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ABSTRACT

Black garlic have a activity antioxidant higer than fresh garlic, it is because when fermentation compound chemical in garlic changes to be new chemical. 21 days is the good time fermentation black garlic compared aging periods (0,7,14,28 and 35 days) because increasing total polyphenol, total flavonoid, the antioxidant activities. The color of balck garlic changed to dark brown during the aging period because the Maillard reaction, known as non-enzymatic browning reaction and sweet taste than fresh garlic. Black garlic have 57,14% of fructose, 6,78% of glucose and 7,62% of sucrose were mainly saccharides in black garlic to answer for its sweet taste. In this article, we summarize the fundamental findings of black garlic, such as its production, change in the components, bioactivity, and applications, have thus been conducted as well as the proposed future prospects on their possible applications as a functional pharmacy product.
Keyword: Black garlic,components,bioactive.

INTRODUCTION

Black garlic was produced of fresh garlic which is stored at a certain time at high temperatures (60-70oC) and humidity (85-95%) (Joo, et al., 2012; ). Color changes To brown and pH values of black garlic decrased gradually with time because indicator of Maillard reaction (Zesheng, et al., 2012; Zhuang and Sun, 2011). The –NH2 groups of amino acids or protein were closed with the carbonyl grups of carbohydrates, an amino-sugar complex could be formed during the processing period, whereas the –COOH groups were remained, which would result in the decrease of pH value. (Zesheng, et al., 2012). 

Black garlic has many pharmacological activities such as lowering cholesterol, high antioxidant activity, can improve the immune system, inhibit HT29 cell growth in colon cancer, anti-allergic, anti-tumor, reduce hyperglycemia, dyslipidemia, hepatoprotective, and induce apoptosis in cell human leukemia U937 (Seo, et al., 2009; Joo, et al., 2012; Danan, et al., 2010; Menghua, et al., 2012; Min, et al., 2011; Cheol, et al., 2014).

Japan, Korea, and China not only used black galic as drugs, but also  consumption as snacks (Joo, et al., 2012). Before the discovery of black garlic, Indonesian people had long consumed garlic as a traditional medicine, example ethnic Baduy consume 3 cloves of garlic to treat high blood pressure. To deal with gout and rheumatism ethnic Batak use finely ground garlic with salt then rub on the affected part. Ethnic mamak garlic gutters are used to treat diarrhea, and etnic Palembang garlic oil is used to cure abdominal pain, swollen flatulence, shortness of breath, vomiting, lumbago, miscarriage (Moelyono, 2002). The health properties of garlic depend on its bioactive compounds.

Black garlic contains DL-Lactic acid, 5-hydroxymethyl-2-furfural, Adenosine, Uridine, (1S, 3S) -1 methyl-1,2,3,4-tetrahydro-β-carboline-3-carboxylic acid, (1R, 3S) -1 methyl-1,2,3,4-tetrahydro-β-carboline-3-carboxylic acid and 2-Acetylpyrrole which have high antioxidant activity (Ichikawa, et al., 2008; Liang, et al., 2015). 

Total phenolic acid and flavonoid black garlic higher than fresh garlic because thermal treatment may be explained either by their superior stability compared with other phenolics, or because they are released better from the matrix as a result of the breakdown of supramolecular structures containing the phenolic grups (Bunea, et al., 2008). 

Concentration alliin content in the balck garlic sample decrase than fresh garlic because alliin converted into SAC, S-allylmercapto-cysteine, arginine and other undefined compounds when subjected to thermal processing (Zhang, et al., 2013),whereas the content of reducing sugars increased correspondingly (Choi, et al., 2014). The amount of SAC in black garlic is generally ﬁve to six times higher than that in fresh garlic and is thought responsible for the beneﬁcial effects of black garlic (Bae, et al., 2012, 2013).
 II. COMPONENT OF BLACK GARLIC

Choi, et al., 2014, resulted color is one of the most important psychological properties of food products that affect the perception of eating in consumers. The color of balck garlic changed to dark brown during the aging period (Picture 1). Color redness of balck garlic dramatically increased during the aging period, while lightness and yellowness decreased relative to raw garlic. Color changes resulting from heat treatment are typically due to the Maillard reaction, known as non-enzymatic browning reaction. 
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Pigure 1. Changes in the color of black garlic during the aging period (II-Sook, et al., 2014)
21 days is the good time fermentation black garlic because increasing total polyphenol, total flavonoid, the antioxidant activities compared aging period the others. The contents of alliin and polysaccharides decreased significantly after 10 days of heat treatment heating at 70-800C (Z. Zhang, et al., 2014), it was suggested that the heating process decrease alliin content due to the Maillard reaction involving fructose, fructan and other carbohydrates in garlic samples (Hua and Huang, 2006). Another probable reason for decrease of alliin content in the balck garlic sample is that alliin converted into SAC, S-allylmercapto-cysteine, arginine and other undefined compounds when subjected to thermal processing (Zhang, et al., 2013), whereas the content of reducing sugars increased correspondingly. The 57,14% of fructose, 6,78% of glucose and 7,62% of sucrose were mainly saccharides in black garlic to answer for its sweet taste, suggesting that the polysaccharides were degreded to monosaccharide or oligosaccharides via thermal proccesing steps (Claude and Ubbink, 2006). The color value of black garlic increased over time, whereas the pH decreased continually from 6,25 to 4,25, which contributed a characteristic black appearance and a sour taste mouthfell. The decrease of pH was an important indicator of Maillard reaction. 

The Maillard raection was likely to occur in garlic that contains carbohydrates, amino acids and proteins (Benjakul, et al., 2005; Laroque, et al., 2008). Black garlic was produced in a ripening chamber by using a programmed stepwise heating schedule, as follow. Step 1: 90o C and 100% RH for 34h; Step 2: 60o C and 60% RH for 6h; Step 3: 75o C and 70% RH for 48h; Step 4: 70o C and 60% RH for 60h; Step 5: 65o C and 50% RH for 192h. The total phenolic content and total flavonoid content of the garlic subjected to different thernal processing steps were higer than those of fresh garlic was increased by about 4-10-fold (Kim, et al., 2013). Guihua, et al., (2007), also found that heating process improve phenolic content due to the cleaving of bound form esterified and glycosylated, thus leading to the increase of free form. Kim, et al., 2006, suggested an increase in the total phenolic content grape sedds due to the liberated phenolic compounds. Choi, et al., (2006) also reported that bound polyphenolic and flavonoid compounds could be liberated by heat treatment. The variability of phenolic acid constituents among garlic samples at different thermal processing steps be caused by the different biochemical mechanisms in their synthesis during thermal processing.

Tabel 1. The phenolic acid constituents and total flavonoid in garlic at different thermal 
   processing steps (Ji-Sang, et al.,2012).
	
	Consentrations (mg/kg of garlic sample, dry matter basis)

	
	FG
	BG1
	BG2
	BG3
	BG4
	BG5

	Hydroxybenzoic acid derivatives (HBA)

	Total HBA
	2,06±0,09
	31,8±0,20
	39,64±0,52
	51,94±0,26
	29,12±0,22
	22,21±0,23

	Hydroxycinnamic acid derivatives (HCA)

	Total HCA
	15,80±0,08
	51,96±0,15
	58,98±0,18
	87,08±0,14
	73,62±0,26
	66,31±0,13

	Total phenolic acid
	17,86±0,07
	83,76±0,17
	98,62±0,26
	139,02±0,17
	102,74±0,25
	88,52±0,16

	Total flavanols
	12,43±0,16
	26,77±0,25
	30,16±0,18
	41,33±0,24
	75,85±1,01
	45,73±0,67

	Total flavones
	14,52±0,23
	1,22±0,17
	
	
	
	

	Total flavonols
	3,01±0,05
	4,01±0,08
	6,68±0,09
	11,15±0,20
	24,54±0,21
	14,48±0,17

	Total flavanones
	-
	-
	-
	-
	-
	-

	Total flavonoids
	29,95±0,12
	31,99±0,18
	39,95±0,14
	54,77±0,21
	103,70±0,52
	70,10±0,40


The total phenolic acid content of the black garlic (BG3) sample was significantly higher than that in the other sample. According to Bunea et al., 2008, the increased concentrations of the phenolic acids following thermal treatment may be explained either by their superior stability compared with other phenolics, or because they are released better from the matrix as a result of the breakdown of supramolecular structures containing the phenolic grups. The decreasing order of the total flavonoid content per sample was BG4>BG5>BG3>BG2>BG1>FG (Table 2). Among the four major subgroups of flavonoids in garlic, the flavanol content was found at the highest concentration followed by thw flavanones and flavones, except in the FG sample. The difference between flavonoid types following thermal treatment may be attributed to variations within each flavonoid because of the variation in the number and arrangement of the hydroxyl groups, the most commonly occurring being those with dihydroxylation in the 3’ and 4’ positions (Rice-Evans, et al., 1996). In general, the processing of vegetables resulted in the breakdown of the cellulose structure of the plant cell and thus improved the availability of bioactive compounds (Van het Hof, et al., 2000). Choi, et al.,2014 report the decrease of these amino acids, especially cysteine and tyrosine, during the aging period might be related to Maillard reactions, which occur between amines which are usually amino acids and carbonyl compounds which are usually reducing sugars. Hwang, et al., (2011) reported the MRPs of the sugar-cysteine and sugar-tyrosine model systems were higher in antioxidant activity than those of other MRPs. The decrease of cysteine and tyrosine contents of black garlic during aging period could be related to the changes of antioxidant activity of black garlic. Sasaki, et al., (2007) the bio-functional activity test indicated that antioxidant potency greatly increased in aged black garlic extracts and its activity reached 25-fold more compared with that of fresh garlic. 
Table 2. Chemical constituens of black and  fresh garlic bulbs (Sasaki, et al., 2007)
	
	Aged black garlic
	Fresh garlic

	Energy (kcal/100g)
	227,1 
	138

	Water conc. (%)
	45,1
	60,3

	Protein (%)
	9,1
	8,4

	Lipid (%)
	0,3
	0,1

	Carbohydrate (%)
	47,0
	28,7

	Ash (%)
	2,1
	ND

	Na (mg)
	4
	ND

	Ca (mg)
	24
	ND

	Lactobacillus (Ne 
	300<
	ND


Carbohydrate in the aged black garlic increased in amount, but others did not change much in amount comparing with those of fresh garlic extracts. The most important organo-sulfur substances in black garlic are considered to be the water soluble S-allyl-compounds. After aging of garlic, SAC drastically increased in processed black garlic and its amount reached 194,3 µg/g after 40 days aging (23,7 µg/g before aging began), while GSAC dropped from 748,7 µg/g to 248,7 µg/g after aging.

II. ANTIOXIDANT EFFECT

Activitas antioxidant effect black garlic every country is different. Joo, et al.,(2012) reported the antioxidant capacity using four different approaches. Table 5 shows the electron-donating ability, ferricyanide reducing power and hydroxyl radical scavenging activity of the garlic extract with ethanol 70%. Both garlic samples exhibited increased DPPH and hydroxyl radicals scavenging activities and reducing power with increased concentration of sample extract. The DPPH radical scavenging capacity assay is one of the most simple and accurate methods in the determination of antioxidant activity in vitro (MacDonald-Wicks, et al., 2006).  At a concentration of 0,2 mg/mL, both extracts showed relatively low scavenging activities compared with butylated hydroxytoluene (BHT), an antioxidant widely used as food additive. However, at 2 mg/mL, the aged garlic extract exhibited a marked increase in the scavenging activity, indicating that the black garlic has a higher capacity to scavenge free radicals than the fresh garlic. The fresh garlic at 2 mg/mL concentration exhibited similar reducing power with the black garlic at a lower concentration of 0,2 mg/mL. These results suggest that the aged black garlic extraxt has greater antioxidant activity than the fresh garlic extract. Studies have also shown that the ageing process of garlic could cause an increase in the activity of newer compounds, such as S-allycysteine and S-allylmercaptocysteine, which are stable and have high antioxidant effects (Lee, et al., 2009). Among the garlic extract, aged black garlic extract (ABGE) showed the highest ABTS  and DPPH scavenging activity. The concentrations the that induced 50% inhibition (IC50) of ABTS ere 327± 5,6, 305,5 ± 1,9, and 166,3 ± 1,3 µg/mL in FRGE, heated raw garlic extract (HRGE), and ABGE. The IC50 of DPPH was 378,3±3,4, 364,4±3,2 and 108,1± 0,9 µg/mL in FRGE, HRGE, and ABGE. Caffeic acid has been known as an effective anti-oxidant in in vitro and in vivo anti-oxidant essays (Gulcin, et al., 2006; Genaro, et al., 2015). 

ABGE which has the strongest anti-oxidant effects among garlic extract. Lu, et al.,(2016) have reported among the five black garlic fractions extracted by chloroform and methanol mixed at different ratios, F3 and F4 showed the strongest antioxidant activities in a DPPH system. Seven subtances were purified from F3 and F4, especially. DL-Lactic acid, 5-hydroxymethyl-2-furfural, Adenosine, uridine, (1S,3S)-1 methyl-1,2,3,4-tetrahydro-β-carboline-3-carboxylic acid, (1R,3S)-1 methyl-1,2,3,4-tetrahydro-β-carboline-3-carboxylic acid and 2-Acetylpyrrole.

Zhang, et al.,(2012) used simultaneous distill ion extraction for extracting the volatile substances in dormant garlic and black garlic, 50 kinds of chemical compounds in black garlic detected by GC and MS, 28 of which are present in relatively high amounts. The main compounds extracted are 3-vinyl-1,2-dithiacyclohex-5-ene, diallyl sulfide, thiophene-2-ethyltetrahydro, and 2-vinyl-1,2-N,N’-dimethyl. The compounds 5-HMF, (1S, 3S)-1-methyl-1,2,3,4-tetrahydro-β-carboline-3-carboxylic acid have been reported in previous studies (Ichikawa, et al.,2008; Liang, et al., 2015).
Table 3. Structure Compound Black Garlic ( Xiamoming, et al.,2016)
	DL-Lactic acid
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	(1S,3S)-1 methyl-1,2,3,4-tetrahydro-β-carboline-3-carboxylic acid
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	(1R,3S)-1 methyl-1,2,3,4-tetrahydro-β-carboline-3-carboxylic acid
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	2-Acetylpyrrole
	



III. 
ANTI-CANCER ACTIVITY

Muang, et al., (2014) reported Aged Black Garlic Extract (ABGE) may regulate the function of the PI3K/Akt pathway through upregulating PTEN and down regulating Akt and p-Akt expression, as well as suppressing its downstream target, 70-kDa ribosomal protein S6 kinase 1, at the mRNA and protein levels. The HT29 cells growth inhibition rate at ABGE concentrations of 20, 50 and 100 mg/mL. ABGE inhibited the growth and induced apoptosis in HT29 cells through the inhibition of the PI3K/Akt pathway. Numerous studies demonstrated that allicin, an organosulfur compound obtained from garlic, has the ability to promote the apoptosis of tumor cells, cause cell cycle arrest and improve the antioxidant activity (Abou, et al.,2011; Qian, et al.,2009). Sasaki, et al.,(2007) reported the tumor cure rate by black garlic water extracts attained 50% againts Meth A fibrosarcoma of BALB/c mouse by intra-tumor injection of 1 mg extracts, three times every other day. By contrast, fresh garlic extracts used as a reference failed to induce tumor-free animals, even though the reduced tumor size to 60% to compare with the tumor mass in non-treated control mouse. Additionally, the black garlic extracts showed anti-bacterial activity againts medically important bacteria such as MRSA (methicillin-resistant Staphylococcus aureus), enterohemorrhagic Esherichia coli O157:H7, Pseudomonas aeruginosa, and Candida albicans, however its potency was less than that of fresh garlic extracts. That garlic organo-sulfur compounds test (5-100 µM) worked to protect against DNA damage (Belloir, et al,.2006). Park, et al. (2014) reported U937 cells were exposed to various concentrations of of hexane extract aged black garlic (HEABG) for 24 h or 10 µg/mL of HEABG for the indicated times. The MTT assay was used to examine the effect of HEABG on cell viability. Resulted showed that the viability of HEABG-treated cells decreased in time and concentration-dependent manners. Consistent with these effects, after treatment with HEABG, U937 cells showed changes in morphology, including blebbing of the cell membrane and shrinkage of the cells, in a time-dependent manner. HEABG-induced apoptosis signaling pathway in human leukemia U937 cells. First, the death receptor-mediated extrinsic pathway is initiated by ligation of the transmembrane death receptor to activate effector caspases, such as caspases-3. Second, the mitochondrial membrane, which induces activation of caspase-9, and thereby initiates the apoptotic caspase cascade. Gastric cancer is one of the most common human malignant tumors. Epidemiological investigations hanve provided evidence that gastric carcinogenesis is a complex, multistep and multifactorial event ( Monari, et al., 2009). Wang, et al. (2012) reported that aged black garlic extracts (ABGE)  treatment inhibits growth of SGC-7901 cells by inducing apoptosis in vitro.  Flow cytometry (FCM) with PI staining revealed that the apoptosis rates of SGC-7901 cell line treated with 10, 50 or 100 mg/ml ABGE for 48 h were 10,9±3,9%, 16,7±4,8% and 22,7±5,8%, respectively and were significantly higher than that in the negative control. ROS are also involved in the pathogenesis of gastric malignancis (Handa, et al.,2010). To date, the correlation between administration of ABGE and its effect on the status of SOD and GSH-Px have yet to be fully investigated. The activities of SOD and GSH-Px were significantly increased by the administration of ABGE in an animal model.
IV. 
HEPAPROTECTIVE ACTIVITY

Kim, et al (2011) report aged black garlic (ABG) caused a significant decrease of  the alcohol-induced increase in hepatic activities of aspartate aminotransferase, alanine, aminotransferase, alkaline phosphates, and  lactate dehydrogenase. ABG treatment significantly decreased the thiobarbituric acid–reactive substances level in liver, heart, and plasma. Glutathione content and the activities of antioxidant enzymes such as glutathione peroxidase, glutathione reductase, and catalase in liver were significantly enhanced. Furthermore, the oxidative damage to blood lymphocyte DNA caused by chronic alcohol ingestion was significantly decreased in the ET + ABG group. In conclusion, ABG has strong antioxidative properties and may be a promising agent for protecting against chronic alcohol induced liver damage.

V. 
ENHANCE THE IMMUNE SYSTEM

The black garlic extracts enhanced the cellular immunity by raising the activity of NK (natural killer) cells which was thought to play a critical role in eradication of tumor cells in vivo. Further cytokines of NO (nitric oxide), IFN-ᵧ (interferon-ᵧ), IL-2 (interleukin-2), and TNF-α (tumor necrosis factor-α) were preferentially generated from the extracts-treated mouse spleen cells; however, the amount of IL-4 (interleukin-4), which is considered to be associated with the humoral immunity (antibody production such as IgG and IgE), decreased in the culture supernatants of spleen cells. The activity of NK cells increased and reached a maximum 10 days after the experiment began (5 days after ceasing the black garlic extracts treatmen). Cytokines IFN-ᵧ, TNF-α and IL-2, which were generated from Th 1 (T lymphocytes helper 1), and NO generated from macrophages reached a maximum 8 days later (3 days after ceasing the extracts treatment), and that of IL-2 6 days later.This indicates that the black garlic extracts worked first on both T lymphocytes and macrophages to activity of NK cells to attack abnormal cells like tumor cells. The extracts-activated macrophages additionally supported NK cells activity by producing cytokine NO to collaborate with NK cells to fight tumor cell (Ishikawa, et al., 2006). Enhancement of the immune system by black garlic might be due to water-soluble SAC (Jones, et al., 2007). 

VI. HYPERGLYCEMIA AND DYSLIPIDEMIA EFFECT
Seo, et al.,(2009) reported consumption of aged black garlic (ABG) significantly decreased homeostatis model assesment for insulin resistance (HOMA-IR) and  tended to decrease serum glucose. Garlic consumption significantly decreased  total cholesterol but did not decrease triglyceride and HDL-cholesterol levels, while aged black garlic significantly reduced serum total cholesterol and triglyceride and increased HDL-cholesterol levels. ABG alleviated insulin resistance in db/db mice, obese-diabetic animals with insulin resistence. Insulin resistance is an important initiating pathogenic mechanism of type 2 diabetes (Khan, 2003). 

Aged black garlic (ABG) extract treatments at 0; 0,625; 1,25; 2,5 and 5 mg/mL had no effect on cell morphology or viability in adipocytes. ABG extract at 2,5 and 5 mg/ mL significantly reduced protein expression of proliferator activated receptor  γ (PPAR γ ) and perilipin in mature 3T3-L1 adipocytes. 

Thus, inhibition of PPARγ can explain the inhibitory effect of ABG in lipogenesis. Perilipin is a structural lipid droplet-associated protein that normally inhibits HSL, and perilipin is a target gene of PPAR-γ (Huang, et al.,2014).

The hormone-sensitive lipase (HSL) down regulated (up to 53%), Ser563-pHSL levels down regulated (up to 33%), the protein level of perilipin and a barrier protein of lipid droplet (LD) down regulated (up to 91%) were  also significantly reduced by treatment with 5 mg/mL of ABG extract. 

VII. 
ANTIINFLAMMATORY EFFECT
Jeong, et al.,(2016) reported inhibition of cyclooxygenase-2 and 5-lipooxygenase activities by fresh raw garlic extract (FRGE) was stronger than that by aged black garlic extract (ABGE). FRGE-induced inhibition of NF-kB activation and pro-inflammatory gene expression was blocked by combination with sugars. The anti-inflammatory effect of pyruvate was markedly high compared with that of ABGE, indicating that other compounds in ABGE might offset the anti-inflammatory effect of pyruvate. Previous studies have shown that ABGE contains a high concentration of sugar (glucose, fructose, galactose, and sucrose) have enhance inflammation effect (Choi, et al.,2008; Shin, et al.,2008; Lei, et al.,2014; Jameel, et al., 2014; Das, et al.,2015; Ma, et al.,2011). The high sugar concentrations may yield low anti-inflammatory activity from ABGE. ABGE shows anti-inflammatory effects by decreasing the production of NO and pro-inflammatory cytokines with less cytotoxicity in LPS-induced RAW 264,7 cells and septicemic mice (Kim, et al., 2014), but the anti-inflammatory activity of ABGE is lower than that of aged fresh garlic extract (AFGE).

VIII. 
ANTI-ALLERGIC EFECT

Joo, et al.,(2012) reported anti-allergic aged black garlic lower than fresh garlic at concentrations up to 100µg/mL ,was analysed by measuring their inhibitory effects againts β-hexosamine release. Fresh garlic was previously shown to inhibit β-hexosamine minidase release in RBL-2H3 cells (Tanaka, et al., 1992). A considerably higher suppression of  β-hexosamine relase was found in fresh garlic extract at lower concentration sompared with that of the black garlic. 
IX. 
FORMULATION GEL BLACK  GARLIC EXTRACT

Kim, et al., (2012), reported mice treated with the black garlic formulation (199, 63 µM/g) had significant decreases in thiobarbituric acid reactive substance (TBARS) levels by lipid peroxidation compared to ultraviolet B (UVB)-control mice (142,37 µM/g). Moreover, significant prevention of glutathione reduce from (GSH) depletion was observed in the black garlic formulation treated mice (vehicle: 3,46 mM/g vs black garlic: 5,60 mM/g). The formulation containing 10% black garlic extract retained physical stability and had high anti-radical efficiencies and suggest that this formulation may be effective in protecting skin from UVB photodamage.The pH values of skin range from 5,0 to 6,0 and a pH of 5,5 is considered to be the average pH of the skin. Therefore, a formulation intended for dermal applications of should have a pH value within this range ( H. Korting, et al.,1993).
Tabel 4. Formula Gel Content Black Garlic ( Seon, et al.,2012)
	Components
	Ratio (%)

	
	Base

Formulation
	Garlic

Formulation

	Deionized water
	81,89
	71,89

	disodium salt
	0,01
	0,01

	Allantoin
	0,10
	0,10

	Glycerin
	2,50
	2,50

	Methylparaben
	0,15
	0,15

	Carbomer-940 (1%)
	10,00
	10,00

	Triethanolamine
	0,10
	0,10

	Imidazolidinyl urea
	0,10
	0,10

	Polysorbate 60
	0,05
	0,05

	Butylene glycol
	5,00
	5,00

	Hydrogenated castor oil
	0,10
	0,10

	Black or normal garlic extract
	0,00
	10,00

	Total
	100
	100


X.   CONCLUSION
       Black garlic have many benefits to improve health and need to be developed into pharmaceutical preparations.
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