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Abstract The aim of the present study was to optimise the

extraction conditions of anthocyanins from strawberry

fruits and incorporate them in yoghurt to achieve a natural

coloration as well as enrich the product with antioxidants.

The response surface methodology (RSM) based on Box–

Behnken design was studied to assess the influence of the

three factors being agitation speed (400–800 rpm), sample

to solvent ratio (0.5–2 g/40 mL), and extraction time

(1–15 min) on total anthocyanin content and antioxidant

activity of strawberries. According to the results, the linear,

quadratic and interaction effects of the studied factors on

total anthocyanin content and antioxidant activity were

determined by the response surface methodology, and the

optimal conditions for anthocyanin extraction were

586 rpm for agitation speed, 1.26 g/40 mL for sample to

solvent ratio, and 9.36 min for extraction time. Under these

extraction conditions, the total anthocyanin content and

antioxidant activity recorded by the two validated models

were 38.04 mg C3GE/100 g FW and 21.38 mg AAE/100 g

FW, respectively. The enriched natural yoghurt contains

anthocyanins with a content of 36.50 lg C3GE/100 g and

an antioxidant activity of 21.22 lg AAE/100 g. The

anthocyanin enriched yoghurt developed in this study may

be considered as a functional food with an interesting

source of natural antioxidants, and these anthocyanins can

substitute synthetic (industrial) colorants.

Keywords Fragaria ananassa Duch. � Modelling

optimisation extraction � Response surface methodology �
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Introduction

Fragaria ananassa known as strawberry is widely grown

hybrid species of the genus Fragaria. It is cultivated

worldwide for their fruits that are widely appreciated for

their characteristic aroma, bright red colour, juicy texture,

and sweetness (Manganaris et al. 2014). They are con-

sumed in large quantities, either fresh or in such prepared

foods as jam, juice, ice cream, and chocolates. Strawberries

are also consumed for their antioxidant quality due to their

functional compounds, considered as bioactive healthier

molecules, many of which have demonstrated biological

activities; among these compounds we can cite vitamins,

minerals, polyphenol-proteins, phenolic acids and flavo-

noids (Karaaslan and Yaman 2017; Hoskin et al. 2019; Kalt

et al. 2020). These latter represent the highest amount of

bioactive molecules, and anthocyanins are the compounds

responsible for the visual appearance of strawberries.

Indeed, they provide the red colour for the strawberry fruits

and protect them from UV radiations by their antioxidant

property (Kalt and Dufour 1997; Nicoué et al. 2007; Zhang

et al. 2019; Kalt et al. 2020).

Anthocyanins are the anthocyanidins glycosides, they

are frequently found in the nature as glycosylated form that
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la Nature et de la Vie, Université de Bejaia, 06000 Bejaia,
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gives them a high solubility in water than their aglycone.

They are responsible for fruit and vegetable colour, varying

from red to violet. In recent years, there has been

increasing interest in anthocyanin pigments by both sci-

entific and industrial communities due to their possible

uses in food products, as better industrial natural colorants,

supplements and/or health promoting foods, as well as to

their disease-preventing benefits (Khoo et al. 2017; Kar-

aaslan and Yaman 2017; Fernandes et al. 2018; Kalt et al.

2020). Indeed, they help to prevent cardiovascular diseases

and cancers, sustains normal circulation of the human

blood system, and both prevents type II diabetes and reg-

ulate blood sugar concentration in diabetic patients, and so

on (Huang et al. 2013; Silva et al. 2017; Karaaslan and

Yaman 2017). However, there are several challenges

related to colour losses that occurred during food pro-

cessing, storage, and commercialisation related to the low

stability of these natural pigments compared to synthetic

industrial colorants (Tonutare et al. 2014; Ali et al. 2016;

Cortez et al. 2017). Therefore, as objective to extract

anthocyanins without losses and maintaining their stability

during extraction, their extraction process study from nat-

ural sources is necessary and this extraction is influenced

by several factors such as type of solvent, extraction time

and temperature (Ju and Howard 2003; Türker and

Erdoǧdu 2006; Karaaslan and Yaman 2017; Alexandre

et al. 2020).

The extraction of anthocyanins from berries by macer-

ation is currently used as a simple economic extraction

method without altering the thermo-sensitive anthocyanins,

and with maintaining a moderate extraction recovery (da

Silva et al. 2007; Cortez et al. 2017; Karaaslan and Yaman

2017).

In addition, among the methodologies used in order to

optimise the extraction of anthocyanins, RSM was reported

as an interesting tool to determine exactly the influence of

several factors on the phenolic extraction, including

anthocyanins, and to determine the optimal extraction

conditions. This methodology reduces measurements,

improves the statistical interpretation, and indicates the

quadratic and interaction effects between factors (Saci

et al. 2018; Benchikh et al. 2019).

The incorporation of anthocyanins as natural colorants

in yoghurt leads to improve the sensory attributes of the

final food product including its health benefits are also not

neglected. Recently, several studies reported that the

enrichment of yoghurt with bioactive compounds from

natural sources is the way to improve the dietary intake of

consumers with healthier efficiency as well as the physical

stability and techno-functional quality of food matrix

(Barkallah et al. 2017; Gaglio et al. 2019; Munekata et al.

2020). According to the awareness of consumers, natural

colorants are more preferable and appreciated than artificial

ones due to their safety and their healthier properties (Ben

Mansour and Latrach Tlemcani 2009; Barkallah et al.

2017; Gaglio et al. 2019). Yoghurt is a dairy product, easily

digest, that presents a great nutritional value and highly

appreciated by the consumers due, especially, to its taste

and texture. It is a food ranked among the best consumed

product in the world. Thanks to its high consumption rate,

the supplementation of yoghurt with natural additives

could add an important nutritional and functional value.

Therefore, it is necessary to elaborate new healthful and

sustainable yoghurt products in the objective to propose a

new functional food product enriched with anthocyanins

(Bourlioux et al. 2011).

To our knowledge, there are few reports on the extrac-

tion conditions of anthocyanins that have been published.

Therefore, in the present study, we first proposed an opti-

mised protocol for the extraction of anthocyanins from

strawberry fruits and then we performed a preliminary

assays aiming to incorporate the extract in yoghurt to

propose a functional food product enriched with antho-

cyanins as natural colorants and antioxidants.

Materials and methods

Chemical reagents

Sodium acetate and potassium chloride were from Bio-

chem, Chemopharma (Cosne-sur-loire, France); 1,1-

diphenyl-2-picrylhydrazyl (DPPH) was from Sigma

Chemical (Sigma-Aldrich GmbH, Germany); ascorbic acid

and hydrochloric acid were from Sigma-Aldrich (St. Louis,

USA).

Sample preparation

Strawberry fruits were harvested in April 12th, 2019 from

Jijel area (Algeria). They were immediately transported to

the laboratory under cold conditions (6 �C). After selection

of uniform strawberries, fruits were washed with water and

then wiped out. After removal of peduncles, fresh and ripe

strawberries were cut in small pieces and then manually

ground until obtaining a strawberry puree. This latter was

used as a fresh sample for the extraction of strawberry

anthocyanins.

Extraction procedure

An aliquot of strawberry fruits (0.5–2 g) was mixed with

40 mL of extraction solvent containing 85% of distilled

water and 15% of HCl 0.1 M (pH 1.3). The agitation was

carried out by magnetic stirring (AGIMATIC-S,

P-SELECTA, Spain) at different speeds (400–800 rpm) and
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extraction time (1–15 min). After centrifugation (Sigma

2-16 P Centrifuge, Germany) at 24869g, the extract was

subsequently filtered (13 lm, Grade F1001, Chem, Bar-

celona, Spain).

Determination of total anthocyanin content

The total anthocyanin content (TAC) was determined

according to Tonutare et al. (2014). Briefly, an aliquot of

1.5 mL of extract was added to 2.5 mL of 0.025 M

potassium chloride (pH 1) and to 2.5 mL of 1 M sodium

acetate (pH 4.5). Then, the mixture was incubated in

darkness during 30 min, before measuring the absorbance

at 510 nm and 700 nm, respectively (Shimadzu, China).

TAC was calculated using the derived equation of Beer-

Lamber cited as following (Eq. 1). The content was

expressed as milligrams equivalents cyanindin-3-glucoside

per 100 g of fresh weight (mg C3GE/100 FW).

TAC ¼ Asp:M:DF:1000=e:k:m ð1Þ

Asp ¼ A510 � A700ð ÞpH1� A510 � A700ð ÞpH4:5

where TAC is the total anthocyanin content, A is the

absorbance of sample, M is the molar mass of cyanindin-3-

glucoside that is 449 g/mol, DF is the dilution factor, 1000

is the conversion factor, e is the molar extinction coeffi-

cient of cyanindin-3-glucoside that is 26,900 M-1 cm-1,

L is the cuvette optical pathlength (0.5 cm), and m is the

weight of the aliquot.

Evaluation of antioxidant activity

Antioxidant activity (AA) was measured by free radical

(DPPH) scavenging activity according to the method

described by Brand-Williams et al. (1995). Briefly, 100 lL

of the extract was added to 1 mL of DPPH solution

(60 mM). After 30 min of incubation in the darkness, the

decrease in absorbance was determined at 517 nm.

Ascorbic acid was used as a standard and the AA was

expressed as milligrams ascorbic acid equivalents per

100 g of strawberry fruits fresh weight (mg AAE/100 FW).

Optimisation of anthocyanin extraction by RSM

According to our previous preliminary results (data not

published yet), three extraction factors were selected as

main parameters influencing independently the extraction

of anthocyanins from strawberry fruits. These factors were

agitation speed, sample to solvent ratio, and extraction

time. In the present work, the same factors were studied by

response surface methodology in order to complete the

second important step which was the determination of

eventual interaction and quadratic effects between these

factors. Therefore, Box–Behnken design was adapted as an

experimental design to proceed with statistical modelling

process to optimise the extraction. As stated above, the

independent variables used were agitation speed (x1, rpm),

sample to solvent ratio (x2, g/40 mL), and extraction time

(x3, min). The coded and real independent variables and the

experimental design were mentioned in the Table 1. The

lowest, the central and the highest levels of variables were

coded as - 1, 0, ? 1, respectively.

Data analysis and model validation

The JMP� 14.0.1 software (SAS Institute, Inc., Cary, NC,

USA) was used to analyse the experimental data. Accord-

ingly, we fitted the data to a second-order polynomial

model and the regression coefficients were obtained and

used in the response surface analysis as given in the fol-

lowing equation (Eq. 2):

Y ¼ a0 þ
X3

i¼1

aixi þ
X3

i¼1

aiix
2
i þ

X3

i¼1

X3

j¼iþ1

aijxixj. . . ð2Þ

where a0, ai, aii, and aij are the regression coefficients of

intercept, linear, quadratic and interaction terms, respec-

tively, and xi and xj are the independent variables. Fisher’s

test was used to determine the type of the model equation

and Student’s t-test was performed to determine the sig-

nificance of regression coefficients.

In order to validate the obtained theoretical values based

on the model accuracy, three experimental extractions were

carried out by using optimal conditions obtained by Box–

Behnken design, and TPC and AA were determined and

compared to the predicted responses.

Incorporation of anthocyanin extract in yoghurt

The extracted colorants using RSM were added immedi-

ately in yoghurt formulation in order to improve the food

product aspect. The colour of enriched yoghurt must have

the same colour of fruits from that the colorant is extracted.

Thus, an aliquot of 15 mL of anthocyanin extract was

incorporated in 50 g of natural set yoghurt (pH 4.6) without

additives (Soummam). The manual homogenisation was

performed during few seconds (45 s) until we obtained a

homogenous structure of yoghurt with red colour.

Extraction procedure of anthocyanins

from enriched yoghurt

As noticed above, the anthocyanin extract was used as

colorants enriching yoghurt as well as antioxidants by

which the product is protected from oxidation. After 24 h

of rest time at 4 �C in glass pots, we would like to assess
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the remaining of colorants and antioxidants in the product.

An aliquot of 2 g of anthocyanin yoghurt was mixed with

20 mL of acidified distilled water containing 85% of water

and 15% of HCl 0.1 M. The mixture was agitated at

600 rpm during 15 min, and the mixture was centrifuged at

24869g during 10 min before filtering the extract as

described above (13 lm, Grade F1001, Chem, Barcelona,

Spain). The TAC and AA of the obtained anthocyanin

yoghurt extract were determined following the same

methods described above.

Results and discussion

Analysis of models

The different combinations of the three factors (agitation

speed, sample to solvent ratio, and extraction time) and

experimental and predicted values of anthocyanin content

and AA are given in Table 1. Indeed, the coefficient of

determination was very high (R2 = 0.99) denoting that total

anthocyanins and AA models have a high level of expla-

nation (Table 2).

The analysis of variance of the two models indicates that

the squares of means were greater than the squares of

means of the residues. Furthermore, the values of Fisher

ratio calculated for total anthocyanins (227.17) and AA

(67.81) allowed obtaining low probability value of 0.0001

for two models. These results clearly demonstrate that both

models have a very high significance regarding

experimental responses of total anthocyanins and AA.

Otherwise, lack-of-fits calculated from the ratios of square

means of lack-of-fits and pure errors (F ratio) were 5.11 for

total anthocyanins and 1.41 for AA, corresponding to the

Table 1 Factors and levels for

response surface methodology,

Box–Behnken design matrix (in

coded and uncoded level of

three variables), experimental

data and predicted values for

three-level-three-factor

response surface analysis

Run Variable levelsa TAC (mg C3GE/100 g FW) AA (mg AAE/g FW)

x1 x2 x3 Observed Predicted Observed Predicted

1 600(0) 0.5(- 1) 1(- 1) 30.26 30.05 19.29 19.52

2 400(- 1) 1.25(0) 1(- 1) 31.98 31.85 16.82 16.70

3 800(? 1) 1.25(0) 1(- 1) 27.44 27.61 17.58 17.68

4 600(0) 1.25(0) 1(- 1) 24.84 25.01 16.19 15.99

5 400(- 1) 0.5(- 1) 8(0) 30.13 30.47 15.94 15.83

6 800(? 1) 0.5(- 1) 8(0) 31.31 31.36 16.76 16.43

7 600(0) 1.25(0) 8(0) 37.72 37.79 21.75 21.39

8 600(0) 1.25(0) 8(0) 37.99 37.79 21.34 21.39

9 600(0) 1.25(0) 8(0) 37.66 37.79 21.08 21.39

10 400(- 1) 2(? 1) 8(0) 33.62 33.58 15.29 15.62

11 800(? 1) 2(? 1) 8(0) 31.53 31.19 12.74 12.85

12 600(0) 0.5(- 1) 15(? 1) 27.80 27.63 17.67 17.88

13 400(- 1) 1.25(0) 15(? 1) 32.61 32.44 18.85 18.75

14 800(? 1) 1.25(0) 15(? 1) 35.06 35.19 15.48 15.60

15 600(0) 2(? 1) 15(? 1) 35.39 35.60 17.85 17.62

TAC total anthocyanin content, AA antioxidant activity
ax1, agitation speed (rpm); x2, sample to solvent ratio (g/40 mL); x3, extraction time (min)

Table 2 Adjustment analysis of the models

Source DFa Sum of squares F ratio Prob[F

Total anthocyanin content (TAC)

Model 9 218.97 227.17 \ 0.0001*

Error 5 0.54

Total model 14 219.51

Lack of fit 3 0.47 5.11 0.168

Pure error 2 0.06

Total error 5 0.54

R2 0.99

Adj. R2 0.989

Antioxidant activity (AA)

Model 9 86.58 67.81 \ 0.0001*

Error 5 0.71

Total model 14 87.29

Lack of fit 3 0.48 1.41 0.441

Pure error 2 0.23

Total error 5 0.71

R2 0.99

Adj. R2 0.996

aDegrees of freedom

*Value statistically significant at P\ 0.05
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probabilities of 0.168 and 0.441, respectively. This denoted

that lack-of-fits of studied models were not significant

(Table 2). From the analysis of variance as well as lack-of-

fits of results, TAC and AA models were judged to be fair

and powerful to explain experimental results.

Effect of factors

After checking the overall adjustments, the significance of

the two models (TAC and AA) as well as the non-signifi-

cance of their errors, the individual and combined effects

of the factors were analysed. From Table 3, we can see that

linear terms of the three factors were significant (P\ 0.05)

for TAC and AA models, except the effect of extraction

time on AA (P[ 0.05). The interactions between all fac-

tors for TAC and AA were significant (P\ 0.05). The

three quadratic terms of all factors were statistically sig-

nificant (P\ 0.05) for both responses.

The statistical models of the response surfaces of TACs

and AA of strawberry fruits were presented as second-order

polynomials. These models include linear, quadratic, and

interaction significant effects and were shown in the fol-

lowing equations (Eqs. 3, 4):

TAC ¼ 37.79 � 0.38x1 þ 0.74x2 þ 2.04x3 � 1.97x2
1

� 4.17x2
2 � 4.05x2

3 � 0.82x1x2

þ1.75x2x3 þ 3.25x1x3

ð3Þ

AA ¼ 21.39 � 0.54x1 � 0.95x2 � 3.39x2
1 � 2.82x2

2

� 0.82x2
3 � 0.84x1x2

� 1.03x2x3 þ 0.82x1x3:

ð4Þ

Analysis of response surfaces

To better illustrate the effects of different factors, three-

dimensional graphical representations are generated

(Figs. 1, 2, 3). In each surface presentation, two factors

vary in the experimental domain and the third is fixed at its

central level (level 0). Figure 1 illustrates the three-di-

mensional spatial representation of agitation speed and

sample to solvent ratio effects on anthocyanin recovery and

AA. According to the graphs A and B of Fig. 1, it seems

that TAC and AA increased with the increasing of agitation

speed and sample to solvent ratio until reaching the optimal

values of 586 rpm and 1.26 g/40 mL, respectively. At this

Table 3 Regression coefficient,

standard error, and Student’s t-
test results of response surface

for total anthocyanin content

and antioxidant activity

Parameter Estimate SE t ratio Prob.[ |t|

Total anthocyanin content (TAC)

Intercept 37.79 0.19 200.01 \ .0001*

Agitation speed - 0.38 0.12 - 3.24 0.0229*

Sample to solvent ratio 0.74 0.12 6.35 0.0014*

Extraction time 2.04 0.12 17.65 \ .0001*

Agitation speed * sample to solvent ratio - 0.82 0.16 - 5.00 0.0041*

Sample to solvent ratio * extraction time 1.75 0.16 10.68 0.0001*

Agitation speed * extraction time 3.25 0.16 19.88 \ .0001*

Agitation speed * agitation speed - 1.97 0.17 - 11.57 \ .0001*

(Sample to solvent ratio)2 - 4.17 0.17 - 24.49 \ .0001*

Extraction time * extraction time - 4.05 0.17 - 23.76 0.0229*

Antioxidant activity (AA)

Intercept 21.39 0.22 98.36 \ .0001*

Agitation speed - 0.54 0.13 - 4.07 0.0096*

Sample to solvent ratio - 0.95 0.13 - 7.12 0.0008*

Extraction time 0.00 0.13 - 0.03 0.9786

Agitation speed * sample to solvent ratio - 0.84 0.19 - 4.47 0.0066*

Sample to solvent ratio * extraction time - 1.03 0.19 - 5.48 0.0028*

Agitation speed * extraction time 0.82 0.19 4.35 0.0073*

Agitation speed * agitation speed - 3.39 0.20 - 17.28 \ .0001*

(Sample to solvent ratio)2 - 2.82 0.20 - 14.39 \ .0001*

Extraction time * extraction time - 0.82 0.20 - 4.18 0.0086*

SE standard error

*Value statistically significant at P\ 0.05
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level, TAC and AA raised to 38.04 mg C3GE/100 g FW

and 21.38 mg AAE/100 g FW, respectively. Beyond these

optimal values, the TAC and AA decreased significantly

(P\ 0.05). This is clearly shown by the curvatures of the

response surfaces (quadratic effects of factors).

The raising of agitation causes the increase in antho-

cyanin diffusion, but beyond a certain speed, the agitation

promotes the solubility of air oxygen in extraction solvent

which could induce the oxidation of these bioactive com-

pounds. Shi et al. (2003) mentioned that the oxygen dis-

solved in the extraction solvent can cause the degradation

of antioxidants, especially through the use of large solvent

volume, high temperature and long extraction time.

Fig. 1 Surface response plots showing the effects of agitation speed and sample to solvent ratio on total anthocyanin content (TAC, a) and

antioxidant activity (AA, b)

Fig. 2 Surface response plots showing the effects of agitation speed and extraction time on total anthocyanin content (TAC, a) and antioxidant

activity (AA, b)
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The effect of sample to solvent ratio can be explained by

the fact that the extraction efficiency of anthocyanins was

decreased under the effect of a weak interaction between

the sample and the solvent after optimal sample to solvent

ratio, thus the transfer of anthocyanins and their solubility

and polarity in the solvent becomes very weak.

Based on results highlighted in Fig. 2, TAC and AA

increased until optimal values (586 rpm and 9.36 min,

respectively) as a function of the increase in agitation speed

and extraction time. However, beyond these optimal con-

ditions, the data showed that the two responses cited above

decreased significantly. These results can be explained by

the oxidation of anthocyanins due to the simultaneous

excess of agitation speed and extraction time beyond

optimal values (Shi et al. 2003; Chan et al. 2009). This

interpretation is also supported by the high interaction

between two cited factors for the TAC and AA obtained by

the present results.

Finally, in Fig. 3 we illustrated spatial presentations of

response surface models of sample to solvent ratio and

extraction time effects on extraction of anthocyanins and

AA of strawberry fruits. It seems that TAC and AA sig-

nificantly increased according to the increase in the two

factors up to optimal values of 1.26 g/40 mL and 9.36 min.

Beyond these values, both responses gradually decreased

(P\ 0.05). This diminution was explained by the quad-

ratic effects which pass through the maximums of the AA

(curvature of the response surfaces). This can be due to the

saturation phenomenon of the solvent and simultaneously

to the degradation of anthocyanins already extracted (Shi

et al. 2003; Chan et al. 2009), so the results obtained were

explained by Fick’s second law of diffusion, which predicts

that after a certain time, there will be a final equilibrium

between the solute concentration in the solid matrix (plant

sample) and in the bulk solution (extraction solvent) (da

Silva et al. 2007; Benchikh and Louailèche 2014). Hence,

excessive extraction time was not useful to extract more

anthocyanins from strawberries.

Determination and validation of optimal conditions

The conditions required maximising total anthocyanin

extraction and AA of strawberry fruits as well as TAC and

AA were determined. To validate these theoretical values,

three extractions are carried out by using optimal condi-

tions obtained by Box–Behnken design. The average

experimental values for TAC and AA obtained were

36.50 mg C3GE/100 g FW and 21.22 mg AAE/100 g FW,

respectively. These values were very close to those

obtained through the two elaborated models which were

38.04 mg C3GE/100 g FW and 21.38 mg AAE/100 g FW

for TAC and AA, respectively.

This optimisation study allowed us to set favourable

conditions in order to extract anthocyanins with higher

compared to those reported by Clifford (2000), da Silva

et al. (2007) and Tonutare et al. (2014). This demonstrates

the accuracy of the developed models.

Fig. 3 Surface response plots showing the effects of sample to solvent ratio and extraction time on total anthocyanin content (TAC, a) and

antioxidant activity (AA, b)
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Anthocyanins and antioxidant activity of strawberry

fruits in the enriched yoghurt

The incorporation of the anthocyanin extract from straw-

berry fruits in yoghurt was performed in order to substitute

the synthetic colorants and antioxidants, hence proposing

new functional yoghurt with red natural colorants. These

results were 36.50 lg C3GE/100 g of yoghurt for TAC and

21.22 lg AAE/100 g of yoghurt for AA.

The presence of the anthocyanins in the enriched

yoghurt at acceptable quantities (10–40 lg/100 g) provides

evidence of supplementation. The remaining of the red

colour in the final food product can be explained by the fact

that the added extract containing anthocyanins are not lost

and still present in stable form during and after the incor-

poration process. This stability maybe related to the ade-

quate environment of food matrix in which these extracted

anthocyanins were incorporated occurring good structure

stability and suitable functional activity. Anthocyanins are

naturally occurring dyes which are characterized by con-

siderable variation in colour intensity and instability during

storage. Numerous studies have been carried out in order to

set the stability conditions for these compounds. It has been

established that anthocyanins are more stable at pH below

5 using low storage temperatures (Wang et al. 2010; Kırca

et al. 2007). So in this study, the addition of anthocyanins

for a fairly acidic product (yogurt with a pH 4.6) with

refrigerated storage (4 �C) gives these antioxidants ade-

quate stability.

Conclusion

As cited above, the present work was focused on optimi-

sation of extraction conditions of anthocyanins from

strawberry fruits and their incorporation in yoghurt. From

the outcome of our investigation, it is possible to conclude

that the use of RSM allowed determining the optimal

extraction conditions which were 586 rpm for agitation

speed, 1.26 g/40 mL for sample to solvent ratio and

9.36 min for extraction time. Under extraction conditions,

the TAC and AA were 38.04 mg C3GE/100 g FW and

21.38 mg AAE/100 g FW, respectively. The extraction

conditions that we investigated influenced significantly

(P\ 0.05) the extraction of anthocyanins from Fragaria

ananassa Duch. fruits.

In order to validate the theoretical data, three extractions

were performed under the same optimal extraction condi-

tions, and the TAC and AA were determined leading to

36.50 mg C3GE/100 g FW and 21.22 mg AAE/100 g FW,

respectively. These results are close to those predicted by

our models.

The incorporation of anthocyanin extract in yoghurt was

performed to substitute the synthetic (industrial) colorants

and antioxidants, to propose new functional yoghurt with

red natural colorants. TAC and AA of enriched yoghurt

were lower than those obtained by strawberry fruits extract.

Strawberry fruits can be regarded as a good source of

anthocyanins which present a good potential for antioxi-

dant capacity that can also be incorporated in yoghurt to

obtain new functional foods with benefit for human health.
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