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Abstract

Seaweed polyphenols are potent antioxidants and have also been shown to have α-glucosidase inhibiting activity.
In our continuous efforts to develop new marine-based nutraceuticals and functional food ingredients, we have
investigated many algal species collected on the Atlantic coast of Canada. A simple method for estimating the total
polyphenol content in seaweeds and their extracts was developed based on the classic Folin-Ciocalteau colorimetric
reaction. By using the 96-well microplate and a microplate reader, this new method saves experimental time,
significantly reduces the amount of sample required, handles large number of samples in one experiment, and also
improves the repeatability of the results.

A number of algal samples collected on the seashore of Nova Scotia, Canada, were analyzed for their levels of
polyphenol content using this microplate-based method. The antioxidant activity of these samples was also assessed
by using DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical scavenging assay. The results showed that there is a strong
correlation between the total polyphenol content and the potency of antioxidant effect.

Introduction

Polyphenol has been emerging as one major category
of natural products that is important to human health
(Shahidi & Naczk, 2004; Frei, 1994). Increasing scien-
tific evidence shows that polyphenols are good antiox-
idants, are effective in preventing cardiovascular and
inflammatory diseases, and can also be used as chemo-
preventing agents for cancer. Some polyphenol prod-
ucts, such as the ones from tea and grape, are becoming
popular in the market place. In addition to the polyphe-
nols from terrestrial plants, seaweeds have been shown
as another source of polyphenols with unique struc-
tural properties. Phlorotannin is one such special type
of polyphenolic compound widely distributed in brown
algae. It consists of 1,3,5-trihydroxybenzenoid, or
phloroglucinol, as the structural unit, with a molecular
size ranging from several thousands to tens of thou-
sands for high molecular weight polyphloroglucinols.
Its antioxidant activity is one of those most studied,

and several species of brown algae such as Sargassum
kjellmanianum (Yan et al., 1996; Yan et al., 1997; Wei
& Xu, 2003), Eisenia bicyclis (Nakmura et al., 1996),
Cystoseira sp. (Chkhikvishvili & Ramazanov, 2000),
Fucus sp. (Jimenez-Escrig et al., 2001), and Ecklo-
nia stolonifera (Kang et al., 2003a, 2004) have been
reported with respect to free radical scavenging and
the inhibition of total reactive oxygen species gen-
eration by phlorotannin compounds. More recently,
polyphloroglucinols from brown algae were revealed
to have bactericidal properties (Nagayama et al., 2002),
hyaluronidase inhibition (Shibata et al., 2002), alpha-
glucosidase inhibition (Kurihara et al., 2002), chemo-
preventive properties (Kang et al., 2003b), secretory
phospholipase A2s, lipoxygenases, and cyclooxyge-
nase inhibition (Shibata et al., 2003), and HIV-1 re-
verse transcriptase and protease inhibition effects (Ahn
et al., 2004) as well as antioxidative, anti-inflammatory,
alpha- and glucosidase inhibitory activities. Brown
algal polyphenols have been investigated for their
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potential functional applications in beverages and edi-
ble oils (Yan et al., 1998; Nagai & Yukimoto, 2003).

Among the several assays available to quantify
total polyphenols, the Folin-Denis method (Folin &
Denis, 1912) is one of the most commonly used. It
is based on a color reaction between easily oxidized
polyphenols or hydroxylated aromatic compounds and
phosphotungsten-polymolybdic acid. It was later im-
proved by Folin and Ciocalteu (1927) with an addition
of lithium sulfate to the reagent to prevent precipita-
tion in the reaction in order to increase the sensitivity.
Now, Folin-Ciocalteu reagent is commercially avail-
able for polyphenol quantification and is found to be
a preferred assay (Singleton et al., 1999). The two as-
says have been widely used in estimating the level of
phlorotannin content in algal materials (Van Alstyne,
1995; Jimenez-Escrig et al., 2001).

Although the polyphenol quantification method is
well established, there are still opportunities for im-
provements in terms of time for sample color intensity
measurement, the amount of sample, regents and sol-
vents required, and analysis and management of data.
We present here a 96-well microplate Folin-Cioalteu
assay for estimating polyphenol content in marine
algae. This modified Folin-Cioalteu method incorpo-
rates the convenience of spectrometric measurement
using 96-well microplate, so that it consumes much
less reagents and solvents, and it runs more efficiently
in a plate that handles more samples in small quantities.

Materials and methods

Chemicals and reagents: Folin-Ciocalteu reagent was
purchased from Sigma (Catalogue # F-9252, 500 mL).
Sodium carbonate anhydrous: Sigma, S-6139, 500 g,
99.9%. Phloroglucinol dihydrate was from Aldrich (P3,
800-5, 25 g, 97%).

Instrument: 96-Well microplate reader (Molecular
Devices Spectra MAX 190, Sunnyvale, CA, U.S.A.).

Algal material: Marine macroalgae collected on the
coast of Nova Scotia during 2000–2003 were analyzed.
These included the brown algae Alaria esculenta, As-
cophyllum nodosum, Fucus distichus, F. evanescens,
F. vesiculosus, and Laminaria saccharina, the red alga
Polysiphonia stricta and the green alga Codium fragile.

Standard solution: 10 mg phloroglucinol (calculated
as anhydrous) was dissolved in 100 mL distilled water
and used as a stock solution (100 µg mL−1) to make
serial dilutions and obtain the standard solution at the
concentration of 100, 50, 25, 12.5, and 6.25 µg mL−1.

Sample preparation: Sample solution was prepared
from either dry algal powder or algal extract.

Algal powder: weigh out 0.5–1 g in a test tube, add
20 mL MeOH-water (1:1), adjust pH to 2 and shake
for 1 h (150 rpm) at room temperature. Centrifuge at
12,000×g for 10 min and recover the supernatant. The
residue is then extracted with acetone-water (7:3) under
the same conditions and centrifuged. The two liquid ex-
tracts are pooled together and mixed well. Take 100 µL
of this solution to make a 1:10 dilution with water and
use as the sample solution. If the absorbance of the fi-
nal sample solution is not in the range of the standard
curve, further dilution may be required.

Algal extract: Weigh out 1–5 mg of MeOH or water
extracts of dry algae, add 1 mL MeOH or water, and
agitated by vortex for 30 seconds or until the sample is
thoroughly dissolved. The solution is centrifuged for
10 min at 12,000 × g. Take 100 µL of the supernatant
and dilute with water (1:10, can be changed based on
the absorbance of the final sample solution. If the ab-
sorbance is not in the range of the standard curve, make
2–10 times further dilution). Use this as the sample so-
lution.

Measurement: Load 20 µL of each sample solution
and the serial standard solution on a 96-well microplate
(as shown in Figure 1). Add 100 µL Folin-Ciocalteu
reagent, mix well and wait 5 min. Add 80 L of 7.5%
sodium carbonate solution and mix well. Cover the
plate and leave it in the dark at room temperature for 2 h.
Measure absorbance at λ 750 nm with a spectrophoto-
metric microplate reader (set auto mix for 60 s before
reading).

Distilled water was used as a blank. A reagent blank
was carried out using the same procedure and was also
measured against the water blank. Each standard solu-
tion and sample solution was run in triplicate, and the
latter was assayed against sample control (i.e., sample
solution without Folin-Ciocalteu reagent and sodium
carbonate).

Blank: 200 µL distilled water.
Standard: The concentrations of phloroglu-

cinol (anhydrous) for serial dilutions were:
Std01: 100 µg mL−1; Std02: 50 µg mL−1; Std03:
25 µg mL−1; Std04: 12.5 µg mL−1; Std05: 6.25
µg mL−1; Std06: 0 µg mL−1.

Sp1–16: Samples 1–16.
CSp1–16: Control of samples 1–16, i.e., samples

without 80 µL 7.5% sodium carbonate and 100 µL
Folin-Ciocalteu reagent but using 180 µL distilled
water instead. This is used to measure the background
absorbance caused by the sample solution.
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