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The essential oil of cardamom capsules is a high-value ingredient in foods, beverages, perfumery, and traditional medicines. It is responsible for the characteristic aroma of cardamom. The present study aimed to evaluate essential oil yield and chemical constituents of 22 diverse accessions of cardamom. A total of 20 g of the cured capsules were hydrodistilled in a Clevenger apparatus for 3 h in three replications. The amount of essential oil yield ranged from 4.5 to 9.5%, indicating a substantial variation in this feature among the accessions. The GC/MS analysis results discovered 24 constituents that constituted 98.1–100% of total essential oil. The main fractions were found to be oxygenated monoterpenes (40.7–66.7%), monoterpene hydrocarbons (23.1–58.6%), and sesquiterpenes (0.1–2.0%). Among the monoterpenoids, the predominant constituents were α-terpinyl acetate (29.9–61.3%) followed by 1,8-cineole (15.2–49.4%), α-terpineol (0.83–13.2%), β-linalool (0.44–11.0%), and sabinene (1.9–4.9%). Two sesquiterpene constituents, cardinen and nerolidol and p-cresol (a phenol derivative) were also identified. The compositional data were subjected to euclidean-distance-based similarity analysis, which showed two major clusters. The major constituents of cardamom essential oil (CEO) are 1,8-cineole, α-terpinyl acetate, sabinene, and β-linalool that can be used in food, aroma, and pharmaceutical applications.
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INTRODUCTION

Elettaria cardamomum (L.) Maton, commonly known as small cardamom, Indian cardamom, green cardamom, or true cardamom, is a herbaceous perennial plant that belongs to the Zingiberaceae family. It is also called the “Queen of spices” as it is the third most valuable spice after vanilla and saffron. Cardamom is grown mainly in India, Guatemala, Sri Lanka, Nepal, and can also be found in Tanzania, Indonesia, Vietnam, Thailand, Papua New Guinea, and El Salvador (Garg et al., 2016).

Middle Eastern countries constitute major global consumers of cardamom. The wide variety of national dishes that use cardamom as a major component ingredient and the age-old practice of using cardamom spices in medicine clarifies the spice's popularity. According to data collected, Saudi Arabia was the largest importer of cardamom in 2017, accounting for 19.3% of the global market. UAE, Syria, Jordan, India, Bangladesh, and Singapore are the next countries (UN Comtrade, 2017). Cardamom is widely used as a flavoring ingredient in whole and ground form in the Middle East, especially Saudi Arabia. It is used extensively in the preparation of “kahwa”–a drink that is a sign of hospitality in any home. It gives a lingering flavor in most Asian cuisines. Cardamom is used in baked goods and confectioneries in Scandinavian countries. Curry powder and some sausage products in Europe and North America contain it (https://cardamomassociation.com/report/cardamom/).

Despite cardamom as a spice and in the pharmaceutical and cosmetic industries, the European market remains limited. The crushed cardamom capsules are boiled with tea and water in south India to add a good fragrance to tea, which is popularly known as “Elakkai tea” and has been used to alleviate tiredness and depression (Ashokkumar et al., 2020a). Some people believe that excessive cardamom capsules' excessive use could cause impotence in humans (Nair, 2011). However, to date, there is no scientific evidence reported that the daily consumption limit of cardamom. The cardamom preparation, “Eladigana chooranm” is commonly used to cure arthritis, congestion, and itching in south Indian Ayurvedic medicine (Nair, 2011). Cardamom capsule extracts and cardamom essential oil (CEO) have numerous potential therapeutic activities. The use of this plant as a source of various natural products has a great interest in many parts of the world. According to Hamzaa and Osman (2012) and Khan et al. (2011), cardamom capsules have been used in traditional medicine for controlling asthma, nausea, diarrhea, cataracts, teeth, and gum infections, digestive, kidney, and cardiac disorders. Besides folk medicinal uses, potential applications in modern medicine have been explored (Saeed et al., 2014; Elguindy et al., 2018).

Cardamom capsules are a storehouse of several bioactive metabolites like flavonoids, carotenoids, and terpenes, etc. (Ashokkumar et al., 2019, 2020a,b). The primary bioactive metabolites of CEO contribute to its characteristic strong aromatic aroma. The CEO's concentration in cardamom capsules ranges from 6 to 14%, depending upon the extraction and processing methods (Nirmala Menon, 2000). The CEO's composition could rely on the origin of the sample, varieties, and parts used (Ashokkumar et al., 2020a). The CEO is rich in monoterpene constituents like α-terpinyl acetate, 1,8-cineole (28.94–34.91%), α-terpineol (12.47–14.89%), sabinene (11.17–13.50%), nerol (3.69–6.10%), β-linalool (1.43–2.97%), and α-pinene (1.15–2.42%) (Murugan et al., 2005, 2019; Yashin et al., 2017; Ashokkumar et al., 2019). These predominant constituents have potential pharmacological and therapeutic properties such as antioxidant, anti-inflammatory, antidiabetic, anticancerous, antimicrobial, antiviral, and gastroprotective activities (Hamzaa and Osman, 2012; Winarsi et al., 2014).

Several studies showed substantial variation in the essential oil from cardamom capsules; however, these samples' origin has generally not been sufficiently defined. In several cases, commercial samples from unknown original habitat and bulk samples obtained from the mixture of various cardamom genotypes, which do not truly represent the individual chemo-types. Besides, the CEO's major constituents can be affected by several factors like origin, soil types, seasonal influence, storage, processing conditions, and extraction methods. Hence, most of the studies have not adequately elucidated the true chemo-diversity of CEO. The variability in essential oil constituents among cardamom types is very high (Murugan et al., 2005; Ashokkumar et al., 2019). The chemo-profiling of elite cardamom types has been done for the first time. Thus far, there has been limited information on the chemical composition of essential oils extracted from south Indian E. cardamomum accession. Identifying cardamom accessions with higher essential oil may offer future breeding activities. In this context, the present study's objective was to evaluate essential oil yield and chemical constituents of 22 diverse accessions of E. cardamomum, which will aid the selection of suitable accessions to address consumer and manufacture demand.



MATERIALS AND METHODS


Plant Materials

The Cardamom Research Station, Pampadumpara, Idukki, Kerala, India located at 9°45′ N latitude, 77°10′ E longitude, and altitude is 1,100 m above mean sea level. This station is maintained 187 germplasm collections. Among them, 22 cardamom accessions were grown under uniform field conditions, and each accession had 12 plants. The plants were planted at spacing 2.5 × 2.5 m, and fertilizer was applied 100:100:250 Kg NPK ha−1, yr−1 in two splits before (May–June) and after (September–October) the first primary season. The selected 22 accessions were chosen based on the observation made by the previous year's high yield, pest, and disease resistance potential. The matured capsules were harvested from 5-year-old plants during June 2019 and cured as per the standard procedure of Kerala Agricultural University (KAU, 2011) to evaluate CEO composition. Sufficient quantities (100 g) of cured capsules of each accession were stored at room temperature (24°C). The diagrammatic representation of usable parts of cardamom is presented in Figure 1.
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FIGURE 1. Diagrammatic representation of usable of parts of cardamom.




Extraction of Essential Oils

Cured capsules collected from each accession were ground individually into a fine powder (20 μ). Twenty grams of powdered sample was placed in a 500 ml distillation flask separately, to which 250 ml deionized water was added. Several studies from cardamom capsules have been utilized a similar sample weight of 20 g and produced 0.8–1.5 ml of essential oil (Murugan et al., 2005, 2019; Ashokkumar et al., 2019). A hydro distillation run time of 3 h was used to obtain the optimum yield (Ashokkumar et al., 2019). Oil yield was estimated with an average of three replications. The obtained essential oil was dried over anhydrous sodium sulfate, weighed, and then stored at 4°C in the dark until use. The essential oil yield was calculated as a volume by weight basis using the following formulae: Essential oil (%, v/w) = volume of oil collected (ml)/weight of the sample (g) × 100 (AOAC, 2000).



Analysis of Essential Oils

The qualitative analysis of CEO was carried out through gas chromatography (GC) coupled with a mass spectrometer (MS) (GC-MS—QP2020 NX SHIMADZU). The GC was equipped with a fused silica capillary column, Rxi®-5 Sil MS (20 m, 0.18 mm ID), with a film thickness of 0.18 μM. The EO was injected by split mode (1:20). The helium gas flow rate was constantly maintained at 1 ml/min (Ashokkumar et al., 2019). The oven temperature was programmed at 70°C for 15 min and then gradually increased at 6°C/min to 200°C and then 30°C/min to 280°C (10 min). The detector and injector temperature was maintained at 290°C. The MS conditions were electron energy 70 eV, electron impact (EI) ion source temperature 260°C, and transmission line temperature 280°C. The mass scan range (m/z) was 50–650 amu, data acquired at full scan mode with solvent delay for 3 min. The qualitative analysis of volatile oil was carried using Shimadzu GC/MS solution™ Ver.4 software. The CEO constituents were identified by comparing retention indices (RI) under programmed similar oven temperature conditions for homologous series of n-alkanes (C8–C24). Identification of individual essential oil constituents was based on comparing mass spectra with those present in NIST and Wiley libraries and literature data (Adams, 2007). Identification of certain compounds (1,8-cineole, α-terpineol, β-linalool, α-pinene, β-pinene, sabinene, α-terpinyl acetate, α-citral, nerol, and geranyl acetate) was further confirmed by co-injection of their authentic standards (Sigma-Aldrich, Mumbai, India) under same chromatographic conditions mentioned above.



Cluster Analysis

Hierarchical clustering was used to understand the relationship between the cardamom accessions based on essential oil composition and determine the chemotypes. Euclidean distance was selected to measure the similarity and the nearest-neighbor method used for cluster definition (Gwari et al., 2016). SPSS software (version 24.0) used for cluster analysis (Cor, 2016) (IBM Corp 2016).




RESULTS AND DISCUSSION

The extraction of CEO was performed by hydrodistillation method, and an average yield of three separate analyses was ranged from 4.5 to 9.6%. Among the accessions, the highest essential oil content was observed in accession HY 3 (9.6%) followed by SAM 5 (9.3%), which were higher than previously reported in four different cardamom types viz., malabar, mysore, vazhukka, and guatemala (7.9–8.8%) (Padmakumari et al., 2010). CEO varied with various extraction methods, varieties, and plant parts (Ashokkumar et al., 2020b). GC/MS examined the CEO extracted from these 22 accessions. The list of constituents identified among the accessions is presented in Table 1. The constituents found in the greatest quantity were 1,8-cineole, α-terpinyl acetate, α-terpineol, sabinene, and β-linalool. The typical CEO chromatograms of major bioactive constituent-rich chemotypes are shown in Figure 2.


Table 1. Minimum and maximum range, retention time, retention index of essential oil compounds in 22 cardamom accessions.
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FIGURE 2. Essential oil chromatogram of chemovariants of Elettaria cardamomum (L.) Maton: (A) α-terpinyl acetate-rich chemotype, (B) β-linalool rich chemotype, and (C) α-terpineol rich chemotype.


The chemical profile of 22 cardamom diverse accessions essential oil showed the presence of 24 volatile constituents, which comprised about 98.1–99.9% of the total essential oil. Oxygenated monoterpenes dominated oil composition with 81.6–92.5%, followed by monoterpene hydrocarbons (6.2–14.5%), oxygenated sesquiterpenes (0.1–2.0%), and sesquiterpene hydrocarbon (0.3–0.4%) (Table 1). Among the monoterpenes, α-terpinyl acetate (29.9–61.3%) is the predominant constituent and was found in CEO of all the cardamom accessions evaluated. Similar results were observed in earlier studies (Ashokkumar et al., 2019), based on that highest α-terpinyl acetate (61.3%) was observed in accession PV3. The second most major monoterpene constituent, 1,8-cineole (15.2–49.4%), also presents all the cardamom accession's essential oil. According to a recent study conducted by Alagupalamuthirsolai et al. (2019), cardamom variety Appangala-1 had a 1,8-cineole concentration of 41.8% under 75% shade condition. In our research, the accession HY15 had recorded the highest 1,8-cineole (49.4%) compared with previous reports. This higher concentration could depend on varietal difference and environmental effects (Ashokkumar et al., 2020a). However, the present study shows that a higher concentration of α-terpinyl acetate in some cardamom accessions had a lesser concentration of 1,8-cineole and vice versa.

The amount of several monoterpene compounds accumulated substantially viz., sabinene (1.9–4.9%), β-terpineol (0.3–2.7%), β-linalool (0.4–11.0%), terpinen-4-ol (0.4–3.2%), α-terpineol (0.8–13.2%), geranyl acetate (0.1–2.3%), linalyl acetate (2.2–4.4%), D-limonene (0.9–9.4%), and nerol (0.2–1.1%) have varied among the accessions. Furthermore, the higher concentration of sabinene (4.9%), β-linalool (11.0%), α-terpineol (13.2%), and nerol (1.1%) was present in accessions PV1, PV2, Clone selection, and Kaniparamban, respectively (Table 2).


Table 2. Essential oil composition in 22 promising cardamom accessions.

[image: Table 2]

Two sesquiterpene constituents, cardinen and nerolidol, and a phenol derivative of p-cresol were also identified (Table 2). Different chemotypes have been reported from CEO richness of 1,8-cineole, α-terpinyl acetate, α-terpineol, β-terpineol, β-myrcene, sabinene, β-linalool, α-terpinyl acetate, geranyl acetate, limonene, nerol, and linalyl acetate was reported by several workers (Miniraj et al., 2000; Murugan et al., 2002, 2005; Kumar et al., 2005; Kaskoos et al., 2006; Goudarzvand Chegini and Abbasipour, 2017; Alagupalamuthirsolai et al., 2019; Ashokkumar et al., 2019). To find out the similarity of oil composition among the 22 cardamom accessions, a hierarchical cluster analysis was carried out based on the composition of its major constituents (Figure 3). Two major clusters were identified, namely, clusters 1 and 2. Cluster 1 is composed of 12 accessions, while cluster 2 is composed of 10 accessions. Cluster 1 formed four sub-clusters: Green gold (GG), SAM5, PV4, HY9, and Elarajan; PV34, HY11, PV1, PV8, and Kaniparamban; Clone selection and PV3. Cluster 2 formed four sub-clusters, namely HY15 and Pink base; PS1 x GG Type-1, Minipink, HY12, HY14, HY13, and HY3; PV5; and PV2. Accessions in the same sub-cluster were similar in essential oil composition. In brief, accessions in cluster-1 had higher α-terpinyl acetate concentration, and cluster 2 accessions had higher 1,8-cineole concentration. Accessions having the highest α-terpinyl acetate concentration (61.3%) were in cluster 1, and accessions with the highest 1,8-cineole (49.4%) concentration were in cluster 2. Furthermore, Clone selection had the highest D-limonene concentration (9.4%), and PV3 had the highest p-cresol concentration (9.0%) and is separately sub clustered in cluster 1. Accession PV2 had the greatest concentration of β-linalool (11.0%) and sub-clustered in cluster 2.
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FIGURE 3. Clustering (nearest-neighbor method using the Euclidean distance) based on oil constituents for 22 cardamom accessions.


These chemotypes offer unlimited opportunity to produce cardamom to meet the market supplies of essential oil and individual constituents. Further, the present study revealed new essential oils/chemotypes (γ-cadinene) of the cardamom (PV3, PV8, PV34, HY11, and Kaniparamban), which were not described before from southern India. Also, new essential oils/chemotypes (3-carene) of the Cardamom were not described in this region. The results of this research will be useful for cardamom breeders to choose accessions for developing new varieties with greater CEO concentration and a higher concentration of specific pharmaceutically desired CEO constituents.



CONCLUSION

The present study investigated the essential oil yield and chemical composition from 22 promising cardamom accessions from south India. This research demonstrated substantial variation in essential oil concentration and its composition of available cardamom accessions. Since all accessions were grown under the same environmental conditions, the effects of the environmental factors such as soil type, shade, and location have been excluded from the compositional variation of CEO. In this study, we have identified that cardamom accessions had predominantly oxygenated monoterpene compounds followed by monoterpene hydrocarbons, and sesquiterpenes. The CEO compositional data were subjected to similarity analysis, which showed two major clusters. Cluster 1 and 2 is composed of 12 and 10 accessions, respectively. In overall observation, Cluster-1 accessions had higher α-terpinyl acetate concentration, and cluster 2 accessions had higher 1,8-cineole concentration. The accession PV 3 had the highest α-terpinyl acetate (61.3%), and accession HY 15 had the highest 1, 8-cineole (49.4%) were in clusters 1 and 2, respectively. These outcomes implied that there is a large potential for domestication, cultivation, and selective breeding programs. Also, these results could be used as a database for trading and pharmaceutical sectors engaged with cardamom processing. Farmers will also benefit from the study results by adopting suitable varieties with superior quality for cultivation. Furthermore, the two major constituents of CEO were α-terpinyl acetate, and 1,8-cineole can serve as a new potential natural source, which can be used in the food, aroma, cosmetics, and pharmaceutical domains.
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20, oTerpinyl acetate 500 331 61.3 44.4 436 524 498 447 306 406 407 848 299 407 472 434 388 467 413 521 462 414

acetate
21, Geranyl acetate 16 03 08 14 08 08 10 08 05 03 04 01 10 110 13 07 06 04 16 22 07
22 pCresol 03 05 90 03 04 03 04 03 03 04 08 02 03 03 - 02 04 04 03 03 - 02
23, y-Cadinene - - 03 - - 0303 - - - - - - - - - - - - o3 0.4 -
24, Nnerolidol t 01 01 05 14 19 16 03 07 07 03 02 04 05 07 06 04 12 05 07 1.0 20

Volatile oil (%) 61 60 61 67 75 60 60 61 61 55 57 61 54 54 60 67 54 93 96 45 54 54

Monoterpene 109 102 79 105 86 65 62 95 94 77 80 92 82 108 107 93 145 101 90 62 10.1 68

hydrocarbons

Oxygenated 832 882 816 87.5 890 925 899 895 892 911 906 9.1 07 882 869 895 836 874 898 915 87.7 903

monoterpenes

Sesquiterpene - - 08 - - 0408 - - - - - - - - - - - - o3 04 -

hydrocarbons

Oxygenated - 0f1 01 05 14 19 15 03 07 07 038 02 04 05 07 06 04 12 05 07 1.0 19

sesquiterpenes

Phenylpropanoid + 0.4 114 90 03 04 06 08 03 03 05 07 02 03 03 - 03 07 04 05 06 07 02

Phenol

Total compounds (%) 995 996 98.9 98.8 99.4 998 987 99.6 995 99.9 996 997 996 997 982 996 992 991 998 982 99.9 2.3

t, Traces (<0.1%);

), no detected.
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4. B-Pinene

5. B-Myrcene
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7 a-Terpinolene
8. Limonene

9 1,8-Cineole
10. B-Cymene

1. y-Terpinene

12. p-Linalool

18. Terpinen-4-ol
14. a-Terpineol

15. p-Terpineol

16. p-Citral

17. Nerol

18. Linalyl acetate
19. a-Citral

20. a-Terpinyl acetate
21, Geranyl acetate
22. p-Cresol

23. y-Cadinene
24. Nerolidol

@RT, Retention time; ®RI, Retention index (experimental) on Rxi®-5 Sil MS column; °RI, Retention index in literature;
monoterpenes,9,12-21; Sesquiterpene hydrocarbon, 23; Oxygenated sesquiterpene, 24; Phenylpropanoid, 10; phenol, 22.
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