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Abstract The aim of this work was to explore the use of

protein isolate from tomato seed enriched with the sucrose

and the ascorbic acid as a medium for the growth of kefir

mixture culture to develop a new non-dairy functional

food. Unstructured mathematical and logistic models were

proposed to describe cell growth, kefiran production,

nutriment consumption and antioxidant activity. It was

found that the maximal cell mass in the culture reached

8.38 g L-1 after 24 h of fermentation. A significant

amount of kefiran was also produced (0.65 g L-1). The

kefir culture growth significantly decreased protein content

and enhanced the antioxidant activity during varied fer-

mentation through the production of bio active peptides.

After 24 h of fermentation, IC50 value for protein isolate

was estimated to be about 10.48 lg mL-1. The proposed

models adequately described the changes during fermen-

tation and as observed as a promising approach for the

formulation of tomato seed-based functional foods. The

preservation of the isolate was also investigated through a

spray-drying process. The effect of spray-drying on the

viability of lactic acid bacteria and stability of protein

content and the antioxidant activity of the powder was also

carried out. Results showed that the spray-drying method

has great potential for the synthesis of powder from the

fermented isolate that are rich in desirable properties.

However, it was appropriate to preserve the powder for

10 days at 37 �C for the preservation of protein

functionality.

Keywords Protein isolate � Kefir � Functional food �
Growth kinetics � Antioxidant activity � Spray-drying

Introduction

Nowadays, there has been a growing interest to develop

new functional foods, defined as all products containing

probiotic microorganisms specified as ‘‘live microorgan-

isms, which when administered in adequate amounts

confer a health benefit on the host’’ (Prado et al. 2008).

The yogurt is undoubtedly the fermented milk product

best known and consumed in the worldwide. However,

due to the problems of lactose intolerance and cholesterol

content associated with the consumption of fermented

dairy products, there has recently been an intensive

research addressed to the non-dairy fermented foods

(Granato et al. 2010). In this respect, cereal-based prod-

ucts, vegetables and fruits offer an alternative to the

production of fermented foods due to their functional

benefits (Cagno et al. 2013). Among vegetable probiotic

beverages, there have been recent a proposal for beet-

based drink (Yoon et al. 2005), cabbage juice (Yoonm

et al. 2006), carrot juice (Nazzaro et al. 2008) and tomato-

based drink. Furthermore, either studies have been per-

formed to address the conversion of agricultural or food

industry wastes to new products with added value

(Moayedi et al. 2016). In this case, tomato seed, the major

byproduct of tomato processing industries, representing

about 60% of the wastes, contains a substantial amount of

protein ranging from 20 to 30% (Sogi et al. 2002;
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Mechmeche et al. 2017a, b). According to Savadkoohi and

Farahnaky (2012), tomato seed proteins are of high

nutritional value and have nutraceutical properties and

also are good sources of bio active peptides which can be

used as a health enhancing ingredient in functional foods.

By the way, tomato seed protein-rich isolate offer an

alternative to the production of fermented foods due to

their functional benefits (Moayedi et al. 2016). The

authors carried out the optimization of defatted tomato

waste protein fermentation by means of Bacillus subtilis

in a submerged system. To the best of our knowledge, no

study has been conducted on the fermentation kinetics of

kefir culture in tomato seed rich protein isolate. For this

reason, the current study examines in detail the fermen-

tation of defatted tomato seed protein isolate by means of

kefir. In fact, kefir is an ancient food attributed to

exceptional health promoting and curative properties since

the beginning of recorded history (Corona et al. 2016). It

was used for the treatment of tuberculosis, cancer and

gastrointestinal disorders (Randazzo et al. 2016). Water

kefir is a non-dairy kefir prepared with a sucrose solution

with or without fruit extracts fermented by kefir grains,

consisting of a consortium of yeasts, mainly Kluyver-

omyces, Candida and Saccharomyces, and lactic acid

bacteria (LAB), including the genera Lactobacillus, Lac-

tococcus, Leuconostoc and Streptococcus. All these

microorganisms are embedded in a resilient water-soluble

branched glucogalactan matrix named kefiran (Rodrigues

et al. 2005). In food microbiology, there has been an

increasing interest in modeling the kinetics of beneficial

microorganisms in the last 10 years to predict their

behavior in food systems (Lee et al. 2015). A number of

mathematical models have been used to describe the sig-

moidal curves of bacterial growth, the logistic model and

others (Charalampopoulosa et al. 2009). These equations

can fit cell growth over time and take into account growth

inhibition in the stationary phase of growth and may lead

also to the development of better strategies for the opti-

mization of the fermentation process to ensure its eco-

nomic viability.

Based on the several positive effects of kefir as well as

protein-rich isolate from tomato seed on human health, this

work was aimed to develop a new non-dairy functional

food. Cell growth, kefiran production, nutriment con-

sumption and antioxidant activity will be monitored and

the results will be fitted to an unstructured mathematical

model. An essay on the preservation of the isolate is also

investigated through a spray-drying process for increasing

its shelf life and maintaining its nutritional quality.

Materials and methods

Tomato seed material

Tomato wastes, consisting mainly of skins and seeds, were

provided from a Tunisian tomato-processing factory. The

skins were removed by immersing wastes in water and the

remaining seeds were air-dried (Sogi et al. 2002). Then,

dried seeds were ground in Retsch AS 200 Basic blender

(Retsch GmbH, Germany). The tomato seed meal was then

defatted for 6 h in a Soxhlet extraction apparatus using the

hexane (1 g meal:10 mL hexane) at room temperature

(20 �C) and further placed in a fume hood to remove the

residual hexane until there was no hexane odor in order to

obtain a defatted tomato seed meal. Defatted meal was then

stored in airtight sample bottles in the refrigerator at 4 �C
until further analysis.

Preparation of tomato seed isolate (TSI)

1 g of the defatted tomato seed meal was extracted for

49.76 h with 82.81 mL of deionized water according to

Mechmeche et al. (2017a). The pH of the suspension

(7.5–11.5) was kept constant during extraction by adjusting

with 0.5 N NaOH and the temperature was regulated at

50 �C by a water bath. Then, Tomato Seed Isolate (TSI)

was obtained after 25 min of centrifugation (20009g) to

remove the raw material. TSI was filtered through What-

man filter paper no 1 and stored at freezing conditions until

be used in the experiments.

Microorganisms

The fermentation was carried out with the freeze-dried

kefir microbial mixture (Genesis Laboratories, USA) con-

taining approximately 109 CFU/g of LAB (Lactococcus

lactis sp lactis, Lactococcus lactis sp lactis biovar

diacetylactis, Lactococcus lactis sp cremoris, Leuconostoc

mesenteroides sp cremoris, Lactobacillus kefyr) and Can-

dida kefyr and Saccharomyces unisporus spp., as declared

by the producer.

Production of fermented tomato seed isolate (FTSI)

The conditions of fermentation of tomato seed isolate by

the kefir microbial mixture were optimized earlier using

response surface methodology (RSM) and a central com-

posite rotatable design (CCRD) (Mechmeche et al. 2017b).

The maximal cells culture and the biomass production

could be achieved through the inoculation of 0.22 g L-1 of

kefir with the addition of 6.75 g L-1 of sucrose as carbon

source and of 196 mg L-1 of ascorbic acid as vitamin. The
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fermentation of TSI was carried out in triplicate at 37 �C
for 24 h.

Microbiological analysis

Samples were withdrawn at different time intervals during

the cultivation in a centrifugation tube. Cell dry weight was

determined by gravimetric methods in duplicate. The cul-

ture broth was centrifuged in 10 mL falcon tubes at

9000 rpm for 15 min to precipitate the cells. The super-

natant was collected in another falcon tube for kefiran

analysis. The cells were then centrifuged again under the

same condition. After the second centrifugation, the

supernatant was discarded and the cells were dried at 65 �C
in an oven for 48 h.

Kefiran determination

Extracellular kefiran was recovered from the culture

supernatant and determined according to Piermaria et al.

(2009). Kefiran was precipitated overnight by the addition

of an equal volume of cold absolute ethanol at 4 �C. The
resulting precipitate was collected by centrifugation at

9000 rpm for 15 min, dissolved in hot distilled water and

precipitated with ethanol. This step was repeated for three

times to obtain pure kefiran. The supernatant of the cen-

trifugation was discarded and the kefiran was dried at

65 �C in an oven for 48 h.

Analytical methods

Fermented Tomato Seed Isolate (FTSI) was subjected to

several determinations periodically every 2 h. Total sugar

was estimated by the phenol–sulphuric-acid method. The

soluble protein content was assessed according to the

Bradford method using the bovine serum albumin as a

standard. Free radical-scavenging ability of FTSI was

determined using a stable 2, 2-diphenyl-2-picrylhydrazyl

radical (DPPH�) according to the method of Kao and Chen

(2006) with some modifications. The spectrophotometric

analysis of ABTS� ? scavenging activity was also deter-

mined according to the method of Re et al. (1999).

Mathematical modelling

Fitting procedures and parametric estimations calculated

from the results were carried out by minimization of the

sum of quadratic differences between observed and model-

predicted values, using the nonlinear least-squares (quasi-

Newton) method provided by the macro ‘Solver’ of the

Microsoft Excel XP spreadsheet. Statistica 6.0 software

(StatSoft, Inc. 2001) was used to evaluate the significance

of the estimated parameters by fitting the experimental

values to the proposed mathematical models, and the

consistency of these equations.

Growth kinetics of kefir culture mixture in tomato seed

isolate can be expressed by the modified Gompertz model,

which is described by the Eq. (1):

ln
X

X0

¼ A� exp � exp l � exp 1ð Þ
A

� k� tð Þ þ 1

� �� �
ð1Þ

where A, l and the productivity can be expressed by the

Eqs. (2), (3) and (4):

A ¼ ln Xmax=X0ð Þ ð2Þ

l ¼ 1

X

dX

dt
ð3Þ

Productivity ¼ Xmax� X0ð Þ= tmax�t0ð Þ ð4Þ

Kefiran, sugar and protein were described by aligning a

modified Weibull function as proposed by Mafart et al.

(2002) (Eq. (5)):

Ra� Ramin

Ra0 � Ramin

¼ exp � t � kdð Þp½ � ð5Þ

Spray-drying

Spray-drying was performed with a Mini Spray-dryer

Model 190 Bûchi (Bûchi, Göppingen, Germany), using

compressed air from an in-house supply (* 80 psi), a two-

fluid nozzle (0.50 mm) atomized the protein solution. The

air was filtered through a 0.22 lm Milidisk filter (Milli-

pore) before entering the nozzle, and the flow rate was

controlled by a variable area flow meter (Cole Parmer,

150 mm). A peristaltic pump (1–100 rpm, Masterflex, Cole

Parmer) pumped liquid protein feed to the nozzle using

silicone tubing (3 mm i.d.). Cooling water was circulated

through a jacket around the nozzle. Based on a full factorial

experimental design, the effects of the feed ratio, atomizer

speed, and inlet air temperature on properties of spray-

dried fermented tomato seed isolate were investigated

(Data not shown). The following standard operating con-

ditions were used in this study: an inlet temperature (Tin-

let) of 90 �C, a drying air flow rate of 0.60 m3 min-1, an

atomizing air flow rate of 0.90 m3 h-1, and a liquid feed

rate of 5 mL min-1. Operation under these standard con-

ditions resulted in an outlet temperature (Toutlet) of

approximately 53 �C.

Powder analysis

The powder produced during experiment was kept in

closed vessels until the analysis stage every 5 days during

20 days of storage. Plate count agar was used as the media

for total mesophylic counts pour plate, incubated at 30 �C
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for 3 days. Lactic acid bacteria growth was determined by

direct counting of colony forming units (CFU/mL) by

plating 0.1 mL of serial dilutions on MRS agar, and

incubating at 37 �C for 24 h. Total coliforms were plated

on Deoxycholate Agar and cell counting was carried after

48 h at 37 �C. Clostridium perfringens were determined

using TSC agar and incubated at 46 �C for 48 h.

The protein content was investigated by Bradford

method. The free radical-scavenging ability antioxidant

activity was evaluated by DPPH� and ABTS� ? tests.

Results are expressed as percentage on a dry matter basis.

Statistical analysis

Statistical analyses were carried out using STAT GRA-

PHICS Centurion XV. Statistical differences were deter-

mined using ANOVA followed by Least Significant

Difference (LSD) testing. Differences were considered

statistically significant when P\ 0.05.

Results and discussion

Growth kinetics modelling

Cultivation was carried out for 24 h to investigate the

kinetics of cell growth, kefiran production, sugar and pro-

tein consumption by kefir microorganisms in protein rich

isolate from tomato seed enriched with sucrose as carbon

source and ascorbic acid as vitamin. In fact, the use of

sucrose as one of the most suitable carbon sources and the

ascorbic acid as vitamin improve the production of kefiran

relative to cell growth (Tayuan et al. 2011).

According to the results, a significant growth of the kefir

culture mixture was observed between 0 and 24 h (Fig. 1a).

It can be clearly observed that the biomass was not pro-

duced during the first 4 h of cultivation, which can be

considered as the lag phase where the cells were adapted to

the new environment. After that, the cells grew exponen-

tially and reached their maximal cell mass (8.38 g L-1)

after 24 h of fermentation. To describe cell growth in terms

of biomass with time, a non-linear algebraic equation was

used. In fact, the model parameters of the growth kinetics

were estimated from fitting the experimental data to the

unstructured Gompertz model. The performance of the

developed model was evaluated by comparing the pre-

dicted growth responses to the observed responses obtained

from experiment (Lee et al. 2015). Hence, the use of the

modified Gompertz equation (Eq. (1)) to describe the

growth kinetics of kefir microorganisms was useful in

quantifying the lag period (k = 3.54 h), the maximum

specific growth rate (lmax = 0.65 h-1) and the log

increase in population (A = 4.02) reached in the culture,

which are parameters with biological meaning. In this

order, the values predicted are highly correlated with the

experimental data, with a regression coefficient

R2 = 99.30%. The specific growth rate and the productivity

formed per unit time reached to its maximum levels,

respectively after about 5.80 and 9.20 h of fermentation to

have a peak value, then decreased (Fig. 2b). The maximal

productivity was found to be about 1.19 g L-1 h-1. By the

way, the kefir microorganisms used in the study showed

good growth in TSI, which indicates that the fermentation

conditions were appropriate for growth and that the media

provides all the required nutrients. The same findings were

achieved by Randazzo et al. (2016) on Mediterranean fruit

juices and by Corona et al. (2016) on vegetable juices.

Regarding the kefiran concentrations, the production

was important (Fig. 2a), when the maximum concentration

(0.65 g L-1) was seen after 24 h of fermentation. The

kinetic modelling of kefiran production could be conducted

using the Weibull models (Eq. (5)). In fact, the use of these

models was useful and they could describe the change of

kefiran concentrations (Table 1) with time because of the

high determination coefficients (R2 = 99.20%). In addition,

the low RMSE values (0.003) indicated a good fit to the

experimental data. Based on this, we have expressed the

kefiran production rate in terms of fermentation time

(Fig. 2 b). A significant difference (P\ 0.05) in the kefiran

production rate was detected in the different time of fer-

mentation. Whereas, the higher rate was observed at 24 h

of fermentation (0.027 g L-1 h-1), which was significantly

different from the rate at the beginning of the culture

(0.006 g L-1 h-1). In fact, carbon source is considered a

very important component of the cultivation medium since

it is generally used as a source for energy and biosynthesis

of kefiran. Previously, lactose was conventionally used as a

good source for the high production of kefiran. However,

Dailin et al. (2016) showed that the medium containing

sucrose exhibited significant effect on cell growth and

kefiran production. In this case, the plots of sugar con-

centrations as observed and model fit showed a good

agreement between the model solutions and the experi-

mental data obtained by a regression coefficient

R2 = 96.50% (Table 1). This confirms that the Weibull

model gives a better solution and has high accuracy and

could describe the change of sugar concentration with time.

Certainly, kefir mixture culture was able to gain its nutri-

tional requirements from tomato seed meal and to grow

well in the medium composed of defatted meal enriched

with the sucrose. Moreover, the effect of nitrogen sources

on the production of kefiran and cell growth has been also

investigated. According to Cheirsilp et al. (2003), the

higher the C/N ratio is, the lower the total kefiran pro-

duction. With regard to the protein content, it can be noted

that the values decreased significantly (P\ 0.05) in the
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different time of fermentation (Fig. 2c). So, in order to

evaluate the protein concentrations and to describe their

kinetics, the Weibull equation (Eq. (5)) was also used. For

an ideal approximation of modeled kinetics, R2 approaches

to 1 and RMSE becomes 0. As shown by the values of the

statistical parameters (Table 1), the Weibull fitting was

found to be well suitable to describe the degradation

kinetics of protein. This finding was in agreement with the

results of Limón et al. (2015) who reported that the con-

centration of peptides and amino acids decreased when the

lactic fermentation of kidney bean progressed after 48 h. In

fact, phosphate salts are inorganic compounds that are

generally used in the production medium to enhance bac-

terial growth. Gunter and Ovodov (2005) showed that cell

growth and production of polysaccharides were limited by

the absence of phosphate. Moreover, Duguid and Wilkin-

son (1953) proved that the maximal cell growth of

Aerobacter aerogenes and polysaccharide production could

be obtained at phosphate concentration of 0.12 g L-1. The

Weibull equation was first used to fit the experimental data

in order to estimate then the rate of nutriment (sugar and

protein) consumption VS and VP. According to the

obtained results (Fig. 2d), the maximum protein con-

sumption rate was observed in 8.20 g L-1 h-1. Then, the

effect of sugars and protein concentration on the specific

growth rate were evaluated (Fig. 3c, d). A hyperbolic shape

of the trend was observed using the Weibull model. Data

showed that rate increases with glucose concentration up to

1.29 g L-1 and then they remain constant. Sharma and

Mishra (2014) also reported an improvement of specific

growth rate with glucose concentration up to 0.50 g L-1 in

vegetable juice following the Monod’s model description.

Maximum specific growth rate as a function of protein

concentration was also determined in this work (Fig. 3c, d)
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and an hyperbolic shapes of the trends were detected for

the protein rich isolates from tomato seed. In order to prove

that protein-rich isolate from tomato seed can serve as a

good media for the growth of kefir mixture culture, which

has the ability to use both sugars and protein as a source of

carbon source, a correlations between nutriment concen-

tration, biomass and kefiran production were tabulated

(Fig. 3e, f). Analyzing the correlation between the sugar

and protein concentrations and the biomass production, a

high correlation was obtained for the fermentation carried

out in the protein rich isolate (R2[ 91%). An insignificant

difference between the regression coefficient for sugar

concentration (R2 = 91%) and protein concentration

(R2 = 98.30%) confirming that these had good correlation

with the biomass production (Fig. 3e). A high correlation

between sugar and protein concentrations and the kefiran
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production were also observed (Fig. 3f)). It was concluded

that protein isolate from tomato seed being a good source

of nutrients resulted in production of both biomass and

kefiran for 24 h. Statistical analysis showed an insignificant

difference (P[ 0.05) between the biomass and the kefiran

production confirming that there was not a dominance of

biomass production against kefiran production.

Antioxidant activity modelling

It has been reported that bio active peptides in protein

isolate exert their antioxidant activities through different

mechanisms. Therefore, the evaluation of the antioxidant

capacity of the isolate would give better description on this

activity. In this study, the antioxidant capacity of the iso-

late was assessed by using both the DPPH and ABTS free

radical scavenging methods. In fact, FTSI showed a sig-

nificant increase of radical scavenging activity during 24 h

of fermentation. The free radical scavenging activity in all

samples increased significantly in a linear mode with time

of fermentation (Fig. 3e). After 24 h of fermentation, the

highest (P\ 0.05) antioxidant capacity was observed. IC50

value for protein isolate was 10.48 lg mL-1 after 24 h of

fermentation (Fig. 3e). In fact, the enhancement of radical

scavenging activity may be attributed to the production of

different bio active peptides during fermentation of the

isolate, which exhibited antioxidant properties (Elfahri

et al. 2014). These results were in line with those reported,

who showed that the fermentation of tomato waste proteins

by proteolytic B. subtilis produced hydrolysates with good

antioxidant activity. Based on this, a kinetic modelling for

the antioxidant capacity in terms of IC50 with time could be

achieved using the Weibull models. It is clear that the

values predicted by the Eq. (5) are highly correlated with

the experimental data because of the elevated regression

coefficient (R2 = 96.80%) and the low RMSE value

(Table 1). According to the results presented in Fig. 3f, we

can note that the maximum IC 50 drop rate

(1.96 lg mL-1 h-1) was observed after 5 h of

fermentation. Overall, tomato seed isolate showed a high

antioxidant activity and could be used as good sources of

protein. It could be used in food processing in the formu-

lation of functional foods and nutraceuticals to prevent

damage related to oxidative stress in human disease con-

ditions (Korhonen and Pihlanto 2003). Moreover, natural

antioxidants are desirable because they can be used at

higher concentrations without the toxic side-effects asso-

ciated with the use of synthetic equivalents. The peptides

were considered safe and healthy with high activity, easy

absorption, low cost in comparison to animal proteins and

no or little negative side-effects (Sarmadi and Ismail 2010).

In addition, no anti-nutritional factor or harmful constituent

have been reported in tomato seed that make it better

source of protein over other non-conventional sources

(Sogi et al. 2002). In this case, the production of functional

foods from fermented tomato seed isolate constitutes a

viable alternative for transforming this agro-industrial

waste stream into a useful ingredient. The dehydration of

the fermented isolate seems to be a convenient alternative

for long-term storage or usage. However, the nutritional

value must be well-preserved in the drying process. But,

the quality attributes of a functional food may change

during the spray drying process. In addition, poor storage

conditions of functional foods may lead to loss of bioactive

ingredients and undesirable colour and odour changes

(Harbourne et al. 2011). Therefore, it is of great importance

to measure the rate of change of a given quality parameter

with storage after spray-drying process.

Effect of spray-drying process on physical

properties of the fermented isolate powder

Spray-drying is a unit operation by which a liquid product

is atomized in a hot gas current to instantaneously obtain a

powder (Gharsallaoui et al. 2007). The spray method is

well-trusted in practical uses, which has been confirmed by

its use in the manufacturing of dried food, fertilizers, oxide

ceramics, and pharmaceuticals (Nandiyanto and Okuyama

2011). Moreover, Dehydration, or drying, involves tran-

sient heat and mass transfer accompanied by physical,

chemical, and phase change transformations. Unfortu-

nately, these transformations may cause changes in the

product’s quality as well as the mechanisms of heat and

mass transfer (Chen et al. 2016). In this case, the effect of

spray-drying on the viability of lactic acid bacteria, the

stability of the protein content and the antioxidant activity

of the obtained powder was carried out after spray-drying.

Results showed that the powder contains after drying 7.33

Log CFU/g of lactic acid bacteria (Fig. 4a). The powder

stored at 37 �C was also analyzed every 5 days during

20 days of conservation in order to evaluate the limit

period of storage. It was found also that survival of lactic

Table 1 Parametric estimations corresponding to the kinetic models

applied to the kefiran, sugar, protein and antioxidant activity variation

during growth of Kefir mixture culture in the protein isolate from

tomato seed at 37 �C for 24 h

Variables d p V R2 RMSE

Kefiran 3.25 1.37 0.03 99.20 0.03

Sugar 15.70 2.39 0.04 96.50 0.01

Protein 10.85 2.26 0.11 98.30 0.03

IC50 13.11 1.35 1.96 96.80 2.78

d, p shape parameters; V Maximum rate; R2 regression coefficient

(%); RMSE Root Mean Square Error
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acid flora varied during the storage. After 20 days of

conservation, the lactic acid bacteria flora reached 5.69 Log

CFU/g (Fig. 4a). The loss of viability of the dried culture

was by about 22.44% since the cells are exposed to various

stresses. In addition, the evaluation of the microbial

diversity in the powder after spray-drying showed the

absence of total coliform and clostridium perfringens.

Soluble protein content analysis of sample after spray-

drying revealed the presence of 12.64 mg g-1 of powder

(Fig. 4b). During the first 5 days of storage, soluble protein
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decreased slightly from 12.64 to 11.31 mg g-1. After

20 days of storage, the protein content decreased by about

34.65%. Moreover, the analysis of the antioxidant activity

showed that the powder showed IC50 of 38.69 and

41.95 lg g-1, respectively by DPPH and ABTS assays

after the spray-drying (Fig. 4c, d). During conservation,

results showed that the ability of the fermented powder to

trap the free radicals decreased to be about 89.50 and

87.63 lg g-1 respectively by DPPH and ABTS tests. This

could be due to the decrease of the viability of lactic acid

bacteria flora which exhibited a high antioxidant activity as

well as the deterioration of the present bioactive molecules

in the powder. Overall, we can note that the spray-drying

method has great potential for the synthesis of powder from

the fermented tomato seed isolate that are rich in desirable

properties. According to the results, it was appropriate to

conserve the powder for 10 days at 37 �C for the preser-

vation of the protein functionality. In this case, Phisut

(2012) developed a spray drying technique of fruit juice

powder and demonstrated that the powders, produced had

good quality, low water activity, easier transport and

storage. While, some factors influencing the properties of

product and have an impact on protein functionality. In

fact, the biological value of dried proteins varies with the

drying procedure. Prolonged exposures to high tempera-

tures can affect the functional properties or render the

protein less useful in the diet. In addition, different reac-

tions may take place during storage of the powder, some

antioxidants may disappear and/or new molecules can be

produced affecting the antioxidant activity (Phisut 2012).

Conclusion

Taking into account the increasing complexity of the needs

of different typologies of consumers, including vegan

vegetarian and subjects with intolerance/allergy to dairy

products, we applied an integrated technological approach

in this work to elaborate a new functional food from the

fermented tomato seed isolate by commercial kefir

microorganisms. TSI has proven to be suitable substrate for

the fermentation. The mathematical models used herein

allowed description of the microbial kinetics, kefiran pro-

duction, nutriments consumption and antioxidant activity.

The new product might represent important foods provid-

ing live microorganisms to vegan people with a limited

availability of fermented products. However, several

aspects needed to be considered in the design of a novel

fermented food such as the stability of the final product

during storage. The Spray-drying process of the fermented

isolate seems to be a convenient alternative for the

preservation of protein functionality.
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