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Introduction: Nowadays an increasing demand for whey products particularly whey protein concentrate
(WPC) and whey protein Isolate (WPI) resulted in considerable amount of permeates production, which its
rejection causes environmental pollution. The bioconversion of whey and permeate is an appealing procedure
regarding to human nutrition, particularly for its functional properties. Functional foods are foodstuffs, which
have specific functions in the human, resulting health benefits besides energy and nutrients. Fermented dairy
products containing probiotic bacteria are group of functional foods, which have received increasing attention in
recent years, including the development of the market with large commercial and research interests. Production
of probiotic beverages from permeate could be considered as a simple solution to prevent permeate rejection and
produce an economical product with appropriate functional properties. Definitely, dairy products are the
foremost vehicle for probiotic supplementation. However, other nondairy probiotic products such as fruit and
vegetable juices have been shown to afford health benefits. Therefore, the aim of this study was optimizing
formulation of permeate-based lemon juice beverage and producing probiotic beverage from optimized
beverage.

Materials and methods: Based on primary experiments, lemon juice beverages containing permeate were
produced with different concentrations of water (19.77, 30, 45, 60, and 70.22 ml), permeate (12.95, 30, 55, 80
and 97.04 ml) and LEMON juice concentrate (5.95, 8, 11, 14, and 16.04 g). To estimate the impact of these
independent variables and determination of optimized sample (non-probiotic beverage), response surface
methodology (RSM) founded on central composite design (CCD) was applied. According to CCD design, 20
tests with six replicates as the center points were performed. Quadratic polynomial model were considered for
the relationship between the predicted responses with the independent variables. The optimization was
performed based on physicochemical (pH, acidity, total solids and brix) and sensory (taste, color, odor, after
taste and total acceptability) characteristics of beverage samples. At the second stage, the best sample was
inoculated with Lactobacillus acidophilus (La5) and its physicochemical properties, antioxidant capacity,
sensory attributes and probiotic cell count were monitored during a 28-day storage period under refrigerator
temperature (4°C).

Results and discussion: The results showed that all fixed factors, i.e. amount of water, permeate and lemon
juice concentrate, had significant impacts on the physicochemical and sensory properties of lemon juice-
permeate beverages. By increasing the amount of water up to 45 ml, permeate up to 55 ml and lemon juice
concentrate up to 11 g in the formulation, the taste, after taste and total acceptability scores were significantly
(p<0.05) increased while addition of these components at the higher levels were adversely reduced the sensory
attributes of lemon beverages. Also, as the amount of water and permeate enhanced, the values of acidity, brix,
total solids, odor and total acceptability were decreased and pH increased. The determination coefficients (R?)
and the adjusted determination coefficients (adj- R?) for all the characteristics except color were above 0.9. This
revealed that the model was valid and the fitted model could explain more than 90 percent of the variation.
Furthermore, correlation between the experimental values and predicted values were significant. Based on RSM
results, formulation of LEMON juice was optimized based on 50.63 ml water, 30ml permeate and 10.67 g lemon
juice concentrate, respectively. During storage at standard chiller temperature (4°C), the pH values and sensory
scores of lemon-permeate beverage samples was decreased, but brix and dry matter didn't changed significantly
(p>0.05). Furthermore, the amount of total phenolic compounds, Trolex, Frap and vitamin C of probiotic
permeate lemon juice at the beginning of storage were recorded as 20.13mg/100 g, 1.11pmol/g, 2.53 pumol/g and
17.26 mg/100g, respectively. However, after 28 days storage all these values reduced significantly (p<0.05) and
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reached to values 12.98 mg/100 g for total phenol, 0.82 pmol/g for Trolex, 1.79 pmol/g for Frap and 8.32
mg/100g for vitamin C. The results related to the color values of lemon beverages showed that during the storage
period a* and b* values enhanced while 1* value reduced meaningfully (p<0.05). This may be due to chemical
reactions such as non-enzymatic browning, sedimentation of instable/fine particles and color degradation.

Our study showed that both probiotic and non-probiotic lemon-permeate beverages presented satisfactory
acceptability and optimal physicochemical properties at the beginning until the end of 28 days’ storage period.
Furthermore, although the count of probiotic bacteria, i.e. lactobacillus acidophilus La5 in the probiotic lemon
beverage during the storage considerably declined (nearly 3 logcfu/ml), but it was nearly still more than
minimum count of 7 logcfu/ml recommended by the international legislations. Consequently, by utilization of
permeate in the formulation of lemon or other probiotic fruit juice beverages, a pleasing functional food with an
economical price can be produced.

Keywords: Permeate, Probiotic bacteria, Lemon juice beverage, Response surface methodology.



