KOREAN J. FOOD SCI. TECHNOL.
Vol. 31, No. 6, pp. 1529~1535(1999)

SN ST WM WATI|He| Helx2|of st
Phaffia rhodozymaZ5E{2| Carotenoid &

AEE - AT - o 4E - ZYS - W8T
e AR U AT SAAT AR, R A A F e

Extraction of Carotenoid from Phaffia rhodozyma by Combining
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Abstract

This study was done for the extraction of carotenoid from Phaffia rhodozyma in combination with PEF and
other methods. PEF treatment conditions were 30~80 kV/cm, 100~1000 Hz and 100~1000 us. In order to
increase permeability of yeast cell wall, various methods such as freezing-thawing, mechanical treatment, sol-
vents, permeabilizing agents, and yeast cell wall lytic enzyme were used before PEF treatment. The combi-
nation of PEF (50 kV/cm, 300 Hz, 1000 ps) and conventional methods such as solvent and freezing-thawing
pre-treatment had no effects on the extraction of carotenoid pigments. The extent of extracted carotenoid by
the PEF treatment(50 kV/cm, 300 Hz, 1000 pus) combined with yeast cell wall lytic enzyme and mechanical
pre-treatment increased 52% and 69.8% more than the sum of that by each treatment, respectively. Perme-
abilizing agents, especially Tween 20 and capric acid, enhanced the extraction efficiency of carotenoid pig-
ments from P. rhodozyma cells. These results indicated the feasibility for the continuous extracting carotenoid
pigments from P. rhodozyma by PEF combined with other permeabilizing methods.
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% Aoz od=x Qo welA P rhodozymaZR A
Bl carotenoid® &3] &M= MlEHe ulds
Asislolof ghet. Z1A41A Ao, /A £ A4
Fte]) 7heRs e, ARMEY SdELE o84Sk
HP O autolysis Al7] HbECD Fol 718 Wb e
carotenoid M AF WAAIL $de] gley, 3¢ ¥4
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Hol Qlot. ¥rh ohel A F2 1A} A A7)
A& ol-g3led P rhodorymaZHE] carotenoid A 4~2)
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2 oo M= 1A} PEFR} veast2H-E] MAE F
Fah= A5H W oA dE-sEe] wEAE,
714144l Ael(ultra turexer), f7] 8vie] E3A e
(toluene, ethanol % ethyl acetate), 117} 2]permeabili-
zing agents(Tween 20, Tween 40, DMSO, Glycerin
fatty acid ester, Triton X-100, Phthalic acid bis ester,
Sodium lauryl sulfate, Lecithin, Capric acid, Caproic
acid %! Chitosan) ¥7}, B2 M EH 4 B =
-2 AAelsln A PEF Mg 3= wikAe
WHO 2 P rhodogyma MEZRHEE dAL£LHoF
carotenoid pigmentsE 2 4 U= 7FsAE 24}
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B AN E B=Fay BeA o wild type
9] Phaffia rhodozyma ATCC 242029} yeast cell wall
lytic enzymes A AVSlE Bacillus circulans ATCC
21367 #F5 AH28S. Phaffia rhodozyma= YM
wl 2] (DifcoyS AHE-8ed, wiA] 25 mLel] 21°CollA} 204]
7+ Hupekst #AE 100mL #iAl] 2% (viv) EE}
F 21°Cell M 150 pm 22 45t zlEhveFalg ol
Bacillus  circulanst=  yeast extract 0.5%, tryptone
0.5%, CaCl, - 2H,0 0.05%, MnCl, - 4H,0 0.05%,
KH,PO, 0.02%, soluble starch 1%2] A& 713 wj
A 50 mLE AHEsted 30°CelA 150 pmo 2 244]7F
Bk ot £ 8000 pmeE 103 Exl YR
2}3led cell free broth$he deo] o7& &% HEHY
47 Bag AHEEiH.

AlBS| MXE|
447} wieoFst P rhodozyma N%FH 30 mLE €AE

glsted FATE 22 ¥, 30mle| 0.01% NaCl £
0.01% CaCl, 8-4ol] #etsle] PEF ¥ W¥xie] A&
2 ARgslodct. Ale] WgAels XY FEE F
AN 4 Qe EEA, ¥ = Qg why
& vhg3 2ol AMAje) & Fol FHA) A}; PEF A

£ 3drh

Axe]Za JE-35L 0.01% NaCl &= CaCl, F
A A& BoColM F& YEFT AN HE
& A4S 33 988192, permeabilizing agents
E 001% CaCl, T4 d=do] 117}4]2] permeabili-
zing agent® 7ZH7t 0.01~0.05%(viv) FE2 H7}sled A}
Lol A 2A]7F F]F M wMksle] Arlsld &R
AEE & FEAE Bacillus circulans®] cell free
brothg 0.01% CaCl, A &t Hr}slx 30°Ce
A 150 pmoZ 244|174 WHbEle] whSAIZ T, 71AH A
U0 2= 001% CaCl, ¥ =g ultra turrexer
& ol4-3td 8000 pmell A 282F Helsle celld o
et o, #7)8vl= tolune, ethanol P ethyl
acetate® A u]ER - EFE0E oA dEd
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£ o|83led PEF Aelslgleh. el A - F2 A&
£ A8 A 87]¢ Y1, peristaltic pumpE ©]-843}
o] 03mLsecd] €52 He|dr)el Zelvujdr o
ole] H712H30~80 kV/iemyH F3(100~1000 Hz)o) A
2] Alzbo] 100 us~1000 pus?t HESE A eslsict. ol
@ HAF(T)ES luseli F2 el exponential
decaye] it
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mLE W FeE TS 22 ¥ FReE 13
AHat o, ofF 5mle] AT EUF] bead(0.25~
03mm)yE 12mL®) shaking cap tubed] T F CO,
Yzt A7} =¥ Braun cell homogenizer(Bronuill
Scientific Inc. Rochester, NY)E o] 83} 4000 rpm,
582F Meigk ol beads} #AE FF A A
st PEF &5 A 9 Wi Mg ¥ A8E Kim'™
5o g o] &3l FAslgr)
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Table 1. Effects of treatment media on the extraction of
carotenoid from P. rhodozyma cells.

. Total carotenoid concentration
Pretreatment Treatment media te

(ug/g of dried yeast)
NaCl ND*
Control CaCl, 273
Freezing- NaCP 7.6
thawing CaCl,’ 226

*ND = Not detected, because of small amount.

"Cells were suspended in 0.01% NaCl solution, frozen at -
80°C, thawed at room temperature and then treated with
PEF at 50kV/cm, 300Hz for 1000 us.“Cells were
suspended in 0.01% CaCl2 solution, frozen at -80°C,
thawed at room temperature and then treated with PEF at
50 kV/cm, 300 Hz for 1000 us.

Table 2. Effects of PEF treatinent combination with
permeabilizing agents on the extraction of carotenoid
from P. rhodozyma cells.

Total carotenoid concentration
(pg/g of dried yeast)

Concentration of permeabilizing
agents added(%, v/v)

Permeabilizing agents

0.01 0.1 0.5
Tween 20 60.7 425 59.83
Tween 40 535 237 8.7
DMSO 74 8.4 10.72
Glycerin fatty acid ester ~ 37.6 18.7 8.4
Triton X-100 18.5 243 18.9
Phthalic acid bis ester 254 225 13
Sodium lauryl sulfate 21.2 213 12.6
Lecithin 38.6 45.8 13
Capric acid (C,,) 61.7 75.2 355
Caproic acid (Cy) 55.4 67.5 20.3
Chitosan 24 12.7 13.6

All  determination were made in duplicate in two
independent runs.

All permeabilizing agents were added in 30mL cell
suspension, stirred at room temperature for 2 hr mildly and
then treated with PEF at 50 kV/cm, 300 Hz for 1000 us.

22 A% WA 001% CaCl, £4¢ Al o2
Ax)et Wil 28 carotenoide] & Aol
3t ZAMSHAS.

Permeabilizing agents2f2| &850}

A g Alel Tween 20(polyoxyethylene sorbitan
monolaurate)®  Tween  40(polyoxyethylene sorbitan
monopalmitan), A|4FAF 2B 2 Triton X-100, Z18]3
b 10782 A HFAY capric acid®} 8709 caproic
acid?} carotenoid A FFo) v o3 7ES
71 $l8iM A8 defelol] o] 5& 77 0.01~0.5%(v/v)
FEE 37} ¥ PEF A58t} Permeabilizing agents
2 wxol wel 1 AHE e Ao]E Mol A
22 oelx glem AY AnE Hr} Fxe] wel
E3l| Zol7b 9US-& vieldti(Table 2). Tween 203}
Tween 402] Z$olle 001%2) F7FsEelA Ao
FZefo] 71 Wk er Tween 402t3= Tween 20°]
£ FZRANE Rt ol Tween 400 v]s] 7-&
eb0pE 712 Tween 200] WA3E A ¥ alo] o Ko
3t HIsld MERe] F2E wistd TS 3
7S Aes g™}, Caprylic acid, capric acid
o AARE yeastd] A{-E AABT Fol Ad
A A A E2E T3t S8 5 sl ol
2|8t Aukike] 1 FE5A] (fungitoxicity) S shi4ge] 2
°], ¥, pHell wie}t tj=m, ebagrt (7RI 2
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Fig. 1. Effects of treatment time on the extraction of
carotenoid by PEF combined with permeabilizing agents.
i : Tween 20 (0.01%), M : Phthalic acid bis ester (0.01%),
7). Sodium lauryl sulfate (0.01%), B : Lecithin (0.01%)

5 A3y} I3 A4} g Fx xuMite] 714
4R ' ATEE 7P AEkR o] Ida B
I Qoo AA] ghag 870e] caproic acide}
24 1019 capric acid® 0.01~0.5% #7}sled PEF
AMelgt A7 0.1%9) ArbsxolA 2o AL 332
£ vehden, 05%2 HrbsEelMy 238 3has)

o, ol =g o] AWPAF 24477t M ES
9] lipoprotein® ZA¥sle] A Emfe] Alfo| whriie
A 23EF P& gAsl= AR JZ4EC) Lecithin
&= e wel FEFd & 93 Jephlgled,
019014 713 2 E:HE veplgde}. Lecithin® tween
Ao} AMBAA Y vl A 2 ATz Wt
o3t B3 FARAE HE= o HyHT gl
Pemeabilizing agentst FEIviAIE 71X glofA] &
437174 A xake] 213 o] FZ(lipid bilayer)?] A&
WAz Agrsla ApA7iE NEyle] BAds At
2ol A micelled AT W Al AR
£ HE ghez wyo2A Axate] Rai] wHIE
7k A el PEFs}e] Wikaie] Al Hie] F2akg
gpAFAIZIY}, Fig. 13 47}A)2] permeabilizing agentsol
Hsle] HHFx HrE F S0kviemS] A7 M9
300 Hz8} Fulpol| A He]A|7hel] oh2 carotenoid &

& vlaslgch MEA|zke] FUlgel] el o E-E
carotenoid F-Z#Fo] Frlslg v}, FE2H VA=
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Fig. 2. Effects of electric field strength combined with
Tween 20 (v/v, 0.01%) on the extraction of carotenoid by
PEF

= W Hgloh & Aejrlzte] carotenoid FFel ©)
A e Ax g AL 4 7 U

Fig. 23= Tween 20& 0.01% %7} ¥ 100HzY F
el 1000 use] H2jA el A] A7) A)7)e) whE
carotenoid F&#-& v|Talg ). 50~70kVieme] A7)
A A7lel M= FEgkl £ Folr) gleloyt 80kV/
emoll M eF 30pg AE7F o 259} Capric acid
E 0.1% A7} F 2L 2 IS vlwslge
v} FEekell= & 3bol7} ¢l%ivhdata not shown).

B0 goo| Helgat

B. circluan®- glucanase, xylanase, protease 52 &
B AHEY g7 BLE QA olF EXAA &
B AEH Latel] sl glukn H ST Qe
P rhodozyma®] A EB-L FEE glucan 202 o] F
o7} 9le PEF AMez|whez HlE EAQl carotenoid
E F2317) o1¥7) WFo) B circulan®] wiokedol &
A7¥sle] PEF A28t A3}, B circulan®t Xel8t A=}
o Blate] carotenoids®] FEFe| °F 65% F7lElAE
Bk ohel PEF ©@hEA2| B &0 oF 13.74)
7819, AEA 3% uhg4l bead cell honogenizer
F o83k ARG FEel oF 194 Skt
(Table 3). ¥Rt ohja} A Azle} PEF @5 A9
M g dg Aed HRgE Wy AeE
3= A7 o 529 AE FA £ QA ol
g A &7 Zaoke] WY el synergy E3L
WS o U
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Table 3. Effects of PEF combined with B. circulan
producing yeast cell wall lytic enzyme on the extraction
of carotenoid for P. rhodozyma cells.

Table 5. Effects of electric field strength combined with
solvent pretreatment on the extraction of carotenoid from
P. rhodozyma cells by PEF.

.. Total carotenoid conc.
Treatment condition

(ng/g dried yeast)
Bead cell homogenizer 200
PEF only 273
B. circulan only 2425
B. circulan+PEF 372

Table 4. Effects of electric fields strength combined with
mechanical method on the extraction of carotenoid from
P, rhodozyma cells by PEF.

Mechanical Electric field strength Total carotenoid conc.

method (kV/em) (pg/g dried yeast)
- ND
50 90.6
Ultra turrexer 60 67.1
70 94.5
80 97

Solvent(v:v) Electric field  Total carotenoid

Ethyl strength concentration

Toluene Ethanol

acetate (kV/em)  (ug/g of dried yeast)

- 75.3

7 3 - 50 77.6
70 96

- 73

9 1 - 50 76
70 121

- 29.2

- 1 9 50 30
70 32

- 18.1

- 10 50 413

70 70.5

These samples were, after mechanical treatment, treated
with PEF.
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P rhodozyma ¥HoFH & ultra turrexerg o] 83}
8000 rpm, 2¥-34F Zeld ohE 1000 us®] M|k
3 300 Hze FapellA] A7 A718 deldle PEF
A& F carotenoid® FE3F AFE Table 4ol e}
Uigdeh #Hxe @Ee2E M4 FE2EAN} UL
v}, Ultra turrexer?} PEF 22]2] wWghxjz]e] 2sir] A
A2 F2 53 FAHAY Bk ohe} PEF W4EA
2](50 kV/em, 1000 ps, CaCl, solution)2.ct F 200%2]
Az 32 ZA ZA7E e o) ¥ 9] synergy £
A7t Qe AL o 4 sldeh e AV A7)
o} Zolell wel & A HE FVREIA GUH

77|80t HEEnt

Toluene®} ethyl acetater H X MER F3A]S
ZAAE HEAA 7] SuiEAM AMFHI Qe
o, F2 QXY BE F237] S5t AREE Q)
c}519 Toluen, ethanol ¥ ethyl acetate® P2]o) ¥
&2 AL EFuRE P rhodozyma WFY ] 30%2]
Fu w2 HrRE F ARRolM 2417 B-t kA
28k & 50~70 kV/em, 1000 us, 300 Hz2] 714 =71
oA PEF Hlsle] carotencid F+&%-L wlE3lgc).
Table SellA] BFo] Hub= o2 FZof u|x= A7}
toluene®] ethyl acetateol] ®]siM 48 Halg 4
U} Toluened- BIFA471ZA tolueneRtg o83}
o NEE deslgS AS HEUF AU dEE

2 43 FAE AS Be Ao HsA 4%t
o}, apelr S48l ethanold EE3te Ao A}
4-3}%0eh. Ethanol®] &3t 8] &l wel F&efel Ha
z}o] & R+ toluene, ethyl acetate®] 3% BF
ethanol®] §Fol Fopdlol wiel &yl 743 74
38 ehlgdoh. Toueneo| ethyl acetateoll W8] ¥
2Z28S Wolx AL toluenee] V]FALIEAM A
B/0l]) ethyl acetate®TF M EERe] XA} FapH o
2 A3agstol Uehle #4422 Helr, toluenee]]
FA-40lQ) ethanol®] Hrlego] weldle] el 2

o] Folze AE 2L o= ¥aH

HEI2| Fof HENERR HEl

50kV/em, 1000 us, 300 Hz8] A71% =Ze|A PEF
Az|ut g M, Fxe] ME Y permeabilizing agent
2AM A capric acid(0.1%, vivyst HE Had Al
ol e HAZ FAPHAAY| A (SEM) AHEE Fig.
33} 2o At "2 Ar]A Ayl 3k A EY] S
ME9)Fhe] Wo] A-IAZ G2t U HeE
HAE l8-g FelF F Ao, capric acideh
Wil ey Axe HEY Exlel stz whxvt
7FA HEL o ol ¥ Ba-g RIFHR X3
o Z2FFIA FHE H U A 5 A
o} ol MAFEA Tl vlws|A AztsE o PEF
Helgte g Mgl Ao HA] ofobdd Aot capric
acide}e) WA 2|7} MAfedol] o= H= A3} 9l
Acke e sk olsrl Hiy Fielztz A7t
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Fig. 3. Scanning electron micrographs of P rhodozyma
treated with PEF. (a) control cells, (b) cells treated with
only PEF at 50 kV/cm, 1000 us, 300 Hz, (c) cells treated
with PEF combined with capric acid(v/v 0.1%) at 50 kV/cm,
1000 ps, 300 Hz.

et P rhodozyma M E2] vH|FERE BAE Sapy
A#n| 7 (TEM) A& Fig. 40l vebisie}. Capric
acide} W Hel® MEo| A9 MEHe] HExog
HEHADTE BT £ Jen, M Eata A Fuye)
TAAEA ] FE eFHT A E vloz wiziuis) )
E FAF IR vl e AL WAY 4 9Jgig

2 o

-} PEFE= P rhodozyma M Edol| £41S
FHAE 80% ol FAAIFIAEL, carotenoid A A7}

of P

electron
rhodozyma treated with PEFE. (a) control cells, (b) PEF
treated combined with capric acid(v/v, 0.1%) at 50 kV/cm,
1000 ps, 300 Hz.

Fig. 4. Transmission micrographs

P rhodozyma M\ E"re] Aubd| el HE3t Yehz Zx)
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HEAAI] Tween 202 Bh44 10709) E3}x|ubake)
capric acid¥ 7z7F 0.01% 2 0.1% H7FHS o Y2
FE2%o] 607 H 752pe02A 1R A e)gin),
ol2lgt Wik e A% FHo2MY SeNE 2
3t ¥t ol capric acid® 7l W Fo)
PEF x2]3h= wWgh He] &34 23] o) shux} &
e, PEF ©5x2] 9 wixe] 3o N2 o . gu
o] Wi2tE SEMs} TEMOZ #alsleict SEMOo=Z o
2% 23} PEF Aejo] JsjM ME Ewo] ARoelx|
A FEFIY LS wo] FE dEe= o g
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