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SUMMARY

I. Title

Development of functional food material and eco—friendly extraction technique of

protein from cardiac muscle of pork

IT. Objective and Significance of Research

1. Objective of research
Development of protein supplement and extraction of protein from cardiac muscle of

pork by ultrasonic treatment

2. Significance of research

It was known that protein requirement for one day of human is 1.08g per kg (body
weight). For example, the person who has the body weight of 60kg is required
protein of 65g per day. The requirements of protein after exercise is increased
naturally, because it was known that the loss of protein and amino acid in the body
by sports such as weight training and running is greater and synthesis of protein in
the body after exercise occur quickly. By the research reports, after strenuous
exercise, it was known that higher intake of protein is advantageous. Therefor, the
intake of protein per day is encouraging about 2.0g per body weight. This is 2.0
times of the protein intake of the typical person.

On the other hand, the intake of animal protein is obtained from skeletal muscle. It
was called that meat The so called meat from ancient ago means the skeletal
muscle because the processing aptitude of skeletal muscle than cardiac muscle is
better. The weight of cardiac muscle of pork occupies approximately 15% of the
total weight. The structure of cardiac muscle is very similar to skeletal muscle and
essential amino acids is rich. Some of the cardiac muscle is used to process food
such as "sundae" , the rest will be discarded. The number of pork slaughtered in
the domestic for one year is 1,367 ten thousand. When it was calculated from
slaughter pork, the amount of cardiac muscle is by—product is reached to 6,800 ton.

Therefor, the study on the how to use of wasted cardiac muscle is necessary. This



study is investigated to extraction technique of protein from cardiac muscle by

ultrasonic treatment.

IM. Objective and Scope of Research

1. Objective of research
— Extraction of protein from cardiac muscle of pork
— Biochemical properties of extraction protein

— Processing aptitude and utilization of protein food

2. Scope of research
1) first year : Extraction technique of protein from cardiac myofibril by ultrasonic
treatment
(1) Preparation of cardiac myofibril
(2) Extraction of protein from cardiac myofibril by ultrasonic treatment
(3) Establishment of extraction techniques from cardiac myofibril
(4) SDS—PAGE analysis of protein extracted from cardiac myofibril
(5) Digestion of extracted protein by pepsin and trypsin
(6) Viscosity of extracted protein
(7) ATPase activity of protein
(8) Powder properties of extracted protein
(9) Water solubility of protein powder
(10) Emulsifiability of protein powder
(11) Thermal stability on the protein extraction
1) Second year : Extraction technique of protein from cardiac muscle by ultrasonic
treatment
(1) Method of removing blood from cardiac muscle
(2) Extraction of protein from cardiac muscle by ultrasonic treatment
(3) Establishment of extraction techniques from cardiac muscle
(4) SDS—PAGE analysis of protein extracted from cardiac muscle
(5) Digestion of extracted protein by pepsin and trypsin

(6) Viscosity of extracted protein



(7) ATPase activity of protein
(8) Powder properties of extracted protein
(10) Water solubility of protein powder
(11) Emulsifiability of protein powder
(12) Thermal stability on the protein extraction
2) Third year : Utilization of protein extracted from cardiac muscle by ultrasonic
treatment and drawing of layout of ultrasonic equipment for industrialization
(1) Manufacture of model powder
(2) Manufacture of model capsule
(3) Manufacture of model gruel
(4) Manufacture of model drink
(5) Manufacture of model biscuits
(6) Manufacture of model jelly
(7) Manufacture of ultrasonic equipment formed vertical—cylinder of circulation
type

(8) Drawing of layout of ultrasonic equipment for industrialization

IV. Results

Cardiac muscle of pork i1s composed to myofibri and 1t i1s dissolved in high
concentration of above 0.5M NaCl or KCl solution. Salt soluble proteins is main
protein that composed muscle. This proteins has un important role when we are
manufacturing sausage or ham is gellation food. However, cardiac muscle is not used
because processing aptitude of cardiac muscle is more bad than skeletal muscle.
Some of the cardiac muscle is used to process food such as "sundae" is traditional
food, the rest will be discarded. In this study, it investigated to the extraction

technique of protein from cardiac muscle by ultrasonic treatment.

1. Extraction of protein from cardiac myofibril by ultrasonic treatment

1) When we extracted myofibrils from cardiac muscle utilizing surfactant, blood could be easily
removed.

2) Optimal condition of protein extracted from cardiac myofibrils by ultrasonic treatment was

_10_



0.2M NaCl, pH 8.0, below 40C at range to 60 from 80% amplitude of 20kHz and extraction
yield was above 90%.

3) Extraction protein was analyzed by SDS—PAGE analysis. Myosin heavy chain(MHC),
actin(A) and components is removed between MHC and A were observed with the passage
of extraction time.

4) To compare with another salts, cardiac myofibrils with 5mM pyrophosphate were treated by
ultrasound and it was shown that high solubility above 90%.

5) The increased rate(Ki) of solubility calculated from the each results, cardiac myofibrils
treated with PPi was faster than that with NaCl.

6) Protein solubility of myofibrils was high to 40C, but decreased quickly at above 40TC.

7) The viscosity of extraction protein by ultrasonic treatment increased at the early stage, but
decreased slowly with extraction time. From the results, it was indicated that high
molecular weight isolated at the early stage, but components of low molecular weight
isolated with extraction time.

8) Ca and Mg—ATPase activity of myofibrillar protein were decreased quickly by ultrasonic
treatment. Therefore, it was indicated that protein was denatured by ultrasonic treatment.

9) To investigate the processing aptitude of protein extracted protein from cardiac by
ultrasonic treatment, the emulsifiability was investigated. The higher solubility of protein
showed higher emulsifiability.

10) Manufacture of protein powder was suitable for freeze drying method and the solubility

of protein powder for distilled water was above 95%.

11) Proteins isolated by ultrasonic treatment was digested rapidly by pepsin and trypsin than

not ultrasonic treatment.

12) From the results, cardiac myofibrils of pork was extracted rapidly by ultrasonic treatment,

it was considered that extracted proteins could be used as protein supplements.

2. Extraction of protein from cardiac muscle by ultrasonic treatment
1) The removing of biood from cardiac muscle by using ultrasonic treatment was higher about
15% than removed by distilled water.
2) The cardiac protein in 0.2M NaCl solution was not dissolved, but protein was dissolved
easily by using ultrasonic treatment. The results were same as results of myofibrils level.

3) Optimal condition of protein extracted from cardiac muscle by ultrasonic treatment was 0.2M

_11_



NaCl, pH 8.0, below 40C at range to 60 from 80% amplitude of 20kHz and extraction yield
was above 90%.

4) Solubility of protein from cardiac muscle was high to 40C, but decreased quickly at above
40°C.

5) From the results, we confirmed that cardiac protein with salt of low concentration was
dissolved easily by using ultrasonic treatment. Therefor, we investigated for effect of
another salt such as pyrophosphate(PPi) and phosphate(Pi) has been used as food additives.

6) The pH of NaCl, Pi and PPi adjusted to 8.0 and then cardiac muscle suspension with 10mM
NaCl, PPi and Pi were treated with ultrasound. The solubility of protein were treated
cardiac muscle suspension with PPi was highest.

7) When cardiac muscle were treated with PPi, solubility of protein by ultrasonic treatment
was highest. Therefor, it was investigated that depend on PPi concentration (to 5 from
20mM PPi) for protein solubility by ultrasonic treatment. Solubility of cardiac protein
treated with 5mM PPi and ultrasound for 80 minutes was shown above 90% and its treated
with above 10mM PPi is required only 40 minutes to reach 90%.

8) From the results, it was able to increase solubility of cardiac protein by addtion of small
amount of PPi than NaCl.

9) On the other hand, we investigated influence of solubility between ultrasonic and PPi
treatment. The treatment conditions is shown below ; non treatment (non), extraction at
4C with 5mM PPi (5mM PPi), extraction by sonication (sonication), extraction with 5mM
PPi by sonication. Solubility of cardiac protein was increased rapidly in order of 5mM
PPi—sonication > sonication > 5mM PPi > Non. Therefor, effect of sonication was greater
than PPi.

10) The results of viscosity, ATPase activity, Emulsifiability and digestion of pepsin and
trypsin of extracted protein from cardiac muscle were same as extracted protein from

cardiac myofibrils.

3. Utilization of proteins extracted by ultrasonic treatment
1) Manufacture of model powder
Protein extracted by ultrasonic treatment were freeze dried and it was shown
white color. While protein stored for 90days at room temperature, color was not

changed.

_12_



2)

3)

4)

5)

6)

Manufacture of model capsule

Freeze dried protein was filled in the capsule of 500mg capacity.

Manufacture of model gruel

Gruel added to O from 10% protein was manufactured by heating. The color of
gruel added 1% protein was not changed, however the color of gruel added above
5% protein was changed to brown. In the case of gruel, the addition of 1%
protein was more suitable.

Manufacture of model drink

Apple juice and sports drinks added 0.5 or 1.0% protein was manufactured by
heating or non heating. The turbidity of drinks increase as larger of amount of
added protein and heating than non heating treatment increased.

Manufacture of model biscuits

Biscuits added to O from 5% protein was manufactured, and did not changed
apparently.

Manufacture of model jelly

Gel forming ability using agar was decrease by added protein. Food such as jelly

was necessary to investigation on mixing ratio of agar and protein.

4. Model manufacture of ultrasonic equipment formed vertical—cylinder of circulation

1)

2)

type and drawing of layout of ultrasonic equipment for industrialization

Manufacture of ultrasonic equipment formed vertical—cylinder of circulation type
The ultrasonic equipment of circulation type is composed by five parts of
ultrasonic oscillation part, chiller, ultrasonic treatment device, material tank and
circulation pump etc. The ultrasonic oscillation part made to fixed type of 20kHz
and electric power was 220V of 60Hz. Output of ultrasound can be adjusted to O
from 1,000W. When protein extracted by ultrasonic treatment, for effective
blocking of heat, cooling devices was equipped, it can be controlled to —10 from

70C.

Solubility of cardiac protein extracted by ultrasonic equipment of circulation type
Solubility of protein extracted from the cardiac suspension added 5mM PPi by

ultrasonic equipment of circulating type at 800W of 20kHz were measured.

_13_



3)

Solubility of protein extracted from the cardiac suspension increased with
treatment time and the maximum value of solubility was about 85%. Therefor,
utilization of ultrasonic equipment of circulating type on the extraction from
cardiac suspension was no problem, it was considered that the basic requirement

for industrialization was equipped.

Drawing of layout of ultrasonic equipment for industrialization
The layout of ultrasonic equipment for industrialization is composed by seven
parts of ultrasonic oscillation part, chiller, ultrasonic treatment device, material

tank, circulation pump, sample supply line and outlet line, etc.

_14_
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Fig. 1. Effects of salt concentrations and sonication on solubility of myofibril prepared
from cardiac muscle of pork.
Symbols were the 0 M(O), 0.1 M([1), 0.2 M(A), 0.4 M(V) 0.6 M($), 0.8 (&)
and 1.0 M(® )NaCl(pH 7.0). Samples sonicated at 80% amplitude under 20 kHz.
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Fig. 2. SDS—PAGE patterns of soluble protein isolated from cardiac myofibril of pork by sonication

and salt concentration. Protein isolated under same conditions as in Fig. 1.
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Fig. 3. Effects of pH and sonication on solubility of myofibril prepared from cardiac
muscle of pork. Samples in 0.1M NaCl solution sonicated 80% amplitude under 20

kHz.
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Fig. 4. SDS—PAGE patterns of soluble protein isolated from cardiac myofibril of pork by sonication

under pH conditions. Protein isolated under same conditions as in Fig. 3.
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Fig. 5. Effects of ultrasonic amplitudes on solubility of myofibril prepared from cardiac

muscle of pork. Samples in 0.2M NaCl solution(pH 8.0) sonicated at 20 kHz.
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Fig. 7. Effects of pyrophosphate on solubility of myofibrillar protein prepared from cardiac
muscle of pork.

* Symbols were the OmM (@) and 5mM pyrophospahte(QO).
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Fig. 8. Effects of pyrophosphate and sonication on solubility of myofibrillar protein
prepared from cardiac muscle of pork. Symbols were the 0mM (@), 1mM(O),
2mM(vw), 3mM(V), 4mM (H) and 5mM ([]) pyrophosphate, respectively.
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Fig. 9. SDS—PAGE patterns of protein isolated from cardiac myofibril of pork with or without PPi.

Proteins were isolated under same conditions as in Fig. 7.
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Fig. 10. SDS—PAGE patterns of protein isolated by sonication from cardiac myofibril with PPi.

Proteins were isolated under same conditions as in Fig. 8.
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Fig. 11. Increase in the solubility of cardiac myofibril of pork during sonication in the presence

NaCl or PPi.
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Fig. 12. The effect of sonication on the increases rate constants of protein extraction from cardiac
myofibril of pork. The increased rate constant for each result (Ki) was calculated as : Ki =
Ln(ni—n,) / t, where nt denotes solubility after sonication with salts for t times, and no

denotes solubility before the sonication with salts.
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Fig. 13. Effects of sonication on solubility of cardiac myofibril heated at wvarious
temperatures. Samples in 0.2M NaCl solution(pH 8.0) sonicated at 80% amplitude
under 20 kHz.
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Fig. 14. SDS—PAGE patterns of proteins isolated by sonication after heated myofibril at various

temperatures. Samples in 0.2M NaCl solution(pH 8.0) sonicated at 80% amplitude

under 20 kHz.
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Fig. 15. Changes in viscosity of protein isolated from cardiac myofibril by sonication at
various salt concentrations. Conditions were the same as in Fig. 1 and viscosity

measured at room temperature.
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Fig. 16. Changes in viscosity of protein isolated from cardiac myofibril at various
amplitudes and sonication of 20kHz. Conditions were the same as in Fig. 5 and

viscosity measured at room temperature.
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Fig. 17. Changes in Ca—ATPase activity of myofibril prepared from cardiac muscle of

pork during sonication.
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Amplitude 0%
Amplitude 20%
Amplitude 40%
Amplitude 60%
Amplitude 80%
Amplitude 100%

06

o4 oo

04

0.2

00

0 50 100 150 200 250

Emulsion forming ability(abs 500nm)

Sonication time(min)

Fig. 20. Changes in emulsion forming ability protein isolated from cardiac myofibril at
various amplitudes and sonication of 20kHz. Samples in 0.2M NaCl solution(pH 8.0)

sonicated at 20 kHz.
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Fig. 21. SDS—PAGE patterns of protein digested by pepsin or trypsin at 30C
Mf : myofibril, IP : Isolated protein by sonication
S : standard marker

Proteins isolated from myofibril by sonication of 20kHz and 60% amplitude.

& =
259 A § dojxl @E S sAdzste] 1 A3E Fig. 2201 AASRIH AT 3

o 0 AL Bol EFHo] OB HeAd ke AAE K3 ek Tet Aoz

Fig. 22. Powder of protein extracted from cardiac myofibril of pork by sonication
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Fig. 24. Effects of salt(NaCl) and sonication on solubility of cardiac muscle protein of
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Fig. 25. SDS—PAGE patterns of protein isolated from cardiac muscle of pork by sonication at low

salt concentration. Protein isolated under same conditions as in Fig. 1.
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Fig. 26. Effects of pH and sonication on solubility of cardiac
muscle protein of pork.
Samples in 0.1M NaCl solution sonicated at 80% amplitude
of 20 kHz.
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Fig. 27. SDS—PAGE patterns of proteins isolated from cardiac muscle of pork by
sonication under various pH conditions.

Proteins isolated under same conditions as in Fig. 3.
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Fig. 28. Effects of ultrasonic amplitude on solubility of cardiac

muscle protein of pork.

Samples in 0.2M NaCl solution(pH 8.0) sonicated at 20 kHz.
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Fig. 29. SDS—PAGE patterns of protein isolated from cardiac muscle of pork
by ultrasonic amplitude.

Proteins were isolated under same conditions as in Fig. 6.
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Fig. 30. Effects of sonication on solubility of cardiac muscle
protein heated at various temperatures.
Samples in 0.2M NaCl solution(pH 8.0) sonicated at
80% amplitude of 20 kHz.
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Fig. 31. SDS—PAGE patterns of proteins isolated by sonication after heated cardiac
muscle at various temperatures.
Samples in 0.2M NaCl solution(pH 8.0) sonicated at 80% amplitude
under 20 kHz.
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Fig. 32. Effects of salts on the solubility of cardiac muscle protein by sonication.
The addition of salts(pH 8.0) were 10mM.
Samples sonicated at 60% amplitude of 20 kHz.
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Fig. 33. SDS—PAGE patterns of proteins isolated by salts and sonication

Samples sonicated at 60% amplitude of 20 kHz.
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Fig. 34. The pH of cardiac muscle homogenized with pyrophosphate at various concentration.
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Fig. 35. Changes in solubility of cardiac muscle protein in pyrophosphate
of various concentration by sonication.

Samples sonicated at 80% amplitude of 20 kHz.
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Fig. 36. Effects of pyrophosphate and sonication on solubility of protein prepared from

cardiac muscle of pork.
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Fig. 38. The effect of sonication on the increases rate constants of protein extraction from cardiac
muscle of pork. The increased rate constant for each result (Ki) was calculated as : Ki =
Ln(n—n,) / t, where nt denotes solubility after sonication with salts for t times, and no

denotes solubility before the sonication with salts.
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Fig. 39. Viscosity of protein isolated from cardiac muscle by sonication and various NaCl
concentrations. Conditions were the same as in Fig. 2 and viscosity measured at

room temperature.
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Fig. 40. Viscosity of protein isolated from cardiac muscle by various amplitudes and
sonication of 20kHz. Conditions were the same as in Fig. 6 and viscosity measured

at room temperature.
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Fig. 41. Viscosity of protein isolated from cardiac muscle by various salts and sonication

of 20kHz.
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Fig. 42. Changes in Ca—ATPase activity of protein prepared from cardiac muscle of pork

by sonication and salts.

A2l std

ze9)

o] F34(20 kHz)=

=%5(0.2 M NaClel| 778 =4

o=
=

2]4Q)

<

=5 9]

%

<2
=

23471 o

°] PPi¢]

[e}¢]
A oo

o
-5

gl

)

285 3

7haRA ol

A

3T
™

Al 2
2

AL

7] o]
b AR S

7}

=
;OL

fuy

g A

o
=

7 2

B

—_—

aKe)

X

|

==
=)

i Edas

Els

dzel vzt sel ¢

=
-

o}

Mg—ATPase

=]
=

o 72e¥ = Ca-

_69_



o
-
H

> _ i —€— NacCl
:E a 0.12 —0O— Phosphate
= —W— Pyrophosphate
S E o010} Y
© c
Q
o £ 008
o o
l_ —

O 0.06
SE
= — 0.04 |

0.02 '] '] '] '] ']
0 10 20 30 40

Sonication time(min)
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pork during sonication.
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Fig. 44. Changes in emulsifying capacity of protein isolated from cardiac myofibrils by

sonication at various salt concentrations.
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Fig. 45. Fig. 21. SDS—PAGE patterns of protein digested by pepsin or trypsin at 30°C.
The protein was extracted from cardiac muscle of pork with PPi by sonication or not.

IP : extracted protein.
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Fig. 46. Powder product of protein extracted from cardiac muscle of pork by sonication.

Table 2. Color properties of protein extracted from cardiac muscle of pork by sonication.

Storage time (days)
Value
0 day 90 day
L 123.3 121.8
-4.98 -5.11
b 20.13 20.31
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Fig. 48. Rice gruel added extraction protein.
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Fig. 49. Juice and sports drink added extraction protein.
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Fig. 52. Blueprint of ultrasonic wave equipment
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Fig. 53. Blueprint of ultrasonic wave generator
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Fig. 57. Drawings of cardiac protein separation unit.

100 : Separation device of cardiac protein 110 : Material tank
111 : Storage unit 113 : The second coolant inlet and outlet
130 : Separation unit 131 : Processing unit

133 @ The first coolant inlet and outlet

150 : Ultrasonic generator

151 @ Vibrator 153 : Vibration controller

170 : Cooling section 171 : Cooling the body

180a : Sample supply line 180b : Sample outlet tube

191 : Circulation pump 192 : Circulation controller
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