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Abstract

Today, the food consumption culture of societies has changed, and as a result, the need to produce diverse and
innovative products such as fortified beverages has increased. In this study, appropriate amounts of inulin (1-3%)
as a prebiotic and whey permeate (20-40%) were used to produce a bitter orange flower (Citrus aurantium)
beverage based on permeate containing the probiotic strain Lactobacillus acidophilus (LA.5). Changes in the
viability of microorganisms and physicochemical properties of the produced beverage were investigated during a
24-hour fermentation period at 37°C and then a four-week storage period at 4°C. The viability of Lactobacillus
acidophilus in the medium of bitter orange flower beverage synbiotic beverage based on permeate increased
significantly during the fermentation period (p<0.05). After that, it underwent a decreasing trend until the end of
the storage period. At the end of the storage period, the probiotic count was 8.3 log cfu/ml. Among the samples,
the lowest viability of probiotic bacteria after 28 days of storage was related to the treatment containing 20%
permeate and 1% inulin (5.78 log cfu/ml) and the highest was related to the treatment containing 20% permeate
and 3% inulin (8.3 log cfu/ml). The fermentation and storage period were accompanied by a decrease in pH, an
increase in acidity, and a decrease in total solids and sugar. After the fermentation period and also with increasing
storage time, the organoleptic properties of fermented beverages decreased significantly. At the end of the storage
period, the overall acceptance assessment scores for all treatments were moderate to good. The results of this
study showed that using Lactobacillus acidophilus, a synbiotic beverage with suitable physicochemical and
sensory properties can be produced .
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Optimization of Synbiotic Functional bitter orange flower (Citrus aurantium) Beverage based
on Whey Permeate

EXTENDED ABSTRACT

Introduction: Today, the food consumption culture of societies has changed, resulting in an increased need to
produce diverse and innovative products, such as fortified beverages. The functional beverage group is one of the
most important products that has been developed as new products in recent years. Whey(permeate) is a by-product
produced from the ultrafiltration process of milk, which can be used to produce functional beverages. the bitter
orange flower, with the scientific name Citrus aurantium and belonging to the Rutaceae family, can also be used
as a flavoring in these beverages. Probiotics are live, specific microorganisms that, when consumed by humans
or animals, have beneficial effects on the host's health by affecting the body's microbial flora. According to the
Food and Agriculture Organization of the United Nations and the World Health Organization, a probiotic product
is one that contains at least 108 CFU/ml of live probiotic microorganisms at the time of consumption. Prebiotics
can also be used to enhance the growth of probiotics. Prebiotics can also be used to enhance the growth of
probiotics. Prebiotics can not only support the growth and stability of probiotic bacteria as a nutrient, but some of
them alone also have beneficial effects on the health status of the consumer's host cell. Inulin is one of the
prebiotics. Inulin is a fructan and carbohydrate. Synbiotics are a type of nutritional supplement containing a
combination of probiotic bacteria and prebiotic food components. The aim of this research is to produce a
functional synbiotic beverage based on Whey Permeate.

Materials and Methods: Lactobacillus acidophilus bacteria, inulin, beta-carotene and whey were purchased.
Spring orange syrup was prepared, Lactobacillus acidophilus bacteria were added to the syrup and the samples
were incubated for 24 hours at 37°C under anaerobic conditions and then transferred to a refrigerator at 4°C and
during the four-week storage period, they were evaluated every week in terms of bacterial viability, mold and
yeast measurement, coliform measurement, pH, acidity, Brix, total sugar and sensory evaluation using the 5-point
hedonic method. Results were analyzed in a completely randomized statistical design using SPSS software version
22. Comparison of means (physicochemical properties, probiotic count, sensory properties) was performed using
one-way analysis of variance (ANOVA).

Results and Discussion :The amount of probiotic bacteria increased during fermentation and decreased during
four weeks of storage. At the end of the storage period, the lowest probiotic viability was associated with the
treatment containing 20% permeate and 1% inulin (log cfu/ml 5.78) and the highest was associated with the
treatment containing 20% permeate and 3% inulin (log cfu/ml 8.3). The main cause of death of microorganisms
during sample storage is high acidity and low pH, and the production of metabolites such as organic acids and a
lack of sugars. In this study, no mold, yeast, or coliforms were observed in any of the treatments. According to
the results, bacterial growth resulted in a decrease in pH and an increase in acidity during fermentation and storage.
After fermentation, the highest pH value was associated with the treatment containing 20% permeate and 1%
inulin (4.78), the treatment containing 40% permeate and 3% inulin (7.2) had the highest acidity, and the treatment
containing 20% permeate and 1% inulin (6.3) had the lowest acidity. The main reason for this is related to the
consumption of sugars and the production of organic acids. Bacterial growth has led to a decrease in Brix during
fermentation and during storage. After fermentation, the lowest Brix was for the treatment containing 20%
permeate and 1% inulin with a Brix of (11.1) and the highest Brix was for the treatment containing 40% permeate
and 3% inulin with a Brix of (13.2). According to the results, storage time and different beverage ratios had a
completely significant effect on the sugar content of the probiotic beverage.

In other words, the sugar content of the beverage decreased with increasing storage time. After the fermentation
period and also with increasing storage time, the organoleptic characteristics of the fermented beverages decreased
significantly. At the end of the storage period, the overall acceptance assessment scores for all treatments were
average to good. In this study, according to the results of the tests conducted, it was observed that bitter orange
flower can be a suitable environment for the growth of probiotic bacteria. The bacterium Lactobacillus acidophilus
had desirable probiotic properties and was in accordance with the standard, and also had good growth ability.
Sensory evaluation showed that the addition of Lactobacillus acidophilus bacteria reduced the organoleptic
properties in all treatments. Despite studies conducted on the beneficial use of probiotic bacteria and inulin in
non-dairy food products, the results of the present study showed that the production of Synbiotic Functional bitter
orange flower Beverage based on Whey Permeate is possible. With increasing storage time, the sensory evaluation
score decreased in all research treatments. Therefore, the Synbiotic Functional bitter orange flower Beverage
based on Whey Permeate can be used as a standard functional beverage.
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