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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, Protex-40L, 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
173000 28+01° 01200 -0.1:00°
203:05"  67:00° 0100 -0.8:0.0°
238:00"  58:00° 0100 -0.7:00"
194£0.1°  76:00° 0.1:00 -10£0.1°
PTPF-1430 D) 7.7:0.1'  230:00° 84:00" 02:0.1 -0.7:0.1°
KMFP-15 (B)  73#00°  24300° 6100° 01201 -1.0:0.0°

"Test concentration of protease is 0.1% (wfv).

"MeantSD (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) PTPE-1430 (D) KMFP-15 (E)
Isoleucine 14.85:1.39" 13291£1.38 24214049 64.14£1.16 19241326 302.12+12.16
Leucine 29.73:1.48 35247826 49.65+1.60 255.86:2.12 39.1148.43 1,058.0911.12
Lysine 49.60+2.76 253.12+3.65 704142.65 203.9343.11 66.47+10.02 122.02+41.15
Essenial Methionine 8.6742.35 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 31.51£12.05 949.70+60.66
Threonine 18.90+1.31 143.78+1.02 32.34£1.09 105.81+133 28.84+6.49 75.41£2.04
Valine 37.82£13.11 200.29+3,01 38.78+138 12623:0.68 4306605 369.87+4.76
Histidine 11.79+2.24 153.01£1.58 24244082 110.76£1.59 23.362.50 409.29+218.95
Total essential amino acids 188.26:+8.817 1,561.85423.74° 275.60:7.76' 1,096.53+12.75° 261.38:49.28" 3,491.28:66.63"
Alanine 51982621 33870155 85.03£3.85 24038:5.67 60.189.91 279.8929.51
Arginine 4.80£0.16 149.99+4,07 22.39+0.89 75.24+1.29 6.5620.10 1212147.54
Aspartic acid 1.68+0.52 66.38+1.03 3.3240.12 284240.75 3474229 149.72+16.43
%I;Ieo;gal Glutamic acid 63.74+4.58 357.70+2.90 89.16+6.81 252.49+5.93 70.28+12.04 307.82+6.51
amino acids Glycine 63.28+2.35 161.46+2.34 65.312.58 117.3241.63 65.86+8.74 132.6542.85
Proline 34.80+2.89 101.08+0.91 4607081 80.24+0.63 4674254 80.30+2.84
Serine 13.10:0.73 143.09+2.42 25.70+0.84 89.940.30 25.76+7.40 75.22+0.83
Tyrosine 16.96:0.95 128.14+1.70 21.380.42 105.21£0.89 29.319.87 305271921
Total nonessential amino acids ~ 2503442745° 1,446.54+16.91° 358.36+14.29" 989.24+15.59° 304.09+52.68* 1452.57+58.38"
Total amino acids 438.59+36.26° 3,008.38+40.66” 633.9422.05" 20857742834 5654710196’ 4943854825
"Test concentration of protease is 0.1% (W/v).
"Mean+SD(n=2).
Values in the row with different superscript letters are significantly different at p<0.05.
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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
%H(wjv) pH solid
(OBrix) L a b
0 76:02"2 21009 27:0.1°  01:00 0.1£0.0'
0.1 71201°  248t01°  82:0.1° 01200 -08+00°
02 70:01°  251:0.7  44+01° 01200 -0.7:00"
03 70:0.1°  254+00° 42+01° 01:00 -1.0:0.°

"Mean#SD (n=3).
Values in the column with different superscript letters are significantly different
at p<0.05.
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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 KMFP-15
Control 0.1% 02% 0.3%
Isoleucine 14.85+139" 204.20£2.92 290.03+2.06 325514231
Leucine 2973148 102.01+1.46 1,203.92+8.56 1,293.7249.19
Lysine 49.60+2.76 141.8042.03 194.09+1.38 196.96+1.40
Essential amino Methionine 8.67+235 492.37+7.03 361.98+2.57 352.96+2.51
acids Phenylalanine 1690252 1,578.78+22.55 1,475.9110.49 1,466.12+10.42
Threonine 1890+131 71.5241.02 97.98+0.70 96.17+0.68
Valine 37.82¢13.11 354.97+5.07 324.8242.31 309.87+2.20
Histidine 11.79+2.24 353.3745.05 422274300 491.13+349
Total essential amino acids 188.26+8.81° 3,299.03:47.13" 4,370.99:31.06" 45324413221
Alanine 51.98+26.21 322.49+4.61 46822333 485904345
Arginine 4800.16 12043+1.72 188.42+1.34 180.88+1.29
Aspartic acid 1.68+0.52 458.3246.55 864.93+6.15 889.56+6.32
Non- essential Glutamic acid 63.74+4.58 167.36+2.39 227.05+1.61 22593161
amino acids Glycine 63.28+2.35 154854221 209.35+1.49 130.99+0.93
Proline 34.80+2.89 17.04+0.24 15.1540.11 ND”
Serine 13.10:0.73 81.64+1.17 120.14+0.85 126.83+090
Tyrosine 16.96+0.95 532.93+7.61 759.43+5.40 702.74+4.99
Total nonessential amino acids 250.34£2745° 1,855.06+26.50" 2,852.68+2027" 2,742.83£19.49"
Total amino acids 438.59+36.26° 5,154.09+73.63" 7,223.67+51.34" 727527451.70°

MeantSD (n=2).

Values in the row with different superscript letters are significantly different at p<0.05.

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

Hunter’s color value

Hydrolysis H Soluble solid

time (hr) (°Brix) L a b
0 76t01"  126:032  66t01°  0.1:00 -08+00™
2 73:02  246:02°  66t0.1°  0.0:00 -09+0.1%
4 73:01  252:0.1°  59:01° 0100 -08+0.1®
6 72¢01  260:0.1°  75:001°  0.0:00 07:0.1°
8 72402 261+13°  53:01¢ 00200 -1.0+0.1°

"MeantSD (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 02% KMFP-15 for each hydrolysis time

(mg/100 mL)
Attino acids Hydrolysis time (hr)
0 4 6 8
Isoleucine 23.32:028" 129.98+1.86 199.030.71 194.99+1.39 175.74£1.25
Leucine 48.64+0.59 1,790.77425.58 275751£9.77 2,358.78£16.76 2,133.85+15.16
Lysine 2895035 716.89£10.24 1,177.38£4.17 1,016.82+7.23 902.78:6.42
Bl amino acids Methionine 10.68+0.13 17563251 267.54+1.90 218.80£1.55 193.03137
Phenylalanine 28.8540.35 505324422 830.07+5.90 730.36+5.19 663.54+4.72
Threonine 20514025 24233346 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 24830176
Histidine 2637032 1423742.03 278.42+1.98 255.98+1.82 207.15£1.47
Total essential amino acids 242.24:2.927 3,839.80+54.85° 6,192.2229.28' 5,396.48+38.35" 4,83370£34,35°
Alanine 4752057 229.67+328 43403308 407.34+2.89 346.84+2.46
Arginine 1627020 189.12£2.70 325424231 2537£1.60 259.52+1.84
Aspartic acid 2.18+0.03 7.93+0.11 5.99:0.04 6.94+0,05 5.030.04
Non- essential amino  Glutamic acid 3721£045 43.55:0.62 3091:0.22 36.580.19 26430.19
acids Glycine 60.340.73 67.11:0.96 91.12+0.65 71.59+0.51 45244032
Proline 3605043 64.850.93 64.870.46 5830041 74.860.53
Serine 11.97+0.14 26.44+0.38 47244034 50.71£036 39.46+0.28
Tyrosine 2143026 72.27£1.03 212274151 183.92£131 144.72£1.03
Total nonessential amino acids 232.9842.81° 700.94£10.01* 1,211.84£8.61° 1,030.74£733 942.10£6.70"
Total amino acids 475224573 4,540.83+64.87° 7,404.06+37.89" 6,427.21+45.68° 5,775.80£41.05"

"Mean+SD (n=2).

Walues in the row with different superscript letters are significantly different at p<0.05.
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Table 7. Proximate compositions of porcine blood hydrolysis
powder (PBHP) hydrolyzed with 0.2% KMFP-15 for 4 hr

Proximate composition (%) Content

Moisture 497004
Crude protein 86.81+0.12
Crude lipid 0.08+0.00
Crude ash 542+0.04
Crude fiber 0.05+0.00
Carbohydrate 2674021

"MeantSD (n=3).

=8 229 Footo|= FEk

1 FE 2o 7gEal 2171 PBHPL] 4o}
Wk HES 53 2 Table 83} 2t & Aol

Ab SRR 592.14 mefg O 2 O] OF 60% 7} of] Ak
2 Yelston, 18F9] I 9 v F o ieits 20T
et e Ao Uehuith dgoln il 29536
mg/gl 2 50% 5 AR 1L, I 5 leucine] ol
85.30 mg/g o= 7H¢ EAl YEFSTE Lysine 3 valine %3¢
4863 mg/g 2 44.19 mg/gl & UER} =& kS Witk
H]Z = oAb Fol| A= aspartic acid 2 glutamic acid©]
Z}7} 60.05 mg/g 2 52.00 mg/g & =A et e
Fabe & ol 29 (AN AT F obr] i AbekEkol
16357 mg/gC & ¥ AAA D} H|wsto] ofn|ike] Fhefo]
2 e Ao YERTh24). ol 22 =8 A5
2po] 7} Qlth= AL 7ekslel & PBHPS] ofn|wAke] 3k
o] A5 =2 AR AZHET o wite dkE o
2 P4 g vjgdPoin it 2 BRETh B4 ofn| At
2 Aol FGEIA] ot WhEA] 521 B3l AdFstedok
st B opu|ieibe Aol A FAE 4 UTh24). m
2hx D= ojn|iesgh ghape vl o] kA 71X ke
7]1%¢0] €tk PBHPY| 7-¢- ofv|ieqte] ko] w2 A W
gk oolUel g ofn| kel gheF ek 50%°17d UER
FEH M7} e = o= wuEch

>
o
o o

o]

rh

iz}

10
0]

7|& gtz
Aoz 7] 2171 PBHPY| 7714
23t A3} Table 99 2t} o thak

2 4eizl dEFe)el 4% 1,973 ppmoZ e}

40

8 E
871

s
=

i
tlo Al
o,
i
ENC 1A

HE

=
5
e

ool WE
po
(o

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
Tsoleucine 8.66:0.10"

Leucine 85.30£1.76

Lysine 48.630.54

Bssential amino acids Methionine 5.50+0.02
Phenylalanine 42.55+0.77

Threonine 20.88+1.02

Valine 44.19+0.44

Histidine 39.6540.73

Total essential amino acids 295.36%5.35
Alanine 47.6410.76

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 296.78+6.69
Total amino acids 592.14+12.04

"Mean#SD (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 1983.22427.77"
n 20.65:0.29
Ca 644.7819.03
Na 16,902.26+236.67
K 7,237.02£101.33
Mg 21041£2.95
"MeantSD (n=3)
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o}l o] &ko] 16 ppm, 3,040 ppm L 18 ppm O & LERAT)
3 Baste] =890 7714 ghfo] six] ] 7P F-ET tha
& o8 Yyt

(@) (o]
L =

2 dTe drEeE =85 AEAAR gt oy
4 7t &L 5T At FAE5A WsE AN
Atk 1 A3 KMFP-15(E)& 7F-#3l& uf pH 7.3, &
D E e 243 Brix 2 fElobr] At 5 4944 mg% =
7P = 13T & 9 fElov| At s YERRL
tl. KMFP-15() F=cl W& 43S A 43 Hest
7} S7Vekl wet & ng i g 9 fElotu|iegte] S
sl o, f2lotn] =2 KMFP-15(E) 02% (wiv)d 7+
oA 7,224 mg% = 03% (wiv)H7H-9k F2 43 2ol &
VERA] ol 02% (wiv)Z A7 35T KMFP-15(E)<]
kil Alzrel wEl fElopn| Ak ShERe 447k A
7,404 mg%= 7Y =A YERow, A|zto] AuerE
Aaete AEE Bo A 7ppRaAibE axztez A
Aottt 7] A3 E 7Esl 20S B8 Alxd =8
EHPBHP)O| = 5l d gl oAb} HiE ZF, ofd
T Ohgel Fr1de] EiEel e Ao® Yehon &

3], AR S 1,983 mghE B YERY} A E2A 2
& 7 Aoz UETh o)de] A3 Hr|H = =8
o] dgueto g kst rieital =S A4 KMFP-
15(E) 02% (w/v)E F7Fsted, 4r3toll A 7hiel okd<
o wkd 2 54o] 7P Srete] 3 =8 o] &4
il W o ibaA] B HEASA 5o AEF 9
oJokE AR IFIPHA] FEo] 7FeE AR ATy
A
References
1. Animal and Plant Quarantine Agency (2014):

www.qia.go.kr/livestock/clean/ viewTcsjWebAction.do?id=
124095

2. Kim GE (2014) Protein Degradation in Waste Blood for
Liquid Fertilizer Production. J Kor soc of urban
environment, 14, 127-134

3. Jang YH, Kim HB, Lee MH, Baek H, Choe NH (2011)
Utilization and hygiene status of animal blood from
slaughterhouse in korea. Kor J Vet Publ Hith, 35, 73-79

4. Carretero C, Pares D (2000) Improvement of the
microbiological quality of blood plasma for human
consumption purpose. Rec Res Dev Agric Food Chem,

A23d A3E (2016)

10.

11.

12.

13.

14.

15.

16.

17.

4, 203-216

. Marilene De Vuono CP, Franco ML, Nilton Pereira DS

(1979) Functional and nutritional properties of isolated
bovine blood proteins. J Sci Food Agric, 30, 809-815

. Duarte RT, Carvalho Simdes MC, Sgarbieri VC (1999)

Bovine blood components: fractionation, composition,
and nutritive value. J Agric food Chem, 47, 231-236

. Salvador P, Saguer E, Pares D, Carretero C, Toldra M

(2010) Foaming and emulsifying properties of porcine
red cell protein concentrate. Food Sci Technol Int, 16,
289-296

. Choi JP (2013) Animal by product(blood) current status

& usage. Kor Soc for Food Sci Animal Res, 2, 2-7

. Park GH (1997) Optimum drying condition for slaughter

porcine blood and its utilization as broiler diets. K J Poult
Sci, 24, 59-66

Park EH, Lee HY, Song KB (1996) Characterization of
plasma proteins from bloods of slaughtered cow and pig
and utilization of the proteins as adhesives. Agr Chem
Biotechnol, 39, 123-126

Hyun CK, Shin HK (1997) Utilization of Animal Blood
Proteins as Nitrogen Sources for the Cultivation of Lactic
Acid Bacteria. Kor J Appl Microbiol Biotechnol, 25,
218-223

Hyun CK, Shin HK (1999) Production of angiotensin
[ converting enzyme inhibitory peptides from bovine
blood plasma proteins. Korean J Biotechnol Bioeng, 14,
600-605

Waters Corporation (1993) Waters AccQ-Tag amino acid
analysis system operator’s Manual number 154-02TP.
Milford, MA, USA

AOAC (1995) Official methods of analysis 15th ed.
Association of Official Analytical Chemists, Washington
DC, USA

Hugli TE, Moore S (1972) Determination of the
tryptophan content of proteins by ion exchange
chromatography of alkaline hydrolysates. J Biol Chem,
247, 2828-2834

Kim JH, Yoo CJ, Sin KA, Jang SY, Park NY, Jeong
YJ (2011) Changes in properties of deer antler by
proteolysis and extraction conditions. J Korean Soc Food
Sci Nutr, 40, 89-93

Park CJ, Lee WB, Lee 1J, Lee JM, Lee KC (1986) The
clinical effects of 35% branched chain amino acid
solution in the septic patients. Ann Surg Treat Res, 31,
107-121

. Park WD, Han SB, Lee SH, Hur JW, Ahn SH, Park



19.

20.

21.

22.

Changes in physicochemical characteristics of porcine blood under various conditions of enzyme hydrolysis

SK (1987) The improvement of plasma amino acid
concentration and liver function in the treatment of
decompensated liver cirrhosis with enriched branched
chain amino acid infusion. Korean J Gastroenterol, 19,
148-154

Moon HW, Kim JK (2003) The effects of pre-exercise
BCAA injection on blood amino acids levels, ammonia
production and exercise performance. Exercise Scinece,
12, 277-286

Lie OH (1999) Relationship between Exercise and
Protein, Amino acids nutrition, Institute Nat Sci Yong-In
Univ, 4, 39-46

Lee SH, Cho YJ, Kim S, Ahn BJ, Choi C (1995) Optimal
conditions for the enzymatic hydrolysis of isolated sesame
meal protein. J Appl Biol Chem 38, 248-253

Jeong YJ, Jo YJ (2014) High quality amino and

23.

24.

25.

26.

421

composition using waste blood of the slaughtered
livestock and manufacturing method thereof.
KR-B-10-1390516

Jang SY, Sin KA, Park NY, Kim DH, Kim MIJ, Kim
JH, Jeong YJ (2008) Changes of quality characteristics
of low-molecular soymilk according to hydrolysis time.
J Korean Soc Food Sci Nutr, 37, 1287-1293

RDA (2011) 2011 Table of Food Functional Composition
AMINO ACID, Rural Development Administration,
Suwon, Korea

Park JY, Yoon KY (2014) Comparison of the nutrient
composition and quality of the root of Allium hookeri
grown in Korea and Myanmar. Korean J Food Sci
Technol, 46, 544-548

Koh HY, Yu IJ (2015) Nutritional analysis of chicken
parts. J Korean Soc Food Sci Nutr, 44, 1028-1034



	서 론
	재료 및 방법
	실험재료
	단백질 가수분해 조건설정
	pH, 총 고형분 함량 및 색도
	아미노산 함량 측정
	일반성분 분석
	무기질 함량
	통계분석

	결과 및 고찰
	단백질가수분해 효소제에 따른 영향
	효소제 처리 농도에 따른 영향
	효소제 처리 시간에 따른 영향
	돈혈 분말의 일반성분 함량
	돈혈 분말의 구성아미노산 함량
	돈혈 분말의 무기질 함량

	요 약
	References

