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Effects of Proteins on the Reactivity of Various Phenolic
Compounds with the Folin-Ciocalteu Reagent

Kyung A Park, Yoo-mi Choi, Smee Kang, Mi-Ri Kim, and Jungil Hong*
Department of Food Science and Technology, College of Natural Science, Seoul Women's University

Abstract The Folin-Denis assay using the Folin-Ciocalteu (F-C) reagent has been commonly used for analyzing the total
phenolic compound content in various food products. In the present study, the effects of proteins on the reactivity of the
F-C reagent with different phenolic compounds were investigated. Bovine serum albumin (BSA) or skim milk proteins
showed a concentration-dependent increase in color response in the Folin-Denis assay; these proteins decreased the color
response of most phenolic compounds tested. The reactivity of phenolic compounds was significantly less pronounced in
the presence of BSA and this interference was greater at higher concentrations of phenolic compounds. The reactivity of
phenolic compounds with the F-C reagent was reduced significantly by their oxidation; the reaction of the oxidized
products with the F-C reagent was more severely affected by BSA. The interfering effects in the Folin-Denis assay might
be attributable to binding interactions of phenolic compounds with proteins.
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Ao AEE ferulic acid (FeA), 3,4-dimethoxy-4-hydroxycin-
namic-acid (sinapinic acid, SiA), caffeic acid (CaA), 3,4-dihy-
droxy-hydrocinnamic-acid (DHC), gallic acid (GA), (—)-catechin
(Ctc), quercetin (Qct)3} tannic acid (TA)= Sigma-Aldrich Co.
(St. Louis, MO, USA)IA F43} 3L, (-)-epigallocatechin-3-gal-
late (EGCG)= Rutgers university2] Dr. Chung S. Yang (Piscat-
away, NJ, USA)CZHE A Fwoyrt F-CAI%Z bovine serum
albumin (BSA)S Sigma-Aldrich Co.0lA T3l o, Ex]- -5
hul F(skim milk protein, SMP) Bio Basic Inc. (Markham,
Ontario, Canada)ollA] sttt 2+ w4 SHEES 200 mM9]
F%2 dimethyl sulfoxide (DMSO)ol| o] EF(aliquot)dt <,
-80°C ZA|-2 Y51 (DF8520, IIShinBioBase, Dongduchen, Korea)
of A7ste] ARgERTE A AEE AR U}i*—x}* ESR
(Shinan, Korea)"ﬂ’ﬂ Tt dEe] Wl o2t & 25
t(14). 2 T T2 A2 oMM EA Y (ethyl acetate) 2]
200 mg/mL FEE DMSO0°| {33 o, —80°C A2 YE
of wste] ARESISTh o] £ AMEE EE A9k Sigma-
Aldrich Co. AIF B AWFSFAIoFS ARSI
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Z HHSA]7]13L, microplate reader (SpectraMax 250, Molecular
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Fig. 1. Reactivity of BSA and SMP in the Folin-Denis assay.
Concentration-dependent color responses of BSA or SMP (A) and
time-dependent color development of BSA at different concentration
(B) in Folin-Denis assay were analyzed. The result represents the
mean+SD (n=6-9).
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Table 1. Changes in reaction properties of different phenolic compounds by BSA in the Folin-Denis assay

Range Slope without BSA  Slope with 0.25 mg/mL  Slope with 0.5 mg/mL

(M) (S1)" BSA (S2) BSA (S3) S2/81 S3/517

FeA? 0-200 1.86520.026a" 1.6700.073b 1.538£0.007c 0.910 0.825
SiA 0-200 2.318£0.024a 1.902:0.023b 1.741£0.016¢ 0.821 0.751
CaA 0-200 3.088£0.024a 2.623£0.020b 2.600+0.154b 0.849 0.841
DHC 0-200 2.603£0.064a 2.18840.085b 2.055:0.013b 0.841 0.789
GA 0-200 2.895:0.018a 2.583:£0.049b 2.357+0.113¢ 0.919 0.838
Cte 0-100 3.997+£0.023a 3.31720.092b 3.0010.130¢ 0.830 0.750
Qet 0-100 4.500£0.399a 4300£0.421a 3.5200.155b 0.956 0.782
EGCG 0-100 5.533£0.123a 4.810£0.080b 4.18740.085¢ 0.869 0.757
TA 0-50 17.040.022a 14.43£0.987b 13.65£0.571b 0.847 0.800

YA slope calculated from linear correlation between color development at 750 nm and molar concentration at a range indicated (absorbance change

at 750 nm/mM polyphenol)
JRatio of slope 1 vs slope 2 or 3
Abbreviation of compounds are described in materials and methods

“Different letters indicate a significantly different slope of each compound (p<0.05) based on one-way ANOVA and the Tukey’s HSD test (#=3)
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Fig. 2. Effects of proteins on color response of different phenolic compounds or glasswort extracts in the Folin-Denis assay using the F-
C reagent. Changes in the reactivity of each phenolic compound with F-C reagent by 0.5 mg/mL BSA (A) and 0.5 mg/mL SMP (B) were
analyzed. Effects of BSA (0.25 mg/mL) on color response of different concentrations of glasswort extracts in the Folin-Denis assay were also
analyzed (C). Each value represents the mean+SD (n=6-9). *, **Significantly different color response of each phenolic compound or glasswort
extracts from one in the presence of BSA according to Student’s #-test (*p<0.05, **p<0.01).
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Fig. 3. Changes in color responses of different phenolic compounds by BSA in the Folin-Denis assay using the F-C reagent. Color
responses of each phenolic acid at different concentrations were analyzed in the presence of 0, 0.25, and 0.5 mg/mL BSA based on the Folin-
Denis assay. Among 9 compounds analyzed, a representative pattern from 6 compounds is present. The result represents the meantSD (n=3 or

4).
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Fig. 4. Changes in reactivity of oxidized phenolic compound with F-C reagent by BSA. TA (50 uM), GA (400 uM), or EGCG (200 pM)
dissolved in PBS were incubated during different time periods indicated. Reactivity of the oxidized phenolic compounds formed at different
incubation periods was analyzed by the Folin-Denis assay (A). Effects of BSA (0.25 and 0.5 mg/mL) on the color responses of the oxidized GA
(B), EGCG (C), and TA (D) were also assessed. Each value represents the mean+SD (n=3-6). Different letters indicate a significant difference
(p<0.05) among different period incubation products based on one way ANOVA and the Tukey’s HSD test (B-D).

HAIA) BSA HBE 2o o) Eejv
A spete AL e Aoz BeEh
B AT et T e o)at sy BA) WA %
&b olZe] wupds) o] =4 A, A% Fol T Fe=
FEAGE F IS Ivlsn 7

Ju
in
?_,ll
(]
sud
>
>,
©
%
ot

AgjgAgoln}t AR ol EE P¢S vE F ke AL e
vtk wetd &5 dHsA B A oA T 9
gk 7Hd Bl tish AT ol e EFe] P wE
A ate] A ag dE Fo] kst HWEe Sl Wl
AEF ool 3 Aoz AlgHT)
o o] ]
i =
B ATE 7154 oA 59 AsA AR g 244 gy
o] 8% Folin-Denis 7 HWH-g-o|lA duldo] mXe IS =
=z

AFeFaiTh. BSA9H SMPE Folin-Denis #|&74 ik-golA] Fro)&
Zol w35 YJeh)Ql L BSAZF SMPREUF T R17Heh kS
S YeEIY. 28y BSAE 7% dedd EFI Zo] AT
As Hesd B AA og dAE o]stE vk

Zom, 02550 0.5mgmLe] BSA =0l © A3} A
=3k BSAd 93t M7 o2 wHey 22 7ko H
A 2ol A JERA €90 SiA, Cte, @ EGCG SoA]
B4 99 9 $E8% Tt 71€717t vlwA 34 Aasislh
o]52 BSAZF 912 wel Wla) 0259 0.5 mg/mL BSA EA4) Al

il

717} 80%th 2 70%tHel 71€7) 7HAES UeRAith 3, #)
=4 FRMEES] 2 fEsle] F-CAF vHAIZ A3, TA,
GA 2 EGCGOIAM whgAde] 7ha7) 34 Uelskon, BSA E4)
Al o]5 alglEe] Auld wATE AksiA|7ke] 271 2 BSA F
= Z7tel we) Aaske A4S UepISYh BSAY ¥37t )
TA, EGCGell )3l 59702 7hasls 2102 Hol, BSAd| <
3 HmA 2A F-CAlekRte] e A Al HEA Eay
BSAS] AFEA ) 93 Aoz ALgH} o] Axks whld
o] Tl EFHY HEFES 3l o5 AP T B
ok ollE HEy EZe tfst AlEAE IS vE
Aths Aoz AAelH, Bt 83 NAHES 9ste] 3
A77F N&EHo 2 3 Hool & Aog Helr)

aAlel =

= A7 20149 MEofAith gt At AT A s
T Aol o) FHHAeH o A =HUT

References

1. Dai J, Mumper RJ. Plant phenolics: Extraction, analysis and their
antioxidant and anticancer properties. Molecules 15: 7313-7352
(2010)

2. Jacobo-Velazquez DA, Cisneros-Zevallos L. Correlations of anti-
oxidant activity against phenolic content revisited: A new



550

3000
) ¢
2500
~~
E BSA 0.5 mg/mL
95/ 2000 BSA 0.25 mg/mL
8 BSA 0.125 mg/mL
£ 1500 .
Q /
2 Y
£ 1000
=
= 500
0
300 350 400 450 500
Wavelength (nm)
1800
©) BSA 0.25 mg/mL only in DW
1600 BSA 0.25 mg/mL in assay
5 ol 4 N\ e W%th TA 25 pyM @n DW
= | %Y N\ - With TA 25 uM in assay
& 1200 — — With EGCG 50 pM in DW
8 1000 — —— With EGCG 50 puM in assay
8
o 800
b
5 600 VRN
400 /
/
200 /-
0 LI DR
300 350 400 450 500
Wavelength (nm)

550

E2 3} Folin-Ciocalteu A 2F-2] wk-g-AJ o] n)x]|+= vl gl o] of &

Fluorescence (Em. 370 nm)

2000
1800
1600
1400
1200
1000

E

Fluorescence (Em. 370 nm)

305

0
[] BSA only
Bl With TA 50 M

B With EGCG 100 pM

[}
[=3
(=3
=3

*k

1500

1000

500

(=}

0.125 0.25 0.5

BSA (mg/mL)

[] BSA only
Il With TA

[ With EGCG

1

800
600
400
200

k3

o= |
25 50 (uM)

0 25 50 100

In DW

50 100 200 0

In assay condition

Fig. 5. Changes in fluorescence property of BSA by TA and EGCG. Emission fluorescence spectrum (350-500 nm at excitation 280 nm) of
BSA at 0.125, 0.25, and 0.5 mg/mL dissolved in DW were analyzed (A). Effects of TA or EGCG on emission fluorescence intensity (at 370 nm)
of different concentrations of BSA were analyzed (B). Changes in emission fluorescence spectrum (C) and emission fluorescence intensity at
370 nm (D) by TA or EGCG in DW and in the Folin-Denis assay reaction condition were also compared. **Significantly different from its
corresponding BSA only control according to Student’s #test (**p<0.01) (B and D).

W

W

10.

11.

12.

approach in data analysis for food and medicinal plants. J. Food.
Sci. 74: R107-R113 (2009)

. Scalbert A, Manach C, Morand C, Rémésy C, Jiménez L. Dietary

polyphenols and the prevention of diseases. Crc. Cr. Rev. Food
Sci. 45: 287-306 (2005)

. Rice-Evans C, Miller N, Paganga G. Antioxidant properties of

phenolic compounds. Trends Plant Sci. 2: 152-159 (1997)

. Stevenson DE, Hurst RD. Polyphenolic phytochemicals-just anti-

oxidants or much more? Cell. Mol. Life Sci. 64: 2900-2916
(2007)

. Ministry of Food and Drug Safety. Standardized Guidelines of

Functional Food Materials. Available from: http://www.mfds.
go.kr/index.do?mid=1161&seq=4409&cmd=v. Accessed Jan. 15,
2015.

. Prior RL, Wu X, Schaich K. Standardized methods for the deter-

mination of antioxidant capacity and phenolics in foods and
dietary supplements. J. Agr. Food Chem. 53: 4290-4302 (2005)

. Ministry of Food and Drug Safety. Korea Food Additives Code.

Available from: http://fa.kfda.go.kr/standard/egongjeon_standard
view.jsp?SerialNo=104&GoCa=2. Accessed Jan. 23, 2015.

. Folin O, Denis W. On phosphotungstic-phosphomolybdic com-

pounds as color reagents. J. Biol. Chem. 12: 239-243 (1912)

Bray HG, Thorpe WV. Analysis of phenolic compounds of inter-
est in metabolism. Method. Biochem. Anal. 1: 27-52 (1954)
Peterson GL. Review of the folin phenol protein quantitation
method of lowry, rosebrough, farr, and randall. Anal. Biochem.
100: 201-220 (1979)

Box JD. Investigation of the folin-ciocalteu phenol reagent for
the determination of polyphenolic substances in natural waters.

13.

17.

18.

19.

20.

21.

Water Res. 17: 511-525 (1983)

Ikawa M, Schaper TD, Dollard CA, Sasner JJ. Utilization of

folin-ciocalteu phenol reagent for the detection of certain nitrogen

compounds. J. Agr. Food Chem. 51: 1811-1815 (2003)

. Kang S, Kim D, Lee BH, Kim MR, Chiang M, Hong J. Antioxi-
dant properties and cytotoxic effects of fractions from glasswort
(Salicornia herbacea) seed extracts on human intestinal cells.
Food Sci. Biotechnol. 20: 115-122 (2011)

. Hong JI, Kim HJ, Kim JY. Factors affecting reactivity of various
phenolic compounds with the folin-ciocalteu reagent. J. Korean
Soc. Food Sci. Nutr. 40: 205-213 (2011)

. Teale FWJ. The ultraviolet fluorescence of proteins in neutral

solution. Biochem. J. 76: 381-388 (1960)

Rawel HM, Frey SK, Meidtner K, Kroll J, Schweigert FJ. Deter-

mining the binding affinities of phenolic compounds to proteins

by quenching of the intrinsic tryptophan fluorescence. Mol. Nutr.

Food Res. 50: 705-713 (2006)

Papadopoulou A, Green RJ, Frazier RA. Interaction of flavonoids

with bovine serum albumin: a fluorescence quenching study. J.

Agr. Food Chem. 53: 158-163 (2005)

Ainsworth EA, Gillespie KM. Estimation of total phenolic con-

tent and other oxidation substrates in plant tissues using folin-cio-

calteu reagent. Nat. Protoc. 2: 875-877 (2007)

Haslam E. Polyphenol-protein interactions. Biochem. J. 139: 285-

288 (1974)

Halliwell B. Are polyphenols antioxidants or pro-oxidants? What

do we learn from cell culture and in vivo studies? Arch. Bio-

chem. Biophys. 476: 107-112 (2008)



