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Abstract
Three-dimensional (3D) food printing is an emerging digital system with various usage for enhancing food
value. 3D-printed foods are still limited, and there is a dire need to integrate the declining old food
processes with evolving techniques to meet trending consumer demands. Therefore, this study
investigated the use of solid-state fermentation and germination of whole-grain (WG) cowpea and
quinoa.
Fermented and germinated WGs were prepared at 28oC for 48 h. The biochemical, nutritional quality and
techno-functional properties of the obtained flours were determined. Raw flours, cowpea sourdough flour
(CSF), malted quinoa flour (MQF), blends of CSF and MQF (80:20, and 60:40) were processed into 3Dstructures and compared with manually cast doughs, then baked at 180oC for 15 ± 2 min. The resulting
snacks were evaluated for nutritional quality, phenolics compounds, and physical properties.
The biomodification of macromolecules by microbial metabolism and endogenous enzymes activation
influenced changes in the resulting flours. CSF and MQF had better complementary qualities. CSF
indicated lower acidity, higher total flavonoid (29.63 mgQE/g), phenolic (8.21 mgGAE/g), and antiradical
activity. CSF showed high contents of fiber (5.30%), ash (4.42%), calcium (864.49 mg/kg), potassium
(12848.64 mg/kg), zinc (33.83 mg/kg), good protein (21.43%) and moderate fat (2.65%). MQF had
moderate carbohydrate and energy value, higher swelling power, increased dispersibility, improved final,
peak, and trough viscosities.
The extent of complex reactions during baking could have caused the significant changes in printed and
traditional snacks. Further comparisons between snacks containing CSF and MQF (60:40) were made. The
printed snack had the highest content of iron, potassium, magnesium, manganese, phosphorus, and zinc
(144.23, 7961.80, 1496.70, 16.22, 3096.77, and 25.50 mg/kg, respectively). The printed snacks displayed
elevated levels of essential (histidine, valine, phenylalanine, lysine, and isoleucine), non-essential amino
acids (glutamic acid, aspartic acid, and arginine) and some soluble phenolic compounds (p-Coumaric acid,
Sinapic acid, and trans-ferulic acid). The 3D-snacks showed increased lightness and yellowness and good
matching with the targeted model.
The 3D-printed snack prepared using blends of WG CSF: MQF (60:40) exhibited good quality than the
manually casted snack and could be promoted as an inexpensive and novel-healthy snack.

Biography: Yusuf Kewuyemi
Yusuf Olamide Kewuyemi is a Nigerian and currently pursuing a Master of Tourism and Hospitality
Management at the University of Johannesburg, South Africa. He is supported by the National Research
Foundation in South Africa. His research focuses on developing a healthy cowpea-quinoa threedimensional (3D) printed snack for the hospitality industry. He has a Higher National Diploma in Food
Technology from Moshood Abiola Polytechnic in Nigeria. Yusuf is interested in 3D food printing, food
extrusion, metabolomics, fermentation, and traditional technologies.

