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ABSTRACT ARTICLE HISTORY
Ginger (Zingiber officinale), a globally distributed plant, is widely Received 28 April 2024
used in the industry for its flavourings, seasonings, and beverages. Accepted 22 September

However, maintaining its quality and volatile components during 2024

processing has posed a challenge. This study, therefore, aimed to KEYWORDS

assess the impact of drying time (24, 48, and 72h) in a circulation Terpenes; extraction; gas
oven at 40°C on the chemical composition and yield of fresh and chromatography;
dried ginger. The essential oils were extracted using the hydrodis- Principal Components
tillation method, and their chemical analysis was conducted using

gas chromatography. The drying time in the oven directly influ-

enced the essential oil yield, with a longer time resulting in a

higher yield. We identified 27 compounds in the essential oils,

varying their predominance depending on the drying time. The

PCA analysis revealed that the drying time can lead to the forma-

tion of different chemotypes for ginger, indicating that altering the

drying time can yield significantly different chemical profiles.
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1. Introduction

Zingiber officinale Roscoe, popularly known as ginger, is a plant belonging to the
Zingiberaceae family, native to Asia, and found in different parts of the world. Ginger
rhizome is widely used in fresh and dried forms (Mahboubi 2019; Shahrajabian et al.
2019). When dehydrated, it is used as a condiment and can also be used to extract
oleoresin, which is widely used in the food industry. (Bag 2018; Zhang et al. 2022).
Another precious product that can be obtained from the ginger rhizome is the essen-
tial oil, which has several beneficial properties for health, such as anti-inflammatory,
analgesic, antioxidant, antibacterial, antifungal, insecticide, and antitussive effects
(Noshirvani et al. 2017; Foko et al. 2018; Munda et al. 2018; Romoli et al. 2022;
Abdullahi et al. 2020; Wang et al. 2020; Kalhoro et al. 2022).

Considering the wide use of ginger, it is interesting to develop processing meth-
ods that ensure its preservation over time. Due to the high moisture content of
the ginger rhizome, an effective dehydration process is essential to ensure its
long-term conservation. However, drying the material can cause some losses in the
quality of the material, which makes this process a challenge, especially when it
comes to the volatile components present in ginger plant material (Baruah et al.
2019; Ghafoor et al. 2020). From this perspective, the drying process influences the
chemical composition of ginger essential oil, reducing the percentage of bioactive
compounds responsible for properties such as odour, flavour, and biological activity.
On the other hand, if the drying process is controlled, it can lead to favourable
percentages of bioactive compounds and maintain the properties of ginger or even
attribute new ones. (Sasidharan and Menon, 2010; Zagdrska et al. 2023; Aabha
et al. 2024).

Some studies have addressed the analysis of different drying methods and their
influence on the chemical composition of ginger essential oil (Huang et al. 2012;
Jayashree et al. 2014; Yu et al. 2022). Furthermore, multivariate analysis can effectively
relate the drying method to the composition of essential oils (Dorneles et al. 2019;
Wang et al. 2021; Peixoto et al. 2024). However, studies on the influence of ginger
drying time are scarce. Thus, this work aimed to analyse the chemical composition
of ginger essential oil at different drying times using multivariate analysis.

2. Results and discussions
2.1. Chemical and physical characterisation of ginger essential oils

Table S1 shows the yield, refractive index, density, and colour values for the treatments
to obtain essential oil from ginger rhizome. The variation in drying time in a forced
circulation oven at 40°C directly influences the yield of essential oil from ginger
rhizome; a longer drying time implies a gain in essential oil yield. This behaviour was
already expected, as the water content of the ginger rhizome decreases with increasing
drying time.

Regarding the correlation between drying time and the yield of essential oil from
the ginger rhizome, the literature is scarce with results on this variable. Research
conducted by Jayasundara and Arampath (2021) investigated the extraction efficiency
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of essential oil from dried ginger rhizome in an oven at 50°C, a drying temperature
similar to that addressed in this study. The rhizomes were harvested at different times
after planting and subjected to approximately 96 h of drying. However, no study was
carried out on the effect of drying time. In this work, the authors reported that the
maximum vyield of ginger essential oil occurred with the rhizomes harvested five
months after planting, reaching 3.36% and a minimum of 1.61%, with the ginger
being different varieties from Sri Lanka.

The experimentally determined refractive indices are similar for the four samples
of ginger essential oil. This indicates that the heat treatment does not affect this
parameter, except for the oil obtained from the 72-hour treatment, which showed a
decreased change in the refractive index. This is possibly due to the chemical com-
position, which decreases the main compounds in the oil over 72h (Table S2).

The density varies slightly, except for the ginger sample dried for 24h, which
showed a higher density of 1.08g mL-". This greater density can be attributed to a
higher concentration of terpenes in the oil. Regarding chemical composition, the
compounds present in ginger rhizome essential oils were identified (Table S2) and
are by the review carried out by Liu et al. (2019), which lists a wide variety of volatile
compounds found in ginger essential oil. Moisture was also determined (Table S2).
The values obtained for the 4 treatments are very close. However, the 24-hour treat-
ment differs statistically from the others. The 24-hour drying time cannot remove all
the water from the ginger-like at other times. The 48-hour and 72-hour drying times,
the ginger loses all its water.

The essential oil from the freshly extracted ginger rhizome (treatment A) contained
17 compounds. The compounds with the most significant predominance in the relative
area were a-zingiberene (33.29%), a-farnesene (17.36%), sesquiphelladrene (12.45%),
and geranial (11.49%) (Table S1). In studies conducted by Feng et al. (2018), Sharma,
Sing, and Ali (2016), and Osae et al. (2021), a-zingiberene was also recognised as the
main component of fresh ginger oil, with percentages ranging from 26.00%, 46.71%
to 40.62%, respectively.

In treatment B, the ginger rhizome was dried in an oven at 40°C for 24h, and 18
compounds were identified, as seen in Table S2 and Figure S1. The percentage of
oxygenated monoterpenes increased in this drying condition. a-zingiberene (5.26%)
ceased to be the majority compound, and geranial began to occupy this position
with 20.38% relative area.

This phenomenon may have occurred because geranial (bt = 230°C) has a higher
boiling temperature and a-zingiberene (bt = 135°C), which may result in the loss of
this compound during the drying process. In the work by An et al. (2016), a reduction
in the number of hydrogenated sesquiterpenes was observed when the ginger rhi-
zome sample was heated to 60°C. As we can see in Table S2 and Figure S1, this
phenomenon occurs when the treatments go through the oven drying process at
40°C compared to the fresh ginger rhizome. The reduction of hydrogenated sequit-
erpenes may be because they degrade and lead to the formation of monoterpenes
(An et al. 2016). There is a reduction in hydrogenated sesquiterpenes from the fresh
method to the others. In the work of Kamal et al. (2023), the same effect occurs from
fresh ginger to that dried in the greenhouse. The oxygenated monoterpenes increased
from the fresh sample to the sample dried for 24h and then slightly decreased for
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the other samples. Aabha et al. (2024) used different drying methods for ginger
rhizomes, and the number of oxygenated monoterpenes was always high.

Vaz et al. (2022) found geranial and B-phelladrene as the main constituents in fresh
ginger samples. The yield was 0.26%, close to that determined in the present study
(Table S1, Figure S1), for the sample dried for 24h. The chemical profile, similar to
the 24h drying time in Table S2, has antibacterial activity confirmed in some studies
in the literature (Snuossi et al. 2016; Das et al. 2019; Gunasena et al. 2022).

In the 48-hour sample, 24 compounds were found. In this condition, the main
compounds became geranyl acetate (15.29%), geraniol (13.46%), and geranial (11.17%).
For the 72-hour sample, 25 compounds were identified. In this drying condition, the
composition is also more homogeneous, so the main compounds have very close
areas; in this condition, the main compounds are similar to the 48-hour sample, being
geranyl acetate (13.27%), geraniol (11.74%) and geranial (9.61%). Unlike what occurs
with drying times of 24h and 48h, in the 72h time, there was an increase in the class
of hydrogenated sesquiterpene compounds.

Among the compounds that showed more significant predominance in the 48 and
72 h profiles, geranyl acetate, geranial and geraniol stand out. It is important to note
that the chemical profile of samples from 48 and 72h is not similar to others found
in the literature for fresh samples. However, Sasidharan et al. (2012) extracted essential
oil from the rhizomes of two ginger varieties, Bhaisa and Majulay, which were dried
at 50°C. The composition of the essential oil of the Bhaisa variety resembled the
profile of samples dried for 48 and 72h, as described in Table S2, with main compo-
nents such as geraniol and geranyl acetate.

2.2. Multivariate analysis

The chemical composition was evaluated through multivariate analysis using the
Principal Components technique (PCA). The two main components explain 88.38% of
the results; the variance for PCA1 was 52.80%, and for PCA2, it was 35.58%. It is
possible to observe the grouping tendency of the different drying methods so that
two distinct clusters are formed, called clusters A and B, as illustrated in Figures S2
and S3. The fresh ginger essential oil sample was grouped in cluster A with the
compounds a-curcumene, a-farnesene, a-zingiberene, and sesquiphellandrene. Cluster
B grouped the essential oil samples with the 24h, 48h, and 72h treatments.

Within Cluster B, we observed two distinct subgroups, one comprising the 24h
samples and the other comprising the 48h and 72h samples (Figure S4). To elucidate
these groupings further, we constructed a dendrogram using the average group
linkage method (UPGMA). Figure S4 shows that this dendrogram identifies Cluster
B(1), representing the ginger chemotype dried for 24 h. Similarly, Cluster B(2) combines
the chemotypes dried for 48h and 72h, indicating their similarities and grouping.

Our analysis of the compounds forming Cluster B and its subdivisions, B(1) and
B(2), was guided by the vectors shown in the biplot of Figure S2. Cluster B(1), which
represents the 24h samples, showed a strong correlation with a-pinene, camphene,
B-myrcene, B-phelladrene, eucalyptol, linalool, borneol, a-terpineol, neral, geranial, and
nerolidyl acetate. The samples from Cluster B(2), which are ginger dried for 48h and
72h, exhibited similarities, with the compounds responsible and correlated to this
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chemotype being citronellol, geraniol, citronellyl acetate, geranyl acetate, elemol,
germacrene B, caryophyllene oxide, viridiflorol, 8-eudesmol, elemol acetate, nerolidol
and farnesyl acetate. Importantly, our results demonstrate that adjusting the drying
time makes it possible to obtain an oil chemotype that aligns with the desired groups
between sesquiterpenes and monoterpenes, both hydrogenated and oxygenated.

3. Conclusion

Research results with different drying times showed increased essential oil yield with
drying time. Analysis of the chemical composition revealed that a-zingiberene is the
predominant component in the fresh sample; however, after 24 h of drying, there was
a reduction in this compound, with geranial becoming the main component. In sam-
ples dried for 48 and 72h, several monoterpenes presented similar relative areas,
including geraniol acetate, geranial, and geraniol. Multivariate analysis using PCA
clearly showed three chemotypes, one grouping the fresh samples into one group,
in the other the 24, 48, and 72h samples, with a subgroup occurring within this
group with the 48h and 72h samples grouping.
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