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ANTIOXIDATIVE PROPERTIES OF GLUTEN-FREE CRACKERS BASED 
ON CHICKPEA FLOUR AND PUMPKIN SEED OIL PROCESSING BY-

PRODUCTS

Nikola Maravić1, Jelena Tomić1, Dubravka Škrobot1, Ljiljana Popović,2 Slađana Rakita1
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nikola.maravic@fins.uns.ac.rs
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During the digestion process antioxidant compounds could be released from food matrix, as
well as transformed into other compounds with lower bioaccessibility due to interaction with 
other constituents such as fibers, proteins, and polysaccharides. To produce beneficial effects 
bioactive compounds should be available for absorption once the whole digestive process has 
occurred. Since the utilization of chickpea flour and pumpkin seed oil byproducts results with 
high protein and fiber products, this examination was conducted to determine antioxidant 
activity and potential benefit effects to human health. Five different formulations were 
produced where Control sample contained 100% chickpea flour, while in other formulations 
pumpkin seed press-cake flour (virgin (VF) and cold pressed (CF)) were used at two 
substitution levels (20 and 35%, w/w). After preparation of gluten-free crackers, in vitro 
digestion was carried out (cephalic, gastric, and intestinal phase simulated with enzymes, 
temperature and pH control). Before and after digestion protein content, electrophoresis, 
antioxidative tests and total phenolic content was determined. Obtained results showed that 
antioxidant activity, as well as total phenolic content increased after conducted in vitro digestion 
in all samples. Compared to Control sample, higher values of mentioned parameters are noticed.
Furthermore, electrophoresis and protein examination show the breakdown of proteins into 
smaller molecular weights. From obtained results it could be concluded that in vitro digestion 
of prepared cookies resulted with higher antioxidant activity, which implies on potential 
benefits of consuming this type of product.

Keywords: In vitro digestion, Antioxidants, Crackers, Chickpea, Pumpkin seed oil by-products
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WASTE PLANT MATERIAL –A NEW SUBSTRATE FOR KOMBUCHA 
BEVERAGE WITH EXPRESSIVE ANTIBACTERIALACTIVITY
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Kombucha is a fermented tea beverage which is traditionally prepared by fermenting 
sweetened black tea (Camellia sinensis L.) with consortium of acetic acid bacteria and yeasts 
(also known as a tea fungus). Large quantities of medicinal and spicy plants are grown on the
territory of Serbia. After distillation of medicinal plants during the production of essential oils 
a significant amount of solid (solid plant waste mass) and liquid (liquid plant waste and 
hydrolates) by-products remains. The potential of these waste can be directed towards 
obtaining kombucha beverage with functional and health benefits. This paper introduces 
obtaining kombuha beverages from waste materials remain after distillation of chamomile 
(Chamomilla matricaria L.) (solid plant waste, in amount 9g/l and liquid plant waste, diluted 
in a ratio of 1:10) and determination of its antibacterial activity. During five days of 
fermentation, chemical (pH and titratable acidity) and microbiological (number of yeasts and 
acetic acid bacteria) parameters were determined. Antibacterial activity was determined by 
agar-well diffusion method. Tested strains were: Gram-negative (Escherichia coli ATCC 
25922, Salmonella Typhimurium ATCC 14028, Pseudomonas aeruginosa ATCC27853) and
Gram-positive bacteria (Listeria monocytogenes ATCC 35152, Bacillus cereus ATCC 11778,
Staphylococcus aureus ATCC 25923). Tested samples were: Kombucha beverages, acetic 
acid solutions, uninoculated plant waste substrates and neutralized Kombucha beverages. 
Kombucha beverages and acetic acid solutions had expressive antibacterial activity against all 
tested strains. Beverage from liquid waste had higher activity due to higher acetic acid 
concentration. Uninoculated substrates and neutralized Kombucha beverages did not show 
any activity. The results indicate a high potential of chamomile waste material as a substrate 
for kombucha fermentation. Commercialization of beverages obtained from waste material, 
could contribute to solving the problem of accumulated waste material, which would have a 
significant environmental contribution.

Keywords: Kombucha, Waste material, Chamomile, Antibacterial activity
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