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1. Introduction 

Hydrosols have gained in popularity as the essential-

oils market has continued to expand, resulting in 

significant investigations into their composition, 

biological properties, and uses [1]. Hydrosol also 

referred to as herbal waters, floral waters, or 

hydrolates are byproducts of essential oil steam 

distillation and contain many of the same compounds 

found in essential oils. A significantly greater amount 

of hydrosol is produced during steam distillation than 

the essential oil. Historically, hydrosols have been  

 

 

used as herbal remedies [2]. Modern hydrosol usage 

is largely focused on the cosmetics industry due to the 

presence of bioactive compounds (i.e., terpenes and 

phenols), which help soften the skin and reduce 

inflammation [3]. Additional research has been 

conducted to investigate their potential as 

antioxidants [4], natural food sanitizers [5], and for 

other uses [6-8]. The analysis of hydrosols and their 

compounds has been the subject of many studies that 

have analyzed the hydrosols of various essential-oil-
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bearing plants [1, 9-12]. Although hydrosols share 

compounds with their corresponding essential oils, 

they also contain compounds not found in the 

essential oil [13] due to the contrasting aqueous 

environment of the hydrosol compared to the 

relatively nonpolar, organic essential oil containing 

primarily terpenes and terpenoids. The hydrosol used 

in this study was derived from the plant Abies grandis 

(i.e., grand fir). Abies grandis is native to North 

America and has been used in the cosmetics industry 

and papermaking. Previous studies on Abies grandis 

have been conducted due to its ability to increase the 

synthesis of monoterpenes in response to wounding 

[14, 15]. Analytical studies have been conducted on 

the essential oils produced from other species within 

the Abies genus [3, 16]. There are few studies 

analyzing the composition of Abies grandis essential oil 

[17] and no known studies have assessed the 

composition of Abies grandis hydrosol. As expected, 

the Abies grandis hydrosol primarily contained 

terpenes and terpenoids (e.g., α-terpineol, borneol, 

limonene, verbenone, camphor, and terpinen-4-ol). 

This is consistent with analyses performed on other 

trees within the Abies genus [3, 17, 18]. In this study, 

the hydrosol was analyzed via gas 

chromatography/mass spectrometry (GC-MS). A 

common precaution when employing GC-MS is to 

limit the direct injection of aqueous samples onto a GC 

column to prevent potential oxidation and/or physical 

damage to the GC column and sample flashback due 

to the greater expansion of the aqueous sample 

compared to mostly organic-based samples. Hence, 

liquid-liquid extraction techniques with an organic 

solvent are often used to liberate the organic 

compounds from the hydrosol to analyze their 

content. The solvent reduces the concern associated 

with injecting aqueous samples onto the GC column 

and can also be used to concentrate the hydrosol 

components prior to analysis, increasing the ability to 

characterize the hydrosol. Most studies employ only 

one organic solvent to isolate the hydrosol 

components, assuming that the extracted components 

are representative of the actual hydrosol composition 

[19-21]. The solvent used varies significantly among 

the literature (e.g., cyclohexane, n-hexane, petroleum 

ether, benzene, ethyl acetate, chloroform, diethyl 

ether, methylene chloride, and dichloromethane) [1]. 

This variability raises concerns regarding the “true” 

hydrosol composition. The primary focus of this 

study was to provide insights into this specific 

concern using Abies grandis hydrosol as a test case. The 

chemical profiles from each solvent extraction were 

compared with each other and with a direct analysis 

of the aqueous hydrosol. 
 

2. Materials and methods 

2.1. Reagent and solutions 

Chloroform (99.8% purity), dichloromethane (99.5% 

purity), ethyl acetate (99.5% purity), hexane (98.5% 

purity), and petroleum ether were obtained from 

Fisher Chemical (Waltham, MA USA). The Abies 

grandis hydrosol was obtained from the Young Living 

Highland Flats Tree Farm and Distillery (Naples, ID, 

USA), where all required good practices were 

followed for the harvesting and distillation of wood 

chips using a proprietary steam distillation process.  
 

2.2. Instrumentation and conditions 

GC-MS data were collected using a Hewlett Packard 

5890 Series II gas chromatograph employing a 

Hewlett Packard 5972 Series A mass selective detector 

(Agilent Technologies, Santa Clara, CA, USA). 

Samples were injected into the gas chromatograph 

using an Agilent 6890 Series autoinjector. 
 

The following gas chromatographic conditions were 

employed for all separations: Restek (Bellefonte, PA, 

USA) 60-m Rxi-1ms column, 0.25 mm i.d., 1 μm film 

thickness, helium carrier gas, split ratio 5:1, injection 

volume 0.5 μL, injector temperature 285 °C, 1 mL/min 

flow rate, initial temperature 40 °C, hold 0.5 min, 

ramp rate of 22.0 °C/min to 75 °C, ramp rate of 2.3 

°C/min to 190 °C, then 12 °C/min to 285 °C, hold 3 min, 

ion source and transfer line 280 °C, and total time of 

70 min. 
 

The following mass spectrometric conditions were 

employed for all detections: solvent delay of 17 min, 

mass range from 25.0 to 400.0 m/z, sampling threshold 

of 2, and two scans per second. These conditions 

resulted in a conservative detection limit of ~400 fg for 

the GC-MS when analyzing essential oil compounds. 
 

2.3. Solvent extraction and blanks 

Extractions were performed using a standard liquid-

liquid extraction procedure employing a 125 mL 

separatory funnel with a solvent/hydrosol ratio of 1:25 
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(v/v). The more polar solvent, ethyl acetate, had a ratio 

of 1:20 (v/v). Small volumes of organic solvents were 

used with larger volumes of hydrosols to increase the 

concentrations of the hydrosol components within the 

extracts. Blanks of each solvent were analyzed using 

the same chromatographic conditions to ensure that 

potential contaminants in the organic solvents were 

not misidentified as components of the hydrosol. 

Although most contaminants eluted during the 

solvent delay, i.e., before any significant hydrosol 

components, others eluted with significant intensity 

within the separation window (e.g., bromobenzene is 

found to varying extents in most solvents at 19.75 min 

and is most prominent in dichloromethane).  
 

2.4. Data collection and analysis 

The area-percent reports from each GC-MS 

chromatogram were downloaded and placed into a 

spreadsheet. Notable peaks were verified manually 

using the mass spectra of each compound and 

searched individually against the NIST mass spectral 

library 2014 (National Institute of Standards and 

Technology, Gaithersburg, MD, USA). Mass spectral 

backgrounds were subtracted when necessary from 

small chromatographic peak signals to improve the 

library match quality. Peaks were compared across 

the extraction profiles. After verification of the most 

prominent peaks, the data from the area percent 

reports were used to determine the relative 

abundance, which resulted in the removal of 

contaminant and solvent peaks. This was 

accomplished by taking the area of each prominent 

peak and dividing it by the summed total area of all 

prominent peaks, i.e., all small peak areas of 

insignificance were removed. The resulting 

percentages were then indicative of the relative 

abundance of each compound within the specific 

hydrosol extract. 
 

3. Results and discussion 

The ten compounds that were common to all solvent 

extractions are listed in Table 1. These compounds 

were required to have at least a quality match of 80 

against the NIST library to be included in the list. The 

percentages were calculated as a function of the 

individual peak areas divided by the total area of all 

compounds. Multiple replicates of each extraction 

were performed (n = 3-5), and the values were 

averaged for each solvent type. A moderately 

consistent % RSD of <5% was assessed for percent 

relative abundances. The most abundant of these 

compounds in every extraction was α-terpineol 

(~63%). The next most abundant compounds were 

borneol (~13%) and terpinen-4-ol (~4.5%). These three 

compounds comprise the majority of hydrosol signals 

(i.e., >80%). Other common compounds include 

benzaldehyde, p-cymene, limonene, fenchol, 

camphor, verbenone, and bornyl acetate. 
 

3.1. Petroleum ether 

The extraction obtained using petroleum ether, with a 

polarity index of 0.1, contained 14 compounds with a 

quality match of at least 80. These compounds are 

listed in Table 2. Compounds extracted by petroleum 

ether but not by other solvents included: α-

campholenal, isoborneol, citronellol, and p-cymen-7-

ol with relative abundances of 1.63%, 1.77%, 0.82%, 

0.19%, respectively. There were also differences in the 

peak areas of the same compounds when extracted by 

different solvents. As expected, the relative values of 

peak area and abundance shared the same trend, i.e., 

the compound α-terpineol had the highest peak area 

of 1.38E8 followed by borneol (3.04E7) and terpinen-

4-ol (1.04E7). These three compounds had the highest 

relative abundance within every extraction profile, 

but the differences in the absolute peak areas for these 

compounds (and others) between extraction profiles 

should be noted. Although all compounds extracted 

by petroleum ether were also extracted with 

chloroform and dichloromethane, the resulting 

absolute peak areas for the compounds in chloroform 

and dichloromethane were approximately 3 and 18 

times greater than those in petroleum ether, 

respectively. 
 

3.2. Hexane 

Hexane, similar to petroleum ether, is the most 

nonpolar of the solvents used with a polarity index of 

0.1. When hexane was used to extract the organic 

compounds from the hydrosol, 15 distinguishable 

compounds were found. These compounds are listed 

in Table 3. The compounds with the highest 

abundance were once again α-terpineol (64.45%), 

borneol (13.99%), and terpinen-4-ol (4.96%).  

Many of the other compounds extracted are nonpolar 

and not observed in extractions performed with more  
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Table 1. Compounds universally extracted from the hydrosol by all solvents investigated (peak area % of total). 
 

Compounds Ret. index CAS # 
Chloroform 

(%) 

DCM 

(%) 

Ethyl 

acetate (%) 

Hexane 

(%) 

Petroleum 

ether (%) 

Benzaldehyde 952 100-52-7 0.34 0.30 0.47 0.23 0.29 

p-Cymene 1025 99-87-6 0.65 0.31 0.33 0.68 0.73 

Limonene 1034 138-86-3 1.10 1.15 1.33 1.04 1.58 

Fenchol 1110 1632-73-1 2.87 2.71 3.06 3.54 3.36 

Camphor 1142 464-48-2 1.52 1.40 1.55 1.65 1.62 

Borneol 1160 10385-78-1 13.10 12.26 13.74 13.92 14.17 

Terpinen-4-ol 1173 562-74-3 4.36 4.77 4.37 4.94 4.85 

α-Terpineol  1183 8000-41-7 63.66 60.97 61.69 64.12 64.57 

Verbenone 1204 80-57-9 1.28 1.30 1.23 0.88 1.00 

Bornyl acetate 1275 5655-61-8 2.14 2.51 2.39 3.94 2.41 

 

Table 2. Compound extraction profile of petroleum ether.  
 

Compounds 
Ret. 

index 

Ret. time 

(min) 

Total 

area (%) 

Benzaldehyde  952 20.60 0.29 

p-Cymene 1025 25.70 0.73 

Limonene 1034 26.40 1.58 

α-Campholenal 1098 30.53 1.63 

Fenchol 1110 31.63 3.37 

Camphor 1142 33.30 1.63 

Isoborneol 1154 24.59 1.77 

Borneol 1160 35.10 14.19 

Terpinen-4-ol 1173 35.78 4.86 

α-Terpineol 1183 36.48 64.67 

Verbenone 1204 37.24 1.00 

Citronellol 1212 38.24 0.82 

p-Cymen-7-ol 1275 42.14 0.19 

Bornyl acetate 1275 42.74 2.41 

 
 

Table 3. Compound extraction profile of hexane. 
 

Compounds 
Ret. 

index 

Ret. time 

(min) 

Total area 

(%) 

Benzaldehyde 952 20.53 0.23 

p-Cymene 1025 25.65 0.68 

Limonene 1034 26.29 1.05 

Acetophenone 1038 27.12 0.23 

Fenchol 1110 31.56 3.55 

Camphor 1142 33.22 1.66 

Isoborneol 1154 34.51 1.76 

Borneol 1160 35.02 13.99 

Terpinen-4-ol 1173 35.71 4.96 

α-Terpineol 1183 36.40 64.45 

Verbenone 1204 37.10 0.88 

Citronellol 1212 38.13 0.87 

Piperitone 1256 39.98 0.64 

Bornyl acetate 1275 42.66 3.96 

Cubenol 1610 59.50 0.88 

polar solvents, such as ethyl acetate, which will be 

assessed in the next section. The compounds in 

hexane included acetophenone (0.23%), piperitone 

(0.64%), and cubenol (0.88%). Interestingly, the 

absolute peak areas of the universally extracted 

compounds (in addition to the percent abundance) 

were similar among hexane, petroleum ether, and 

ethyl acetate. For example, α-terpineol had absolute 

peak areas of 1.38E8, 1.45E8, and 1.30E8 for petroleum 

ether, hexane, and ethyl acetate, respectively. This 

implies that these solvents have similar extraction 

affinities for the most abundant hydrosol compounds. 

Although hexane had a similar polarity index to that 

of petroleum ether, the only extracted compounds in 

common with petroleum ether (beyond those listed in 

Table 1) were isoborneol and citronellol. Both 

compounds were found in similar abundances in each 

non-polar solvent extraction.  
 

3.3. Ethyl acetate 

Ethyl acetate, with a polarity index of 4.4, is the most 

polar solvent used for extraction. Ethyl acetate 

extracted 13 identifiable compounds, as shown in 

Table 4. Compounds of note include acetophenone 

(0.35%), α-campholenal (1.38%), p-menthane-1,8-diol 

(5.1%). Ethyl acetate showed a preference for 

extracting more polar compounds, such as the alcohol 

p-menthane-1.8-diol. Furthermore, p-menthane-1,8-

diol showed a relatively high abundance (5.10%) in 

ethyl acetate, but was completely absent from hexane 

and petroleum ether extracts and was found only at 

lower percentages in chloroform (1.51%) and 

dichloromethane (0.57%). In addition, piperitone 

extracted by hexane, dichloromethane, and  
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Table 4. Compound extraction profile of ethyl acetate. 
 

Compounds  
Ret. 

index 

Ret. time 

(min) 

Total 

area (%) 

Benzaldehyde 952 20.57 0.47 

p-Cymene 1025 25.64 0.33 

Limonene 1034 26.29 1.33 

Acetophenone 1038 27.14 0.35 

α-Campholenal 1098 30.45 1.38 

Fenchol 1110 31.55 3.06 

Camphor 1142 33.21 1.55 

Borneol 1160 35.01 13.74 

Terpinen-4-ol 1173 35.69 4.37 

α-Terpineol 1183 36.39 61.69 

Verbenone 1204 37.10 1.23 

Bornyl acetate 1275 42.65 2.39 

p-menthane-1,8-diol 1279 43.08 5.10 
 

 

chloroform was undetectable in ethyl acetate.  

This high abundance of p-menthane-1,8-diol found in 

ethyl acetate suggests that the compound is a 

significant component of the Abies grandis hydrosol, 

however it is unable to be extracted, in representation 

of the hydrosol composition, employing nonpolar 

solvents such as hexane and petroleum ether. 

Because ethyl acetate was the most polar solvent used, 

it proved troublesome in the liquid-liquid extraction. 

When mixed with the hydrosol, it was observed that 

much of the solvent was miscible with the aqueous 

hydrosol and did not result in a distinct layer that 

could be separated. This resulted in only half of a 

milliliter of organic extract produced. All other 

solvents produced 2 mL of extract upon addition of 2 

mL of the solvent. Based on the theory of liquid-liquid 

extraction at the relatively small volumes of organic 

solvent employed, this could have resulted in a slight 

(e.g., 10-20%) decrease in the absolute concentrations 

of the extracted compounds. However, it likely had 

little effect on the percent relative abundances, as 

demonstrated by the similar values for α-terpineol 

(61.69%), borneol (13.74%), and terpinen-4-ol (4.37%) 

in all other solvents.  Small volumes of organic 

solvents were used with larger volumes of hydrosols 

to increase the concentrations of the hydrosol 

components within the extracts.  
 

3.4. Chloroform 

Chloroform, with a polarity index of 4.1, is the second  

most polar solvent used and extracted 20 identifiable  

compounds from the hydrosol, as shown in Table 5.  

Chloroform had the second most diverse compound 

extraction profile among all the solvents used in this 

study; however, none of the compounds extracted by 

chloroform were exclusive to chloroform. The relative 

abundance of the most prevalent compounds is 

consistent with that of other solvent extractions. The 

compound α-terpineol had the highest relative 

abundance (63.66%) followed by borneol (13.10%) and 

then terpinen-4-ol (4.36%). Although the relative 

abundance of these compounds is similar to the other 

solvent extractions, as mentioned previously, the peak 

areas of the most abundant compounds are much 

larger in chloroform than in ethyl acetate, petroleum 

ether, and hexane. The peak area of α-terpineol when 

extracted by chloroform was 4.32E8, which was 

approximately three times greater than that of α-

terpineol in ethyl acetate, despite the similarity in the 

polarity indices of the two solvents. This trend was 

also observed for borneol and terpinen-4-ol, with peak 

areas of 8.89E7 and 2.96E7, respectively, when 

extracted with chloroform. This suggests that 

chloroform, is more efficient and a better solvent for 

extracting these and other compounds from Abies 

grandis hydrosol for improved sensitivity than 

petroleum ether, hexane, and ethyl acetate. 
 

Table 5. Compound extraction profile of chloroform. 
 

Compounds 
Ret. 

index 

Ret. time 

(min) 

Total area 

(%) 

2-Acetylfuran 886 20.33 0.17 

Benzaldehyde 952 20.60 0.34 

Lavender lactone 997 24.72 0.43 

p-Cymene 1025 25.67 0.65 

Limonene 1034 26.32 1.10 

Acetophenone 1038 27.15 0.33 

α-Campholenal 1098 30.48 1.41 

Fenchol 1110 31.58 2.87 

Camphor 1142 33.24 1.52 

Isoborneol 1154 34.52 1.51 

Borneol 1160 35.06 13.10 

Terpinen-4-ol 1173 35.73 4.36 

α-Terpineol 1183 36.51 63.66 

Verbenone 1204 37.15 1.28 

Citronellol 1212 38.17 0.97 

Piperitone 1256 39.99 0.78 

p-Cymen-7-ol 1275 42.05 0.29 

Bornyl acetate 1275 42.66 2.14 

p-Menthane-1,8-diol 1279 43.06 1.51 

Cubenol 1610 59.48 0.48 
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3.5. Dichloromethane 

Dichloromethane (DCM), with a polarity index of 3.1 

had the greatest number of extracted and identifiable 

compounds from the hydrosol compared to all other 

solvents. A total of 33 compounds were identified and 

listed in Table 6. While the most abundant compound 

was still α-terpineol, its relative abundance was 

slightly lower than that of all other solvents at 60.97%. 

This is likely due to the significantly larger number of 

compounds found in DCM, which added to the total 

summed peak area and reduced the percent  
 

Table 6. Compound extraction profile of dichloromethane. 
 

Compounds 
Ret. 

index 

Ret. 

time 

(min) 

Total 

area 

(%) 

2-Acetylfuran 886 17.56 0.13 

1-Methoxy-1-buten-3-yne 905 18.02 0.02 

5-Methyl furfural 934 20.32 0.15 

Benzaldehyde 952 20.60 0.30 

Lavender lactone 997 24.75 0.36 

p-Cymene 1025 25.70 0.31 

Limonene 1034 26.35 1.15 

Acetophenone 1038 27.18 0.31 

γ-Terpinene 1045 28.05 0.14 

p-Cymenene 1066 29.66 0.13 

2-Carene 1010 30.07 0.55 

α-Campholenal 1098 30.52 1.25 

cis-Thujone 1102 30.73 0.19 

Fenchol 1110 31.65 2.71 

Nopinone 1129 32.33 0.16 

Camphor 1142 33.29 1.40 

Cyclohexanol, 5-methyl-

2-(1-methyl) 
1157 33.64 0.25 

4-Ethyl-phenol 1160 33.90 0.19 

Camphene Hydrate 1148 34.08 0.57 

Isoborneol 1154 34.59 1.50 

Borneol 1160 35.24 12.26 

Terpinen-4-ol 1173 35.85 4.77 

α-Terpineol 1183 36.87 60.97 

Verbenone 1204 37.39 1.30 

Citronellol 1212 38.26 1.04 

Piperitone 1256 40.09 0.62 

Phellandral 1252 41.68 0.23 

Thymol 1269 41.97 0.20 

p-Cymen-7-ol 1275 42.15 0.31 

Bornyl Acetate 1275 42.74 2.51 

p-Menthane-1,8-diol 1279 43.15 0.57 

trans-Calamenene 1529 56.23 0.01 

Cubenol 1610 59.51 0.60 
 

 

Figure 1. Overlaid chromatograms of hydrosol (25X for 

direct comparison) and dichlormethane extract. Selected 

peak identities are as follows: a) borneol, b) α-terpineol, c) 

p-menthane-1,8-diol, and d) p-menthane-3,8-diol. 
 

abundance. This was also observed for borneol at its 

lowest abundance of 12.26%. The DCM extract also 

contained p-menthane-1,8-diol, albeit at the 

abundance of only 0.57%. This is most likely due to 

the polarity of DCM being less than chloroform and 

ethyl acetate, which both showed higher abundance 

of the diol. Not only did DCM have the largest 

diversity of compounds (with 13 of them being 

identifiable only in the hydrosol when extracted with 

DCM), but the absolute peak areas of the extracted 

compounds were also significantly larger than those 

of any other solvent extractions. This is most easily 

seen when observing the absolute peak area of α-

terpineol, which was found to be 2.49E9. This was six 

times larger than the next closest α-terpineol peak 

found in chloroform. 
 

3.6. Direct analysis of aqueous hydrosol 

A direct injection of the aqueous hydrosol (i.e., 5 μL 

instead of 0.5 μL) was also performed resulting in the 

identification of 13 compounds (Table 7). The 

compounds and their relative abundances found in 

the hydrosol closely mirrored the solvent extraction 

profiles. One significant deviation from the extraction 

profiles was the presence of two diols, i.e., p-

menthane-1,8-diol and p-menthane-3,8-diol; with 

relative abundances of 11.50 and 2.02%, respectively, 

and hexanoic acid (0.26%).  The compound p-

menthane-1,8-diol was only found in the more polar 

extracts of dichloromethane, chloroform, and ethyl 

acetate with relative abundances of 0.57, 1.51 

and5.10%, respectively. The compounds p-menthane-

3,8-diol and hexanoic acid were exclusively found in  



J. Essent. Oil Plant Comp. 3(2), 95-104, 2025                                                                   Lincoln Vance Mitchell et al., 2025    

https://doi.org/10.58985/jeopc.2025.v03i02.69 
Page | 101  

 

Table 7. Compound profile of hydrosol. 
 

Compounds Ret. 

index 

Ret. time 

(min) 

Total area 

(%) 

Hexanoic acid 975 21.23 0.26% 

p-Cymene 1025 26.17 0.21% 

Limonene 1034 26.83 0.80% 

Fenchol 1110 31.96 2.79% 

Camphor 1142 33.63 1.79% 

Isoborneol 1154 34.88 1.41% 

Borneol 1160 35.36 12.76% 

Terpinen-4-ol 1173 36.05 3.92% 

α-Terpineol 1183 36.65 60.20% 

Verbenone 1204 37.39 0.72% 

Citronellol 1212 38.45 0.64% 

p-Menthane-1,8-diol 1279 43.39 11.50% 

p-Menthane-3,8-diol            1301 44.67 2.02% 

 

The hydrosol. Fig. 1 shows the overlaid 

chromatograms of dichloromethane solvent 

extraction and the hydrosol, visually highlighting the 

differences in composition. 
 

3.7. Summary 

Table 8 summarizes all solvents employed in this 

study, the compounds extracted with each, and their 

relative percent abundances. The results corroborate 

the published findings for the chemicals common to 

Abies grandis and other related species [3, 5, 8, 17]. As 

mentioned earlier, dichloromethane not only resulted 

in the greatest number of extracted compounds but 

also had the highest recovery and absolute peak area. 

It is surmised that dichloromethane would be the best 

solvent to use for both qualitative and quantitative 

extractions of Abies grandis hydrosol. In addition, the 

relative abundance of many compounds in the other 

organic solvent extracts varied significantly compared 

to that in the dichloromethane extract (e.g., bornyl 

acetate and p-menthane-1,8-diol). 

When comparing all solvent extracts to the direct 

analysis of the hydrosol, the hydrosol showed a 

significantly higher relative percent abundance for p-

menthane-1,8-diol, i.e., 11.50% compared to 0.57, 1.51, 

and 5.10% for dichloromethane, chloroform, and ethyl 

acetate, respectively. It is expected that due to the 

polar nature of water, the more polar organic 

compounds would inherently partition more into the 

water than into the essential oil during steam 

distillation. This suggests that the use of less polar 

organic solvents may not result in the adequate 

extraction of organic constituents from hydrosols. 

Although logically apparent, such direct 

acknowledgement is not common to hydrosol 

analyses [1, 4, 6, 7, 9-13]. This was observed to a 

limited degree in this study, with the significantly 

increased percent abundance of p-menthane-1,8-diol 

in the direct analysis of the hydrosol and the complete 

absence of p-menthane-3,8-diol and hexanoic acid 

from all solvent extracts, despite these compounds 

being found with a significant percent abundance in 

the hydrosol. The use of more polar solvents, such as 

ethyl acetate, results in considerable dissolution with 

the hydrosol making the extraction more difficult. 

Similarly, more polar solvents than ethyl acetate, such 

as ethanol and methanol, are fully miscible with the 

hydrosol and thus cannot be used as extraction 

solvents. 

 

4. Conclusions 

Although a more complete and true profile of 

compounds found within the hydrosol may require a 

direct injection of a potential nonselective, 

concentrated form of the aqueous hydrosol, there are 

concerns associated with injecting aqueous samples 

into a GC-MS. Future work would include attempts to 

concentrate the hydrosol, while retaining its aqueous 

form and associated compounds. Some solvents (e.g., 

dichloromethane) may provide a more representative 

profile of the hydrosol components if limitations (i.e., 

potential absence or reduced abundances of more 

polar compounds) are recognized. The preferential 

use of dichloromethane with other hydrosols, was not 

evaluated and could be further elucidated in future 

studies. 

As delineated in this manuscript, using Abies grandis 

hydrosol as a test case, a single-solvent extraction is 

not sufficient to fully characterize the composition of 

a hydrosol, as is typically performed in conventional 

analyses. Although, additional work with other 

hydrosols employing multiple organic solvents for 

the extraction of components is required to validate 

the universality of the results, this studies highlights 

the definitive differences found in the characterization 

of Abies grandis hydrosol when using solvents with 

varying properties for characterization. The authors  

recommend that when employing solvent extraction 

for the determination of hydrosol composition, a  
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Table 8. Compound extraction profile comparison between every solvent. 
 

Compounds 

C
A

S
 #

 

R
et

. i
n

d
ex

 

D
C

M
 (

%
) 

C
h

lo
ro

fo
rm

 (
%

) 

E
th

y
l 

ac
et

at
e 

(%
) 

H
ex

an
e 

(%
) 

P
et

ro
le

u
m

 e
th

e
r 

(%
) 

2-Acetylfuran 1192-62-7 886 0.13 - - - - 

1-Methoxy-1-buten-3-yne 2798-73-4 905 0.02 - - - - 

5-Methylfurfural 620-02-0 934 0.15 0.17 - - - 

Benzaldehyde 100-52-7 952 0.30 0.34 0.47 0.23 0.29 

Lavender lactone 1073-11-6 997 0.36 0.43 - - - 

p-Cymene 99-87-6 1025 0.31 0.65 0.33 0.68 0.73 

Limonene 138-86-3 1034 1.15 1.10 1.33 1.04 1.58 

Acetophenone 98-86-2 1038 0.31 0.33 0.35 0.23 - 

γ-Terpinene 99-85-4 1045 0.14 - - - - 

p-Cymenene 1195-32-0 1066 0.13 - - - - 

2-Carene 554-61-0 1010 0.55 - - - - 

α-Campholenal 91819-58-8 1098 1.25 1.41 1.38 - 1.63 

Cis-thujone 546-80-5 1102 0.19 - - - - 

Fenchol 1632-73-1 1110 2.71 2.87 3.06 3.54 3.36 

Nopinone 24903-95-5 1129 0.16 - - - - 

Camphor 464-48-2 1142 1.40 1.52 1.55 1.65 1.62 

Cyclohexanol, 5-methyl-2-(1-methylethyl)-, (1α,2α,5β)- 491-01-0 1157 0.25 - - - - 

4-Ethylphenol 123-07-9 1160 0.19 - - - - 

Camphene hydrate 465-31-6 1148 0.57 - - - - 

Isoborneol 124-76-5 1154 1.50 1.51 - 1.75 1.77 

Borneol 507-70-0 1160 12.26 13.10 13.74 13.92 14.17 

Terpinen-4-ol 562-74-3 1173 4.77 4.36 4.37 4.94 4.85 

α-Terpineol  8000-41-7 1183 60.97 63.66 61.69 64.12 64.57 

Verbenone 80-57-9 1204 1.30 1.28 1.23 0.88 1.00 

Citronellol 106-22-9 1212 1.04 0.97 - 0.87 0.82 

Piperitone 89-81-6 1256 0.62 0.78 - 0.64 - 

Phellandral 21391-98-0 1252 0.23 - - - - 

Thymol 89-83-8 1269 0.20 - - - - 

p-Cymen-7-ol 536-60-7 1275 0.31 0.29 - - 0.19 

Bornyl Acetate 76-49-3 1275 2.51 2.14 2.39 3.94 2.41 

P-Menthane-1,8-diol 80-53-5 1279 0.57 1.51 5.10 - - 

trans-Calamenene 73209-42-4 1529 0.01 - - - - 

Cubenol 21284-22-0 1610 0.60 0.48 - 0.87 - 

 
minimum of both a polar and nonpolar solvents 

should be used with recognition of the potential 

limitations associated with liquid-liquid solvent 

extraction. 
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