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SUMMARY

. Title

Development of submicron technology for water insoluble functional substances and its

utilization for high value food product

I

O

1.

1.

. Objective and Significance

Much of health functional ingredients which are derived from natural material such
as animal byproducts, eggshell, essential oil (Fish oils) are fat soluble, low
applicable and unstable physicochemical. Variety of state—of-the—art processing

technologies are required to improve high solubility of the insoluble material.

In this study, the essential minerals calcium and bioactive polyunsaturated fatty
acids (inorganic nano) are nano- or micro—encapsulated for improving their
acceptability and solubility. And specific collagen peptides and collagen amino acids
are produced by using subcritical water extraction and enzyme technology. Various
insoluble natural functional materials could be produced through the a low-carbon

and new processing technology.

Finally, highly functional food could be supplied the elderly who need high
functional materials and food through the development of high value-added
processing technology of insoluble functional food ingredients.

The Results of Research and Development

Development of high functional collagen peptide processing technique by using

high pressure technology for the elderly

Research subject Results

® Placenta was treated at 37.5 MPa of pressure combined
with various temperatures (150, 170, and 200TC) or
various holding times (0, 30, and 60 min at 170C).

Optimum formulation was 170C and 30 min processing.

Effects of High
Pressure/High
Temperature (HPHT)

Processing on . .
Insoluble raw placenta collagen was partially solublized

(>60% solubility) by the HPHT treatment.
® Free amino group content of placenta collagen was

the Recovery and
Characteristics of

Porcine Placenta .
increased from 0.1 mM/g collagen to > 0.3 mM/g collagen

Hydrolysates
after HPHT treatment

_12_




Effect of High Pressure
on the Porcine Placental
Hydrolyzing Activity of
Pepsin, Trypsin and
Chymotrypsin

® Alanine (Ala), glycine (Gly), hydroxyproline (Hyp), and
proline (Pro) contents increased after the HPHT
treatments

® In particular, the peptide bands of tryptic—digested
hydrolysate were not shown regardless of applied
pressure levels.

® The peptide bands of hydrolysate treated chymotrypsin

showed gradual decreases in molecular weights (Mw) with
increasing pressure levels.

Pepsin also tend to lower the Mw of peptides, while the
major bands of hydrolysates being treated at 300 MPa
were observed at more than 7,000 Da.

High pressure could enhance the placental hydrolyzing
activities of the selected proteases and the optimum
pressure levels at which the maximum protease activity 1is
around 200 MPa.

Effect of Sub- and

1 kDa
produced by

For the molecular weight distribution analysis,
hydrolyzed porcine (H-PS)
Super-H»0O or Sub—-H3O treatment.

The free amino acid content was 57.18 mM and 30.13

mM after Sub-H:O and Super—-H,O treatment, respectively.

skin was

Super-—critical Water |® Determination of amino acid profile revealed that the
Treatment on content of Glu (22.5%) and Pro (30%) was higher after
Physicochemical Super-Hy0O treatment than Sub-HyO treatment, whereas
Properties of Porcine the content of Gly (28%) and Ala (13.1%) was higher
Skin after Sub-HzO treatment.

® Sub-H.O and Super—-H.O treatments were effective
processing methods for hydrolysis of PS collagen in a
short time and can be regarded as a green chemistry

technology.
® [ow molecular collagen peptide less than 1 kDa was

Effect of Porcine
Collagen Peptide on
Rheological and Sensory
Properties

of Ice Cream

obtained from  sub-critical water hydrolysis  with

temperature of 300C and pressure of 80 bar.

® There was no significant color difference between all

kinds of ice creams. Addition of HPS had less effect on
increasing apparent viscosity and strengthening shear
thinning behavior of ice cream mix.

At over 0.2% HPS enhanced melting resistance and 0.2%
HPS showed lowest storage modulus at -20C and second

highest loss modulus at 10T, indicating this combination

_13_




of hydrocolloids produced relatively softer and creamier
chocolate ice cream.

Ice cream produced by 0.2% HPS and 0.3% gelatin
represented the best physicochemical properties among all
the seven types of ice creams.

However, according to sensory evaluation, HPS showed
lowest chocolate flavor score and highest off-flavor score
compare with 0.5% gelatin added ice cream due to the

strong off-flavor of HPS.

Effect of Subcritical
Ethanol Extraction for
Porcine Placenta

Hydrolysates

For the molecular weight distribution, lowest molecular
weight of hydrolysates was observed at 434 Da and that
peak was shifted to low molecular weight range by DW
medium (low ETOH concentration) and longer time (30
min) extraction

In this subcritical extraction system (170C, 10 bar), it
was successfully carried out to extract below 500 Da
molecular weight hydrolysates from porcine placenta but
the addition of ETOH was not effective to produce lower

molecular weight hydrolysates compare with pure water.

2. Development of nano-

or microencapsulation technology for physiological

polyunsaturated lipids to improve their availability

Research subject

Results

Development of Efficient

Extraction Techniques

Optimization of optimal extraction process with highly
unsaturated lipids by using organic solvents, supercritical
CO; and CO; (supercritical carbon dioxide extraction
conditions (50T, 25 gCOy/min)

Tuna eye oil was extracted with optimum condition at 5
0C and 300 bar

Development of

by New Processing |® Analysis of lipid active composition by extraction with
Method of Solubilizing optimal processing
Low-Carbon ® Analysis of global sourcing highly unsaturated fatty
Unsaturated Fatty acid—containing lipid composition
Acid-Containing Lipid |® Comparative POV values of bioactive lipids (before/after
antioxidant added) under 30T, aerobic condition: 4 times
better antioxidant activity
® The improvement of physiological active lipid’s antioxidant
capacity
Formulation ® The selected concentrations of coating materials were

1.25% Tween 20 (primary layer), 0.1% chitosan

_14_




Multilayered Fish oil
Emulsion by Using
Electrostatic Deposition

of Charged Biopolymers

(secondary layer), and 0.2% low methoxyl pectin (tertiary
layer).
All Fish (FO)

resulting in small particles below 300 nm with a narrow

oil emulsions were physically stable

size distribution. Furthermore, the oxidation stability of
multilayered FO emulsions decreased with decreasing
number of membrane layers because FO was released

from layered emulsions.

® The physical and oxidation stability of FO can be
improved by using multilayered emulsions containing
Tween 20, chitosan, and low methoxyl pectin.
® Multilayered FO (-primary, -secondary, -tertiary) emulsions
were prepared using a layer-by-layer deposition
technique with Tween 20, chitosan, and low methoxyl
) ) pectin, and were added to pork patties at the same
Changes in Quality .
L. concentration.
Characteristics of Food o L . . . .
o Lipid oxidation was higher in treated patties than iIn
System Containing . . . . R
i ) ) control patties during storage. In addition, lipid oxidation

Multilayered Fish Oil ) ) ) )

] ] and total viable bacterial count in patties decreased as
Emulsion during . .
] the number of coating layers increased.

Refrigerated Storage ] . . ] o
Fish oil emulsion did not affect the texture characteristics
of the fresh patties, indicating that it could be used to
improve the quality of pork patties by contributing
high—quality fat such as unsaturated fatty acids.

® Microcapsule produced at previous study was applied into

food system such as milk, yogurt, orange juice, nutrition

food, coffee creamer and then Sensory evaluation scores

Production of of all foods with microencapsulated lipid containing

Microcapsules in Food polyunsaturated fatty acids.

System Containing ® During storage, the stability of microcapsule added food

Polyunsaturated Fatty was stable.

Acids Enhanced ® There were no change of appearance in all foods but fish

Solubility oil microcapsule generated specific off-flavor derived
from fish.

® Therefore microcapsule affected overall preference of

foods except coffee creamer.

3. Development of calcium solubilization techniques and soluble calcium complex
Research subject Results
Physicochemical ® The average particle sizes of NPES and powdered
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Properties of

Nanopowdered Eggshell

eggshell (PES) were 202.3 28.9 mm, 113.89 mm and 79.37
nm, respectively. Zeta—potentials of NPES (15.41 mV)
suggested an incipient instability of the colloidal system.

Moisture sorption analysis indicated a higher water
adsorption capacity of NPES than that of PES. X-ray
diffractometer (XRD) analysis confirmed the presence of

calcite in both NPES and PES.

® The chemical compositions of the NPES and PES particles

were strongly associated with the presence of calcium

carbonate, as determined by the Fourier transform
infrared (FT-IR) spectra.
Eggshell nanopowder has a great potential to be utilized

as a component for biomedical applications.

Effects of
Nanopowdered Eggshell
on Postmenopausal
Osteoporosis: A Rat
Study

Rats fed NPES and powdered eggshell (PES) exhibited 6.6
and 2.2% greater bone mineral densities (BMD) than
ovariectomized (OVX) rats.

Investigation of the trabecular bone in NPES fed rats
revealed a 12.4% higher bone volume BV/TV), 7.5%
(Tb.N.), and 14.5% lower
trabecular separation (Th.Sp.), compared with OVX rats.

higher trabecular number

® Serum analysis demonstrated that NPES fed rats showed

a significantly (p<0.05) higher (22.4%) osteocalcin level
than OVX rats.

Urine analyses in NPES fed rats revealed 43.7% lower
deoxypyridinoline (DPD) and 87%
levels of type I collagen (NTX) than in OVX rats. NPES

attenuated the bone loss induced by ovariectomy in rats.

lower Nteleopeptide

Physicochemical,
Microbial, and Sensory
Properties of
Nanopowdered
Eggshell-Supplemented
Yogurt during Storage

® Sensory evaluation

The pH and mean lactic acid bacteria counts of
NPES-added (0.15~0.45%, wt/vol) yogurt ranged from
4.31 to 4.66 and from 6.56 < 10° to 8.56 x 10°% CFU/mL,
respectively, whereas these values ranged from 4.13 to
4.44 and 8.46 < 10° to 1.39 x 10° CFU/mL respectively,
for the control samples during storage at 5C for 16d,
which shelf-life with
NPES-supplemented yogurt.

indicates a prolonged

revealed that NPES-added yogurt
showed a notably less sourness score and a higher
astringency score than the control. An earthy flavor was
higher in 0.45%

with the control.

NPES-supplemented yogurt compared

_16_




Based on the results obtained from the current study, the
concentration (0.15~0.30%, wt/vol) of NPES can be used

to formulate NPES-supplemented yogurt without

the

any

significant adverse effects on physicochemical,

microbial, and sensory properties.

4. Assessment of function,

food ingredients

availability and safety of processed insoluble functional

Research subject

Results

Skin Permeability of
Porcine Placenta
Extracts and Its

Physiological Activities

The skin permeability and various biological activities of
porcine homogenate of placenta (HP) with the highest
protein contents (452.89 ug/mg).

The content of protein in subcritical extract of HP (SPE)
was decreased from the initial content of 452.9 npg/mg to
262.7 ug/mg at 3 h subcritical extract.

SPE-3 highest the
permeability was significantly higher than that of HP.

showed skin permeation and
SPE-2 also showed significantly higher permeation than
HP after 4 h. As expected, increase of extraction time
significantly increased skin permeability in the subcritical
extract of HP (SPE).

In terms of cost and source availability, porcine placenta
extracted with subcritical extraction has advantages over

untreated PE and have potential as a cosmetic ingredient.

Nano-Calcium
Ameliorates
Ovariectomy-Induced
Bone Loss in Female
Rats

Increased body weight, which is one of the physiological
effects of ovary removal, was significantly recovered by
Nano-Ca treatment (p<0.05).

The reduced calcium level in the liver in ovariectomised
rat was increased significantly with OS-Ca and Nano-Ca
(p<0.05),  suggesting
bio—availability. Alkaline phosphatase (ALP),
(DPD)

biochemical markers of bone metabolism and health in the

treatment improved  calcium
osteocalcin,
and  deoxypyridinoline were  analysed  as
presence or absence of OS—-Ca and Nano-Ca.

The tested calcium treatments, especially using Nano-Ca,
enhanced the bioavailability or absorption of calcium and

positively affected bone metabolism in ovariectomised rats

Antioxidant Effect and

Functional Properties of

Hydrolysates Derived

yielded

Alcalase,

Treatment with Neutrase the most a—-amino

groups (6.52 mg/mL). Flavourzyme, Protamex,

and Ficin showed similar degrees of a—-amino group
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liberation (3.19~3.62 mg/mL).

® Neutrase treatment also resulted in the highest degree of
hydrolysis (23.4%). Alcalase and Ficin treatment resulted
in similar degrees of hydrolysis.

® All hydrolysates, except for the Flavourzyme hydrolysate,
had greater radical scavenging activity than the control.

® Neutrase was Iidentified as the optimal enzyme for

from Egg-White Protein hydrolyzing egg-white protein to yield antioxidant

peptides.

® During Neutrase hydrolysis, the reaction rate was rapid
over the first 4 h, and then subsequently declined.

® The active peptides released from egg—-white protein
showed antioxidative activities on ABTS and DHHP
radical. Thus, this approach may be wuseful for the

preparation of potent antioxidant products.

V.

O

Achievements and contribution to the related fields

Through the developed low-carbon and new processing technology, new high
value—added food, cosmetics and medical materials containing low molecular
collagen peptide, polyunsaturated fatty acids, or nano structured calcium could be

commercialized in various industry and then enormous profit will be created.

Highly functional food could be supplied the elderly who need high functional
materials and food through the development of high value-added processing

technology of insoluble functional food ingredients.

Economic and industrial activation was achieved in terms of the domestic food
market, contributing agricultural products derived from highly unsaturated fatty

acid-containing lipids to increase farm income.

Through the development of social aging times, maximize the utilization of nano
calcium the body osteoporosis agents (elderly and postmenopausal women) food for
special purpose commercial Elderly and reduce health care costs.

The company that participated in this research project will have marketing strategy
for expansion of functional foods and beauty foods market that create at least

about 100 billion added value through the commercialization.

BINT will be applied in the food industry that create convergence technology and

consequent transfer of technology and intellectual property.

_18_
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Pressurised hot and supercritical

water
Physico-chemical properties of water at 240 bar
1400 1010
e o :
o 1200} ! ) £
2 v " & heterolytic ll homolytic 10 E
é ; £ 1000 ‘--.,_.\\ \ g
S ; §0o ~ i 10 3
= critical point BEB00fy |l -
A 0, 5 o A wyl } 9
Te=374°C O 2 00 \ \ \\\ P 1z E
0 n N N
Pc=218atm 2 S B c
400 [ a— 2
pe=0.32g/mL 3 e | 105 5
T ~ | b}
200 ;\ \\_‘-._
ol 5 10%
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TIC P.Kritzer et al.
J.Supercrt. Fluids
15(1999) 205.

Sl Ho 2, 448 7ol Hla) dA 3] F

<3 o] 7t AEHAL wka o), A A

& a, 5 dgo] LA g3z, APz
zho]7F EAEHA] gom, HAEAE Qi g WA = WY, E48X4s = B
A3l 24714 Eold W3l @5sEd A EA W 5& A5 & A, FRAEH
TaAdd dFE FA gon, ety IEH 2L X FH W(bags ol&E F
o] A¥S golaA & F At A 5L & F Utk 549 WSS-A3 GAZS HEA A
U 840 MEAe AT oRA 840 S SAS HIAAA dlidoly = o2}
A A4S FFELS GHSFATIAY AT & Aol WA £ I FE o8t %
a9t BaAE & o nEASY 3RV AEAE 2 e d7EAE BT e, 4
£ S5o ¥l AEASIAN 218t BAAEE FOoEN AEASET, FEA 24 9
gaksl o] B & 4% FIOHE IS F v ATEAHI UG
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o mAREstE ol &3 ¢844 A 7He3t sATE

IEEx3 ARke] 7Hes FAVIES NS 98, vAl e s (microencapsulation) 7] o]
50 AHFE oFst FokE FACE JPE gk mARHEs) Zlsolgt & 1A, AA, A
dol 2SS EA 2134 2dE £E2 28 ¢ JESE o' Edoly 2F yio

st o A mmZ ThFSHT)

Ad 2RSS mAAEl sn Ao %
So BHgH 24 1, Ji 2 pist e sArage
J 8

Advantage of encapsulation technique

Process by which one material or mixture of materials is coated with or

) Utilized to mask the tastes , color, and
entrapped with another material.

odors
) 2
2 | Enhance the stabilityand maintain viability in Core material )] )

Nanosphere Nanocapsule

3 \) Protectand reduce the activity of core | Lignt Moisture  Oxidation

from the other extreme condition A o
> 4!» ‘ @ @
( :\ Ad) properties of active comp '] U

‘\) Promote the ease of handling of core
material

Matrix type Reservoir type Coated matrix type

» A matrix type of structure » A vesicular system
» Active may be adsorbed at > Active is consisting in the cavity inside

powder the sphere surface and surrounded by membrane
Technical for enca pSU'&tIOh Table 1.1. lllustration of characteristics of encapsulated particle by
various encapsulation processes
Physical methods Chemical methods
i | Encapsulationtechnology Coating materials Particle structure
U sl’my d?}'iﬂy * Phase seperatron Spray-drying Biopolymers: modified starch,
+ Spray chilling * Solvent evaporation maltodrextrin, gum, chitosan
Matrix

« Fluid bed coating + Interfacial )
polymenzataon Coacervation Biopolymers: gelatin, gum arabic, O
glucan, pelysaccharide

+ Coacervation Core/Shell
+ Liposome Emulsion-diffusion method Polymer PCL, PLGA, PEI, PMMA O

- .
Nanoemuision Core/Shell

* Pan coating
* Nozzle coextrusion
+ Co-crystallization

Nanoencapsulation Polymer/ Biopolymer: Protein,
polysaccharide

° QR RPp, Corel Shell

00" () &\E Péio & 0)% i AN

3 ° °°°o° &é: 2 g_: 2 Inclusion Biopolymer. alpha/ befa’ gramma %

ige &

v“ au o0 0\‘%: %}0 Q‘(f §°° cyclodextrin ¥
ghed dgas Corel Shell

Nanosphere N: psul Lip Nanoemulsion

Figure 1.1.7 VA28 7= oA vA &3t 71&9 T/ 54,

M AEe] HEELRE AISEHE= E29 FTHE CarbohydratesH(Starch, maltodextrin, corn
syrup, dextran, sucrose, cyclodextrin), Gum¥f(gum arabic, agar, sodium alginate, carrageenan),
CelluloseF-(carboxy methylcellulose, methylcellulose, ethylcellulose, nitrocellulose,
acethylcellulose, cellulose acetate-phthalate, cellulose acetate-buthylate-phthalate), Lipids#
(wax, paraffin, tristearic aicd, stearic acid, monoglycerides, diglycerides, beeswax, oils, fats,
hardened oils), Inorganic¥(calcium sulfate, silicates, clays), Proteinf(gluten, casein, gelatin,
albumin, hemoglobin, peptides) o] Ao, AHFAFAA AEEHE= vAHEst WYHoll=
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Figure 118 A|AE T TRE°l Atk vAF s A= =d=2s 2 971, ofrlx
2 A, g4 nAdE, FIEE, 74, BIE}‘HJ U] 015: 4 % Ars 59l

AR Eete] 58 d=A, Jadge s g

|4 =4S 784 &4 oA Azt %‘ﬂﬂoi Eﬂo}ﬂ A A8 =dE HeD
k= WRjol Bo] ol&sta UAnk 53 A A & Ad A s

Al £EAI717] st 84 =de HES ste A5, AEA

Al BAAZ = Sle By oiyTt A8AY Ede AVIRE s AE W3t glo] RAT 5
o A71eh 2L Hes Axstr] fste dubz o FopAl=ulold s o] &3t et ol
ol Abgskal Aok L 9o, 84 =de] 7FEEel AREEE dk Ve A A Aol
@ d8A AEold vE 84 *41"%-% 7}5134 7}—“*31 UrltAPO]Zi 7}#3}04 *ﬁﬂ ojg&e
X |
il

Solid Lipid @ Molecular

Particles Sl complex
- - - — -
» Twoormore > Similaremulsion » Physical structure > Formedby the » Size diameter
immisible liquid > Solid or semi-solid between Hostand spontaneous of 1-1000 nm
» Lipid-based core Guest surfactantin » Nanosphere and
structure delivery > Cyclodextrin agueous Nanocapsules
- = » Liposome
OQ Q "Q ﬂ Q 9 y
o” O = S

Figure 1.1.8 B3k 7154 Ad =2 < AA.

gt &4 ZgAAe 7183 387<

AR Bxsl Aupat vlE, FE 5SS vH < sHmicroencapsulation)ste] AE 9] 7S4S
FAATN LA F AT FHE T AT, FAFS 4ol oF B RRE BEE] Y& AL
B fAT] ThlA A% B A= 1A 4 £4EAE GRuFoTL
BEal7] 8 9 ol gdtel PES WED webM A Aw R AshdA 2w By
A3 AL SEAFA]Z) 740]1:} Zo aAle Y FAFEHENEHE, W), 5o W,
FEA o|27|7HA ekttt 7HE wol AHgshE H&@% top-down 202 nlo]a 23 H
JAE B 7o) @ EHAA w3t dh Top-down®2l e AAF &H2loz Jrolzth
g8 o] E Baulale] oFME Qugs= 3}7%] OP—EH] Aol Atk A2 Ul T4
dol SEEYAE 500 mn olatE T 5 ATkal ko] Br]Eel s B4l FEHL
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Atk = T2 7H83t 71&S bottom-up WA 02 LA EAS 4F HYste &A1 &
TIHANA FHE A= Z1Feln. dEA S A3y, FadEE Sl dd EAA
& o]E9 &84do] pHell #FH9Hrks Zlolth Z59] 7F83t= top-down ®2je]E bottom-up
FalolE dAe A71E AA st F&Ho BAAZ Fe v AL AW FFEo]
+ Age Aot olo 7gsHEt ol FFES Eolv W LR opntd AR
of A olESE £ 4 ok tlEH 2 F Figure 1.1.99] AAstule} o] Fel4l F BExjol
& ¢ £A7F Adste] Ca-biglycinated W=+ & & & Atk o] f7lE ZES F59ol
¢ Holua S E stvl & 5 Ut

FEyets AACA 7P e SRR Fo7t FE5% 1® I A= AT gaR QI A4
Z FAAY Astel de A7 ool mE A FA 4F SOz olofHA =7F FA *1:‘74??}
EbAo] = ok 2000 FAT 7FeE 654 ol =S HlFo] 7.2%E 715, 13} A
3(7% o1’dell ey e, 20193 = 14.4%7HA] Sep7hA % ARR(14% o)/dell Jd< sk
2026 o= =S ]zol 20.0%°l ol2ej A =¥ ALE(20%°)7)7F 2 Zolet d™stal ok

T AP A = AR IA THAR ] thS7E A FAtd e A oA RS o= A
A Fakd ol 243t l X EAMS AFsta vk A Syt AR s Abgel tiE-str]
8l FET AlxF 1¥ RS F2A 2200613 ~20101d) Aol UERG A FAG Y A d A%
= AEd uRAAFAYe] 48 A X3 EAde Adstar o AWAUE H%

[e}

HEATIL Adsrt AF ¢ H3 ek v AP 38 F 190 BRFFolw ¢
U 2UES AUEL 504 ool 193%= % BA UEin Atk 1 F 94l A5
TUEE FHEC] 326%2 Tl ws) 2kF B FATh HHS BAE od UF A
57} Wohe Zolth I 2A AEA, ;Esh A wel Wl HUB AF AFe] Fuot 3
g3 glom  Seiel ojlel AW AFAFE AT o 279 Fuwel i T F

5 wAel oJF AslH Hge d 1= 5009 Uol 2 AAHOE wdF Ao YAFA
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Aol wet SAEF(NWAFTEFL 22 Ao F(Quality of Life)dd X587} ]é.\—zigi
F7Fsta 9ler, old wE x=3zldd TRt g Fepbal FEAFY FaAF] = F
n-&-AAH g W AFRAA 7] ARTEIE AAL Joh 2 AHANE A AEFNLS o
- HH g Ao}

A2 A AdFNEe] EFH

2 AFolAe AgA AVMErIEE 2380 oAl & 2D 234843
sto] HA HRIC 2 RE fHste Sl AEA o9 S HE
&S /el &4 Etripeptide G-X-Y, dipeptide Pro-Hyd 5)2
olg] H 4 &= EXERH By U9 olu|xA XAE 7R FHElol=
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/‘3*41"% oligopeptide?] &/ FAES MAggozZA A&t 7=
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H23d U 7l =g

Ald s ZleNedsd

FHAAE FY AAFFEE 2008d] 7008 9 Axgom A&EHow AAFRI}
stal Atk B SEuddAE 3ie ZAEEs fFAFI #H F5E M
A& FE7} 400~5009] Yo = 33@%3}5’_ ATH =Y
] 4 AFS U =
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(FAE) o2 FEFHE S
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4y o ox
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AFe A =AM FTHA AFe Azx Ex Bstr e AfAs AEZAHKHESHA
-1000), FrjFFGrEeRA), STFAHE A, FsAHKEA ), AL FF(EA 100), 2
AAKZEH FE, old AF) SolH, AdHUl &gmoM AMEL e AFoles FEE
SeaEds w9 2 948), volds REGAAE o A 23), =9k 29 F
(F2F mp== ) F3 AFd el (LB, FUFHAEFLFA) Fol Aok =7
ZopA oF 2 HAERHERRD) FEREH HRESdE o] Fid cdzITl’ & EAF
o ol aZEAl & 20 mLe| FEFHEE AHA T2 HAEEC] FRE AAeEE Fvst
I en FEAete] ‘EopdI=’, tieAgdde ‘oA, disAleke] ETiAlE

A0 wEA ek ‘gz’ | F2GAZ
RE dolg SoA $£43 Zedts 988 AR REdoly Aade AlFo|th

e, B3 JAA-, Al AA 24 Sl Fdo
i 33.7%2) AAELS Rolx 9ty w3k AR}
SAEA A g = g2
ZU|olE AA| AL 46621(2005
‘ﬂioﬂ 2 AUy AF FAZ AF F27t 098 AL A
2} Ao 5T
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gMSD  CEAP 2 59.4%, - ‘wbd+E2am)
D7 17%, BAA|F ‘O}EﬂlE’ 15.7%, ]E}

3. AYE A - Q1Y A FI A
?E.LIH A= ate] FEALe] TS =7 Jlew, ol FAA7|7] sl 2004 o]
&

o7 By} F&o] FUFEALeNutrition Support Team, NSDell &3+ F &S Hrlst
FES TIANA HAFH0 2 AT ALHY] A4S A=38 Ao F3H IR LS 9
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_34_



ATt Aok o] fate] FHEH FH 2 A ARE HHo=
= FolHor gatdolgtal & = loy, IelA s Aoy
R ooy dsHA7I= 39 8ol 53 FAE0A ol &H=(E3]
©) 7374 ol(Enteral Nutrition Food, EN Food)& thiEshes T= 20tk o AAFdol=
w24 Wil wel B8 H52(oral feeding)¥ 7 ¥a2 H(tube feeding) &2 vhr AW, 3 7]
Heloly FollA A3 =A== —2 4 3}2] o](Blenderized formula)$} FH-&C& /il JH8 g
AHo® e o Atk e AdE S 191 A - A FelA R 2dnopr) H ot
U 71l ofs =l FEAA 4 71Ee 7122 EE advlols BA FAAIFl oEsd A
4E& A AFe =W 7ledl 91% T AFo= vk Ftow, 4RE A8 A Ax
71ee] ol A olrkA T 271 fAke] dedt FYRFE ABH ATEZ] AR =9
B8 AL iAo dd A E fdl grsedes AT dueAg AolE s A
B E5& FT Aol2 AT olF USR] A whet 1 ‘ﬂ,‘, IEF ARAAE
2jo] Fol s Utk Figure 2.1.12 @A =ollA s F55HIL Ae 48 A4 T7
ojt}. flok B2 AU BAH | ANFEFEE 3] st doen, AR Haed 1dHoKH
27 ¢F 30%, AMEIRFHRE), FA(HD), WHFE@=muZFe)7 242 oF 20~25%% &
Arstal lem, 7B wEEHEZFH), mird(inidoto]dN), AANL@=ABEFE) 52

AAEol F 5T% A=E AASIL ATk

<]

4, QW71-3 AZAZ= AA

EPA$} DHA®] o

18%, EPA 12% %EE ol 78

F AdF s oF sihe A8 U
Hoh He ol UF B2 9

Hol = Zoleht oiol Bol et B

3 /Y, 500 ng BB NEOE BT 4 1A o]
Gut ol A e FEHC Hold AFLS A o
of LAREE o3 A nFF Hhgol
£ 712 AZHAES 4835t

& Eolth o]g¥ WS WY AR

AZolE EPAY DHASl e tZ %9 7} Ame] AFL 28, dzHzs 342 53



T ZIEHAE BE AwEe] SAVF oA A g AE 45 EPA/DHAS dF<
60% eoldo= B4 1,000 mg AL Sk 170, 500 mg AL sk 27| = AH3= I
7bs/dol Atk obF o3 Uxe] APt FEsiAs FAN 2t F 550 E AL

H1. S 20213 Al A SAE (T i i) = THI O (219) .
E s

= LAt AL 20l 20086 2007 2008 2009 g
TE Adse = A zo 7,008 7,235 5,031 9,598 A20
o005 15,334 19,321 34,655 1 |2y 2,469 3,284 4,184 4,995 Al9
P by 73 249 a16 a00 AQ2
S00BE 15,046 93390 38,636 3 [HIEFRISI 27 636 g04 531 761 Ad3
4 [ZE 1,031 797 639 648 A1
5 |mar 264 248 413 264 w12
20073 16,888 27,201 44,090 B QU3 i ER R 162 122 256 334 A5
7 |BEHOIRE A 168 174 130 254 A33
20084 26,600 36,832 62432 EREES=IG] 368 275 201 166 w17
3 |MOHREES) 207 159 145 154 LB
=7 Al okH 0 |g2 124 146 179 126 w29
11 IEES 1,357 1,056 867 996 AlS

Figure 2.1.2 =] u7}-3 A& 2 A= F548 A%

=l 2t FAE i = (2002-2006)

XS 2002 2003 : 2004 2005 | 2006
Qs 282 35 455 500 551
7154 15782 = 16,829 = 16923 = 18458 = 20,105
~Js4eHE | 10323 11567 | 11788 | 12214 - 12746
-mNgene | - . - i = 45 48
R K 2479 2261 @ 2259 2662 2022
- MU e - - i - | s 48

ER(SHE OH) | 2149 2579 | 2,602 2,639 2691

Figure 2.1.3 =Wl 4% Sl &3 (2002-2006).
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A 2Hd = 7eNEds
AA mE&AF AR e FREE 18AFe] Y B &7, AREAIE mekA 159~509]
2 IA 2olS Rtk 2008 Kline & Company®] ZAtol| w2 A w1]-& 2 ZAA
B+ oF 169 2ol frgo] 7bd & NS FAS Jdow, 1 thgo] dEAAR A=
et 2813 ml=e AAAZLY 3%E AAshE ol mIH|E A O E HUlgon s
E3gE ofAlo}, FH A FAbo| EFEHZA Fpth dE A GAIEC] AARE 2010 <17]
A ZARA JAIE] AFT 7T H AT F0FTLE 20099 FAF WRUE 2050 A
Pt o]F A7A&A F10S BH Feple] Ve A&LH AS=E syt mysd I
|5 A7t F7FetEA 20060458 6d A4 F AYEE A7 Utk 29 2FIAEL Z
FIA 0] 290 2B A& 20073 REE o]% Fehals} g4 4d o

23 ATt F &A BRF ‘EIAREH ATE(E

ZodA LI AAEA FAZ < ¥
NS Al b AowE FAA Ha itk 3
2008 891, 2009 59folA s A= 39 <t
F87F FARSAA AAF EATF oA Aol st
P2 F3A 2 S EFFAE

Uz ez Agxa o ds¥dMdes /M 2 §5%e A
=2 7|54 Y] FH 2

Far7t F7tste] bl A g 49
H&2 60 4 Axold, HA
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ol = 2009 4l o]& FASAY ez
AARH fF71EAF] vim W LR FAEFES =3
A F A Foj B o] 5%E A skl Aok AAL-FA %01 %‘”] A= ] 7}% B BE(73%)S
kA 8EAL e ol B ARAEe] AFHAYE A3 BRI fAHY HAHA= Fola ¢
+ U 2y AASE 9] WEelth < g
AFE EAIT U2 A ofFZE TARALS] ofFZ EA|F(Shirota #&-r)o]l FHsith 7154
FAF AL oln] ZIHHZ B 2HAES AAY T AT SAEAFOZ A4S 72t
3 9tk ol AR MAE AMAFTE A AW S AEAF FAvjoe TAHAA AL
2 YERT

1, 012 24 S ol 348 (2002-2006)

SHE 2002 2003 | 2004 2005 | 2006

S7s 1566 1716 20879 24755 28623

s 10239 11043 ¢ 12127 ¢ 13233 .« 17172
Me 66.5 66.8 68.6 70.0 71.0
HAE  © 10.6200 197774 211030 = 214710 = 21,1487
7|} 711.8 839.3 11467 14443 14951
=9Base | 1049 1379 1844 | 2237 | 2617
ZEADE 5658 584.4 646.3 710.9 7647

Figure 2.2.1 w= A% A8 (2002~2006).

1= Ay =N Total
STEE-Zs/IsH 338 66.2 100

02 7ksY R72E : Yiks, HAM S72E AE HRSB(2000) ©9i:%

10

It

72 Tzt Total

r

| ep2E-gsl/i|sd 99.5 0.5 100

Figure 2.2.2 m]= 7154 QF2E9 A H4-8(2006).

U= W SHE B $E (2002-2006)

SME . 2002 . 2003 . 2004 . 2005 . 2006
Sik= B’ . @ . 21 . 25 . 28
ks . 5055 = 5144 = 5205 = 5157 . 5,151
g 257 273 289 303 317
Mg mee 22 233 245 256 266
-HE /e 34 38 42 45 49
PShCl . 1581 1626 1676 = 1721 . 1759
A e 1353 . 1393 . 1432 . 1470 . 1504
-MAgeAE 128 136 0 143 147 151
S9Base 257 316 525 609 694

Figure 2.2.3 <& #A%F Sl d & (2002~2006).
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Figure 3.2.1 Schema of high presser system developed for collagen hydrolysis and increasing
rate of temperature using controller.
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(Figure 3.2.2).
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Figure 3.2.2 Preagreement of porcine placenta and hydrolysis process using high presser
system.
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Table 3.2.1 General composition of porcine placenta from proximate analysis

Composition Cont. (Wt%)

Protein 84.00
Lipid 9.07
Fiber 0.00

Ash 6.94
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Figure 3.2.3 Effect of acid type on the pH and zeta potential during PIx hydrolysis.
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Figure 3.2.5 Effect of acid type on the peptides quantity during hydrolysis of PIx.
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Table 3.2.2 Molecular weight of PIx peptides during hydrolysis as function of acids type

pH 4 Molectélla); )weight Acetic acid Citric acid Lactic acid Hydg()ccigloric
Mw 3,430,449 692,075 1,728,950 823,105
Mp 110,844 48,833 55,791 18,067

pH 5 Molec%llz)x;)welght Acetic acid Citric acid Lactic acid Hydrochloric acid
Mw 29,241 48,333 27,551 77,570
Mp 35,070 25,594 20,329 12,631
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Ao 2 et o]dd AT olMEAT A4
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Figure 3.2.6 Yield of hydrolysis process as function of acid type and pH.
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Figure 3.2.7 pH and zeta potential of PIx peptides as function of hydrolysis time.
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Figure 3.2.8 Color property of Plx peptides as function hydrolysis time.
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Figure 3.2.9 Soluble peptides quantity of Plx hydrolysate as function of hydrolysis time.
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Table 3.2.3 Yield of hydrolysis process as function of hydrolysis time

Hydrolysis time (hr) Dry mass (%) Loss (%)
0 0
0.5 0.6 97.44
2 0.3 98.72
3 0.4 98.91
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st ##e Scanning Electron Microscopy(SEM)S
1 7} =3 & EjNkel A9 BNk Xz o] 43

Figure 3.2.10 Morphological observation of Plx tissue (A) before hydrolysis, (B) after hydrolysis
using high presser system at 200C for 30 min.
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Figure 3.2.11 pH and zeta potential of peptides from Plx as function as hydrolysis
temperature.
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Figure 3.2.13 Soluble Peptide quantity depend on the temperature of hydrolysis process.
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Table 3.2.4 Molecular weight of Plx peptides depend on hydrolysis temperature
Hydrolysis Temp. ()

Raw 150 200

Mw (Da)

42,732 4,266 35,001
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Table 3.2.5 Yield of hydrolysis process as function of temperature of hydrolysis

Hydrolysis Temp.(C) Dry mass (%) Loss (%)
Raw 0.07 99.93
150 4.57 95.45
200 6.00 94.00

Q) +d Ao HH3t

O pHe} Zeta potential®] 3}
FAAZYO] Ejure] oflA el Ao JtGRE S WRE AFS dolry] 3t
Hefol= F8&A ] pHe} Hetde AU o AlRto]l dojRd we} zeta potential
Aol @2 F7kstal, pHe #4stes Ao® ekt

4 - 8.0
35 7.8
T
i k\"ﬁ*ﬂ
z B i
E -26 8.0
B 20 55 T
E AB ] 5.0
o 4.5
Lo,
" 4.0
& a5
o a0
o 10 a0
Tirrsn (hiFs)

Figure 3.2.14 pH and zeta potential of peptides hydrolysed as function of grind time of PIx.
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Figure 3.2.15 Color property of peptides hydrolysed as function of grind time of PIx.
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Figure 3.2.16 Quantity of soluble peptides hydrolysed as function of grind time of PIx.
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Table 3.2.6 Molecular weight of Plx peptides depend on grind time

Grind time (Sec.)

0 10 30
Mw (Da) 10,039 1.030 26,777
O & 2A4A
FA AZRES AR FR YANE HFHE HWeolme FFol FLF TS
MAE Ao dehgth o A M@A 1083 FAF ARSe] 5Es LEu Az
2ol olafo] 1% A= H5FEe Mol W 0z olalw A A e u

oF 50%2] 3 F&S e

Table 3.2.7 Yield of hydrolysis process as function of temperature of hydrolysis

Grind Time Dry mass in Loss
(Sec.) supernatant (%) (%)

0 40.11 43.64

10 60.98 3.18

30 50.35 17.46
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Figure 3.2.17 Amino acid composition of porcine Plx (A), effect of hydrolysis temperature on
the amino acid composition and quantity (B), effect of hydrolysis time on the collagen

compose amino acids (C).
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Figure 3.2.18 Amino acid quantity of soluble peptides and free amino acids as function of
acid types (A, B), hydrolysis time (C), hydrolysis temperature (D), grind time (E).
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Figure 3.2.19 Molecular weight of PIx peptides as function of acid type.
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Figure 3.2.20 Molecular weight of Plx peptides before (A) 10,465 Da, and after (B); 5,996 Da
hydrolysis.

hEec

Raw y
ﬁmnu"':i _ DL R ;
0 E [ |
150°C t
4,266 Da - ' .
- WA - 10Set \
) ! 103002 =g "5 of
200°C
35,001 Da _ : :
":l ! g i ; 0 Gee i el
: ]« zerrrpa~y : - ¢
P ¥

Figure 3.2.21 Molecular weight of Plx peptides as function of hydrolysis temperature (A), and
grind time (B).
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Figure 3.2.22 SDS-PAGE pattern (a) and yield (b) of raw and preheated placenta after
incubation at 35C for 24 h. Preheating was conducted at 90C for 1 h.
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Table 3.2.8. Information and optimum activity of proteases used in this study

Enzyme Optimum pH Molecular weight Activity

Trypsin 7~8 24 kDa Unknown

Pepsin 2~3 34 kDa 3,200 unit/mg
Chymotrypsin 7~8 25 kDa 40 unit/mg
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Figure 3.2.23. SDS-PAGE (12% acrylamide gel) pattern (a) and gel permeation chromatograph
(b) of trypsin-treated porcine placenta.
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Figure 3.2.24 SDS-PAGE (12% acrylamide gel) pattern (a) and gel permeation chromatograph
(b) of pepsin-treated porcine placenta.
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Figure 3.2.25 SDS-PAGE (12% acrylamide gel) pattern (a) and gel permeation chromatograph
(b) of chymotrypsin-treated porcine placenta.
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Figure 3.2.26 Effects of pressurization conditions on the protease-catalyzed hydrolyzing
efficiency of porcine placenta.
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Figure 3.2.27 Effects of pressure levels on the SDS-PAGE pattern (a) and gel permeation
chromatograph (b) of protease-treated porcine placenta.
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Figure 3.2.28. Effects of pressure levels on the amino acid compositions of trypsin (a), pepsin
(b) and chymotrypsin (c) treated porcine placenta hydrolysates.

Table 3.2.9 Specificity of cleavage site of proteases selected in this study

Enzyme Cleavage sites

Trypsin Carboxyl side of the amino acids lysine or arginine

Pepsin Between hydrophobic and aromatic amino acids

Chymotrypsin Carboxyl side of the amide is a large hydrophobic amino acid
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Figure 3.2.29. Effects of pressure levels on the yield (a) and free amino acid contents (b) of
protease-treated porcine placenta hydrolysates.
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Figure 3.2.30. SDS-PAGE pattern (a) and gel permeation chromatograph (b) of porcine
placenta treated-chymotrypsin under various pressure levels. Placenta was treated by
subcritical water processing at 200C and 37.5 MPa.
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Figure 3.2.31. Gel permeation chromatograph of trypsin-treated porcine placenta. Placenta
was treated by subcritical water at 37.5 MPa and 200C and incubated with the enzyme for
24 h.
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Figure 3.2.32. Effect of processing procedures on SDS-PAGE pattern (a) and gel permeation
chromatograph (b) of trypsin-treated porcine placenta. Subcritical water processing was
conducted at 37.5 MPa and 200°C, and incubation was at 37°C for 24 h.
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T2 FJULEAY. FAH e=Ad #AAGl 25.0 pgl/g trypsind ¥H-S-A1Z] BjHES 5,000 Da w] gk
o] A& peptide= EHA o E Hf7t o] FojHon, 53] ofdAT HE F G4 WA
7S w 1,000 Da w|¥ke] peptide® 7tEa7F AdH 02 o] FolWS BT

AoIA L8 EiHEe] o}ldAF M e a4 HhE
g Qe AHol o, ofdATE dF Tt
ol osle] A &AL peptidez EfHo=ZH wHI7}
Aoz FAHJT. =3 TEAEHS TA o] 200 MPa2] <t
o =3 Z 500 Da g9o=z 7l

i

(5) MicrofluidizerE %3+ peptide =] A3}

2 AT A= peptidee] A&EAsHE 93 microfluidizere] o] 7FeAdS &3] 3t &
FHAT. HA BRE2 6 N HClol A 34 7heafl A1zl # 0.1(ch =), 50, 100 3! 150 MPa

o] ¢+¥ FF 2 & microfluidizers FHAFH O o|F IR EY EAF, YAA7] 2 zeta
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— 150MPa

Figure 3.2.33 Gel permeation chromatograph of acid-treated porcine placenta hydrates after
treatment of microfluidizer.
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7he A 32715 AN AW, peptided] &3 A3lEE AES B Y uHFigure 3.2.34). ©]
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Aol S vA= ACE FAohHETh v oled AdolA he ApAo ¢ peptide A
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st w3 dF peptide AFel I I AR dFHG 2} A
microfluidizerell 93+ peptide PlAHE= 7Fssitty A9 £ UAT, oS E3F nAE A=
= " "k ZoE AuEn, R AFH R FEjopm|ite] AT Zo g2 o FHT
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Figure 3.2.34. Effects of microfluidizing pressure on the particle size and zeta-potential of
acid-treated porcine placenta hydrates.
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Figure 3.2.35. Amino acid compositions of acid-hydrolyzed placenta and isolated low molecular
weight fraction (<1,000 Da).
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Figure 3.2.37 Gel permeation chromatograph of porcine skin treated with Sub-H,O (redline) or
Super-H,O (blueline).

ZbEEZE He ARE AR lsy] Al FEfobvimat FEFe SAUT. ok
F2 AgE E99 fEorr|eat o] 57.18 mM 2 2UAS AEE E9RG =4 S
Atk 2AF AP obdAF Aod =dEg AEAY JteidEs BASAT, TR
& obdAlg A o w4 ¥ o= AmdEn.

Table 3.2.10 Effect of sub- and super-critical water treatment on free amino acid contents of
hydrolyzed porcine skin

Treatment Free amino acid (mM)
Sub-H,O 57.18+0.69
Super-H,O 30.13+0.70

2dAe B oA AEE TheddEe] 9%, pH, AEE A4 2% e 2o
TEGEFS I Al wet S, WAE, AAYANE, obdAT AR, 29AF A A
Bl Wt o2 ApolE HolA %—?—3— WA, pHE ol dAG 2 2QAS Aol s &t
MR S7kete AE&e EAdd ole 7?—?%311%?} self-ionization &7l o]l [OHI7} F7}e
of W}t dojt AFor FHITh AEWsoA 53 A W= Ad 2= FTel
et fojH oz ot
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Table 3.2.11 Physicochemical properties of porcine skin before and after various treatments

Treatment  Moisture content pH L'=value a-value b'-value

(i?og) 59.22 £ 189 729 £ 001 695 £ 128 663 =+ 082 124 =+ 1.58

Pre-thermal

treatment  60.97 + 6.67 7.98 <+ 000 475 <+ 1.77 37 + 054 137 =+ 101
(70C)
Sub-H;0 5746 + 3.89 922 4+ 0.01 336 <+ 005 059 =+ 006 11.4 + 0.06
(300C)
Super-thO  5o09 4 084 949 + 001 337 <+ 012 147 + 002 108 + 011
(400C)
(5) ofv| A A BA A}
Eoslepa e opuledt 24 BAY A3 53 Gy = otdAS AE E9 4w
BolA 25% o]4e] =& =AEL RUTE Glu € Pro, Gy = F A TodA e z24dee
UelWon, 12 A= & R 7R E2] ol 24 B3 IA ©=2X] Gt

35 PZ71300°C
I £ 00°C
30
g 4
£
S 20
=
g 15
£
(=)
Y 104
5-
0o+

WS o OO g0 38 P OO IR @0 O o E0 P

Figure 3.2.38 Amino acid profile of porcine skin hydrolyzed by Sub-H,O and Super-H,O
treatment.

oldAFE HeH 9 /HEEHEK] kDa)S o] &3t 2F8 olo]xaPE AxFAT o
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ol g5+ Aetd} nlwstuzt st & AEA =3 Al fetel=gt nEA Adedo] A
ZFESe w ofelxa el =23 B4 AolE BT & 0-0.5% tdd w=o =9 7t
= A7kt olejxadel HrbHE F FAGFLE 0.5%=2 AAsAT. =9 Tk
=l S/ FvE skl Ad 2 F= Adsiinh
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Table 3.2.12 Composition of the chocolate ice cream samples used in the present study

Sample G?}z)tin }?;)S) Mﬂ(lg%))fat M(S,,/I:)IF Su(c(;gse S%’;rr(l};p moGnl(}J,ng;%,allte p%?;:ggr

(%) (%) (%)

Control 0.5 0

HPS 0.1 0.4 0.1

HPS 0.2 0.3 0.2

HPS 0.25 0.25 0.25 11 10 12 4 0.2 3

HPS 0.3 0.2 0.3

HPS 0.4 0.1 0.4

HPS 0.5 0 0.5

Table 3.2.13 Physical properties of porcine skin collagen extract (HPS)

Avergae . .
pH molecular Free amm)o acid L*-value a*value b*-value
weight (Da)
HPS 9.22+0.01 500 57.18+0.69 33.6+0.05 0.59+0.06 11.4+0.06
(2) otol2ad Ze= &= #F

£3] J}rEEE AU} ool 2aY Ax F oololxAYe Bt SEE 24 A B 5

Incubator
Sample
Stand
MAlesh
Funnel

PC

[ Vee=—

Electronic balance

Figure 3.2.39 Schematic presentation of ice cream melting systems.
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Table 3.2.14 Effect of hydrocolloids on melting quality of chocolate ice cream

Treatments First dropping time (min) Melting rate (g/min)

Control 35.67+2.08° 6.35+0.78"
HPS 0.1 23.33+2.52° 4.43+0.16°
HPS 0.2 17.00+3.61° 4.02+0.19"
HPS 0.25 15.33+0.58° 3.66+0.09°
HPS 0.3 17.67+1.53° 3.55+0.19°
HPS 0.4 16.33+1.15¢ 3.71£0.16°
HPS 0.5 15.33+1.15¢ 3.69+0.11°

Mean+SD was calculated based on at least 3 replications.
a¢ Different letters in the same column are statistically different (p<0.05).

Q) =9 ZteEsle A7t otel=ad e HA

=y ofo] 2~ % S =9l ¥ rheometer (Anton Paar, MCR 302, Austria)Z o] &3} ojo]~= ¢
o] AARS =AY =9US5EsE Avlgo] 271842 FHy] HE(Kokini viscosity)S
Consistency coeff1c1ent7} Zastg o, flow behavior index”} 1o]st=2 &AHEHAY. =<
0.5% At 7} ofolxAg o] 7H & HAS UEla, W E 0.5% =397tsEsiE A7t
= olo]l2age H=7} 0.10 PasszZ 7 it

Table 3.2.15 Effect of hydrocolloids on Kokini viscosity, consistency coefficient and flow
behavior index of chocolate ice cream mixes

Treatments Kokini viscosity hsg Consistency coefficient K Flow behavior
(Pa-s) (Pass™ index n

Control 0.43£0.06% 2.65+0.31% 0.54+0.04¢
HPS 0.1 0.28+0.07" 0.58+0.23" 0.83£0.04°
HPS 0.2 0.19+0.03° 0.32+0.09> 0.87+0.03"
HPS 0.25 0.15£0.02 0.24+0.03° 0.88+0.01%"
HPS 0.3 0.15+0.04 0.24+0.08° 0.89+0.02%
HPS 0.4 0.11+0.01¢ 0.14+0.01° 0.93£0.017
HPS 0.5 0.10+0.00° 0.13%+0.00° 0.92+0.01%°

Mean=+SD was calculated based on at least 3 replications.
ad Different letters in the same column are statistically different (p<0.05).

£3) FERE A7 hE folHel Mol MEt Uit 2Thp>0.09).
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Table 3.2.16 Effect of hydrocolloids on lightness, redness, yellowness and total color
difference of chocolate ice cream

Treatment L*~value a*value b*-value DE
Control 42.53+0.41 10.71+0.23 16.84+0.23 27.25x£0.47
HPS 0.1 43.03+0.17 10.74+0.18 16.94+0.22 26.76£0.16
HPS 0.2 41.64+0.85 10.32+0.11 16.93+0.44 28.01£0.77
HPS 0.25 42.39£0.32 10.37+0.30 17.25+0.27 27.24+0.39
HPS 0.3 41.67+1.68 10.31+0.32 17.38+0.30 27.92+1.53
HPS 0.4 42.34+0.25 10.65+0.19 17.31+0.19 27.34%0.29
HPS 0.5 42.32+0.26 10.32+0.13 17.12+0.26 27.32%+0.25

Mean+SD was calculated based on at least 3 replications.
Values did not indicate significant difference (p>0.05).

6) £3] 7A5EANE A7k ool 2aYe A 54 B4

=Y JtedlE HUF olel2ade] B A4S #FEr] s =3 JheEAE 0%t =
), 0.2%, 0.5% HA7INEE Adste #sHdAE AAstAn. 780 AxHS Ao, 9
#, 3, 3w, AR § F 107HA #FFEHOE WUkt Appearance, bitterness,
creaminess, iciness, sweetness, smoothness, coarseness< 37}X] ofo]2=THol A F2]H<Q1 =)o)
S YeER A Ftth. Iy off-flavore =3 7hrEsE Rl SUHETSE folFow A
AT 2XHAANE HESAH Ao} npRAR 5% AR 7E ofol ==Y o] Hardness7t
7 =4 J7HE AT

RS

Table 3.2.17 Effect of hydrocolloids on the sensory attributes of chocolate ice cream

Treatments

Sensory parameters Control HPS 0.5 HPS 0.2
Appearance 3.60+1.34° 4.20+0.84* 3.40+0.89
Chocolate flavor 4.20+1.30% 2.60+0.89" 2.60+0.55
Off-flavor 1.40+0.55" 3.40+1.34% 3.60+1.52
Bitterness 3.60£0.55" 3.80+1.30% 3.00+0.71°
Creaminess 2.80£1.10° 3.00£1.00* 3.80+£1.30%
Iciness 2.00£1.00% 2.00£0.71% 1.80+0.84°
Hardness 3.60£0.55" 2.20+0.84° 2.20+0.84
Sweetness 3.20£1.10° 2.60+0.89 3.60+1.14°
Smoothness 3.00£1.00° 3.40+0.89 3.20+1.48°
Coarseness 3.80+0.84% 2.60+1.14° 2.60+0.897

Mean+SD was calculated based on at least 5 replications.

b Different letters in the same row are statistically different (p<0.05).
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Figure 3.2.40 Gel permeation chromatography (GPC) graph about molecular weight of HPS.

(4) Oscillatory rheometry

Rheometer(Anton Paar, MCR 302, Austria)E o]&3}a] oo~ 9] HEAd S ZSH3IHT
-10C mure] BANAE HAAEBAHE G &4 BAHE Go gue de4dxy 37 9 ofo]~
AP A BAY A1, =7 0C WA 10CE Z713) o), d&o] A3 %2111, o]
o SA/E= SABHEGCE Z¥AY AV ok B AFdAE 20T AFEA

0C ol A "Q% JES SAHIAT. -20CAA 0.2%2F 0.4% =3 7H-ElE H7F ofol== %

ol N rlO —_

e AAPHES HolBE JSARFAAAE AASe HAAREA aRHYE Yl o
T2 5% X“E‘rl%l A7t ofol2ad e & AA S E%iotd 10CAM =2 EHdEBAHES H
o2A EE YL YEloy, ke ARBEES VRN 2 d3AH S FAE
o= b}E}kkE‘r.

125

Figure 3.2.41 The influence of hydrocolloids on the ice cream storage modulus at -20C.

Control: 0.5% gelatin, HPS 0.1: 0.1% HPS+0.4% gelatin, HPS 0.2: 0.2% HPS+0.3% gelatin, HPS 0.25: 0.25% HPS+0.25% gelatin, HPS
0.3: 0.3% HPS+0.2% gelatin, HPS 0.4: 0.4% HPS+0.1% gelatin, HPS 0.5: 0.5% HPS, Mean+=SD was calculated based on at least 3
replications. ¢ Different letters are statistically different (p<0.05).
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Figure 3.2.42 The influence of hydrocolloids on the ice cream loss modulus at 10°C. Control: 0.5%

gelatin, HPS 0.1: 0.1% HPS+0.4% gelatin, HPS 0.2: 0.2% HPS+0.3% gelatin, HPS 0.25: 0.25% HPS+0.25% gelatin, HPS 0.3: 0.3%
HPS+0.2% gelatin, HPS 0.4: 0.4% HPS+0.1% gelatin, HPS 0.5: 0.5% HPS, Mean+SD was calculated based on at least 3 replications.
a4 Different letters are statistically different (p<0.05).
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Figure 3.2.43 Gel permeation chromatograph of porcine placenta hydrolysates by various
extraction medium and holding time, (A) all range of molecular weight (Da) (B) between
20100 Da and 106 Da.
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Figure 3.2.44 Free amino acid content of porcine placenta hydrolysates by various extraction
medium and holding time.
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Figure 3.2.45 Crude protein of porcine placenta hydrolysates by various extraction medium
and holding time.
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Figure 3.2.46 Lightness of porcine placenta hydrolysates by various extraction medium and

holding time.
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Figure 3.2.49 Total color difference of porcine placenta hydrolysates by various extraction
medium and holding time.
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Figure 3.2.50 Photographic image of porcine placenta hydrolysates by various extraction
medium and holding time.
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Figure 3.2.51 pH of porcine placenta hydrolysates by various extraction medium and holding
time.
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Figure 3.2.53 Processing of nanopowdered eggshell for 20, 40, 60, 80, 100 minutes at 75C.
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Figure 3.2.54 Processing of nanopowdered eggshell for 20, 40, 60, 80, 100 minutes at 100C.

(2 Y=zl 34

GZFEH(130~150 nm)S Y=g AEE A7) )4 High Impact Planetary Mill(Pulverisette 6,
Fritsch Co., Idar-Oberstein, Germany)2 300 rpmoll Al 6A17F F<F 3ty oy, 71719 &€
Aoz sty FFo] Ha (Figure 3.2.55), Z7]& 15~29 mZ Z|tid] X vX& A7 2 FH
o] it

10

% Channel

1,000

10
Size(microns)

10,000

& 5k Ay Table 3.2.18 3 7t}
MAAZ =43 Hunter value 23, S2UZHE dojR e HrlE YeyE L
2 87.63+0.85, AAME=E YeEl= a 42 0.88+0.10, 3N =E YEeld+= b g2 11.79+1.79
E YetH, 37 dRkEde] L R 9A SAHEHJL, a &2 FoF Zolrt gllen, b
T ARk GRS Bo A4 S350 {593 Ao]lE YERITHP<0.05).
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Table 3.2.18 Color of Milled-eggshell and eggshell

Treatments L a b
Milled-Eggshell 87.6310.85° 0.88+0.10= 11.794+1.79=
Eggshell 03 89+0.262 0.95+0.00= 5.02+0.20°

Figure 3.2.56 Appearence of Milled-eggshell and eggshell.
Wzt R ko] BAAS A3 AE Figure 3.256004 ##E3te] Hokth du dzby EUS
S A 24413 FRF AH/E BES Bded], oW o
oA BAAA et e dastelol dttn AgE
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Figure 3.2.57 Dispersibility of milled eggshell and eggshell during 24 h.
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Figure 3.2.58 Particle size of nanopowdered and micropowdered oyster shell.
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Figure 3.2.59 Particle size of nanopowdered and micropowdered eggshell.

O SEM
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3.2.60,61°1 A4 ¢} 2ot U = AAL 600~1,000 nmHF 3, €HF = AL 200 mAEE SAHH
At = YA Tg A S 400~1,000 nm AL, ARt ﬁl%’d@% 150 mBE=E SABEHIAS. B4
215 A2 FRel 2ol oal FAE A dAEel 2o e PATFERE UEWATH
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Figure 3.2.61 SEM of nanopowdered and micropowdered eggshell.
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Figure 3.2.62 TEM of nanopowdered and micropowdered oyster shell.
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Figure 3.2.63 TEM of nanopowdered and micropowdered eggshell.
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Figure 3.2.64 Particle size of nanopowdered oyseter shell.
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Figure 3.2.65 Particle size of nanopowdered eggshell.
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Figure 3.2.67 SEM of nanopowdered eggshell.

O ICP&A

=2 Ad3 Ay 8 Zdee A fsiA ICPE4 < shof Table 3.2.19¢9F 209 o
RSt =442 39.2%, dir=4de 40.8%2 ZHol FiEo da, 2 gHAS od
g4gstgt B Zwo] 39.1%Eol . duk g s ofdo] 47.6% FrEo d+= A
= = 7 AT AdgAL 38.7%, At ADHEAL 38.6%2] Zwol FrEol Utk whebA
= 423 Adgdds= 40% A= Zge TRk Ak
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Table 3.2.19 ICP analysis of nanopowdered oyster shell

Treatments Concentration of Ca (%)
Nano-oyster shell 39.2
Zn-activated nano-oyster shell 39.1(Zn:0.47)
Oystershell 40.8

Table 3.2.20 ICP analysis of nanopowdered eggshell

Treatments Concentration of Ca (%)
Nano-eggshell 38.7
Eggshell 386

O Mz==4
Z 7AAe AT Table 32219 Zth Mo A5z Zo Fa3
shufol™, ZtdA Elof 22 Tt 7EEAd Sl AAEE A¥=E
Uet 7= 3ok AAA 2 =43 Hunter value A3 ¥715 YeR
96.09, Iwt = AHAAL 75112 Y = Ao ATyl [ =94t =
Ux = 442 026, 99 2 442 097 Ho] It = gAe z ‘ .
S YEE bt U & gde] 0.77, ¢¥t & g44o] 8.055 UrE‘rIHO% It = AHA9
=7F O stk ASg Ao Mz= Table 3.2.229F 2tk Lk yweAadgd e 9532, ¢
ﬁ%ﬂ_v‘?‘ 923482 U ARG WMATrL o 3tk AMES YEY= a = A
2 0.62, I AlFHAE LS 2152 duk AdgE e AMETL ¢ =3oH, FMEE UE
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Table 3.2.21 Color of nanopowdered oyster shell

Treatments L a b

Nano-oystershell 96.90+0.79*  0.26+0.05" 0.77£0.04¢

Zn-activated nano-oystershell 96.13£0.08*  0.19+0.04° 1324011k
Oystershell 75.11£0.12>  0.97+0.012 8.05x0.022

Table 3.2.22 Color of nanopowdered eggshell

Treatments L a b
Nano-eggshell 95.32+0.112 0.62+0.02b 5.75+£0292
Eggshell 92.34+0.04> 2.15+0.022 5.44+£0.052
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O Zeta-potential(A| €} 9])

= A4 ASgd yeEdo AH EAHQA Aerdele A= Table 3.2.23,2491 4 YERY
AT pHO “FEjolA ®7Hs Aetd9lE SAs7] Mo 229 pHE WA SAHAT Y=
A2 pH7F 9.4, 98k 2 Ao pHE 10.00]3, YAl g A pHE 9.6, ASg 2o pH=
949tk Yz dde] Aegddes -6.780)a, It = AF Y AE A= -20.888 HEW L
o, YA gde] Aepdes +1.560)a, AR A A -19.18Ath Y=o AebH 7}t
o Ao Ayt VB w3 Hw A (-)charge’t o] A A (#)charge 20 2 Zto]l =A Jebd
Zolth w3 AetA 7t 7 o-AE M= 30¢0H F AR ASgd g AeA
7F w2 Ade o] vhgtgke Aol s, hASHAl EA4bEo] A Fol A &skr] fdsiA

5

&8st of It AtRdEH.

—

Table 3.2.23 Zeta-potential of nanopowdered oyster shell

Treatments Zeta-potential (mV)
Nano-Oystershell -6.78+1.22
Zn-activated nano-oyster shell -2.82+0.22
Oyster shell -20.88+0.89

Table 3.2.24 Zeta-potential of nanopowdered eggshell

Treatments Zeta-potential(mV)
Nano-eggshell +1.56+0.70
Eggshell -19.18+0.08

O FT-IR

= AAH Adgde BAFS SHs7] Aste] FT-IRY A= Figures 3.2.68,69¢1 4 e}
Wolth shebd Agte HMde g WollA Zzte] EAg 4 #3He& JERdTh Carboxylic
acid1&9] 73+ 2,520 cm™?, 3,400014 2,400 cm™*& amide, 1,390 cm™ o4& alkly group<
YERATH Yy dutRge 5Y% F3tolA 3 art vebd As Hol Yisl FHHA 3}
g Aol gla, BAEe Wyt itk Als .
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Figures 3.2.68 FT-IR of nanopowdered oyster shell.
100 - (A)LI'_I]: ;‘: ‘;‘Z = --‘._II..I / s ‘ED _-\'f- Y
.lf' I | .': [,.

Wavenumbers {cme 1)

]
100 olH < 3 \._ -
(B)E |_I' .Y *,
| A '
; /
& 804 Kol
[ = ™)
& =
[ B 2
i 2
L an-
and
II.
e ——
4000 E ] 000 X000 o ] 1500 1000 Lei]

Weavensmbers {omel)

Figures 3.2.69. FT-IR of nanopowdered eggshell.
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Table 3.2.25 Weight of liver and kidney after nanopowdered oyster shell treatment in osteoporosis

rats
Group Liver wet wt. (g) Kidney wet wt. (g)
Sham 7.3610.64%° 1.53%0.052
(004 6.67+0.43¢ 1.55%0.112
Micro-oyster shell 7.6610.68* 1.5110.09%
Nano-oyster shell 6.87+0.19¢ 1.55+0.052
Zn-activated nano-oyster shell 7.01£0.182P 1.5510.122

Table 3.2.26 Weight of liver and kidney after nanopowdered eggshell treatment in osteoporosis rats

Group Liver wet wt. (g) Kidney wet wt. (g)

Sham 7.3610.64° 1.53+0.052

OVX 6.6710.432 1.55+0.112
Micro-eggshell 6.70+0.212 1.56+0.082
Nano-eggshell 6.78+0.617 1.53+0.062

O o] T} Aol
2rpgzo] faE Ao tiEZo] ol Tables 3.2.27,289] LR, tiEZe] doj:
2 44, ARAE, Ye2Ad, drARgde] 1% b vmeld 974 AolE e
ghov], HEEe] AL v AAH AdM dride 42 A7 22 9§ 2AL AL
S oglon, folF Atolg LpehiA gkttt :aM B 49 A, Qubaolze] AHEAAIE
s ARG UwRwssiel A7sge W 2 AL F7h A7T, ME AZEA shed
oM o wEd @ o Amdd

) uZL' nJhI §o
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Table 3.2.27 Effects of nanopowdered oyster shell on weights

and length in femur during 7 weeks

Group Femur wet wt. (g) Femur length (mm)
Sham 0.90%+0.072 35.58+0.422
ovXx 0.91+0.032 35.99+1.052
Micro-oyster shell 0.8510.032> 35.60+0.342
Nano-oyster shell 0.83+0.04> 35.66+£1.072
Zn-activated nano-oyster shell 0.87+0.04°> 35.52+1.42¢7

Table 3.2.28 Effects of nanopowdered eggshell on weights and length in femur during 7 weeks

Group Femur wet wt. (g) Femur length (mm)

Sham 0.90%0.072 35.58%0.422

[00%.¢ 0.91+0.032 35.99+1.052
Micro-eggshell 0.85+0.032 36.27+0.992
Nano-eggshell 0.86+0.032 36.1210.842
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—&— Nano oystershell
—X— Zn oystershell
—&— Micro oystershell
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Figures 3.2.71 Change of body weight of nanopowdered oyster shell treatmented rats (A) and
nanopowdered eggshell treatmented rats (B).
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O Zw3 [lo &3 (85, A%, 3, dEx, &d, W)

g3 Cad AA AH7E ozt 420 dH=E lﬂﬂ W] tf-gste] S FA she A
o= 4HA ot H4Y 8F ¥4 dF C «l SHFS Tables 3.2.29,300] YeRASE A4 FA
Sham-control2 9.70 mg/dL, o3& Fat OVX—control% 9.80 mg/dLe]™, Yx=742d2 10.57
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(7.2~13.0 mg/dL)<= HeERAT. 7I3PE 5 P %% Table 3.2.30,31<] YeplAh A@7IxF &
F dF P S A4 2o FYZQ] AolE UERA FUaL (pr0.05), AAZH = 7]Zte]
gl me} oA ZHaAske RS BYANE B AdE (3114119 mg/dh)S YER LT
e T8 A £33 AHe Cayt Pl &S Tables 3.2.31,320] YEFATE &2H Fo] P
o & 10.03~11.80 mg/dLe] A& HAom, T FYF <l Aol&= Atk Caol &
F2 A4F < Sham-control 10.60 mg/dL, =t+&% '&4¥ OVX-control 10.90 mg/dLo]al
U274 2e 1283 mg/dL, oldgAdshyrZZgae 1153 mg/dl, Yuk 2 AL 12.80 mg/dL
olRor, YyA@EE 1500 mg/dl, IutAI=E AL 1550 mg/dl o2 ZH& HU FH9
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Table 3.2.29 The contents of Ca and P in serum after nanopowdered oyster shell treatement in
osteoporosis rats

Group Ca(mg/dL) P(mg/dL)

Sham 9.70+0.442 8.53+0.45°

[0)%.¢ 9.80+0.702 8.57+0.232
Micro-oyster shell 10.40£0.512 9.17+£0.36°
Nano-oyster shell 10.57+0.312 9.27+0.58
Zn-activated nano-oyster shell 10.80+0.202 9.35+0.36°

Table 3.2.30 The contents of Ca and P in serum after nanopowdered eggshell treatment in
osteoporosis rats

Group Ca(mg/dL) P(mg/dL)
Sham 9.70£0.442 8.53+0.452
ovXx 9.8010.702 8.57+0.232
Micro-eggshell 10.03+0.152 8.4710.812
Nano-eggshell 10.73+0.602 9.33+0.822
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Table 3.2.31 The contents of Ca and P in urine after nanopowdered oyster shell treatment in
osteoporosis rats

Group Ca(mg/dL) P(mg/dL)
Sham 10.60+0.70° 10.03+0.272
(6)%.¢ 10.90+0.46° 10.13+0.512
Micro-oyster shell 12.83+0.882 10.13+0.232
Nano-oyster shell 12.83+0.692 10.13+0.232
Zn-activated nano-oyster shell 11.53+0.812 10.10+0.262

Table 3.2.32 The contents of Ca and P in urine after nanopowdered eggshell treatment in
osteoporosis rats

Group Ca(mg/dL) P(mg/dL)

Sham 10.60+0.70° 10.03+0.272

(02%.¢ 10.90+0.46> 10.13+0.512
Micro-eggshell 15.50+0.602 11.80+0.312
Nano-eggshell 15.00£0.292 11.33+0.532
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Figure 3.2.72 ALP in serum of nanopowdered oyste shell treatment in osteoporosis rats (A) and
nanopowdered eggshell treatment in osteoporosis rats (B).
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Figure 3.2.73 Creatinine in serum of nanopowdered oyste shell treatment in osteoporosis rats (A)
and nanopowdered eggshell treatment in osteoporosis rats (B).

(4) =dhAF AAL
E AAe el A% dEE e AREsklal, I A= Figures 3.2.74,7590 Al AT
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Figure 3.2.74 Analysis of bone mineral density (BMD) of femur after nanopowdered oyster shell

treatment in osteoporosis rats.
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Figure 3.2.75 Analysis of bone mineral density (BMD) of femur after nanopowdered eggshell

treatment in osteoporosis rats.
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Figure 3.2.76 Bone stiffness of femur after nanopowdered oyster shell treatment in osteoporosis

rats.
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51%5 YElR T, YATAZL 53.8%, AR AZAL 50.7%E UYERNAT wEk =
FoAA Yy=ids AFAS Y A= EESe] FEEA 2 A A A=EE 7W
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Figure 3.2.77 Bone stiffness of femur after nanopowdered eggshell treatment in osteoporosis rats.
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Figure 3.2.78 Trabecular thickness of femur after nanopowdered oyster shell treatment in
osteoporosis rats.
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Figure 3.2.79 Trabecular thickness of femur after nanopowdered eggshell treatment in osteoporosis
rats.
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Figure 3.2.80 Micro-CT of femur after nanopowdered oyster shell treatment in osteoporosis rats.
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Figure 3.2.81 Micro-CT of femur after nanopowdered eggshell treatment in osteoporosis rats.
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O zt3 Al%e] FA
AEEFE § A& U} A7 FFS Tables 3.2.33,341 UrEPUdO*ﬁr. e TEE A
A< control—% 1140 g, 2443 ARAEY] Y B ZoH= 258 4sts 2SS HIYA

o] 5 YUEA Ftt (p>0.05). wEkA HFH %_Hf«l AW 7 ke A A
Aoz AgHTh AlAe] TS controle 147 g9, =423 Adg A}
< A3 4 AFe FYH AolE HolA Fktt (p>0.05). wEkA HF
Zgo FFol AR AFFE doF Wi FFo] ofyAr] wiEel A 7lsol B
] s

AFze AF 283717 AFd 20N =S 3o Figures 3.2.82,830] UElith AH %7 %
H A3 T5 W7HA 798 Aozt gl ATHp>0.05).

Table 3.2.33 Weight of liver and kidney after nanopowdered oyster shell treatment in rats

Group Liver wet wt. (g) Kidney wet wt. (g)
Control 11.40+0.172 1.4710.122
Powdered oyster shell 10.4310.062 1.2710.062
Nanopowdered oyster shell 10.83+0.582 1.33+0.152
Zn-activated nanopowdered oyster shell 11.00+0.782 1.27+0.062

Table 3.2.34 Weight of liver and kidney after nanopowdered eggshell treatment in rats

Group Liver wet wt. (g) Kidney wet wt. (g)
Control 11.40+0.172 1.47+0.122
Powdered eggshell 10.93+0.552 1.4310.06°"
Nanopowdered eggshell 10.17+0.15° 1.2740.062"
Zn-added powdered eggshell 10.53+1.012 1.30£0.102k
Zn-added nanopowdered eggshell 10.50+0.782 1.3040.10%°
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Figure 3.2.82 Change of body weight of nanopowdered oyster shell treatment in rats.
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Figure 3.2.83 Change of body weight of nanopowdered eggshell treatment in rats.
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Figure 3.2.84 Analysis of bone mineral density (BMD) of femur after nanopowdered oyster shell
treatment in rats.
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Figure 3.2.85 Analysis of bone mineral density (BMD) of femur after nanopowdered eggshell
treatment in rats.
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Figure 3.2.86 Micro-CT of femur after nanopowdered oyster shell treatment in rats. (A:
control, B: micropowdered oyster shell, C: nanopowdered oyster shell, D: Zn-activation

nanopowdered oyster shell).
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Figure 3.2.87 Micro-CT of femur after nanopowdered eggshell treatment in rats. (A: control,
B: micropowdered eggshell, C: nanopowdered eggshell, D: Zn-added micropowdered eggshell,
E: Zn-added nanopowdered eggshell).
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uji Dri-Chem 3500 & ©]&3} Ca, P & ®43t9x, ¥4, A4, 71,

A7 f71E2E Xﬂ A% & Ca, P, Zn 48 ICPE=

Aste] A& 05 g& 5 mLel AAakz} 50 ul F’Jr’&i‘r—’?i—?% E P”‘S‘}Oﬂ 110C
A 3 1

KeR
oA 8N AE R3E B F 1083 2

fo
T
L
o

O oA ZE <o F&F

g3 Cad AZA FH7E ofdglt 53 HHE WY wsted st dddS FAs
= o2 dHA doh A7 6F Fo dF Cao TS Tables 3.2.35,36° HetHAH. A
A# <l controle 9.6 mg/Lelw, Yx=742LS 109 mg/L, ofd A ye=g4de 127
mg/L, S22 1035 mg/lLE Y3t Ao FoNA o] =2 AIFS Byoen, o}
A X d-E FTES =9 €F Zw ol =2 2AE £ 5 AT (Table 3.2.35).
A 2 e Ad g A2 109 mg/l, ol H e yrAdgde 12.8 mg/ll, otAH M
AFAEL 11.75 mg/L, AFAZEL 10.35 mg/LZ ofd H7e Aol F4E8L =9 ZFdHF
o] Z7lslE AL BAAW, 2% AANSFFE 7.2~13.0 mg/Le YEFNSIT (Tabled.2.36). =
Pl IFE ARAVIZHEF A4 o 39 FYF AolE UEhAl &%k, A H o= 7|31l
Ao wet ga Zase AT RAAT, 25 HAAdeEES JeERdn
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Table 3.2.35 The contents of Ca and P in serum after nanopowdered oyster shell treatment

in rats
Blood (mg/L)
Ca P

Control 9.60+0.14> 18.50+2.12b
Powdered oyster shell 10.35+0.07° 16.50+0.7120
Nanopowdered oyster shell 10.90+0.14" 14.00+1.41
Zn-activated

12.710.992 12.50+1.400

nanopowdered oyster shell

Table 3.2.36 The contents of Ca and P in serum after nanopowdered eggshell treatment in

rats
Blood (mg/L)
Ca P
Control 9.60+0.14° 18.50+2.122
Powdered eggshell 10.35+0.074 17.75+1.77%
Nanopowdered eggshell 10.90+0.14¢ 14.75£1.77b
Zn-added powdered eggshell 11.75+0.07> 13.25+1.76°
Zn-added nanopowdered eggshell 12.80+0.282 12.75+1.06°

EHANA Zg, ], oA FF
FFTE Ad 73T W9 Ca, Pot Zn® &S Tables 3.2.37,38 HERAH. 9 F9
Cael gaFe A3 < controle 1,412.7 mg/L, Y= &L 2,624.5 mg/L, o}A&A3g
=2 AL 35254 mg/lL, S84 1,937.8 mg/LeE A7 2ol I FHf WA ZEe 3
ZFo] Z7ksh= AL B 5 vk (Table 3.237). YwA@zAAL 21705 mg/l, okd e
VA @z ae 35610 mg/l, ofde A ABAALS 30611 mgl, ATAL 21705
mg/LE YEl™ (Table 3.2.38), o|A% mi7A= A9 4ol& 3 Ho| WM Zgo &
Fol F7tete AE B & Ao, ofdS EAsst A FelA FFEo] Eob tiAt
7h ko] XYty Zgol o] w=rhal ALRET EH¥lA Pol e MAZ o= 847~
1,339 mg/Le] A& HIoH, Aol& 3 T Fihste AFS & F AT E£F, o
= AR 24AH ofdE HAE A }

stA=H, oluf otdE Hrlsta &3

-
m §
mLJ
tlo
1>
i
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Table 3.2.37 The contents of Ca, Zn and P in fecal after nanopowdered oyster shell
treatment in rats

Fecal(mg/L)
Ca P m
Control 1412.7+1.9¢ 1339.1+1.44 27.6+1.64
Powdered eggshell 2170.5+1.1¢ 1184.4+0.4¢ 44.4+1.4°
Nanopowdered eggshell 2802.9%1.5° 1083.9£1.7b¢ 525413
Zn-added powdered eggshell 3061.1£1.7b 1000.8£1.9Y 63.6+1.8"
Zn-added nanopowdered eggshell 3561.0+0.32 847.3+1.12 7214122

Table 3.2.38 The contents of Ca, Zn and P in fecal after nanopowdered eggshell treatment
in rats

Fecal(mg/L)
Ca P ZIn
Control 1412.7+£1.9¢ 1339.1+1.44 27.6+1.64
Powdered eggshell 2170.5+1.14 1184.410.4¢ 44.411.4°
Nanopowdered eggshell 2802.9+1.5¢ 1083.9+1.7b° 52.5%1.3¢
Zn-added powdered eggshell 3061.1%1.7° 1000.811.9% 63.6+1.8P
Zn-added nanopowdered eggshell 3561.010.32 847.3+1.12 72.1+1.22

O 3 AAA 2, <, 0}0491 s

vk AlAkol Ca, P, Znel deFe Tables 3.2.39,400) YebAATE 7te] Ca ke A4
control A 17.6 mg/L, Yi==% 7&% 2ok & 24.85 mg/L, o} A Y=g
31.9 mg/L, FAAL 235 mglLo2 A3 o] 3 o] 7oA Lo ko] ZvlEe
S = 4 Utk (Table 3.2.39). y=AdHEL 222 mg/l, oFd H7igk yeA@gdLS 31
mg/L, o} A7}e ASAAL 223 mgl, ADEAL 203 mgLog FhoA Z4e] FeFo
s7tete A & UMY (Table 3.2.40). ztollA Po] e AAF oz 2olE 3 T

R
fo 2

_@>}L

N

A aste ¥ & 7 AT B3, oldSs BT A oS AR A

= 2ol sl7] Wil Zno] FFE SA=S sl=H, ol ofd= Hrbstal &4 sk ol
A S7relhe e & a7 AT AFeA Y Cadf FFE ol e Axe} wiptvbx| o] A
< Bt g3 controlol A 21.9 mg/l, =24 AL 2ol #& 39.2 mg/L, ot &
Aot =g de 59.9 mg/ll, S4EL 27.2 mg/Lo® ot A3 Aoyt AEFol
o= Ae & 7 fdfler, AR Holg & TelA dge FFe] Frtete AF
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< E F Aok (Table 3.2.39). UxASHdE 376 mg/ll, ot H7e yAdgdL 57
mg/L, otd 73 AlSAAL 48.6 mg/L, ASHEL 28.7 mg/Lo 2 AolE T oA A%
o ZgF3rEo] FUtele As B 7 AATHTable 3.2.40). Al7dolA P FH&Fe 3hol| A<} nf

Table 3.2.39 The contents of Ca, Zn and P in liver and kidney after nanopowdered oyster
shell treatment in rats

Liver(mg/L) Kidney(mg/L)
Ca P In Ca P Zn

Control 17.6+2.39  844.510.7* 6.5+1.3¢  21.9+0.2° 1131.5+1.5° 4.7+1.8d
Powdered

235409 751.7t£1.1* 89408 27.2+0.9¢ 841.5+1.6* 6.9+0.3c
oyster shell
Nanopowdered

24.8+1.1> 667.9+1.1c 8.9+2.9> 39.2+1.6" 787.1+1.6° 11.3+2.6®
oyster shell

Zn-activated
nanopowdered 31.9£1.6° 486.3£0.9¢ 9.5%1.92 59.9+1.00 438.3£1.5¢ 21.8+2.4°

oyster shell

Table 3.2.40 The contents of Ca, Zn and P in liver and kidney after nanopowdered eggshell
treatment in rats

Liver(mg/L) Kidney(mg/L)
Ca P ZIn Ca P ZIn

Control 17.6+2.3¢ 844.5+0.7* 6.5+1.3¢ 21.9+0.2¢ 1131.5+1.5¢ 4.7+1.8°
Powdered

20.3+1.8> 789.5+£0.8" 6.9+1.44 28.7+£0.9¢ 887.7+1.5¢ 7.4+0.64
eggshell
Nanopowdered

222+14> 670.6%£0.9° 7.7+1.8° 37.6%1.8 693.9+0.7° 9.7+1.4c
eggshell

Zn-added powdered
22.3+1.8> 537.242.2¢ 9.1+2.0° 48.6£0.8" 480.3:0.7° 10.6+1.8"

eggshell

Zn-added
31.6+1.4* 477.3+1.2¢ 11.3%0.6° 57.0+1.17 356.8+0.7* 15.6+1.82

nanopowdered eggshell

O HE =9 Zs, <, ofde] =

AY T T HE dEEY Ca, P, ZnY &< Tables 3.2.41,420] Yttt thE =9
Ca &3 A4FA<Q controldl A 2,0013 mg/L, Yx==4d & o3 #+& 3,2211.5 mg/L, of
A A Y=g dLe 3,6508.5 mg/l, =4S 2,8995 mg/L (Table 3.2.41), Y=A&A A
23,1969 mg/L, otA @ e YA Sgd-e 3,6363.5 mg/l, ot H71gE Aldgd L 3,5280.5
mg/L, Al A2 2,8326.5 mg/L A3 Aol& 3 HY dE =N s FFol F71sto
T4 ZolE Uetlle 2o 2 Hol ZgdArt ARe SN AR AlsH, ofd

pZs

< 243 5 g Fres VA A4S ST g SFe 713%a A
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d

S ¥ ti(Table 3.2.42). P2 3+
& 2 & gson, 7nel ¥
E e mynh

153} mRastA 2 Aol d
g FA3sta A ZolA foFe

Table 3.2.41 The contents of Ca, Zn and P in femur after nanopowdered oyster shell
treatment in rats

Femur (mg/dL)
Ca P Zn
Control 20013.0+0.594 19712.5+0.634 25.75+1.09¢
Powdered oyster shell 28995.0£0.99¢ 18921.0+1.52¢ 36.75+1.65
Nanopowdered oyster shell 32211.5+0.43> 16820.5+0.45> 38.10+£2.36°
Zn-activated
36508.5+0.822 10062.0+0.892 41.30£0.632

nanopowdered oyster shell

Table 3.2.42 The contents of Ca, Zn and P in femur after nanopowdered eggshell treatment

In rats
Femur (mg/dL)
Ca P Zn
Control 20013.0+0.59¢ 19712.5+0.63¢ 25.75+1.09¢
Powdered eggshell 28326.5+£1.34¢ 18788.0+1.59¢ 33.00+2.34>
Nanopowdered eggshell 31969.0%1.5¢ 16545.0+0.71< 34.10£2.69>
Zn-added powdered eggshell 35280.5+0.58Y 14552.0+0.80> 40.35+2.732
Zn-added nanopowdered eggshell 36363.5+0.762 10058.0+0.892 42.85+0.682

(4) &% Insulin-like growth factor 1 (IGF-1) 5%°2] =4

HAEEEo] MeteAolAd BuHA olo] me el A IGE-10] 4T oA Euld
(GF-1e QA9 WAE el dalel BEEO W, 2§ 4 2AEE YA ATE o
7] W&ol o]lE AoA ZFAsl Figure 3.2.88.89¢ UetAT. FAFHANA EF IGFY

T2+ 380 ng/mLelom, 43 2ol& g TTolA= FH Frtstdth 53 gt o}
AL FA3Et FAEE FolAE 500 ng/mMLAEE FojRFog Zree =l
AARJA 2425 Adgdo]l ME FAFsto 7] B =S Fv AR AR
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Figure 3.2.88 The contents of IGF-1 in serum after nanopowdered oyster shell treatment in

rats. Control: non-samples supplemented rats, MO: micropowdered oyster shell supplemented rats, NO: nanopowdered oyster

shell supplemented rats, ZnO: Zn-activated nanopowdered oyster shell supplemented rats.
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Figure 3.2.89 The contents of IGF-1 in serum after nanopowdered eggshell treatment in

rats. Control: non-samples supplemented rats, ME: micropowdered eggshell supplemented rats, NE: nanopowdered eggshell

supplemented rats, Zn-ME: Zn-added micropowdered eggshell supplemented rats, Zn-NE: Zn-added nanopowdered eggshell
supplemented rats.
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-6.46 mV, =44 -42.39 mVE YER=H AP EZ S AFESHA] E3S dole Yx=74
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Table 3.2.43 Zeta-potential of acid condition on dispersible nanopowdered oyster shell

Non-acid(-mV) Ascorbic acid(-mV)
Nano-oyster shell -15.73 -8.59
X+Nano-oyster shell -13.7 -6.46
Oyster shell -18.57 -42.39

(2) Micelle g4 #4
UsZgids o g fibslr] 9l F3tAE ol &35t &4+t A& Figure 3.2.90
WA gkoks W AeHdE YA -7 mVE EdAT,

oA Yetit. F3AE
PSMLell 24A17F BAAIAS wolT F3lAS 9A LU wo} u<=d AxES AAA
PGMSoll 24413t BAMAZH S wo= -17 mVZ A3 Aepd 97t ura}kku} w4 PGMSol)
BEAAAS w Yregdgido] micelle dAst] Z1F B4EE Aol AlsdTh
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Figure 3.2.90 Effects of emilsifier on dispersible nanopowdered oyster shell.

PGMS: Polyglycerol monostearate PSML: Polyoxyethlene sorbitan monolaurate

FAEE 2L 39S o Az PGMSE 71A 1 PGMSE ol- A% dsn YyxZ
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3} Flgur 3.2.91] YERNATE PCMSE YA &3l 24X 7 AIA EARAIA S wolls -7
mVE B4R, F3A9 TEE EYFE -17T mVE A= AL B £ A 2
# 1} PGMS2] =7} 0.5%°17421 0.
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Figure 3.2.91 Effects of PGMS concentration on dispersible nanopowdered oyster shell.
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Figure 3.2.92 Effects of mixing time on dispersible nanopowdered oyster shell with PGMS.
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Figure 3.2.93 Flow chart of manufacturing of nanopowdered eggshell and oyster shell added
tablet milk.

Figure 3.2.94 Shape of tablet milk A: control tablet milk, B: nanopowdered eggshell
supplemented tablet milk, C: Zn-added nanopowdered eggshell supplemented tablet milk, D:
nanopowdered oyster shell supplemented tablet milk, E: Zn-activated nanopowdered oyster
shell supplemented tablet milk
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coupled plasma optical emission spectroscopy (ICP-OES, OPTIMA 7300 DV, Perkinelmer INC,
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Table 3.2.44 Changes in pH and mineral contents (Ca, Zn, P) of tablet milk

Mineral contents

Tablet milk? pH
Ca (g/kg) Zn (mg/kg) P (g'kg)
Control 7.29+0.04P0 34.85+£18.09¢= 2.75+0.21b 2.31+15.412
NPES 7.39=0.042 40.00=11.904 3.60=0.578 2.01+44,708
Zn-NPES 7.36=0.05% 60,80=21.70b 8.65£2.472 1.13+31.814
NPOS 7.35+0.01% 40.43=16.81¢ 4.30+0.71b 1.43+10.89¢
Zn-NPOS 7.36=0.04% 67.74=36.862 8.40=1.842 1.12+24.04¢

DValues are meantSD. Means in a column with different superscripts are significantly
different at p<0.05 by Duncan’s multiple-test.

IControl : commercial tablet milk(included CaCO3)

NPES: tablet milk of nanopowdered eggshell

Zn-NPES: tablet milk of Zn-added nanopowdered eggshell

NPOS: tablet milk of nanopowdered oyster shell

Zn-NPOS: tablet milk of Zn-activated nanopowdered oyster shell
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Figure 3.2.95 Change of tablet milk under isothermal vapor adsorption.
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Figure 3.2.96 Texture properties of tablet milk of control, nanopowdered eggshell and oyster
shell.
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Table 3.2.45 Color values of tablet milk with nanopowdered oyster shell and eggshell

Tablet milk?)

Color
Control NPES Zn-NPES NPOS Zn-NPOS
L* (lightness) 90.30£0.913) 91.31£1.223 91.28+£1.913 91.66+0.758 91.39+0.992
a* (redness) -2.52+0.272  -2.59+0.312 -2.19+0.252 -2.56+0.37@ -2.49+0.312

b* (vellowness) 7.53+0.622 7.74+0.102 7.68+0.332 7.64+0.262 7.83=0.112

DValues are mean+=SD. Means in a row with different superscripts are significantly different
at p<t0.05 by Duncan’s multiple-test.

2)Control: commercial tablet milk (included CaCOs3)

NPES: tablet milk of nanopowdered eggshell

Zn-NPES: tablet milk of Zn-added nanopowdered eggshell

NPOS: tablet milk of nanopowdered oyster shell

Zn-NPOS: tablet milk of Zn-activated nanopowdered oyster shell

O #=H7}

ZEAAL B2 H71g AW I #5HAAE sl g 159 S AAse] 103
< AAJ3te] Table 3.2.4601 YElHATH o AlBHE ZALYIGE FoFH o= Ao
Holx] ¢kgktom (p>0.05), AL Ax Al Eo7ls EFZ Adsle EFEFL =74

=2

son, &, vdls JdutEAR—R IS} o] flo] £ gs YET. B8t YA

A3 Ur24dS AeEas dadstes BES JebiARL, gentd &

dash e go= FoF AolE YERA sk

3t S st FHY AFIFLE YxdX

BARE ol ApolE UERHA @ton, Tdad A=

ZAT (0>0.05). 283 ol B AeE YxiEs ¢ =

ojdel UJAR AlFHE AFH K% AolE 1/‘rE‘rIHZ] e ATHP>0.05). HA A A
= ABEs AL} Ao)E HolA| ¢dgton, 238 ZEAAd Ui Te ¥

© A%e HAn. w2tA ZgAAd ARy ds yesgdds Frhst

o, S0 A ApolE HolA skt

Ir— |

£ 2 8 o XN N oo oY T ot o2

Table 3.2.46 Sensory characteristics of tablet milk supplemented with nanopowdered oyster
shell and eggshell

Tablet Appear-ance Flavour Taste Texture Sl
milk? acceptability
‘Whitness Cooked Earth Fishy Sweetness Astringency Bitterness r::‘;:::ss Hardness Adhesiveness
Control 6.6=1.520 7.8=1.08 1.2=0.4* 1.0+0.0% 6.8=0.8¢  1.0=0.0% 1.0=0.02 3.2=0.4  8.6+0.9* 6.4=1.12 ]
NPES 6.2=1.6° 7.4=1.5* 1.2=0.4* 1.0=0.0% 6.0£0.7%  1.0£0.02 1.0=0.02 3.4=0.02  8.8=0.4* 6.6=0.9* 7.3%1.32
Zn-NPES  6.0=1.72 7.6=1.7*0 1.2+0.4* 1.0+0.0% 5.6£0.5%  1.0=0.0 1.0=0.02 3.6=1.3@ 8.8+£0.9* 6.8=1.12 7.6=0.92
NPOS 6.0=1.72 7.6=1.5* 1.2=0.4* 1.0=0.0% 5.2+1.3  1.0£0.02 1.0=0.02 3.5+1.87 8.8=0.4* 6.7=1.2* 7.4+1.12
Zn-NPOS  6.0=1.72 7.4=1.8 1.2=0.4* 1.0£0.0* 524130 1.020.02 1.0=0.02 3.6=1.12  8.8=0.48 6.9=1.22 8.0=0.72

D¥Values are mean=SD. Means in a column with different superscripts are significantly different at p<0.05 by Duncan’s multiple-test,
U Control: commercial tablet milk (included CaCOs)

NPES: tablet milk of nanopowdered eggshell

Zn-NPES: tablet milk of Zn-added nanopowdered eggshell

NPOS: tablet milk of nanopowdered oyster shell

Zn-NPOS: tablet milk of Zn-activated nanopowdered oyster shell
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Figure 3.2.97 Effects of emulsifier on dispersible nanopowdered oyster shell. Non-emulsifier: not
using emulsifier for dispersibility, PGMS: polyglycerol monostearate, PSML: polyoxyethylene sorbitan monolaurate, DGML:

decaglycerine monolaurate, PGFE: polyglycerol fatty acid ester.
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Figure 3.2.98 Effects of mixing time on dispersible nanopowdered oyster shell with PGMS.
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Figure 3.2.99 Effects of PGMS concentrations on dispersible nanopowdered oyster shell.
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Figure 3.2.100 Change in pH of dispersable nanopowdered oyster shell-supplemented milk
stored at 4°C for 16 days.
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Figure 3.2.101 Change in zeta-potential of dispersable nanopowdered  oyster
shell-supplemented milk stored at 4C for 16 days.
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Table 3.2.47 Concentration of calcium on dispersable nanopowdered oyster shell-supplemented
milk stored at 4°C for 16 days

Conc. Amount of calcium (mg/L)
(%, wt/vol) 0-d 4-d 8-d 12-d 16-d

Control 1.08+0.06™ 1.11x0.02° 1.1040.04° 1.16+0.11° 1.16+0.09°
POS(0.5)” 2.85+0.29° 2.77+0.35° 2.95+0.08¢ 2.97+0.05° 2.99+0.01¢
POS(1.0) 5.15+0.12¢ 5.12+0.17¢ 5.14+0.04° 5.17+0.19¢ 5.17+0.10°
POS(1.5) 6.68+0.41° 6.63+0.35¢ 6.61+0.33° 6.83+0.23¢ 6.67+0.11°
POS(2.0) 9.31+0.35° 9.24+0.86" 9.35+0.54° 9.19+0.04° 9.23+1.03"
NPOS(0.5) 3.16+0.03° 3.15+0.19° 3.12+0.14¢ 3.15+0.177° 3.17+0.08¢
NPOS(1.0) 5.3240.22¢ 5.20+0.28¢ 5.35+0.49° 5.354+0.18¢ 5.34+0.47¢
NPOS(1.5) 6.99+0.08° 7.06+0.08° 7.17+0.39° 7.09+0.02° 7.05+0.01°
NPOS(2.0) 9.38+0.66° 9.3240.06" 9.27+0.37° 9.37+0.37° 9.30+0.42°

Dvalues with different superscripts within the same column are significantly different (p<0.05). ?POS: powdered oyster shell ,

NPOS: nanopowdered oyster shell,

i

0.5, 1.0, 1.5, 2.0%

Hunter A=A (Minolta CT0310, Tokyo, Japan)E A}&-&}<

e Wz FHrlege
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Table 3.2.48 Change in color of dispersable nanopowdered oyster shell-supplemented milk

stored at 4C for 16 days

Storage period (days)

Conc. (%) 0 4 8 12 16
Control 88.86+0.39"*2  88.73+0.20** 88.83+0.21* 88.79+0.14* 88.83+0.24%
POS(0.5)Y 88.69+0.35 ** 88.75+0.30 **  88.90+0.14 **  88.86+0.16 ** 88.87+0.17
POS(1.0) 88.87+0.25 ** 88.75+0.29 **  88.82+0.17 **  88.86+0.22 ** 88.82+0.19 *
L POS(1.5) 88.87+0.28 ** 88.73+0.36 **  88.77+0.29 **  88.79+0.22 ** 88.80+0.16 **
(lightness) POS(2.0) 88.90+0.15 ** 88.74+0.23 **  88.74+0.26 **  88.79+0.18 ** 88.83+0.18 **
NPOS(0.5) 88.85+0.22 ** 88.83+0.22 **  88.80+0.21 **  88.83+0.18 ** 88.85+0.16 *
NPOS(1.0) 88.82+0.23 ** 88.73+0.25 **  88.73+0.12 **  88.87+0.14 ** 88.85+0.17 **
NPOS(1.5) 88.82+0.15 ** 88.76£0.20 **  88.73+0.24 **  88.85+0.19 ** 88.83+0.15 **
NPOS(2.0) 88.79+0.31 ** 88.74+0.42 **  88.71+0.25 **  88.85+0.18 ** 88.85+0.15 **
Control 2.57£0.07 * 2.57£0.04 ** 2.59£0.09 ** 2.58+0.10 ** 2.56£0.06 **
POS(0.5) 2.55+0.09 ** 2.55+0.07 ** 2.60+0.06 ** 2.59+0.08 ** 2.58+0.08 **
POS(1.0) 2.5240.10 ** 2.5340.02 ** 2.6140.07 * 2.60+0.04 ** 2.58+0.04 **
a POS(1.5) 2.5240.10 ** 2.56+0.07 ** 2.59+0.02 * 2.61+0.09 ** 2.58+0.07 **
(reduess) POS(2.0) 2.53+0.08 ** 2.54+0.04 ** 2.59+0.09 ** 2.59+0.10 ** 2.59+0.05 **
NPOS(0.5) 2.53+0.05 ** 2.54+0.07 ** 2.59+0.09 ** 2.59+0.08 ** 2.58+0.04 **
NPOS(1.0) 2.54+0.06 ** 2.55+0.05 ** 2.62+0.09 ** 2.59+0.10 ** 2.60+0.06 **
NPOS(1.5) 2.54+0.05 ** 2.53+0.05 ** 2.61+0.08 ** 2.58+0.09 ** 2.59+0.08 **
NPOS(2.0) 2.53+0.05 ** 2.55+0.04 **  2.63£0.05 * 2.57+0.10 ** 2.61£0.09 **
Control 2.66+0.09°8 2.69+0.14 8 2.81+0.17 *® 3.03+0.18 ** 3.05+0.07 **
POS(0.5) 2.6140.21°¢ 2.6740.18 2.82+0.11 B¢ 2.99+0.14 **B 3.03+0.10 **
POS(1.0) 2.59+0.11 *® 2.66+0.17 *® 2.81+0.14 *® 3.0240.14 ** 3.04+0.13 **
b POS(1.5) 2.6240.18 *° 2.640.16 *® 2.79+0.17 *® 3.01£0.10 ** 3.02+0.08 **
POS(2.0) 2.5940.13 *® 2.66£0.07 *® 2.80+0.17 *® 2.99+0.14 ** 3.03£0.12 **
(vellowness)  \p0s(0.5) 2.54+0.09 2.660.13 ®®  2.76+0.14 ®  2.97+0.05 * 3.00+0.14
NPOS(1.0) 2.54+0.11 *° 2.63£0.15 ¢ 2.81£0.14 “¢  2.98+0.15 **B 3.05+£0.17 **
NPOS(1.5) 2.56+0.10 * 2.62+0.14 *© 2.83+0.15 *® 2.97+0.10 *B 2.99+0.05 **
NPOS(2.0) 2.55+0.09 *° 2.66£0.12 B¢ 2.78+0.14 *® 3.00£0.13 ** 3.02+0.10 **

YMean+SD(n=8) ?Values with different superscript in a raw (A-D) and column (a-c) are significant
multiple range test. ?POS: powdered oyster shell ,

NPOS: nanopowdered oyster shell,

at p<0.05 by Duncan’ s

O ¥ Bt

Aol 88T s 222 HUbste Axd $/E ARV e 53 SA4E
Hlwg 35 Table 3.2.49 o YEAAS. /& 4T A 169 5 AR A& S5HHe=
Hrlstgaoh AAZA7IE B2 tiZ+3 0.5, 1.0, 1.5, 2.0% % ¥HZ HUSHES w, Yx=dAHe
Aee A YA AolE UERHA FUAIRE (p20.05), dHE JAe] B FEVF =
STE E4ko]l HA 4 vhEeka e AS B o AT AN, AR 7ol 129 o] %R
He URZsidE 52 294 7HEge 34S 948 + dden o] =3 /94 A
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E7F FobA | Fol AT fold Aol Holx| skt (p>0.05). Astringency tasted] 9=
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olg Holx gkth (pX0.05. YWPHS BAstel FHES Wl MmARD, B
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B
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Table 3.2.49 Sensory characteristics of dispersable nanopowdered oyster shell-supplemented

milk stored at 4C for 16 days

Appearance Flavor Taste
Conc. (%, wt/vol) - — - -

Dispersibility Earthy Astringency Bitterness
0-d storage period
Control 1.00+0.00*" 1.00+0.00° 1.00+0.00° 1.00+0.00°
POS(0.5)” 1.5740.53¢ 1.57+0.53% 1.7140.49* 1.1440.38%®
POS(1.0) 2.29+0.49° 1.8640.69° 2.14£1.07" 1.29+0.49%
POS(1.5) 2.57+0.53® 1.86+0.38" 2.43£0.79" 1.29+0.49%®
POS(2.0) 2.710.49° 1.86+0.38" 2.71+0.95" 1.43+0.53°
NPOS(0.5) 1.00+0.00¢ 1.14+0.38" 1.29+0.49° 1.00+0.00°
NPOS(1.0) 1.00+£0.00° 1.1440.38" 1.29+0.49° 1.00+£0.00°
NPOS(1.5) 1.14+0.38¢ 1.2940.49" 1.43£0.53° 1.00+0.00°
NPOS(2.0) 1.14+0.38¢ 1.29+0.49% 1.57+0.53° 1.000.00°
4-d storage period
Control 1.00£0.00° 1.00+0.00° 1.00+0.00° 1.00+0.00¢
POS(0.5) 2.29+0.49° 2.14+0.38" 1.86+0.38>¢ 1.29+0.49%
POS(1.0) 3.00+0.58° 2.29+0.76° 2.00+0.00" 1.57+0.53"
POS(1.5) 3.2940.49° 2.57+0.79° 2.14+0.38" 1.86+0.69°
POS(2.0) 2.71+0.49° 1.86+0.38° 2.71£0.49° 3.00+1.00°
NPOS(0.5) 1.00£0.00° 1.14+0.38° 1.43+0.53% 1.000.00°
NPOS(1.0) 1.00£0.00° 1.14+0.38° 1.43+0.53% 1.000.00°
NPOS(1.5) 1.14+0.38¢ 1.43+0.53¢ 1.57+0.53°% 1.000.00°
NPOS(2.0) 1.14+0.38° 1.43+0.53¢ 1.71£0.49%% 1.000.00°
8-d storage period
Control 1.00£0.00¢ 1.00+0.00¢ 1.00+0.00¢ 1.00+0.00¢
POS(0.5) 3.00+0.00° 2.43+0.53¢ 2.00+£0.00% 2.00+£0.00°
POS(1.0) 3.57+0.53° 2.86+0.90" 2.000.00* 2.29+0.49°
POS(1.5) 4.43+0.53" 3.29+0.49" 2.29+0.49° 2.43+0.53°
POS(2.0) 4.71+0.49° 4.00+0.00° 3.00+0.58" 3.5740.53°
NPOS(0.5) 1.00£0.00¢ 1.14+0.38¢ 1.43£0.53¢ 1.000.00¢
NPOS(1.0) 1.00£0.00¢ 1.14+0.38¢ 1.43+0.53¢ 1.000.00¢
NPOS(1.5) 1.14£0.38° 1.43+0.53¢ 1.57+0.53¢ 1.00+£0.00°
NPOS(2.0) 1.14£0.38¢ 1.43+0.53¢ 1.71+0.49° 1.00+£0.00°
12-d storage period
Control 1.000.00° 1.00+0.00¢ 1.00+0.00° 1.00+0.00¢
POS(0.5) 3.86+0.38" 3.43+0.53° 3.000.00 3.00£0.00°
POS(1.0) 5.00+0.00° 3.86+0.90 3.000.00 3.29+0.49°
POS(1.5) 4.86+0.38° 4.29+0.49° 3.29+0.49" 3.43+0.53°
POS(2.0) 5.00+0.00" 5.00+0.00° 4.00+£0.58° 4.57+0.53°
NPOS(0.5) 2.000.00¢ 1.14+0.38¢ 2.43+0.53¢ 1.00£0.00°
NPOS(1.0) 2.00:£0.00° 1.14+0.38° 2.43+0.53¢ 1.00+£0.00°
NPOS(1.5) 3.14%0.38° 1.43+0.53¢ 2.43+0.53¢ 1.00+0.00¢
NPOS(2.0) 3.4340.53¢ 1.43+0.53¢ 2.7120.49¢ 1.00+0.00¢
16-d storageperiod
Control 1.00£0.00° 1.00+0.00° 1.00+0.00° 1.00+0.00¢
POS(0.5) 4.43+0.53° 4.57+0.53° 4.00+0.00" 4.00+0.00°
POS(1.0) 5.00+0.00" 4.57+0.53 4.00+£0.00" 4.29+0.49°
POS(1.5) 5.00+0.00* 5.00+0.00° 4.29+0.49° 4.43+0.53°
POS(2.0) 5.00+0.00° 5.00+0.00° 4.29+0.38° 5.00+0.00°
NPOS(0.5) 3.000.00° 1.14+0.38° 3.43+0.53¢ 1.00£0.00°
NPOS(1.0) 3.00£0.00° 1.14+0.38° 3.43+0.53¢ 1.000.00°
NPOS(1.5) 4.00+0.00° 1.43+0.53" 3.43+0.53¢ 1.00£0.00°
NPOS(2.0) 4.43+0.53° 1.43+0.53" 3.71+0.49% 1.000.00°

YValues with different superscripts within the same column are significantly different (p<0.05). ZPOS:

NPOS: nanopowdered oyster shell.
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Figure 3.2.102 Change in pH of nanopowdered eggshell-supplemented yogurt stored at 4°C for
16 days.
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gt HEE Yetlle L&Y F94 Aol gl 0>0.09), ANEE Y= a-#2 AR
A7 ol Beas SUlske AFS vEUlen, SRS Ul b #& AR JVHE
0.3%°1 4 Z718t= AEdFS B & AAJTh =3 a e yeddZdwS HUs Alse guhdzt
g Ez2TH 793 ZolE YEA Fdkot (p20.05. b &2 dxddds £2S HUHg
NEE dEx2TH 794 ZolE Ut Al FAARE, IRt Zds E28 HUgE Al5e oz
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Table 3.2.50 Change in color of nanopowdered egg shell-supplemented yogurt stored at 4TC

for 16 days
Concentration of Storage period (d)
o
Color SE-::EF%%D: i F % 5 o
IE Control 879201 87.00b 89.09¢ S0.42: 8941t
PES (0.15) 86.904 8791 88.97¢ 88 82t 89.03¢
PES (0.30}) 88.45: 88.83: 85 802 89.07¢ 859 862
PES (0.45) 87.89b 88.02% 89 33 89 33t 89 66
NPES (0.15) 88.02b 88.715 B9 44t 89.05b 89.72a
NPES (0.30} 87.67¢ 88.03 88 764 85.92: 85.762
NPES (0.45) 8793 B8.767 89.04¢ 9036 89 63
a* Control 71.76% 7.572 763 7472 7. 72
PES (0.15) 7.204 7.562 7.682 7.73b 7.66%
PES (0.30) 7.500 754 7.49¢ 7.53¢b 7.65%
PES (0.45) 7 45t T.43¢ 7.54% 7.580 768
NPES (0.15) 7440 7.582 757k 7470 1133
NPES (0.30) 7.31¢ 7470 7374 7 460 768
NPES (0.45) 741t 7.623 7.26° 7 440 7.62b
b* Control 10.99= 1025« 10.830¢ 1021t 10 800<
PES (0.15) 964 10690 11.193 11.682 10.66¢
PES (0.30) 11.08® 11.003be 11.08: 10.4g° 11272
PES (0.45) 1072 104504 11.08: 10.39¢0 11.12%
NPES (0.15) 10.84= 11452 11342 10 880 11422
NPES (0.30) 10.41% 9914 10.53¢ 10.60° 11.4%9:2
NPES (0.45) 10723 11.872 10.53¢ 10.69° 11.352

D¥Values are mean=SD. Means in a column with different superscripts are significantly different at p<0.05 by Duncan’s multiple-test.
Control: non-supplemented yogurt

PES: powdered eggshell supplemented vogurt

NPES: nanopowdered eggshell supplemented yogurt

- 137 -



i}

(b

4

AN

o A
AT+ 4C2 AA¥E A EEF Brookfiled-Viscometer (Model LVDV 1 +, Version 3.0, Stongton,
MA, USA), Spindle No. 3Z At&3led 60 rpmollA 584 8E7tA] 18 1A ®E ZAH3}o
HEAZ etk dxddZdEel 5x0.15 03, 045%E 2Dty HUgk 34
QTEEE 4T oA 169t A
A= Figure 3.2.103% 2t U

A7bgel  vtgrs A SAHAL, ARTIT € WA= AF LA
=

UGt daS 37 SASTEEV ditd A dEs HUe S8 FEERTD AET B2
Aes B T F dslen, AR 449A HAx9 wWe FUlste AFEFS BEYoern, I olF
A% 6L FE aAdte A¥FS YERdT wEbd B AR@A yxddzdes 015, 0.3%E
A7betde ol AA7IZE wEl aEHeE AR W3l fes & AdRleEdH, o
QTFEE YxdzZzd4 015 03% 557 =9 HA Tl Aow Aodr)

B
=
=
=
= Comntrol
—b——  PES(0.150% S
— e+ PFES(03% P
60 ———  PES(0.45% hd

——c——  NPES(0.15%)
————  NPES(0.3%§
——O—— NPES(0.45%

50

] 2 4 6 8 10 ]IZ ll4 ]IE

Storage Periods (d)
Figure 3.2.103 Change in viscosity of nanopowdered eggshell-supplemented yogurt stored at
4C for 16 days. Control: non-samples supplemented yogurt, PES: powdered eggshell
supplemented yogurt, NPES: nanopowdered eggshell supplemented yogurt

ANg QFE2EE i 2dgo A234ste] MRS agar(Difico Laboratories, Detroit, MI,
USA)ell B &3 =5 F(Bromophenol blue, BPB)E 0.002% 7}ste] 37C oA 48A|1%F ul Fslo]
& A=3t CFU(colony forming unit)/mL)Z YeRAAT. =4S 33 HbE

AHS sl FHAFS YERT. MRS agar=MRS broth 5.5%, Agar 1.5~2%, BPB
0.001~0.002%5 <3t A=xsiHen HEAFdse 08%NaCl F= AL-8-3F A T
A7 34 QT EEE 4T oA 1693
, 8, 12, 16¥) o= {4kt & SA A3 Table 3.251 3 2o
At g Utz AU wet fA

bt
~ S
—
o
©
w0
o
S
o
3\2
it
0
i)
ol
i
£
=

- 138 -



A7k a7 =2ES td

TEEE 746><1o8 to 656><108
e AT (p<0.05).
%ﬂ& {T2E  H3}

7.30 X 108-6.70X10® CFU/mL ©|la, Yuhdztzt
CFU/mML |t 28y AR 49 o|&=2
wetA] YxdZddeEs HUigE 872
A717E 169 &< ATrHEs g d

o J
[
ETR=:Y
3
N
ol
N
Q‘L
rr
oﬁ
rulo

Table 3.2.51 Change in lactic acid bacteria of nanopowdered eggshell-supplemented yogurt
stored at 4°C for 16 days

Concentration of s Storage period (d)

ample&é‘?«;: Wt/ 0 4 " 2 6
Control B46 = 108 894 x 108 916 = 108 119 = 10% 1.39 x 108

PES (0.15) 7.30 x 10%c 780 = 10% §.14 x 10% §.82 =108t 9.12 x10%

PES (0.30) 7.52 % 10% 7.60 x10% 7.88 x 10% §.26 x 108 B 70 x 10%

PES (0.45) 6.70 = 108 708 x 108 738 x 108 772 = 10% 820 x 108

NPES (0.15) 7.46 x 10% 7.48x 108 7.78 x 103% §.10 x 10%c g 56 x 1084

NPES (0.30) 720 = 10% 754 x 10% 782 x 10% 8.00 x 10% 320 x 10%e

NPES (0.43) 6.56 =10 652 % 10% 706 x 10% 7540 x 10% 802 x Q%=

D¥alues are mean+SD. Means in a column with different superscripts are significantly different at p<0.05 by Duncan’s multiple-test,
Control: non-supplemented yogurt

PES: powdered eggshell supplemented yogurt

NPES: nanopowdered eggshell supplemented yogurt
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Table 3.2.52 Sensory characteristics of nanopowdered eggshell-supplemented yogurt stored at
4°C for 16 days

Concentration of s Appearance Flavor Taste Texture Overall
ample (%, wt - — : Acceptab
i ‘,-E,I ; Whe'\?f Color  Calcite  Rancid Sourness Astz:mnj; Chalky W IFIrmnses Wﬁé&ﬁw
0-d storage period
Control 4.0l 4.0 1.0" 1.00 4.0 4.0° 1.0% 4.0t 4.0b 4.0
PES (0.15) 4.12 4.12 1.3® 1.1 4.12 4 2% 1.1¢ 433 423 422
PES (0.30) 4.4 3.6 1.4 1.0° 4.0 4.3® 2.00 4.4 432 3. 53
PES (0.45) 4.52 3.6% 1.6 1.2 3.4% 4.4 242 4.23® 432 3.3
NPES (0.15) 4.32 3.6 1.4 1.42 378 4 b 1.0¢ 4.4 4.1 393
NPES (0.30) 4.6° 3.5 1.4 1.3 3.5¢ 420 1.1¢ 4.4 4.2 3.8%
NPES (0.45) 4.6% 340 1.82 1.0t 3.4 4.5¢ 125 4.52 473 3. 8¢
4-d storage period
Control 4.0 4.02 1.0° 1.0° 4.02 4.0° 1.0¢ 4.0 4.0d 4.00
PES (0.13) 4.12 3.5% -1t 122 3.9% .20 1.2¢ 42k 424 3.8
PES (0.30) 4.3a 3, 7 1.3% 13 3.9 4.3= 2.1b 4 2be 434 3.6°
PES (0.45) 4.42 3.8 1.4 1.4= 3.8 4.5 2.6 420 4 4 3.6°
NPES (0.15) 4.42 3. Jbe 1.2% 1.3 3.9 4 38 1.0¢ 4.4 4.6% 3.8%®
NPES (0.30) 4.42 i 1.2: 123 3.7 4.3 1.2¢ 4.5 4.6 3.73%
NPES (0.45) 4.5: 3.5¢ 1.0 1.4 380 4.62 1.3 4.60 4.7= 3.6t
8-d storage period
Control 4.0 4.0 1.0® 1.0t 4.02 4.0¢ 1.0% 400 4.0 4.0
PES (0.13%) 432 3.7 1.2 1.32 3.8% 438 1.3¢ 4.3 4.3 378
PES (0.30%) 4.6 4.22 1.3 1:34 3.7 4.5® 1.9% 4.3 4.6% 3.6%
PES (0.45%) 4:4= 3 .64 13® 3% 3 e 4.6° 2.3 4.4 4.7 3.4
NPES (0.15%) 4.12 3.6 1.4 1.2 3.6t 4. 20c 1.0¢ 4.4 4.4 3
NPES (0.30%) 4.2z 3.5¢d 1.2:0 3.40d 4 3k 1.3 453 4 .53 3.8
NPES (0.45%) 442 3.44 1.3= 124 Jae 4.4% 1.4: 442 4.5& 3.6%c
12-d storage perio
d
Control 4.00 4.02 1.2 1.2 423 3.8¢2 1.0 3.8 3.8 4.02
PES (0.15) 4.12 T 1.2 1.3% 3.8 4.2¢ 1.3« 4.1¢ 4.1¢ 3 b=
PES (0.3) 4.4 3 jab 1.3 1.4= 3.7v 4 6% 1.7 4.1¢ 4 3% 3 5k
PES (0.43) 4.4 358 1.42 1.52 3.6° 4.7= 2:1= 4.1° 4.5 330
NPES (0.15) 4.02 3 5k 132 134 3 5. 4 2k« 1.0¢ 43¢0 4.3 3.8+
NPES (0.3) 4.3z 3460 1.1% 1.3 340 4 Fahc 1.2¢ 4.3 4 4 3.8
NPES (0.45) 4.32 356 1.2 1.5 3.3 4 5abc 1.2¢ 4.4 4 3% 3.7
16-d storage perio
d
Control 422 402 1.0b 1.0% 4.1= 4.1% 1.0 4.0® 3.80 3.8
PES (0.13) 4.4 3.8 1:3% 1.3 3.8 4 43 1.2= 4.3 4.12 3.6
PES (0.3) 5 3G S 134 3.8 4.62 1.8 4 3 4.22 3. G
PES (0.45) 4.62 3 5bc 1.3 1.52 3.7 472 23 4 3= 432 3.4F
NPES (0.15) 432 3 40 1.42 1.2 3.6 4.3 1.0 4.5 4.3 38
NPES (0.3) 4.2 F5F 128 1.2% 3.5% 4.3 1.2 450 4.32 3o
NPES (0.45) 422 3 2¢ 1.3% 1.3 3.4 4 5% 1.3¢ 462 442 3.7

D¥alues are mean=8D. Means in a column with different superscripts are significantly different at p<0.05 by Duncan’s multiple-test,
Control: non-supplemented yogurt

PES: powdered eggshell supplemented yogurt

NPES: nanopowdered eggshell supplemented yogurt
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Figure 3.2.104 Change of the cell viability in caco-2 cell by MTT at 37C in nanopowdered
oyster shell during 4 day. POS: powdered oyster shell, NPOS: nanopowdered oyster sehll,
Zn-NPOS: Zn-activated nanopowdered oyster shell
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Figure 3.2.105 Solubility of nanopowdered calcium.
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Figure 3.2.106 Bioavailability of nanopowdered calcium.
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Table 3.2.53 Extraction conditions of tuna eye oil
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52 5 AANT B
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LT 0 F3 A

3 zolA F2Y ARE FE F
=

=

o] oefol LFERAQT

ol

& 25 g/min2 YA, 250 wE ¢ty W3}

kv

O 40CoAA F=23 8 = (Ns FA: 40 g, &¥: 150, 250 bar)
Table 3.2.54 Amount of oil extracted in time at 40°C and various pressure conditions

. T=HQ
R T=%8
1XE(min) 40C_150 bar 40C_250 bar
0 0 0
10 0.18 1.28
20 0.32 2.52
30 0.52 3.73
40 0.67 5.02
50 0.83 6.10
60 1.00 7.08
70 1.20 7.90
80 1.40 8.69
90 157 9.32
10
8 ® 250 bar 4
o 150 bar i
2 |
% -
5 - . & o]
L] R o 2 °
0 > 7

T T T
0 20 40 60 80 100

Time (min)
Figure 3.2.109 Yield of tuna eye oil according to supercritical carbon dioxide extraction
conditions (40C, 25 gCO,/min).
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O 45CAA F=223 9 a8 KNE FA: 40 g, &= 150, 250 bar)

Table 3.2.55 Amount of tuna eye oil extracted in time at 45°C and various pressure conditions

, T=HQ
A 2Hmin) 45C 200 bar 45C 250 bar

0 0 0
10 1.28 1.28
20 2.52 2.52
30 3.73 3.73
40 5.02 5.02
50 6.10 6.10
60 7.08 7.08
70 7.90 7.90
80 8.69 8.69
90 9.32 9.32

10

8 & 250 bar * *

o 200 bar
o % B . .
o | . T

o . 8

2 o]

0 T ‘ T T

0 20 40 60 80 100
Time (min)

Figure 3.2.110 Yield of tuna eye oil according to supercritical carbon dioxide extraction
conditions (45C, 25 gCOy/min).

O 50caAM F=23 % Tz K5 FA: 40 g, = 200, 250, 300 bar)
Table 3.2.56 Amount of tuna eye oil extracted in time at 50°C and various pressure conditions

FZ=H(Q)
A ZHmin) 50C 50C 50C
200 bar 250 bar 300 bar

0 0 0 0
10 0.58 0.84 1.73
20 1.22 2.30 3.71
30 1.89 3.43 551
40 2.54 4.60 7.00
50 3.02 5.69 8.29
60 3.42 6.71 9.34
70 3.82 7.73 10.12
80 4.16 8.64 11.08
90 451 9.46 11.75
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Figure 3.2.111 Yield of tuna eye oil according to supercritical carbon dioxide extraction
conditions (50C, 25 gCO,/min).

O 2Zsh 4ol Frb ME FNAT U9 FHE

Table 3.2.57 Solubility of tuna eye oil extracted at various extraction conditions

et = (bar) 83l =(goil/gcoy)
150 0.280
40 250 2.954
200 1.763
45 250 2.476
200 2.047
50 250 3.235
300 4511
4) 7zt 2318 2YA FZ Oile A4 =24 4
" ] # 4

400 -

=s0 -

300

250 -

Zzoo

150

100
S0

o

T T T T
10 20 S0 40 rmin

Figure 3.2.112 GC-FID chromatogram of tuna eye oil extracted at 50C and 300 bar.
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Table 3.2.58 Fatty acid compositions of tuna eye oil under the various extraction conditions

Z9A ol 3tEx & =2 Soxhlet
i it 150 200 200 250 250 250 300 extract
R.T Fatty acids composition bor bar bar ot ot bor bar by
40T 45T 50C 40T 45T 50T 50T hexane
21.79 Myristic Acid C14:0 5.78 5.69 4.89 5.83 5.09 5.59 5.30 6.73
23.52 Myristoleic Acid Cl14:1 1.94 2.03 1.94 2.48 2.01 2.10 1.92 2.48
25.40 Palmitic Acid C16:0 2892 | 27.10 | 28.05 | 32.97 | 29.10 | 29.26 | 30.38 | 39.76
26.53 Palmitoleic Acid Cl16:1 8.80 8.16 8.23 8.57 7.74 7.74 7.65 9.49
28.63 Stearic Acid C18:0 5.91 6.07 6.50 7.86 6.61 6.83 7.06 9.49
29.61 Oleic Acid Cl8ciln9 19.31 19.19 19.77 23.20 20.13 17.54 17.87 19.57
. . . C18:2n6

30.13 Linolelaidic Acid t 0.65 0.70 0.74 1.01 0.79 0.95 0.81 1.43
31.02 Linoleic Acid CI&Zn6 | 192 | 192 | 192 | 244 | 198 | 200 | 195 | 2.19
31.67 r—Linolenic Acid C18:3n6 1.03 1.00 1.06 1.43 1.09 1.27 1.04 2.15
32.15 Arachidic Acid C20:0 0.66 0.88 0.81 1.09 0.89 0.98 0.70 1.22
32.53 Linolenic Acid C18:3n3 0.70 0.37 0.78 1.04 0.87 0.92 0.90 1.64
32.68 Eicosadienoic Acid C20:2 1.11 1.11 1.09 1.45 0.89 0.89 0.75 0.64
33.81 Eicosatrienoic Acid C20:3n3 1.39 1.37 1.36 0.68 0.49 0.52 0.42 0.00
31.67 Arachidonic Acid C20:4n6 0.00 0.37 0.00 0.59 0.00 0.00 0.00 0.00
35.81 Erucic Acid C22:1n9 2.29 2.16 2.15 2.90 2.31 1.97 1.82 0.00
32.13 Docosadienoic Acid C22:2 0.45 1.04 0.50 0.81 0.57 0.49 0.38 0.00
37.64 EPA C20:5n3 4.29 4.57 4.07 5.64 4.47 4.71 4.56 2.16
42.07 DHA C22:6n3 | 14.86 | 16.26 | 16.13 | 20.36 | 14.98 | 16.23 | 16.51 1.08
100.00 | 100.00 | 100.00 | 100.00 100.00 | 100.00 | 100.00 | 100.00

3 %l =
& o g YAY BalAe exeld o] S we =7
£ FASE WH, Y27} A3 B 27} sol 2589 WA
A =

o=
Hth 52 9o vz 52 48 2ddMs & £=7

ZYA o|tste gt £EYE o] &T k2T IdFE oA At =42 EPASH DHASJ

o
SheFo Al ] o2 AFS Vel e, Palmitic acid, Oleic acide] dt&Fo] 7ba Hgka, %9
A olxtstera & 2Yol= EPA9F DHAS] o] 14%olA 20%7HA =0 Jde A=
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TR

Fd e SuFEH Eo a3dYdo] FHHNOY, 7E AFFd 2EEXS A T
2] Aol nEle] pEExZ3 AuHak sHEH(DHA+EPA)©] Fractionation o] d g ZIeksio gl 1
ghafo] Woj X = JEl(GlobalstAl 55 = oile] A% 30%°]dH S &5

Au] Bl 2QQA FEol LaFHE AN F9S

= #
Jatol 39e] WA AY Agbo] asE, £
H

ArHE, 3 RIS Z}
Z4n]= oF 289 o)l o =2 A=EHJIY (W HE Y] 500 Lg 7= <F 59 9, =dA F
Z241] 200 L3 712 239 Q)o] 4= =}

ARHor, YA FAE 8T AEEZS At FF ALY AL e FEFH w2

N A A=EZsE Ao Hlgte] FAHE z7] I &,
5] | AR 7leolzt BaEAT. ol A5 A= A AANA A 755
I e FZHR] 1=EX3} - A& S Global sourcingste] 4HsibAAd Sl 2 HES F
= =

G nEREs} A G BB 24 B4
D) e TEBES AP G AUBYALR] AP 24 1A

of 9%t f7 A4kl methyl esterstE st A& AZES 05 N NaOHE AHE3s
of AAHS FHANZN F FEARAY carboxylZ] ol Methyl7] S =9 A1717] 938+e] methanol
o] BF3E £33 AL AWitel] 71sta 71gste] esterst 3 &, AAPE AWAF esterE
iso-octanes  7tsted  AEAIFT  olgA  AAZHA AEF  AWAE  esterg  Gas
chromatography % X](Agilentiit 7890A, Supelcowax column(30 Mx0.25 mm)ZS AF-&3}e] a4
9} o]z Aol W& RTH W3l deg& &8st A4l =24 E48ATh

Table 3.2.59 Fatty acid composition of global sourced bioactive lipids

Fatty acid Palmitic acid Steasic acid Oleicacid Linokicacid Linokenic acid ARA EPA DHA EFA+DHA Totalw-3

AW 13.45 510 17.69 1.63 0.62 1.98 776 22,31 an.or 30.69
S 1.31 364 8.33 0.75 0.00 2,69 0.3 53.82 70,13 70,13
12 M 19.52 5.28 21,94 1.25 0.51 1.95 B.E6 23.20 23.87 30,37
Fad 2327 6.23 17.26 1.15 0.33 1.84 476 25,46 an.22 30,55

5. JHLHCHA 2329 5,94 17.26 1.58 0.55 1.95 6,43 22,23 28,73 23,34
6. L AH(HT) 23.03 5.04 15,52 1.38 0.42 1.65 497 26.05 3102 31.44
7. 1l 2 (Algas) 1583 0.88 1.23 0.50 0.00 1.01 2.04 4172 43,76 43,76

-

El -
ne o
S

N TH

-

~ 149 -



Ak 24 BAAT F 97b3 AA S 30%-70%74A ThepstAl BAEom, tE
HoT AAAYL AAE TR off L RN o f9 A% 30% )] w73 A
FFe MAE Aoz Yey

(2) &P A9 AN FHE 9
2 AgoMe g A 48k =)
At @Y Ze x3H Aol Al 500~5,000 ppme] W oA FHASIEA S
HAHEe] SAHH O ZE Rancimat 743 71718 83 7F4EE testel 30C =7)F 2o

ox, o
oo

b

o b
2

=

i

: = = =]
o] A7+ (0~48A17F) POV(Peroxide value)E =43} th.
A_mg& EEQ(ME} m_gs Eummmal 2R Induction time
Exa ALGE EETS = AHDIA 11.48
w Induction fim F el
P b\ahﬂl\yllnm —T = U A 1218
i e i 121
’,/"" s - IS < LTk 5.27
E ‘/' ,_./.." e 7-_
2 // //- O ' T 1.15
= e == 7
S // /,, L =R 182
¥ = ~al
e e p ZLH M (Algae) 395
= 2 X e
P v 'J Conditions
—¥ ] v - Temperature: 100°C
N e - Aerationrate: 20 Lihr
0.0 245 5.0 75 ; 0.0 125 15.0 175 - Samples: 3.0 ghube
v

Figure 3.2.113 Stability test of bioactive lipids by accelerated oxigen method.
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Figure 3.2.114 Comparative stability test of bioactive lipids by AOM test (before and after
adding antioxidants).
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Figure 3.2.115 Comparative POV values of bioactive lipids (before/after antioxidants added)
under 30°C, aerobic condition.
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Figure 3.2.116 DSC analysis of fish oil for confirm melting point.
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Figure. 3.2.117 Physical properties of FO nanoemulsion as primary emulsion with Tween 20
and Lecithin; (A, B) DA and (C, D) NS.

Tween203} lecithin® & #|Z% fish oil nanoemulsion®] YA EA =L AeAYE =HFOZ
A HAo fF3A wEE AAHINAT. Tween 2002 AZzH YoBHe] 7% lecithino =
Az UxddEd o Foid oz Aetdeigte] A SAHEHJCEE fish oll Yo Ed 9
12} "¥to 2+ lecithine] A=A A= dHEAY PSS Hrtste AEEHN ALEH
o, o]& SAFOEN 2dS ML e FFAY CMCE ZBAS & Utk & A3 A
B} 9l S Z23, DA fish oil dBde A5, FZHe w5+ 0.1 wt% lecithino]™, NS fish oil
ol dHde 99 H4 CMCe DA% %20}7'“ 0.1 wt% lec1thin£i Uelyt) o] o dx=7]
= 75 m(DA), 78 m(NSHE ZAHHUT. AAEEE FHAF, BE AEZoA 04 wwHe] pd
valueE YEN 7] wi&oll narrow shaped UA EZX =S HYtHnot shown). =3+ 1x} o2
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Table 3.2.60 Encapsulation efficiency (EE%) of fish oil nanoemulsion stabilized by Tween 20

and lecithin

Tween 20 (wt%) DA NS Lecithin (wt%) DA NS

0.5 97.80+0.028 97.52+0.026 0.01 98.21+0.004 98.52+0.010

0.75 97.13+0.446 96.69:0.404 0.02 98.72+0.294 98.42+0.018

1.0 97.53+0.044 95.86+0.100 0.04 98.59+0.006 98.62+0.004

1.25 97.32+0.221 95.68+0.111 0.06 98.57+0.004 98.66+0.016

1.5 97.51+0.062 95.85+0.542 0.08 98.54+0.024 98.59+0.044

175 96.91+0.383 93.96+0.720 01 98.49+0.012 98.64+0.027

2.0 97.66+0.044 95.38+0.684 0.2 98.48+0.021 98.71+0.028

2.25 97.49+0.023 95.87+0.050 0.4 98.45+0.006 98.56+0.002

25 97.17+0.121 95.26+0.051 0.6 98.50+0.010 98.38+0.123

275 97.05+0.308 95.46+0.003 0.8 98.66+0.002 98.54+0.034

3.0 97.32+0.319 95.65+0.086 1.0 98.39+0.027 98.52+0.002
(2) Lecithin-chitosan©. 2 Azxg 2xto| @A H A3} =AM A
O 2z ABHY YAEA 4
Figure 3.2.1182 lecithin®. 2 A ZH 12} oBAF 7| EALER S ZF 111, 122 44L& 3 JA=
7] W AEAE S AFolth 2xF AdEA AMEEH FEAREAY FEE sty A
st Ay HAH9 7|E4F 5= 0.01 wt%(1:29] mixing Hl&)ZA DA oil3}k NS oilel| A &L 3s}A
Vet o]jw o] AERE 1%k DA 50.2 mVel NS 51.0 mVE 2zt Z+ A=tk £3], mixing
& 1:19] AZoA 0.02 wtrRt @& F59 49 dxel ZEH Alo]o A aggregation©]

]
A etE @Al el e daar] =g Ao eR o 4 SHEA
IHEERT JFoE UA SAHHUT
o= 81%2 =A3HS X thFigure3.2.113).
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Figure. 3.2.118 Physical properties of secondary emulsion
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Figure. 3.2.119 Encapsulation efficiency (EE%) of secondary layered emulsion at mixing ratio
of 1:1 (A) and 1:2 (B).
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Figure 3.2.120 Physical properties of tertiary emulsion stabilized LMP; (A, C) DA and (B,D)
NS.
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Figure 3.2.121 Encapsulation efficiency (EE%) of tertiary layered emulsion at mixing ratio of
1:1 (A) and 1:2 (B).
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Figure 3.2.122 TBA value of multi-layered DA (A) and (B) emulsion for 30 day.
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Figure 3.2.123 Turbidity test of multi-layered DA (A) and (B) emulsion for 30 day.
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Figure. 3.2.124 Release rate of nanoemulsion prepared with DA (A) and NS (B) for 72 h at 3
7C. The primary emulsion prepared with lecithin of 0.1% (w/w). The secondary emulsion
prepared with CHI of 0.02% (w/w) at ratio of 1:2 of primary emulsion and CHI solution. The
tertiary emulsion prepared with LMP of 0.15% (w/w) (DA) and 0.2% (w/w) (NS) at ratio of 1:1
of secondary emulsion and LMP solution.
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(1) H=3kd 1,2,3% EEjgolof o2 dAe] AZLEAH AF
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Figure 3.2.125 Droplet stability of fish oil emulsion prepared with DA (A) and NS (B) for 72 h
at 37°C. The primary emulsion prepared with lecithin of 0.1% (w/w). The secondary emulsion
prepared with CHI of 0.02% (w/w) at ratio of 1:2 of primary emulsion and CHI solution. The

tertiary emulsion prepared with LMP of 0.15% (w/w) (DA) and 0.2% (w/w) (NS) at ratio of 1:1
of secondary emulsion and LMP solution.

B AFTE 9o AxITAS oLt HAsG 1, 2, 3z dEA AAI T B¢ QA=)

Hals B3 AFgoltt AZH HEAL 37CoNA 39F BHASHA PSP B AL

A3, DA, NS 2 Azd 1, 33 dEde AR & v A FHE FASH o,
4

22 olBAde Hgol= 12 A% o] RE dA=Z77F 3438 S7Mele AEFS YERIT
2}. Biopolymer(WPI, Pectin)e] hydrogel ¥Ah =S &83) fish oil YA ZE7]& 7t
(1) Water in water emulsion(W/W emulsion) & A

Fish oil& #7}3}7] A AMel® H=¥ WPI droplet A RS 33}

=
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HD-WPI
20wt%
_ P E C
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Figure 3.2.126 Microscopic observation of W/W emulsion depending on HD-WPI concentration
at 20 wt% pectin 4 wt% (magnification X100 and 400).
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(2) O/W emulsion YA+=7] =4 9 zeta-potential =4

Fish oil nanoemulsiong #| %3&}7] ¢, 3412 Tween 202 A5t Fo UAE A x3s}
ATt Table 3.2.61c] W=, 3] s=EE A2 A7|5 B B, 734 8% F7bs) &+
A5 A =7+ 416 mmE TFASA T zeta-potential®] 74§, 0~-3 mVo|ste] SH3E U
ATk ole F3HA FUbEol FMETE 40} #He A4S WA =9 Tween 200] Hlo]&4
Al AN FHOE Mol gho] M3 2o E AlsHTH

Table 3.2.61 Physical properties of O/W emulsion depending on Tween 20 concentration

DA Tween 20 d(nm) PDI zeta potential(mV)
1% 1% 879.47+130.406 0.37£0.209 -3.70+0.423
8% 8% 416.53+34.461 0.86+0.207 -0.33+0.448
NS Tween 20 d(nm) PDI zeta potential(mV)
1% 1% 849.67+45.129 0.39+0.095 -2.45+0.173
8% 8% 575.83+17.886 0.45%0.187 -1.58+1.075

(3) Qil in water in water emulsion (O-liquid/W-protein/W-polysaccharide)

B E W/W emulsion®] red oile] ZEH #3314 =%, Fish oil 3=¥ =2 A|Z¥ fish oil Y=
A+ o] O/WIWS Alxste Fst dAnjFd oz @ttt A 27Xk morphology e =}o]
A9} NSOl Z+Zr #-3kA4| % 1% H7Fgh 7;51—‘% morphology¢t fish oilo] EHEHo Y= AL
AN 8% - dAe FE7F dASIA e fish oilo] E4tEo Qe AL E

ATt

AN

-

4 e rr e
32 )y

(4) Heating # 2] - (O-gel/W-protein/W-polysaccharide)

OIWIWE |28l 3t WPI dropletS geldl AlZAth dx]g &5 80T
& FAY. AAFHOZE pectindl]l dF ZoldE WPIZF Ao R 21150
2k AEo] FAEH $H e AS E F A}

A =T HA
AAZ]L w7 el
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Tween

Fish oil 20 x100 x400
DA 1% 1%
DA 8% 8%
HD-WPI
20 wt%
_PEC 4 wt%
NS 1% 1%
NS 8% 8%

Figure 3.2.127 Microscopic observation of O/W/W emulsion depending on HD-WPI
concentration at 20 wt% pectin 4 wt%. (magnification X 100 and < 400).

Fish oil T‘ggen x100 X400
DA 1% 1%
DA 8% 8%

HD—WPI

20 wt%

"PEC 4

wt%

NS 1% 1%
NS 8% 8%

Figure 3.2.128 Microscopic observation of O/W/W

emulsion depending on HD-WPI

concentration and heating temperature.(magnification X 100 and 400).
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n}, Al 2opd= gl x| Fg]o} (Sigma-Aldrich Chemical Company, St Louis, MO, USA) oA =&
Y& o] &3} Fish ol 8 7|&

B ATNA ASE o fi 20-31% 9FIZl-38 FAHIL Y eYBA Aan Feelx seo}
o4 Fste] AHghATh

D) AMZ g2 H3lE 717 vlo] 2E W& o]8-3 multilayered fish oil dEH Az7|&2] HH 3}

O 1A+ AEd Az 9 {34419 4*5} = 2A
B AfoA o]FE 383 UnoHAd ARE Y3 Ale" $34= Tween 20 (0.1~3.0%)°]™,
Tween 20¢] CMC =2 AA3}7] %’4’6}04 U227 D AP E SASH T (Figure 3.2.129).
& FF o7 Off flavorg wix7 317195k AlvE 2 (cinnamon oil; CO)E 713t odxd
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7}, Tween 209 HA w5+ 1.25%0]H, olwje] Aet A2 AUE 2o H7tEA @& A5 -
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Figure 3.2.129. Particle size (A) and z-potential (B) of primary emulsion without or with CO.
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Figure 3.2.130 Particle size (A) and z-potential (B) of secondary emulsion without or with CO.
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=3 Figure 3.2.131A9} o] Hd s&7} 571 &5 44 BA=PDDEE S7kehe AT B3
om, HA A”FEAA Y YA 7] e AuE 2Yo] HZEA G A 200 nm, AU 2
o] A7k A% 200 o2 HgE JAA7|E VERATE

A B
1000 { E2Z4 —#—FO iR %-1.0 _ g
[ —o—Fo/Cco 5 %.‘ 5 —o—FOICO
Z
-40.8 04
s
o 2004 e E 54
= A = =
s 10 = E -10
= Jo.4
5 1004 & 15
{5 P
¢ | 0.2
50 204
] 0.0 25 . ; ; .

T T T T T T T T
D' D.Dl 005 0.1 02 04 0B 1 LEs 2 0.0 0.E 1.0 1.5 2.0
LMP (%) LMP (%)

Figure 3.2.131 Particle size, PDI (A), and z-potential (B) of tertiary emulsion without or with CO.
Particle size and PDI are expressed by column/bar and line/symbol, respectively.
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Figure 3.2.132 Encapsulation efficiency (EE %) of FO emulsions without or with CO. Optimal FO

emulsions were prepared with 1.25% Tween 20 (primary layer), 0.1% CHI (secondary layer), 0.2%
LMP (tertiary layer), respectively.
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Figure 3.2.133 Released amount (%) of FO emulsions without CO (A) or with CO (B) for 48 h at
37°C. Optimal FO emulsions were prepared with 1.25% Tween 20 (primary layer), 0.1% CHI
(secondary layer), 0.2% LMP (tertiary layer), respectively.
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Figure 3.2.134 Physical stability of FO emulsions without CO (A) or with CO (B) for 28 d at 25C.
Optimal FO emulsions were prepared with 1.25% Tween 20 (primary layer), 0.1% CHI (secondary
layer), 0.2% LMP (tertiary layer), respectively.
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Figure 3.2.135 Oxidation stability of FO emulsions without CO (A) or with CO (B) for 28 d at 25C.
Optimal FO emulsions were prepared with 1.25% Tween 20 (primary layer), 0.1% CHI (secondary
layer), 0.2% LMP (tertiary layer), respectively.
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AEEXSE AL R AAY vAgE AxE A% 3 FHS fsk s719 Figure
3.2136% 22 A=z GAE 1beAT AEd AP AAEHN Ol soluble mixturew ILE=E
z3t A4E 3 A AA T4 52 34EskA formulag AFESER AL, HAIEN HAE, H, T
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Figure 3.2.136 microencapsulation process of polyunsaturated fatty acid-containing lipid.

mlo

7ol WAIRE AAet #Ae] ZjA 224 54 9 o9 HA udt = gM4E 95ty
1243) 9] wig 284S ol ol Figure 3.2.137~1509} Zo] AAFRoH, 2o ALgH WA
L WA AR AgE, A dAEd S8 AL839 oM, Surfactant24 #HAEIF A A
Wb dl2H T& ARESEATH olES AREStY AlxT wiAAlE vy 2dd BYE HUME
4

o
o=
sted Soxhlet &< S Surface ol A& WPt o, Surface oil o] 1% w9t
= —d S T =] =H =
AGel A A WA L 0F FsAS PARY) g5t ARY 2P APshach
No. 1 2 3 4 5 6 7
DHA oil 100 100 100 100 100 100 100
Antioxidants 0.03 0.03 0.1 0.1 0.1 0.1 0.1
Gelatin 40
Na-caseinate 40 38 40 50 40 30 20
DpPP 10 10 9.5
TSP
Gum Arabic 40 10 10
Na-ascorbate 15 15 15 15 15
Soy lecithin
Glycerin fatty acid ester
Sugar ester
Water 400 600 600 600 600 600
Gelatin 30 30 30 40 50 60
Na-caseinate
Lactose 45 45 120 120 120 120
Sucrose 24.1
Glucose
Starch 60 65
Dextrin 15.9 18
Water 1000 300 300 300 300 300 300
surface 0il(%) 1.3 5.0 5.0 6.3 4.8 3.5 6.6

Figure 3.2.137 Optimizing process of microencapsulation-1.
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DHA oil 100 100 100 100 100 100 100 100
Antioxidants 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Gelatin 50
Na-caseinate 40 30 30 30 30 30 30
DPP
TSP
Gum arabic
Na-ascorbate )5} 15 15 15 b 15 B 15
Soy lecithin 2 2 2 2 4 2 2 2
Glycerin fattyacid ester
Sugar ester
Water 600 600 600 600 600 600 600
Gelatin 40 50 50 40 30 50
Na-caseinate 30
Lactose 120 170 120 120 120 130 140 80
Sucrose 40
Glucose
Starch
Dextrin
Water 300 300 300 300 300 300 300 300
surface 0il(%) 2.7 4.3 4.2 6.2 2.1 17 2.8 16

Figure 3.2.138 Optimizing process of microencapsulation-2.

16 7 18 19 20 21 22 23 24
DHA oil 100 100 100 100 100 100 100 100 100
Antioxidants 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Gelatin
Na-caseinate 30 30 30 30 40 30 30 30 30
Starch
DPP 10
TSP
Gum arabic 50
Na-ascorbate 5] b 15} 15 15 15 15 15 15
Soy lecithin 2 2 2 2 2 2 2 2 2
Glycerin fattyacid ester
Sugar ester
Water 600 600 600 600 600 600 600 600 600
Gelatin 50 40 0 70 60 50 50 50 50
Na-caseinate
Lactose 100 100 100 100 120 120 70 10
Sucrose 120
Glucose 30
Starch
Dextrin
Water 300 300 300 300 300 300 300 300 300
(pH 6.5) (pH5.5) (pH 6.5) (pH 6.5) (pH5.5) (pH 5.0) (pH 7.0)
surface oil(%) 5.3 4.42 4.2 3.4 5.5 2.05 3.28 6.9 16

Figure 3.2.139 Optimizing process of microencapsulation-3.

25 26 27 28 29 30 31 32 33
DHA oil 100 100 100 100 100 100 100 100 100
Antioxidants 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Gelatin
Na-caseinate 30 30 30 30 30 30 30 30 30
Starch
DPP 10 10 10 10
TSP 3 3 3 1 1
Gum arabic 20 10 10 10
Na-ascorbate 15 15 15 15 15 15 15 15 15
Soy lecithin 2 2 2 2 2 2 2 2
Glycerin fattyacid ester 1
Sugar ester
Water 600 600 600 600 600 600 600 600 600
Gelatin 50 50 50 50 50 50 50 40 40
Na-caseinate
Lactose 120 100 120 110 100 120 120
Sucrose 120
Glucose
Starch
Dextrin 100
Water 300 300 300 300 300 300 300 300 300
(pH 8.0) (pH8.0) (pH 8.0)
surface oil(%) 2.05 10.54 2.43 3.8 3.19 2.61 5.2 2.45 3.46

Figure 3.2.140 Optimizing process of microencapsulation-4.
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Figure 3.2.141 Optimizing process
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Figure 3.2.142 Optimizing process
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Figure 3.2.143 Optimizing process of microencapsulation-7.
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Figure 3.2.144 Optimizing process of microencapsulation-8.
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Figure 3.2.145 Optimizing process of microencapsulation-9.
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3.2.146 Optimizing process of microencapsulation-10.
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Figure 3.2.150 Optimizing process of microencapsulation-14.
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Figure 3.2.151 Optimized microencapsulation process.
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Figure 3.2.152 Comparison of oxidation stability according to surface oil content.
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Figure 3.2.153 Comparison of oxidation stability according to air-exposure conditions.
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Figure 3.2.154 Particle size and zeta potential measurement.
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Figure 3.2.156 Encapsulation efficiency of fish oil powder.
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Figure 3.2.157 Release of fish oil powder dispersed pH 3 (A) and pH 7 (B) solutions.
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Figure 3.2.158 Release of fish oil powder dispersed pH 3 (A) and pH 7 (b) solutions.
O 1% Ex3} At 3 A PlAl B st Al JAY ARsieH-g A
- pH 27 9 £=x1d g 484
pH Z7(pH 3, pH 7) ¥ 2% =720, 40C)o wE 4FeidAd A43S TBARs & =0
7 A= Figure 3.2.15900 AASIETE £ AP FASZYAA AFe oF FEE o] 835
Zb 9o FAAZ & AR EEE BHstiA 2197 8ty 1 A3, pH 2AE vl Al
of pH 3 & E k= pH 7 &Yl 5 ARl won, &5 2 Blu Alde AA2E
7V &5 4 o W] JgE A
100 100
—e—pH3 —&—pH3
1T—~—pH7
80 {——pw
2 “ z
= :
a T T T T T T T T n‘ T T T T T T T T
1] 3 ] 9 12 15 18 21 1] 3 [i] 9 12 15 15 21

Storage peroids (days) Storage peroids (days)

Figure. 3.2.159 Oxidation stability of fish oil powder dispersed pH 3 or pH 7 solution at (A) 20C
(B) 40C for 3 weeks.
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Figure 3.2.160. Oxidation stability of fish oil powder dispersed NaCl solution at (A) 20C (B) 4
0C for 3 weeks.
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Figure 3.2.161 Oxidation stability of fish oil powder dispersed CaCl, solution at (A) 20C (B) 4
0C for 3 weeks.
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Figure 3.2.163 Water contents of fish oil powder in relative humidity at 20°C(A) and 40°C (B).
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Table 3.2.62 Specification of microencapsulated lipid containing polyunsaturated fatty acid

TEST ITEMS SPECIFICATIONS
APPEARANCE Light yellow powder
TASTE Typical
SOLUBILITY Cold soluble, 15T
C22:6 DHA n.l.t. 80 mg/g
MOISTURE n.m.t. 5.0%
MICROBIAL CONTENT
- Bacterial Count n.m.t nto’ggg eCFU/ g
- Staph. Aureus negative
- Escherichia coli negative
- Salmonella 8

@ RERES A4 T Do mARE AY B Bl tE B

Freshdt 1 =823} A4t &-F A vAdE AFS H7re &40l diste] A=A &5, 34
A BEEzsl A 4 AA(EDS JAE B4 2 Ax 3 508 A s A
< HUMe B9 AolE vusts AFHAE AASIAT Table 3.2.63, 3.2.6401A4 YERA uf
o o] 4Fe] ARE &2 9 10% 4= iy WAl thg #FHAE AASAT. #HE
A Z3} Ak g AF mAgE AYS HJUe BRE VFoE WA

>
fr
5y
=
]
=
ok
b R
b
7

of whe -4golA 4dos WS 08 NE0R Wi} woldsE
At g A mAfE AES AR EREY dse Aolr) ofs)

olelie, W4vt goldSE Bl Aoyt Farhe A ovsuch BEAA
3k °]3 ANOVA % Duncan®]
AN 7k A EIre] fof <l

bt
M
5
o

i

%(Duncan s multiple range test) o2 PRI, 5% F=
=

Table 3.2.63 Milk powder with microencapsulated lipid containing polyunsaturated fatty acid

s AEEEs At g A ()
Z4 Powder(g)
A A - 50.000
Fresh "A|78& A8 0.145 49.855
Az 504 A3 5 A A 0.145 49.855
Fresh 7 AAF A% 0.165 49.835
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Table 3.2.64 Milk powder solution with microencapsulated lipid containing polyunsaturated fatty
acid

A=Bxs At 3
A& j @_iowl der@ T AxERe | 2@
AX G - 100 900
Fresh vlAI<& A g 0.29 99.71 900
Az 50Y A 3 vAHE A 0.33 99.67 900
Fresh AL A& 0.29 99.71 900
1EEx3s AgE 3 AEY mAgE AY HrE B i@ s HAAE Figure

3.2.1643} .

| L=
s A
1. DHA Powder type
71 R1 2 BAIE BF AMZF 3709 AIRE HIs) SH&UC
BIX 3710 A2 HZE SO0 A= =AMOE HOFHA
X Rl 9 MNe E'Oi AT R O MO 3749 Al22| HAIE 242} Hlng] BE4AAR
Z4 A=Q| 237t R uf A0|Zt UEAl, ACHH 1 xfofe] =7t o= YEolx| "Il
Al
ReCtH RECH R xo[7} RECt RsCH
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orCt oF 3 0| T} el Zergolct i
-4 -3 -2 =1 o 1 2 3 4
-4 -3 -2 -1 0 1 2 3 4
-4 -3 -2 -1 0 1 2 3 4

3709) X127k MROA Rlol7h Wk ol® Apolsk Q=A] AIBHA| FolFAUAIL

2. Solution type
J|E R 2 EAME BE A2 3719 MRS KNS ERSLIC
BN 375 A= WS R SOIN Q= aNO= qoxdAn )
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Figure 3.2.164 Sensory evaluation strip of milk powder with microencapsulated lipid containing
polyunsaturated fatty acids
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as=Exzs gk S A mARE AF FJU B 9 3F &0l e dsH4A A%
= 2.65, 3.2.669} &t} Fresh mlAl7ls AP H7F £/ 0 722 vlusdls o,
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Table 3.2.65 Sensory evaluation scores of milk powder with microencapsulated lipid containing
polyunsaturated fatty acids

o Fresh "] A7} & Az 504 A3 = BAA A HF
9 7he : A
A A B R e E i
A 0? 0.25+0.9° 0.67+1.0° 0.67+1.0°
=9 3 oto] Exrt Zom FoA ¢leDuncan’ s multiple range test, « =0.05).% o+ FEFHz2} (n=25)

Table 3.2.66 Sensory evaluation scores of milk powder solution with microencapsulated lipid
containing polyunsaturated fatty acids

Fresh w| A7 <& Az 50d A = AAA AY A"

W 7} Ho

B7ES AW A7 e A nARE A7 B vy
A 02 -0.08+t0.5% -0.33+£0.7?2 -0.17+t0.4*
ot 0° 0.08+0.5° 0.17+0.7° ~0.17+0.4°

Y 3§ ¢to] Byl gow FoA ¢lS(Duncan’ s multiple range test, o =0.05).9 7+ EZH=} (n=25)

(4) 1=Ex3 At o Ao mARe A A7 AF NS 2 AeHA

O a=Exs A 3 A Z 9 mARfHE AY H7F AFE A

IEEX3 AL A3 A FS NESr] stk 1, 22 dEe s 1 =EX3 A &
XA mARAE AFE ¢, QTEE, F2, ENIY2, A9z Hrstdn o=
ANAET Je 1EEE3 A4 DHAS H7)F ha#e Faste] ofg Table 3.2.673% o]
A &9 AEER 47t At AN S AT ¢, STEE, F2 9 ENYF2 9
A AFS I=EZ3 WA 3 AFe vAdE A¥ S H7HG $ Homogenizerg &3
Azstg o, An EZ AEFL Dry-mixingS 2 A 23}t

Table 3.2.67 Content of microencapsulated lipid containing polyunsaturated fatty acids in milk,
yogurt, orange juice, enteral nutrition food, and coffee creamer.

1= EX3} AL e S
s Ass I1EE
- 10 mg/100 mL 15 mg/100 mL
[LTEE 1 mg/100 mL 2 mg/100 mL
F2 3 mg/100 mL 6 mg/100 mL
EN 94 2.5 mg/100 mL 5.0 mg/100 mL
79 =ZEH 0.05% 0.1%
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O Encapsulation

H 3= E8xst AWt A3t AE dsHA
Encapsulation® 1 E=EX3} AW 743 AF Alx & 24 AF E #5 EA W 2AYs)
A Flstr] sl #eAATE AAEJT BesAAE 4 Y 25W S o R st o#
o] 7135, oln]/o]H o AE, TFASE gt STA HAHAHS w9 v, 237 ym
o, 3382 BEFolt}, 482 £t} 532 v FHOE Figure 3.2.1653 #o] Brlstth. &5
ZAA Aol i3 EA = SPSS(Statistical Package for Social Science)el ]38 ANOVA 2
Duncan®] tH$ A (Duncan’s multiple range test) o2 33N aL, 5% F=olA 2+ A=3E

o FolHQl Aol & AFFHAL.

Az 1
el I 273 3 7 5
o] 7|5
ol0] /0139 F=
SeE
A2 2
F7RE i) 2 ¥ 48 5
ofo Jlse
oln]/o|§9] F=
ZEHsE
A=z 3
FIRE 12 23 S 43 53
oo 7|5 &
olol/ol§e] =
ZgMsE

Figure 3.2.165 Sensory evaluation strip of milk powder with microencapsulated lipid containing
polyunsaturated fatty acids.
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Figure 3.2.166 Milk with microencapsulated lipid containing polyunsaturated fatty acids.

$6 100 ML 15 mge] TEREs A T Aol vHAE AFEe A5l = Figure
3.2.1663 #o] AFe| fA2 Wakx

Table 3.2.68 Sensory evaluation scores of milk with microencapsulated lipid containing
polyunsaturated fatty acids

P E==x3 AYAHDHA) o A vAde ARd H7HE

HoaE (100 mL)
Control 10 mg 15 mg
JHY VEE 4.12+0.73° 4.04+0.68" 4.08+0.76°
olm]/o]H o AL 3.88+0.53 3.8840.44° 3.76+0.44°
THNEE 4.12+0.67° 3.96+0.61° 3.80+0.41°

FY g ote] Byt gow foA gle(Duncan’ s multiple range test, «=0.05). BT+ EZHz2} (n=25)

Table 3.2.682] A 23} 100 mL<E 10 mg 2 15 mge] 1 =8x35} 2|4k gHf 229
nAZEo]l B4E SHE 9B JEE, ojolH A @ T3 HEE
b $rel® ApolE molA] rghrh,
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0O &TEE

TEETE AW g5 Fe nAHE AFS Table 32677 o] 2TZE 100 mLY 1
mg, 2 mge 27 H A, g AlFel thF BeAAE AAste] Table 3.2.693 o] A
72 ehpgich

Control 1mg/100mL

o

H7}stel =

?EE 100 mLg 2 mg«] L’E%Ei} X]HOV\ t}% Ao wAMPE AF
B g

Table 3.2.69 Sensory evaluation scores of yogurt with lipid microcapsule containing
polyunsaturated fatty acids

V=223 AYHDHA) o Ao vAflE AP AV

Hr = (100 mL%)
Control 1 mg 2 mg
qHe 7E % 4.24+0.60° 4.20+0.65" 4.16+0.75°
ojm/o]H o H= 4.00+0.50* 4.04£0.54* 3.96+0.68"
THHE= 4.20+0.41° 4.28+0.46° 4.16+0.62°

=Y 3§ ¢te] A7t Zow fo4 ¢l-S(Duncan’ s multiple range test, « =0.05). HF+FEFA} (n=25)

Table 3.2.699] #5HA A3 1% BEX3} A9t gfF Ao mMAES FFAZ AFE =
F 9#e Vs E, oju|/o]He] A=
oottt

=3

, 23T =W A Control the] §9o& xpo]E Holx

of
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Wik 3 A-EY vAZlE AP S Table 3.2.673% o] F2 100 mLE 3 mg,
mge A2 H7bskdaL, g AlFel i AeAAE AAste] Table 3.2.70¢F 22 234&

:
Control 3mg/100mL

T

Figure 3.2.168 Orange juice with microencapsulated lipid containing polyunsaturated fatty

acids.
F22 100 mLF 6 mge] 1 E=EX3} A4k 3 A Ao vAfE A¥S WISl = Figure
3.2.1689F o] AF AAALE WA &= Ae & F Utk

Table 3.2.70 Sensory evaluation scores of orange juice with microencapsulated lipid containing
polyunsaturated fatty acids

e Ex3E AMAHDHA) 3 Ao mAdE AY HUHE
¥ 7}a) e (100 mL%)
Control 3 mg 6 mg
o] 7|3 % 4.16+0.69* 4.20+0.71° 4.08+0.70°
ojml/o]F o] A& 3.92+0.57° 3.88+0.60° 3.60+0.50°
FRHTE 4.00+0.41° 3.96+0.35 3.84+037°

Y Y ko] EAUL Zow o4 $12(Duncan’ s multiple range test, @ =0.05). HF+EFHZ (n=25)

Table 3.2.699] % % A A3k F2~ 100 mLe 3 mg 2 6 mge n=Ex3 Ak 3§ 2 E
ol mMFdEo] FH T2 YO VSR, ojr|/o]H AR W F3F AEE =wHoA Control
e oA X}O]r—z o] 7] ettt
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TEBE A HOM 3 Aol P4 AYe Table 32677 o] EN 94 100 mLg
25 m ZF JArvstg o, g AlEo gk A HAES A A ] Table 3.2.718 <&

mgﬁ d-‘;&i T mmu::::. .:H!:Hﬂ-'“ ii.l.;;_'_ ‘"::.E:ﬂ:ﬂ::ﬂliﬂ
siiiiiiit 3 % i3 H it
Eé; e mgigi i i i i i ?,ggh i
i - i m ....-.%z e 3 i if i i
0@3}% i Y G
: = g{ Control & 5mgf1DDmL =
LR e
._. : | : i HiTHH |
. g F: 3 H -;:ii
: |
. -
B : " }
Mu‘iﬁ aniiloll

Figure 3.2.169 Enteral nutrition food with microencapsulated lipid containing polyunsaturated

fatty acids.

EN 94 100 mL9g 5 mng AE==E3 At St ZIQQI nAZE AFde Hrtetd=
KX

/\ oh:}.

Table 3.2.71 Sensory evaluation scores of enteral nutrition food with microencapsulated lipid
containing polyunsaturated fatty acids

B==23 AWHDHA) o A vAfe AP A7

% 7)em (100 mL%)
Control 2.5 mg 5 mg
# VE = 3.76 £0.66% 3.60+0.58% 3.88+0.44%
ojm/o]H | B= 3.96+0.89° 3.88+£1.01° 3.52+0.96°
THPHEE 3.88+0.88" 3.68+£0.99° 3.48+0.82°

FY g ote] Byt gow foA gle(Duncan’ s multiple range test, «=0.05). BT+ EFH2} (n=25)

Table 3.2.71¢] #-57A éﬂr EN d4 ol 1= 223 At g A9 vAflEe I
AR AE BF e 71EE, oju]/olH o Ax, FPHEE ZHlAM Control thH] 2] 3

Zpo] & HolA Ut
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O Ay zYH
1 Ex3} 1‘%}@ i AAe] HAAE Al
0.05%, 0.1%%5 Z+7+ Z7bstda, alig AlFol o
A5 YE AT

A¥-E& Table 3.2.6737 o] A3 =AW |
3 ASHAAS AAStY Table 3.2.723 2L

Figure 3.2.170 Coffee creamer with microencapsulated lipid containing polyunsaturated fatty

acids.

A9 AW oiHl 0.1%4 n=EXSE AP R AFY HAgE AFS HUlet®
Figure 3.2.1703 Zo] A&l nHAL WHlA e AL E 4 o
Table 3.2.72 Sensory evaluation scores of coffee creamer with microencapsulated lipid
containing polyunsaturated fatty acids

IE=E3xs AAHDHA) $Hr Ao mAflE AP HAUHE

BV Ax 28 22 R
Control 0.05% 0.1%
99 VEZ = 4.04£0.79° 4.04+0.73° 4.12+0.67°
ojm/o]H ] H= 4.08+0.76° 3.92+0.40° 3.72+0.74°
TPIHEE 4.00+0.65" 3.80+0.65% 3.64+0.70°

Y 3 ¢te] BAUt 2o Fo4 ¢l3(Duncan’ s multiple range test, «=0.05). Hd+FEFHZ} (n=25)

Table 3.2.729] #sHA Z3 AT =W thH] 0.05% % 0.1% o 1 =E5X3} X2k 3Hf
Aol PAAE AGL AR AT Ba) o] JBE, ofn|jolH o] HE =

= o)A = Control thy] &9/ & zo]E Rolz] ekghr),

A3 W19 WelA n=Exs} At i A vAfE Adol HrtE BE AFT 9

| 54 9 W3k ekgkth. ®=3F Control tiw] o]wl/o]# A% 2 %@éi.‘ifﬂ
37F TAEkA St ol#d AHERY A=Ex3 ANa I A vA A e
Ho] V2%, ojm/o]lH A= B FPHETES #eF W glo] 7, LFEE, —7|:-— N

E\é
i—';
ol
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Sz A A AlFe] A HzE

TEBES AN B AFY AF FPAL FAs] Aste] /12
o he AW 47 8 NS Wg o RS BASNAT 4 AR ¥ o] BH =B AP
2 g AR DARE AYE A7 nTable 3273 AFEZ A7D, RT2ES AT -,
Foo8 EN 994E 85ToIA 08T AL AT of F $F % QTZEE 74, T2
£ 259, EN 992 19 5ok WAns SuA Azk Aol meh ARwA 2 A% W o
wg Fsech

Table 3.2.73 Precipitation test for the products with microencapsulated lipid containing
polyunsaturated fatty acids during storage

AF | 194 | 294 | 394 | 494 | 594 | 694 | 794 |34 34
L5 X X X X X X X 19
LTEE X X X X X X X 1d
A 0d=}F | 592 | 109aF | 1593 | 209 | 2592 | - |SA 14
oA FA X X X X X X - 5
Al g | 27/1g | 3NE | 47 | 5a1E | elE | 7Y |54 1E
ENg [ x x x x < | da | - 12

Table 3.2.74 Color-change test for the products with microencapsulated lipid containing
polyunsaturated fatty acids during storage

AE | 197 | 293 | 39 | 4dA | 594 | 694 | 794 | FH0A
-5 X X X X X X X 1
QTEE X X X X X X X 1

Al 0dxk | 54k | 104k | 169A}F | 20¥€4F | 2594} - =4 34
Q;iZ] X X X X X X - 5¢

Al ng | 2/g | 3 | g | sTiE | e | TAE | 33
EN¢S] ok 2] X X X X X %] &) - 1g

Pk B A wARE AY A $H LTEE D F2 ABAAE Y%
ARy R Ao et HRHA gghon ol A= 5L A
17k Fok A P AE WskE wASA gtk o ARE Fakel AW L A= A3

3L

o} A4 g A wAfHE APl AT AR HEAN dF= PAA

(6) Multilayered fish oil emulsions®] Pork patties -8 Al 4 EA
2 dAFe 22 A5 dFelA FHE Ax 2de® vE 1,234 oAEde HUEste pork
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pattiesE A %3 o ZH pork pattiesol] B3} HAS /3 7154 HEE Azt 1 E
= #Fstazl stk dWHH o= pork pattiess AE@EFO] w1 53] EAT4E 5 Fe

ZHES Wol Ffsta 7] Wl Adds 9 J, v
k<1

olFd dHe FHEstuA XA YAE Bl T J= AFE AUt Fo=A 7
sAe Bt T4 ¥v ANS Y AYeE dATEMN patties o FEHS FFAIT
e FENTILA JEH FHE VM3

[e}
T2} %}‘HEP. =3 01%91 off-flavor & A @e] 3}
AlZ1 & pattiesoll 7} 0.1, patties A Z 9|

Table 3.2.75 Formulation of pork meat patties with various levels of multi-layered fish oil
emulsions without or with cinnamon oil

Ingredients Control Treatments” (Units: %)
F1 F2 F3 FC1 FC2 FC3
Pork meat 75 75 75 75 75 75 75
Pork fat 15 15 15 15 15 15 15
Cold water 10 8 6 2 8 6 2
Fish oil emulsions 0 2 4 8 2 4 8
salt 1.5 1.5 15 1.5 1.5 1.5 1.5

YControl, pork patties without fish oil emulsions; F1, pork patties with primary-fish oil (1%) emulsion; F2, pork patties with
secondary-fish oil (0.5%) emulsion; F3, pork patties with tertiary fish oil (0.25%) emulsion; FC1, pork patties with primary-fish oil
(1%) emulsion added to cinnamon oil (0.05%); FC2, pork patties with secondary-fish oil (0.5%) emulsion added to cinnamon oil
(0.025%); FC3, pork patties with tertiary-fish oil (0.25%) emulsion added to cinnamon oil (0.0125%).

O °|&}etz 54 : A=, pH, BoY, +23F
B AFo A= 919 FormulationS o] &3l /& &/ pork pattiesE A =3+ th3 pH,
EAE

Mo, Ry, SRS 2 olgshr F4 Z A tH(Table 3.2.76, 3.2.77). Az=¥
Aed JaRAstAA 20d s dde WAskA. WA pork pattiese] A= 4 A3, A
T+ L, a, bato 2 Ygo] =H39 ok pork pattiese] Lak2 AA7|7F 5 FelHo =z F7}
st AdS BRI oy bad aste Adde YRt E=3 agte SAFY AMAEE AT
st 7o 2 A Jor, B dAFolA agke Ao E WstA k] el off o
dHo] Frkstegt=s SAFoll ¥

& 7AA FhES AT AT
Table 3.2.762 pork patties®] pHEZA ZA3=ZH AA7]7F pH= 5.609014 50002 33| %
AstFom, B3] 23 AEBHE HUlste] AlZ=" pork patties= controlQl fresh patties EE}
pH#keol 2A SA4 = Ao

Cooking loss®] 224ﬁ?+—e— A B A, fresh pattiese olEdS H7Fs th2 pork pattiesol] B
ste] wre SRy 2weEe Ay 7] wlEo) cooking loss #k EI /b e 3= 1Jr
Btk A7z 5 % pattlesﬂ Tz A 27 EE AsFe JeEgh 18y B

I FEGEF SARE AT 54 FoF ztolE HolA Ut cooking loss7t vﬂﬂw"ﬂ
Al Begy) ol 4y #d < DHE AT}, FE3Fo] colore] HWES AHAHogSS A
Hale A% Jdou, 89 dFdAAe AR7IZE F<F pattiese] WEIF S E ESE
A FEYSHFE {FHA AolE HolA @dth I8 =E multilayered FO emusionse S-A| &
FH &4 glo] pattiese} 22 SAFo| A&7bs & Aozt Az

2
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O EATA EA
A Z¥ pork patties®] &
cohesiveness, springinessE

Yol A A sight). 1w

g $AFY 8T A BYGHH Wne

=

‘6- L

=A39 0, 43}7]7} =0l nE= pattles{— 24
H71E olH¥ AL pork patties?] EAo P &
Hasg AEFS AxE & d& Aolg ArsHT
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Table 3.2.76 Change in CIE color of pork patties

with various levels of

multi-layered fish oil emulsions during refrigerated storage

Storage periods (days)

1)

Treatments 0 0 5 50

CIE L
Control 59.48 £ 0.84P%" 59.61 + 0.754™ 63.17 £ 0.792 6459 £ 0.854™ 66.53 = 0.278%
F1 65.87 £ 1.149%° 64.06 * 0.565% 67.15 £ 1.013% 67.90 * 0.726% 68.30 £ 0.465%
F2 64.27 =+ 0.653° 65.89 = 0.426% 67.60 £ 0.65°* 67.34 £+ 0.19° 69.02 =+ 0.652%
F3 65.65 * 0.656% 66.69 £ 0.431%b 69.21 £ 0.639% 69.26 £ 0.442" 68.52 £ 0.399%
FC1 64.58 £ (.29548C¢ 65.91 + 0.262% 66.33 =+ 0.838% 68.23 £ 0.098"B¢ 68.08 £ 0.715%
FC2 65.39 £ 0.623%8C¢ 67.27 £ 0.103* 67.30 =+ 0.8358¢ 68.58 £ 0.662%% 69.14 +£ 0.798%
FC3 64.22 £ 0.641% 66.36 £ 0.44° 68.59 £ 0.7112% 68.40 £ 0.4074% 68.50 £ 1.055%

CIE a
Control 7.44 £ 0.298% 8.60 £ 0.198" 711 £ 0.395% 7.83 £ 0.913B® 7.44 £ 0.208%
F1 569 £ 0.603™ 773 £ 0.591P 7.67 £ 0.213%* 7.85 £ 0.148% 7.49 £ 0.322%
F2 6.55 *+ 0.23% 7.36  + 0.099% 7.97 £ 0.216% 774 £ 0.088AB 6.70 £ 0.347%
F3 750 £ 0.038% 7.39  + (0.384C 7.36 £ 0.115°%P 6.82 + 0.372% 6.98 £ 0.086P¢
FC1 6.40 £ 0.07¢ 7.33 £ 0.195% 7.54 £ (228 7.08 £ (.437A8C 6.95 £ 0.352%"
FC2 6.96 + 0.1735% 801 £ 0.115™ 7.99 £ 0.367% 7.61 £ 0.516%8¢ 6.68 £ 0.268"
FC3 8.32 £ 0.591* 6.40 £ 0.204" 7.24 £ 0.1278 6.94 £ 0.2558% 7.00 £ 0.4844bb¢

CIE b’
Control 8.14 £ 0.038™ 8.18 £ 0.251% 595 £ 0.229% 7.10 £ 0.163% 6.13 £ 0.378%
F1 8.76 £ 0.455™ 8.64 £ 0.66B% 7.94 £ 0.601% 8.66 £ 0.527 8.43 £ 0.362%
F2 10.28 + (.128" 9.46 £ 0.411%" 8.14 =+ 0.605" 8290 + (.132%c 7.90 £ 0.074%¢
F3 9.93 =+ 0.416" 837 + 0.297 8.18 £ 0.386" 772 £ 0.267% 7.60 £ 0.146"
FC1 9.86 =+ 0.198" 829 + (.238% 851 £ 0.1514 756 + 0.279%¢ 7.28 £ 0.19%
FC2 10.30 + 0.427" 9.26 £ 0.168%® 9.02 £ 0.464% 887 + 0.557* 774 £ 0.426%
FC3 10.21 + 0.821% 9.76 £ 0.811* 8.20 £ 0.076% 8.65 + 0.332% 7.25 £ 0.596"%

Total color difference (4E)
Control 1.34 0.05"¢ 4.34 0.71" 5.30 0.73" 7.35 0.365
F1 6.67 £ 1.27% 4.68 + 0.46"% 7.70 £ 0.998C® 8.46 + (.75 8.83 £ 0.45%
F2 5.34 £ 0.59M 6.55 £ 0.49%P¢ 8.16 £ 0.645% 7.88 £ 0.19% 9.58 £ 0.68"
F3 6.44 £ 0.71% 7.23 £ 0.42% 9.74 £ 0.64" 9.82 £ 0.45" 9.08 £ 0.40™
FC1 549 £ 0.29%¢ 6.45 £ 0.26™ 6.87 £ 0.83% 879 £ 0.10°%% 8.67 £ 0.68%
FC2 6.34 £ 0.42% 7.90 £ 0.09"" 791 £ 0.825% 9.15 £ 0.64"% 9.71 £ 0.82"
FC3 529 + (.87 7.18 £ 0.485% 9.12 + 0.71*% 8.96 + (.38 9.10 =+ 1.03*

UControl, pork patties without fish oil emulsions; F'1, pork patties with primary- fish oil (1%) emulsion; ['2, pork patties with secondary- fish oil (0.5%) emulsion; '3, pork patties with tertiary fish

oil (0.25%) emulsion; FC1, pork patties with primary- fish oil (1%) emulsion added to cinnamon oil (0.05%); ; FC2, pork patties with secondary- fish oil (0.5%) emulsion added to cinnamon oil
(0.025%); FC3, pork patties with tertiary- fish oil (0.25%) emulsion added to cinnamon oil (0.0125%). *Mean =+

superscripts wtithin the same column are significantly different (p<0.05). *° Means with different superscripts with in the same row are significantly different(p<0.05).
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Table 3.2.77 Change in pH, cooking loss, water holding capacity, and moisture contents value of pork patties with various levels of
multi-layered fish oil emulsions during refrigerated storage

Storage periods (days)

Treatments? o 5 0 6 50
pH
Control 5.54 = 0.01% 5.46 £ 0.02* 5.17 + 0.02¢ 5.05 *+ 0.02¢ 5.10 £ 0.03%
F1 5.53 = 0.04% 5.45  *+ 0.02% 5.14 + 0.01¢ 5.05 =+ 0.02% 5.14 = 0.02M
F2 5.49 +0.01% 5.30 £ 0.01™ 5.16  * 0.01¢ 5.08 £ 0.03% 5.18 £ 0.06°
F3 558 + 0.01% 5.40 + 0.01™ 5.25 £ 0.01% 5.15 £ 0.03% 5.19 £ 0.03*%
FC1 5.60 £ 1.09™ 540 £ 0.01% 521 £ 0.00% 5.15 £ 0.02% 5.23 £ 0.08™
FC2 5.46 £ 0.01™ 5.28 £ 0.01% 5.08 £ 0.01% 500 £ 0.01™ 5.01 £ 0.04™
FC3 5.54 £ 0.01% 5.36 £ 0.02% 5.22 £ 0.03"F¢ 5.19 £ 0.03"¢ 511 £ 0.02%¢
Cooking loss (%)
control 15.88  + 1.93% 19.48  + 1.36% 17.95 = 0.29%¢ 25.83 £ 2574 25.00 £ 0.5%P
F1 17.22  + (0.83%8¢ 1871  + 0.17% 19.68 £ 2,208 24.67 * 1.26™ 25.17 £ 0.29°F
F2 19.19 + 1.01%¢ 22.06 £ 0.68"% 23.28 £ 1.48™ 25.17  + 1.04™ 25.17 £ 1.04"B
F3 1875  + 1.18% 21.03 £ 0.35%F¢ 19.93 £ (.248cb¢ 26.17 * 0.76™ 23.17 £ 1.04%
FC1 18.16  + 1.46%¢ 19.53  + 1.08% 21.41 £ 0.6%Bb 25.17 * 1.26™ 2450 £ 0.5
FC2 18.93  + 0.61%" 20.93 =+ 0.69% 19.67  + 0.89B% 26.33 * 3.4M 25.67 * 1.04™
FC3 18.47 = (0.927d 22.40 £ 0.25% 21.99 £ 0.214F 25.83 £ 1.26% 24.33 £ 0.20%%
Water holding capacity (%)
control 79.79 £ 3.014 83.48 £ 5.6 81.48 £ 0.638 76.04  * 5.33% 7491 £ 0.83™
F1 80.57 £ 2.974b¢ 86.10 £ 3.63% 82.93 £ 2,478 76.23 £ .83 7451 £ 2.33M
F2 81.90 £ 3.514 85.02 £ 2.7A* 81.17 £ 3.65¢ 77.39 £ 2.09% 78.41 £ 1.31°¢
F3 78.82 £ 5674 88.57 £ 2.48% 87.00 £ 1.06% 85.12 £ 4.28%b 84.98 £ 0.524%
FC1 81.50 £ 3.51% 89.20 £ 1.92% 84.75 £ 2.324Bd 81.46 £ 1.574® 83.16 £ 2.54%®
FC2 77.24 £ 4.37%a 85.75 £ 2.28% 80.53 £ 0.75% 78.15 £ 12.15% 76.80 £ 0.45¢P:
FC3 81.86 =+ 1.31°c 84.95 £ 2.48" 82.76 £ 0.23BC 75.51  * 1.44%¢ 79.73 £ 0.71%
Moisture contents (%)
control 64.58 £ 2.87M 67.40 £ 0.35™ 67.10 £ 0.49" 66.35 * 1.15% 64.21 £ 247"
F1 65.42 £ 2.14% 66.03 £ 0.9A"® 66.40 £ 0.27°P 65.85 £ 0.08" 63.96 £ 1.21%°
F2 65.23 £ 1.22%° 67.45 £ 0.11% 67.08 £ 0.49%® 65.73 £ 0.26% 65.20 £ 1.11%¢
F3 65.22 £ 2.25% 66.23 £ 0.4A% 66.08 £ 1.3248C 66.19 £ 0.72% 64.62 £ 2.88%
FC1 65.47 £ 1.31% 64.90 £ 1.01™ 65.53 £ 0.7445¢ 65.74 £ 0.41% 65.29 £ 0.97%
FC2 64.34 £+ 1.72% 65.72 =+ 1.58% 64.50 =+ 1.68% 65.74 £ 1.59% 66.03 £ 0.69*
FC3 6450 * 1.48" 65.33 =+ 0.83" 65.24 £ 0.71B 64.89 £ 0.53% 65.62 £ 0.59%

YControl, pork patties without fish oil emulsions; F1, pork patties with primary- fish oil (I1%) emulsion; F2, pork patties with secondary- fish oil (0.5%) emulsion; F3, pork patties with tertiary fish
oil (0.25%) emulsion; FC1, pork patties with primary- fish oil (1%) emulsion added to cinnamon oil (0.05%); ; FC2, pork patties with secondary- fish oil (0.5%) emulsion added to cinnamon oil
(0.025%); FC3, pork patties with tertiary- fish oil (0.25%) emulsion added to cinnamon oil (0.0125%). *Mean # standard deviation of triplicate determinations (n-3). *° Means with different
superscripts wtithin the same column are significantly different (p<0.05). *° Means with different superscripts with in the same row are significantly different(p<0.05).
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Table 3.2.78 Change in hardness, cohesiveness, and springiness of pork patties with various levels of multi-layered fish oil emulsions during
refrigerated storage

Storage periods (days)

Treatments?
0 5 10 15 20
Hardness (g)
Control 1532 = 29> 1747 £ 117° 1466 = 202 1643 +  135% 2081 +  197®
F1 1467 =+ 134° 1753 + 100%™ 1611 +  139% 1555 + 91 1686 + 110°
F2 1334 + 89" 1540 + 121 1581 +  213° 1625 + 121 1828 +  238%
F3 1418 =+ 180* 1669 + 50 1467 + 1907 1638 + 116% 1894 +  40°
FC1 1579 + 2457 1621 + 152° 1550 + 827 1770 + 77 1831 +  69°
FC2 1290 =+  166° 1699 £ 165% 1377 £ 149° 1751 + 355% 1722 £ 348°
FC3 1445 £ 1597 1869 £ 79° 1483 £ 1667 1828 £ 79* 1988 +  260°
Cohesiveness
Control 0.60 + 0.012% 0.59 +  0.015% 0.54 + 0.038" 0.55 + 0.038° 0.56 +  0.023°
F1 0.58 +  0.017* 0.58 = 0 0.53 + 0.017% 0.51 + 0.046% 0.50 +  0.02°
F2 0.55 +  0.053* 0.59 +  0.089% 0.52 +  0.015° 0.49 +  0.049% 0.53 +  0.055%
F3 0.58 +  0.025% 0.55 £ 0.049* 0.50 +  0.075° 0.57 +  0.006° 0.56 +  0.026%
FC1 0.58 + 0.012% 0.61 +  0.025% 0.51 + 0.061° 0.51 +  0.025° 0.56 +  0.026%
FC2 0.55 + 0.026% 0.59 +  0.015% 0.35 +  0.309" 0.53 +  0.053% 0.51 +  0.055°¢
FC3 0.60 + 0.006% 0.58 + 0.015% 0.53 +  0.035° 0.52 +  0.021° 0.51 +  0.064°
Springiness (mm)
Control 3.45 + 0112 3.74 0 0.047% 3.32 +  0.295° 3.67 +  0.091% 3.66 +  0.101%*
F1 3.33 + 0.143° 3.62 * 0.029* 3.47 + 0.074% 3.49 +  0.068% 3.50 *+ 0.139%®
F2 3.46 +  0.268* 3.61 + 0.186* 3.48 + 0.092° 3.54 +  0.081° 3.53 + 0.105°
F3 3.52 + 0.121*% 3.55 = 0.084* 3.50 * 0.24* 3.62 * 0.2¢ 3.67 £ 0.096*
FC1 3.55 + 0121 3.74 * 0.1% 3.55 + 0.071* 3.49 * 0.056° 3.69 +  0.056%
FC2 3.44 +  0.118° 3.75 +  0.045% 3.39 +  0.136° 3.57 +  0.185% 3.55 +  0.159%
FC3 3.43 £  0.127ab 3.64 + 0.055a 3.36 + 0.127b 3.69 +  0.139a 3.50 + 0.2ab

YControl, pork patties without fish oil emulsions; FI, pork patties with primary- fish oil (I1%) emulsion; F2, pork patties with secondary- fish oil (0.5%) emulsion; F3, pork patties with tertiary fish
oil (0.25%) emulsion; FC1, pork patties with primary- fish oil (1%) emulsion added to cinnamon oil (0.05%); ; FC2, pork patties with secondary- fish oil (0.5%) emulsion added to cinnamon oil
(0.025%); FC3, pork patties with tertiary- fish oil (0.25%) emulsion added to cinnamon oil (0.0125%). *Mean # standard deviation of triplicate determinations (n-3). #° Means with different
superscripts wtithin the same column are significantly different (p<0.05). *° Means with different superscripts with in the same row are significantly different(p<0.05).

- 190 -



O "AEE3 54

Figure 3.2.171-& A A7)zt &<F multilayered FOS 713+ pork pattiese] m|A &2 W3 =
43 19olth Total viable count(TCV)&= A 7713t &<t 5 log CFU/g A 6.46 log CFU/g
o7 RE3 Zylste AgS Jedth £3], 33 dEAS HAvksle] A %3$ pork pattiese]
AT 8 AEEC sty 43d] Fe FXE BRAFAT. I8, AYUE oY HId wE
A= 1/‘rE‘rl/‘rX] ?%%E}. ol H7IHE Ao O‘EO] g Ao g HIEESZ] wjiEell pork

A7 B
—e— Control —e— Control

% —~0—Fl = —0—FCl
S >R 5 ——FC2
% —B3 = —¥—FC3

6 1 % 6-
3 3
g i
E g
S 8
2 54 @ 5
s <
5 5
g g
= =

4 T T T T T T T T T 4 T T T T T T T T T

0 5 10 15 20 0 5 10 15 20
Storage peroids (days) Storage peroids (days)

Figure 3.2.171 Change in total viable count of pork patties with various levels of multilayered
fish oil emulsions during refrigerated storage.

Control, pork patties without fish oil emulsions; F1, pork patties with primary fish oil (1%) emulsion; F2, pork patties with
secondary fish oil (0.5%) emulsion; F3, pork patties with tertiary fish oil (0.25%) emulsion; FC1, pork patties with primary fish oil
(1%) emulsion added to cinnamon oil (0.05%); FC2, pork patties with secondary fish oil (0.5%) emulsion added to cinnamon oil
(0.025%); FC3, pork patties with tertiary fish oil (0.25%) emulsion added to cinnamon oil (0.0125%).

) A= 574

Figure 3.2.172% A#7|3t B¢k multﬂayered FOZ Z7}3k pork pattiese] AWAg =2 hed
W Aztolt}. during storage. A|WAF == TBARs valuesE 53] SA3tA T Auabl= =4
ANE AHRHE, multilayered FOE 3 7}?‘5P pork patties= fresh pork patties 2t} TBARs 4
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Z+z}y 2.14, 6.53, 5.80, 4.54, 5.08, 4.85, 4.44 mg malonaldehyde/kge 2 ZAEon, H o
T A= nFo] & o I¥Holoje 7t FUETE AMAHEE AsFe A5 + I
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Figure 3.2.172 Change in TBARS of pork patties with various levels of multilayered fish oil
emulsions during refrigerated storage. Control, pork patties without fish oil emulsions; F1, pork patties with primary

fish oil (1%) emulsion; F2, pork patties with secondary fish oil (0.5%) emulsion; F3, pork patties with tertiary fish oil (0.25%)
emulsion; FC1, pork patties with primary fish oil (1%) emulsion added to cinnamon oil (0.05%); FC2, pork patties with secondary

fish oil (0.5%) emulsion added to cinnamon oil (0.025%); FC3, pork patties with tertiary fish oil (0.25%) emulsion added to
cinnamon oil (0.0125%).
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O Fish oil¢] @55 % =
Fish oile] FFEE &A43t7] A8l 5578 +3 SD #(200+£20 95 2441t FEAZ &+ o
A dFo=Z Yo 247t samples 475 3Rt DAl(crudedt 100% oil)> 160 ul, DASe
62} NS5+6(emulsiondt® oi)e= 242t 2 mL¥ ATES 4t A5 0, 4, 24, 48 A7+ A3
3 AP E9 AN ERE S AHFAT AFHF dH2 A EEEIS serume 2 vE
1 ¥8F A FEE =A357] sl AOACe] Mo 2 methylation 3 % Gas
chromatograph (Hewlett Packard 5890, USA)Z E-A3stHth A5l 54 Table 3.2.793 Zt}.

N
oL o

Table 3.2.79 Sample information

No. Sample Concentration Additional ingredient

DA1 Control (DA 100%) -

DA2 DA 1.00% Lecithin+tDW

DA3 DA 0.33% Lecithin+Chitosan solution

DA4 DA 0.17% Lecithin+Chitosan solution+Low methoxyl pectin solution
DAS5S DA 4% Lecithin (0.4%)

DA6 DA 8% Lecithin (0.6%)

NS1 Control (NS 100%) -

NS2 NS 1.00% Lecithin+tDW

NS3 NS 0.33% Lecithin+Chitosan solution

NS4 NS 0.17% Lecithin+Chitosan solution+Low methoxyl pectin solution
NS5 NS 4% Lecithin (0.4%)

NS6 NS 8% Lecithin (0.6%)

O Intestine across everted intestinal sac2 01%5’& T EFTE

Fish oile] & &F&& MahomoodallyA S o] &3tdth. 5FH e A SD FH (200+20 9
E 12417 35 Azl 3 diethyl ether= U}_A 3le] B AslT AAS Auwa HeA HH3 T
3 AIF 1o 10 cmE AT fE gl E o] &sted BAe ARE F ¥ F 25 T
& A& o]&3] Fa 0.1% glucoses FH3F Krebs-Henseleit bicarbonate (KHB) buffer (pH
7.4) 1 mL< serosal fluidGinner compartment)® Y& 3 o 3 &8 o] & Frjys wts
Atk & FHYZS Fish oil sample 0.5 mL$ KHB buffer 29.5 mL7} 3% mucosal fluid(outer
compartment)el] ”Oili‘r Al F<F bufferE 400xgo 2 wHFsH A water jacketg o] 83l
37CE FA o} = 32 5% CO9F 95% 02 AlLEACZ FFstAth Y ¢ v Alx
= §g = °ﬂ AHste] GCE EA3tY w55 A4t

O Franz-type diffusion cell& ©]&3%F Fish oile] 3] F-F3}&
Fish oil¢] 3 B-F37&-2 Sonavan o WS o]&stAth 5578 3 SD FH(200+20 @& o
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ghulo] @ & F(Eumseong, Korea)oll A Algwrol Aq dgd €S AAS F diethyl ether2 v}
sto] sl sty I RE HAUSILE HAWN JEE 15 aZ ZZH o] Franz-type diffusion cell
o] membraneo2 #2}s}al, Fish oilS &3|A1Z 4 9= 40% ethanol €<% 4.9 mL& receptor
medium® 2 ¥ 11 donor sideel]l Fish oil sample2 500 uLZO] st AdstE < bufferg

400xgo 2 nRFSIHA water jacketS o]&3 37C-& FAS=F sth 0.54% 16413 1
2] a1 24 A7k receptor mediumol A Z+2F 0.5 mLE FH3t Als A3 & 40% ethanol 0.5 mL
< 5/ receptor mediumell EAth. AHH AEE= GCE o83kl I =S AlAtstith

1o
et

45 ¥=E5 UeRH o], Figure 3.2.173
EPA[C20:5(n-3)]¢} DHA[C22:6(n-3)]e] A&
(574 A4t =T A X100 =

’J>

=

< Fish oile] Azt & dF5ss S 43 F
gz Yehd A ot EF At wEe
LR 1TE DAL, DA5, NS5l ®lal DA6, NS6& Fo3k A7t o & & F A4t 55
= AN FA47 Al E HATh

Table 3.2.80 Fatty acid composition (%) in serum

Fatty acid composition (%) Fatty acid composition (%)

Sampl Fatty acid O h 4 h 24h  48h Sdmp Fattyacid Oh 4 h 24h 48 h
DAl C14:0 3.21 2.21 1.90 1.18
C16:0 4057 42.68 4324 42.00
Cl6:1 1.24 0.78 0.59 0.74
C18:0 26.40 30.50 33.51 31.30
C18:1(n-9¢c 1286 9.25 889  10.35
Cl8:1(n-7c  1.09 0.72 0.58 0.97
C18:2(n-6)c 10.20 8.24 7.47 9.44
C20:3(n-6) 0.45 194 167 126
C20:5(n-3)  0.57 0.93 0.35 0.34
C22:6(n-3) 2.14 2.39 0.99 2.04

DA5 C14:0 133 169 125 126 NS5 C14:0 126 160 197 130

C16:0 4254 4289 4161 41.62 C16:0 41.37 40.77 60.09 41.57
Cl6:1 103 084 144 111 Cl6:1 182 085 134 1.00
C18:0 29.76  33.66 27.57 25.35 C18:0 26.18 29.52 4290 28.07
C18:1(n-9c 11.00 8.65 1353 11.91 C18:1(n-9)c 14.23 10.28 1747 11.52
C18:1(n-7c 086 061 1.17 1.26 C18:1(n-7)c 167 090 140 1.13
Cl18:2(n-6)c 10.27 7.13 11.68 10.94 Cl18:2(n-6)c  9.73 1275 15.65 11.60
C20:3(n-6) 047 111  1.23 2.67 C20:3(n-6) 048 0.46  3.06 0.34
C20:5(n-3) 0.73 091  0.76 0.68 C20:5(n-3) 047  0.80  0.93 0.60
C226(n-3) 170 170 2.30 2.35 C22:6(n-3) 112 1.73 192 1.54
DAG6 Cl14:0 130 115 143 1.46 NS6 Cl14:0 0.81 1.56  1.60 0.76
C16:0 43.18 41.75 42.26 41.20 C16:0 29.12 4257 40.52  25.62
C16:1 0.65 0.80 0.78 1.03 Cl6:1 0.80 156 1.12 0.72
C18:0 33.73 2851 30.14 28.16 C18:0 20.06 2427 2413 13.74
C18:1(n-9c 838 10.12 10.37 12.84 C18:1(n-9)c 7.48 14.23 13.03 9.61
C18:1(n-7c 0.70 099  0.86 141 C18:1n-7)c 0.64 1.28  0.97 1.15
Cl8:2(n-6)c 847 879  9.34 9.53 C18:2(n-6)c  8.02 1225 1294 9.98
C20:3n-6) 136 171 135 0.44 C20:3n-6) 0.72  0.23  0.92 0.27
C20:5(n-3) 061 2.05 0.81 0.39 C20:5(n-3) 0.24 246  0.75 0.22
C22:6(n-3) 117 414 1.79 2.00 C22:6(n-3) 0.83 5.76  1.66 1.43
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&
Table 3.2.813} Figure 3.2.174= & F4& A . & F5& AFE fatty acid 3
Fe FaAWAR C14:0, C16:0, C18:08 o= Yetida ZAie Pypp®E YEASH,
Papp=dQ(mg/mL)/dt(hr) x V(mL)/A(cm?) x Co(mg/mL)¢] A4k} o2 F3HdQ: concentration in the
inner compartment(mg/mL), dt: reaction time(hr), V: volume of the solution in the inner

ot
lo
in)
0
)

compartment(ci), A: membrane surface area(em), Cp: concentration of inner and outer
compartment(mg/mL)].

Crudedt ol BthE= emulsion®d oile] & F48&°] E%ow, Lecithin?t A #]® DA2(NS2) X .t}
+ Lecithin 9]¢ Chitosan solution®] %7}¥ DA3(NS3)4 Chitosan solution®} Low methoxyl
pectin solutione] A 7}8 DAANSDHN A FolHo g e E3ES Bt (p<0.05).

Table 3.2.81 Intestinal permeability of fish oil using the everted intestinal sac mode

Papp=dQ(mg/mL)/dt(hr)*V(mL)/A(ci)* Co(mg/mL)

DAl 0.0145+0.0053* NS1 0.0066 £0.0003*
DA2 0.2810+0.0055" NS2 0.2644+0.0441°
DA3 0.3129+0.0035° NS3 0.3180£0.0068°
DA4 0.3069 £ 0.0050° NS4 0.3474+0.0288°
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Figure 3.2.174 Intestinal permeability of fish oil using the everted intestinal sac model.

O Franz-type diffusion cell& ©]&3%+ Fish oil®] JF-F3}&

Table 3.2.82¢} Figure 3.2.175-2 Fish oil®] 3| F-E3}&
oF M} E31-8(%)S [Receptori+ Fish oil sample?] fatty acid 3F#(mg)/Donort-+ Fish oil
sample®] fatty acid &sH(mg)x100]C.2 &}l fatty acid =S Fa A Hakel C14:0,
C16:0, C18:09] o= Zt7z} ettt & A W4te] vls) Cl16:.09 FRF74&o] AY =
ko™ Lecithin, Chitosan solution, Low methoxyl pectin solutioneo] 3 7}# DA42} NS4 A
frejd o=z 7y E2 fREHES BT (p<0.05).

Table 3.2.82 Skin permeability of Fish oil using Franz cell model

2% Astolth. Fish oile] 244715

Franz cell 24A1Z+5<%t IF-52-8(%)
DAl 0.28+0.13* NS1 0.07£0.012
DA2 7.54+0.57° NS2 9.13£2.71°
DA3 18.99+3.72° NS3 18.43+1.07%
DA4 103.63+18.64° NS4 39.72+12.16°
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Figure 3.2.175 Skin permeability of Fish oil using Franz cell model.
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O Tyrosinase A A3

Jbre] ZebA el tyrosinase oAl A¥EES Mason & Petersond] WHHS o] &3te] 96-well
plateol] Al&stHATE. HA Fa e tyrosinase2 167 units/mLo] H =% phosphate bufferg o]&
ste] s|Astdom Felle SRFOW g4 w57 HEE AT F 37CAA S5EF
pre-incubationA| . 100 pl €] tyrosinase ¢ 20 pl ZE]al 3,4-dihydroxy-L-phenyl-alanine
(L-DOPA) 100 pl& 37C oA 30&2F ¥H-3AI7]1aL 490 mmoll A FB=E ST

=

% inhibition = [(A-B)-(C-D)J/(A-B)x100

A: OD at 492 nm with tyrosinase but without test substance; B: OD at 492 nm without test
substance and tyrosinase; C: OD at 492 nm with test substance and tyrosinase; D: OD at 492
nm with/ test substance but without tyrosinase.

O Elastase 9A] A&

A9 elastase JA AP Jamesd WS o] &3t A 3AtHKraunsoe, Claridge &
Lowe, 1996). 25C oA 20 3t 7]& <l N-succinyl-(Ala);-p-nitoroanilide®©] p-nitroaniline® ¥+
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AL JAstE AEE Lol Aol 1 pgel porcine pancreatic elastase type IV (PPE)
S 1 mLe 0.2 M Tris-HCl buffer (pH 8.0)oll =<t} 0.2 M Tris-HCl buffer (pH 8.0), 1 ppm
PPE, 0.8 mm N-succinyl-(Ala);-p-nitoroanilide 18] 12 Z&}AS 4051 71dS 713te] HE-SA|A

% F, 410 mold FHEE 25k e,

LN

% inhibition = [(A-B)-(C-D)J/(A -B)x100

A: OD at 410 nm with elastase but without test substance; B: OD at 410 nm without test
substance and elastase; C: OD at 410 nm with test substance and elastase; D: OD at 410 nm

with/test substance but without elastase.

o~ 0 =
& A3

z
n:]olr

O Franz-type diffusion cell& o] &3 ZzH49] 3
FepAdle] 95 382 Sonavan o WS o] &3t tHFigure 3.2.176). 877 % SD F
(200+20 @), 57t8] = thdkulo] @ & A (Fumseong, Korea)oll Al A|giutol A3 Ad €S AAF
% diethyl ether2 vl st 3|3t ARE HANRAS BHAN 2FE 15 aiE 2o
Franz-type diffusion cellel membrane®. = #2+slar 0.1 M sodium phosphate buffer(pH 7.4)
4.9 mL& receptor mediumo.2 €3 donor sideol] ZFebAl& 500 ulFYsAch AFs= Ft
buffers 400xgo.2 wWHelHA] water jackets o] &3] 37CS FASESE 3FAUTE 0543,
1~6A1ZF 18]a1 24413k receptor mediumeoll A Z+zb 0.5 mLE Hstal Als AFH = 01 M
sodium phosphate buffer 0.5 mLE& SA] receptor mediumel ¥t z|HE Al5= BCA o ®
Ho 2 SA4H T dWdo 93 =& AlAtstAth

0 Sl ampl 2 Membrane (Rat skm
alLme md
- . Domo cefl N |- -
Al
A
s nh
I! -
. —
v LT A sodnam-

>
p]'.:hsﬂ]mrl:u o
JPeceptorcell (PH 744 5ml)

O Intestine across intestinal sacS ©]| &3 & F4& H7}

el & Fr&ES Mahomoodally«] S o] 839 tHFigure 3.2.177). 8% 32 47 SD
FH200+20 @& 24Xt FE AlZl 3 diethyl etherZ vlH3le] At 23S Az FH )
A A} & 2R /\]Z]— BEl 10 cmE FHedo ZkA 1 g€ serosal fluid@inner
FT g 3 285 Eo A FHUE =Y & FHYES 0.1% glucose

=

compartment)@ &
S ¥f3F Krebs-Henseleit bicarbonate (KHB) buffer(pH 7.4) 20 mL7} &% mucosal

fluidlouter compartment)e] 23U AIAst= & bufferg 400xgo = wWHESIAA  water
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jackets o] &3l 37C& FASES st 5% CO:9F 95% Oy ASZH o E FHstAith FHY
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Figure 3.2.177 Intestinal sac model.

O
&2 F2h Jhedsi=e BCASH A-N #3Fs SAHT 2ot WA BCAS A 7HrE
Z

sl Axrel ol weh froldom BCAFFel Zolmi ANE AT & YUTHFigure
3.2179). W A-Ne| B4 Aze] A$ AAsRa] Aol Eoldel wEA fejdom AN
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Figure 3.2.178 Protein level of Collagen. A ; Protein level of hydrolysate collagen samples are
expressed as pg of total BCA compounds/mg. B ; Protein level of hydrolysate collagen samples
are expressed as ug of total A-N compounds/mg. Values were analyzed with a repeated
measurement ANOVA. Each bar represented mean=+SD. n=3.

O Zepile ¥iF B35 §
Figure 3.2.179% ZgbA1¢] Elastase Aall53 ZAxolty. WA, tyrosinase A& 23 Azxp=
tyrosinase= &4 23 &F §lSS =2 YEhtidata not shown). Elastase A&l A3 A=
7hrESE Bel @45 Adfgo] o wolAle AFS Holu AR fFYFH< Aolvt §l

= glst

A

i

ok 1
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[ Raw ICgy 46 .14 mgimL

0 AhrICsp : 42,86 mgdnL
60 | g 2 br ICgp :31.63 mg/mL
wowcy 3 hr 1 Cgp 03472 mgdml

-

IC 5 value {(mg/mil)

il 3

1]

Figure 3.2.179 Elastase inhibition activity of Collagen. ICs, (half maximal inhibitory
concentration) Values were analyzed with a repeated measurement ANOVA. Each bar
represented mean+SD. n=3.

O Franz-type diffusion cell& ©]&3 33 F5&

ZetA 7R Ee )B48-S Franz diffusion cello] #< 35S membraneo.2 #-33)
of A¥stHom, receptor celld| A AIZPEE AT AEE 7N proteinEHFS A5
Figure 3.2.1800) L AxZ YehlAth 1 A3 proteine] FHEFS A|Zro] Aol wrel F7}s)
AFE BHYPow, Aglo] TELE FeA9 7R Algte] RESFE 9H Exgo] §9
102 Frlete ARE AATH

JN rlr
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{ug of protein/mL})

Incubation time (hr)

Figure 3.2.180 Skin permeability of hydrolysate collagen using Franz cell model. Values were
analyzed with a repeated measurement independent t-test (*mean p<0.05;**meanp<0.01). Each
point represents mean=SEM. n=3.
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Figure 3.2.181 Intestinal permeability of Hydrolysate collagen using the intestinal sac model.

A; Intestinal transport of the hydrolysate collagen samples are expressed as Papp using BCA.
B;Intestinal transport of the hydrolysate collagen samples are expressed as Papp using A-N.
Each point represents mean=SD. n=3.
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O Cell viability
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TEE AY A FYFoE 52 A4S UEWH. o] 235 E Mot =5 =45t UVB
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Table 3.2.83 Cell viability (without UVB irradiation)

conc. cell viability
(ug/mL) (% of normal control)
Without UVB irradiation
Raw 3 hr 3 hr + digestion
0 100.0+1.9¢ 100.0£3.2™ 100.0+5.47%
98.1+1.2¢ 103.5+0.8 104.0+7.08"
10 82.5£3.3° 106.1+1.9 108.8+3.89°
50 64.1+2.3 105.1+1.8 108.1+1.73
100 52.4+1.7° 102.7£1.5 102.3+4.98%
250 51.8+1.7° 106.0+1.5 93.1+1.04°

Values were analyzed with a repeated measurement ANOVA. Each contents that represents mean=+SD. n=3. Raw; Raw collagen,
3 hr; 3 hr-hydrolysate collagen, 3hr+digestion; Digested hydrolysate of collagen.

Table 3.2.84 Cell viability (with UVB irradiation)

conc. cell viability
(ug/mL) (% of normal control)
With UVB irradiation
Raw 3 hr 3 hr + digestion
0 89.2+1.0¢ 91.2+4.3% 92.6+5.432
1 91.2+1.4¢ 96.7+0.3% 104.2 +4.42%
10 82.2+4.1° 98.0+3.5% 107.3£6.55°
25 71.6+2.0° 96.2+ 1.0 106.7+4.61%
50 64.2+1.62 93.5+2.1% 106.9+5.92°
100 63.1+1.22 96.1+1.8% 97.8+3.42%

Values were analyzed with a repeated measurement ANOVA. Each contents that represents mean+SD. n=3. Raw; Raw collagen,
3 hr; 3 hr-hydrolysate of collagen, 3hr+digestion; Digested hydrolysate of collagen.

O MMP-2 & W3}

HEA Lo UVB7} ZAEH ROSe] A4do] £xlEth. UVBERE A4dE ROSE MMP-29] A3
AL ERAAA IR Fw3t o e 83 A4S dth. MMP-2& 3R] collagene #
ols a4EA, OB FE2 JA vl F83 Q2o|th MTT testol 4] Raw collageno] A3
=0

O.u

UebN 7] wi&e 3 h hydrolysate collagen®] MMP-2¢] & w3vks #&agoh
Figure 3.2.182& R™ UVB ZALE 31x ¢ ZeHA 7R ES AsA &8 thxao H
stel UVBE ZAlslT A8E AstA e AEolAs MMP-29] wdo] oF 170% 71e A
=7 skt A dixF o2 AFE3F ATRA(all-transretinoicacid)®] 79 <Fzre] MMP-2 3-&
Adfste AEFs BRYoy FAFSE {7t FF2 oY 913} 3?/}73_ ThEESIE A" Al
oAl Aol= oy FEIF FolbdFE MMP-29] Bdo] HAaslr] Al Fx u|E 3
° 2 MMP-29] #d& Adlsle= AL %‘Jﬁ?&ﬁ}.
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Fig.ure 3.2.182 mRNA expression of MMP-2. Con; control, UVC; UVB Control, ATRA; Positive
control  (all-transretinoicacid), NETC; 3hr-hydrolysate of collagen. ETC; Digested
3hr-hydrolysate of collagen.Values were analyzed with a repeated measurement ANOVA.
Each bar represents mean=+SD. n=3.
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Ux 9 mlo]| 2880 7] £XE EAAT A8 AXE A8ty Zedy v527F 47
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Table 3.2.85 Average particle size of calcium and nano-calcium

g Particle size
(nm)
IRl e XA e gt 2280.3+64.3
Ux-A 521.3+83.3
Ux-B 313.9+£29.5
Ux-C 280.9+34
 rudgs
/// N . “ U-A
EINS
£ 0t
i
£ 101
01 f 10 100 1000 10000 3
Size (d.nm)
g 157
-‘E A0 e e e e e s R e e e
(=3 SUUROUUNRUIOUS UNURUTORUNN: SPVUSORURUROUE: SO0 SUUOOL. VOUOL SOTSUURRTROOTO
i | : : o ;
04 1 10 100 1000 10000 L} 5 -C
8ize (G0

Figure 3.2.183 Particle distribution of calcium and nano-calcium.
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(2 F2HA FE=RDAANY ZFo F5E

T8 ¥ ¢ SD(Sprague-Dawley) #& 438t Ar&stdom, B AFo] oF 250+5 g
S v dA& HAES AASHY. +3F 8utEly oz ERSHTtHTable 3.2.86). 23
T A7 L3t *Eﬁﬂ*i F718t7] A8l dAE AASHA A NE AT AA
Adza 20)(0.5% of CaE 3k Sham thxT(Sham), Y4 AA A& 3 F ANES
3hA eFal AZgr 2101(0.1% of Ca) gk FA A S g2 O0VX-0)olH, A5 A XA
T AZg 20](0.1% of Ca)et A /\]—u—'é' 2183 WALE(OVX+0S Ca), Y=g
(OVX+Nano Ca)e.z EF34at W4ZdaE(0VX+0S Ca)t Yi=Z47(OVX+Nano Ca)e
40 mg/dayS 21g< 1 mLo| E4AMAA A+ FostRow, 5570 Ads Al @7 55
NEE AA3HAT

[e)
e

off Y
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Table 3.2.86 Experimental groups in calcium bioavailability study

Experimental group Operation Treatment
(8rats/group)
Sham Mock-operation Normal Ca diet (5%)+No-treatment
OVX-C Ovariectomy Low Ca diet (1%)+No-treatment
OVX+0S Ca Ovariectomy Low Ca diet (1%)+0S Calcium
OVX+Nano Ca Ovariectomy Low Ca diet (1%)+Nano Calcium

Sham; sham operation and normal Ca diet (0.5%), OVX-C; no-treatment after ovariectomy and low Ca diet (1%), OVX+OS Ca; OS
Ca treatment after ovariectomy and low Ca diet (1%), OVX+Nano Ca; Nano Ca treatment after ovariectomy low Ca diet (1%).

O €4 5 9 2w =
ok e Za AX el we €3 B o] Zw sE+= Figure 3.2.184°) YEhAH. &
T g 5T da AR QA3 zelrF A ftey, e A0 e ST |
BT 23y BE TolA SAZCE Foit Wste YEhA e EF G4 9
(7.2~13.0 mg/dL)wjj ol 9}215}. e dTolA stes 2E "FA0A Aol ZerEs 2
sto Fo3% A € ZEe=rt Aol fleol Had v 9lew, o= #Zwe) Al Bt
B ZEZ B Z2AEY %—ﬂ Ze A T2 Zlo] o =dEHI FAH7] wEolth
e ZE TEE da AAd o8] ot e AFES UEA oY BAIHCRE folst
A ggkom, L ﬂﬁli dal FolHoz F7HEMNEH YeZdgolA M w2 FEFS HE
Wdth kA G dAz s} dA3 e fad Ze vEE Zw AAE SUME F
JA=H olHT AF2 2w ol wt A= Ao)E HolW ykdg2 WA4ggEyg St
A7 & AFS et e o3t AeFe EAFl BE Zgd F5& 2 Aol &E
o3k o= AR H T
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Figure 3.2.184 Calcium levels in blood (A) and liver (B) of ovariectomized SD rats treated
with various calcium types for 5 weeks.

Values are mean+SEM for 5 rats. Means with different superscript letters are significantly different at p<0.05 by Duncan’s
multiple range tests. Sham; sham operation and normal Ca diet (0.5%), OVX-C; no-treatment after ovariectomy and low Ca diet
(1%), OVX+0S Ca; OS Ca treatment after ovariectomy and low Ca diet (1%), OVX+Nano Ca; Nano Ca treatment after
ovariectomy low Ca diet (1%).

(3) Intestine across intestinal sacg ©] &3+ & F48&

Z49 & F4ES Mahomoodallye] WS o] 8319 thFigure 3.2.185). 8F3 ¢ 47 SD
200420 )= 24 A7 ZE A7 I diethyl ether® ntaate] 3|43 232 Awe] 2 3)4
ARG T FA A FEY 10 cnE FHHoh 24 1 mLE serosal fluid(inner compartment)
2 YL S O 3 &S Fo A FoyUs HEAT A FHYUE AU S4EEH 1.3 ($) -
Hydrochloric Acid- Potassium Chloride Buffer, pH 4.2(%] o] %] 4)-Citrate buffer, pH 6.2 (&%)-
phosphate buffer, pH 7.2(3]%)-phosphate buffer)2 pHE Z&3F buffer 20 mL7} /3
mucosal fluidlouter compartment)ol] Yt AF3t= B¢ buffers 400xXgo = WHHSIHAA
water jacketS o] &3] 37CS AASI=EE 3t 5% CO9F 95% 0.8 A&EHo=Z FF3FATH
Fuy wtog WAL AEE 10, 20, 308, 1AIZF 28] 247kl 22 A FHske] AAE o] &
st SA3EATH

Intestine Sac

> 85%0,;5% CO,

> Water Jacket Measuring the increase in the

pH Buffer 20ml volume of fluid &

Identify calcium ion contents by
AA

1ml calcium sample

> Magnetic stirrer (200 g)

DH 1.3 (1) - Hydrochloric Acid- Potassium Chloride Buffer
DH 4.2(40IX| &) -Citrate buffer
pH 6.2 (B&)- phosphate buffer
DH 7.2 [21&)-phosphate buffer

Figure 3.2.185 Intestinal sac model.
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Figure 3.2.186 Intestinal permeability of normal calcium (A), calcium supernatant at 1000
rpm(B), at 2000 rpm(C), at 3000 rpm(D) using the intestinal sac model. Sample N; Normal
Calcium, A; Nano-A, B; Nano-B. C; Nano-C. Each point represents mean+SEM. n=3.
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Figure 3.2.187 Intestinal permeability at pH 4.2(A), at pH 6.2(B), at pH 7.4(C) using the
intestinal sac model. Sample N; Normal Calcium, A; 1000 rpm Calcium, B; 2000 rpm Calcium.
C; 3000 rpm calcium. Each point represents mean=+SEM. n=3.
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Table 3.2.87 Experimental groups in calcium bioavailability study

Experimental group

Operation Treatment
(8 rats/group)
Sham Sham operation Normal Ca diet (5%)+No-treatment
OVX-C Ovariectomy Low Ca diet (1%)+No-treatment
OVX+0S Ca Ovariectomy Low Ca diet (1%)+0S Calcium
OVX+Nano Ca Ovariectomy Low Ca diet (1%)+Nano Calcium

Sham; sham operation and normal Ca diet (0.5%), OVX-C; no-treatment after ovariectomy and low Ca diet (1%), OVX+OS Ca; OS
Ca treatment after ovariectomy and low Ca diet (1%), OVX+Nano Ca; Nano Ca treatment after ovariectomy low Ca diet (1%).

O 7HAIQL, ZHHIRL, Aol AR 7H848 Zgo &4 7t

Ao AHEE Aol AIN-93G wigeol wel AAl4olz =4 shithTable 3.2.88). 29
2ol F ZrgFYPo2E CaClySamchun Chemical Co. Ltd., Phyungtaek, Korea) & ©]&3+%
o} HEtY EFE(AIN-93-VX; Deahan Biolink Co. Ltd., Eumseong, Korea)2 T3] A&
393, 24 AT Br1d EIE(AIN-93G-MX-Ca free)e ZAate] AL&31%T).

Table 3.2.88 Components of experimental diets

Ingredient(g/100g) Control group Treatment groups
Corn starch 39.7 39.7
Casein 20 20
Sucrose 23.5 23.5
Soybean oil 7 7
Cellulose 5 5
L-methionine 0.3 0.3
Vitamin mixture? 1 1
Mineral mixture (Ca free)? 3.22 3.22
CaCl, 1.68 0.28
Total(g) 100 100
Ca(%) 0.5 0.1

D Vitamin mixture: AIN-93G.
? Mineral mixture (100 g): KH,PO,51.44 g, NaH,PO.:18.70 g, NaCl:9.32 g, mgSO414.34 g, ZnCO3:220 mg, MnSO; - 4H,0:240 mg,
CuSOy - 5H,0:60 mg, KI:20 mg, Ironcitrate:6.36 g.
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Figure 3.2.188 Body weight gain (A) and food intake (B) of experimental groups for calcium

bioavailability.

Values are mean+=SEM for 5 rats. Means with different superscript letters are significantly different at p<0.05 by Duncan’s
multiple range tests. Sham; sham operation and normal Ca diet (0.5%), OVX-C; no-treatment after ovariectomy and low Ca diet
(1%), OVX+0OS Ca; OS Ca treatment after ovariectomy and low Ca diet (1%), OVX+Nano Ca; Nano Ca treatment after
ovariectomy low Ca diet (1%).
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Table 3.2.89 Relative internal organ weights of ovariectomized SD rats treated with various
calcium types for 5 weeks.

(g/100 g BW)

Group

Liver Spleen Kidney
Sham 2.62+0.05" 0.23+0.01" 0.73+0.01°
OVX 2.66+0.11 0.24+0.02 0.65+0.04%
OVX + OS Ca 2.77+0.13 0.34+0.01 0.60+0.04
OVX + Nano Ca 2.64+0.08 0.26+0.11 0.66+0.04%°

Values are mean = SEM for 5 rats. Means with different superscript letters are significantly different at p<0.05 by Duncan’s
multiple range tests. Sham; sham operation and normal Ca diet (0.5%), OVX-C; no-treatment after ovariectomy and low Ca diet
(1%), OVX+0S Ca; OS Ca treatment after ovariectomy and low Ca diet (1%), OVX+Nano Ca; Nano Ca treatment after
ovariectomy low Ca diet (1%).

A EA F Micro-CTE ©|&3 Zg AAEAS &4 H7}

& FAEME o8t €, & A AT AE 1 mL (0.25 gl F4¢
5 mL(65% HNOz)< %o 110C oA 10AI%F &3l gk £, Optima 2100 DV ICP-OES (PerkinElmer,
MA, USAE o] &3sted A3ttt &40 AHERE BE A7+ 2% A4 &9 124%F o]
BT 33 SRTE AASE A2AZ] = ARSI T
82 alkaline phosphatase(ALP)S o] 43 Z&8A =A< ¥ 2% EA7] FUJ DRI-CHEM
3500(Fuju Photo Film Co., Osaka, Japan)& o|&3led =A43d 3, dF osteocalcine rat
osteocalcine Elisa kit (R&D Systems Inc., Minneapolis, MN, USA)Z A st3th. =3 =5 A
®2 &= 9 deoxypyridinoline(DPD) =72 rat DPD Elisa kit(R&D Systems Inc., Minneapolis,
MN, USA)Z ZA3IH a1, creatine®] &2 FUJI DRI-CHEM 3500(Fuju Photo Film Co., Osaka,
Japan)E o] &3t FAHSA T
=1 9 Z3H & HAAFEo YEZFS GE, LUNARMadison, WI, USA)AFS] small
animal A& o dyA] WA ZIUE =A7|(dual energy x-ray absorptiometry, DEXA)
PIXImusZ ©]&3le] =¥ =(bone mineral density, BMD)®} =%-7]d3t2k(bone mineral content,
BMO)& SA4sath
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Figure 3.2.189 Calcium levels in blood (A) and liver (B) of ovariectomized SD rats treated
with various calcium types for 5 weeks.

Values are mean+SEM for 5 rats. Means with different superscript letters are significantly different at p<0.05 by Duncan’s
multiple range tests. Sham; sham operation and normal Ca diet (0.5%), OVX-C; no-treatment after ovariectomy and low Ca diet
(1%), OVX+0OS Ca; OS Ca treatment after ovariectomy and low Ca diet (1%), OVX+Nano Ca; Nano Ca treatment after

ovariectomy low Ca diet (1%).
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Figure 3.2.190 Bone formation biomarkers of ovariectomized SD rats treated with various
calcium types for 5 weeks.

Values are mean+SEM for 5 rats. Means with different superscript letters are significantly different at p<0.05 by Duncan’s
multiple range tests. Sham; sham operation and normal Ca diet (0.5%), OVX-C; no-treatment after ovariectomy and low Ca diet
(1%), OVX+0S Ca; OS Ca treatment after ovariectomy and low Ca diet (1%), OVX+Nano Ca; Nano Ca treatment after
ovariectomy low Ca diet (1%).
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Figure 3.2.191 Bone resorption biomarkers of ovariectomized SD rats treated with various

calcium types for 5 weeks.

Values are mean+SEM for 5 rats. Means with different superscript letters are significantly different at p<0.05 by Duncan’s
multiple range tests. Sham; sham operation and normal Ca diet (0.5%), OVX-C; no-treatment after ovariectomy and low Ca diet
(1%), OVX+0S Ca; OS Ca treatment after ovariectomy and low Ca diet (1%), OVX+Nano Ca; Nano Ca treatment after
ovariectomy low Ca diet (1%).

O HE=9 =d=x ¥ =%F
5 =< BMD ¥ BMC& Figure 3.2.192¢} 2t} WEEZY ZHEE W4 AA F<dd wgt

EARCR ool za® AcE UBROWEW.05), 2F AN we EAdom
fFolatAl F7EE Rew Ueuth 53 Undse A wold g e FAR
GepT wee] TRdels da A4 s2ol g FAHCR folal gadt Aow
Gebkor} 2% ARl we S sk,

n
fe 7

- 212 -



0.25 2.0
b NS
o 020f a b b T T

~ 15}

§ G

2

> 2

= 0.15 g

[=4 o

% E 1.0 F

g 2

2 otor £

E 2

2 a

o 0.5

M 005F

0.00 0.0
(o} OS Ca Nano Ca C OS Ca Nano Ca
Sham Sham - -
Ovariectomized groups Ovariectomized groups
+ Low calcium diet + Low calcium diet

Figure 3.2.192 Femur bone mineral density (BMD) and body mineral content (BMC) of
ovariectomized SD rats treated with various calcium types for 5 weeks.

Values are mean+SEM for 5 rats. Means with different superscript letters are significantly different at p<0.05 by Duncan’s
multiple range tests. Sham; sham operation and normal Ca diet (0.5%), OVX-C; no-treatment after ovariectomy and low Ca diet
(1%), OVX+0S Ca; OS Ca treatment after ovariectomy and low Ca diet (1%), OVX+Nano Ca; Nano Ca treatment after
ovariectomy low Ca diet (1%).
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Figure 3.2.193 Change of dry weight and calcium concentration with insert time of organic

calcium.
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Figure 3.2.194 Changes of reducing sugar and total sugar concentration with insert time of
organic calcium.
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Figure 3.2.195 Changes of total sugar and reducing sugar concentration with fermentation
time of organic calcium.
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Figure 3.2.196 Changes of titratable acidity and calcium concentration with fermentation time
of organic calcium.
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Figure 3.2.197 Precipitate in coffee and milk solution by the addition of egg shell calcium or
organic acid calcium.
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Figure 3.2.198 Phtograph of precipitate in coffee and milk solution by the addition of egg
shell calcium or organic acid calcium.
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Film Co., Japan)Z LDH(Lactate dehydrogenase, UJ/L), ALP(Alkaline phosphate, U/L),
GOT(Aspartate aminotransferase, U/L), GPT(Alanine aminotransferase, U/L)e] <FX&
b=

O WP FRREAF, B ¥ 4P A, TN =7
SR e sy o RE BRI A R SRR FW FE LU Ded F3,
i=]

T FAE SASAY. R R HA5F9 ¢ Corneometer CM825(Courage and
Khazaka, Electronic GmbH, Germany)E Ag83le] ZA3IHth. v R Ay FE £ 7H
- Tewameter TM 300(Courage and Khazaka, Electronic GmbH, Germany)°.2, = g}d s} :Si‘ﬂ
+xZ Mexameter MX 18(Courage and Khazaka, Electronic GmbH, Germany)S A}-&3le] =4
skt o] ®E 7]7l= MPA 5(Courage and Khazaka, Electronic GmbH, Germany) adapterel]
AAst SAH AT
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Z7)¥ (Real-time quantitative PCR)S AF&39t). 952 mRNAE TRIzol reagents(Invitrogen,
USA)E Y1 Tissue Lyser II(QIAGEN, Germany)E o©]&3le] EA71l & o]= QlAshredderZ
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System(nvitrogen,USA)E- ©]-&3}] A|Z=Ae] X o whel Al st

Real-time PCRol|A A}83F TagMan primer(Applied Biosytems, Foster, USA)E ©o]&3}31th.
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Table 3.2.90 Body weight, body weight gain and drink volume

Initialbody Finalbody BodyWeight Drinkvolume
weight(g) weight(g) gain(g) (mL/day)
NC 26.89+1.63% 32.87+1.93% 6.56+ 1.43° 5.41+1.98
UvC 27.14+1.54 32.99-+0.85 5.84+0.75> 6.33+2.58%
Base 26.80+1.43 30.90+2.43 4.10+1.70° 6.032.00%
Positive PO 27.82+1.56 32.65+2.59 4.83+1.78%¢ 6.16+2.43%
control PA 26.6740.92 32.82+0.50 6.15+0.62 6.31+2.62
UVB Oral OL 26.72+1.39 33.02+2.03 6.30+1.84 6.6442.58"
treated intake OH 26.93+1.30 31.82+1.51 4.88+0.97%¢ 7.35+2.38
group Topical AL 26.82+2.83 31.13+2.96 4.3240.82% 6.60+2.62%
applied AH 27.08+1.46 31.28+2.21 4.33+1.86% 6.58+2.31%
Oral& OAL 27.63+1.14 31.60+1.60 4.00+1.07% 7.3542.38"
applied OAH 27.43+1.43 32.83+0.96 6.08+0.76 8.3142.44°

NS; not significant. Value mean=+SD. (n=6) Means with different superscript letters within a row are significantly different at
p<0.05 by Duncan’ s multiple range test. UVC; UVB treated Control, Base; cosmetic base topical application treatment, PO;
Positive control oral application treatment, PA; Positive control topical application, OL; Subcritical extract of homogenate of
placenta oral application treatment low dosage, OH; Subcritical extract of homogenate of placenta oral application treatment high
dosage, AL; Subcritical extract of homogenate of placenta topical application low dosage, AH; Subcritical extract of homogenate
of placenta topical application high dosage, OAL; Subcritical extract of homogenate of placenta oral and topical application
treatment low dosage, OAH; Subcritical extract of homogenate of placenta oral and topical application treatment high dosage.

Azl A wWE FA-HE Hristes WHo=Z AU o) dAE sy fEkH
A7NFAE &4 3 Byt AEE AXT 7o A, AL TAFCE /o3 o=
velror, 2t #Heo Afdes FYHQd Aol RPoy, AdToly UVB Controle} HlS=gH
TEoZ AR AHAER Ag fiFES A7l FAY WHsl ofr|EZA gv Ao=
HltHTable 3.2.91). wretx] A|F9] A X7} Hairless mouseo] o] HeS w|xx &= Ao =F
At T
Table 3.2.91. Organ weight
Organ Weight (g) Heart Kidney Liver Lung Spleen
NC 0.23+0.0% 0.58+0.0° 1.42+0.1° 0.22+0.0° 0.11+0.0°
UvC 0.23+0.0 0.52+0.0 1.33+0.1% 0.20+0.0 0.09+0.0°
Base 0.22+0.0 0.54+0.0 1.42+0.1% 0.22+0.0 0.09+0.1%
Positive PO 0.21+0.0 0.53+0.0 1.35+0.1° 0.21+0.0° 0.09+0.1°
UVE Control  PA 0.24+0.0 0.58+0.0 1.50+0.1% 0.22+0.0 0.0940.1
Oral OL 0.21+0.0 0.52+0.0 1.32+0.1% 0.22+0.0® 0.09+0.1°
treated intake OH 0.21+0.1 0.67+0.1 1.26+0.1° 0.19-+0.0? 0.09+0.1
group Topical AL 0.23+0.2 0.52+0.0 1.35+0.1° 0.21+0.0° 0.09+0.1°
applied AH 0.21+0.1 0.51+0.1 1.39+0.1% 0.21+0.0® 0.18+0.1°
Oral& OAL 0.23+0.2 0.54+0.0 1.37+0.1° 0.20+0.0° 0.10+0.0°
applied OAH 0.21+0.1 0.57+0.0 1.47+0.1° 0.24+0.0° 0.11+0.1%

NS; not significant. Value mean+SD. (n=6) Means with different superscript letters within a row are significantly different at
p<0.05 by Duncan’ s multiple range test. UVC; UVB treated Control, Base; cosmetic base topical application treatment, PO;
Positive control oral application treatment, PA; Positive control topical application, OL; Subcritical extract of homogenate of
placenta oral application treatment low dosage, OH; Subcritical extract of homogenate of placenta oral application treatment high
dosage, AL; Subcritical extract of homogenate of placenta topical application low dosage, AH; Subcritical extract of homogenate
of placenta topical application high dosage, OAL; Subcritical extract of homogenate of placenta oral and topical application
treatment low dosage, OAH; Subcritical extract of homogenate of placenta oral and topical application treatment high dosage.
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O gsta AHA
NBRE BAFFATY A4S LotRr] 938k, Hairless moused] EHE& 43 st &Ytz
AAE AAEFE THTable 3.2.92). Glutamate Oxaloacetate Transaminase(GOT), Glutamic pyruvic
transaminase(GPT), Alkaline Phosphatase(ALP), Lactate dehydrogenase(LDH)= A|Z=Z4 #4]3s}
Atk GOTE 2t AAdd nEsxE2 EAsta AlZg A=} vy gaddo] £& ¥yt of
Uzt o8 =49 25, A%, A7 YFARE AHEEE Axolth. ALP= AW Ttolut
=43%Es g2l 3 B F v AFolth GPTE IHA|Z oo olaliA wWZ2A F7tsta 7‘*0]1%
e Agto] s Aol I ARE de] o|&dth LDHE Ao EE X ExEo 9]
b, o] &49] &Ao] F7}

J
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3= AL AU o= AU AE 97}t 9o Fo = 11‘:'
ZAJNAE SAst=H ol &dn. dAEY EE Lo FA] AUt Yl AR Hol, Al
o AAZE QIZF 2L Qe AR ARH

Table 3.2.92 Blood chemistry

UVB treated group

Organ

Weight NC Oral intake Oral + Applied
(g UvC PO

OL OH OAL OAH

GOT 780+95% 12254274 91.3+185 90.2+10.7 78.2%5.4 126.7+11.1 81.0+3.1
ALP 256.2£11.6°  235.0+19.2°  219.5+39.0° 257.5+111°  263.2+33.8"  3255+34.9°  227.5+32.1°
GPT 46.248.3% 72.0+19.1 47.8+10.5 45.7+5.6 37.8+12.0 65.3+8.8 61.5+21
LDH 853.6£69.1® 961.3+104.3"  932.2+97.1° 741+98.0° 668.8+7.5°  666.4+£93.8°°  562.5+£63.9°

NS; not significant. Value mean+SD. n=6 Means with different superscript letters within a row are significantly
different at p<0.05 by Duncan’ s multiple range test. UVC, UVB treated Control, PO; positive control oral
application treatment, OL; Subcritical extract of homogenate of placenta oral application treatment low dosage, OH;
Subcritical extract of homogenate of placenta oral application treatment high dosage, OAL; Subcritical extract of
homogenate of placenta oral and topical application treatment low dosage. OAH; Subcritical extract of homogenate
of placenta oral and topical application treatment high dosage.
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12 & &<t hairless mouseE A A3+ & IFE Jeto =z A3 Rt} Positive controle] 74 ¢
ol UVCEY= F&o] A TAstE 2e I & F AAeH, 53 AFFATY FF0l
#ag AL AT & AHFigure 3.2.199). AlE AX T HFdE HAFFAT, FIFA
o, 183 Au-AT FAFRAT (‘FAFAT ) BT F FEol 4T AL 91T
AR 53] @& w59 AuFATY FEo] A3 FoE AS < & F AT w2t
A AR ARATANA F5 LA A E3E 7HA I T AlsET



OAH

Figure 3.2.199 Photographs of dorsal skin of the mouse.

UVC; UVB treated Control, Base; cosmetic base topical application treatment, PO; Positive control oral application treatment, PA;
Positive control topical application, OL; Subcritical extract of homogenate of placenta oral application treatment low dosage, OH;
Subcritical extract of homogenate of placenta oral application treatment high dosage, AL; Subcritical extract of homogenate of
placenta topical application low dosage, AH; Subcritical extract of homogenate of placenta topical application high dosage, OAL;
Subcritical extract of homogenate of placenta oral and topical application treatment low dosage, OAH; Subcritical extract of
homogenate of placenta oral and topical application treatment high dosage.
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Figure 3.2.200 Skin water-holding capacity.

NS; not significant. Value mean=SEM. n=6 Means with different superscript letters within a row are significantly different at
p<0.05 by Duncan’ s multiple range test. UVC; UVB treated Control, Base; cosmetic base topical application treatment, PO;
Positive control oral application treatment, PA; Positive control topical application, OL; Subcritical extract of homogenate of
placenta oral application treatment low dosage, OH; Subcritical extract of homogenate of placenta oral application treatment high
dosage, AL; Subcritical extract of homogenate of placenta topical application low dosage, AH; Subcritical extract of homogenate
of placenta topical application high dosage, OAL; Subcritical extract of homogenate of placenta oral and topical application
treatment low dosage, OAH; Subcritical extract of homogenate of placenta oral and topical application treatment high dosage.
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Figure 3.2.201 Transepidermarl water loss.

NS; not significant. Value mean+SEM. n=6 Means with different superscript letters within a row are significantly different at
p<0.05 by Duncan’ s multiple range test. UVC; UVB treated Control, Base; cosmetic base topical application treatment, PO;
Positive control oral application treatment, PA; Positive control topical application, OL; Subcritical extract of homogenate of
placenta oral application treatment low dosage, OH; Subcritical extract of homogenate of placenta oral application treatment high
dosage, AL; Subcritical extract of homogenate of placenta topical application low dosage, AH; Subcritical extract of homogenate
of placenta topical application high dosage, OAL; Subcritical extract of homogenate of placenta oral and topical application
treatment low dosage, OAH; Subcritical extract of homogenate of placenta oral and topical application treatment high dosage.
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Figure 3.2.202 Mexameter value.

NS; not significant. Value mean=+SEM.(n=6) Means with different superscript letters within a row are significantly different at
p<0.05 by Duncan’ s multiple range test. UVC; UVB treated Control, Base; cosmetic base topical application treatment, PO;
positive control oral application treatment, PA; Positive control topical application, OL; Subcritical extract of homogenate of
placenta oral application treatment low dosage, OH; Subcritical extract of homogenate of placenta oral application treatment high
dosage, AL; Subcritical extract of homogenate of placenta topical application low dosage, AH; Subcritical extract of homogenate
of placenta topical application high dosage, OAL; Subcritical extract of homogenate of placenta oral and topical application
treatment low dosage, OAH; Subcritical extract of homogenate of placenta oral and topical application treatment high dosage.

- 223 -



v, g5 A 2 olgAd AL E3 okAA Ho)

= =

e}

O AEsE 9 AS=1

AlE TEL Ughlo] 2ol A4kEl SPR(EA W YA FA)) Sprague-Dawley(SD)A] A=E &
ofptol  £3AIZI B HF AFo ML FES AEYste 2% 23C+3C, AUs=
50%+10%, ZHAZF 12AZHA TA~2F 7A) 2 2% 150-600 Lux® A Al@77F FeF =
2] FIRY 0B ARSAFRH240 W X390 Lx 175 H mmoll 50Fe]® Dol Adstgct A 8717 S
AFE3E 27 o utEy] W2 121C oA 1587 Wiste] AFE sk, B3 AlRE AH
AN AT

o ANdEH

NFEAQ AdE ASE AxtoA AF ol ALEsY T

O FAlMFAEAFA H7t

T4 Hrle AdEe 4707 47 FAEE, AgHUIFo R yroen, EAgTe g
2l AFPG LS 5,000 ng/kgel 18FHS ATFEASAT. 14Y FTo] FdAstx] w g

FFAZHAGL 4T OE o] AYsATh WAL 1000 nglkg FoIF, AHAS Fol
ToE 149 B Fol F WaE ST

O dAAstsr= HA

ERdsdolA A3 dY F dFE Yty HAR o] &t yrA g 4T IA
B B Y94 23,000 rpm, 20 mindle] A5 AYEE7 ALY (Express 55005 o] 45}
TPROT(total protein), ALB(albumin), TBILI(total bilirubin), AST(aspartate aminotransferase),
ALT(alanine aminotransferase), GLU(glucose), CREAT(creatinine), BUN(blood urea nitrogen) &
< SAsIATH

O A HA}

T4 A 143 XA 3, ether2 vwHAAA HF disHolA At Hd I
g3aA= EDTA-2K7F e A Yol AsRHAIZIE ol &35t AT
WBC(white blood cell), RBC(red blood cell), HGB(hemoglobin), Hct(hematocrit), BLP(blood
platelet), MCV(mean corpuscular volume), MCH(mean corpuscular hemoglobin), MCHC(mean
corpuscular hemoglobin concentration) 5= 374 33 th

O AT = HoldH =] W3

W 4ol 3 24 AFLS 233 A3 (Table 3.2.93), AFZ71F, Ao)lAdH e W3}
o] control¥} A& HI7F Akolol Fo &< o]zt gl
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Table 3.2.93 Body weight gain and daily intake of SD rats treated orally with 3|Z+Z-& for
acute/subacute toxicity test

Group for acute toxicity® Group for subacute toxicity”

Control b pad ot Control ) 2245
Female
Body weight gain (g) 66.88+£5.26 50.88£8.45 35.66+15.88 48.16+14.39
Food intake (g/day) 16.97+0.95 14.87+0.64 13.18+1.01 14.774+0.81
Male
Body weight gain (g) 112.54+10.82 113.74+11.27 108.36+9.31 109.88+13.11
Food intake (g/day) 21.37+0.63 21.98+0.52 21.46+0.81 22.10£0.74

Values are means+SD for 5 rats/group. *The group for acute toxicity was given water vehicle or 3jZ+Z<% at 5,000 mg/kg once
followed by no treatment for 14 days. ®The group for subacute toxicity was given water vehicle or jztZ-< at 1,000 mg/kg daily
for 14 days. The differences between the control and treated groups were evaluated by Student’ s t-test.

O AEolAx W3}

W42 5S AT Fo3o Ad(whole blood)ol A HAAFES #7138 A3H(Table
3.2.94), =& Hematological parametersell 4] control® A&+ Apolo] F2o]Z 2l 2ol= ¢l
t}. o83 A= acute & subacute testoll A BT ZTUEA EFSTH ¢hH Ao I
Hol Q&g oulet,

Table 3.2.94 Hematological parameters of SD rats treated orally with @2}z for acute and
subacute toxicity test

Hematological Group for acute toxicity® Group for subacute toxicity”
parameters Control f 2+ g5 Control s Zb k4

Female
RBC (x10%ul) 7.04+0.88 7.65+1.39 7.16+0.90 7.76+0.27
WBC (x10%/ul) 6.62+2.33 7.05+0.76 5.86+2.51 6.02+2.25
Hct (%) 44.58£5.25 46.98+8.11 43.58+5.43 48.66+1.55
Hgb (g/dD 13.40+2.79 15.28+2.12 14.16 £1.56 14.30+2.15
MCV (fD 63.34£1.25 61.54+0.99 60.86+1.16 62.70+1.06
MCH (pg) 18.96+3.10 20.14+1.95 19.88+1.83 18.36+2.45
MCHC (g/dD 29.96+5.23 32.78+3.19 32.64+3.01 29.32+3.97
Platelets (x10% ul) 1044.40+285.98 1100.20+227.56  1173.80+99.42 1098.20+234.01
Male
RBC (x10%/ul) 6.97+0.92 7.53+0.91 6.70=0.91 8.13+0.84
WBC (x10%/ul) 6.13=1.08 6.19+1.21 6.05+0.80 9.14+1.67
Hct (%) 45.14+7.23 49.00+6.84 43.65+5.82 52.45+4.51
Hgb (g/dD 14.02+1.39 14.85+2.65 12.55+2.24 15.98+1.06
MCV (fD 64.52+2.40 64.98+2.32 65.15+1.34 64.68+1.72
MCH (pg) 20.20+1.27 19.58+1.45 18.78£2.54 19.70+0.80
MCHC (g/dD 31.40+3.23 30.15+2.38 28.85+4.36 30.50+0.65
Platelets (x10% ul) 1249.00+269.95 1198.50+174.73  1125.75+342.37  1298.50+244.41

Values are means+SD for 5 rats/group. *The group for acute toxicity was given water vehicle or ) Z-Z< at 5,000 mg/kg once
followed by no treatment for 14 days. ®The group for subacute toxicity was given water vehicle or jztZ-< at 1,000 mg/kg daily
for 14 days. The differences between the control and treated groups were evaluated by Student’ s t-test.
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Table 3.2.95 Blood biochemical parameters of SD rats treated orally with )22

and subacute toxicity test.

for acute

Blood biochemical

Group for acute toxicity?®

Group for subacute toxicity”

parameters Control |z <5 Control W 2k
Female
Glucose (mg/dl) 72.80+9.23 71.60+11.52 115.20+48.65 82.20+11.34
BUN (mg/dD 18.30+2.30 22.14+5.13 19.58+2.19 19.06+2.50
Creatinine (mg/dl) 0.22+0.04 0.26+0.05 0.28+0.04 0.30+0.07
Total protein (g/dl) 6.24+0.21 6.08+0.16 6.12+0.28 6.08+0.29
Albumin (g/dD 3.98+0.24 3.80+0.07 3.78+0.40 3.92+0.24
Total bilirubin (mg/dl) 0.46+0.09 0.44+0.05 0.44+0.09 0.42+0.13
AST (U 89.80+17.54 87.20+17.54 95.40+10.62 75.40+11.74
ALT (U/D 24.40+3.13 22.80+4.76 20.20+3.90 21.60+1.95
Male
Glucose (mg/dl) 101.40+16.07 130.80+53.37 149.80+14.52 159.40+52.80
BUN (mg/dl) 17.78+3.68 16.90+1.21 18.34+0.84 17.70+1.20
Creatinine (mg/dl) 0.18+0.04 0.16+0.05 0.16+0.05 0.18+0.08
Total protein (g/dl) 5.96+0.11 6.24+0.25 6.10+0.22 6.12+0.23
Albumin (g/dD 3.90+0.22 4.10+0.20 4.00+0.28 3.94+0.32
Total bilirubin (mg/dl) 0.32+0.08 0.34+0.05 0.34+0.05 0.36+0.05
AST (U 86.40+8.56 100.40+13.16 76.60+7.44 67.60+3.78
ALT U/ 30.20+4.15 29.80+3.11 28.20+1.79 28.20+£3.56

Values are means+SD for 5 rats/group. *The group for acute toxicity was given water vehicle or | Z}-Z< at 5,000 mg/kg once
followed by no treatment for 14 days. "The group for subacute toxicity was given water vehicle or #jZ}zt<s at 1,000 mg/kg daily
for 14 days. The differences between the control and treated groups were evaluated by Student’ s t-test.

S AT FAFe Aol FAWISE =S4 AA(Table 3.2.96), 1, A%, 4l
A, vAd 5o FEA wW3tE controld AT Aloldl FolF el ol= Qi Maledt
Femaleol| 2] W3l HA] FolAHQl zol7) It ol dAAdds Aol §HFA JYS&

o) vl g},
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Table 3.2.96 Relative organ weights of SD rats treated orally with 3}z Z-<

subacute toxicity test

for acute and

Relative organ

Group for acute toxicity?®

Group for subacute toxicity”

weight Control o A pd e Control o) 2tz <5
(g/100 g of body

weight)

Female

Liver 3.02£0.31 2.83x£0.11 3.27%0.39 2.77£0.50
Kidney 0.72+0.07 0.66x0.04 0.69£0.07 0.71%0.05
Spleen 0.27£0.04 0.26+0.02 0.27£0.02 0.26+0.02
Heart 0.41£+0.04 0.42+0.02 0.42+0.03 0.39£+0.04
Male

Liver 3.09+£0.19 3.15£0.34 3.02£0.09 3.01£0.06
Kidney 0.69%0.04 0.74%0.05 0.73%0.06 0.73%x0.04
Spleen 0.24%0.02 0.24%0.02 0.23%£0.02 0.23%0.02
Heart 0.40+0.03 0.38+0.03 0.37+0.03 0.40%0.03

Values are means+SD for 5 rats/group. *The group for acute toxicity was given water vehicle or #)Z}Z< at 5,000 mg/kg once
followed by no treatment for 14 days. "The group for subacute toxicity was given water vehicle or 312tz at 1,000 mg/kg daily
for 14days. The differences between the control and treated groups were evaluated by Student’ s t-test.

ool Azl ety HNABES A= AE dmw A
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A DHA ¢ §4 2 o} 43¢ 9 4y ¥}

=2 "ol ol AJ4kE SPR(EA WA FA)) Sprague-Dawley(SD)A A E=E
Frol FEAIZl & B AF e FES AYIY 2% 23C£3C, A
50%+10%, ZHAIZF 12A1ZHA TA~3 7A]) 2 2% 150-600 Lux® A A7 |t &
Y7tEY ol E AFSFAH240 W X390 Lx175 H mm)oll 5upg]® Yol Al FstATh A& 7|3t
ARESE 2R ST EdVIE 121T oA 1587 EHst AME st9a, B3 AR E
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2 o] 2835tk DHA 1,000 mglkg 5ol @, W4 A% Soj7o

O QA stsr2] AHA

EROsH A QG Y F dFE AR HAE o] &t ymA R 4T FF
2 & 44 E2(3000 rpm, 20 min)sle] AbE A8 AL7](Express 5500 o] 831
TPROT(total protein), ALB(albumin), TBILI(total bilirubin), AST(aspartate aminotransferase),
ALT(alanine aminotransferase), GLU(glucose), CREAT(creatinine), BUN(blood urea nitrogen) -&
< SAsIATH

O gHsta AAt

4 A 143 AR &, ether= A AA B5 tisHolA QL. A o
g3aA= EDTA-2K7F e AEH o Yol ASHEAHAIIZIE ol &st dAT3
WBC(white blood cell), RBC(red blood cell), HGB(hemoglobin), Hct(hematocrit), BLP(blood
platelet), MCV(mean corpuscular volume), MCH(mean corpuscular hemoglobin), MCHC(mean

rlo

corpuscular hemoglobin concentration) 5= 374 33Tt

O Az % Aol dHHF WM
DHA®] W3 =4 AFE 133 A (Table 3.2.97), AZ=Z71, 2lo]AdH el w3l
control®} A& Hr7}F+ Alolo] Fo Al zol7t (AT

Table 3.2.97 Body weight gain and daily intake of SD rats treated orally with DHA for
acute/subacute toxicity test

Group for acute toxicity® Group for subacute toxicity”
Control DHA Control DHA
Female
Body weight gain (g) 66.88+5.26 48.40+8.04 35.66+15.88 49.20+6.64
Food intake (g/day) 16.97+0.95 15.04+0.70 13.18+1.01 15.01+0.73
Male
Body weight gain (g) 112.54+10.82 115.02+1.82 108.36 £9.31 109.00+11.46
Food intake (g/day) 21.37+0.63 21.80+0.58 21.46+0.81 21.21+0.42

Values are means =+ SD for 5 rats/group. “The group for acute toxicity was given water vehicle or DHA at 5,000 mg/kg once
followed by no treatment for 14 days. "The group for subacute toxicity was given water vehicle or DHA at 1,000 mg/kg daily
for 14 days. The differences between the control and treated groups were evaluated by Student’ s t-test.

O AddA W3}
DHAE 73—? Fo%o xd(whole bloodolAel dAAFEES Wrigk AA(Table
3.2.98), = Hematological parametersoll 42| controla} A&+ Alo]
o} o] H 3+ @er acute % subacute testollA EF FUS

Hof 9lge ofmeh
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Table 3.2.98 Hematological parameters of SD rats treated orally with DHA for acute and
subacute toxicity test

Hematological Group for acute toxicity® Group for subacute toxicity”
parameters Control DHA Control DHA

Female
RBC (x10%ul) 7.04+0.88 7.85+0.62 7.16+0.90 7.39+0.80
WBC (x10%/ul) 6.62+2.33 5.88+1.45 5.86+2.51 6.07+1.80
Hct (%) 44,58 £5.25 48.68+4.00 43.58+5.43 46.13+5.71
Hgb (g/dD 13.40+2.79 15.14+1.32 14.16+1.56 15.63+0.57
MCV (fD 63.34+1.25 62.02+1.55 60.86+1.16 62.38+2.33
MCH (pg) 18.96+3.10 19.26 £0.17 19.88+1.83 21.38+2.49
MCHC (g/dD 29.96+5.23 31.10+0.73 32.64+3.01 34.20+3.97
Platelets (x10% ul) 1044.40+285.98  1121.80+439.63  1173.80+99.42 1167.50+89.60
Male
RBC (x10%ul) 6.97+0.92 7.28+0.83 6.70+0.91 7.96+0.61
WBC (x10%/ul) 6.13+1.08 6.82+1.50 6.05+0.80 7.53+1.51
Hct (%) 45.14+7.23 46.62+4.61 43.65+5.82 50.60+4.60
Hgb (g/dD 14.02+1.39 15.06+0.36 12.55+2.24 14.95+1.63
MCV (fD 64.52+2.40 64.20+1.86 65.15+1.34 63.58 +2.01
MCH (pg) 20.20+1.27 20.94+2.60 18.78+2.54 18.75+1.01
MCHC (g/dD 31.40+3.23 32.62+3.58 28.85+4.36 29.48+1.20
Platelets (x10% ul) 1249.00£269.95 1212.00+£228.28  1125.75+342.37  1278.75+100.19

Values are means=SD for 5 rats/group. “The group for acute toxicity was given water vehicle or DHA at 5,000 mg/kg once
followed by no treatment for 14 days. The group for subacute toxicity was given water vehicle or DHA at 1,000 mg/kg daily for
14 days. The differences between the control and treated groups were evaluated by Student’ s t-test.

O stz w3l

DHAZS AT FEo3Z o gAY x 9 glucose, BUN, total protein, AST, ALT %
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Table 3.2.99 Blood biochemical parameters of SD rats treated orally with DHA for acute and
subacute toxicity test.

Blood biochemical

Group for acute toxicity® Group for subacute toxicity”

parameters Control DHA Control DHA

Female

Glucose (mg/dl) 72.80+9.23 67.80+£13.22 115.20+48.65 86.80+15.48
BUN (mg/dD 18.30+2.30 19.94+1.19 19.58+2.19 16.16+0.97
Creatinine (mg/dl) 0.22+0.04 0.28+0.08 0.28+0.04 0.26£0.05
Total protein (g/dl) 6.24+0.21 6.22+0.52 6.12+0.28 6.06+0.30
Albumin (g/dl) 3.98+0.24 3.96+0.32 3.78+0.40 3.84+0.30
Total bilirubin (mg/dl) 0.46+0.09 0.54+0.21 0.44+0.09 0.40+0.07
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AST (U 89.80+17.54 93.20+26.82 95.40+10.62 83.00+14.98
ALT U/ 24.40+3.13 25.80+6.14 20.20+3.90 22.60+2.97
Male

Glucose (mg/dl) 101.40£16.07 115.40+16.07 149.80+14.52 152.60+37.04
BUN (mg/dl) 17.78+£3.68 16.12+1.64 18.34+0.84 15.80£0.60
Creatinine (mg/dl) 0.18+0.04 0.14%0.05 0.16+0.05 0.18+0.08
Total protein (g/dl) 5.96+0.11 6.04+0.15 6.10+£0.22 6.14+0.13
Albumin (g/dD 3.90£0.22 3.76£0.21 4.00+0.28 4.10+0.27
Total bilirubin (mg/dD 0.32%0.08 0.32%=0.04 0.34£0.05 0.34+0.05
AST (U 86.40+8.56 90.20+11.95 76.60+7.44 75.60+11.55
ALT (U/D 30.20+4.15 29.00+4.18 28.20+1.79 35.00+17.32

Values are means=SD for 5 rats/group. “The group for acute toxicity was given water vehicle or DHA at 5,000 mg/kg once
followed by no treatment for 14 days. "The group for subacute toxicity was given water vehicle or DHA at 1,000 mg/kg daily for
14 days. The differences between the control and treated groups were evaluated by Student’ s t-test.

O #7114 FA WS}

DHAE AT FAF9 A7 FAWMSE SAHT Ai(Table 3.2.100), 7t A4, A4,
H A 59 FA Wst= controldt AT Abolol Fol&<l Aol fldlth Maled} Femaleol
Aol Wal A FolZQ ztolz) ¢l o] DHA ¢td Aol gtHEo QLS ot

Table 3.2.100 Relative organ weights of SD rats treated orally with DHA for acute and
subacute toxicity test

Relative organ Group for acute toxicity® Group for subacute toxicity®

weight Control DHA Control DHA
(g/100 g of body

weight)
Female
Liver 3.02£0.31 3.17£0.30 3.27%£0.39 3.08£0.22
Kidney 0.72£0.07 0.72%0.03 0.69£0.07 0.73%0.02
Spleen 0.27+0.04 0.26+0.03 0.27+0.02 0.26%+0.02
Heart 0.41£0.04 0.40£0.03 0.42%0.03 0.46+0.06
Male
Liver 3.09+0.19 3.14+0.23 3.02+0.09 3.08+£0.33
Kidney 0.69£0.04 0.71£0.06 0.73%0.06 0.71£0.03
Spleen 0.24£0.02 0.24£0.02 0.23%0.02 0.24%0.03
Heart 0.40£0.03 0.41x=0.04 0.37%0.03 0.36+0.03

Values are means+SD for 5 rats/group. “The group for acute toxicity was given water vehicle or DHA at 5,000 mg/kg once
followed by no treatment for 14 days. The group for subacute toxicity was given water vehicle or DHA at 1,000 mg/kg daily for
l4days. The differences between the control and treated groups were evaluated by Student’ s t-test.

o] Ao st DHA= 7]Ed A F Y852 ASHIL Y= &AZ olv] Aol
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HxPro(hydroxyproline)9] 33 W& =43 A (Figure 3.2.203), A 7Fo 14 FHH
ol FUltete AFS EIem, 3¢ olFoe FH ®syt A . ole
collagen&Al & AHHA Al 3 ol Fo Hie FFe Hols X aH, FFAES 3d
Fo] & WU} gle 2oz 4 Ao

AHXxPro (ng/ml)

1 1 1 1
o 1 3 9 14

Time (day)

Figure 3.2.203 Changes of serum hydroxyproline (HxPro) in SD rat.

1=
T Y il
Lo R 7]%“*{9 sHE Akl o] 7 8% FEA A AIFEE FERAE o
gto] zkeld BE =AM F HAHEFEESs T2 FosAY ForE =23 & A
71l MAE 54 AEE LdobrRgka, EI A=l o3 wkgo] ARy ek FARRE 7Yy
£ ol&st] 1x vRA=S AIE 2 AAAG Ade AAste] SPES TleA B 4ol B3RF &

A5 AE
Az 87HsAE Bt A AT
(D 23 A5 D 9

O A=
B Ao AFEH =X ejHk2 sodium hydrate solution(NaOH)& <} © 2 7]32o] A &3 & 1 cm
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of B F IREHS AAStL FAAE AT 89 HA RS 4 7]1(HR-2084, Philips
Electronics N.V., Eindhoven, Netherland 2 10& ¢t #4323 Azl & AR E AT oFYd
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Table 3.2.101 Composition of cosmetic formation

Composition (%)

Cosmetic formulation

Vehicle” 5% FSPE” 10% FSPE
Deioized water 90.24 89.44 84.44
Hydroxyethylcellulose 0.09 0.09 0.09
Carbomer 0.20 0.20 0.20
Glycerin 3.50 0.50 0.50
Butylene glycol 2.00 2.00 2.00
Porcine placenta extract - 5.00 10.00
Niacinamide 0.10 0.10 0.10
Allantoin 0.10 0.10 0.10
Panthenol 0.20 0.20 0.20
Ethanol 3.00 3.00 3.00
Triethanolamine 0.20 0.20 0.20
Methylparaben 0.12 0.12 0.12
PEG-60 Hydrogenated Caster oil 0.25 0.25 0.25
Polyacrylate-13/Polyisobuten/polysorbate-20 0.80 0.80 0.80
Total 100.00 100.00 100.00

YVehicle; base formulation, ?FSPE; subcritical extract of homogenate of placenta topical application treatment.

O AgFEL ASxA

B AT AHEd 5ES A4S 659 47 SKH-1 F=F(Labanimal Co., Seoul, Korea)<}
Hartley 7143 2(Dae Han Biolink Co., Eumseong, Korea)& F<3te] AL&3tt F2AE +
dsta 17319 FS71E AA 7789 FRAE A o] &3t AASAY ASERALS &
T 23£3C, % 50£10%, 2%7] 34 1538)/A%F, %% 150~300 Lux, "7 12413
(08:00-20:000 0.2 A5 FAHEE st FEFAS ASACIA & 6vigld, 7IUa 1 A
AolA & 1mpe] ¥ i AMFstd T AF7IbEet A RS e AFEA s4AFHY & A
He Y Sy FEAILYYLI $AS e I(xedHs KUIACUC-20130902-2) <A™
TE T 9 o]go #3 A’ o wio] FEEtEA HAAFA .
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O UVB A} & HAHHIFEE2] A A

Ultra violet(VB) lamp(280-320 nm, Sankyo Denki Co. Ltd., Tokyo, Japan) F7/1& & of=d
FAH90x 2550 cmell AAF F AHAFES PP we HARES HAAHoE =7
ARt F 12579 A7z st 733 UVB ZAFE Astdnh. A 7o AR 36
mJ)/ei &2 A|Zsle], 54, 72, 108, 122, 144, 180, 1831 198 ml/cnie] ZAH7IA] HA}pF o =2
ZAES 58 FEFAY o FARIAY. FEA= 4 9 6rEly S Z UVBE ZASHA
81, ATFEAY AYFAE oA ZF2(PO)TH UVB &AL & ofFAL #vt=23] -2(NO)TH
low dosage®] 74-TFJ(OSPE-1)*, high dosagee] 7475 <J(OSPE-2)+*, low dosagee] 743]-
747 &A1 FA(OSPE-1+FSPE-1+*, Z12]aL high dosagee] A3 -7 &A% (OSPE-2+FS PE-2)
TOZ F 6ToR 1Jr—r01 AYstFgr. HATFF72e low dosagee] 749 SPE 0.05 %, high
dosage®] 73-%- 0.1%° & TEo] A wetl skt Ay T A 5% 10%9
a9 o 5}%}%2& “JE %, low dosage(5%)2] 7d-%- 0.2 mg/ci®.Z, high dosage (10%)<]
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4% 04 mg/eio 2 FE2FH F3HY 5 cmx5 cm £ UVB ZA7}F 3 A ZE = x5t}

FA, A7 FAS 54 ¥
A % 1279 7713 B lF S vhAE Fo 12470 BAAR APFES
COZ mHHANA IS A7 ‘& T AFOEZRYH A& XH%?E T A, AR, 1 ¥
FAS =Rtk AFHE A 4C, 3,000xgolA 20837 A EFs] g
A A Q%‘X}O%EJ](FUJI DRI-CHEM 3500, Fuju Photo Film Co., Japan)® alanine
aminotransferase(ALT), aspartate aminotransferase(AST)2} lactate dehydrogenase(LDH)<]
TFAE SR

o
o
A
PL
32
gy

O 1z A7 A5 Al

12+ 37 2= Al (primary skin irritation test)-> Draize WH o2 A A5l o™, SPES] 7
FEE SHAE ARE dAT 1% 10MIA 10%=2 ] AASAY. Ad AR 2443 Z*‘)ﬂ
clippere} ¥u¥k AE7]|E o] &3ste] AR sto] A Eo| o3 AFAFS A3 A7l & o3
ARGt A RS 10vke] o] ZIUd s ol&sted 4 F=9 § F9E °F 1.5 cmXx15 cm
Ao A7|2 HAFE FAHOE 4785 UEAT FAE 9 T EE FHE FA] vbs
& ol &35ty A WFo R AAITY E4HIL JYe E4HA FES «47} A s A
To FHAS o] HiEy T 22 YA okFigure 3.2.204). Figure
3.2.206¢ Ae} B +8& W}_%@(/‘gﬂﬂoé*?)% C, D #+89+= SPE 10% A&& Z+ZF 0.5 mL
A HAAE] B3P EXE vl T APES] WA E Tegadermo 2 Yy, &g B2 7243
S 3M Fo]Ho]Z(3M company, Springfield, MO, USA)Z 71HAHE & 143 AT. A=
A X UAND T AZE AAS, JFFEC] HFo YIS MAA FEF vTE AU
Atk AAS v o2, 24X FH S ZE TAIZMAA] BESHA I BRENSS ‘okE B
EAANENE o HRAINS H7FE(Table 3.2.102)01 wet Hr1ste], 13 I REAFH| 5
(primary irritation index, PLL)E 4t&3stH 1L, A543 Table 3.2.103 wa} A3t

¢

o B

I:l Intack skin

[ ] Abraded skin

Figure 3.2.204 The evaluation on primary skin irritation of SPE. A; control site (intact skin),
B; control site (abraded skin), C; treated with SPE (intact skin), D; treated with SPE (abraded
skin), SPE; subcritical extract of porcine homogenate of placenta.
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Table 3.2.102 Evaluation of skin reaction

Skin reaction Score
Formation of erythema and eschar formation

No erythema 0
Very slight erythema (barely perceptible) 1
Well-defined erythema 2
Moderate to severe erythema 3
Severe erythema (beet redness) to slight eschar formation (injuries in A
depth)

Formation of Edema

No edema 0
Very slight edema ]
(barely perceptible)

Slight edema 5
(edge of area well defined by definite raising)

Moderate edema 3
(raised approximately 1 mm)

Severe edema 4

(raised more than 1 mm and extending beyond the area of exposure)

Table 3.2.103 Primary irritation index (P.I.L) according Draze method

Classification P.LLY
Pratically non-irritation 0.0-0.5
Slight irritation 0.6-2.0
Moderate irritation 2.1-5.0
Severe irritation 5.1-8.0

YPLI; primary irritation index, P.LL calculation=2 total mean score/animal Number X 4)

O HFZzd Ad

¥ B 724 Al @(skin sensitization test)-& Maximization Testf .2 AAsP o, z+ 9 7]
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2 SPE 10% AgToZ yFo FsATh A 13 A1 AIAEY 53 dHez &
gt 1z 22E A8, AR} U1 SHES A7 972 x4 cm)ell, Freund’s
complete adjuvant(FCA)S 24t Z+, I+ 18l SPE 10% Aol 247 0.1 mL
I Z FASFA T

12 2 23 A -=FS 3 1 10% &S AREst] ZHAAIF
. SDS AA g+ 12+ 73 69 + l@% éoﬂ «l?iL 72& F7st7] 98l 10%(wiv) SDS &
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@2x4 cmyE FABte] BAZE Sk HAH st AT 23k 2 25 F of7](challenge)
= AAstalen, Figure 3.2.2059) of7]5-9lol F-2Fste] 24A3F &<k =

ZINFHT oFdA FF 10% =HA %%%WH%QOWl%Eéeﬂ%%Ah>ﬂ@ﬁﬂl%
ShaTh 244%F ob7] F HHAE AAT tha vETR JRo] "ot A= AFdEEE AR |/
obdl §F 2A177HA BESAT. FE tlzwed DNCBE Aate=Es

&3t

0%, °F7] 5= 0.1%=

abuajeys

uopanpu|

Figure 3.2.205 The evaluation of content allergenicity with maximization test. (D; intradermal
injection of 0.1 mL distilled water+Freund’ s complete adjuvant emulsion (1:1), @); intradermal
injection of 0.1 mL sample, Q); intradermal injection of 0.1 mL sample+Freund’ s complete
adjuvant emulsion (1:1).

O ¥o $I L Hrhwhy

F71E S8l RAYD ANHEE AAD T 24438, 484 9 727ke] T RZbARS
BIHE’ (Table 321000 we} W8-S Brstgon, 7 FolA whge Hols AAZ P4
S8 [FAFEFAAFTES 1000 T3 ARPd ) J=g WA,

Table 3.2.104 Score of sensitization and maximization grade

Sensitization score Erythema reaction state Edema formation
0 No reaction No edema
1 Scattered mild redness Slight edema
2 Moderate and diffuse erythema Moderate edema
3 Severe erythema with scar formation Sever edema

YGrade 1(0~8%); weak sensitizer, Grade 11(9~28%); mild sensitizer, Grade Il (29~64%); moderate sensitizer, Grade IV (65~80%);
strong sensitizer, Grade V (81~100%); extreme sensitizer.

- 235 -



O

ATZA 3= SPSS 12.0(SPSS Inc., Chicago, IL, USA)& o]&3le] EAANYSIOH RE =
gEo th3t HH(mean)d} FF3 xH(standard deviation, SD)E 4FE3A T AT 7He] FoA
& ANOVA test®E FA & ALZE AZ=2 p<0.05 o)A Duncan’s multiple range test® A A|
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T ME YRR BE i%il?oﬂfﬂ A wrA v AY B5A BT AFEUbel gk
oA Aol yEhA! ddtt. 1y 557 PO OPSE-1+, OPSE-2+, OPSE-1+
FSPE-1-3 OPS2+FSPE-2w 3+ EAZ o2 /9o %<l zol7F A= Aoz FAHIJAT, UVB
ZAL WE ~Ef 2 wfEo g JAHET

A7 7A 125 B S SEG BE PIM AP e o,
HA FE, BB 5o QNEY 8 YHFHAIAE HolH ws: #IHA gtk
U AR X2 2B WAN SUA 23F FAVLE T4 £ BIA Y
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5 OPSE-2FSPE-27 A EAHOR foldel Aolg tehlddnh & ARE lov dosages
o] At} w2 OPSE-13 OPSE-1+FSPE-1i-& POT# 7te] FA wlmolA oAl o]z}
YERA] 94k AIRE, A& E high dosage® o] Au ¥bE OPSE-2+, OPSE-2+FSPE-2+-2 Ztol
A PO vlulste] BAIA OS2 {29 ARl AolE RA{T

PO} OPSE-27, OPSE-2+FSPE-2739] nlmo s v AZA 7} EAZ O T SolAL gl
10%2] SPE X 2|7} HYea] S e EAHES gls A2 A7t

.31

O g2 HA
SPE A 88 B3 A7 A Fee] S4& dobny] Aste], wrAe HAg AHste] I

AEFA A }% A A3 tHTable 3.2.105).
ALT= =23 2(Krebs cycle)oll Al ot qto 2 BE otu|=r]|& HAANA AMEL ofv| =it
o g a4 F suolth E o opniy] Holas

S YEEs ¥ éa 33 ddHor Fa
(aminotransferase)?l AST¢} T2 Ho ALTE F2 A ZEZA Yol FXshy 1 99 A%, A
A ZAZ BxEo] Jon, g4 TAME &4 Al ¢ drlg Xx7F "l AST+ ofv| =4t

o] o] E ofmigt WVNE &TIE FUEAN YAHCE FAT ELTF stolth A B
€ Axo Axdst vEZEgotilA dHEEH F2 A, AR, 242, A, A%, 28
A A2 oA ATl Fx2H Ut o] ATt &S wow Alx We vt €4
Wz fE5X dds=8 S7HIA b 49 ARR ol&He aiolth AEA UM
LDHE A Ul sl2Ae A% dAA Fesls 42, L-lactateS pyruvatez A3kst= 7}
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Al Zujsts G4 AFEY £40] o dFo7 fEEHe] 4 oA total LDHS
S7HA A, ALTS} ASTS} Zo] 1A %] A2 AREH T

=AEE4E Aol A3 58S FEAA ALTH ASTe &4 S7HA71& 820] &,
2 A+ 9] AN FEF AL BE ZAAZ & AX3 BE oA ALTSF ASTY] <
A= PO vlwste] FAHORE FoFQl Msls YehA gkt
EF B Ao A €% LDHO| 4X]= OSPE-2+FSPE-27-& 562.5+63.9(U/L)E, NOT-& 961.
+104.3UML) .= Yeh TAZCRE FolZQl ZolE HA=T A4 LDHY s A%
AR AR 5 AdF Ay A FTY FolA vEeE Ao E deA =T, UVB 24
SPEE 1EEE AHX|g oA UVB FA} %‘? OFEAT A A 3HA] ¢F-& NOol| Hls] LDHE| <
X7} ol SPE7F 10%9] AFEdAE hEA4E 7835HA o, UVB AR A7) 4kshx

Efrdx =S FE AR A4HT

W

o

Y o

l

Table 3.2.105. Effects of SPEY intake and application on organ in growing hairless mouse

Organ Weight(g)

Group
Heart Kidney Liver Spleen
No-UVB treated group PO? 0.23£0.0%”  058+0.0%  1.42+0.1®  0.11%0.0°
UVB treated group NO? 0.23+0.0 0.52+0.0 1.33+0.1  0.09+0.0
OSPE-1? 0.21+0.0 0.52+0.0 1.32+0.1*  0.09+0.1
OSPE-2” 0.21+0.1 0.67+0.1 1.26+0.1° 0.09+0.1

OSPE-1+FSPE-1% 0.23+0.2 0.54%0.0 1.374+0.1® 0.10+0.0
OSPE-2+FSPE-27 0.21%0.1 0.57£0.0 1.47+0.1° 0.11%0.1

Means with different superscript letters within a row are significantly different at P<0.05 by Duncan’ s multiple range test.
Value mean+SD (n=6). YSPE; subcritical extract of porcine homogenate of placenta, ?PO; No-UVB treated, ®NO; only UVB
treated, YOSPE-1; subcritical extract of homogenate of placenta low dosage oral application treatment, YOSPE-2; subcritical
extract of homogenate of placenta high dosage oral application treatment, ®FSPE-1; subcritical extract of homogenate of
placenta low dosage topical application treatment, "FSPE-2; subcritical extract of homogenate of placenta high dosage topical
application treatment, ”NS; not significant.
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Table 3.2.106 Effects of SPEY intake and application on biochemical markers in serum in
growing hairless mouse

biochemical markers (U/L)

Group
ALT® AST? LDH

No-UVB treated group PO? 46.2+8.3N51 78.0+£9.5%  853.6+69.1%°

NO? 72.0+19.1 1225+27.4  961.3+104.3"

OSPE-1% 45.7+5.6 90.2+10.7  741.0+98.0%
UVB treated group OSPE-2% 37.8+12.0 78.2+5.4 668.8+7.5%

OSPE-1+FSPE-1? 65.3+8.8 126.7+11.1 666.4+93.82°

OSPE-2+FSPE-2" 61.5+21.0 81.0+3.1 562.5+63.92

Means with different superscript letters within a row are significantly different at P<0.05 by Duncan’ s multiple range test.
Value mean=SD (n=6). "SPE; subcritical extract of porcine homogenate of placenta, ?PO; Not UVB treated, ®NO; only UVB
treated; OSPE-1; subcritical extract of homogenate of placenta low dosage oral application treatment, YOSPE-2; subcritical
extract of homogenate of placenta high dosage oral application treatment, ®FSPE-1; subcritical extract of homogenate of
placenta low dosage topical application treatment, "FSPE-2; subcritical extract of homogenate of placenta low dosage topical
application treatment, YALT; alanine aminotransferase, PAST; aspartate aminotransferase, '’LDH; lactate dehydrogenase, '’NS; not
significant.
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(SPE 10%) .
i 4 5

- J\ 1\“” b ‘HL...J W ‘JH "

- ¢
» P ', » #
R
e~ B
Score of skin irritation
. : , Mean 2
Skin reaction (animal number) P.LI
h 1 2 3456 7 8 9 10 ¢
Intact Erythema 24 0 0 0 0 00 0O 0 00 0
skin 72 0 0 0 0 0 0 0 0 0 O 0
Control Edema 24 0 0 0 0 00 0 0 00 0
site 72 0 0 0 0 0 0 0 0 0 O 0 0.08
Abraded Erythema 24 0 0 0 0 0O O 0 00 0 '
W) skin 72 1001000000 02
Edema 24 0 0 0 0 00O 0O 0 00 0
72 0 0 0 0 0 0 0 0 0 O 0
Intact Erythema 24 0 0 0 00O O 1 0O 0.1
skin 72 0 0 0 0 0 0 0 0 0 O 0
Treated Edema 24 0 0 0 0 00O OO0 O 0
site 72 0 0 0 0 0 0 0 0 0 O 0 0.48
(SPEV Abraded Erythema 24 0 1 1 0 2 0 2 0 2 0 038 '
10%) skin 72 0000101010 03
Edema 24 0 0 0 0 0 00 0 00 0
72 0 0 0 0 0 0 0 0 0 O 0

Figure 3.2.206 The evaluation on primary skin irritation of SPE.

Mean score=total score/number of animal (10), YSPE; subcritical extract of porcine homogenate of placenta, ?P.LL; primary
irritation index, P.LI. calculation=2" total mean score/animal number X 4).

(

e T AY FHE Ad=ES 13 AFEtaL ofiAE F 24, 48, T2AZA O AR

y

A& Figure 3.2.207¢ YEFH A TE Figure 3.2.209¢] Yebd Z14 3 DNCBEZ A2t A=
TAAE BE AAUNS 86% Awe] T RFo] NE FEA BEHYAW, SPER A
& ol A R Bush ¥Fol WAL ARAW Wi AUl 667%E HYHGF

T3 2ol grade [ o2 kAo AV fle AR ARFHAT 53] 7]

1= 2
Holuh 4ol SFE Aol Tl Qojok 5171 W] RS B YA Pel A3
of wet E3E FEE Aol Holth T Erold PAEL ST 5 Yt UL X
SRE AFlAl HgBhs A WGt Aol HgelHelso] S FRUYS B TF
& HAsolor @ sloley, HFol gRolor ¥ ofel Ak AN FUY FaHE o5
BAEHAE AUAA Fe Zolth SJkEL Aol Al ohel FAZ FsEAR FFL o
Aol BA glol MY ALH o AFHEE AL SJFE ol g0z FaA Hojol Atk
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Negative contral A e
& %
Positive contol T L
(DNCE)
SPF
(10%)
. . Sensitization .
Skin reaction o Evaluation
score Mean Sensitization
response rate (%) grade
Group Induction  Challenge 1 2 3 4 5 P ’ (class)
Negative ) 24 0 0 0 1 1 0.2 I
! DW DW 48 0 0 0 0 0 0 2.22
contro 20 0 0 0 0 0 (weak)
Positive 1% 0.1% 24 3 3 3 3 3 3 \%
ol DNCE® DNCB 48 3 3 3 3 2 2.8 86.00 (ext )
contro 72 1 3 2 2 2 50 extreme
24 1 0 0 0 O 0.2 I
SPEY 10% 1% 48 1 0 0 0 O 0.2 6.67 (weak)
72 1 0 0 0 0 02 we

Figure 3.2.207 The evaluation of contact allergenicity with maximization test of SPE.

USPE; subcritical extract of porcine homogenate of placenta, ?DW; distilled water, ?DNCB; dinitrochlorobenzene.
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M6 & APINEAIHUAM =Elct sli2latsty|=dE
1. Nano- or microencapsulation 7]&

7}. Encapsulation

O 2]Z4kdol A encapsulation 7]&-2 active S 24, H, S8 5o 2R 317 o 2 HE
B3ty #5Hoz BAAQ WA, o 295 g HH o= o]&HA . T3 FHFol
AAHES 1P AL, WEES §F £EF 2USE 5o BHOEE o]gH 9
=3

Wall material Flavour

Molecular weight
Conformation A y

Chemical groups
Physical state

Molecular weight
Relative volatility
Polarity
Chemical groups

Emulsion
Flavour-wall material ratio

Chemical Mechanical
processes processes

- Coacervation
- Co-crystallization

- Molecular inclusion

- Interfacial polymerization

-Spray-drying
- Spray chilling/cooling
- Extrusion

- Fluidized bed

Shapes : films, spheres, irregular particles
Structures : porous, compact
Physical structures : vitreous or crystalline

Microparticles
(microcapsules/microspheres)

Environment conditions

Shelf life Controlled release

Figure 6.1.1 A schematic illustration of different processes of encapsulation of flavour
compounds.

O Encapsulation®}'§ © Z+= Figure 6.1.1 % Table 6.1.1¢] et upe} o] Spray drying,
Extrusion, Freeze drying, Coacervation % Adsorption 5°] 2™, o] & Spray drying 2
Extrusion ®¥ol 7H4 ®ol AH&H L Ut
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Table 6.1.1 Applications of different encapsulation method in food industry

Encapsulation

technique Encapsulated form Application area

Coacervation Paste/powder/capsule Chewing gum, toothpaste,
baked foods

Spray drying Powder Confectionery, milk powder,

instant desserts, food flavours,
instant beverages.

Fluid bed drying Powder/granule Prepared dishes, confectionery

Spray cooling/chilling Powder Prepared dishes, ices

Extrusion Powder/granule Instant beverages, confectionery, teas
Molecular inclusion Powder Confectionery, instant drinks,

extruded snack

U 7154 AFelM e yerls

(1) Yo ¥z (Nanoemulsion) ¥ 178 < (Nanocapsule)

O 2lFolA Hlgdl, &4+A, &8 534 22 7|5 A S(Functional Ingredients)= HEA| 2=8lo
2 AREYIE Hol Yo Fo] 23|y It FO2 Holde AR o B2 Fgo]
ATH L2 AGA AL vlgYlolY gatstEd s 2o AESHE AR A3t glo] 7}
A Z2EHY o F e REo =2 F JEEFE i

O EZ HAY +Fo2 wol 55 FASH] Sl AoJd S22 A5E sfAst=d =&
S Zth kg Yol Ef < (Nanocapsulation) S ©|213F 759 B RES A2 +
T2 mEojhT YxolERES dvixow mdMicelle)® old A (Emulsion) g 410
EUIEEA] Eo EAAHA A2 W3 Droplet)7t == A AL HEe &
Fae A AR o2 YAE] Wil F43AdA F-84Oil-soluble)”| FAEE X3
T AT

O HF-& oldxo] 71 & EAE 25 A3 uet FEpxics Aoltied o] A4
How EA =7 st FAFER 224 &7 Bol MAFHH AEHoz FeEd
A AZF a3l gkt RE FFH R FASF & A xHodE F83HA &
T At A 29| A= FFEF AUNGYA == F3AVF FUIE H8stt
© A F&olojof stA T S| glojuy Azt tia] Y FdFS = 5 3
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separate oll single layer double layer
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