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Energy and environmental impact analysis of solvent and

microwave-assisted extractions of antioxidants from tulip.

Wanida Moktaisong and Bunpot Sirinutsomboon

Department of Chemical Engineering, Thammasat School of Engineering, Thammasat University

email: wanida.mok@dome.tu.ac.th

Abstract

Tulip is an important economic crop, widely grown for sale or tourist attractions. After being
harvested or utilized, tulip becomes agricultural waste. The goal of this research was to extract antioxidant
compounds of anthocyanin type from tulip (Ad Rem, Darwin hybrid) as a value-added waste utilization. It
was also to study energy and environmental impacts (greenhouse gas emission) of conventional extraction
with solvent and heat and of microwave-assisted extraction. With hexane, ethanol and water as solvents,
the tulip-to-solvent ratio of 1:40, and the extraction time of 4.5 h, the conventional extraction provided
yields of antioxidant compounds at 0.082, 0.922 and 16.057 %, respectively. With water as
a solvent, the tulip-to-solvent ratio of 1:40, the microwave power of 600 W, and the extraction time of
1 min, the microwave-assisted extractions provided a vyield of antioxidant compounds at 14.8 %.
The microwave-assisted extraction had a lower energy consumption by 8.33 % and a lower environmental
impact by 8.02 %. Consequently, the microwave-assisted extraction was more efficient, with the lower

energy consumption and environmental impact.

Keywords: Tulip, Antioxidant, Microwave-assisted extraction, Energy saving, Environmental impact
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