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SUMMARY

(% 2 oHE)

Recently, the needs for the pharmaceuticals preventing eye disease are growing because
of worldwide growing elderly population, ozone depletion caused by environmental pollution,
and the frequent use of electronic equipments which continued to stress for the eye. It was
reported that cataract and age-related macular degeneration, two typical eye diseases, were
caused by a reduction of xanthophyll (lutein and zeaxanthin). As the content of xanthophyll
present in the macula was decreased with aging, many people must intake lutein or
zeaxanthin as food for the health of eye. According to these demands, lutein market as
pharmaceuticals is growing significantly.

Chlorella is a rich source of lutein and there are many reports related in the extraction
of lutein from chlorella. Though chlorella has abundant lutein, it is considered that the
extraction efficiency of lutein and its bioavailability is very low due to the thick cell wall
of chlorella. In this reason, physical processing improving the lutein bioaccessibility from
chlorella 1s important for industrialization.

This research aims to develop functional food suppressing macular degeneration from
plant resources composed of xanthophyll. To this end, we are focused on developing
technology which enables to increase the lutein bioavailability from chlorella containing
high levels of lutein.

To select the xanthophyll-rich materials, the extent of xanthophyll was analyzed using
LC-MS from various plant and microalgae. Zeaxanthin was abundant in paprika and korean
red pepper. Especially, Chlorella ellipsoidea, a kind of seawater microalgae, has 10 times
higher level of zeaxanthin than paprika. In order to improve the lutein productivity from
chlorella, culture method for lutein-rich chlorella was optimized with response surface
design.

Physical processing using pulsed electric field generator, high hydrostatic press, and
microfluidizer was carried out to overcome the limitation of chlorella in nutrition absorption

and to increase lutein bioavailability of chlorella. Microfluidization was most effective



technique among three processing technologies. The key factors of microfluidization to be
determined were dilution level, treatment pressure, and recycle number.

In order to evaluate the effect of physical processing on the lutein bioavailability of
chlorella, in vitro digestion system was established and applied to the microfluidized
chlorella. The lutein micelles that are actually available to human body were more
efficiently formed comparing with no treatment group. The result of Caco-2 cell
transmembrane analysis showed that the celluar transport of lutein was approximately
three times greater from microfluidized chlorella than from untreated chlorella. Also, in vivo
rat model was performed to assess the reliability of in vitro digestion system developed
from this project. The level of lutein in the plasma, liver, and eye from rats to which the
microfluidized chlorella was administrated had the concentration-dependent manner, while
no organs from rats to which the general chlorella was injected were analyzed to increase
the lutein significantly. In addition, the protective activity of chlorella extracts mainly
composed to lutein on retinal ganglion cells was carried out in order to evaluate the actual
function of lutein originated from chlorella on the eye. Chlorella extracts had very effective
in the inhibition of reactive oxygen and the decrease of the expression of apoptotic proteins
on the eye. In these results, it was concluded that physical processing using
microfluidization enabled to improve the bioaccessibility of lutein from chlorella.

For the industrialization of nano chlorella into beverage market, the physicochemical
properties of microfluidized chlorella and its processing properties were studied. Finally,
xanthophyll product, which has the bioavailable lutein, was developed with the addition of
phosphatidyl serine.

Through our research, the application of physical processing on the chlorella was
effectively increased the lutein bioavailability from chlorella and we developed the novel

functional food containing the high level of xanthophyll.
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GLOBAL LUTEIN CONSUMPTION FOR SUPPLEMENTS, 2000-2007
(TONS CRYSTALLINE)

301

Tons crystalline

2003 2004 2007

g 3. F Al Al 4w ZF (BCC Research)

1 7170
A4 7154 ARE $AL WTh A BHA, ABAY, CJ, FHLYY, A0 F

AZQANA Y ABE AFF FHA AFS WEo Brs v}

OO REI2120mg

500mg =303
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3. B3 VA AF AEY A% 2 AR s A

7k Aol 90% olel FUYER

ZolA BulgE Q= 2H9 ATL Famz AfAdA A4 stE we
FloraGLO S90S A148t3 Atk 998 Ao Be 7EAN8s 423 oksts 5o
ne B E wE 7B AE AR 99 2AA8E Auea d a0 e 2 ok
e AZws Ao 2R

Lol AR Fuhay oAl SANER QWS FloraGLO FEIe] 24

a

Estimated composition of FloraGLO® Purified Crystalline Lutein

Ingredient Formulation (% dry weight)
Lutein 76

Zeaxanthin 7

Total pigments 85

Other carotenoids 14

Waxes 9.0

Fatty acids 1.5

Potassium 0.4

Water 0.4

Other <1

a Kemin Foods. L.C., Des Moines. IA.

i

H

1 .

A7 ARFE o] 20061 Zeavision ARl Al A5 AdE S AT
ol:Alo}#tEl o] 319 ML= &A3A T ik Yo =

EAsE Aoz HIuHa glo] &FF Aopzt
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Amount of Zeaxanthin (mg)
assoclated with reduced risk
for AMD

Typical Dietary Gap

Average Typlcal Daily Intake

a8 5. 87 2 WA 4 mge F7F AAVE 295 = Alof¥ ¥l (Zeavision Co.)

3}% 2 olo] &A 3} (5).

Carotenoid content of various fruits and vegetables

Vegetable B-Carotene  Lycopene  Lutein/zeaxanthin
Broccoli 779 - 2.445
Brussel sprouts 450 = 1.590
Cabbage 65 - 310
Carrots, baby 7275 = 358
Corn 30 - 884
Green beans 377 - 640
Grapefruit, red 603 1462 13
Kale, raw 9220 - 39,550
Leaf lettuce 1272 - 2.635
Oranges 51 = 187
Papaya 276 = 75
Peas (green) 320 = 1.350
Spinach 5597 = 11,938
Winter squash 220 - 38
Summer squash 410 =3 2,125
Tomatoes 393 3025 130

Units: wg/100g. From U.S. Department of Agriculture (1998).

a9 6. A Wl FhRE o= FF(RIF) R FHRSD, AokdA(ord)o] FH-3

rw-'
i
il
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EHA7E7]E] 23t
IIR2E o= FE7|&

7h2E o= Aol&A Fl7]=

Keyword

(processing or hydrostatic or
grinding or mill or nanoparticle or
extraction or pulsed electric) and
(carotenoid or zeaxanthin or lutein

or xanthophyll or carotene or

(bioavailability or stability or
encapsulation) and (carotenoid or
zeaxanthin or lutein or xanthophyll

or carotene or lycopene or

) astaxanthin)
lycopene or astaxanthin)
EREE 398 297
TaEssdaT 104 63
Process for extraction and ) )
L . . Trans-lutein enriched xanthophyll
= - purification of lutein, zeaxanthin and
584 . } ester concentrate and a process for
rare carotenoids from marigold ) )
1ts preparation
flowers and plants
e e " 5
TEER 2007 2003
T
i ) o 60 70
A Es | (%)
L ]
A=A E ol =
g | EERSARTEAREEE a0 we Aueeos gu
AAbE SHA717] 1% AT
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M EEERY A2l EE | AgFd Frae] ¥ FHAVL
FEohe Ve #AddH. 2 AA= A8 &5 WHE g 2
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e H7FE 7= A% .
A1 el O HzEols ol U7l
(processing or hydrostatic or . I i
o ) ) (bicavailability or encapsulation) and
grinding or mill or nanoparticle or . .
. . (zeaxanthin or lutein or xanthophyll
Keyword pulsed electric) and (zeaxanthin or
. or carotene or lycopene or
lutein or xanthophyll or carotene or )
astaxanthin)

lycopene or astaxanthin or carotenoid)

A A 863 712
FE=EHF 139 98

Impact of high pressure and pulsed

electric fields on bioactive Carotenoid bioaccessibility from

whole grain and degermed maize

=E1 | compounds and antioxidant activity
of orange juice in comparison with meal products
traditional thermal processing
st A J Agric Food Chem J Agric Food Chem

Sanchez-Moreno C, Plaza L,
A 2} Elez-Martinez P, De Ancos B,
Martin-Belloso O, Cano MP

Kean EG, Hamaker BR, Ferruzzi MG

HA=5
2 #Ey
A= 2005 2008
TE (%) 80 90
pHtolzte A JHEAEE three stage in vitro digestion
AR Tl e A FAEHH Al 2=Hlof 2|3t FLZE]o]= Afo] 84
el

Aol
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L= AFAS R ANE A%

T F HE AV SAE AEE 20073 11¥E FH AT S A Vs A 9E
2 dowA 200830l 2AH o2 gAY Algstslvh whEbA "A al A o)Al o
Al 7ol ﬁé*éﬂt Al71el™ BCC Researchel wp=w FH QL A% 2007d =0 49 &9 of

Alob Aol @A At

2. 9 AFAT R ANE FF

BCC Research® 2008 % X3l (FOD0O25C. The Global Market for Carotenoids)®} Frost
& Sullivan®] 2007d H.31 (MO9A-88. Strategic Analysis of the Global Markets for Lutein in
Human Nutrition)oll wt=H FHQl 7|54 AFe &av|= H238 F7istal glow FH A
= AFE =S 7Y A bRV, ofAlof AlEE ATl Eol 2

oK) A~
s & g At

GLOBAL LUTEIN CONSUMPTION FOR SUPPLEMENTS, 2000-2007
(TONS CRYSTALLINE)

Tons erystalline

D T T T T
2000 2002 2003 2004 2007
LEGEND
CAGR%
2000 2002 2003 2004 2007 2000-2007
1 10 14 18 26 59.3
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Lutein Market: Market Life Cycle Analysis for Dietary Supplements
(World), 2006

A
us.,
Dietary Europe
Suppleme
nts

Volumes

=

Note: All figures are rounded. Source: Frost & Sullivan
R&D Market  Market Maturity Market Decline
Growth Time

M
>

9 10, FHR ARV AEAG X9d

FH AE FF AAGeR A& AFE FAd Aoz AdEy 2012496 1,800
o] 9o AANAFRE AT A0 ul),
140.0 — Lutein Market: Revenue Forecasts (World), 2003-2013 — 4.0

Revenues ($ Million)
(%) @38y YIMOID) anuaAay

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Year

== Revenues ($ Million) —+—Revenue Growth (%)

Note: All figures are rounded. Source: Frost & Sullivan

¥ 11 FHQ A7 HEFAE A
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MARKET SHARES OF LUTEIN SUPPLIERS FOR SUPPLEMENTS, 2007
(", 23 TONS)

. Others .
Synthite 19% Kemin

49 28%

Piveg
8%

Cognis
8%

D3M
40%

Source: BCC Research

a8 12. FHQ AX3AE ANFAFE
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High hydrostatic press
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Pretreatment: HHP

Sp b

7 | N\ J

o 15, AAAF (2): =83 AgE 53 FEATGY FHQ Ao&A FdVls AT

HHP: high hydrostatic press, PEF: pulsed electric field generator, MF: microfluidizer

AT GAS A4 1) HEAAE MA, 2)8A4 xanthophyll 85, 3) EAAS, A=
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F 239t
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Nanoparticle tracking analysis
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1. Zeaxanthin $f4A G4
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2. 3L FhEH o= w5 Ad A3

FrdfzRy JREwc=E AishE Fo =B (9-15)¢ EulE xanthophyll i &
FEE AdsE A9 FA%GT (E 8),

¥ 8. CarotenoidE AA3I= HF ¥
TF Hl| g+ %2 carotenoid | Carotenoid 5= [mg/100g]
Chlorella zofingiensis ATCC 30412 H Astaxanthin 101
Chlorella zofingiensis CCAP 211-14 A Lutein 282
Chlorella zofingiensis CCAP 211-51 A Lutein 235
Chlorella sorokiniana SAG 211-32 A Lutein 340
Chlorella pyrenoidosa 15-2070 H Lutein 320
Chlorella pyrenoidosa 15-2071 H Lutein 190
Chlorella pyrenoidosa HKU-003 H Lutein 350
Chlorella protothecoides CS-41 H Lutein 535
Chlorella vulgaris HKU-004 H Lutein 340
Chlorella vulgaris 15-2075 H Lutein 320
Chloella vulgaris CS-42 H Lutein 390
Chlorella fusca SAG 211-8¢ A Lutein 422
Tetracystis aplanosporum SAG 91.80 A Lutein 586
Tetracystis intermedium SAG 94.80 A Lutein 352
Tetracystis tetrasporum SAG 94.80 A Lutein 439
Dunaliella salina SAG 19-3 A [B-catorene 248
Dunaliella bardawil UTEX 2538 A B-catorene 0.8 pg/cell
Muriellopsis sp. A Lutein 555
Monoraphidium braunii SAG 202.7d A Lutein 360
Neospongiococcus gelatinosum SAG 64.80 A Lutein 720
Clorococcum citriforme SAG 62.80 A Lutein 760
Scenedesmus armatuss UTEX 2533 A Lutein 390
Haematococcus pluvialis flotow A Astaxanthin 4000
Haematococcus pluvialis flotow A Astaxanthin 4000

*Note: H (Heterotroph, +77]35<% 2D, A (Autotroph, F=HF 2

_38_



wae JAarsko] i | st F71FE59F del 7 dhal lutein

I} astaxanthin A AH4 ©]

)O

i -\
1o
=
o2
N
i
%3,
>
e
°

Chlorella zdfingiensis (ATCC 30412)

- Chlorella pyrenoidosa (Carolina 15-2070)
Chlorella vulgaris (Carolina 15-2075)

- Chlorella protothecoides (CSIRO CS-41),
Chloella vulgaris (CSIRO CS-42)

12 dmolA =R Edz AdE FHl EE okzeE uFE FRdd Tl
Chlorella zofingiensis (ATCC 30412), Chlorella pyrenoidosa (Carolina 15-2070), Chlorella
vulgaris (Carolina 15-2075), Chlorella protothecoides (CSIRO CS-41), Chloella vulgaris
(CSIRO  CS-42)& HER A, A (F)dA 7€ vigshe S=eted vls] AdEmet v}

o] QujagkFo] Yol AEFHFE T Al ofHwo] AT
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3. Xanthophyll 33 SUl& A wF AF 23

e N R0l
4 UV, NTG) AgE 53 55 T4 Ads =330

NTG &9% ol DNAMIA guanine¥} thymine® FAaZA el alkylations 9o7, AT—
GC, GC—ATE #4449 9471498 M3 7= 9 o]&3l9th NTG E¢ole ey
1= 1004, 2008, 30048, A00us, 500ug, A AIZFS 108, 20, 0% 02 2AW Edvo|
A atdvk. Al A= off aol e (27 18).

100 pg/mé 200 ug/mé 300 pg/mé 400 19/ mé 500 pg/mé

EEHA009 A4 500pg/me), A 104 30&F) NTG 99
A2 A
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NTG E91%o] Azle] A4 27 300p/m oA 208 Aelste Aol ngas Aoz
AebEh gaA NTG £919e] xh02 ALF 7, 24709 v F2UE Eelste] 4% o
Aol gk £XE flaskoll A wfgste] Flstivt (28 19).

3 < NTG A2| & > 4 < NTG A2l =>
35 3%
W *
* *

-~ - - *

% 3 & E. 3 ‘ol *

= £

2 a5 S 25

2 2
15 4 : 1.5
] 40 80 120 160 0 40 &0 120 160
Lutein/DCW (ma/100a) Lutein/DCW (ma/00g)
9 19. NTG Ag A, 5 #5599 K 2 FHQl A4 %

Az dAHES NTG g A2 Hit 306 g/L, NTG A2 &&= H3t 300 g/L oo,

A AT FHQ) AL NTG gl "2 111.28 mg/100g, NTG A& ++= 120.08 mg/g o
2 7% AR FEHE AL FAselv ofdoem B ow) FHIE Aitste SEdd g
NTG A= dA=e Wstols 2A e VAR ko, dGeldtAG Fe Sl Aibd e a4
o ol AR YA, o2 Wl ik AR o|nE NIG AE B8] @9 #AG T
A Aol Mskd FFE AWsts A FHA AHE P N A 98e L F 9
At
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4. Xanthophyll &% SU & 93 F=dX] AF 93 g2 43

e

Hi A Aol FRdThe] Aoy FR2He o vA= J¥}E &) fdEl CR WA A
Ho s A A s mAE o|&ste] TS W ARE e VERYT (28 20).

o
]

h

Do gL

18 20. CR WA E2 AAC dist Ax FAFN F=2=3 gF

ﬂ

FeSOs TH09 w059 AdE =7 98] A7ld EDTA= A7 3te % control (thz
)R Fol WA wAHJeH, dAHE fxad v yeEth EDTAE 222
= control¥ W2 A e} SEREEe] Asd SRR G dFe AA Ees

F A}, FeSOy TH-O= F22F shagfo] 84 mg/glo & 2244 mg/g <1 controlol] Y]]
| 2A vey S 2dete] ASols d3Fe VAR FAR SEED Tl 9% A
ATt

o
K

s
}
ofr

AN}

1l

O

o

A]

o
e
X2

ES
ZFAE (HsBOs, MnCle, ZnSos, CuSO4 Naz MoO) 2.2 o] F 7 A5 solutione F2=23% 3
H| 525k A] WErst o A 2ol A ey S22Y FEHoe S2490e ASd o
S ¢ F U AA2YY urea, pHEEA IS 3= KHPO., (KH:PO.
KoHPO)W 2239 44849 MgSO, TH:00] AAH 4 -Folle o] AwEe F5Fo] =2
=

=)

&

rlo

ot
o

vl

ot

Wale) 4SS Ads) FAGo] v TRed dUn v e Aow B o Fzed ¢
HolE QdFe nAE Aow wwdr Aadn Ba9e wE AR

oJE AR FHo % A% AsE FAT A YArh £ A
o ]

7)
ol Ao AAR HH%‘Ioﬂ "ELE’%—% pH= o] FAH A edol Fxbe] Ao o] FofxA] X3}

geege $Un 44T AR o Ad.
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nfero 2 B4 99 glucose®t A4Sl urea
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e

A5 solution®] A
o] Ml 7FA WX Ee FEE 282 Alx

=1
=

7H20, MgSO4 7H20
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21). @eo] Av]lE= 2% control¥ B

=3
=

_u._... _w maa
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5. Xanthophyll & S & 93 wldv]x] HA A8 (FA$E A48 A2A)

Hk-S- @ o1 A (Fractional Factorial Design, FFD)E £3F Z =42} 1 Xanthophyll 3% <l
2 A8 MRS ARG WA 2PHES RAMAS Fte] YA g
5480 AT nHT TH Fakel dHL T AL e Y] 9 AL Qs
Atk b wFET A e Aok mix M xAo® 10718 TS EFE 42719 %
oz Zede Tz W% IS SRR (13 2.

A B C D E F G
Glucose KHPO4 KpoHPO4 MgSO4 7H>O EDTA-Nap  FeSO4 7H0O Urea A5 stock
6o
=) =¥
® zozim 2
895 H ZoE
a0 - [_Js] e 0=
AR mF =
okl 6o . E E
IR 50 . R
gl 40 B i G
30
20 "
10 G
5
-I T T T T
-10.0 =75 -5.0 -25 0.0 25 5.0
BEerd 510t

e vguiAe] 2bzte] Aok tatel W acMA U@L Bl Xanthophyll

Fol dS v A= GEAA 5714 (Glucose, MgSO4 7THoO, EDTA-Nao, Urea, A5 stock)Z
Adetglet. o] Ade A7 4 23S st AAS L AP e Aol FASEATh o & vt
o2 7} MRS E AEE ol R ASe IS vAe Aoz )
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HE-S-3 W74 (Central Composite Design, CCD)-& &3 F=Z#d &} U Xanthophyll A4F # &
WA 2 71-S AT w9044 (FFD)E 53 &2 9 d&FAA 57FA (Glucose,

MgSO4 7H90, EDTA-Nag, Urea, A5 stock)ell thdle] &

Z2492 W Xanthophyll A2 93k
HA 274 FAdstAnt (a el =] ).

o

71Ew =1 e] AAEH] EDTA (g) : MgSOy4 (g) : A5 (ml)
HAux2] AEH] EDTA (g) : MgSO4 (g) : A5 (ml)

I
—
(@]
DO
()

Lo

I
—_
oo
—_
Do

¥ 24, WA Eol et S2d S R A0 ol v A3
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A4d TR I ZRA = 45 e A (Fe9)

(1) 22492 v 248 A8 gy #4719 54

fﬁi
X
Hel
5=
)
o
lo
i
Ol
ox =
ol
S
>,
oo !
et
4>
X9
rir
o2
=
f
lo
%
o
-
>
il
o,
I
)
il
b
AN
)
e
SIS

BoAge AlgH 3wt A 7|9l Microfluidizer (Model M-110Y, Microfluidics, USA)+&=
diamond coating® Z-typed vlola=z Ad-& AA3tal o] oJBA T gAY AHy¥ERY =
defel 22 A & "2 2] APt frelsteE AlEtE o] gl

Microfluidizer®] & TFAFEL FAE 19to® 71stslA ¥ intensifier pump, L8] 3l
7hetE A7 A== interaction MW ok (1@ 25). A BA ] Microfluidizers <
F-o AAE 2098 9] air compressor ¢ intensifierE ©]&3Fo] FHdl 138 MPa2] & A&

7}e 8t

Intensifier pump
(Max. pressure = 138 MPa)

Temperature controlled
sample vessel

Pre-treatment chamber

Z-tvpe interaction chamber

19 25. Microfluidizer Model M-110Y, Microfluidics, Newton, USA
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(2) E22de/vx A 2784 21 &9

1Y 26. Untreated Chlorella vulgaris (x1000)

Y 27. Chlorella vulgaris (from http://www.bae.uky.edu)
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(1}) PSAE o] &3 1} 9x A

O 29 289 AW+ laser diffraction particle size analyzer (Model 11320, Beckman,
Brea, USA)Z 0.02 - 2000 m2 =4 WS 743 v}

@ PSAZE o] g3le] ugterd old Fzdels 43198 uw size distribution curve
= oy 299 2 A A H v 3 um AR dEd Fzdete] mv)9)

G
VTS F & 5 Uk

ULM(Z54]) ZHEFA|

19 28. Laser Diffraction Particle size Analyzer 11320

14

12 -
= 10 -
s —— control
v 2
£ 6
=
- 4

2 -

n > > k- = - -

0 1 2 & 16 40 100
Particle size ( m)

29 29. Size distribution of untreated chlorella control
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S|

(t}) MastersizerE o] €3 v 95 4

ri

A
FHLE W] size A0 7hed Avlojvh. E3F Pump/stirrer”) &F 5 o] 9lo
g

UAAZ A A BEAS FA A A F9 ultrasonication®] A4S bt}

@ 3 A8 ugrHE
Z=A3 Ay= 29 313 2o
@ Control® W] eR-S v T2 HE F sizes nmIF A7} pmAI S Ak

219 30. Mastersizer (Mastersizer 2000, Malvern, UK)

2 —&=— control
T A ]
: F ——x 10
5.: 5
s 4
e
=
2
1
| S

0l 02 03 04 13 3 5 10 1% 40 79 158 316 431

particle size (im)

19 31. Particle size distribution of chlorella nanodispersion prepared by

microfluidization technique (103 MPa, 10 cycles)with different dilution
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309] H]= mastersizer 2000 (Malvern, UK)2.2 =4 W97} 0.2-2000 m=

A HE¥ (103 MPa, 10 cycle) dE 98 mastersizer 20002 %



S|

(2}) ZetasizerE ©o]&3 U A} 4

ri

O Size ¥ zeta potential =T =4 73 ¥ Zetasizer Nano ZS (Malvern,
England)® 0.6 nm - 6 um9] size A 0¢| 73t} (7 32). A A F=d9}
Ayl $o Yx A A7) B A e WeE B d3e Fo dn FA A

2 ALgEra,

19 32. Zetasizer Nano ZS
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offl
e
o
ol
i
BN
™
=
>
o
o2
HiL)
i

B3} 50 G size 24 Avh= ¥ 99 2},

it 9. Particle size data for chlorella sub—micron suspension prepared

by different microfluidization cycle and three different pressures

Pressure Z-Average

Cycle PDI
(MPa) (d.nm)

0 0 2226+108 0.185+0.06
1 2056171 0.272+0.02

40 5 1664+178 0.429+0.09
10 1251+110 0.440+0.03

1 1713£315 0.406+0.07

80 5 729446 0.490+0.04
10 622426 0.468+0.02

1 1125432 0.484+0.02

120 5 658+53 0.460+0.04
10 604+13 0.452+0.10
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(" NTAZ ]88 Y= 944 =4

(D Nanosight LMO NTA system (quotation, UK)<2 10 nm - 1000 nm2] =4 H¢
g 2= Aol (29 33).

19 33. NanoSight Nanoparticle Analysis

400
5 300
W
i
w5
0 200
o S0 (nm)
g 100 d50 (rm)
=t

0

@l @-2 @1 @-2 @1 @2
Processing

1Y 34. Particle size of the tween 20 according to the processing mode
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(3) 224 Jess 98 MF 27 243
[e]

O 9 otds} &3 34 (124 MPa, 10 cycles) Z7A9 A control5-¥ 20v] 7+ 3] A
Z7e] WgE Fof aerd HEd dy= 19 359 2ok
10
4 | NonMF
MF
8 e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ee e ee e e e e e s e e e e e e e e e e e e e e
6 — 7 ................ I N 7 ..............
= i
(=%
4 - i ... ... ........ . .\ ......... R .. ......... .00 . ... ...
2 -—eiieeeeeee.... ... .. ...... . ... . ... . e
0 I I I I
Control 5 10 20

Dilution

19 35. Measurement of pH according to Dilution and Microfluidization processing

@ ngFAAL} IGFAAY A g AT pl FEHRAG oA FE A

b A Ay A Ax¥oe] 2 WA cytosole] &

@ a9hird AHel Al conductivitye] FAZAy 7 36 oA e} 2ol pHeF wA =

Z7} 39k o] cytosol £EE o] 2Eo] WA oA o] conductivity’} A%
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Conductivity ( ms/cm )

10
4 || NonMF
MF
8 e e e e e ee e ea e e e e e et e ae e
6 P
| %
4 N 2~ P
2 A 777, S
0 T IIZ ll% -I%
Control 5 10 20
Dilution

219 36. Measurement of conductivity according to

Dilution and Microfluidizer processing
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D MF 22 458 9% 3 94 3495 F24¢ §o19) 34 (Dilution)

b &L dH T} slgolA e 34 el wE Y 4 2y 1y 373 2ok

3000 3000 3000
—@— Control —@— Control —@— Control
—O— 5 times =O— 5 times =O— 5times
2500 et —%— 10 times | 2500 - . =W 10 times 2500 =% 10 times
—_ —_ 2000 4
E £ £
= = =
L = =
o z z 1500
2 z z
T £ £
nc: S ]
A~ A~ 1000 A
500 IR R L L T T T R 500 ]
0 T T T 0 r T T 0 T T T
0 40 80 120 0 40 80 120 0 40 80 120
Pressure (MPa) Pressure (MPa) Pressure (MPa)

Z1¥) 37. Particle size distribution of chlorella sub—micron suspension by microfluidizer

form different pressures and dilution. (A:1 cycle, B:5 cycles, C:10 cycles)

[e]
e AYY 5 Qe 5 H4 x70] A ikl vk AU Aow
o}
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@ MF 27 H4sts 919 7 A 3485 A s (Pressure)
b &4 A wFd S SAFxdeA ¥ =1 ¥gE T8 dr A A=
1y 383} 7.
3000 3000 3000
®— 40 MPa —@— 40MPa —— 40 MPa
80 MPa —A— 80 MPa —A— 80 MPa
2500 —&— 120 MPa 2500 —— 120 MPa 2500 —— 120 MPa
~_~ o= =
E 2000 E E
s s 2
I @ <
S 1500 = 3
) 2 -~
— L 3}
2 2 2
S 1000 = 5
& A~ R
500
0 0 T T T 0 ] ] 1

1 5

10

Number of cycle

A

Number of cycle

B

Number of cycle

C

Z1¥) 38. Particle size distribution of chlorella sub—micron suspension by microfluidizer

form different pressures and number of cycle. (A:Control, B:5 times, C:10 times)

MPaol] A
ATt wE

size©| 3=

1.

o] 9

-

0]
H

W 80 MPa¥ 120 MP

=] [e]
AasheE As

el wE R YAk 2]

A7 G B3rF AA @of 80 MPa 2 A€

o2 By}

A} size”} control ¥

o

3}
ol
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@ MF =71 4355 93k A WA 48 F2de &9 &
b Y A ZHA HEE cycle WMIE Fo] ugtrd F 9
g 399 2t
60
50- ........ Control .
—_ — — 1Cycle
X 404 |—— 5Cycle
: — 10 Cycle il
Z 307 H
= i
5 :
= 207 2t
= :
10 YA
. AL \
AN WX A
0 L} T z T ¥
0 1 10 100 1000 10000
Size (d.nm)
60
50- ........ Control
—_ — — 1Cycle
X 44| —— 5Cycle
bt — 10 Cycle
3 30
5 20
4
10 -
0 L} T
0.1 1 10 10000

Size (d.nm)

19 39. Influence of number of cycle through the microfluidizer on particle

size distribution of chlorella sub—micron suspension (120MPa)

B FEde A Z7)E cycled Z7o wre) e A
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o
o

X

m]
)

FaaTh (L 40).

913

13 40. Microscopic images of chlorella sub—micron suspension prepared by MF

: (A) Control, (B) 40 MPa, (C) 80 MPa, (D) 120 MPa

condition (10cycles)

400X (C, D)

— Magnifications: 1000X (A, B),

o= °F 2~3 ume|t}h ¢

[}

12 e mEe T

A

Ein

%1—

W AL

b s sl

< 719

120 MPa

ol

iz

e

iz

e

_ZTI

of whe} P size7t A STt
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S|
&

2

. MF Hg =44 ZF24989 lutein 5% %

(7l MF A& Z=zdele] #43)

O Fz9g dvkas ZF 40 ~ 120 MPa &8 Z#dolA 1~10 cycle 53} 34 w3}
of W& MF Az & F47%7] (Ilshin Lab, Korea)& ©] &3t 54 Ax & &
A

A 9= 4 9 HPLC 4l A5 vt

(b)) MF z7e] uhE lutein 5%

O OPolA A3 Fzde B2o 05 go 90 % ethanol 50 ml& #H7ste] 0 ~
1205 ‘&9t sonication (Elmasonnic S, Elma, Germany)* 2] 3} t}.

@ A 8 FFES Whatman No 1. oA & F3to] oAFfA AT of3td F5=2
HPLC 4<% 9@} 0.2 um membrane fliter= o] ¥A|#A 1] 3} v}

(th) HPLCE o] &3 A&+4

@O HPLCE ©]€3F9 chlorella7} 13l lutein®] A HFHE4-2 Chael Wl we} &
AT (22).

@ ZF2Ez8 25 lutein 725 9% HPLC systeme Dionex, Column< YMCA}2]
carotenoid column (3 pm particle size, 150 mm 4.6 mm, Waters, Milford, MA,
USA)S AMg3ern, #=7]= DionexAte] DAD-30002 Lutein 445nm,
chlorophylls2 660nm=z EA]ol] AF-&3}5] ).

@ &7 A (methanoD)®} &7 B (0.8 tert-butyl methyl ether)ES * & 7&7t# A &
& 100 %= 3FaL 7T-8 ¥ 2 A B =95:5 8208+ A:B =9 :5&
A B E 20-21% Sk A DB = 65135, 21-40%S A B =65 362 &
B4F- 7HA| HhA] ﬂﬁﬁr 2 A B 100 %ok 22 xhow selth 1elal flow
rate™ 30ColA Iml/min= 3} % T},



(2) o

7h

(th

(=h

GEE L
el x70] Wt $4 dx F A5 2R PUevd 26 £F AnRs o

41, 429} 2

VIS i
prul WAL 445 nm

Lutein+

400

300
200- ‘|

0] p

I N
M AW VU

Absorbance (AL«

i

i

-&0 T T T T T T T T
0o 20 40 B0 B0 1000 12.0 140 16.0 18.0

Rentention time (min)-

1Y 41. Chromatogram of lutein obtained by extraction of

chlorella with various treatment conditions

Control®] 4%, 90% &2z 3% A 23 A7 45 FHAe| Ao FF
Fokom 30% ¥ 062 mg/g, 60% ¥ 0.81 mg/g, 120% % 1.17 mg/g o2& A|7H|
e} FZdo] NAE F7hsrelt)

e 4o ngt AYstel 2% Ans A7 AFoAE Ao Sk et

MPag) 3§ %
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I Control

7ZZ 40 MPa (0 time)
BN 120 MPa (0 time)
BZE 40 MPa (10 times)
E== 120 MPa (10 times)

Lutein content
(mg/g)

1Y 42. Contents analysis of lutein by extraction time with

conditions of chlorella suspension

() =zt dhe 108 g4 & F 120 MPaclA A2 stsle ws=

&= = F= 43 575
mg/g ¢ FHo| HEFHo F&H &vjE W3} T Fzdgrt I3 FE Sl
Aol AYE FEHE Aoz AzYQ

Sy 2 A3 size #

= o
1 FE Ees o A7=

- -
A,

1.

%%
EAAQ Aow W
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A 54 P23 II: E34F 7171+ 2 38 2 xanthophyll 5%
2 BA Jls A (S Ishrsdq )

1. Xanthophyll AZF ¥4 3 9 ¢

LS

oX.

8 AT

o AFdAd A F2 eAlo 2 3= xanthophyll 73 £9 b E Ao 23 284S
3 Ao® 4#HA ¥ lutein? zeaxanthin®] B2 F FIEE] w0 =0 gt BFES FHuL3}

of IPLCE & A& 49 & yskalrh

=

- lutein (SIGMA X6250)
- zeaxanthin (SIGMA 14681)

lutein3} zeaxanthinS- #+24317] & HPLC =4S €43 Ay} 23 22 A4 &4

wel7k 7 & o] Fel ATt

¥ 10. HPLCE o] &3 712 E o]l = AFEA A
Column YMC C30 150 X 4.6 mm, 3 um
Temperature 30 °C
Injection 20 uL
Flow rate 1 mL/min
Time Solvents (%)
(min) tert-butyl methyl ether methanol
0-5 5 95
- 20 15 85
- 30 55 45
- 40 90 10
- 45 90 10

714vli= tert-butyl methyl ether (TBME)®} methanols ©]-&3}% %
Ao 7Y EdAoldes sttt AL HE IR ol 44

o0 O
C30 #ZHe AHg3tlon ¥9 1 mLo fr&o =2 527 3t
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o mE o

&l luteind} zeaxanthin® & ZAFE
1 =49 9= & F3ATh

183l spectrophotometer®t HPLCS H &

- Absorption coefficients of lutein (A" 1)t 2550 (ethanol)
~ Absorption coefficients of zeaxanthin (A 14m): 2348 (diethyl ether)

Iutein 1 00ppm11 20.DATA

RT [min]
20

19

Time Quantity Height Area Area %

Lutein STD 100
ppm

8.02 84.43 97.6 254 84.427

X

(100 ppm)¢] HPLC A ZvE 1Y

=]
o

AL o 95% o]l purityE K¢

_IZiQO
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O

zeaxanthin®] <HgAlo] &8 Z o

= R e 2k (23).

na)
N
ri
i
ri
iy
o,

3t in vitro digestion A] lutein¥}

Aeke] FEQlel ek A HEE

¥ 11. Zeaxanthin, Lutein®] stability9} #a ¥ 234 3!

Zeaxanthin Lutein
Time of digestion, min RT YT RT LB
%
60 92+5h 102 + 4 131 = 41 79 =12
120 131 = 11 101 =12 149 + 24 96 + 26
180 113+5 91 +8 124 + 10 70 £ 17
240 108 + 16 X Gy 127 =9 88 + 31
300 124 + 17 94 +5 138 + 5* 87 + 28

1 Values are means = SEM, n = 3. *Different from 0 min (T0), P < 0.05.

- RT: red tomato, YT: yellow tomato, LB: lycopene beadlet
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2. A ZF 258 Y xanthophyll 4 2 3%

Lutein st&Fo]l AL, Alax 5 =4 29 108 o] Aoz d#A v 2=
FH xanthophyll =241 AAISATE (9 44). F2E o= FHAo] F JIZH o]l EE
EA)8kaL oFzke] wEl L2 E o]

& S0 F AT ES FLRE o= Q&
F229 a, b7l UF FHHANSEES AT F Ay F22H9 F34HE<l pheophorbide
9} pheophytin® HA 7 &% A}

14 15
5 10 15 20 25 30 35

Retention time (min)

a9 44, dqidE=Edee JlEEH kel ¥ F=2=239 AR 4. 1. hydrophilic
compounds, 2. pheophorbide a, 3. chlorophyll b, 4. chlorophyll b’, 5. lutein, 6.
chlorophyll a, 7. lutein, 8. chlorophyll a’, 9. lutein, 10. pyrochlorophyll b, 11. B
—carotene, 12. pheophytin b, 13. pheophytin a, 14. pyropheophytin b, 15.
pyropheophytin a

FIRZE| o2 #4& 9% H4 &S AAS Y] Y8kl FAWM (maceration: MAC), 5§
o (Soxhlet, SOX), %535 (ultrasonic assisted extraction, UAE), o} A FAF5H

(pressurized liquid extraction, PLE)-& ©¢|&3lo] =¥} 2Z5-H xanthophyll 2 chlorophyll

BAe 9% AAFENS vw st
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LR L

i 12, FREAHRERY JRHeE FE5& 9 =

=
-

Comparison of the Chemical Composition of Extracts from C. vulgaris Using Four Different Extraction Methods®

carotenoids (mg/g sample) chlorophylls (mg/g sample)
extraction method® Iutein j-carotene chlorophyll a chlorophyll b pheophorbide a pheophytin a
MAC® 297 £031 0.08 £0.01 4.26 £0.53 258 £0.09 0.85 = 0.09 231 £ 017
sox? 342 £011 0.26 = 0.09 3.32 £ 0.30 3451028 * 515 +0.59 *3.90 = 0.16
UAE® * 383028 0.10 = 0.02 512 £ 029 3T 04 *215 £0.71 2.64 +0.94
PLE 160" * 378 +£0.19 *0.50 +025 *** 963 + 0.65 "* 577+ 0.68 **0.01 +=0.00 **5.64 +1.07

Values marked with an asterisk are significantly different from MAC as the control method. *** P < 0.001, * P < 0.005, * P < 0.01 using Student's ttest with n = 3. ® Al
extractions used 80% ethanol as the extraction solvent. All components were quantified using the corresponding standard. “MAC was performed at room temperature for 6 h.
“S0OX was performed using hydrodistillation for 2 h. ®UAE was performed at room temperature for 2 h. "PLE 160 was performed at 160 °C for 30 min.

& 124 o3t FRUGUEFEH FHAES FETA o 25945 (UAE)H oA A
F=W (PLE 160)0] 8&49& & 4 Atk ekl X (MAC)Q] 4% 6417 o] &
3198 Wl °F 3 mg carotenoids/g sample & FEEZES HIA T olAAFAFEFHLS 308
ol o] & FEEEE JIEHEOEE A& F AT 53] olARAFEHS IIEH R
oj=iivlo] ofrg} SEEHE FHE 28) o] =& TEE FEIHE F U wEA =

EHxol= 2 FREIS FEI7] A8 H4Y B&s Wl okdAFAFE

¥ 13. CCDE °| &3 PLE HA 5= =10 43

Central Composite Design with 13 Runs for All Possible Combination
of Factors Levels

coded variables natural variables
run order Xq Xo temperature (°C) time (min)

1 0 0 105 19
2 1 1 160 30
3 0 0 105 19
4 0 1.414 105 34.6
5 0 0 105 19
6 1.414 0 182.8 19
7 0 0 105 19
] 0 0 105 19
9 —1.414 0 27.2 19
10 1 =1 160 8

11 0 —1414 105 34
12 - 1 50 30
13 -1 =1 50 8

_67_



30 Lutein 304 B- Carotene
(mg/g sample) {mg/g sample)
25 25
” < 00 < 0.2
o
E 99 0.0 - 0.8 g 20 0.2 0.4
= M os - 156 = Wo1 - 06
15 M 16 - 24 151 M o6 0.8
W z4- 32 HWos - 1.0
10 | | > 3.2 101 [ | > 1.0
5_
50 75 100 125 150 175 50 75 100 125 150 175

Temperature Temperature

a9 45, 249825 JIREHxolE FE& 9% PLE 9

a9 450 o)t FE|IQISY HAFEZFALS 1482°C, 34.6%0low o|we HFEHFS

365 mg/ g F=HgH. =3 e JtEEe] HFFEXALS 1168°C, 261801903 0.75
mg/g FZAete HUFEHS JeEbULh Fo FHEAQ luteine TFo] F=HE 1 g @ 3

o
mg °olFo® 200-300 ng/g FEoE FHA AY, A
gkt webA S29e el 3iE FHAS E&Ao2 @837 98 & AV
o

AEozA e AolgA Tl Aol HFst

st 249 J 72 E o]l 3HiskeEs SRlety] 8 oldA FEE Tl e
z2Yg FEHEEZ5Y 4aEA  (trolox equivalent antioxidant capacity, TEAC)S =74 3}

Atk (27 46). 4823} 257 Fobd = (HU 160°0) luteing B 53 itkst=d o] A4 o]

| hydrephilic compounds

2 pheophorhide a
= 3 ehlrmophyll b
- : . 4 ehhompliyll b
g :_ L : £ lutein
g L= K & ehlorophyll &
_E / 7 elsslutem
B ¥ chlorophyla’
r / Y clohie
= ¥ cis=hiein
E / Q Q 1 pyrochlomphyl b
= / fr/.' AW | fecanoiene
= -
E 15 = 12 pheophyim b
5 11 g 1} pheophytina
ﬁ g &F &= 14 pyrpheophiyiinb
= 0 A = - 15 pyrophesphyiin a
b= 360 85100 I3 Q60
MAC | UAE FLE

N
juit)
e~
(@)
i)
I
ku
£
e

ER2EHRRY R0l B FRR2d & A FAbs 23
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Frds 22 AHE T8« Ad7Isd @58 fd AV, o, 24 59 =94 7F

A s AR ARE AxT)

ok

High hydrostatic press - Microfluidizer

a9 47, 2z} AR LR Eed A4FTHA

L

High hydrostatic press (Z31% A ZAA)E AW 50007199 AFSS AR 7=
Ae AvE SR Axd SHE 98 A&t skEAE Al high

o] g-8ke] 10,000, 30,000, 60,000 psi®] 9Hele Zmale) wjokedo] 10% Et 7lsle] HHP 2
24885 Ax3ATh

=

yvdrostatic press

(ld

Pulsed electric field generator (319} F2A Al FA)E FHd 40,000 Veme 324 4-& Al

&8k nAEe Apde] o] &dT. M =] =
I ovgk deE 229y Alxe A 2Es B8 s F=shr] f& 4853
7] 22l Al pulsed electric field generatorg ©]-83} 5000-10,000 V2| <& 100-600
oF g3 PEF F2da8E Axs)

2ol QE & ot A A7149 9 o

ir
o

nt
=

=
0
oft

Microfluidizer (W] AEH A= Ho 25000 psie] +E dloA] A gEo] HEd) A o=z
AN FEANUAE o&s] ARE B ANE §F um AlolRe Fe FRUaE EYde
2 2437 8 desd. B4 Ay A Microfluidizer® o]-§3te] F=#e} nj ko
18,000 psiz & 103] A Fo=a MF 2485 A x99k
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49

A

o=

==

gl (MF

ZFol 7} whr), 20,000 psi o]l A A

==

At} E3] microfluidization

alo

rel 7ol

¥
ojy
ojn

s7re]

o]
-+

g

o
o
o
=
o
i

20,000 psi
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HHP XA &< PEF M2 AE, MF AHgA R F FEQ = 7taxe a945
o2 FR37] gt F& AFS YUY, eI ) o] F
|

AZE el FFRE o] =] FEo

o A e 3k

Laeincond endra ion
(mg/g chb rella)

o7 Fza Ao A% &

Well 7hd @2 FEQle] FadS e 5 v (™ 50).

HEAUE F ANRE (b o, D]

il

PEF  MF(rm) MF

tl‘emm

All samp les were extracied in
0% ethano] for 120 min.

60,000 pg, tretment time: 10 min

* 10,000 Vfom, treatment time: 300 ps

© 18,000 pg, 10x dihdion (raw), 10 cycle

118,000 psi, 2x dilation(] x 10" cellsfmD, 10 cycle

a3 50. 524 71eA 289 lutein 5239

=
g B dfee & 5 AT I

- 71

obE¥ HEE A e ABHU FHEE]
2]

HHP X2 ¢t PEF X g Xt} MF A

g3 Wolg4 M NP FAsAT



294 FEAUE A7 2rdetd AL G AEE s Aa AAAN Y B A48
e %*—M] A U Axe WS 4] Astel BYH AEAUE AL AEE 2
1
[e]

%4 ARAN G BAL 9% An A By

Procedure Chamizl Tamperature | Time | Bepetitims Desoription s (for 4 mmples)

250 .:, of chiorstls culhes

1003 cetl

250 ul of QAN spdivem camdise -W[W: 21408, 51 36mein 1 1ml TOAW
: b 250yl of #ho{v) gluErddeinge Fos i - Boziock {10mT), 06 ml COAV +(_5ml sndc
A 250 1l o 02N phoegiets buffer e il | Tix 1 5,98 # sodium phveghel monchesic
43 45 g zodiunm ghospiele dibesic
in IL TRV (gH 74
Tazh 1m ol distitisd weier RT 5 min 3 3,000 rmm

”

250wl of 02N sodivm camdiizle, $1ooamicacid

Secondary fcation mieinfmde | 1 i}

250 ul of Q2N phoeghete b (T 4)

TWash 1ol of distitled waler RT 5 min 3 3, 000 rgm
500w ethandl Smin 1
Tbethand Smin 1
Dehydration Bb=thand RT S5min I 3, 000 npm
o ethancl Smin 1
10045 athencl Smin 2
Substitution Jrmethd-2-propenc (tort-Butenol) RT 10min 1 3,000 rpm
Dry Dean fremr — Frams dnsr -5 Qv 1

Sodium cacodylate¢t glutaraldehyde & WHgAloFO.Z AlGslgl o ojufe] & MXE = °F 100
o] 7MY MEE dido=z FAs AT 1A HEE ol FTRTE AHsY o 2x sk
osmic acidE ARg3te] a3k} oS FEE 50-100%% HAEE S8FHA dehydrations-

1

TAEH A HEFHOZE tert-butanolZ A 3HSF F FAUAXE T AxELES A& F ASUh
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- ) HITACHI SU-70
— accellerating voltage: 15,000 V
- magnification: 10,000 ¥

KBSI-SU70 1.5KV 3.2mm x10.0k SE(U) 12/7/2009

o §2
>
(2
-
=
=S
il
fl
(%
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5. 9-F-% BAL Axd 75 2 ol g4 AT

=294 71F AeEs AR F2dE AR HA 48 A
in vitro digestion system& 753} HAESIAT. -4

&3 BEE in vitro digestion AEAT1F Q] Failla 159 Z9& 4§31tk

Test Meal
{Homogenization)

Synthetic Saliva a-Armylase
~V~}
. 1

Oral Digestion
{pH =828, 10 min, 37 °C)

AN HCI Pepsin

_’._.J "
" : .-

Gastric Digestion
{pH=25,1 h, 37 °C)

| Bile Extract, CEL
10 kO Pancreatin, Lipase
T 1=

"
Small Intestinal Digestion
(pH=6.5,2 h, 37 °C)

D RL -
Py
e e

Centrifugaftion 'E%Fﬁfzg pm filter
[5,000g, 45 min, 4 °C) -

Micelle
__Fraction

VN

Caco-2 cells
an plastic
For carotenoid uptake

Caco-2 cells on trans-well
insert
Feor carotenocid transport

19 52. Failla 259 A # TAAAH

o L=

=
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=84 7teAe 4y F &3F 290d PEF et MF 228858 A8t 753

in vitro digestion Al2=®l-& F3l &% A= 1 159 #Zoh

¥ 16, =94 Jte A F2de AR AolgA Tdladg

Lutein ratio (%) vs. serving
serving digesta micelles
CVv 100.00 15.96 1.18
PEFCV 100.00 61.81 6.33
MFCV 100.00 93.41 21.95
A% A3t Microfluidization > Pulsed electric field treatment > no treatment 9. = AJo]
|74 Beol =du

duk 2l 4 HFH A astdA oA luteing release”t AL dojuR| LEE5E &
gho] FIRE| o] EE o] &3l7] A= AoliAds FuAE T 3

=
=24 ThEAe] Wiie] W=l Hadhs HojEth

rO
e ot

-
30
32
v
o,
pous
flo

It
f
i)

Microfluidization A& & 3+ Fzdele] 4§ F o] o)
T 20% AR/t AEFHOR o § Jed Y dAPS FAFPn (v FRdATe] 20

Hi).



A6 A

%3

o =
< g

249 FEFES o|&sty] AslAEYAZFEY fE3 Wt AAMAE EHE B &4
in vitro, in vivo 2@ A &3 Th
1. Al¥ 54397}
120
100 | T = T
= s
g
G
-]
£ wl
2
B
=
40
)
20 |
£
=]
&
0
50 10 1 0.1
Chlorella (pg/ml)
a9 653, FEEAY FEEY AxsAd 53
F2de FEES 5 E2 A EAAYE (RGC-H M de], MTT assayE
AESAS Bl o, F2Et RGC-5 AEE APEAIE A4 B4l 98
st
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2. Al AES HUt

120
%
100 |
E —‘7
_‘, EL
@ 80 | T
S 2
E 60 | L
: [ :
v 5
£ 4op T T 5
%
20 | %
<
7z,
0
50 10 1 0.1
Chlordla(ugml) - - + + + + -
BSO—I—glutamate & = + + + +

13 54. RGC-5 TP A XA U F=dzt 58 AXAES &3

2
Hl

Fzde FEHE9 49 N4 AE (RGC-H) BT &dE A7 9o, Alx wF F,
58 w2 E AAY3 e, 05 mM 1-F-E od AZA[1-buthionine-(S,R)
-sulfoximine; BSO] ¥ 10mM L-&F%4HL-glutamatmic acid; glutamate)-& 244 7F &< A

g & MTT WS AHEsle] AEAEES 243800 2 23 BSO% glutamate¥wHS: A ¢

=
g w wasgl e W FRde FEES HYF 7L vE JEFH R A¥XAEES B9
feln 22U FEEL Agasdad ofF AEALE oAs: B AL Felsl

tt.
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N

3. PI/Hoechste 33342 o]

Panel A: Control Panel B: BSO+glutamate (alone)
Panel C: Chlorella 50 pg/ml Panel D: Chlorella 10 pg/ml

Panel E: Chlorella 1 pg/ml Panel F: Chlorella 0.1 pg/ml

}o]  PI/Hoechst33342

S

_?4

ojy

%314 o]

ol
&l

-
1.

Hoechst33342

24X 3k

=
=

A2k BSO9F glutamate

=] o1 3

2 contolol A= 3

o)
5

SEEE

-
XN

Al

3

positived

% ¢)FEZ o2 Pl positive

Ro=Z Hol cell viability 2

-
1.

Al

?:51_
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e
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A2l

g E 8 8 8 °

=

101U ) 01 pare diod aduadsaTony £ IANE[E

a1

10

Chioelbest. (ugiv) ~ BOCG(M

-3
| g
{
1

B

—H]

ik

# & &8 & 8§ <

1013UD03 3y 0 pare dumd adadsaIoNy IO (I IATIR[AY

50

]

L

1
Chlordla ext. (ugin)

|

l:

g g g g & =

=1
Tonuod ay3 03 paredmiod arusasalony J( 2ABERY

10 o1
Chorellaet (g~ EGOGGM

T

BGOG (1)

Hydrasy] radical

Orygen radical

Hho,

)A
B

A

N
=

T

s

=0

H

DCFH-DA

a3t

g

3} A

3

A]

te A=

S

AbstaE g 2o 9

Fsiuk. whepa

S

X
ZaN
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5 A AEG 26 oF e SFEE2(GSH)2 A4 Z g3 &y}

10
1 | 0
T VT
8 8
» 4 ©
2 2§ . T
zZ g g
- X ¢
>
4
| | H ﬁ ﬁ ﬁ m |
0 1] IJ_I ILI ’L‘ I_T_I ’J-‘
Contral 0 W 1 0l NAC Control N W 1 01 NAC i W W 1 1 NaC
Chiorella {pgiml) 1mM Chlumlh (|g/‘ml Cmﬂmﬂa ,,gm) b
Hz0z Oxygen radical Hydroxyl radical

a9 57 2248 28 YHAAA L U FFEHE2 35 53

F2dg FE2 99 A A X (RGC-5)olA =FEHE < (Glutathione; GSH) 35 &3}
2 (GSH) %3S Rahman 59 WS WHPse] A3
ZE 9 OH. gfujzel| 93] fxd 4ks et Zdel o =

(ld
do
rO
_0|L
N
fie]
_0|L
2
r
2l
il
!
o
Ruj

fo
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6. Apoptotic protein®] @3] U3 F=dg FE59 a

Chlorella ext. = = 50 10 1 (pg/ml)
BSO+glutamate 2 + + + +

cleaved PARP —» @ — © s 89KDa
Procaspase-) —» SIS AIID D SR - 47D
Cleaved caspase-9 ——» e 37kDa
—_— _— 1)
Cleaved caspase-3 19kDa
— - S 17 kDa

actin —> (U ;10

g 58, FrUd FEHE9 apoptotic 9MZA g oA &

A AEG 20 93 AEAPE (apoptosis) ¥ BHE A apoptotic protein®]
3 western blot WH-S ARSI UE. ApoptosisE ¥ o7]|E UAAE Fo| PARP  (Poly
(ADP-ribose) polymerase), caspase-9, cleaved caspase-3% targeto. = 3} AFg}AE & Ao
ofgh Bt NAHA Axe] e Wweg gl kA 9] AstAEHAE AP gh el A
apoptosis® 4o 7] @Al cleaved PARP (89 kDa), cleaved caspase-9 (37 kDa),
cleaved caspase-3 (17k Da) deo] F7ighs @#x & & Ak 28y 2248 F5£85
2] 3k oA+ cleaved PARP (89 kDa), cleaved caspase-9 (37 kDa), cleaved caspase-3

(17k Da) WA Wdo] ¥E o2qon F4ade Fshgln)
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7. NMDA A 2] o] 23t dutz=A o nj

rir
of
ok

A 4

Normal i Chlorella 0.2 pg/ml

NMDA

=5 xAg A oz #EEY] 98, NMDAe| 93k exitotoxicity =4 59 3
H&E A& P35t HEE A4S F43t9s o, 3 depfo= Mx
2 5] = = E HYd 7S vaIAS
g, NMDAE Hed 2 IPLe] FA7F dAsHA gkolA= AS I

2} FEFES AEe oA IPLe] FAVE gfolRs IAHA7E AS FJAF F AAdrh w
A NMDAG® 93 gutir] o] ¢koldS Fr2de F:5Z0] Bidte a7 d&s 93
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8. NMDAA ol o3 v NAFA AxFe &4

A B C

Normal Vehicle Chlorella 0.2 pg/ml
NMDA
a9 60. 229 S THNAE AX &4 I8 23
(312 += TUNEL positive A XE EA])

NMDA¢®] 23+ A EAE (apoptosis)S 213t7] ¢34 apoptoic celld] Eo]& o= positive

A 95 = TUNEL 94 7]'HE AFE3sI9 T, NMDAo| 93k exitotoxicity =4 19
o AMAA AE Q] apoptosisE 23S T ©] Wl TUNEL positive Al ¥ 23 -2

P
A
2 34 e Aoz AzEH Y. Control 7oA+ TUNEL positive 3+ M EEo] 97

=

o}, NMDAE A3k vehicle oA+ TUNEL positive 3t M ¥Eo] F713He H )
U F288 2558 283 o A= positivedt M EQ] AV #EEFACE ek FE2E

3]
=
S
T

Rk
&
o} NMDAo®] ¢]3F exitotoxicity® <18 A|EAES A= Bdrt Q28 Foad
2

X0

~

=1
==

A
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A7A 5343 v: 224 FHAL] AoldA Bt
(=378 7]=Aq )

1. in vitro 2|84 H7}

7} in vitro digestion Al~®l9] A &)

digestion A|2=¥lS SF=Ee} FHQIS Ao 84 Hrlel| Ajdetns 2 A% el ¥
ANHT (24). 7159 WS FHIQIY Fhefo] SRt vla] oz AL %]
3l in vitro digestion WHeolmz FzH U] FHIQY 48 S E AE Wie] Aot
(2% 61). Failla L&A AAISE carotenoid 428} 34 ZZEZ AollA micellizations 23 1+
& Mool =3t FAE 4shy] A8 952 O'brien 159 w278 F7MAHoH A Alx=
9] F}RE 0] =9] uptake @ transport oJF-E =A3}7] 9él Caco-2 transmembrane 2143 in
vitro digestion A|22®-S A3FEke] in vitro JFRE|Wmo]= Aol B8 gt tEE AAH

< MF 22| in vitro Ao]-84d SHEAE A7-8k=H o] &= Atk

Lysophosphaticle—4. ¢ y B i (A) (B) )
- . 4 17 o Bile salt Synihetic Sabva ﬂ-mm c&
W

> Centrifugation 3 g 23 m fiter
Micele Micelle 4 3 50005, 45 min, 4°C) -

[’! .",:f:;

Oral on
W-th-ﬂ'c}
ANHCI n Pepain

v

4 Absorption | / \ Vi
Small  / j B L4 ~
— e ALASLA A
.

Gastric Digestion
o ¥ pH=25,1h.37 *C)

i ¥ 1
ST 1 M NaHC l| Bile Extract, CEL Cato-2 cells Caco-2 colls on trans-weld
r i % v‘ Pancreatin, Lipase on plastic inwert

Py
e

oamition O (pH=65,2h, 37 °C)
G O

Lysophosphatice- Trighyceride
containing chylomicron  containing chylomicron

N
juit)
e
il
ku
i)

2 FHQ1 40 HA3}H in vitro digestion + Caco-2 ¥4 Al 2¥l
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ity

L 7hRE ol e

N
X
i
flo
i
i)
[@))
Do
o

N,

AAZ AE Fol| A8k 7IREel=r) A U2 FEE 428 9
IR ol =7F FH7] A dAFoR AFoRRY JMRExe|=Y fEo] dojuel Fr

53] e} o] TR AxHoRr FEAels A5 A o] do] AR o] FoiA|A ¢

7] woll Eafel 22 TheA gt hRE o] = fF-fEe TuUlAE g Stk olFEA =Y TR
Eimo)=3= vhokst XM} emulsions EA Y] emulsion dlo] ERECE o2 A ¥HE FFRE| x0]
3= pancreatic lipase®} bile salt®} 722 AW A3F& el 93] mixed micelles2 HAsl=d] o]=
A WFEo]2l micellese Eo] == dejolnE simple diffusiono]tt ZHpddai Aol odte] ) A E
e Fapste] FEth o]y gk JhEE o] =9 3t IS micellization ©]gkar Ft ojuf FHA| A

o
A 5= 2 Hke] EE7) emulsion®] A3 micellization &89 F938 38 v} (25),

A

L lpophilac .,‘..“.,,g.,ﬂ LT CAROTENOID RELEASED
cum by -rJquwqimm & FROM THE FOOD MATRIX
i mivend micellen

£ @Eumsm
i 1 v . J
A

Mol. Nutr. Food Res. 2007, 51, 107-115

23 62, AF Ul StRH x| =9 28 WAYUS

_85_



(o0, | MR o & ==
%o g0 » ' D-Oot' G-O Wty
'.'.:' @ oo © 02 0e0 o®
/ © ) Og. .O - II| O .. ®
) ¥ : @ ! Il | Yoo Jg | q
O @0 . ". e0C@p
Recovery % Micellization %
o Undigested o Digested - Released O Digestion
samples samples compounds enzyme
19 63. JIRE o] =

9] micellization ¥+-$

Sz} el EA43 FH|

te 22T T 1600 FEoE g Be &S
IRE DAz FHle] Aol F57] fl8lx= AstatdolA] FRdelmse whxvelolshy o]
A FEE 7IRExo|E TN I =9 emulsions ©]F U 423 EAY AWEA o] o3|
micelles @Ao] @ FLEE|wo|=xto] &4} Ar)

Ol

Far

Ao A= sample Woll 4181 e 0le] aheknt 23314 3 digestateo] £Al3k= 2H|¢1Y] 8
| E B Ao FHQ stabilityE 2HQ13F= recovery %E A3
S digestate W& & FHQ T HAlR AstEao] AAEA 28-S 714 micelless B3 TR
Elo|= H]E-S ARklelr] 98 digestates PR3 Fo] 04 im FHE AE S JIRE| 0]
= kg B2493ko] micellization %65 -3
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t}. in vitro digestion & FAA R

(1) in vitro digestion A& A3 F2dE}e] % in vivo FEA ] ARE
Hom FRd fo S0 FHIQIY S 2E o] HEER FH|

z70R Agstarh

1]

MX

D 50 ml, FHo| Fzds FHE2 18 g 4 Witk
© F5% 30 mL Wol 2R Ul A=tk

@ 3 mLe €9 in vitro digestion & 50 mL FHol &1t} (180 mg).

@ F2o] 3 mLs 92 £ ol 18 ul. B9 oil A27-s ¥t
© FHQ A g2 offel o] F 7f ZF o= vheth

b FHA 1
- FH AE 2 & (40 mg)S ol 4 mLol =21k
I 30 mLell ¢ oil €< 180 ul (18 mg)E ¥+

O]N il

|
FW

FrHol &0 (180 ug).

 FH I
- FHQ Al 2 & (40 mg)S Ethyl acetate (EA) 4 mLell =<Ith

— Lakshminarayana®] =% (26)& 743319 micelled luteing |23}
- monooleoyl glycerol, sodium oleate, lyso-phosphatidylcholine®l] 8 mL EA-& %3l

< EA &9 2 mL& ¥+

- glycodeoxycholate, taurodeoxycholate, taurocholateE & 10 mLol =<1

& = 1
9 B} i

N

- & £33 20 mLE5-E 1.8 mLe "ol iAoz AxI) (1.8 me).

- 57 30 mLe ol 48 F 3 mLe €9 in vitro digestion &
o} (180 ug).
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50 mL

3 9

FrHo

oz AAA EE59 olls F9F ¥ 4] 3 mLES ¥ in vitro digestion & 50 mL



2}, in vitro digestion *]€]

(1) in vitro digestion 13 O'connell®] WHH-S 2 Ao gt

2) 3L 19 649 2

Reference: Sampte
Mutrition Research 27 (2007) 258-264

Homogenization

pHE && = 53 Al Y4Z2| =48 20|7] #&l pH Gastric Phase
g gzdet 288 71| :

5]
nft
oju
njo
it
et
Pl

Sl solution Small intestine
{in 1 mL saline)
- 20 mg pancreatin Phase
- 8 mg taurocholate

- 20 mg pancreatic lipase

100 mg bile extract in EP

Sampling

719 64. in vitro digestion A &

_88_

Al 7RAdste] s=asklet (27).

18 mL saline ‘g0 £22 MALH £=7].

pH 2.0 with 1 N HCL (100 uL H T)
40 mg pepsin (40 mg in 1 mL 0.1 N HCL)
37°C, 95 rpm, 1 hr

pH 5.3 with 1 M sodium bicarbonate {200 uL)
Sl solution

pH 7.4 using HCl or NaOH
adjust volume 20 mL
37°C, 95 rpm, 2.5 hr

1 mL x 2 for digestate extraction

8.9 mL ultracentrifugation (167,000 g, 30 min)
- 0.2 um filtration

- 2 mL for cell treatment

- 500 ulL x 2 for micelles extraction

MR e



1% 669 2t
] digestate U

micelles

-

1.

77.0 £ 4.1

170.0 + 6.6
218.2 £ 21.6
182.3 £ 232

a3t

il

°
pad

=

=
=4 (MC10000: 10,000 psi, MC20000:

lutein content
(ug/20 mL)

il

°
pad

f in vitro digestion

digestate
2553 + 114
258.6 = 3.4
265.8 + 29.8
2433 + 10.7
3

digestate ¢} micelles Y] 9

5

3
< F=dgl (UC), MF A

=<

o)

5HA|

°©

=

samples
ucC
MC10000
MC20000
LT

20,000 psi), micellized lutein (LT)el|

v} in vitro digestion ¥4 23}
16. in vitro digestion

1 7FEAE

-
Ak

H

AZL A8 el

=
=

2] 7k

N

ojy

TR

%

o

J 02 AL micelles WH
d FHIQ12] 709 o]
F2 H] &9 JIRE] N0

P
&

%

(3) digestate o] FE|S] &Hgko] v

38 <7}

X

-

1.

o)t} MF =4}
o]AL MF g7} =249t FH ¢l Aol &

St
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positive control & AR

o]

-

3473

] MC200002] 7

7} micelles-g

[«]

o FEEwol= ke 7} Almvt AR

j

4 =



100 T

75T

50 T

25 T

% Recovery in digestate

ucC MC10000  MC20000 LT

100 T

~J
W
]

% Bioaccessibility

ucC MC10000  MC20000 LT

19 65. in vitro digestion ¥ Al 2 9] recovery?} bioaccessibility

Fekk %%

( P<0.005 and P < 0.05, as compared to UC using Student's t test with n = 3)
) 3% 169 AFERE Al W FH QS recovery®t bioaccessibilityE 73 A= 1E 659 72
c}.

(6) AEAT} recovery %= %A AHE Az} o] 75-80% FEoR MR H|SEle] =Ed shEA]
271 AE U T2 obgAdel °

=
rir
of
o
flo
X
o
o
_l |
.

Ol
ol
2
i

(7) Bioaccessihility (micellization)—% MF A2l& A 2927t 7HA8E o1 @2 S=2E o

nlsf 38 o) =we & AUTh
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50 T
g
=
= 40T
[<P]
g T
E 30 T
=]
o=
) 20 T
v
]
~—
S, 101
)
NS : : : |
ucC MC10000 MC20000 LT

1200 T
*k*%k

_.
=
S
S

1

*

800 T

600 T

400 T T

200 T

Lutein accumulation
(pmol/mg cell protein)

ucC MC10000  MC20000 LT

19 66. in vitro digestion ¥ Caco-2 cell uptake ¥4

*kk

*
( P <0.005 and P < 0.05, as compared to UC using Student's t test with n = 3)

(8) i 16°14 =49 micelless HWiAE 25% 3|43} Caco-2 2&L 3431}t (18 66).

(9) 18 65¢] (A)ellA uptake Hl&o] L3 Ao= & uf Xsis &} vlaEste] Caco-2 A%

el Frds & 5 A8tk

(10) AA=Z M3zel *2]¥ micelles?] o] MCZOOOOO] 7 k7] el Al o Hd F#
o

H$1e] Ao MC20000004 714 =4 SA=ATE FHIS 524942 X249 micellesol] F3F
S WSS gl = vk A, ' 669F 1 669 FHIS! bicaccessibility$} accumulation

65
HI AEe] A AX W SARE] FREThLY Holx= s & & Ak
7z &
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2. in vivo Ao]l8A HI}

7}. in vivo

%3] microfluidizations: #

Aol A5 1]

A&

= AN T

23 3

(day)

—

AM=d7
f

-

PR

19 67. in vivo A

(2) 18 67< in vivo 23
SD rat (19 68)S ARE3soH
=3

w2 fwyﬂ

]EE =

intubation-=- 5= 5

B

317904 Az A
Fol 708 Foll |E vHEAE

2d2 [ akshminarayana (2006)
3)
g 1% (UC), 3) MF £=¥8&

= UFEle

o Tokel A g ARE Folstl A4 ALE shalrk

g 2% (MO), 4 FEI2]
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AY 21F2 D ARERE AHE 15 (feed only), 2) 7HeAEE kA &2

M OMC g %E%‘_E A 7] LFOE Lpro] %%@@% 23
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OUTBRED RATS

CD” IGS Rats

& L Cr:COiEn)

52 : 1925 hybrid hooded =240} Wistar rat 2| M- EGR0 2
FE{ Robert W. Dawleytl| 25t F2il, 19504 Sprague
Dawley, Inc2FE| Charlas River=E T2,

19914 IGS Foundation ColoryE B43H7] 251 a7l
Colory?} HEE,

1997 isolator foundation colony 2 ChA| FEEL

IGSE Intemational Genetic Standard SysternE AHESHH
SEMES s A

FO00E (F)RElMEd| 22 =8

B4 Ahing,

g General multipurpose model, safety and efficacy
testing, aging. nutrition, diet-induced obeasity, oncology

£3z/8=
H|2E fEe2 WKl #ct
= A 0] HES
= qealfMd HEst? |7 ol
= REECI| ZE HAH A 2| A0 20

= UEHEE EEE G B E B ARES

MEAMN WEIGHT -+~ STANDARD DEVIATION

CD* Hairless Rats
B C:CD-HrY
Sl : o) Apeeo] RS 19300 =8 Charles River Wilmington® 24 Cr:CD{SD) colony= RE] 22| =l%ct
198348 CHA| == M barmier room H&HE HEHH Charles River Rakigh, NC2 ER1E.
0] 2H2 C}E hailess R YHEls U2 5 Sha ofsh HEEe SEXE 207 #8.
mutation 1S HE SEHFEHAENE B-DE BHUE. YL RE2 2 euthymic 2SR5 E.
24" Hairless, alhino background.
HBE0F: Wound healing moded, dermatalogy

1% 68. in vivo =] A& H SD rate Au
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L
BN
N
2
il
:|N£
jﬁ‘,
NE,
o
o
&
T

& =)

o

~

o
i)

7h x4 2HH
O =54 10 mL Ax=e] ¥E A3 ste] dlutelo] A7k vacutainere] B Th
@ 3500 pm Al 15 # & YAl gt (4°0).
@ F=H-ol 2= plasmaZ 33} (9F 4-5 mL).
@ deep freezero| A HA3ic}

(Wb 7t=EeolE 5
@ 37 Z=oll A A EA121 $, 3500 rpm oA 5 & FoF YalE g
@ plasma 1 mLE 15 mL FH 7
@ MeOH 1 ml, Hexane(HX) 2 mL& ¥ar 1 £ ¢ Hojsr}
@ 3500 rpmollA] 5 & F AAEE e
® HX T (1.8 mL)E 2 mL tubedl 3|53t}
©® SpeedVacs ©o|-83fe] et
@ MeOH/TBME (9:1) 100 uL® *5¢ itk
14,000 rpmell Al 5231 YA4lE2 g}
© 89 uLE HPLC vialZ %31Th
HPLCZ #43ht},

kS

(2) 3t

(7h =4 A4
O AZFE 9 We & Auo 2= 31 portal veinol FA]E "] PBSE 7+ #HE
@ F 24E& u Hol FAE AL 50 mL FHO ¥
@ deep freczerel] X #3Hc}
@ 3750 A mEA s E A 71T
® dishel &7 Z= A& & &9 PBSE H7F8te] homogenizations F33c}t (7+
10-15 g).
® homogenization ¥- #H&3|F E5E Fstal 3 mLE 16 mL FHol| &Zth
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(Wb 7t=EeolE 5
@ Liver or eye solution 2 15 mL FHol| %7t}
@ 10N KOH 1 mL-& 93 65%0lA] 10 # &<t vh&-A17Ich
@ MeOH 1 mL, HX 2 mL-& ¥ 1 # < 4ojFrh
@ 3500 rpmollA 5 # 7F YAlie] skt
® HX T (1.8 mL)E 2 mL tubedl 3|53t}
® SpeedVace o]-&3lo] @},
(@ MeOH/TBME (9:1) 100 uL® 5ojdich
14,000 rpmell Al 5231 YA4lE2 g}
© 89 uLE HPLC vialZ %31Th
HPLCZ #43ht},

Q) &

(7h =4 A4
S BF AFHI F cryotubedl A Ea=th
@ decep freezerol] H.33lc}.
@ 24 A & FAE SATT (200-400 mg).
@ PBS 1 mL& 2al 37 homogenization 3+ % 15 mL FHe| 71t}
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4

AES] AARE O] SR

7h2E o] = ghafat

Rl

(D &= AR &

LT
65.397 + 2.387
7.051 £ 0.695
1.329 £+ 0.249

MC
66.545 + 2.046
N.D.

test samples (ng/mL)
9.056 + 1.146

carotenoid content

ucC
61.667 + 1.015

N.D.
8.927 + 0.169

g Atse Ag Ul FHRE R0l

0.065
0.028
0.005

feed (ng/g)
0.099 =+

0.737 +
0.330 +

172 2t}
17. in vivo A g A&
Lutein
Zeaxanthin
p-Carotene

-
Ak

H fAA7A 0 FREe} Al

-

(2) & 179 #o]

1% 699 At

-

1.

X(;]L:]_

il

°
pad

Abse] o

ATt 7]
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el 7z ele] FE9le] 15% A=

-

1.

ol A

=

(3) 718 AR 2 o]g% (FYJE rlo]2.9] LabDiet 5L79S &



Al HRpR

" Ei]

ME 11 57E

Ingredients

Ground corm, whaat middlings, dehulled soybaan meal, animal
fat presarved with BHA, fish meal, dehydrated allalla meal,
cana malasses, calcium carbonate, sall, ground pats, grourd
whaat, ground saybaan hulls, died best pulp, wheat garm,
dried whay, dicalcium phasphate, DL-methioning, com glutan
meal, meradicne dimathypyrimadined bisuflite, silicon dioxida,
magnasium axde, thiamin mananitrata, pyridaxing hydrochio-
ridie, vitarmin A acetate, sovbaan ol dialpha tocopharyl ac-
elate, chokcakilaral, lolic acid, biotin, calesim pantathanate,
ritoflavin, mestinie acid, cyanocabalanmin, manganous oxide,
Zires cride, ferrous carbonate, copper sulfate, zing sulfate, cal-
e odata, coball carbonate, sodum Salanita.

19 69. in vivo EE| AR EH AlE o AW: 5L79 (F)e.dgd

L abDiet 5L79

LabDiet 578 222 U3 HElz A AeliolN Auoclave?} 7HsEt HISRILCH
MU HE THEE A AREE Ral Mouse SEEMA B 2aft Y0t 25
# = UEE HMSEN DEHL BUS AUSA HER £ Us HERUCH

- g
HH

-GLP 278 353

* Rat & Mouse SE28M 2~38 E= FAIE £ 0 22

- B MM BT TR

- EFEE 83

F‘.H

RAT MOLSE

3 717

=98

HEMSTER

AENA Autoclave PHs
CHYE Ex &7} 0|9 =
- ARM ZAIZ QI8 E|CHEHS] IUR HS 9 B4 2

5% 8BS

SHEHM =2

Rat and Mouse Diet
Product Code | SL79
Mutrients
Protain i 18%
Fatther axtr 1 52%
F&t amd hydr i -

~ Crude fibar i 6.7 %
Ash i 5. 7%
Calcaum i 0.B5%
Phosphorus | 0.62%
Cartifiad i -
Irradlatacl | -
ﬁutccla-.-ebl& | L]
Appropniate for:

s | -
Mice | ]
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RAboflavin, ppm a0

Miacin, ppn &0

Paritathenic Acid, ppm 24

Chalime Choride, pom 1300

4.2

12

0z

13

S

15

=

Ascorbic .-'-'-.l:‘u:l ma‘gm frace
Calories pravided by:

Protein, % 21.028

Fal [gther extract], % 13.668

ttolydrien, S Hewnd

A E 1ol 2
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=
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pad

o= o AXIY,

Al

AES Foo
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[e]
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20 T * %k BMC

OMC*
. 161 . OMC*
) B feed only
> *%
Q 127
p— * %%
=
©
3 sq
=] *%
S,
0 l I I
Plasma Liver Eyes

(nM) (pmol/g) (pmol/g)

29 71, in vivo A @A MF A8 x4 & 71 = &9 Fg el sz 54
- MC (600 mg/kg), MC* (300 mg/kg), MC*+ (150 mg/kg)

*%
( P<0.005 and P < 0.05, as compared to feed only group using Student's t test with n = 3)

o4 # 1 kg & 600 mg ¢ MCE Aokl Wl wolAe) Sl saf 27}
4 . ol MF A 2=daietal stojm JdAZ o= AFsioF FHIl BAkast
= ek wea 5

\1
—|~
:10
jg
gi
3
;sz UQL’
:L

_99_



¥ 18. in vivo A3 Al &3F Az

9] in vitro digestion¥ cell transport ¥4}

Lutein content

Samples
(ng/20 mL)
. . Cellular
Food Micelle Medium
transport
ucC 28432 £+ 11.28 74.56 £+ 542 18.05 £+ 1.72 293 £ 0.27
MC 322,17 £ 24.11 221.77 + 18.04 5445 £+ 3.40 953 + 1.73
MC* 160.15 £+ 8.30 13293 £+ 7.42 3191 = 1.39 547 £ 099
MC** 7998 + 6.64 68.79 =+ 3.09 16.84 + 1.63 297 £ 0.21
LT 287.09 =+ 10.88 199.06 £ 24.80 50.31 £+ 9.33 7.60 £ 0.28
(9) 3E 18 in vivo Ad A}gE ZF ARES Y3 A in vitro digestion A]&~ElOA] A
W& A7l 7 dAlel Ao F 191 &S ZA3kal Caco-2 AIE W transport &85

45 HeEhilen Ax

st Aotk in vivo plasma A3} H|s=stA] MC ZLso] UC ZLF Ko} 38 o4
W2 FF

=0
3T w

%% cellular transport ¥%= X125 kol W]}t

(10) in vitro AZoA % in vivo Ad3} LA MCe ol we} FH<EF cellular transport®] %+
o] gefg Sle & i) - FEIJY A MCeF v]528k micellization %65 H.o] X%k

U2 5455 &S ol & Ajo]gao] MCHU v AT

- 100 -
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¥ 19. in vivo 283} in vitro digestion 2@ 23} 2] vl

In vitro digestion In vivo digestion
ucC 1.00 + 0.08 1.00 + 0.12
MC 325 + 0.11 3.30 + 0.12
MC* 1.86 + 0.13 1.70 + 0.11
MC** 1.01 + 011 0.87 + 0.19
LT 2.59 + 0.06 2.52 + 0.16

(1) z& 719 in vivo &% &4 ZA3te} F 189 transport &8 A= Wushy| 3 2zte] 4

J

Polld 7FsAEE ohA] @2 FREHE Fod 25 (UO<S 12 Fal Ze vuE 33}

At (3£ 19). ZF dlo|¥7F Al dAZHS Ho] B dAFto|A F53)k in vitro digestion, Caco-2

transport fusion analysis WHo| in vivo 2AgolAe] 354 AHE Fpdo= oiAE
A5 sk 4= AL} oA dow FEAY wEAS gAY ¢ = 232 in vitro

digestion H7} Al2ELE FEEvhE HollAl 2 97t dr).
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A8 A FPAd VI: Yiedt FxAge] g8 A A5 (FE)
L AZAY A7 54 U$

EEIE=:

1

o

ol g3 Fxd#} UXx suspension AZ

(1) =92} nano-suspension A%

b 1AAd = AA 8 A3 Y oz B3 | R4 FH FEol 2E

(b 2Edete 94 27 Adssh 4 AFA AN HEAS weste] ¥ 2=
< 5)

Aeh Wil 10w A4 @ F aghEEs]E ol §3tel 8) MPas] o 53 %
3 e 20e AAxQoR Ase] hegdhe 9T AAAAE 2t FRd

suspension-a Al &3} T},

(th V=3l F2488 FHA 5 540 5% AN 52 Ax3r] A=
FE5717 5 QAU sreErekA] o= e oA Al (suspension stability)o] 2 <=2 o]t}
uehA] st 298] S5 AY 488 A% d 344 S ASsah

v U3t F2d9ae) S8 28-S 93 suspension SHRA AE
(1) Turbiscang ©]-&3F nano-suspension ¢844 &9

T

b Y Mzdlde] ASF HA P2 (Clarification stability)

D 2zde 55 NFAe 100 94 5 59 Ed 80 MPaclA cycle £0& W3
AA ek #4 A e,
@ 7 A=

+ Turhiscan (Turbiscan LAb, formulaction, France)S ©
_]

)
flo
e
Yo o —~

o} A XS =4 FAv} (29-30). Turbiscans o] &3k H+ o—ﬁ% O
-3 52 vprol 747y ko) AR S TEEte] 4T ¢ ke FAHol 3
o},

@ Cycle 249 W& AFEE 0% 71202 = 7TA7 B¢k 88 A S =As9vt
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= o A=
A ddds & F
o)

»0:00.00.00«
0:00:30:00
010001
2:01:3000
0020001
0023001
0030000
0B 3000
00000
0083001
0050001

006 (it}
0:06:3000
0.07.00:00
Ornen 10mm: 20mm 30mm 40mm S0mm
Control
Delta snmmgn-mmm
0002943

0:00.55.44
0:01:2943
001544
0021044
0.02:55:44
03I 44
0038044
0:0879:44

Z1gd 72. Dispersion stability of chlorella suspension for different microfluidization cycles.

10%

0%

-10%

Dieita Backseattaring - Mo 200m

2] erol 7] Wzl7} @itk C F-7+9 profileE ¢ 7H2 o]
245 JAd S57F =8 DS ¢ Ak

B

1

Cycle

Dilia Backstatining - No Toom

40mm

—

S0mm
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Atk HEgH Middle (B)7-3bel] ®skrp glow

LA ¥

*000.00.00«

0002951
00050.52
0012851
0015052
0022051
0025951
0032951

0000000«
000:26:35
000835
0012935
0015836
BE229.36
0015935
0035036
004:29:36

TP

COE29:35
0065936



AN #E AEH- (clarification layer)e] A|Zhel] W& % A2 Q3 B )
739 mean value kinetics® WERHATE A3 Zolo] sl #7172 4 A Fo

=
3] =U3A meniscusol AE-EH 15 mm ol E A H3te] AAFES T Kinetics

oA Beld 4 Ad+= AXH AFE 5 cycles > 3 cycles > 1 cycle > control®] <
A2 5 cycles?] AB7F Aol @ doju} wWyp A oAl = AuYS ¢
T AT
—&— Control
0 < —O— 1 Cycle
—&— 3 Cycle
—— 5 Cycle
2 -
&
S
x4
')
<
-6 -
8 -
-10 v 1 v 1 v 1 v 1 v 1 v 1 v 1
0 1 2 3 4 5 6 7

Time (hr)

219 73. Mean value kinetics for clarification layer in delta backscattering (%)
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) vz Ao stsi Jd A8 (Sedimentation stability)

_O|L
ol
A

O 47 A=z Addel o 24b kAo AeolE LEAH

(Sedimentation layer)2] A]7ke]
Z1¥) 740 mean value kinetics® YER ST}

k=

of\
)
(ld

2 % F7F2 A8k backscattering 2]

12
—A— Control
T —O— 1cCyecle
10 - —{+— 3 Cycle
—&— Scycle

A BS(%)

Time (hr)

219 74. Mean value kinetics for sedimentation layer in delta backscattering (%)

@ Sedimentation kinetic 23 A&+ 5 cycles > 3 cycles > 1 cycle = control =

Clarification kinetic¥} w}FZH7}FR| 2 5 cycle®] suspension©] 7} otA 3 MelE

Ashs A% st
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@
dlo
i
X
ofo
o
o
&
il
f
1
Ac)
L
tr
o)
[
=
r)v
lo
2
o
~
Y
of
r I
S
r o
o
o,

7h Ay

O g AgelA HAZe uttd FRFA) FRLE w5 MFAE 109 4
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1 75. Absorbance spectrom of chlorella suspension in visible range (X = 400~800 nm)
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219 76. Changes of the stability in chlorella suspension during 22 day of storage at 4C
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19 77. Image of supernatant after centrifuging treatment from

nanosuspension of chlorella (Dilution : 10 times, Pressure : 80 MPa)
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19 79. Changes of the color in chlorella suspension during 22 days of storage at 4

C (Dilution : 10, Pressure : 80 MPa)
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198 80. Changes of the pH in chlorella suspension during 22 days
of storage at 4 T (Dilution : 10, Pressure : 80 MPa)
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t}. Dynamic in vitro digestion #HH]
- ddaz=o AAZQ AE A2 TNOMAME Asdtd 9-3F-7 ZAA A8
= AFE FYdta Qo dA 4% mddo] HE 7153 gastrointestinal model
(TIM-D)3 b= 1 A8 7hed TIM-28 Alxste] A 232w e] FAL

[}
4 B AdAd e dseka

GASTROINTESTINAL MODELS (TIM) WITH HIGH
PREDICTIVE POWER

The TIM models save time and reduce the need for animal testing. These unique gastrointestinal

models are flexihla arrurata and nenduce highly reproductive results. Nutritional and functional
TNO innovation for Ilfe

properties or fo R in be assessed under simulated physiological digestion

conditions. The systems are well vall:lamd and offer broad versatility in experimental strategles
and goals.

The TIM models are assembled as multi-compartmental,
dynamic computer-controlled models. TIM-1 simulates the
digestive processes of stomach and small intestines. TIM-2
represents the colon and includes a rich microbial gut-derived
flora. The models have been extensively validated based on
data from human and animal nutritional research. In the TIM
systems, behaviour of single compounds as well as complete
meals can be studied. Results are characterized by an
unparalled predictive power TIM studies are published in over
40 peer-reviewed papers (Cf R. Havenaar in Entrez Pubmed) .
The TIM systems proved to be excellent tools for studying a.o.

= availability for absaorption of macro- and (formulated) micro-
nutrients;

= Interactions between nutritional and functional food

TNO-Intestinal Model! of the

stomach and small intestine campcunts,

{TIM-1 system) = effects of food processing on the nutritional and functional
qguality

= stability of probiotics and efflcacy of prebiotics in the upper
and lower Gl tract

19 84. TNO AF¢] TIM-1

- Eg AN ES AL e LR §A8F 5 dew, Mot sgfse] HA A
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7F 7@ Aol EAelt

- 122 -



SIMULATION OF THE COLON: TIM-2
The TIM-2 system simulates the conditions in the large
intestine (colon). This includes pH, anaerobiosis and gradual
intake of pre-digested meal compounds coming from the small
intestine. The compartments contain a high density metabolic-
active microflara of human origin (healthy persons or patients).
Selected beneficial or pathogenic bacteria can be added to
this microflora.
In TIM-2, the fermentation properties of dietary compounds
such as fibres, pro- and prebiotics, and anti-oxidants can be
investigated by analysis of metabaolites (SCFA's, amino acids)
andfor composition and metabolic activity of the colon
microbiota. Single or repeated addition of the compounds to
E the model is possible. Samples can be taken in time for

TNO-Intestinal Mode! of the large  chemical and microbial analysis (e.g. with the intestinal chip)
Intestine (TIM-2 system) and functional cell-based assays. The results will give reliable

information about bioaccessibility, biofunctionality, produced
metabolites, and changes in microbiota composition.
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Gastro intestinal models

Profiling human gut bacterial metabolism and its kinetics using
[U-(13)Clglucose and NMR. de Graaf AA, Maathuis A, de Waard P, Deutz
NE, Dijkema C, de Vos WM, Venema K. NMR Biomed. 2009 Jul 10. [Epub
ahead of print]

Butyrate modulates oxidative stress in the colonic mucosa of healthy
humans. Hamer, H.M.; Jonkers, D.M.A.E.; Bast, A.; Vanhoutvin, S.A.L.W,;
Fischer, M.A.J.G.; Kodde, A.; Troost, F.J.; Venema, K., Brummer, R-J.M.
Clinical Nutrition 28 (2009) p. 88-93.

Bioconversion of red ginseng saponins in the gastro-intestinal tract in
vitro model studied by high-performance liquid chromatography—high
resolution Fourier transform ion cyclotron resonance mass spectrometry.
Kong H, Wang M, Venema K, Maathuis A, van der Heijden R, van der
Greef J, Xu G, Hankemeiler T. J Chromatogr A. 2009 Mar
13;1216(11):2195-203.

Linking phylogenetic identities of bacteria to starch fermentation in an in
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vitro model of the large intestine by RNA-based stable isotope probing.
Kovatcheva—Datchary P, Egert M, Maathuis A, Rajili-Stojanovi M, de
Graaf AA, Smidt H, de Vos WM, Venema K. Environ Microbiol. 2009
Apr;11(4):914-26.

Improving in vitro simulation of the stomach and intestines, pages 314-339
in Designing functional foods: Measuring and controlling food structure
breakdown and nutrient absorption. K Venema, R Havenaar and M
Minekus. Edited by D J McClements and E A Decker.

The role of colonic metabolism in lactose intolerance. He, T.; Venema, K,
Priebe, M.G.; Welling, G.W.; Brummer, R.J.M.; Vonk, R.]. European Journal
of Clinical Investigation 38 (2008) 8, p. 541-547.

Antioxidant and anti-inflammatory potency of different wheat varieties and
fractions. Mateo Anson, N.; Berg, R. v.d.; Havenaar, R.; Haenen, G.; Bast,
A. Proceedings of the Nutrition Society 67 (2008) p. E56.

Efficient degradation of gluten by a prolyl endoprotease in a
gastrointestinal model: implications for coeliac disease. Mitea, C.; Havenaar,

R.; Drijfhout, JW.; Edens, L.; Dekking, L.; Koning, F. Gut 2008;57:25-32.

Human Intervention Trials

Lactotripeptides and antihypertensive effects: a critical review. Boelsma E,
Kloek J. Br J Nutr. (2009) 101:776-86.

Short-chain fructo—oligosaccharides improve magnesium absorption in
adolescent girls with a low calcium intake. Van den Heuvel EG, Muijs T,
Brouns F, Hendriks HF. Nutr Res. (2009) 29:229-37.

Postprandial ghrelin responses are associated with the intermeal interval in
time-blinded normal weight men, but not in obese men. Blom WA, de
Graaf C, Lluch A, Stafleu A, Schaafsma G, Hendriks HF. Physiol Behav.
(2009) 23:742-8.

Clustering of dietary intake and sedentary behavior in 2-year—old children.
Gubbels JS, Kremers SP, Stafleu A, Dagnelie PC, de Vries SI, de Vries
NK, Thijs C. J Pediatr. (2009) 155:194-8.

Short-term fatty acid intervention elicits differential gene expression
responses in adipose tissue from lean and overweight men. Van Erk M],
Pasman W], Wortelboer HM, van Ommen B, Hendriks HF. (2008) Genes
& Nutrition 3 (3-4):127-137.
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Complex Microflora Analysis

Defining the healthy “core microbiome” of oral microbial communities.
Zaura E, Keijser BJ, Huse SM, Crielaard W. BMC Microbiol. 2009 Dec
15;9:259.

Mixed-species genomic microarray analysis of fecal samples reveals
differential transcriptional responses of bifidobacteria in breast- and
formula—fed infants. Klaassens, E.S., Boesten, R.]., Haarman, M., Knol, ],
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Step  Problem Possible reason Solution
1 Cells do not detach during  Cell layer in the culture flask is too confluent Trypsinize at lower confluence (70-90%)
trypsinization
land  Multilayer formation There are too many cells and/or cell aggregates Remaove cell aggregates before seeding
Box 1 Reduce the number of cells added to the filters
The FCS has not been properly tested Use another source of FCS
5 Cells are observed on both  The pore diameter is too large Use filters with 0.4 um pore diameter
sides of the filter
14 Variable TER values are Poar cell culture technique, for example, owing Improve cell culture technigue
detected before the to poorly resuspended cells or perforation of
transport experiment some monolayers by physical contact
from the pipette
Low TER values are Damaged or non-confluent monolayer Improve the cell culture technigue
ohserved in all filters
before the experiment
The FCS has not been properly tested Use another source of FCS that passes the
recommended tests
15 The donor concentration is  The compound has precipitated or adsorbed Use freshly prepared solutions
lower than anticipated to the test tube
Include DMS0 as a co-solvent
Use glass vials
Consider addition of BSA
15-19  Poor mass balance at the The compound has adsorbed Add BSA to the basolateral transport buffer as an
end of the experiment in significant amounts to the experimental additional sink (attention: if B5A is added in the
device (the plastic of the 12-well plate, the donor compartment, the free concentration of the
filter device or the filter itself) compound might be changed)
The compound is retained inside the cells or in Lyse the cells and determine the cellular
the cell membranes concentration
The compound is metabolized Use LL-MS/MS to detect metabolites
19 Low or no TER values after  Taxic compound or co-solvent Perfarm the recommended integrity test with

the experiment

Too vigorous shaking or pipetting

mannitol (see Box 1) to check the test compound,/
co-solvent toxicity and find nontexic conditions

Calibrate shaker to allow reproducible shaking at
a rate that does not compromise the monolayers

Improve the pipetting technique

19 86. Caco-2 cell transmembrane analysis A 2] ¥4 ¥
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General composition Vitamins

Maisture 5.29 Chlorophyll 2,700mg
Fat 12.59 Chlorophyll b Detected
Protein 60.8g Carotene 20,300pg
Carbohydrate 5.8g Vitamin B1 1.82mg
Fiber 9.6g Vitamin B2 4.52mg
Ash b.1g Vitamin B6 1.81mg
Calorie 417keal Vitamin B12 0.43mg
"
oML
Calcium 340mg b 419
ifon 120mg Vitamin E 5.0mg
Magnesium 330mg Vitamin K1 1,280ug
Fitic 1.0mg Vitamin K2 Not dectected
Copper Not detected Miacy Mg
Potassiiing 950mg Pantothenic acid 8.89mg
cocfii 34mg Folic acid 2.9mg
lodine Not detected Biotin 272ug
Phosphorus 1,500mg Inositol 248mg
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