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Abstract: Phytosterols are nutritionally vital phytoconstituent owing to their cholesterol (low-density
plasma lipoprotein-cholesterol, LDL-C)-lowering, anti-inflammatory, and antioxidant properties.
Among the widely used spices and herbs, the seeds spices of the Apiaceae family represented the
healthiest fatty acid profile. Thus, to explore the other health-beneficial lipids, the present study was
aimed to analyze the phytosterol profile of eight seed spices of the Apiaceae family, utilizing gas
chromatography (GC)-mass spectrometry (MS). The sterols contents calculated on an oil (mg/100 g
of oil) and spice weight (mg/100 g spices; dry weight) basis varied significantly among the seed
spices (p < 0.05; Turkey HSD). The (3-sitosterol and stigmasterol were the most dominating sterols
among the studied spices, together accounted for 40.3 (Ajwain) to 69.8% (celery) of total sterols in the
seed oil. Among the studied spices, the oil extracted from caraway seeds showed the highest total
sterols (602.2 mg/100 g of oil). Interestingly, based on spice weight, fennel seeds also showed the
similar highest number of total sterols (134.2 mg/100 g in fennel and 133.3 mg/100 g in caraway),
owing to the high contents of oil (25.9%) in fennel seeds. Overall, celery, caraway, fennel, and anise
seeds oil are rich sources of health-beneficial phytosterols.

Keywords: (3-sitosterol; stigmasterol; caraway (Carum carvi L.); fennel (Foeniculum vulgare Mill.);
celery (Apium graveolens L.); anise (Pimpinella anisum L.)

1. Introduction

Spices are a vital part of human nutrition worldwide [1]. Spices are food adjuncts
traditionally used as coloring, seasoning, flavoring, and food preservative agents [1,2].
Moreover, spices are a rich source of nutritionally important phenolic compounds [3]
responsible for antioxidant, anti-inflammatory, hypolipidemic, antibacterial, antiviral,
anticancer, and digestive stimulative properties [4-8].

The Apiaceae family plants are well known for their richness in essential oils and
nutritionally vital compounds, phenolic compounds, and petroselinic acid (C18:1n-12) [9].
In our recent investigation, among the several spices and herbs, cumin, coriander, fen-
nel, and dill and seeds spices of the Apiaceae family represented the healthiest fatty acid
profile, based upon fat quality indices such as the atherogenic index (Al), and the thrombo-
genic index (TI), and the ratio of hypocholesterolemic/hypercholesterolemic (h/H) fatty
acids [10].

Spices are not a significant source of sterols, fatty acids, and other nutrients, as
they form a small part of the diet. However, among the widely used spices and herbs,
the seeds spices of the Apiaceae family represented the healthiest fatty acid profile [10].
Despite the vast popularity of dill (Anethum graveolens L.), celery (Apium graveolens L.),
and Ajwain (Trachyspermum ammi L.), the phytosterol composition data are not available.
Phytosterols are well known to reduce low-density plasma lipoprotein-cholesterol (LDL-C)
levels [11-13] and thereby lower cardiovascular risk. According to an estimate, a daily
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intake of 3 g plant sterols/stanols reduced serum LDL-C concentrations by 12% [12].
Moreover, as an antioxidant, plant sterols, such as campesterol, (3-sitosterol, stigmasterol,
and scavenge the harmful reactive oxygen spices and thus prevent lipid peroxidation [14].
Furthermore, animal and human studies have demonstrated the anti-inflammatory effects
of phytosterols [15]. Considering these facts, although spices form a small part of the diet,
consuming phytosterol-rich spices may improve the health benefits of the diet.

Moreover, among the previous studies, a significant variation exists in the sterol
composition of Apiaceae family seeds spices. For instance, in oil extracted from coriander
(Coriandrum sativum L.) seeds, [3-sitosterol contents are reported from 100.9 mg/100 g [16]
to 231.4 mg/100 g [17]. Similarly, in oil extracted from anise (Pimpinella anisum L.) seeds, 3-
sitosterol contents are reported from 211.6 mg/100g [18] to 626.4 mg/100 g [16]. Moreover,
recently, Balbino et al. [18] recorded a significant amount of «-spinasterol (206.2 mg/100 g
oil) in anise seed oil, while it was not detected in previous studies [16,19].

Furthermore, many studies reported the sterol composition of Apiaceae family seeds
utilizing a gas chromatography (GC)-flame ionization detection (FID) based analysis
method [16,19-21], which may yield a misidentification of compounds eluting at a similar
retention time. This problem can be eliminated in the gas chromatography (GC)-mass
spectrometry (MS) based method, as the fragment ions of analytes are also compared with
the standards.

In view of the above-listed facts, a detailed and comparative phytosterols profile of
seeds spices of the Apiaceae family may be helpful to identify those with health-beneficial
potential. Thus, the present study was aimed to analyze the phytosterol profile of eight most
widely used seed spices of the Apiaceae family, namely dill (Anethum graveolens L.), celery
(Apium graveolens L.), caraway (Carum carvi L.), coriander (Coriandrum sativum L.), cumin
(Cuminum cyminum L.), fennel (Foeniculum vulgare Mill.), anise (Pimpinella anisum L.), and
Ajwain (carom; Trachyspermum ammi L.) utilizing a recently validated GC-MS method [22].

2. Materials and Methods
2.1. Plant Material, Reagents, and Standards

A total of eight commercially packed seed spices (200-500 g each spice from at least
three different brands) of the Apiaceae family, namely dill (Anethum graveolens L.), celery
(Apium graveolens L.), caraway (Carum carvi L.), coriander (Coriandrum sativum L.), cumin
(Cuminum cyminum L.), fennel (Foeniculum vulgare Mill.), anise (Pimpinella anisum L.), and
Ajwain (carom; Trachyspermum ammi L.) (Appendix A) were obtained from retail outlets
in Seoul, Korea. The spice samples of different brands were mixed in equal proportions
(200-300 g total) to make a representative sample, ground into a fine powder using a
7010HG laboratory blender (Waring Commercial, Torrington, CT, USA), placed into an
air-tight container, and stored at room temperature.

The standard sterol compounds, campesterol, stigmasterol, (3-sitosterol, x-spinasterol,
and epicoprosterol (internal standard) were obtained from Merck Ltd., Seoul, Korea. The
organic solvents used for the extraction of lipids were of high-pressure liquid chromatogra-
phy (HPLC) grade, obtained from Samchun Chemical Co., Ltd., Seoul, Korea.

2.2. Extraction of Sterols

Crude lipids containing sterols were extracted from grounded seeds spices following
the recently optimized protocol [10,22], with minor modifications based on the previous
report [23]. The butylated hydroxytoluene (BHT: w/v; synthetic antioxidant; Merck Ltd.,
Seoul, Korea) was added to the extraction solvent (0.75%, w/v) to minimize the degra-
dation of sterols [24]. The total crude lipids were hydrolyzed [23], silylated utilizing
N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA) containing 1% trimethylchlorosilane
(TMCS), and analyzed by GC-MS. A detailed extraction, hydrolysis, and silylation proce-
dure is illustrated in Appendix B.
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2.3. GC-MS Analysis of Sterols

Sterols were analyzed after silylation with trimethylsiloxy groups [TMS; —O-5i(CH3)3]
utilizing QP2010 SE GC-MS equipped with a fused silica Rxi-5ms column (30 m, 0.5 pm
film thickness, 0.25 mm ID; Restek Corporation, Bellefonte, PA, USA). Helium was used as
a carrier gas maintained at the pressure control flow of 62.1 kPa (7.8 mL/min total flow).

The injector and MS ion source were precisely maintained at 275 °C, while the MS
interface was maintained at 280 °C. The column oven temperature was kept at 120 °C for
1 min, then progressively increased to 300 °C with the linear increase of 15 °C/min, and
held at 300 °C for 27 min [22]. The 1 uL of samples and standards were injected utilizing
an autosampler. For the identity confirmation, retention time and fragmentation pattern
were compared with authentic standards and reference databases (NISTOS8S, NIST08, and
Wiley9). The sterols were quantified using the six-point calibration curve (25-400 pg/mL)
of standard sterols.

The GC-MS method used for the quantification of sterols was validated (in terms of
accuracy, linearity, precision, and stability) in our recent study [22]. The limit of detec-
tion (LOD) of quantified sterols assessed based on the standard deviation of the GC-MS
response and the slope [25] was recorded above the 8.14 pig/mL, while and limits of quan-
titation (LOQ; 3.3 x LOD) was above the 24.42 pug/mL. Recoveries of sterols were precisely
monitored and normalized using epicoprosterol (53-cholestan-3cc-ol) as internal standards.

2.4. Statistical Analysis

A total of six replicate extraction and analysis were performed for each represen-
tative spices sample. The results were analyzed using IBM SPSS statistics (version 25)
employing a one-way analysis of variance (ANOVA), considering a significance level of
0.05 (Turkey HSD).

3. Results and Discussion
3.1. Identification of Sterols by GC-MS

This study analyzed seed spices of the Apiaceae family, namely dill, celery, car-
away, coriander, cumin, fennel, anise, and Ajwain, for sterol profile utilizing GC-MS after
derivatization with trimethylsiloxy groups [TMS; —O-5i(CH3)s]. Studied spices showed
a significant variation for the oil composition, recorded between 17.5 (anise) to 31.1%
(Ajwain) (Figure 1). In the extracted oil, 3-sitosterol (stigmast-5-en-3(3-ol)-TMS and stig-
masterol (stigmasta-5,22-dien-33-ol)-TMS was found to be the most dominating, followed
by an unidentified sterol 2 (1/z 486), and campesterol (ergost-5-en-3 (3-ol)-TMS (Figure 2
and Appendix C). All the identified sterols were confirmed by retention time and mass
spectrum with authentic standards. The mass spectrum of sterols identified from studied
spices is shown in Figure 3. Similarly, the mass spectrum of three minor unidentified
sterols are given in Appendix D. These sterols were quantified using the calibration curve
of B-sitosterol. In the present study, the GC-MS method utilized for the identification of
major sterols was found efficient, as the interfering non-sterols peaks (eluting with sterols)
were eliminated (Figure 3 and Appendix C). However, with the interference of non-sterols
compounds (peaks), GC-FID analysis may result in an error in the identification, as this
technology is based only on retention time.
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Figure 1. The oil contents (%, dry weight basis) recorded in the Apiaceae family spices. The values are

mean =+ standard deviation, from an average of six determinations.  The mean value is significantly
highest among the studied spices (p < 0.05; Turkey HSD).
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Figure 2. The gas chromatography (GC)- total ion chromatograms (TICs) of sterols identified from
celery, caraway, fennel, and anise seeds (seed oil). The peak numbers are as follows: (1) campesterol,
(2) stigmasterol, (3) p-sitosterol, and (4) x-spinasterol. IS: internal standard (epicoprosterol; 5f3-
cholestan-3x-ol; CAS 516-92-7); U: unidentified; * non-sterols compounds.
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Figure 3. The gas chromatography (GC)-mass spectra of most abundant sterols identified in the
present study from the seed spices of the Apiaceae family. The mass spectra of campesterol, stigmas-
terol, and (-sitosterol are from celery, while x-spinasterol is from Ajwain.
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In the mass spectrometric identification of sterols, an ion at m/z [M-90]**, for the
loss of trimethylsilanol (TMSOH), and loss of the TMSOH with side chain is a common
feature [26,27]. The A5-sterol TMS derivatives, such as campesterol, stigmasterol, and
(3-sitosterol give a particularly valuable and characteristic fragmentation involving loss of
the TMS-group together with C-1, C-2, and C-3 of the sterol A-ring, yielding intense ions at
m/z 129 for the TMS derivative-containing fragment and m/z [M-129]** for the remaining
portion of the sterol (Figures 3 and 4) [26]. In contrast, the A7-sterol TMS derivatives,
such as a-spinasterol, produce characteristics ion [M-141] ** by losing side chain with two
hydrogens (Figure 3) [28].

e
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Figure 4. The mass spectrometric fragmentation pattern of (3-sitosterol (TMS derivative) observed in the present
study [26-28].
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As evident from the identified sterols, the mass spectra were different among A5-
(campesterol, stigmasterol, and (3-sitosterol) and A7-sterols («x-spinasterol) (Figure 3). More-
over, A5,7-sterol (e.g., ergosterol) commonly occur in food, especially mushrooms [22],
which may yield different mass spectra. In the present study, the unidentified sterol 1
showed [M]**, [M-CH;3]**, [M-side chain with 2H]**, and [TMSOH]** fragment ions
(Appendix D). In the previous studies, a significant amount of A5-avenasterol (stigmasta-
5,24-dien-33-ol) has been recorded in the Apiaceae family seed spices, especially in corian-
der [16,21] and fennel [20]. In the present study, probably the unidentified Compound 1 is
Ab5-avenasterol (which may yield the m/z of 484; TMS derivative); however, other major
fragments, such as m/z 394 [M-90]** and m/z 355 [M-129]** were not observed, which
were the common fragments of A5-sterol TMS (campesterol, stigmasterol, and (-sitosterol)
recorded in the present study.

The unidentified Sterol 2 showed [M]** at surprisingly high intensity, with [M-CH3]**
and [M-TMSOH-side chain with 2H]*®. In contrast, the unidentified Sterol 3 showed
[M-TMSOH-side chain with 2H]** at high intensity, similar to x-spinasterol, suggesting
that this is probably a A7-sterol TMS. However, their identity was not confirmed, as GC-MS
alone is not adequate to elucidate the identity of unknown sterols [29].

3.2. Sterol Contents in Studied Spices

In the present study, the studied spices showed significantly different contents of
individual and total sterols (p < 0.05; Turkey HSD). Sterols contents calculated as oil
basis (mg/100 g of oil) and spice weight basis (mg/100 g spices) were given in Table 1
and Figure 5, respectively. Among the studied spices, the highest contents of total sterol
were recorded in the oil extracted from caraway (602.2 mg/100 g oil), followed by anise
(551.9 mg /100 g oil) and celery (546.2 mg /100 g oil) (Table 1). Interestingly, based on spice
weight (Figure 5), fennel seeds also showed the similar highest number of total sterols
(134.2 mg/100 g in fennel and 133.3 mg/100 g in caraway, dry weight basis; and were not
statistically significant at p < 0.05, Turkey HSD), owing to the high contents of oil (25.9%)
in fennel seeds with a considerable amount of sterols.
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Figure 5. Phytosterol composition (mg/100 g seeds; dry weight basis) of studied Apiaceae family seed spices. Values are

mean = standard deviation of six replicates. The secondary axis represents the line graph. # The mean value is significantly
highest among the studied spices (p < 0.05; Turkey HSD).
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Among the sterol compounds, 3-sitosterol was found to be the most dominating in the
oil extracted from caraway (243.1 mg/100 g oil), cumin (196.3 mg/100 g oil), and coriander
(121.7 mg/100 g oil), account for 40.4, 39.3, and 31.5% of total sterols, respectively. Inter-
estingly, stigmasterol was most dominating in oil extracted from celery (228.6 mg/100 g
oil), fennel (182.4 mg/100 g oil), and dill (109.3 mg/100 g oil), accounted for 41.8, 35.3, and
30.3% of total sterols, respectively.

In agreement with the present investigation, Balbino et al. [18] also recorded the
dominance of campesterol, stigmasterol, and (3-sitosterol in seed spices of the Apiaceae
family, with stigmasterol as the dominating sterol in the oil extracted from fennel, and
(3-sitosterol in caraway and coriander seed oil. However, Balbino et al. [18] recorded
significantly higher contents of (3-sitosterol, stigmasterol, and «-spinasterol, and total sterol
in anise seed oil than the contents recorded in the present investigation.

In the present study, the highest amount of «-spinasterol was recorded in anise
seed oil (109 mg/100 g oil; 19.9% of total sterols), with a significant presence in dill
(62.6 mg/100 g oil), and Ajwain seed oil (98.1 mg/100 g oil). In agreement with the present
study, Balbino et al. [18] record a significant amount of «-spinasterol in anise seed oil, while
it was not detected in previous studies [16,19].

A significant variation is recorded in the previous studies for the phytosterol profile
of seed spices of the Apiaceae family (Table 2). Ramadan [21] recorded stigmasterol as the
most dominating (29.8% of total sterol) in the coriander seeds oil, with dominating amount
of B-sitosterol (28.2% total sterol), A5-avenasterol (23.8% of total sterol). However, in the
present investigation, in coriander seed oil 3-sitosterol was the most dominating (31.5%
total sterol), followed by stigmasterol (28.0% of total sterol). In addition, Koztowska [16]
recorded the stigmasterol as the most dominating in coriander and caraway seeds oil, with
a significant amount of A5-avenasterol.

Islam et al. [20] detected stigmasterol (57.6 mg/100 g seeds), [3-sitosterol (48.8 mg/100 g
seeds), and A5-avenasterol (40.9 mg/100 g seeds) as the dominating sterols in fennel seeds,
with total sterol contents of 156.3 mg/100 g seeds, which is slightly higher than recorded
in the present study. In the present study, campesterol accounted for 9.9% of total sterol;
whereas, Hosseini [30] recorded 49.19% campesterol in cumin seeds oil. Heredity (culti-
var/variety) [31,32], geographical conditions [33], and several other different biotic and
abiotic factors [34] during cultivation and storage [35] are probably responsible for a sig-
nificant variation in sterol contents and compositions among plants. Thus, the factors
influencing sterols contents positively can be identified and utilized for enhancing the
sterols contents in the food crops and diet.

In view of the health benefits of phytosterols in reducing the LDL-C levels [11-13] with
antioxidant [14] and anti-inflammatory properties [15], consumption of phytosterol-rich
seeds spices, such as celery, caraway, fennel, and anise seeds may improve the health
benefits of the diet.
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Table 1. Phytosterol composition of studied spices (mg/100 g of oil).

Peak No. Sterol RT (min) mlz (M]*® Dill Celery Caraway Coriander Cumin Fennel Anise Ajwain
1. Campesterol 27.141 472 20.8 £4.0 53.6 £19°? 474 +1.0 334+08 492+637 198 £1.7 193 £0.5 275403
2. Stigmasterol 27.991 484 1093 +63  2286+137 1569 £ 7.1 108.2 4.0 1754 + 8.0 182.4 +1.7 1299 + 6.2 87.7+£29
3. [3-Sitosterol 29.861 486 574+ 4.0 152.7 £ 4.0 24314+592 121.7 £ 6.2 196.3 £8.1 1329 £45 121.7 £ 0.7 64.0 = 8.5
4. a-Spinasterol 29.904 484 62.6 14 n.d. n.d. n.d. n.d. n.d. 1099 +1.3% 98.1+77

Unidentified 1
Ul (m/z 484) 30.390 484 n.d. 39.2£0.1 38.1+£47 23.9 £16.5 294 £22 664 +£16.52 247 £2.7 204 £0.1
U2 Ur?:}i?igg)d 2 32.045 486 93.7+64 495+ 3.1 75.3+4.3 737+ 18 31.9+1.0 854+ 0.6 1212+ 467 63.3 £4.0
U3 Urz:;iigtigz)d 3 32.951 484 175 £0.1 22.7+19 4144052 255+ 1.3 17.3 £49 304 +32 2524+ 0.6 152+17
Total 3614 +£224 5462 +124 6022+1297 3864 +281 49954305 5173 £283 5519+ 14.0 3762 £5.5

Values are mean =+ standard deviation from an average of three determinations. n.d.; not detected; RT: retention time. # The mean value is significantly highest among the studied spices (p < 0.05; Turkey HSD).
Peak: the peak numbers correspond to those used in Figure 3 and Appendix C. The m/z values are from the TMS derivative of each sterol compound.
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Table 2. Phytosterol composition of Apiaceae family seeds spices reported in previous studies.
Oil Analytical
Common Contents Campesterol Stigmasterol  [-Sitosterol . . AT- A7- As- Total Sterols ~ Technique Reference
Name (%) Spinasterol = Stigmasterol = Avenasterol = Avenasterol Used
Caraway 8.14 38.82 160.3 2 240.22 19.82 2932 4642 n.d. 570.3 @ GC-MS [18]
19.8 6112 79.12 226.62 n.d. 10.72 8.82 082 4052 GC-MS [30]
18.9 3172 245472 244972 n.d. n.d. 2372 87.1% 739472 GC-FID [16]
Coriander 13.3 49.02 109.6 2 177.62 1832 70.32 2434 n.d. 468.8 2 GC-MS [18]
221 36.64 118.02 100.9 2 n.d. n.d. 1522 5442 358.42 GC-FID [16]
19.2 4442 136.9 2 231472 n.d. 106.4 2 2692 21.0? 6292 GC-MS [17]
- 50.8 2 154.82 14642 n.d. n.d. 2444 1235a 518.62 GC-FID [21]
Cumin 26.8 2142 7332 104.12 n.d. 14.02 5442 1152 4262 GC-MS [30]
Fennel 7.89 35.02 172.52 14022 19.72 53.0° 3092 n.d. 492472 GC-MS [18]
20.1€ 492 2232 1612 n.d. n.d. 184 62 4642 GC-FID [19]
- 9.0° 57.6° 488" n.d. n.d. n.d. 409° 156.3 P GC-FID [20]
Anise 5.98 67.72 206.9 2 21162 206.22 14042 4702 n.d. 903.92 GC-MS [18]
241°¢ 1192 1182 2382 n.d. nd. 92 34 3852 GC-FID [19]
5.4 91.12 6792 62642 n.d. n.d. n.d. n.d. 84992 GC-FID [16]

2 (mg/100 g oil); ® (mg/100 g seeds); © highest oil yield utilizing Folch method. GC-FID: gas chromatography (GC)-flame ionization detection (FID); GC-MS: GC-mass spectrometry. Campesterol (ergost-5-en-3
3-ol; CAS 474-62-4), stigmasterol (A5-Stigmasterol; stigmasta-5,22-dien-33-ol; CAS 83-48-7), (3-sitosterol (stigmast-5-en-3(3-ol; CAS 83-46-5), a-spinasterol ((22E)-stigmasta-7,22-dien-3£3-ol; CAS 481-18-5)),
A7-stigmasterol (Stigmasta-5,7,22-trien-3-ol; CAS 481-19-6), A7-avenasterol (Stigmasta-7,24(28)-dien-3-ol; CAS 23290-26-8), and A5-avenasterol (stigmasta-5,24-dien-3(3-ol; CAS 18472-36-1).
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4. Conclusions

The GC-MS is an efficient method for sterol profiling, as the interfering non-sterols
peaks (eluting with sterols) are eliminated. To the best of our knowledge, this is the first
report of the GC-MS profile of phytosterols from dill, celery, and Ajwain seeds. The present
study revealed that the phytosterol profile substantially varies among seed spices of the Api-
aceae family. Among the studied spices, the oil extracted from caraway seeds showed the
highest total phytosterols (602.2 mg/100 g of oil). In addition, oil extracted from caraway,
fennel, and anise seeds were also recorded rich in phytosterols (517.3-551.9 mg/100 g of
oil). Consumption of these spices may provide health benefits [11-15]. In the future, more
detailed studies can help to uncover the identity of unidentified sterols.
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Appendix A

Figure Al. Apiaceae family spices used in the present study. Scale: the diameter of the Petri dish is
90 mm.
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Appendix B

8g of finely ground spice sample was precisely weighed and transferred to a 250 mL
conical flask
!
Samples were homogenized with 100 mL (isopropyl alcohol/cyclohexane, 10:12,
v/v) containing 0.075% butylated hydroxytoluene (BHT: w/v; antioxidant)
!
Bath sonication (JAC-2010; 300 w, 60 Hz, for 10 min) for the efficient disintegration
and complete extraction

!
Centrifuged at 8000x g (10 min at 4 °C), supernatant was collected, and pellets were
re-extracted twice with 100 mL cyclohexane
!
Supernatants from both extractions were pooled (total volume of ~150 mL) and
partitioned with 0.7 volume of 1M sodium chloride (NaCl)
1
The upper cyclohexane phase containing crude lipids were collected, filtered over
anhydrous sodium sulfate, transferred to a 250 mL reweighted round bottom flask,
and vacuum-dried in a rotary evaporator at 35 °C
}

Total crude lipids (oil contents) were determined gravimetrically, and transferred to
a 5 mL glass vial fitted with a Teflon-lined screw cap, and stored at 20 °C until
further analysis
!

The 10 mg of crude lipids sample were transferred into a 5 mL glass vial fitted with

a Teflon-lined screw cap, 50 ug of epicoprosterol (53-cholestan-3a-ol; internal
standard dissolved in dichloromethane) was added, and 1 mL of 0.5 M methanolic

KOH were added and placed in a water bath at 85 °C for 15 min (for hydrolysis)
|
Hydrolyzed samples were immediately cooled in ice and partitioned with 2 mL of
cyclohexane and 1 mL of 1 M NaCl
|
One mL from the upper cyclohexane phase containing sterols was carefully
transferred into a new 5 mL Teflon lined glass tube and vacuum-dried in a rotary
evaporator at 35 °C
|
For silylation of sterols, 1 mL pyridine, and 50 uLof N,O-
bis(trimethylsilyl)trifluoroacetamide (BSTFA) containing 1% trimethylchlorosilane
(TMCS) were added and incubated at 60 °C for 60 min
|
After incubation, contents were cooled in ice, filtered through a 0.45 um PTFE
syringe filter and transferred to a 1.5 mL autosampler vial for gas chromatograph-

mass spectrometry (GC-MS) analysis

Figure A2. Outline of the method used for the extraction of crude lipids, hydrolysis, and silylation of sterols.
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Appendix C

(x10,000,000)
125] (| IS
1.00]

1, Dill

1.00]

0.754

0.56]

] *
o.zéJ ¥

4, Coriander

u2

22.0 23.0

(x10,000,000)

125 ||IS
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Figure A3. The gas chromatography (GC)- total ion chromatograms (TICs) of sterols identified in cumin, fennel, anise,

and Ajwain seeds (seed oil). The peak numbers are as follows: (1) campesterol, (2) stigmasterol, (3) 3-sitosterol, and

(4) a-spinasterol. IS: internal standard (epicoprosterol; 53-cholestan-3x-ol; CAS 516-92-7); U: unidentified; * non-sterols

compounds.
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Appendix D
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Figure A4. The gas chromatography (GC)-mass spectra of unidentified sterols (from the celery seeds).
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