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The effects of dietary photosensitizers on auto-oxidation of
gallic and tannic acids

Eunbin Lee', Hyowon Lee', and Jungil Hong'*
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Abstract  Polyphenols are chemically unstable, and their bioactivities are reduced through oxidation. Photosensitizers (PS)
induce photo-oxidation in various food systems. In this study, effects of dietary PS such as riboflavin (Rb), erythrosin B
(EB), and zinc protoporphyrin on the auto-oxidation of polyphenols, gallic acid (GA) and tannic acid (TA) were evaluated
under a fluorescent light. The formation of oxidation products from GA and TA increased in a PS concentration- and
irradiation time-dependent manner. In addition, Rb and EB induced significant reduction in the polyphenols contents and
ABTS radical scavenging activity of GA and TA under light. PS significantly enhanced the amount of reactive oxygen
species generated from GA and TA. Therefore, the interaction of polyphenols with PS under light results in acceleration
of polyphenol oxidation. This phenomenon should be carefully considered during food processing and storage.
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' A5 #4S AXE Aew deixthAkagawa 5, 2003).
g EEjlEe] FHe Aok, B}, BAF 5o AFES 2ol
A H0,Z A48 A9GF Al 2w HO, FFo] F7HET
= A7) 239 8} AthLong Halliwell, 2000).
7H3A| (photosensitizer)= 2 oUXE FHe kA EAU &
A 71480 At =84, 33He WsE fEdte del
o HRAI TUd = qus} s MAY XNEE 93
photodynamic therapy (PDT)Oﬂ 8- TH(Agostinis 5, 2011) ol
A7 Lol ofa)] 7HabEwA ‘?z_“é‘OFc YT S T3l E
71 M E2] DNA, lysosome, mitochondria % membrane 5o %]
HAHR Eolvt AFES fEstal "HAAAIE 2dste 248S
o] &3 Zo]tiAgostinis 5, 2011; Macdonald®} Dougherty,
2000). 7HEAIE AFAA HEEEE T3 AFA @E 2

ol

3, XA A, vlEl Al 53 22 E29] A3E Y=
kS FtH(Cardoso 5, 2012). 3HAINE 2]F o] EAAEE WA

b7 1% os At A AE el s A

3} 8 2 (polyphenol oxidase)2] H|&Ad3}E F=8= S(Bhavya 5,
2021), Z3AE & E8s7] 9 A= vheFsiAl 118
%32 9 tKDamyeh 5, 2020).
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Hzdo] AP Az agol telixe Aol A+E HF fioh
wEhr] B Ao M= pH 74 AEE 5 (phosphate buffered-
saline, PBS) 7104 tEA1 EEdls A8 24k ehdat
o] At W= 7HgAle] g o)Eel o AtshiA|g
A 9 WslE BAs, Eelds, 9 gAY dsAe
g 712ARE AlFearAt st



A olgk Z2j#= o] Akst
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ANz Y Al
ZYuE ARl Zkgallic acid, GA)Z ERdAH(tannic acid,

riboflavin (Rb), zinc protoporphyrin (ZnPP),
erythrosin B (EB)= Sigma-Aldrich Co. (St. Louis, MO, USA)°ll
A 131392, PBSE Ameresco (Framingham, MA, USA)lA]
TY3Ith. Folin-Ciocalteu (F-C) Al2FS H|E3H 7]E} ¥h& A]<F
2 Sigma-Aldrich Co.oll4 FY3+ith

EldlE XSist £

ZEjslse Akl oo W= gAY FE3 10 Wm?
(4300 Ix) 45 (ARS-3300PL; Aris Co., Seoul, Korea) ZA} %
A Ee gholA 0-24A17F B9t wESAIZIHEA SIS Rb,
ZnPP % EB% 3%9 AT AE 08 FR(14pME 24

EE ehdAls E3eh, o ERe] et 9 A A7
We F9 2MER] Was Besn vste] Hmel 4w A

TE 405nmol|A wle] AR Z Y o]E 5 7](Spectra Max M2;
Molecular device, Sunnyvale, CA, USA)Z #4313t} 3+H, 7+
AL AIZHE A RE R 20008 WEaLelA BashEA
Ao ARSI

OBk

EolH=E &3
Total polyphenol content (TPC)2] ¥3}= Folin-Denis *'H o2

SAYHPark 5, 2015). =, AZER A|BE FHepo] 24k 20
o, BRdAke 4ul s[4 A|RE-9) 8opuLell 1IN F-CAJF 20 uL
= A7kste] haell A 3E7F WHEAIZL F, 2% NaCO, 9=
100 pLA 7Hsl F=9UTk. o] F, 2] haolA 3083 F7I= W
SA71AL, mlolaR FHO|E HE7]E o8-8kl 750 nmell A F
FEE 545 K(Spectra Max M2). 72} EpdAba Z24be 1
TEAE AYHAS sl Eelvls S AL §F Y
Wi efste] AlqkskiTt.
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(ABTS)E AH&-3F Lee 5(2013)9] WS o wiFsle] 243
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N 150 pLok AlZHEE AFH T 2 T kS 7 100 B
£ 208 X3 Alg &9 S0uLE 4o] Ao daelA 308
ZF WRAIZL &, 734 nmollM FEEE S5 tH(Spectra Max
M2).

ROS Mozt X

Z2F 9 ERdARe] Akst S AJE ROSE ferrous oxidation-
xylenol orange (FOX) assay® 4]3}%thLongz} Halliwell,
2000). 7o =<1 400 uM xylenol orange®} 200 mM ko)
=<l 800mM D-sorbitol 1:1 &= 410] Ax3 <ol 1 mM
ammonium ferrous sulfate® ¥ 3FA|#A working solutionS =H| 3}
ATh ZAR 208, EFAARS 164 E]A3te] FHIgE AR
o] working solution 160 uLE 713l g2 LaiollA] 4587 whs-
AR F 550 nmellA FHEE 4o, HO0,5
sto] A & SMuFE e ste] AEIA

SAXzE|

i
wE 43

AE 33 o EAslY] W+ FFWARE LERR
7ZF Agd H foxke g9 MR 2AHEA (one-way ANOVA)
AF2-3F9 (SPSS Inc., Chicago, IL, USA), AE AR L
Tukey’s HSD tests AME-3ld 95% -Frola=ollAl A4 ATt

tlo
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234 % g

2k

Zo|nl=2 XSiislet Z2ENM ol g

ZYvlEe sl F dETR e i Ee A ¥
7} Y HHA Fi=(quinone) X7t FAEH, ol 222 =
< oy oF

AR el Tl a2 E2-8 3F/d3ch(Schieber,
2018). °]2ist 73} Fx = 405nm 29 &3
S lom, AA| dgATolA #Hsit Fib, EGCG 5 &8
HE A7 s S35 =2 ARE v ATh(Lee
5, 2022; Kim %, 2011). ¥ Ajoxx Zakat ghdike] 25
282 §=317] 9 pH 74 AEE A Aol FRAE
e st Az, A|7ke] Ao wet 400 nm FolA o] FEE

7tel ZER L] AAFS IS THFig 1), T3 W A

3 7HEAe] peak SH= Al #EFNOV e 72
49 $35499%= s

1S pH 74 ZANA W FAF 243 oael T

fE 1o oM
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Fig. 1. Changes in absorbance spectra of gallic acid or tannic acid incubated with erythrosin B under light. Absorbance spectra of 2 mM
gallic acid (GA) (A) and 200 pM tannic acid (TA) (B) incubated with 4 uM erythrosin B (EB) dissolved in PBS (pH 7.4) under fluorescent light

irradiation for 4 h were analyzed within 400-700 nm.



274 =2 Z35k8] %] A| 54 WA 3 E (2022)
1 1 1
— (A) — (B) — ©
<08 <08 <08
g g g
S 06 i 06 | So6
S g =
= 04 | -0-GA = 04 1 -0-GA = 04 ¢ -0-GA
g —O—GA with Rb 1 uM E —-O—-GA with EB 1 uM E —O-GA with ZnPP 1 pM
202 -e-GAwithRb2pM | 202 -e-GAwithEB2uM | < 02 -@-GA with ZnPP 2 uM
-8~ GA with Rb 4 uM ~8-GA with EB 4 uM ~8—GA with ZnPP 4 uM
0 . . . s 0 . . . \ 4 0 . : X .
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (h) Time (h) Time (h)
"o =22 g oca OGA with PS 1 uM
Sos L 210 b BGA with PS2 uM BGA with PS 4 uM
Jos I d a
g S 8 d
- 0.6 g ¢ b
S E 6 a ¢
Toal -e-GA £
" . 8= b
. —A—GA with Rb 4 uM s 4 a
%
202 —8-GA with EB 4 uM g,
—-GAwithZnPP4pM | &
0 . . L . ,£ 0
0 5 10 15 20 25 30 Rb EB ZnPP

Time (h)

Fig. 2. Effects of different photosensitizers on gallic acid oxidation under light. Gallic acid oxidation was induced in PBS (pH 7.4) in the
absence or presence of different concentrations of Rb (A), EB (B), and ZnPP (C) under a fluorescent light or in a dark (D). The formation of
oxidation products was analyzed at absorbance at 405 nm, and half-saturation time (the time required for 50% maximum absorbance of
oxidation products, ST,;) were also calculated (E). Each value represents the mean+SD (n=4). Different letters indicate significant difference

(p<0.05) based on one way ANOVA and the Tukey’s HSD test.

o Z+7F 1-4puM Rbe} EBE 718198 o fozoz Zitow
FEe AHed Aol ZiEsE e, O JFe Hrtd 2%
AE-9] FEo) o]FFo|tHFig. 24, B). Z3AE FolME EB
o o& At g FEHAOU W RA} 8AIZF o]FoE 9
3lE ZWHEZe gdo] A= o7 JePtom(Fig. 2B),
ZnPPol €3} G-o]F ol Zalke] AglEz FARe BAE ] kkch
(Fig. 20). 34, gtaollie 7+ 244l Adls e 4 uMe A2 sh
oM Zrto 2 RE ] AbslER A FZAL BEEA
SUTHFig. 2D). 7t WAl B ZejEsd AsER HuE 9
3 Znkgo] AdHog 116351” TN HFIAANE T
3kaz, Hth 7“& TEE S 71FLE Bt 50%] Ashrt x19)

=gl Za3 Al7Hhalf-saturation time, STy )2 AlXFHA ‘:]-. A
oF v Aol A 7;*&91 ST50 e 47 8749t 72007 W RA
ofaff A4kl Abshrt TS wEAl 18 Eltk(data not shown). g+

Ashe 8 AL A] o] ER)3= Rbé EBEE 9

Exo 7 71&slEe] ST, 0 A4S ey, ZnPPE 7}t
WAl A = oAl &7t BARA EUThFig. 2E).
EPdate] o= pH 74 AEE $F 7oA ZHEd A
4 =3 X}E*Pﬁ} o] HY=JoH, 405 nmellA 0.462] &
Fe 2 1el i) Hla] W FAF AloE 070 FFES Ho] &
At sbehakg S8 do] AT ATHFIg 3). T3 H7HE 7

A EE7F S8k wet ehdate] ZwEe st dxEA 71438t
2t B & A& 235 YeldthFig 3A-
Q). ZgA SolXe 24t 598kA BBl 23k eldat Akskd
o] 7&st a3yt 7P 3A JER e, ZnPPol 28k 71453t

A BRRAG. AT DrolAE Pl et st 21
FoRe U elatthFie. D). R 2AF A A fvel o}
=

a

Ebd2ke] ST, & AAFE A3} Rb, EB 2 ZnPP] F:L7}F 5
THEFE feolAow STl iske 43S YeblthFig 3E).

Sl e % 24 A RbSH 2 1A o) fws)
£ Al A Fol 52 B AHoE Belskel o

717362l RbE WHEA PIAIZITEY. B ¥ b 9ltk(Cardoso &,

2012). wWEtA B A7 Aas Yo o8] o] ZEAE oy
3} A7l oA EEElised o Ax FAd Al X
=, 53] oF dZE|27 pH 749014 FeEs Ak efdat

o A5 Aste) JHESHE e Aow AR,

HENof| ofst E2|Hl=e SA Hist

Fig. 25} 394 ZAk) efdAke] Zists Fal Akt g
S RIS, ol st ZHHNES-2 OH< 43 quinone”|2] &
d B ol5e] TR ofe AeR Hare vl lrk(Schieber,
2018). wEhA] o]E9] Akshukgo] aiEo)| wel Folin-Denis &
oz 4 AN s SO "sPL ddEH, oE

Fal Al o3 s ehdae] NSk AEE B
e a FebElglT). 2415 BRIARS pH 74 Z0lA A1

o Al upet EslE Ggol fOIHOR GO, Ba
oS 7avt Be FEAAT. Ea, 24 B BE B2
o4 Rbst EBSH 871 441%F B9 m2HAL W Fw EHO
2 o149 Eells Gl gavt et 53] BB 9
W EeolE GF dht 2400 U BASH eRth(Table
). B, 2447F 2 24} F Ros} Znppe] el mE 24
Ehaitel Eelsls §% Wsbh 2 ekl gkord, ghael
A A % EelelE G £ 2 et BEEA 9
ok Table 19] AslN 23} ghdate] 2 AR R 4

wrb EeelE g das AP U aske, 59

247170 Wl 24} A] BBl 9|8 Ao R E ) AMe] gt
% Bratn(Fie 2B) EslE Gl BT gaabgel 1
B A3 52 2@ W o el mAgsle B A
w9 Z4o] Wad Aoz walth

AfOize MEHEAAE HeD B Txoln, PRy
9] reactive oxygen species (ROS)= X]*rr‘j/]":]% Eshs Ak

AR AXE S5 AESH talAA oz A4
TH(Yang®} Lian, 2020). A U] 25 ROSE A AlAL
w3ho] A& EARk, ROSO| #¥o] AAH AtstiEd 27} fik
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Fig. 3. Effects of different photosensitizers on tannic acid oxidation under light. Gallic acid oxidation was induced in PBS (pH 7.4) in the
absence or presence of different concentrations of Rb (A), EB (B), and ZnPP (C) under a fluorescent light or in a dark (D). The formation of
oxidation products was analyzed at absorbance at 405 nm, and half-saturation time (ST,,) were also calculated (E). Each value represents the
mean+SD (n=4). Different letters indicate significant difference (p<0.05) based on one way ANOVA and the Tukey’s HSD test.

2 AE} Ao A4S Fo] RS T
o2 EFgdse AfEdzd 2AGEE B9
o4 ROSO| <3t 448 WR|sh, A4
Fe2 EAst] AstAEY AE 7)) ghok(Williamson®} Manach,
2005). 2k BPd ke ROSE WIS Thakdh Szl ok &
7Ag7gel Bag vk(Foti, 2010), AFgAkst 51 gAlol o]gk 4%
skE-o] 7igsle] o3 ZEE= olE ARES] APAEA
o] WMskS ABTS W& 8l 7lstsivk(Table 2). 24kt ERd
b B A7 whEl WAl Ao ABTS 2l AAEA
o] Zrastdon, WaoA o & A& Jeidch. 53] EBS
A Ba =F AL EB EE S]E4Q] ABTS &84 UAE
Bel wkha| ZnPP 2 oM 5gAle] 2E F9A o
Z UehHA &3t} ol Table 19 ZT|dlE Fapisiel 93
she A%z ZEsE dEke] gael o Abshyx gl 7+
27 Alsdr
Z)5Ee] AsAtslrt X3 EHA superoxide anion, hydrogen
peroxide, semiquinone ¥ quinone®] AT RIE H} 3l
(Canada 5, 1990), & WFAlCA ZHAkat EdAbe] Alstel $)
W EE ROS RS SASIA(Fig. 4). L A3, 24kt g
ikl X B MSHT 4A7HlA4 H0, Ade] folXes &
7vetem, kw9 AL Al B E& H0, A4S B
Aok TSk A} A 4x7F T o =2HAL 9 H,0,
AL ZAAbellA] Rbe} EBOl| 28 wx &4 F7HE B
ThFig. 4). Hao|A 4A17F &<t Rb, EB ¥ ZnPP 1 puM3} &7
=EHUS o PR &5 EX) Al Bt Z47F 191, 215, 1.24
vl 2712 B3lom, 1.14, 1.15, 0.984 W33l Zkito] Hls) F=
27l H,0, A4 S/ YePdth(Fig. 30). ET|sEe] Akg)
o 8] ROS7F AR EE e ol Riel AXP o (Lee
5, 2022), ® AFelME Al 2l ROS2 Aol K1
= 2Ag F7IE g
olES FH AR g AHH AAFeE
S Bl Asksh JEEna

=
g YR A

%3 ROS
By np

)2 (Eghbaliferiz®} Iranshahi, 2016; Hou 5, 2005), 7H3Ao|
o3k Zguls AEAtsle] E31e Fig 49147 ROS A F
7V EE sk 2o wdEn A2 4 A8E S8 2w
HE 79 vheB3He A FEAIE ARl + golAE =
Atste] RAlEe] AME S freste T ThEe wofellA 2-3A7E
Z¥E3 37 FLHL Y (Zhang 5, 2021), Y=

2=~
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=

=
= %

T 5ol A o7 B8 BoR A

2 Al AR 3%9] 193A] 5 ZnPP= protoporphyrin
Aol Zine YAF W91 A%E EE4Q AR LA
S K(Murakami &, 2003), ZnPPol 2J8t AkslER gy} 7P o
A el ZoPPe 843 &l tidk &=t Hol
polyethylene glycol®} 732 4% T(carrier vehicle)S 3l &8
4E = ARESIEE(Lyer 5, 2007), pH 74 A2]F &5
oA Xl 2 AFox= ZnPPY] W2 83EE sl W2
FEL Hel o R A

= Tl
= =

Ve AR digule] v gA) €]
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~ O

H
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= NE 1RRET
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e
=
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o Ok
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Fig. 4. Effects of different photosensitizers on hydrogen peroxide formation from gallic acids and tannic acid under light or in a dark.
Gallic (A and B) and tannic (C and D) acids were incubated with different concentrations of photosensitizers for 4 h under light (A and C) or in
a dark (B and D), and formation of hydrogen peroxide was analyzed. Each value represents the meant+SD (n=3). Different letters indicate
significant difference (»p<0.05) based on one way ANOVA and the Tukey’s HSD test.
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