APPLICATION NOTE

Phenolic compounds measurement in
red wines using the SpectraMax Plus 384
Microplate Reader

Introduction

Measurement of tannin, iron-reactive
phenolics, anthocyanin and polymeric
pigment in red wine is an important part of
quality control in the wine industry. Precise
and reliable measurement of phenolic
compounds in wine is critical for making
decisions during fermentation, maceration,
pressing and blending. Harbertson

et al. developed a comprehensive red
wine phenolics assay in 2003 Traditionally
this assay is performed using a cuvette-
based UV-vis spectrophotometer. It is a
time-consuming and laborious process

of reading individual samples in separate
cuvettes, recording the results, and
analyzing the data. Identifying the need

for a rapid and cost-effective way of
performing the assay, Heredia et al.
adapted the assay for a microplate
platform. This approach increases the
throughput with respect to labor, time and
sample volume. The assay widens the
capacity to monitor the fermentations for
extraction of phenolic compounds in an iptica
average-sized winery. Here we describe i
the use of Molecular Devices SpectraMax®
Plus 384 Microplate Reader and SoftMax®
Pro Software to efficiently collect and
analyze the data for this assay.

Red wine phenolic assay

The Adams/Harbertson assay uses
spectrophotometry, protein precipitation
and bisulfite-bleaching techniques to
measure red wine phenolics.

PathCheck Sensor

The PathCheck® Sensor is a patented
feature from Molecular Devices that
measures the optical pathlength of
samples in microplate wells. It is an
innovative way of normalizing the
absorbance reading in a microplate well
to that of a 1-cm cuvette.

Beer-Lambert Law states that
Absorbance =E*C*L

where

E = absorptivity (extinction coefficient)
C = concentration

L = pathlength
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Some of the unique features of the tamp
SpectraMax Plus 384 Microplate Reader are:

- Wavelength Range: 190-1000 nm in

reference

§ photodetector cuvette

monochromator

reference

1-nm increments

« Dual monochromator-based optics
eliminate the need for filters (Figure 1)

« Read Speed: 96 wells: 9 Seconds
384 wells: 29 Seconds

« Temperature: 4°C above ambient to 45°C

» Cuvette port: Holds standard cuvettes
and 12 x 75 mm test tubes

- OD range: 0-4 OD
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Figure 1. SpectraMax® Plus 384 optics.
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In the case of a cuvette, the optical path is
horizontal. Hence the pathlength is fixed
and is equal to 1 cm. But in the case of a
microplate, the optical path is vertical. So,
the pathlength depends on the volume

of the sample (Figure 2). The PathCheck
Sensor corrects for the discrepancy.

SoftMax Pro Software

The software controls the instrument,
collects the data, and provides complete
data analysis. Customized protocols

with appropriate instrument settings and
calculations can be pre-written and saved.
The end user can conveniently open

a preconfigured protocol and obtain
complete results and analysis with no
protocol setup time.

Materials
- Wine samples: Pinot noir (Sonoma Coast)
- Maleic acid
(Fisher Scientific cat. #03417-500)
- Bovine serum albumin
(Sigma cat. #A3803-10G)
« Triethanolamine
(Sigma cat.#T1377-100 mL)
- Ferric chloride hexahydrate
(Sigma cat.#236489-100G)
« (+)-Catechin (Sigma cat. #C1251-5G)
- Acetic acid (Sigma cat. #242853-2.5KG)
» Sodium chloride
(Fisher Scientific cat. #5271-3)
- Sodium hydroxide
(Fisher Scientific cat. #S318-500)
- Ethanol (Acros cat. #61509-0040)
- Potassium bitartrate
(Sigma cat. #243531- 500G)

Instruments and accessories

- SpectraMax Plus 384 Microplate Reader
(Molecular Devices cat. #PLUS 384)

- UV transparent 96-well microplates
(Costar cat. #3635)

- Transferpette micropipette (Drummond
Scientific cat. #2704174, 2705402,
2705412, 2704180; Drummond Digital
Microdispenser cat. #3-000-510)

- Microtips for the micropipettes
(Eppendorf cat. #epl.l.P.S.; Reloads cat.
#022491539, 022491512, 022491547)

- Centrifuge for microfuge tubes
(Eppendorf cat. #5424)

« Microfuge tubes 1.5 mL capacity
(Eppendorf cat. #022364111, 022363557,
022363514, 2236357-3)

Cuvette

Figure 2. Pathlength in a cuvette and a microplate are different.

Solution name/final
solution concentration

Variable
(~1 cmif full) ‘

Reagent and reagent volume
(uL, mL) or mass (g, mg)

Microplate

Final volume
(mL) deionized
water or buffer

Storage

Buffer A - Glacial acetic acid (6.0 mL) Fill to 500 mL
+ 200 mM Acetic acid - NaCl (4.97 g) DIH.O Room temp.
« 170 mM NaCl + 10% NaOH (adjust to pH 4.9) 2
Buffer B ) )
. 129% EtOH (vA) - Potassium bitartrate (2.5 g) Fill to 500 mL
. 5 g/l Potassium « 200 proof ethanol (60 mL) DIH.O Room temp.

. + 2.0 N HCI (adjust to pH 3.3) 2

bitartrate
Buffer C + Sodium docecyl sulfate (25 g) :
« 5% Triethanolamine (v/v) | « Triethanolamine (25 mL) Ellll':oc)SOO mk Room temp.
« 5% SDS (w/v) - 2.0 N HCI (adjust to pH 9.4) 2
Buffer D « Maleic acid (11.61 g) )
« 200 mM Maleic acid - NaCl (4.97 g) ;”.:OOSOO mk Room temp.
« 170 nM NaCl - 10% NaOH (adjust to pH 1.8) 2
Ferric chloride « Ferric chloride hexahydrate )
+ 0.01 N HClI (0.27 g) glu:io(;oo ML Room temp.
+ 10 mM FeCl, « 121N HCI (80 pL) 2
Bleaching ) ) Fill to 5.0 mL Prepare as
. 036 MK,S,0, « Potassium metabisulfite (0.395 g) DI H,0 needed
Catechin
) « (+)-Catechin (50 mg) Fill to 50 mL o

« 1 mg/mL (+)-Catechin Freeze (-20°C)
. 10% Ethanol (viv) 200 Proof ethanol (5.0 mL) DIH,O
Protein ) ) Fill to 50 mL Prepare as
-1 mg/mL BSA « Bovine serum albumin (50 mg) Buffer A needed

Table 1. Preparation of reagents for comprehensive red wine phenolics assay (summarized from
Harbertson et al. 2003, Picciotto 2002).



Methods

Catechin standard curve

A set of dilutions was made to cover a
range of 0—300 mg/L catechin in duplicate
in a microplate. The final volume was
adjusted to 262 pL with Buffer C. The
plate was shaken on the shaker and 38 pL
of ferric chloride solution was added

to each well. The plate was shaken,
further incubated for 10 minutes and the
absorbance was read at 510 nm in the
microplate reader. Buffer C was used as

a blank.

Tannin analysis

Wine samples were diluted in Buffer B

as per Heredia et al. 500 pL of diluted
wine sample was added to a 1.5 mL
microfuge tube. Next, 1 mL of buffer A
with BSA (final concentration 1 mg/mL)
was added to the tube and the reagents
were mixed immediately by inverting the
tube. The microfuge tube was centrifuged
at 13,500 g to pellet the tannin-protein
complex. Supernatant was removed

from the microfuge tubes and the pellet
was redissolved in 300 pL of Buffer C.

A 262-pL aliquot was transferred to the
microplate, and absorbance at 510 nm was
read in the microplate reader with Buffer C
as a blank (tannin background
measurement). 38 plL of ferric chloride
reagent was added to each of the wells,
mixed using a multichannel pipetter,

and incubated for 10 minutes at room
temperature. A second reading at 510

nm was taken with Buffer C as a blank
(tannin final measurement). The amount
of tannin in each sample was calculated
as described in Table 2 and expressed in
mg/L catechin equivalents.

Iron reactive phenolics (IRP) analysis
15 pL of an undiluted wine sample was
added to the microplate well followed

by addition of 247 uL of buffer C. The
reagents were mixed with the multichannel
pipetter. The reaction was incubated at
room temperature for 10 minutes, and an
absorbance reading was taken at 510 nm
with Buffer C as a blank (IRP background
measurement). Following this, 38 pL of
ferric chloride was then added to each
well. The reagents were mixed with the
multichannel pipetter. The reaction was
incubated at room temperature for 10
minutes, and an absorbance reading was
taken at 510 nm with Buffer C as a blank

X
Dilution
factors®

Calculations Factors

Component?®

Abs due tannin® = [(Tannin Final)-(zero catechin)]-

(Tannin Background * 0.875) X2 x5

Tannin

- Tannin Final = 0.50, Tannin Background = 0.05, zero catechin = 0.002, intercept
(b) = 0.0075, slope (m) = 0.0053;

« Abs due tannin =[0.50-0.002]—(0.05*0.875) = 0.4542

- Tannin = x = (y—b)/m then multiply by factors = [(0.4542—0.0075)/0.0053] *2*5 =
843 mg/L CE

Sample calculation

Abs due IRP? = [(IRP Final)-(zero catechin)]-(IRP

IRP Background * 0.875)

n/a x 20

« IRP Final = 0.80, IRP Background = 0.10, zero catechin = 0.002, intercept (b) =
0.0075, slope (m) = 0.0053;

+ Abs due IRP =[0.80-0.002]-(0.10*0.875) = 0.7105

« IRP = x = (y—b)/m then multiply by dilution factor = [(0.7105-0.0075)/0.0053]20 =
2,652 mg/L CE

Sample calculation

(Measurement D-Measurement A)/factor
Muliply D and A by respective dilution factors, where
dilution factor for D is twice that of A

divide by | D x 10

Anthocyanin 0.0102 Ax5

+ D =0.4503, A=03800;

Sample calculation . Anthocyanin = [(0.4503"10)~(0/3800"5))/0.0102 = 255 mg/L M-3-G

x 3

LPP (Measurement B-Measurement C) * factors x 1.08 x5
x 4/3

Sample calculation + B =0.2200, € = 01200

P « LPP =[(0.2200-0.1200)*3"1.08*4/3"5 = 2.16 AU

x 3

SPP (Measurement C) * factors x 1.08 x5
x 10/7

« C=01200;

Sample calculation - SPP = 01200°3"1.0810/7°5 = 2.78 AU

°Abbreviations: CE, catechin equivalent; IRP, Iron-reactive phenolics; M-3-G, malvidin-3-glucoside; LLP, large polymeric pigment; SPP, small
polymeric pigment; AU, absorbance unti.

Dilution factor of 5 used fo rall wines except Pinot noir, for which a factor of 1 was used. Dilution factor of 20 used for all IRP calculations.
‘Insert “Abs due tannin” (y) into equation of line from catechin standard curve and solve for x, where y = mx+b and then Tannin =x =
(y—b)/m.

dnsert “Abs due IRP” (y) into equation of line from catechin standard curve and solve for x, where y = mx+b and then IRP = x = (y—b)/m.

Table 2. Summary of calculations for comprehensive red wine phenolics assay (from Harbertson et
al. 2003, Picciotto 2002).

Red Wine

v

v

v

v

Bring pH to 4.9 Bring pH t0 4.9 Bring pH to 9.4 Bring pH to 1.8
Read at 520 nM Add BSA Add FeCl, Read at 520 nM
MEASUREMENT A MEASUREMENT D
¢ Centrifuge l
| Add SO, I Supematant Pellet Read at 510 nM
Add SO, || Add FecCl, Iron-Reactive
* # Phenols
Read at 520 nM | |Read at 510 nM
Read at 520 nM g:SUREMEN'I‘_C Tannin
all Polymeric

MEASUREMENT.B Pigment
(Largiz:";'xmenc Large Polymeric Pigment= B-C
Small Polymeric Anthocyanins= D-A

Pigment)

Figure 3. Red wine assay principle.



(IRP final measurement). The amount of
IRP in each sample was calculated as
described in Table 2 and expressed

in mg/L catechin equivalents.

Anthocyanin analysis

Wine samples were diluted in Buffer B

as per Heredia et al. 500 pL of a diluted
wine sample was added to a 1.5 mL
microfuge tube. Next, 1 mL of buffer A was
added to the tube and the reagents were
mixed immediately by inverting the tube.
A 300 pL aliquot was transferred to the
microplate well in duplicate and incubated
for 10 minutes at room temperature.
Measurement A was obtained at 520 nm
with Buffer A as blank.

A volume of 50 pL of a diluted wine
sample was added per well, followed
by the addition of 50 pL of Buffer B. To
this reaction mixture, 200 pL of Buffer D
was added and mixed with multichannel
pipetter. The reaction was incubated for
10 minutes at room temperature, followed
by measurement of absorbance at 520
nm (measurement D). The amount of
anthocyanin in each wine sample was
calculated as described in Table 2 and
expressed as mg/L malvidin-3-glucoside
(M-3-G) units (Picciotto, E.A., et al.).

Instrument setup

The instrument was programmed through
the SoftMax Pro Software. The settings
were fed in the plate section of the
software (Figure 4).

Step 1. The reading type was endpoint.

Step 2. The wavelength was set at

510 nm (for tannin, catechin and iron-
reactive phenolics) or at 520 nm (for the
measurements A, B, C, D) by typing the
appropriate number in the wavelength
option.

Step 3. “PathCheck” option was selected.
If the reaction took place in an aqueous
environment, the option for Water Constant
was selected, and the software used

the constant included in the firmware. If
the reaction took place in non-aqueous
environment, the option for cuvette
reference was selected. During this
reading, a cuvette filled with the organic
buffer was inserted in the cuvette

port. The instrument took the reading
from the cuvette and used it to correct
the pathlength.

¥ SpectraMax Plus 384 Settings @

Endpoint| _Kinetic

Settings

Wavelengths A | PathCheck
510
¥ PathCheck

Cuvette
Plate background constant(s): PathCheck Constant

not used

" Water Constant (¢ Cuvette Reference

Automix & Blanking

Before: Off .
Pre-Read Plate: Off I Plate background constants (in OD)

AutoCalibrate
on Lm1: |2
Assay Plate Type
96 Yell Standard
Strips
Read strips 1-2 (@) Note: You can pre-read the plate instead of using
background constants.

Speed Read
Off
Column Wavelength Priority
Column Priority >

Cancel

Figure 4. Instrument settings for catechin and tannin assay. Pathcheck Sensor settings are shown.
Cuvette reference was selected if the reaction took place in a non-aqueous (organic) environment. For
aqueous reactions, Water Constant was selected.
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Groups
Sarmple: =
Edit... Concentration: 5 moil
Layout
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Blank
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Figure 5. Template setup for catechin assay. Template setup for RS assay. For the initial plate, no
template was set up. For the final plate blank, standards and unknown samples were assigned.
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Figure 6. Reduction setup for catechin assay. Reduction setup showing custom formula being used
for the subtracting optical density of each well in the initial plate from the optical density of the same
well in the final plate. PathCheck® Sensor values were applied for the calculation.



Step 4. Automixing was not selected.

Step 5. With autocalibration, the
instrument calibrated itself for the selected
wavelength.

Step 6. Appropriate plate format and wells
to be read were selected.

Template setup

A template was set up in the software

to denote placement of the series of
concentrations in the appropriate wells.
Flexible template layout allows easy
addition of more samples and replicates.

Figure 5 is an example of a template
setup for the catechin standard curve.
Appropriate templates were set up for the
rest of the analyses.

Results

Catechin standard curve

A standard curve for catechin

(0—=300 mg/mL) was prepared as per
Materials and Methods. SoftMax Pro
Software automatically subtracted the
blank and calculated mean, standard
deviation and %CV. The software also
plotted a standard curve of OD at 510
nm against catechin concentration that
was used for calculation of tannin and
IRP concentrations in the wine sample
by interpolation. Note the zero catechin
concentration was pulled out below in a
summary line below the group section
(Figure 7).

Analysis of tannin

Analysis of tannin was carried out as
described in Materials and Methods. The
software was programmed to calculate
the optical density due to tannin with the
following formula:

Abs due to tannin = {(Tannin final)—(Zero
catechin)}—(Tannin background = 0.875)

The software utilized the OD of the

zero concentration of catechin from

the summary line of the catechin group
section. The tannin concentration was
calculated by interpolation from the
catechin standard curve after applying the
correction factor to account for reaction
dilution and dilution of wine. In this
example, the dilution factor was not used,
as the wines were not diluted (Figure 8).
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(58] CatechinStd - Settings] [ = Template ] (3= Reduction [a] -
CatechinStd
i 2
A[0.001 |-0.001 Endpoint
B|0.006 | 0.006 Lmi_510
clo0227 0232 Automix: Off
Calibrate: On
D| 0455 | 0.456 Column Priority
E| 05692 0688
|Plate Last Read:
F|0892 0910 10:34 AM 1172072007
G[1431 1152
H|1.373 1.379
‘Wavelength Combination: ILm1
Mean Temperature: 24.5
Plate Blank: Used Lm1 =0034
Reader: PLUS334 ROM v1 .21 Aug 18 2005 .

@ Experiment#1

B
@ Experiment#1
] catechin
Catechin (mglL)
Sample [Concentration Wells Values MeanValue StdDev. CV% ZeroCat|
a0l 0.006 0006 0000 46 0008
B2 0008
ca02 50 c1 0227 0230 0004 15
€2 0232
ca03 100 D1 0455 0455 0001 0.1
D2 0.456
ca04 150 E1 0602 0690 0003 04
E2 0688
ca05 200 F1 0892 0801 0013 14
F2 0810
ca06 260 61 1431 1441 0015 13
62 1452
ca07 300 H1 1373 1376 0004 03
H2 1379

Smallest standard value: 0.006
Largest standard value: 1.376
ZeroCatechin = 0.006

<
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Figure 7. Catechin standard curve. A: Plate View. B: Results. Catechin standard curve was used for
interpolation in calculating tannin and IRP concentrations.

@ Experiment#1 3] Experiment#1
(8 TanninFinal [ Settings| 3 Template ) (32 Reduction] =) -] ] TanninFinaiab (2] [f0#) (f2] Tannincone: (interpx(Ste
Tﬂ"'i"F;"-* . TanninFinalAb
Wells Sample# Values TanninFinal TanninBkg Tannin TanninConc
G 0.001 1-0001 Fcont 57 1 0517 0517 0233 0307 133636
B 0517 0517 Lm1 510 B8 0517
Automix Off c7 2 1730 1734 0510 1281 581511
o 1.730 [1.737 el [ 757
o 0.425 | 0427 Column Priority 07 3 0425 0426 0.144 0284  128.000
D8 0.427
E
wal Plate Last React E7 4 06ss 0687 0189 0515 225215
F 1.609 1628 10:35 AM 1172012007 s 0687
[ 0.983 0993 F7 5 1600 1618 0922 0806 3562644
1 F8 1628
H 67 6 0983 0983 0625 0430 187.841
‘Wavelength Combination: LLm o8 0883
Mean Temperature: 24.5
Plate Blank Used Lm1 =0032
Reader: PLUS384 ROM v1 21 Aug 18 2005 i
. »[
c ® Column Formula Editor E‘
Name: [TanninCaonc
Formula: (!ntarpX(Eld@Cats:hinGlaph,Tannin))'Z'ﬂ

Decimal Places: B

Veily J

Cancel ] ’TI

Figure 8. Analysis of tannin. A: Plate View. B: Results. OD values were interpolated using catechin
standard curve to obtain tannin concentration with the custom formula as shown.



Analysis of Iron Reactive Phenolics (IRP)
Analysis of IRPs was carried out as
described in the Materials and Methods
section. The software was programmed

to calculate the optical density due to IRP
with the following formula:

Abs due to IRP = {(IRP final)—(Zero
catechin)}—(IRP background = 0.875)

The software used the OD of the zero
concentration of catechin from the
summary line of the catechin group
section. The IRP concentration was
calculated by interpolation from the
catechin standard curve after applying the
correction factor to account for dilution of
wine (Figure 9).

Analysis of anthocyanins

Analysis of anthocyanins was carried

out as described in Materials and
Methods. The software was programmed
to calculate the concentration of
anthocyanins with the following formula:

(Measurement D*10)—(Measurement A'5))
/0.0102

Here, numbers 10 and 5 represent the
respective dilution factors, and 0.0102 is
the conversion factor needed to express
the anthocyanin concentration in malvidin-
3-glucoside (M-3-G) units (Picciotto, E.A. et
al) (Figure 10).

Conclusion

« The SpectraMax Plus 384 Microplate
Reader is a good choice for running
red wine phenolics assay described by
Heredia et al. in a 96-well microplate.

« Other Molecular Devices readers
with absorbance detection mode,

e.g. the SpectraMax i3x Multi-Mode
Microplate Reader, may also be used for
this application.

- Using the microplate format is both cost-
and time-effective.

« The tunability and PathCheck Sensor
features of the SpectraMax Plus 384
Microplate Reader aid in achieving
higher precision and accuracy.

- SoftMax Pro Software is a convenient
tool for analysis and calculation of
complicated and large data sets. It offers
pre-written, ready-to-use protocols,
custom formulas, and appropriate
graphing options.
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(# RPFinal _ Settings][ EA Ternplate ] 5= Reduotion. [z
IRPFinal
8 10
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B 0897 |0.904 Lmi_510
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=t Callorate; On
D 0847 0858 Column Priority
E|
b Piate Last Reac:
F 0598 | 0600 10:35 AM 11202007
6 0431 0431
H
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Mean Tempersture: 24.5
Plate Blank: Used Lm1 = 0.032
Reader: PLUS384 ROM v1.21 Aug 18 2005
|

.4
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@ Experiment#1

[T eFinaian [E2])[s04] g |
IRPFinalAb

SlmEl Wells Slmgleﬂ Values IRPfinal IRP IRPConc

IRPO1 (B9 1 0897 0901 0415 1809.839
B10 0.904

IRPO2 |CO 2 0.662 0658 0444 1937.272
c10 0659

IRPO3 |D9 3 0847 0853 0400 1744.147
D10 0858

IRPO4 |EQ 4 1.134 1.134 0523 2286.503
E10 1.134

IRPOS (FOQ § 0506 0598 0253 1101.607
F10 0.600

IRPO6 (GO 6 0431 0431 0.187 808848
G10 0.431

c ' Column Formula Editor

Name: [RPConc

Decimal Places: F

Formula: [interpX(Std@CatechinGraph,IRP))*20

Cancel | oK

Verify |

Figure 9. Iron Reactive Phenolics (IRP). A: Plate View. B: Results. OD values were interpolated using
catechin standard curve to obtain IRP concentration with the custom formula as shown.
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A -0.001 | 0.001 | Endpoint MeasurementD
B 0453 | 0.484 || L1 520 Sample [wells Sample# Values D Anthocyanin
c 1180 1197 é:;n:‘cg; Me01 ::; 1 ggz 0461  207.066
e X
D
WL [ Me02  |C14 2 1480 1188 795.196
; Lo e—— c12 1.197
i 1492 11488| 931 aM 1172002007 Me03 D11 3 0719 0.720 563.260
¢ 0875 0872 D12 0.721
H Me0d  |E14 4 0983 0878 788382
Wavelength Combination: ILmt E12 0873
Mean Temperature: 229 Me0s  |F11 5 140z 1400 810240
Plate Blank: Used Lm1 =0.042 F12 1488
Reader: PLUS384 ROM v1 21 Aug 18 2005 - Me06 G611 6 0875 0873 3725499
612 0.872
24
c ® Column Formula Editor @
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Figure 8. Analysis of anthocyanins. A: Plate View. B: Results. OD values were interpolated using
catechin standard curve to obtain anthocyanins concentration with the custom formula as shown.



- Forincreased throughput requirements,
Molecular Devices StakMax® Microplate
Handling System integrates with
SpectraMax readers and enables
automated processing of batches of 20,
40, or 50 microplates.
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