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ABSTRACT 

Objective: The objectives of this research were to evaluate and compare the antioxidant activity; phenolics and flavonoids contents; and chemical 
composition of some galactopoietic herbs used in Indonesia and to find a possible relationship between antioxidant activity; phenolics, flavonoids 
and chemical composition of these plants. 

Methods: A wide range of analytical parameters was studied, including yield; pH; water activity (a
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w); total color difference; phenolics and 
flavonoids content; moisture; ash; protein; fat; carbohydrate; fiber; calcium; zinc; magnesium; potassium; iron content; and the data were analyzed 
by partial least squares (PLS) regression analysis and principal component analysis (PCA) to evaluate the correlation between the parameters and 
classification of the plants. Folin–cioceltaeu assay, aluminum chloride assay and DPPH scavenging assay were used to evaluate of total phenolics 
content and free radical scavenging activity of the ethanolic extract of galactopoietic herbs. 

Results: All of the galactagogue herbs, viz. Plectranthus amboinicus (Lour.) (PA), Sauropus androgynus (SA), Moringa oleifera (MO), and Carica 
papaya leaves (CP) exhibited good results of TPC, TFC and antioxidant activity. MO contained the highest average of total phenolics content (53.89 
mg GAE/g). SA with a ratio of total flavonoids to total phenolics (TF/TP) which is 1.59 contained the highest average of total flavonoids and 
antioxidant activity (IC50

Keywords: Antioxidant activity, galactopoietic herbs, physicochemical composition, partial least square (PLS) regression, principal component 
analysis (PCA). 

), 43.63 mg QE/g and 126.13 μg/ml, respectively, followed by MO>CA>PA. Based on PLS and PCA analysis, antioxidant 
activity correlated with fat, protein, phenolics content, flavonoids content and pH, but only the total flavonoids content correlated strongly with 
antioxidant activity. 

Conclusion: This provides useful data about the studied relationships and chemical patterns in some galactopoietic herbs used and provides a 
helpful tool for understanding much more about the interpretation of results from the experiments and the mechanism of biosynthesis in plants. 

© 2016 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4. 0/) 
DOI: http://dx.doi.org/10.22159/ijpps.2016v8i12.14964 

 

INTRODUCTION 

During many centuries, several parts of edible plants have been used as 
medicines. They contain bioactive compounds, such as phenolic 
compounds. Plant phenolic compounds can reduce the deleterious 
effects of reactive oxygen species (ROS) on a number of biological and 
pathological processes [1]. Since it’s important and beneficial to health, 
the search for antioxidant from natural sources has received much 
attention.  

Indonesia has a culture in utilizing the natural resources of plants as a 
traditional medicine. Indigenous knowledge about the uses of plants has 
often been evolving for a long time through trial and error and still is 
passed from generation to generation by oral tradition. 

Breast milk has long been accepted as the gold standard of infant 
nutrition. Fulfillment of the nutritional needs of infants 0-6 mo of 
absolute acquired through breast milk [2]. Mother's perception 
associated with inadequate milk production is the reason that 
reported by mothers during early lactation [3]. The uses of natural 
galactagogues are an alternative solution for these problems [4]. 

Galactogogues are substances thought to assist in the initiation, 
continuation, or augmentation of breast milk production [5]. Many 
traditional foods and herbs for postpartum women that are meant to 
increase the mother’s strength and enhance lactation [6]. Local 
knowledge showed that the traditional medicinal plants in Indonesia 
that be known as facilitating breastfeeding are Plectranthus 
amboinicus (Lour.), Sauropus androgynous, Moringa oleifera and 
Carica papaya leaves and many others [7-10].  

Plectranthus amboinicus (Lour.) (PA) belongs to family Lamiaceae 
reported has been used as a galactagogue by Bataknese people in 
Indonesia [8]. Proposed mechanism based on a mouse model, PA has 
an effect on the proliferation of mammary secretory cells and increase 
DNA and RNA level [8, 11, 12]. Meanwhile, Moringa oleifera leaves 
(MO), family Moringaceae, has been used by Madura people to 
increase milk production by giving to mothers after postpartum. 
According to [10] and [13], MO leaves can increase milk production 
through the possibility of estrogenic and steroidal action. The 
Sauropus androgynus leaves (SA) belonging to the family 
Phyllanthaceae have been known to increase the breast milk 
production since ancient time in Indonesia [7]. SA was richest of 
flavonoid compounds with mechanism estrogenic and steroidal action, 
which can stimulate and increase milk production [7, 14, 15]. The 
ethnobotanic research of medical plants showed that Carica papaya 
leaves (CP), family Caricaceae, is one of the uses plants by Lauje ethnic 
communities in Central Sulawesi, Indonesia [9]. The mechanism of CP 
to increase human breast milk has been unknown yet.  

Some galactopoietic herbs have a good antioxidant capacity. The 
relationship between the phenolic compounds and antioxidant 
capacity have been reported by many literatures, but the 
relationship and their contribution to the antioxidant activity have 
not been clear [16]. However, to the best of our knowledge, the 
comparison and relationship between chemical composition and 
antioxidant capacity of galactopoietic herbs used in Indonesia was 
not clearly understood and remains scarce. Therefore, the aims of 
this research were to evaluate and compare the antioxidant activity, 
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phenolics content, flavonoids contents, and chemical composition of 
some galactopoietics herbs used in Indonesia and to find a possible 
relationship between antioxidant activity, phenolics, flavonoids and 
chemical composition of these plants by using linear regression 
analysis (partial least square, PLS). Principal component analysis 
(PCA) was applied to the data obtained in order to separate the 
plants into homogenous groups. 

MATERIALS AND METHODS 

In this section, materials and methods of this study are discussed. 

Reagents and solvent 

Gallic acid, quercetin, folin-cioceltaeu’s phenol reagent, and 1,1–diphenyl 
2-picrylhydrazyl (DPPH) were purchased from Sigma-Aldrich (Missouri, 

US). Sodium carbonate, sodium nitrite, aluminum chloride, ethyl acetate, 
n-hexane, ethanol and sodium hydroxide were purchased from Fisher 
Scientific. All the reagents were of analytical grade. 

Plant materials  

Fresh leaves Plectranthus amboinicus (Lour.) (PA), Moringa oleifera 
(MO), and Carica papaya leaves (CP) were collected from Sukabirus 
garden-Bogor, Indonesia, during the month of October 2015–March 
2016; Sauropus androgynous (SA) was carried out from traditional 
market “Gunung batu”, Bogor-Indonesia (table 1). Botanical 
identification was performed by Dr. J. S Rahajoe, Botanist from 
“Herbarium Bogoriense”, Research Center for Biology, Indonesian 
Institute of Sciences (No. 145/IPH.1.01/II.8/II/2015), where the 
voucher specimen has been deposited. 

 

Table 1: Herbs reported to have galactopoietic properties and were used in Indonesia 

Common name Botanical 
name 

Parts 
used 

Chemical constituents How to use Proposed  
mechanism 

References 

Torbangun, Bangun-
bangun (Bataknese, 
North Sumatera); 
Daun Jinten 
(Sundanese, 
Javanese) 
 

Plectranthus 
amboinicus 
(Lour.) or 
Coleus 
amboinicus L. 

leaf Carvacrol, thymol, β-
caryophyllene, cholorogenic 
acid, rosmarinic acid, 
kaempferol, quercetin, rutin, 
caffeic acid, myricetin, 
luteolin, apigenin 

“bangun-bangun soup”, the 
leaves are crushed into 
powder, then squeeze until 
“langu” aroma is lost. Then, 
cook the coconut milk, 
vegetables, and chicken until 
cooked. Enter torbangun 
leaf shapes, salt, cook, and 
stirring until tender of 
leaves. Lift and add the lime 
juice. 

proliferation 
of mammary 
secretory cells 

8,12, 17-20 

Katuk (Sundanese), 
babing (Javanese), 
simani 
(Minangkabau) 
 

Sauropus 
androgynous 

leaf phytol, squalene, linolenic 
acid (C18:3ω3), palmitic acid 
(C16:0), linoleic acid 
(C18:2ω6), and oleic acid 
(C18:1ω9), quercetin, luteolin, 
myricetin, luteolin, apigenin, 

“sayur bening”, the leaves on 
the sprout are picked, 
washed, cooked in boiling 
water, flavored recipe 
vegetable nodes. Leaves and 
water are consumed as a 
side dish with rice. 

possibly 
estrogenic, 
steroidal 
action. 
 

7, 15, 21, 
22 

Kelor (Madura, 
Sundanese), limaran 
(Javanese) 
 

Moringa 
oleifera 

leaf quercetin, luteolin, glutamic, 
acid, arginine, and aspartic 
acid, linolenic acid (C18:3ω3), 
palmitic acid (C16:0), linoleic 
acid (C18:2ω6), and oleic acid 
(C18:1ω9),  
glucosides, rutinosides, 
malonyl glucosides, 
acetylglucosides of 
kaempferol, and 
isorhamnetin. 

the leaves on the sprout are 
picked, washed, cooked in 
boiling water (300 ml), 
adding “salam” leaves, 
onion, salt, and brown sugar. 
Then, left for 10 min and 
soup consumed as a side 
dish with rice. 

unknown, 
possibly 
estrogenic, 
steroidal 
action. 

10, 23, 24 

Pepaya (Indonesia), 
gedang (sundanese).  

Carica papaya leaf cholorogenic acid, quercetin, 
kaempferol, caffeic acid, 5,7-
dimethoxycoumarin, p-
coumaric acid, protocatechuic 
acid 

 boiled or steamed, the 
leaves can be cooked with 
coconut “sambal” or takes 3 
pieces of young leaves of 
papaya, squeeze, then 
heated until wilted. Then 
put it in the breast. 

unknown 9, 25-27 

 

Extraction and fractionation of galactopoietics herbs 

The fresh leaves of PA (200 g) were washed three times with tap 
water and then extracted with water or ethanol 96% for 24 h. The 
supernatant was filtered through filter paper (Whatman No. l), and the 
resultant extract was dried by vacuum evaporator. The ethanolic 
extract (13.2 g) was dissolved in water and methanol, soaked for 12 h, 
and filtered again, thus obtaining the crude extract. This crude extract 
was then partitioned with hexane (300 ml fractions repeatedly up to 
decolorization of the organic solvent), thus obtaining both the hexane 
fraction and the ‘‘clean’’ or ‘‘defatted’’ crude extract. The defatted, 
crude extract was then successively partitioned with ethyl acetate 
(EtOAc) (as for the hexane partition), thus obtaining the fraction of 
EtOAc, and aqueous fractions. Meanwhile for comparison, other 
galactopoietic herbs, viz. SA, MO and CP were extracted by the 
maceration method with ethanol for 24 h. 

Physicochemical composition 

Nutritional composition was determined in accordance with [28], 
i.e., moisture content by direct heating (oven); ash by the muffle 
furnace; protein by semi-micro-kjeldahl nitrogen with a conversion 
factor of 6.25; lipids by soxhlet method; crude fiber by the 
gravimetric method; and carbohydrate by the luff schrool method. 
The energy was measured by direct application of Atwater factor (1 
g carbohydrate = 4 kcal; 1 g fat = 9 kcal; 1 g protein = 4 kcal). 
Minerals (calcium, zinc, magnesium and iron) were determined by 
atomic absorption spectrometry methods. Meanwhile, physical 
properties, i.e. yields, pH, water activity (aw) and total color 
difference were determined. The total color differences between all 
three coordinates were determined by colorimeter 3nh. The color 
notation system is characterized by three values, which are L 
(lightness), a (redness), and b (yellowness). 
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Total phenolics content 

The total phenolics content was determined using a modified folin-
cioceltaeu assay [29]. The aliquot of sample (0.1 ml) or blank or gallic 
acid standard solution (0; 5; 10; 20; 30 and 40 µg/ml) were added 
distilled water (2.8 ml) and sodium carbonate (2%, 2 ml) and left 
standing for 4 min. Then, 100 µl folin-cioceltaeu was added, and the 
solutions were left standing for another 30 min. The measurement 
was conducted on a spectrophotometer Agilent Technology Cary 60 
UV-Vis (λ = 760 nm) against a blank. Total phenolics content was 
derived using expressed as mg gallic acid equivalent (GAE) ing of dry 
weight of plant extract (R2:0.99). Samples were analyzed in triplicates. 

Total flavonoids content 

Total flavonoids content was measured by aluminum chloride 
colorimetric assay with modification [30]. To the extract or fraction 
solution (500 μl) or standard solution of quercetin (0-200 µg/ml) 
was added to separate 10 ml volumetric flask containing 2 ml of 
distilled water. Into the flask was added 150 μl of 5% NaNO2 solution 
and left to stand for five minutes. A solution of 10% AlCl3 (150 μl) was 
added and left to stand for 6 min. A solution of 1 M NaOH (2 ml) was 
added and the total volume diluted to 5 ml with distilled water. Then, 
the solutions were mixed well. The measurement was conducted on a 
spectrophotometer Agilent Technology Cary 60 UV-Vis at λ= 510 nm 
against a blank. Total flavonoids content was expressed as mg 
quercetin equivalents (QE) in dry weight of plant extract (R2: 0.99). 
Samples were analyzed in triplicates. 

Free scavenging activity (DPPH) assay 

The free radical scavenging activity of the extracts, based on the 
activity of the stable DPPH free radical, was determined by a 
method described by [20]. An accurately weighed sample of 
extracts or fraction of plant prepared by maceration extraction 
was placed in a volumetric flask and make up a stock 
concentration of 1000 µg/ml. The curve for extracts was 
constructed using five different concentrations (0; 10; 50; 100; 
and 200 µg/ml). To the extract solutions of different 
concentrations (each 1 ml) or blank or standard was added 3 ml of 
0.004% DPPH methanolic solution which was left standing in the 
dark for 30 min. The measurement was conducted on a 
spectrophotometer Agilent Technology Cary 60 UV-Vis (λ = 515 
nm) against a blank. The data were derived using expression and 
reported as the concentration of antioxidant required for 50% 
scavenging of DPPH radicals in a specified time period (IC 50). Next, 
IC 50

Where: A

 was measured with quercetin as a standard. Antioxidant 
activity expressed as mg quercetin equivalent (QE) in dry weight 
of plant extract. Samples were analyzed in triplicates. 

%inhibition =  [
(Ac − As)

Ac
]  x 100 

c

A

 = absorbance control or blank,  

s

Statistical analysis 

 = absorbance with sample or standard 

Data were first tested for normality and then subjected to analysis of 
variance (ANOVA). Significant differences between mean values 
were determined using Duncan’s Multiple Range test (P=0.05) 
following one-way ANOVA. Partial least Squares (PLS) and principal 
component analysis (PCA) were used to correlate the relationships 
between variables by Microsoft Excel 2007-XL STAT.  

RESULTS AND DISCUSSION 

Nutritional contents 

Nutrition contents were determined by [28] methods. The 
results of the nutritional content of some galactopoietics herbs 
are shown in table 2. In the present study showed that 
carbohydrates, ash and crude fiber contents of the PA were 
found to be higher than other galactopoietics herbs, such as SA, 
MO and CP (p<0.05). While carbohydrates, ash and crude fiber 
contents of the PA were 52.18±0.02%, 14.26±0.01%, 
11.13±0.28%, respectively. These results were agreed with the 
finding of [12] which reported carbohydrates and ash content 
are 53.21±0.05%, 7.92±0.01%, respectively. According [33], an 
abundant amount of inorganic nutrient in plant material 
indicates with high ash content. 

SA contained the highest average of lipid content (6.73±0.06%) 
followed by PA (5.87±0.01%), MO (5.67±0.18%) and CP 
(5.46±0.35%) (p<0.05). In these results, lipid content of SA is higher 
than the results obtained from [21], which reported lipid content, 
are ranging between 1.8–4.0%. According to [34], the differences of 
chemical composition on the plant were influenced by geography, 
time of harvest, climate, etc. Lipid content demonstrated that the 
leaves were having dietary purposes with promising nutritional 
attributes.  

The differences were also found in protein content, where the 
highest value was found in CP (30.85±0.33%) and the lowest value 
in the PA (17.36±0.18%) (table 2). The result of the crude protein 
content of CP is same as shown by [35]. Generally, the fresh leaves of 
all galactopoietics herbs most contained water, e. g. Plectranthus 
amboinicus L. (see table 2). 

Table 2 also showed that galactopoietics herbs used in Indonesia are 
rich sources of essential minerals, such as calcium, magnesium, zinc, 
potassium and iron. From the results obtained, it could be concluded 
that PA, SA, MO and CP are a useful edible plant, can be used as an 
herbal nutrition supplement. 

   

Table 2: Comparison nutrition contents of some galactopoietics herbs used in Indonesia 

Parameter Values (g/100g) Sauropus androgynus 
(g/100g) 

Moringa oleifera 
(g/100g) 

Carica papaya leaves 
(g/100g) Fresh Dry 

Moisture 91.38±0.05 10.33±0.04 9.03±0.01 9.24±0.30 7.70±0.00 
Ash 1.48±0.04 14.26±0.01 9.71±0.04a 10.97±0.16c 10.28±0.25b 
Lipids 

c 
0.60±0.03 5.87±0.01 6.73±0.06bc 5.67±0.18a 5.46±0.35bcd 

Protein  
cd 

2.02±0.08 17.36±0.18 29.46±0.40d 25.22±0.21b 30.85±0.33c 
Crude fiber  

a 
1.09±0.11 11.13±0.28 9.86±0.33a 9.34±0.28c 10.62±0.05d 

Carbohydrates 
b 

1.15±0.03 52.18±0.02 45.09±0.49a 48.91±0.42cd 45.77±0.93b 
Energy (kcal) 

cd 
18.08±0.71 330.97±1.67 358.71±0.21d 347.49±0.93a 355.36±0.71c 

Minerals 
b 

   
 Calcium (mg/100g)  223.5±0.71 84.40 3.65* 338.60** 
 Zinc (mg/kg) 

*** 
6.47±0.23 15.90 31.03* 21.40** 

 Magnesium 
(mg/100g)  

*** 
53.15±0.49 664.90 0.50* 439.00** 

 Potassium (mg/100 g) 

*** 

429.5±7.78 45.70 1.50* 676.20** 
 Iron (mg/kg) 

*** 
30.8±0.14 212.50 490.00* 32.00** *** 

 Values are mean±SD. of triplicate; * [21], **[31], ***

 

[32], a>b>c>d, same alphabetic in the same row = no difference 
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Physical properties 

The results of physical properties of some galactopoietics herbs 
used in Indonesia were presented in table 3. The yields of ethanolic 
extract of some galactopoietics herbs ranged from 0.85–2.00 % 
(w/v). ANOVA showed that the ethanolic extract of SA contained the 
highest average of yields followed by CP>MO>PA (table 3). These 
results were consistent with the finding of [16] who reported the 
yield of ethanolic extract of 28 Thai plants. We know that, the yield 
of extract plant was correlated with plant cell wall breakdown.  

PA was found to have the highest pH value and a water activity (aw

Sample 

) 
compared to the other galactopoietics herbs (0.00, p<0.05). 
Antioxidant activity of hydroxyl-flavones in plants is influenced by 
pH [34]. pH value of 3–11 was required to maintain plant 
phytochemicals in extracts [36]. From table 3 also showed that color 
(L*a*b* values) from the three tested parameters, viz., L (lightness), 
a (redness), and b (yellowness) for some galactopoietics herbs used 
in Indonesia were significantly different (p<0.05). This indicated 
that some galactopoietics herbs were darker, greener, and less blue, 
except PA (less red and more yellow). 

  

Table 3: Physical properties of some galactopoietics herbs used in Indonesia 

Yields (%) pH a Color w 
L a b hue Preference 

PA 0.85 7.05±0.01d 0.67±0.02a 33.67a 4.58d 10.81a +0.003 d darker, less red, and more yellow 
SA 2.00 6.46±0.02a 0.44±0.01b 42.06cd -4.51a 23.37cd +0.005 a darker, greener, and less blue 
MO 0.95 5.74±0.02c 0.47±0.01d 35.73cd -4.81b 22.58cd +0.006 b darker, greener, and less blue 
CP 1.25 6.05±0.04b 0.51±0.01c 34.33b -3.04c 20.88b +0.004 c darker, less red, and less blue 

Values are mean±SD. of triplicate; a>b>c>d, same alphabetic in the same column = no difference; PA: Plectranthus amboinicus L., SA: Sauropus 
androgynus, MO: Moringa oleifera, CP: Carica papaya leaves. 

 

Total phenolics and flavonoids content 

An established method of folin-cioceltaeu reagent was used to 
measure the total phenolics content. The principle of this method 
was the reduction ability of the phenol functional group. Reduction 
of the phosphortungstat-phosphor molybdenum complex (folin-

cioceltaeu reagent) by phenolic ions changes the reagent to dark 
blue [37]. The color becomes darker, as reduction ability increases 
with increasing phenolics compounds. The values obtained for the 
concentration of total phenolics content were expressed as mg gallic 
acid equivalent (the standard curve equation: y = 0.008x–0.008, R2

Sample 

= 
0.998) per gram of dry weight of plant extract, mg GAE/g (table 4). 

  

Table 4: Total phenolics content and total flavonoids of some galactopoietics herbs used in Indonesia 

Total phenolics (mg GAE/g) Total flavonoids (mg QE/g) Ratio (TF/TP) 
 Plectranthus amboinicus L. 
 ethanolic extract 49.98±0.00 14.49±0.00b 0.29 d 
 water extract 53.88±0.39 4.68±0.02 0.09 
 n-hexane fraction 5.86±0.02 13.19±0.06 2.25 
 ethyl acetate fraction 8.80±0.01 14.19±0.09 1.61 
 aqueous fraction 19.53±0.01 18.79±0.02 0.96 
Sauropus androgynus 27.49±0.00 43.63±0.00d 1.59 a 
Moringa oleifera 53.89±0.39 36.60±0.00a 0.68 b 
Carica papaya leaves 47.78±0.39 21.73±0.02c 0.45 c 

 Values are mean±SD. of triplicate; GAE: Gallic acid equivalent; QE: Quercetin equivalent. a>b>c>d, same alphabetic in the same column = no difference 

 

Table 4 showed that the total phenolics content of some 
galactopoietics herbs are PA range from 5.86 to 53.88 mg GAE/g of 
dry weight of plant extract, SA (27.59 mg GAE/g), MO (53.89 mg 
GAE/g) and CP (47.78 mg GAE/g). As shown in the table, water 
extract of PA contained the highest average of total phenolics 
content followed by ethanolic>aqueous fraction>ethyl acetate 
fraction>n-hexane fraction. This is because the water extract can 
dissolve rapidly of carbonyl and organic acids based on their 
polarity. Moreover, the results were agreements with [38] which 
reported that total phenolics content in water extract is higher than 
ethanol extract in Malaysia palm oil trunk epiphytes ferns.  

Meanwhile, in the ethanolic extract of some galactopoietics herbs 
used in Indonesia, MO contained the highest average of total 
phenolics content followed by PA>CP>SA. ANOVA analysis showed a 
significant of 0.000<α. It could be concluded that there was a 
significant difference in total phenolics content of ethanolic plant 
extract of some galactopoietics herbs. In these results, total 
phenolics content of MO is higher than the results obtained from 
[39], which reported range between 36-46 mg GAE/g. The obtained 
amount of total polyphenols in the extract indicated the extract has a 
high antioxidant activity [39]. 

Flavonoids are a natural subset of the phenolics group with 
antioxidant properties. Aluminum chloride colorimetric assay 
was used to measure total flavonoids content. The flavonoids 

content was expressed in terms of quercetin equivalent (the 
standard curve equation: y = 0.001x+0.006, R2= 0.988), mg of QE 
per gram of plant extract (table 4). Table 4 showed the amount 
of plant extract of some galactopoietics herbs such as PA range 
from 4.68 to 18.79 mg QE/g of dry weight of plant extract, SA 
43.63 mg QE/g, MO 36.60 mg QE/g and CP (21.73 mg QE/g). The 
aqueous fraction revealed a higher total flavonoids content 
followed by ethanolic extract>ethyl acetate fraction>n-hexane 
fraction>water extract. According to [34], the concentration of 
flavonoids content in plant extract can be affected by the 
polarity of the solvent. 

There were significant differences in total flavonoid contents among 
the four galactopoietics herbs, leaves extract (p<0.05). The ethanolic 
extract of SA with a ratio of total flavonoids to total phenolics 
(TF/TP) was 1.59 contained the highest average of total flavonoids 
followed by MO>CA>PA (table 4).  

In these results, the total flavonoids content of SA is higher than 
the results obtained from [16, 21], which reported total 
flavonoids content are 10.4 mg RE/g and 15.3 mg CE/g, 
respectively. The difference concentration of total phenolics and 
flavonoids in plant extract depends on the several factors, such 
as the species, variety, harvesting time, geography, and climate 
or agronomy practice [40-42].  
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DPPH free radical scavenging activity 

DPPH is usually used as a substrate to evaluate the antioxidant 
activity of antioxidants. The principle of this method is based on the 
reduction of the methanolic-DPPH solution in the presence of a 
hydrogen-donating antioxidant due to the formation of the non-
radical form (DPPH-H). This reaction was indicated by the color 
changes of DPPH from purple to yellow. The extracts of some 
galactopoietics herbs showed a concentration-dependent free 
radical scavenging activity by inhibiting the DPPH radical and values 
are expressed as IC50. IC50

 

Fig. 1: An antioxidant (DPPH scavenging) activity of some 
galactopoietics herbs extracts on their abilities to reduce and 

decolorize DPPH. Data were expressed as means±standard 
deviation (n=3) 

 

Antioxidant properties of plant extracts were evaluated by DPPH 
radical assay. A parallel to examine, the values of antioxidant activity 
were obtained and compared with two standard compounds, viz. 
gallic acid and quercetin. According to [42] reported the high 
scavenging effect performed on the particular sample related to the 
high reduction of DPPH. Fig. 1 showed that in PA, the radical 
scavenging activity (IC

 is defined as the concentration to obtain 
50% of a maximum inhibition. The scavenging effect increased with 
increasing concentration of plant extracts. The results of an 
antioxidant activity (DPPH scavenging) of some galactopoietics 
herbs to reduce and decolorize were shown in fig. 1. 

 

50) was highest for an aqueous fraction 
(127.77 μg/ml), while it was least for ethanolic extract (1428.60 
μg/ml) (p<0.05). It could be that some target compounds of PA were 
purified and isolated in an aqueous fraction; meanwhile, it might be 
not dissolved properly in another solvent. These results agreement 
with [38] which showed the ethanolic extract of IC50 were lower 
than water extract in epiphytes fern. 

Meanwhile, the radical scavenging activity (IC50) of an ethanolic 
extract of some galactopoietics herbs showed that IC50 of SA was 
highest antioxidant activity (126.13 μg/ml or 239.24 mg QE/g dwt) 
followed by MO (235.76 μg/ml)>CP (397.62 μg/ml)>PA (1428.60 
μg/ml) with a significance of 0.000<α (fig. 1). From these results, the 
antioxidant activity of ethanolic extract of SA is higher than the 
results obtained from [15] which reported 7.72±0.8 μmol trolox/g 
fresh weight and lowest of IC50

The phenolics and flavonoids content can be related to the free 
radical scavenging activities. Phenolic compounds possess 
antioxidant activity that allows scavenging both active oxygen 
species and electrophiles, inhibiting nitrosation, and chelating 
metal ions [43]. The data expressed that the total phenolics and 
flavonoids of some galactopoietics herbs play an important role 
in the antioxidant activity, respectively. The results suggest that 
64% of the antioxidant capacity of some galactopoietics herbs 

arose from the contribution of phenolic compounds and 36% 
from other secondary metabolites, such carotenoids, vitamin and 
volatile oils, among others (table 5).  

 

Table 5: Correlation between antioxidant activity, phenolics 
and flavonoids content of some galactopoietics herbs used in 

Indonesia 

 than results reported by [22] (51.08 
μg/ml). SA was identified as rich sources of dietary flavonoids and 
antioxidant [15].  

Correlation of total phenolics, total flavonoids content with 
antioxidant activity 

Assay Correlation R2 
DPPH radical scavenging ability 

Total phenolics  0.640* 
Total flavonoids  0.914* 

 Each value in the table is represented as mean±SD (n=3), *) indicates 
significance at P<0.05. 

 

Table 5 also showed that the positive correlation between total 
flavonoids and antioxidant activity with regression Y= 6.657x–77.74 
(R2

 

Fig. 2: The results of regression coefficient of antioxidant 
activity with total phenolics content, total flavonoids content, 

and physicochemical properties 
 

=0.914). Most of the antioxidant activity of some galactopoietics 
was from flavonoids compounds. The results were agreements with 
[16] which showed a close relationship between TPC and TFC with 
antioxidant of ethanolic extract of some Thai plants. Meanwhile, 
another researcher also reported the same correlation analysis on 
different plants [41-44]. The antioxidant activity of flavonoids 
depends on the structure and substitution pattern of hydroxyl 
groups [45]. However, it was difficult to attribute the antioxidant 
activity any of the components present in the extracts since it was a 
complex mixture of different chemical compounds. 

Many phenolics in plants arise from the shikimic pathway, namely 
cinnamic, caffeic, chlorogenic and gallic acids. These are derived from 
phenylalanine and tyrosine, which are amino acids. The results of the 
regression coefficient of antioxidant activity with total phenolics content, 
total flavonoids content and physicochemical properties of some 
galactopoietics herbs to reduce and decolorize were shown in fig. 2. 
 

Fig. 2 showed the correlation of antioxidant activity with total 
phenolics content, total flavonoids content and physicochemical 
properties. This illustrated the relationships between these 
variables for some galactopoietics herbs used in Indonesia. 
According to the PLS factor 1, only total flavonoids content was 
correlated with a positive regression coefficient with antioxidant 
activity (fig. 2). Since we know that flavonoids are a group of 
phenolic compounds, some flavonoids compounds are good 
antioxidant sources. Hence, it is expected that the content of the 
total flavonoid content relates to antioxidant activity, whereas the 
other chemical components did not relate to antioxidant activity. 
These results were also agreed with the finding of [16] who reported 
a good correlation between total flavonoids and antioxidant activity 
in some Thai plants. 
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Principal component analysis 

Principal component analysis (PCA) was applied to understand 
more about the relationship between the variables and the 
clustering group. According [46], to identify the most important 
variables or principal components (PC), the significant factor loading 
values higher than or equal 0.7 were used. The higher values of a 
variable loading, these variables have an influence in the formation 

of the principal component score. PCA on these attributes explained 
76.6% of the variability in the data was in the first two dimensions 
(table 6). The first two Fs accounted for 52.4% and 24.2% of the 
data variance. Further components explained 22.2%, 0.6% and 0.4% 
variance, respectively. Table 6 showed that the strong positive 
correlation water activity (aw), crude fiber, carbohydrates and ash 
with the loading of F1. The loading of F2 had a strong positive 
correlation with calcium, potassium and antioxidant activity (IC50

 

Fig. 3: Biplot obtained from PCA of variables comprising antioxidant activity, total phenolics content, total flavonoids content, and 
physicochemical properties 

 

Table 6: Loading factors (Fs) of the first five principal components from principal component analysis (PCA) 

). 
 

  F1 F2 F3 F4 F5 
Ash 0.930 -0.350 0.060 -0.086 0.020 
Lipid -0.414 -0.257 0.836 0.236 -0.087 
Protein -0.806 0.583 -0.095 -0.010 -0.031 
Crude Fiber 0.819 0.421 0.297 0.146 0.204 
Carbohydrates 0.812 -0.555 -0.113 0.066 -0.101 
Energy -0.890 0.449 0.031 -0.018 0.014 
Ca 0.528 0.848 0.024 0.005 -0.045 
Zn -0.641 -0.097 -0.759 0.064 0.007 
Mg -0.554 0.633 0.539 -0.029 -0.029 
K 0.585 0.800 -0.126 0.016 -0.043 
Fe -0.587 -0.683 -0.431 0.031 0.039 
TPC 0.549 -0.151 -0.820 0.062 -0.008 
TFC -0.935 -0.316 0.156 -0.008 0.021 
IC50 -0.053 0.720 -0.688 0.065 -0.034 
pH 0.666 -0.070 0.740 -0.056 0.000 
a 0.979 W -0.090 0.135 -0.011 -0.061 
AOA -0.909 -0.138 0.391 -0.024 0.012 

 

In the factor loading plots, ash was in the opposite direction to 
antioxidant activity and total flavonoids content were along the axis 
of the factor 2 (F2). Four classes were roughly grouped and used to 
generate the galactopoietics herbs plant image in biplots, which 
were combined score and loading plots (fig. 3).  

Fig. 3 showed how samples of some galactopoietics herbs were 
differently structured according to their physicochemical composition, 
minerals and antioxidant properties. The first group comprised PA. 
According to the cluster centroid, this group presented lower values 
for fiber and protein, but the highest values for ash, carbohydrate, pH, 
and water activity (aw

The present study suggested that over the data set of galactopoietics 
herbs used in Indonesia, PLS demonstrated an accurate correlation 
between antioxidant activities; lipid, protein, and flavonoids content; 
and pH. Only the total flavonoids content correlated strongly with 
antioxidant activity. Based on the PCA analysis, the data group was 
divided into two subsets and clustered into four groups. This 
provides a helpful tool for understanding much more about the 
interpretation of results from the experiments and the mechanism of 
biosynthesis in plants. Further studies are needed with these 
galactopoietics herbs to isolate, characterize and elucidate the 

). The second group comprised SA, which 
presented higher values for total flavonoids content and antioxidant 
activity. MO formed a third cluster, characterized by higher total 
phenolics content. Finally, a fourth group comprising CP, presented as 

its main characteristics, higher values of protein and lower values for 
carbohydrate and lipid contents. 

CONCLUSION 
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structure of the bioactive compounds and to find out the possible 
mechanism of antioxidant and lactogenic activity. 
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