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Cananga (Canangaodorata) has been widely known by its fragrant flower. It’s highly evaluated by its 
essentil oil with multiple phytochemical components. Aqueous enzymatic extraction was novel extraction 
method by its simplicity, safety and saving production cost. This research evaluated some technical 
parameters affecting to oil yield from the extraction of cananga flower by the aqueous enzymatic 
extraction. Different ratio of Natuzyme/Flavourzyme (1.5/3.5, 2.0/3.0, 2.5/2.5, 3.0/2.0, 3.5/1.5 % w/w), pH 
(3.6, 3.8, 4.0, 4.2, 4.4), temperature (37, 39, 41, 43, 45 oC), incubation time (12, 14, 16, 18, 20 hours), 
shaking speed (40, 50, 60, 70, 80 rpm). Results showed that the optimal values were noticed at 
Natuzyme/Flavourzyme 2.5/2.5 % (w/w), pH 4.4, temperature 41 oC, incubation time 18 hours, shaking 
speed 70 rpm. Aqueous enzymatic extraction would be a green technology with great potential to 
replace chemical solvents in oil extraction. 
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INTRODUCTION 

Cananga (Canangaodorata) was an important 
medicinal and aromatic plant widely distributed in 
tropical region. Monoterpene, sesquiterpenes, 
aliphatics, phenylpropanoids and nitrogen-bearing 
compounds were mostly found in essential oil of 
cananga (Canangaodorata). These constituents 
exhibited different bioactivities beneficial for 
cosmetic and food industry (Abdulkarim et al. 
2006). Its essential oil originated from flower by 
hydrodistillation was commonly exploited as 
perfume, flavouring agent, adjuvant and 
aromatherapy (Ali et al. 2015). Its dried flower was 
useful to cure malaria, pneumonia, stomachache, 
sexual anxiety, hypertension  (Aliakbarian et al. 
2008; Andrade et al. 2014; Bilcu et al. 2014). Its 
flower was demonstrated to be safe as food 
ingredient (Burdock and Carabin 2008). Its leaf 
was used to treat dandruff (Caballero-Gallardo et 
al. 2011). Extract from its bark was utilized against 

rheumatism, phlegm, ophthalmia, ulcer, and fever 
(Choi and Hwang, 2005).Cananga essential oil 
was proven with o inhibitory effect against 
microorganisms like Gram [+] and Gram [-] 
bacteria, fungus (De Faveri et al. 2008; Ditta et al. 
2019; Hong et al. 2019; Indrakumar et al., 2012; 
Inouye et al. 2006; Jain and Srivastava 2005; 
Jemain et al., 2011; Jiang et al. 2010; Kon and 
Rai 2012). Moreover, cananga oil also effectively 
inhibited biofilm formation (Jain and Srivastava 
2005, Konopka et al. 2016). Cananga essential oil 
was highly evaluated by its antioxidant and 
antimicrobial activity (De Faveri et al. 2008, 
Kumar et al. 2017a; Kumar et al. 2017b; Kusuma 
et al. 2014;  Latif et al. 2011). Exploitation of 
various active components with diversified 
pharmacological attributes of cananga contributed 
to improvement of agricultural income for farmers 
(Lee and Lee 2010; Lee et al. 2014; Li et al. 2014; 
Li et al. 2011; Loh et al. 2015; Luangnarumitchai 
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et al. 2007).  Ditta et al. (2019) used solvent-free 
microwave in extraction of distinctive essential oil 
from fresh canangaflower. Mahfudet al. (2017) 
extracted cananga oil by solvent-free microwave. 
Magdalena et al. (2008) used steam distillation 
and organic solvent to extract cananga oil. 
Magdalena et al. (2012) quickly heated the dry 
cananga flower by steam followed by pressure 
drop into a vacuum. 

Aqueous enzymatic extraction (AEE) would 
be an innovative extraction method due to its 
simplicity and low energy consumption (Mahfud et 
al. 2017). It utilized enzymatic-hydrolysis reaction 
to loose the cell wall structure of the oil-containing 
matrix, facilitating the mass transfer of intercellular 
components. Most the oil was amphipathic to 
culminate into an emulsion. The oil was easily de-
emulsified by enzymes (Matsumoto et al. 2014). 
Enzymatic reaction allowed the separation of 
selected elements without altering their functions 
and overall appearance of the final product 
(Muhammad et al. 2018). Aqueous enzymatic 
extraction could acquire oil, phospholipid and 
other required insoluble components at the same 
time with a saving production cost (Nandwani et 
al. 2008). The finished product was safe for 
human consumption (Nguyen-Pouplin et al. 2007). 

Cell wall of cotyledon in oil-containing flowers 
was composed of cellulose, hemicellulose, pectin, 
lignin. The oil was embedded protein and 
surrounded by a cell wall. Cell wall could be easily 
broken by cellulase, pectinase, hemicellulase, 
protease, and phospholipase (Passos et al. 2009). 
Many literatures were reported on different matrix 
(soybean flake, Moringaoleifera, palm fruit, 
pumpkin, mango kernel, pine kernel, watermelon 
seed, peanut, yellow mustard flour, bayberry 
kernel) using different commercial enzymes 
(Passos et al. 2009; Peter et al. 2019; Roloff et al. 
2012; Sacchetti et al. 2005; Saedi and Crawford 
2006; Samira and Somayeh 2018; Shao et al. 
2011; Soonwera and Phasomkusolsil, 2015; Sui 
et al. 2011).Objective of our study examined some 
technical variables such as 
Natuzyme/Flavourzyme ratio, pH, temperature, 
incubation time shaking speed in the extraction of 
cananga flower by the aqueous enzymatic 
extraction to obtain oil yield. 
 
MATERIALS AND METHODS 

Raw cananga flowers were collected from 
Hau Giang province, Vietnam. The flowers were 
dehydrated and kept under ambient condition. 
Flavourzyme® was purchased from Novozyme 
Co. Ltd. Meanwhile, Natuzyme was purchased 

from Sigmaaldrich Co. Ltd. Chemical reagents 
were all analytical grade. 

Researching method 
Raw cananga flowers were ground finely to 

paste by blender. The paste was dispersed in 
water with ratio 1/ 2.5 (w/v). A mixture of 
Natuzyme/Flavourzyme® was added into 
cananga paste in different concentration (1.5/3.5, 
2.0/3.0, 2.5/2.5, 3.0/2.0, 3.5/1.5 % w/w) by 
adjusting pH (3.6, 3.8, 4.0, 4.2, 4.4). This mixture 
was then incubated at temperature (37, 39, 41, 
43, 45 oC) in incubation time (12, 14, 16, 18, 20 
hours) with shaking speed (40, 50, 60, 70, 80 
rpm). Centrifuging the mixture at 3500 rpm for 15 
minutes to separate the oil. The upper layer of oil 
was carefully obtained. Cananga oil yield was 
evaluated to determine the optimal value of 
respected experimental parameters. A control (C) 
of aqueous oil extraction without enzyme was also 
performed for the above parameters. 

Physicochemical evaluation 
Cananga oil yield (%, w/w) was estimated as 

below formula: 

  *100

*(1 )
Cananga oil yield %,  w / w CO

CF

W

W MC


 
WCO: Weight of cananga oil (g) 
WCF: Weight of cananga flower (g) 
MC: Moisture content 

Statistical analysis 
The experiments were run in triplicate with 

different groups of samples. The data were 
presented as mean±standard deviation. Statistical 
analysis was performed by the Statgraphics 
Centurion version XVI 

 
RESULTS AND DISCUSSION 

Appropriate enzymes played an important 
decision to accelerate the oil extraction. It’s 
generally depended on the property of sample 
matrix (Tabtabaei and Diosady 2013 ). Natuzyme 

was mixture of cellulase, xylanase, phytase, 𝛼-
amylase, and pectinase. Meanwhile, the main 
composition of Flavourzyme® was protease. The 
cell wall of canangaflower was composed of 
cellulose, hemicellulose, and pectin that could be 
hydrolyzed by enzymes.  

The effect of enzyme concentration to 
cananga oil yield was presented in figure 1. A 
combination of Natuzyme/Flavourzyme® at ratio 
2.5/2.5 % (w/w) to substrate obtained the highest 
oil yield 23.51%). In control sample without 
enzyme supplementation, the oil yield received 
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lowest at 3.72%. Oil yield was generally 
proportional to the amount of the enzymes 
supplemented into the substrate.  

 
 

Figure 1: Effect of Natuzyme/Flavourzyme® 
ratio (%/ w/w) to cananga oil yield (%) 

Much more enzymes, the better oil yield 
would be obtained by the degradation of peptide 
bonds (Roloff et al. 2012). 

 Of course, this increasing proportion in oil 
yield only happened until a critical point. At critical 
point, the oil yield would be stable, while off-
flavors and bitterness occurred in oil, production 
expense for enzymes would be more (Soonwera 
and Phasomkusolsil, 2015). 

The effect of pH to cananga oil yield was 
presented in figure2. At pH 4.4, the interaction of 
Natuzyme/Flavourzyme to substrate would be 
optimal. At isoelectric point of proteins, they 
became insoluble therefore the oil extraction 
would be retarded (Passos et al. 2009). The most 
importance was that each enzyme had a specific 
pH range for hydrolization.   

 
 

Figure 2: Effect of pH in extraction to cananga 
oil yield (%) 

Temperature played an important role in 
aqueous enzymactic extraction because enzymes 
were very sensitive and denatured quickly at high 
temperature. Meanwhile, enzymes slowly reacted 
with substrate at low temperature. Oil extraction 
would be hampered if enzymes became inactive 
(Nguyen-Pouplin et al. 2007). In our experiment, 

41 oC was suitable for Natuzyme/Flavourzyme 
interacting with substrate to facilitate the oil 
release (figure 3). Our result was similar to other 
findings on different matrix (Tadtong et al. 2012; 
Teixeira et al. 2013). 

 
Figure 3: Effect of temperature (oC) in 

extraction to cananga oil yield (%) 
Aqueous enzymatic extraction generally 

required a long incubation duration (Teixeira et al. 
2013). In our experiment, cananga oil yield was 
highest by 20 or 22 hours of incubation (figure 4). 

Ultrasound‐assisted enzymatic extraction 
significantly reduced incubation time (Thompson 
et al. 2013).  Yusoff et al. (2016) found that 1 hour 
of incubation time resulted in highest oil 
Moringaoleifera recovery. Hong et al. (2019) 
studied the enzyme-assisted aqueous extraction 
to obtain oil from rice germ. They found that 
optimal oil yield would be achieved by incubation 
time of 5 h. 

 
Figure 4: Effect of incubation time (hours) in 

extraction to cananga oil yield (%) 
Shakingfacilitated the diffusion and mobility of 

substrate and enzymes and improvement of 
hydrolytic reactions. By shaking, the mass transfer 
would be enhanced and oil droplets became loose 
to separate from the mixture (Wei and Shibamoto, 
2010). In our experiment, shaking speed 70 rpm 
was appropriate for cananga oil extraction (figure 
5). Abdulkarim et al. (2006) examined shaking 
speed on oil extraction from Moringaoleifera. They 
found that 80 rpm was adequate to get high oil 
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recovery. Shaking required energy to drive 
machine that might expensed more cost (Zhang et 
al. 2012). Unfortunately, too much shaking 
created a stable emulsion that would be not easy 
to separate (Roloff et al. 2012). 

 
Figure 5: Effect of shaking speed (rpm) in 

extraction to cananga oil yield (%) 

CONCLUSION 
Cananga oil was highly evaluated by its 

characteristics as fragrance and food 
flavour. There was a great demand of green 
technology without using chemical solvents in oil 
extraction. We have successfully found out major 
technical parameters of the aqueous enzymatic 
extraction to collect the highest oil yield from 
cananga flower. Following these optimal 
variables, the highest oil yield would be obtained. 
Farmers cultivating cananga flower would get 
more profit due to the deep processing of this 
valuable plant to turn into value-added product. 
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