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ABSTRACT

The biological effects of black garlic are stronger than those of fresh garlic,
but despite the increasing manufacture of black garlic products, no
specifications for controlling their quality have been identified. The most
commonly used biological marker of quality is Sallylcysteine (SAC), which is
a core active compound in the aforementioned products. SAC content is
typically determined using high-performance liquid chromatography with
ultraviolet detection, but this method presents many problems because of
its complex matrices. To determine the content of SAC in black garlic, this

study established a sensitive and reproducible method grounded in ultra-

high-performance liquid chromatography coupled with tandem mass
spectrometry. The instrument used is equipped with a triple quadrupole
mass detector with an electrospray ionization source. The analysis involved
solid-phase extraction using a strongly acidic cationic exchange agent, which
enabled the direct examination of samples without the need for
derivatization and the determination of SAC content in 5 min.

The established method was fully validated in terms of linearity, sensitivity,
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racterizing the quality of some black garlic products manufactured in Vietnam.
The proposed procedure exhibited high linearity (R? = 0.9993) at a limit of
detection of 0.25 ng/mL, which is lower than those of other assay techniques.
The results indicated that various black garlic products have different SAC
contents. This study may be useful in the development of standards for the
quality of black garlic.
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precision, repeatability, and recovery and was successfully applied in cha-
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INTRODUCTION

Black garlic is made by storing fresh garlic at a certain
temperature and humidity for several days. Its physical
properties vary extensively from those of fresh garlic. One such

but such method is ineffective for determining SAC content in
black garlic because its chemical composition is more complex
than that of the fresh variety, and many UV-absorbing products
render baseline levels unstable, thereby yielding inaccurate
results [29]. Instead, SAC in black garlic can be quantified at high
reliability through HPLC with fluorescence detection (FLD)
[19,29,30], HPLC-mass spectrometry (MS) without the use of
derivatives [17], HPLC with post-column derivatization [31],
and LC-tandem mass spectrometry (MS/MS) with post-column
derivatization [32]. Among these approaches, the most reliable
are HPLC-FLD, HPLC-MS, and LC-MS/MS. Fluorescence
detectors are uncommon in many laboratories, and their use
requires carrying out derivatization with a fluorescence agent.
Mass spectrometers are increasingly adopted because of their
sensitivity and selectivity, and MS/MS using a triple quadrupole
mass detector enables analysis without going through a
derivatization step. These features prompted the quantification
of SAC in black garlic through LC-MS/MS with N-acetylcysteine
(NAC) as the internal standard, and the mobile phase was varied
in the isocratic mode. Carrying out solid-phase extraction (SPE)
with a strongly acidic cationic exchanger in sample preparation
enables direct analysis without derivatization and analysis
completion in 5 min.

difference is the concentration of S-allylcysteine (SAC), which is
one of the main biological compounds in black garlic [10,19] and
the fresh variant. The latter has only small amounts of SAC,
reaching about 20 to 30 pg/g, whereas black garlic has five to six
times higher this concentration. SAC is formed via the hydrolysis
of y-glutamyl-S-allyl cysteine using the enzyme y-glutamyl
transpeptidase [19]. A significant increase in the SAC content of
black garlic is an important change that occurs during its
production. SAC is high in antioxidants and can suppress the
formation of free radicals, such as the hydroxyl radical and the
peroxyl radical [20,21]. Tests on diabetic mice suggested that
SAC reduces oxidative stress [22] and blood glucose levels [23].
It also inhibits the development of ovarian cancer, induces
ovarian cancer cell death in vitro [24], and suppresses the
development of prostate cancer in in vivo trials [25]. SAC is used
to treat nasopharyngeal cancer [26] and may protect neurons
against cell death [27]. It can likewise serve as an anti-
inflammatory agent, protecting the kidneys from diabetes
mellitus [28]. Because it occurs in relatively high amounts and
because of its stability and many therapeutic effects, SAC can be
employed as a biological marker of the quality of black garlic [19].
SAC can be quantified in fresh garlic via high-performance
liquid chromatography with ultraviolet detection (HPLC-UV),
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EXPERIMENTAL

2.1. Chemicals, reagents, and materials

SAC (over 98%) was purchased from Sigma-Aldrich (Steinheim,
Germany), and NAC (over 99%) was provided by the Institute of
Drug Quality Control of Ho Chi Minh City (Vietnam). The
structures of these compounds are presented in Figure 1. HPLC-
grade methanol was derived from JT Baker (United States), and
HPLC-grade ultrapure water was obtained from Merck
(Darmstadt, Germany). The ammonium hydroxide used was of
analytical grade (Xilong, China). Eight black garlic products,
which are all of the one-clove variety, were collected from a
market in Can Tho City, Vietnam. Strata SPE strongly acidic
cationic exchange cartridges (500 mg, 3 mL) were acquired from
Phenomenex (Torrance, USA).

HO

NN oH o

NH,

HS HN

S-allylcysteine N-acetylcysteine
Figure 1. Chemical structures of S-allylcysteine
and N-acetylcysteine

2.2. Preparation of standard solutions

A certain amount of SAC and NAC were dissolved in water to
prepare two stock solutions, and standard solutions were
prepared by diluting the stock solutions with water to mixtures
with a series of appropriate concentrations falling in the range of
1 to 100 ng/mL. The standard solutions were then filtered
through a 0.22 um membrane prior to injection.

2.3. Sample treatment
The black garlic was crushed and homogenized. An aliquot (0.2
¢) of a sample was sonicated with 10 mL of water for 30 min at

room temperature using an ultrasonic water bath (50 kHz). This
procedure was repeated three times. The first and second
extractions were collected (A), whereas the third extraction was
separated (B). All the extractions were filtered and reduced in
volume by heating at 70°C in a water bath to approximately 4 mL
before injection into the SPE tubes. Samples A and B wereloaded
separately onto the Stata SPE cartridges, which were
preconditioned sequentially with 6 mL of methanol and 6 mL of
ultrapure water. The cartridges were then washed, again with 16
mL each of the ultrapure water and methanol. Analytes were
eluted by passing 4 mL of 7% ammonium hydroxide in methanol,
after which the eluent was evaporated to dryness at 70°C in a
water bath. The residue was dissolved in water to yield a 100 mL
mixture, which was subsequently diluted 10 times with water
then filtered through a 0.22 pm membrane. The final solution of
sample A was incorporated with NAC to a concentration of 50
ng/mL and was injected into the UPLC system for analysis. The
final solution of sample B was used as a blank sample. Each
sample was analyzed at least three times at an injection volume
of 10 pL.

2.4. UPLC-MS/MS conditions

Chromatographic analyses were performed on a Waters Acquity
UPLC H-class system (Waters Corp., Milford, MA, USA)
consisting of a binary pump solvent management system, an
online degasser, and an autosampler. A Synergi Hydro-RP C18
column (250 x 4.6 mm; 4 um) was used in all the analyses. The
mobile phase was tested with methanol-water and acetonitrile-
water at a flow rate of 0.8 mL/min and a column temperature of
25°C. Mass spectrometry was carried out using an Xevo TQD
triple quadrupole mass detector (Waters Corp., USA) equipped
with an electrospray ionization (ESI) source. ESI-MS spectra
were acquired in positive ion multiple reaction monitoring
(MRM) mode. The conditions of MS analysis were as follows: a
capillary voltage of 3.5 kV and a desolvation gas flow rate set to
1000 L/h at a temperature of 500°C. The cone voltage and
collision energy were set to match the MRM of each analyte, and
the dwell time was 0.025 s. The MS/MS detection parameters are
summarized in Table 1.

Table 1. Retention times and related MS data on SAC and NAC detected via UPLC-MS/MS

Retention times Precursor ion (m/z) Product ion Cone voltage Collision energy
Analyte ] Purpose
(min) [M+H]* (m/z) V) V)
145.00 16 8 Quantification
A 7 162.

SAC 373 62.08 7291 16 12 Identification
122.01 20 4 Quantification

NA 24 164.19
¢ 8 6 75.97 20 16 Identification

2.5. Stability and matrix effects

Standard NAC and SAC solutions in water and in the blank
sample were stored at 25°C and injected into the apparatus at 0,
2,4, 8,12, and 24 h to evaluate the stability of the solutions. The
regression curves of the water and blank sample were established
on the basis of seven concentrations. The difference in the slope
of two equations was calculated to determine matrix effects.
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2.6. Method validation

2.6.1. Selectivity

The standard solutions, blank sample, blank samples spiked once
to twice with the standard solutions were examined to identify
interference peaks at the retention time of SAC.
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2.6.2. Calibration curves, limits of detection (LOD), and limits
of quantification (LOQ)

The peaks were plotted against corresponding concentrations to
obtain calibration curves. LOD and LOQ values were
determined using diluted standard solutions at analyte signal-to-
noise (S/N) ratios of about 3 and 10, respectively. The S/N ratios
were calculated by dividing peak height by the background noise
value.

2.6.3. Precision and accuracy

Intra- and inter-day variations were investigated by determining
analytes in six replicates within one day and duplicating the
experiments on three consecutive days. Variations in peak areas
were taken as measures of precision and expressed as percent
relative standard deviations (%RSDs). This method’s accuracy
was evaluated using a recovery test, which was performed by
adding known amounts of the standard solutions to 10, 20, 30,
and 40 ng/mL of black garlic samples. Each level was operated
with four samples. The spiked samples were then extracted,
processed, and quantified in accordance with the
aforementioned method. The average percentage of recovery
was calculated using the following formula: recovery (%) = (total
observed amount — original amount) x 100% / spiked amount.

2.7. Identification and quantification

Target peaks were identified through a comparison of their
retention times and mass/charge ratios (m/z) with those of the
standards. Quantification was performed using linear
calibration plots of peak area ratios and concentrations.

RESULTS AND DISCUSSION

3.1. Sample treatment

Water was chosen as a medium for extracting SAC from the
black garlic because this substance is soluble in water but
insoluble in organic solvent. This decision is in line with studies
on the quantification of SAC in garlic or black garlic [19,29,30].
Given that SAC is a weak basic amino acid, which differs from
other impurity groups, impurities in the compound can be
removed using a cationic exchange column. Two types of
cationic exchange SPE agents are available in the market:
strongly acidic cationic exchangers with benzene sulfonic acid
and weakly acidic cationic exchangers with carboxylic acid. A
strongly acidic cationic exchange column is suitable for weak
bases, whereas weak cationic exchange columns are appropriate
for base substances, usually strong ones. Complexed extracts
should be investigated using both types of columns.

SAC was assumed to have been retained on the column used in
this work, and impurities were washed off. Then, an alkaline
agent was used to remove the SAC from the column. The
washing solvents were water and methanol, and the solvent for
SAC elution was 7% NH4OH in methanol. The results showed
that the strongly acidic cationic exchange SPE column could be
satisfactorily eliminated from the mixture. The eluent was
washed with 4 mL of 7% NH+OH in methanol, which is a volume
sufficient to remove all the SAC from the column. The result was
perfectly matched, as found in the rechecking based on the mass
spectra. The third extract did not contain SAC but still had other
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residues. Thus, after treatment with the SPE column, the extract
could be used as a blank sample for analysis.

3.2. Optimization of chromatographic conditions
Preliminary experiments involving several mobile phase solvents,
such as ACN, MeOH, H:O, and a mixture thereof, were
conducted to obtain high efficiency and separation. A 40:60 (v/v)
mixture of methanol and water was found to be the best (Figure
2 and Figure 3) and could elucidate impurities better than a
20:80 (v/v) mixture of the aforementioned substances. The latter
allows subsequent injections to be unaffected by remaining
impurities. Mass spectrometry is a highly efficient method and
therefore enables the recognition of analytes and impurities on
the basis of mass, but if a previous injection is not washed off a
column after several injections, the ion capture capacity of the
probe may diminish because of excessive ionic competition,
which leads to mistaken identification. Moreover, a dirty column
affects the retention time of a substance. Accordingly, the SAC
peak was split under a mixture of acetonitrile and water (5:95,
v/v). This result may be due to the fact that the transfer of SAC
between the mobile and stationary phases was incomplete. A
small fraction of SAC was separated first, thereby forming a
small peak early in the chromatogram. Owing to the insolubility
of SAC in acetonitrile, the amount of acetonitrile in the mobile
phase affected the SAC distribution. In addition, this solvent
mixture may not be suitable for SAC analysis via mass
spectrometry, resulting in incomplete ionization and non-
replicative analysis.

Previous studies used a gradient elution program with a mobile
phase containing pH-adjusting agents in analyzing SAC. In our
SAC examination, a simple mixture of methanol and water was
used, which ensured the accuracy and correctness of the analysis
and considerably simplified such exploration.

3.3. Stability and matrix effects

The results of matrix effect tests showed a significant
influence on the analytes (45.35%), signifying the need to
construct a standard calibration curve in a blank sample to
reduce matrix effects. Although the sample matrix was very
complex, the mass spectrometer still analyzed the SAC, which is
advantageous for the high specificity of mass spectrometry. The
stability analysis of the standard solutions showed that their
content would decrease considerably after 24 h. The NAC was
stable for up to 8 h, whereas the SAC was in this condition for up
to 4 and 2 h when diluted in water and the blank sample,
respectively. Given that the blank sample may have also
contained an alkaline substance after treatment with SPE or
many enzymes, as well as organic acids from the extract, the SAC
in the blank sample was less stable in water. Ensuring accurate
analytical results therefore necessitates the analysis of solutions
within 2 h after preparation.

3.4. Method validation

The established UPLC-MS/MS method for the quantitative
determination of SAC was validated by determining its
selectivity, linearity, LOD, LOQ, and intra-day and inter-day
precision and accuracy. The blank sample did not have a SAC
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signal, whereas the blank sample spiked with the standard
solutions once exhibited a SAC signal at a retention time
equivalent to one such period for SAC in the standard solutions.
The blank sample spiked twice with the standards showed a peak
SAC area that is significantly higher than that of the blank spiked
once with the standards. The mass spectra of MS1 and MS2 were
discernible from the complex matrix, as was the case with the
black garlic, with the method still yielding the mother ion and
the two daughter ions of the analytes, thus satisfying the required
number of ion points. The calibration curve (y = 0.22213x +
0.068283) showed good linearity (r = 0.9996) within the test
range of 1 to 100 ng/mL, and the LOD and LOQ were 0.05 and
0.25 ng/mL, respectively. The %RSD values of intra- and inter-
day variations were all less than 1.51% (Table 2), and the overall
recovery fell between 97.08% and 102.96% with %RSDs of less

DKSK SAC NAC 40ME0W

than 2.53% (Table 3). All the results pointed to the accuracy of
the approach put forward in this work

3.5. Application

All the black garlic samples contained SAC (Table 4), but only
one had a SAC content of 100 pg/g. Three samples had a SAC
content greater than 250 pg/g, and four showed a SAC content
exceeding 300 pg/g. Previous studies found SAC contents
ranging from 85 to 200 pg/g [17,19,33], showing that the black
garlic in Vietnam have the same or higher SAC levels. This is a
good sign of the quality of black garlic produced in Vietnam.
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Figure 2. Chromatograms of SAC at different mobile phase conditions
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Figure 3. Chromatograms of SAC and NAC at MeOH-H20O (40:60, v/v)
Table 2. Precision results Table 3. Recovery results
n=6 Dayl Day2 Day 3 n 10 ng/mL  20ng/mL  30ng/mL 40 ng/mL
Average content of SAC in 1 100.00% 102.75% 101.15% 102.96%
black garlic (ug/g) 100.24 100,43 102.39 2 98.33% 98.12% 97.95% 101.47%
RSD 145% 1.51% 0.56% 3 100.69% 98.05% 100.77% 97.08%
4 99.14% 100.88% 98.22% 101.56%
RSD 1.03% 2.29% 1.67% 2.53%
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S/N:PP=2 58 162.083 = 1u)-| J::.'l A
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Figure 4. LOD and LOQ of SAC at 0.05 and 0.25 ng/mL, respectively
Table 4. Contents (ug/g) of SAC in several black garlic samples (n = 3)
No. of SACtSD No. of SACtSD No. of SACtSD No. of SAC£SD
samples (ug/g) samples (ug/g) samples (ug/g) samples (ug/g)
1 346.09 £4.93 3 95.07 £1.84 5 272.86 £4.84 7 291.98 £ 30.35
2 427.05 £ 3.56 4 308.00 £22.17 6 312.13+£3.42 8 348.03 £92.90

165 Systematic Reviews in Pharmacy Vol 10, Issue 1,

Jan-Jun - 2019



Nguyen Duc Tuan et al.: Quantitative analysis of S-allylcysteine in black garlic via
Ultra-high-performance liquid chromatography-Tandem mass spectrometry

CONCLUSION

In this research, a UPLC-MS/MS method was established and
validated as a reliable and accurate approach for the qualification
and quantification of SAC in black garlic within 5 min. The data
showed remarkable differences in SAC content among the black
garlic samples but overall reflected a very high SAC in the black
garlic coming from Vietnam. The results reflected this work’s
potential contribution to quality control for the production of
black garlic.

REFERENCES

1.

10.

11.

12.

13.

166

Toledano MAM, Pérez-Aparicio ], Moreno-Rojas R,
Merinas-Amo T. Evolution of some physicochemical and
antioxidant properties of black garlic whole bulbs and
peeled cloves. Food Chemistry 2016;199:135-139.

Jeong YY, et al. Comparison of anti-oxidant and anti-
inflammatory effects between fresh and aged black garlic
extracts. Molecules 2016;21:1-15.

Kim D, et al., Antioxidant activity of giant black garlic.
Proceedings of the Nutrition Society; 2013.

Kim JH, Nam SH, Rico CW, Kang MY. A comparative
study on the anti-oxidative and anti-allergic activities of
fresh and aged black garlic extracts. Int ] Food Sci Technol
2012;47:1176-82.

Kim D, Kang M]J, Hong SS, Choi YH, Shin JH. Anti-
inflammatory effects of functionally active compounds
isolated from aged black garlic. Phytother Res 2016;31:53-
61.

Kim M]J, et al. Aged black garlic exerts anti-inflammatory
effects by decreasing NO and pro-inflammatory cytokine
production with less cytoxicity in LPS-stimulated RAW
264.7 macrophages and LPS-induced septicemia mice. J
Med Food 2014;17:1057-63.

Yoo JM, Sok DE, Kim MR. Anti-allergic action of aged
black garlic extract in RBL-2H3 cells and passive
cutaneous anaphylaxis reaction in mice. ] Med Food
2014;17:92-102.

Kim MH, Kim M]J, Lee JH, Kim JH, Sok D, Kim MR.
Hepatoprotective effect of aged black garlic on chronic
alcohol-induced liver injury in rats. J Med Food
2011;14:732-38.

Shin JH, et al. Hepatoprotective effect of aged black garlic
extract in rodents. Toxicol Res 2014;30:49-54.

Wang D, Feng Y, Liu ], Yan ], Wang M, Changlong JS.
Black garlic (Allium sativum) extracts enhance the
immune system. Medicinal and Aromatic Plant Science
and Biotechnology 2010;4:37-40.

Ha aw, Ying T, Kim WK. The effects of black garlic
(Allium satvium) extracts on lipid metabolism in rats fed
a high fat diet. Nutr Res Pract 2015;9:30-6.

Kim I, et al. The beneficial effects of aged black garlic
extract on obesity and hyperlipidemia in rats fed a high-
fat diet. ] Med Plants Res 2011;5:3159-68.

Dong M, et al. Aged black garlic extract inhibits HT29
colon cancer cell growth via the PI3K/Akt signaling
pathway. Biomed Rep 2014;2:250-4.

Systematic Reviews in Pharmacy

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Wang X, et al. Aged black garlic extract induces inhibition
of gastric cancer cell growth in vitro and in vivo. Mol Med
Rep 2012;5:66-72.

Kimura S, Tung YC, Pan MH, Su NW, Lai Y], Cheng KC.
Black garlic: A critical review of its production, bioactivity,
and application. ] Food Drug Anal 2017;25:62-70.

Chen YC, Kao TH, Tseng CY, Chang WT, Hsu CL.
Methanolic extract of black garlic ameliorates diet-
induced obesity via regulating adipogenesis, adipokine
biosynthesis, and lipolysis. ] Funct Foods 2014;9:98-108.
Garcia-Villalon AL, et al. In vitro studies of an aged black
garlic extract enriched in S-allylcysteine and polyphenols
with cardioprotective effects. ] Funct Foods 2016;27:189-
200.

Aminuddin M, Partadiredja G, Sari DCR. The effects of
black garlic (Allium sativum L.) ethanol extract on the
estimated total number of Purkinje cells and motor
coordination of male adolescent Wistar rats treated with
monosodium glutamate. Anat Sci Int 2014;90:75-81.

Bae SE, Cho SY, Won YD, Lee SH, Park H]J. Changes in S-
allylcysteine contents and physicochemical properties of
black garlic during heat treatment. LWT - Food Sci
Technol 2014;55:397-402.

Maldonado PD, et al. Role of allyl group in the hydroxyl
and peroxyl radical scavenging activity of S-allylcysteine. J
Phys Chem B:2011;115:13408-17.

Yang J, et al. S-allylcysteine restores erectile function
through inhibition of reactive oxygen species generation
in diabetic rats. Andrology 2013;1:487-94.

Saravanan G, Ponmurugan P. Ameliorative potential of S-
allylcysteine on oxidative stress in STZ induced diabetic
rats. Chem-Biol Interact 2011;189:100-6.

Saravanan G, Ponmurugan P, Senthilkumar GP, Rajarajan
T. Modulatory effect of S-allylcysteine on glucose
metabolism in streptozotocin induced diabetic rats. J
Funct Foods 2009;1:336-0.

24. Xu Y, et al. S-allylcysteine, a garlic derivative,
suppresses proliferation and induces apoptosis in human
ovarian cancer cells in vitro. Acta Pharmacol Sin
2014;35:267-74.

Chu Q, Lee DTW, Tsao SW, Wang X, Wong YC. S-
allylcysteine, a water-soluble garlic derivative, suppresses
the growth of a human androgen-independent prostate
cancer xenograft, CWR22R, under in vivo conditions. BJU
Int 2007;99:925-32.

Asmasumieakaromi, Muhsinhamadedham, &
Jawharkakil, A. (2019). Comparison of S. aureus infections
between displaced and residents in kirkuk city and
detection of ermA gene by PCR. International Journal of
Pharmaceutical Research, 11(2), 193-196.
https://doi.org/10.31838/ijpr/2019.11.02.029

Kosuge Y, et al. S-allylcysteine selectively protects cultured
rat hippocampal neurons from amyloid beta-protein- and
tunicamycin-induced neuronal death. Neuroscience
2003;122:885-95.

Mong MC, Yin MC. Nuclear factor kb-dependent anti-
inflammatory effects of S-allylcysteine and S-propyl

Vol 10, Issue 1, Jan-Jun - 2019



Nguyen Duc Tuan et al.: Quantitative analysis of S-allylcysteine in black garlic via
Ultra-high-performance liquid chromatography-Tandem mass spectrometry

29.

30.

31.

32.

33.

167

cysteine in kidney of diabetic mice. ] Agric Food Chem
2012;60:3158-65.

Bae SE, Cho SY, Won YD, Lee SH, Park HJ. A comparative
study of the different analytical methods for analysis of S-
allylcysteine in black garlic by HPLC. LWT - Food Sci
Technol 2012;46:532-35.

Park SH, Lee H, Kim HS, Kim YR, Noh SH. Optimum
conditions for S-allyl-(L)-cysteine accumulation in aged
garlic by RSM. Food Sci Biotechnol 2014;23:717-22.
Matsutomo T, Kodera Y. Development of an analytic
method for sulfur compounds in aged garlic extract with
the use of a post-column high performance liquid
chromatography method with sulfur-specific detection.
Journal of Nutrition 2016;146:450S-455S.

Kadkol, h., jain, v. And patil, ab, 2019. Multi drug
resistance in cancer therapy-an overview.Journal of
Critical Reviews, 6(6).

Chao JS, Einosuke L, Mami M, Katsunori T. Processed
black garlic (Allium sativum) extracts enhance anti-tumor
potency against mouse tumors. Medicinal and Aromatic
Journal of Plant Science and Biotechnology 2007;1:278-81.

Systematic Reviews in Pharmacy

Vol 10, Issue 1, Jan-Jun - 2019



