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Abstract 

Hydrodistillation is widely known as the simplest essential oils (EOs) isolation technique and 

is widely used by small-scale producers, such as in Indonesia. The main characteristic of 

hydrodistillation is the plant-source material of EOs soked in water, followed by boiling and 

diffusion. Variuos problems arise from the use of hydrodistillation, including the possibility 

of overheating, degradation of EOs because of the long heating time, difficulty in controlling 

the heat, and a slow process. The aim of this study was to review the recent developments in 

hydrodistillation technology that have been developed in Indonesia to improve the quality 

and yield of EOs. Bibliometric analysis trhough the Methodi Ordinatio was used to compile 

a systematic review of prior studies in the recent decade regarding the application of 

hydrodistillation in Indonesia. The results showed that five plant-source commodities were 

extensively isolated consisting of citrus, lemongrass, cinnamon, nutmeg, and ginger. 

Furthermore, this study investigated the variables that influnce the hydrodistillation process 

for EOs isolation. The variables were often evaluated according to the results are distillation 

time, pretreatment of raw materials, feed-to-solvent ratio, particle size, growth place, and 

plant developmental stage. A future perspective was considered and outlined to carroed out 

further novel study and development strategies. 

Keywords: Bibliometric analysis, Hydrodistillation, Plant commodities, Process variables, 

Pretreatment. 
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1 Introduction 

Essential oils (EOs) are one of the leading agro-industrial commodities with 

increasing demand each year. This is reinforced by the fact that worldwide EOs 

production has increased from 150 thousand tons to 370 thousand tons in the period of 

2007-2020 [1]. Indonesia is the third largest EOs producer after China and India [2]. 

Despite its considerable market share, the quality of Indonesian EOs remains mediocre 

because of simple isolation and purification technology. This drives the evaluation of EOs 

isolation technologies, particularly in developing simple technologies that are suitable for 

developing countries, such as Indonesia. One simple technology that is widely applied in 

developing countries is hydrodistillation, which has been widely applied globally by 

micro- and small-scale producers [3]. 

Hydrodistillation, similar to common distillation, proceeds by evaporating the EOs 

content of the plant cells, which is then cooled (condensed) to separate it from water [4]. 

The main characteristic of employing hydrodistillation, compared to other techniques, is 

that the source of the material is soaked in water, followed by boiling and diffusion of the 

material [5,6]. This technology is concerned with isolating EOs from highly soluble 

materials in water, and is susceptible to damage by heat. However, hydrodistillation has 

several problems, including the possibility of overheating, degradation of essential oils 

because of the long heating and distillation time, difficulty in controlling the heat, and a 

slow process [7]. This phenomenon requires further investigation to resolve problems and 

enhance the hydrodistillation performance and the quality of EOs. 

This study was carried out with the aim of reviewing the recent developments in 

hydrodistillation technology that have been developed in Indonesia to improve the quality 

of the obtained EOs. This is due to the simplicity with which hydrodistillation 

installations may be established by small-scale producers, such as Indonesian farmers. In 

addition, the yields still have strong notes that motivated the authors to investigate recent 

developments in hydrodistillation in Indonesia, despite the fact that the quality of EOs 

still has to be improved. Thus, the results of this study can serve as a reference for 

designing and developing further novel studies related to hydrodistillation of EOs. 
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2 Material and Methods 

Data Collection 

Methodi Ordinatio was used to collect data from numerous papers in the Google 

Scholar database, followed Pagani et al. [8]  procedures with slight modifications. Data 

were collected on June 30, 2024, with search queries such as "hidrodistilasi" OR 

"distilasi air" OR "penyulingan air" OR "penyulingan rebus" AND "minyak atsiri" 

in Bahasa Indonesia terms, and 50 documents were collected. Data filtering is then 

performed on these documents to obtain high-quality documents by checking the 

accreditation and indexation of the journal in the Sinta and Garuda databases. Table 1 

outlines the data collection procedures for the systematic review, which resulted in 42 

documents for further analysis. An investigation was then carried out on the national 

indexation, year of publication, and keyword co-occurrences (related to the types of EOs 

commodities and variables that influence the hydrodistillation process). 

2.2 Bibliometric Analysis 

Bibliometric analysis was performed on the final portfolio (42 documents) by 

creating a visual map network using VOSviewer v1.6.20 [9, 10], following  the analysis 

conditions as: 

• Map based on bibliographic data; 

• Type of analysis: co-occurrences; 

• Unit of analysis: keywords; 

• Minimum number of occurrences: 4; 

• Number of terms selected: total number of itmes; 

• Show: all items. 

The resulting visual map network was then used as a reference for conducting a 

brief systematic review in this study, and it performed focused and minimized the bias of 

discussion. 
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Table 1. Main steps to perform the systematic review through Methodi Ordinatio 

Steps  Description  

Database search I Initial Portfolio 

  Database Google Scholar 

  Keywords 129 

  Number of documents 50 

Filtering procedures II Filtering based on Sinta and/or Garuda 

 III Screening title and keywords 

 IV Reading abstracts 

 V Reading full texts 

  Final Portfolio 

  Number of documents 42 

  Keywords 19 

Content analysis VI Year of publication 

  Indexation of documents 

  Keywords 

 

3 Results and Discussions 

Visual Map Network 

Fig. 1a shows an increase in the interest in hydrodistillation studies of EOs from 

2021 to 2023 after experiencing fluctuations in the previous seven years. In terms of the 

number of related publications in 2024, four documents were discovered, with the number 

expected to increase owing to a positive trend of interest among Indonesian researchers. 

Further investigation was conducted to filter the data to obtain documents that had been 

indexed nationally (Sinta and Garuda) based on the latest journal indexation status. This 

was done to obtain high-quality data at the national level for a comprehensive review. 

Based on Fig. 1b, journals accredited by Sinta 4 and indexed by Garuda are researchers' 

favorites for publishing their studies in numerous documents after indexation screening 

(final portfolio). It is envisaged that these findings will increase the motivation among 
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researchers and the number of studies published, particularly in journals with national 

indexation and international reputation. 

Fig. 2 depicts the visual map network of the final portfolio obtained by applying 

Methodi Ordinatio. The development of hydrodistillation technology can be illustrated 

through this map, such as the results studies after 2021, which focus on evaluating the 

duration of distillation time and the effect of pretreatment on the EOs yield [11, 12]. Citrus 

is a commodity that has recently been developed as a source of EOs through 

 

Figure 1. Distribution of the number of published documents: (a) based on publication 

years until June 30, 2024; and (b) national indexation. 
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hydrodistillation. Furthermore, the visual map network could be further studied in 

the future, based on the latest numerous results that have been evaluated. Some of these 

include the evaluation of the material's moisture content, particle size, microwave and/or 

ultrasound pretreatment, and the influence of plant development stages as promising 

novel topics to be investigated in the future. 

A more in-depth investigation was carried out on EOs plant-source commodities 

based on keyword co-occurrences. Fig. 3 summarizes the findings for five EOs plant-

source commodities that have been widely developed through hydrodistillation in the 

recent decade. As discussed in the previous section, citrus is the most often isolated 

commodity for its EOs content, both from the fruit peel and leaves [13-15]. In addition, 

lemongrass is another commodity that is often isolated, similar to citrus, with seven co-

occurrences. Three other commodities have been developed in the recent decade to isolate 

their EOs content through hydrodistillation, namely cinnamon [16-18], nutmeg [19, 20], 

and ginger [21, 22]. 

 

Figure 2. Visual map network of hydrodistillation development for EOs isolation in 

Indonesia (2014 to 2024). 
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Figure 3. Most developed Eos plant-source commodities in Indonesia based on 

bibliometric analysis results. 

 

 

Figure 4. Most evaluated hydrodistillation variables for EOs isolation in Indonesia. 

 

This study then evaluated the variables that influenced the hydrodistillation process 

based on the results of the bibliometric analysis. The results are shown in Fig. 4, with 

distillation time being the most frequently evaluated variable because it had nine co-

occurrences. Pretreatment of raw materials is an interesting variable to evaluate in more 
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depth because it can increase EOs yield and can be a promising novel study. Other 

commonly evaluated variables include feed ratio and particle size. The upstream variables 

that appear, such as growth place and plant development stages, show promising potential 

for further development, as well as referring to their position in the visual map network. 

 

Distillation Time 

Distillation time has become a crucial variable and has been most frequently 

evaluated in the recent decade in relation to EOs isolation through hydrodistillation. This 

is because the distillation process runs for a prolonged time, which can cause EOs 

degradation that is isolated from the plant source, which reduces the yield and quality [23, 

24]. In addition, it is difficult to control the temperature, which can cause overheating and 

the formation of char in a still reactor that occurs if the process runs for a prolonged time 

[7]. Thus, a comprehensive investigation was performed on this variable to obtain recent 

developments in employing hydrodistillation according to collected data on Table 2. 

Citrus and lemongrass are the most widely used plant-source commodities in the 

hydrodistillation isolation process, based on bibliometric analysis results. Leaves are an 

organ of citrus plants that are often used as a source of limonene, and hydrodistillation 

for 3 h can produce 0.65–0.80% of EOs [25]. A prolonged time to 7 h of hydrodistillation 

could not increase the yield of citrus leaf EOs because it only produced 0.72% [14]. 

Meanwhile, hydrodistillation of citrus leaves for 1-3 hours resulted in the highest yield at 

a distillation time of 2 h, that is, 1.48% of citrus leaves EOs [26]. In addition, interesting 

findings were observed in the hydrodistillation of lemongrass distilled for 1-5 hours. 

Hydrodistillation of untreated lemongrass resulted in the highest yield after distillation 

process for 4.5 hours [27]. The distillation time was proven to be shorter than 1 h by 

evaluating other variables, such as the size reduction and drying of the plant-source 

materials [12]. 

 

  



 

  
 

 
 

 
309 

 

  

Dewantoro et.al., IJASST, Volume 06, Issue 02, 2024 

Table 2. Recent studies on the effects of hydrodistillation time to essential oils isolation. 

Materials Time Other Operational Variables and Results Ref. 

Citrus leaves 1–2 h • Feed-to-solvent ratio that used was 1:10. 

• Hydrodistillation for 2 h resulted in the highest yield 

and decreased the results obtained after a 3 h. 

[26] 

Lemongrass 3–5 h • Performed different two-level temperatures (120°C and 

130°C). 

• Time and temperature influenced to the results. 

• The highest yield obtained after 5 h. 

• Better quality of EOs achieved by employing 

hydrodistillation at 130°C for 4.5 h. 

[27] 

Lemongrass 30–90 

min 

• Lemongrass harvested at 3 months old then size 

reducted and wind-dried. 

• Ultrasound pretreatment employed to dried lemongrass 

for further EOs isolation. 

• Distillation time between 60 min and 90 min provided 

similar results (in 1:20 and 90% amplitudes). 

[12] 

Cinnamon 

leaves 

3–7 h • Several pretreatment performed, such as the use of fresh 

and dried leaves in whole and in reduced sizes. 

• The fresh and whole size cinnamon leaves provided 

high EOs yield. 

• Optimum distillation time at 5 h, because of no 

signifficant influence to the results after 6 h. 

• Cinnamaldehyde content was 13.60–25.57% 

[28] 

Red ginger 2–6 h • Red ginger powder has 10.72% moisture content and 

size of 60 mesh. 

• The feed-to-solvent ratio employed as 1:12. 

• The longest distillation time provide the highest yields 

as 1.65%, but the optimum results was achieved after 4 

h. 

• No signifficant influence between the results of 4 h 

(1.55%) and 5 h (1.57%). 

[29] 

Red ginger 2–6 h • Others operational variables emplyed consist of 24 

mesh of size, different feed-to-solvent ratio (1:8, 1:10, 

and 1:12), and hydrodistillation run at 80°C of 

temperature. 

• There was no signifficant influence from distillation 

time, feed-to-solvent ration, and the interaction. 

• The optimum variables achieved by 6 h hidrodistillation 

and 1:12 feed-to-ratio that provide 0.14% of yield. 

[30] 
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An increase in the EO yield through hydrodistillation can also be achieved by 

prolonging the distillation time, for example, in red ginger. Evaluation was successfully 

performed by hydrodistillation for 2–6 h with the highest yield of 1.65% at 6 h [29]. The 

results of these studies showed that there was no significant difference between 

distillation times of 4 and 5 h, but when distillation was extended to 6 h, the yield of red 

ginger EOs increased. Similar findings were obtained from a hydrodistillation 

optimization study of red ginger, which obtained the highest yield after 6 h of distillation 

[30]. However, the distillation time in these studies did not have a significant effect, and 

the quality of the EOs obtained was not better than that in previous studies. This 

phenomenon shows that implementing a short distillation time is more considered, 

especially if combined with engineering other process variables such as size reduction 

and drying of the material which is a pretreatment for the plant-source material. 

 

Pretreatment of Raw Materials 

Process variables regarding the pretreatment of EOs plant sources should be 

evaluated more comprehensively in this study. This is because pretreatment has the 

second highest number of keyword co-occurrences after distillation time (Fig. 4). Various 

studies have shown that the pretreatment of plant-source materials can increase the yield 

and quality of EOs. As seen on Fig. 5, several pretreatment techniques have been 

developed in the recent decade, starting from the simplest technology, namely drying 

(related to plant material moisture content), to modern technologies such as microwaves 

and ultrasonics. 

Drying is the simplest pretreatment technology and is directly related to the 

moisture content of the material, which can inhibit the EOs isolation process. 

Investigation of EOs yields from plant-source materials in several previous studies proved 

that material moisture content has an effect. Investigation of EOs yields from plant-source 

materials in several previous studies proved that material moisture content has an effect. 

Nutmeg flesh was dried until the initial moisture content decreased by 25% and had the 

highest yield compared to undried flesh [31]. Similar results were obtained after drying 

sintok bark until the moisture content reached 15%, which could increase the yield of EOs 

compared with undried bark [32]. A different finding occurred when the plant source was 
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leaves because the moisture content in fresh leaves could catalyze the process of isolating 

EOs [33]. Further evaluations were performed on cinnamon leaves that were subjected to 

different treatments (without drying, withering, and wind drying), which showed that the 

yield of fresh leaves was higher than that of the wind dry and withering results [28]. This 

is in accordance with the results of studies on the different effects of drying cinnamon 

leaves (ripening, wind drying, and sun drying), which did not show any influence on EO 

yield [34]. These findings demonstrated the need for appropriate drying strategies, 

particularly for different plant organs. 

Recent trends have led to the use of modern technologies to increase the yield of 

isolated EOs using hydrodistillation techniques. Some of these studies have successfully 

used microwave and ultrasonic technologies. Isolation of zingiberene from ginger showed 

the highest content after microwave pretreatment at 100 Watt for 2 min [35]. Isolation of 

zingiberene from ginger showed the highest content after microwave pretreatment at 100 

 

 

Figure 5. Most applicable pretreatment technologies in hydrodistillation for EOs 

isolation in Indonesia. 
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Watt for 2 min. These studies found a zingiberene content of 24.7%, which is close to 

that of commercial ginger EOs (24.8%). The innovative strategies for microwave 

pretreatment were then conducted by prolonging the soaking duration, as was done for 

agarwood. Soaking was performed to increase the yield and bioactive content of the 

product for 1-4 weeks which shows an increase in the last week of soaking [36]. However, 

the authors consider this additional treatment to be ineffective because it increases the 

duration of EOs isolation, driving the modern pretreatment combination of microwaves 

and ultrasonics. This combination has been proven to increase the yield, such as black 

cumin EOs, which have the highest yield through a combination of microwave and 

ultrasonic pretreatment, rather than applying each technology separately [37]. 

Various findings in recent decades have shown the effects of pretreatment on the 

produced EOs. The difference in plant organs as source material is one of the factors 

determining the appropriate pretreatment technique to be applied. In addition, the use of 

modern technology is a recent trend that has advantages in terms of duration compared to 

drying, such as withering, wind drying, and sun drying. Further investigation is required 

to apply modern pretreatment, particularly in terms of combining technologies that can 

increase the yield of EOs. An interesting topic that can be further developed in the future 

and is promising as a novel study is combining simple and modern pretreatment in a short 

treatment time. 

 

Feed-to-Solvent Ratio and Particle Size 

The feed-to-solvent ratio is a key variable in the isolation of EOs through 

hydrodistillation. This is related to the volume of solvent used, if the ratio is large (in w/v) 

it indicates that a large amount of solvent was used. Various studies have evaluated the 

effect of feed-to-solvent ratio, such as ginger. Under the same hydrodistillation conditions 

(T = 100°C for 6 h), a ratio of 1:2 gave a higher yield than that obtained using a ratio of 

1:5 [22, 35]. Different findings occurred in red ginger because investigations into 

different ratios (1:8, 1:10, and 1:12 with a particle size of 24 mesh) had no effect on the 

yield of as 0.06–0.23% [30]. However, other findings have shown that hydro-distillation 

of red ginger at a ratio of 1:12 produced a yield of up to 1.65% after distillation for 6 h 

with a different particle size of 60 mesh [29]. These results show that, apart from the feed-
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to-solvent ratio, there are other variables that can influence EOs isolation yields, such as 

the particle size of the plant material. 

Further investigation into the combined interaction of feed-to-solvent ratio with 

particle size has been performed for black pepper EOs. Optimization studies were 

performed on the variables of feed-to-solvent ratio (7/100, 12/100, and 17/100), size (10-

20, 20-30, and 30-40 mesh), and distillation time (60, 135, and 210 min), which yielded 

an optimum EOs of 5.81% [11]. Based on these results, the feed-to-solvent ratio did not 

have a significant influence on the yield, meanwhile the particle size and distillation time 

had a significant influence. This led to further evaluation of the differences in particle size 

and/or plant materials used for isolating EOs via hydrodistillation. As previously 

discussed, the difference in the size of red ginger between 24 mesh and 60 mesh showed 

different results, with increased yield at smaller particle sizes [29, 30]. Other evaluation 

studies have been performed on lemongrass (whole size, 5 cm, 10 cm, and 15 cm), which 

had the highest yield at the smallest size of 5 cm [18]. These various findings led to further 

studies through optimization design, because these two variables, the feed-to-solvent ratio 

and particle size, have an influence that has an uncertain trend (because it can increase 

and/or decrease). Moreover, hydrodistillation requires soaking the plant source material 

and preventing agglomeration, which can inhibit the EOs isolation process. 

3.5 Growth Places and Plant Developmental Stages 

The growth and development environment of EOs plant sources is one of the 

variables that influences the results of hydrodistillation. Growth environment variables, 

or growth places, have three keyword co-occurrences in the development of EOs 

hydrodistillation studies. Several studies have shown a significant effect, such as the 

isolation of EOs from lemongrass, cinnamon, and basil. Isolation of EOs from lemongrass 

cultivated in the highlands resulted in higher yields than those cultivated in the lowlands 

[38]. Similar results were obtained from the hydrodistillation of basil leaves, which had a 

higher yield in plants cultivated in highlands [39]. In contrast, different findings show 

that cinnamon EOs that grow in lower areas, such as Purwokerto, have a higher yield than 

those from the Tawangmangu area, which is in the highlands [40]. Furthermore, these 

studies have investigated the differences in plant organs (leaves, twigs, and bark), and 

generally, the yield of EOs from the Cinnamons' Purwokerto area remains higher. These 
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findings demonstrate the need for further investigation of the differences in growth 

location due to differences in environmental factors. 

One of the variables that influences the results of the hydrodistillation of EOs is the 

developmental stage of the plant source materials. This is shown by the lack of studies on 

this variable because there have been only two keyword co-occurrences over the last 

decade. The findings that the authors discovered regarding studies evaluating this variable 

are still limited to lemongrass EOs. The yield of lemongrass EOs was known to be higher 

when this plant was harvested at six months, and there was a decrease when the 

lemongrass was nine months old [16]. This is similar to the results of hydrodistillation of 

6 month old lemongrass under fresh conditions, which can produce approximately 1.35–

2.09% of EOs [18]. Moreover, the EOs content of 3 month old lemongrass is known to 

remain high because it had a yield of 1.62%, but there was additional pretreatment 

through ultrasonic technology [12]. These findings can provide insights for further 

investigation into the influence of the developmental stages of EOs plant sources, 

especially for conducting studies on plant sources other than lemongrass. In addition, 

because of the lack of research on this topic, it can become a novel development study 

regarding hydrodistillation, particularly in Indonesia. 

 

Future Perspective 

Novel strategies for developing hydrodistillation technology to isolate EOs can be 

found in recent studies. Various influence variables have been briefly summarized and 

reviewed, showing promising potential for future development studies. Optimization 

studies are considered an appropriate strategy for investigating variables related to the 

hydrodistillation process, such as distillation time, feed-to-solvent ratio, and particle size 

[11, 12, 30]. To control the conditions of the optimized variables, instrumentation devices 

that can be controlled, such as microcontrollers, can be used to increase the yield of EOs 

[41]. In addition, optimization can be carried out on the pretreatment of plant source 

materials to catalyze the EOs isolation process. Some of them could investigate 

differences in pretreatment techniques and parameters or conduct experiments to combine 

the commonly applied pretreatment techniques [36, 37]. There are interesting and 

promising variables to be further investigated in the future because the biodiversity in 



 

  
 

 
 

 
315 

 

  

Dewantoro et.al., IJASST, Volume 06, Issue 02, 2024 

Indonesia that can be cultivated in various locations is related to the differences in growth 

places. This variable can be combined with plant developmental stages because the 

authors discovered that there was a peak in the yield of lemongrass EOs, and related 

published studies are still lacking [16]. The potency of novel studies has been described 

and is considered promising for future development to improve the performance of 

hydrodistillation technology for isolating EOs from various plant sources. 

 

4 Conclusions 

The trend of increasing interest in the development of hydrodistillation technology 

in Indonesia has been demonstrated by an increasing number of documents published in 

nationally indexed journals. Over the past decade, there have been five commonly used 

EOs plant source commodities, including citrus, lemongrass, cinnamon, nutmeg, and 

ginger. This finding provides novel strategies for developing other commodities isolated 

through hydrodistillation. To improve the performance and isolation results, this study 

investigated various variables that influence the process, especially those related to the 

yield. Distillation time, plant source material pretreatment, feed-to-solvent ratio, particle 

size, growth place, and plant developmental stages are variables that have often been 

evaluated in the recent decade. These variables have been successfully summarized and 

reviewed briefly and comprehensively to demonstrate their potential for performing novel 

studies that can be developed in the future. Several of these include conducting 

optimization studies, evaluating and combining pretreatment techniques, and 

investigating variables from upstream sectors (such as places of growth and plant 

developmental stages). 
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