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SUMMARY

I. Title

Development of Processing Technology of Watermelon Juice by Solubilization Technique

of Lycopene

II. Objective and Significance

O Establishment of unit process for lycopene production from watermelon pulp using

microemulsion technique and decision of facilities specification

O Development of processing technology for watermelon juice enriched with lycopene and

enhanced with color and flavor

O Creation of industrial demand of the watermelon production to provide the fundamental
technology for commercial production, and contribution to high income for watermelon

farmer

III. Scope of Research

1) Part I: Establishment of process for pretreatment of watermelon and, technology for

extraction and solubilization of lycopene

o Establishment of pretreatment of watermelon
o Establishment of extraction and recovery technology from watermelon pulp
o Establishment of solubilization technology for lycopene

o Improvement of stability for solubilized lycopene

2) Part II: Establishment of watermelon juice processing (concentration and sterilization)
o Optimization of separation condition for pulp and juice
o Decision of facilities specification for watermelon treatment on commercial production
o Establishment of technology for maintaining of watermelon flavor
o Development of technology for stability and quality control of watermelon juice
o Development of processing technology for commercial product

o Commercilization



3) Part III: Design of facilities specification for watermelon juice processing
o Establishment of quality control index
o Decision of facilities specification for watermelon juice processing

o Construction of pilot plant and pilot plant test

V. Results and Proposal for Practical Use

O Pretreatments of watermelon such as removing skin, dividing, removing seeds and
crushing pulp were developed as a mechanical manner. It is possible to increase the

productivity and quality in production of lycopene from watermelon.

O Flesh was obtained with an average weight yield of 68.1% (w/w) after removal of rind
and seed from whole watermelon, and contained 37.5 mg/kg lycopene. Pulp was obtained
about 3% (w/w) followed by grind and centrifugation from flesh. Lycopene content in pulp
was about 807 mg/kg (w/w). These results implied that most of the lycopene was
contained in the pulp, which was approximately 21 times more than in the flesh. The

lycopene-rich pulp recovered about 93.5% from the watermelon flesh (2386 mg/100 kg).

O The obtained lycopene extracts was 568g per 1 kg watermelon pulp, which is containing
1379.3mg/kg of lycopene and the yield of lycopene was about 97%. The lycopene content
in the residue, after the pulp had been extracted, was 36.1 mg/kg (approximately 3% of
the initial lycopene content), and the weight loss of pulp extracted was about 31% (w/w).
This might be due to the water that released from pulp, and then separated and removed

from residue of watermelon and MCT.

O The highest purity of lycopene obtained was 85.1% for lycopene crystals in the related
fractions of watermelon. The recovery yield of crude lycopene crystals and mother liquor
from the lycopene extract was 60.1% and 30%, respectively. Approximately 10% of the

lycopene was lost from the initial extracts after centrifugation.

O The quantity of lycopene obtained as lycopene crystals was 79.9 mg/kg (yield: 57.9% of
the total). However, the yield of lycopene from lycopene oleoresin under recovered from
mother liquor was 22.8 mg/kg, which corresponded to a recovery of 16.5%. This low level
of recovery of lycopene oleoresin might have been caused by factors such as temperature,

amount of light, and oxygen during vacuum concentration.



O To extract lycopene from whole watermelons, fresh fruits were separated into five
fractions: rind, seed, flesh, juice, and pulp. The flesh was used as the main source for
lycopene extraction. Lycopene was extracted with MCT by wet extraction without drying
the pulp. The resultant extract was separated into different lycopene-related fractions: crude
lycopene crystals, mother liquor, lycopene crystals, and lycopene oleoresin. The lycopene
crystals showed a purity of at least 99.1%, and the ratio of the all-frans-to cis-isomers in
this fraction was 99.1% to 0.9%. The results indicate that the MCT solvent system is more

effective for the extraction of lycopene from whole watermelons than chemical extraction.

O Formulation for emulsion that be solubilize the lycopene, and can be formed with
7.69-25.0% lycopene oil, 154-28.6% Tween 80, and 50.0-76.9% water in the ternary phase

diagram system.

O When CMC-Na added to the watermelon juice, the pulp and juice were separated over
whole concentration of CMC-Na, however CMC-Na was more effective in dispersion
stability than pectin. The optimum concentration was 0.5% of CMC-Na and pectin in

dispersion stability.

O The emulsion stability of solubilized lycopene was exhibited at the formulation with
lycopene oil and Tween 80 (1: 1.5), the oxidation stability was maintained about 80% at the

formulation of oil: Tween 80: water (1:1:2-1:2:6).

O Most lycopene was recovered after filtration with diatomaceous earth which pore size

range 3-10 um.

O Watermelon juice consists of CMC-Na/P 0.5%(w/w), fructose 0.5%(w/w), vitamin C

0.02%(w/w) and tartaric acid 0.02%(w/w) showed a good sensory score.

O Degradation rate of lycopene in watermelon juice was increased slightly after heat
treatment at 70 and 80°C, however lycopene degradation was decreased after heat treatment
at 90 and 100C. The degradation mechanism of lycopene in watermelon juice seems to
depend on the heat temperature. Generally, the lycopene degrades predominantly through
oxidation under 50°C, whereas isomerization of lycopene in watermelon juice increases at 90

and 100°C.
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A Adp ol o] 91% &
L& carotenoids®] Y=<l
lycopeneel] 9dte] LEbE. Hk2 lycopened EwntESH Ao 53 7h 74 kg F 30-80
mgS TRt o™, EntEY lycopene@t= 2 oil# A 7HESA] @otE AW F57F
A5 Aor. dHA QL.

O Lycopened 7&dt gibslzhg-& vepdl® AUl 54 93¢, &
vt lycopenee A 7hEs & 8 Wl o5t HA EaEo] Mo FETE ofsA
ol T AHEez &dHA FuFY tFAF] AYdE AT dEQ.

0

F 1L ogatade] A28 (HHF 100g 7€, 3% fddTa)

A iy Ll & iy o
ol 14 A kcal 40 k< | mg 0.2
T g 91.0 UHEF mg -
thuy 4 g 0.7 ujebe A U 210
=] g 7.9 72" 8 380
ES g 0.1 u gyl Bl mg 0.03
3|7 g 0.3 v E}ql B2 mg 0.03
A mg 6.0 H e}l C mg 6.0

il mg 9.0

O Y Feke] Aujw AL 23500 ha 2A FAAFE 840E Jhgsa, d AFFEE 6,800
ol =7}t =M, 7tAL 1249 7|7ko] 1,7009 /kg, 6-108 7]7ke] 7009 /kge 2 *}o]2 KB
(2003 71%). 2z A o 15% A =7t AES HA Eatn AgujAlA HrEHE AL
2 d9 Us



O <rEbe] det Fdwe Fig. 1ol vehlSl=d, oz 9¥(skin), WH¥|F(rind), B4
(locule), A(seed) 28|31 48} FHFH (heart)2 TEI = St} lycopened I -§H o] ZAsl2,
Argde @ FA FEFH #5522 0O 34 FEFH 24d(locular) Rl A3t
(Perkins-Veazie et al). wabx] lycopene B MAEdE FE5317] fstds 939, iy & 4
s= AAs7] % AAY Jlee] a7HH.

Heart

Fig. 1. Transverse section of watermelon. Lycopene is exists in heart area and colour is

spreads in heart from areas with circled H and locular from areas with circled L.
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, J. Agric. Food Chem, 2007, 55, 1486).
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O Lycopene2 F-2 A A @ ofxjjo)] EAste A 7IRHolER 75 A=
Ao HT AFFHoE HAANAL AF FJUFEENY T80l BHUe. A lycopened F
2 ErlEE E3d /S—AQ gl At "2 orapefruit®  lycopened] F8 FFHo|H,

P
T
dad g4 Z2E B FHE ¢ A

kA

O Lycopene #2142 CyHs2 2 Fig. 29} Zo] 13709] Z & A (conjugated) £} 271 2] H] A A

olF AT R o|F R acydic(¥]$4]) straight(open)-chain®] TFZE 71X
o, 248 nlsrgor ZAA 5o]& L. Lycopene?| all-trans isomers AA3% EntgE 2
Gt A 74 AIGE isomer2 HEA o2 71 S FE Y.

(non-conjugated) <]

O &} Chasse 59 Aol 93 lycopene?] 5-cis isomere all-frans isomerR Ut} o -4
3k o7 BustYS. 479 conjugated ©olF AT 7lEEAH 2L A F g, ¥, A4 2
A F2 FEEA 98 lycopened] o]d3t g AFikste] FFE ol mono- EE poly-cis
forme. 2 o]dA3} & 4 A E3 A3FHESLS acetone, methyl- heptenone, laevulinic
aldehyde$} glyoxals A4tst® E27F desfo] A& gAYV HAx e fa(glass)ot &2

off-flavourE A A 7.

CHg

CHs
CHs

B-carotene

CHs CHj

CH; CHg

trans-Lycopene

Fig. 2. Chemical structure of B-carotene and trans-lycopene.



O Lycopene2 a-carotene¥} B-carotene Zo] TFE carotenoidsel]l <238} B-ionine group
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O ZYA CO©l 93l lycopene®t FZEF AL} B-caroeneco] A FE2HW, FE3te U
lycopeneo] GRS E= o|HAAZ 7} FutElEz o] EAE 2357l 98] hazelnut oil,
(e} L=}

almond oil, peanut oil % sunflower seed o0il §& co-solventZ A}&31A EHEH|, o5

lycopened F&3l= &< lycopenee] £31E oAl AL 24315

O Medium chain triglyceride (MCT)= ZZY 2L¢S EA £4d, SF 2 EFsle dox



8-10 gtA4 9] AlEE 7 Aukito g2 ZAxHF L2 E ®H 1 9Jo ™ caprylic® capric acid=
pry. P
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A AR ol S4B 4H F EEI w2 AP el AEHoR w2y F
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O WA MCTE o2~H 23} 3 MC fatty acid ethyl ester® &w|& 314 lycopened F&
A

T A% 32 Y F PSS AANT 2 oHE FU 5 AT AW §WE QA ¥
’ &
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M3 dgvdzsd WE X 21t

A1 A A=

2. AlA=gA

AW& A Tween 80(polyoxyethylene(20) sorbitan mono-oleate)2 commercial grade®
SigmarHUSA)l A Fd3ted A}-8-31% 31, MCT(medium chain triglyceride)= (F)dA L1z r
B ZFEskth ol2A A zo)] AR B8 deionized distilled water(Waters, USA)S A}-&-3}
Ak,

3. AF H7HE
seu} 2o AMEE 4E F7HE Pectin 150 USA-SAG(CP KELCO GERMANY GMBH)=
g g Alell A Aste]  AEEIMI,  Carboxymethyl cellulose—Na(Hercules Chemicals
Company Ltd., China)& Fg|sholr] Yt AM&stgnh =3 AZH71E8 A, vE

RIC B e BEAel A sl ALt

=
N
=

pulp®] A=z

FHe 2 HH lycopeneo] FFH #HKE Azt s FHoR AL AF VXTI UdE A
H3 AF 7HA7E Qe B F2E o] £y &8s E4std #EE AAsAT
A4 NE AAT H&(Flesh)TS AFAERE AMESIATE A4S 29 E o835t &
A3t &, Super Mass Colloider(Masuko Sangyo Co. Ltd., Saitama, Japan)Z UAE ZA &
st o] EHES filter pressd um filter)E ©]&3td 13 FAFAA F LAEF
(11,000xg, 10 min)ate] 22} #F& A At pulpE & - 3330

2. 4 pulp2RE FEAAR cake THE
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Tt pulp®] FE&u AFEHE =ol7] f8 oANFEE o83t pulpl] FES dF AAS
At Pulpst AEE(EE 999%)S 11, 1:2, 1:3 (w/v) B]E&E 40| 300 rpme 2 3087+ ek
st LA EFsAL o] EFAL JAR st 4 cake(ethanol treated cake)S A%

.

3. 4} cake¥} ethyl acetate TFH| & WE lycopene F+& ¥}

8t cake¥} ethyl acetate FZ-8u2] H]Eof WZ lycopene FEE WHIIE dolR 7] ¢35 1
2} 9} 23} caked} ethyl acetateE 1.1, 1:2, 1:3(w/v) H]-E& 2 EFSIHPL o|= A BH[AF7|(40T,
150 rpm, 30min)E ©]8-3}4] lycopened FE3}ch o] AL 4¥ wrEslo 13}, 23}, 33

aEa 43 FEES Ao A FF @A lycopene FEES SHSIAUTH

o] WL o]&3le] Fube FEHol e #olzmL FZ35te] HPLCZ lycopene
g2 7 vialo] ¥, o &2(0.05%(w/v) BHT/A &) 5 mL, o}
mLE 7}5}¥ ) Vial 2 ice bathol] ¥o] 180 rpme. &2 1587 wHk

FZ3 %, FFF 3 mLE ¥3 THA] ice bathol A 527t mutstgith 2004 5 Hx]A17]
%, lycopeneo] FZH A Z& Esle] Table 49] Vel 7oz HPLCE o] {351

ol
olr
L
B
o

lycopene &S =

Table 4. Operating condition for analysis of lycopene by HPLC

Gradient controller 601, Gradient unit 602(FLOM, Tokyo, Japan)

Instrument
UV detector S-3740(Soma, Tokyo, Japan)
Column Develosil ™ C30-UG-5, 4.6x250 m (Nomura Chemical, Tokyo, Japan)
: Methanol:MTBE":water(81:15:4)
Eluent

A

B : Methanol:MTBE(10:90)
A:B=100:0
A:B=0:100 45 min
A:B=0:100 2.5min
A:B=100:0 5min
A:B=100:0 5min

Eluent condition

Column oven 30T
Flow rate 1 mL/min
Detector UV/ VIS detector at 470 nm

Injection volume 20 uL

Y MTBE : Methyl tert-buthyl ether
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5. Filter pressol] ]38+ 3§ 2 3ZF &

T8 755 chopperst ZRo|E”E o|&ste <2lg] FE|E FHstY filter press (Beco
Compact Plate 200, Begerow Co., Germany)Z A}8-5te] oJ@@ A o] 075 m® 7} A plateS
T35t (cake volume: 7.15L) filter paper?] pore size (1.0, 1.5, 2.0 um)o] wWE oAI}EF &

AAFE AT

6. &2 AR % AF F AF 2

FH B{-& chopperst FRo|E”E o|&3ste] £l FEHZE FHSIAL, ©l& d&4 o
27 7] (LAPX 4045GP-31G/TGP-61G, Alfa Laval, Sweden)Z o] &3¢} 2a)atsich Pulpz
ALE-E L3R o]l watere] TS 2etstr] 98] discharge time2 i3, 9000 rpm o4
o] d4gozr Fsith

7. TZE A7l A% #5 B AF £

Celite 512 (pink color) 20 kg& FZE <#7] tanko] Yol ozAA o] ZEAIZl &
B4 €88 E tankoll EYIAA pulpt juiceE B 5Hth olu juice® <] lycopene
E dolrR 7] 93] AFst= T 3 A A juice® 50 mLY A FH 3} lycopenes
Ak,

1
oX T

1
Hn: b
1%z
_o|L

il )

8. Lycopene 835 9% AH&dA HA

AEAL Azo] HeF AWMBAHA AHE fstd AFAHN F2 o]&EH= Tween 20,
Tween 40, Tween 60, Tween 80, lecithin, polyethylene glycerol(PG)¥} A} H;stoll 2~H
(sucrose fatty acid ester, SFAE) $5& ©]&3}th Oil phases} AW AgAel H]-&L 1:2(w/w)
2 ZPS £ aqueous phasest A|HZ/GAL vl &L 2 1(w/w)E 5l EH AuAES S
9ict.

¢

il )

¢

Lycopene crystalS E4F == £33} oil phase2 Al Az WS XA 7] 913
lycopene crystal¥} medium chain triglycerideMCT), 28] AHEAAe] A WHLS Fig 4
| JEA SIS, lycopene AIEH AZE 913 oil phase, AlHE A9} aqueous phase2] |
2t "] &2 Table 5 & 60 ERNATE Method 12 lycopene crystal : MCT = 1 : 9(w/w)
2 EF3 T AWNGAHAS dHUEE EF3HY tip sonicator(sonic dismembrator Model 500,
Fisher scientific, USA)Z ©]€-3}le] amplitude 50%, 4C< Z7A 18 B 249 73
1, o] EFE waterE 2o EAL AZRIYTE Method ITE 9o U3 nj&=
lycopene crystal, MCT Zg]x AHZAHA= E?o}&] lycopene crystal2 FU3A HEALA T

7] el AAA] wulr)E o]R-3te] 1087 muke F 2417 BoF 223H(5210-R Bransonic®



ultrasonic cleaner, Branson ultrasonics Co., CT 06813, USA) A& sle] oEHL Azt ch
Method MM+ lycopene crystal : MCT = 1 : 3022 &35t 180T A 38 FQ 7gstdx,
MCTd| &85 A ¢ B4E A AZ T o]AL oil phase® Alg3ste] HEAL Azttt
ntx 2o 2 method IVE method MM FHYU3&}A lycopene crystalzt MCTS &% 7ta 3

43} amplitude 50%, 4T ZANA 1&
oil phaseZ &} JHHE AZsA

T 259 A, o

3 tip sonicatorE ©]
=
=2

| Treated of oil phase |

Method |

Method I

Method Il

Method ¥

Mixed lycopene crystal
: MCT = 1:99 (wiw)
4

Added emulsifier
{oil:emulsifier
=1:1, 1:2)
¥
TUltra sonication
(50% amplitude, 1 min)

Mixed lycopene crystal
: MCT = 1:99 (wiw)
v

Added emulsifier
(oil: emulsifier
=1:1, 1:2)

Stirring for 10 min

v

Sonication for 2 hr
(5210-R Bransonic®
ultrasonic cleaner)

Mixed lycopene crystal
: MCT = 1:30 (wiw)
v
Heating at 180°C for

3min
v

Filtering and cooling

v
Used hy oil phase

Mixed lycopene crystal
: MCT = 1:30 (w/w)
v
Heating at 180°C for
3min
¥
Filtering and cooling
v
Ultra sonication
(50% amplitude, 1min)
+
Used by oil phase

Fig. 3. Treatment method of oil phase to produce of lycopene emulsion.

10. Lycopene oEH Az HHZ2H

A AP A D2 HH] AREFA L oil phase AT Y
AEE Fig 39 JEhHRDh dudy Ane mgos %rﬂ
lycopene crystal?} MCTE A3t 3, AHZAAZ oilz} AT ¥]L(1 :
TeEm, 3 B Tuald FUD Aol TRBE BEUD. of BRI YD wge
waterE FH7lste] thA] 3& B wykg o AW L3~ 71 7] 9180
50C F873oA 18 & v-3A|A pre-mixtureE A 23} T} Pre-mixture= tip sonicatorZ
o] &-5le] amplitude 50%, 4T Z A 18 B¢ 221 Agstdch Az JdEAL 2%
(w/v) 5EE FRFol H4sel AF A7 F% YA 2L Zpotential & ZSHHGT. 2

e o) w el wE o | s

I2H dAH 9Y9L pseudo-ternary phase diagram 7]
o, T g = 9 =

05,1, 15, 2)2 2

_IN
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11. A Z27) =3

Lycopene oAl 4xF =7l FAHL AEHA W YAE9 brownian motions photo
correlation spectroscopy(Nanotrac' " 250, Microtrac Inc. USA)E o] &-5}] AFLo|A] 30% HoF
light scattering & ol 93] =43}
Table 5. Composition for lycopene emulsion composed with lycopene oil, Tween 80 and

water by ultra-sonication after pretreatment of sonication for 2hr

Mixture ratio Normalization (%)
Lycopene oil Tween 80 Water Lycopene oil Tween 80 Water
0.5 50.0 25.0 25.0
1 40.0 20.0 40.0
15 33.3 16.7 50.0
1 0.5 2 28.6 14.3 57.1
25 25.0 12.5 62.5
3 222 111 66.7
154 77 76.9
0.5 40.0 40.0 20.0
1 33.3 33.3 33.3
2 25.0 25.0 50.0
1 1 3 20.0 20.0 60.0
4 16.7 16.7 66.7
5 14.3 14.3 714
7 111 111 77.8
10 8.3 8.3 83.3
0.75 30.8 46.2 231
15 28.6 429 28.6
2 25.0 37.5 37.5
1 15 3 222 33.3 444
4 18.2 27.3 54.5
5 14.3 214 64.3
7 11.8 17.6 70.6
10 8.0 12.0 80.0
1 25.0 50.0 25.0
2 20.0 40.0 40.0
3 16.7 33.3 50.0
4 14.3 28.6 57.1
! 2 5 12.5 25.0 62.5
6 111 222 66.7
8 91 18.2 72.7
10 7.7 154 76.9
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Table 6. Composition for lycopene emulsion composed with lycopene oil, Tween 80 and

water by ultra-sonication after pretreatment of heating at 180

Mixture ratio Normalization (%)
Lycopene oil Tween 80 Water Lycopene oil Tween 80 Water
0.5 50.0 25.0 25.0
1 40.0 20.0 40.0
15 33.3 16.7 50.0
1 0.5 2 28.6 14.3 57.1
25 25.0 12.5 62.5
3 222 111 66.7
5 154 7.7 76.9
0.5 40.0 40.0 20.0
1 33.3 33.3 33.3
15 28.6 28.6 429
1 1 2 25.0 25.0 50.0
3 20.0 20.0 60.0
5 14.3 14.3 714
7 111 111 77.8
10 8.3 8.3 83.3
0.75 30.8 46.2 231
15 25.0 37.5 37.5
2 222 33.3 444
1 15 3 18.2 27.3 54.5
4.5 14.3 214 64.3
6 11.8 17.6 70.6
9.5 14.3 76.2
10 8.0 12.0 80.0
1 25.0 50.0 25.0
2 20.0 40.0 40.0
3 16.7 33.3 50.0
4 14.3 28.6 57.1
! 2 5 12.5 25.0 62.5
6 111 222 66.7
8 91 18.2 72.7
10 7.7 154 76.9
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Mixture of Iycopene crystal & MCT
(ratio of 1 : 30 (wiw))

Heating at 1830 °C for 3min

}

Filtering and cooling

|

Ultra sonication with S0% amplitude at 4°C for 1min

|

Added Tween 80

!

Stirring for 3min

}

Dissolving into the water and stirring for 3min

)

Heating at 50°C for 1min

|

Ultra sonication with 50% amplitude at4C for 1min

!

Lycopene emulsion

Fig. 4. Preparation of lycopene emulsion at optimized condition.

12. Z-potential =7
Z-potential 2 dynamic light scttering HWFHoll Q& A 718 FH QoA olHHe] wiakw}

b

= g

43le] =AUt ¥ AL disposable zeta cuvette(l cmx1 cmx4 cm)ol] FH sl 7]7]9]

chamber <Qto]l W1 30% F AIAA 25T A 53 HbE ZH3IHY 2™, electrophoretic

mobility =X & Z-potentiale] Z¥} 2 ksl Tt

13. Akt < 4d
Lycopene &3} A A 4k} PP AH-E #8353 AAGE 25Tl AFsts 483 AA A

Z 39| lycopene FFol thdt A 717t F A4Sk lycopened] o] v &2 eI

5|\

3
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i} 58 pulp 2H-F lycopene F& B 357 IF

8 pulpell IFfE FEAAE 40}04 AAZ 24 pulpet AFE(TE 99.9%)S 11, 12,
1:3 (w/v) H[ &2 EFsl] dAEE] F cakeS AeH, ojuf ofghE WA o WE pulpz
HE cake?] lycopene 3588 FASIHTHTable 7). Pulpsl oflgbg2] H] 111, 1.2 & 1:32] H]
2 A3 F¢ 95 100g 71F2 2 cakeo] &2 77t 74, 84.8 H 111.8g8 H Ut} X3
AAY F cakeoll g7 lycopenee] FFL pulpot o gh&o] H] 11, 1:2 & 1:39] H|-& 2 A
g Zkzholl A 67.9mg, 65.6mg B 66.1mgs UYEPHGCH, HETE V|ELRE T IFee 47
95.6, 924 2 931% =2 Ho] oetg B o] F714E lycopene 3| Fgo] gt vhe Aus W
Act.

F&o] AAE 78 cakeS ZRE FFE7] HEo| WE lycopene FEEE YolE 7] %’48}
of 12} & 2%} ethanol 2|3k caked} ethyl acetateE 1.1, 1:2, 1:3(w/v) H|EZ EF3}S o
7ol A1 40C & 150 rpm L2 3087 FF APt o] HAAFE 49 wEsIo 14, 27-(}
37 2 43 FEES IUT Z4 FF DAHE lycopene FEES A TH(Table 8). 44}
pulp$t oe&S 1.1, 12 & 1:3(w/v) HE&2 HEsle] AL caked Z}7} ethyl acetates} Ei}
HlE 1, 12 2 1:3(w/v)S 2 3} lycopened FE3+ & lycopened] &8 =34 3t 23}, 4
v pulpst dlgkge] H)7F 11, 12, 1:32.2, 3k, caked} ethyl acetateo] B]7} 1:1, 12, 1:30 &2
F7HESE lycopened] FE5E3 kol Frlste Z#E B At webA, lycopened] F&
2 352 93 A& ethyl acetate §re] TFH] = pulp Z cake 7]F0 2 38 EF3H
Agsle 2ol E&AQ ZAE d& F S A

flo
]

Olt

Table 7. Lycopene and [B-carotene content of cake after washing with ethanol

Treated cake Washing solution
lycopene B-carotene lycopene B-carotene
Weight(g) ¥ yeop
(mg) (mg) (mg) (mg)
Pulp (control) 100 71.0 6.9
Pulp : Ethanol
1:1 74.0 67.9 (95.6) 5.6 (80.7) - -
1:2 84.8 65.6 (92.4) 6.6 (95.1) - -
1:3 111.8 66.1 (93.1) 5.2 (74.9) - 0.01
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Table 8. Yield of lycopene depend on the ratio of cake to ethanol and extraction solvent

(%)

Watermelon pulp to ethanol (w/v)
1:1 1:2 1:3
lycopene  [-carotene | lycopene  [-carotene | lycopene  [-carotene
(mg) (mg) (mg) (mg) (mg) (mg)
254 52 28.6 6.4 304 3.4
Cake
(35.8) (74.9) (40.3) (92.2) (42.8) (49.0)
Cake : Ethyl
acetate
11 25 4.2 0.7 2.9 2.0 5.2
' (3.5) (60.5) (1.0 (41.8) (2.8) (74.9)
12 12.8 4.5 9.7 59 19.5 5.9
' (18.0) (64.8) (13.7) (85.0) (27.5) (85.0)
1:3 371 49 39.8 5.6 47.2 5.6
' (52.2) (70.1) (56.1) (80.7) (66.5) (80.7)

t}. 3] lycopened] 843 & 7 9

(1) AAggdA M-8

Lycopene =83} AA| Az HHzZAL AAs7] Yl AAEAAS} oil phase 27 =Y
of 3t oAu] AL st cHTable 9). Tween 20, Lecithin 221 PG| A% oilo] water 2 H-E
dad =Hqem, SFAES] ¢ "HE7} uj dol & AHBAGA S} FLE vEER ZHA
< w waterol] A &A= A ot oEA Azl oA EAIF FHJAT I} Tween 407}
Tween 60, 131 Tween 809 79 FH3 oE o] FAERoH, AR =77 22 39.2,
19.0 2 267 nm ©|$loH, zpotential 2 Z+Z} -16.1, -16.87 & -19.25 mV o|Qt}. wpebA] <
Al 7HA] ArAZAdA A BBl 2polE Kol ghgter}, Tween 609 ¢ d-2of A wbaix|
FEl 2 ALRSE7)o] BHE 7] wlEol A9t al, z-potential Zko] thE F o} oF7te] Aol
Hol= Tween 802 lycopene ol B A|Zd AT AWGdAZ AT

(2) Oil phase Az 27

Z+z+e] QOil : Tween 80 : Watere] w3t H] &9 w2 A= 7S 743} cH(Table 10). Oil :
Tween 80 = 1 : 29| w|g ¥]&o]ME Method 1-IV ZE HHdl d gdel 3o,
aqueous phase?] ®| 3 H]&o] AHEAA ?FE‘:Q 28] o]l A-g-oll= 100 nm o]a}e] 1o
HAdo] AU =3 oil : Tween 80 : 17 1.5¢] v Hvl&
g Hgol AWNGHA FFe] 23u) A A o H ol FAHATE 2 oil : Tween
80 = 1 : 059 uwig H]gdAM= A3t oil AP B ol A gt wat
A oil thH] Tween 809 F&o| AV T E& ¢ oEHo FAHES A 2z}

ol &= aqueous phase?]



Method 2] 73-%- oil : Tween 80 = 1 : 13} 1.59] v}F H| &A= aqueous phase’} A HZ
A FHeFel 2389l AlSkE A-podwk oEde] FAAFEUL, T 0|99 EE aqueouse phase
g H]EolAs BT lycopene crystalo] $A3] B FH ATt Method 12 7 oil : Tween
80 =1 : 159 uj3 H|&A A= aqueous phase?] FaFo] AHEAHA FaFe] 4u) o] FH A
< o} lycopene crystalo] £ &= dato] ettt walA Method 13 ME oEA A x4
Aol 4 Method I ¢+ Vol H]3l oil phase A& WHoz AR ¢SS Iyt

Table 9. Particle size and z-potential of lycopene emulsions formed with various surfactant

Particle size Z-potential

Surfactants
(nm) (mV)

Tween 20 2 -
Tween 40 39.2+17.8 -16.1+0.78
Tween 60 19.0+0.90 -16.87+1.03
Tween 80 26.7+2.03 -19.25+2.18
Lecithin ; )
PG" - -
SFAE? ; _

Y PG : polyethylen glycol
) SFAE : sucrose fatty acid ester

? _ . 2-phase, not detection
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Table 10. Particle size of emulsion formed by method I1-IV on the system oil/Tween

80/ water

Mixture ratio Particle size(nm)

Oil Tween 80 Water Method 1 Method I Method I Method IV

0.25
1 0.5 ~ ) - - .
5
0.5 - - - -
1 231+90.2 - - 172414.9
2 53.5+2.70 81.4+89.0 47.0+5.04 38.6+1.94
) ) 3 71.6+23.1 62.4+9.63 521+11.2 60.5+12.2
4 - - -
5 - - - 95.7+8.15
7 - - - 152+30.1
10 - - - 148+39.1
0.75 - - - 869+194
1 370+51.9 - -
15 312+95.1 206+48.3 - 171+11.1
, 15 2 266+39.7 91.7+4.60 -
441+189 78.1+97.1 31.9+17.1 32.1+2.72
45 63.7+12.7 60.0+21.5 60.3+37.0 53.6+6.89
6 - 100.5+73.1 - 80.5+17.4
10 - 96.7+14.8 - 107+48.8
1 6134127 364+161 586+93.7 -
2 298+18.6 123+28.2 131+4.05 202+9.28
3 178+25.1 62.2+32.8 81.9+12.2 11245.23
4 33.749.38 13.6+0.34 19.8+0.53 307153
! ? 5 36.145.05 15.2+1.64
6 36.1+2.01 14.146.30 26.8+2.40 42.0+9.56
8 63.9+38.2 14.5+0.89 55.4+15.9 623231
10 40.4+3.70 15.842.49 53.6+19.8
7. 2 phase
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(3) Oil/Tween 80/watere] HZH | =4
Ternary phase diagramS o]-83sto] ol2de 4 &< oil, aqueous phase(water), A
A (Tween 80)9] H 32 g =1L AAsth Ternary phase diagram o|Ed o 24 E
< Ul JEAHA AAAA 2+ FdH S Fol 100%7t HEs dAgsiglen 2+ HEo et
& A& He =t tie lineo] EAjsts -S4 Ee F4RE & 3 A& AW E
S

5tk Method 1-VeIA 2 429 wjgulge] me Yxtzrlsh =4

tlo

[0

G
i

£ W
)

o3

Method V7} th& A Bl 7b¢ Wlon, s v&S el P29 spotS 7313
th T3k oil : Tween 80 =1 : 1, 1.5, 29 v}§ H] Lo A aqueous phasee] o] Tween 80
A Ha 231 ) A EF oEAEe] IAEHAES & 7 AT wEbA lycopene o™
A Az e 2712 Method Ve WS 2 oil phaseE A3 3sted, oil2 7.69-25.0%, Tween
802 154-28.6%, water= 50.0-76.9% <] Hol2 wigsfof && & 4 AUk
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Method 1

01l

Legend
®Oil:T=1:1
mOil:T=1:15

Oil: T=1:2

A Tween 80

2

Fig. 6. Ternary phase diagram of emulsions formed by method I on the system oil/Tween

80/ water.
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Method 11

01l
Legend
®Oil:T=1:1
mOill:T=1:15
Oil:T=1:2
30
Water - Tween 80

Fig. 7. Ternary phase diagram of emulsions formed by method II on the system oil/Tween

80/ water.
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Method III

01l

Legend
®Oil:T=1:1
mOil:T=1:15

Oil: T=1:2

: Tween 80

Fig. 8. Ternary phase diagram of emulsions formed by method I on the system oil/Tween

80/ water.
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Method IV

01l

Legend
®Oil:T=1:1
mOil:T=1:15

Oil: T=1:2

Tween 80

e
70 80 90

Water

Fig. 9. Ternary phase diagram of emulsions formed by method IV on the system oil/Tween

80/ water.
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2} lycopene =83 4o QHHA TFA AF

Lycopene =83} AA AxE 3 HAH9 oil/Tween 80/waterd] HjF H|-&E2 A Z3 o
g 25ColA 747 AFstEs 54 W3S 45T AL oil : Tween 80 =1 : 1, 1
: 1.5, 1 : 29 vjE H|E&E aqueous phase?] -2 Tween 802 28 ¢} 3w E Fte] A 235}
YAr=Z7], Z-potentioal B AFs}bH dE A ST

(1) YA =7] & Z-portential
zk w3 e A2 EAL 2%(w/v) FEAe T wEo] 25THA 747 AZEHEA

JAFZ 719} Z-portential & F73 3 th Fig. 1001 yepd uvle} Zo] iAo Y=y HEE
X, oil : Tween 80 = 1 : 19] uj3 H]E&<] ¢ A% 3Y ©]F=Z lycopene crystale] & =
o] dEdo] w9 EorATS o 4 AAdk 22} oil ¢ Tween 80 = 1 : 1.5, 29| v Hv]&
ANAE YA=Z77F el 712 Yot 100 nm o]stE mj¢ ¢HH A & zmagau}.
Z-potential & | HA HoJz}t A WH(shear plane)@ oHHo] ZEAsts T8 A AHbulk
solution) Alele] A3F}E urqutq oA AA7re] FA7FH EA L Ar|FH Al AL
e padel 4de Busks 2ad 4z B4¥T ok 7 owE wew Ul
Z-potential & Z7d3t Z 3} Table 11) oil : Tween 80 = 1 : 12] vjF W& HE AF 3¢ gt

o aqueouse phase g#Fo] 28je} 3uj7} Zkzb 994233 -9.6+34 mVe] 29 AFE JERAS
. 2 99 wE HEdAE BT 10 mV ol4e] g9 s JEld AT vmslge o
lycopene B 7-¢ Z-portential Zto] -10 mv ©|ste] &2 ASE = 7] A ZslHA]EH
lycopene crystale] E&]®HS &4 & Utk waba] Tween 809 ko] oile] 1.58] o]4to]
ofok g ol 2 oEHo] FAHES st

)

100

80 r

|

Particle size (nm)
\
\\,
°

20

0 1 1 |
0 2 4 6 8

Storage (day)
——1:1:2 —=—1:1:3 1:1.5:3 1:1.545 ——1:2:4 ——1:2:6

Fig. 10. Particle size of emulsions during storage at 25°C for 7days.
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Table 11. Z-potential of lycopene emulsions during storage at 25°C for 7days

Composition Storage days

Oil  Tween 80 Water 0 1 3 5 7

1 1 2 -11.0+22  -11.841.0  -99+23
3 -152424 -141+34  -9.6+0.6

1 1.5 3 -181+1.3 -14.7+£23  -155£17  -153£15  -14.2+28
45 -17.3#1.7  -16.3+#09  -13.0£15 -14.3+#29  -13.24#32

1 2 4 -145+40 -159+#15 -14.0+£23  -125+£11 -144+13
6 -16.2+14  -16.6+0.7  -152+18 -13.7£1.8 -12.2£26

@) w84

AEAL 4bst HHdL 25C A F oil9 lycopene FF WSS FAHstH FAstS
™, Fig. 119 YeRAATE A 549 oil : Tween 80 : water = 1 : 2 : 49] lycopene THFL
9552% =2 7FE Aol em, oil : Tween 80 : water = 1 : 1.5 : 39 lycopene 3=
66.81% % AFsl Qbg/dol HAstsa, 2 2 wig vl = A 80% o] lycopene T
ZFol AU o] ZHZ = ZzHe] wig v &Y AEE 4bkst A tiE Auds
7] o5t

120

100

Lo d

80 | : — —3

Lycopene (%)
3

20 r
O 1 1 1 1 1
0 1 2 3 4 5 6
Storage (day)
——1:1:2 —=—1:1:3 1:15:3 1:15 45 —«—1:2:4 ——1:2:6

Fig. 11. Oxidation stability of emulsions during storage at 25°C for 5 days.
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dE z g 2o o3 ﬂ%ﬂr pulpq B2 AL pilot plantg FE Z# ~(Fig. 12)S A&-5}]
1,070kge] e ¥ S & ASH 700kgS AMESte] AAISATH AERQ 0
TZE 9 ’“ZH B2 AxE 2 md 71F Z7E 2 AHAE Ao H, d75e
0.07-1.02m' HAE Zte=th 78 pulpst #Fo 2252 ¢T3, A#E pulprt o 7R
o ZA 71%‘8}71 &2 ZHE pulpd] IS FAYS Tt o st zlo] FHeE F
A= A

HI(EN=I)

A zZaA

O 24|

2 pulpset #EF9] BEl= Fig 133 22 disk 233 ¢
TR Y E 94F 12,000xg2 FA FH= 220 39 T

1)
rotordl] FHESIHEA EHdEe s 23, £ g g7 EY5E el

nh

Olt

L2 AARZ 7|5 AFESE S8 pulpo}t o] €3} 9000 rpmoll A discharge timeS 0 min
0 &

kge g3 23S Table 120] YehlidH. €8 A9] B¢ F2E 37
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il
=2

H AEo|A] tank o @& A

=
H] 43% HZ 9] lycopened 3|43
A]

o gEish FAG AER AFT JHgon, A A
Stk webd 13 2eld dole AT 23 QPR A

Tatlot, €8AE BEEA @i Adoez o wAvrt o ode fEE ¥ 4 ud
A& AAEY7Y A AR HFAE o|fstd EEEHe d8E E o, £t A A
#23 AFAo Bo = lycopenetro] A2 EFFHI, JRo G EF H|3 v|FS
b= A AdE (lycopene)2 membrane filterE ©]-8-3to] E3ste R ol HAsitta AHFH S
th. 2822 pulpet #HFO EEFQ EdT d54 AR % Wy HAAESA &
2 ZoZ ATFHIT

Fig. 13. Two-phase continuous separation of pulp and juice from watermelon
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Table 12. Lycopene content and yield of lycopene extraction by using continuous centrifuge

Lycopene content Lycopene yield
(mg/kg) 8 %
Flesh 454 1.025 100
Pulp 67.2 0.442 43.1
Juice 39.6 0.611 59.6

Q) FZE A% 7|d <3 2|

T8t pulpet #F] Tl Yo AaEGANA BEE F AL AR JUAEHE FXE
7)ol o3k £ dd AAE Fig. 14l etk Ee3Ee £ £4 BB 12ES
03-05% H7sta wwhet & 7Gx Aol FF3 ohg 45kgf 4HE FA gt A7
Ho] W 4HFE AASIL pulpE Ittt FHF B E Mkgs F2E AARg 2 &
W pulpet FEE EFE 54kg(3.6%) R T IEF 88.6kg(58.3%)= £HlT F AU TXE
g o8 F pulpst #FS Eele xES FFH webd B 359 lycopene FF
o] F¢HE g Felaton, old metA FXES 7]F27]7F 510 um F=7F A3 A
oz yeHEc

Celiteo]] B3| H]Fo] PF& pearliteE ©@Eo 2 FEE= celited} 1112 TSI oJ3t7] ZE
AFEEEY], B AP E celite 7+ HEOZ AMSF YT Celitee] A9 ¥]FEo] #H o317
) I, = Ax ZYo] ® Fo= celited] 52

5]
2 st A=Egoz Ry ZHHAY Td] BAste Aol doldth. wEkd EF 89

N
91
o}
=~
oo
o
Yoy
i
o
a2/
H
)
5
=
2
ot g
flo
>
fl
fr
9]
o}
=~
do
o,
a2
o
o,
At
rok
I
)
2
2
fr
K
ol
4
ah
)
20,

o} el3selo] Fasidon, tanke] ol MRSl A9 27] AR Hls WEF S Eol
# th(Fig. 15).
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Fig. 14. Separation of cake and juice from water melon by using celite filtration

FuF B lycopened] AT Z FF 3|4EE Table 130] VYeERAAT. F8F 5L k
454 mge] lycopened T3l YRoH, 7FXE o77]|E o] &dle] #FL AAS &
pulp= kg 423.6 mge] lycopened i3t Qo] &S ZEH lycopeneo] <F 104]
ZH A, ol lycopene] &2 64%°|th. T OE]TJré}_T’_ tanke]l @S A]E9] lycopene
TS kg 95.2mgo 2, A T A8 oF 295%] SFEHIUL, wEtaA FAZ A B A
tanko] F& AR E A5 UM A o3} pulp? lycopene 3F8-L 90.7% o]tk

Pulpe] 82 AAs7] 8 olete 83, ol= ethyl acetate 2 lycopened FZ35}<]
FEES 50TAA HEsFstd lycopene FaFo] oF 518%% FFHFES AUeH 88%Y
lycopene 388 HYT JuiceZ £AH lycopened] A4S ZFA317] 95t 50 mL 2 juice
55 33 AFAstAot tank Wol EAsts &3 EF =] WEE Aolgt HHT juiced] F
£ S4stA] Eotd £ A EF 376 kgoll A tank o] F2 A&

)
o
j

A

-

Al ¥ 52.8 kg2 A <I3 1}
A 9F(eF 300 kg)e 2 A4tstH 7] W&ol juiceR 9] lycopene &AL FH o Bilsirt &
T U

THt 502 HE pulpE Igste WAZIASY EAFAS dolEY] S8 Ay dAE=R
A 2 lycopene $3F-S S74sISlth Table 140 jeEpd ule} o] 448k 100 kge 2 HE 61.8
kgo]l 8L AP oluf o] lycopene TS 1.3 g oA} o] ZHE pulp 3.6 kg AU ©]
uj o] lycopene T2 953mge 2 T8 2HE <F 72%9] lycopened 3|3l th PulpZ FH
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ol et-2 7] 3 ethyl acetateE
s aigon, HgoRRE of

0|83} lycopenes F& /539 crude lycopene extractsE

34%2] lycopenes 3]4~3} % th(Fig. 13).

Table 13. Lycopene content and yield of lycopene extracted by using diatomaceous earth

filter.
Lycopene content Lycopene yield
(mg/kg) 8 %
Flesh 454 17.06 100
Pulp (+celite) 423.6 10.93 64.1
Extractable concentrate 51819.3 10.62 62.3
Juice 0.97 0.29 1.7
Residue in tank 95.2 5.03 29.5

Table 14. Weight distribution of watermelon related parts and lycopene yield after filtration

by using diatomaceous earth filter

Weight Lycopene
(kg) contents (mg) yield (%)

Whole watermelons 100 - -
Peels & Seeds 39.0 - -
Flesh 61.8 1325 100
Juice 58.3 13 1.0

(diatomite) (0.003)
Pulp 3.6 953 719

crude LCP extracts 0.04 454 34.3
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Whole watermelon
(151.95 kg, 100%)
Removal of peel & seed

MMilled by chopper & colloid mill

|

Milled flesh
(94 Kg, 61.8%0) | LCP content: total 1.3 g, 100%
—— Filtration used diatomite filter

| |
Juice Cake
(88.6 kg, 58.3040) (5.4 kg 3.6%0)

Cake+diatomite | T.OP content
(14.1 kg) 61.9u9/g (total 950 mg, 72%)

LCP: 123 mg
Diatomite : 4.7 g l_ Extraction and evaporation

Crude lycopene extracts

(67.55g, 0.04%0)
(LCP content : 6.7mg/g, total 454 mg, 35%)

Fig. 15. Flow sheet of pulp and lycopene recovery by diatomaceous earth from watermelon.

9, T2E T/ O £u #{o2HE pulpE 351, lycopene 34E&S EA45

7] 93le] Table 159} @& EXo] 7REE AML3YTE AFR3 4F 9] FXE STD, Celite
512, Celite 503 2 Celite 5459] 7} 83t EAL 7 E YA pore sizeZ A, 0|52 77}
35,5 10 & 17 umo|t}. 87 &S ol FREZ AFAHYSFT FETH lycopene T3 2
W, juices] FHE LY FHL EAT AU Table 160 AT FEFFE T

E 9] pore size7} F7IE4E ol o, pulpoll T lycopene T#H-2 pore sizeZ} 71 &
Celite 5455 At 25 mg HEE EI=H, ©ol3L AFAAZ A Fd d5d FHd
lycopene &3} 53 doz2A FZE AFHE pulpol] THF lycopeneo] BF 3|FEH 2
< vty w3k, Celite 5452 2|3 pulpZFEH 343 lycopened] A% 15U AXFZS
lycopene2] o] ThE Celite Aol Bt 1/2 A= F4%E ZzE BT oo
Celite 5452 oFA 2] 3 pulpoll UAA FE lycopene 3|83 AHAHS Bl A= pore

size 7|7} 17 um ]33l A lycopene?] F&5o] =o} pore size7} e 790 H|5}o

geiHew o4uF H57) HA gt Aow G &

H

32
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Table 15. Characteristics of various diatomaceous earth used in this research

Approx .
] Estimated
Median p@ .
GSFHwate | Loose Wet 150Mesh | 325mesh | Moist
Perme Pore 1GSFM . .
Grade | Color | Type N ) 1;6 WT., | density % % ure
ability size, w/0.151 . . )
Precoat2 PCF , PCF | Retained | Retained %
um b/SE .
4" Hg
precoat
Pink/ | Calcin
STD 0.25 3.5 0.7 10 9 19.5 4 N/A 0.5
Buff ed
Celite | Pink/ | Calcin
0.5 5 0.4 20 9 19.5 5 N/A 0.5
512 Buff ed
. Flux
Celite ) .
503 White | Calcin 1.9 10 0.06 130 12 19.5 9 N/A 0.1
ed
. Flux
Celite ) .
= White | Calcin 4 17 0.02 370 12 20 12 N/A 0.1
ed

Table 16. Lycopene content in pulps after treatment of various diatomaceous earth

Treated MC — Lycopene — Total solid
Y ter 7 days of Juice

cakes (%) Content (mg) Yield (%) Content (mg) Yield (%) ()
Control 844 246 100.0 225 914 87.1
STD 67.5 246 100.0 224 91.0 78.3
Celite 512 65.0 25.6 104.3 229 93.2 81.6
Celite 503 63.2 252 102.6 225 91.6 81.8
Celite 545 46.0 22.6 921 121 49.3 874
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4 3k %, Super Mass Colloider(Masuko Sangyo Co. Ltd.,
Saitama, Japan)Z &2AlE4d3te] YA Z7]E 40-60 mesh Z 7|2 P o] BEHYES filter
press(4 pm filter)E o]-&3t #HEFLS 13 AA T AAEZ(11,000xg, 10 min)dte] pulpES &
S,

A S B TF2E FEF 23 A 5 of 820kg, B TH2 ¢F 250kg9]
E 75U tHTable 17). 314 rind, seed, flesh, juice B pulp F912] F&ol 1o

A 57 FHol, juice §-91= B 79 FHbe] o7 wotow, O 9] thE
ool 82 & AolE Kol gttt Pulpdl Ff-E lycopene 33F-E lycopene &4 <
spectrophotometer 3 HPLC ®o] w2 Aol HYAT, B 570 A 5FET =& ¢
Hole ALR veiyth ol 2= B TFLE EREHAE FHY BERIVES AY 2
2718 V1L R AT A v Fo] E o AN S B TSI A BT 5
Hhol o3 &5 Vst e g E 4 vk mEkA, lycopene B4HE FHEbe] AR =

#u7k b5 E FES S AEEA QolE B A 2L wdo] wrt.

Table 17. Weight and lycopene yield of watermelon related parts from grade A and B

watermelon
Yield Lycopene content (mg/kg)
Weight (kg) % Spectrophotometer HPLC
Grade A GradeB |Grade A GradeB Grade A GradeB | Grade A GradeB
Watermelon 820 250 100 100
Rind 282 77 34 30.8
Seeds 52 0.92 0.6 0.368
Flesh 530 170 65 68
Juice 486 160 59 64
Cake 23 6.4 3 2.56 545.1 605.5 710.2 736.8
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(2) =81 HE W& lycopene FZ W3}

FE28vo IEHE =o|7] 93 ez WA 3 13 caked} 23} cake?] lycopene FF
% W3lE Table 189 YehfAth PulpE oﬂ o2 1H Al Hete] d& 13} caked 261 A&}
o AL 23} cake?] lycopene FHS =AH3F A3} lycopene 3F80] o 98%=E et A7
3lgo) M2 lycopened] &40 A gles FASHATH

Nets A F AL cakeol] thit F=guf H]%% 2l 3te] 49 ZAA lycopened FE3L
Z3}, Table 199 vield v} Zo], caked} FZF8uje] HlEo] 1:191 ZH9 12 caked Zi}
cake?] lycopene F&8& 0] 7—}7—} 45%<} 53% o1, 1:2¢9] AL 22 84%<} 65%, 1:39] A%
Zyzy 74% <) 112% 9] F&8L 2 Yttt wakA 12 cake EE]- 22} cake©] lycopene FZ 9
oA o AFFS ¢ F AUt Fig. 169 YEbA FEF3 o] ©E lycopene FE&& EH
=z} cakeo] 74-¢- &ufs}e] HlEo] 1:29F 1304 23} FE2712] S wf oF 60% HE2] lycopene
FEES B ¥, 23 caked] 7A-¢ Kufeto] H]Eo] 1.3 W 1x} FFoA 80% o]
lycopeneo] FEFHASE AT ol AFAZHEEH pulpE etz F ¥ A5
< 27 caked FEEWI9t 13(w/v)e] ¥ &2 EFSHE W lycopene FEEo] 7HE =&

gAstg e, &5 23] MHET 49 cakeS . ZHE lycopened A 3T F 9SS &

—

to o
30,

—_

4 ot n2

Table 18. Changes in lycopene content after pretreatment with ethanol from cake

(unit. mg)

1st Treated cake 2nd Treated cake

lycopene (mg)  Yield (%)  lycopene (mg)  Yield (%)

Pulp 37.03 100 36.98 100
Treatment with EtOH
Washed solution 0.045 0.1 0.293 0.8
Cake 36.26 97.9 36.18 97.8




Table 19. Lycopene extraction yield depend on the ratio of cake and ethyl acetate

(unit. mg)
1st Treated cake 2nd Treated cake
lycopene (mg)  Yield (%)  lycopene (mg)  Yield (%)
Pulp 37.03 100 36.98 100
Cake:EA =1:1 extracts 16.76 453 19.69 53.2
residue 1.74 4.7 1.96 5.3
1:2 extracts 31.09 84.0 23.97 64.8
residue 0.70 19 0.72 1.9
1:3 extracts 27.32 73.8 41.35 111.8
residue 0.29 0.8 0.30 0.8
.- 120
R
et 100
©
= 80
[ -
o 60
©
© 40
=
® 2
o
S 0
— 1:1 1:2 1:3 1:1 1:2 :3
1st washing 2nd washing
M 4th ext. 183 6.07 297 1138 323 254
O3rd ext. 151 1433 884 20.71 953 701
O2nd ext. 96 4148 3727 1435 2810 1511
O1st ext. 22 2207 2470 681 2396 8717
O 1t ext. O 2nd ext. O 3rd ext. d 4th ext.

Fig. 16. Variation in lycopene extraction yield affected by extraction step.
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e F © 2 pulp2H-H lycopenes FZ3}% th(Table
20). Cakes FE8W& 2 3 FE3lo 12 #&E7 23 FEEE HPLCE |83t
lycopene TFL 2AHE A7 pulp2RE ZZ 693% 15.9%9 35S BYed, B
-carotene®] 739 2zt 92%¢F 04%9 34ES EFATH

L
o
A

Table 20. Yield of lycopene recovery at optimized extraction condition

weight Spectrophotometer HPLC
() Lycopene Lycopene [B-carotene
(mg) (mg) (mg)
Pulp 100 36.9 (100) 68.1 (100) 3.74 (100)
1 st EtOH washed sol'n 0.05(0.1) 0.10 (0.2) 0.008 (0.0)
2nd EtOHwashed sol'n 0.04 (0.1) 0.20 (0.3) 0.276 (0.4)
Cake 64.4 36.1 (97.8)
1st extract 18.4 (50.0) 47.2 (69.3) 6.26 (9.2)
2nd extract 7.22 (19.6) 10.8 (15.9) 0.302 (0.4)
LCP concentrate 0.674 24.3 (65.9) 57.1 (83.9) 1.20 (32.2)

&AL, ©l& 371 lycopeneo] i FH F2E
=]
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? pectin®] gFo] w4 FHof EARRFAH A QojA ofEgeol Utk weks Fuk F2 A
Aol 7HE WA adsford FEo| HFgEAEo] AW &
ste 42 ASEHEY BAERE TS =
A7vEe Aol Hads sttt

Fab o] EHEE 2] f8 #&E A 2R R4t 24 o &S
Supper Mass Colloider(Masuko Sangyo co. Ltd., Saitama, Japan)& ©|83lo] F 7}X] 2712
2 2s54tt 71Ad Fine(90) —Rough(0) =217t & A7 245 o mlAlstA 245
™ 403} 709] F A B ol # Clat C22 k. C28 ©S wAEH £
A3tz 98 GE T A7 (Gaulin 15MR-8TBA homogenizer, APV Gaulin Inc., Everett, MA,
USA)E o|g&ale] 300 kg gEoz FAs(H) sttt 2tz 38 EH4ES S go}
4CoA 24717 A F A2 EY ZHFFES A5t Fig. 1760 Vel vhol o]
o 7hge] RS v ATSE juicest TR Z 22t B Yolykew, ol IEme
AFAS AT F40) ANA BARET B NFIY 5oA 227} 3 ol A
olet & # itk ward £ Bgo] RYYEE Fzoltwg olgate] A £ 4064
2aste] ARR ASSE Aol AL FAST.

o

Fig. 17. Dispersion stability of flesh slurry depend on the degree of grinding.

o] 2oz B3 ASEHAEY B ALAE =o|7] s g5 EARMAEARA F
2 AM8-EE pectin®} sodium carboxymethyl cellulose(CMC-Na)Z ©]-835}] Table 219 }E}
W Z2AdZ Z7he ABAE Gl = 5oz Hriste EAMEAE AP S At AEFF
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FeoAe &=t Yol mg 5% §Hor td - Alxst AFEHEN FFsEAL, 4T

b AGT F AKTHB) BAPYHL FASATHFig. 18). B B 0.1%0)4
5 g

FARRAN F A7 LR, AFHE B F 5ol

Agel) FEHE Ro A 7to]l Zold4E #HFol HAE © FHEEHE e BATh
CMC-Na2] A-¢%= BE & oA F E87F Lo, Bgd AFFdd d=rh ¥
lycopeneo] FA EAFES lo] pectin Brhe 24PE Aol EFHAAS FAsiATE ES
CMC-Na®] F=7l 2455 287l o & dojuf CMC-Nas} pecting E3ste] FH7MsE A3
JNE H7MF AL 05%= olstz sdem, I AF 05% CMC-Na/Pecting 715t9<

Table 21. Stabilizers used in watermelon juice

Amount (w/v, %)

Pectin 0.1 0.15 0.2
CMC-Na 0.5 1 1.5
CMC-Na/Pectin (9:1) 0.5 0.2 0.1
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B¢ AEIA = ARGl U Z7ssith 1 A gure Eolv] s S juice FEHE
o A4 BE AN HAHY JEEE B % BIAE 7bg WA BAHAL, el
%5 4l AL 9L A5 mouthfeels} JEE ZHAA FolH HolE BYTHp<0.05)
= A2 AS g8 b HEECs Fate Arhwel 45 4% A%e ushiA 9
3, A7HEe Aol mouthfeclst % Hrbol thal A7 A BT e YA

o 93k mouthfeel?] A3} EAldl = /Mol Bage Ayt wala 8 F9
A AZEL 58} juiced] H2EL ¥A ¢, CMC-Na/PL 05%w/w), &% 05%, HEFIC

0.02% 23 FAAF 0.02%] Aoz AF3=E Ao HAEFL Fdos9T).

Table 22. Composition of additive to produced watermelon juice

CMC-Na/Pectin Concentrate of o L i
No. o Fructose  Vitamin C Citric acid
9:1 juice
1 05 2 0 0 0
2 05 2 0 0 0.02
3 05 2 0 0.02 0
4 05 2 0 0.02 0.02
5 05 0 05 0 0
6 05 0 05 0 0.02
7 05 0 05 0.02 0
8 05 0 05 0.02 0.02
Appearance
Overall acceptance Flavor
MouthFeel
1 2 3 4 5 6 7 8

Fig. 19. Sensory evaluation of watermelon juice.
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(3) o F2o A Mg B FAMEE
FHf F2o] AR MY 5 FEMAESE FHsr] S AAF Alx xder FH F2
& WE°], &% 70, 80, 90, 100CellA 303k kst AE F 2°C WA I 2 Tt A
FotHA 157U HAHS 2 lycopened] &% W3HE LdotHdth Zzbe] 794 =R A%
71Zb Eekel b Fo Eab b /4S Figo 200 JERNATE Setdoz A Aol Feds)
A @ou 7td F 7tE =7 S E sH F29 o] FRAdA Hap FE4os W
stlen, ol ddl g3 F2AE He AT Aol translycopenec Al FFAE H=
5 Eddel

cis-lycopene©. 2 ©]d3t7} Aoyl WEelet & 5 Utk A 3LFE e
dojstorn A 14Y Fo= F
dostth et 100TAA 71E% 3¢ A% 4L 7AAE 4FFY o] FZ4E Hi YU
A7 28Ul AFFol e FFAS
7tdad %0 mE lycopened] 3FF WSIE dolEY] s rtEstA g2 £ F2
(control)& L3 AN AFstHA AT § AR} wwstThFig. 21). F8 F2
%7] lycopene?] HE 214 mg%h olRem, 714 ¥ 70, 80 C= control thH] 1% 90, 100 T 2]
A9 27 5%} 8% lycopeneo] 74T Fig. 209 Zube} o] A & 4=uF F 0] Ao
7t 259 FT et HFes 4 2 2o @ 4 Aok Controle 28Y F
WA oF 58%2] lycopeneo] THATIFH o™ 70T 80CAA 7183 F29] ZH9 control thH]
oF 20%¢] lycopeneo] ZHAFFHTE 2o ¥kl 90°C<eF 100Col A 73 F29 H9 oF 13% 9]
lycopeneo] ZrAstRon, A 79 ©]FEZE lycopeneo] A HAstA| gdes & F Ut
r A 2% WA ARE oA @skert AW 39 o]%F controle] B¢ WE g o] H 7t
WAL, 70Tk 80T A4 A 14Y o|FHE o|FH7 HATE ol FUSA 5 FALS
B3RS o 90T 100Ce Bl @71H =7 ofsiATh ol 7tEAHT 2= Yol A F
n Ao o8 HEMHZE)7E Il FEEA AFH BE/beE JHE HASS vUEdET L E
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14 day

70°C — 100°C Heating

Fig. 20. Dispersion stability of watermelon juice after heat treatment during storage 28 days

at 2TC.
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Lycopene contents (mg %)

Fig. 21.

21 day 28 day

—=— control

Lycopene contents

3 7 14 21 28
Storage (Day)
—=—T0 ——380 ——90 ——100

of watermelon juice during storage for 29 days.
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Table 23. First-order degradation rate constants and half-life (day) for lycopene degradation

from watermelon juice

Degradation rate )
Watermelon samples Half-life (day)
(mg of lycopene/100g watermelon)

Control 0.00186 372
Heat treatment at 70C 0.00648 106

80°C 0.00589 117

90T 0.00174 398

100°C 0.00133 518

of. AEFS} 7le A

(1) Lycopene F%E&9| A|&3}

THe 9ER 3o lycopenes F& B 3t Ve/iES Fote] 5T lycopene &
o

o AFstsle 3HEAE Fig 246k 2ol vekd = Qo

24 A2e

acetate)

Lycopene
extract
Solvent
recovery _Jiaia——

Citrulline 3=

Fig. 24. Process flow diagram for lycopene extract.
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Table 24. Soluble and insoluble dietary fiber from watermelon depend on the extrusion

condition
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Table 25. Citrulline content and its extraction yield from watermelon after extrusion

Extraction yield of citrulline
(%)
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49,

(2) Filter press

o A=A AF}HAL 0.07~1.02m°, AT 7tsd €839 & H 85 L/minzZA A
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o AR A&Eel B Hel ool Aol TF FU glo] 12,000g o] EL AN e

AL4 T o] 7hed FA|oofok .
o A|8S] FUR, AZH B EF = AR E FAD 5 A A Hofof T
1

o FEE ATFAL UFANE 1AT A% 454 AP A5 A4F A}

o TZE o#F A= scraper blade, T =7, A =3 &7], Lze=, AFHZ, =
HE, pulp FF FZ T2 FAHEAXF T
o AL 71FL 80 mesh WAE AL3}al, scraper bladets 73d S A&t Ao

fRo] AT QL fABAS ko] Iz LA(pH 9-13)7 4 (pH 1-3)
& 50-55°Co] Aol A A= Az
A

o BH screen 4% A4hg e FAo] dojubA] e AAZ A
o WEPZO 4L 3 bar o] FL FFL & Aolof T
o AE7F AHE=EH) B e AL =] AFEE 0206 bar AEE FAT

T UES TEFooF T

o AB=e] Aol AW 4AY £ UEF uFRe| Yl mE AF FF Wy

7 AbgEl oAk .

(5) Dried pulp
o lycopene &% dried pulpEA TAEY 7|2 s & #o] GE A Ho] QTH.

(6) Lycopene F&
o Ethyl acetate® A}-&-3} lycopene FZ
o lycopene F&% pulpt 7|84
3.
o f7]&Al(ethyl acetate)e] 3|27} QT4
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Flow Block Diagram of Lycopene Production
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Fig. 26. Flow chart for lycopene production plant.
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Chul-Jin Kim. Extraction and recovery of Ilycopene from watermelon using
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M6 & A/

Al 1A 2 lycopene A|FH#

1 m=

g

Ao A

=1
=

Table 273 Zt} HoA & +

57 Ysle A Eodee] AE

AKXIBL & o) A
T3t sfeluretv|ad
AR
ABHL s D 4E FETL ols® LEAE 2 44
Yt whsh ol AgH BAL FEHOR AP AFT AL
R

Table 27. Commercial products of natural botanical extract for beverage

Products Forms Concentration Physical properties
Water dispersible i i )
Betatene 1% CWD 1% min. Disposable in cold water
powder
Water dispersible i i )
Betatene 2.5% WDP 2.5% min. Disposable in warm water
powder
Microencapsulated . Beadlet based on gelatin
Betatene 7.5% N 7.5% min. )
beadlet and sucrose matrix
Microencapsulated . Beadlet based on gelatin
Betatene 10% N 10% min. )
beadlet and sucrose matrix
Betatene 10% N |Microencapsulated 10% mi Beadlet based on fish
6 min.
Natural |OU beadlet gelatin and sucrose matrix
caroten Suspension of Discontinuous  suspension
oids Betatene 4% Soyt |chlorophylls and 4% min. of algal chlorophyll and
carotenoids carotenoids
Purified oil . Homogeneous suspension
Betatene 20% Soyt ) 20% min. ) )
suspension in soybean oil
Betatene 20% |Purified oil . Homogeneous suspension
) ) 20% min. ) ) )
Olivet suspension in olive oil
Purified oil . Homogeneous suspension
Betatene 30% Soyt i 30% min. ] i
suspension in soybean oil
Betatene 30% |Purified oil . Homogeneous suspension
. i 30% min.
Olivet suspension in olive oil
Paprika oleoresin  |Liquid, powder  |3,300-100,000cu |Qil soluble, water soluble
Carrot oleoresin Liquid, powder |0.7-10% Oil soluble, water soluble
) . |Liquid, paste, o .
Natural |Marigold oleoresin 0.7-20% Oil soluble, water soluble
powder
colors |Spinach oleoresin  |Liquid, powder |0.5-4% Oil soluble, water soluble
Copper chlorophyll Liquid, powder 2-95% Oil soluble, water soluble
Grape skin extracts |Liquid, powder 3-12cu water soluble
Black carrot extract |Liquid 3.5cu water soluble
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2. Lycopene A& FHAFA Novel FoodsZ UA

o F TF9 lycopene AEFo] FHE FEsIA 2 B4 = Aot WHAF RRAZAT ol
thorsl Hej 2 4]Fd o]&3 4 U&= European Commission Committee7} 1O 2A 7154 47

=2
29 7H7h Fob e W,
0 &3, European Food Safety Authority (EFSA)= lycopene-g SHA3%E 21 ZAA 2 1783 tH2008. 4.

o o|HF 7|54 AFLeRY IHFL t&Fe Fuo] AFTol = $EF AF (Vitatene-Spain FFY
A), ERE F= chopene(Lycored) i}’“ lycopene(BASF = DSM) ¢ 3T

o A7) 41 AA7} ATt A= Foll w2 Accepted Daily Intakes(ADI)-2 YERJ™ Table 283}
2}

Table 28. Accepted daily intakes of lycopene in foods

Foods ADI

Food supplements 15 mg/day
Fruit/vegetable juice based drinks 25 mg/L
Drinks for intense muscular efforts (sports drink) 25 mg/L
Foods intended for energy restricted diets for weight

. 50 mg/kg
reduction
Breakfast cereal 50 mg/kg
Fats and dressing 100 mg/kg
Soups other than tomato 10 mg/kg
Bread including crispy bread 30 mg/kg

Foods for special medical purposes at the level needed

for the particular nutritional use

(1) F AFE FAMA9 &%= tartrazine(sensitizer)2] H Al thalk FTAIALZ} Eo} x| wH A
Ad 2 F7IHFY FLF7EF HES AEHL vk HSRol 2010d 749 219 2a® EU
NEE AZFAHNA azo-typed] TAMA(Red 40, Yellow 5, Yellow 6)= of&e Fo/8 =
d5gNE dovhe 8718 JgFH= = FHsA

(2) 99 Leatherhead Food Institute(LFI)= 2007\d &z} 4F M LA 271 1209
o g3l AR AF5Hen, o|F caramel ML= 11297 2ejo 74F & A4S 3
Eolt}. Ad MAT} AFAF AAANA AR FE HEL 31% AE7F Hu, 2 AZEL o
5% =0l A }A k=t
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(3) A, AR = AHMAMAE turmeric (from curcuminoids), annatto (from carotenoids
bixin and norbixin), paplika extract 2 T}E carotenoidsZFH, betalains®] purple-redse} 3+
M4 beetsZH-E, anthocyaninA| red-blues 24 (perargonidin, cynaidin, delphinidin,

peonidian, petunidin, malvidin 53 2 3lg&E] 93t AA)E= purple sweet potato, red

cabbage, black carrot, grape juice, radish % elderberry 53 2 A EA|ANA FE3Io A
Hu, 25 FE4A, emulsification, M¥ B w7 F& F5tq AFH &5 ol EHHQ
Na75e BT

(1) HEAFNA BAAAE AAAL] AES AT Fouh, A2 FANLEG YAl
A} ol WA Al 4480 BT Jom, $E AEY A% pHel ©E Hiel By
TE BEA} FAT L A A5 3, Qe AshE A, w

(2) Blue 4= pH 7} ¥& &350 H&3517|7F vl$ o4, WILD FlavorsAH(u]= AlAY]
) BYERY ood 3UE 2E LHE 4714 ATse 08 949 EggezA
23 9 AT U4 AT doH, pH 25-80 WeolA AT Aoz WEHLT

(3) Anthocyanins2 22 pH 40¢]3}¢] v¥& pHolA FA3sE ¥1H, =84 annaotto= AHY <
BolA AHHE 5o o AFAANME annaottoE L§3817] 918 A7t DA gl
o}

@) itk SEAFC] FHE &7l TAEY AuiEIL Jde ALRE Qste] UV 93 &
AAst gdo] Ha Yt} oldschmldt/‘M ]5lH beete FHFES} F2 FEEHTV =
< ZAdA el kFekA] R, anthocyamHSE st AaA AL =,
sweet potato, black carrot, red cabbage, red radish 52 A Fo|A L= anthocyanins A 4
Hop 3 P o] =2 AFS Hdt 53], Acylated anthocyanins2 Hej &k -4 et
ofg} AAFAHE =om, Turmeric> Yo A EMo] e nlo]lZ2E3) FHZ2 HY

S| Bk Wel QrPgsih

6) =EAEFY 24 HAUIS dU4AE 8582 AFS fASste BE WA 9ot FE9
EgEo] Hed, 2F 43l 5 betanin 4HgtE FXV|E drh AAR F&Ho0l2 F, Z,
T2, rtadle, €Fus 52 Ats A4E BEaliste AT Annottoe T o|R0] &
AN o E/A4 Zedes FAETT 3, HER Ce FAdFH? AL F2 T EAEE
anthocyanins7A| 2 4~ (elderberry, black carrot)o] tid}e] EAH Q1 a3E A &3, B-carotene

2 paprika 57 22 carotenoidA M AE QAFAFE HLS S
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A2 A AE AANL: BA ATAR

International Congress on Pigments in Food= 1999\ £H| <1, 2002\d £ =2FZ, 20043 =&
2, 20063 =9, 2008 HZ=of olo] 2010 64 20-24Y 717 7ty BohE| AE A 6H A
= AR A9 AFa40) B AR, W FHE Wolel 94 WAl HUsEA

1. Recent developments in anthocyanin research-an overview

Andreas Schieber, Christina Engels, Diana Griiter, Daise Lopes-Lutz

University of Alberta, Department of Agricultural, Food and Nutritional Science, Edmonton, AB
T6G 2P5, Canada, schieber@ualberta.ca

Anthocyanins are water-soluble pigments that are present in a large number of plants. They

are a sub-class of the polyphenols and consist of a flavonoid (C6-C3-C6) backbone and at
least one sugar moiety, usually attached at position 3. The anthocyanins usually found in
plant-derived foods are glycosides of the 6 aglycones cyanidin, delphinidin, malvidin,
pelargonidin, petunidin, and peonidin. The novel anthocyanin 7-O-methylcyanidin
3-O--D-galactopyranoside has been isolated from mango peels (1). The most important
sources of anthocyanins in the human diet are grapes (Vitaceae), cherries, strawberries,
raspberries, blackberries (Rosaceae), red and black currants (Saxifragaceae), blueberries and
cranberries (Ericaceae), and elderberries (Caprifoliaceae). 3-Deoxyanthocyanidins, which lack a
hydroxyl group in position 3, are much less widespread and are found, for example, in
sorghum. Daily intake of anthocyanins has been reported to be in the low milligram range
but can increase significantly when larger amounts of certain berries are ingested (2).
Anthocyanins are rapidly absorbed, depending on the food matrix. Both the structure of the
aglycone and the type and position of the sugar moieties affect anthocyanin absorption. In
the plasma, the pigments are found in their intact forms and as glucuronides and in
methylated form. The concentrations found in the urine are very low. Because of the low
absorption rate, significant amounts of ingested anthocyanins enter the large intestine,
where they are extensively metabolized. After deglycosylation, the aglycone is converted to
phenolic acids and phloroglucinol derivatives as a result of C-ring fission. However, the
complete profile of anthocyanin metabolites still needs to be elucidated (3). There is
increasing evidence that their metabolites rather than the parent anthocyanins are the actual

biologically active constituents (4). From a technological point of view, anthocyanins are of
interest as natural colorants, especially since synthetic food additives are increasingly
rejected by consumers because of health concerns (5). However, their poor stability during
processing and storage is a limiting factor in many food applications. Heat, pH conditions,
light, oxygen, and the presence of enzymes such as polyphenols oxidase and glycosidases
lead to the degradation of anthocyanins (6). Sulfite reversibly reacts with anthocyanins in
position 4 to form a colorless sulfonate adduct, as demonstrated for malvidin 3-O-glucoside
(7). This reaction is utilized to enhance the water solubility of anthocyanins and facilitate
their extraction from grape pomace. However, sulfite is a known allergen and may lead to
adverse reactions in humans. Alternative processes avoiding the use of sulfite are based on
enzymatic depolymerization of the grape skins followed by extraction of the anthocyanins
(8, 9). Concentration of the pigments was achieved by adsorption to polymeric resins (10).
In addition to their role as coloring agents, anthocyanins are also assumed to contribute to
the health benefits of plant-derived foods. They have been associated with beneficial effects
on eye health, brain cognitive function, cardiovascular risk, and cancer prevention (11). As
a result of the potential role anthocyanins play in human health, numerous dietary
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supplements can be found on the market which are derived from either single berry
extracts such as bilberry, blueberry, and cranberry, or combinations of fruits. The
anthocyanin contents of these preparations differ greatly and may range from <1% to >25%
(12). Many products are relatively expensive, which raises questions as to their quality,
authenticity, and efficacy. Quality control of dietary supplements containing anthocyanins
(and proanthocyanidins) is challenging from an analytical point of view because of the
large number of methods used for quantification (13). Indeed, our investigation of an
elderberry (Sambucus nigra L.) supplement revealed significant differences in the results
obtained using spectrophotometric and HPLC methods (14). In continuation of these studies,
the contents of anthocyanins were determined in several natural health products purchased
from local supermarkets in Edmonton/Canada. Surprisingly, only one product matched the
declared amount, whereas lower levels were found in the others. In a product that was
close to the best before date, only minute amounts were observed. There is an urgent need
to investigate a larger number of dietary supplements using validated analytical methods
and to determine the effects of storage on the stability of anthocyanins. Because of the
presumed benefits to human health and the trend to natural food additives including
pigments, there is a constant search for novel sources of anthocyanins. In many cases,
studies are not limited to anthocyanins but comprise also other flavonoids and phenolic
acids. Using LC-DAD-ESI/MS, we recently characterized the profile of phenolic compounds
in Amazon grape, or mapati (Pourouma cecropiifolia Mart). It is a tropical fruit which
belongs to the Moraceae family and has a sweet and characteristic flavor that resembles
Muscat grape. The dark purple spherical drupes (2-4 c¢m) are eaten fresh or processed to
prepare jam and wine. Previous investigations on the fruit flavor composition found methyl
salicylate and the oxygenated monoterpenes cis-linalool oxide (furan isomer), trans-linalool
oxide (furan isomer), linalool, p-menth-1-en-9-al, -terpineol and geraniol as the principal
volatile constituents. These constituents allowed a correlation of the mapati aroma with the
aroma of white varieties of Vitis vinifera since the characteristic volatiles of the latter are
linalool, furanoid linalool oxides, -terpineol, -ionone, geraniol, nerol and citronelol (15). The
peel and pulp contained mainly the anthocyanins delphinidin-3-O-glucoside,
cyanidin-3-O-glucoside,  cyanidin-3-O-(6”"-O-malonyl)  -glucoside, and the phenolics
chlorogenic acid, catechin, rutin, and quercetin-3-O-glucoside. In the kernels, chlorogenic
acid, catechin and procyanidins were the predominant compounds. The concentration of
anthocyanins in the peel was: delphinidin-3-O-glucoside (104.1 pg/g), cyanidin-3-O-glucoside
(2434 ng/g) and cyanidin-3-O-(6”O-malonyl)-glucoside (504 pg/g). In the pulp and kernels,

cyanidin-3-glucoside contents were 0.97 11§/ g and 48.3 ng/g, respectively. Very recent in
vitro studies suggest promising cytotoxic effects of Amazon grape extracts on several cancer

cell lines, which however need to be demonstrated in in vivo experiments (16).

Conclusions

Anthocyanins are a fascinating class of natural plant pigments from several perspectives
and it can be expected that novel sources will continue to be discovered. Although
tremendous progress has been made concerning their analytical characterization and
quantification, it appears that the determination of anthocyanins in complex matrices
including natural health products is still a challenge, mainly because of the lack of
standardized methods. More investigations into the stability of anthocyanins during
processing and storage including studies of their interactions with other food constituents
are needed to obtain a better understanding of their behavior. It is remarkable that many
fruits that contain high levels of anthocyanins display strong antimicrobial activity.
However, it remains to be elucidated whether the anthocyanins or other phenolic
compounds, or synergistic effects, are responsible for these activities. Establishing
structure-activity relationships will enable a more targeted selection of plants as sources of
natural food additives. These investigations are currently underway in our laboratory.
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2. Industrial viable process for synthesis, separation, and analysis of common

hydroxycarotenoids and their precursors

Frederick Khachik

Department of Chemistry and Biochemistry, University of Maryland, College Park, Maryland USA
20742, Khachik@umd.edu

To date, 40-50 carotenoids have been identified in the extracts from commonly consumed
foods; these can be classified as carotenoid epoxides, hydroxycarotenoids, hydrocarbon
carotenoids, and carotenoid acyl esters. Among these, hydrxoxycarotenoids and hydrocarbon
carotenoids are absorbed by humans and are found in plasma, breast milk, and various
organs and tissues whereas carotenoid epoxides have not been detected in humans.
Detailed analyses of human plasma and tissues have revealed that while carotenoid acyl
esters are not absorbed, their parent hydroxycarotenoids are present in human plasma and
tissues. This class of carotenoids presumably undergoes hydrolysis in the presence of
pancreatic secretions prior to absorption.

The major hydroxycarotenoids absorbed by humans are: (3R,3,6')-lutein (1),
(BR,3")-zeaxanthin (2), (3R6)--cryptoxanthin (3), and (3R)--cryptoxanthin (4) and their
E/Z-stereoisomers. The hydrocarbon carotenoids that are absorbed by humans include
lycopene, -carotene, -carotene, -carotene, phytofluene, phytoene and to a lesser extent
neurosporene and -carotene. Dietary carotenoids play a major role in the prevention of
chronic diseases such as cancer, cardiovascular disease and age-related macular degeneration
(AMD). Consequently, nutritional supplementation with these carotenoids has become
increasingly significant. This has lead to the development of numerous processes for the
industrial production of carotenoids such as lutein, zeaxanthin, lycopene, and -carotene.
However, commercial production of monohydroxycarotenoids, 1 and 2, has not yet
materialized.

Epidemiological and experimental studies have concluded that 1 and 2, which are the only
dietary carotenoids found in the human macula, may play an important role in the
prevention of AMD. However, a diverse range of dietary carotenoids including 3 and 4 are
also present in the human ciliary body that may protect this tissue against ocular diseases
such as presbyopia and glaucoma by an antioxidant mechanism of action. Further, high
plasma concentrations of 4 and several other carotenoids in human subjects have been
associated with reduction in blood pressure in a large intervention trial. Inflammatory
markers such as C-reactive protein and fibrinogen have also been linked to low serum
levels of 4. Several preliminary studies have investigated the effect of 4 on bone growth
and the inhibition of bone resorption in rodents. An in vitro study has revealed a positive
effect of 4 on increasing bone calcium and enhancing bone alkaline phosphatase. Because 4
is a precursor of vitamin A, it can also impart its biological activity in humans by this
function. Although 3 has no vitamin A activity, due to its structural similarities to 4 and 1,
it can exert its biological properties by mechanisms of action that are known for
non-vitamin A active carotenoids. Therefore, commercial availability of 3 and 4 will allow
investigators to evaluate the efficacy of these dietary carotenoids in the prevention of
chronic diseases. A simplified approach to the production of hydroxycarotenoids is by
partial synthesis from 1 that is commercially available from saponified extracts of marigold
flowers (Tagete erectan). Several industrially viable processes have been developed that
transform 1 into 3 and 4 as shown in scheme 1. 1 is either directly converted to 3 or it is
transformed into a mixture of 4 (major) and 3 (minor) via anhydroluteins 5, 6, and 7 by
ionic or regioselective catalytic hydrogenation. Acid-catalyzed dehydration of lutein at low
temperatures yields predominantly 5 as the major product. However, in a refluxing solution
(90C) of propanol-water-acid, anhydroluteins 5 and 7 are mostly isomerized to
anhydrolutein 6 in 12-18 h. The ionic or catalytic hydrogenation of the resulting mixture of
anhydroluteins affords a mixture of 4 (88%) and 3 (12%) in excellent yields.

Another hydroxycarotenoid that has been identified in all human ocular tissues, particularly
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the macula, is (3R,3";meso)-zeaxanthin. This carotenoid is absent in foods, human plasma,
and liver and is presumably formed in the eye from double bond isomerization of 1;
however, the detail of this metabolic transformation has not yet been established. In view
of the potential therapeutic application of 2 and its meso-stereoisomer, the industrial
production of these carotenoids is of considerable importance. A process has been
developed that transforms 6, a readily accessible dehydration product of 1, to 2 and its
meso-stereoisomer (Scheme 2). This process involves regioselective hydroboration of 6 to a
mixture of (3R,3')-zeaxanthin and (3R,3";meso)-zeaxanthin followed by separation of these
carotenoids by enzyme-mediated acylation. In an alternative process, 2 was prepared from 1
via 3’epilutein (8) followed by base catalyzed isomerization (Scheme 2). One of the most
challenging aspects of the total synthesis of optically active hydroxycarotenoids is
development of methodologies that could provide access to the - and -end-groups of these
compounds. (rac)--Ionone has been shown to serve as a key starting material for the
synthesis of (rac)-3-hydroxy--ionone (Scheme 3). This racemic mixture has been resolved by
enzyme-mediated  acylation with lipase PS (pseudomonas cepacia) to  afford
(3R)-3-hydroxy--ionone (9) and its (3S)-isomer (10) in high enantiomeric purities.
(rac)--Ionone  has  also  been  transformed into a  racemic  mixture  of
(7E,9E)-3-hydroxy--ionylideneacetaldehydes 11 -14  which  were  separated by
chromatography into two pairs of enantiomers (11+12) and (13+14) (Scheme 3). Each pairs
of enantiomers were then resolved by enzyme-mediated acylation to afford aldehyde 11 -
14 in high optical purities.

KOH, PTC
hexane
reﬂux 5h
(3R,3'S,6'R)-Lutein (8 (3R,3'R)-Zeaxanthin (2
(3- Epllutem)

1. HY, H,0, THF
2. Enzyme-mediated
acylation & separation

H*, o0, PIOH _ ;
(3R,3'R,6'R)-Lutein (1 I : m
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3'.4'-Anhydrolutein I (
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i) enzyme-mediated acylation
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iv) KOH, MeOH, THF
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(8R,3'R)-Zeaxanthin (BR,3'S;mes0)-Zeaxanthin

Scheme 1. Partial synthesis of 3 and 4 from 1; a) Me3N.BH3/AICI3 or
Me2NH.BH3/ AICI3/THF, or Na[BH3(OCOCF3)]/ZnBr2 or NaCNBH3/Znl2 or
ZnBr2/ tert-butyl  methyl  ether —or CH2CI2/rt; b) HC/H20/PrOH/45 -90C )
H2/catalyst/ CH2CI2 or EtOAc; or CF3CO2H/Me3N.BH3/CH2CI2.
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Scheme 2. Partial synthesis of (3R,3")- and (3R 3’;meso)-zeaxanthin from 1. i) BH3ether, CH3I;
or BH3SMe2 ii) Lipase PS (pseudomonas fluorescens), vinyl acetate, THF, rt, 48 hiii)
chromatography; iv) KOH/MeOH/THF.
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- (3S,6R), 14 (3Fe 68)

Scheme 3. Synthesis of - and -end-groups of 3-hydroxycarotenoids from (rac)--ionone. i)
ethylene glycol, trimethylorthoformate, p-TsOH; ii) fert-BuOOH, bleach, CH3CN; iii)
chromatography; iv) KB[CHMeCH2CH3|3H, TBME, -30 C; v) 0.3 N HCl; vi) KOH, THF, 50
G, vii) enzyme-mediated resolution; viii) CH2(CN)CO2H, cyclohexylamine, 80 C; ix)
DIBAL-H, 40 to 20 C x) chromatography/enzyme-mediated acylation.

3. Tomato (S. Lycopersicum L) - A source of carotenoids and anthocyanins in human food

Bistra Atanassova’', Elena Balacheva', Tania Kartzeva', Pranab Hazra’

'Institute of Genetics “rof. D. Kostov” Bulgarian Academy of Sciences, Sofia, Bulgaria
*Dept. of Vegetable crops, Faculty of Horticulture, Bidhan Chandra Krishi Viswavidyalaya,
Mohanpur, West Bengal - 741252, India, bistra_a@yahoo.com

Tomato is considered as one of the newest plants used for human food as it gained
economic importance by the beginning of twentieth century. Nowadays tomato is cultivated
allover the world and is one of the most consumed vegetables. It is known that the
variability in fruits and vegetables colors such as red, purple, green, yellow / orange or
white is due to natural plant substances (vitamins, pigments etc) and that these
phytochemicals significantly contribute to the good human health. When mentioning the
word “omato”the majority of people usually imagine red colored fruits. As a matter of fact,
due to a number of mutant genes, tomato displays diversity in fruit colors and could offer
health benefits related to yellow / orange, pink and purple colors, as well. A typical
tomato fruit contains average levels of provitamin A, vitamin C and carotenoids but
because of the volume of tomato products that are consumed their dietary contribution to
human health is significant (1). The wild-type red color of the mature tomato fruit results
from the accumulation of carotenoid pigments. Carotenoid biosynthesis and its regulation
during tomato fruit development and ripening is a complex process that occurs alongside
the differentiation of chloroplasts into chromoplasts and changes to the organoleptic
properties of the fruit (2). Studies on carotenoid formation have shown that during tomato
fruit ripening the concentration of carotenoids increased between 10- and 14-fold, due
mainly to the accumulation of lycopene (3). Lycopene is the most abundant carotenoid in
tomato, followed by phytoene, phytofluene, -carotene, -carotene, -carotene, neurosporene and
lutein (4). The red colour of lycopene in tomato begins to appear at the breaker stage.
Higher expression of isoprenoid genes in the central pathway has been found at this stage
of fruit development, (notably DOXP synthase) that gave ground to suggest that the DOXP
athway might be crucial in the overall regulation of lycopene formation in tomato fruit (5).
Carotenes constitute 70 to 95% of the total carotenoid content of tomato. Lycopene, the red
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pigment in tomato fruit is the predominant carotene, comprising up to 90% of the total
carotenoids, while the amounts of the provitamin A carotenoid, -carotene are 2 to 15% (1).
The role of lycopene as dietary antioxidant, in disease prevention has received much
attention in recent years. A number of studies have shown that dietary intake of tomatoes
and tomato products containing lycopene was associated with a decreased risk of
cardiovascular disease and cancer. It was found, as well, that serum and tissue lycopene
levels were inversely related to the incidence of several types of cancer, including breast
cancer and prostate cancer (6). It has to be noted, however, that the conclusions concerning
the association between tomato and/or lycopene intake and the risk of some types of
cancer are contradictory. According to FDA’ review of the scientific data for tomato and/or
lycopene intake with respect to risk reduction for certain forms of cancer, no credible
evidence to support an association between lycopene intake and a reduced risk of prostate,
lung, gastric, breast and other types of cancer was found (7). Despite of the contradictory
opinions, lycopene is considered as one of the most potent antioxidants among dietary
carotenoids and its enhancement in tomato fruits stays as one of the goals of several
breeding programs.

Studies on the correlation between fruit color and lycopene content showed that
chromaticity values (color) were an accurate indicator of lycopene content among red fruit
cultivars, that could significantly contribute to the facilitation of the breeding process for
this trait (8). Two tomato high-pigment mutations (hp-1 and hp-2) confer loci of interest as
they control elevated production of carotenoids, flavonoids, and vitamins. Mutant plants
possess dark-green immature fruits due to the overproduction of chlorophyll pigments and
elevated levels of anthocyanins and are characterized by their exaggerated
photoresponsiveness (9).

The use of these mutations in breeding programs is probably rather limited. One of the
causes is their undesirable pleiotropic effect on economically important biological characters
related to speed of seed germination and seedlings viability (1). The old gold crimson (ogc)
gene increases lycopene content in tomato fruit by about 50% while reducing -carotene by
the same amount (10). It was found that ogc was an allele of B and that null mutations in
the B gene were responsible for the ogc phenotype (11). The mutant is easily
distinguishable at anthesis because of its orange corolla and despite the reduction in
-carotene levels has practical application (10). It was found, as well, that lycopene content
in the fruits of two anthocyaninless lines A. Craig ah and A. Craig aw was significantly
higher that that of the wild type line, exceeding it by 28-29% (12).

The dominant B gene is used for developing tomato varieties possessing orange fruits and
high -carotene content that is converted by the human body into vitamin A. The effect of
gene B was found to be influenced by modifier gene MoB and it was reported that B and
MoB were linked on chromosome 6 and did not segregate as independent genes (13).
-carotene is the principal provitamin A in tomato and was found to be one of the most
susceptible components toward thermal degradation (14). Along with lutein and zeaxanthin,
-carotene and lycopene were found to be present in human retinal pigment epithelium
(RPE)/choroid tissue (15). Supplementation with -carotene along with other antioxidants
resulted in a significant reduction in the development of advanced age-related macular
degeneration (16).

Including gene B in breeding programs made it possible to develop tomato varieties
characterized by about ten times higher -carotene content in comparison to the red fruited
tomato varieties (17). Gene tangerine (t) controls orange-coloured tomato fruit, as well. It
was found that in the tangerine background, cis-lycopene and other carotenoids accumulate
instead of all-trans-lycopene found in the wild-type fruit (18). The yellow color of the
tomato fruit is controlled by the yellow flesh (r) gene. It was found that the recessive r
genotypes carried a mutation in the phytoene synthasel gene (PSY1) resulting in a
truncated protein that was unable to convert geranylgeranyl diphosphate to phytoene (19).
It was suggested that the vyellow color might result from low amounts of yellow
carotenoids such as lutein which are normally found in green tissues and from flavonoids
in the skin.
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Recently there is increasing interest towards tomato characterized by purple color in skin
and outer pericarp of its fruits due to higher levels of anthocyanins - flavonoid metabolites
(20, 21). According to a number of studies, flavonoids are health-promoting components in
the human diet as a result of their high antioxidant capacity (22). Three genes cause
anthocyanin expression in tomato fruit - Anthocyanin fruit (Aft) from L. chilense,
Aubergine (Abg) from S. lycopersicoides and atroviolacium (atv) from L. cheesmanii. It is
considered that their inclusion in breeding programs will be an approach to increase the
nutritional value of tomato fruit. Tomato fruit color may vary depending on pigments of
the tomato fruit epidermal cells, as well. Yellow flavonoids are the major pigments of the
tomato fruit epidermal cells (23).

Gene y controls colorless fruit skin and is included in breeding programs aiming at the
development of cultivars with pink fruits which are appreciated in Italy, Bulgaria, in a
umber of countries in Asia, etc. Tomato genotypes homozygous for both genes -r and y
possess pale yellow fruits (24). It is known that tomato has been slowly accepted as edible
fruit. For a long time it was considered a poisonous plant due to the fact that it was
relative with the deadly nightshade. Nowadays, in some countries, the acceptance of tomato
fruits possessing color different than red is slow, as well, because of a kind of consumers
conservatism. Hence, some consumer’ education concerning the benefits of consuming
orange and purple tomato fruits may be necessary.

4. Examining the potential of fungal azaphilone pigments as future natural food colorants

Sameer AS Mapari', Anne S Meyer’, Jens C Frisvad', and Ulf Thrane'

"Center for Microbial Biotechnology, Department of Systems Biology, *Bioprocess Engineerinkg
Section, Department of Chemical and Biochemical Engineering, Technical University of Denmark,
Denmark

Fungal production of colorants has the main advantage of making the manufacturer
independent of the seasonal supply of raw materials, thus minimizing batch-to-batch
variations. The ability of the polyketide class of natural pigments from ascomycetous fungi
to serve as sustainable natural food colorants has largely escaped the attention of food
scientists, both in academia and in industry, despite the tremendous economic and
marketing potential of natural food colorants. The recent approval of fungal carotenoids as
food colorants by the European Union has strengthened the prospects for fungal cell
factories for the production of the polyketide class of colorants, which is still a relatively
unexplored research area, with the exception of Monascus pigments popular in the East. We
believe that the production of polyketide azaphilone pigments from chemotaxonomically
selected nontoxigenic, non-pathogenic potentially safe fungal strains would be advantageous
over traditional processes that involve Monascus spp., which risks co-production of the
mycotoxin citrinin and other potential toxic metabolites.

An initial proof-of-concept demonstrated that filamentous fungi other than Monascus, e.g.
Penicillium and Epicoccum  spp., can naturally produce known or novel polyketide
yellow-orange-red colorants as lead compounds with improved functionalities in food model
systems. Polyketide azaphilone pigments of Monascus are of particular interest because their
amino acid derivatives possess improved functionality such as light stability and water
solubility. Recently, strains of Penicillium that belong to Penicillium purpurogenum, P.
aculeatum and P. funiculosum species have been discovered to produce Monascus-like
azaphilone pigments and/or their amino acid derivatives on solid media.

These strains are neither known to be toxigenic nor pathogenic to humans. Orange-red
pigment extract from one of these potentially safe strains exhibited enhanced photostability
over the commercially available natural colorants in liquid food model systems. In addition,
pigment producing ability for some of these strains was tested in the liquid media and
found to be positive indicating their potential for future adoption as cell factories. An
international patent application has already been filed on production of these polyketide
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azaphilone = Monascus-like  pigments and/or their amino acid derivatives by
chemotaxonomically selected such potentially safe strains of Penicillium species through the
use of a combination of solid and submerged cultivation techniques.

In the future, it should be possible to secure efficient and controlled production of
polyketide pigments using the currently available knowledge, without the use of genetic
manipulations. The future research required would therefore include systematic evaluation
of the factors that influence the polyketide azaphilone pigment production in these
potentially safe fungal production strains. Thus, there is a tremendous potential for the
development of robust fungal production systems for polyketide azaphilone pigments as
potential food colorants, both to tailor functionality and expand the colour palette of
contemporary natural food colorants.

5. Chlorophylls and their precursors in food plants

Béla Boddi', Katalin Solymosil, Annamaria Kosa', Beata Vi’cémy:il and Eva Hideg2
'Eétvoés University, Department of Plant Anatomy; *Biological Research Center of the Hungarian
Academy of Sciences, Institute of Plant Biology

Plenty of vegetables and fruits contain chlorenchyma tissues with chlorophyll-protein
complexes and well functioning photosynthetic apparatus. The chlorophyll contents and the
native arrangements of the thylakoid membranes are indicators of freshness of vegetables or
ripening completion of fruits. Recent studies showed that many organs with layered
structures contain chlorophyll precursors besides chlorophylls. In these structures, the
external chlorophyll containing tissue layers or dense fruit walls act as optical filters
shading the internal parts and arresting this way the last steps of chlorophyll biosynthesis.
The presence of chlorophyll precursors was found also in certain plant organs developing
under the soil surface. These phenomena is due to the special properties of the
NADPH:protochlorophyllide oxidoreductase (LPOR), i.e. that in higher plants this enzyme is
active only under illumination. In the dark, these tissues contain protochlorophyllide
arranged into various molecular complexes and built into the inner membranes of etioplasts
or etio-chloroplasts. However, certain roots (carrot), stems (epicotyl of pea), leaf primordial
(cabbage), flower parts (artichoke), fruits (avocado) and seeds (walnut) contain monomer
protochlorophyllide not bound to the active site of POR. Upon illumination, this pigment
cannot transform into chlorophyllide and chlorophylls; it transfers the absorbed light energy
to molecular oxygen and initiate photo-oxidation processes. The produced ROS molecules
react with antioxidant molecules, for example with ascorbate. These oxidation reactions
cause serious damage in the plant tissues reducing the food quality. To avoid these
processes, food harvesting, storage and processing technologies must be modified.

6. Stabilization of anthocyanins by low energy multiple emulsification

Rassoul Kadkhodaee!, Bi Bi Marzieh Razavi’ Zadeh, Reza Soltani®
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PO Box: 91735-139-Mashad, Iran. E-mail: rkadkhodaee@yahoo.com
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Anthocyanins are water soluble pigments abundantly found in higher plants. They have
exceptional coloring strength and can potentially be used for coloring food, cosmetic and
pharmaceutical products but compared to synthetic colorants they are more susceptible to
environmental conditions and quickly lose their color during processing and storage.
Numerous attempts have been made to enhance the stability of these pigments but yet
almost no methods have been developed to offer full protection against their degradation.
This study was aimed at stabilizing black berries anthocyanins by incorporating them into
water-in-oil-in-water multiple emulsion. To this end, primary water-in-oil nanoemulsions
containing acidic solution of anthocyanins were produced using mixtures of nonionic
surfactants and were then re-emulsified in water. The stability of emulsion as well as the
release of anthocyanins was investigated as a function of HLB number, proportion of
dispersed phase and concentration of surfactant mixture. The results showed that the size
of droplets in the primary emulsion significantly influenced the release of anthocyanins in
the secondary emulsion. This was shown to be controlled by the HLB number of surfactant
mixture, temperature of emulsification and the proportion of dispersed phase in the
primary emulsion. It was also found that at lower HLB numbers increasing the viscosity of
dispersed phase in the primary emulsion reduced the release of anthocyanins.
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Although the wuse of carotenoids is very dynamic in functional foods (as colourants,
pro-vitamins A or antioxidants), their instability both on the shelf and upon digestion is an
important issue. For instance during digestion, dietary iron is a source of oxidative stress in
the gastro-intestinal tract that can affect oxidizable food components such as
polyunsaturated lipids and carotenoids.

Five main carotenoid products are sold commercially in today’ market in synthetic or
natural forms: -carotene, astaxanthin, lutein, lycopene and canthaxanthin. Among them we
chose to compare three carotenoids reported to have a wide range of properties and which
have disparate structures: -carotene, lycopene (two carotenes, one cyclic and one linear
respectively) and astaxanthin (a xanthophyll).

Comparative kinetic studies were conducted in mildly acidic aqueous solution mimicking
the gastro-intestinal medium. The oxidation of the carotenoids was initiated by free iron
(Fell and Felll) or by heme iron (hematin, the cofactor of metmyoglobin MbFelll). The
carotenoids studied can be classified as follows in terms of increasing stability towards both
free and heme iron: -carotene < lycopene < astaxanthin.

In addition, an unexpected slowing down of carotenoid consumption was observed at high
Fell and MbFelll concentrations. Titration methods were set up to simultaneously follow
changes in the iron redox state and possible H202 accumulation during the reaction. The
impact of a restriction in dissolved dioxygen on the kinetics of reaction with iron was also
evaluated. These experiments were combined with the analysis of carotenoid-derived
products by ultra fast HPLC-MS and by GC-MS in order to try and clarify the oxidation
mechanism. Then, we evaluated the antioxidant activities of -carotene, lycopene and
astaxanthin by testing their ability to inhibit the heme iron-induced peroxidation of linoleic
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acid. The kinetics of degradation of the carotenoids in the presence of linoleic acid were
also recorded. They were tested at two pH and different forms of iron were used as
peroxidation initiator. Lycopene was found to exhibit the highest antioxidant activity in all
situations.

Residual carotenoids (% Cy)
4h after addition of iron

100 -
90 ~
80
70
60 -
50 ~
40
30
20

10 :

without added with Fe Il with Fe I with MbFe
iron ions

& beta-carotene

3 lycopene

astaxanthin

Fig. 1: Comparison of the stability of -carotene, lycopene and astaxanthin, after 4 hours of
reaction in aqueous buffer pH 4, without iron and after addition of three different forms of
iron as oxidation initiators. The initial concentration of carotenoids is 10 Mand the initial
concentrations of iron are the ones inducing the maximum degradation of the carotenoids:
10-50 Mfor Fell, 250-1000 Mfor Felll, 0,1-0,5 uM for MbFelll

Andrea Lugasi

National Institute for Food and Nutrition Science, 1097 Budapest, Hungary,
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Since 1997, in the European Union, a less known, but very important legislation has existed
in relation to functional foods. This is the Regulation /EC of the European Parliament and
of the Council of 27 January 1997 concerning novel foods and novel food ingredients (1).
The Regulation applies to 1) foods and food ingredients which present a primary molecular
structure, 2) foods and food ingredients which consist of micro-organisms, fungi or algae,
3) foods and food ingredients which consist of or are isolated from plants or isolated from
animals, 4) foods and food ingredients whose nutritional value, metabolism or level of
undesirable substances has been significantly changed by the production process. The
Regulation defines a novel food as a food or food ingredient which has not previously
been used for human consumption to a significant degree within the European Community
before 15th May, 1997. All foods that are deemed novel are required to undergo a rigorous
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pre-market safety assessment based on the procedure involved in the Regulation.

Lycopene is a well-known, colourful and nutritionally beneficial carotenoid substance in
tomato berries, and in some other exotic fruits. Consumption to a significant degree of
lycopene as a natural ingredient of fresh tomato, and tomato based processed foods by the
population of European Community has been documented. Lycopene shows a marked
preventive effect against certain cancer and cardiovascular diseases partly thanking to its
antioxidant characteristics (2-4). Notwithstanding, lycopene either isolated from tomato fruits,
and micro-organisms, or produced synthetically is regarded as novel food ingredient
because products mentioned here have not previously consumed to a significant degree
before the given date. The facts that synthetic lycopene is authorized as food colorant
(E160d) (5) and lycopene isolated from tomato can be legally used in food supplements in
European Union could not be taking into consider in relation to novel food regulation.

Synthetic lycopene is considered generally recognised as safe (GRAS) for use as a food
ingredient in the US (GRAS notice No GRN 000119). Between 2003 and 2008, considering
to the novel food regulation six applications by three different companies were sent to the
member states in order to asses the safety of these lycopene products. Two of them
produced synthetically, two products isolated from a fungus Blakeslea trispora, and two were
extracted from tomato as oleoresin. Applications have been published on the dedicated
website of the European Union and summarised in Table 1 (6). After a long evaluation
procedure (the longest process lasted 56 months), all applications received beneficial opinion
from Member States and the European Food Safety Authority (7-10). Finally commission
decisions were published that these lycopene products are safe for human consumption and
can be sold as food ingredients within the European Community (11-15). Authorized
lycopene substances can be used in wide range of food, from foods for dietary purposes to
breakfast cereals and food supplements (Table 2).

Based on a 104-week study in rats, the Joint FAO/WHO Expert Evaluation Committee on
Food Additives (JECFA) has derived an acceptable daily intake (ADI) of 0-0.5 mg
lycopene/kg body weight per day (16, 17). Subsequently, the EFSA Scientific panel on Food

Additives, Flavourings, Processing Aids and Materials in Contact with Food concluded on
an ADI of 0.5 mg lycopene/kg body weight and day, regardless of substance source (18).
A one-year rat study was identified as the most feasible investigation to arrive at the ADI,
based on the NOAEL of 50 mg lycopene/kg body weight (and a safety factor of 100) as
set by irreversible ALT increase (18). UL (upper safe level) was set around 75 mg/day (19).
Based on these data all authorized lycopene substances regardless of the source can be
used of foodstuffs not more than 10 mg/100 g (in fats and dressings), or in case of food
supplements, 15 mg/daily dose.

Since novel food regulation can have a substantial impact on marketing of newly
developed, nutritionally or technologically beneficial food ingredients including food
pigments, it is important to evaluate whether substances, or pigments isolated from natural
sources or produced synthetically that are under intensive investigation have a history of
significant human consumption before 15th May of 1997.
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Table 1 Lycopene applications under regulation (EC) N° 258/97 of the European Parliament

and of the Council

Date of Dateiaf Duration Decision
Applicant Food ingredient .. authori- of the
application : 1 number
zation process
2006/721/EC
Vitatene (11)
Antibiotics g?/c;c) p;ne tfrgm ;80(§ctober ggo(gctober 35 Replaced by
SAU, Spain arestea trispora 2009/365/EC
(12)
LycoRed Ltd, Lycopene oleoresin | 7 September ; 2009/355/EC
Israel from tomatoes 2004 28 April 2009 36 (13)
Synthetic lycopene
BASF AG, in sunflower oil 1D Oetober 23 April 2009 43 2009/348/BC
Germany . . 2005 (14)
dispersion
Tomato oleoresin
LycoRed, Israel | containing lycopene %gol\;lay 28 April 2009 23 (2]0 30)9/355/EC
for use in FSMP
Vitatene CWD lycopene
Antibiotics from Blakeslea AL g 28 April 2009 20 SODOED
. . 2007 (12)
SAU, Spain trispora
DSM Nutritional
Products Ltd., Synthetic lycopene 18 July 30 April 2009 10 200936 EC
: 2008 (15)
Switzerland

1: months, FSMP: foods for special medical purposes, CWD: cold water dispersible

Table 2 List of foods to which authorized lycopene may be added

Decision number 2006/721" ‘ 2009/365 | 2009/355 | 2009/348 | 2009/362
Source of lycopene B. trispora tomato synthetic
Foods Lycopene concentration, mg/100 g
Yellow fat spreads 0.2-05 - - - -
Milk based and milk products 03 -0.6 - - - -
Condiments, seasoning, redishes,

. 0.6 - - - -
pickles
Mustard 0.5 - - - -
Savoury sauces, gravies 0.7 - - - -
Soups and mixes 0.6 - = 5 =
Sugar, preserves, confectionery 0.5 - - - -
Fruit/vegetable juice based drinks

; . - 2,5
(including concentrates)
Drinks intended to meet the ) 25

expenditure of intense muscular effort

Foods intended for use in energy-
restricted diets for weight reduction

8 mg/meal replacement

Breakfast cereals - 3
Fats and dressing - 10
Soups other than tomato soup - 1
Bread including crispy breads - 3

FSMP

In accordance with the particular requirement

Food supplements

15 mg/d |

15 mg/d

1: repealed and replaced by 2009/365/EC, FSMP:
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experimental model of the gastro-intestinal tract
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Lycopene, the main pigment of tomato, is known to participate in the prevention of
degenerative diseases. It is also the predominant carotenoid detected in human plasma.
However, the mechanisms underlying its biological activity are not fully elucidated and
could be a combination of an antioxidant activity in the gastro-intestinal (GI) tract and
more specific cell effects after intestinal absorption. Moreover, not only (all-E)-lycopene itself
but also its metabolites such as (Z)-isomers and apo-lycopenoids, putative oxidation
products of lycopene, could be responsible for the biological activities (1). In the course of
the LYCOCARD project (IP FP6, Role of lycopene for the prevention of cardiovascular
diseases), we have chosen to explore the antioxidant activity of lycopene and some of its
putative metabolites using an experimental model which aimed at mimicking an oxidative
stress of dietary origin in the GI tract (2).

(Z)-isomers of lycopene are pigments of nutritional importance owing to their high
bioavailability. Only a few lycopene metabolites were identified in vivo: apo-8'lycopenal and
apo-12'lycopenal were detected in rat liver and apo-10'lycopenol in lung tissues of ferret (3,
4). Lycopene metabolites could also be produced from autoxidation processes in the GI
tract or during industrial food processing (5). Lycopene and its (Z)-isomers and several
synthesized apo-lycopenoids with four different terminal chemical functions (aldehyde,
carboxylic acid, ester and alcohol) obtained through organic synthesis were tested in a
chemical model of postprandial oxidative stress in the gastric compartment. Oxidative stress
was generated by metmyoglobin, which is in the main form of dietary iron (red meat), and
is able to initiate the peroxidation of linoleic acid, thus generating hydroperoxides
(conjugated dienes). Monitoring the accumulation of the lipid hydroperoxides by
spectrophotometry in the absence or presence of antioxidants allowed us to evaluate IC50
parameters to quantify the antioxidant activity.

Lycopene and its isomers are good inhibitors of lipid peroxidation induced by heme iron
in acidic conditions. As for the apo-lycopenoids, a long chain and a terminal carboxylic
acid group favor the antioxidant activity. Indeed, the terminal group is expected to deeply
influence the lipophilic/hydrophilic balance of the antioxidant and consequently its
distribution between the aqueous and lipid phases. The amphiphilic apo-lycopenoic acids
could access the heme crevice for a direct reduction of the hypervalent iron species
involved in the initiation of the peroxidation process whereas the action of more lipophilic
derivatives (aldehydes, ethyl esters) is likely restricted to the lipid phase (reduction of lipid
peroxyl radicals). Despite their high reducing activity, alcohols are weak inhibitors, possibly
because of their fast conversion into inactive oxidation products or the instability of the
radicals they form by addition of lipid peroxyl radicals.

9. Recovery and fractionation of phenolic colorants and antioxidants by resin adsorption
and ion exchange

Dietmar R. Kammerer, Judith Kammerer, Reinhold Carle
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Introduction

As a result of the so-called ‘“Southampton study” revealing an increase of the
attention-deficit hyperactivity disorder syndrome in 3- and 8/9-year-old children after the
consumption of drinks with added synthetic food colorants (1), much pressure has been
exerted on food producers both by consumers and legislative bodies to substitute artificial
pigments by their natural counterparts. On the one hand, this has further stimulated the
search for plants appropriate for the recovery of coloring extracts with superior pigment
stability and color retention upon processing and storage (2). On the other hand, industrial
processes for the cost-efficient recovery of anthocyanins and non-colored phenolic
antioxidants as natural food ingredients need to be optimized. Among these, process
techniques such as adsorption technology have gained increasing importance in the food
industry, which have commonly been applied, e.g. for the debittering of citrus juices,
removal of browning reaction products, such as from apple juice, or of other unwanted
compounds, but which may also be used for the selective recovery of high-value secondary
plant metabolites. We have studied the applicability of adsorbent resins for the recovery of
anthocyanins from grape pomace extracts (3), and although widely used also for various
other purposes, such processes have mostly been developed empirically, and the underlying
principles are still largely unknown (4), which aggravates systematic optimization of the
selectivity and cost-efficiency of such processes.

The by-products of plant food processing are rich sources of phenolic colorants and
antioxidants due to their main localization in the skins and seeds of fruits and vegetables,
which are often either discarded or poorly extracted upon processing. The aim of our
studies was, therefore, to valorize such waste streams by recovering valuable plant
constituents by resin adsorption and ion exchange technology, thus adding value to plant
food processing in terms of sustainable agricultural production. The target compounds may
either be used as natural colorants and antioxidants, as dietary supplements or added to
functional or enriched foods due to their health-promoting properties (5). For this purpose,
systematic investigations of the recovery and fractionation of phenolic compounds were
performed applying food-grade adsorbent and ion exchange resins.

Materials and Methods

Isolated phenolic compounds were brought into contact with two adsorbent, four cation
and four anion exchange resins in batch experiments, and their affinity towards the
polymers was studied by varying the pH value of the solutions, temperature and sorbent
amounts and by applying D-optimal experimental designs (6-8). The compounds were
investigated either individually or as part of well-defined mixtures at different concentration
levels. The amounts of polyphenols bound onto the resin surfaces were calculated as
difference of phenolic contents of the solutions before and after contacting them with the
adsorbent and ion exchange resins. Individual compounds were quantified by HPLC-DAD.
Using adsorbent resins, the Langmuir and Freundlich isotherms were applied and
thermodynamic parameters (G, H, S) were deduced to more precisely describe the sorption
process. Furthermore, the effects of saccharides and amino acids added to the model
solutions on polyphenol binding by the resins were studied in batch experiments to further
adjust the models to more complex samples like crude plant extracts (9). For this purpose,
solutions containing polyphenols and saccharides or polyphenols and amino acids,
respectively, in ratios characteristic of plant extracts, were brought into contact with selected
adsorbent and ion exchange resins, and the binding of polyphenols was monitored by
HPLC-DAD and of amino acids by GC-FID after derivatization. Furthermore, model
solutions and grape pomace crude extracts were applied to resin columns to also take
“hromatographic effects” into consideration and to study the desorption behavior, especially
of anthocyanins.
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Results and Discussion

The D-optimal experimental designs applied in the present study were found to be an
optimal tool to deduce mathematical models for the description of polyphenol adsorption
onto food-grade adsorbent resins. Using a limited number of samples, the models allow to
predict the sorption behavior under any given condition with respect to pH value,
temperature, sorbent amounts and polyphenol concentrations and, thus, to calculate optimal
adsorption conditions for individual compounds. Polyphenols of different subclasses
significantly differed in their sorption behavior, which can also be deduced from the fact
that only for some of the compounds the model equations could be successfully applied to
calculate Langmuir and Freundlich isotherm parameters and to calculate G, H and S values
of the adsorption process. The applicability of the two isotherms presumably depends on
the molecular size of the target compounds and their constitution, which determines,
whether these components largely exist in isolated form on the sorbent surface or if there
are significant interactions, thus, leading to multilayer coverage of the sorbent (6,7).

The data of the multi-compound adsorption studies also revealed, that the optimal
adsorption conditions for single compound systems differed from that of batch adsorption
experiments using polyphenol mixtures. This clearly shows that polyphenol adsorption is
influenced by co-solutes also interacting with the resin (8). Furthermore, the binding was
significantly affected by the presence of saccharides, which were unexpected to interact with
the resins, and of amino acids. The effects caused by saccharide addition depended on the
type of sugar, individual phenolic compound and type of resin. Thus, these matrix
compounds cannot be neglected when systematically optimizing ion exchange and
adsorption processes.

The comparison of different resin types revealed the potential to enrich individual
compounds or compound classes, such as anthocyanins, by systematically adjusting
operating conditions and selecting appropriate ion exchange and adsorbent resins, ie. by
exploiting their different affinities towards the resins under defined conditions (9). Further
studies showed that particular emphasis must also be paid to desorption. In contrast to our
previous findings, where almost complete desorption of anthocyanins was observed, when
unselective adsorbent resins were applied (3), more selective ion exchange resins revealed
poor desorption rates, which strongly depended on the type of eluent and the sequence of
their application, as exemplified in Fig. 1 showing the elution of grape pomace
anthocyanins from a strong cation exchanger. These studies provide more detailed
knowledge of polyphenol recovery by adsorption and ion exchange and are of utmost
importance for improving the cost-effectiveness and selectivity of industrial processes for the
recovery of secondary plant metabolites.
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Introduction
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The passive diffusion model explaining the absorption of lipid compounds through the
membrane of enterocytes, which is featured in most scientific reviews and texts on nutrient
absorption, has been under intense scrutiny in the last few years. Results obtained with
different experimental models, both in vitro and in vivo, offer evidence of the existence of
transporters that facilitate the absorption of lipophilic compounds such as cholesterol (free
or esterified), triacylglycerides and phospholipids (1). Examples of the identified transporters
are type B residual receptors, cluster of differentiation 36, and Niemann-Pick Cl-Like 1
protein. The implication of those transporters in the lipid assimilation process has been
demonstrated by using competitive inhibitors such as serum apolipoproteins and
lipoproteins, amphipathic -helical peptides, and synthetic drugs such as ezetimibe (2). The
facilitated diffusion model explains the significant variability that exists among individuals
with regard to lipid compound absorption efficiency, which has been observed by applying
different assimilation models (3). It also explains different pathological/physiological
scenarios for intestinal epithelium with deficient lipid absorption levels.

The purpose of this study was to use the ability of cyclodextrins to form inclusion
complexes with fat-soluble compounds, which makes the fat-soluble compound more water
soluble in order to study whether the supply of common dietary carotenoids formulated as
inclusion complexes with [B-cyclodextrin increases carotenoid assimilation efficiency. In this
study, we used in vitro brush border membrane vesicle preparations as an assimilation
model. The action of B-cyclodextrin as an efficient transporter of the guest molecule (a
carotenoid, in this case) to the plasma membrane could indicate that an optimal
assimilation level will be reached. The efficiency of assimilation from carotenoid
-cyclodextrin inclusion complexes was tested under conditions of blocking the receptors
involved in bringing carotenoids through the plasma membrane.

Materials and Methods

Preparation of the carotenoid suspensions in Tween and preparation of the carotenoid/3
-cyclodextrin inclusion complexes. The carotenoid suspension in Tween was prepared
according to the procedure described by During et al. (4). An aliquot of the stock
carotenoid solution was mixed with 50 L of Tween 40 suspended in acetone (20%, w/v)
and the solvents were evaporated under a stream of N2 gas. The residue was dissolved in
the correct amount of buffer solution (2mMTris-HCl, 0.05MD-manitol, 5mMEGTA, pH 7.1)
and shaken in a vortex mixer for 1 minute. The solution was prepared on a daily basis
and stored at 4°C until use, at which point it was once again shaken in the vortex mixer
for 1 minute. A somewhat modified version of the procedure described by Pfitzner et al.
(5) was used to obtain the carotenoid/-cyclodextrin inclusion complexes.

Preparation of brush border membrane vesicles (BBMVs). To obtain the BBMVs, we used
porcine intestinal tissue and followed the procedure described by Hauser et al. (6). In vitro
assimilation process. The prepared BBMVs were homogenised in 15 mL buffer solution
(2mMTris-HCl, 0.05MD-mannitol, 5mMEGTA, pH 7.1) with a Potter-Elvehjem homogenizer
(10 strokes). Before performing the assimilation test, a routine characterization of the
product was performed. The bicinchoninic acid assay was used to determine the protein
content and the intestinal saccharase activity was measured. One volume of BBMVs
preparation containing 2 mg of protein was pre-incubated for five minutes in a test tube
placed in a 37°C bath and agitated at 250 rpm. In this set of experiments, in which
carotenoid assimilation was inhibited, an HDLs solution (50 g protein/mL BBMVs
preparation) was added at the start of the pre-incubation period. After the pre-incubation
period was complete, the donor solution was added. The test was carried out under the
same conditions except that the duration was 20 minutes. Tests were run with three
different carotenoid concentrations in the incubation medium: 05 M, 1 M and 25 M, with
concentrations normalized for the amount of protein. After the incubation period was
complete, the mixture was centrifuged at 48000 g at 4°C for 15 minutes. The supernatant
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liquid was discarded, and the pellet was redissolved in 1 mL buffer solution (2 mM
Tris-HCl, 0.05 M D-mannitol, 5 mM EGTA, pH 7.1) for subsequent analysis. Three
measurements were taken for each carotenoid, concentration and donor solution
combination.

Extraction and quantification of carotenoids assimilated by BBMVs. An exact, known
quantity of -apo-8'carotenal was added to the final BBMVs suspension as internal standard
for subsequent quantification. Next, 1 mL of N,N-dimethylformamide, 1 mL ethanol and
6émL of 5:1 mixture (1% BHT) of hexane and dichloromethane were added. The mixture
was placed in an ultrasound bath for 5 minutes, shaken for 1 minute in a vortex mixer
and subjected to ultrasound for 5 additional minutes before being centrifuged at 4400 rpm
for 5 minutes. The organic phase was removed, and the mixture was evaporated under a
stream of N2 gas. The dry residue was redissolved in 250 L acetone (HPLC quality), and
the sample was stored at -30°C until analysis. The carotenoid measurement was taken
following a HPLC procedure (7).

Results and Discussion

Fig. 1 shows the carotenoid content, expressed in pmol/mg protein, that was incorporated
into the BBMV plasma membrane after 20 minutes of incubation at 37°C for [-carotene,
lutein and lycopene, from either the carotenoid suspension in Tween or the aqueous
carotenoid CyDIC solutions, depending on the initial concentration of the carotenoids (0.5
M, 1 M or 25 M), when the BBMV preparation had been previously incubated with a
high-density lipoprotein solution. When the donor solution was composed of a carotenoid
suspension in Tween and was in the presence of an inhibitor, a significant drop in the
assimilated quantity was observed compared to the same concentration and carotenoid type
in a Tween suspension but without inhibitor. The assimilation efficiency was still higher for
carotenes than for the xanthophyll lutein. In fact, it was with lutein that the sharpest
assimilation decrease was observed (a 70% drop in the presence of an inhibitor for all three
concentrations). As with the tests performed without the inhibitor, a curved pattern for
-carotene and lutein assimilation and a linear pattern for lycopene were observed. In any
case, the presence of the inhibitor did not completely block the carotenoid assimilation
process, given that the decrease never reached 100%. This supports the idea of two
coexisting assimilation mechanisms, facilitated diffusion and simple diffusion, the latter of
which does not require the help of protein transporters and is therefore not affected by the
presence of inhibitors of these transporters. It is also true that with the type and the
amount of inhibitor used in this trial, a lower inhibition capacity was achieved without
managing to completely block all transport compared with other inhibitors and/or
quantities (8). The carotenoid inclusion complex formulation was used in this study not
only to test its effect on the efficiency of carotenoid assimilation in an uninhibited transport
situation, but also to test it with intentional limits on the assimilation capacity of
transporters involved in the process. The results are quite noteworthy. The process of
carotenoid assimilation from inclusion complexes reached its maximum efficiency under
“nhibited”conditions, as shown by the data in Fig. 1. When the level of assimilation
efficiency was compared between the presence and the absence of an inhibitor using a
donor solution composed of carotenoid CyDIC, significant increases were observed for all
concentrations in the cases of -carotene and lycopene in the presence of an inhibitor. For
example, with the 1T M concentration of carotenoid CyDIC increases of 85.6% and 165%
were observed for -carotene and lycopene, respectively. With a donor solution composed of
lutein CyDIC, there was a significant increase found with the highest concentration when
transport was inhibited; similar results were not found for cases in which transport was
not inhibited.

Barring the previously mentioned exception of lutein inclusion complexes (at low and
middle-range concentrations), an increase in assimilation efficiency was observed in the
presence of the transport inhibitor, which in fact was not expected when this study was
designed. In this case, the interaction between the inclusion complex and the high-density
lipoprotein components used as transport inhibitors had a beneficial effect on the efficiency
of assimilation. It has been shown that many lipid and protein compounds compete with
drugs to be included in the cyclodextrin cavity and can even release a previously
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complexed guest compound, showing a preference for compounds with cyclodextrin.
Tokumura et al. (9) used this competition phenomenon as a strategy for increasing the
bioaccessibility of a drug complexed with B-cyclodextrin. By incorporating phenylalanine as
a competitive agent with a drug CyDIC donor solution, the bioaccessibility of the drug
increased. In the present study, the exchange occurred among lipoprotein lipid compounds
and the carotenoid/B-cyclodextrin inclusion complex; this exchange probably involved
cholesterol, as it associates very well with B-cyclodextrin. The inhibitor role that HDLs from
intestinal epithelial cells play in carotenoid assimilation, as indicated previously, will have a
synergic effect on the assimilation of carotenoids from carotenoid CyDIC.
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