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Steam Distillation with an Ultrasonic Generator:
Jasmine Maika Bues

Yuzu harvest in Shimanto
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How a problem making yuzu essential oil led to an eco-conscious solution
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Nestled into a valley of never-ending mountains that stretches onto the horizon, a building is sandwiched be-
tween Shimanto River, “the last clear stream of Japan”, and a winding road that resembles a snake feeding into 
the river. What is seemingly an insignificant countryside factory, a unique, advanced technology in the essential 
oil industry is at works there.

Founded in 1999, Ecology Shimanto, K.K., is 
an eco-conscious company established to 
protect the environment and provide jobs 
and business for people of its neighbor-
ing towns in Kochi prefecture, located on a 
large island off mainland Japan. The region 
is known for its superior quality of yuzu (Cit-
rus junos), and about half of Japan’s yuzu is 
grown here. The national production of yuzu 
is about 18,000 tons1, and only about one-
third is exported as fruit. The remaining lot 
is squeezed for its juice, and the majority of 
it is converted and sold as yuzu-vinegar, a 
popular condiment in Japanese cuisine.

Although it seems to be an innocently 
natural agricultural industry, yuzu juice pro-
duction can be harmful to the environment. 
Because the juice content is only about 
20% of its volume, four times less than 
other common citrus fruits, the production 
of yuzu juice causes an extensive amount 
of unused discarded peels than any other 
citrus, nearing 10,000 tons a year.2 This 

Just like any other com-
mercial industry, many en-
vironmental issues are sur-
rounding the essential oil 
industry. I feel that eco-con-
scious producers’ and con-
sumers’ focuses are often 
only on the organic status, 
clarity, and purity of essen-
tial oils. They do not think 
about the waste products 
caused by oil production.

waste is often transported to waste inciner-
ation plants, where they are burnt to ashes 
with fossil fuels and contribute to the in-
crease of CO2. To help eliminate the waste, 
Ecology Shimanto has been extracting es-
sential oils from these discarded peels col-
lected from nearby farmers, among other 
wasted natural products, such as ginger 
and hinoki wood (both also known for their 
superior quality). However, while the es-
sential oil extraction provides a use out of 
what would be otherwise discarded peels, 
it does not eliminate the peels’ biomass.

Why not compost the peels then, 
you may be wondering? Another char-
acteristic of yuzu is that its peels are so 
high in antibacterial chemical contents 
that they inhibit the growth of essen-
tial bacteria needed during composting. 
Moreover, because yuzu peels are also 
high in pectin and polymer compounds, 
they are high in viscosity, causing difficul-
ties in the wastewater filtration process.3

Yuzu peels (Citrus junos)
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To solve these environmental is-
sues related to yuzu juice production, 
two professors teamed up to create a 
new technology to improve efficiency, 
reduce waste, and extract additional 
chemical compounds from the yuzu 
peels.  Masayoshi Sawamura (a professor 
at the Department of Agriculture at Kochi 
University and a researcher known for his 
extensive research of yuzu for over half a 
century), and Takehiro Kashiwagi (a flavor 
and food researcher at Life and Environ-
mental Medicine Science Unit at Kochi 
University) therefore enabled production 
to become more efficient and environ-
mentally friendly.

The resulting invention was extraor-
dinary – a steam-distillation extractor 
equipped with an ultrasonic generator, 
combined with an acidic treatment to the 
peels before the distillation (Japan patent 
#3842794). First, the researchers found 
that adding ultrasonic waves to the tank 
during the distillation process resulted in 
a higher volume of essential oil content, 
approximately 1.4 times more than the 
normally steam-distilled (graph 1).4 It was 
also discovered that treating the peels 
with the acid sodium hexametaphosphate 
(which is removed during the distillation 
process) instead of homogenizing as tra-
ditionally done before the distillation 
caused dissociation of pectin and other 
fibrous matters. This enabled the extrac-
tion of additional chemical components 
trapped inside the fibrous cells, resulting 
in the oil having a different character than 
the one steam-distilled.5 In the steam dis-
tillation method, most of the chemical con-
stituents were monoterpenes: a-pinene, 
b-pinene, sabinene, and myrcene. Mean-
while, in the steam distillation + ultrasonic 
generator method, most were part of al-
cohol groups, such as linalool, terpinene-
4-ol, and a-terpineol. They found that a 
decreased amount of hydrocarbons and 
increased oxygenated compounds caused 
by steam distillation + ultrasonic genera-
tor method resulted in more floral aroma 
than the steam-distilled oil.6 This removal 
of fibrous cells also helped make the peels 
less viscous, making the disposed water 
filtration system more efficient.7 In conclu-
sion, while the addition of the ultrasonic 

generator alone increased the quality of 
the essential oil, the researchers found 
that the acidic treatment done to the 

Steam-distillation 
extractor equipped with 
an ultrasonic generator
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peels before the distillation enhanced it 
even further and made it more filtration-
friendly.8

Extraction Method EO content Floral Water (hydrosol)

Example 1 Steam distillation 0.18% 350ml

Example 2
Steam distillation + ultrasonic 

generator
0.26% 350ml

Graph 1.  Conventional steam distillation vs. steam + ultrasonic

Steam-distillation 
extractor equipped with 
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Jasmine Maika Bues was born in San Francisco and raised both in Japan and the United States. Growing up in a 
Japanese culture that emphasises the art of aroma, with a mother who was an avid gardener who grew nearly 
a hundred fragrant English rose plants in her gardens, it was no surprise that Jasmine would be attracted to 
the study of aroma. Fascinated by the power of aromatic inhalation and how it can affect the psyche, Jasmine 
earned her certification in clinical aromatherapy to help others relieve psychological pain. She currently 
resides in New York City and runs an aromatherapy company called Madison + Green, which creates unique, 
patented inhalers that combine the power of essential oils inspired by medicinal French aromatherapy with 
aromatic herbs and spices inspired by traditional Chinese medicine.        www.madisonandgreen.com
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The ability to extract a greater com-
plexity of chemicals from the yuzu peels 
was the key to solving the yuzu peel 
waste's environmental issues. Because 
more chemical components could es-
cape into the oil, there is less left behind 
in the peels. This meant that composting 
the peels became possible because there 
were fewer harmful antibacterial agents to 
interfere with the compost soil's ferment-
ing bacteria. The dissociation of pectin 
and other fibrous matters also made the 
filtration process of the wastewater easier 
by improving the filtration tank's efficien-
cy. Now that the peels can be composted 
and their wastewater smoothly returned 
to the earth, the yuzu peels can complete 
their full lifecycle back to the earth. The 
overall efficiency also reduced the energy 
consumption of machinery. There is a fi-
nancial benefit to using this technology as 
a bonus since it leads to more oil with less 
associated energy and labor costs.

After these research findings, Ecol-
ogy Shimanto implemented the technol-
ogy into their distillation factory and is 
currently producing yuzu essential oil 
with this method under the brand name 
Yume-Otoka®. It is retailed for nearly dou-
ble the price of regular steam-distilled 
yuzu essential oil, at 2,800yen (about 
US$26) for 10ml. 

Just like any other commercial in-
dustry, many environmental issues are 
surrounding the essential oil industry. I 
feel that eco-conscious producers’ and 
consumers’ focuses are often only on the 
organic status, clarity, and purity of es-
sential oils. They do not think about the 
waste products caused by oil production. 
What happens to the leaves, the stems, 
the barks, and the petals of all the plants 
after the distillation? Are they recycled 

and composted, going back to nature, or 
are they burnt by fossil fuels, going up 
into the sky with harmful chemicals?

The technological invention by Prof. 
Sawamura and Prof. Kashiwagi used by 
Ecology Shimanto is an eye-opening re-
minder that to be truly “eco-conscious”, 
the producers must be mindful of its 
process from the beginning to the end, 
purring the end waste back into nature, 
completing its full lifecycle.

This story brings hope. Technological 
advancements such as those mentioned are 
motivating even to the essential oil produc-
ers. Despite not having eco-consciousness 
on top of the priority list, why not use an 
environmentally friendly method? Why 
say no to increases in efficiency and profit? 
Hopefully, this story inspires producers with 
a heart and compassion for the environ-
ment: such as those people in Kochi pre-
fecture, who continue to push the limits on 
what they can do to improve their extraction 
methods so that there is nothing to lose, ei-
ther for themselves or for the environment.
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