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Summary

I. Title

Development of the production technology for korean traditional beef broth and supplant

process of energy efficient joule heating technology

IT. Objective and significance

The objective of this research is to develop pressurized process and joule heating process
of Seolleongtang having traditional flavor and applicable in central kitchen. And another

goal 1s to develop a convenience Seolleongtang food.

M. Scope

The contents of this research consist as follows.
— Market survey of traditional Seolleongtang and establishment of it’s standard model
- Production and quality evaluation of pressurized Seolleongtang
- Process optimization of plant scale of pressurized Seolleongtang
- Study on the boiled meat and broth of joule heating Seolleongtang

- Development of standard process for mass production of joule heating Seolleongtang

System design of joule heating Seolleongtang for central kitchen

- Development of convenience Seolleongtang food and on the application of food pairing

IV. Results and recommendation

<< Supervisor's Research >>

Seolleongtang is made by boiling ox bone, beef parts (head, brisket, hind shank meat),
innards, etc. in hot water for 15 to 18 hours. It is a good protein and calcium source
nutritionally. Meanwhile, however, it requires lots of energy consumption and labor
intensive manufacturing process. To complement such shortcomings of Seolleongtang

manufacturing, it is considered to be absolutely required to develop new processes reducing
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energy consumption, extraction time and miscellaneous indirect cost on the one hand and
ensuring keeping the traditional taste on the other hand.

The broth manufactured by Yiyeon FnC in the pressurized process is different from
the conventional one produced in an iron pot in taste. Therefore, for this study, we
established a standard quality level with the quality factors derived from the Seollangtang
of traditional flavor manufactured in the conventional process, and developed the process
optimization technology enabling to produce broth of traditional flavor (of doubled
enrichment) in large quantity (about 11,000 bowls worth of Seolleongtang) in the
pressurized process. In addition, to replace the pressurized process developed to
manufacture traditional flavor broth with the highly energy efficient joule process, we
developed the ‘highly energy efficient alternative joule heating process of producing

traditional flavor broth’ and the ‘process of commercializing it as a convenient food’.

1. Quantification of Quality Factors Derived from Traditional Flavor Seollangtang
Broth

1) Through professional in-depth interviews with consumers, the important quality factors
of Seolleongtang were grouped as follow: appearance items (lightness, whiteness, oil
distribution level), smell items (suet, savory, butter, milk smell), and taste items (sweet,
salty, palatable, savory, mouth feel of fat)

2) To identify quality characteristics of Seolleongtang depending on manufacturing and
distribution methods, samples were selected as follow: 4 kinds of products manufactured in
the conventional process (boiled in an iron pot for a long time) and sold at franchise
shops, 3 kinds of products manufactured in the pressurized extraction process, and 2 kinds
of products manufactured in the pressurized extraction process and sold at franchise shops,
and their physicochemical characteristics (solid content, salinity, crude protein, crude fat),
color, viscosity, fatty acid were analyzed.

3) The study of correlation between general preference for Seolleongtang and its
properties indicates that preference for Seolleongtang greatly relies on its taste and texture.
In particular, among taste properties, the palatable flavor of the good protein extracted from
the long boiled head, brisket, hind shank meat, etc. and the savory flavor of the fat (leg
bone/beef), and density, throat feel and viscosity of texture are found to be highly
correlated to preference for Seolleongtang.

4) The large part of difference in manufacturing process between the Seolleongtang
commercially mass produced at foodstuff factories and the traditional Seolleongtang exists
in the process pressurizing leg bones at the high pressure and high temperature of 120°C
for 6 hours for extracting broth to reduce processing time and enhance efficiency and the
emulsifying process mixing fat. Other processes (cuttingbleeding hotwaterbleeding) are
similar in basic conditions, except for some detailed conditions required for mass

production.
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5) Comparison of quality of the broth produced in the traditional process and in the
pressurized (circulation) process indicates that the latter is higher the former in terms of
quality factors of appearance (lightness, whiteness, oil distribution level), smell (odor
intensity, milk, butter, suet smell) and taste (greasy taste, mouth feel of fat, texture), but
in terms of general preference, the former is higher than the latter.

6) The broth manufactured in the pressurized process tends to fall significantly in
viscosity comparing with the broth boiled in the traditional method as its high molecular
protein gets small due to extraction at the high pressure and high temperature conditions.
The SDS-PAGE electrophoresis shows that the protein whose molecular weight is less
than 36K Dalton is lost in high temperature in relatively large volume.

7) The GC/MS analysis of volatile elements indicates that no significant difference exists
between the 2 kinds of broth on the chromatogram peak, while the broth manufactured in
the pressurized process shows relative rise of peak and even generates new peaks at the
same RT wvalue. It is considered to result from the reaction flavor generated in the
pressurized extraction process of broth at high temperature for higher efficiency.

8) That the pressurized process (heating in a tank at 120°C and the pressure of
15kgf/cm2 or higher for 6 hours) has higher extraction efficiency than the traditional
process (heating in an iron pot for 15~18hours) but its broth is inferior to the traditional
broth in sensory flavor is because it is difficult to separate the leg bone fat and the
protein (blood/marrowflocks) generating strongly oily dislike flavor.

9) However, cleanness and savoriness of leg bone broth, the most important characteristics
of the traditional Seolleongtang broth, are realized by enhancing harmony of sensory flavor
through application of stationary pressurized extraction and optimization of emulsifying

process in a pilot scale.

2. Optimization of Plant Level (Large Scale) Production Process

1) When leg bone is put in stationary bleeding for a long time (more than 15 hours) in
summer (July through August), its volatile basic nitrogen (VBN) content may exceed
20mg% due to deterioration of blood and its broth may generate off-flavor. Therefore, to
keep water temperature below 22°C by using 2.5ton bleeding tank capable of automatic
water supply and drainage, the process is optimized into the system exchanging water a
total of 4times or more (everydhours) for a day with the water circulation bleeding
equipment (Zhorsepower).

2) Established is the process in which some leg bone blood and coagula not removed in
cold water bleeding are heated in hot water of 90°C or higher for more than Sminutes to
prevent concomitants lowering taste of extracts and miscellaneous smell generated in broth
to produce savory leg bone broth.

3) According to a comparison of the leg bone broth manufactured in circulating/stationary

pressurized extraction processes, it is judged that 6 hour extraction 1s economical as
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extraction efficiency is not significantly improved as below 2.5% 6 hours later. In addition,
it is found that the solid content recovery rate is 22.8% (Brix 5.3£0.2) in the circulating
extraction, while it is as low as 18.4% (Brix 4.7+0.2) in the stationary extraction.

4) The crude fat and solid contents of the leg bone broth manufactured in the circulating
extraction process are analyzed relatively high as some emulsified fat are not separated due
to compulsory circulation, while the solid contents, except fat, of the leg bone broth
manufactured in the circulating/stationary pressurized extraction processes do not show
significant difference as 4.67% and 4.5%, respectively.

5) To elevate the general sensory preference for the mass produced leg bone broth, the leg
bone broth shall be extracted at the temperature of 120°C and the high pressure

(1.5kgf/cm® or higher), and leg bone fat, protein coagula, etc. generating off—flavor shall be
completely separated, and then the mixture with leg bone fat (4%) shall be emulsified with
the homomixer (2,500rpm) to create simple savory taste.

6) Beef boiled broth is used for making Seolleongtang broth, and fully boiled beef is used
as solid ingredients of Seolleongtang or boiled beef slices depending on culinary uses. And,
heating (above 95°C) and extraction time influences taste and chewy texture of beef.
Accordingly, th eprocess is optimized to enhance quality and economy of boiled beef.

7) The broth extracted from boiling beef parts of head and brisket is analyzed to have
lower solid content (1.2%), crude protein (0.22%) and crude fat (0.88%) than leg bone
broth. But, it provides important taste profile for Seolleongtang broth elevating its simple
savory taste in combination with leg bone broth..

8) Even though beef is boiled 10 minutes more than the optimal boiling time, solid content
increase rate of broth is as low as 0.196 and sensory flavor is insignificantly improved.
Accordingly, it is found suitable in terms of beef quality and economy that beef shall be
boiled just to be cooked.

9) The degree of emulsification of leg bone fat is an important factor deciding appearance
and quality of broth. Among emulsifiers widely used in plants, oil residue is found to be
high in the order of inline homo mixer, homo mixer and high pressure emulsifier.

10) If oil residue is more than 50um after emulsifying leg bone and beef fat with homo
mixer, oil separation occurs. If emulsification is so excessive that oil residue comes to be
less than lpym, milk flavor and milk taste get high and it may cause the misunderstanding
that milk products might be added. In case of emulsifying with high pressure emulsifier at
3,000psi or higher, some processed Seolleongtang broth in the market show turbidity.

11) It is judged most suitable that oil residue after emulsification of Seoleongtang broth is
3+1.5um, when the processed broth comes to be similar to the traditional broth in terms of
flavor (simple and savory taste, density, good smell) and have lightness of 50~55 as
appearance of rich broth.

12) In order to manufacture about 11,000 bowls worth of Seolleongtang broth in the
Eumsung Factory of Yiyeon FnC, the individually produced leg bone broth (solid content
5.3%) and the broth (solid content 1.5%) extracted from beef parts such as head and
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brisket are mixed in a 3 ton tank at the mix rate (leg bone broth 65% to beef broth 35%)
of the Hanchon Seolleongtang (Seolleongtang restaurant having been boiling broth in the
conventional method for 30 years), and then the mixture is emulsified with commercial
product homogenization facilities such as inline homo mixer (continuous type) and homo

mixer (batch type) to have oil residue of below 3rm and above 80%.

13) The Seolleongtang broth to be put in cold chain shall be hot filling packed at the
product temperature of 85°C or higher, reducing elements for microbial contamination on
production lines, and then shall be quickly cooled with cooling water of 5°C or lower. After
that, the broth shall be adjusted to the temperature of 15°C or lower to be put in a cold
store in within 3hours, so that it may reach the temperature of 5°C or lower within
12hours after packing enabling to restrict developmental growth of spoilage bacteria for

ensuring preservation.

3. Test Large Scale Production of Traditional Seolleongtang Broth

1) In this study, a test large scale production was performed with Australian leg bone
(500kg), brisket beef (400kg) and head beef (300kg) in an optimized process to manufacture
2,000kg of Seolleongtang broth capable of producing about 11,000 bowls of Seolleongtang.

2) The produced Seolleongtang broth was put in a cold store and tested for preservation.
As result, it was found to be suitable for volatile basic nitrogen and microorganism
(bacteria and colon bacterium) for more than 25 days. To intensify consumer safety, its
shelf life was set at 18 days from the date of production on the condition of cold store at
-2~50C.

3) To make the product ne consumed by consumers within 18 days from the date of
production, it should be delivered to stores at least 10 days after production Iin
consideration of inventories at factories and stores and sold to consumers at least 5 days
later. To prevent hazardous elements such as temperature change in cold chain or cold
store, the logistics system should be established to distribute the product in cold chain at
least every other day.

4) If such systematic product supply chain (from production to distribution and
consumption) is not established, the product is defrosted and its emulsified oil is separated.
To prevent deterioration of quality, the product should be frozen in quick freezer as soon
as possible at the temperature of —40oCorbelow.

5) A professional evaluation of sensory flavor of the Seolleongtang broth produced in this
study shows that its appearance is improved by 17.8%, aroma 29.6%, first flavor 20.4%,
after flavor preference 18%, texture 13.196 and total preference 25%.

6) In an evaluation of consumer’s sensory preference, the Seolleongtang broth produced in
this study obtained better marks than the products manufactured in the existing
pressurized (circulation) process in all aspects including smell, taste, throat feel, savoriness,

etc. The new process also marked general preference of 560 points higher by 229 than
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the existing process of 4.57 points.
<< Cooperative Study >>

1. Quality Characteristics of Commercial Leg Bone Broth and Beef Slices

To obtain basic data for comparing with the leg bone broth produced in joule heating,
quality characteristics of the commercial leg bone broth were reviewed. The Brix of leg
bone broth was about 4.0, but the brix of the broth mixed with the beef broth was about
2.2. Solid content also showed the same tendency as brix. As it is found that even the
broth manufactured by a company shows different properties between batches, a
comprehensive quality control system is considered to be required from selection of raw

meats to production processes.

2. Derivation of Joule Heating Factors for Manufacture of Seolleongtang

1) Joule Heating Characteristics Depending on Electrolyte (Ion) Concentration : Joule
heating rate is found to be correlated to voltage and ion concentration. NaCl solution
showed drastic temperature change around 0.05~0.1M. It is found efficient that 300V
applies at the electrolyte concentration of below 0.1M and 200V at above 0.1M.

2) Current Applying Properties Depending on Frequency and Waveform : Joule heating
rate did not show significant difference at the frequency ranges of 20kHz, 40kHz and
60kHz. In addition, joule heating rate did not show difference in the waveforms such as

square wave, sine wave, sawtooth wave, etc.

3. Quality Characteristics of Leg Bone Broth Produced in joule Heating

1) Appearance of Leg Bone Broth : It is found that more bone marrow gets out as
heating time is elongated. For a same heating time, more bone marrow got out in the
order of pressurized joule heating, normal pressure joule heating and gas heating. Color of
leg bone broth differed a little depending on heating method: smoky white in gas heating
and clear yellow in joule heating. But, if the broth produced in joule heating is
homogenized, its color gets similar to the color of the gas heated broth.

2) Solid Content of Leg Bone Broth : As heating time increases, the solid content of leg
bone broth tends to increase. When heating time is same, pressurized joule heating
generates more solid content than gas heating 3 to 5 times. Extraction in joule heating is
found economical when heating time is 4 hours.

3) General Ingredients of Leg Bone Broth : Protein content tend to increase as heating
time increases. If extraction time is same, protein content is high in the order of
pressurized joule heating, normal pressure joule heating and gas heating. As heating time
increases in SDS PAGE, depolymerization of polymeric protein is accelerated to generate
more peptide. Crude fat content is high and fat dissolution 1s great in the order of
pressurized joule heating, normal pressure joule heating and gas heating, but no significant

difference is found 6 hours after heating. Crude ash content is approximately 0.5% and no
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significant difference is found in all heating methods.

4) Amino Acid Composition of Leg Bone Broth : Amino acid of leg bone broth is largely
composed of sweet amino acids by 58~63%, mostly such as glycine, alanine and proline.
Sour amino acids (glutamic acid, aspartic acid, etc.) and highly bitter amino acids (arginine,
leucine, etc.) are contained by 19721%, 17719%, respectively. Such composition ratio of
amino acids is not significantly changed according to heating time and between joule
heating and gas heating as well

5) Fatty Acid Composition of Leg Bone Broth : Fatty acid of leg bone broth is found to
be composed largely of oleic acid, stearic acid and palmitic acid. It is also found that, as
heating time increases in both pressurized joule heating and gas heating, saturated fatty
acid tends to increase and unsaturated fatty acid tends to decrease.

6) F. Ca, P, Mg Composition of Leg Bone Broth : As heating time increases, dissolution
of mineral tends to increase, but no significant difference is found depending on heating
method. The dissolution volume is found to be high in the order of Ca, P and Mg. It is
found that the Ca/P ratio is 2 or less in pressurized joule heating, but 2 or more in normal
pressure joule heating and gas heating.

7) Sterilization Effect and Preservation of Leg Bone Broth : The heat resistant
thermoduric bacteria and spore forming bacteria were not detected. For the purpose of
preservation, however, it is required to set the gel phenomena of gelatin occurring in cold

storage and the oil separation due to instable emulsification as important hazard elements.

4, Quality Characteristics of Beef Slice Boiled in joule Heating

1) Heating Rate of Beef Slice Boiled in joule Heating : The comparison of the hating rate
reaching the central temperature of broth of 95°C indicates that joule heating is faster than
gas heating about 5.7 times in head beef and about 9.7 times in brisket. The heating rate
difference between head beef and brisket is considered to be caused by difference in fat
content and size of beef.

2) Quality Characteristics of Beef Slice Boiled in joule Heating : Yield of the beef slice is
higher in joule heating than in gas heating, and there also i1s a little difference in
appearance. To optimize properties of the beef slice boiled in joule heating was also
studied. If brisket beef is directly boiled in joule heating at the central temperature of 85°C,
vield is improved comparing with gas heating, but too high heating rate results in
shrinkage of protein including collagen and hardening of beef texture. If heating is adjusted
first controlling the rate passing the temperature range of 50~70°C where protein system
can sensitively change and then raising heating temperature to 85°C for the purpose of
improving such a situation, both beef softness and yield are found to be improved. A
study on response optimization conditions with Mini Tab(ver.16) indicates that cooling
yieldis highest at the heating conditions of 59.2°C and 19.5 minutes showing cooling yield
of 80.1%. The heating conditions properly satisfying both cooling yield and hardness are
found 61.4°C and 14.9minutes in which cooling yield and hardness are 78.0% and 8.1kg,
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respectively. Under these heating conditions, however, beef is not boiled completely insides
and blood is dripped out. In order to solve such problems in sensory characteristics,
another test was made for cooling yield, hardness and general preference, while heating
first at the originally set cooling yield heating conditions (59.2°C and 19.5 minutes) and
then changing these conditions. The analysis of response optimization conditions indicates
that the heating conditions simultaneously satisfying coolingyield, hardness and general
preference are 89.6°C and 22.1minutes where they are 66.4%, 12.68kg and 6.6point,
respectively. This result means that cooling vyieldis improved by 59% and general
preference is enhanced by 2.0points but hardness isl owered a little, and brisket beef slice
boiled in joule heating has the possibility of being commercialized. In case of head beef,
however, yield, hardness and sensory characteristics are found greatly different depending
on characteristics of parts and optimization conditions are not set up. For head beef, it is

considered that standards for purchase should be introduced first of all.

5. Study on Standardization of joule Heating Process

1). Establishment of Electric Current Application Conditions for Process Standardization :
It is found that joule heating rate is related to voltage and ion density. It 1s also found
efficient that 300V is supplied if electrolyte concentration is 0.1M or less and 200V if 0.1M
or more, waveform is square wave and frequency is 20kHz. It 1s identified efficient for
extracting broth to heat leg bones at the temperature of 120°C for less than 4hours in
pressurization process. It is identified efficient for higher vyield, softness and general
preference to heat brisket beef slice firstly at the temperature of 59.2°C for 19.5 minutes
and secondly at 89.6°C for 22.1 minutes.

2) Study on Application of Power Technology to Central Kitchen: The method of
manufacturing Seolleongtang broth in joule heating 1s different from the existing
pressurized steam heating in terms of branching and broth extraction processes. The steam
pressurized branching uses 2.5 ton branching tank, while 500L capacity is found suitable
for joule heating in terms of economy and power consumption. An joule heating tank is
estimated to require power of 18.9kW.

3) Design of Central Kitchen Type joule Heating System : To design joule heating
system, the basic concepts for operating current applying devices are specified first of all.
And then, basic power requirements, power supply system, branching and extraction tanks,
operating current applying vessels to be mounted in tanks, leg bone and beef transport
trays and electrodes to be mount on those vessels, etc. are designed. And, finally the entire
joule heating system is specified. It is estimated to require about 300 million Korean Won
to locally make the system.

4) Analysis of Energy Efficiency and Economy of joule Heating Technology : It is
estimated that manufacturing of 2 liters of Seolleongtang broth requires LPG of 0.098Nm®
and natural gas of 0.1311Nm3 in steam heating and electric power of 0.2622 kWh in joule
heating. They correspond to the cost of 255.8 Korean Won, 110.2 Korean Won and 21.3
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Korean Won, respectively. If 300 tons of broth are manufactured a year, it is estimated
that joule heating is cheaper than natural gas by 13,326,780 KoreanWon and LPG by
35,181,345 KoreanWon. Comparison of carbon dioxide emissions indicates that
manufacturing of 2 liters of Seolleongtang broth produces 71.255kg of carbon dioxide in
LPG heating and 0.083kg in joule heating. If 300 tons of broth are manufactured a year, it
is estimated that annual carbon dioxide emissions from LPG amount to 10,688.25 tons and
joule heating 12.47 tons. If 1 ton of carbon dioxide emission costs 8.08 Euro (as of August
2012) and 1 FEuro is equivalent to 1,400 Korean Won, its economic value owing to
reduction of carbon dioxide emissions amounts to 44,688,815 Korean Won to 120,764,423

Korean Won.

6. Derivation of Concepts of Commercializing Seoleongtang Broth as Convenient
Food

1) Investigation of famous commodities (in types of cube, powder and liquid) enabled us
to set product concepts to classic cube type (Herb Ox - USA), American people’s
breakfast substitution food (Clam chowder style - USA), powder type soup (Yukgaejang
(spicy beef soup) - Japan) and liquid concentrate type (Samgyetang (chicken stew with
ginseng) with noodle - Japan). Strategies for describing Seollangtang were also studied to
derive the characteristic properties such as whiteness, milk flavor, simple savory taste,
throat feel, etc. Professional survey through Delphi technique was also performed to derive
the keywords such as milk color, beef flavor, simple, savory, palatable taste, softness and
cleanness and derive many key points for globalization including Ca/Mg content.

2) Development of Convenient Foods Using Seolleongtang Broth : To develop liquid, cube
and powder products using Seolleongtang broth, it is considered that dispersibility of
solution, inhibition of fat oxidation, accelerated absorption of Ca ingredients, enrichment of
flavor, etc. are important factors. Accordingly, strategies are set up to utilize maltodextrin,
lactose, casein, tocopherol, Vitamin C, Vitamin D, inulin (Topinambour), beef extracts, etc.
In order to prevent liquid product from being jellified at room temperature, decomposition
tests were performed for pear, kiwi, pineapple extracts, commercial enzyme Alcalase and
Viscozyme. Alcalase was evaluated most efficient and economic. In addition, conditions for
establishing standard recipes for liquid, cube and powder products were studied. The
addition of lactose 0.3%, maltodextrin 0.3%, pepper 0.1% and green onion 0.2% to 10x
Seolleongtang concentrate showed excellent sensory characteristics. And, this addition was
enriched with garlic 0.2% and beef extract 0.2%6 for improvement of flavor, and with inulin
0.1%, Vitamin C 0.4% and tocopherol 0.3% for enhancement of functionality and oxidation
stability. These led to completion of standard recipes. Various cube products are made by
utilizing cubes made according to standard recipes and adding unique flavor properties.
And, many other excellent convenient foods which can be used in various restaurants such
as beef soup, mushroom soup, etc. are produced.

3) Evaluation of Sensory Properties for Developed Products (Seolleongtang Cube and
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Applied Soups) : A survey was made for preference of 10 Americans residing in Korea
and 10 Korean citizens for standard cube products, beef soup and mushroom soup produced
with cubes. For all three products, Americans gave high marks above 6.33 point of general
preference, and Korean citizens also gave high marks above 5.83 point. This means that
these products can be commercialized not only locally but also globally.

4) Evaluation of Distribution Stability of Developed Products : Liquid Seolleongtang
concentrate, sold cube and powder soups were tested for preservation for 4 weeks at the
temperature of 32-35C. Liquid Seolleongtang concentrate was very unstable in terms of
microorganism, color and fat oxidation. But, cube and powder products were stable In
microorganism and fat oxidation. Color of powder product was somewhat unstable in
preservation, but this issue is expected to be overcome by using douser, degassing agent
and moisture absorbent.

5) Standard Manufacturing Processes : Considering properties, preference, uses, etc. of
liquid Seolleongtang concentrate, we proposed manufacturing processes for liquid
concentrate, cube powder and applied soup products. Plant scale, required facilities and cost
may differ depending on business environments, and are required to be further studied in
implementation stages.

6) Evaluation of Foods Accompanying Seolleongtang Products : Foods expected to
accompany cube product were selected and tested. As results, 31 applicable recipes were
developed for soups, meats, stews, pots, noodles, rice, gruel, boiled—-down dish, steamed
dish, sauces, snacks, disserts, etc. These data will be able to be widely used for

promotional activities in future.
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SDS-PAGE+= Lammli¥} (Lammli, V.K. %5 ,1970)° 2|3} slab gelS o]-&3&to] A& 33}
AV ZFFZEE 8M urea, 2% mercaptoethanol, 2% SDS% 20mM Tris-HClI(pH 8.0)5 #7}3t
T 100CoAA 287 714 3Fi . Fixing¥ staining< Neuhoff(Neuhoff V. % 1988)2] - ol
93] Commassie brilliant blue R2502. % A A&t &2 50% MeOH, 7% Acetic acid®
30+ %, 9.2% Acetic acid® 29| #j7deo] FH3} & w 74A s
(oh) 4 A 714 (VBN)

KsCOs E3F8H3 0.0IN A& AS AFg3sle] A
0.0IN NaOH-& <} o = #7sto] ConwayH| & <

A Al 2k (Brunswik)S ¥ il

(2) 71713%4]
(7hH M=

A2} A (Mimolta Chromameter, CR-400 SERIES JAPAN)E o] £3lith Alg39 A THS
Hunter scalel] ¢]&}e] ™ % (Lightness), %% % (Redness), @ 3% (Yellowness)E A Al sl
L, a % bas Z7 33 S48t HFAE AF=sdnh
(W) Fetd e we 42712 74)e A8 4 (BX40F, Olympus)S AHg3ste] S48t
(th #7714 & &4

Algel F71d #4858 93 A5 #i3le= AOACH(AOAC 19959 watth, Al 15gS 3
T =7kl ¥ 105C Ax7]olA AdxAZ v 550C 7] 33 =l A 20417t 3] 3HA A
oh AeoA WA F FstE Aol 6N-HCL 42mLE 9ol &8iA7]3, 1% LaCl3
25mLE #H7tste] 3lgtst AlE2 ¢Hds] &A% thE 100mL volumetricell A -§3te] A5
dHo 7 gt o] RS ICP(Inductively Coupled Plasma Atomic Emission Spectrometer)=
Abgetel EA ekl AFEE 717] B A 21 obEel

* JCP condition for mineral determination

Items Condition
R.F. generator PERKIN ELMER OPTIMA 3000, 40.68MHZ
R.F. power 1.3KW
Plasma torch Quartz glass torch
Peristaltic pump Gilson Miniplus 2, Ten Rollers
Nebulizing system Gem Tip Cross-Flow Pneumatic Nebulizer
Argon gas flow ratr Carrier gas 1.1 L/min

Coolant gas 15 L/min

Plasma argon gas: 15 L/min
Auxilaiary argon gas: 0.5 L/min
Nebulizer argon gas: 0.8 L/min

() FrAdE F=F LA (GC-Mass)

A = A l"ﬁ:% SPME fiber (SPME fiber assembly, 50 um DVB/CAR/PDMS,
sigmaaldrich, USA)Z 7|4 %& F2A#A shaking A 40°Col 41103 B & 384
245 ¥ 38 autosampler (combi PAL G6504-CTC, CTC analytics, Zwingen,

Switzerland)E& Headspace injections A ARt &F7] A 42 DB-wax column (30m
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length, 0.32 mm id., 0.5 um film thickness; J&W Scientific, Folsom, CA) & °]&3}o] GC
(7890A, Agilent Technologies,USA)2] HA=7]2 TOF-MS (GCT premier, Waters, UK)E <

Astel AHgstaT WY EE B

spectra (NIST 08 library), aroma properties =

2+ 3-octanols AFEstth IEA s E A2 mass

H] 1 3}3l waterAte] makerlynx X213 %

elemental composition 7] %< &-83to] g2l
* Instrumental parameters of GC-TOF-MS

GC Ailent GC 7890a
Column J&W Scientiﬁc(:'_%o m X 0.32 mm ID. 050 ym film
thickness: Agilent Technologies, Folsom, USA)
Length 30 m
ID 0.32 mm
Film thickness 0.50 um
Injector 220°C
Detector(TOF-MS) 220°C
Oven program
Initial 35°C(2min)
Rate (1°'step) 1°C/min
Final 40°C(Omin)
Rate (2"step) 5°C
Final 220°C(20min)
MSD GCT premier
injector 220°C
Ion source temperature 250°C
EI isionization voltage 70 eV

Carrier gas

He (2 mL/min)

Split ratio

Splitless mode

(vh) frejolbr =2t shaF 4
lgdl THFT 4 mLE
C

(10,000 rpm, 10 min,

Al g

L FEs] ofr=ito]

#H3ste]l 045 pm syringe filter® o3 % 9]

8% =S mixd F A48

4 =
oo 3t Fgoln =ik =4S High Speed Amino Acid Analyzer(L-8300, HITACHI,

—y
Q
o
Q
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o

o,

oo
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M

1%

_OL

R

= B

* Qperating condition of

=
B4 27e obde py

PLC for free amino acids analysis

Items

Condition

R.F. generator

PERKIN ELMER OPTIMA 3000, 40.68MHZ

R.F. power

1.3KW

Plasma torch

Quartz glass torch

Peristaltic pump

Gilson Miniplus 2, Ten Rollers

Nebulizing system

Gem Tip Cross-Flow Pneumatic Nebulizer

Argon gas flow ratr

Carrier gas 1.1 L/min

Coolant gas 15 L/min

Plasma argon gas: 15 L/min

Auxilaiary argon gas: 0.5 L/min

Nebulizer argon gas: 0.8 L/min
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Fig. 1. Survey sheet on

the sensory

evaluation

of Seolleongtang

stocks.

Table 1. The significance test on the appearance between Seolleongtang stocks

B 7] sk

=
AN T ek

&7

7]

G

kel

=]
s

ol

Q) 7] & Tk

H(A)

5.35+2.16ab

6.40+0.82a

4.75+1.55a

4.30+1.45¢d

4.65+1.69b

H(B)

5.30+0.73ab

5.45+0.89b

4.65+1.46a

3.30+1.22¢

5.55+0.76a

3.20+1.36¢d

2.70+1.38d

4.65+1.42a

5.75%1.16a

3.05+1.10d

3.55+1.39d

3.50+1.32¢

4.65+1.23a

5.50+0.61ab

3.65+1.35cd

4.05+1.05d

3.45+1.10c

4.40+1.05a

4.45+1.15¢d

4.15+1.25bc

5.90+1.37a

6.5510.69a

4.95£1.10a

3.60+1.82ed

4.05+1.36bc

3.45+0.89d

2.50+1.19d

4.35%1.46a

3.35+1.60e

3.35£1.09cd

4.85+1.23ab

5.15+1.18b

4.40+1.43a

5.10+1.17abc

4.55+1.54b

~lE o0 B

5.45+0.94ab

4.95+1.23b

4.20+1.28a

4.65+1.42bc

4.55+1.19b
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Table 2. The significance test on the odor between Seolleongtang stocks

WA 7

718 A e

A3 WA sk

HE] WA ok

[ele)
S5 WA s

WA 7] & Ewek

H(A) 5.35£0.75ab 4.85£1.50bcd 4.25+1.77bc 4.85+1.53ab 4.45+1.32b 3.45+1.67¢c
H(B) 3.70+1.49d 3.75+1.62¢e 3.40+1.60cd 3.25£1.65d 3.15+1.53cd 3.90£1.52bc
L 6.00+0.73a 5.85%1.18a 5.40+1.05a 4.95+1.39ab 4.25+1.41b 495+1.23a
S 4.80+1.15bc 4.05+1.54de 4.15+1.39bc 4.65+1.46abc 4.05+1.36bc 3.95£1.28bc
M 3.50+1.64d 2.75+1.07f 2.85+1.46d 3.30+1.63d 3.60%1.79bcd 3.35+1.18c
C 4.05+1.47cd 4.10+1.17de 3.90+1.25bc 4.15+1.63bcd 4.25+1.55b 3.85+1.23bc
@) 4.75+1.29bc 4.40+0.94cde 4.40+1.39bc 3.85£1.18cd 3.05+0.69d 4.30+1.45abc
A 5.80+0.52a 5.40+1.14ab 4.90+1.48ab 5.40+0.82a 5.35+0.88a 4.60+1.23ab
K 5.85+1.14a 5.20£1.44abc 4.60+1.47ab 3.85£1.31cd 3.85+1.31bcd 4.25+1.55abc
Table 3. The significance test on the taste between Seolleongtang stocks
TF bk 7 Gl 7F2 Yok 312 B ghse - 77] Bk ghsex ol 3} gk :13_53;/] 4 jjé';%,t’]. j—g‘;}n] /Ij:] i
H(A) 4.80+1.24ab 5.00+1.41bc 4.80+1.36abhc 4.45+1.36bcd 5.45+1.10a 4.45+1.39a 4.65+1.14a 4.05%1.70cd 3.60+1.54cde 3.80+1.64cd
H(B) 3.70+1.75¢cd 4.00+1.08d 3.80+1.77de 3.10+1.33f 4.60+1.31ab 3.95+1.05ab 4.05+1.19abc 3.40+1.50d 3.50+1.64cde 350+1.57cd
L 4.15+1.39bc 4.35+1.46d 5.35+1.09ab 5.25+1.12ab 4.55%1.47ab 4.10+1.37ab 4.60+0.88a 5.10£0.91a 4.80+1.06ab 5.05%1.10ab
S 4.70+1.45ab 5.80+0.95ab 4.55%1.15bcd 4.85+0.81abc 4.75+1.83ab 4.10+1.29ab 4.35+1.46a 4.40+1.43abc 4.50£1.40abc 4.40+150bc
M 3.85+1.69bcd 3.65+1.63d 3.55+1.73ef 4.05£1.88cde 4.55£1.57ab 3.95+1.28ah 4.35+1.60a 3.60+1.70cd 3.45+1.57de 3.35+1.60d
C 3.00+1.26d 2.50£1.28e 2.75+1.12f 3.35+1.53ef 3.85+1.87bc 4.25+1.59a 3.40+1.54bc 3.20+1.01d 3.20+1.40e 3.15+1.18d
(6] 4.40+1.27abc 5.50+1.19ab 4.90+1.37abc 3.60+1.05def 3.15+0.75¢ 3.25+1.07b 3.25%1.29¢ 3.45+1.19cd 3.60+1.39cde 3.80+1.28cd
A 5.25+1.25a 6.20+0.70a 5.60+0.99a 5.40+1.23a 4.40+1.43ab 4.40+1.47a 4.55%1.19a 5.00+1.34ab 5.30+1.38a 5.45+1.36a
K 4.15+1.09bc 3.85+1.42d 4.25+1.45cde 4.55+1.47abc 4.30+1.89b 4.00+1.62ab 4.20+1.06ab 4.15+1.46hcd 4.30+1.53bcd 4.05+1.50cd

Table 4. The significance test on the texture between

Seolleongtang stocks

e B ok 2 A sk ERER Bl 2 %] 7] & ek A 7] 5w

H(A) 3.20+1.36d 3.00£1.30c 3.95t1.61a 4.05%1.64hc 3.65+1.84b

H(B) 3.35+1.27cd 3.05+1.19¢ 4.15+1.31a 4.00+1.12bc 3.70+1.66b
L 5.10+1.02a 4.50%1.10a 4.50+1.00a 5.10+0.91a 5.15+0.81a
S 4.60+1.10ab 4.45+1.00a 4.50+0.89a 4.55%1.19ab 4.10+1.41b
M 4.15%1.50bc 4.10+1.65ab 4.30+1.42a 4.10+1.25hc 3.55+1.67b
C 3.30+1.56¢cd 3.05+1.50c 3.95%1.23a 3.65+0.99¢ 3.45+1.15b
(0] 3.50+1.24cd 3.15+0.93¢ 3.95+1.05a 3.85+1.04hc 3.85+0.93b
A 5.45+1.05a 4.85+1.23a 4.80+1.06a 5.10+0.91a 5.20+1.11a
K 3.35%1.50cd 3.45+1.43bc 4.10+1.52a 4.15%1.39bc 4.15%1.31b
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Table 5. Correlation between sensory attributes in sensory evaluation of Seolleongtang
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Table 6. Salinity, solid content, viscosity, color of Seolleongtang stocks

Sample

Salinity
(%)

Solid content

(Brix)

Viscosity

(cPs)

Color

L

a

b

H(A)
H(B)
L

OO0 xR wnZ

2.45+0.07
1.60+0.14
2.25+0.07
3.10+0.14
2.15x0.07
2.20£0.28
1.90+£0.14
2.50+0.14
1.90+0.14

2.96+0.28
3.09+0.04
2.80+0.00
3.75+0.21
2.30£0.00
3.75£0.07
2.25£0.07
3.35+0.07
2.10£0.14

7.24+0.29
4.95+0.04
4.86+0.08
9.16+0.37
3.39+0.30
3.36+0.00
4.92+0.25
3.69+0.04
2.67+0.04

37.13+0.09
46.17+1.03
37.97+0.44
40.85+0.17
31.78+0.22
24.72+0.26
44.61+0.20
50.91+0.25
23.98+0.12

-0.26+0.01
-0.82+0.05
-1.25+0.03
-1.08+0.02
-0.80£0.01
-0.40+0.01
-1.06£0.03
-1.35%0.02
-0.48+0.05

2.78+0.03
2.23+0.02
1.39+0.02
3.70+0.03
2.04£0.05
-0.15£0.07
1.52+0.03
0.18+0.02

-0.07+0.12
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ol A1 SAF ASEol 45.67+1.25 mg/ml= 7}%} =2 Aoz 54 HAx OAF Aol 18.00+0.28
74 @Al S ATk (Table 7)

Table 7. Soluble protein contents of various Seolleongtang

Sample Soluble protein contents (mg/ml)
H(A) 31.82+0.32
H(B) 24.18+0.29

L 36.97+0.07

M 32.88+1.47

S 45.67£1.25

K 27.30+0.33

A 31.75+0.23

C 26.24+0.49

@) 18.00+0.28

-

(2 A, Agat &
A7 97HA AR F 53 B HUEE e 57FA AR (H(A), HB), L, S, K)E %3}
of AgeEs FA et (Fig. 2)
e HBAMY 7t doez AAE S5 AEo] 14%=2 71 =4 SASHAD
H(A)S] AE A woz Axzd AFe] 015%= 7Hd 92 e Yepdch <7H4 e

54 2o 2375w £ ARG AEFHNRYHE A/ EF 177 EdA S
g BFHRE B TSRS ol &e dE S5Fv Y *EL%@

E3 GC-MSE o83 At BAS Tl Abx 352 AF Ho] F429 Hol& gelst
Atk (Fig. 3, Table 9) CAF A%<l ¢ Caproic, Caprylic, Capric A+o] ®o]l HZE5 =0l
o] AR ES HAFREAN WY, A= g & e o AMEEHE AoE deA Uth

57FA] A% R Palmitic, Stearic, Octadecenoic acid’} AtHd oz Wo] HEH 1 JdEd
o= 4avldl @el FiE HAEoE delA Jdow Algzte] S A Afol= AAEEA &
AT,
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Fig. 2. Crude fat contents of various Seolleongtang.
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Fig. 3. Fatty acid analysis of various Seolleongtang through GC/Mass.
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Table 8. Fatty acid analysis of five Seolleongtang samples by GC

(%)

C
0.13
0.13
0.36
0.48
3.18
0.42

24.12

H(B)

H(A)
0.00
0.00
0.00
0.00
2.89
0.00

23.94
4.34

13.84

51.48
1.75
0.08
0.12
0.24
0.00
0.09
0.08
0.00
0.00

98.85

Fatty Acid

0.00
0.00
0.00
0.00
2.58
0.84
24.38
4.09
14.16

50.99

0.00
0.00
0.00
0.12
3.67
1.21
21.28
5.72
13.92
45.24
2.32

0.00
0.00
0.00
0.00
2.33
0.47
24.63

Caproic

C6

Caprylic

C8

Capric

C10

C12

Cl4
Cl14:1

Lauric

Myristic

Tetradecenenoic

Palmitic

C16
C16:1

2.06
15.99

44.63

2.67
19.59
47.54

Hexadecenoic

Stearic

C18
C18:1

Octadecenoic

1.96
0.47
0.12
0.11
0.00
0.1

6.63

1.88
0.54
0.155

Octadecdiecoic

C18:2

0.15
0.12
0.22
0.00
0.00
0.00
0.00
0.00
99.97

0.46
0.35
0.31
0.00
0.00
0.00
0.46
0.21
99.92

Linolenic

C18:3(3)

Arachidic
Eicosadienoic

C20
C20:1

0.17
0.00
0.00
0.00
0.00
0.00
99.98

Eicosadienoic

C20:2

Eicosatrienoic

C20:3

0.15
0.00
0.00
99.95

Arachidonic

C20:4

Behenic

C22
C24

Lignoceric

Total
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Table 9. analysis of description in Seolleontang samples by sensory evaluation

DA HA) HE) £ 3 M c 0 A K
Qi =53 e . — " = pw =
- T = = = o ¥ e =
24 SRR NS SO N N A =
= = 5 T 5T 5 = %
= =1 53 - T =
- = e e T e T TR T T
e aioes | AL 34 et 24 e - = = 22
o] go| 7l EA) 3.5 4.8 45 3.5 3.2 3.6 5.3 4.3
=% o0 7|5 E 2.8 35 5.1 44 3.4 3.2 3.8 55 41
=Z= 32 34 Bl 4E <2 33 15 L 34
w28 LW Lo & o Tala w5
=t =_'|¢_x=|_? B 41 40 5.1 45 4.1 37 3.9 51 4.2
Table 11. Analysis data of itemized consumer preferences in Seolleontang samples
= ] 2~
33 le A3 R N%
TRARA)
L 46.17£1.03 46+1.4
H(A)
IRy ol 7hor -0.82£0.05 -0.82+0.04
b 2.23+0.02 2.23+0.1
u—l}\H L — _ _
Salinity (%) 2.24+0.05 2.24+0.1
Fu] (] 9h) L Crude fat cont.(%) 0.467 0.467
G ko ' ' '
Protein cont.(mg/mL) 36.97+0.07 37.0+1.8
A Salinity (%) 1.93+£0.12 2.0£0.1
BT o ey Crude fat cont.(%) 0.32 0.32
Protein cont.(mg/mL) 31.75+0.23 32.0+1.6
FF] A - - -
) Solid cont.(brix) 2.23+0.06 2.2+0.1
gl f_x1 A
Viscosity 4.95+0.19 5.0£0.2
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Fig. 6. Seolleongtang prepared with traditional or high pressure heating method.

Table 11. Color values, solid contents, viscosity of Seolleongtang prepared with

traditional or high pressure heating method

Color values Solid contents  Viscosity

Sample Origin )
L a b (Brix) (cPs)
Korea
39.9+0.1 -0.9+0.0 2.45+0.0 2.38+0.09 4.9+0.3
. (A)
Traditional .
Australia
®) 37.1+0.1 -0.31£0.0 2.78+0.0 2.96+0.28 8.2+0.7
) Australia
High pressure ©) 46.0+1.4 -0.8+0.1 2.24£0.0 3.09£0.04 42+0.6
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Marker

A

Fig. 7. SDS-PAGE pattern of Seolleongtang stocks

A, B, C: refer to Table 7.

60c
SUL_T71 7HQHAL.S FE AL TOE MS El+
S 16.04 19.05, Tic
2330 §.37e3
10.47
#1 220281
Y
4.51 12 23 13.82
1985
374 6.64
D ] 3 U T T L} T L T
5.00 1000 1500 20.00 2500 3000 35.00
suL_g| 1 Al AL TOF MS El+
o THeH & -2 19.05 . TIC
T.71e3
16.05
15.74 2521
10.54
281 2259 27 68
== 12.26 2037
e T 272 | 2423 2573
7 664780 13.8514 64 17.93 \j 2921 3113
s
o+ T ————— ————— ———— ——
5,00 10.00 15.00 20.00 25.00 30.00 35.00
suL_al 1 = TOF MS El+
AL o
T THEHA-ER 19.05_ TIC
15 76 1.02e4
15.74
16.05 27 69
il 12T e 12.26
< 10 54
13.8514.64
15a 453 — i 16.76 2818 a4 40
a 653 B.44 { i %
1 \ ‘ ‘ \ \ T T T T T — Time
5.00 10.00 15.00 20.00 2500 30.00 35.00

Fig. 8 Volatile analysis of beef stock through GC/Mass

Refer to Table 11(RT)
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Table 12. Aroma constituents of beef stock analyzed by GC/Mass

RT Abundance  Rel. Abundance Suggested Compound

7.57 31 0.00526 Perfluorotributylamine

7.61 20 0.00339 Perfluorotributylamine

8.44 10 0.00175 Hexanal

15.76 358 0.06048 Octanal

16.05 205 0.0347 Cyclohexasiloxane, dodecamethyl-

18.83 490 0.08277 Nonanal

19.05 2900 0.48994 3-Octanol

19.06 1119 0.18913 2-Butenoic acid, 2-methyl-, 2-methylpropyl ester, (E)-
19.07 381 0.06441 3-Buten-1-ol, 2-methyl-

19.09 238 0.04026 3-Cyclopentyl-1-propanol

19.11 99 0.01666 3,7-Dimethyl-1,7-octadien-3-amine

19.12 65 0.0109 4-Penten-1-ol, 2-methyl-

48.02 1 0.00013 3-Methylbutyl, N,O-bis(heptafluorobutyryl)hydroxyprolinate
64.89 1 0.00023 Silane, methylenebis[dimethyl-

By 1) A2, T3 71s =5 B7keAh(Fig9)

T A3 A k(e TR Az d9gse] F4s v A3 ks
2 FE2T A4S n(H], AR NERE F9), YAGEE, U, HEdA, A5
WA, FE =3 uh 715719 AE5A, gaA)e] ARrb A dEEARh SEAR] V15
SHol = de AdA Ao A ATl Vb Adem Azt AFEY ¥ 5 AL
Z Uegt 2 ATelMe AEeA BeH 71EE Aols Wes] ] flste] 2njA 24
& AAEsth anak 2AbE I A" g (A e, A, £9 A9, s, 94,
A, Ak, ZAF)AAM ANt 20 180 S W ew A4 AR A WS AEsk

Table 120149} Fo] §9-2 UARR sto] A dA WYHoE A AlFo] A%, &,
ot A, we s 5 ARl R w2 HAFE wder FF VISR JdAE
549/9.0wrd o & 74 =tk kA Al (A, 120C, 1.5 kgf/em® o1, 6A17F) o] A 7
A AU CEE, 15~1843F 72 F3) A3 9 Ao F5oA w2 HeE Tge
Akl ds3n7h BolA = A AbE7IEd dislike flavors 2@ shE G ($d/25
SHE)IS w7 oEY 715 we] Fetal A 42 flavor7h T 7] T o® A ET
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Fig. 9. Sensory evaluation on the Seolleongtang stocks prepared by traditional and high

pressure heating method

Table 12. Consumer test(n=180)

B s AT | AL | TR SE
s AR A seseon B Bl ol S B
(#Azh) (143 sk Kok
Kl i . ) ) . .
= o 4.99+2.01° | 5.18+2.07* | 5.38+2.25% | 557+2.11* | 4.94+2.12* | 5.02+2.18" | 4.62+2.17" 5.49+2.10%
S T
A
EH i b b b
N _. | 4242177 | 423+1.80° | 4.08£1.89° | 4.58+1.94° | 3.89+1.77° | 3.69+1.74° | 3.62+1.79° | 4.29+1.95°
ES
7} N
<
<t - 599+2.19% | 4.67+2.23" | 4.74+2.32° | 5.01+2.23" | 5.09+2.31% | 5.25+2.33% | 5.72+2.36° 4.87+2.38"
T
Al
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(F) APz T3k Abe A A Ak 24

25 FEAl FRAAES oF 0% AEERE fFHsteE AR HiEo ot (Baily, 1983)
AEZEA S AYgSee T2 T 3d AdxYom FSAlZY TFEA AREe AWk
A& B A4y Hav] Vg At FAY gow FE FuELL AHolEal, &4t
o2 FAHY Ak FL7EY TF VEY Fvet SuHo] g AL L3 A (3
46.1% > TF4F 438%) 3 E3x3 A WAHEHS 50.9% < TFAF 54.3%)9] e A Apol=E
Hol Aw E3] ZFa 7]Eo] @Al wtd - 7]Fo] A < AL A oA (Stearic
acid) gaFo] =7] wZolth ZFA Al S VIHEE ¥ A AShEFE B Bxs At
sheFo]l =8 AL F2Q F 5 Ak

Table 13. Fatty acid composition of Korean beef bone and Australian beef bone

Composition (%)

K Al Fs  BFA sFN wFA

(7FSh) (7FSh) 3 (F#)

C14:0 W g ~EAH Myristic acid) 14 2.5 19 14

C16:0 21 E2H(Palmitic acid) 2.1 24.4 23.8 2.7

Saturated 0.y go) 2 ak(Stearic acid) 224 168 924 22,6
fatty acid

C20:0 o}&}7] =2 Arachidic acid) 0.2 0.1 0.2 0.2

27 46.1 43.8 48.3 46.9

Cl4:1 v 2 A=A (Myristoleic acid) 0.2 0.4 0.3 0.2

C16:1 2| E &2 (Palmitoleic acid) 2.3 29 19 1.7

C18:1 <22HOleic acid) 45.6 48.9 44.6 46.4
Unsaturated

fatty acid C18:2 = #d4HLinoleic acid) 15 1.6 0.9 05

C18:3 = dH(Linolenic acid) 0.8 0.1 0.3 0.1

C20:1 7}=-g#2HGadoleic acid) 05 0.4 05 0.7

27 50.9 54.3 485 49.6

dH st

Fig. 10. Standard process scheme of small scale for the Seolleongtang.
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Aol 3~358] 7h4 dke] 120C, (15 kgf/em?® o] 4h)ol A 6413t &
o] Oé—?: 4.74#0.3 Brix 55 90C7HA WZAIA ASHdd & AE7&5S AA
7le 02 °F 7T~8%° AlEVIES 95 7 Uk ol#EA d2 A=
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Fig. 11. Pilot(70kg) scale manufacturing process of the Seolleongtang.

« HCh = H(53)) s 25 90°C %ﬁ. 2%%%}? o4t = ‘D_'_ |2t R -g=g=Ip%
I} Al AlZF 52 '._E ek A (LAIZH
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3. Plant TF 2 (Large scale) BAF A ¢ A A 3}
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Fig.12 Preprocessing



Table 14. The condition of removing blood in beef leg bone

5} & =85 Ho 5 EuA F 35 ITAAIEE 88 AR
4 2]-&3(20h) - 26+0.2°C 13 41.4+3.5mg% 3.5+0.2
2] 44 (20h) - 23+0.5C 63] 18.4£2.3mg% 5.4+0.3
r3gd 1914 23+0.3C 53] 9.5+3.1mg% 6.2+0.4
r3ed 274 22+05C 43] 10.2£2.0mg% 6.5+0.3
=38d 3n4 22+0.4°C 33] 9.3+4.2mg% 6.4+0.2

¥ §8A% 74 A% AUk 654 8348 F3 (AT AT 74D

A oAl AN e AN Artsta = AlEsae A9

sle] 120°C, 2H(1.5 kegf/em? o)) oA Al=&FE FE38taL Tt 13+

HNegEE AuE AL ‘
dE &34 MgFE PPeR AN S5 A AZPHOIHE, 15~1847 A E
F)oR BUF §5F 5Pt A, Fok i "olAE AFE Bol o nestuA 4
94 7} e CEEEES #

&t Fig.139F Fig.l4ol A &9 & A}
3 AbEF Y EFx100)= Hlugk A3 F=
T7h&o] 25% olHE AA ¢Fol 6A1F FFEo] AAAoleta Ay ST uYPE

T&L 22.8%(Brix 5.310.2)0

ofje
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AL cHFE AF FEAS 2ydow A &8 AMA AFE7IE] Figdst 2ol =13
SHA Frats o] ZIEtel7 Z HA ol =AW Y Aol =4 4 ge WEhE
/AR TIbEE YR Az Alesae AN 24 #%s A9 FEde] JHEA
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Fig.13 Increased rate of brix in beef leg bone stock by pressured extraction
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(A: Circulation extraction, B : Non-circulation extraction)



o= FE=E(122°C)
a

2 (110°C, 3h)

ax 122.:9°C)

Fig.16 The Changes of temperature for beef leg bone stock production by pressured

extraction

Table 15. Mineral content, Oil recovery rate by pressured extraction in beef leg bone stock

(A e4)

Minerals(mg/100g)

Sample *Qil recovery rate(%)
Ca Mg P
Circulation Ext. 6.8 24 14.6 7.0£75
Non-circulation Ext. 47 0.9 6.0 28.0£1.0

* AbE7E FEE T F(ke)/AMEF Y F(kg)x100

Q) Arz7IE g A

As A wHor Az AbESe A9 FARE Fol] wiiel &wFe] AbETIEl A
oA FEE 84 AEd Bgdoer & 49l oy Plant 1FE(Large scale) 7539
BT FEA Y AME VIES Az T4 T YA eR 753 AR AbETEAdA o=
22 F o a3 FerE T ey A A VE FAEE AAs] s ojdal=
AN FHATLE A7 69 FAA FE e R v 2Eed 458 "HEehe 69=
o m AbETIE 1%, 2%, 3%, 4% FHte]l Az S5 o, WA, I, 1)), g
2A, FH7IZES WIEske] FiglrolAd AAsdH. o A3 Aba7|S 830l =S5 2
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Ag MAR ERE FE &7, WA A% 2%, A715WA, HE WA, S, @
A v w18l AR dade A FFE, 44 FEAA BRI} BA e
WA A EE EuAE AR 27 BHE ABSFF AL 2e Ao W
k. AIE GFol LT WAE W /gl APH, AEgEe Ife] Fo)E
A7 tha BEob vtk AdEE PRO(EH/AA) BE SR, =AW, 29w, A8 3
£ Table 161 AAATE FF A=715 FHFS 3574.5% | A 2238 sto] AH
n 4 7es A7E Aot
Apperence Aroma Flavor (first flavor)
Colc;r intensity Aroma intensity
. Brightness 7 Beef tallow
—2% —2%
—_—3% —3%
Whiteness ——4% Butter ——Savory  ——4%
— -5%
Texture QDA
Concentration Apperance
: 7
- Nutty Total
\ —_—1% —_—2% perference |
\ — 35 R —D)%
— % / — 3%
\ —_— Swallow Viscosity 4% \
Clean oily = Texture™— 'Flavor ~ =——4%
— 5%
5%
Fig. 17. Sensory evaluation of Beef leg bone prepared by oil content
Table 16. The analysis data of beef leg bone stock
. ) Color values
. Moisture  Crude fat Protein
Sample Brix
(%) (%) (%)
a b
Circulation Ext. 553+£0.05 90.43£0.32 6.9+1.1 3.10+£0.04 68.89+0.09 -0.96+0.01 2.87+0.03
Non-circulation Ext.  525+0.10 93.71+x0.17 3.8+0.18 253058 66.87+0.04 -0.92+0.01  2.89+0.01

_59_




p—

0

o
N

—

XV
Hn

A A7 (FAD = 24704 Aol 1009 o H

o

571 9l

S

(1) H71(FA, WEarr]) 1A=
A %

R4

]

B

M
el

Tioh

oo
il

I

4
o
o

<

B EEROE E PR

Ho

PN
T

n7E Ed 7] el 255

3T
)

Fol %kx)a17] 400kg®t 2™ ear7] 300kgS 7|+ 2 1752 tie] 48 7}

AL, A=AAZE @ HY FelA e} dislike

Ho

o

o

o
ol
"W

lal

4N Fo

0o
==

af

g 9

A A

I
N=

2

A A

1
T

HH

TR

R

o
B/
B/

N

<

Ty

=
’

(FAaL7] 33/

b,

°©

2% 5}

stola &3

S
o)

)

g

o] 20mg% ©]

Table 17. The condition of removing blood in beef
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of A= 7I5¥ FA=ol 7] off-flavor TV E FEste S AAVIES AAZL F, 95C
ool de =S AT A3 FAFAZA 7] Y= 1008 olde ared Hu &
w2l a7]e] skindt FHEow AZe FEHA 7] 98] 120458 A= &= ofuf e

.

Table 18. The boiling condition of beef stock

ga7]&

Sample

FA a7 ™ 2] a7 FA a7 ™ 2] aL7]

Beef 95C, 50+5min 95C, 120+5min 95C, 80+5min 95C, 120+5min

G378 $A 7] FA= 8cm olstR FHEHUTE ¢Fr] wiiEo] 95T o]/ A 50 o]
e, 458 oldtE #SA HAVI(F bkg ©]dd FA) TAHAFIA A ol A7 A
2 A7 Atz WASHAL, 60 ol Ao a7[7F Y o] A gto] FAFEA A= S
Holo] mpet Ay 3 7|2 Abgete FA7|(Far))e S5 utd g7|9 As 1
gole] H0sHE o2 &e AIES AASITE olue] EA4S FAH3 A} breaking force

)

8,000+2,000g, breaking distancet® 11.5+0.6mmS 2.1 2™ breaking force®] Hx}7}F & AL
7] Ao FA7E ekar, ME F#o] 52+12kg® AP WY 7F Hol 93 Ax o]t 7
A7) WEo R AT =858 A7 10cm oo R FAL 95T o) Ao 1
719 SA7A =4 A= HA AlZFo] R0+5E o & G AlZto] wpE A7t EA

719} Td3 AEFS H Ao breaking forcex= 7,500£500g, breaking distance: 11.0+0.5mm
1

s dEhdn ol FA Avelarle FALVE e AAAA FET S5 nFE 1.2%,
2 022%, =AW 0.88% o® Al Buh w2 24 ghs HolANh AbE&ao) o] ¢
A AR gSae] Aty dldske F7] wiel SolAs F2 9t profiles AlE Tt
7] e HA ae ARG 108 U ddets S50 ng i FUh7 01% o E
2w F7bete]l Bsake] §9x7F A7) wjEo]l mr7F S AZE e Aol gav)e E
A3t BAEE Eol=d A

Table 19. The analysis data of beef stock

Sample Brix Moisture (%) Crude fat (%) Protein (%)

Beef stock 1.25£0.10 98.43+0.32 0.22+0.09 0.88+0.09
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Fig.18 The comparisons of vyield from yangji(A:%327]) and yanji(B-5°<%) by boiling

method

o AggSss ALt FA3

Skl A FHAste Ao AR Aol a7|S4E ARSste] dEdve AHYSETE
Arrstr] 9l Ad® sl 7bE $8% F factordd AbZVIES #7324, S5 £

7
4 5 dges AU FAS fAE] A d4=ds A4

o‘“ﬁ'Tg W%(II,OOOZ;E—\‘/BHi] 01}3‘)_9_ g‘l‘o]-}‘f .T’/]-Xéoﬂj\i /\]_%7] ‘/] ‘IT§}‘ et

A0 2 Plantol| Al ®o] A& E #3419 E‘Aé]

Table 2001]/ﬂ H] E}Ojr/} E}/\W F Re3tn 9= <olgtel s 2wl A (Inline emulsifier)9} & 2y

(Homomixer) AlH]& %}%8}0% egTAS Y Ao FIT oA D=3 23 7}

(Retort)el]l tj3F &3} ok A 39}-9-3F(homogenizer) AH & &3 53
A 9 542 Fig193% Table 21o1m A A el o

BN ol _>.: mlo o_>|1,

homogenizer

Max. 10m?%h, 2,900rpm, 30Psi

A7k Size FEEX 1.5 ~10pgm FEAEL 1 1.5~10gm FHEZ 0.5~ 2¢m (3,000Psi1)
A7t L :51.07=0.03 L :54.07=0.17 L:66.87=0.04
(AFEEF) (66.87=0.04) (68.53=0.07) (75.96=0.14)
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2.88+0.01

2.76£0.03
-0.42+0.02
-0.60+0.02

2.76£0.03
-2.13+0.01

Color values
-0.92+0.01
-0.98+0.03
-0.95+0.01

Color values
-0.68+0.01
-0.69+0.01
-1.03+0.01

66.87+0.04
68.53+0.07
75.96+0.14
51.07+0.03
54.07+0.17
66.87+0.04

Emulsion
size (um)
2.82+0.71
1.87+0.34
0.91+0.32
Emulsion
size (um)
1.75+0.41
1.72+0.24
0.81+0.22

Condition
2,900rpm
(Flow rate 10 m*/h)
2,500rpm
3,000 Psi
Condition
2,900rpm
(Flow rate 10 m*/h)
2,500rpm
3,000 Psi

a) beef leg bone stock

Sample
Inline homomixer
Homomixer
Homogenizer
Sample
Homomixer
Homogenizer

Inline homomixer

Table 21. Emulsion size, color value of emulsified Seolleongtang stock
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leucine 5)¥ w4 ofw] =4t (glutamic acid, aspartic acid)e] FAFSE Bl &S e ATE A
g Felopi il G AYRE Wk AbRE0l oM, BAAGFECl o220 =
A FE=HJAT, 12 Agow FEY A ARy A or v ofwgte] F T
FEHe ASs & F A} ol Ahus AdFE & AF FEEC v FE S EHE g
profileo] T2 A FEEo] 7tupEo] Fo FEe+ AHH dEde 29 FE53 S8 &%
stel Abg T AW FE 357k 38 o4 WolskW 2w gvE ol Witkm R
Stk 7hepEEe] A% FEAEC] Bob 14 FER FRI fYolnAe F2% 5 glon
27 FEAe st Anw wuz dal AZE5e) AAEES 18 Ao 7A%S dolA
] gFotof gttt &% frElofu| At A ke AR EST ARA AlESaet 7|57 &3
M&s AH3 sed NEARE BEHTA Bt
Table 22. The analysis of free amino acids of Seolleongtang stock
o] A of] =L Qi A (T =F A4 gk 2 % A - (Pilot)
wE A4EE ABSE w%F ABSFE ABSS
(7Fsh) (7}sh) () () (TA7Fh)
=82 566.7 902.5 103.1 185.9 414.1
et 2374 374.7 47.8 79.0 174.2
zged 48.4 71.6 16.4 16.6 354
rzEd 314.8 513.9 39.9 100.8 243.5
Al 83.4 131.0 17.7 26.4 55.6
22l 82.8 130.8 16.5 26.7 58.4
Sweet tatal 1333.5 2,124.5 241.5 435.4 981.2
Hd gehd 42.9 70.9 4.2 17.0 38.6
&7 174.5 284.0 23.3 60.5 138.6
=l 39.2 64.6 4.1 19.2 40.0
Zo]4l 118.2 167.1 50.7 30.8 62.5
w2 6.5 16.4 3.1 4.0 10.8
S|~ d 31.0 27.1 36.4 5.6 10.5
Bitter total 412.3 630.1 121.9 137.1 301.0
= T EFRAE 276.3 429.1 65.3 88.7 198.9
oA~y 2 EAL 138.8 222.3 235 47.0 105.5
Umami 415.1 651.4 38.9 135.7 304.4
o] A=ZolAl 34.1 56.2 3.6 11.0 23.6
E] 221 30.6 42.7 13.9 49 8.4
Sub total 64.7 98.9 175 159 32.0
Total 2,225.6 3,504.9 469.7 724.1 1,618.6

@9 mg/100g
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Table 23. The characteristic of amino acids

Taste Amino acid Threshold value Taste
(mg/100g) Sweet Acidic Bitter Salty
Gly 110 [ ]
Hyp 50 [ ) ©
Ala 60 o
Thr 260 o
Sweet Pro 300 o o
Ser 150 o
Cyt 500 @) @)
Lys 50 O @)
GIn 250 O
Phe 150 o
Trp 90 o
Arg 10 o
Bitter Val 150 O [
Leu 380 o
Met 30 o
His 20 @)
Asp 3 o
Acidic Glu 5 o
Asn 100 @) O
Umami Glu - Na 30 O O
Asp * Na 100 O
@® : Intense taste, © : Moderate taste, O : Weak taste
@) 4 Wz
AFRESTE dF F8387 A S5 72 8T o)A Ade F7 AA F
Hot-filling ¥7-alel A4k BRlolAe] mAZod faless Zolw, 7Colate WAFE @
&34 Fig.20. 2ol w5y 7& AAlstolof i, ol 3AIZF oJuje] 15T o]st® & F&&
gojrmal WART WS sfolof EAW f4e] Eol 1247 olue] 5ColGE £ o
ofof RagAFe BEHH SEE Wojme =

o)W f3ebd A Gm olehe] g A
nEHw ok AAE Aol Aol E£%
w9 akoltt,

N\

80 \
70

59:2846

E9:2346
94346

& 05346
5 a4
10:0345

of  oi  of of of o

014-0801 @ B 85846
[

014-08-01 23 10:0845
2014.0801 92 10:1346
20140801 93 10:1846
2014.0801 99 10:2346

014-08-01 23 10:2846
014.0801 98 10:3346
2014-08:01 £% 10:3846
2014-08:01 23 104346

014:08:01 .3 10:4845
2014-0801 23 10:5346
2014.08:01 9 & 10:5846
2004-08-01 23 11:0346
0140801 £ 11:0846

2014-0801
2014-0801
014-08:01
2014-08:01
2014-08:01
2014-08:01
2014-0801
014-08:01
014-08.01

Seolleongtang in water cooling system

Qs

Fig. 20. The change temperature of hot fillin



4. A& 3Fv AHPESST AJAY4E - Large scale

BT A S50 g EANS 98 HAsE TAHoR T3 AFE(500kg), ¥A AL
71(400kg), 2™ 2] 3171(300kg) S Ab&3ke] AEw oF 11,000 153 oz AXLS =353
o, AJAAREE AES ZHAAL 2R BEE A st FES ARHoR HF Y
7h AR B ST AL

oA AN FATFANA & ATE T3 HA3 @ Fig9st 2 82 = large-scale A
AAHs ¢k Sl /\]@Q}L AlSFe] Spec.?t FH V=S LdotrRy] s FE, 2dW, x4

A
- -

AHolZS wky| 93k /éEJFE}— =2 g7} g

Fig.21 The diagram of Seolleongtang manufacturing process in plant

» HCHI0x10cm)

» 208 18)/4h  *90°C 04 °*E415kgf/cm3 = 160 mesh
400kg/HHR] 4R

2°C0|8F *SE 04 =120 6h F 4%FY < +.5~5um
E:2

(OF
!_(:-XUETEH a___i\l_Lonll_
C X d00kg  tOIZHAR MA « 214 * 02| * 95°C Ol
* [42]: 300kg s 8cds 1 El -M2|:1%|/4hx3%] - 95°CO|4 0 1208 . 15°C\l{0[6[
-UX|18]/3hx4s]  -5E OA =5 80F
£2 22C0|8 « BT ;502
T |6t CIJ— | LOH-‘&:!_E_E'_
Table 24. The analysis data of Seolleongtang stock using
. . . Color values
Bri Moisture Salt Protein Crude Emulsion Ca
rix
(%) (%) (%) fat (%)  size(um) mg/100g
L a b
2.1£0.15 955+04  0.60+0.1 2.8%0.2 1.3+0.21  1.75x041 47 47.07+0.03 -0.68+0.01 -0.60+0.1
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U AR A9 #eH T}

S8l FHOR AN Auwe JE FAIe FA AEAe ¥ sa

oo ZAN FAATA AT 683 FAtlAM FE #e] B v 2eed dFE 99El
= 8IS d¥e® dE S5 o, #@A, Fu(AE, F), dA2A, SRV =E UM 2
W H7rsto] Fig22olA AAetdvh. o1 A3 A or Az G2 ThvopEel] FolHA
=l A o2 FatE = AR Fol Ao 7IE i oR A3 A"y ejdy} vl

s zpol7h 71 Ao Az AP VEert w4k & AFE Fdl AlE ST

m

N

U 55 st AlxTdS HA 3 2y Table 33 #Zo] ¢ #H(Appearance 17.8%),
k7] (Aroma 29.6%), kW] (first flavor 20.4%, after flavor preference 18%), ¢)<t& 7+ (Texture

13.1%), 71Z%=(Total preference 25%) &F4S AZ7F #dsH7E T3 & & 4 Jdsom,

3
th5F= 34 F dislike flavorE Wasts 94 A S 1ES AASE AE7]E59 FAHT #
3}
v

=
gEwzo Bsxa An 2 HH3 zAow AN APYSrY B F4eI 7

Q
o] 5o 43S 71X Key factorE Table 25 o4 e QAT

Appearance

Color intensity
7

\ = Brightness

gloss————Whiteness
— Ty
—iE ey

-4I518} 712

Aroma

Aroma intensity

. Beeftallow

Butter— Savory

— e
—|E g

—— =t 72y

Flavor (first flavor)

Tasty

light'<_ Nutty

LU ———
— 7| T

A
4
2T 7YY

Taste (after flavor)

Nutty

ATt THeY

swallow =

Texture

Concentration
7

~ Viscosity

— e
—IE e

e R au

QDA

Apperance

Total .
preference| {' §

w - Aroma
=

Texture——Flavor
— e
—|E el

H=at ey

Fig. 22. Sensory evaluation on the Seolleongtang stocks prepared by the optimized

manufacturing process
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Table 25. Improvement of Sensory evaluation on the Seolleongtang stocks prepared by the

optimized manufacturing process

riN

A 2 4 7HE S (3 718 THFEEA_AAE)
J = T8 Key factor
2013. 1= 2014.2%F 2013. 12 201422 2014.2%}F %6up

oo,

Color intensity 557 5.4+0.7 36 3.9+0.9 4.2+14 9.3

Brightness 3.93 3.8£1.0 54 5.6£0.7 49+1.2 -115 Nme sher A7
oily 450 4615 6.1 61+1.1  49+12 -198  Almy)E gH=7) HA
Appearance 471 48+1.3 45 44+1.2 5.0+1.2 14.8
Aroma intensity 457 4.6+1.3 5.4 55409  52+1.3 52 HAE AA, AAEIE AA
Beef tallow 4.86 4.7+1.2 5.3 51410  56+1.4 99 wIIVE T A
Milk 357 3.3+1.0 4.9 47411  50+1.0 61 AETVIE F4 27 AA
Aroma 5.07 4.9+1.0 38 39+1.3  50%1.1 29.6
Tasty 4.86 48+1.1 49 42+14 5112 220 AlEsg g A4
QOily 3.79 3.8+1.7 56 59+1.1  4.9+14 -171 0 AbETIE SR AA
light 5.07 5.1+0.9 3.2 3.7+10  3.2%1.1 -135  AMESES TR AA
Fatty 3.93 3.7+1.0 5.4 53411  4.8%1.1 -95 V¥ A4
First flavor 5.00 5.0+1.1 4.0 39+1.1  4.6%12 20.4
Tasty 4.29 43+1.2 4.8 47418  52+1.3 106 17)§% g AR
Oily 357 3.4+1.4 5.7 56+1.0  4.6%14 =177 AbE/7171E RlE AA
Clean 443 44+14 34 36+12  41%12 137 w7 &5 g A4
Fatty 4.21 4.0+1.1 5.3 54409  4.9+1.6 -93  AE ¥E AA
After flavor 4.50 45£1.5 4.1 43+t15  46%14 8.3 A2/ 7] %4 u g AR
Flavor 486 4710 39 3612 42+12 180 AHE/ALZIZIE Mg 4A
Concentration 3.93 3.8+1.1 49 5214  47+1.0 96 AESF vE A4
Swallow 4.43 4.9+1.2 46 41+15  4.8+1.1 175 AE&F T, VEEE A
Texture 4.86 4.6+1.2 4.2 44+12  49+1.0 131 ARE/A7&F 5%, V58 E
Total preference 4.93 4.9+0.7 3.6 3.7£1.5 4.6=0.7 25.0
(2) 2:m]7 7}
AdE H7F 71 VIS AR FAAEAE " VIS 20% ol XY #eA VEx
Aolg ApAow Hrhes] 8] anlA 2AE AAdon, 2A BHe dE AP 6)
(R, 2F A, e, A, A, AP Ak AvA 0% s tid R EEl=
Ael e 37HA AR(BSAZS o] &3 AEA, EFN AR o] 8F JE YA, B A

R IE RS I CE
Z

5%
ZAA 3} Table 2604 ¢ o] & AT
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Table 27. Storage stability test of Seolleongtang in the refrigeration temperature
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Table 28. Standard manufacturing process
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= A

o 106C Fd7tdxdxzHoz S48, =did 3+F2 semi micro kjeldahl™
of AARAAT 62568 Wt A=At =AW S soxhlet FEFHO=E =
§:‘I =]

(6) Texture analyser(TA) o 23t =89 EA =%
1

o 3
= o)
4) 2 HYP/N(FF)E 47 35mm x 70mm x 8mm (7FE

2AbE A (FHE), FAEF 2L
x A2 x A7} H5% &8 Z2 cuttingd ¥ TA(TAHD plus Texture analyser,
Stablemicrosystem UK)E ©]-&3to] ofegfe} 22 ZxistelA FAS AT F59 B4

Force(g), Distance(mm) % Strength(g - cm) 2.2 YER] AT}

Conditions of texture analyser

TA processor Conditions

Probe Blade set with knife
Pre test speed 3.0mm/s

Test speed 0.5mm/s

Post test speed 3.0mm/s

Distance 30mm

(7) opv] =4k &4
AV ZSFo S oln| A A EF A 201D A ol wAF 2FE 4] 7] (Hitachi
AAA L-8900, Japan)E& °]-&3ttt olu AFE3st A2 Jon exchange column (4.6x60mm;

Packed with Hitachi custom ion exchange resin)< AF&3}913L, visible detectorZ ©] 83}
570nmeol A =43ttt Proline?] %% 440nmoll Al =4 3%t

THTo] i AW £42 HP-6890 GC(USA)E ©] &3t FIDE AZFaa, 4
KeX
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e =
=5

4+ HP-FFAP(30mx=0.25um)

FUT 2= 230 C

0B 2x 20C (2min) - 4C/min - 230 C(20min)
AE7 2= 250 C

SHE7] A dE 1.5 mL/min

(9) "ulE A ¥(Ca, Mg, P) &4

[ =4
AbE Sl e vdlR AR B4 AEEd2013)0] 78k ICP-AES S W& ©]
al

ar (o]
= =
519932, ICPP(Inductively Coupled Plasma Atomic Emission Spectrometer) =74 %712 o}

& oo

s 2},
e 7]

Nebulizer gas flow (L/min) 0.8

Plasma gas flow (L/min) 15

Auxiliary gas flow (L/min) 0.2

RF Power (watts) 1300

Viewing Distance 15.0

Plasma View type Radial Axial
Spray Chamber type Scott type

Nebulizer Gem Tip cross—Flow Nebulizer

(10) pH & A4 Al=

pHE Al&9] pH electrodeES 23 Yol AT AAANEE Alg 9F 1gS FHsl 100=)
sl A slo] of gk oJatel (Toyo No. 1) 20mlel 0.0IN NaOH &< o= pHZ} 83°] & w7}~
AAsto] AnlE 0.0IN NaOH &< &AH|Es 3 & thgo 2oz ALsts

AP (%) = 28]E NaOH (ml) x 0.0009 x NaOH factor x 5 x 3|41 %3] (ml)
Alm=F (g = ml)

1) 9%
Alg 1 g5 1008 838k & 10 mlE FHsle] 2% potassium chromate 1 mlE %o 0.02N
AgNO3 2. &2 A A sto] oz ¢ ’5‘;% o]-§sto] ZAlAtstdtt olw ©9l= % (w/v) o]t
A= (%) = 2HlE AgNO3(mD)x0.00117x AgNOs factor x10x 3] 53] (ml)
ANs AL (g == ml)

(12) /KHE
ANEE FY JAFEHA °ﬂ Yol W3 & AxaA (Model CR-300, Minolta, Japan)E ©]-&3}
o] Hunter scaledll 9 L(M%E), a(4M %), b(FAE)gto = Ve AT
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(13) TBA7} =4
Al® 10g¥ 0.3% BHA 50405 50ml falcon tubeol] %2 $ 2M<e] phosphoric acid-20%
TCA &9 10mLE 7tall @72 wdsta AEHA & AleF 10mLS t©l 7hal oA o s
s SFTE 7F8l 50mLE HE3stth 488 Alsde T3] &3¢ ths Watman No.l
oJ Ao o] #e & ofd 5mlS FH3He] test tubeol Wil 9I7]e] 5 mM TBA Al¢F 5ml #7het
g A, A2oA 15 A ¥EEAIZL & 530nmell A FEEE S5t thge o=
TBA7}E At=3skSith
TBA(mg malonaldehyde/kg) = absorbance x 5.2
(14) &AF3)
AYE S5 9id gARHAE fEA AIdER2N FAE 719 2 v F4E8 A3
I, APE EhAE+= Novo AHE=Y )] Alcalase®}t viscozymes ©]&3lth ol &4+
AR ST A ke i 4A v HE bste] Hrlstdlom whEHH S 50-6
0C W99 water bath oA AL HAAstE Waloz sttt
(15) =9 574
HEA (Model DV-TI+ RV Viscometer, Brookfield, USA)E o]-&3}lo] A2o|x =A3 a1,
Z2A%xAE spindle 49, £5 = 20 E& 100 rpm &= 3kt
(16) FF
ARE 107 s o3te] gAlst & 2 MES 1 mLE F 3o, PCA(plate count agar)
vl x| (Difco, USA)ZS o] &3}o] pour plate coounting method® 30Tl A 724 7+ vl F&to] F+F
T5 AT
(17) #5337t
Z FEE ad 1091 e ® FGIE AAste] A, 3 ot $1]) 2243 & s £
& BAREAS AAsEd o 20018 o2 9% hedonic scale B7F 2 JAR HE AlgS
A A8 T
(18) A&A#
A5 E 30T incubatore] 4F o A A AA 7|7HEE ABE AFHE F+5, TBA
7 2 A S S48
(19) EAA =
EAME AT FAATE 3WHE o] AFUolEE SPSS  statistics(ver. 20) S =
one-way ANOVAS®} Tukey-b testZ o4 #HAFada, wEEHEAL vys(ver. 16)%
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Samples

Fig. 1. Brix of commercial seolleongtang soup extracted by pressure heating from beef leg
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FA(GEoZ HEE WA AW F FE& FAE ASNM 3547 A5 O Adste] 1715
FE AZFY /G5 E ofn WEC] ¥ AETHF Sy RS G W2 BE
7 5

o] E-A(force, distance, strength)g texture
A

PN
T
31 FAEAS vmsy] 9% A% Ans &

(7h) Al#8 459 breaking force

AN ZEE Ax2dA7F G2 55 FY8EY texture analyserd] 9%t ©]E5 9] force(g)E
=23slo] Fig. 3o A3E A AT No. 1, No. 2 2 No. 3= 242 20114 11€¥€ 19¢, 20¢,
2490l A xg FHolth. o7l ALY HHEE FALVE G, F58& FAALVE
FAE, F5& HYrlE Wz Fr)stazt doh 4 garle] AdE AvEd Ax
Ao webd 59 forceol UoIA WS AolE YEUSI oM, 19U A x3 &7t 7
=2 forcedte YERUI oW th& o7 249 2099 «o 2 =4 et force: 7
L5 YeERE 1999 Axg Aol 7P e Ao yErwth E=E W arr| e 4
a7y Hlaste] wig- e force = UWERHAOH, AzGHH wg 7] o] Hlale] gl =
19e] Az Fo] tha =A yErRT dH, dAY Afe dAAoRmRE Fav]et A}
force ¢t YWEFHAAINE Bl Azgdsiel wA|glo] kA Aollom 200l Axg Ao
b = force b5 UEMHRITE o] AxE AyE d_wgar]er A= AxdHol
3k forces HERHO] FHEAL7F vl A golg Ao m yEwARE ®aiv)e] A

o
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T
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2 ol Ho i T
BN 2 Rorr X oao ek

0-10] [e))]

E =

F BHo] £ggo] obd §5E AxdtE FolBE AN B AXYE ohr] wio
719 A Aol7k S F Ue AR ARHIAY. aHu AT AXUHES 58S
HFH 5 Aol ol277bA] Buk A F Al vt o] Fojtd g FHe i) A
7 bsd Aow AZhE A
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Fig. 3. Breaking force(g) of commercial boiled meat manufactured by conventional methods

from brisket and head meat of bovine.
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(W) A#8 459 breaking distance
Fig. 49 Z17] AzE#7t o8 4859 breaking distance(mm)E ZA3le] 23S A A&}
Atk gariet A= AAAoR vzek AHId distance(mm)E YEFWOY, #E] 7] & b
WA vk distance® HATE 717 F9d 5o AdE AuEA g7 A9 199 A
Z3%k 3ol 20 Az A FAS ghs vEbHew, 24 Al x=3 o] oFzh A A ERR
Fig. 3ol #|A13F forcegtoll Aol = 19U A3 Aol 2098 2 24U A x3d Az v|us}
o fodoz x& forcegts WENRA =0 distanceo] oI = #24 o]z gldt). o
W= 199 Az Barrr g2 Il Alxd A vluste] 7] ZFEvk =8 g
dol gl "ugt =49 g7l AlxEHAvE AS BoF v a8y FEvE 7Hd
[e)

o

A

U 20l Axz¥ ®a7]9 distance= 7 AIE 1999 A vjuste] Z zol7) A=
g, ol iAoz ZstA oA Fued =40 daurj7F AxHA7] fEdd Aoz A
AT FA9 A= w7 R forceol olA = 20€ 9] Aol 7HE E Sk distanced]
B Ao 22 g el ol Az IR Axd 5o 54s A 2
W EZAAR SHoAY FHE AR Aoaion, ArTt & F5, ©YAe] 12 &
s Az gl mebA 5o Fdo] Gt o2l Ade AR Aold 7|Qlgk AA
e Az T Ao] WEdAe A dorw FAAYE Sdte] FF ds5F Ert
olyel AlzFA o277t FFHoZ HES HAAHS A7)

18
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Fig. 4. Breaking distance(mm) of commercial boiled meat manufactured by conventional

methods from brisket and head meat of bovine.
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(th) Al#8 459] breaking strength
7171 Azt U2 59 breaking strength(g - cm)E =74 3}9] Fig. 501] ]/\]6}0311}
azle]l AaE AR 19 AxF Zo] 7 =om vuFow 249, 20¥9 =&
At o] A forcedl Ao A& vzl Strengthe 759 24 54S %‘?}%?ﬂ.gi
Aat7] 918 A

o7 dubd o 2 force?} distanceE 3 S strength® UERHO] A4

et ok mepA] AEH o2 forceZt A AH Aol strengthol A %= =A e}

A= AAF B A FFHEES vAA XA Ao AR EHAT} 9]
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ox
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o

istance”} A
1o Ax= vgur|E 2k a2y 9z AS= a1 9kAto] 2F gatdd Force’l 7F
=k 204 AFoll thale] 24U Ape] %A= strengtholl A 209 AFo} 2 gHS YEUSITE o]
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Fig. 5. Breaking strength(g - cm) of commercial boiled meat manufactured by conventional

methods from brisket and head meat of bovine.
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(1) A A(o]L) sx2o] ohe A 54

SATE L jouled] WA OZ R(Q) EAo AF I(A)E tth) Al & SRy w LA
HE €% Q W-h) = V-1=V*-K =TF-R2X dZFL A, AF, A71Hdxxo] vl g st
T7hAHVE A%, Ke A7AER). AFS bgds dsde dfata da, ofefst a4
< AgAFT7E 247 g27] "id §d 7tEvES AFe AE&A7I7] A AR
ANAEEE st 2ol dasith AF9 7B 71249 Al d = AMEsh= NaCls did
02 AVHEERE P 2454 E, AF 2 Mt vty HESS

Fig. 69 NaCl %% 0.005~1.0M ®H9o] &H45 Az F 200VelA SHste] 120T7HA
CEE 23S wo] A F AR Wstel rtdEEe] ¥WEE fHAESIY 11 ARE A AEHA
t}. 0.005Me] €4S 200VolA Exahd 120Co] =E2d wj7px o] A7Fe 2540%7F 229

[¢) =
thooju o] Mok 120TCo =23 wf 74x] of 240VE FrAlskaL AW, didl= 7o ¥t
7F dojuAl ekttt 22y NaCle] s=7F ool whepa

| 229 dosert 5438 wet
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st2 Ay Hdstel F438] "olx= Wi dF= 20A7A F438] st 4¥FS uE
WA Ao = e o2 Hu AFE 20A2 dASAenR O o) Aest
A 2&5). 0.2M NaCl §do| A= A 2% FeHE7F =X 7] Al&etgl o ojufjeo] et
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HofxQl 20AE YERUST o]uo] 120T &% E=gAHe 30029 NaCl 528 HS =
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Fig. 6. Effect of NaCl concentration on the voltage(V), current(A) and temperature changes
by joule heating at 200V.
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Fig. 7. Effect of NaCl concentration on the voltage(V), current(A) and temperature changes
by joule heating at 300V.
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Fig. 8. Increased rate constants of temperatures of NaCl solution prepared at various

concentrations by joule heating at 200 and 300V.
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Fig. 9. Heating time according to the frequency
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Fig. 10. Heating time according to the wave types
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Fig. 11. Appearance of beef leg bone according to the heating time
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Fig. 12. Description of beef leg bone broth according to the heating time
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Fig. 13. Emulsion effect of beef leg bone broth extracted with joule heating
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Table 1. Solid contents in beef leg bone broth according to the heating conditions

D %)

(9]

Pressurized

Normal joule heating Gas heating

joule heating

Heating time

1.13+0.14"°
1.78+0.08AB"

1.65+0.21"

2.45+0.354BP

4.33+1.15™

2hr

6.75+1.624

4hr

2.42+0.65""
2.62+1.26%°

3.30+0.714P"

6.64+1.33%
7.71+1.53%

ohr

5.37+1.63%

8hr

AB Means with different superscripts in the same column are significantly different (p<0.05).

ab \Means with different superscripts in the same row are significantly different (p<0.05).
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Table 2. Crude protein in beef leg bone broth according to the heating

conditions
(9] %)

Heating time

Pressurized

joule heating

Normal joule heating

Gas heating

2hr 1.30+0.515 0.48+0.3282 0.30+0.20%%
4hr 2.27+(.244Ba 0.78+0.23%" 0.62+0.334P
6hr 2.91+0.2742 0.94+0.2748P 0.85+0.284P
8hr 2.89+0.35% 1.88+0.18% 0.88+0.25%P

AB Means with different superscripts in the same column are significantly different (p<0.05).

@b Means with different superscripts in the same row are significantly different (p<0.05).

nl"
)
.

§.7
P

200KDa —
116KDa —

97KDa —
66KDa -

55kDa —+
45K0a —

36KDa —»
29KDa —»

24KDa —»
20KDa —

' m

14KDa —
6kDa —

5 G2 G4 Ge6 G8 02 04 06 O8

S Molecular weight marker
52, G4, GB6 and GB: Gas heating 2hr, 4hr, 8hr, 8hr
02, 04, 06 and 08 Ohmic heating 2hr, 4hr, 6hr, 8hr

Fig. 15. SDS-PAGE of crude protein in beef leg bone broth according to the heating
conditions
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AHEAT G o % AW §EAE o F(1985)0] HaLF 100TeIA 1847 &7 Aatel §
Abstick W] ST shekdel A ARl W Sk FbshE FAE B
o) Qo AR feolAt UeA gt ole@ Ant AddHon ad FE597]
Wil AR AH P} AR FR meh 93 WAk 27 WE Ao Yz

AVACE AGEAND > FAEAND > shastde) #HE AREEFS BRAW 64
A ol F el Rl AolF molA gttt

Table 3. Lipid in beef leg bone broth according to the heating conditions

(21 %)
) ) Pressurized . . . . NS
Heating time ) e Normal joule heating™ Gas heating™
joule heating™®
2hr 2.10£0.31% 0.77+0.29° 0.45+0.13"
4hr 2.14+£0.30% 0.94+0.37% 0.67+0.35"
ohr 2.23+0.39% 1.56+0.58% 1.04+0.24?
8hr 2.2210.45% 2.02£0.33% 1.18+0.217
ab Means with different superscripts in the same row are significantly different (p<0.05).
NS ; Not significant in the same column.
(th Az 238 G
AbE S 23 E TS 7FEAIZE 2 vrE Ao whe; fold Apol= HolA kokal, zwk
Ao R 05% T ©|st= e tH(Table 4).
Table 4. Crude ash in beef leg bone broth according to the heating conditions
(9 %)
' ] Pressurized ) NS NS
Heating time . NS Normal joule heating™ Gas heating
joule heating™
2hr 0.27+0.04 0.25+0.0 0.35+0.02
4hr 0.40+0.01 0.33£0.06 0.33+£0.13
ohr 0.35+0.07 0.32+0.06 0.39+0.06
8hr 0.40+0.07 0.39£0.03 0.49+0.01

NS ; Not significant in the same column and row.

ofn i&% FHol wel @ w2 9 A s 5 Uehlid A1(1990) Gly, Ala,

o kil
S 25 who] Asp, Glu 52 Alubto] 73l tF 4 ofn| =ik
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Table 5. Taste and threshold value of amino acids

Taste Am'ino Threshold value Taste

acid (mg/100g) Sweet Acidic Bitter Salty
Gly 110 [
Hyp 50 [ O
Ala 60 [
Thr 260 [

Sweet Pro 300 [ [
Ser 150 [
Cyt 500 O ©
Lys 50 @) @)
GIn 250 O
Phe 150 [
Trp 90 o
Arg 10 o

Bitter Val 150 O o
Leu 380 [
Met 30 o
His 20 ©
Asp 3 o

Acidic Glu 5 [
Asn 100 O 0

e— Glu - Na 30 ©) @)

Asp - Na 100 O

@® : Intense taste, © : Moderate taste, O : Weak taste
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Table 6. Composition of amino acids in beef leg bone broth according to the heating times

(mg/100g)
. Pressurized joule heating Normal joule heating Gas heating
Ammo
acids 4hr 6hr 8hr Ahr 6hr 8hr Ahr 6hr 8hr
Gl 158.55 388.75 539.67 34.35 68.14 315.04+ 41.89 158.49 160.56
y +114.54° +22.85% +170.06° +0.07° +0.17° 4.44° +27.03° +23.94° +22.75°
Al 60.84 153.39 212.63 12.13 25.71 119.944+ 17.40 60.84 61.68
a +49.16° +19.71% +74.977 +0.51°¢ +0.16° 1.93% +11.61° +16.75% +8.92°
Thr 14.23 32.50 46.75 3.54 5.78 30.16 5.07 16.07 15.56
+7.86° +2.60%® +11.56° +0.28° +0.04° +0.49° +2.63° +0.49? +3.00°
Pro 87.15 216.00 309.90 16.80 33.45 182,51+ 21.53 85.45 86.69
+60.90° +24.42% +99.07° +1.39° +1.64° 7.35% +10.97° +13.31° +15.242
Ser 23.07 54.61 74.53 5.80 10.18 46.16 7.32 24.33 23.43
+14.75° +1.09%® +18.60° +0.43° +0.15° +0.34% +3.29° +1.80° +4.62°
L 23.29 54.39 81.25 6.38 9.56 47.21 8.52 24.85 24.99
¥s +14.90° +3.58%® +24.38° +0.09° +0.11° +0.41% +4.14° +1.60? +5.19°
Sub total 367.13 899.64 1264.75+ 79.00 152.83+  741.01+ 101.73 370.03 372.91
(Sweet) +262.08" +73.96% 398.48% +1.76¢ 1.55° 14.962 +59.65° +57.50° +59.72°
Ph 13.46 34.21 48.07 2.90 5.50 28.99 4.57 15.22 14.60
€ +9.82° +3.83%® +12.93? +0.08° +0.07° +0.14% +3.58° +1.54° +2.282
Ar 52.84 120.04 175.50 10.46 20.52 108.02+ 14.35 53.03 53.67
g +38.19° +16.83% +59.23? +0.66°¢ +0.83" 2.15% +11.30° +6.52° +5.96%
Val 12.50 27.00 44.82 2.83 3.23 28.51 3.61 15.54 14.63
a +8.83° +11.26% +15.24% +0.11° +0.14° +0.18? +2.07° +3.17% +3.067
L 23.66 52.54 74.14 5.67 8.56 43.91 8.54 26.32 25.90
eu +16.92° +8.64%° +26.38° +0.10° +0.05° +0.17% +5.33° +3.882 +2.95°
Met 2.06 9.12 12.66 0.31 0.81 8.85 0.20 2.88 3.47
+1.51° +1.46% +3.59% +0.00¢ +0.03" +0.02? +0.17° +0.97? +1.45%
Hi 4.99 10.68 14.76 1.54 2.11 9.63 2.27 5.14 5.12
1S +3.30° +0.54% +1.05% +0.00¢ +0.18° +0.08% +0.07° +0.40% +0.97°
Sub total 109.51 253.58 369.95 23.72 40.73 227.90% 33.55 118.13 117.39
(Bitter) +78.52° +41.41%° +118.332 +0.73° +0.63° 2.582 +22.39° +16.44° +16.66°
Glu 77.36 179.52 254.62 18.28 32.82 152.64+ 23.52 79.63 79.96
+52.26° +16.93% +82.45° +0.18° +0.30° 2.05% +12.02° +7.882 +11.31°
A 42.10 96.62 134.67 9.75 18.20 82.50 13.02 43.48 42.68
SP +28.07° +7.98% +44.14% +0.52¢ +0.16" +1.65% +6.15° +3.06% +6.31°
Sub total 119.46 276.14 389.29 28.02 51.02 235.14+ 36.54 123.11 122.64
(Acidic) +80.33° +24.85%® +126.59° +0.70° +0.13° 3.70° +18.16° +10.94% +17.62°
I 7.93 16.20 28.76 1.64 1.91 17.21 2.20 8.17 8.36
€ +6.99 +6.41 +12.428 +0.10° +0.13° +0.12° +1.65° +2.452 +0.24?
Tyr 2.50 4.67 9.27 0 0 4.53 1.13 3.67 3.20
¥ +4.33 +4.28 +8.86N° +0.34% +1.96 +1.06 +2.43N8
Sub total 10.43 20.88 38.03 1.64 1.91 21.74 3.33 11.85 11.55
ub 1o +11.32 +10.04 +21.28" +0.10° +0.13° +0.46° +3.61° +3.51° +2.57°
Total 606.53 1450.23 2062.01 132.38 246.49  1225.79 175.15 623.12 624.50
ota +432.13">  £149.81*  +664.64° +3.09¢ +2.19°  £21.70° £103.81"  +88.24° +91.45°

¢ Means with different superscripts in the row of

(p<0.05).

NS ; Not significant.
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Table 7. Composition of amino acids in beef leg bone broth according to the heating types
(mg/100g)
4hr?PNS 6hr 8hr
Amino Pressurized Pressurized Pressurized
ids Normal Normal Normal
aci . . Gas . - Gas . . Gas
joule ]oule heating joule ]ou!e heating joule ]oul_e heating
heating heating heating heating heating heating
Gl 158.55 34.35 41.89 388.75 68.14 158.49  539.67%17 315.04 160.56
y +114.54 +0.07 +27.03 +22.85° +0.17°  +£23.94° 0.06% +4.44®  +22.75°
Ala 60.84 12.13 17.40 153.39 25.71 60.84  212.63+£74.  119.94 61.68
+49.16 +0.51 +11.61 +19.71% +0.16"  £16.75° 97° +1.93% +8.92"
Thr 14.23 3.54 5.07 32.50 5.78 16.07 46.75 30.16 15.56
+7.86 +0.28 +2.63 +2.60° +0.04¢ +0.49" +11.56* +0.49% +3.00°
p 87.15 16.80 21.53 216.00 33.45 85.45  309.90+99.  182.51 86.69
ro +60.90 +1.39 +10.97 +24.42° +1.64¢  +13.31° 072 +7.35%  +15.24"
Sor 23.07 5.80 7.32 54.61 1018 24.33 74.53 1616 I35,
¢ +14.75 +0.43 +3.29 +1.09° +0.15° +1.80° +18.60? +0.34% 5
L 23.29 6.38 8.52 54.39 9.56 24.85 81.25 47.21 24.99
ys +14.90 +0.09 +4.14 +3.58° +0.11¢ +1.60° +24.38° +0.41% +5.19°
Sub total 367.13 79.00 101.73 899.64 152.83 370.03  1264.75+3 741.01 372.91
(Sweet)  £262.08" +1.76 +59.65 +73.96° +1.55°  +57.50" 08.48% +14.96"  +59.72"
Phe 13.46 2.90 4.57 34.21 5.50 15.22 48.07 28.99 14.60
+9.82 +0.08 +3.58 +3.83% +0.07° +1.54° +12.93% +0.14% +2.28"
Ar 52.84 10.46 14.35 120.04 20.52 53.03  104.50+59.  108.02 53.67
g +38.19 +0.66 +11.30 +16.83¢ +0.83" +6.52° 23° +2.15% +5.96"
Val 12.50 2.83 3.61 27.00 3.24 15.54 44.82 28.51 14.63
a +8.83 +0.11 +2.07 +11.26° +0.14> 4317 +15.24% +0.18% +3.06"
Leu 23.66 5.67 8.54 52.54 8.56 26.32 74.14 43.91 25.90
+16.92 +0.10 +5.33 +8.64% +0.05° +3.88" +26.38° +0.17% +2.95"
Mot 2.06 0.31 0.20 9.12 0.81 2.88 12.66 8.85 3.47
€ +1.51 +0.00 +0.17 +1.46% +0.03" +0.97° +3.59% +0.02% +1.45°
His 4.99 1.54 2.27 10.68 2.11 5.14 14.76 9.63 5.12
+3.30 +0.00 +0.07 +0.542 +0.18° +0.40° +1.05¢ +0.08" +0.97°
Sub total 109.51 23.72 33.55 253.58 40.73 118.13  369.95+11 227.90 117.39
(Bitter) +78.52N +0.73 +22.39 +41.42° +0.63°  +16.45" 8.33% +2.58  +16.66"
Gl 77.36 18.28 23.52 179.52 32.82 79.63  254.62+82.  152.64 79.96
u +52.26 +0.18 +12.02 +16.93° +0.30° +7.88" 452 +2.05®  +11.31°
As 42.10 9.75 13.02 96.62 18.20 43.48  134.67+44. 82.50 42.68
p +28.07 +0.52 +6.15 +7.98° +0.16° +3.06" 142 +1.65% +6.31"
Sub total 119.46 28.02 36.54 276.14 51.02 123.11  389.29412 235.14 122.64
(Acidic) +80.33% +0.70 +18.16 +24.85° +0.13¢  +£10.94° 6.59? +3.70®  +17.62°
lle 7.93 1.64 2.19 16.20 1.91 8.17 28.76 17.21 3.36
+6.99 +0.10 +1.65 +6.41° +0.13% +2.45" +12.42N +0.12 +0.24
Tyr 2.50 0 1.13 4,67 0 3.67 9.27 4.53 3.20
¥ +4.33N +1.96 +4.28N +1.06 +8.86 +0.34 +2.43
Sub total 10.43 1.64 3.33 20.88 1.91 11.85 38.03 21.74 11.55
+11.32% +0.10 +3.61 +10.04N8 +0.13 +3.51 +21.28N8 +0.46 +2.57
Total 606.53 132.38 175.15  1450.23+1 246.49 623.12  2062.01+£6  1225.79 624.50
o +432.13% +3.09 +103.81 49.81% +2.19¢ +88.24° 64.642 +21.70®  +91.45°

¢ Means with different superscripts in the row of

(p<0.05).
NS ; Not

significant.
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Fig. 16. Composition of amino acid grouping in beef leg bone broth according to the

heating conditions
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Table 8. Composition of fatty acids in beef leg bone broth according to the heating times

(%)
Pressurized joule heating Normal joule heating Gas heating

Fatty acids
4hr 6hr 8hr 4hr 6hr 8hr 4hr 6hr 8hr
Myristic 1.80 2.30 1.81 2.55 2.51 2.15 1.88 2.39 2.33
¥ +0.01 +0.78 +0.03% +0.07° +0.01% +0.21° +0.08%8 +0.43 +0.12
Palmiti 23.57 24.87 25.40 26.50 27.00 24.70 25.14 25.17 26.70
almitic +0.51 +1.88 +0.53% +0.71 +1.41 +0.428  +0.17N +1.19 +1.65
Stearic 23.60 19.20 25.83 22.65 21.35 21.90 20.59 20.90 31.87
+1.73N +4.22 +1.78 +0.69"° +1.88 +0.91 +1.20 +3.20P +1.00?
Saturated 48.96 46.37 53.05 51.70 50.86 48.75 47.62 48.46 60.89
fatty acid +1.08" +0.69" +1.02° +1.80 +2.49 +1.91% +1.54° +2.91° +1.33%
. . 0.30_ 0.47 0.20 0.33 0.52 0.42 0.31 0.44 0.25
Myristoleic +0.01N +0.23 +0.00 +0.04¢ +0.02° +0.02° +0.03 +0.13% +0.07"
oo 2.08 2.43 1.76 2.34 2.80 2.84 2.38 2.40 1.34
Palmitoleic — jg'g7vs £ 63 £0.05  +0.34%  £0.01 £0.08 £0.25° +0.46° 40,04
Oleic 44.33 44.87 40.20 41.50 43.40 43.05 46.43 44.48 31.90
+0.21% +1.88 +0.88 +1.00M +1.20 +0.81 +0.72? +0.23° +0.14°¢
Linoleic 111 1.10 0.44 1.60 1.50 1.50 0.69 1.40 0.19
+0.02N +0.52 +0.03 +0.14N +0.14 +0.00 +0.01° +0.44° +0.01°
Linolenic 0.41 0.17 0.10 0.23 0.30 0.40 0.12 0.31 0.11
+0.03° +0.06° +0.00° +0.04°¢ +0.00° +0.00° +0.02" +0.01° +0.02°
Gadoleic 0.20 0.27 0.20 0.22 0.40 0.30 0.21 0.21 0.30
+0.01 +0.06 +0.01 +0.03° +0.00° +0.00° +0.01° +0.01° +0.02°
. . 0.30 0.43 0.67 0.11 0.05 0.20 0.74 0.49 1.10
Eicosadienoic 4 "gop +0.23% +0.072 +0.01% +0.07" +0.00? +0.04% +0.38" +0.17°
Unsaturated 48.73 49.73 43.56 46.32 48.96 48.71 50.88 49.73 35.20
fatty acid +0.23% +0.17% +0.85" +1.82% +1.51 +1.60 +1.05% +1.40% +0.34"
2.31 3.90 3.39 1.98 0.18 2.54 1.50 1.81 3.91
Unknown +0.91 0,617  +1.07® 4257 4484 £0.22 +1.26° +3.76° +0.87°
USFA/SFA 1.00 1.07 0.82 0.90 0.96 1.00 1.07 1.03 0.58

@b Means with different superscripts in the row of same heating type are significantly different
(p<0.05).

NS ; Not significant.
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Table 9. Composition of fatty acids in beef leg bone broth according to the heating types

(%)
4hr 6hr 8hr
Fatty acids Pressurized Normal Cas Pressurized Normal Cas Pressurized Normal Cas
joule joule heatin joule joule ; joule joule :
. g p heating . heating
heating heating heating heating heating heating
Myristic 1.80 2.55 1.88 2.30 2.51 2.39 1.81 2.15 2.33
¥ +0.01° +0.07° +0.08" +0.78"8 +0.01 +0.43 +0.03° +0.21° +0.12°
Palmitic 23.57 26.50 25.14 24.87 27.00 25.17 25.40 24.70 26.70
1 +0.51° +0.71° +0.17" +1.88" +1.41 +1.19 +0.53% +0.42 +1.65
Stearic 23.60 22.65 20.59 19.20 21.35 20.90 25.83 21.90 31.87
: +1.73% +0.69 +1.20 +4.228 +1.88 +3.20 +1.78" +0.91° +1.00?
Saturated 48.96 51.70 47.62 46.37 50.86 48.46 53.05 48.75 60.89
fatty acid +1.08N +1.80 +1.54 +0.69 +2.49  +£2.9INS +1.02° +1.91° +1.33%
. . 0.30 0.33 0.31 0.47 0.52 0.44 0.20 0.42 0.25
Myristoleic +0.01% +0.04 +0.03 +0.23% +0.02 +0.13 +0.00° +0.02° +0.07"
Lo 2.08 2.34 2.38 2.43 2.80 2.40 1.76 2.84 1.34
Palmitoleic 4 j"g7ns +0.34 +0.25 +0.63Y £0.01 +0.46 +0.05" £0.08°  +0.04°
Olei 44.33 41.50 46.43 44.87 43.40 44.48 40.20 43.05 31.90
eic +0.21% +1.00° +0.72° +1.88Y8 +1.20 +0.23 +0.88? +0.81% +0.14°
Linolei 1.11 1.60 0.69 1.10 1.50 1.40 0.44 1.50 0.19
nolelc +0.02° +0.14° +0.01°¢ +0.528 +0.14 +0.44 +0.03° +0.00? +0.01°¢
Linolen 0.41 0.23 0.12 0.17 0.30 0.31 0.10 0.40 0.11
iolentc +0.03? +0.04" +0.02¢ +0.06° +0.00? +0.01° +0.00° +0.00? +0.02°
Gadoleic 0.20_ 0.22 0.21 0.27 0.40 0.21 0.20 0.30 0.30
! +0.01% +0.03 +0.01 +0.06" +0.00? +0.01° +0.01° +0.00? +0.02?
Eicosadien 0.30 0.11 0.74 0.43 0.05 0.49 0.67 0.20 1.10
oic +0.02° +0.01° +0.04° +0.23N8 +0.07 +0.38 +0.07" +0.00° +0.17%
%nsatf“rt*t‘te 48.73 46.32 50.88 49.73 48.96 49.73 43.56 48.71 35.20
aci?i ¥ +0.23N +1.82 +1.05 +0.17% +1.51 +1.40 +0.85" +1.60° +0.34°
3.91
2.31_ 1.99 1.50 3.90 0.18 1.81 3.39 2.54 :
Unknown. 1091 £3.57  £126 061  +d84  £276 107 £0.22 g
USFA/SFA 1.00 0.90 1.07 1.07 0.96 1.03 0.82 1.00 0.58

¢ Means with different superscripts in the row of same heating time are significantly different
(p<0.05).

NS ; Not significant.
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Fig. 17. Ratio of between unsaturated fatty acids and saturated fatty acids in beef leg

bone broth according to the heating conditions

(6) AFESEF9] Ca, P, Mg &4
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Table 10.

Contents of Ca, P and Mg in beef leg bone broth according to the heating times

(mg/100g)
Pressurized joule heating™ Normal joule heating Gas heating™®
Minerals
4hr 6hr 8hr 4hr 6hr 8hr 4hr 6hr 8hr
Ca 1.57 1.20 2.30 1.78 1.73 2.51 1.77 1.78 1.74
+0.23 +0.23 +0.81 +0.02° +0.04° +0.01? +0.89 +0.60 +0.42
p 0.90 1.16 1.48 0.77 0.72 1.13 0.78 0.81 1.15
+0.25 +1.01 +0.90 +0.00° +0.00°¢ +0.00? +0.19 +0.15 +0.46
M 0.41 0.43 0.72 0.36 0.45 0.65 0.32 0.69 0.53
g +0.08 +0.01 +0.38 +0.00°¢ +0.01° +0.01° +0.08 +0.38 +0.05
Total 2.88 2.79 4.50 2.91 2.90 4.28 2.87 3.28 3.42
ota +0.10 +1.25 +2.10 +0.02° +0.05" +0.00? +1.16 +0.83 +0.83
¢ Means with different superscripts in the row of same heating type are significantly different
(p<0.05).

NS ; Not significant.

Table 11. Contents of Ca, P and Mg in beef leg bone broth according to the heating types

(mg/100g)
4hr™S 6hr™ 8hr™S

Minerals  Pressurized Normal Gas Pressurized Normal Gas Pressurized Normal Gas

joule joule heati joule joule > joule joule :
. eating . heating . heating

heating heating heating heating heating heating

C 1.57 1.78 1.77 1.20 1.73 1.78 2.30 2.51 1.74
a +0.23 +0.02 +0.89 +0.23 +0.04 +0.60 +0.81 +0.01 +0.42

P 0.90 0.77 0.78 1.16 0.72 0.81 1.48 1.13 1.15
+0.25 +0.00 +0.19 +1.01 +0.00 +0.15 +0.90 +0.00 +0.46

M 0.41 0.36 0.32 0.43 0.45 0.69 0.72 0.65 0.53
g +0.08 +0.00 +0.08 +0.01 +0.01 +0.38 +0.38 +0.01 +0.05

Total 2.88 2.91 2.87 2.79 2.90 3.27 4.50 4.28 3.42
+0.10 +0.02 +1.16 +1.25 +0.05 +0.83 +2.10 +0.00 +0.83

1) NS ; Not significant.
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Fig. 18. Contents of Ca, P and Mg in beef leg bone broth according to the heating

conditions
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Fig. 19. Ca/P ratio in beef leg bone broth according to the heating conditions
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Fo] RELE W TPYY] B

Table 12. Count of thermoduric and spore forming bacteria according to the heating time
(¢+9]: CFU/g)

Heating time Control Thermoduric bacteria Spogeelci(e);r;l ing
2hr ND ND
4dhr ND ND
<10*
6hr ND ND
8hr ND ND

<10°- detection limit ; ND- not detection
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£EE GAAD F A wete] Bad Ao vheht
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Fig. 20. Comparison of heating rate of broth and meat according to the heating types
(2) FA7ME 59 #4 54
A w7kl aL7le] AgH SdVIeS dMErlE, Vhevle, 2EVE Fol el AFEAANE
AAEE o3 2o BAE 7] AedS(beef cut)S 7159 dlsHA o H]ste] wksk
2AFE BET A Pk A3 AUE] 24 540 nHE 9Fe] T Aoz vehg
T(cier et. al, 2010). 117] A4 vA &= T g9 GIF i itE AAE Hola 9
Al zeAle Blgte] FoH o2 Adtrh(soft)=

th. 24 %g% bologna emulsion®] #%E 2 ¢l
A3} (Piette et al, 2004)7F & ¥ SAE Y 5792 22 E frankfurters= =% 54
of & Xol7} QUtte= AT A= Auk(Shirsat et. al, 2004a). E@7I<L9y A7 H beef
muscle®] Warner-Bratzler peaks W& ] S 7oA A7 gk(tougher)= YEFH L (Zell

et al., 2009), =39-S (ground beef)e] 7% HEZA 7}drAlo] H]Elo] texture analyser &

il
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Ao A dket(firm) gs WERHTE ol FAZIEANA AdTet 27 AWE S firmness
of & d%S v HXR g AoR YEPdtH(Bozkurt & Icier, 2010b). AW ZE 7] 7L A, 1L
< @A ZFHigh Temp Short Time) &H7FE(95C/8min)e A7} A< #AZHLow Temp
Long Time) 4 7}4(72°C/15min) ¥ steam cooking(72C/120min) XE.t} & 7 A & (tougher) &
AHS B A= (Zell et al,, 2010b), o] 23t AL 7] (meat) S ©AZF <2 322(high temp)
o7 wEFAZIH FAl FFo] 548 dojy dus] A= AR A stal vk (Bozkurt &
Icier, 2010b). Wetx FA7IEE o] 8T AGol= 7HEA R, 7HdE= 2 A 55 =4
sto] G171 A S NAAE 8Tt vk

A, 7] FAF 2R EEEE SR mE 2P E tEEEs =9 2y
of w]sle] Z#]&A(cooking loss)o] #HAFEIL F5(uice)o] ZolAE Aom Ldex Urt
54 F9 sturt dE4 7rgiae vl sk

(Lawrie, 1998; Shirsat et al., 2004). 5774 ¢]
ZelEdo] Fasm, e Aol ABA PAe] wate] 15Mu} MBI E BTF FAE F
HAEAAS 7R t= Holth(Zell et. al., 2010a).

garz], F58& 4A, Aggt Aol 7k2~7}
Aol o]t ARG F&o] i =Qkth o] A= A A|AIS Fig. 209 Aytel @A
A Aoz ALz tH(Lawrie, 1998; Shirsat et al., 2004; McKenna et al.,, 2006; Zell et. al.,
2010a)
75
mm Joule heating
70 - == Gas heating
< 65}
K}
]
- 60 |
55 |
50 1 1 1
o 51 | SYl~ = sSY &=
Meat parts
Fig. 21. Yields of boiled meat according to the heating types
(b B

% 2 AzE $52 9@ Aolg nusy] Aste] AxE £5< Aud
of el guE AR ve el 49 (Fig. 22, FANMGeIAE AR FAsA
as o), taskde A9E A gold B A% wE Wy Fol BAAUL. £
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Fig. 22. Appearance of boiled head meat of bovine according to the heating types.
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Fig. 23. Appearance of boiled thick beef brisket according to the heating types
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Fig. 24. Appearance of boiled thin beef brisket according to the heating types
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Table 13. General components of beef brisket

Moisture Crude protein Crude fat Ash
Lean meat
76.29(0.26) 20.04(2.88) 2.1(0.38) 1.09(0.03)
removed fat
Lean meat
69.33(3.02) 18.75(4.03) 10.1(0.53) 0.89(0.07)

contained fat

* A5 Ster Hols HEd Awe AAE A

il A

TANE S ol & FAFF 2As HAs e HAste] F&, A= R #eEALS 2AlS
Atk dutdor F50 By =Y g 7] A% 52 g8, AE % deSAY 24T &
Aol vk 71 Ag-Adel A At Aejsta ze|2evks Hlad o, 2 2%
(95C)= FEEdo] dojups wbdo] vhe 22 m(20)= 2eEdo] Hojx=d, o« &
W Aol A7) wjel Aow Hdwsta Atk(Zell et al, 2010a). E=3FF cook value(aL”]
ANA &x=7F Mg =A Sebe Feleh W Sk 919 temp history)7t ESFE S
Arafde] FZAETE AR o2 Qlste] FEEH] BopAls Almn deA du
(McKenna et al., 2006). &d714<1 7 AE 5

Aol 7] Wiel, BAstA 8o RFHo] ~
7t Fe dAFe) s Aze F ok

719 BEE gad viAE Fo Axe TH2YAN FEFAS e F 22 B4
o] X} t}ul=A
M T =

7] Aol dAAZE 50760CE AAE s Zo] 7] AnE F/AIE AR Hudta g

rld
(o,
o
Ho
(HURT

1l A (myofibrillar proteins), a-actinin, myosin< 40750C |4 ¥
A9 7FE4Z=(transverse shrinkage)o] doju} £F 2o 3t
I, 50760Ce] =gl <A (sarcomere) Zol7} #HAad HA ZebA WA
= ol g Wsle] st 17]o] EA o] Wslal FEldAe]l IAEE Ao g Utk
(Bejerholm & Aaslybg, 2004). 1171& 7FE9E 45, 66CAA = actine] 2= X wk 80T Al A
= frElE e Fol A flvke AT A Fel A Aol A FAZE 7t AS Al fE
H actine] 17] dA3}E Ed= Aow FEI dom(Okitani et al, 2009), lysosomal
protease system(5 = cathepsins B, D, L)¥} calpain systemo] &2 <-2] w2 23 (233}
dojste] FxA o W] 7ot Aow dEA il vk (Godiksen et al, 2009). iL7] %2 9
e YAE 93t EAHS el = Warner-Bratzler peak shear force: 7Fg-&%o] whal W
St Aoz yelya o 27|l A 40750C, 607R0C oA S 7FskaL, 50760TCAA a

1
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}+= 73S (Christensen et al., 2000), 123 = A aL7]o A= 25750C, 607100CA < 7Fst
, B0T60T ol A= steady stateE A8t O ZE(Huang et al, 2011), 18] 2 a17] oA
30750C, 70790TCAA F7Fsta, 50770CAA Fastes AFS UeltW=d acting W3k}

gHo Jes F= Aor BRI JAtH(Wan et al, 2013). o213t A= (shear force)?]

Mets cudfawds Wy, 28520 A $% el3 actomyosin® 553}
HS

ol

rzi fr K

F

dehydration®] &3 &3to] 7]23 Ao 2 FAHBaily & Light, 1989)3t+= 3H#H, 50770TC A
actomyosin®] 327}, 65775 T A= a2 wAdo], 70T o]/de] 19X+ actomyosing
dwAdol, LEa 70T o] 7tdkolA = Zebae] Ayl dolyal actingr27F ¥E E]
584 deE Wiy s Aoew BauFEa dti(Dong et al, 2012; Huang et al, 2011). L
o2 tEd AFERY Aol FAZE 7hdetH LA Fol A actine] el a1v] Ast

of 71oste= AR Hialskal doh(Okitani et al., 2009).
B ATNME FAFF BEAS A7) e werow oo AFERS TR o]
2 el 50770TCE &3

actin, myosin, actomyosin % collagen®] WAJo] dojypr] Al zs
| =

gt AP E WSHAI7IHA ZFEERlaL, ol § ALy
5 204 a2l S Fete] SATHe E24S AR ol $AS2 0.3% NaCl &
of MAAA THA7rLs

Table 14¢] 7}Jdx7 2 AN RS YERT olw) T JHEAIE 4 XA Eds

53
AR g F AFATOIEAD S F
=2
1=

-

B 49 43 60T oA 10%
1 7bae 29 rrh1,23 7}%57@ ) e
Azgo] WE gy Aol gglont,

S5CE W 7hdd 44 (198kg)£1ﬂr 50770°C ] W 1ol A 1%}7}%6& R
FAH R A HEE 158ke). TE Fig. 2500 e )
AR Az, grre] Aol delg AR =Yoo FE5
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Table 14. Joule heating conditions and total heating time of the boiled beef brisket

_ - Heating time(min) Total heating time
Heating condition )
50C 60C 70C 85T (min)
1 5 5 1< 15.6
2 5 5 1< 19.5
3 10 1< 16.8
Joule 4 10 1< 16.8
heating ¢ 10 10 1< 27.2
6 10 10 1< 27.4
7 1< 5.0

Table 15. Properties of boiled beef brisket according to the joule heating conditions

. o Initial yields Yields after .
Heating condition ) Drip loss (%) Hardness (kg)
(%) cooling (%)
1 80.48 74.61 7.65 15.84+3.0%
2 75.82 73.16 10.75 8.2+0.9°
3 82.27 73.22 11.14 13.441.9°
Joule 4 90.01 81.98 8.79 12.142.0°
heating b
5 90.47 84.14 7.00 14.3%£3.0
6 89.43 83.25 6.96 12.0+1.2°
7 83.77 80.02 4.55 19.8+2.9%

¢ Means with different superscripts in the same column are significantly different (p<0.05).

Fig. 25. Appearance of boiled beef brisket according to the joule heating conditions
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FAFE TAF EHstE HF 25 T HAAE WAAA w1 E dLEA 7HE st

AsEAES MAsE APS 37 Hdoll, duld WS Higele Regs FIANY F
A 13 7MEEAS FHE7] st 8 ARV SHE ez yehd JtEekE 60T}
TFAAIZE 208G FAoR FATFALAAYR R WS EHEAS ¢t ol AL blocke &
o] 23] Ax A¥ea, 1 A3E Table 16, 17 2 Fig. 26, 270 YepWth, SA 55
AR HE 25 9 7FEAHE Table 149 499 npa7kA &2 85C, 122 143k At).
T SAE FHI YA PAANA o] &= dHFAAAL FEH] AxEL B BG4S vast
7] l8ke] 85ColAM 454 Tt 7FartE R F5E = adlth Tharhbdell A= 85T =
gt ALY AFAL HES s F 6658 A2LFJa, SAVEAME Iz
whe} 17873528 A Q%A

Table 17¢] ttebd block 13} block 29 &, =9 % =l g Z3}= blockite] Aol
7F 2A ey Agg s S oA vk &S ¥ud u) block 1, 2 EF 7
27kl Hlste] 15% o] =2 F&S Holil 9lo], FX7IE FHAAE @ulE A gl
Hahs 2=tiel 50770CE x£4dste] 7M9d A9, 685 =9 F dL A5 =48 + o
U= 288 95 F Atk o3 Ades 7] AT 250 Egels ISR mE x
oA 7tEE5E7F = 2 vlste] 22 E&4H (cooking loss)o] FAE il SF(juice)
o] WolAti= A3 (Lawrie, 1998; Shirsat et al, 2004, Zell et. al., 2010a)9} =& Z&=%=(9
5C)d Hlgte] v Y25 (72T)= &Aool JojA s 2 A (Zell et al, 2010a)9t= ¢

Table 170 vehd 235 vigto=w whgxEA e 23(Fig. 26, 27), 27]&2 585T

1 202% Jhdshd Hu) 844%, 191 WAF FES 592TA 1958 7tEe AelA
g 801%9 8% 9S 5 9t Ao uehgth SHUENE 650, 1798 9sEe 9 )
g A dehgd, AEE 671CAM 271% 49T A3 AnFE myor), £ U
®AY 2AdAE =YEdst 4R A4 208 £YT £ AUt @8 YAeen 4
g BAd WEY £ Uk 44 20 614TAA 1498 LG Agoln olue] Fee
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Table 16. Joule heating conditions of boiled beef brisket by center composition method

Run Dot pattern Block Temp(C) Time(min)
1 0 1 60.0 20
2 1 1 65.0 25
3 -1 1 60.0 27.1
4 -1 1 52.9 30
5 -1 1 60.0 12.9
6 1 1 55.0 15
7 1 1 65.0 15
8 0 1 60.0 20
9 0 1 60.0 20
10 -1 1 67.1 20
11 1 1 55.0 25
12 0 1 60.0 20
13 0 1 60.0 20
14 0 2 60.0 20
15 1 2 65.0 25
16 -1 2 60.0 27.1
17 -1 2 52.9 30
18 -1 2 60.0 12.9
19 1 2 55.0 15
20 1 2 65.0 15
21 0 2 60.0 20
22 0 2 60.0 20
23 -1 2 67.1 20
24 1 2 55.0 25
25 0 2 60.0 20
26 0 2 60.0 20
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Table 17. Product properties of boiled beef brisket by center composition method

Heating condition T(?tal heating . Initial Yielfis after Drip loss Hardness
time (sec) yields (%)  cooling (%) (%) (kg)
Gas heating 3,990 59.13 56.13 2.13 9.96
1 1 1,803 79.50 75.47 3.20 15.21
2 1 1,831 79.61 72.73 6.82 10.64
3 1 2,111 79.05 72.74 8.02 8.43
4 1 1,469 77.84 70.20 8.10 13.24
5 1 1,070 82.69 74.78 8.69 12.01
6 1 1,396 79.24 77.46 2.08 8.84
7 1 1,421 82.13 78.35 4.46 9.77
8 1 1,484 88.13 81.57 6.74 14.06
9 1 1,653 79.99 76.69 2.75 14.22
10 1 1,743 76.79 72.42 4.86 10.21
11 1 1,808 83.20 75.77 7.13 15.58
12 1 1,685 90.80 86.09 4.10 6.12
Joule 13 1 1,657 84.97 78.64 6.46 11.14
heating 14 2 1,440 87.34 79.32 9.18 8.23
15 2 1,872 83.22 75.55 9.21 7.02
16 2 1,953 79.88 71.02 11.09 3.33
17 2 1,557 83.47 78.28 6.22 8.68
18 2 1,011 77.87 73.65 5.41 6.20
19 2 1,163 85.56 79.44 7.14 4.91
20 2 1,157 80.85 76.18 5.77 3.46
21 2 1,475 83.09 79.67 4.12 7.44
22 2 1,466 76.22 74.37 2.43 3.68
23 2 1,442 78.09 76.26 2.34 5.62
24 2 1,759 86.10 82.40 4.30 5.60
25 2 1,464 91.89 89.94 2.13 7.61
26 2 1,466 81.13 78.47 3.28 7.18
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Table 18. Joule heating conditions and total heating time of the boiled beef brisket

First stage

Total heating

Second stage heating time (min)

heating time

Heating

time (sec)

(min)

condition

85C 90C 95C 100C

59.2C

3,985+7.07*

45

Gas heating

1,637+6.36¢
1,949427.57¢

19.5

10
15

19.5

2,238+5.65"
1,685+41.01¢

19.5

19.5

10
15

19.5

1,978+7.77¢
2,240+21.92°

19.5

6
7

Joule

19.5

heating

1,707+41.01¢

10
15

19.5

1,997+9.19¢
2,246+9.89°
1,668+11.31¢

19.5

19.5

10
11

1,969+£27.57¢

10
15

19.5

19.5

12

2,25840.0°
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Fig. 28] 7Fdz2el we AT gd 545 Yekllth 8ToAA 62 7Fdd 45l
= R E o2 AHE Hola lov, UmA Atz das dertd S5 AR o
S Ba, 7] AAVE d9siA @A Aom yetutth FAFFe FA wet ol
Aol oFzhe] Apol7k Q& & o, FATIEAE 1] FAHLE 8TAA 10% o, 9
5C o] e &roAE 5% o) 7tEstd ﬁ%l—é}ﬂl 7tdd F dvke As AAska 9

Ttdze] M 59 AE5EA 9 AEE Table 19, #5542 Table 209+ 2t} Table
19¢] vrERd wRe} o] 7|5 E WAFES AWwAo® spavtd &Kol Hgte] BHvbE

FolAM =A dEEt ZtartE 52 27eEd d4aEol 747 5841%, 5813%¢<1 W

S

_/':
W, SHNE 52 61.19777.31%, 61.02775.73%=A 7t tE 5] wlste] 7
278~ 189%, 2.89717.6% =7 eyt 22y Table 150] UER ulo} gho] x| =8-o

o>,

=
255 50770 CA A 20 oW 7tEst AR o= &0 Zh7; 7.09723.21%, 4.37719.08% A
Ee, Bl WO A& R0l Aol BT $A5F FHEE
B AQE A7 o] 57 et WA 10T ALS A5 Sel sl ek
ST ol Ao AAGEI) el dSE BREAdA FEENS e Fo as B4
SHA RN, vhel o, Y B ExEohl o, MR AdTel At 23 v

(sarcoplasmic proteins)®] WA oy Hdeo] B & 744315 7] o (Marcos et al, 2010), 7+
w7 =9 dgrtdel A 29AFY F5o] AA T fFE7F BolAle v td &SR
e SR EANA 25 ‘ﬂ;”fz Alz='le] WAool A dojup FR 7k A7 wiE
T &0l %7%}* Ao 01] &+ Aok 7h ]9loll e 7FAARbo] M A= FEke FAE
T AFAdRE 7] FAF 2&d Edste tEEETF wE =
2ol A = 7}%'_47—1%7} -L;% Z# o) BEte] Ze &4 (cooking loss)o] #FAE L 5 (juice)
o] Wolxtt= A (Lawrie, 1998; Shirsat et al., 2004), =& g L% (957)= Z:FJ{:*—LJO] =
W] we 2 25(72T0)= g &4l Aoxe= Ao (Zell et. al, 2010a) 18 il 3
of Hlste] dAFrtgdelA ar] @ulEe] wAdo]l AA Aoy BEyHo] IAdHvE A
(Huff-Lonergan & Lonergan, 2005) 53 fA}slSd

PR TH] A 7F27E F50] 1344kgs UERA v T AL
2 64771957kgs HEIHE. AREH o R FAFE FHE C
7F27bE 8] AS-wu wekon 100CAA 7FE3 ASE =
= ol&3et Jtd=xE E FAA ] e FEHRE AT 23
3ol =LA YEtwal B 7FESE B 7FEAZEe] FAlo] Fs A= Ao
7] 223 #dy AFZAde] o3HH Warner-Bratzler peak shear force:
el ofzhe] Aol glovt HyhAow gk wel Wt Aow dElA i
a7l A= 40750C, 60780TC A F7FskaL, 50760TCAl A 743k ar(Christensen et al., 2000),
H A7l = 25750C, 607100ColA F7Fskar, 50760Co A= steady state® FA3FaL
(Huang et al., 2011), &&8la17]ol- = 30750C, 70790ColA F7Fskar, 50770CoNA A4
ATHWan et al, 2013). o]&lg A2 (shear force)?] Wal= ZUAFdW Aol WA 2
20 ZeAe 3, actin® W3} 183l actomyosin® %3 dehydration®] 3 & 3ol 7]
gk Aoz FH3ka JrHBaily & Light, 1989).

2 ATAAd = 8BTCAA 100C7HA 7t =27t 71845 AE7t S7bstes A
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Joule heating 1 (85&-5min)
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Joule heating 3 (85X=-15min)

R

Joule heating 5 (90=-10min)

Joule heating 6 (90=-15min)

Joule heating 7 (95&-5min)

Joule heating 8 (95X-10min)

Joule heating 9 (95X-15min)

[ \

Joule heating 10 (100&-5min)

Joule heating 11 (100%=-10min)

Joule heating 12 (100%=-15min)

Fig. 28. Appearance of boiled beef brisket according to the joule heating conditions
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Table 19. Product properties of boiled beef brisket according to the joule heating conditions

Heating . ) Yields after cooling )
o Initial yields (%) Drip loss (%) Hardness (kg)
condition (%)
Gas heating 58.41+0.16 58.13%+0.55 0.4840.68" 13.444+2.17¢
1 77.31+0.69° 75.73+0.83% 2.1040.83% 6.47+2.20°
2 73.1544.34% 72.79+4.56% 0.51+0.34° 9.33+3.614
3 70.41£0.10% 69.274+0.25% 1.6440.23% 8.86+1.07¢
4 68.57+4.51® 68.57+3.51% 0.00£0.00° 10.5242.524
5 73.1244.33% 71.104+1.48% 2.79+0.952 8.25+3.12%
Toule 6 74.17+5.28% 73.344+4.51% 1.17+£0.51% 9.25+1.894
heating b ) b q
67.23+4.09 67.14+4.23% 0.15£0.21 8.04+2.66%
8 61.194+4.03* 61.02+4.28" 0.30+0.43" 8.99+2.474
9 66.80+4.34% 65.71+4.77™ 1.2640.72% 10.52+2.51¢
10 66.33+5.81%" 65.87+5.46% 0.68+0.47" 15.4449.48"
11 64.44+3.23% 63.9943.37% 0.71+0.25" 19.57+3.15%
12 62.40+5.15% 61.21+5.39° 1.97+0.56% 17.46+4.10%

¢ Means with different superscripts in the row of same column are significantly different (p<0.05).
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Table 20. Organoleptic properties of boiled beef brisket according to the joule heating

conditions
Preference (Pr) Strength (St)
Heating Overall
condition Appearance  Scent Taste Texture . Juiciness  Tenderness
acceptance
(Ap) (Se)  (Ta) (Te) P (Ju) (Tn)
(0A)

Gas heati 7.25 6.42 6.83 6.42 6.42 6.08 6.25
as nhealing +0.62° +1.44*  +£0.94* 41,38 +1.31%° +1.44% +1.36°
) 6.42 5.00 5.00 4.33 4.50 4.33 4.25
+1.08% +1.65° +1.54% +1.07¢ +1.09¢f +1.44° +0.87¢

) 6.42 4.92 5.42 4.67 4.58 4,92 4.17
+1.512 +1.31* +£1.56° +1.78¢% +1.44°f +1.62% +1.27¢

5 6.40 5.10 5.50 4.70 5.30 5.00 4,90
+1.26% +1.45* +1.58% +1.25% +1 .4 bcdef +1.63% +1.60%°

A 6.08 5.42 4.75 5.00 5.08 5.00 4.67
+1.382 +1.78*  +£1.82*  +£1.86"% +1.68¢! +1.76% +1.67"

- 6.17 5.42 5.08 4.25 3.92 4,42 4.17
+0.83% +1.00° £2.02° +2.14¢ +1.88' +1.62° +2.04¢

6.30 6.00 5.80 5.90 6.10 5.80 5.80
Joule +1.83% +1.41*  +£1.55*  £1.45% +1.45%cd +1.48% +1.55%
heating 6.42 6.08 6.08 5.75 5.75 5.75 5.58
+1.38? +1.24* +1.54* 4+1.96%d 49 (]@bede +1.82% +1.88%¢

q 6.58 6.00 5.83 5.00 5.42 5.00 4.75
+1.08? +1.04* £1.278  £1.54bcd +1.31%bcde +1.48% +1.54P¢

9 6.60 5.70 6.20 6.60 6.80 6.20 6.30
+0.84% +0.82¢  £0.79? +1.17% +1.14% +1.14% +1.42°

10 6.30 5.70 5.50 4.70 5.10 4.80 4.60
+1.492 +1.252  +1.35° +1.06% +1.20¢df +1.23% +1.35%

1 6.40 4.90 5.20 4.90 4.90 4.90 4.70
+1.652 +1.37*  £0.92% +1.37¢%e +0.99%f +1.37% +1.42

19 6.30 5.80 5.50 6.30 6.60 6.10 6.10
+1.162 +1.81* +£1.847 +1.57%¢ +1.58? +1.917 +1.79%

a¢ Means with different superscripts in the row of same column are significantly different (p<0.05).
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Table 21.

Pearson correlation coefficients and P-value

Yields i
Initial Drip Organoleptic property (Op)
. after Hardness Overall
vields cooling loss (Ha) Appearan  Scent Taste  Texture Juiciness
(In) . (Dr) ce (Ap) (Se) (Ta) (Te) acceptance ()
(Yi) (0a)
0.989
Yi 0.000
0.223 0.105
Dr 0.294 0.624
—0.339 —0.328 —-0.062
Ha 0.105 0.118 0.773
0.055 0.054 —0.146 —-0.024
Ap 0.798 0.802 0.496 0.911
—0.394 —0.381 —-0.104 0.284 0.179
Se 0.056 0.067 0.629 0.179 0.403
—0.188 —=0.220 0.048 0.106 0.251 0.757
Ta 0.379 0.302 0.824 0.623 0.237 0.000
—-0.127 —0.158 0.060 0.231 0.068 0.628 0.793
OoP Te
0.553 0.462 0.780 0.277 0.751 0.001 0.000
—=0.150 —-0.169 —=0.053 0.168 0.322 0.537 0.617 0.664
OA 0.484 0.430 0.804 0.432 0.125 0.007 0.001 0.000
—-0.176 —-0.199 0.032 0.220 0.043 0.657 0.841 0.967 0.635
Ju 0.411 0.351 0.883 0.302 0.843 0.000 0.000 0.000 0.001
—-0.104 —-0.137 0.093 0.270 0.014 0.628 0.782 0.978 0.630 0.956
Tn 0.629 0.524 0.066 0.202 0.948 0.001 0.000 0.000 0.001 0.000

Pearson correlation coefficient

P-value
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Table 23. Product properties of boiled beef brisket according to the joule heating conditions

Heating Initial yields Yields after ) )
condition (%) cooling (%) Drip loss (%) Solid content (%)
Gas heating 58.65 57.56 1.90 1.00£0.32
1 62.77 59.31 5.85 0.64£0.06
2 61.21 60.50 1.18 0.79£0.03
3 66.39 65.41 1.50 0.65x0.02
4 65.50 65.50 0.00 0.58%0.02
5 76.21 73.19 4.13 0.38%0.03
6 73.96 72.29 2.31 0.59£0.03
Joule 7 55.54 55.19 0.63 0.67+0.01
heating
8 71.46 69.78 2.41 0.42£0.02
9 62.57 62.20 0.59 0.69£0.01
10 68.51 67.62 1.32 0.54£0.15
11 65.25 64.41 1.32 0.54£0.07
12 58.04 57.32 1.25 0.62£0.04
13 61.81 61.07 1.21 0.62£0.01
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Table 24. Texture properties of boiled beef brisket according to the joule heating conditions

Heating Hardness Springiness ~ Cohesive— Gumminess Chewiness Resilience(s),
condition (kg), (Ha) (Sp) ness (Co) (Gu) (Ch) (Re)
) 15.21 0.906 0.610 9185.45 8370.65 0.267
Gas heatin
+1.54 +0.097 +0.118 +1261.33 £1800.85 +0.079
. 15.68 0.803 0.614 9642.05 7832.26 0.268
+2.72 +0.076 +0.011 +£1784.53 +2078.67 +0.029
9 9.49 0.870=% 0.524 4970.99 4320.21 0.195
+0.85 0.114 +0.032 +490.35 +719.76 +0.039
3 16.02 0.832 0.600 9526.39 7838.82 0.259
+4.79 +0.131 +0.026 +2612.65 +2109.89 +0.037
4 16.27 0.778 0.646 10536.66 8235.65 0.288
+1.68 +0.082 +0.027 +£1437.53 +1583.86 +0.063
5 16.73 0.771 0.707 11851.80 9128.32 0.316
+1.99 +0.041 +0.041 +1823.00 +1362.37 +0.062
6 15.52 0.881 0.720 11182.18 9890.52 0.329
£2.39 +0.093 +0.009 +1810.38 £2103.09 +0.042
Joule 7 16.56 0.633 0.457 7555.98 5749.05 0.212
heating +0.91 +0.312 10.224 +3754.46 +3015.71 +0.108
4 12.82 0.908 0.564 7277.19 6617.95 0.260
£1.98 +0.146 +0.028 11434.22 +1694.53 +0.023
9 14.34 0.821 0.592 8471.49 6945.11 0.244
+1.65 +0.099 +0.023 +948.33 +986.70 +0.033
10 15.90 0.919 0.799 11697.65 10695.19 0.352
+1.62 +0.078 +0.026 +1570.78 +1260.08 +0.030
11 12.23 0.939 0.546 6665.32 6318.65 0.222
£1.95 +0.125 +0.027 +1034.99 +1598.69 +0.041
13 12.46 0.822 0.516 6428.26 5283.11 0.201
+0.69 +0.205 +0.022 +518.73 +£1434.17 +0.029
13 15.95 0.731 0.638 10219.95 7399.00 0.279
£2.69 +0.75 +0.039 +2189.03 +1300.94 +0.060
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Table 25. Organoleptic properties of boiled beef brisket according to the joule heating

conditions
Preference (Pr) Strength (St)
Heating
condition Appearance Scent Taste Texture Ovetrall Juiciness Tenderness
(Ap) (Se) (Ta) (Te) acceprance (Ju) (Tn)
(0a)
Gas heati 6.60 6.80 7.00 7.40 7.20+ 7.40 7.20
as heatng +1.52 +1.64 +1.22 +0.89 0.84 +0.89 +0.84
1 7.40 5.40 5.60 4.60 5.60 5.80 4.60
+0.89 +1.52 +1.82 +2.07 +1.52 +2.28 +1.67
9 6.80 5.60 6.00 6.40 6.40 6.00 6.20
+0.84 +0.89 +1.00 +0.89 +0.55 +0.71 +0.84
3 4.60 4.00 3.40 2.60 3.20 3.60 2.60
+1.52 +141 +0.89 +1.14 +1.10 +1.14 +1.14
4 5.40 5.20 4.80 3.80 4.00 4.00 3.60
+1.14 +0.84 +1.10 +1.64 +1.58 +1.10 +1.34
5 3.60 3.20 2.80 2.20 240 3.00 2.00
+2.51 +1.64 +1.30 +1.10 +1.34 +1.41 +1.00
6 5.00 4.60 4.20 340 3.40 4.00 3.00
+1.73 +2.07 +1.92 +1.52 +1.82 +1.87 +1.58
Joule 7 5.40 5.00 5.20 5.40 5.40 5.60 540
heatin +1.52 +141 +2.28 +2.30 +1.95 +1.67 +2.70
eating
3 6.60 6.20 6.20 6.80 6.40 6.80 7.00
+0.89 +0.45 +0.45 +1.10 +1.14 +0.45 +0.71
9 5.00 340 3.20 4.00 4.00 3.20 3.40
+1.87 +1.52 +.79 +1.87 +1.58 +1.64 +1.52
10 4.60 4.00 3.40 3.20 3.40 3.60 2.60
+1.82 +1.22 +1.34 +1.79 +1.14 +1.67 +1.52
11 6.00 4.00 4.60 4.60 440 5.20 5.00
+1.58 +1.00 +1.14 +241 +1.82 +1.10 +2.45
19 4.80 5.80 5.40 5.40 5.40 54 540
+1.92 +1.10 +2.51 +1.95 +2.19 0+£1.95 +2.61
13 5.20 4.60 3.80 2.80 3.20 3.00 2.80
+1.30 +0.89 +1.64 +1.64 +1.64 +1.64 +1.64
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Fig. 29. Joule heating optimizing condition for the yield, hardness and overall acceptability

of boiled brisket beef at once
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Fig. 30. Joule heating optimizing condition for the yield and overall acceptability of boiled

brisket beef at once
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Table 26. Pearson correlation coefficients and P-value

Texture property (Tp)

Organoleptic property (Op)

In Yi
Ha Sp Co Gu Ch Re Ap Se Ta Te Oa Ju
0.987
In 0.000
0.233 0.214
Ha 0.445 0.483
0.463 0.484  —0.528
Sp 0.111 0.094 0.064
0.758 0.751 0.511 0.267
Co 0.003 0.003 0.074 0.378
0.590 0.575 0.845 -0.16 0.890
Gu 0.034 0.040 0.000 0.683 0.000
0.693 0.687 0.703 0.168 0.929 0.943
Ch 0.009 0.009 0.007 0.584 0.000 0.000
0.740 0.735 0.645 0.169 0.955 0.931 0.975
Re 0.004 0.004 0.017 0.581 0.000 0.000 0.000
-0.317  —0.370  —0.502  0.193  —0.434 —0.541 —0.469  —0.425
Ap 0.291 0.214 0.080 0.528 0.139 0.056 0.106 0.148
-0.345 —0.364 —0.435  0.003  —0471 —0.517 —0.496 —0.410  0.665
Se 0.248 0.222 0.137 0.991 0.104 0.070 0.085 0.164 0.013
-0.388 —0.418 —0.579  0.069  —0.621 —0.688 —0.631 —0.568  0.812 0.931
Ta 0.190 0.156 0.038 0.823 0.024 0.009 0.021 0.043 0.001 0.000
-0.410 —0.415 —0.724  0.155  —0.729 —0.836 —0.736 —0.675  0.712 0.779 0.904
Tx 0.164 0.159 0.005 0.613 0.005 0.000 0.005 0.011 0.006 0.002 0.000
-0.483 —0.512 —0.664  0.088  —0.727 —0.803 —0.729 —0.679  0.803 0.822 0.938 0.971
Oa 0.095 0.073 0.013 0.776 0.005 0.001 0.005 0.011 0.001 0.001 0.000 0.000
-0.305 —0.348 —0.598  0.174  —0.661 —0.727 —0.615 —0.581  0.774 0.806 0.942 0.925 0.943
Ju 0.310 0.244 0.031 0.569 0.014 0.005 0.025 0.037 0.002 0.001 0.000 0.000 0.000
-0.411 -0.422 -0.713  0.140  —0.770 —0.855 —0.768 —0.713  0.728 0.786 0.920 0.985 0.961 0.950
Tn 0.163 0.151 0.006 0.649 0.002 0.000 0.002 0.006 0.005 0.001 0.000 0.000 0.000 0.000

Pearson correlation

P-value
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Table 27. Joule heating conditions of boiled beef brisket by center composition method

Runt Dot Block First stage heating Second stage heating T(?tal heating
pattern Temp(C) Time(min) Temp(C) Time(min) time (sec)

1 0 1 59.2 19.5 100 20 2,571

2 1 1 59.2 19.5 95 15 2,271

3 -1 1 59.2 19.5 95 7.9 1,837

4 -1 1 59.2 19.5 90 20 2,580

5 -1 1 59.2 19.5 100 10 1,978

6 1 1 59.2 19.5 95 15 2,257

7 1 1 59.2 19.5 87.9 15 2,234

8 0 1 59.2 19.5 95 15 2,246

9 0 1 59.2 19.5 95 15 2,330
10 -1 1 59.2 19.5 95 22.1 2,673
11 1 1 59.2 19.5 95 15 2,289
12 0 1 59.2 19.5 90 10 1,952
13 0 1 59.2 19.5 102.1 15 2,287
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Fig. 32. Appearance of boiled beef brisket according to the joule heating
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Table 28. Product properties of boiled beef brisket according to the joule heating conditions

Heating Initial yields Yields after ) )
condition (%) cooling (%) Drip loss (%) Solid content (%)
Gas heating 60.54 60.54 0.00 0.635%+0.044
1 60.95 60.95 0.00 0.876+0.087
2 64.47 64.29 0.29 0.627+0.033
3 66.23 65.30 1.43 0.591£0.017
4 65.95 65.37 0.89 0.483£0.017
5 62.14 62.14 0.00 0.611£0.027
6 58.85 58.85 0.00 0.452%+0.024
Joule 7 64.00 63.43 0.90 0.507+0.016
heating
8 67.54 66.98 0.84 0.617£0.015
9 62.17 61.61 0.91 0.631+0.041
10 63.88 63.47 0.66 0.560£0.016
11 54.80 53.67 2.11 0.567£0.025
12 65.52 63.51 3.17 0.530£0.009
13 65.65 65.65 0.00 0.626+0.002
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Table 29. Texture properties of boiled beef brisket according to the joule heating conditions

Heating Hardness, L . . . -
. Springiness ~ Cohesiveness Gumminess Chewiness Resilience, s
condition kg

Gas heati 18.74 0.802 0.646 12155.55 9757.83 0.285
as Heatlie 19 46 +0.063 +0.027 +2038.61  +1869.07 +0.053
1 8.95 1.019 0.489 4371.27 4484.97 0.180

+1.06 +0.120 10.015 +454.85 1892.23 +0.030

9 10.13 0.742 0.491 4975.05 3716.60 0.210

+0.43 10.101 +0.032 +441.64 £791.77 +£0.030

3 11.34 0.734 0.561 6369.97 4726.16 0.258

+1.40 10.121 +0.035 +912.99 +1162.52 +0.045

4 13.31 0.779 0.568 7528.56 5868.69 0.237

+1.18 £0.090 +0.032 +455.59 1£792.71 +0.019

5 14.28 0.746 0.612 8771.15 6568.17 0.260

£1.10 10.053 10.034 +1111.43 +1128.54 +0.039

6 12.08 0.820 0.590 7303.20 6171.31 0.254

1£2.50 10.121 +0.115 +2818.64 1£3228.61 +0.055

Joule 7 13.52 0.772 0.605 8157.79 6247.48 0.256
heating 1£2.04 +0.083 +0.020 +1102.12 £690.57 +0.031
g 12.24 0.817 0.534 6586.37 5422.01 0.225

+3.28 +0.071 10.021 +2006.77 +1851.29 +0.026

9 11.58 0.690 0.518 6076.78 4201.63 0.234

1£2.81 +0.118 +0.048 +1877.57 +£1702.21 10.058

10 11.29 0.916 0.562 6349.23 5729.61 0.225
+1.65 10.158 +0.034 1983.50 1£781.39 10.043

11 12.51 0.693 0.449 6415.58 5085.61 0.220
+1.89 10.324 +£0.199 +1225.34 +584.23 10.034

12 16.15 0.840 0.664 10199.19 9105.29 0.297
1£2.20 10.115 +0.023 +1207.08 +£2.22 £0.030

13 19.39 0.776 0.677 13201.48 10181.42 0.297
+1.23 10.040 +0.024 +1001.8 +1174.63 +0.035
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Table 30. Organoleptic properties of boiled beef brisket according to the joule heating

conditions
Preference (Pr) Strength (St)
Hezting Appearance Scent Taste Texture Overall Juiciness Tenderness
conamon (Ap) (Se) (Ta) (Te) acc(eg;nce (Ju) (Tn)
Gas 5.80 6.00 5.80 5.00 4.60 5.40 4.80
heating +0.84 +0.71 +0.84 +1.87 +1.52 +1.67 +1.48
1 6.50 7.50 7.50 8.25 8.50 7.75 8.75
+0.58 +0.58 +0.58 +0.50 +0.58 +0.50 +0.50
) 6.60 6.60 6.60 7.40 740 7.00 7.40
+0.89 +£0.55 +1.14 +0.55 +£0.55 +0.71 +£0.55
5 5.60 6.20 5.60 5.60 5.80 5.60 5.60
+1.14 +0.84 +0.55 +£0.55 +0.84 +0.55 +0.55
A 7.20 6.40 6.60 7.00 7.00 6.80 7.20
+0.45 +1.14 +0.55 £0.71 £0.71 +1.10 +0.45
s 5.60 5.40 5.40 4.60 4.80 4.80 5.40
+1.52 +0.89 +1.14 +1.67 +1.92 +1.30 +0.55
6.80 6.00 6.20 6.40 6.20 6.20 6.40
6 +0.84 +1.00 +1.10 +0.89 +0.84 +0.84 +1.14
Joule 6.20 6.20 6.40 6.00 5.80 6.20 5.80
heating £0.45 +0.84 +0.89 +1.87 +1.30 +1.64 +2.05
q 4.80 6.00 6.60 6.20 6.00 6.60 6.80
+1.48 +0.71 +0.89 +1.48 +0.71 +0.89 +1.30
9 6.00 6.40 6.20 5.80 6.00 5.60 6.20
£0.71 +0.89 +1.48 +1.79 +141 +1.82 +1.10
T 6.00 6.60 7.00 6.80 6.80 6.80 6.60
£0.71 +0.89 +1.22 +0.45 +0.45 +0.84 +0.55
1 6.20 6.60 7.60 7.20 7.20 7.40 7.20
+0.84 +0.55 +1.34 +1.30 +1.30 +1.14 +1.30
12 5.80 5.60 5.00 3.60 4.20 4.80 4.00
+0.84 +0.89 +1.22 +1.14 +1.30 +0.45 +1.22
13 6.40 7.20 7.20 6.60 7.00 7.00 6.80
£0.55 +0.45 +1.10 +1.14 +0.71 +1.22 +1.10
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Table 31. Pearson correlation coefficients and P-value

Texture property (Tp)

Organoleptic property (Op)

In Yi
Ha Sp Co Gu Ch Re Ap Se Ta Te Oa Ju
0.986
In 0.000
0.254 0.223
Ha 0.403 0.464
0.026 0.061  —0.311
Sp 0.934 0.844 0.301
0.473 0.458 0.811  —0.046
Co 0.103 0.116 0.001 0.882
0.274 0.254 0.989  —0.240  0.872
Gu 0.365 0.402 0.000 0.430 0.000
0.251 0.219 0.873  —0.001  0.876 0.958
Ch 0.409 0.473 0.000 0.996 0.000 0.000
0.622 0.267 0.873  —0.401  0.895 0.895 0.839
Re 0.284 0.378 0.000 0.174 0.000 0.000 0.000
-0.296 —0.250 —0.042  0.109  —0.052 —0.021 —0.014 —0.129
Ap 0.325 0.411 0.892 0.722 0.866 0.947 0.964 0.673
-0.138  —0.075 —0.180  0.441  —0.352 —0.173 —0.134 —0.457  0.437
Se 0.652 0.807 0.556 0.131 0.238 0.573 0.662 0.116 0.135
-0.367 —0.301  —0.213  0.303  —0.522 —0.243 —0.213 —0.582  0.342 0.838
Ta 0.218 0.318 0.484 0.314 0.067 0.424 0.484 0.037 0.252 0.000
-0.290 —0.201  —0.496  0.363  —0.639 —0.499 —0.476 —0.751  0.501 0.827 0.895
Tx 0.337 0.510 0.085 0.223 0.019 0.082 0.100 0.003 0.081 0.000 0.000
-0.272  —0.190 —0.432  0.408  —0.598 —0.436 —0.401 —0.708  0.523 0.900 0.893 0.982
Oa 0.398 0.534 0.140 0.166 0.031 0.136 0.174 0.007 0.067 0.000 0.000 0.000
-0.254 —0.192 —0.312  0.390  —0.545 —0.332 —0.274 —0.637  0.421 0.846 0.954 0.951 0.947
Ju 0.402 0.531 0.299 0.188 0.054 0.267 0.364 0.019 0.151 0.000 0.000 0.000 0.000
-0.369 —0.172 —0.487  0.421  —0.649 —0.498 —0.471 —0.78%8  0.416 0.803 0.866 0.967 0.962 0.914
Tn 0.375 0.574 0.091 0.152 0.016 0.084 0.105 0.001 0.157 0.001 0.000 0.000 0.000 0.000

Pearson correlation coefficients

P-value

- 140 -



i

e

[Siife)
=T

}1:]:

= U

s

o]d F&CoA o] &

bl

o] =37

H71 #18

3|

R R

iz

At o

1
T

st} e 77

[}

o] T8

o v

LN

=

H71

<]

—

ol ¢

B Aol 217
ol gt} wepA )

g AAEAl 95Tl A 120

vE s & AFA

T

1

1

T

27435)7)
old F&C

i

o

o

olo

o

XV

Hlo

544

=
o

A3, 5x5 cm 7] €]

°

HA A2

°

AAA TFAA]

]

=4

3 Fprbdel A §

[e=]
=

7}

Al 5007600gs &= 2,000mlel

%

]

<

REE IR RS

1o

At

3

0.2MPa=

KeR
T

il

]

-
)

W

ol

—_
fils)

Table 320 UFebwl wls} 7ro] 7}~7)

5T, 95T, 105C, 115TCelA

o

8l

1
o

A} ol

]
&

e}

=
By ot el

=

e}

B, 105C o]4de 7tdz=AoA] 727t 9

=

=

=

=

|

4

s

A 1.34%%E, Tx7FdelA 0.4671.35%
[}

=

o e fod Aol7h gl Aow e
=]

g Jhv)

=]
=

)
=

Ty2rkdel A 89.64%F, BALANA AFAx76 whe) 8447795.31%

Aewst wolol uhep

[e)

T
AR

[e]

=

i

3!

X

o

A

R

e

A7 el A 3.88713.90kg &

727 el A 9.96kg <,

.
R

7 I (hardness)

o]

S KBl 106T oldolX= F94 Afel7t vebwutth
- 141 -

sd7kd 95C o]

el

kel
=

95T o] Fol A A&7} srobA]



Table 32. Product properties of boiled beef back skin according to the heating conditions

Solid content

Heating condition Heating time (sec) Yields (%) Hardness (kg) (%)
(0

Gas heating 95T 5,959.67+133.93** 89.64+2.37*B  9.96+2.18%®  1.34+0.31*B

85C 1,951.33+12.53"B¢  89.56+5,792AB 10.3141.38%8 0.68+0.07>PF

Normal 95C  1,968.33£16.74™%°  88.06+£3.55"*  9.48+1.54"F 0.6410.14P"
joule
heating 105C  1,990.00+18.08""¢  88.16+3.01™*"  8.50£2.66""  0.99£0.13*FP

115C  2,039.67£7.02™"  87.50%0.78"4"  4.81£0.58"C  1.2440.61"4¢

85T 1,935.00%5.00¢ 95.31+2.16%4 13.904£1.47%A 0.46+0.06%F

Pressurized  95C  1,965.3344.51"%  92.53+3.00%F  9.19+1.43""  0.87+0.21p™"
joule

heating 105C  1,988.67+1.50"%°  89.07+£7.85"*  5.46+1.49%¢ 1.4740.61"4

115C 2,026.33+£3.51™"  84.474+5.14*F  3.8840.82%C  1.35+£(.49%>AB

AE Means with different superscripts in the same column are significantly different (p<0.05).

ab \Means with different superscripts between gas heating and joule heaing(normal or pressurized) in
the same column are significantly different (p<0.05).

¥V Means with different superscripts between normal joule heating and pressurized joule heating in
the same column are significantly different (p<0.05).
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Table 33. Product properties of boiled beef head meat according to the joule heating

temperature

Heating time Solid content

Heating condition Yields (%) Hardness (kg)
(sec) (%)
7t 95C 6,940 74.8 13.95+£3.56¢ 1.14+£0.18%
95C 1,930 71.6 56.33%+5.61% 0.50%0.05¢
100C 1,939 74.8 35.76+£12.80° 0.69%+0.08°
Rl
105C 1,951 77.5 17.10£5.18¢ 0.77+0.04¢
110C 1,966 68.4 13.58+2.10¢ 1.02+0.08"

¢ Means with different superscripts in the same column represent significant difference at

p<0.05.
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Table 34. Organoleptic properties of boiled beef head meat according to the joule heating

temperature
(&1 #)
Preference (Pr) Strength (St)
Heating
fes Appearance Scent Taste Texture Overall
condition .
(Ap) (Se) (Ta) (Te) acceptance Lean meat Skin
(0a)
Gas 95°C 6.67 6.33 6.33 5.83 6.33 7.00 2.50
heating +0.82¢% +1.03% +1.03% +0.75% +1.03% +0.6% +1.52%®
95°C 6.00 3.17 3.50 2.17 2.33 2.50 1.50
+1.41° +1.33" +1.52°¢ +0.75°¢ +1.03° +1.97° +0.84°
100 6.17 5.67 5.33 3.00 3.67 5.00 1.67
Joule (® +1.83% +1.03*  £0.52% +0.63" +0.82° +1.67° +0.82°
heating 105 4.83 3.67 4.50 3.83 4.33 5.17 2.17
T +1.72° +1.97° +0.55 +0.75P +0.82° +0.75" +0.75%
110 6.33 6.33 6.33 6.17 6.50 7.50 3.50
C +1.86% +1.21% +0.822 +1.72*2 +1.38? +0.55% +1.38%

¢ Means with different superscripts in the same column are significantly different (p<0.05).
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Table 35. Product properties of boiled beef head meat according to the bleeding condition

and joule heating time
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Fig. 38. Appearance of boiled beef head meat according to the bleeding condition and joule
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. . Heating time ) Hardness Solid content
Heating condition Yields (%)
(sec) (kg) (%)
Gas . d

, 75min 6,940.0£197.9*  74.754+5.61*  13.95+3.56¢ 1.1440.18%
heating

Normal  60min 3750+3.0° 76.82+3.62*  42.68+9.74° 0.5240.034

Acid 30min  1,952.5£10.6°  78.58+1.04* 26.30+13.91°  0.61£0.07
Joule

€ treatment g 3.758.042.8"  74.2942.24° 8294145 0.8440.11"
heating

Alkals 30min  1,990.5+£38.9°  75.11+2.78% 37.44+17.58%® 0.86+0.23°

treatment g in 3.776.5419.1°  75.04+2.69°  12.33+0.85¢  0.82+0.21%

ad Means with different superscripts in the same column are significantly different (p<0.05).
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Table 36. Organoleptic properties of boiled beef head meat according to the bleeding

condition and joule heating time

Preference (Pr) Strength (St)
Heating condition Appearan Scent Taste Texture Overall Lean .
acceptance Skin
ce (Ap) (Se) (Ta) (Te) meat
(0a)
Gas —_ 5.80 5.00 6.80 7.20 7.20 7.60 6.80
min
heating +2.39°  4£0.00° +1.30 £0.45*  +0.45° +£0.89* +£1.30?
) 6.40 6.20 7.00 5.60 5.80 6.40 3.40
Normal 60min ) ) )
+1.14*  +0.84*  +0.55* +£1.34" +£0.45" £0.55° +1.81¢
0mi 5.00 3.60 4.00 3.60 4.20 4.20 2.80
min
Acid +0.71% +1.67° +1.41° +1.34¢ +1.304 +1.30°¢ +1.64°
treatment ) 6.00 5.80 6.80 6.60 6.80 7.80 6.40
Joule 60min
heati +2.00°  +£1.79*  £1.10® +£1.34® +£0.84*® +1.10° +1.82%
eating
. 5.80 5.80 6.20 4.80 5.40 6.40 3.80
30min
, +1.30*  +1.30° £0.84® 40.84°"  +0.55° £0.55" £2.17"
Alkali 4.80
treatment ) 5.40 5.60 7.00 6.80 7.00 7.60 ' b
60min +2.28%

+1.14*  +1.14*  +£1.00* 40.84*® +0.71* +0.89%

C

ad Means with different superscripts in the same column are significantly different (p<0.05).
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Table 37. Organoleptic properties of boiled beef head meat according to the joule heating

conditions
Preference (Pr) Strength (St)
Heating condition Appearance Scent Taste Texture Overall .
(Ap) (Se) (Ta) (Te) acceptance  Lean meat Skin
(0a)
Gas 5 ) 6.0 6.3 6.3 6.9 6.7 8.1 6.4
) 95C, 75min .
heating +1.2M +1.3° +1.52 +0.9? +1.1° +0.72 +2.1°
60C, 20min 6.1 3.9 3.7 3.7 4.1 3.9 3.9
— 95C, 10min +1.6 +1.3% +1.4¢ +1.4° +1.6¢ +2.0¢¢  £2.5%
60C, 20min 6.6 5.7 5.7 5.7 5.7 6.3 4.1
— 95T, 20min +1.4 +1.0% +0.8% +1.3% +1.4%c¢ +1.1% +2.4%
60C, 20min 5.7 3.6 3.9 4.6 4.3 5.7 3.9
Joule  — 95C, 30min +1.5 +2.5¢ +2.3b¢ +2.1° +2.1° +2.1%¢ +2.0%
heating . _ 6.1 5.0 5.3 4.4 4.7 3.6 5.1
95C, 30min
+1.1 +0.8%  £1.4%¢ +2.0° +1.7° +1.7¢ +2.5%
. ) 6.6 6.6 7.0 5.9 6.3 6.9 3.9
95C, 40min
+1.3 +1.4° +1.2¢ +2.5% +1.8% +1.8°>  £2.0%
. ) 5.3 3.9 3.9 4.9 4.6 6.1 3.0
95C, 50min

+1.0 +2.6 +2 5% +2.0% +1.7% +2.3% +1.4°

@b Means with different superscripts between gas heating and joule heaing(atmosphheric or
pressurized) in the same column are significantly different (p<0.05).
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Fig. 40. Flow diagram of beef leg bone broth by joule heating process
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3]/min) & gt}

- power : input 220V. output 07300V.
- Amper : 0722A
- Ao g1 A o

- AAA LA

: EEHE(99.5%)

R AES A FIaFdA e FaE HEss AR Z, Tz A% 2 G
GEL) T35 gl stk dubdg oz Alo]g AHE ARE-ShT)
- Frequency(VLF) : 20 kHz,
- &3 1.000 Watt, 4.6A
® d=
ElE2 HlT 45, 84 1800C, A A (gt ol ™ wil-$ A=) 7 =3 8ok %

, A =)= Blgel R #omz Heo| of 2uj7t Hau A
A2 wol7] wiiel Fd tEre dF5ow AHiteith dwbH o Class

grade 1, 2] E|E}g3 o] &3t

Plates, Hot-rolled and Cold-rolled sheets and Coils (ZI&T2!)

HU

NCIE e e [ u)
SN
o,

o
]
ki

l_‘

s

Chemical composition(%) max

Standards Grades

H 0 N Fe C Pd Ru Ni Ti
Class 1 0.01 0.15 0.05 0.2 = - = = Bal
Class 2 0.01 0.2 0.05 0.25 =~ = = = Bal

J1S H 4600
Class 3 0.01 0.3 0.07 0.3 & = - & Bal
Class 4 0.01 0.4 0.07 0.5 = = - = Bal
Class 11 0.01 0.15 0.05 0.2 - 0.12~0.25 = - Bal
JIS H 4605 Class 12 0.01 0.2 0.05 0.25 & 0.12~0.25 - & Bal
Class 13 0.01 0.3 0.07 0.3 = 0.12~0.25 - = Bal
Grade 1 0.2 0.18 0.03 0.2 0.8 = = = Bal
Grade 2 0.2 0.25 0.03 0.3 0.8 = = = Bal
Grade 3 0.2 0.35 0.05 0.3 0.8 = - = Bal
Grade 4 0.2 0.4 0.05 0.5 0.8 = = = Bal

ASTM

Grade 7 0.2 0.25 0.03 0.3 0.8 0.12~0.25 = = Bal

B265-95A
Grade 11 0.2 0.18 0.03 0.2 0.8 0.12~0.25 = = Bal
Grade 13 0.2 0.1 0.03 0.2 0.8 = 0.04~0.06 0.4~0.6 Bal
Grade 14 0.2 0.15 0.03 0.3 0.8 = 0.04~0.06 0.4~0.6 Bal
Grade 15 0.2 0.25 0.05 0.3 0.8 = 0.04~-0.06 0.4~0.6 Bal
ASME SB265 Grade 2 0.02 0.18 0.03 0.2 0.1 0.12~0.25 = = Bal
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H = g o ol ]| &
= HEY 7 ZH| 238,481,000
z IR =H| 33,374,000
M A BAEA) b
# [4 A] 271,955,000
D =T T 16,597,000
2| 132,776 IHC2H+0.3%
[4 A] 16,729,776
24 AEHE 630,6% A L 0H+3 8%
J25Eg 111,200 N L2H-0 674
20 27 HEg 232,353 HEwCH1 40%
20 B3 HEg 106,627 AL 2H]-2 4%
BA 28 22
A OLR A3 H] 7,156,902 (NEHE L+ 22RTH =2, 420h
YA B |
BEE
DIEEL 1,442,924 (H 2|+ 28]} BY,
[4 4] 9,980,897
] 293,565,473
Tzl 2,388,524 A0.8%
0| 7 1219% (Rt 2RI 1, 4550
2271
20k 2 £30,000 S/ 0%
EoSA]
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O:
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Table 38. Energy consumption and projected expenditure according to the process type

Steam heating process

Item Joule heating process
LPG Natural gas

150C 2% 126kgS 5A17F EeF FH 3]
1E9] 83 A2

150°C iai Aarelz] e He 2
0CY &35S 100CE 714, 7138, 100T

« 0.IM NaCl &9 158HE
0.2Mpa ¢ AElelA 2% olu] |
100Ce 4 744 F 58 ol F

§9 44 0T 12083 fAste] L4 ° cE T 71
B B 5 4 e o A e
s T M datel & 405,720kcal’t A+8
o) y
P2l AR SR AT nae ne 0%, 9nEe sy A8 A
| % 681882%keal ¥ 2.3
welgk o 860keal/kWh * 13805kcal/Nmw  + 10400kcal/Nmi
W& 81.239/KkWh . 25909/Ni . 8409/Nm
55 208 AL A 203
ek e e 02622kWh * 0.0988Nm * 01311Nm
g e 203024 . 2558473¢) * 11015029
Nm' @ =2 e
(b LPGE o83 & ~97kd 245 4712 o8 Bdtd 34 dm L LAss

O A= (lvA ¥g) 43 &3

qgY 5 oL wwﬂ codE Nee Eds9 213029, LPG AFE olFsd £

2558473%, AA7F ALE o]lFAH & 1101502$40]EE FATE S o] &35t A7 300E9
S5 A2 Al AArkas Abgas Aol vlEte] 133267809 1#3 LPGE AbgaH= Ao u)
al

o}oq 35,181,345 9] AmH] Az g7} Ut}

@ eAste WE A an

LPGE AH§3l] d9® §58 ANT 49 Ay §5 2L Aol 71.255Kg o sheart
WA, AT 300= Akl 10,68325% 9] olatgtwtavt WAHT WIS AEste] & 7}‘2
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frelolale] 2012 8¢ 249 V1F wBawEF 15T 808 fFRoln, NET dadgze
ER AAYE @2uE7FA(CER)= 2997 =2olth 1#2 9 1400¢¢] @&s H&std Hx
446883159100 A1 H ] 120,764,423909] WjZ 712 Azt o3 AAA A7 AEE Ao
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Table 39. Generation rate of carbon dioxide and projected cost according to the process

type
(basis : 300 ton production of Korean style beef stock per year)
Ttem Ohmic heating Steam heating Cost reduction effect
process (A) process, LPG (B) (B-A)
A5 3,195,750 38,377,095¢ 35,181,345¢
o] At st et A
b o 1247F 10,688,25 = 10,675.78+=
AP TN 44,688,815
& g 7HA T 120,764,423
A 79,870,160
T 155,945,768€Y
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Fig. 44. Commercialized products of dried stock in Japan
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Table 400 eSS AEFE2 pH 5.26-6.0, At% 0.8-3.6% 2 H% 10.76-21.29%°] W=
e RS dAfer iy Aus, HA/EA, A AA, FA5, BE
2 FERE 2R oAden i (extract)ol A W ZAI =Y, SAG T, A2
S bE s, ARV, Az, §ubn), opaj v A, Th2he
o

2olagas % BURS AeHUG, Foin2s

I~
5, dEE

mrwﬁmm

o A =
Beef seasoning, 70 &3-$-t), X719 7]~ X 71 = b4 o] & thl 7)<
7] = BaE, BRls, AR, b okl a, el 57}
gz TpAlshel )2, B A o7 2, Qo] 2B s, Tl
2 = A9, Wreed xEY £HE 29
AA/ARA | AR, ZaEA, SO, A8, 4, 2249
RERE A5 EE, MEECHEEA)
45 FRebe A &, 72 E] o] (A
HES FA, A, A
& g, A%, JAUE, dis, vhs, 9 25, 23, A, A
steh2 54 pH 5.26-6.0, At%= 0.8-3.6%, 9% 10.76-21.29%
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HA = v52 obd AA S 4=E(clam chowder style)ZX 0 A|Fola <y 7 -
beef extract, 2 H & |55 ©]&3 beef bone chowderztil & 4 Ut} A HA= EZEY
AX(LEA)] S AFEoRE 55 EFA S83F= A S E beef seasoning, 29, YAEH,
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#ol= AEe AAE .

A7 =, 2R,

1

Table 41. Product concept using beef bone broth

I. classic cube type(Herb Ox-7]=y)

—shape, & 71E AF A

-salt 50% ©]%, Beef ex, MSG, butter, herbs, spices
&= AN —- > " &

II. =2l ofx AAH & 4= (Clam chowder style—"]=)

~Can A&

-%kub 7Ap A, beef ex —> #<Y

~Clam 4l A4 & &4 A€ -——> Beef bone chowder ???
L E2Ed 2Z(S70d-93)

-Beef seasoning, 3%, @|~Ed dy|A Ixg SFAASY, FUE a1F

FRAV A A A71A7| 2 olu A Vit E 5, AF

b )
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(7}) Focus group interview
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Table 43. Focus survey for globalization of seolleongtang
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Table 44. Strategic point and achievement on the attributes of seolleongtang

g & A FOE def iy
AR Fys Y 3
¥ okst & a17] 8 g3 9=, Cooking flavor %=
o g w73 d5 FAH
ofm| =4k, A uF whulE Ao v
A FEga g I1YdE 5%, 3 7
Y Ca, P, Mg HAA
A A Fr g 99X 13 &
73 A A TE5E 3| As) AL
-84 B dY, A=
44 FefrE ot

Table 45. Consumer test for quality evaluation of seolleongtang

4EZ2 AR
e bR LU ES LR
w2d2g.
olF MY oW oY H3Y: oW 3T UEY =RR =2 = 7iE.
o] -5 o253 oIS sS4 o354 oo
Oge 499 S+ ARE A HFEE 50l o B E MR -
¢ ME A I AEn | MNEc
oty do s Fobsial s doldals @i » oty Solia,
N4 1 2 3 4 8 &7 8 %] 12 3 4 35 67T 8 % (12 3 435 4 B %
9. 12 3 45 6 78 9%| 123 45 6758 % |12 3 435 & B
ak, 12 3 458 67 8 %] 123 458678 % (123 486 T
M@y 1 2 3 4 5 6 7T 8 W] 12 3 4 5 6T 8 W |11 F 4B 6 B o
. 45 ot s HFald o WY Faic
Aa-&9 12 3 45 67 % %] 13 3 4 5 675 W ([1 23 435 % E 9
oee) 1 2 3 4 5 6 7 8 %| 123 45 6 78 % [1 23 435 6 B0
dEthasthe | 1 2 3 4 & 6 T B %] 1 2 3 4 5 6 T B W |1 2 3 45 & B
ANy, 1 2 3 4 5§ 6 7 8 %| 12 3 4 5 6 7 8 % (12 3 4 5 & B %
1otF @t & FolatA & dolstAE fith v okF Foitich
FrEEas 11;:5&?;1--'11;ass‘nb-|1z.|4;s 5 9
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2.0%
1.7%

35.81+0.08
-0.25+0.01
3.93+0.06

50%
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3.78+0.08
15.97+0.24

A =3 & (Control)

3.0%
2.5%

40.32+0.18
-0.61+0.04
3.44+0.10

Table 46. Characteristics of concentrated seolleongtang
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Table 47. Some additives for the quality improvement of cube type seolleongtang

= 71 B
Z0] (gh7] AR s
7 s A QHg Al
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Beef extract . o A&
&5, Aol
Fx= 9 us o Lactose
salt maltodextrin
(th) 5= 384 =4
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e dEe AEdnA St A9E $HE FAEe AuHolny wuA i o
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Table

48. Effect of fruit and commercial

concentrate(x3.5) at 60T

enzyme on the

fluidity of seolleongtang

A7 2 (%) Y 719 gelof = Alcalase Viscozyme
3,0 X O O - -
0.3 - X X - X
0.03 - X X O X

X @ 23l 0 384 IdS

Table 49. Effect of Alkalase on the fluidity of seolleongtang concentrate(x3.5) at 60C

18- A1 ZH(mins)

715 (%)
10 20 30 60
control X X X X
0.03 © ©) © ©)
0.003 O © © ©
0.015 X A A A
0.0001 X A N A
0.00001 X A A A

O: A3 H AL AFAH A FEV] JFEE X 554 /e
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60C 30 ¥H& 60C 60+

Fig. 45. Fluidity of seolleongtang concentrate treated with Alkalase
x*Alkalase : NovoA}l, Bacillus licheniformis, subtilisan

Fig 46. SDS-PAGE of seolleongtang concentrate treated with Alkalase
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ElE AAT g E= teir 40TAA HAes =
3 ]

B ool AN 2r A7 ol Am Wiy

C
2

A ek

S WA iAo HEASE #Eetr] 7t o ¥ slvk(Fig. 47)

AE" w5 Fard FANS At BUES S22 =4 (melting point)o] 3
S5Coldolnm Fx=2o Aot 2 dFS FAH WA AdY w525 AF3st7] AAsiA
© AYE s5E e A FEE T3 Meds Ao & Aow dodnh

- B L - _'.l i ol ®

Fig. 47. Effect of Alkalase treatment on the fluidity of seolleongtang concentrate(x10)
at 40C

Table 50. Effect of Alkalase treatment on the fluidity of seolleongtang concentrate(x10)

at 40C
HE-S-A| 7F .
) Spindle no RPM % cps C
(mins)
0 62 60 47.3 237 25.2
10 62 60 10.8 53 25.3
30 62 60 6.4 32 25.5
50 62 60 7 35 25.3
70 62 60 10 50 25.4

- 176 -



™ T ~n
7l A
Aa Eo 7# M N :.L = T
call! W ® o] R o _
T LF T X o MH ] ™ B85 K o) ) T
N 2 F Yoo e A ol o
. P S = Mo Tm T N o H W
i o) 0 o R E = X 5 * o " = @m
T R z C CHNS N T 5
oA o Ty LORNIC I 8 i %p%ﬁ@
T < o
w o W B M ) RN N = < Sl w | T B o T o .
0 Q =y .ﬁl o il ~ X
o wHx 5% T TE e |y B P
W T wmog T L AINRCE g N g AT N o W o X g
—_ iz N Y o A hnd X & ™ o ™ =] oo o Al < ~ jadl -
o oo K = -~ %" O . DT of X
[ - ~ _El S = e =) ZT ™ . X ﬂa = - iz X (=08 R i
i ) A S = o %P w o B TR
= X JEw_.mﬂ}_/ e ﬂB%ﬂi = o 0 B Lo =
= [ ) N ORE o oW o ~o - o ] T X (= J)
ol BE B X g W H R <0 & P
N o o -~ X o N° s BT )= o) o
g TE LSS 4 = R 2 %
o - nog NOEK o Calay 8 Z o
w:.u ‘Iﬁ :i ﬂl o"_o :.L m.@ Si T X ‘ﬂl 5 EE . MW_ rm N o °
oot o] £ X T oo T ° 7o ) °c ©
<O # o < E o ﬁ ﬂ X E.E MA ll Se O ) o
e o ,|L S ol | oL ‘l,._ o 0 o = o o0 £ .
G o N oo r = |2
oo o el o - N o N N S Kty e =l e -
o = ! o o X - T NEe il e oy = _ 5 e =
o B R0 @ o N A g S
Jl_ ﬂw_sﬂﬂlmiaim;lgjd ,Ayﬂﬂ%ol;oo = s o
yg%.%g%@%ﬁam%w AR T
1_M ETu umo q = ,.:E 07 . ‘—Id_yl ﬂ_vlﬂ @\ X \T — ‘_l/ E%E OT o —~ O o 5
W o= o mOOw %% o dr%ﬂ7 MEE ml k=l > Mo ox O
MﬂmaﬂﬂLﬂm‘xo:xﬁovmﬂu% . Wauﬂ%nn o | c o o
M%zﬂé %ﬂﬂ?i@ﬁﬁ g o 3 [m|=
Wi%ﬂg.w%%%éi@muﬂﬁ iﬂﬁazﬂm A B .
S —_ ~ X! —_— b
NF me Ak uw o H = = ur G 0| Ho N T 0 mb ©® o o
0 | H N o ~ do o K= s
_wi X 41_ = = S N LE OT_ EE 1T L o o R
@aeﬁaﬂ@ubudl.vﬁﬁﬂu% h@%%%ﬁ ks -
m T o o il " M- 3 Bt N o0 - = X
il BE T ~ o
@&@;zrur%ﬂﬂmmﬂwm?mmw w s SRRCI 5 v % % o ©
ovulﬂfﬂ%,muozﬂ:@w; WMo 4D 2 c ©
E.u = — ol —_— ~ ﬂl N Q IS
ﬂo_eﬁyz:vmnﬂﬁnﬁﬁgﬁm = o TRE 5| |S
vA ﬂArO Z.ﬁ KA < =3 Oﬁ —_— vﬁ o . i &O ;3 Erv KR ) = i b ©)
~ 3 = = o o TS T - )
avoaioqoa B4 Moo = NN B Il — S o
KO S P NN ~ N =) o o) T DM o O .
S ErIscEiLEiziive - y
) 0 ]
u Oia@AmrLoMfr%% o %%QWM "
_ " K=
S o = i = 2 wﬁﬁ o N
&= =1l & = ok 3
B
=3

- 177 -




Table 52. Recipe and

sensory evaluation of of liquid type of seolleongtang concentrate

A E hZT LM P S G PS PG SG PSG
2 - 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
TdEUAEY - 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
wl= - - - - 0.3 - 0.3 0.3 0.3
o sk - - - 0.2 - 0.2 - 0.2 0.2
=+ - - 0.1 - - 0.1 0.1 - 0.1

== N
7%
(ﬁ%) & =1} o]/\ l%jﬁ,j
(> A T L L B
53 EA AR (Hst 7B
FaEN R gE)  (dE) (A& (A8
"o N ol glaL R
©H T o 3}
w7 MNe-g)

P: pepper L: Lactose M: Maltodextrin

Fig.

48.

Eayrp b i

Photograph of

ingredients.

liquid type of seolleongtang concentrate added

S: Scallion powder
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Table 53. Standard recipe (powder)

Ingredient Recipe(%)
seolleongtang concentrate(powder) 87.8
Lactose 3.0
maltodextrin 3.0
galic powder 0.2
o 52 2.0
black pepper 1.0
inulin 0.1
caseinate—Na 2.0
beef ext. 0.2
Vit C 0.4
tocoperol 0.3
Total (%) 100

Con

Standard

Fig. 49. Cube of standard recipe(before drying))
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Fig. 50. Cube of standard recipe(dryied product)

Fig. 51. Cube of standard recipe solubilized in water
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Table 54. Various recipes ex.(cube)

FH S5

Ingredient

W] 3 =B 3= )71 7+l A = B Aole ETA
TEE 79 79 79 79 79 79 79 79 79
Lactose 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7
maltodextrin 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7
galic 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
o o 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
pepper 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
inulin 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
caseinate 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
beef ext. 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
vit C 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
tocoperol 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
H] A = 10.0 - - - - - - - -
W 2] A =Y - 10.0 — - - - - - -
G EAT! - - 10.0 - - - - - -
A 714 = - - - 10.0 - - - - -
7} & - - - - 10.0 - - - -
2 Z2E (A=
L;) ] - - - - - 10.0 - - -
3B
(S8 7bw - - - - - - 10.0 - -
/akE)
Al olE - - - - - - - 10.0 -
S0HA - - - - - - - - 10.0
Total (%) 100 100 100 100 100 100 100 100 100
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Fig. 52. Cubes of various flavor (ex)
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Table 55. Various ingredients in commercial products
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Table 56. Characteristics of commercial soup products

o ) O
o jii Seae N CEE]
A | ° el gy | @ax | o Fgol FZ | Ay $E | M) A% | Zopezs
ezl _ WA 23
EEW-23Y =
=
AzA | o A VA VA At A A PA}

23 (g) 20 20 18.6 17.2 60 60 80 30
E(mL) 150 150 150 150 600 600 800 180
7)) 7.5 7.5 8.1 8.7 10 10 10 6.0
A% (%) 0.93 0.70 0.81 0.81 0.70 0.81 0.81 0.93
ESh= 581.9" 111.4% 796.8" 73.6% 1788% 1189% 51359 17.32?
yurol el ol g r&a7] 3, yoro] 73t
BEOL FRERCl B o -MSG, @+ e e
=k ol T (& ’ -2 W 2 X X Zgle] F
o] A4 -4 717 Ak AR ’
#5 AR IRE, 8d)ut -MSG o
A AtheE A AACHE) =AREE A2
7t [=AA -Sgut 7 . | Aa 4 N - 7E g &Y ot F
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-Fu) 7 @ - B 7t glo] 9l
N oy [BH01 43 BRI o 22
=t il 2 < T
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D 862-RPM30. 2 S61-RPM30. ¥ S63-RPM20.
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Table 57. Recipes and sensory evaluation of soups prepared in this experiment
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&7 ) gL
o A4 EAE @Eﬁ ‘ﬂr(Table 58). WA A L FobdS AAFd &AIA XAEE F7t
3 Ay} AES 05-3.0%NA 24-579 cpsE HAL FobHE 0.1-05% WY lA 5-161.7 cps
HAE Uetlio] A3 Fobs A3 o] &sto] dwk Al FxAFe el 40-200 cps
Tl stk 53l

B71e] Adg vt o R ofFo] F vz ffs) A 1.5% H7F, ok 05% HI7b

RoAE Febds A7 05%EH %ﬂﬂ A el ell o 3l ﬂiﬁﬂﬂ?— A A8k eH(Table
59761, Fig. 53, 54). W&ot MZFre AR/ /Fobrd 05% EFHe Al 9w, d4, vhexa
P 2 2ol AF $5aRw, 1 Ggow Folg 05% APk 58 vheheh met
A AR AR Folda RS Ads EFse] Aw FEZAE] W 40-200 cpsol

SEEAU 2 AE 540 ve Ak FES Fode & £AF S Aow AE

TE AR 7ok
0 0 0
0.1 - 5.4
0.3 - 24.7
0.5 = 161.7
1.5 24.0 =
2.0 36.6 -
3.0 57.9 -

=742 80T, 2¥= no. 625, 100 rpm

Table 59. Sensory evaluation of mushroom soup added with potato starch(0.5%) and Guar

gum(0.5%)
) EE o] o7/l B
1.5% 0.5% 0.5%/0.5%
o 6.0 6.0 6.9 7.2
73 - 5.0 7.0 7.5
mothfeeling 5.5 5.8 6.8 7.4
consistency 5.0 5.0 6.7 6.6
Fa5A Mysta 2% AWsm 28 U wFY 89w w5
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Fig. 53. Mushroom soup added with potato starch(0.5%) and Guar gum(0.5%)

Table 60. Sensory evaluation of beef soup added with potato starch(0.5%) and Guar
gum(0.5%)
327t A 1.5% Tord 0.5% Z;Ljﬁ:f
o] 5.7 5.9 6.7 7.0
173 - 5.3 6.9 7.1
mothfeeling 5.8 6.2 6.6 7.2
consistency 5.4 5.4 6.9 7.0
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Fig. 54. Beef soup added with potato starch(0.5%) and Guar gum(0.5%)



Table 61. Freeze dried products of developed soups

&3] B2 2] 317) oF A
54
nzx
e 16.95 23.99 13.25 23.13 21.87
(%)
1] 5.9 4.16 7.55 4.32 4.57

=
ro
r o
ofr
o,
N
N

B) MEAFELDG 7B 2 S8& FZ7)

7hH =W A5 v=<l B2

A718] AREFE, olE &8 HEZFZ Y fFo] x| FEAES JtsAdS HUtet
2} %14]7‘41]2 ErQls tido =z AAHIME AAISEA th(Fig. 55, Table 62764). =Tl A W=
A= T 10%o] Fofation dukatgowA FA 3, o4 7THolAL BT 200 F5yH
A oyl WALR é-‘»]oi‘:}

AAE 352 A el TH7IEENA 633 o] =L HFE B 7|Ee] HE A
HEFEAIR A)e HelAs 5.17i U 9o A542 5oy & oA 66742 1
A =2 H4E YERN AL mouth-feeling?} after tastedll Al Z2f 758 % 7178002 =2
s e A

AYgFEE o] &3lo] A %3 beef FEZ(ARE B)e @M E 733, &3 gt e 747
783 W 7672 v =& HA+E bl 2 mouth-feeling® after tasteol A& B 7540
2 52 HAFE et A9EFEE o] &ste] AxH dFolFZ(AE O 45 o
M= 75002 =& HAFE HYow &3} "o 247 717 2 750702 w9 355 o
mouth—feeling ¥} after tasteol A =5 750FH 24 v %o H4-E et

A 7] A8l tate] T2 A tE JARGust about right) 2% H7bo| A HE®FHE
= Autd F5gke] A gk vk wjZEky) dyglo] thA gk A o® PrhE oW M EFEE
wutat gsto] Hogh Wb B xZEk Bl sgto] thA A3k Aow A FFolFLo
7 ¥ E

2 B A.‘:g] /K—lﬂqﬂ-ﬁ-lﬂ(/\]g A

~

of HlalA ol& &&3 FZAF A vig =2 VEES Ko AHETFH B oF &
g uz 52 FFo] FEe FEAEII $E3 e Ao AdHAG
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Fig. 55. Sample presentation method and survey analysis (English preschool office in

Gyeonggi-do)

Table 62. Sensory evaluation for Americans (9 pts hedonic scale)

Attributes A(cube) B(Beef) C(Mushroom)
Appearancex* 5.17£2.32° 7.33£0.82 7.50%+1.05
Aroma 6.67+0.89° 7.83%£0.75% 7.17£1.60°
Flavor(Savory) 6.67+0.82% 7.67+1.21°% 7.50+£1.52%
Mouth feeling 7.50£0.55% 7.17£0.75% 7.50+£1.38%
After taste(Umami) 7.17+1.17° 7.83%0.75% 7.50+1.76%
Overall Preference 6.33+1.51° 7.83140.98° 8.00+1.10°
Table 63. Sensory evaluation for Americans (JAR scale, 1-7)
Attributes A(Cube) B(Beef) C(Mushroom)
Beef odor 4.83x1.47° 4.67+0.52% 4.671+0.82°
Sweetness 4.83%0.75% 3.83x1.17° 4.33+1.21°
Saltiness 4.17+£1.33% 4.00£0.63% 4.33+£0.52°
Thickness 4.00%1.55° 5.33+1.03° 5.33+1.37*
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Table 64. Comments of American

— Excellent soup! Maybe make sample C a little thinner. Great flavor | So,
delicious.

— Each product was very flavorful. | will definitely consider purchasing each soup
When is available for purchase.

— Sample A is less than desired. It looks like chicken broth. Needs to be thicker
for a soup. | think. Sample B is great soup ! | would buy it ! Very good !,
good soup. It has a bad after taste.

— All were very good, but all could use a little more salt. Definitely cannot tell
they are from a powder which is good.

— The sample C was my favorite, but could be a bit saltier.

— | couldn't tell it was powdered, it was so delicious !l Sample C was my
favorite!!

(th W= @7}
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o4 247} 63341 % 65090 HwA e AFE Uehidth HUEFEE o] §3e] Az
6:)

] Al

F 3} gho A &= ZbZF 567 2 6.002 Blwd 3%
A4S YE WL mouth—feelingoll A+ 533702 HE0|Q O™ after tastedl A=  4.834
2 BEFolste] Ha4E vEldde. dFolaZ(A s C )Y A fols
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7] Algol tiste] T %A Wl JARGust about right) 2 =% #H7eh A9 AHYTF
B vz gylo] gk Ao HUtEAOW B ZFEZ= vz guk 9 w9gko] 7k
Rnog HIIEAL FFolgze] g wuke Hgsk v Ak v Zeky F3ge gi
7Aa Aoz JERY

A7 A sl ee ARHEFEE B ES o] §&AF 3l Holx BHE ol 7|&
58 HAD AR FAdAA gFolazes TRVIEETE 758 olF AR 53] Ag A3 EE
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Table 65. Sensory evaluation for domestic people (9 pts hedonic scale)

Attributes A(Cube) B(Beef) C(Mushroom)
Appearancex 4.004+1.26* 6.17+2.14° 7.174£1.17
Aroma 5.00£2.10 5.67+1.97% 7.50£0.84°
Flavor(Savory) 6.83%+0.75% 6.00£1.26% 7.17£0.98%
Mouth feeling 6.33%£1.372 5.33%£1.21% 6.17£1.72°2
After taste(Umami) 6.50£1.22% 4.83+£0.98° 6.17£1.83"
Overall Preference 6.00£1.26° 5.83%£1.47° 7.50%£1.22°

Table 66. Sensory evaluation for domestic people (JAR scale, 1-7)

Attributes A(Cube) B(Beef) C(Mushroom)
Beef odor 6.6740.52° 5.67+1.75 5.3341.03%
Sweetness 4.50%0.84% 4.83+1.72% 4.33%£1.37%
Saltiness 5.67+1.21° 6.33+0.82° 5.00%1.10?
Thickness* 3.83+1.47° 6.33+£1.03" 5.17+1.17%®
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Table 67. Effect of hot water on the total microbes in concentrate(x10)

Log cfu

unit -
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Table 68. Tyndallization effect on the total microbes in concentrate(x10)

Log cfu

unit -

Treatments(mins—mins)

15—-15

2.31

15—-10

2.22

15-5

2.43

10-15

2.24

10-10

2.20

10-5

2.16

2.83

con

3.31

<
No

L dFolA e Arle w55 AT 5 100C, 158 A2,

] A4 7]
=l

S tH A

@-

35C incubatorel] #

=
=

st o]

A Z
TBA7Ie] W3lE 235t tH(Table 69771, Fig. 56). =1 23}
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Table 69. Changes of total microbes during storage at 35C

. log cfu/g

unit

i

2.06

2.37

1.93

2.25

2.24

2.42

2.59

2.24

=
]

N
Ho

2.66

2.85

2.84

2.68

B
N
Ho

2.17

3.72

6.39

6.77

Storage time(days)

14

21
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Fig. 56. Changes of color of samples during storage
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Table 70. Color changes of samples during storage

Agd Color

(days) L a b E
0 47.74 6.46 21.00 0.00
ezl 7 39.33 9.91 16.50 10.14
o 14 36.43 11.82 13.99 14.35
21 31.44 7.79 9.76 19.84
0 70.16 2.98 18.47 0.00
Snng 7 67.28 4.55 21.10 4.20
e 14 58.75 7.37 18.67 12.23
21 55.04 8.29 19.11 16.04
0 66.43 —5.39 19.97 0.00
& 17|~ 7 66.69 —=7.27 21.67 2.55
B 14 66.38 —7.48 22.09 2.98
21 66.70 —7.44 21.52 2.58
0 60.97 1.32 13.23 0.00
oS o) AT R 7 59.23 1.49 14.05 1.93
t 14 58.6 1.59 13.99 2.50
21 56.83 1.94 14.35 4.33

Table 719+ TBAZIE 418 2345 YeUAH. A5 FToAA w5H4 53] #7110
ol wel TBAX| 7} S71ehe Aas Ho A% 794 3.43 mg malonaldehyde/kg, 7 21
Adoll= 449 mg malonaldehyde/kg 2 Z 7] H]dl 64%1} Z7FsFSith. whH FH E ol 1]
ZFxE A 2174 A 27] e A9 sdst FES BAd FEol FEE x7]o vl
Rt TUSE Ao YERY

A7) ARZFE Alg T AN FEALS BT A T vAE, A 2 Auikste] w9 &

wotol= @AZF lvtar & = vk 2y EEEE
&

)

Table 71. TBA changes of seolleongtang products during storage
unit : mg malonaldehyde/kg

%717 (days)

A&
0 7 14 21
N5 = 2.73 3.43 - 4.49
FrRET 2.66 2.85 2.34 2.68
& a7] ofaj A~ 2.24 2.42 2.59 2.24
GFo| T 2.06 2.37 1.93 2.25
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7F 4021 o 3

}StH(Table 72).

RL
J|
=
[¢)

=y

4

S
L

o] %

Al

ol
sgpeie
oo

. o
al i

N

=i}
P2

1%

=

By

H

o] A= L AL

[e)

56%

=
o

ELEE PN ES:

PN
)

oA

64F, MFA A ZH=9HAE

p==

[€)

&AM HAAA

ol M=

Table 72. Survey results on the menu harmonyous with seolleongtang products

A 7

1
T

o~ [ap] (ap] [aN] [a\] [aN] [aN] [aN] [aN] [aN]
_ A B
,H mo MM ,Oa oww 71_ ﬂU EW
I Bl I A I = ™ T |
A G I S ° X4
B s ey "
= ﬂ X ;ln_ﬂ .ﬁ N
© [le)] <t (ap] [aN] [N} — — — —
w r
1 mo o
¢ | 7o | o e e s
B ) Fal ok R oy e .ﬁ
w2l R N
03 !
Lo [a\] N N — — — —
my Xq el A= A= 2]
Bl ww ! ﬁ 12 it S m._ n
f W = oy 50 H | ~
A N I A B P = T A
= In|® J0 | m e o |7
o~ o~ <t <t <t o [aN] [aN] [aN] [aN] [aN]
G Y A | B o W
< TET R TIEE | E|E,
AR El i N %o
N 1 o+
(o)) N N (a0} [a\] [aN] [ap] — — —
= X SR
AL AR LI | 4
<] | Hw o Al M w . = = | W
i o ) ) =y i g | K|
m ey of | o
[a\] [a\] O N o~ [a\] <t [ap] [a\] <+ N
_ _ _ = l.ﬁ
BBl ® |w T | % i el
2T x| ® | w 7| A ey
AR st 3 i

- 195 -




R
NExAE B3 449 d WUH AR, TRz, Gl shel, B, FU, H(w),

g , e , 23} A ], FJZEE, G, Uz, 9, 2HolAd tigte] E
7F 9id 109 0] #sH7HE *E‘Al &t tH(Table 73, Fig. 57).

WG FHES DAY wHE 2YR Qdstol S Fol 5ol A9l 4 BIAE
Bolaly] wjiEol DA, AJE, FREY, gol Fid, Wi By A Ag
g, glxE 5 2ol i E HdEHE(SS FB)S A&sta FEY, S(d), A4
i, 3, Ux, s 224 w5ES AHEATh

Uo7 vt Fogd, ofed, Vs B2 AEA A7HA 5l diste] 73 H=(0A: v

Ao, 44 BE, 73 W =5)E FUrstda 5t R ade e A-agAE e el 7}

He AT 55 BXE 536, "3 527, N 509, @3RN} Fa
50 o8 95 vegon o&gas F& 591, AU ATAE 582 AHEATF 580,
7l 5647 et "l vz 545 f T 518, @A 509, FHWI F1H 509
ToZ 53t Vs E HIlAME YA AE 6.0, FEo] 591, dAF 5642 535S
3 A™E 23 530, 7Hd, FEy 2 39 527, 93 509 o2 vlwE $5EA vEbt
A AEA 7l AE #HE 60, 591, ¥AF 573 FHE 555 o2 5o FHad
536, A &Aaw 520, #lExE 9 "= 509 +o= HwA ¢ "o‘Hﬂ LFERSETE

1=

A7 ARES %%ﬂ W AT AE S} FEo] BE oA kA YEE L Ahd"a
3 92 FE5Y &I =5 ASE 7HHd

Table 73. Sensory evaluation on Menu added with seolleongtang products (n=10)

LI T DA o &d 78 % FEA
= 3R ) 5.00£1.10 5.00%1.10 4.64%1.50 4.8241.25
e 5.09+1.04 4.91+1.38 4.64+1.57 4.55+1.69

A&SR 3.454+0.93 3.45+0.93 3.82+1.17 3.2741.10
FRzY 3.91+1.51 4.09+1.64 3.64+1.29 3.64+1.69
w 5o 4.64+1.36 4.55+1.69 4.2741.01 4.09%1.70
7} 4.55+1.37 5.64+1.03 5.27+1.27 4.8241.72
EEEab V1= 5.64+1.21 5.82+1.66 6.00+1.41 5.91+1.45
S 5.36+0.81 5.18+1.08 4.91+1.22 5.00£1.10
w = 5.27+1.10 5.45+1.13 5.00+1.34 5.00+1.48
et 5.09+1.04 5.09+1.30 5.27+1.19 5.55+1.13
= 1y 5.00+1.26 5.00%1.34 5.27+1.19 5.36+1.57
A ae 5.50+1.18 5.80+1.03 5.30%1.42 5.20+1.48
Mot 4.64+1.21 4.91+1.22 4.55+1.51 4.64+1.63
I 5.64+0.92 5.91+0.83 5.91+0.54 6.00£0.89
Uz 4.27+1.19 4.734+1.35 4.9141.30 4.55+1.51
¥ 2} 4.91+1.14 5.45+0.82 5.64+0.81 5.73+1.01
EN ] 3.64+1.03 4.64+1.29 4.8241.25 4.55+1.37
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Fig. 57. Menu added with seolleongtang products
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Fig. 59. Various apparatus for manufacturing of seolleongtang products
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olgd vit C ¥ EFIHE T HI7F= dig w9 RDA(recommended

dietary alowances)ES ZAF3FtHTable 74). =L A3} n|=Foj Aol s-FAF S Ca 1000mge]

3 AE 8mg, P 700mg, Vit C 90, EZ#HE 15mge]

oo dyger 712 170(108)E 6golal Ca 13mg% ZE 0.3mg%, P 69mg%, Vit C
400mg%, EZHAF 300mg%oloiA A7) m=lEe] oF A vvgt IS F= A=
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Table 74. Dietary reference intake of some mineral and Vitamine(USA)

Nutrient EAR RDA/AI UL Unit Gy
Vit C 75 90 2000 mg 400 mg%
Vit D 10 15 100 ug
a—tocopherol (Vitamin E) 12 15 1000 mg 300 mg%
Calcium'®’ 800 1000 2500 mg 13 mg%
Chloride NE 2300 3600 mg
lodine 95 150 1100 ug
Iron 6 8 45 mg 0.3 mg%
Magnesium 330 400 3502 mg
Manganese NE 2.3 11 mg
Molybdenum 34 45 2000 ug
Phosphorus 580 700 4000 mg 69 mg%
Potassium NE 4700 ND mg
Selenium 45 55 400 ug
Sodium NE 1500 2300 mg
Zinc 9.4 11 40 mg

EAR : estimated average requirement
RDA : recommended dietary allowances
Al : adequate intake

UL : tolerable upper intake level
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1. 3tsto] digne qA7IE R v E 7terle A2 478

7}. Joule heating

71E 7tg7ise Azl R oluA 884, T4 AE5A, 7Y dde] s 2 odE
Wi A7S 2202 A3E F£dFo|t}h oln] 159 -joule heating®] A+g 2% &&7)<%3 1
3l-joule heating processing ¥ Fx|A47 7&& AAHoz gHsty loH, S71F, F71
&, AAAE EulgE bl dwbg Fofo] At % "Hyto] Wi $&7]& JiY F. Ohmic
heating®] 7|4 SAE FE31 284S &

Alz=gl Jhde] FEata o v SRR RYH dAHAS 9% JtEve AT T uhde
ATE FPFol

L}. PEF (pulsed electric field) treatment
A714S &8 MY 7|E=24 10 kWw e FAF AHEE At ZAE AF 7)dst
o] PEF ## A+ frHol &l A4 2oke drkAel 4t

b ore
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University, 5¥¢] TU Berhn 29 dle] SIK Gothenburg, U2 #=2] ATO/Unilever 11
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t}. Combination heating
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Temperature

() microwave (b) Ohmic heating (c) Combination i 300

heating heating

Microwave, ohmic heating % combination heating®l] 2]3} liquid-particle £ =2 7[9A] &
T e 24 Ay
2. 48 HEFFATALY UYAE #d 2 AFES

FE AFAF] At #I AFE TPt Jrh 53], AGAFY EAste s X
Zpoll o3k Ayt A w5 324 Al (High Electric Field AC)E o] &38te] AFE 3star k.
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