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Following the resolution Oeno 2-2008 of the OIV, ‘‘Organisation Internationale de la Vigne et du Vin’’,

the addition of carboxymethyl cellulose (CMC) in wines at a concentration lower than 100 mg L�1 is

authorized in the EU (RCE 606-2009). In order to control this level, a method has been elaborated to

quantify CMC addition at the maximum limit authorized. It is based on the absorbance level of

a coloured complex obtained by the addition of a solution of 2,7-dihydronaphthalene in concentrated

sulfuric acid to a dry white wine that has been dialyzed; the proposed method has a quantification limit

of 60 mg L�1 with a 40 mg L�1 uncertainty. Despite these relatively high values, the method is,

nevertheless, suitable for its purpose. Some wines, elaborated and CMC supplemented, allowed one to

test the CMC quantification method, in real conditions of wine production. All the measurements

provide a CMC quantification at the expected level, within the uncertainty. These samples, sets of

treated and untreated wines, were submitted to sensory evaluation to assess the impact of CMC

addition to wine. At the maximum authorized level, no significant difference was detected by the 20

expert panel under quality control requirements. Moreover, some experiments, performed to determine

the concentration threshold at which the CMC effect is noticeable, showed that even at a level 15 times

higher than the maximum amount authorized, CMC has no impact on the taste or the nose of the wines.
Introduction

Tartaric acid precipitation is a phenomenon sometimes observed

during wine storage—cold storage conditions, mainly—leading

to crystal deposits of different shapes. As a result, the impact on

consumer purchase can be dramatic as these crystals are

frequently interpreted as evidence of glass pieces. In order to

avoid this occurrence, some oenological treatments have been

used such as cold stabilisation or mannoprotein addition.1 Both

treatments are expensive and not 100% reliable during the period

and cold stabilization has a strong carbon impact. Carbox-

ymethyl cellulose (CMC, E466) has been used to experiment on

a variety of wines demonstrating its long lasting activity even at

low concentration due to its stability regarding heat and oeno-

logical treatments;2 moreover CMC is an inexpensive compound,

it is easy to use and already authorized in food and widely used in

ice-cream.3 Recently, the ‘‘Organisation Internationale de la

vigne et du vin’’ (OIV) and European Union (EU) authorized the

use of CMC in wine at a concentration limit of 100 mg L�1.4 In

order to control that the limit is not exceeded, a quantification

method is needed.
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Identification and quantification of added CMC in food

products is a complex problem due to the presence of food

compounds that interfere (fats, other gums, carbohydrate,

proteins..) during proportioning.5 Various methods have been

settled to separate the CMC from the food matrix and then to

quantify it: precipitation6,7 and colorimetric methods.5,8–11 These

methods are based on solution absorbance of the coloured

compound resulting from the reaction between 2,7-dihy-

dronaphthalene (DHN) and the in situ CMC oxidation product in

hot concentrated sulfuric acid, the formaldehyde. Nevertheless, as

these colorimetric methods are not CMC specific, Graham5,8

developed a ‘‘clean-up’’ method which was optimized by Zorba: 9

separation/cleaning steps are necessary to isolate CMC.11 With

these multiple purification steps, CMC recovery was found to be

91 to 95%. Despite these results, these purifications steps were not

applied to CMC quantification in food products; moreover, the

authors recommended complementary tests to reach good

repeatability and reproducibility values. This method, established

for a relatively high amount of CMC (10 g L�1), is hardly appli-

cable for routine application. Thus a method needed to be

developed for added CMC quantification in wines.

This work presents an optimized method for the quantification

of added CMC in dry white wines as well as statistical analysis of

organoleptic tasting of treated samples. This method is conve-

nient for routine analysis as it is rapid and easy to set up allowing
This journal is ª The Royal Society of Chemistry 2011
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CMC quantification at a level authorized by the OIV.4 As the

wine matrix seemed less troublesome than other types of food

matrix, experimental conditions have been optimized to easily

extract most of the interfering compounds avoiding the CMC

multi-step separations. After some tests on synthetic wine, the

method has been applied for CMC quantification in supple-

mented wines elaborated in various vineyards. In the meantime,

these wines were tasted by an expert panel under quality control

requirements to study the organoleptic impact of carboxymethyl

cellulose on wines.
Material and methods

Reagents

2,7-Dihydronaphthalene (purum), carboxymethyl cellulose

sodium salt are provided by Fluka, and H2SO4 95% (normapur)

by VWR. CMC used in wineries and tested in this work are

Akucell AF0305 (Akzo Nobel) and Stabitartre G (Cekol).

L-Tartaric acid, D-(�)-fructose and D-(+)-glucose were

purchase at Aldrich with a minimum purity of 99%. The dialysis

membranes, Cellu-sep T1 (3500 Da), T2 (6000–8000 Da) and T3

(12 000–14 000 Da) were purchased from Bioblock Scientific.
Samples

Authentic dry white wines come from the wine data bank, carried

out each year.12 These wines are made from the grapes collected

in various vineyards and transferred to the laboratory where they

are pressed, fermented, filtered and bottled for further analysis.

The only stabilisation process is the addition of potassium

bisulfite. The wines, elaborated in various vineyards, are from

vintage 2007 and 2008 and come from Champagne and Val de

Loire, two French wine-producing areas where CMC addition

was experimented. These experimentations were supervised by

antifraud agents also in charge of the sampling. 3 bottles were

collected: 1 bottle of wine not submitted to the stabilisation

treatment, 1 bottle of cold stabilized wine and 1 bottle of CMC

supplemented wine.
Wine tasting conditions

General conditions for quality control are in use in our labora-

tory for sensorial evaluations such as a dedicated laboratory

room fitting ISO norm 8589 requirements, an expert panel of 20

trained persons (ISO 8586 x1 and 2). The laboratory is accredited

by the COFRAC13 for wine tasting (triangular and defect

profiling). Except for a concentration rank classification, all the

wine-tasting experiments were triangular tests (ISO 4120): in

front of each wine taster, 3 glasses of wine are presented, each

one identified with a unique number, generated by the software

‘‘Tastel’’.14 Among the 3 glasses, only one is different; as an

example, the set of 3 glasses can be composed of two glasses filled

up with untreated wine and one with CMC treated wine.

Moreover the glasses’ position (treated/un-treated) is ruled as

well as the total number of treated/un-treated wine glasses.
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Quantification method

Caution! this experiment requires concentrated sulfuric acid:

work under a hood, use of gloves and eyes protections are

mandatory. The reagent consists in 50 mg of 2,7-dihydronaph-

thalene dissolved in a 100 mL flask of concentrated H2SO4. From

yellowish, the solution turn colorless after 4 h at 28 �C in

a thermo-stated bath. The reagent is poured in a brown glass

bottle and kept at 4 �C until needed. Before colorimetric reac-

tion, the wines were firstly dialyzed by placing 20 mL of wine in

a cellulose membrane with a specific cutting size. This membrane

was then poured into a 10 L flask filled with 18 MU water

(Elga water) and gently agitated for 24 h (2 renewals of water

after 4 h and 9 h), and up to 5 samples can be dialyzed simul-

taneously. The dialysed wine is stored in a brown glass bottle and

keep at 4 �C before proportioning. The reagent (9 mL) is added

to the dialysed wine (1 mL) in a long glass tube (20 cm, diam.

2 cm). The tube is rapidly vortexed for homogenization, and after

2 h in a thermostated bath (100 �C), the solution colour turn

purplish. After complete cooling of the solution, the absorbance

is determined at 540 nm using a 10 mm thickness quartz cell on

a UV-visible spectrophotometer Varian (Cary 100, software:

Cary WinUV). A calibration curve was obtained considering 6

levels of CMC concentration, from 0 to 150 mg L�1, and 5

repetitions for each of them.

Results and discussion

Sensorial analysis

In the literature, contradictory opinions on CMC sensory effect

can be found:2,15 CMC is sometimes considered as an olfactory

barrier, sometimes not. Thus, its impact was investigated in the

laboratory with a panel of 20 experts. Sensorial analysis were

performed under accreditation, considering the French norm NF

8587 defining experimental conditions and data treatment.

Triangular tests were performed between untreated and CMC

supplemented wines (100 mg L�1) from Champagne and Val de

Loire areas (France). These tests, performed in black glasses in

order to prevent any visual influence, show that, on average, 8

tasters among the 18 have noticed a difference and specified

correctly the different glass (Table 1). Nevertheless, for a 18

wine-tasters panel and a risk factor a ¼ 0.05, 10 positive

responses need to be given for a significant result. Thus, it

appears that CMC addition at 100 mg L�1 does not modify

notably the organoleptic properties of the treated wine. W11

sample is an exception as a significant difference is observed for

this wine: analytical parameters of the treated and control wines

showed a higher sugar concentration (2.7 g L�1) in CMC sup-

plemented wine, implying that the difference noticed by the panel

was made according to the sweetness of the samples.

Then some tests were performed to approach organoleptic

CMC detection limit of the panel through a rank test classifica-

tion16 (ISO 8587). Five glasses were simultaneously given in

a different order from an expert to another: one was the blank

(white wine, CMC-free), and the four others filled up with white

wine containing various CMC concentration (from 0.1 to 1.5 g

L�1). Before the beginning of the experiment, each taster had to

taste (once) a glass of water supplemented with 2 g L�1 of CMC,

as an indicator of CMC ‘‘taste’’. The group performance is given
Anal. Methods, 2011, 3, 380–384 | 381



Table 1 Chemical and sensorial analysis of wine from Champagne and Val de Loire

Vintage Wine colour

Sensorial analysis Chemical analysis

Numbera Positives answers None Coldb CMCc

2007 White (W1) 18 7 —d 0 88
White (W2) 18 7 — 0 97
White (W3) 18 9 — 0 82
White (W4) 18 6 — 0 73
White (W5) — — 35 — 104
White (W6) — — 32 — 100
White (W7) — — 35 — 103
Ros�e (R1) 18 6 —d 22 101

2008 White (W8) 18 9 25 26 127
White (W9) 18 7 44 19 126
White (W10) 20 7 4 10 124
White (W11) 30 16 0 70
Ros�e (R2) 18 8 21 45 145
Ros�e (R3) 20 9 133 90 204

a Number of experts qualified for the wine-tasting session, significant deviation for 10, 11, 15 positives answers with 18, 20, 30 tasters, respectively.
b Cold: 5 �C. c CMC concentration ¼ 100 mg L�1. d Sampled not withdrawn.
by Page’s coefficient, L, that is equal to 909.17 Considering 20

tasters, 5 products and a risk value of 0.05, the computed value

should have been higher than 937, limit exceeded when at least

one sample is strictly different from the others. This experiment

was followed by triangular tests considering four concentrations

(0.1, 0.5, 1.0 and 1.5 g L�1). In none of the four sets, was

a significant difference observed by the panel. Thus from these

experiments, it seems that the organoleptic impact of CMC in

wine is not perceptible for CMC addition as high as 1.5 g L�1 that

is 15 times the amount authorized by the legislation, OIV and

EU.4
CMC quantification method

CMC quantification methods in food are very scarce and are

usually multi-steps extraction/separation in order to isolate the

CMC from food matrix. 2,7-Dihydronaphtalene (DHN, 0.5 g

L�1) in solution in concentrated H2SO4 is heated (100 �C)

together with the CMC solution for 2 h.5,8,11 Under these

conditions, CMC decomposed into formaldehyde that in turn

reacts with DHN to give a coloured complex with a characteristic

absorption band at 540 nm.18 These methods are time consuming

and seem to be hardly applicable in the control laboratory for

routine analysis. Depending on the studied matrix, multi-steps

are necessary but for wine, the idea was to perform a direct

treatment with DHN in concentrated H2SO4. The first experi-

ments were realized on synthetic wines, i.e., hydro-alcoholic

solution (12% vol), pH ¼ 3 adjusted with tartaric addition. After

chemical reaction, the solution presents a low coloration with

a low absorbance at 540 nm (A ¼ 0.15 AU, arbitrary units). The

coloration was increasing linearly with CMC concentration.

Synthetic wine supplemented with various batches of commercial

CMC have been tested providing comparable absorbance indi-

cating that the commercial CMC and the one used in some

wineries is about the same reticulation length (Table 2). Then, to

make the matrix more complex, glucose (1 g L�1) and fructose (1

g L�1) were added to the synthetic wine and this time, the

colorimetric reaction led to a dark greenish-maroon solution
382 | Anal. Methods, 2011, 3, 380–384
with a non-usable absorbance (>2 AU). Similar behaviour has

been observed for CMC untreated dry white wines. As this

colorimetric reaction is not selective, sugars must be oxidized in

formaldehyde that reacts with DHN. Thus, dialysis was used to

extract the sugars19 and systematically applied before the final

step. Two sets of experiments have been realized (Table 2), the

series SW, synthetic wine supplemented with CMC, and series

SSW, the synthetic wine supplemented with CMC and sugar

(glucose and fructose, 1 g L�1). The comparable absorbance,

obtained for SW1 (before dialysis) and SW2 (after dialysis),

indicates that any CMC extraction occurs during the dialysis

step. On the other hand, SSW3 (before dialysis) exceeded

absorbance clearly indicates that the sugar presence prevents any

direct measurement. The result of SSW4 shows that the dialysis

step allows sugar extraction as the absorbance is similar to runs

SW1 and SW2; moreover, this result confirms that added CMC is

not extracted during the dialysis step. As this dialysis step is

mandatory, some parameters have been optimized to build up

the method (Table 2): membrane cutting size (optimum: 6000–

8000 Da), dialysis time (optimum: 24 h with two water renewals).

Under these conditions all the sugars were extracted from

synthetic membrane without any loss of CMC. Then various

oenological treatments have been experimented as a not negli-

gible absorbance is observed (0.89 AU) for a white wine even

after dialysis, absorbance probably due to the presence of

proteins, polyphenols, polysaccharides. Thus phenolic

compounds and proteins were tentatively extracted by bentonite,

coal and polyvinylpolypyrrolidone (PVPP) treatment before

wine dialysis. Coal associated with bentonite seems to be the

most efficient treatment even if it is not fully satisfactory (Table

2, A ¼ 0.59 UA). Then the coal-bentonite treatment has been

repeated on white wines supplemented with CMC (25 to 150 mg

L�1). After dialysis and colorimetric reaction, the solution

absorbance was in the same range as the control wine. It seems

that the treatment leads to the elimination of CMC and conse-

quently the only treatment applied to dry white wine samples is

the dialysis step. For quality control purposes, the overall

processing steps are controlled using a synthetic solution
This journal is ª The Royal Society of Chemistry 2011



Table 2 Effect of various oenological treatments on CMC quantification in dry white wine

Parameter studied Conditions Absorbance (arbitrary units)

Sugars extraction by dialysis SW1 before dialysisa 0.65
SW2 after dialysis 0.63
SSW3 before dialysis >2
SSW4 after dialysis 0.68

Membrane porosity (White wine,
[CMC] ¼ 100 mg L�1)

3500 Da 1.78
6000–8000 Da 1.61
12 000–14 000 Da 1.63

Dialysis time (Synthetic wine,
[CMC] ¼ 150 mg L�1)

16 h 1.99
20 h 1.70
24 h 1.31

CMC batch (Synthetic wine,
[CMC] ¼ 50 mg L�1)

Fluka 0.63
Vineyard 1 0.63
Vineyard 2 0.58

Oenological treatmentb (white
wine, [CMC] ¼ 0 mg L�1)

None 0.89
Coal 0.67
PVPP 0.86
Bentonite +PVPP 0.82
Bentonite + coal 0.59

a SW: synthetic wine (12% vol, pH¼ 3) with CMC (50 mg L�1). SSW: synthetic wine supplemented with glucose (1 g L�1) and fructose (1 g L�1). b Added
reactant to dialyzed wine: 2 mg mL�1. Reaction time: bentonite, 24 h; coal and PVPP, 2 h.
(CMC: 150 mg, sugars: 2 g L�1, tartaric acid: 2 g L�1). In each

series, it is dialyzed and treated with DHN and the performance

of the dialyze and the colorimetric steps are validated if the

computed concentration corresponds to the expected value

within the uncertainty.

Method validation has been achieved according to experi-

mental standards NF V03 110, XP T 90-210 and OIV validation

method guidelines. These methods define the sampling plan to

determine linearity, specificity, detection limit as well as uncer-

tainty of the method. Therefore CMC has been added to

a reference dry white wine at 6 concentration levels (0, 25, 50, 75,

100 and 150 mg L�1); everyday during 5 days, six wines samples

were prepared and dialyzed, then CMC concentration was

measured. Each analysis has been duplicated for assessing the

method repeatability. Calibration curve (Fig. 1) presents the

absorbance as a function of CMC amount. In Fig. 1, error bars

were voluntary omitted as all the characteristics of the method

(uncertainty, quantification limits) come from these data.
Fig. 1 Calibration curve and repetitions obtained on a dry white win
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Statistical analysis concludes to an acceptable and specific model;

even if repeatability is relatively high (20%, Table 3), a Cochran

test indicates that the higher dispersion is tolerable. Using a wine

sample, analyzed 12 times under intra-laboratory reproducibility

conditions, reproducibility was computed and found to be 27%,

a value quite high but acceptable. This poor reproducibility must

be due to the wine matrix which is not completely removed by the

dialysis step. Finally, detection and quantification limits of the

model were determined to be 20 and 60 mg L�1, respectively.

Uncertainty, determined at 3 concentration levels (25, 75 and 100

mg L�1), was equal to 40 mg L�1. CMC recovery values presented

in Fig. 2 are the result of the analysis of three dry white wines

supplemented at different levels of CMC. For a concentration

lower than 100 mg L�1, the recovery variation (from 66 to 121%)

is high; these variations can be attributed to the wine residual

matrix which seems to be not negligible regarding CMC

concentration; as a result, it significantly impacts the colorimetric

reaction. On the other hand, for higher CMC concentration
e supplemented with various amounts of carboxymethyl cellulose.

Anal. Methods, 2011, 3, 380–384 | 383



Table 3 Summary of the validation method results and the obtained
conditions

Repeatability Reproducibility
Detection
limit

Quantification
limit

Number
of
samples

22 1 6 6

Number
of
replicates

2 12 5 5

Value 20% 27% 20 mg L�1 60 mg L�1
($100 mg L�1), matrix residuals impact levels: the CMC recovery

for the three wines is in the same order of magnitude (from 97 to

109%). This method has been tested on dry white wines and

tentatively on dry ‘‘ros�e’’ wines from Champagne and Val de

Loire areas. The samples were elaborated in real conditions in

three different ways: the first one, a wine that did not receive any

oenological treatment, the second one, cold stabilized and the

third one, CMC supplemented. From Table 1, it appears that this

method is not suitable for ‘‘ros�e’’ wines as the results are inco-

herent. This can be due to the colouring intensity, still observable

after dialysis, that perturbs the concentration/absorbance rela-

tion. Thus the method needs to be optimized to coloured wines.

Results for non-stabilized wines seem to indicate CMC addition.

These results are due to organic matter suspensions present in the

wine. These suspensions are still there after dialysis and must

have reacted with sulfuric acid to form a coloured complex with

DHN. For cold stabilized wines, the results are correct, as in only

3 cases, computed concentrations are different from 0. More-

over, these concentrations are much lower than the method

uncertainty. Finally, on treated wines, the results clearly indicate

CMC addition. Further, computed added amounts are close to

the declared CMC addition and vary from 70 to 124 mg L�1

which is in the range of the uncertainty previously determined

(�40 mg L�1).
Fig. 2 Recovery values of CMC at different concentrations in three

different dry white wines.
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Conclusion

A quantification method of added CMC into dry white wine was

developed based on the absorbance of the coloured complex

resulting from the reaction between 2,7-dihydronaphthalene and

formaldehyde in hot concentrated sulfuric acid. This reaction is

realized on the wine firstly dialyzed for 24 h. This method fulfils

the requirements for the control of added CMC (maximum

authorized: 100 mg L�1) with a quantification limit of 60 mg L�1

and the uncertainty of 40 mg L�1. This method has been applied

to wines elaborated in different vineyards authorized, under

control, to test CMC addition. The quantification is as good as

expected and computation results did not provide any false-

positive as well as any over-estimation of the amount of added

CMC. This method, easily applicable to routine oenological

laboratory, was submitted to the OIV organisation to become an

official method for CMC quantification in dry white wine.20

Organoleptic impact of CMC at a level of 100 mg L�1 is not

detectable and even at 15 times the authorized level, any

noticeable differences were found by the expert panel. Never-

theless, this method needs to be optimized not only to lower

reproducibility and uncertainty but also to be applicable to sweet

wine and coloured wines; this work is underway.
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