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ABSTRACT

We have studied the continuous synthesis of phenoxyethanol galactoside (PE-gal) from phenoxyethanol (PE) using a
repeated-batch process for developing an alternative cosmetic preservative. To sustain the activity of B-galactosidase (B-gal)
during a long-term process, an adsorbed Escherichia coli (E. coli) B-gal on Celite was used. The repeated-batch process was
started repeatedly every 24 hours, and then the process maintained stably until 528 hr (22 days). About 36 mM PE-gal was
synthesized as a conversion yield of about 50% until the 3rd batch run (72 hr, 3 days), and thereafter about 10.5 mM PE-gal
was synthesized as a conversion yield of about 14.5% until 192 hr (8 days). Also, at the end of the process (528 hr, 22 days),
about 7.7 mM PE-gal was synthesized as a conversion yield of about 10.7%. Finally, total cumulative PE-gal synthesis during
528 hr (22 days) was estimated as 395.3 mmoles in 1.0 liter-basis. This strategy for continuous PE-gal synthesis will not only
contribute to the development of a continuous process for PE-gal synthesis from PE but could also be used as a method for

supplying an alternative cosmetic preservative.
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Figure 1. Enzymatic synthesis of PE-gal from PE using E. coli B-gal.
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Figure 2. Preparation of standard curve for PE-gal quantification using TLC analysis. A; thin layer
chromatogram, B; standard curve for PE-gal. Arrow in panel A indicates PE-gal. Regression equation and

coefficient are shown in panel B.
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Figure 3. Effect of the amount of freezed-dried B-gal on PE-gal synthesis. Arrow @ and @ indicate PE and
PE-gal, respectively. Amounts of B-gal are shown at upper position of each figure.
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Figure 4. Optimal amount of freezed-dried B-gal
for PE-gal synthesis. Values of relative PE-gal syn-

thesis were calculated on the basis that the maximum

Figure 5. TLC analysis of repeated-batch synthesis

synthesis of PE-gal was 1.0. TLC analyses were of PE-gal using freeze-dried A-gal during three

performed three times (n=3), and the average and
standard deviation were calculated.

repeated-batch runs. Arrow @ and @ indicate PE and
PE-gal, respectively.
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Figure 6. TLC analysis of repeated-batch synthesis of PE-gal using A-gal adsorbed on Celite during four
repeated-batch runs. Arrow @ and @ indicate PE and PE-gal, respectively.
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Figure 7. TLC analysis of long-term repeated-batch synthesis of PE-gal using B-gal adsorbed on Celite during
22 days (22 runs, 528 h). Arrow @ and @ indicate PE and PE-gal, respectively.



62 HIO|AAAT HI8S, 20204 12

FAo] A& T flol o= A& glstith o]
TLC A# o)A PE-gal& A&ste] T2 B35 Axrt
Figure 8<1El, PE-gal ¥4J°] Al M4 batch7HA| =
o] 01011,1-01/} T o|ZHEE F43% 4AHE A 3}o]
g 4 Ak oW 7bA] ¢F 72 mM PEZHE] B
&2 o 36 mM PE-galo] SAEJ oY, 1 T2 F243]
PE- gal o] ZAadNA 192413 8 o] At Folli= F89]
°F 14.5%% 9F 10.5 mM2| PE-gal7ro] A=At olojA
192417 8L H-E] 52847t 229744 = PE-gal gHAido] &Hts]
ZaseE FAE BYoH, HF FA0] TREE ARdA
% 10.7%2 T4 €= oF 7.7 mM2] PE-galo] FA4 =
3]

AEA Q] repeated-batch +=73-S F¢F PEEZF-E] PE-gal9]
Aol Tk B8 915}, Figure 99} 2-©| cumulative PE-
gal FAAHFES ZASE] Btt) Figure 991412 20| cumulative
PE-gal 3% 192413 89 M= PE-gal FHZFE] 57}
Gl gAgk xtolE BATE 192417 8¢ BT O &7
B = ST SukeiA] S E AT 0] 212 Figure 891

192413 8L ol A1 9] PE-gal &4 el Wstele

A AR

e Asfolth. ofrh o] A7 HENA pgale FE5
s

A

£l

Celite®] B3/} ANE Aoz AAHAAL}) ==

A 192417 89 o]l = Celite 3EHI QHEo]| F-2he
E E. coli AIE2] p-galo] FAoll Bestgl o, Alzte] A}
A 192417 8% O] FHE|= Celite £ 5 E. coli AE2]
B-gal®] Celiteoll X B Uzk& Aoz Fz= ot 1

)

I

100
80 -

- 80

£ 601
E s
@ Leo &
g 5
S ‘®
S 40 1 H
S >
— L 40 g
[l
> o
w
[
20
20
0 T T T T T 0
0 100 200 300 400 500 600
Time (h)
T T T T T |
0 5 10 15 20 25
Time (day)

Figure 8. Long-term continuous synthesis of PE-gal
by repeated-batch operation using g-gal adsorbed on
Celite during 22 days (22 runs, 528 h). @®; PE-gal
(mM), A; conversion to PE-gal from PE (%).
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Figure 9. Cumulative PE-gal synthesis by repeated-
batch operation from Figure 8.
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