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Abstract: 
Garlic is used in traditional medicine due to its diverse bioactive components. 
The study focused on three garlic varieties, namely the multi-clove Honan and Tawangmangu cultivars and the single-clove 
Lanang garlic. To evaluate their biochemical profiles, a comprehensive analytical approach was employed, involving LC-MS/MS 
and HPLC for phenolic compound quantification, GC-FID for fatty acid analysis, and HS-SPME-GC-MS for the identification of 
volatile organosulfur compounds, followed by PCA and ANOVA for statistical evaluation.
This study investigated the biochemical composition of a new Indonesian single-clove garlic variety (Lanang) in comparison 
with two multi-clove varieties (Honan and Tawangmangu) in order to assess its potential as a traditional medicinal source.  
A total of 23 phenolic compounds, 9 volatile organosulfur compounds, and 8 types of fatty acids were identified and quantified 
using UPLC-MS/MS and GC-MS analyses. Lanang garlic exhibited the highest concentration of kainic acid among the phenolic 
compounds (80.774 µg/g) and showed a dominant presence of such volatile compound as diallyl disulfide (86.41%). Meanwhile, 
Honan garlic recorded the highest concentrations of most fatty acids, particularly linoleic (27.90%) and oleic acid (17.16%). 
The principal component analysis revealed that Lanang garlic contributed most significantly to PC1 for volatile compounds 
(76.90%) and phenolic compounds (69.93%), while Honan garlic did so for fatty acids (88.24%). Tawangmangu garlic showed 
lower biochemical diversity compared to the other varieties. 
These findings demonstrate that Lanang garlic has a unique and enriched biochemical profile, particularly in phenolic and 
volatile compounds, indicating its strong potential as a medicinal garlic variety.
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INTRODUCTION
Lanang garlic, a single-clove variety, has long been 

used in traditional medicine and is believed to enhance 
immunity and promote overall health [1]. However, the 
scientific understanding of its bioactive components 
remains limited, while more common garlic varieties 
have been extensively studied. This creates a significant 
knowledge gap, where health claims related to Lanang 
garlic have largely not been verified through rigorous 
scientific investigation. The high functional potential of 
Lanang garlic based on its traditional use [2] calls for 
research into its specific biochemical components that 
may contribute to its health benefits.

Although Lanang garlic grows naturally in unique 
geographical environments [3], it is rarely compared to 
other garlic varieties that are more commonly used as 
spices, which leaves a gap in the literature. If Lanang 

garlic is found to contain different or higher levels of 
bioactive compounds than other varieties, this could 
open up new opportunities for its application in both 
healthcare and food industry.

The advantages of single-clove garlic have been 
well-researched, such as its soluble sugar content (which 
has been proven higher compared to the Taicangbaipi,  
Ershuizao, and Hongqixing varieties [4]), its fructan mol- 
ecular weight [5], antioxidant activity, hepatoprotective 
effects, and phenolic [6] and organosulfur content [7]. 
However, significant differences have also been found 
between single-clove and regular garlic in terms of 
morphology, active components, and pharmacological 
properties [8]. However, correlation patterns are yet to 
be revealed between the biochemical compounds of La-
nang garlic, as well as its position among other varieties. 
Visualization can be employed to show the biochemical 
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profiles of different varieties, demonstrating the vast 
and complex richness of garlic.

The use of garlic as a natural remedy in traditional 
medicine has been recognized for centuries, primarily 
due to its diverse bioactive components. Compounds 
such as phenolics, volatiles, and fatty acids in garlic 
have attracted significant research efforts due to their 
potential health benefits. In particular, garlic has been 
studied for its role in preventing various diseases, in-
cluding cancer [9], cardiovascular diseases [10], and mi-
crobial infections [11]. Phenolic compounds in garlic are 
known for their antioxidant activity, which can protect 
the body from free radicals [12], while its volatile com-
pounds are often associated with antimicrobial proper-
ties that help combat infections [13]. Fatty acids, on the 
other hand, play a crucial role in cardiovascular health 
by maintaining blood vessel elasticity and regulating 
blood pressure [14].

Furthermore, several studies have demonstrated the 
potential of garlic in cancer prevention through its orga-
nosulfur compounds, such as diallyl disulfide (DADS) 
and diallyl trisulfide (DATS). These compounds are as- 
sociated with mechanisms that inhibit cancer cell pro-
liferation and trigger apoptosis [15]. Garlic’s role in 
maintaining heart health is also significant, with allicin 
compounds proven to have antioxidant effects and sup-
port vascular functions [16].

This study aimed to analyze the bioactive composi-
tion of different garlic varieties, highlighting their poten-
tial for promoting health, both in disease prevention and 
as therapeutic agents in traditional medicine. Specifical-
ly, we investigated the organosulfur compounds, phe-
nolic acids, and fatty acids present in the single-clove 
variety (Lanang garlic), as well as in the multi-clove 
varieties (Honan and Tawangmangu). In addition, we 
identified correlation patterns among the biochemical 
compounds using the Principal Component Analysis.

STUDY OBJECTS AND METHODS
Sample preparation. Garlic samples of the multi-

clove varieties (Honan and Tawangmangu) and the sin-
gle clove variety (Lanang garlic) were purchased online 
from a supermarket in Indonesia (May 2024). The garlic 
samples were peeled and cut into small pieces measur-
ing 3 mm. They were sun-dried in the shade (30°C) un-
til a moisture content of 8–10% was achieved. The dried 
samples were then stored in airtight bottles and labeled 
for identification. 

Identification and quantification of phenolic com-
pounds by liquid chromatography-tandem mass spec- 
trometry (LC-MS/MS). The analytical method was 
adapted from Kayiran et al. [17] and involved a LC-MS/
MS system consisting of an ultra-high-performance 
liquid chromatographer (Thermo Scientific UltiMate 
3000) and a triple quadrupole mass spectrometer  
(Waters Xevo TQ-XS). The liquid chromatography sys-
tem included a pump, a degasser, a column oven, and an 
autosampler. Separation was performed on a C18 Kine-
tex column (100×2.1 mm, 2 μm). Ultra-pure water was 

used as  the mobile phase A, and acetonitrile was used 
as the mobile phase B. 

To enhance separation and ionization, 8 mM ammo-
nium formate and 0.1% formic acid were added to the 
water phase. The flow rate of the mobile phase was set 
at 0.3 mL/min, with an injection volume of 5 μL. Elec-
trospray ionization (ESI) operated in both negative and 
positive modes. The LC- ESI-MS/MS data were pro-
cessed using the Empower software (Waters, USA) in 
the multiple reaction monitoring mode. The mass spec-
trometer parameters included an interface temperature 
of 360°C, a desolvation line temperature of 240°C, and 
a nebulizer gas (N2) flow rate of 2.5 L/min.

Identification and quantification of phenolic com-
pounds by HPLC. We used 1.2 M HCl and 45% meth-
anol to extract phenolic compounds from the Honan, 
Tawangmangu, and Lanang garlic varieties. The extrac- 
tion process lasted for 1.5 h at 75°C. After cooling, the sam- 
ples were filtered using Whatman No. 4 paper (0.45 μm). 
25 μL of the filtrate was injected into an Agilent HPLC 
system, which consisted of a model 1260 pump and a 
G1314B UV detector. The detection wavelength for phe-
nolic compounds was set at 275 nm. Chromatography  
was performed using an XBridge BEH C18 column 
(4.6×250 mm, 5 μm) with elution using 0.1% phosphoric 
acid (A) and acetonitrile (B) with the following gradient 
profile: 0 min, 10% B; 30 min, 25% B; 50 min, 10% B. 
The flow rate was set at 0.9 mL/min. After elution, the 
column was washed and stabilized for 8 min. The con-
centration of the compounds was reported as mg/kg 
based on the total weight of the dried varieties. The detec- 
tion wavelength for reference compounds was set at 
270–390 nm, and the standard UV spectrum was com-
pared with the sample.

Extraction and identification of fatty acid com-
position by GC-FID. Our research method was based 
on the method of Jarukas et al. [18] with some modi-
fications. For gas chromatography (GC) analysis, fatty 
acids in the lipids must be converted to their methyl 
ester derivatives. Lipids were extracted using a hexane/
isopropanol mixture (3/2 v/v). The sample (5 g) was ho-
mogenized for 30 s in the hexane and isopropanol mix-
ture. The mixture was then centrifuged at 9,000 rpm 
for 12 min. The supernatant was collected and placed 
in a sealed test tube. A total of 4 mL of 2% methano-
lic sulfuric acid was added and mixed well using a 
vortex. This mixture was left to undergo methylation 
in a water bath at 52°C for 10 h. Afterwards, the tube 
was removed from the water bath, cooled to room tem-
perature, and 6 mL of 5% sodium chloride was added, 
followed by thorough mixing. The fatty acid methyl es-
ters formed in the test tube were separated with 4 mL  
of hexane. The hexane phase was collected using a pi-
pette, treated with 4 mL of 2% KHCO3 solution, and al-
lowed to stand for 3 h for phase separation. The methyl 
esters were then isolated and measured using gas chro-
matography with flame ionization detection (GC-FID) 
(L-Analytix GC, model 22, Malaysia) connected to GC 20  
Version 2 software for data recording.
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Analysis of volatile organosulfur compounds by HS- 
SPME and GC-MS. Volatile organosulfur compounds 
were analyzed by the HS-SPME (Headspace Solid Phase 
Microextraction) method with some modifications [19]. 
Garlic samples from the three varieties (Honan, Tawang-
mangu, and Lanang garlic) were finely ground. A total 
of 100 mg from each sample was placed in a 1.5-mL 
SPME screw-cap vial, and (Z)-3-hexenyl acetate dis-
solved in water was added to a final concentration of 2 µg  
per vial. The SPME fiber was manually inserted into 
the vial containing the sample and incubated at 50°C for 
30 min. After incubation, the fiber was withdrawn and 
inserted into the injection port of the gas chromatography- 
mass spectrometry (GC-MS) instrument for analysis.

The GC-MS analysis was performed using a Mitra  
GCX 600 gas chromatograph connected to a Mitra MASS- 
9000 mass spectrometer (Mitra Lab Instruments, Malay-
sia). The system was equipped with a DB-5 capillary col- 
umn (30 m×0.25 mm i.d.×0.25 µm film thickness; Supelco).  
The injector and interface temperatures were set at 220°C.  
The temperature program for volatile analysis started  
at 40°C for 3 min, then increased to 180°C at a rate 
of 12°C/min, was held for 5 min, and then further in-
creased to 240°C at a rate of 40°C/min, and was held 
for 5 min. Helium was used as the carrier gas at a flow 
rate of 0.9 mL/min. A splitless injection mode was chosen  
due to   the low concentration of volatiles in the samples.

To ensure complete elution of the volatile com-
pounds, the SPME fiber was conditioned in the injec-
tor at 220°C for 2 min before each analysis. Blank tests 
were performed between the sample analyses. The mass 
spectrometer operated in the Electron Ionization (EI) 
mode at 70 eV with a scanning range of m/z 40–500.

Volatile components were identified by comparing 
the retention indices relative to n-alkanes (C6–C20) and 
matching the mass spectra with those established by the 
National Institute of Standards and Technology [20] and 
present in Wiley libraries, as well as with available ref-
erence standards. Peaks were analyzed using the AM-
DIS software from the National Institute of Standards 
and Technology before mass spectrum matching.

Statistical analysis. We employed the Principal 
Component Analysis (PCA) to identify patterns of vari-
ation and reduce the dimensionality of biochemical data 
across the three garlic varieties: Honan, Tawangmangu, 
and Lanang garlic. PCA was instrumental in revealing 
the main differences among the varieties.

To test for biochemical differences between the va-
rieties, we performed ANOVA followed by post-hoc 
Tukey HSD test using SPSS version 26, with a signifi-
cance level of p < 0.05. Data  visualization was conduct-
ed using a Chord Diagram in Origin Pro to facilitate 
interpretation of the relationships between the biochem- 
ical components and the garlic varieties.

RESULTS AND DISCUSSION
Phenolic compounds. The parameters such as m/z 

(parent ion), LOD (limit of detection), LOQ (limit of 
quantification), and UCL (upper confidence limit), %, in 

the LC-MS/MS (liquid chromatography-tandem mass 
spectrometry) analysis play a critical role in ensuring 
the accuracy and sensitivity of the method. For instance, 
the m/z value of 578.05 for rhoifolin confirmed the iden-
tity of this compound within the samples. The LOD and 
LOQ were 3.20 and 4.00 µg/g, respectively, demonstrat-
ing the method’s ability to detect and quantify com-
pounds at low concentrations. The UCL of 0.0940% 
ensured a high level of confidence in the quantification 
results. Although rhoifolin was not detected in any of 
the three garlic varieties, these parameters affirm the re-
liability and precision of the employed method.

Gallic acid emerged as the dominant phenolic com-
pound across all the samples (Table 1). Statistical com-
parisons revealed a significant difference (p < 0.05) in  
the gallic acid content between Lanang garlic and both 
Honan and Tawangmangu varieties. However, no signif- 
icant difference was found between Honan and Tawang-
mangu garlics (p > 0.05). Notably, Tawangmangu exhib- 
ited the highest gallic acid concentration at 172.648 ±  
1.949 µg/g. This aligns partially with the findings of 
Bozin et al. [21], who reported average total phenolic 
contents of 6.5 mg GAE/g in garlic samples, much lower 
than in our study. This discrepancy may stem from the 
differences in the cultivar type, extraction procedures, or 
environmental growth conditions.

Kainic acid was the second most abundant phenolic 
compound, showing significant inter-varietal variation 
(p < 0.05). Lanang garlic recorded the highest concen-
tration at 80.774 ± 0.528 µg/g, suggesting a distinct phy-
tochemical profile that supports its potential medicinal 
use. Malic acid, ranking third, was most concentrated 
in Tawangmangu garlic (93.992 ± 0.918 µg/g), with sig-
nificant differences across all the varieties (p < 0.05). 
These results demonstrate a clear biochemical differen-
tiation, supporting the hypothesis that single-clove garlic  
(Lanang) possesses a unique and more potent phenolic 
composition compared to its multi-clove counterparts.

Qualitatively, a total of 12 phenolic analytes were 
identified in Lanang garlic, while only 11 were detected  
in Honan and Tawangmangu. Only Lanang garlic con-
tained 4-OH-benzoic acid and chlorogenic acid. In con- 
trast, coumarin was present in Honan and Tawangman-
gu but absent in Lanang. This compositional divergence 
supports the Principal Component Analysis (PCA) re- 
sults, which indicated that Lanang garlic had a distinct-
ly different phenolic profile compared to that of the 
multi-clove varieties. Such variation may reflect genetic 
and environmental influences, which are common de-
terminants in secondary metabolite biosynthesis among 
Allium species.

Comparative literature reports total phenolic con-
tents in garlic ranging from 0.98 to 10.8 mg GAE/g, de-
pending on the variety and method used [21, 22]. Our 
findings fall within this range but highlight a more de-
tailed compound-specific distribution, which provides a 
deeper understanding of bioactive profiles. Furthermore, 
the absence of certain phenolics such as sinapic acid  
(< 0.1 mg/kg in literature) in our samples may be due 
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to their concentrations being below the detection limits  
or varietal metabolic expression.

In summary, the phenolic compound profile of La-
nang garlic had a larger number and a higher concen-
tration of unique analytes, particularly kainic acid and 
chlorogenic acid, compared to the multi-clove varieties. 
These results, corroborated by robust analytical valida-
tion and significant statistical differences, demonstrate 
Lanang’s strong potential for further development as a 
medicinal garlic variety.

Volatile compounds. The composition of volatile 
compounds in the Honan, Tawangmangu, and Lanang 
garlic varieties was analyzed using the gas chromatog-
raphy-mass spectrometry (GC-MS) method (Table 2). 
The parameters such as the retention time and the reten-
tion index play a crucial role in compound identification. 

In particular, the retention time helps determine the 
time taken for a compound to reach the detector, while 
the retention index provides information about the po-
larity and volatility of the compounds. Additionally, the 
relative abundance percentage reveals the proportion of 
each compound within the total mixture.

The analysis of volatile compounds revealed diallyl 
disulfide as the predominant compound, with its highest 
concentration in Lanang garlic (86.405%), followed by 
Honan (56.762%) and Tawangmangu (38.889%). This 
result is consistent with previous reports showing that 
diallyl disulfide dominates in several garlic varieties, 
ranging from 21–26% [23]. Other studies, however, re-
ported the dominance of diallyl trisulfide at 33.4% [24]. 
This indicates that Lanang garlic has a stronger aromatic  
potential compared to the other varieties.

Table 2 Composition of volatile compounds in Honan, Tawangmangu, and Lanang garlics according to gas chromatography-mass 
spectrometry (ISTA Laboratory, Jakarta, Indonesia, 2024)

Code Analyte Retention  
time, min

Retention  
index

Relative abundance, %
Honan Tawangmangu Lanang

S1 Diallyl sulphide 5.46 845 0.522 ± 0.030a 0.814 ± 0.047b 2.663 ± 0.090c

S2 1-Propenyl methyl disulphide 6.92 919 5.350 ± 0.053b 3.464 ± 0.131a 8.803 ± 0.213c

S3 Dimethyl trisulphide 7.78 952 7.402 ± 0.234b 4.638 ± 0.179a 9.560 ± 0.222c

S4 Dimethyl trisulphide isomer 8.15 965 0.628 ± 0.171a 0.520 ± 0.074a 7.531 ± 0.163b

S5 2-Acetylpyrrole 9.54 1,056 12.386 ± 0.193b 10.430 ± 0.115a 14.473 ± 0.415c

S6 Diallyl disulphide 9.73 1,064 56.762 ± 0.031b 38.889 ± 0.107a 86.405 ± 0.400c

S7 Tetramethylpyrazine 10.05 1,089 3.686 ± 0.062b 5.528 ± 0.062c 1.791 ± 0.125a

S8 2-Propenylthioacetonitrile 10.21 1,092 3.502 ± 0.096b 2.652 ± 0.037a 7.328 ± 0.332c

S9 Isopropyl-α-mercaptopropionate 10.27 1,098 9.158 ± 0.720b 5.652 ± 0.181a 21.663 ± 0.185c

S10 Allyl methyl trisulphide 10.68 1,111 3.374 ± 0.386b 1.462 ± 0.154a 1.306 ± 0.532a

S11 Diethanol disulphide 10.83 1,133 9.324 ± 0.221b 4.424 ± 0.360a 15.583 ± 0.255c

S12 Methyl pentyl disulphide 11.00 1,152 18.632 ± 0.222b 5.318 ± 0.192a 23.695 ± 0.169c

S13 Cis-methyl propenyl sulphide 11.09 1,163 2.156 ± 0.160c 1.174 ± 0.107b 0.735 ± 0.178a

S14 Allyl methyl trisulphide 11.18 1,176 15.286 ± 0.142a 16.454 ± 0.280b 21.555 ± 0.195c

S15 Geranyl nitrile 11.32 1,192 0.738 ± 0.180a 0.580 ± 0.128a 0.718 ± 0.128a

S16 Methyl 2-methylheptanoate 11.46 1,208 n.d. n.d. 0.363 ± 0.426a

S17 3-Ethenyl-1.2-dithi-4-ene 11.65 1,210 n.d. n.d. n.d.
S18 Diallyl disulphide isomer 11.78 1,225 n.d. n.d. n.d.
S19 3-Vinyl-1.2-dithiacyclohex-5-ene 11.98 1,249 31.830 ± 1.217b 29.034 ± 0.775a 44.486 ± 1.107c

S20 3-Ethenyl-1.2-dithi-5-ene isomer 12.08 1,262 n.d. n.d. n.d.
S21 Dimethyl tetrasulphide 12.15 1,272 4.344 ± 0.331a 5.252 ± 0.379b 11.496 ± 0.377c

S22 p-Cuminaldehyde 12.36 1,302 n.d. n.d. 0.776 ± 0.851a

S23 3-Isopropyl benzaldehyde 12.57 1,314 n.d. n.d. 1.825 ± 0.0.988a

S24 4.7-Dimethylundecane 12.74 1,321 1.634 ± 0.597a 1.418 ± 0.294a n.d.
S25 Diallyl trisulphide 13.01 1,325 17.770 ± 0.586b 12.472 ± 0.385a 32.370 ± 0.396c

S26 (Allylsulfanyl)acetonitrile 13.23 1,331 5.848 ± 0.111a 6.266 ± 0.480a 12.256 ± 0.220b

S27 Dipropyl trisulphide 13.78 1,341 4.180 ± 0.292b 3.244 ± 0.687a 7.503 ± 0.549c

S28 Diallyl trisulphide isomer 14.54 1,453 5.272 ± 0.294b 1.926 ± 0.160a 8.698 ± 0.950c

S29 4-(Methylsulfinyl)butanenitrile 14.76 1,478 n.d. n.d. 0.433 ± 0.484a

S30 Diallyl tetrasulphide 15.78 1,592 6.416±0.889b 3.670 ± 0.549a 3.960 ± 0.535a

S31 2.4-Dimethyl-5.6-dithia-2.7-nonadienal 15.96 1,634 n.d. n.d. 2.695 ± 0.396a

S32 Ethyl dodecanoate 16.56 1,673 n.d. n.d. 2.246 ± 0.267a

S33 Diethyl phthalate 16.89 1,698 n.d. n.d. 3.293 ± 0.411a

S34 2.4-Dimethyl-5.6-dithia-2.7-nonadienal 17.00 1,789 22.534 ± 0.557c 15.214 ± 0.401a 16.470 ± 0.306b

n.d. – not detected. The data were analyzed using ANOVA followed by post hoc Tukey’s HSD test at a significance level of p < 0.05. The results 
are expressed as mean ± standard deviation. Different superscripts within the same column indicate significant differences. All analyses were 
performed in five replicates
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Other key compounds such as 1-propenyl methyl 
disulfide and dimethyl trisulfide also showed signifi-
cant accumulation in Lanang garlic (8.803 and 9.560%, 
respectively), contributing to its distinct aromatic char-
acteristics. The presence of 2-acetylpyrrole, which con-
tributes to roasted flavors, was also higher in Lanang 
garlic (14.473%) compared to the multi-clove varieties. 
Similarly, methyl pentyl disulfide reached 23.695% in 
Lanang, further enhancing its sensory appeal.

In contrast, 2.4-dimethyl-5,6-dithia-2,7-nonadienal 
was higher in Honan garlic (22.534%) than in Lanang 
(16.470%) or Tawangmangu (15.214%), showing specific  
variation between the varieties. The absence of three 
compounds across all the samples may be due to degra-
dation or transformation during storage and analysis [25].  
Overall, the volatile compound profile of Lanang garlic 
showed higher intensity and diversity, supporting its po-
tential as a superior variety in terms of aroma and com-
mercial value.

Fatty acids. The analysis of fatty acids was based 
on gas chromatography with flame ionization detection 
(GC-FID), which has high sensitivity and stability in 

detecting volatile compounds such as fatty acids. The 
use of the retention index provides greater consistency 
in compound identification compared to relying solely 
on the retention time. According to the results (Table 3),  
oleic acid (FA11) was the most abundant fatty acid, 
particularly in Lanang (28.464%) and Tawangmangu 
(27.476%) garlics, compared to Honan (13.340%). This 
was in line with previous studies reporting oleic acid, 
along with linoleic and palmitic acids, among the domi-
nant fatty acids in Allium species [26].

Lauric acid (FA1) was also the highest in Lanang  
(0.550%) and Tawangmangu (0.535%), compared to Ho- 
nan (0.085%). Conversely, myristic acid (FA2) showed 
a unique trend, with Honan garlic recording the highest  
level (1.552%). Similar patterns were observed for cis- 
10-pentadecanoic acid (FA4), which was significantly 
lower in Honan (3.046%) compared to Tawangmangu 
and Lanang (both around 8%).

Gamma-linolenic acid (FA13) was especially high 
in Honan (3.06%) compared to Tawangmangu (0.218%) 
and Lanang (0.19%), indicating unique lipid accumula-
tion. On the other hand, palmitic (FA5) and palmitoleic  

Table 3 Composition of fatty acids in Honan, Tawangmangu, and Lanang garlics according to gas chromatography  
with flame ionization detection

Code Analyte Retention 
time, min

Relative abundance, %
Honan Tawangmangu Lanang

FA1 Lauric acid 16.90 0.085 ± 0.004a 0.535 ± 0.004b 0.550 ± 0.010c

FA2 Myristic acid 21.90 1.552 ± 0.175b 0.725 ± 0.004a 0.723 ± 0.006a

FA3 Pentadecanoic acid 25.95 0.015 ± 0.003a 0.860 ± 0.015b 0.850 ± 0.012b

FA4 Cis-10-pentadecanoic acid 26.96 3.046 ± 0.061a 8.020 ± 0.114b 7.988 ± 0.081b

FA5 Palmitic acid 28.95 8.504 ± 4.226a 7.746 ± 0.129a 7.630 ± 0.045a

FA6 Palmiteloic acid 29.40 0.034 ± 0.010b 0.008 ± 0.002a 0.007 ± 0.001a

FA7 Heptadecanoic acid 31.20 0.601 ± 0.099b 1.156 ± 0.036c 0.017 ± 0.001a

FA8 Cis-10-heptadecanoic acid 31.90 n.d. n.d. n.d.
FA9 Stearic acid 33.59 n.d. n.d. n.d.
FA10 Elaidic acid 34.60 n.d. n.d. n.d.
FA11 Oleic acid 34.80 13.340 ± 1.230a 27.476 ± 0.886b 28.464 ± 1.093b

FA12 Linoleic acid 36.08 8.022 ± 1.013a 19.400 ± 1.557b 19.060 ± 1.281b

FA13 γ-Linolenic acid 38.19 3.060 ± 0.091b 0.218 ± 0.019a 0.190 ± 0.015a

FA14 α-Linolenic acid 38.56 7.336 ± 0.416b 3.312 ± 0.465a 3.438 ± 0.484a

FA15 Arachidic acid 39.32 2.468 ± 0.320a 4.638 ± 0.395b 4.716 ± 0.451b

FA16 Cis-11-eicosenoic acid 39.76 1.782 ± 0.214b 0.682 ± 0.112a 0.468 ± 0.124a

FA17 Heneicosanoic acid 41.34 5.032 ± 0.141c 3.180 ± 0.151b 1.938 ± 0.154a

FA18 Cis-11.14-eicosadienoic acid 41.78 1.420 ± 0.192b 0.598 ± 0.110a 0.634 ± 0.056a

FA19 Cis-8.11.14-eicosatrienoic acid 42.49 1.292 ± 0.086b 0.260 ± 0.023a 0.278 ± 0.019a

FA20 Behenic acid 42.68 0.808 ± 0.199b 0.320 ± 0.130a 0.200 ± 0.059a

FA21 Cis-11.14.17-eicosatrienoic acid 42.98 1.720 ± 0.216b 0.772 ± 0.090a 0.708 ± 0.115a

FA22 Erucic acid 43.12 5.312 ± 0.577b 2.340 ± 0.207a 2.416 ± 0.171a

FA23 Arachidonic acid 43.67 1.988 ± 0.069a 2.008 ± 0.448a 0.994 ± 0.074a

FA24 Tricosanoic acid 44.64 2.892 ± 0.154b 0.672 ± 0.097a 0.616 ± 0.168a

FA25 Cis-13.16-docosadienoic acid 45.27 4.970 ± 0.195c 1.460 ± 0.167a 3.786 ± 0.398b

FA26 Cis-5.8.11.14.17-eicosapentaenoic acid 46.34 3.068 ± 0.111b 0.342 ± 0.133a 0.482 ± 0.127a

FA27 Lignoceric acid 47.34 6.640 ± 0.502b 3.140 ± 0.219a 3.124 ± 0.195a

FA28 Nervonic acid 47.98 3.874 ± 0.177b 1.564 ± 0.352a 1.342 ± 0.267a

FA 29 Unknown 48.05 4.000 ± 0.111b 0.526 ± 0.063a 0.536 ± 0.076a

n.d. – not detected. The data were analyzed using ANOVA followed by post hoc Tukey’s HSD test at a significance level of p < 0.05. The results 
are expressed as mean ± standard deviation. Different superscripts within the same column indicate significant differences. All analyses were 
performed in five replicates
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(FA6) acids showed no significant differences among 
the three varieties. Differences were also observed in 
arachidic (FA15) and heneicosanoic (FA17) acids, with 
Honan garlic showing significantly different values 
compared to the other two varieties.

These results align with previous findings that garlic 
lipids consist of approximately 60% neutral lipids, 23% 
phospholipids, and 14% glycolipids, with oleic, linoleic,  

palmitic, and α-linolenic acids as dominant compo- 
nents [26, 27]. The fatty acid profiles highlight distinct bio- 
chemical traits among the varieties, particularly higher un- 
saturated fatty acid contents in Lanang and Tawangmangu.

Principal component analysis. Volatile compounds. 
The principal component analysis (PCA) of volatile com-
pounds from the Lanang, Tawangmangu, and Honan 
garlic varieties (Fig. 1a and 1b) successfully identified 

Figure 1 Principal component analysis of Lanang (LG), Tawangmangu (TMG), and Honan (HG) garlic varieties. Cluster plot 
of volatile compounds (a), phenolic compounds (c), and fatty acids (e). Cluster plot with confidence for volatile compounds (b), 
phenolic compounds (d), and fatty acids (f)

PC1 (76.90%)

PC
2 

(1
2.

64
%

)

        –1                  0                   1                  2

2

1

0

–1

0.5

0

–0.5

PC1 (76.90%)

PC
2 

(1
2.

64
%

)

–1                      0                      1                      2

4

3

2

1

0

–1

–2

–3

PC1 (69.93%)

PC
2 

(2
6.

63
%

)

        –1                  0                   1                  2

1

0

–1

–2

0.5

0

–0.5

PC1 (69.93%)

PC
2 

(8
.1

3%
)

       –1                    0                     1

2

1

0

–1

–2

–3

PC1 (88.24%)

PC
2 

(8
.1

3%
)

        –1                  0                   1                  2

1

0

–1

0.5

0

–0.5

PC1 (88.24%)

PC
2 

(8
.1

3%
)

                     0                       1

2.0

1.0

0

–1.0

2.0

                                              e                                                                                                f

                                              c                                                                                                d

                                              а                                                                                                b



340

Budianto et al. Foods and Raw Materials. 2027;15(2):333–343

two principal components: PC1, which accounted for 
76.90% of the variance, and PC2, with 12.64%. Overall, 
these two components capture nearly 90% of the infor-
mation from the analyzed data, providing a clear over-
view of the differences in volatile compound profiles 
among the three varieties.

Lanang garlic is positioned in the upper right and 
lower right quadrants, indicating a positive correlation 
of its volatile compounds with PC1, while exhibiting 
variability in PC2. The position in the upper right quad-
rant suggests that several volatile compounds exhibit 
strong characteristics on both components, whereas 
those in the lower right quadrant are more dominant in 
PC1 but demonstrate a negative contribution to PC2.

In contrast, the Tawangmangu garlic variety is lo-
cated in the lower left quadrant, signifying a negative 
correlation of its volatile compounds with both PC1 and 
PC2, particularly for analyte S7. This positioning indi-
cates that this variety possesses a significantly different 
volatile profile compared to Lanang garlic, demonstrat-
ing an opposing pattern in relation to both principal 
components.

On the other hand, Honan garlic displays a more 
dispersed distribution, with several analytes (S24, S10, 
S34, S23, and S30) located in the upper left quadrant. 
This suggests that the volatile compounds from this gar-
lic variety have a negative correlation with PC1 while 
showing a positive correlation with PC2. This illustrates 
a considerable difference between Honan and the other  
varieties, particularly regarding the characteristics ex-
plained by PC2. However, some other analytes from 
Honan follow a pattern more similar to Lanang garlic, 
indicating a resemblance in the volatile compound pro-
files at certain points.

Phenolic compounds. The PCA analysis of pheno-
lic compounds from the three garlic varieties revealed 
that PC1 accounted for 69.93 % of the variance, while 
PC2 accounted for 26.36 % (Fig. 1c and 1d). The PCA 
diagram shows intriguing results in the distribution of 
the garlic varieties. Lanang garlic is located in the upper 
right quadrant, with identified analytes 3, 5, 7, 8, 9, 11, 

and 13. This position indicates that the phenolic com-
pounds in this variety possess strong and positive char-
acteristics, correlating with both principal components 
and creating a prominent profile in this analysis.

In contrast, Tawangmangu is positioned in the lower  
left quadrant, with analyte 4. This suggests that the phe- 
nolic compounds from this variety tend to correlate 
negatively with both PC1 and PC2, indicating a differ-
ent and lower profile compared to Lanang garlic. This 
implies that the composition of phenolic compounds in 
Tawangmangu is less diverse or exhibits weaker charac-
teristics than those in   the other varieties.

Honan garlic occupies the upper left quadrant, with 
analytes 1, 2, 15, 16, and 23. This position suggests that 
the phenolic compounds in this variety correlate posi-
tively with PC2 but negatively with PC1. This reflects 
the unique characteristics of the phenolic compounds in 
Honan, which differ from Lanang yet share some simi-
larities with Tawangmangu. Overall, Lanang garlic dis- 
plays the richest and most diverse profile, Tawangmangu  
presents a simpler profile, and Honan exhibits a combi-
nation of distinct characteristics.

Fatty acids. The PCA analysis of fatty acids from 
the three garlic varieties (Fig. 1e and 1f) indicates that 
PC1 accounted for 88.24%, reflecting a significant con-
tribution to the data variation, while PC2 accounted for 
only 8.13%, highlighting additional important variation.

Honan garlic stands out in both the upper right and 
lower right quadrants, indicating a rich diversity in fatty  
acids, which reflects its high potential for nutritional  
composition. Tawangmangu is located in the lower left  
quadrant, with analytes FA4, FA12, FA3, and FA1, sug- 
gesting a simpler yet stable fatty acid profile, with 
unique characteristics that can be further explored.

Lanang garlic is situated in the upper left quadrant, 
with analytes FA8, FA10, FA15, and FA11, demonstrat-
ing a specific fatty acid composition that differs from 
that of Tawangmangu.

Visualization of biochemical distribution. In the 
chord diagram illustrating the distribution of pheno-
lic compounds (Fig. 2a), the total band width showed 

Figure 2 Chord diagram visualizing the biochemical distribution in the Lanang (LG), Tawangmangu (TMG), and Honan (HG) 
garlic varieties: (a) phenolic, (b) volatile, and (c) fatty acid

                               a                                                                b                                                                  c
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that Lanang garlic had the highest value at 434.68, fol-
lowed by Tawangmangu at 403.31, and Honan garlic  
at 332.96. Gallic acid was the dominant compound ac- 
ross the three varieties, indicating its significant pres-
ence in each. Additionally, Lanang also showed the 
highest levels of other analytes such as protocatechuic 
acid and 4-hydroxybenzoic acid, compared to the other 
two varieties.

In the chord diagram illustrating volatile compound 
distribution (Fig. 2b), Lanang garlic had the largest to-
tal band width at 375, followed by Honan at 246.3, and 
Tawangmangu at 178.33. Lanang showed the highest 
levels of analytes such as S6, S19, S25, and S12, com-
pared to the other two varieties. The chord diagram 
depicting fatty acid distribution (Fig. 2c) shows that 
Tawangmangu garlic had the highest total band width 
at 97.1588, followed by Lanang at 93.864, and Honan 
at 91.004. The distribution of analytes across the three 
varieties appeared to be relatively even, reflecting the 
consistency of fatty acid content among the varieties. 
Despite this even distribution, analytes FA11 and FA12 
dominated, indicating that these fatty acids were pres-
ent in higher concentrations compared to the other ana-
lytes across the three varieties. 

Based on this study, Lanang garlic demonstrated  
significant potential in treating various diseases, par-
ticularly those related to cardiovascular disorders and 
cancer [28]. The richer and more diverse phenolic 
compound profile of this garlic compared to the other 
two varieties indicates its strong antioxidant potential. 
These phenolic compounds play a key role in prevent-
ing cellular damage caused by free radicals, which con-
tribute to the development of chronic diseases such as 
cancer and heart disease [29]. The profile exhibited by 
Lanang garlic suggests its superior pharmacological po-
tential in maintaining health and preventing degenera-
tive diseases.

Garlic phenolics have been extensively studied for 
their ability to neutralize free radicals and provide pro-
tective effects on cells and tissues. This potent antiox-
idant function is critical in preventing oxidative stress, 
which contributes to plaque formation in arteries and 
cancer cell development [30]. Furthermore, phenolics 
possess anti-inflammatory properties that may reduce 
the risk of diseases such as type 2 diabetes and chron-
ic inflammation [31]. With its stronger phenolic profile, 
Lanang garlic offers significant health benefits that sup-
port its traditional use in treating various diseases.

The analysis of volatile compounds in the three gar-
lic varieties revealed significant differences in their ar-
omatic characteristics. Lanang garlic exhibited a wider 
and more pronounced variety of volatile compounds, 
contributing to its rich and complex aroma. This may 
explain why Lanang is frequently used in various culi-
nary and traditional medicinal applications, as a strong 
aroma is often associated with higher bioactive poten-
tial. These findings align with previous studies on orga-
nosulfur compounds in single-clove garlic [7, 8]

Volatile compounds play a crucial role in creating 
distinctive aromas and flavors, which not only affect the 
palatability of food but also provide therapeutic effects [32].  
The position of Lanang garlic in the upper right quad-
rant suggests the presence of volatile compounds with 
strong characteristics, which are potentially linked to 
antimicrobial [33] and antioxidant activity [34]. This 
makes Lanang a valuable choice for enhancing nutri-
tional and health benefits. In contrast, Tawangmangu 
garlic had a negatively correlated profile, which may in-
dicate volatile compounds with lower functional poten-
tial in this regard. However, its unique characteristics 
could add value in certain culinary applications. Mean-
while, Honan garlic showed a more dispersed distribu-
tion, reflecting a diversity of volatile compounds. This 
might indicate a range of sensory properties and health 
benefits that need further exploration. The diversity 
and interactions among these compounds provide each 
garlic variety with distinct advantages, which can be 
harnessed in the development of functional foods and 
herbal products [35, 36].

The diverse fatty acid compounds found in Hon-
an garlic may significantly contribute to its nutritional 
value, including anti-inflammatory effects, cholesterol 
regulation, and potential protection against cardiovascu-
lar diseases [14]. The variation in its fatty acid compo-
sition suggests the possibility of a unique combination 
that could be optimized for use in food formulations or 
health supplements. On the other hand, the simpler yet 
stable fatty acid profile of Tawangmangu garlic may of-
fer consistency in the final product, which could be ad-
vantageous in the food industry. Meanwhile, Lanang 
garlic, with its specific fatty acid composition, shows po-
tential for developing functional properties that could be 
further explored in food or pharmaceutical applications.

CONCLUSION 
Our study demonstrated the dominance of Lanang 

garlic in terms of phenolic and volatile compound con-
tents. The phenolic content in Lanang garlic, specifi-
cally kainic acid, was higher than in the other varieties 
(80.774 ± 0.528 µg/g). Gallic acid was the most abun-
dant phenolic compound, with the highest concentration 
found in Tawangmangu garlic (172.648 ± 1.949 µg/g), fol- 
lowed by kainic acid and malic acid. Lanang garlic con-
tained the largest number of analytes (12), including two 
specific compounds not present in the other varieties. 

Among the volatile compounds, diallyl disulfide 
was dominant, with Lanang garlic recording the high-
est concentration (86.405%). Other variations were ob-
served in the compounds such as 1-propenyl methyl 
disulfide and dimethyl trisulfide, where Lanang garlic 
again exhibited the highest concentrations. Meanwhile, 
the highest levels of oleic acid were found in Lanang 
(28.464%) and Tawangmangu (27.476%), compared to 
Honan garlic (13.340%). Honan garlic, however, had the 
highest concentrations of most fatty acid compounds.

The principal component analysis revealed clear 
differences in the chemical profiles of the three garlic 



342

Budianto et al. Foods and Raw Materials. 2027;15(2):333–343

varieties. For volatile compounds, PC1 accounted for 
76.90% of the variation, with Lanang garlic showing a 
strong positive correlation and Tawangmangu garlic 
correlating negatively. In the phenolic compound analy- 
sis, Lanang garlic had the richest profile, contributing 
69.93% to the variation, whereas Tawangmangu dis-
played lower diversity. In the fatty acid analysis, PC1 
accounted for 88.24%, indicating high diversity in Hon-
an garlic and unique characteristics in both Lanang and 
Tawangmangu garlics. These findings indicate that each 

variety has a distinct chemical composition, which may 
influence its nutritional quality and health benefits.
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