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ABSTRACT 

Background. Salvia miltiorrhiza (S. miltiorrhiza ) Bunge root is rich in health-promoting compounds. The plant has a novel natural 

antioxidants. This investigation was designed to estimate the total phenolic (TP) and total flavonoid (TF) in the aqueous root extract of S. 

miltiorrhiza and its antioxidant activity by different assays. Methods. S. miltiorrhiza aqueous extract was evaluated for its total TP and TF 
contents. The reducing power (RP) assay was utilized to estimate its antioxidant property. The chemical constituents of root extract were 

also evaluated utilizing gas chromatography-mass spectrometry (GC-MS). Results: GC-MS analysis of the aqueous extract showed ten 

compounds, constituting 71.4 % of its total compounds. The most abundant phenolic compounds were Ferulic acid (19.5%) and rosmarinic 
acid (18.33 %). TP and TF were 7.5 ± 0.026 and 3.15 ± 0.01 mg gallic acid equivalents/g respectively. The result also showed that the 

reducing power capacity of root extract was 4.14 ± 0.05 mg ascorbic acid equivalents/g of dried extract. There was a strong negative 

significant relation between TP and RP (r= -0.763, p˂ 0.01). Also, a positive relation between TF and RP (r= 0.591) was observed. 
Conclusion. The current data suggests that S. miltiorrhiza root contains natural phenolic with antioxidants and could be used for food, 

pharmaceutical and cosmetics. 
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INTRODUCTION 

 

Oxidative stress induced by the oxidation process can be terminated or retarded by antioxidants through 

scavenging oxygen free radicals. Some epidemiological investigations reported that there is a strong relation 

between antioxidant-rich food consumption and the protection against the diseases related to oxidative-stress [1-

3]. However, the use of synthetic antioxidant drugs are restricted due to their toxicity and carcinogenicity in 

many countries [4-5]. Consumption of dietary antioxidant compounds by human may help in preventing 

oxidative organ damage. 

Dietary phenolic compounds are natural antioxidants produced as secondary metabolites by many plants 

[6]. Phenols and flavonoids are natural bioactive compounds, possessing characteristic properties that influence 

taste, smell, appearance, and oxidation state stability of edible plants. These substances also have beneficial 

medicinal activities such as antioxidant, anti-tumor, cardio-protective and protection against autoimmune and 

heart failure [7-8]. 

Salvia miltiorrhiza Bunge (known as Danshen or red sag) is a therapeutic traditional plant whose family is 

Labiatae [9]. The rhizome as well as the dry root of the plant are used widely in China to treat stroke, 

dyslipidaemia, and cardiovascular impairment [10]. The phytoconstituents of sag have been classified into two 

categories: tanshinones which are dissolved in lipids, and phenolic acids which are dissolved in water. More 

than 20 phenolic acids extracted from sag have been previously investigated[10]. Pharmacological 

investigations have showed that phenolic acids isolated from sag possess an antioxidant potential action [11-12]. 

mailto:nayaz@kau.edu.sa


269                                                                        Najla O. Ayaz, 2016 

Advances in Environmental Biology, 10(12) December 2016, Pages: 268-273 

The current work aimed to study the chemical constituents of Salvia miltiorrhiza root water extract, 

utilizing gas chromatography-mass spectrometry (GC-MS) and their antioxidant property. Additionally, the link 

between the total phenolic concentration in the extract and their antioxidant characteristic was investigated. 

 

MATERIALS AND METHODS 

 

Chemicals: 

All reagents used in the current investigation with a high purity and were gained from Sigma-Aldrich 

Company (St Louis, MO, USA)  

 

Plant:  

S. miltiorrhiza Bunge was purchased from the local market of Kingdom Saudi Arabia. The plant was 

distinguished by Herbal Museum, Pharmacology Department, College of Pharmacy, University of King 

Abdulaziz.  

 

Plant extract Preparation:  

The dried roots of S. miltiorrhiza (50.00g) were crushed into a powder using a grinder and then 

successively dissolved in 500ml water and left for 72h, allowing the extraction of the active components into the 

water. The mixture was filtered utilizing a filter paper and then evaporated by a rotary evaporator (Buchi Rota 

vapor R-124) at 40
°
C. The obtained extract was dried using vacuum desiccators and kept in sterile bottles at 4

°
C. 

The dry weight of the root extract was used to estimate the yield of extraction (EY) in mg/ml. The TP and TF as 

well as the RP of the extract were estimated. 

 

GC-MS analyses: 

The GC-MS analyses after derivatization with Trimethylsilyl (TMS) was performed on a Fisons GC 8000 

gas chromatograph coupled to a Fisons MD 800 Mass Selective Detector under electron impact ionization (70 

eV). The contact temperature was at 230
°
C, with MS scan range of 35-450 atomic mass units (AMU). The 

chromatographic column for the analysis was fused silica OV1 capillary column (25 m X 0.25 mm i.d.). Helium 

was used as a transporter gas with a flow rate of 10 ml/min. Two specimens were analyzed initially for 2 min at 

60
°
C and then elevated to 170

°
C for 3 min., then the temperature was elevated to 240

°
C for 110 min. The 

inoculation was carried out at 220
°
C in split mode. Peaks characterization was carried out by computer 

searching using commercial reference libraries [13]. 

 

Total phenolic (TP) estimation: 

TP were estimated utilizing Folin's phenol reagent [14]. Aliquots of the tested specimens (1.0 mg/ml) were 

mixed with 1.5 ml of sodium carbonate (20%) at the room temperature for 2 min. 500µl of Folin–Ciocalteu’s 

phenol reagents (50%) and 7 ml deionized water were then added and the mixture were incubated for 30 min at 

a room temperature. The optical density was measured at 760 nm. Triplicate measurements were carried out. 

The total phenolic was calculated using the calibration curve of gallic acid. The total phenolic concentration was 

represented as mg gallic acid equivalents (GAE)/ g dried extract. 

 

Total flavonoid (TF) estimation: 

TF was evaluated using the method described by Chang et al. [15]. In this method, 1.0ml extract was 

diluted into 5ml by distilled water and mixed with 0.30ml of sodium nitrite (10%). 0.30 ml of aluminum 

chloride (10%) solution was added after 5 min followed by 2.0 ml of 1% sodium hydroxide solution. After 

mixing, the optical density was then recorded at 510 nm against a blank. Serial concentrations of gallic acid 

were used for constructing the calibration curve (0.05–0.5 mg/ml). The concentration of the TF was represented 

as mg gallic acid equivalents (GAE)/ g dried extract. 

 

Reducing power (RP) assay: 

RP of the root extract was estimated according to Oyaizu [16]. The extract different concentrations were 

added to 2.5 ml phosphate buffer and 2.5ml potassium ferricyanide. The mixture was then incubated at 50ºC for 

20 min. The mixture was then cooled and 2.5ml of trichloroacetic acid (10%) was added and centrifuged at 4000 

rpm for 15 min. The solution upper layer was added to 2.5 ml of a distilled water and 0.5ml of a freshly 

prepared ferric chloride solution. The optical density was recorded at 700 nm. Serial concentrations of ascorbic 

acid (0.05–1 mg/ml) was utilized to plot a standard curve. The results were represented as mg AAE/ g dried 

extract. 
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Statistical Analysis: 

Values were represented as mean ± standard deviation (SD) of four experiments and analyzed using one-

way variance analysis (ANOVA) and Tukey’s Post-test. Correlations between the activity of antioxidant and the 

concentrations of TP and TF as well as between TP and TF were examined using Pearson’s correlation. 

 

RESULTS AND DISCUSSION 

 

Identification and estimation of Phenolic Constituents in Extract: 

GC-MS analysis showed ten phenol compounds present in S miltiorrhiza Bunge extract. These include, 

cinnamic acid, quinic acid, chlorogenic acid, p-coumaric acid, ferulic acid, Luteolin, apigenin, caffeic acid, 

rosmarenic acid, and carnosic acid. These substances were differentiated by the retention times and UV spectra 

utilizing authentic standards (Table 1). Under the standard condition, Ferulic acid and rosmarinic acid were 

found in high quantities (19.5% and 18.33%, respectively). Chlorogenic, Quinic, Caffeic and Cinnamic acid 

were found in trace amounts, but they were about one-tenth or even just one-hundredth to that of Ferulic and 

rosmarinic acid. These substances were considered the main antioxidant constituents in the root extract 

(Table1). 

Rosmarinic acid has reported to possess many biological properties, including antiviral, anticarcinogenic, 

antibacterial, antioxidant and antithrombotic [17]. Rosmarinic acid was reported to have a beneficial impact in 

promoting human health [17]. 

 

Total Phenolic (TP), Total Flavonoid (TF) and Extraction Yields (EY): 

Plants with medicinal properties are considered an important source for phyto- antioxidant substances 

particularly phenolic and flavonoids compounds which have the capability to neutralize oxygen reactive radicals 

such as hydroxyl and super oxide radicals. Thus they stimulate the body immune and antioxidant defense 

mechanisms [18]. Addition of these compounds to diets could reduce the oxidative damage of cellular protein 

and nucleic acid as well as cell membrane lipid, due to strong smoothing property of free radicals [19]. Phenolic 

constituent of plant materials are characterized by their antioxidant potential activities [20]. Flavonoid 

constituents in plants are the major phytophenolics group [21]. The safety and effectiveness of the medicinal 

plants must be evaluated before acceptance of them into treatment medicine by active testing of ingredient. 

Since S. miltiorrhiza is well known to contain large quantities of phenolic and flavonoids. The EY value, TP and 

TF in the aqueous extract of the plant root were 14.5%, 7.5 ± 0.026 and 3.15 ± 0.01 mg gallic acid equivalents/g 

extract tested, respectively (Table 2). 

 
Table 1: Profile of phenolic compounds in S miltiorrhiza Bunge extract 

Phenolic compounds % of total phenolic compounds in the plant extract 

Chlorogenic acid 1.5 

Caffeic acid 2.1 

Quinic acid 1.4 

p-Coumaric acid 1.55 

Ferulic acid 19.5 

Carnosic acid 4.5 

Cinnamic acid 3.45 

Rosmarenic acid 18.33 

Apigenin 15.44 

Luteolin 10.13 

 

Table 2: The extraction yield, total phenolic, flavonoid contents and reducing power assay of the aqueous extract of Salvia miltiorrhiza 

Parameters Amounts 

Extraction yield 

(EY, g/100 g, w/w) 

14.5 

Total Phenolic content 

(mg of GAE/g DM of extract) 

7.5 ± 0.026 

Total Flavonoids content 

(mg GAE/g DM of extract) 

3.15 ± 0.01 

Reducing Power Assay 

(mg AAE/g DM of extract) 

4.14 ± 0.05 

Values are expressed as mean ±SD of three replicates. 
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Therefore, the large quantities of TF in the current extract of S. miltiorrhiza implied the potential 

antioxidant activity of the root of this plant. The results documented that large quantities of phenolic compounds 

can be obtained from roots of S. miltiorrhiza. 

Small quantities of yields have been obtained from S officinalis dry ethanol extracts of leaves (3.1%), stem 

(1.2%) and flowers (3.5%) [22]. In Jordan, Fiore et al. [23] declared that the yields produced from the 

methanolic extract of six Salvia species in the range between 118 to 183 mg/g. A large quantity of plant extract 

was acquired from the plant leaves as well as from the plant aerial parts. The yield gained from the methanolic 

extract of aerial parts of 16 Salvia species from Turkey in the range between 3.05% for S. amplexicaulis, to 

66.17% for the S. ekimiana [24]. The yields of methanolic extract of Salvia taxa were in the range between 2.88 

to 13.41% [25]. A comparative analysis of phenolic constituents of some plant parts using different solvents 

revealed that largest quantities of phenolic compounds were acquired by utilizing a solvent with a high polarity 

[26]. The quantity of the phenolic phyto-compounds were highest in aqueous and methanolic extracts of the 

plant leaves. It has been reported that the synthesis of polyphenols in plant organs and their concentrations are 

depended on the type of the plant, tested organ and the stage of growth. The better results were obtained from 

the leaves and flowers of Fagopyrum esculentum, depending on the stage of growth [27]. Also a large amount of 

phenolic were acquired from the ethanolic extract of Andrographis paniculata leaves in comparison with the 

stem extract [28] which is similar to the result obtained in our research. 

 

Reducing Power (RP) Assay: 

The current investigation revealed that the plant root extract has a high reducing power capacity, suggesting 

its potential electron donor and has the ability to neutralize oxidant species into stable ones and thus terminate 

the deleterious impact of their reaction. The method of potassium ferricyanide is used to determine the RP of 

TP. In this method, TP donate an electron to Fe
3+

/ferricyanide complex causing its reduction to its reduced Fe
2+

. 

The reduced iron was then estimated by measuring the produced Perl’s Prussian blue [16]. High optical density 

of the produced compound implies the potential RP of plant extract. The reducing ability of S. miltiorrhiza 

extract and standard antioxidant (25, 50, 100, 200, 400 and 800 μg/mL) are illustrated in (Figure 1). The extract 

could reduce Fe3
+
 and did so in a linear dose-dependent manner. The data revealed that the extract have a 

reducing properties, which increased proportionally with the concentration. The reducing ability of the S. 

miltiorrhiza extract was comparable to ascorbic acid as a control. Our data is parallel with other investigations 

[29-30]. The reducing power of a compound depends on the presence of the reducing agent with low electron 

affinity and a high antioxidant properties and has the ability to terminate the chain reactions of the free radicals.  

Antioxidants are used to protect against oxidation of food, pharmaceuticals and cosmetics. Using natural 

antioxidant instead of the synthetic ones is an important and has encouraged research to identify new natural 

antioxidant agents of plant origin [31]. 

 

 
 

Fig. 1: Reducing power activity of Salvia miltiorrhiza and Vitamin C. Data are presented as Mean± SD. 

 

The Pearson correlation analysis showed that the TF content was proportionally with the capacity of the 

reducing power, however, a marked negative relation between TP and reducing power capacity (Table 3). 

Therefore the current study confirmed that the scavenging impact of the plant extract to oxygen radicals may be 

related to their TP. Previous studies reported a positive relation between antioxidant potential and the quantity of 
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phenolic compounds [10, 32-33]. In addition, some authors reported that there is no positive relationship [28, 

34]. In our study as well, a positive relation was not found between the TP and TF. 

 
Table 3: Pearson’s correlation coefficients (r) values between variables. 

 TP TF   RPA 

TF 0.00 ----- 

 

TP --- 0.00  

 0.591 

 

 -0.763* 

* Correlation is significant at the 0.01 level. 

 

Conclusion: 

The current study revealed that aqueous extract of S. miltiorrhiza root is rich with phenolic compounds with 

potential antioxidant properties. The presence of these compounds in S. miltiorrhiza root extract may be 

beneficial as a new natural antioxidant for food, pharmaceutical and cosmetic industries. 
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