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ABSTRACT 
Black garlic exerts metabolic and cardiovascular beneficial effects. The extraction of bioactive compounds from 

aged garlic and their quantitative and qualitative estimation is important for exploration of new technique to be 

used by pharmaceutical/agrochemical industry directly. In order to improve the bioavailability of black garlic, 

nanotechnology has been applied in this study. Black garlic nanoparticles were synthesized by polymeric 

alginate with the aged garlic extract/alginate solution rates were 1/1, 2/1, 3/1, 1/2, and 1/3 (v/v). Surface 

morphology and particle size of nanoparticles were investigated by Field Emission Scanning Electron 

Microscopy. In addition, zeta potential were measured by zeta potential meter and particle's size measured by 

using Dynamic Light Scattering. The research results showed that black garlic nanoparticles had a particles size 

of 60-80 nm and are distributed in water with particle size about 109-178 nm. Black garlic nanoparticles well 

dispersed stability with zeta potential about -11.0  -22.5 mV. The FT-IR spectra also showed that no new 

substances were formed during nanoparticle creating. 

 

KEYWORDS: bioactive compound, black garlic, characteristic, nanoparticle, polymer, synthesis 

1. INTRODUCTION 

Black garlic is a newly processed food prepared by subjecting whole raw garlic to thermal peocessing for about 

a month under controlled high temperature and high humidity. The browning process occurred during aging. 

The pH of black garlic also decreased from about 6.0 in fresh garlic to less than 3.8 in black garlic. This 

explains the longer preservation of black garlic [1]. An important change during aging process was the increase 

in polyphenol content [2] and thus increased antioxidant capacity [3]. On the other hand, the variability of some 

unstable ingredients and the smell of fresh garlic became stable and odorless compounds during aging, 

predominantly of sulfur organic compounds such as S-allyl cysteine (SAC), also increase the antioxidant 

activity [4]. SAC is known as a water soluble bioactive compound for its extremely high antioxidant capacity 

[5]. SAC is formed during hydrolysis of γ-glutamyl-S-allylcysteine by the enzyme γ-glutamyl transpeptidase (γ-

GTP, EC 2.3.2.2). SAC content in fresh garlic is about 20-30 μg/g and increases about 6 times during aging [6]. 

Nanomaterials are materials with a physico-chemical structure that is larger than the atomic/molecular’s 

dimension but smaller than 100 nm (showing the physical, chemical and/or biological properties related to 

nanostructures of nanomaterials). In fact, nanotechnology involves substances that are special characteristics 

because of their size, and if based on natural molecules (for example, molecular manufacturing), the function is 

different with the intention in nature [7, 8]. 

 

Alginate has been widely used by special physical and chemical properties. They are often used to create 

particles (nano or micro scale) and solid gel [9, 10, 11, 12]. Alginate is non-toxic, biodegradable, low cost and 

available in the market. Alginate is also considered a drug that can adhere to the intestinal wall and release drugs 

(mucoadhesion), biocompatibility, and non-immunogen. Alginate is a negatively charged polymer, produced by 

brown algae and bacteria, containing α-L-guluronic acid and β-D-mannuronic acid of reducing form, linearly 

linked together by 1, 4-glycosidic bonds. The composition and sequence of reduced α-L-guluronic acid and β-D- 
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mannuronic acid depend on the origin of the algae used and they affect the properties of alginate. Alginate may 

also be chemically modified to regulate its characteristic properties [13, 14]. Also, nanoaggregates, 

nanocapsules and nanospheres are nanoparticle systems with a particle diameter is about 10 to 100 nm. These 

systems can contain enzymes, drugs and various compounds by dissolving or locking them inside or attaching 

(clamping) them to the nanoparticles matrix. 

 

This research was done for studying the impact of various black garlic extracts/alginate ratios on bioactive 

compounds (total polyphenolics content (TPC), total flavonoid content (TFC) and SAC) encapsulation efficacy, 

morphology and size of loaded polymeric alginate nanoparticles. 

 

2. MATERIALS AND METHODS 
 

2.1. Materials 

Fresh garlics were harvested at Van Hai ward, Phan Rang-Thap Cham city, Ninh Thuan province, Viet Nam. 

Black garlic was processed at Can Tho University, Viet Nam by using the aging method of whole garlic bulbs. 

Bionanoparticles were synthesized at Institute of Materials Science, Vietnam Academy of Science and 

Technology, Ha Noi, Vietnam. 

 

2.2. Methods 

 

2.2.1. Preparation of bioactive compounds loaded alginate polymeric nanoparticles 

Black garlic is extracted with a material/solvent ratio of 1/10 in 50% ethanol at 60oC for 90 minutes. Drop 

slowly the extracted black garlic into alginate (Sigma-Aldrich Co. LLC) solution (1 mg/mL) in an ultrasonic 

vibrator with a frequency of 40 KHz with the extract/alginate solution rate of 1/1, 2/1, 3/1, 1/2, and 1/3 (v/v). 

The mixture is sealed and stirred at room temperature for 48 hours. Then, evaporated ethanol in a rotary 

evaporator at 35oC for 1 hour with a rate of 50 rpm. After the ethanol has been expelled, the mixture was 

centrifuged at a rate of 5000 rpm for 5 minutes, collecting the supernatants which were kept at 5oC before using.  

 

2.2.2. Analysis and measurement methods  

Encapsulation efficiency (EE%): The encapsulation efficiency of the nanoparticles system is calculated by the 

formulation: EE% = (M1/M2)x100. Where, M1: mass of bioactive compounds in nanoparticle system; M2 : mass 

of initial bioactive compounds. M1 and M2 were calculated by dry weight. 

 

Morphology and particle size: were determined by Scanning Electron Microscopy, Hitachi S-4800, Singapore. 

Zeta potential: were measured by zeta potential meter and particle's size measured by using dynamic light 

scattering (DLS) method Zetasizer Nano 7.03 (Malvern Instruments Ltd, Malvern, UK). The zeta potential of 

the black garlic nanoparticles system was determined at 25oC. 

 

Fourier transform infrared spectroscopy (FT-IR): using potassium bromide tablets and infrared 

spectrophotometer Perkin Elmer (Waltham, Massachusetts, USA) to identify specific functional groups between 

4000 and 400 cm-1 (wavenumbers). 

 

Total polyphenols content (TPC) (mg gallic acid equivalents (GAE) per g of dry weight (d.w)) was determined 

by Folin-Ciocalteu method [15]. Phenolic reacts with phosphomolybdic acid in the Folin-Ciocalteau reagent  

which appears to be blue color in the alkaline medium. The absorbance was recorded at 765 nm by 

spectrophotometer. Gallic acid was used as a standard for the calibration curve. The phenolic content was 

reported as gallic acid equivalents (mg) using the following linear equation (mg GAE/g d.w). 

 

Total flavonoids content (TFC): total flavonoids content was determined by colorimetric method with AlCl3 

solution in the an alkaline-photometric medium [16]. The absorbance of reaction solution was measured at 415 

nm. Based on the quercetin calibration curve to determine total flavonoids content of samples. The results are 

expressed in mg of quercetin equivalent (QE) per g of dry weight (mg QE/g d.w). 

 

Determination of S-allyl cysteine by high performance liquid chromatography (HPLC). Sample preparation: the 

extracts of aged black garlic were filtered through a 0.45 μm syringe filter (Sartorius AG, Goettingen, Germany)  
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and the solution was used to analyze. S-allyl-L-cysteine  (≥ 98%, Sigma-Aldrich Co. LLC) was used as a 

standard for the calibration curve. 

 

HPLC analysis conditions: HPLC-UVD system (Shimadzu, Shimadzu Corporation, Japan) was used to analyze 

S-allyl cysteine content in extract of aged black garlic samples including: an LC-10AD pump, a SPD-10A 

UV/Vis detector, a CTO-10AC column thermostat and a manual sample injector. Separation of the analyte was 

carried out using an LiChroCART® column (250x4 mm, 5 μm, Merck Millipore, Merck Millipore Corporation, 

Germany) at room temperature, and SAC was detected at 210 nm. The mobile phase consists of 0.1% H3PO4 

solution and acetonitrile solution (Sigma-Aldrich Co. LLC) with isocratic elution. Flow rate of 0.5 mL/min and 

injection volume of 10 μL. 

 

2.2.3. Data analysis  

The experiment was repeated three times. The means and standard deviations were also caculated by using 

Microsoft Excel software. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Morphology and size 

FE-SEM images showed that black garlic nanoparticles were synthesized in different proportions which have a 

shape close to the sphere, the size was between 60-80 nm and less agglomeration (Figure 1b-f). Particularly, 

Figure 1a expressed the appearance of black garlic has not yet nano-sized, the compounds made up the blocks 

that have no defined shape and rather large size. The diameter measured in DLS was the hydrodynamic 

diameter, so the results were a larger size than the particles measured by a scanning electron microscope. Small 

particles size (< 200 nm) can ensure increased permeability through the vascular wall, lower level of absorption 

of the endothelial system and improved the rate of used encapsulation materials [17]. 

 

   

(a) (b) (c) 

   

(d) (e) (f) 

Figure 1. FE-SEM images of the black garlic system (a) and black garlic nanoparticle system with extract/alginate 

solution ratio were 1/1 (b), 2/1 (c), 3/1 (d), 1/2 (e), 1/3 (f) 

 

 

 

3.2. Nanoparticle distribution and zeta potential 
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When the charge of the same particles would repel each other, alginate of small enough size and low density in 

the suspension system, the high zeta potential would stabilize because the dispersion would resist agglomeration 

[18]. The results presented in Table 1 which showed that the size distribution of the black garlic nanoparticle 

system with the average particles size was 109-178 nm, all dispersed well (100%). The zeta potential 

distribution of the black garlic nanoparticles produced in the different proportions (Figure 2, 3, 4, 5, and 6) 

showed that zeta potential values in the range were -11.0  -22.5 mV. From these results, it can be deduced that 

the suspension of black garlic nanoparticles was negatively charged with small particle size and relatively high 

zeta potential as a relatively stable dispersion. 

 
Table 1. Particles size distribution and zeta potential of the black garlic nanoparticles system synthesized at different rates 

of extract/alginate solution 

Rate of black 

garlic 

extract/alginate 

solution (v/v) 

1/1 2/1 3/1 1/2 1/3 

Particle size 

distribution by 

intensity (%) 

100 

(165nm) 

100 

(109nm) 

100 

(137nm) 

100 

(178nm) 

100 

(144nm) 

Particle size 

distribution by 

quantity 

100 

(165nm) 

100 

(109nm) 

100 

(137nm) 

100 

(178nm) 

100 

(144nm) 

Particle size 

distribution by 

volume (%) 

100 

(165nm) 

100 

(109nm) 

100 

(137nm) 

100 

(178nm) 

100 

(144nm) 

Zeta potential 

(mV) 
-12.1 -22.5 -15.1 -11.0 -14.4 

 

 
Figure 2. The zeta potential of the black garlic nanoparticles system was synthesized at the ratio of extract/alginate 

solution is 1/1 
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Figure 3. The zeta potential of the black garlic nanoparticles system was synthesized at the ratio of extract/alginate 

solution is 2/1 

 

 
Figure 4. The zeta potential of the black garlic nanoparticles system was synthesized at the ratio of extract/alginate 

solution is 3/1 

 

 
Figure 5. The zeta potential of the black garlic nanoparticles system was synthesized at the ratio of extract/alginate 

solution is 1/2 
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Figure 6. The zeta potential of the black garlic nanoparticles system was synthesized at the ratio of extract/alginate 

solution is 1/3 

 

3.3. FT-IR spectrum 

Determining bioactive compounds by using FT-IR based on the existence of the characteristic frequency of the 

functional group, they have the same value nearly the same regardless of which other functional groups appear 

in it. Their differences in infrared spectra are mainly due to differences in absorption intensity. The results of 

infrared spectra of black garlic, alginate and black garlic nanoparticles system were shown in Figure 7, 8, and 9. 

Based on spectral peaks, new bonds were formed in new compounds (black garlic nanoparticles system) that all 

were presented in the original compounds (black garlic and alginate). Therefore, the nano-processing of creating 

black garlic nanoparticles has not appeared new oscillation peaks but only a shift in the wavenumbers associated 

with those specific bonds. This demonstrated that no new chemical bonds were formed, further asserting that 

alginate compounds and materials are combined through physical interactions rather than chemical reactions. 

The results presented in Figure 7, 8, and 9 showed that a wide range of hydrogen bonds in the –OH group 

appearing at 3,200-3,500 cm-1. The main bands (such as the representative group for the –OH group) at 3,395-

3,417 cm-1 due to the oxygen-containing function. The –CH group was shown at the peak of 2,927-2,936 cm-1. 

Typical absorption bands between 4,000 and 2,500 cm-1 were 3,480-3,440, 3,260-3270, and 2,960-2,878 cm-1, 

which characterize the extended area of the –OH, –NH, and –CH group, respectively. The absorption bands 

around 1,636-1,640, 1,413-1,431, 1,153-1,155, 1,048-1,080, and 1,013-1,024 cm-1 were the presence of C=C, 

CH, CN, CO, C-O-C, and C-C groups, respectively. Other characteristic absorption bands that occur at 915-931, 

852-859, 762-770 and 566-578 cm-1 due to the extensive oscillation of the whole anhydroglucose ring. This 

indicated that melanoidins were formed in black garlic consisting of –OH, –CH, amide I, and amide III groups. 
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Figure 7. FT-IR spectrum of black garlic 

 

 
Figure 8. FT-IR spectrum of alginate 
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Figure 9. FT-IR spectrum of black garlic nanoparticles system 

 

Beside that, FT-IR spectrum of black garlic nanoparticles system was synthesized at the rate of extract/alginate 

solution were 1/1, 2/1, 3/1, 1/2, and 1/3 (Figure 10, 11, 12, 13,  and 14) that there is no significantly difference 

and no strange peaks were formed. 

 

 
Figure 10. FT-IR spectrum of the black garlic nanoparticles system was synthesized at rate 1/1 
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Figure 11. FT-IR spectrum of the black garlic nanoparticles system was synthesized at rate 2/1 

 

 
Figure 12. FT-IR spectrum of the black garlic nanoparticles system was synthesized at rate 3/1 
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Figure 13. FT-IR spectrum of the black garlic nanoparticles system was synthesized at rate ½ 

 

 
Figure 14. FT-IR spectrum of the black garlic nanoparticles system was synthesized at rate 1/3 

 

3.4. Encapsulation efficiency (EE%) 

The data presented in Table 2 shown that the encapsulation efficiency increased from 28.2 to 75.1% and 33.2 to 

82.1% for TPC and SAC, respectively, when increasing the ratio of alginate. This might be properly because 

SAC and TPC are both hydrophilic compounds, so they will interact well with the hydrophilic core of alginate. 

These lead to an increase in the amount of compounds in the core and increase efficiency. In contrast, TFC 

contains most of the hydrophobic flavonoids, so the increase in alginate ratio will have to little effect on the  
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flavonoid content (0.234-0.298 mg QE/mL). In addition, the over encapsulation efficiency would increase the 

particle size, the particle shape was not close to the circle and the zeta potential of the black garlic nanoparticles 

system was reduced which will lead to aggregation and loss of nanoscale. Therefore, from the above data 

analysis, the rate of 2/1 would use to synthesize black garlic nanoparticles which was considered to be the most 

suitable and used to evaluate biological activity. 

 
Table 2. Encapsulation efficiency (%) of black garlic nanoparticles system at different rates of extract/alginate solution 

Rate of 

extract/alginate 

Loaded bioactive compounds content 

EE (%) TPC 

(mg GAE/mL) 

TFC 

(mg QE/mL) 

SAC 

(mg/L) 

1/1 1.320.021 0.2340.021 11.21.04 28.2 4.51 33.2 

2/1 1.400.015 0.2920.020 13.41.25 30.5 5.12 35.9 

3/1 1.570.034 0.2450.015 17.51.56 44.3 4.63 46.8 

1/2 2.780.098 0.2820.019 21.31.25 67.6 5.01 73.4 

1/3 2.890.055 0.2980.021 27.91.34 75.1 5.16 82.1 

 

4. CONCLUSION 
Research results showed that the black garlic nanoparticles system was synthesized by alginate when black 

garlic extract/alginate solution ratio increase from 1/1 to 3/1 which had a particle size about 60-80 nm and a 

domestic distribution was about 109-178 nm. Black garlic nanoparticles disperse quite stable with zeta potential 

range -11.0  -22.5 mV. FT-IR spectra images also showed that no formation of new compounds was found in 

manufacturing process of loaded bioactive compounds nanoparticles. 
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