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SUMMARY

[. Title

Process development and industrial application of rice protein and natural preservatives

from rice by-product

I. Purpose and Necessity of Project

1. Purpose of Project

® The purpose of this project is to develop the optimum separation and manufacturing

process of high purity proteins, dietary fibers, phytic acid, and inositol from rice
by-products and manufacture various types of foods and feeds such as health benefic
foods, dietary foods, and instant foods, and thereby substitute the imports and export

the developed products.

2. Necessity of Project

® Although the rice production in Korea is increasing, its consumption is decreasing every

vear, and for this reason rice wine is being manufactured using surplus rice. Also the
development and production of oil and syrup using rice is gradually increasing, and
thereby enormous amount of rice by-product is generated. Due to the cost and
environmental problems in disposal of rice by-product, great part of it is used for
animal feeds or for compost. Therefore the study on utilization of by-products by
developing new high value-added materials and products by reprocessing the

by-products is urgently needed.

Compared with soy protein, rice protein is attracting worldwide because it 1s free from
allergenicity and is nutritious. The awareness of consumer is also very positive on the product
that 1s manufactured with proteins and dietary fibers from rice. Therefore the development of new
materials by utilizing rice by—product will be foundation on activating new product development,
and substitute imports. As a result, it will contribute greatly on income increase of local farm,

prevention of environment pollution and waste of foreign currency.



M. Scope of Project

® This project was performed by organizing total five main project team, collaboration team,

and commissioned team in order to accomplish the final goal.

® For the 1st collaboration team, the experiment to separate protein and fiber fraction from
rice by-products were undertaken. After establishing the preservation and acquisition method
of each material such as wine meal, syrup meal, de—fatted rice bran and evaluating the
properties, optimum condition for the enzymes, time, and temperature was set up in order to
separate protein and fiber fraction. Separation process of each fraction was established and

the shelf life at each storage condition was evaluated.

® LFor the 2nd collaboration project, we had developed the manufacturing technique of inositol
and phytic acid from rice bran. After establishing the preservation method and obtaining
system of rice bran. Also we implemented the experiment for checking safety using
developed phytic acid and inositol, we progressed the study on influence that is effected to
stability of rice. Also we implemented the study on shelf life evaluation by the preservation
condition of each material. Also we progressed the efficiency evaluation of water—-soluble rice
protein that is developed through 1st collaboration project. By implementing in vivo and in

vitro test, we verified the effect on liver protection of water - soluble rice protein.

® Through commissioned research with Chemon, we implemented the efficiency evaluation of
water-soluble rice protein. After orally administrating water soluble rice protein SRP70 that
was developed through this project to Sprague—-Dawley rat for 4 weeks, we implemented
forced swim test and studied on the effect that the oral administration of SRP70 had
given to mobility improvement of rats. And after sacrifice through analysis of blood
bio-marker which can be acopic indicator they had implemented the study on the influence

that 1s given to fatigue recovery after exercise.

® Through commissioned research with AZI, they had implemented the process optimization for
mass production of each material which is developed in 1st collaboration project and Znd
collaboration project. The study for preservation and product quality evaluation of
water—soluble and insoluble protein and insoluble fiber product was implemented, had
established the method in order to distribute products. Subsequently we implemented on

simulation for mass production of each material and optimized the process and facilities for

_10_



mass production. Also regarding phytic acid and inositol, we implemented the study for
product quality evaluation and preservation and optimized on the study of distribution method

and the process and facilities for mass productiorn.

® In the sub-project team, we implemented the simulation and merchandising of material that was
developed through this project. We had implemented the material standardization of developed rice
protein and progressed the study for the properties of water—soluble rice protein, By utilizing
water—soluble rice protein, developed the manufacturing method of rice mulk and forced protein
beverage and they checked the possibility of the commercialization through applying to several
products like nutritious meals and dietary products of each material. Also through market

research, we had established possible application range of developed material.

IV. Results of Project

1. Development of protein and dietary—fiber extract method from rice by-products.

® We had established the optimum condition for manufacturing the fiber and rice protein.
After analysing the component of wine meal, syrup meal, rice bran materials which is
by product of rice and implemented the application test for development and selected the
raw material for optimum material development. In the case of water soluble and
insoluble protein, we had chosen the syrup meal which has highest protein contents as
optimum material. Through washing process, we had established the manufacturing
process of insoluble rice protein that contains more than 709 of crude protein. Also
through setting of time, temperature and selecting the optimum enzyme, developed the
technique for optimum water-soluble rice protein. Also through complex process of
a—amylase, protease, cellulase developed the manufacturing technique of fiber material
that the total fiber content is more than 60%. After developing the material, they had
checked the reproducibility of manufacturing process through scale up. As a result of
checking mass balance, in the case of insoluble rice protein, the result is 60~75%, in
the case of water soluble rice protein, it is 20~30%, and in the case of insoluble fiber,

it 15 40~50%.

® Shelf-life test of each fraction was undertaken. Soluble proteins were prepared in

powder for the long term storage, The maximum viable cell count of total bacteria, E.

coli, and coliform bacteria in protein and dietary fiber fractions was set up to 5000
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cfu/g, negative, and negative, respectively. The shelf-life of products sealed in
aluminium pouch was set up to 2 years by acceleration test considering content of

component, color, or off-flavors.

2. Development of phytic acid and inositol extract method from rice brarn.

® Optimum conditions for the extraction of phytic acid from de-fatted rice bran are as
follows; Phytic acid was extracted with 0.5% sulfuric acid followed by removing solid
contaminants using gauze and passed HP20 resin. The flow-through was absorbed onto
IRA-416 resin and the resulting eluent was concentrated. Inositol was prepared by
hydrolyzing phytic acid at 160C for 6 hours and the resulting phosphate group was
removed by adding Ca(OH): at pH 6.5 followed by concentration and crystallization.

® Phytic acid or inositol was added to cooked rice with a concentration of 0.01, 0.1, and
1.0%, and the changes in pH, color, and wviable cell number of total bacteria was
checked. during the storage at various temperature. pH of cooked rice added with 1.0%6
phytic acid or inositol maintained initial pH. Total bacteria was not detected and the

color of sample did not change for 72 hours of storage.

® One percentage of phytic acid inhibited the growth of S. Typhimurium at pH 5.5-7.0.
When phytic acid was added to chicken meat, fork, and beef, 1% of phytic acid
inhibited S. Typhimurium at the level of 2.2 and 1.9 log in the chicken meat and fork,
respectively. Addition of 126 phytic acid decreased pH of these meat at the level of 0.2
to 0.3. Similarly, addition of 0.5% phytic acid reduced the wviable cell number of
FEscherichia coli O157:H7 at the level of 1.3 log. As the amount of phytic acid increased,
TBARS value decreased and this result reflects high antioxidant activity of phytic acid,
and thereby phytic acid can be used as food additives. The shelf-life of phytic acid

could be 6 months.

® [.Ds value of soluble rice protein, SRP70, was over 2,000 mg/kg rat, and the toxicity on
liver cells was not detected when liver cells were treated with 1,000 pg/ml of SRP70.
Moreover, SRP70 showed good protective effect on the liver cells. When rat was treated
with 1.0 g/kg of SRP70, the levels of RBC, Hh, HCt, MCV, and MCHC did not change,
whereas the activities of catalase and glutathione peroxidase in the liver cells

increased.

_12_



3. Test of the effects for the exercise capacity and fatigue recovery after exercise using

soluble rice protein.

® The effect of soluble rice protein (SRP70) on the improvement of exercise capacity and

fatigue recovery after exercise was examined. SRP70 was administrated orally to
Sprague-Dawley rat at the concentration of 67, 335, and 670 mg/kg/day for 4 weeks
and the exercise time of each group was checked by doing forced swim test. Rats were
sacrificed after forced swim test and levels of blood glucose, creatine, ammonia, the

bio—marker for fatigue recovery, were checked.

Oral administration of SRP70 did not affect on the improvement of exercise capacity for
each group. When bio—marker for fatigue recovery was checked, however, blood glucose
concentration of control group was 70.80 mg/dl and that of SRP-treated group increased
in proportion to the SRP concentration. In case of blood creatine, control group showed
0.64 mg/dl but intake of SRP did not affect on the level of blood creatine. In addition,
levels of blood ammonia slight changed from 753.57 ug/dL of control group to 694.29,
638.00, or 600.71 ng/dl of each sample groups. As a result, oral administration of SRP70
did not affect on the improvement of exercise capacity for each group, but showed

fatigue recovery effect after exercise.

4. Optimizing of bulk production processing.

® Quality evaluation and process for mass production of soluble and insoluble proteins and

dietary fiber were established. Parameters for quality evaluation was set-up by
examining the suitability of product with quality management criteria based on the
components such as protein, lipid, ash, water, and carbohydrate contents of each
product. Manufacturing process of each product was established through washing,
enzyme process, dehydration using centrifugation, concentration, drying, grinding and
packaging process, and each process was optimized. Quality evaluation and shelf-life
test were also done for the phytic acid and inositol, and quality evaluation method was
established by considering pH, temperature, flow rate and direction, and regeneration of
resin. Mass production process for the phytic acid was established through extraction,
filtration, neutralization, recovering, resolublization, ion removal, elution, and
concentration processes. Manufacturing process for inositol was optimized through

hydrolysis of phytic acid, addition of Ca(OH)., adjustment of pH, removal of phosphate,
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and concentration process.

5. Applications of developed materials from rice by products.

® C(Characteristics of soluble rice proteins (SRP70) were studied. When the amino acid
composition of SRP, of which content of crude proteins was over 70%, was analyzed
using ninhydrin HPLC, it was found that the amino acid compositions of brown rice,
insoluble rice proteins (RP70), and soluble rice proteins (SRP70) were almost the same,
and the ratio of BCAA (branched chain amino acid) of SRP70 was 16.98%. When
molecular weight range of SRP70 was analyzed using HR-MS, it was confirmed that
SRP70 consisted of peptides of which molecular weight was lower than 1,000 Da and
most of them were in the rang of 300~700 Da. SRP70 was stable at wide range of pH
and its isoelectric point was pH 4.2. It was also stable at 100C and safe

microbiologically at room temperature for 12 weeks in 126 solution.

® Rice beverage and protein supplement beverage were developed using soluble rice
protein. Saccharified rice solution was manufactured as base and the protein content of
rice beverage was adjusted to 1 mg/ml, of which level was the same as protein content
in milk, using SRP70, and milky powder, flavor, gum were supplemented for the taste
improvement. Manufacturing process of the protein supplement beverage which contains
1.3 g of soluble rice proteins was developed as 200 ml can-type, and its daily amount
of intake would be 4 cans which meets the daily amount of intake of protein
supplement for adult. Sensory evaluation of these products confirmed the possibility of

commercialization.

® Market research was undertaken for the applicable products using raw materials
developed through this study and it is confirmed that the raw materials developed
through this study can be applied to cereals, nourishing foods, dietary foods, instant
cooked rice, canned foods, salads, and rice cakes. Also Manufacturing process of feeds

product was developed by simplification of rice by—product process.
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V. Outcome of Project and Application Plan.

® Manufacturing techniques of insoluble and soluble proteins, and insoluble dietary fiber
using rice by-products were developed and their prototypes were successfully obtained
through this project. Also commercialization technologies of high quality soluble rice
proteins were developed. It was confirmed that soluble rice protein showed excellent

protective effects on liver.

® Soluble rice protein and dietary fiber developed through this project will be
commercialized in the near future. OEM company will be recruited for the
manufacturing prototype products and suitable processing plant will be selected.
Furthermore, Health benefit protein beverages will be developed using processed rice
protein and the developed products will be promoted for the sales using marketing

network which is carried by BK bio Co., Ltd.

® C(Currently, four patents were applied, six research papers were submitted, five processes
(soluble and insoluble rice proteins, dietary fibers, phytic acid, inositol) and six products
(protein reinforced beverage, rice milk, cereal, porridge, dietary uncooked food, instant

cooked rice) were developed.

® Future commercialization plan 1s to research for the mass production of soluble rice
protein which is selected for the differentiated products with high priority of
development, to reproducibility study of mechanism for the functional differentiation of
products, to study of safety carried by GLP facility, to conduct B to B business for the
boosting of soluble rice proteins sales, and to expand the product demand through the

application of products developed in this project.
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Table 1-1. Proximity composition of rice and rice byproducts

Rice Rice wine Defatted rice Rice syrup
meal bran meal
Crude Protein (%) 6.12-8.67 25.31£0.6 18.7+0.1 45.1£0.9
Crude Lipid (%) 0.35-0.45 4.3£0.0 4.3+0.0 8.1+0.2
Crude Ash (%) 0.59-0.63 0.4%0.0 11.2+0.2 0.8+0.0
Moisture content (%) 13.22~14.23 6.4+0.2 7.2+0.3 6.3+0.3
Carbohydrate (%) 76.6~79.12 63.6+0.4 58.6%0.3 36.7+£0.1

3) & FAkzo A ol wE FA W}

Z st
5] we
e

60 -+
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40 \v\\‘
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30 1

Dry matter content(%)

20
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10 - —@— Defatted rice bran

1 2 3 4 5 6

Fig. 1-2. Weight variation according to time of washing of rice by-products.
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Table 1-2. Optimum conditions for 8 commercial proteases used in this experiment

Name Company pH Temperature (C)
Protamex Novozyme 55-75 (7) 35-60 (40)
Neutrase Novozyme 5.5-75 (7) 45-55 (45)
Flavourzyme Novozyme 5-7 (7) 50 (50)
Alcalase Novozyme 6.5-8.5 (7) 60 (60)
Protease M Amano 45 (4.5) 50 (50)
Protease N Amano 7(7) 55 (55)
Protease A Amano 7(7) 50 (50)
Protease I Kikoman 33 50 (50)
® A7 aAsr AHI(FY)
TF& Aol A8 AAR AME S gol FRFE83 mDE F7Iste] 15% AN JHE A
£33, 1 N HCl 52 1 N NaOHE Apg3te] 7ol &48d 2459 4 pHE x4dsha,
HA TA Az nYFE v 0.1%Y E4E H7E & 447 Fd vEEAF Y wEg-o]
v JEHS 2023 A4 EE(3,000xg)E 3 Jdf ol Aoy AdE, 28al JAdE
o Ax 5 FAWSE Foto AR SulAEe ks vlauskglvt
® A7 aAs AIAEFH)
HdEAs AR dojd AAE EWRE 7P E3UF £ 24 iE AEste &3E 9l
T B TRUWHDE st ddx e et 22 o R FHA pHet HA 2ollA 4A3E
& WSS & 207 ToF 94EE(3,000xg)ete] e HAES B, F439Y

assay kit (TP0300-1KT, Sigma)Z o]&3lo] £43% A RE EFFTAE ALE3te] 575 nmel
A FBEE A ofgfe] 28 AFE3le] 29F 304 AdojR AEeke] FgA A ks

A4l o] Wl Lowry protein assayol A AF8% standard curvet® Fig. 1-33 Zt}.

0.D—0.1143 |
0.0034>1000

(0.D=575 nmelA 9] &F5%, D=3g4u]F)

Soluble protein content (mg/ml) =
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ALAT) 5 95

Soluble protein content (mg/g) =

(S=A18 9 FA(g), T=0.1 N HCl BA Z(ml) )

AOAC WHo| ueg} AE 2 g& forced convection dry oven(HB-502M, Hanbaek Scientific

Co., Korea)S o] &3}o] 105ColA overnightd 3 FAS ZA3to] RS Aot
o 3|y S

AOAC WHel| wel A®E 1 g& Electric muffle furmance(LMF 1200, Carbolite/ Sheffield,
England) & A}F-8-3}o] 550TC oA overnightdt & A& FHAHste] X237 S A4S T

Gzl A #3E SDSE ¥33= polyacrylamide gels o] €3 Laemmli(1970)¢] =M ol whlA]
A7) 955 33}l Separating gel 10% acrylamide gels +4H]38F21 3L running gel< H:0
1.9 ml, 309 acrylamide mix 1.7 ml, 1.5 M Tris (pH 88) 1.3 ml, 10% SDS 0.05 ml, 10%
ammonium persulfate 0.05 ml, N,N,N’,N’-tetramethylethylenediamine( TEMED) 0.002 ml ]
o AZEEP oW stacking gele H:0 0.68 ml, 30% acrylamide mix 0.17 ml, 1.0 M
Tris(pH 6.8) 0.13 ml, 10% SDS 0.01 ml, 109 ammonium persulfate 0.01 ml, TEMED 0.001
mle] Aoz AZX3AY. Samples 5x sample buffer(60 mM Tris-HCl buffer (pH 6.8),
144 mM B-mercaptoethanol, 2%(w/v) SDS, 25%(v/v) glycerol, 0.1% (w/v) bromophenol
blue)?} 4ol 1087 #9 e HAELS 12000 rpmlZ 187 AAEYAZ] T geld
loading 31tk 7|9 &2 15 OmAZ #8329, staining buffer(Coomassie blue R-250 1.0
g, methanol 450 ml, H.O 450 ml, glacial acetic acid 100 ml)2} destaining buffer(methyl
alcohol 100 ml, acetic acid 100 ml, H-O 800 mDE AFgalA M3} &8 &}

® Amino acid ¥4

A& 30 mgE 300 ul® dd-ILOe°l| =< 3 10% TCA solutione 1:19] W&z FH7Fsta 10%

b AAEE (12,000xg)8e] @l AS HAAH Y. X H-S A A Y] Y8 hexanes 1:12] H| &
=]

2 ZA7Fsle] ks =2l 3 5E7F AAEE(12,000xg)E i HAE HHAES sample® Af
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Table 1-3. Optimum conditions for 6 commercial enzymes used in this experiment

. Declared . . Optimum
Enzyme Condition component o Density Optimum pH .
activity temp.(C)
Brown
Celluclast fouid Cellulase 700 EGU/g 122 g/mL 45~6.0 (45) 50~60 (60)
iqui
Fungamyl Brown _
o a-Amylase 800 FAU/g 1.25 g/ml 5 (5) 55~60 (60)
800L liquid
Liquozyme Amber
o a-Amylase 135 KNU/g 1.26 g/ml 55~7.0 (65) 50 (50)
supra liquid
Promozyme Brown
o Pullulanse 400 PUN/ml 1.25g/ml 5 (5) 60 (60)
D2 liquid
Termamyl Brown ,
o a-Amylase 120 KNU/g 1.20~1.25 g/ml 6.5 (6.5) 93 (90)
type L liquid
B-Glucanase,
Arabanase,
. Brown
Viscozyme L louid Cellulase, 120 FBG/ml 1.2 g/ml 46 (4.6) 44 (44)
iqui
d Hemicellulase,
Xylanase
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o T HA wkg Azt 3y

gubg dido® 7F Fae] ok HA whg AzhE 3Ey] ] BgFu AR 5 gol
F(283 mDE H7hste] 15% AEre] Fej= Axsha, 24 340 HA pHep M4 2% BHA
8748 x24de 5 zrdz 77 15 3, 45, 6, 75, 9, 105, 12, 24X 3H8 vk A A 2 F
o FAEA Fs o)gste] A HA wkAMS AAE )

o Ao A A(dY)

FEA AEo 9] AAR AFE 5 gol TFF(283 mDE HUIE 15% dEd FEHZ A
%3kal, 1 N HCl 2 1 N NaOHE AR&3he] 7|&o 4l 2459 #4 pHE X3,
HA xoA] HeFe] EAE HUbete] HAARLY S v AI AT ¥hgo] #yk dEdlg 208
B AR (3000xg)E BtaL olu] dojxl HAE] FAYL AAES E45te] T e
Wkl FAoldfro] WSS vl

=4 vebdyr. wEbA, amylolytic enzyme & 7 F&o] B2
Termamyl¥ B-glucanase, arabanase, cellulase, hemicellulase, xylanase®] Z3I& 4

Viscozyme 1|3l cellulase?] CelluclastE A4 02 E3hxjgdlo] ojnf dojzl HdES v
i, BASAY #44 Ba AY w4 94 eRst e fadd 4 endt ve fa

<=4 Z(Termamyl, Celluclast, Viscozyme <=41) &3} %t}

AOAC WHlel we} A& 2 go Forced convection dry oven(HB-502M, Hanbaek Scientific

Co., Korea)S o] &3}o] 105ColA overnightd 3 FAS ZA3to] RS Aot

® X3|H
AOAC Ho weg} A& 1 g& Electric muffle furnance(LMF 1200, Carholite/Sheffield,
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e
oft

o z;q uol z‘sl—aok
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AlA & o 9A%el Lowry WHe AF Alalase’t 714 2 #8d=E YEHIAL

Protease N3} Protamex? o= F3 A=7F & Aoz yEryt

i

-

Z el A4 Alcalase’} 74 2 B AEE YER AL, 1 Y Protease N, Protease
, Protamex?] o2 FAE7 A YERS™, o] 5 Protease M3} Protamex®] 7
Feld oz aol7t gli= Ao 2 yeEbuth Kjedahle] 4% Alcalase’} 714 2 B34 %
YEH A AL, Protamex”t 7+ HAZ 2 3] A=E vehlidlew, UmA gl 7he &
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Fig. 1-4. Soluble protein contents of rice wine meal after enzymatic hydrolysis with 8

commercial proteases.
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Table 1-4. Soluble protein contents of rice wine meal after enzymatic hydrolysis with &

commercial proteases

Lowry (mg/g) Dry (mg/g) Kjedahl (mg/g)
Protamex 88.44£2.08" 149.11£4.89° 90.70+1.27"
Flavourzyme 70.49+2.82° 109.93+1.00"" 84.28+0.26°
Neutrase 68.52+1.14° 119.192.64" 84.79+0.68°
Alcalase 11741£1.71% 19850+1.53% 122.01+0.36*
Protease M 74.69£2.20 157.67£4.66° 54.67+1.42°
Protcase N 88.49+16.20" 170.31£14.41° 86.94+3.91°
Protease A 71.03+0.44° 103.10£1.37" 83.80£0.35°
Protease F 57.592.50" 112.84+2.25"F 84.30+£0.58°

* Means with the same letters in the same column are not significantly different (P<0.05)
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Fig. 1-5. Soluble protein contents of defatted rice bran after enzymatic hydrolysis with 8

commercial proteases.

Table 1-5. Soluble protein contents of defatted rice bran after enzymatic hydrolysis with 8

commercial proteases
Lowry (mg/g) Dry (mg/g) Kjedahl (mg/g)
Protamex 24.57+1.21%" 77.61£1.29° 8.39+0.24"
Flavourzyme 8.07£0.78" 62.71+1.34° 3.63+£0.25"
Neutrase 19.94+2.01°¢ 81.00+1.83" 8.46+0.34"
Alcalase 39.05£2.06" 118.33+1.61%4 23.80£0.28"
Protease M 12.64+1.87" 90.78+19.54" 16.55+3.49°
Protease N 39.38+1.00% 107.14£0.37% 37.94£0.06%
Protease A 15.58+0.83" 86.01+0.68" 11.78+0.12°
Protease F 6.88+0.62" 61.03+2.61° 3.34+0.49"

* Means with the same letters in the same column are not significantly different (P<0.05).
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Fig. 1-6. Soluble protein contents of rice syrup meal after enzymatic hydrolysis with 8

commercial proteases.
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Table 1-6. Soluble protein contents of rice syrup meal after enzymatic hydrolysis with 8

commercial proteases

Lowry (mg/g) Dry (mg/g) Kjedahl (mg/g)
Protamex 22.65+3.015 55.04+2.65" 67.43+1.81"
Flavourzyme 8.39+0.83" 46.14+0.79" 37.60+0.56"
Neutrase 23.82+1.85" 54.33+2.44"F 32.73+1.75°
Alcalase 23.69+3.08" 51.50+1.75" 43.46+1.24"
Protease M 57.46+1.76" 79.97+0.47° 53.32+0.33"
Protease N 59.02+3.35" 85.36+3.02% 70.43+2.12%
Protease A 27.17+2.13" 58.31+0.51° 62.730.35°
Protease F 18.37+1.77° 31.63+0.78" 19.07+0.56"

* Means with the same letters in the same column are not significantly different (P<0.05).
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Fig. 1-7. Soluble protein contents of rice wine meal after enzymatic hydrolysis with mixed

proteases.

Table 1-7. Soluble protein contents of rice wine meal after enzymatic hydrolysis with

mixed proteases

Lowry (mg/g) Dry (mg/g) Kjedahl (mg/g)
Protamex 88.44+2.08"" 149.11+4.89" 90.70+1.27°
Alcalase 117.41£1.714 198.50+1.53* 122.01+0.36*
Protease N 88.49+16.20" 170.31+14.417 86.94+3.91°¢
Pro+Al 127.75+5.35" 203.69+12.38" 105.13+3.21°
Pro+N 120.76+£9.84% 195.57+13.41* 108.52+3.39"
Al+N 123.69+11.08" 199.55+23.52" 119.91+5.65"
Pro+Al+N 131.72+9.55* 207.85+25.59" 118.65+6.25"

* Means with the same letters in the same column are not significantly different (P<0.05).
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Fig. 1-8. Soluble protein contents of defatted rice bran after enzymatic hydrolysis with

mixed proteases.
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Table 1-8. Soluble protein contents of defatted rice bran after enzymatic hydrolysis with

mixed proteases

Lowry (mg/g) Dry (mg/g) Kjedahl (mg/g)
Protamex 457+1.217 77.61+1.29° 8.39+0.24"
Alcalase 39.05+2.06¢ 118.33+1.61° 23.80+0.28°
Protease N 39.38+1.00c 107.14+0.37" 37.94+0.06"
Pro+Al 42.67+5.79° 182.03+12.59* 26.26%2.35°
Pro+N 40.24+3.47° 179.73+12.99* 39.96+2.20""
Al+N 50.02+7.16" 184.83+8.99% 36.73+1.57°
Pro+Al+N 55.34+5.43% 198.45+18.48" 42.92+3.14%

* Means with the same letters in the same column are not significantly different(P<0.05).
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Fig. 1-9. Soluble protein contents of rice syrup meal after enzymatic hydrolysis with

mixed proteases.

Table 1-9. Soluble protein contents of rice syrup meal after enzymatic hydrolysis with

mixed proteases

Lowry(mg/g) Dry(mg/g) Kjedahl(mg/g)
Protease M 57.46+1.76™ 79.97+0.47° 53.32+0.33"
Protease N 59.02+3.35" 85.36+3.02° 70.43+2.12°
Protease A 2717+2.13" 58.31£0.51" 62.73+0.35"
M+N 64.2249.13" 142.22+1.67% 104.03+1.18"
M+A 42.81+5.18° 125.41+6.53" 98.99+4.58""
N+A 59.18+7.31° 1357112217 89.72+8.79"
M+N+A 75.96£4.03" 14751+22.85" 93.79£16.57""

* Means with the same letters in the same column are not significantly different (P<0.05).
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(3) SDS-PAGE
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Fig. 1-10. SDS-PAGE of rice protein concentrates of rice wine meal.
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Fig. 1-11. SDS-PAGE of rice protein concentrates of defatted rice bran.
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Fig. 1-12. SDS-PAGE of rice protein concentrates of rice syrup meal.
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(4) Amino acid ¥4 (g1l)

o Eoutoriy FEd Gy AME F ZAE EFske AW ddE A 371 (Pro, Al
N)et 379 84 E5FE EF3 APro+Al+N) &
B A tHTable 1-10). AA A o2 3714 B4AE &
of FH3 AHAom uYetwgon £ F2Moz vErd dukzl ofmxAl FolA
phenylalanine, leucine, isoleucine, arginine®] %F=o] =& # <1, u
2ol 749 glutamic acid, arginine, leucine®] $h&Fo] =il Az o
o o] vre AE AFo Byl gputoziy EEgh dujde fiiEe Az RE

[e] =1. O A=
FaEg-s & & ARG

Table 1-10. Amino acid distribution of protein concentrates of rice wine meal(mg/L).

tryptophan, cysteine

Pro+Al Pro+N Al+N Pro+Al+N Pro+Al Pro+N Al+N Pro+Al+N
Arginine 13208 9784 12622 13517 Cystine 1121 3291 9184 3134
Histidine 150.7 1148 1366 218.0 Proline 782 354 80.7 46.7
1-Methylhistidine 0.0 325 0.0 46.0 Tyrocine 18262 7505 16994 24874
3-Methylhistidine  114.1 1582 1179 1829 Aspartic acid 19270 17127 2009.6 1826.8
Lysine 3383 2736 3640 2808 Glutamic acid 6374 5543 5882 129.7
Hydroxylysine 1815 144 5 26.0 2854 Sarcosine 17728 23186 19662 27587
Leucine 12816 5665 7601 1679.7 Citulline 3277 4501 3073 4850
isoleucine 9430 L107.7 9549 1287 4 Cystathionine 0.0 270 15.1 1034.0
Methionine 31.7 3[4 394 507.3 Ethanol amine 5938 6360 6949 7412
Phenylalanine 26539 6306 7911 3501.7 Ornithine 3870 5241 4459 638.5
Threonine 4435 356.7  379.0 5146 Anserine 3934 Bo6.E 4856 1003.6
Valine 5399 3080 4353 3613 Carnosine 3501 4895 39738 5721
Alanine 11919 11311 8718 14663 Taurine §40.0 63.7 88.2 §943
b-Alanine 15748 22020 14462 292.0 a-amino-n-butyric acid 7697 6450 7356 §96.2
Glycine 3748 4429 3605 568 .4 b-amino isobutyric acid  2206.6 38397 2501.0 43472
Serine 6247 6472 5355 §58.6 b-amino-n-butyric acid 9514 13688 10443 1760.7

Phosphoserine 17813 24350 28854 18915 Phospho ethanol amine §20.2 0.0 8332 797.0
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Fig. 1-13. Weight loss of rice wine meal using amylolytic enzymes over time.
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Fig 1-14. Weight loss of rice wine meal using Celluclast, Promozyme and Viscozyme

over time.

Table 1-11. Optimum latent period of commercial enzymes

Fungamyl | Liquozyme | Promozyme | Termamyl Viscozyme
Enzyme Celluclast S00L supra D2 type L L
Optimum
time (hr) 24 9 45 9 1.5 24
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Fukel wald s HW GYdEARE Termamyls M2 @S o 2526+0.579 4]
28.14+0.80 mg/gl & 7} wo] F7ldk AL 3eld 4 A A} Viscozymeo©| W Celluclast
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Table 1-12. Insoluble protein contents of rice wine meal after enzymatic hydrolysis with

mixed enzymes

Weight loss (mg/g)  Crude protein (%) Total dietary fiber (%)

Rice wine meal ) 25.26+0.57 30.26
Termamyl 254.50+24.20° 28.14+£0.80 53.62
Viscozyme 144.59+1.53% 26.58+0.42 36.23
Celluclast 127.12+31.47% 25.65+0.38 34.86

T+V 291.49+24.04" 30.82+0.41 45.95
V+C 174.22+7.88P 26.69+1.03 33.81
T+C 279.12+9.215¢ 31.45+£0.19 4372
T+V+C 347.32+1.81% 34.21+0.68 35.84
400
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Fig. 1-15. Weight loss of rice wine meal after Termamyl (T), Viscozyme (V), Celluclast
(C) and mixture of T,V,C treatment.
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Fig. 1-16. Crude protein of rice wine meal after Termamyl (T), Viscozyme (V), Celluclast
(C) and mixture of T,V,C treatment.
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Fig. 1-17. Total dietary fiber of rice wine meal after Termamyl (T), Viscozyme (V),
Celluclast(C) and mixture of T,V,C treatment.

_51_



(W) @A

Qe Fv Ao = YEEtHFig. 18). @A n] e Al &= 5—3] ® 2

7F 2A JEbskE] Temamyld} Viscozyme, CelluclastE =% 283 A3 265.24 mg/g 9
T3 E AL Fd 4 iy wud Bl A A pAAEe] =83
A

= g gl Frhehe AoE e

® T Xu7 JA dAdFTAEE Termamylol A 18.71+0.0801 4 19.36£022% = 714 & w4
F T7ME BAvH(Fig. 1-19). Al 7F#] &4 £gez g A 23 Boks o Al

7bA EAaE B ARE g Aol A 23.2520.26% 9] Wl A geRS UEHHTh Aol
of i ow w2 "Au|Afe Fg AlxHe] dddy] wiel a4 WheoRk dddt

%4L A=A %3 A= HTHTable 1-13).

® =Xu|7to] F 2ol fE e AR 3952% = HUdor He Holduy &4 XYE g
FIE BES AA Ay AAFoem TDF #Hol F7hsleE A4S By 53
Termamyl¥ Viscozyme?] EH3-S ul 53.04% = F7F8A L A 7HX] 349 o=
53.10%7+A & 7+8F S vhH(Fig. 1-20).

® Ul% %o £no 2o]Xf S AV 93t Termamyl ¥ Viscozyme H3Hx el & %3
AFREAA A o] F NeutraseE o] -&ato] ©huld F3& AA TAHS TIP3 90Tl A

T3 5 FEAs AAS FH 60CoAA Viscozyme % Neutrase £

Termamyl * &=
3 A3t & 2ol g8 62.3% 714 2718 HFig. 1-21).

A E A

Table 1-13. Insoluble protein contents of defatted rice bran after enzymatic hydrolysis with

mixed enzymes

Weight loss (mg/g) Crude protein (%) Total dietary fiber (%)

Defatted rice bran 18.71+0.08 39.52
Termamyl 148.76£18.45" 19.36+0.22 46.24
Viscozyme 94.85+5.66" 18.80+0.14 45.31

Celluclast 85.88+2.43" 18.71+0.08 45.26
T+V 204.90+4.49" 21.39+£0.42 53.04

V+C 178.48+13.67° 20.51£0.24 44.95

T+C 200.27+13.45" 21.08+0.03 47.15
T+V+C 265.24+3.59% 23.25+0.26 53.10
T+V+N(Neutrase) 263.52+£3.59 9.57+0.44 62.30
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T v C T+V V+C T+C
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Weight loss (mg/g)

o
|

Fig. 1-18. Weight loss of defatted rice bran after Termamyl (T), Viscozyme (V), Celluclast
(C) and mixture of T,V,C treatment.

25

[ Defatted rice bran

Crude protein (%)

Untreated T \% C T+V V+C T+C T+V+C

Fig. 1-19. Crude protein of defatted rice bran after Termamyl (T), Viscozyme (V),
Celluclast (C) and mixture of T,V,C treatment.
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Total dietary fiber (%)
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Fig. 1-20. Total dietary fiber of defatted rice bran after Termamyl (T), Viscozyme (V),
Celluclast (C) and mixture of T,V,C treatment.
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Fig. 1-21. Total dietary fiber of defatted rice bran after Termamyl (T), Viscozyme (V) and

mixture of T, V, Neutrase(N) treatment.
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(ch) A

o & AgidtollA A @dBam FARS] s 2 J¥E F= AL Termamyl
(85.690.60 mg/g)?l Ao= YERRTHFig. 1-22). °]= S
EF AYdls A5(7204+475 mg/g)H vt FU WEVE B 2 Zelvh. ey A ke
FAQ "l A= FHHH T 347.32 mg/g)oly EAWHFH T 265.24 mg/g)el vl 1 Wt
ZbomgE Ao uebdth o= ARRH AYHEE wEE TheAe] Aol ol

H T o
Agshel BEA BEO) AUIRL FEues] @R Fuboly

o] 43.06+0.84 %= wj-¢- =SrEl Al Hu ¢l Celluclast
A 5 A AHFig. 1-23). & Aol A &d

16.199 4] 34.14% = ﬂako] Z7Fel vk (Fig. 1-24).
i A 7HA BEAE B APsEAS W TDF# 35.35%%2 F7hekSivh

L)
fu
b
=
ﬂ
o~
oy
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>
o
=
X,
of
o ot
o
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4
4

Table 1-14. Insoluble protein contents of rice syrup meal after enzymatic hydrolysis with

mixed enzymes.

Weight loss (mg/g)  Crude protein (%) Total dietary fiber (%)
Rice syrup meal B 43.06+0.84 16.19
Termamyl 85.69+0.60* 70.68+2.47 2352
Viscozyme 61.74+7.12° 74.01+0.79 34.14
Celluclast 68.435.13" 75.00£0.64 29.33
T+V 68.03+1.54™ 73.6910.52 33.98
V+C 64.03+2.40™ 74.62+0.47 3448
T+C 69.70+0.90% 72.40+1.99 25.29
T+V+C 72.04+4.75° 72.11%2.81 35.35
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[ Rice syrup meal

T \% C T+V V+C T+C

Fig. 1-22. Weight loss of rice syrup meal after Termamyl (T), Viscozyme (V), Celluclast
(C) and mixture of T,V,C treatment.
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Fig. 1-23. Crude protein of rice syrup meal after Termamyl (T), Viscozyme (V), Celluclast
(C) and mixture of T,V,C treatment.
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Fig. 1-24. Total dietary fiber of rice syrup meal after Termamyl (T), Viscozyme (V),
Celluclast (C) and mixture of T,V,C treatment.
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Fig. 1-27. Insoluble rice protein.

(2) Mass balance

® & Ayut 9RE oF 45~55%9 FE S o

o
o T
FAste] AFE AA sAS AAE F5 AdE S84 2 o

H(Fig. 1-28.)
120
e eight of
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h \
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=
s 60
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a
40
20
a
1 2 3 4 5 B
washing

Fig. 1-28. Weight of substrate and protein percentage as washing counts.
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(2) ¥EgAIZE

® T o HA Wg AES ZAAF 7] A AFS AAEAvE 71E Y] Alcalase &4
1% (v/w)= %6}913 0.1 N-NaOH ¥ 0.1 N-HCIS o]&3lo 349 HA pHE A3}
=)

& 9 pHE Z43

-

® 1 Ay 1,2 3,5 244k kg Al @A R &l ZH7; 615, 67.3, 71.5, 75,2, 85.3% = i
& Alzbel whel Fap @uid Bl go] FUbEE AS Bk ey 3413 9]
ko] F7kg el pH Al Aol el wAsta WA E Yetdo] S22 EA7F ot
G2 e A 7S Ao 2 AAEAvHEFg., 1-30).
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Table 1-15. Protein percentage and pH as time of enzyme reaction using Alcalase

Reaction time (h) Protein (% pH
1 61.5+34 6.50£45
2 67.3+56 6.3+£95
3 71.52+19 6.1+42
5 70.2%72 5.4+36
24 85.3+01 4577
90 -

80 +
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40
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0
1 2 3 5 24

Fig. 1-30. Protein percentage as time of enzyme reaction using Alcalase.

protein(®)
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Fig. 1-31. Protein percentage as volume of enzyme reaction using Alcalase.
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(4) Mass balance
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Table 2-1. Nutritional composition of defatted rice bran

7] e

10~45%

iz
o

oF
TR

Nd

i
Y
Ni

Tp
A

'l

;00

15~25% 8~15% 8~15% 10~15%
— 67 —

< 1%

5~15%




2.mAorRyg a4 W ojmAE Y W A FYxd gy

FEgAe xAZ 93 1,000 pg/mL(1,000 ppm) ¥ FEi fAS %
FERAES FHFRE A8t 747t 0, 5, 10, 20, 50, 100 pg/mLe] v=2 HAFHE BE&
= Atk AL BT 800 uLE FH3el Wade reagent(0.03%6 kAol A
(FeClz:6H:0)9} 0.3% A E2Fe) A gl Ak (sulfosalicylic acid)) 200 uLE 7}3F & vortex mixers
Atk o] &3S 3,000 rpmell A 107 &<t A4lFE s & A
g

& Fgko] 500 nmel A e FREE S ATHA o] oFE b AB A8-2d 2197(2004)).

v 7oA FES gvlil FEAe] AA A FAE AYFr] fste] IRA-416, Dowex
HCR-W2, DIATON PK208H, DIAION WKI100, DIAION CR10, HP20 x| w|7% FZof
FIA 713, 5% NaOH$F 5% HCl= &&A171 & zhzre] #3238 AFsto] gedike] A
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2 o
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AR AT

dd8 AN Ax

2300 g FEER A3, TRTE 13 FA F TEEe] 700 go] HEE SRTFE HUMeo
(FFaFel 15v9 7)) 303 7R E o FHuksle] gl o2 3T AR

Ao sodium phytate 5= inositols 747} & S7F tid] 0.01, 0.1, 1%(w/w)= H7tste] FHwk
3} T}
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® Sodium phytate ¥=3= inositols H7F3F whe] A 24

Sodium phytate ¥ inositol®] TEE Z+7 g A7Fsle] A X3 WS wtEo] AR 4
20 B 37CelA 3¢9 ARA7AZE A5, 24, 48, 72X 3h)s¢F A pH B T+t HstE @

B

(ld

® pl =4

AlE 10 goll 579 20 mLE 718t % homogenizerE ©] &30 233k & pH meter® A&

o pHE =439t

ke

R

Color Difference MeterZE AF-&3}] Hunter scaled] 9a] A& THY L, a, & bits =439
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A FEet TEEAPwYel g8 H4%g9om, AR 10 gl FHF 20 mLE E F
=

=
A3 s A2 843t plate count agaro] TE3I § 37T
=
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BE 49 Hi W wdstel ¥Fs TFEAE Tagow, e Adpe) FARNS
(ver. 16.0) SPSS(statistical package for the social science, SPSS Inc., Chicago,
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op
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Fig. 2-1. Standard curve for the determination of phytic acid concentration.

Table 2-3. Extraction condition for the phytic acid from rice bran

Concentration of ) ) Concentration of phytic acid

extraction solvent Extraction time (hr) (pg/mL)
0 98.36

0.5% H2S04 1 122.09

2 120.87

0 94.30

% H2S04 1 104.44

2 100.79
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Table 2-4. Purification of phytic acid using various resins

Concentration of phytic

Resin Purification step acid (pz/mL)
Extraction with 0.5% HySO4 100.99
Washing with d-H:0 103.83
HP20
Elution with EtOH 75.44
Washing with d-H-.O 33.85
Extraction with 0.5% HySO4 57.38
Washing with d-H-.O 42.58
Elution with 5% NaOH 114.99
IRA-416
Washing with d-H:0 113.16
Elution with 5% HC1 33.04
Washing with d-H-.O 31.01
Extraction with 0.5% HySO4 108.50
Washing with d-H-.O 105.05
Elution with 5% NaOH 102.41
DOWEX HCR-W?2
Washing with d-H:0 102.41
Elution with 5% HC1 20.74
Washing with d-H-.O 25.34
Extraction with 0.5% HySO4 89.43
Washing with d-H-.O 87.00
Elution with 5% NaOH 40.55
DIAION PK208H
Washing with d-H:0 19.05
Elution with 5% HC1 10.12
Washing with d-H-.O 12.96
Extraction with 0.5% HySO4 83.55
Washing with d-H-.O 67.93
Elution with 5% NaOH 54.75
DIAION WKI100 ] ]
Washing with d-H:0 14.99
Elution with 5% HC1 0.00
Washing with d-H-.O 10.73
Extraction with 0.5% HySO4 121.48
Washing with d-H-.O 114.38
Elution with 5% NaOH 99.37
DIAION CRI0 Washing with d-H:0 10891
Elution with 5% HC1 41.36
Washing with d-H-.O 33.45
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Fig. 2-2. Extraction and purification step for the phytic acid from rice bran.
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Fig. 2-3. Production process of inositol extraction from phytic acid.
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Fig. 2-4. pH of cooked rice supplemented with various concentrations of phytic acid when

stored at different temperatures.
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Fig. 2-5. pH of cooked rice supplemented with various concentrations of inositol when

stored at different temperatures.
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Fig. 2-6. Viable cell number of total bacteria in cooked rice supplemented with various

concentrations of phytic acid when stored at different temperatures.
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Fig. 2-7. Viable cell number of total bacteria in cooked rice supplemented with various

concentrations of inositol when stored at different temperatures.
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Table 2-5. Hunter's value for cooked rice supplemented with various concentrations of

phytic acid when stored at different temperatures

Storage Concentration of  Color Storage time (hr)
temperature (C) phytic acid (%)  value 0 24 48 72
L 68.46 69.48 68.17 71.70
0 a -12.67 -12.93 -12.87 -13.25
b 32.93 34.79 33.80 35.09
L 70.91 70.94 67.83 69.04
0.01 a -13.08 -12.99 -12.76 -13.16
4 b 35.09 34.74 33.44 33.60
L 68.31 70.38 77.29 74.44
0.1 a -12.38 -12.85 -14.09 -13.51
b 35.94 34.81 36.53 35.88
L 72.10 77.33 65.79 71.76
1 a -12.38 -13.82 -11.44 -12.63
b 35.94 36.46 33.72 36.17
L 68.46 73.41 66.88 71.64
0 a -12.67 -13.41 -12.42 -13.41
b 32.93 35.63 33.53 34.91
L 70.91 71.70 66.15 68.72
0.01 a -13.08 -13.31 -12.28 -12.64
20 b 35.09 34.87 33.30 33.96
L 68.31 75.34 68.15 69.25
0.1 a -12.38 -13.52 -12.63 -13.66
b 35.94 36.64 33.81 32.98
L 72.10 74.45 68.10 72.76
1 a -12.38 -13.11 -11.91 -13.01
b 35.94 36.24 34.61 35.29
L 68.46 75.55 64.76 70.73
0 a -12.67 -13.80 -12.18 -13.96
b 32.93 36.37 32.81 34.33
L 70.91 76.86 69.21 73.23
0.01 a -13.08 -13.91 -12.67 -13.41
b 35.09 36.69 34.59 35.87
37 01 L 68.31 77.39 70.36 7478
a -12.38 -14.13 -13.22 -13.71
b 35.94 37.03 34.14 35.86
L 72.10 70.80 74.45 72.65
1 a -12.38 -13.44 -12.91 -12.45
b 35.94 34.69 36.94 36.22
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Table 2-6. Hunter's value for cooked rice supplemented with various concentrations of

nositol when stored at different temperatures

Storage Concentration of Color Storage time (hr)
temperature inositol
(c) (%) value 0 24 48 72
L 68.46 69.48 68.17 71.70
0 a -12.67 -12.93 -12.87 -13.25
b 32.93 34.79 33.80 35.09
L 74.58 74.74 65.24 69.81
0.01 a -13.75 -13.84 -12.13 -12.96
4 b 36.13 35.78 33.36 34.47
L 76.95 7391 63.44 61.43
0.1 a -13.79 -13.62 -12.11 -11.57
b 37.17 35.52 32.12 31.95
L 76.32 66.32 70.65 74.73
1 a -13.11 -12.14 -12.73 -13.21
b 38.72 33.84 35.78 37.29
L 68.46 73.41 66.88 71.64
0 a -12.67 -13.41 -12.42 -13.41
b 32.93 35.63 33.53 34.91
L 70.91 74.26 68.71 70.64
0.01 a -13.08 -13.99 -12.85 -13.16
20 b 35.09 35.17 33.61 34.49
L 68.31 73.92 72.09 73.86
0.1 a -12.38 -13.52 -13.27 -13.57
b 35.94 35.61 35.14 35.30
L 72.10 69.76 73.31 75.85
1 a -12.38 -12.27 -12.79 -13.68
b 35.94 35.71 37.55 36.62
L 68.46 75.55 64.76 70.73
0 a -12.67 -13.80 -12.18 -13.96
b 32.93 36.37 32.81 34.33
001 L 70.91 7212 75.23 76.98
a -13.08 -13.80 -14.01 -14.39
b 35.09 34.21 35.45 37.09
37 L 68.31 72.99 74.45 66.57
0.1 a -12.38 -13.28 -13.94 -12.96
b 35.94 37.04 35.45 31.76
L 72.10 76.61 68.95 65.63
1 a -12.38 -14.59 -12.81 -12.67
b 35.94 3591 34.50 32.93
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(1) WA 9 pHel @& 3 &2 Salmonella Typhimuriumol] o3t 3t & 3

® vjx| 2] pHoll utE I EAe] S EINE FAEY] 9138te] Tryptic soy broth(TSB)e| &
AbE HEEE7E 01, 05 1.0%7F HA A7k 5 wiA e pHE 259 dvkd pH R
5.5, 6.0, 6.5, 7.0= 243}l Salmonella Typhimurium KCCM 11806¢] w3+ &A= E
sk T

S

® 1 Ay} Fig 2-8o e nle} 7o) 1% s gl4ke] g% 4$ pH 55~7.02] 2E pH ¥
f1elA S, Typhimurium® A&-& @4ds] AMAIA F29A4 237 A ey ow,
05% ¥ ®ibe H7Hgk Afele oF 50%9 AsAaxssE el S, Typhimurium<-
Ao 7MEeE B S8l o1, phytic acid®] &t a 3 A pH7F T IS E

A YRR
(2) gay], AR 3], Lav]dA e s ¥94e] Salmonella Typhimuriumel] o3t 33 & 3

® XNAM3 Hary] X arv], 2517]E 0.1% peptone water 0.5 mL¥} 0.1 mLe H®EAHS 0.1,
= .

&3+éle] homogenizer & H}Jﬂ % S Typhimurium< 0.1 mL(1x10°
CFU/mL) #&3taL 37T Oﬂ/ﬂ 18A1ZF viekst & YAl st AT He] MadrE 5434

o 1 A gav]dAE FFaFArt FAEA TR oEFom uvEl=d, 05%<] ¥ E A

A7F Al oF 1.2 log ©919] AH A 2345 veHlon, 1%Y A% E 2.2 log @919
G adE el v (Fig. 2-9). #A 279 A9olx S, Typhimurium 52 A& 37}

Hab wmel oEH oz e, 05% HRAE H7F Al oF 10 log 9919 S #Aa
= b}E} jom, 1%9 4% 19 log @99 &F#a3}E e A tHFig. 2-10). =3 4
a7]e] A$ol% S Typhimurium %4 A&7 mElre] TR &40z yEyte
M, 0.1, 0.5, 1%9] A®A Frdl gt Fe4ox S Typhimurium® F21& JAAHAT
(Fig. 2-11).
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Fig. 2-8. Antibacterial effect of phytic acid(PA) at the final concentrations of 0.1, 0.5, and

196 against Salmonella Typhimurium KCCM 11806 in Tryptic soy broth.
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Fig. 2-9. Antibacterial effect of sodium phytate at the final concentrations of 0.1, 0.5, and

1.0% against Salmonella Typhimurium in chicken breast.
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Sodium phytate (%)

Fig. 2-10. Antibacterial effect of sodium phytate at the final concentrations of 0.1, 0.5. and

1.0% against Salmonella Typhimurium in pork.
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Fig. 2-11. Antibacterial effect of sodium phytate at the final concentrations of 0.1, 0.5, and

1.0% against Salmonella Typhimurium in beef.
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(3) J R A7Vl wE A K9 pH W3}

Table 2-7. Levels of pH in meats

} 569, 558, 5.610]9oH,
43 tH(Table 2-7).

Meats
Treatments
Chicken Pork Beef
Control 5.43+0.03 5.46+0.05 5.81+0.03
Sodium phytate 5.21+0.02° 5.10+0.05" 5.55+0.04"

Data represent mean£SD.

“Significantly different from the control at p<0.01.
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4) Aan| x| oA wEAXe] Escherichia coli O157:H7°] o3t 33 a5}

o ujxo] MBS HItE A9 TRl WE E coli O157T:HT70 Wd A5 A s axs @23
7l #18ke] TSB 27 mL$ 0.3 mLe H®AE 005 01, 05 1% s¥= &3 5 L
coli O157:H7 KCCM 404065 0.1 mL(1x10* CFU/mL) ® &8 t}& 37ColA 84171
T AAdFE S5

® i A3} Fig 2-113 o] 9’4t E coli OI5T:H70] e &4t 53 =
o2 YERR e, 0.5% AR H7F Al oF 1.3 log @919 A EAE S5l vh (g
2-12.)

9
8
7
., 6
e
S 5
L
@)
o 4
S
3
2
1
0
control 005 01 05
Sodium phytate (%)

Fig. 2-12. Antibacterial effect of sodium phytate at the final concentrations of 0.05, 0.1, and
05% on E. coli O157:H7.
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65) A% /4G AeD Kol Qe Fitwh

o W 1D AT 4 Fo] W As7] $lskel 214

=
e oy FRE HUMS A3 K ocoli O157:H7
o, e AFAA 05%

o 7Id HE® AR Hrbe FRL so] oEH o

A oA dA F24L A3 =
g, S X 37]ol A 05% HEA "7t Al 7 e s 1

LR A vH(Fig. 2-14).
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(@) (@) (@)
chicken pork beef
Raw meats

Fig. 2-13. Antibacterial effect of sodium phytate at the final concentrations of 0.05, 0.1, 0.3
and 0.5% on E. coli O157:H7 in fresh raw meats.
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Fig. 2-14. Antibacterial effect of sodium phytate at the final concentrations of 0.05, 0.1, 0.3
and 0.5% on E. coli O157:H7 in cooked meats.
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6) 452 o] T WM FA3Hs

® I eljbo] AF HEAZAY F84E Slst7] flste] A& oy 7] wEZ RS
T A7k mE J'Lke] gAETS FAs AT 23] A4S 01, 1, 5 mM
o] ¥ ¥lAkS- #H7}3le] homogenization 4C

(thiobarbituric acid-reactive substances

71

N —

k1S

® 1 A3} Table 89148 7ol AA7|7ko] Zrste] ulgl TBARS #to]l <713t om &
2 5 mM #7789 S W TBARS #tel f94do= I4aghs & 4 ik A X379
A% FEAS 5 mM 7SS w TBARS grel §93& o= 7+43t9tHTable 2-9).

® 7t A3 Asav]et HXrE ol &3t A APE FHsUE A+ Table 2-10.%
1Lol vepdl npep ro] wjeike] HrpgFe] T 7kghel uwhgl TBARS #o] #adhes Ao=

i T
LElY phytic acid7} &A4Fslso] ¢35 Ao 2 gRly o] 2% HWEAZA o]&3 ¢ 9
ROz FHH A,

Table 2-8. Changes in TBARS value (umole MDA/kg) in raw beef homogenate stored for
3 days at 4T

Storage time (hr)

Treatment
0 24 72 Mean
Control 0.0 26.2 63.1 29.8"
0.1 mM phytic acid 0.0 25.4 63.4 31.3"
1 mM phytic acid 0.0 24.2 749 33.0"
5 mM phytic acid 0.0 125 29.0 13.8*
Mean 0.0 22.1° 58.9°

UValues with different superscripts within a column (a-c) and within a row (A-C) differ
significantly (p<0.05).
MDA malondialdehyde
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Table 2-9. Changes in TBARS value (umole MDA/kg) in raw pork homogenate stored for
3 days at 4T

Storage time (hr)

Treatment

0 24 72 Mean

Control 1.85 2.47 5.04 3.12°V

0.1 mM phytic acid 1.85 2.38 4.33 2.85%

1 mM phytic acid 1.85 2.36 478 3.00%

5 mM phytic acid 1.85 2.11 419 .72
Mean 185" 2.33" 459

UWalues with different letters(a—c) within a column and (A-C) within a row differ

significantly (p<0.05).

Table 2-10. Changes in TBARS value (umole MDA/kg) in cooked beef homogenate stored
for 3 days at 4TC

Storage time (hr)

Treatment

0 24 72 Mean

Control 10.9 234 62.4 32,27

0.1 mM phytic acid 8.22 139 69.2 30.4°

1 mM phytic acid 951 13.1 176 234

5 mM phytic acid 6.05 55 114 77"
Mean 867 13.98° 47,65

UWalues with different letters(a—c) within a column and (A-C) within a row differ

significantly (p<0.05).

Table 2-11. Changes in TBARS value (umole MDA/kg) in cooked pork homogenate stored
for 3 days at 4TC

Storage time (hr)

Treatment
0 24 72 Mean
Control 6.20 23.5 53.2 27.6%
0.1 mM phytic acid 4.68 24.8 53.9 27.8°
1 mM phytic acid 415 14.1 43.7 20.7"
5 mM phytic acid 251 6.55 22.1 10.4*
Mean 4.4 17.2° 43.2°

UWalues with different letters(a—c) within a column and (A-C) within a row differ

significantly (p<0.05).
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(7) dQA oA E9 &3 MUl o F FAse

® A A3v|el 7tEA 3 A7) 5 mM ¥ EAS HUFske] 2 82] Abs
=, inositol S F7I2 HA7} Al o]wA]Eo] HEALEY] Al E &

5 mM ¥E4S 5 mM o=AIES &3 HUbse] Aav]E 4T

C
TBARS #+& 2R3ttt 2 A3 Table 2-1201 49} #Zo] oA E2 H7}7}t 3

Asbe s AeAlTIAE e Aoz FARHAT

Table 2-12 Effect of inositol, phytic acid and mixture of both on changes in raw and

cooked beef homogenates stored for 3 days at 4T

Storage time Treatment

TBARS 5 mM 5 mM inositol +
inositol 5 mM phytic acid phytic acid

O hr 24 hr 3 day Control

5 mM

Raw meat  250%Y 164  515° 37.1° 36.2" 9.7%

Cooked meat 11.9% 241 8&.7° 86.3° 44 4P 2047

8.4°
86"

YValues with different letters within a row differ significantly (p<0.05).
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Table 2-13. Certificate of analysis for phytic acid

Item : Phytic acid Lot. No. : Exp. Date :
3% n e AR R HAdol U+
TE 45% °]%¢
a5 < 20ppm
v & < 2ppm
Z21(%) A&7
A&7

A WA 7 < 5,000
S 2dz

Table 2-14. Appearance(color) of phytic acid as treatment day at room temperature

A%k 7] 7Hday) 1 2 3 4 5 6 7
A A A
CETE M IE 2 34 2 SRR
) g2 R 24
1.4
1.2 ——725
S —l—50 P
E i ED .\..-"-'.
E s
o
g «
& b /.
=
02
,:, s 4 — 3
Omonth 1month 2months 4months

Fig. 2-15. Color change during storage at different temperatures.
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Table 2-15. Certificate of analysis for inositol

i 7| 4 31}
4% WA o) m A A A, b
TR < 5%
T > 97%
A Wk A 3 < 10,000 pass
o) At e pass
d= 30 mesh &3& 85% M 7] £

OH

Q< 0OH

OH

Fig. 2-16. Chemical structures of phytin, phytic acid and inositol.
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(1) Hepatocyte primary cultured cell 2 o] &3 7hA|

.8 Aduwd SRP709] kAl Bt

T Adude aeHsE AAEY. Fo Hrie e84 Adyde] <kdAd Hot

in vivo 2 in vitro A 30| AP}

2
o 2 2y A e ASHE 59 oz H)
S A gl ojME uide] &b ool #EE A kdt). wekA SRP709 A
of thak LDs < 335 mg/kg ©o]Arelo] 2Helw ],

>
S

T g

o o AR APY = AEWE S o (it Hli)e] BAEA gk, Asgn
5 AAF B ol ule] Sobd olio] @E A erkr). weld SRP709 HE
of 3 LDs #2 670 mg/kg ole] =i,

FEA Gz SRP70 2,000 mg/kg/days HEH T 220 g AF)olA 547+ A F-5Fo

Ak o A A e AleHE 5o o (Wxwd va)e] #EEA] ekety AEYR

T A B oM m e Hob4 o]ido] dEE XA ottt WA SRP70Y HAE
5t

A |
of thdt LDs #t2 2,000 mg/kg ©l’Fde] &l

=
i
ol
ru (
oX
A
o,

iV

.?4

Ui BAE A S 22085 g9 AL A E
B2 ARFAO]A(42x28 cm)-& o] &8 HPH 2k 22-24T, §E
4 Ao o 2dH=
FEAAA AFEHAeH F=dd &d993 $Ud& T2 S(sAdWE KUACUC

KUIACUC-2010-141) 'A 8% & gl 2 o]&of 3 A& (Guide for the care and use of

(o)
)
T
a1
X
N
N
do
>
it}
)
o=
o ML
N
X
=
N
D
N,
B
=3
<
—
N
D
=
3
.
N
N
D)
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Laboratory Animals, NRC)' ol gt~ #]slH A A A a3t
(1}) Tissue culture well plate?] ¥4 X ¥

® MY E wjd3ty] 93] collagens glacial acetic acid : 32 575 = 1 @ 10002 £ <49
10 mg/100 mLe w%= §3fA A tissue culture well plated] 115 3} clean bench
of UV lamp® fang 7 =3 tissue culture well plate®] 5748 dojF | 12A17F A xA

ek AMg3] Aol EitE PBSE A F 3l Ap&-gh,

71 Sprague-Dawley rats, 220+5 g& A}F83}o] two-step collagenase perfusion-g
o WA FHE v Al(zoletil : rumpun ¢ PBS = 1 : 3 : 6)& Fo5e] v3AA &

2
5 s AUt 23 gauge WPIvEES Wl A4 s 9 Hank’s 1 solutions 20 mL/
mine] 52 1087 #73 % Hank's 2 solution® X A|8fo] 7 Hol] EA| %] ErE
Z43 A 10 mL/min © %2 1583 #FsAch BRAe] %= 3TCE FAAL
o, AAE AEHH R FH3AT

® UiHvl Euvd 7S do] A& 3 F iron meshZ o3A)171 & 500 rpmoll A 287 A4
Tz 23 AAsdu. o7]A A2 A EZ percold H(percol 225 mlL+ Hanks' stock
solution 10x 2.5 mL)S 2] gentlyﬁhﬂ Aol & 50xgol A 10837 A7 31 cells
Felgh 5 700 rpmoell Al 583 AR E AlH AT ofr]eA] A2

Bow 5 AL 5 L ALALEE ARHAL

2] Trypan blue 9

(=) mF=2a

® THAX wjke 5% FBSY 1%3A A, 0.2 M insulin, 1% dexamethason®] ¥3¥ Complete
William's Medium Ew]X|¢] AX¥% 2x10° cel/mL=Z Y59}, collagen coating¥ tissue
culture well plate ol 24 well plate®] 1 mL, 35 mm well plate] 3 mL, 60 mm well
platec] 5 mLS ¥F3e] 717} 2x10° cell, 6x10° cell, 1x10° celle] SA & th& CO:
incubator (37°C, 5% COs, 95% air)oll A ] %S AlZelE T 447 5 tissue culture well
plateE 7|&o] WA E AABIIL UA| A2 wAE 5 H7bsSi
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(v} Aze) Az
19% A7kl 2 4

2 ocello] FEHE #EE H vA] A2 WAE HIIEAL AEE
] mM galactosamine

® U ¢
o] CO, incubatord] 1A17F W% & JX= 50 uM ~BHP, d5-= 50

S A7V 24 well platess MTT, 35 mm tissue culture welli= AST, ALT, LDH,
MDA, 60 mm tissue culture well= GSH & GSSG =Ao AF£3F5

I | |
Cells Media Media AST ALT
Seeded chnage chnage t-BHP LDH MDA

&
: GSH GSSG
sample MTT

treat i
|-q—4h—p]q— Wh —p» |« 1h | +— 2h—p-

<Morphology of hepatocyte in the epatocyte primary cultured cell>

(h) AEFAHAE XA (MTT)

7 Fol wMAE AAG

g gkx] 2A)7ko] A & galactasamine<- 24A17F &
g3l welld 240ul

® -BHPE
MTTA F5 mg/mL in water)¥ Willlam's E #]A] & 200 : 4002 &
kA Bhell ®bA|gT), 341z Hel 20% SDS(in 0.02 M

A #-F3Fe] 37C  incubatordl A]
Sholl 20413 WA gk Fo]

% 37T incubatorel A ¢4

)=

HCDE welld 200 uL® £33 3t
540 nmol A =A 3o}

h) =4

® ujxi= dH AFE247]9 FUJI DRI-CHEM 3500(Fuji Photo Film Co., Osaka, Japan)<

o] &3e] AST, ALT, LDHE =439t}
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Isclation

Morphology

Morphological characteristics of hepatocyte on the primary culture
endothelial of 0 hours (A), 24 hours (B) after seeding ( x 40).

(°}) Determination of thiobarbituric acid reactive substances (TBARs)

F d3do] wet A %= carbonyl 318E 5 malonaldehyde®] A3
A2

W e X ke] Abef
Aol &AHAE ¥ ASZA malonaldehyde® + +4F2] thiobarbituric acid®} 3
malonaldehyde”} Wk-g-3lo 2|2} e] H3HA|E A4 sho)
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(&) The structure of TBA malonaldehyde complex.
SAANTA] 20Tl A HastA T Celle 0.2% Triton X-100S
A 2]3lal TCA(trichloroacetic acid) buffer(0.25 N HCl, 15% trichloroacetic acid, 0.375%
thiobarhituric acid, 0.01%6 butyl hydroxytoluene) 0.5 mL-S F 7|3} 5 f 3} vj et
A BCFRAA 302 & ¥k & o= 284 n-butanolS Hil AE3] &5

ATt

® 243 WY F gFARL

® JAEZ(R00 rpm, 10 min) & AZoL exitation 515 nm$} emission 552 nmell A & F&

2718 o]&3te] =AY tE  Thiobarbituric acid reactive  substance(TBARS)+

1,1,3,3-tetraethoxypropane(TEP)¢] ko] )3l 7}=E&2 o]z malondialdehyde(MDA)
equivalent®] EFAS AAT T, ol &A% FAAE MDA F=(uM)= £7]3H3

tt.

HO

] mH
S NH OH e \H/
CH—CH—CH
OH +

OH

(2) 55243 1. (Subacute toxicity)

A
|3tk 1 L A9 8 w32 73 F AAsnae d4d8 A F 22045 go] As A
o %

b light/12 A7t dark)7} A 248 2o 93] =45

N
Y
[
oo
=
N

60+£5% 7} A = Hhst
[e:

& A A0 A(42x28 cm)& ol§3] HYEH 2k 22-24T, §%

= TEANA AMSII oY ‘A EE Ay 2 olgd #3d A H(Guide for the care and

use of Laboratory Animals, NRC) ol ©t&Fo] sl A A A ).
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) AsEAE 2 95 group

® A7 IFE A9 FER o3 79 4 v T e R Rtk Addix v A
B T THs 2EHAE FV] fE AYHAETFE AT TS dixd, AYHAdT 79
S AEE 05 g/kg, 1.0 g/kg, 20 gkg 2 Fo3 702 BF3ATt

o A =82 JHAEARE et A2 Fodtor, Fo7|e 19 18 5d #¢F v
ol EEets &l A

® 1 13] 5 &t AYAAdFE A FAS vz, AYAds Fo & AIRE 05 g/lke,
1.0 g/kg, 20 g/kg =2 77 FoA3 9 HAITEEE 12 A3IF HAAAA ethyl ether®
vhH skl S AAZ F FAE da diEelA] dHE AFste] 455 EDTAVE x4
Aol il Mixingste] dAEuE WAG FH HHAAgEAGE dEATEH total
protein(T.Protein), albumin, ALP(alkaline phosphatase), AST(aspartate transaminase),
ALT(alanine aminotransferase), LDH(Lactate dehydrogenase), total cholesterol(T.Chol),
glucose, A&7 F=(RBC, red blood cell count), W& =(WBC, white blood cell count),

3| vk A 2] E 2] (HCt, hematocrit), & 44 #(Hb, hemoglobin concentration), 372 &4 4

H

(MCV, mean corpuscular volume), mean corpuscular hemoglobin), B d &7+ dA N 1%

o

(MCHC, mean corpuscular hemoglobin concentration), & A&3HPLT, platelet) ¢ 16 3=
A o2 AT

CIESIE DRI

o N3 FE AMFAA 12 A3F AAAZ Y FES ethyl ether= vHAA AN & &
da dar g A3 5 L, A sl FAE AT 40l e T A
Y FdHEtol = Fofol ¥ol 1A H ved M2 EEdHdtolnr wedte] S
AP & Akl A= e AA A v, w3k Al

]
hematoxylin & eosin(H&E) @S sl =48 A& on A4 A$olE periodic
.l

acid AH(PAS)S 3to] =4 AAMsHIHL
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Fixation Washing Embeding Staining Dehydration
& slice P

- T
T e | | .
- Y.
O aee
— H&E staining solution
16% formalin water Ethanol
24h 12-24h T%—80% —50%
Paraffin embeding —953% —>100%
OTC compound Kylene
Permountung
<Control process for histological examination>
3) 554248 2. (lepatoprotective activity)
CH 2A385E
o 1 Aot UF woloRa@EYE T3 8 Fdo ICR mouse® AHEAT 1 F
Ak el R ke AW A AT WA A F 3222 g9 AL AP FAAATL
EES A ACIA(20x26x13 cm)E o &3 A &% 22-24T, §% 60£5%7F A

7112 AZF light/12 A13E dark) 7} Abg 24 Ao o8 £ 5= = 4dolA

_;_,E
AbEslg o 'AEEE Py 2@ o]fd A3 A F(Guide for the care and use of

Laboratory Animals, NRC) o] gr3=o] #e|slH Al A A 3T,

"o
oo
1
,
pLv

) A= ¢ group

- SRP70 + tert—butylhydroperoxide(t-BHP)

@ A7 ILFS AN FEH o3 w4 v 5 ATes BRItk Addx T
A T TdF 2EAAE F7 6 AYAdrE AT FoR dixw, AdAds F
O% =

1:1
£ +-BHPE Fo3 o, AHEE 05 ghkgs 2 F
g 2 Fol3 5 -BHP & Fol3 & A&
2 7
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° NF BAS PPALARE ue AR Folsgon, Fols e 19 18] 5 Fo W
Fol ddel el W

t-BHP

E ICR mouse (1.5 mmolkg.i.p.)
: 4/ groups
- (4/groups)
leidative stress
5 days 18 hr
Oral administration
500 mg'kg
1.000 mg/kg Staining
2,000 mg'kg Liver
Liver
_ Whole liver
| S0OD, Catalase.
s 5 == ~ GSH-Px, GSH
Serum
Blood

GOT, GPT, LDH

S LEEREVEE

(v} Ao stebA 714

® (-BHPE FodA 18 A7t Hol Ad-E& g3t A3 F5 AlFelA 12 AF A2 A7
28 TEE cthyl etherZ v AIA AR & §4& 43 o)A AL A3 5}
ARE AFyo] o] 30 ¥ 5 47T, 3,000xgol A 10 £3F AR ste] F5d9 dHdS
F-#3le] FUJT DRI-CHEM 3500i(Fuji Photo Film Co., Osaka, Japan)ZAST, ALT, LDH
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k)

CAESIEELE R

® (-BHPE Fo3tA] 18 A|7F Heol| AdS AgstAant Ad FTF3 A|FolA 12 A]7F A2 A7
A% FE-S ethyl ether®Z v A7 A7 & 742 A A FH 5 7HS A E51
TAZE 2AsUcE Aol B 7S 10% EELH o= g o] A FH vl
NE2S T35 %

E: o
Hetol =z w@ste] FR8 nAZ F AuAel 244 g AH #
g

® UYETE ethyl ether® WIAAA BF vFRonE AW 4F AYHAFR e B

=
ok e A& 7S 7H 1 g 9 5 mle 50 mM potassium phosphate(pH 7.0, containig
1 mM EDTA) &40z wste] 2+ dd RS UEQAL o F wdRE AR UT,
10,000xg, 15 min)3te] 5oz g49S A ATH

(o}) Catalase

® T A 20 el 1 M Tris—HClpH 80) 50 ul, 5 mM EDTA 100 ul, 3% <#% 810 uls
7hek 5 37C F=FxoA 1 #3F AT vhgHe] 450 mM H:0: 20 pls &3hsh]
240 nmoll A 10 #3F 1 & A=z FFEE FA4sAT. 2494 %+ molar extinction
coefficient(43.6 M tem )& A}&3}e] unit/mg protein(l unit = 1 uM of HsOs degraded for

a minute) &2 T3 3%l

(#A) Glutathione Peroxidase

® 49 20 plel 1 M Tris—HCl (pH 8.0) 50 ul, 0.1 M EDTA 20 ul, GSH reductase(10
units/ml) 100 pl, 1 mM NADPH 150 ul, 32} 5579 640 ple 713k 5 37C 325300 A
187 ARtk v Ho] 35 mM cumene hydroperoxide 20 plE &3H3le] 340 nmol A

10 #7F1 8 7HA o2 E3=E A3l NADPHY 4tsE #-zsl i),

® T AT molar extinction coefficient 43.6 M 'em '(6.22M 'em HE A}&3}9] unit/mg

protein(l unit = 1 uM of .0, degraded for a minute)2. % F A3}, Glutathione
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==

peroxidase®] #Ajo] Z&<

=

% NADPH 9] W2 18] 340 nmollA ¢ F3% gho] vopxl

(zx}) Glutathione

® 4% 100 plel 0.3 mM NaPO.s& 800 ulE 7Fs H 0.04% DTNB(Gn 0.1% sodium
citrate) & 100 ul= 7}8}e] 5 B ZoF v1e A17] F 412 nmolA =A A},

. 439 A

=
i
ol
ru (
oX
A
o,

(1) Hepatocyte primary cultured cell 2 o] &3 7hA|

(7}) Hepatocyte primary cultured cell$ ©] &3 ANg9 ZA =4

® MTT assaytc =29 7184 tetrazolium o] 2old= AM¥Ee] nEF=E o} succina
dehydrogenase©l] 23] wgte] B84 formazan A== FUH+E 8= )
W O 2 formazan®] &3 % 540 nme dFo A Huhrl Hw, o] wFol N =AY FF

=
T alololal AR o m A A2 EnE uddals Aow mEZ=glol gl x

EZ AREHE AL gl

® MTTE A¥ 4% AR AIFEA o= Ak A4S Ueder nEZ=
de FA%E Adom Agddde] 4] glo] mEZEZ ) R HM FFE gho] ¥
A vebdeh dApeld @ Az AE(10~1000 pg/mh A Afels AHEsE

Mz ARE HYehA 22 Ax Wasiele WS40 gldth(Fig. 2-17).

al

® 7HA|Ed 15 mMe t-BHPE i%ﬂﬂ?i:% A9 N E AEEo] 829% = ol o) BHPY
2 FA0 HYdds 49 50 ug/ml FEH RIS R QS ol g S

£S5 A A tHFig. 2-18).

N

|5
Ao 250 ug/ml o] A AT Tt AXE A

iy

- 109 -



120

a0 - i
a0 -
B0 -
40 +
20 +
0
10 50

Concentration of SEPYD (pgfmbL)

Cellviahility (% contral)

100 250

500

1000

Fig. 2-17. Toxicity of sample.
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Fig. 2-18. Protection vitality for liver cell which is the damage induced by T-BHP.
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(th) AST & APT

® ASTE 7HA X9

AST (U/L)

)

APT (U

Fig. 2-19. The AST and APT

induced by T-BHP.
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(g}) LDH

® [DH:= 3% A 4224 AU 7z %34 ]
=43 83 F LDHE 4 23 7HE3 o g 2 mady SoA F7kshy

rl
fo
2 7

ol/deol vtk kAl SRPT0E A 2|stal ~BIPE A2 wiAE =4
AEE 50 ng/ml 9 FRAlARE ART Z3F &S A T 5 A HFig. 2-20).

45
i a3
T cd
. 40+
E‘ hc
L=}
= ab
=
=
=
o 35+
g 3
30
H B B B
[ BHP-C 10 a0 100 250

Concentration of SEP 7O (odnl)

Fig. 2-20. The LDH level of the sample for liver cell which is the damage induced by
T-BHP.
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(v}) MDA

® MDA free radicalel &3t M¥=e] thaEX s A wqba X aulo Al f-2]7]9F 4 vkg
& PAR e gaEA 2 v A gz o] &9tk SRP70S A =
3 A Eeo} vudkA S W SRP70 ¥ =7F F7Fehel ulgl MDA
A oH(Fig. 2-21).

250
2 ]
;0 d
o 0T
=)
T =
=
b
| '
d
0
C BHF-C 10 50 100 260

Concentration of SEPTO {pafmb)

Fig. 2-21. The MDA level of the sample for liver cell which is the damage induced by
T-BHP.
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(2) &2 4 (Subacute toxicity)

O dqRAssrA AA
® SRP70 AN&EE T3 9

LDIH, T. Chol, GlucoseZ
2 Yettow, ALPY ¢

7} %O}é‘—?% 2 FX7F AaetE Aew yEhdth E3)
ALT, T. Chol & H¢ke o] 3} F9 &2 o7l gl v Table 2-16)

Table 2-16. Blood—biochemical test results of SRP70 administration group

SRP70(g/kg)~
Iteme
Vehicler 0.5+ 1« 20

T. Protein(g/dL)- 58+02¢ 57+£02¢ 56+03. 571026
Albumin(g/dL)- 4.1+0.1 39+0.1. 3.8+0.20 3.8+0.1e
ALP(U/L)e 2255+ 78¢ 2520+ 157 256.8 £47.4 229.8+31.1«
AST(U/ML)e 144.7 £ 9.7« 130.0 £ 23.3+ 13583+ 247+ 134.0 £35.4»
ALT(U/L)s 345+1.7¢ 328+£1.0¢ 325 £33 333508
LDH(U/L)e 2410.0 £ 0.0¢ 2160.3 £328.2« 2262013833 225534+ 102.9¢
T. Chol(mg/dL)- 83.8 £11.5- 82.0 +7.2- 79.8 £ 9.8¢ 79.8 £ 7.1
Glucose(g/dL)- 181.3+£12.7« 2045 +19.1- 171.0+ 141« 1743 +17.1¢
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() dqsd AR
® SRP70 A 8E Foj3k o] dsts 74Ad3 RBC, Hb, HCt, MCV, MCHC <Ao+= A

Q5 Fold faTH vusge F999 Aol7l 99, WBCE T 3T
g

/kgol Al 5718t H tH(Table. 2-17).

Table 2-17. Blood—biochemical test results of SRP70 administration group

SRP70(g/kg)
Items
Vehicles 0.5¢ le P

T. Protein(g/dL )~ 5.8+0.2¢ 5.7%+02¢ 5.6 +0.3- 5.7+0.2¢
Albumin(g/dL)- 4.1+0.10 3.9+0.1¢ 3.8+0.2¢ 3.8+0.1¢
ALP(U/L)- 2255+ 78« 520+ 157 256.8 =474~ 2298+31.1»
AST(U/L)e 1447 +£9.7« 130.0 £23.3¢ 135.8 £24.7¢ 134.0 =354+
ALT(U/L)e 345+1.7¢ 32.8+1.0s 32.5+33¢ 333+£5.10
LDH(U/L)e 2410.0 = 0.0» 2160.3 £328.2¢ 2262.0+383.3¢ 22553 £102.9+
T. Chol(mg/dL)- 83.8 +11.5- 82.0+7.2¢ 79.8 £ 9.8¢ 79.8 7.1+
Glucose(g/dL)- 181.3 £12.7¢ 204.5+19.1» 171.0 £14.1» 1743 £17.1¢

- 115 -



(th =4 39

o

A 74}

=

o Ax= AL dojupAl Bl mEZEee] A, o) Sa, AX LV R A 9
& Aarutel w3, 2iE B glade Fa sol dojdrh B AE e WfEmol AX
d2 FEHe], dTe 4o H&E A4E e Al A4S HaL Alxte] AA7)
FelohA @A #Fe = vlEad SRP70-S Fol gk ol bt A A Azt 9
o] #o] R FElstH FAE A AFAEY HES ol B o gle AEAd 1
ZA(H&E 94& 7HA-D)3 Periodic acid @23 A& (a-d)oll Aol =484 HA)& HA
h(Fig. 2-22).

Vehicle 0.5 g/kg 1.0 g/kg 2.0 glkg

Fig. 2-22. The picture of the tissue speculum in liver and kidney of the SD rats.
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(3) 5 &4 3% (Hepatoprotective activity)

b @eiasiera An

SRP70& Folstal t-BHPS T3 w8 dfgsistsd fHalda= ofgf o Tabledl
et 7 FelE v A EQ ALT, AST, LDH ZFolA #9 3 ¢l xo] 7}
eyt ALTE SRP709 5 =7F 1.0 g/kgol AF-E -BHPE XA & Ay
Fo® yolhkth, ASTE 05, 1.0, 20 g/kg BE T R4 ARFFor volg o)
TR wE fFoAd Aol HolA @&okri. LDHO A% A9 s%7F 0.5, 1.0, 2.0
g/kg 2 Fold@dl wal 1096.0, 996.5, 822.7(U/L)Z LDH A7} #4&AH(Table
2-18).

Table 2-18. Blood-biochemical test results after orally administration the SRP70 +
t-BHP(1.5 mM/kg)

P ALT(U/L)e AST(U/L)e LDH(U/L)e !
N-controle 32.0 £3.72 69.5 £ 11.52 705.05 £ 67.32
B-controle 42.0 £3.5% 148.0+ 43.9% 1739.3 27340

SRP 70(0.5 g/kg)- 32.0+3.70 69.5 = 11.52 1096.0 = 59.4
SRP 70(1.0 g/kg)- 29.5+3.42 52.0£3.7% 996.5 = 148.1%0
SRP 70(2.0 g/kg)- 30.0£4.0% 48.0 £5.4% 822.7+138.1%,
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AzE AL delul S MEEcelots WP, N Fh, AL A7we wu, 3P
of g AEHe) v, Puk, AxE] F3 Sol Dokl AX e g A
g2 FEHC, 95 Yo/ HKE 44 Be A ARENL A3 AR FA%
Foista) 9ol BAHEE YETD SRPI0 FewelA i Aol AEdn 93ge)
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Fig. 2-23. Picture of the tissue speculum in liver of ICR mouses orally administered by
SRP70(H&E dyed liver(A-F)).

A; N-control("200), B;BHP-control("200), C;BHP-control("400),

D; SRP 70 0.5 g/kg(7200), E;SRP 701.0 g/kg(7200), F;SRP 702.0 g/kg("200).
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() £23A% 24

@® Catalase
Catalaset™ superoxide dismutase®] &34 ®3]% o] A7 HFAsFLE LAl 22 73
e @4 EA AEE Holdh= A284tslA ol th. Catalased] A2 H & oA 18D

714l FAEFAE 1 M HEA T E %S 149 E el At Catalase=3 2 3 (Table

o3t & -BHPE Fo3k o] -BHPY FoJ3 #(31.7 U/mg protein)
Al
d ©]

tm
o
fm

oqF% 05 1.0, 2.0 g/kgelA 77.8, 113.9, 1184 U/mg protein
R

® Glutathione peroxidase(GSH-Px)

® (lutathione peroxidasei= catalase®} Zo] i34 AE A4 E2 EFsE E40H
3}

w3l Azl A A S st &5 A 7]+ glutathioneo] & &2 9 &% X3 &4
t}. Glutathione peroxidasei= catalase”’} WA A2 F4AE A AT Fof A AT A 3

Ur = At iA2sE 2xdor AATto =z FarseAs Uerdtl. Glutathione
peroxidase® &4 € molar extinction coefficient 43.6 M 'em (622 M 'em )& A}& 3}

unit/mg protein(l unit = 1 uM of H-0: degraded for a minute) &= 3% &3} t}.

® (Glutathione peroxidase &7-& =43 A3 (Table 4), SRP70& F3 & -BHPE F 9
3 o] +-BHPY Fod (54 U/mg protein) ¥ B3-S o 0
1.0, 2.0 g/kgol Al normal control o2 & Aol YElG oY, F
o] Al Apol= YEbUEA 2%kt

@ Glutathione

® Glutathione(GSH)-2> 21A12] Aol EE MXEo| &A3ta 1+ x5yl ofyeg we
A A AL #o] sl EZolv). B8 GSHYE AAR A 7128 GSHell AEA 7]+ vk&-

)

= Frshe AEs v GSH 54 2, SRPI0= 9% § -BHPE Fod
—

t-BHP®F 58 (3.0 mM)¥ vuwstal& o A5 Fodwk 05 1.0, 20 g/kgelA
2% AAAQ zhe] FAt fARAY B ¥ FEo @4e F7hEe XA Table
2-19)
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Table 2-19. Activity of Catalase, GSH-Px, GSH in liver of ICR mouses

. Catalase « GSH-Px« GSH« i

(U/mg protein)e (U/mg protein)s (mM/mg protein)s
N-controls 126.94 32.0% 7.8 2022 109+3.2% ‘
B-controle 31T 4230 544+04b 3.0+1.2b ‘
SRP 70(0.5 g/kg)e 77.8+£27.2% 7.5+0.1% 11.9+2.2% <
SRP 70(1.0 g/kg)- 113.9+11.23, 7.5 2013 134+123% ‘
SRP 70(2.0 g/kg)e 118.4 £ 26.0%. 7.74£0.1% 19.8+0.12 <

* B-control; Group that is the injected ~BHP 1.5 mM/kg before 18 hours of sacrifice

after orally administration the saline solution for 5 days.
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=

@) Age 74, FolF AR, #¥e 2 Fo

X

on Age A

= o off 2F = o 8k

TR wET SENE (mIZg;d‘;y) (m; Q/Zay) e
Gl M 10 1-10 10 0 A
G2 M 10 11-20 10 67 ANdE=4
G3 M 10 21-30 10 335 ANdE=4
G4 M 10 31-40 10 670 ANdE=4
Gb M 10 41-50 10 268 BCAA
G6 M 10 51-60 10 335 ISP
G7 M 10 61-70 10 385.25 EYP
G8 M 10 71-80 10 335 JBP

Gl: B3A =T
G2-G4: AN EE4FA
Gh: A =

G6-G8: =2 Fo

By

By

(h) ol el Mg

o Folme A ofulnit HEAS MHOR AFAAON (G AU dme] JAFL =
= sho] 7k7t 591(G3), 10W)(GAZ Asheit), w3 SRP70e] wud §3g 7|Eow 8

o]
of FAuxT B FxEde HHTFES AU

() = w2
o EIU F AWW ACE WAR FEY AFL ARSI, 2 T FRAF] FL3
A BEFES YT A Lol FAs Bulselct
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Fig. 1. Changes of body weight in each group.
Data are expressed as Mean+SD The results were statistically analyzed by One-Way
ANOVA and Student’ t-test.
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Fig. 2. Changes of forced swim test in each group.
Data are expressed as MeantSEM The results were statistically analyzed by One-Way
ANOVA and Student’ t-test.
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Table 3-1. Summary of body weight changes

BODY WEIGHT (g) MALE
Groups Day 1 1 week 2 weeks 3 weeks 4 weeks
Gl 239.73£6.52 272.98+10.11 301.96+21.57 321.77+14.21 324.35+17.28
G2 239.20+£6.91 280.49+£9.42 314.778+17.75 333.14+14.91 336.89+16.47
G3 240.12+3.47 275.95£9.02 307.51+21.15 324.35+11.99 329.71+£13.67
G4 240.35+6.93 277.57+£7.44 313.31+22.61 331.80+14.70 336.97+16.17
G5 239.86+7.06 276.58+8.96 306.53+20.06 325.08+12.24 328.40+11.52
G6 238.95+6.29 277.83£8.31 310.13+21.86 330.38+15.40 333.99£18.32
G7 239.81+£5.92 278.54+9.28 314.48+26.74 323.88+26.90 336.46+26.27
G8 239.48+7.01 278.69+7.85 315.93+19.561 331.96+12.86 337.57+13.70
Data are expressed as MeantSD. The results were statistically analyzed by One-Way
ANOVA.
Table 3-2. Summary of forced swim test in each group
Forced swim test (sec) MALE
Groups 2 weeks 4 weeks
Gl 204.6£23.0 253.2£46.3
G2 155.5£34.5 219.7£48.7
G3 156.3+£24.7 196.9+42.0
G4 170.4£41.2 218.0£55.8
G5 216.7£30.8 273.7£56.5
G6 194.1+£36.2 222.3£34.6
G7 187.5£35.1 215.8+37.8
G8 202.3£32.9 227.4£59.1

Data are expressed as Mean+SEM. The results were statistically analyzed by One-Way

ANOVA and Student’ t-test.
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Appendix 1. Individual body weight changes

Body weight (g) MALE
G1 (Vehicle control)

Animal No. Day 1 1 week 2 weeks 3 weeks 4 weeks
1 229.06 266.81 291.83 319.71 317.46
2 234.52 247.81 284.96 316.52 321.49
3 233.54 271.50 306.25 338.25 340.57
4 231.87 276.61 260.21 300.54 303.96
5 238.90 276.15 303.66 327.51 331.70
6 241.03 271.53 301.52 312.46 307.98
7 240.29 271.24 319.77 326.61 327.31
8 244.87 218.45 295.86 304.00 305.98
9 245.95 284.69 340.94 345.96 360.08
10 251.23 21897 314.57 326.13 327.00

Mean 239.73 272.98 301.96 321.777 324.35
SD 6.52 10.11 21.57 14.21 17.28
G2 (Test article, 67 mg/kg/day)

Animal No. Day 1 1 week 2 weeks 3 weeks 4 weeks
11 226.45 268.42 287.38 314.55 316.44
12 233.54 273.19 299.66 326.20 327.34
13 233.04 276.54 316.75 347.38 351.12
14 238.00 218.27 306.86 331.12 339.34
15 238.09 27711 300.73 321.27 325.04
16 240.45 281.85 324.71 330.69 333.84
17 242.09 213.28 308.68 316.71 318.81
18 245.89 290.87 340.68 352.36 358.29
19 244.80 300.08 342.28 357.90 364.79
20 249.63 285.24 320.11 333.22 333.84

Mean 239.20 280.49 314.78 333.14 336.89
SD 6.91 9.42 17.75 14.91 16.47
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Appendix 1. continued

Body weight (g) MALE
G3 (Test article, 335 mg/kg/day)

Animal No. Day 1 1 week 2 weeks 3 weeks 4 weeks
21 228.49 263.75 280.09 304.78 313.68
22 234.67 273.14 290.85 321.13 327.30
23 233.39 264.48 292.92 323.52 325.44
24 240.22 212.70 295.04 324.79 322.08
25 239.70 274.03 290.78 321.79 321.91
26 242.51 276.83 317.15 328.22 330.38
27 242.83 282.20 339.12 339.36 354.94
28 243.04 274.24 316.19 318.55 326.54
29 245.52 284.48 311.25 314.24 321.38
30 250.85 293.68 341.67 347.10 353.47

Mean 240.12 27595 307.51 324.35 329.71
S.D. 6.47 9.02 21.15 11.99 13.67
G4 (Test article, 670 mg/kg/day)

Animal No. Day 1 1 week 2 weeks 3 weeks 4 weeks
31 228.18 264.77 281.60 312.24 317.02
32 234.62 269.24 291.43 327.99 332.58
33 235.71 212.79 293.61 316.69 319.19
34 236.82 218.95 311.98 339.79 343.48
35 239.18 27154 303.20 332.35 343.07
36 241.72 276.50 317.73 322.71 327.58
37 242.02 281.32 323.14 338.08 338.83
38 245.93 286.35 334.14 342.58 350.21
39 247.7 218.52 317.63 323.07 326.65
40 251.57 289.70 358.63 362.47 371.12

Mean 240.35 27157 313.31 331.80 336.97
S.D. 6.93 7.44 22.61 14.70 16.17
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Appendix 1. continued

Body weight (g) MALE
G5 (Positive control, 268 mg/kg/day)

Animal No. Day 1 1 week 2 weeks 3 weeks 4 weeks
41 227.16 260.06 283.85 304.07 312.36
42 234.74 275.98 292.62 330.25 329.19
43 236.93 271.56 291.73 313.42 319.32
44 233.36 269.94 295.49 322.40 330.37
45 238.60 271.77 283.74 317.26 318.65
46 242.59 279.33 319.83 333.29 331.13
A7 244.07 277.25 309.90 321.94 320.30
48 243.29 282.97 324.75 331.47 334.22
19 247.02 284.89 320.11 328.26 335.67
50 250.86 292.02 343.24 348.48 352.82

Mean 239.86 276.58 306.53 325.08 328.40
SD 7.06 8.96 20.06 12.24 11.52
G6 (Reference control I, 335 mg/kg/day)

Animal No. Day 1 1 week 2 weeks 3 weeks 4 weeks
ol 228.85 270.69 291.64 329.16 326.64
52 231.27 266.12 272.81 304.31 302.90
53 234.66 279.53 319.18 342.69 398.17
A 236.07 276.46 291.03 322.34 325.42
55) 238.67 281.26 300.54 335.54 344.02
56 241.14 263.99 299.80 305.68 306.65
o7 242.35 281.90 329.92 335.26 341.88
58 241.94 285.08 328.68 338.89 340.74
29 245.71 286.98 328.37 338.66 341.19
60 248.83 286.32 339.29 351.26 352.30

Mean 238.95 277.83 310.13 330.38 333.99
SD 6.29 8.31 21.86 15.40 18.32
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Appendix 1. continued

Body weight (g) MALE
G7 (Reference control II, 385.25 mg/kg/day)

Animal No. Day 1 1 week 2 weeks 3 weeks 4 weeks
61 230.14 272.46 292.85 315.67 327.43
62 231.49 268.37 271.84 293.62 301.35
63 238.28 272.36 295.66 297.29 326.44
64 237.08 272.89 307.07 309.66 334.46
65 239.47 266.73 297.83 299.60 305.32
66 240.93 279.51 313.47 317.02 325.22
67 241.15 290.77 361.56 377.38 382.94
68 244.69 286.64 335.14 344.25 373.87
69 247.65 283.63 334.97 346.64 347.51
70 247.21 292.05 334.39 337.62 340.10

Mean 239.81 278.54 314.48 323.88 336.46
SD 5.92 9.28 26.74 26.90 26.27
G8 (Reference control I, 335 mg/kg/day)

Animal No. Day 1 1 week 2 weeks 3 weeks 4 weeks
71 230.05 212.22 297.93 321.22 326.79
72 232.35 271.75 292.77 324.49 331.06
73 235.35 213.22 299.68 320.69 326.54
74 232.53 268.88 288.03 314.95 318.13
75 238.65 274.95 320.03 393.42 361.53
76 240.27 276.34 324.27 324.26 334.69
77 241.51 284.36 342.84 348.63 39791
78 245.54 287.02 330.72 338.21 336.06
79 248.27 290.25 329.92 339.74 340.22
80 250.31 287.86 333.14 334.00 342.72

Mean 239.48 278.69 315.93 331.96 337.57
SD 7.01 7.85 19.51 12.86 13.70
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Fig. 3-3. Changes of forced swim test in each group.
Data are expressed as Mean+SEM. The results were statistically analyzed by One-Way

ANOVA and Student’ t-test.
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Appendix 2. Individual data of forced swim test

Forced swim test (sec) MALE

G1 (Vehicle control)

Animal No. 2 weeks 4 weeks
1 138 301
2 241 438
3 141 146
4 237 305
5 2501 134
6 153 185
7 220 214
8 248 210
9 234 302
10 183 297

Mean 204.6 253.2
S.EM. 23.0 16.3
G2 (Test article, 67 mg/kg/day)

Animal No. 2 weeks 4 weeks
11 73 192
12 216 304
13 283 242
14 193 171
15 86 101
16 118 207
17 97 103
18 107 149
19 199 375
20 183 353

Mean 155.5 219.7
SEM 34.5 48.7
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Appendix 2. continued

Forced swim test (sec) MALE
G3 (Test article, 335 mg/kg/day)

Animal No. 2 weeks 4 weeks
21 125 266
22 234 262
23 88 81
24 215 353
25 168 182
26 122 97
27 170 191
28 162 239
29 188 146
30 91 152

Mean 156.3 196.9
SEM 24.7 42.0
G4 (Test article, 670 mg/kg/day)

Animal No. 2 weeks 4 weeks
31 194 241
32 137 200
33 59 108
34 102 455
35 144 82
36 184 168
37 111 159
38 250 299
39 348 310
40 175 158

Mean 170.4 218.0
SEM 41.2 55.8

- 137 -



Appendix 2. continued

Forced swim test(sec) MALE
G5 (Positive control, 268 mg/kg/day)

Animal No. 2 weeks 4 weeks
41 138 283
42 214 384
43 139 135
44 263 260
45 287 o04
46 268 214
47 119 129
48 253 283
49 248 325
30 238 220

Mean 216.7 273.7
SEM 30.8 6.5

G6(Reference control I, 335 mg/kg/day)

Animal No. 2 weeks 4 weeks
51 128 201
52 241 287
53 258 227
%! 119 271
59 289 288
56 124 133
o7 126 149
58 234 212
59 140 132
60 282 323

Mean 194.1 222.3
SEM 36.2 34.6
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Appendix 2. continued

Forced swim test (sec) MALE

G7(Reference  control II, 385.25 mg/kg/day)

Animal No. 2 weeks 4 weeks
61 177 178
62 172 183
63 161 212
64 308 293
65 144 299
66 124 128
67 296 328
68 101 152
69 149 122
70 283 307

Mean 187.5 215.8
SEM 35.1 37.8

G8 (Reference control III, 335 mg/kg/day)

Animal No. 2 weeks 4 weeks
71 173 161
72 235 260
73 220 212
74 182 240
75 274 192
76 69 65
77 194 185
78 154 203
9 306 527
80 216 229

Mean 202.3 2274
SEM 32.9 59.1

- 139 -



2. 784 BdwAd SRP709 4 73 A 4597 Sprague-Dawley =9 & §& H =35
o] MX= AT A

=

AR B g

X

1) dH4AH

® SRP709] 457 A7Ee B $5%5Y
o] A= (F)A A [AYE Q).

® 34 X = venous bloodE 171¢] SST tubeol 3.0 ml &3 F clottings 3] 30+

7F ALoa] ¥z & 3000 rpm(1000xg), 107 AR 9 29 HAHS seperator
(A 22 or 1.5 ml tube) 17719 0.8 ml o] &7 3 Wer A9,

® A (Plasma)(-&7]4E: EDTA)S A8 = venous bloodE 3 ml& EDTA tube 1779 2.0
ml A& 3 5 Z=E3) mixing & A 3,000 rpm(1000 x g), 1027 AR s E43

A FZN)S seperator(BHE 233 or 1.5 ml tube) 1709 0.3 ml o4& 27 &

o Fo¥ As) 2 AFS B ¥ 39 oluo] YERBOR (AR BAT o] EH 0
W, @4 adolEld @ FRns 8 adn AF duol FEE ()AL EAR
:F_
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4. Agas 2 a@

(1) glucose

® A= glucose ¥E7t #AEHE AERS =74 Ha, AFE &% FA5HS A& ste
=, e FEbRel 25 FE]aAl gFe] Aadtd ¥F glucose’)

® 33 glucose’} FT7IHE olfE dF  glucoseE: FT7MA7]E TEEQ glucagon,
catechlamins-¢] 2]8] 7ol A% o]9l= glycogen®] glycogenalysis #4< Ea] glucose
2 A%y o] dF glucoseE F71A17]7] wji-o|dl},

® 1 A A= T Hwsle] SRP A woA AAAoE HAE glucose TR B
Ao Uehdow, SRPY HH % W 8% glucose ¥=7F 7t 8300, 9171, 98.80

me/dLE A7 F718hs Acw sHelw ),

o ulzlr HFE glucose 5 275k0] B w g4 AohulA SRP70S A HE gmo
H=2E7F SRP709] A3 sx=9 vldEste] AstHAEE 5T & Ak

- 141 -



Table 3-3. Blood glucose concentration after forced swim test of Sprague-Dawley taking

SRP70 for 4weeks

Glucose(mg/dL)

No. Name MEAN SD

Gl control 70.80 11.81
G2 srpl 88.00 12.30
G3 STp2 91.71 12.15
G4 stp3 98.80 10.52
G5 bcaa 95.00 9.65
G6 ISP70 87.37 11.60
G7 EYP60 83.96 17.60
G8 JBP 82.32 15.62

120.00

100.00
B0.00
60.00 -
4000
20,00 ~

000 -

control srpl srp2 srp3 bcaa ISP70 EYPEO

Glucose (mg/dl)

Fig. 3-4. Graph of blood glucose concentration after forced swim test of Sprague—Dawley

taking SRP70 for 4weeks.
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(2) Creatinine

® Creatinine< 9714 =42 =, A#clsle F-FEolw =dotel tiite] FHF4bEolv, 3ot
< WEZFgmAotrjdoeltt, AA dolAE F2 K Fo Adolridi FH= EA43HA
qhoo] A oldo] Al A E, St Aol Aoty dolal, aF o= wjdETrt B
T dFoE 1~2 mg/100 ml 2385 it}

® (Creatinine ¥/ &2 -9 creatine phosphate §%=9% @@ o] St} Creatinines &2+
| Al olsharg9] FAb=3 e creatine S EZHYH AR B 2¥ FAS SAHSE
glufe] o ARRH V| 31, tSol A creatine Ei}% creatinine X719} #BH o]
Atk wEkA 7AAE A A ESaF wlE el dAZ ghs e, creatinine ¥%
Bopx = Aew dHd 4 Avh

o = HFAE dxae Adeotyld FHF 064 mg/dl, SRP709] HH wx=¥ At 066
067, 0.66 mg/dle d5 ZActEd skol Fol2Ql zolE YehlA fskow, upehA
SRP70 A3 7F =9 &8 el d3s vAA Fdom f4e ‘jr
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Table 3-4. Blood creatinine concentration after forced swim test of Sprague-Dawley taking
SRP70 for 4weeks

Creatinine(mg/dL)

No. Name MEAN SD
Gl control 0.64 0.05
G2 srpl 0.66 0.05
G3 srp2 0.67 0.05
G4 srp3 0.66 0.04
G5 bcaa 0.66 0.04
G6 ISP70 0.65 0.05
G7 EYP60 0.63 0.05
G& JBP 0.66 0.08
.80
070
060 A

o

5 050 A

E

€ 040

E

‘% 030 -

]
020 A
0.10 A
000 -

control =rpl srp2 srp3 bcaa ISP70 EYPAQ

Fig. 3-5. Graph of blood creatinine concentration after forced swim test of Sprague-Dawley

taking SRP70 for 4weeks.
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(3) Ammonia

L

.

® Aspartic acid+= EL% ol Al Purine nucleotide 3|Z29] F8 A AHEOozZA HAF
= % Fol ATP £& AAYAA 25 duAE Algsta, of #AHAA 78 =
E A5t Avk &F Al ofr| x4k #E A AHE dEUYols ZHOoERY ddo
2 Uy, A dREYols Ho| ddEo] FFIEE TS AR oA vk
SHAIE el 49 dRYolks 279 F5AAY Bl e 74 AAES A

Sh31, TCA cycle @ FA48 482 Asialn, 24 442 2A4Foen 259 J28

o 4 Ax dxwe dF gl sEE 75357 ug/dL o9 SRPT0 AF v& L ¥ 7
7+694.29, 638.00, 600.71 ng/dLe] A3}E ATh SRPT0S HHI 159 d4 gy} ¥
=7F AAHom wgton, SRPT09] AHF wrvt SRS dF gRVol v EI 3
2¥E AL g & ST weA 5RP704 HH7F &5 F gd=e w2 As Fel
2a7F e Aoz sidd & Sk
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Table 3-5. Blood plasma ammonia concentration after forced swim test of Sprague-Dawley

taking SRP70 for 4weeks

Ammonia(ug/dL)

No. Name MEAN SD

Gl control 753.57 199.33
G2 srpl 694.29 160.32
G3 srp2 638.00 140.19
G4 srp3 600.71 67.27
G5 becaa 624.00 156.12
G6 ISP70 705.43 192.78
G7 EYP60 589.30 153.76
G8 JBP 714.60 136.91

1,200

1,000

800
600 -
400 -
200 -
0 -

control srpl srp2 =rp3 bcaa ISP70 EYPEQ

Ammonia{pg/dL)

Fig. 3-6. Graph of blood plasma ammonia concentration after forced swim test of

Sprague-Dawley taking SRP70 for 4 weeks.
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Fig. 4-1. Change of dry matter content with washing times at different centrifugal forces.

Raw material : Defatted rice bran.
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Fig. 4-2. Change of dry matter content with washing times at different centrifugal forces.

Raw material : Malt rice meal.
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27F Ak 849 A4S FX387] Y3 HFEREE L 40 % mpm, AYAT 5 L
He 7 Anh Ty ol WeE FAY FA Hask A AAGAANAE A
A7F HA e A g3 AL 729 AFKEE, mm)S 7TFoE )
o el sFsivh

3) g4

® T AnkEo] ghnyH B i 9 AojMdfe FeE {5t EFFAES AAA Erh
gy el A9 JAEE 7] = Filter pressE AFREHA Huh QAIE Y 7] E A EFe] A

ofof dtu}, dutd o w AL AAFEE 7]= Disk type, Horizontal
[e]

o Horizontal decanter’} 714 A -3 Aoz 1y L

)

fro dETAo] 7hsstiA A doX = Cake® ¥ o] 7P 7] wiiitol
S2Q AxFAHAA AEH, oUAE Aefe g o], dA T4 AMEE SUE T
T Q7] wF-olt}. the-o] Table 4-2.0] Y47, Filter Press, Decanters 7|Fo 2 A
A S vt Ao Ve FAREE A Y Capa.E 7| o= 3FiTh

Table 4-2. Comparison of productivity in dehydrating process

A4 72 7] Filter Press Decanter
Feed®) 13 E(%) 10 10 10
Cake®] 318 +H(%) 19 55 43
Productivity 1 58 199
(g # kg/hr) ' B

o I A3 YAEY7E V|e=o 2 & v Horizontal decantery= Fig. 4-39] b}E}‘ﬂi nl-9} 7ko]
Bojx] = Cake®] LY o] iz o® Hom 53| Filter Press® Hu e 4% 2H
Lo A oA PR Tl va mou FHlek dAskE AlZke] ¢
el &olde]l ol "ot wilel o] AAAQl ProductivityE  1HE o
Horizontal decanter”} 7} 53 2 o= YEyith
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weir adjustments bowl conveyor

feed
suspension

effluent cake solids

Fig. 4-3. Schematic diagram of horizontal screw decanter.
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(1) 4 HA 3t

® QoA AojR FAHS 7|For o AATAHS TFAAZYL ol F Fig. 4-4, 4-5, 4-6°] X
Ark MY FAY HA 2Z3EAS 89 Table 4-59] Hdv)k T3 A2eo] T3S ¢
3l Mixer?] Design Sheet2 Table 4-6°] H.¢iv} w3k Al A®lo] tjxFels ¢33k YvkA

FHALES [T YA AR ¥R E7] TN

o

Table 4-5. Optimum operation conditions for water insoluble fiber from rice

A i 7IEE
® Temp. : RT
® Rpm : 500 o] (&3 d8) . _
Mixing " e 2~338) Whsto] A2 3
® Time : 30min. ©|% o = =
) A8 Fiol ue}
® GujujF @ HujF .
A@e) 2o Bag
) ® Horizontal Decanter Type
Centrifuge
® A= : (1,000~2,000)xg
Enzyme a4 uwE HFGAZE
Y ® A7k 45~90C, 2~6hrs
Treatment 9 ew xAe AA,
) ® Horizontal Decanter Type
Centrifuge
o A= : 4000xg
® Oven Temp. : 90T
_ ® Vacuum Drying : 10~30 Torr AxurAo) wel 253k
Drying ) o 5
® Freeze Drying @ <0.1 Torr H AxA2HE 483
® Time : 36hrso|’d
— ® B R 2AHE S oA
owderin )
[Sievi . 4 & A¥E7]E &3l 30~100 mesh
e A A AEY
_ ® LRvE H¢Ao] AdrFd, ATELE
Packing H o 2 A3
O H-— aA-"0 2.
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Fig. 4-4. Schematic diagram of water insoluble protein production process.
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Enzyme reaction
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Fig. 4-5. Schematic diagram of water soluble protein production process.
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water— Raw material

Enzyme reaction

—water Centrifuge

Enzyme reaction

+—water Centrifuge

Drying

Powdering
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Packing

Fig. 4-6. Schematic diagram of water insoluble dietary fiber production process.
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Table 4-6. Mixer Design Data Sheet

SPECIFICATION DATA SHEET
AZI CORPORATION . . .
Rice Fiber Production Process
01 CUSTOMER DOCUMENT No.
02 | JOB NAME Rice Fiber SHEET No.
03 | JOB No. DATE '2010. 10. 10
04 | LOCATION APP'D BY CH'D BY MADE BY
05 | PLANT NAME SJP
06 | ITEM No. REV | DATE LINE No.
07 | NUMBER OF REQUIRED 4 A
08 | SERVICE Mixing T/K B
09 | MANUFACTURER
10 | TYPE Mixer ELECTRIC MOTOR
11 | MODEL No. INSTALLATION GlassWool 10t(Jacket Type)
12 OPERATING CONDITIONS CONSTRUCTION
13 | CONTINUOUS 0 INTERMITTENT 8 HRS/DAY | CASE MOUNT BRAKET C.L FOOT VERT.
14 | LIQUID Water + Cake SPLIT RADIAL AXIAL 0
15 | CORR.//EROS. No. ROTATION VIEWED FROM DRIVER CW CCwW
16 | SOLID Yes QUANTITY 10WT% NO. OF STAGES SINGLE
17 | PUMPING TEMP. 50~80 T | IMP. TYPE CLOSE SEMI OPEN OPEN
18 | DENSITY 1100 KG/m’ IMP. DIA. MAX. MIN. MM
19 | VISCOSITY <200 Cp POWER TRANSMISSION DIRECT GEAR BELT
20 | VAPOR PRESS. AT PT. Kg/erA | JACKET 1) Steam
21 | HEIGHT OF LIQUID LEVEL H COUPLING TYPE FLEXIBL GEAR SPACER
22 | CAPACITY MAX. 4 NOR. 3.5 M® /H SHAFT SEAL GLAND M/C SEAL * REMARK
23 | TOTAL HEAD 7 M SEALING SELF EXTERNAL
24 | PRESSURE SUCTION Kg/erA | PACKING SIZE MM NO. OR EQUAL
25 DELIVERY Kg/arA | MECH. SEAL TYPE SINGEL/INSIDE/BALANCED
26 DIFFERENTIAL Kg/arA | BASE PLATE COMMON 0 SEPARATE
27 | NPSH AVAILABLE M BEARING TYPE PUMP SIDE
28 PERFORMANCE DRIVER SIDE
29 | NPSH REQUIRED M LUBRICATION OIL
30 | MIN. CONTINUOUS FLOW M° /H NOZZLE SIZE CODE FACING | POSITION
31 | SPEED 1,000RPM EFFICIENCY % SUCTION * ANSI#150 | RF
32 | BHP KW DELIVERY * ANSI#150 | RF
33 | COOLING WATER T Kg/ent/G L/MIN H.W. IN 40 ANSI#150 | RF
34 | BRG. L/MIN STUFFIN BOX L/MIN H.W. OUT 40 ANSI#150 | RF
35 | GLAND L/MIN PEDESTAL L/MIN TEST & INSPECTION
36 | FLUSHING FLUID REQ'D WITNESS
37 | CASE DSN TEMP. 120 € PRESS. 1 Kg/an/G | PERFORMANCE 0 0
38 DRIVER DATA NPSH REQD
39 | SUPPLIED BY HYDRSTATIC 0 PRESS. Kg/an/G
40 | MFR. HICO TYPE PNEUMATIC PRESS. Kg/an/G
41 | RATED OUTPUT 7.5 KW RATED AMP. AMP. MATERIAL
42 1800 RPM 3 PHASE 380 VOLTS 60 CYC. BALANCE 0
43 | AREA CLASS. Exe II T2, HIGH EFFICIENCY DIMENSION 0 0
44 Inverter duty type DISASSEMBLY 0
45 MATERIAL ACCESSORIES SPARE PARTS
46 | CASING SUS 304 COUPLING GUARD 0 GLAND PACKING
47 | IMPELLER SUS 304 COMMON BED 0 CASE WR'G RING
48 | CASE WR'G RING SUS 304 ANCHOR BOLTS AND NUTS 0 IMP. WR'G RING
49 | IMP. WR'G RING COMPANION FLANGE SHAFT SLEEVE
50 | SHAFT SUS 304 COOLING PIPING RADIAL BRG.
51 | SLEEVE SUS 304 VENT PIPING WITH VALVE THRUST BRG.
52 | CASE GASKET PTFE OR EQUAL DRAIN PIPING WITH VALVE OIL SEAL PART 0
53 | MECHANICAL SEAL/SEAL PACKING | SEAL PIPING WITH VALVE MECH. SEAL PART 0
SIC1, SIC1 / PTFE OR EQUAL. OR
54 GASKET & PACKING 0
EQUAL
55 | GRAND PACKING OR EQUAL THRUST COLLAR
56
57 | WEIGHT PUMP BASE DRIVER TOTAL Kg
58 | CODE & STANDARD MARKER STANDARD PAINTING
59 | REMARKS 1) JACKET : CASING MUST BE FACKETED WITH DESIGN TEMP..PRESS.. 120C, 1 BAR G.
60 2) SPARE PART : 1 SET %%
61 * SUPPORT FRAME 2 SET X%
62 3) REFER TO THE ATTACHED DRAWING

- 159 -




® ¥4 U4 4%

1. GENERAL INFORMATION

1.1. Definitions

Owner

Contractor :

1.2. Language and Units

1.2.1. Language

All documents and drawings to be submitted shall be lettered in English or Korean.

1.2.2. Units, unless otherwise specified.

Glossary Units

Temperature T (Degree C)

Pressure Kg/cm2g, mmH20(psi for flange rating)
Flow Rate Kg/hr, MT/hr, Nm3/hr, and m3/hr
Enthalpy kcal/kg

Length mm(inch for nominal pipe size)

Energy kcal

Velocity m/s

Density kg/m3

Weight kg

1.3. Basic Design Information

1.3.1. Site Location
Kyunggi—Do, Korea

1.3.2. Climate condition

gharo] AubAQl 7% EHo R 7] -20~40T, FUFE 20~100%% 7= g

1.3.3. Temperature for design for heating, ventilation and protective purpose
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The yearly mean
Winter average
Min. Temperature
Summer average
Max. Temperature

11T

-12C (January)
-18TC

30C (July)

40T

1.3.4. Air temperature for cooling tower, air compressors and air blowers

Dry bulb temp.
Wet bulb temp.

1.3.5. Relative Hurmdity

Max.
Min.

Average

1.3.6. Barometric Pressure

Annual mean air pressure
Monthly mean highest air pressure
Monthly mean lowest air pressure

1.3.7. Rainfall

The yearly mean
Spring

Summer

Autumn

Winter

1.3.8. Wind

Max. velocity
Min. design velocity
Average

1.3.9. Seismic Load
1) For Stucture

Earthquake load shall be calculated in accordance with the formula as given in

37C
27T

83%
68%
76%

1.016 mb
1.034 mb in January
999 mb in July

1240 mm
18.1%
57.1%
18.5%
6.3%

8.7 m/s (April)
45 m/s
1.3 m/s



UBC 1994.

Site condition ; SEISMIC ZONE : ZONE 2
OCCUPANCY :I1=10
SOIL TYPE ©S3

Total design lateral force : V
V = [zIC / RW]IY

2) For Equipment

Earthquake force shall not be considered simultaneously with wind loading, or
with forces from ingrequent surging fluids in equipment.

Total lateral seismic force calculated using the following equation of ANSI/ASCE
7-88, EQ.T:

V = ZICSKW(ZICSK = 0.163)

(7Z) Earthquake risk Zine 2, Table 21

(I)  Importance factor shall be, Table 22

(S) Soil profile coefficient S1  (later) as recommended by Geological
Investigation

(Table 24, Use CS = 0.14 comservative)

(C)  Section 9.4 of ANSI/ASCE 7-88, Equation 8

(CS) As per Section 9.4 and Table 24

(W)  Total dead load, Section 3, ANSI/ASCE 7-88, including the partition
loading

(K) Horizontal force factor as per Table 23.

1.3.10. Snowfall

Max. record

1.3.11. Utility Conditions

Instrument air
Supply pressure
Dew poing

Oil content
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Instrument power supply

For 4-20mA DC transmission signal : 24 V DC

For PLC system : DC24V or 110V, 60Hz,1Ph
Uninterruptible power supply (UPS) unit with batteries and charger will be provided.

Electrical power supply

Equipment Description Phase Voltage
Motor Below 75 kW 3 380
Moter 75kW & above 3 440
Instrument Instrument 1 220
Space heater for 3.3kV motor 1 220

2. SCOPE OF WORK AND SUPPLY
The followings shall be included in the scope of supply & work of bidder, unless

otherwise specified. (Il-Perform by Vendor, [1-Perform by Contractor/Owner)

2.1. Scope of Supply
B Equipment proper all necessary equipment with standard accessories
B Emulsifing machine and Geared motor with accessories (motor cover, etc.)
B Coupling and quard
B Mechanical seal or packing
B Tachometer for each item (Total : 7 sets)
(Manufacturer : AUTONICS, Sensor Type:PR18-5DP, Indicator Type : FAC-2P)
B Common bed.
B Interconnecting pipe, valves, fitting in skid.
B ot dip galvanized anchor bolts/nuts w/washer
B Initial charge of Iubricants.
B Name plate & lifting device
B Earth Lug
B Others indicated on data sheet or specification
B Spare parts for two(2) years normal operation
B Spare parts for erection and commissioning.
B Special tool , if required
B Other required accessories

B Enclosure of instruments :
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2.2. Scope of Work
B Engineering design & documentation
B Manufacturing
B Test & inspection
B Performance guarantee
B Painting (anti—corrosion)
B Protection & packing
B Transportation to Kyunggi-Do BKBio.
B Mechanical guarantee
B Maker's standards as approved by purchaser

B Documentation as per "vendor data requirements”

2.3. Out of Scope
B Foundation
B Power supply.

B Grounding work (under & above ground).

3. APPLICABLE CODES & STANDARDS

3.1. Material
All materials such as cast iron, carbon steel and stainless steel is in conformity with
ASTM or the standard, which is equivalent to ASTM in manufacturer's countries as

to physical and chemical properties, dimensions and identification.

3.2. Equipment and machinery

3.2.1. Code and standard
The machines/equipment and accessories covered by this specification shall be
designed, inspected and tested in accordance with, but not limited to, the following
listed codes, standards of latest edition in effect at time of Purchase Order
placement, unless otherwise specified in this specification and the related

specification in Attachmment.
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Equipment and machinery Code and standards
Pressure vessels ASME SEC. VIII, DIV.1
Emulsifying machine Maker Standards

However, the catalogue equipment and package unit such as centrifuge, conveyor,
mixer, special pump, compressor, blower, PSA and steam turbine etc. may be

designed and manufactured according to manufacturer's standards

3.2.2. Design pressure and temperature
Design pressure shall be at least 10% (min. 1.8 kg/crf)higher than maximum
operating pressure in general, which is indicated in kg/cr. Design temperature shall
be at least 30C higher than max. operating temperature. In case min. operating
temperature is lower than 0T, this min. operating temperature is applied as design

temperature

3.2.3. Safety device
All pressure vessels incorporating a source of pressure which is higher than its
design pressure, are protected by a relief valve adjusted to the design pressure.
Calculation of safety valve shall be made in accordance with API RP 520 and
ASME Sec VIII, Div L

3.3. Piping

3.3.1. Codes and standards

Piping design

ASME B31.3 "Chemical plant and petroleum refinery piping”

Piping materials

Pipes : ANSI
Fittings : ANSI
Flanges : ANSI B 16.5

3.4. Instrumentation

3.4.1. Codes and standards
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ISA RP(Recommended practices) and STD.
ICE(International electro technical commission)STD.
ANSI STD. and codes

JIS

KS

3.4.2. Signal transmission and control system
Remote transmission and control systems:
General : 4-20 mA DC. Pneumatic 0.2-1.0 kg/cG
Temperature : mA or Resistance, direct wiring

Local indication and control system

Electric : 4-20 mA DC
Pneumatic : 0.2-1.0 kg/arG
Control valves : Electric and pneumatic

3.4.3. Instrument enclosure in hazardous area
Explosion proof (or flame proof) certified to the international authorities such as

FM, CENELEC, CSA and etc. to be applied.

3.5. Electrical

3.0.1. Codes and standards
All equipment components, devices and instuments shall comply with the latest
applicable standards of KS (Korea) and IEC (other countries) unless otherwise

specified.
4. TEST AND INSPECTION

In accordance with the requirements that specified in this requisition and/or any

Techmical Specification attached hereto, vendor shall make inspection and test.

4.1. The vendor shall arrange and perform the tests, examinations and inspection and

submit the documents to the purchaser.

4.2.  The purchaser, the client and/or their representatives have the right to visit the

vendor’s relevant shop(s) and have access to materials and/or equipment at any time
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4.3.

4.4.

4.5.

4.6.

A4.7.

4.8.

to obtain design and manufacturing information and/or to inspect the materials

and/or equipment.

Tests, examinations and inspection witnessed and/or approved by the client,
purchaser and/or their representatives does not relive the vendor of his obligation to
provide his own quality control and inspection of the materials and equipment to
assure himself that the purchaser’s requirements are met. Neither does such
inspection relieve the vendor form guarantees as to materials, equipment,

workmanship or performance or both.

The purchaser and/or his representative reserve the right to reject any equipment
and/or material that is found to be of unacceptable quality or workmanship, or fails

comply with the purchaser’s requirements.

Shop test shall be made by and at the expense of the vendor. Owner's Engineer
shall have the option of dispatching a representative to the vendor’'s factory to

ohserve such tests.

The vendor shall ensure that the materials and equipment sub-ordered shall be
inspected in accordance with all pertinent inspection procedures. The vendor shall
submit unpriced copies of all direct sub-orders including the specifications and
inspection requirements of the sub-order, to the purchaser without any extra charge,

if the purchaser requires the ven to do so.

In the event that material(s) cannot be identified as to specifications, or reasonable
doubt exists as to its identity, the vendor shall under the purchaser's and/or his

representative’s instruction carry out verification tests at vendor’'s expense.

Re-inspection costs incurred by the purchaser and/or his representative due to
failure of the vender’'s /sub-vendor’s materials and equipment, or both shall bhe

charged to the vendor.

5. GENERAL REQUIREMENT

o.1.

General
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0.2.

0.3.

0.4.

0.0.

0.6.

This specification covers the general requirements for all equipment and/or materials
required by technical specification.
No work shall be commenced before the purchaser's approval of the relevant

documents prepared by the vendor.

Design
The works shall be designed to facilitate inspection, cleaning, maintenance and
repair. The design shall incorporate every reasonable precaution and provision for the

safety of all those concerned in the operation and maintenance of the works.

Compliance with specification

If the vendor discovers any discrepancy, he shall immediately request clarification in
writing to the purchaser. Any work performed before authorization by the purchaser
shall be at the vendor’s risk. In the event of conflict between the provisions of the
following documents, the order of precedence among them shall be as follows.
1)Minutes of meeting with the purchaser

2)Data sheet

3)Technical specification

4)Drawings

5)General requirements

6)Codes and standards

7)YVendor's specification

Sub-vendors

In order to attain uniformity throughout the project, the purchaser reserves the right
to designate one sub-vendor to each item before placing the purchase order. The
price adjustment resulting from there shall be borne by the vendor. The vendor shall

submit a list of his sub-vendors for major items with his proposal

Spare parts

The vendor shall describe all spare parts with each price. All spare parts shall be
correctly marked with the manufacture’s parts number, parts name, and/or reference

number. All spare parts shall be boxed separately form the equipment.

Special tools
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The vendor shall supply special tools for installation, operation, repair, maintenance

and overhaul of equipment. All special tools shall be packed in toolboxes.

57. Noise

5.7.1. Vendor shall submit noise level analysis report.

5.7.2. The noise level measured at the property limit (fence) shall be less than 85 dBA

(calibrated). The major noisy equipment shall meet the limitation of OSHA of USA.

5.7.3. Vendor shall submit the design data for noise protection device.

0.8.

2.9.

Painting
All carbon steel surfaces shall be cleaned and painted with standard paint systems
pertinent to chemical plant environment except soleplate and shall have rust inhibitor

on machined surfaces.

Guarantee

The Vendor shall guarantee that the equipment furnished is free from fault in
design, workmanship, and material, and is of sufficient sizze and capacity, and is of
proper material to fulfill satisfactorily the operating conditions specified. If any defect
in design, material, workmanship or operating characteristics during the first year of
operation, but not later than 24 months from date of shipment, the vendor agrees to
make all necessary or desirable alterations, repairs, and replacements of defective
equipment at free of charge. Also, vendor shall pay transportation fee involved to
and from the user's plant. No allowance will be made for alterations or repairs
without written consent or approval of supplier. If the defect or failure to function
cannot be corrected, the vendor agrees to replace promptly at free of charge, or
refund the full purchase price. In any case, the vendor will be responsible for

contingent liability.

5.10. Protection for Shipment and Handling

5.10.1. Each unit shall be suitably prepared for the shipment specified and for outdoor

storage for a period of at least six months in a manner requiring no disassembly
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prior to operation.

5.10.2. The Vendor shall be solely responsible for the adequacy of the preparation for

shipment probisions employed with respect to materials and application.

5.10.3. Equipment shall be completely free of water/oil prior to any shipment preparation.

5.10.4. Exposed finished and machined surfaces, including bolting, shall be given a heavy
coating of rust ingibiting compound. Internal metal surfaces shall be sprayed or

coated with a suitable rust preventative.

5.10.5. Bearing assemblies and exposed ends of shafts shall be fully protected from

rusting and entry of moistrue and dirt.

5.10.6. Adequate protection shall be provided against mechanical damage and atmospheric
corrosion during transportation, and for a mutually acceptable period of outdoor

storage at job site prior to installation.

5.10.7. Those openings that require rust preventative shall be suitably tagged to indicate

the type and nomenclature of the rust preventative used.

5.10.8. Solid steel plugs shall be used instead of plastic plugs for any part that is

pressurized during start—up operation.

5.109. Open ends of tubes and pipe shall be capped (taping is not adequate) for

protection.

5.10.10.All equipment shall be packed, securely anchored, and weather protected for the
shipment method. Separate, loose, or spare parts shall be boxed, and each part
individually protected as required. Each individual container shall be marked both
inside and outside with the equipment number and service for which the parts

are intended.

5.10.11.Each container shall also include a complate Bill of Material identifying each part.

- 170 -



5.11. Documents and Drawings to be submitted

The Vendor shall submit the completed documents and drawings in accordance

with the "Vendor Data Requirement” in time. In addition to the above, Vendor shall

include in his proposal document all the other information such as;

5.11.1.

5.11.2.

5.11.3.

Technical description of equipment

Description of scope of supply

List of guaranteed items and their values

Reference data, drawings and calculation sheets, etc
Installation, Operating and Maintenance manual
Deviation list (Attached Format)

Priced all spare part list (Attached Format)
Recommended priced special tool list (Attached Format)

All vendor’'s drawings and documents must show purchaser's job number,
purchaser's tag number, purchaser’'s inquiry number, quantity, and vendor’s

reference no., drawing title, vendor’s drawing number and revision number.

Technical specifications, data sheets and final certified copies of all documents
shall be in ISO size and in case of A4 they shall have 25 millimeters binding

margin on the left edge.

All electric equipment and instruments shall be proper for electric area
classification and the IEC certificates shall he provided as follows

1) Small junction box & instruments; Eexd{(explosion—proof)

2) Large control panel & junction: NFPA 496 w/type z

3) Electric motor: Eexd or Eexe: With temperature rising limit certificate
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Yield(%6)

pH change during extration

HCl(%)

6 hr
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2.7
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3 hr
5.1
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4.8
4.1

0O hr

82.9
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0.1
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Table 4-8. Effect of H250,4 concentration on phytin yield

Yield(%6)

pH change during extration

H2S04(%)

6 hr

3 hr
55
45
2.6
2.2
1.6
1.6

1 hr
4.8
4.3
2.6

2.1

0 hr
4.5
2.2
1.7
1.5
1.3
1.2

64.3

5.7
46
29
2.5
1.7
1.5

0.1

88.1

0.2

97.1

0.3
0.4

96.9

96.4

1.8
1.3

0.5
0.6

95.9
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Table 4-9. Effect of HCl volume on phytin yield

Yield(%6)

g5

52.6

88.7

97.2

10
15
20

98.5

93.9
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Table 4-10. Effect of HCl volume on phytin yield

Alkali Recovery of phytin(2s)
NaOH 95.5
Ca(OH): 99.2
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Fig. 4-8. Production process of inositol extraction from phytic acid.
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- BK bio co., Itd.

#405 Starwood Bldg, 5439-1 Sangdaewon-Dong, Jungwon-Gu, Seongnam-Si, Gyeonggi-Do, (zip. 462-819) South Korea,
Tel. +82-(0)31-743-7361, Fax. +82-(0)31-743-7362

RP70
BK Rice Protein Powder RP70

CHARACTERISTICS

ANALYSIS
Appearance
Taste :

Water content :

Protein :
Carbohydrates

Fat :

Ashes :

Solubility :

Heavy metals (as Pb) :
Arsenic :

MICROBIOLOGY
Total Plate Count :
Yeast/Molds :

E coli :

Coliform :

PACKAGING
25 kg/bag

STORAGE

Hygroscopic product, store in a dry place. Best use within

SPECIFICATIONS

RP70 is extracted from rice protein part and has an amino acid profile identical to
that of whole protein and dried without any carrier.

SPECIFICATIONS

White to brown powder
Neutrally sweet to slightly bitter
< 10%

> 70% (as dry basis, Nx6.25)
5 to 15% (as dry basis)

< 6% (as dry basis)

< 5%

Insoluble, dispersion in water
< 20 ppm

<1 ppm

< 5,000 cfu/g
< 1000 cfu/g
Negative
Negative

. 24 months.

Fig. 5-1. Specipications of insoluble rice powdered protein 'RP70" published by BK bio.
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. BK bio co., Itd.

#405 Starwood Bldg, 5439-1 Sangdaewon-Dong, Jungwon-Gu, Seongnam-Si, Gyeonggi-Do, (zip. 462-819) South Korea,

Tel. +82-(0)31-743-7361, Fax. +82-(0)31-743-7362

RP70

Certificate of Analysis

BK Rice Protein Powder RP70

CHARACTERISTICS

RP70 is extracted from rice protein part and has an amino acid profile identical to

that of whole protein and dried without any carrier.

ANALYSIS
Appearance :
Taste :

Water content :

Protein :
Carbohydrates :
Fat :

Ashes :
Solubility :

Heavy metals(as Pb):

Arsenic :

MICROBIOLOGY
Total
Yeast/Molds :
E coli:
Coliform :

Plate Count :

SPECIFICATIONS

White to brown powder
Neutrally sweet to slightly bitter
< 10%

> 70%(as dry basis)

20 to 30% (as dry basis)

1 to 5% (as dry basis)

< 5%

Insoluble, dispersion in water
< 20 ppm

<1 ppm

< 5,000 cfu/g
< 1,000 cfu/g
Negative
Negative

RESULTS
Conform
Confirm

42%

71%

17%

2.2%

2.1%
Conform

Not detected
Not detected

1.2x1072 cfu/g
Negative
Negative
Negative

Fig. 5-2. Analysis certification of insoluble rice powdered protein 'RP70" published

bio.
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-BK bio co., Itd.

#405 Starwood Bldg, 5439-1 Sangdaewon-Dong, Jungwon-Gu, Seongnam-Si, Gyeonggi-Do, (zip. 462-819) South Korea,
Tel. +82-(0)31-743-7361, Fax. +82-(0)31-743-7362

SPECIFICATIONS

SRP70

BK Rice Protein Powder SRP70

CHARACTERISTICS

SRP70 is extracted from rice protein part and has an amino acid profile identical to

that of whole protein and dried without any carrier.

ANALYSIS SPECIFICATIONS
Appearance : White to brown powder
Taste : slightly bitter

Water content :

< 8%

Protein : > 70%(as dry basis, Nx6.25)
Carbohydrates : 5 to 15%(as dry basis)

Fat : < 5%(as dry basis)

Ashes : < 5%

Solubility : Soluble in water

Heavy metals (as Pb): < 20 ppm

Arsenic : < 1 ppm

MICROBIOLOGY

Total Plate Count :
Yeast/Molds :

< 5,000 cfu/g
< 1000 cfu/g

E coli : Negative
Coliform : Negative
PACKAGING

25 kg/bag

STORAGE

Hygroscopic product, store in a dry place. Best use within: 24 months.

Fig. 5-3. Specification of soluble rice powdered protein 'RP70" published by BK bio.




-BK bio co., Itd.

#405 Starwood Bldg, 5439-1 Sangdaewon-Dong, Jungwon-Gu, Seongnam-Si, Gyeonggi-Do, (zip. 462-819) South Korea,
Tel. +82-(0)31-743-7361, Fax. +82-(0)31-743-7362

Certificate of Analysis
SRP70

BK Rice Protein Powder SRP70

CHARACTERISTICS

SRP70 is extracted from rice protein part and has an amino acid profile identical to
that of whole protein and dried without any carrier.

ANALYSIS SPECIFICATIONS RESULTS
Appearance : White to brown powder Conform
Taste : Neutrally sweet to slightly bitter Confirm
Water content : < 6% 4.2%

Protein : > 70%(as dry basis) 83%
Carbohydrates 5 to 15%(as dry basis) 10%

Fat : < 5% 3%

Ashes : < 5% 2.1%
Solubility: soluble in water Conform
Heavy metals (as Pb): < 20 ppm Not detected
Arsenic : < 1 ppm Not detected
MICROBIOLOGY

Total Plate Count : < 5,000 cfu/g 1.2x1072 cfu/g
Yeast/Molds : < 1000 cfu/g Negative

E coli : Negative Negative
Coliform : Negative Negative

Fig. 5-4. Certification of soluble rice powdered protein 'RP70" published by BK bio.
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of wa AFAES st #£42 ninhydrin HPLC
A3 RP70 2 SRP709] 4 olv|4be #d8 &
= o Glutamic acid®] &aFo] oF 20%54
Teed T 9 g2 & Fo #d &

shaFo]l RP70 19.57%,

22 A SRP70°] 774 o}nl

BAS Tl o

s 7 ol g4 A

o He® dade deol SAHAT. B9

H7F Warse]xlal 9l BCAA(Branched Chain Amino Acid)9]
SRP70 16.98% ¢ < W& = skl s E=3 ¥ Ak (Table 5-1).

Table 5-1. Table of Composition Amino acid of RP70 and SRP70

A rl (%)
T opr Ak (=5 3k} o} 8] %] RP70(%) SRP70(%)
1977)

Aspartic acid 9.5 943 10.45
Threonine 3.9 3.62 3.41
Serine 5.2 5.31 5.72
Glutamic acid 194 19.89 21.64
Proline 4.6 474 4.34
Glycine A7 4.63 5.10
Alanine 6.5 5.93 091
Valine 6.2 6.39 5.71
Methionine 2.1 2.18 1.86
Iscleucine 4.0 4.27 3.68
Leucine 8.5 891 7.99
Tyrosine 4.4 0.33 498
Phenylalanine 5.7 6.00 2.73
Lysine 3.6 2.08 2.90
Histidine 2.5 2.31 2.38
Arginine 9.3 7.88 8.60
total 100.1 100 100
*BCAA 187 19.57 16.98
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Y. SRP709] # A3 ¥

e

_‘ET/H 3‘2,'1-0

o R B

i

® SRP70¢ A X & 2137 93t HR-MS +4

.
o wAHE B

°]
gl = A (Fig. 5-5, 5-6, 5-7, 5-8).

ﬂJ

S ARk, £4 Ay SRP70
1000 ©]&}e] X5 Yehdidlen diF-& 300~7009 HElol= EA<Q

2

1) 2343

® NEFE: 2 mg/ml

® Materials

1 solvent DW, Acetonitrile(B&])

2 regent Formic acid(Aldrich)
® Methods
1 Chromatography Thermo Accela UPLC
2 Mass spectrometry Thermo LTQ-Orbitrap XL
3 Colum ACQUITY BEHI130C18, 1.7um, 100x2.1mm
4 Solvent A: DW(0.1% Formic acid)
B: Acetonitrile(0.1%6 Formic acid)
5) Elution condition Time A B
0.0 9 1
3.0 9 1
53.0 50 50
53.5 0 100
56.0 0 100
56.5 9 1
60.0 9 1
6 Flow rate 0.3 ml/min
7 Injection 3 ul
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® Instrument Condition

1 Detection ion mode Positive ion ((M+H]+)
2 Scan range MS: m/z 300~1600
3 Spray voltage 45 kV

4 Capillary voltage 3BV

5 Capillary Temp 3007C

6 CID energy 35

7 Software Xcalibur

(2) 2843

® MS Chromatogram: ¥ A% 6007] %

RT: 0.00 - 40.00
NL: 1.52E7
100+ i

il Base Peak F: FTMS +p

i oo 1 x 2P Total  qeurms

1 160 H l | | 245 [300.00-1600.00] MS
“ ‘(\ 19.79 || | N'I 27 88 L

V 455 g7 (s HI! 1782

3| f| 'II
/‘N\fa"n\m" JJ WY 'N' 'W\uﬂ« .J\“ J |H'| M 'I'u'w"”U'"Lf-g-'“
940 NL: 1.52E7

Base Peak m/z=
'I 10,00 |4 2 gp5 21 <000 3000060000 F: Fis

160 H l' ‘ 245 +p ESI Full ms
M n

[y}
i

=
T

on
T

‘ 2788 [300.00-1600.00] MS

SRP5-2
H\ 45 g5 \| “ \“ 1732 ”'h ﬁ‘” uel | .

] |
{ | ;\,Lf‘u"\, m' .JJ 'p'f llll [ ”'Nt’“ N | W"." '||r H|

NL: 1.52E7
i Base Peak m/z=
> 600 600.00-1600.00 F: FTMS
] 21 94 +p ESI Full ms
50 [300.00-1600.00] MS
- 05 !'I 29 2865 SRP5-2mg
i 1069 1282 15.39 19.79 o ||I\ |L\ ||2588 |2945

m..xl\\. Mh‘\'\ﬂ'\""’ I’I JM-\JJ'A
||||||||||||||||||||||||||||||||||||||||

0 5 10 15 20 25 30 35 40
Time (min)

=
i

Fig. 5-5. The results of MS Chromatogram using soluble rice protein.

- 184 -



® MS Chromatogram: ¥ W &4 A3

RT: 0.00-40.00
940

507 1.60 1000 1247 2015

1 4 o 14.83 2119 9695 >300
0—-»!'@«% s i) ULK“W wv\_."\,—_ﬁ-w-'\-_ﬂ W o
504 11.62 2| 19

1B 5 qoren | BOup Do 2% ug >400
.U:_A» iRl o VAR RTSES ERY Y R ol TGP |0 | SIS g
50 14.92 20.26 22 13

: 2 | e |k 2% 2788 >500
| D SO S O S 7 SO N O WY | U1 WP .

E 1745 2085 2' Ty 28.65 >600
,U EHNAT I —_q_ﬁ-\_—hn_r'\—’\u-J-ha—w“_ﬂﬁ—h—hﬁ“-—u—ﬁM‘-h JA ,-J‘\.. .a-_A-.-\._J\-_n_-
50+

g 15.39 pgl B8 >700
.U_ ..... NPT PISRL l) Tal LEOL CS C R e e .f‘..»._ Y | PR
" 236 > 800
.U_ ; R
505

. >900
O_ % POULAMLIY LS CR—— ) —
Lz >1000
.U_ e e R e e L Sl =

0 5 10 15 20 25 \

Time (min)

Fig. 5-6. The results of MS Chromatogram using soluble rice protein.
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® Mass spectrum: m/z 300~ 1600
RT: 001-37.73 AV: 298 NL: 1.25EbH

F: FTMS + p ESI Full ms [300.00-1600.00]
37324

1004 5!

90

593.16
7—1

52731 | 684.20
_F=2 z=1

[=]
(=)

n
=]

s
=

(5]
[==]

e lrrne vl T
-l
(5]
oo
o]
%]

897.50
z=1
933.41
z=1

]
=]

o

0

800
m/z

1000

1053.60

= #ii®
‘|l-h‘-7'L-|----|- L

1200

1368.62
z=7
| REEET ELs e

146072
z="?
e

1558 .41
z="

T
1600

e
1400

Fig. 5-7. The results of MS Chromatogram using soluble rice protein.

® Mass spectrum: m/z 300~ 1000
RT: 001-37.73 AV: 298 NL: 1.25EbH

F: FTMS + p ESI Full ms [300.00-1600.00]
373.24
7—1
100 41422

z=2

(=]
(=]

366.20
z=2

[eis]
=

52030
z=2

=]
]

393.21

e 484 28

z=1

[=2]
[e=]

527.31

31014 z=2

z=1

614.28
7=1 667.18
583.38 z=1

z=1

W b
a5 B

=]
=)

5]
=]
e D v v B B P B T |

(== ]

400 500 600

m/z

6584 .20
z=1

688.33
z=1

743.32
z=1

58.
z=1

897.50
z=1
884.52 | 93341 g47 54
I z=1 z=1 -
| l z=1

786.25
z=1

700 800 900 1000

Fig. 5-8. The results of MS Chromatogram using soluble rice protein.
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® SRP709] ofn:gtoz F& A=E sefstr] fgte] oivmd] dAa FEFE SASAC
Formol #7®el we} &=
of gkgof wwksigivt. 349
7}8ke] pH meter® pH 847} HEE vt of7]o] 35% formaldehyde solution
(v/v)(Samchun Pure Chemical) 20 mlE 7} th, ©A] 0.1 N-NaOH=Z= pH 847} F3}
A4 stATh b Aol st ol HAZS HAsAT 2 B3 SRP709 obr =

e =

mlE 100 ml measuring flaskel 33 SFF= 100 ml

2
LZN4 25 mlE 100 ml Hlo]A] FH 3] 0.IN-NaOHEZE #H

B Aa 3 600442 mg% =, obrmAil o2 e ARl AA s U & 3

At

(A—B)x1.4x Fx Dx 100
S

obr] .= B A 4 (mg%) =

A 0.1 N-NaOH¢9] 24| ml

B : 0.1 N-NaOH®] +43% 4v] ml
F : 0.1 N-NaOH#]| factor %k

D : 3dnj=

S AR ANF )

1.4 0.IN-NaOH 1mlel] 3d3ste A A= (mg)
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Z}. pH <A A

® SRP709] pHel w& MAAE &str] 918t 7t pHelAl SRP70 4=&<fe] vz 3
skt dvbd oz gwde] A pH 4 FoA SARE 7Y AdEH= @Y
e E, diEAQl 4 9AQl 4R A9 pH 46904 SHAE YERNTE ohEkA
pH 2~12014 Axkael SRP70 #8949 &amgE F435aL plH 4~59 HMAE F8 W

Az B, F o AY 9NN AEE SHeg

)

e 23 Wi SRP70S 10W19 FRHG=E g4s §H 4 AlE 87]e 1 ml¥ 53k
0.IN-NaOH % 0.IN-HCl& o] &3} pHE %A, & F97} 10 ml7F I == 3%t =2 o}
= 7 &He RS Holo] lowry-methodE o] &, F8&A @S AFste 7hzte

2
pH &0 w& SRP709 &35 E =A319t).

® 1 Ay pH 5~12 WY FEAodA - FAA)R oW pH 484 FH HA d &
Aol 183l pH 420014 A HAEE wvh webd SRP70¢9 54 A (Isoelectric point)
< pH 422 AEAAH(Fig. 5-9).

120

100 -W

oo
=]

SOLUBILITY{%)
Es f=))
=] =]

]
(=]

2 3 4 42 44 46 48 5 6 7 E 9 10 11 12
pH

Fig. 5-9. Solubility graph of soluble rice protein as pH conditions.
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u} .

AorAA
SRP70¢] &t Sle 93 AdE AA s SRP70S T2 1008 343 H 15
ml test tubeol] 10 ml & &F3F v} 60, 80, 100, 120C2e] 2%o|A z}z} 0.5h 2 1h X ¥
E A=

43} 80C, 1Th AHe] 2AdA5EE dujde] A7 JAxF A gE e, 100C 1hellA <F
2969 £4o] melar 120C 1helAl oF 3%<¢ wujz 2o #A&AH Qv wela] SRP709]

=
Aol W kA =ddEs AA E g AL A S8 Ax FAA Y At H
T oM A d 5 sl A H vk (Tig. 5-10)

100

a0
a0
70
a0
50

Protein(?)

30
20
10

60°C 607 80°C 80°C | 100°C | 100°C | 120°C | 120°C

coptral) e | 1k | oShe | ook | o5k | iR | o5k | &

= srRPsAH| 100 100 100 100 | 9912 | 98.45 98 a8 a7

Fig. 5-10. Soluble protein contents of soluble rice protein as reaction temperature and time.
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np A7)k wE AR A

o =&/ Aol Sxolo Tty AAS Alga 7] 98te] SRPT0 F& A& Axg

of wpE Wl e WstE AlPel] Hkth w3k ATk e A PAEA
gela w7] 9t 4wt & A% 73] wE v AE Al@QR FAle A AF
SRP70-8 FFFol 2ol 3% #8948 Ax3 F 100C, 15min autoclaveZE o] &3} A+
3 uke 0, 1, 2, 3, 4, 8, 12 F7F Lowry-methodZE o] &3 dhild Aaad & nyE A)g

® AAA} 0, 1, 2 3, 4,8 12 F3F @A ko] Fo&l WMatE ¢l om(Fig. 5-11), 4
B 125 o3 A] Akl L A, WA 7 EHEEZ BA Y] 100, 15min At
of o EEe, 1253 a7t FRAHNSS &8 & AA v (Table 5-2).

Table 5-2. Microbiology test results of hydrolysed SRP70 as storage period

weeks Total bacteria E. coli coliform
0 ND ND ND
1 ND ND ND
2 ND ND ND
3 ND ND ND
4 ND ND ND
8 ND ND ND
12 ND ND ND

*ND : No Detected

100
90
80
70

L

->
-
k. &
R

-

50

protein(?s)

30
20
10

0 1 2 3 4 8 iz

weeks

Fig. 5-11. Soluble protein contents of soluble rice protein as storage period.
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oA &d &aAZl & flavorE H7lste] 124 3d EFES 60~70C=E 7
TAE 33, I A E F4S ds T WhsE A, di 2 YT AS 18

Table 5-5. Mix ratio of rice milk

A= H gk 1] (%) vl AL
2 o s)of 70~100
Gl ghgF 30 mg/ml
SRP70 1.285
milky powder 0~1 -
[Sxlednty 0~1 -
R 0~1 -
gum 0~1 -
e A 100 -

<Rice Milk> <Rice Drink>
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—*=Rice Milk =#-Rice Drink

Fig. 5-12. Sensory test of Rice Milk and Rice Drink - result of total average analysis.
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Table 5-6. Compounding ratio of protein drink producted by using SRP70
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Table 5-7. 2 F%F @l d o FH5dA At
Overall
samples Taste Flavor
Preference
A(SRP70) 11 9 14
B 5 5 4
C 4 6 2
A-RP : AA} & %0z B-RP : BA} & FZ9ud SRP-70 1 £84 & FZduz
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Fig. 5-14. Production process of "Nutrition drink” using "RP 70"

Table 5-9. Nutrition composition of "Nutrition drink” product

u.o
o 3°
e S
2
s op
Q gg ol o
HKMS%MgMgmM
E
.
S| o k] %M%%
| ~Aa | —
B EZE T 2T 44
0 X‘_ﬂo_« —_—
ﬂmo ‘mﬂ =T ‘DrL Wi ™| B ‘Ul
i Wi |
Wﬂ

- 200 -



(2) vholo = A4

KA tholofE A4 AES Hol28g U tholo|E§ HAom FH/lEECG B
o A GGn FF el BRI A8 @A SR ARALDL AT YL, (F)
Aclulolo oAt Ful A4bd HeAd ATNETE A AAF AAe Amsiar

1.

(Table 5-10).

AEe Alx= 7]Ee FUAt 2 G ET gAl # dA7E Sl /idE “RP 0"e ARES e A
5

Fig. 5-15. Production process of "diete cooked food” using "RP 70".

Table 5-10. Nutrition composition of "diete cooked food” product

I F(40g'3) sk iz s
= 125 cal HIEFI B1 0.3 mg(30%)
BT s 26 g(8%) HE}TI B2 0.36 mg(30%)
21 o] A 9 g(36%) H] E} Y1 B6 0.45 mg(30%)
5 S g HIEFRIC 100 mg(100%)
ol 6.5 g(12%) HIEIYE 10 mg a-TE(100%)
A HF 1 g(2%) L}o]olal 3.9 mg NE(30%)
EsbA| u) 0 g(0%) A4k 250 ug(100%)
E A H) 0 2(0%) oA 2.4 mg(20%)
Y 2" E 0 mg(0%) | 15 mg(100%)
UE& 180 mg(0%) e 140 mg(20%)
HI BRI A 210 ug RE(30%)
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A AE Fo Jrh(Fig. 5-16)(Table 5-11).
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Fig. 5-16. Production process of "cereal” using "RP 70".
Table 5-11. Nutrition composition of "cereal” product
18] Az & T % QEAV|EA 18] Az T & % QEA7EA
dF 113 Kkcal B e B 0.32 mg 32%
S 27 g 8% H eI B2 0.38 mg 329%
2 o] Al 0g 0% H e B6 0.38 mg 2596
T 10 g A4 62 ug 2596
oA 1 g 2% HIERIC 25 mg 2596
A 01 g 0% eI D 1.26 ug 2596
A 0g HIE}YE 250 mga-TE 25%
X oA 0g o] o}2l 4.26 mgNE 33%
Ed a8 Og AR 1.87 mg 13%
= Bt 0 mg 0% o<l 1.78 mg 15%
HEE 160 mg 8% Ze 0 mg 0%
HERR 175 ug RE 25%
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Table 5-12. Nutrition composition of "instant cooked rice”

10 mg

- 203 -




o st HAA DAIAE w0l B2y Ax A AR 248 Wrstel B2 Aol 9@
Ay P AEG ASE g ek o] B ABAAE ATE Falol AR ANN 24F
AT AFPN] 25 SE
DAFlA AAE AR S gl S AFS AF FUNOR, AR YAt ool A
A% FQAe Fo gAES W O ANEQG olu @ & g AoR

5-13).

——

| =
| 1 |
| & 7l |
I —
| 4§ 7 |

Fig. 5-18. Flow chart of mackerel canned food.

Table 5-13. Nutrition composition of "mackerel canned food”

13)1#=9 (100g) o % BURTEA
= 140 Kcal
TSt Og 0
chul 17 g 28
A vk 8 g 16
¥ 3Rk 20 g 17
Y 2H 70 mg 23
UESF 710 mg 36
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Table 5-15. Proximity composition of rice and rice byproducts
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o g aals W EE A fd 9MAs Be AR F 9 LA BA @
Gk 1 F FEOlA AAF A w2 AuoN] GAFA & wad AFe] w4
ME H559a, JRAe) Werelt S8 APl Bal FuE H5sAr

1. dll9] 9Ma AFE AL AL

7}. Prothy R80

® oA JdE Al
18% o< %93
/kg o]t

® 100% &S du=E o] wEofd AFEoz GMO FAA A% 3L, Lactose ¥ glutenol
o3 dAdE F 9= FEE F itk EU 7]% Allergen Free Al# 07 Gxfolg o

FA, AFEAS AE, A WEA D A¥z JEA F o B8 W7 WS Bl Yk

o T ot F3H(%)

Asparagine+Asparagique  acid 9.07

Threonine 3.70

Serine 492

Glutimine+Glutamic  acid 17.85

Proline 442

Glycine 4.26

Alanine 0.38

Valine 6.14

Cystine+Cysteine 1.75

Methionine 3770 A Carbohydrates
Isoleucine 4.31 [ Proteins
Leucine 849 B Fat
Tyrosine 2.3

Phenylalanine 547 B Other
Lysine 3.60

Hisitidine 2.37

Arginine 8.30

Tryptophane 0.92
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<19 and 3% solution of oryza peptide>
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