514977 2,358.78%16.76 2,133.85+15.16
Lysine 28954035 716.89+10.24 1,177.38+4.17 1,016.82+7.23 902.78+6.42
S Methionine 10.68+0.13 175.632.51 267.54£1.90 218.80£1.55 193.03+1.37
Essential d
sentlal amino acids
Phenylalanine 28.8540.35 505.32+4.22 830.07+5.90 730.36%5.19 663.54+4.72
Threonine 20.5140.25 242334346 378.35+2.69 212.76+2.22 309.302.20
Valine 54.92+0.66 136.60£1.95 303.91£2.16 307.99:2.19 24830+1.76
Histidine 26.3740.32 142.3742.03 27842+1.98 255.98+1.82 207.15+147
Total essential amino acids 242.24+2.90% 3,839.89+54.85° 6,192.22429.28" 5,306.48+38.35" 4,833.70£34.35°
Alanine 47524057 229.67+3.28 434.03+3.08 407.34+2.89 346.84+2.46
Arginine 16.27+0.20 189.12+2.70 325424231 2253741.60 259.52+1.84
Aspartic acid 2.18+0.03 7.9340.11 5.99+0,04 6.94+0.05 5.03+0.04
Non- essential amino  Olutamic acid 3721045 4355£0.62 3091£0.22 36.58+0.19 26.430.19
acids Glycine 60.3440.73 67.11:0.96 91.12+0.65 71.59+0.51 45244032
Proline 36.05+0.43 64.85+0.93 64.87+0.46 58.30+0.41 74.86+0.53
Serine 11.97+0.14 26.44+0,38 47244034 50.71+0.36 39.46+0.28
Tyrosine 21.4340.26 72.27+1.03 212274151 183.92+131 144.7241.03
Total nonessential amino acids 232.9842.81° 700.94+10.01° 1.211.84+8.61° 1,030.74%7.33" 942.10+6.70"
Total amino acids 475204573 4,540.83+64.87° 7,404.06£37.89" 64272144568 5,775.80+41.05°
"MeantSD (n=2).
Values in the row with different superscript letters are significantly different at p<0.03.
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Table 7. Proximate compositions of porcine blood hydrolysis
powder (PBHP) hydrolyzed with 02% KMFP-15 for 4 hr

Proximate composition (%) Content
Moisture 4.97+0.04"
Crude protein 86.8110.12
Crude lipid 0.08+0.00

Crude ash 542+0.04

Crude fiber 0.05£0.00
Carbohydrate 2.67+021

"MeantSD (n=3).

=g 2o T4oto|mM B

37191 ARE 2102 7l 2171 PBHPY] /g0t
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Table 8. Amino acids contents of porcine blood hydrolysis
powder (PBHP) hydrolyzed with 0.2% KMFP-15 (E) for 4 hr

(mg/g)
Amino acids Content
Isoleucine 8.660.10"
Leucine 85.30+1.76
Lysine 48.63£0.54
Essential amino acids Methionine P00
Phenylalanine 42.55+0.77
Threonine 20.88+1.02
Valine 44.19+0.44
Histidine 39.65+0.73
Total essential amino acids 295.36%5.35
Alanine 47.64+0.76
Arginine 29.09+0.73
Aspartic acid 60.05£1.41
Glutamic acid 52.00+1.26
Non- essential amino Glycine 28294045
acids
Proline 28.50+0.20
Serine 17.50+1.53
Tyrosine 19.19+0.13
Cystine 13.90+0.21
Total nonessential amino acids 296.7816.69
Total amino acids 592.14£12.04

"MeanSD (n=2).

Table 9. Mineral contents of porcine blood hydrolysis powder
(PBHP) hydrolyzed with 0.2% KMFP-15 (E) for 4 hr

Component Content (ppm)
Fe 1,983.22427.77"
n 20.65+0.29
Ca 644.7849.03
Na 16,902.26+236.67
K 7,237.02£101.33
Mg 210414295
"MeanSD (n=3).

HAEA 2] sfur
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T 7 HWHE 5‘%}01
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of el] EHA o] ThH25). 0194011 P25 Mg) 3 ok (Zn)
ghgfo] 747}k 210.41 ppm 2 20.65 ppm o2 LFEFLLTE
Koh®} Yu(26)= #4154 HH«] 714 5 28, 4F 4
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