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< SUMMARY >

| EETE | D-02

Purpose&
Contents

<Purpose of Study>
- Development of production process of highly-concentrated amino acid formulation
from porcine blood

- Development of production process of soluble iron formulation from porcine blood

- Quality analysis of amino acid and iron formulation

- Establishment of industrialization infrastructure for high value-addition of porcine

blood

<Content of Study>

1. Highly-concentrated amino acid powder materialization from porcine blood

O Processing property test of porcine blood

O Condition establishment of blood clotting prevention

O Quality analysis of blood degradation products after enzyme treatment

O Mass-production process development through quality standardization of
highly-concentrated amino acid formulation of porcine blood

2. Water-soluble iron powder materialization from porcine blood

O Optimization of processing condition of low-reducible & water-soluble iron
powder from porcine blood

O Study for quality standardization, specification and commercialization of
water-soluble iron powder from porcine blood

OStudy for replacement of imported iron products

<R&D results>

- Establishment of optimal enzyme processing condition for highly-concentrated
amino acid formulation by preventing natural clotting of porcine blood

- Establishment of production process and quality standardization of
highly-concentrated amino acid formulation

- Establishment of porcine blood hydrolysis method for improving iron content of

Results porcine blood
- Establishment of production processing and quality standardization of water-soluble
iron formulation
<R&D outcome>
Technology execution using R&D results: 2 cases, Commercialization: 4 cases, Patent
application: 2 cases, Thesis publication; 2 cases, Presentation at academic
symposiums: 3 cases, Promotion at expos: 3 cases
- Utilization of standardized and hygienic porcine blood powder to produce
processed food such as ‘Sundae’
- Utilization of amino acid and iron formulation with high bioavailavity for functional
food products

Expected produ

Contribution

- Utilization of hygienic porcine blood as organic fertilizer

- Generation of economic benefits by saving waste water treatment in case of
industrialization of porcine blood as food material

- Generation of social benefits by avoiding waste water pollution and preventing
environmental pollution

Keywords

hydrolysis water-soluble

) amino acid food material
enzyme iron

porcine blood
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1 g9l 65%2 HNO; 6 mL9 30% H,O, 1 mLE teflon bottleo] H& F o] Hxg A
38l o g 3 microwave digestion system(Ethos-1600, Milestone, Sorisole, Italy)<
o]-g3te] il 600 W= F 2041t AHEeElE AAE slds. dAAE 3-8 E AR Asd
o2 (.45 m membrane fllter(Mllipore, Massachusetts, USA)Z o] ¥}3}o] Inductively
coupled plasma spectrometer(ICP-IRIS, Thermo Elemental, Massachusetts, USA)Z

483+

B gheke digital refractometer (PR-101, ATAGO Co., Tokyo, Japan):—g /\}%’GPC’%
43RS, M=o A9 UV-spectrophotometer (UV-visible spectrophotometer 1601,
Shimadzu, Kyoto, Japan)= AF&3ste] WE(L), AME(a), FHME=h)gts 43
Hunter’ color value® YetHow, o] wf tjx=7= F/7(1=99.99, a=0.06, b=-0.08)&

O fFgolr 2l ke 7 A 82 8000 rpmel A 208-3F AR & A5 HS FHe) 045
ym membrane filter (PVDF-2545, Chemco Scientific, Osaka, Japan)® ]33t 845
gopr w2t Z=AHA R AFE3I ™, Amino Acid Analyzer (1L.-8900, Hitachi, Tokyo,

Japan)Z 433 5.
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3} i ghere] 8434%% U

pild

WA 2 (%)

o
=10

1)

AN

0.32%, 0.88% = W&o = e}

o

o

iz
o
N

=
e
Nd

iz
A

0.32+0.12 0.88+£0.25

13.74+1.24

=3)

84.34+0.84"

DValues are mean = S.D. (n

il

o)
il

. ZFE 9 dhEFo] 832.6 ppml®E F7d F

Kol
=

29} 2

o

224.1 ppm

=] B__O
E o

A =

Bl Ca, Mg, Mn, Mo, Cu 2o &

296 ppmo =

]ﬁ)\_g‘]:q’ J—:':‘

| e

ﬂ
HH

o]/
3!

)
N

1
]

_EH

s

o
!

—

X

A

o}
o
HJ

o)

Mo

17.05

/n
2.96

Mn
ND

Mg
43.48

vl dgoln| =4k 3669.37 mg/100 mL

= (ppm)

St
=
ol
=

ofn) = AF &2 5411.17 mg/100 mL&E e}

823.6
Fobm] =4k 1,741.8 mg/100 mL

714

k=
Fe
224.1

Cu
2.213

J

S
&y

Ca
98.87

NDl)
ré

o FAgobm et

=
o OF
2 YEb .

o T4t

T3
o
=
o

AN

>3
L
1}

UNot detected

3)

O

—_
file)

A
-y
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o}n] =4k Branched Chain Amino Acid, BCAA)Ql ©] & Fo]
562.33 mg/100 mLe. & t}

o

=

=

R AV
o]

K

S}
k=]

29

1

=]
=




(mg/100 mL)

16.64

ofw] =2t

3. %%9} :I‘L}B] O]_U] LA}

hya
ar

~ !
s <
o B Mo
ewm ;uoT
il )
~ MLﬁoE
o < uLmhﬂurM
=+ n 0 o oQ —
MM1QD1%1M%&0703@%66WN ki GaCR
mmo%le5M93o.42.0389.91. In S
o0 SRS I e S8 ERIE - S k=
— A P s =3 ]OAUJA
o} o X
=) ol O o
N SIS
= = =
‘Mv_ﬂ ]7
<t ﬁ;%gi
T [
Mg T2
N =
w2 T
il S
_ 1—,_A|O‘|‘UA|
N B &Exﬂ
%HE __ﬂerrL
_
= mﬂ CICY Moﬁﬂﬁ
A ol B = T % GO T
K R O A a4 < |4 A A TG
s TR R ATIE NN w o M|y T mHE X2
ﬂﬂﬂEueawr%wrdr:eﬂ%z_ﬂh%wri o = < g
A = : 5 T
ﬁﬂ AT‘MI MM% K M= o ﬂ.LAomM
% ﬂ =) i P - T o ?MM’
) - —_—
A ° H P S Daw
B = Ao = B T T RE
—~ i oo O mTLi
0 o) oﬁo g ﬂdﬂ Aoﬂu
: : : oz +F Ity
! 3 ) N \@
E @ om & mﬂct m-wom/uE
o ,d. ~ T ERESIE~e
~ Z B oo m No
O O
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O F 13y FFY 45 FAA JAIteErt ol s Srksts o= glFglon A
o A FAMYEE Ao wE JTFS e AR YEE S
¥ 4 FANVIEF] HIE &
> &
1T =
A B C D E F
TAMNMYEE &
° 0 05 1.0 15 2.0 25
(%, W/v)
¥ 5 =389 $aUAA T uE FEWg
o1 =g
EE
TANYEFH - = SEE - : 1 1
e S8 g = i unter s color value
. ) 5 pH sk
(% H
(W/v%) 0 (%) L a b
0% 40 N 76910027  11.00+0.01 2.5410.02 0201002  -0.06+0.02
0.5% 100 @) 7531003  11.20+0.01 26110.03 0161003  -0.04+0.02
1% 100 X 7601003  11.6010.01 257+0.03 0141002  -0.01+0.03
15% 100 X 74710.05 11.7+0.02 2.52+0.02 0.180.02 0.0310.02
2% 100 X 7561003 12301000  251+0.01 0.100.01 -0.02+0.01
25% 100 X 7501005  14.00+0.01 2.52+0.02 0.120.01 -0.011+0.02
YValues are mean = S.D. (n=3)
Y00 SaE, A WS, x SaEA %S
O FAMHEF #H7F F 2A17F 7€ A8 3 A= 29 13 23, 05% #H7belA 71 A
2 & wtuA| o] S el o 1.0% ol H7F A] 7FEnkS o] % SaEA] 2= A
o o




o
=

A7kl A 7h

. 0.5%

=
=

o o

Hol= Aoz yetytom 2% H7blAM 7Hd w2 w84de 7HA

CwEbd =g o] S A A

) 7h2k st

s

7k 1.0%

@B © @O ([E

(A)

E: 25%

)
=3

o

olo
il

od

-

|

EE

4%

(1)

7267 769% t

1
R

173%% Yetsker 34 H7b3ke] pH

= 754 %

&

w32 ol
e gl

194724305

shafo
KMF-15914 7 w2 pH#EQ! 7.29

i

|
)| .*O
|
B

—_
fite)

o
.

=
=
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el S7F 57778362 Stele agte EaA e o
-0.687 -1.008.2 A3 .

% 785 e Hunter' s color value
F A pH
(%)
L a b
Control 7.54+0.01Y 17.3£0.14 2.74%0.01 0.10%£0.02 -0.12£0.01
Alcalase 7.49+0.01 20.4+0.28 6.69+0.01 0.08£0.02 -0.82%+0.01
Neutrase 7.52%0.01 23.81£0.14 5.77%0.01 0.08%+0.02 -0.68+0.03
Protex 40L 7.4410.01 19.4£0.14 7.551+0.02 0.10%£0.01 -0.93£0.05
PTPF-1430 7.69%+0.01 23.0£0.08 8.35£0.02 0.13%+0.01 -0.63£0.05
KMF-15 7.26+0.01 24.310.01 6.131+0.03 0.06 £0.01 -1.00£0.06

1) Values are mean =S.D. (n=3)

4 : ere 79 o, ma TAzke] fobun
M SBE 4350 me/lo0 mLE F4 m A RE TN felobuwatel gHFol 13
W ool Frkste AoE FANYE

O &a2A4g T KMF-15914 3,623.70 mg/100 mLo= ¢ 81 o] F7kell 7Hd =4 e

yon Ffolu A = BCAAC & ma KMF-15 HgolA 718 =S, 1 9
Alcalase % Protex 40Le] A glo| A frelolr=ite] shafo] =2 Zo=z SRlH L, o
= BaAgd o8] dEoe] B o] AEA} ofujrto g WY = How FHoky,

O &xAgd B2 =89 54 vus dxes 19 3% 28 KMF-152 3 E
ZolA 7MY 2 FeAde wlen, EE Ad Adg ARy d@ o] do o
Z frede Bolv Aoz Azd webd =99 aavteis 34

Sadtgo] #o
=
=

o 4 KMF-1

_20_




A &4 FA49, B: Protex 40L, C: Neutrase,

a9 3 A wE =g fE4d v

X7 84 A g =] Fotu =t FF
(mg/100mL)
PRSI
o}n] = Ak i PTPF-143
=9 Alcalase Neutrase Protex 0 KMF 15
o] & F-o] 2l 1485139V 13201+138 24211049 64.14+1.16 1924+326 169.10+6.80
Fol Al 290.73+11.48 352471826 4965+1.60 255.86£212 39.11%+843 591.04%+6.21
o o]l 4960£276 25312£365 7041+265 20393*£311 664711002 110.69%1.04
;; HE 867+235 7363%£069 933*+0.17 2521*£035 979%£049 207.08%£73.07
e Hdded 16.90£252 25264+416 2664+044 20459+241 3151*£1205 722.92+46.18
- Eded 1890+£1.31 14378%£1.02 3234%£1.09 10581+133 2884*£6.49  49.48+1.34
Elg=] 378211311 20029+301 3878+1.38 126231068 43.06%6.05 21864+281
3] 2~Ed 11.79£224 15301%=158 2424%£082 110.76+159 23.36%E250 29761+159.21
] 188.26 1,561.85 275.60 1,096.53 261.38 2,366.57
% Aot
+£8.81 +23.74 *£7.76 1275 +£49.28 +£29.47
e 5198*£2621 33870+155 85.03%385 240.38+567 60.18£991 196.46+6.67
o271 480+0.16 14999*+407 2239£0.89 7524*+1.29 6.56*0.10 23.83*11.48
" of~ulZ EAL  168+052 66.38+11.03 3.32+£0.12 2842+0.75 3471229 107.66*E11.81
B ® 4
l].n]_r ERl=rs 63.74£458 35770£290 89.16%6.81 25249593 702811204 347.49+7.19
e =2 63.28£2.35 161.46%234 6531+£258 11732%£163 65.86+874 123.60+2.66
- zEd 34.80£2.89 101.08£091 46.07+0.81 80.24£0.63 4267+254 52.01*£1.84
A4 13.10£0.73 143.09£242 2570£0.84 89.94%+0.30 25.76£7.40 53.56+0.59
E] 241 1696095 12814%£170 21.38%£042 10521089 29.31*£9.87 193.37+12.17
_ _ 250.34 1,446.54 358.36 989.24 304.09 1,097.98
% H)b 5o} et
+27.45 +16.91 +14.29 +15.59 +52.68 +39.56
- . 438.59 3,008.38 633.94 2,085.77 565.47 3,623.70
% el obn mat
+36.26 +40.66 +22.05 +28.34 +101.96 +6.15
“Values are mean + S.D. (n=2)
(A) B © O E &

D: Alcalase, E: KMF-15, F: PTPEF-1430

_21_




O maAessd he £3e FA54e A%t ¥ 83 24 pHY 4% Aesnst 3
7} E aste] 03%01A 7.0302 7 v UEgon F udR o] A9 A
gEsErt SUMEFE S 0.3%0 A 2542 7R =4 YERES

O A% A9 Lk 01%014 81322 714 =4 Uegon agte axxed gz i
o7} gl ALoE HoW bt Eiﬂa]—?zjoﬂ/q PN RN

A EE Z YR I Hunter’ s color value
(%, W/v) PH (%) . . N
0 7.70+0.01" 20.3+0.21 2.74%0.03 0.10%0.03 -0.12+0.02
0.1 7.18+0.01 249%0.14 8.13%0.05 0.060.04 -1.00£0.03
0.2 7.05%0.00 25.1%0.07 4.43%0.06 0.08%0.03 -0.61£0.04
0.3 7.03%+0.02 25.47%0.07 4.24%0.06 0.05%0.03 -0.460.04

YValues are mean + S.D. (n=3)

= 94 Sglou) At e ¥ 99 e FAaHElsrl S
frejobr) b g EF gk FUbsk, 0.1% A 2ol A 5,076.00 mg/100 mLE FA 2 Ht}
8l T+, 02% Aol = 7,07847 mg/100 mL&E FA 2Bt of 12¥) F 718t
0.2% % 03% gl m& zol= A gle Ao= YEs .

O

oo 12 ol
' B
_>'1|_',
AC)
H
é
k=)
il
rm

>
>,
ﬂ?L

O Hgotn =2t 5 BCAAS §heF w3 02% 2 03% Aol e Aol A e AL

= yetston, 02% AgeAE FER ofuiihs AT £ gl AR weky.

O ZxAgs=d e =389 o3 a9 49 25 01% sRdAs 7|8 SuH=
ool Hom 02% F&% oo SiE= FHe] Fo] AL TaAFE
g =89 feAde vud Ades a9 59 Zon, 02% FrdA MY e 8
UHetdlou 03% sodAs 238 fF5dol dasts Aow Ueuks

O webd £89] TaAeFEE 02%8 AHgate o] Mg 47T,
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K
©
fols
B~
_}1‘_:1
Ach
off
ol
o
=
il
i
ek
lo
Jo
Ach
9
=)
L
>
%t
o

(mg/100mL)
o] e Ak BA FE(W/V%)
Control KMF 14 01%  KMF 14 02%  KMF 14 0.3%
o] o] 2l 21.18+7.56" 201.10£7.29 284.20+10.31 318.97+11.57
Fol Al 51.31£2.69 100.47+3.64 1179.72+42.78 1267.72+4597
gho] Al 51.92+3.89 139.65+5.06 190.19+6.90 193.0047.00
B4 HE S 11.68+4.38 484.91+1758 354.71+12.86 345.86+12.54
o =2t Hd g 21.55+0.93 1554.86 £56.38 1446.24+52.44 1436.86+52.10
Efod 23.20+7.93 70.44+2.55 96.01£3.48 94.23+3.42
Eig=l 56.89+10.03 349.59+12.68 318.29+11.54 303.64+11.01
sl=Hd 21.58+7.60 348.02+12.62 413.7815.00 481.26+17.45
_ 259.31 3,249.04 428313 4,441.33
T ggoreal +21.05 £117.82 £155,31 i,161.05
oekd 81.42+10.43 317.60+11.52 458.81+16.64 476.14+17.27
of=7]d 53.92+40.32 118.60+4.30 184.6316.70 177.24+6.43
o}~ 2 EAL 1.62+1.01 451.38+16.37 847.54+30.73 871.68+31.61
ngdg S FEA 62.71+£8.86 164.824+598 229.49+8.07 221.39+8.03
oAt ZF Al 71.15+458 152.50+553 205.14+7.44 128.36+4.65
zEd 43.42+14.58 16.79+0.61 14.85+0.54 0.0040.00
Al 17.43%1.55 80.41+2.92 117.73+4.27 124.28 451
E] 24 23.49+4.64 524.86+19.03 744.16+26.98 688.61+24.97
_ 34416 1,826.95 2,795.34 2,687.70
T gl +28.27 1L66.25 i,101.36 £97.46
% 8 ajoln] it 603.47 5,076.00 707847 7129.03
+49.32 +184.07 +256.68 +25851
DValues are mean = S.D. (n=2)
(A) (B) ©) (D)

_23_




A2, B 0.1%, C: 0.2%, D: 0.3%

=

a8 7

Al

K

)

(3) EaA A

o] 4

ot o) Fol 2

S

]2l 7R = 57
10. B2 A

A

Ay A
it

s color value

i

Hunter

o
R

i

ﬂ
No

pH

S A+ (hr)

_~

H

-0.82£0.03
-0.680.04
-0.93%=0.05
-0.63£0.6

0.080.02
0.080.02
0.1£0.05
0.13£0.04

6.69+0.12
5.76x0.01
7.55+0.02
5.35%0.10

_24_

(%)
24.4%0.07
25.2%0.14
25.3%=0.07
25.2%0.07

7.37+0.03"

7.22+0.03

7.14%0.04

7.09+0.02
=3)

YValues are mean =S.D. (n




O ZaAgAZ e =g fFEoln it A= 3 113 28 AgAgke] B335
St o7t 6A1ZEA E] o] % &2 FrAasteE Ao®E UEYS. 2A1%F A7 grol A= 3,358.12
mg/100mL=Z SAFJ o 4A3F Aol A 544044 mg/100mL=E =4 %o ¢ F7}sh
AL B F AL, 6AZF olF A FelA = Algto] BHEeE frElobn] ik eFo]l 7hA
e

3E 1L EaAYAT & =Y fohr At
(mg/100mL)
T S AT
2 4 6 8
o] A Fo] 4l 96.12+3.32" 146.08£5.04 143.48+4.95 129.31£4.46
F-o] Al 13243414568  2,023.95+69.81 1,735.64+59.87 1,570.14+54.16
gho] 2l 530.17£18.29 864.17*£29.81 748.20£25.81 664.29£22.91
e wE 129.89+4.48 196.86£6.79 161.00£5.55 142.03%£4.90
oM =4 FHuged 373.70£12.89 610.79£21.07 537.42*£1854 488.25+16.84
Ef o 179.21£6.18 278.40*£9.60 230.13£7.94 22759E7.85
gz 101.02+3.48 223.62E7.71 226.63E7.82 182.71+6.30
3| ~Ed 105.29+3.63 204.87£7.07 188.35£6.50 152.43+5.26
% Weolulnsl 28397549795 45487515690 3970.85+13697 3556.74+122.68
e 169.85+5.86 319.37£11.02 299.73£10.34 255.21 £8.80
ol2 7] 139.86+4.82 239.45£8.26 165.83+5.72 190.96£6.59
ol AT 2 EAL 5.86£0.20 441%£0.15 5.10%0.18 3.70£0.13
Hjd 4 FFEE 32.21*1.11 22.74%0.78 19.56+0.67 19.44+0.67
ofrl =2t ZFE Al 49.63*1.71 67.05£2.31 52.67+1.82 33.29*1.15
z=d 4796+1.65 47.73£1.65 4290*1.48 55.081.90
A 19.56+0.67 34.76%£1.20 37.31£1.28 29.04£1.00
El 24l 53.44+1.84 156.19£5.39 135.33+4.67 106.49+3.67
ZF vl FFolr] At 518.37+17.88 891.70+30.76 758.44£26.16 693.22 £23.91
Z e obr At 3,358.12£115.83 5440.44+188.66 4,729.29+163.13  4,249.96+146.59
Values are mean * S.D. (n=2)

O ZaAgd mE =89 fsAdS vust 2= a9 63 2a. g2 A 4x 3 AT

ANA 71 & FEdE Hole ALE YEYS
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(A)

(B)

) @D

Aeld] me e FAS

O F7lrke]l A7kl me =49 FHA5ES vud 43 £ 120 yehlil+. pHel 4+
714 Aol wel pH 703914 pH 6.597F4] #HAsteE Ao® RIS T 1dE THF
W A= FIIAE A e dFS e AoE YEYS

F 12, 771 Ags ke e =g F454

o)A A B x: ¥R o Hunter’ s color value
(%, v/v) pi (%) L . 5

0 7.03£0.05" 21.2%0.03 5.78+0.03 0.11%0.03 -0.50%0.02
0.35 6.971+0.03 21.7%0.02 6.75+=0.10 0.06=0.02 -0.82%0.03
0.70 6.68+0.03 22.00.05 5.66+0.01 0.09£0.02 -0.610.04
1.05 6.66+0.04 21.8%0.05 7.01%0.02 0.11%0.05 -0.850.05
1.40 6.631+0.02 21.3%£0.03 5.25%0.10 0.10£0.04 -0.751+0.06
1.75 6.5910.02 21.5%0.03 5.63%0.08 0.10£0.03 -0.77%0.09

"Values are mean *S.D. (n=3)

O #7128 Aol whe =8 #sd A A3 F 13¢] Yetlids. &8 43¢ 1.40% 3 7t
A 388e® 7 EA vEhsew #rike HUMe R jld =4 o] WA 7} ol
HeE A e 75‘ 37t ?-{P 2 0.70% H7bRtelA M =2 Aoz YEEa.
TA VEEe F 1.40%0° A 3952 7174 =3k
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O wahr] 288 o] &3 ojn 2t dk A FoA] 714 A LSS 140% 2 AAsg S
¥ 13. F712A ol e =39 AT A 23
F712 A 2] H (%, v/V) ok A 34 Vs e
0 1.55+0.107 3.23+0.52 1.75+0.41
0.35 1.92+0.52 3.11+0.32 2.07+1.01
0.70 2.35+0.55 3.23+0.52 267+1.21
1.05 3.33+0.89 2.99+0.55 3.17+0.75
1.40 3.88+0.82 3.02+0.41 3.95+055
1.75 3.65+0.75 3.22+0.82 3.85+0.60
DValues are mean =S.D. (n=3)
np, =88 o] &3t 1% oln =t A A 2 AT
(1) =8& o] &3t g% ofn|ikAl AlxFH
O HAR gAY mE =8 a5k ofn|ite] A ¥4 I7 73 &
1 =g
2 SR A H7r TANYEFE 1.0%
3 34Ad KMF 15 0.2%(w/w), 60C, 4h
4 714k A7 1.4%
~_—
5 o] 3} n
6 iy 80C, 30 min
7 Az °F 80C, €34 =%
8 23
9 A =3}
a9 7. Fg A uE =8 a1y Eoluiste] Y
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WATIR 104

STEIOE T0a

(= T
I b — -

WATER 104

)

mK

9]

%53 01
ER,

=

=

HA} 457
115 mg/g

=
=

2~H 3
LTS

#rol 46.25, 4.3 2 13.350] 3L, o] A

b

A5 L,a¥

B

) %= (m)

o
o

B

s color value

)

Hunter

2~ B
T

(mg/g)

%)

(

]_

+0.35

13.35

457

W
Ho
H

_J%
1

°

400 ©]

11.5*0.16

46251147  43£0.57

+0.20"

opm] = 2hA)

TValues are mean = S.D. (n=3)

14

on
Il

22!

231.71 mg/100 mL= =45

[e)

R

glojulmate] o
_29_
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-+

fglolr =2k 1,956.15 mg/100 mLo &

o

=

EEEIERaTE

=

obu] 1= 4kA] €
155}

T
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N, F7HH o= O’HJ@]% e AFH7MER o8y 3 ¢
2 =

117.17 mg/100 mL

F 156, =9 awke opv|kibAleh B @A A o] Fefobv| kAt vl al

959] ot it &

(mg/100mL)
Frelobul et o
o= Ed anE ol Madund 49 FHED O
o] 2Fo] Al 260.01£5.43" 3.37+0.07 0.36+0.01
Fo] 4l 724.65+15.14 2.84+0.06 1.0410.02
gho] 4l 0.00+0.00 119.05+2.49 21.12+0.44
2 el e 0.000.00 23.08+0.48 0.77+0.02
obm kst sd ey 317.41£6.63 65.81£1.38 41.13%0.86
Efed 89.27+1.87 0.000.00 0.00+0.00
uhel 69.73+1.46 1.67%0.04 0.760.02
EE=1=h=] 35.47%0.74 0.57+0.01 1.53+0.03
% Aol st 1,496.54+31.28 21641452 66.73+1.39
otebd 126.28+2.64 359+0.08 5.79+0.12
o2 7] 40.01+0.84 0.000.00 2.75+0.06
ol v 2 EAL 771+0.16 1.05£0.02 0.77+0.02
e 17.13£0.36 357+0.07 20.18+0.42
ot =2t =) 31.20+0.65 2.46+0.05 8.39+0.18
=z 24.86+0.52 1.26£0.03 869+0.18
Al 30.86+0.65 0.60+0.01 2.40+0.05
Bl 2 210.91+4.41 2.77+0.06 1.48+0.03
F g ol At 488.961+10.22 15.31£0.32 50.45+1.05
% frelotv =t 1,985.50£41.50 231.71+4.84 117.17£2.45

YValues are mean £ S.D. (n=2)

O =8 1F5% ofu|w2tAe] A9 Hady Aoz s AEAstd AL el A4
ofm:=qke] shfo]l ¥ FHow YEGS. e WM AA|E vaste] =8 aFk o
AR S felobu] Ak SFako] oF 8uf oA o AL Folslglon] o2 o] &3k AE,
ook T o olu gt F3F AARe] FEw E AAAo] wj§ =& HAow AH.

T3 BCAAES X33 dgoln|iate] slako] ol o5 &85t uHI7FR] LA ZA 9
el =5 Zow A7ty

O =8 1%% oluwAbA el 714 B2 1 169 YERYS. 29 H$ 196359 ppmo.
2 oy AxIAAS AF Fok o] =4 fAEHJoH HEO FFE =oFE ofd
2 2045 ppmo 2 A% SHFEO] UAS. BHEY A$ 63839 ppmeZ YEEI JEF ]
4% 1715328 ppmo 2 U gfEo] JAW dAFAHS & A #Ard How A7ty
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B

il

Ho
o)
oy
il

o)
M

i)
-

o

o] 7% 7,165.37 ppmS.

=
v

v 2

SE

Mn
ND?

ppm(mg/kg)

Mg
+7.37

213.53

7,344.50
+253.33

Na
17,153.28
+591.67

Ca
654.35
+£2257

A

Zn
20.96
*£0.72

Fe
=2)

2,012.68

AFE opu e AbAl o] F71A
+69.42"

obv] 1 414

=
.

YValues are mean = S.D. (n

Not detected.

o

o
il
1

!
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R

il

Al 5.11.4) (1)4]

T4

B2 59 rled

o
32
1t
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(1)7F
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7

K
=)
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)]

o

DA o= A3

&

t A em de|sojof gy

5]

& Abg3tolof

€71

@Al w8ty 10Tl &9

= 5 A]

4)7t4

3

: 0.07¢]

o] >(g/kg)

<

X

] X

(1o}

gl

tlg 2 10 9]

ys
b=

(3)dh

=0, m=0/25 g

=b, ¢

G)AE A n
B)HE=F: ¢}

Z5oAE oy Hr

ol9]e] HETVL A

= ol A

]

3

s

RoEA, AT E (IR,

|

N 7hE 3 Al9])el

J

4

AFE opr=abA o] A7)

il

il

e
—~

1 o] ]

A 7717F (weeks)

464%0.01 4627%0.02

461+0.01

457+0.06"

R
A

45.250.21

45.85%0.35

46.05+0.07

46.25+1.48

L

3.2%0.00 3.95+0.21

3.45%0.35

4.3%0.57

H

=

12.1£0.14 11.7£0.14 11.940.00

13.35%0.35

b

=3)

YValues are mean = S.D. (n

o] 1A o] A A7)

.
—a

Ho
B

il

bl

aA RO Aol 7h5E

4E

ol
=

ko3
=

Al 3
2
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18 =8 1EL ol nAbAlY A7 = nAYE W)

A 7717F (weeks)

= 1%%

opH| 1= ARA] 1 2 3 4
o Wk A ND"” ND ND ND
o gt ND ND ND ND

DValues are mean £ S.D. (n=2)
PNot detected.

QAYE : EFL 08T 544 AR £ AFH>

LA 2 9y

7h Ad Alm B A

O ¥ Agel A48 £3& 20154 o
A @A FERskon], FEES ATL Hoo
H

(DAEJUNG, Siheung, Korea)& #7}ato] Wy oaof x

O 7teidlashs 25 9ids 715388t 242 dA Al#E = Alcalase, Protamex,
Esperase, Neutrase, Thermoase 2 Flavourazyme® A}-&3t% 5. Alcalase$} Neutraset
Novo AHNovo Nordisk, Bagsvared, Denmark)olA T3Fe] AM&319 3, Protamex,
Esperase, Thermoase, Flavourazyme< &AM <=3 o] (Daegu, Korea)ol A |-&1to}

835 -

S R )

O BAAY 255 8459 3% ¥4 FA2=2 55 T2 Ao ga4h5es 13d
Lo A AAgk vpe} 2ol 02%=E st e. EaA e Fuee =84 02%° E4E #H7t
st v 7] (Maxturdy 45, Wisd, Wonju, Korea)oll 4] 55 C, 4217+ <k 100 ripm o2

O 9 110 B mpop 3o Sud, A9, IdS Aol wel a4 5 60TolA &
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¢ F s, 1 mm olske] Al A AL =8 =R AL

3L
™
TS AARAAE Fske MEd olA BHasty A AlER ARES

S1E He o=

|

AL 7 HEFS 1%371ete] SauHA] &2 el =45 ovsta, a8 +
AMUEFS AestA oot AdHom FuH FES ulety, JFEe AA Saw A
FHel =EE A 7 U deis onFt

% 1P E I digital refractometer(Pal-3, ATAGO Co., Tokyo, Japan)E A}-83}<
SFR L pHE 42 pH meter(ST3100, OHAUS, Parsippany, NJ, USA)E o] &35} ¢]

=4
A2oA FA439 S, =88 Ye &% s fstd F/FF 10 mLol =822 01 g
S g5t 5 AAe] M2 =AHgS. ME =L UV-spectrophotometer (UV-1800,
=
=

Shimadzu, Kyoto, Japan)
softwareZ o] &3] Wx(L), &M 5]
2 eSO W s SRFE AFgagler] L=9999, a=-011, b=-0029] ke
2 =4H9e.
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2= X

o FAA FFE 4

al 600 W=

S

of Zolgle

Wisd, Wonju, Korea)ol 4| 2/\]

16% pepsin
7}

LA

(dialysis tubing cellulose membrand, Sigma)©]
25 mL¥} 05 N NaHCOs7} Sk
Wl 74+ 37C KNGl A 75 rpm e ®E X

= 2~
= =

o T T

a3
=y

ot KT ol

P A%
&3t pH 752 HAS

2

21 23 9 (wet digestion method) &
5%<] HNO; 6 mL<} 30% H,0;, 1 mLE
2 3}, microwave digestion system(Ethos-1600, Milestone, Sorisole, Italy)<
2047 AbE
45 pm membrane filter (Milipore, New York, NY, USA)Z o 3}35}o]
QA Z 2371 (ICP-1IRIS, Thermo Elemental, Waltham, MA, USA)&® &4

Fo

20 goll pancreatin—bile extract mixture2 5
AU

pancreatin—bile extract mixture 5 mL

ul

5 A=
%gl‘a

=] =]
A8kl

g a7

=

%

2
o o]

>

o =
T

teflon bottleol

de AT e, 7%*1 Mg

ol
ol
2%=
R

AAe 42

O

=
[e)
o .

gl

el &k 7] (Maxturdy 45,
g 20 g

= Hlol 7 (eF

=

=
5249

250 mL)ell
% pH 59

= =z

RN

Al

mlL &33sta 05 N KOH=
HA7tslg . pH 5o Z=dgdH AR

37C X 7)ol A 75 rpmoE 241t

=951

=]
=i

F7F A& AAS AY T2 T FA9 ote] FA NS membrane filter(pore size 0.45
(m, Advantec MFS, Tokyo, J'aparl)E o] g3l HEAA|LEES =AHFS. =d85D
2 el HE E_Z:Xﬂ-‘ﬂ TS syl Hste Al i EEE AF 1A
& 7\]%01]’\1 dotol e WHom FAste] Bl In vito 2E A& E
& ot o] A& wet AAFeESE
In vitro Iron content of dialysate
= X100

Iron bioavailability rate (%)

Total Iron content of sample
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st A 3M HEg

o

:

A

A}_ x{x(}
O NEZ 37E1TCAA 4577 A%

3M HE

o]/

[

. ~A_|

X

=

T

I

9 mLell A

ol &5

A
Iz

Shof 243kl A 72417 7RA] Hl G

S

N

-

(e}
A

PN
T

== 100 g9 &viol =&

9]

O &

wAE

ko3
T

4

= 10g
Fol A

2. A7AT ALY

N

i

_#OL
—_—

i
()
=

)

199}

et A 2™, Thermoase *] &7

522 Protamex”} 13.15%, Flavouryme

RYA
AL

1

1o

Uebd 23

=
=

11.67%

o
s

Be Rk AT 2

5}
=

]

0

B!
_&O

ojn
NIl

o

AT .

Al RS

=

3T

22.93%%= °F 29 A= ¢

1

.

AT SA e TR

o

To2 U

12.30%

-
e

12.60%, Esperase

vl o Thermoase* & 7-7+&

=

=
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2] F-7rell A 7.54+0.04
Ao wheba ¢

aa

I

5+

1
.

A elol wE pH
665+0.100 % JEFA
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19 SRS G4 sl e = Eue $USA
il e ad S pH T 1YW FF (%
Control 7.54+0.04Y 11.67%0.51
Alcalase 7.29%0.03 12.2510.64
Protamex 7.5510.20 13.15%+0.07
Esperase 7.29£0.06 12.15£0.49
Neutrase 7.43%0.05 12.30%0.00
Flavourzyme 7.38+£0.07 12.6010.14
Thermoase 6.6570.10 22.93%0.15
DValues are Mean = S.D. (n=3).

O Z4zre] vy Eafas F7E A neE =ddwe 7714 e £ 209 25 54
A el HlsiA EaA el Fr1d el SUtske dEo R yehd. dE A2
F3heko] 82.05 mg/100geld] H]aldte] Thermoaser 110.00 mg/100g= °F 1.34uj7} kAL
of & EaAe Tl vl & IS BAS g R F5E Roh e ofd T
ek thZT 1.03 mg/100 goll A Thermoase= 142 mg/100 g & Ad oA 714 &= 3
TS H 5. Esperase Al Fo|lAs HEEFo] 10837 mgl = F+ WAR Zou ofd 3
o] Thermoase #&]7-Hu} v LEbd

F 20 @A a4 TR WE =d e vUE 54

ol A F714 8= (mg/100 g)
wHES TR R Ca K Mg Na Zn
Control 82.05 49.95 252.57 18.31 955.03 1.03
Alcalase 82.99 70.99 1,180.39 22.87 1,143.85 1.22
Protamex 90.23 66.28 1,189.79 25.97 1,744.46 1.20
Esperase 108.37 69.66 1,071.04 23.28 1,44'7.83 1.27
Neutrase 95.65 71.10 1,129.82 22.84 1,526.47 1.32
Flavourzyme 82.99 70.99 1,180.39 22.87 1,483.35 1.22
Thermoase 110.00 63.86 1,129.89 26.42 1,712.81 1.42
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44 =8 HEA AxXE 95t @ d Es]& = ThermoaseES Al
(o)

=
_OL
rlr
P
o,

e Aol met 48] 3 o] 712 shgo F 219 YEudS. A
g 2y 9w A¥S §4 FAY T Thermoase Ao & o] BA3 Axp nE
5ol =8o] controllth= 1 ol =4 SAHHUS. 53] AE2] Thermoase # T
T2 15811 mg/100 g2 HE3F= 7 =2 HE TS YERAY 3 HE
Ers ToFE Yr)Ee ofde AS 181 mg/100 gl 2 71 =8 &S e
o
3 2] =€ TaE oHHE Fje s A Y mE 5 E o
F714E=% (mg/100 g)
=8 5 1 2] il
Fe Ca K Mg Na /n
Control 117.99 46.70 196.19 22.07 1045.77 1.31
Fa:)
Thermoase 158.11 59.71 877.66 31.85 1875.55 1.81
Control 30.92 32.71 155.84 24.91 531.64 141
Suy
Thermoase 51.33 37.17 283.62 25.45 459.03 1.49
Control 45.60 77.66 196.67 16.00 901.08 1.36
g
Thermoase 48.75 74.47 122.09 13.26 531.83 1.08
O dolol Aol wal a7 3 =gdiwo Me-=Ho| Y3k A3 ke 3 229 &
2. ddo Ao g M= I e AR FAHIL.
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=5
[\
N
(i
e

o EA Aol wHE AE

Hunter’ s color valuel)

=9 F5 Ay

L a b AE
Qe Control  65.2210.012) 4.00£0.02 23.49%+0.00 69.44+0.01
Thermoase  33.260.00 27.96=0.01 19.70£0.00 47.7110.00
ona Control  67.85+0.00 8.360.00 25.660.01 73.0210.00
Thermoase  31.32%0.01 31.94%0.00 19.22£0.01 48.69+0.01
s Control  30.14%0.00 27.74%0.00 18.68+0.01 45.02£0.00
= Thermoase  34.64%0.00 2764+0.01 20.3220.00 48.7510.00

YSolution of 1% DW.
PValues are Mean+SD (n=3).
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U 84 =9 HEA 145}

O dEEsA 9]
A

h=i}

A3 A 7=

73 > = A
W82 v 2 g HEA= DAz De=

(Heme Iron)el 43l

TH > 1-17 2L

(hel B

1-17 #

(1) 9=
7hH
b
(th
(2hH
(mh)
(vhH
(Ah)
(°h)
=1
(=hH
7hH
(Eh)
()

2) T4
(1) 4%

1) Ax7E

T2+ (Ferric Citrate)

T A2 B F (Ferric Ammonium Citrate)
=522+ (Ferrous Gluconate)

9144 (Ferric Phosphate)

2124 (Ferrous Lactate)

Fup 2 Ak A A (Ferrous Fumarate)

¥] & ¢ 2kA) o] A (Ferric Pyrophosphate)

¥ Z 1A A YU E F(Sodium Ferric Pyrophosphate)
HakA| Y A (Ferrous Sulphate)
314 (Heme Iron)

o 3} A4 o] A (Ferric Chloride)
3+ A (Iron Reduced)

AELEE AESle] A& v d

T AT Az A

Lol A gelE 2 olnl.e] 27t glojof
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FAT =] 07 150%
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il

3 AF &

&

(1) A A&t oA of
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B

2 717F (Weeks)

mE
il
eyl
M

puzel

+

ND

ND

ND

NDI)‘Z)

ND

ND

ND

ND

=3)

YValues are mean = S.D. (n

?Not detected.

=7 st

1

|

o
;OH

e

of

T

)
wA

A2717F (weeks)

n
il
eyl
B

puzel

+

5.63+0.06" 5.6310.06 5.6610.06 5.7310.06

T (%)

33.40%+1.09

34.05+1.17

33.86+0.90

33.41+1.08

L

28.83*+0.77

29.34*1.19 2853+1.28

28.90%1.09

a

b

=

18.17%0.24 19.47+0.91 19.26+0.93

19.02£1.35

b
"Values are mean = S.D. (n=3)

A ARG g 3 ugs

2=~ 0
#4

3.

271 et A, 2Fo] =l ALt

AYA
it

=

g2 ARAG 2%
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6 mg/520 mg 11.53

)

AAF(EL s

X
g

46.15

30 mg/650 mg

BAF(BL2 A4

100

25 mg/250 mg

Al

)
el

CAH (&

32.26

40 mg/1240 mg

DAFCe2] = 2 A1)

o
M

—_—
o

e =3 &

=
=

Fol BRARASE

Hk3

WA

=5 e

9|

&

#4100 g ¥ 343 g9

o] 23}7} H AEle] Feolok

Ae o

7b =71 S8
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- T

dl, & Aol A
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4 AL EAF HEARG H
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mo
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343+0.12

55+0.12"

=
H

w
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pzel

¢+

2.07%0.05

8.8710.06

1)

Z
=

ARK(x

56*0.1 1.11£0.01

BAH(+ 2 2 A])

2.73%0.06

CAHE = A1)

1.0410.02

5.76%0.06

DA}
YValues are mean = S.D. (n=3)
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<73 ZoAle AAelEEw H L

In vitro &2 A | &E (%)

I 3.08 22.00

- E N

it
A

7.57

AA} HEA? 1.06

YTreated with Thermoase 0.2% in porcine whool blood, heating at 60C during 4 hr treated hot air drying

“Tron supplement in the market.

ok ALAISE A=

O AAF A 19 149 22 A2 g3

T4 =8 £ EA o] el i A4
{
a94 7} 2glold bt 2l 0.5% 7t
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7171 =

PTP

SION-P18, Al

N
=3
ﬁo
o)

_48_



o

on
R

&+
oW

el

A 2717 (Weeks)

ND ND ND

ND1)2)

ND

ND

ND

ND

=3)

DValues are mean £ S.D. (n

PNot detected.

A

3

on
X

ol
o

Ton
Aqr

_49_



o

4

JoH
i

{fo
T
W
il

Ta% &% (mg/kg)

ol
AT

e &

Az

4
Nfo

ND

ND

NDl)

%
i
eyl
g

0

&+

UNot detected.

w71 A A

. AJA

el

S

A Wk AAE AA

=
RLE

Al e} 7]

= B3
28

O

mon
ol

il

A}

715 Tt A

gmo
ot
3

N
gl

i

4

]

i
@

il

Nk
TH

il

N

&

Ty

N
gl

i

)
H)

~

N

N

&

Ty

<

N

b

=

HZEZ (o]

N

B

i

S A A

_50_



_51_

£ 3 A
5| 2 . 2 H :
: 7 5 = i r KO
2 > 5 > - :
& : A J
7% ? 5 - L :
6N T m [@N] =) - ET| ;O
wr © S el I ~ _ i

1_ : - 2 e © Hi =t
plg 2 A O z . . :

J — © ) o ux & HT
i o — B do L. o
o) = [\ (@) —_ ~ = RO B i
= i = - ML
fir i o S S

o] o S M L) JM% o
\./. _ : ﬂ].” O
g ~ E= 2 o do SEEL 5 TR
g 6 3 ¥ S e ol =g = w
3 e o) r S o = | g Y e B o 5w
S & K bo b 7 il 2 il
— e = Q o LT el
o T i S 3 7o u P Ew
o o o S g o or 0 T
= o o 2 S A T
Mﬂe @rﬁ : E & = 3 0 _rx_v N~ MW KR
L ;oL 1v_A.o A —_ W: - : B EI* \_lr‘_.,u‘_ . _.E
Tor ~ AR N _ B 5 , -
T — ~ k3 = d oo oE oK o How
Z.D x = = ) ;oE E‘* — 2} X
T Him o o 3 W o e s
< =T N 6N z : - -
PR R T @ : ﬂ
Jx.%ﬂzf%moomjww = <T % : :
TR REomr N RO RR W_. mm i 5 2 m
2 i l 1 mu
ik do Nj BK T 2 ’
. % M - ow i il b z
s = o A oo m B o X T 7
Gy T w :
T o e T onat 5 - : :
G I g e M 3B - s = :
ol o T A = < — < gl o 1
i Ko ™ 5 x i - 1
£ 2 = = o | % Bk
X s =y ~ oy il -
I pid o ° oy oo T = z 5
o} R X b o = X A : 23
’ - 2 o & By oo
— - s B = N o] W oo H
o B ] : < £
| | i "N
o — [aN} n ] .
o (& o —
(e




ol
=

4. k143t

SIS
o) (@)
of
\_IJVI ﬂ'r‘._ | m > | |
| N o
- = q
T
R = | =[x |||
TT|E|IF| & |FIX|F|P|®
B oy | || W%m:@ﬂ
RN L T L g
e A - e e e ol
| T || T |R|T |||~
B =%
° BB
- B | =
T o | He o e | |k
x| = = T |= |
W | W el ™p| e
= | W = 2
oF
i
T ~5 o X]o e
A M] o W T
=3 R = 0
=
ﬁo
o B
° i
)A

I I I3
Bo G EL L
b 0 ! o
=y = =y
Bl m ™
G S S
4 = = il
R | ¥ H B °
N = < s
R i I =
< | 8 = =
— (@) O o0
° = S =
H 2 9 =
= o ) o
(& (&N (&N
N [Bo Np B R (B Nk T B R (B BT R’
B N clo T oo [N oo I B do | R B o
(A N R RO | N AT RE R (KR A RE RO
=)
=
Ao
Tor =) =)
_ - = =
[ s ! <
HO o o o
o | W
o oF 3 o
xO o o
T ) )
gl Him Hin
< < <
i3 I3 T
o o o
5l - ~ -

/A

T H
O AAl

6.

M
™3 S =
mm < < S
<] <] i
w Gl S
bl W G
0]
o e | =
() X -
R G o
< < H
T BT
Hn fall jadl T .
<l x| 5 |B%
B B
X/
v
= Tz X
X %] MJ =
o | W= i i
gt ofy I o H ©
—_ — =T — X
<R o X O =
ﬂ&o ~ AN \ﬂAII [SNES
Lo Hi i I
o R <!
faN ofy
T A
—_ _ _
N N N
wE e e
o
oE oy =) =)
TR ! i
G o ar
;O._
m.._ — (@] (9]

_52_



o

L EBA

T e

e
Shedh 3t

I$$N1F‘r|r!4:| 1736-T248, 1SSN{Qnling) © 2287-7428

Food Pragary. HEFRAENYRTUY
ﬁlﬂ%ﬁ&h%ﬁ%ﬂﬂﬁp o018 23.3413 The Korean Sociely of Food Preservalion

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

Joo Young Park!, Mi-Yeon Kim', Yong-Jin Jeong!'**

'KMF Co., Ltd, Daegu 41065, Korea
*Department of Food Science and Technology, Keimyung University, Daegu 42403, Korea
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Abstract

The aim of this study was to investigate physicochemical properties of porcine blood hvdrolyzed 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%, wiv) during hydrolysis at 55 for 4
hr. Hydrolysis with T KMFP-15 showed the lowest pH by 7.3. The highest soluble solid (24.3 “Brix) and free
amino acid (4,944 mg's) contents were obtained by hydrolysis with KMFP-15 (wiv) at (.2% addition level, which
was not significantly different from the sample hvdrolyzed at 0.3% level, Under the optimal condition of KMFP-15
at 1.2%, porcine blood was hydrolyzed at 60 up to 8 hr. The T free amino acid content reached the highest
at 4 hr, and then decreased with longer hydrolysis fime. Under the optimal hydrolysis conditions, porcine blood
hvidrolysis powder had plenty of cude proteins, amino acids, and minerals, including iron, potassium, and zne.
The results showed that porcine blood could be ufilized as an wseful source of food supplement. The optimum
conditions of hydrolyzing porcine blood, using 0.2 KMFP at 60C for 4 hr, ean be used in the commercial production
of protein supplements, amino acid sources, and iron fortifying agents

Key words | porcine blood, free amino acid, protein hydrolysis condition, quality charmeteristics, KMFP-15
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Characteristics of iron powder formulation produced from porcine
blood by enzyvmatic treatment

Mi-Yeon Kim'. MinA Kim', Yong-Jin Jeong'®*

'EMF Co, Lid, Do 41065 Korea
! Deparment of Food Simee and Tedmoley, Kemyume Uniersity, Doegu 42600, Kores
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Abstract

In thiz sindy, enzryme(thermoaze) hydrolysziz was applied to the porcine blood order o increaze the ron content
and zolubility. It was confirmed that content of fron was mereaze up to 15811 me/100 g porcine powders after
0.2% thermoase treatment at 607 during 4 br. The solubility of porcine blood powders was higher than other
enryme({various protease), temperature, reaction time. This optimized conditions were alzo worked to the in wimre
iron bicavailability rate increazement, the bioavailability of hydolyzed poreine powders was 3-fold higher than that
of an ron supplement on the market. These results indicate the possibility of porcine blood powder In oo supplements
moarket 3z nahoral material. Alzo wiliring of reduced porcine blood will be poszible to improve emirommental isswes.

EKey words | poreine bloed, iron powder, protein bydrolysiz condiion, ron bioavailability
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