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Abstract. Saleh I, Aziz SA, Melati M, Andarwulan N. 2023. Morpho-physiology and metabolite content of Cosmos caudatus Kunth. and 
yellow and orange Cosmos sulphureus Cav. Biodiversitas 24: 5739-5746. Cosmos sp., known as kenikir in Indonesia, is an underutilized 
vegetable commodity. Cosmos sulphureus Cav.  (C. sulphureus), with orange and yellow flowers, is commonly found as an ornamental 
plant. C. sulphureus can also be used as vegetable crops, although the Cosmos species widely used as a vegetable is Cosmos caudatus 

Kunth. (C. caudatus). This study investigated the growth, shoot production, primary and secondary metabolite content, and antioxidant 
activity of yellow and orange C. sulphureus and C. caudatus. This experiment was arranged using a Randomized Completely Block 
Design (RCBD) with one factor: Cosmos species (yellow and orange C. sulphureus and C. caudatus) with six replications. The result 
showed that plant height, leaf number, and branch number were not significantly different among the three Cosmos studied; however, 
the shoot weight per plant of orange C. sulphureus was significantly higher than the others. The antioxidant activity and phenol content 
of C. sulphureus were lower than that of C. caudatus. Meanwhile, crude fiber, flavonoid, anthocyanin, and carotenoid content were not 
significantly different among the three kinds of Cosmos. Orange C. sulphureus could be a functional vegetable, although its antioxidant 
activity is lower than C. caudatus.  
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INTRODUCTION 

Vegetables play an important role in the human diet. It 

provides some minerals, vitamins, fiber, and bioactive 

compounds that may act as antioxidants (Arias et al. 2022). 

Some studies showed that sufficient consumption of 

vegetables reduces disease risks such as cancer (Alzate-

Yepes et al. 2023) and prevents obesity (Gariballa et al. 

2023). Unfortunately, the consumption of fruit and 

vegetables in Indonesian society is still lower than the FAO 

recommendation (Khairunnisa et al. 2022). The Food and 

Agriculture Organization (FAO) and World Health 

Organization (WHO) recommendation for fruit and 
vegetable consumption is 400 g per day (Růžičková and 

Kohout 2023). Therefore, efforts are needed to increase the 

consumption of vegetables, including introducing various 

kinds of vegetables. The introduction of several types of 

vegetables increases the variability of vegetable consumption 

in society. Some vegetables cultivated in the yard but 

underutilized can meet society’s nutritional needs 

(Tanimonure et al. 2021). 

Indonesia, located in a tropical climate, has an 

enormous biodiversity. About 20,000 Angiosperm species 

are found in Indonesia (Pullailah et al. 2015). Cosmos sp., 

which has a local name as kenikir, is an Angiosperm 
species usually found as wild plants in Indonesia. They are 

used as ornamental or vegetable crops. Cosmos sp. 

consisted of several species. The common ornamental 
Cosmos species is Cosmos sulphureus Cav., i.e., yellow 

and orange flowers. Previous research showed that C. 

sulphureus can be used as refugial plants because they host 

natural enemies of some pests in rice (Aldini et al. 2019), 

used as natural dyes, a source of pollen bees, and 

bioherbicides (Wroblewska et al. 2016; Aldini et al. 2019; 

Respatie et al. 2019). The young leaves of C. sulphureus 

are consumed as vegetables; however, Cosmos caudatus 

Kunth. is also commonly consumed as vegetable (Puttock 

2022). The difference between C. caudatus and C. 

sulphureus is the size and color of the flower. C. caudatus 
has smaller purplish-pink flowers (Datiles 2022). 

The use of C. sulphureus as a vegetable crop is an effort 

to introduce new types of vegetables to the community. 

Both C. sulphureus and C. caudatus could be categorized 

as functional vegetables because they contain several 

bioactive benefits for human health. Functional foods 

potentially positively affect health because they have 

ingredients that improve health or are proven to prevent 

certain diseases (Granato et al. 2017). Therefore, Cosmos 

sp. as vegetable crops could be used to improve human 

health. 

Cosmos caudatus and C. sulphureus leaves contain 
several secondary metabolites such as phenols, flavonoids, 

anthocyanins, and vitamin C, which act as antioxidants, 

antibacterial, and anticancer (Andarwulan et al. 2010; 
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Phuse and Khan 2018). Flavonoids in C. sulphureus include 

flavonols, anthocyanins, and chalcones (Andrushchenko and 

Levon 2021).  Anthocyanin is a flavonoid type found in 

leaves. Anthocyanin is an efficient antioxidant that 

effectively scavenges free radicals. Phenolic content acts as 

an antioxidant. Hence, the bioactive compound and 

antioxidant activity in C. sulphureus leaves are food 

supplements that increase human nutrition and benefit 

human health (Phuse and Khan 2018; Andrushchenko and 

Levon 2021). 
C. sulphureus has not been widely used as a vegetable, 

and its health potential is unknown. There is no information 

regarding the differences in growth, shoot production, and 

metabolite content between the two types of C. sulphureus 

(yellow and orange flowers) and C. caudatus. This 

information is required to determine the potential of the 

two types of C. sulphureus to be developed as vegetable 

crops and ornamental plants. Therefore, this study aims to 

determine the differences in growth, yield (shoot production), 

and metabolite content of two types of C. sulphureus and 

C. caudatus. 

MATERIALS AND METHODS 

Study area 

The field experiment was carried out from May to July 

2022. The experiment was conducted at Mandirancan, 

Kuningan District, West Java, Indonesia (6°48’0.31” S, 

108°28’17.5” E) at an altitude of 296 m above sea level 

(asl). Laboratory analysis was conducted at The 

Postharvest Laboratory Department of Agronomy and 

Horticulture, Institut Pertanian Bogor, to analyze N, P, K, 

total sugar, total flavonoid, and total phenolic content; and 

at The Laboratory of Indonesian Medicinal and Aromatic 
Crops Research Institute to analyze crude fiber and 

antioxidant activity. 

Plant materials 

Seeds of three Cosmos spp. (C. caudatus, C. sulphureus 

yellow flowers, and C. sulphureus orange flowers) were 

collected from Cirebon, Indonesia. Plants used for seed 

sources were identified at Herbarium Bogoriense, Research 

Center for Biosystematics and Evolution. Goat manure was 

used as the only fertilizer. 

Procedures 

This experiment used a randomized completely block 

design (RCBD). The treatment included three Cosmos 
species, namely C. caudatus, C. sulphureus yellow flowers 

(yellow C. sulphureus), and C. sulphureus orange flowers 

(orange C. sulphureus). Each treatment has six replicates; 

hence, there were 18 experimental units.  

Each experimental unit was a plot of 2 × 3.5 m. Firstly, 

seeds were soaked in water for two hours and then sown 

for 12 days. The planting media for seedlings were soil, 

manure, and rice-hull charcoal (1:1:1) (v/v). After 12 days, 

seedlings were planted with 30 × 50 cm plant spacing. Goat 

manure as much as 20 t ha-1 was applied two weeks before 

planting. 

Growth parameters that were observed were plant height 

(cm), leaf number, stem diameter (mm), shoot diameter 

(cm), branch number, shoot diameter, relative growth rate 

(g g-1 day-1), and net assimilation rate (g cm-2 day-1). 

Growth observation was conducted 2, 4, and 6 weeks after 

planting (WAP). Plant yield parameters included the 

number of harvested shoots per plant, shoot weight (g), and 

shoot weight per plant (g plant-1) at the first and second 

harvests. Shoots were harvested at 6 WAP, then at 7 WAP. 

The nitrogen (N), phosphorus (P), potassium (K) content, 
crude fiber, sugar, and chlorophyll in leaves were measured 

at 6 WAP.  

The analysis of bioactive compounds included phenol, 

flavonoid, anthocyanin, carotenoid, and antioxidant activity. 

Chlorophyll, anthocyanin, and carotenoid were measured 

using the spectrophotometric method (Sims and Gamon 

2002). The gravimetric method measured crude fiber (Igile 

et al. 2013). Aluminum chloride colorimetric and the Folin-

Ciocalteu were used to measure phenol content and total 

flavonoid, respectively (Vongsak et al. 2013). Next, the 

2.2-diphenyl-1-picrylhydrazyl (DPPH) method was used to 
measure the antioxidant activity (Cheng et al. 2016) and 

expressed as an IC50 value. 

Data analysis 

The data were analyzed using analysis of variance 

(ANOVA) with a significance level (α) of 5% using SPSS 

software ver. 25. The differences among treatments were 

analyzed further with Tukey post hoc with α = 5%. The 

correlation analysis among the variables was analyzed by 

using Pearson correlation. 

RESULTS AND DISCUSSION 

Soil properties in the experimental site 
The soil properties before the experiment were: a pH of 

5.14 (acid), the content of C-organic, N-total, P-total, P-

available, K-total, and cation exchange capacity was 1.11% 

(low), 0.17% (low), 205.83 mg P2O5 (100 g)-1 (very high), 

6.76 ppm P2O5 (low), 28.19 mg K2O (100 g)-1 (moderate), 

and 16.74 cmol kg-1 (low), respectively. Those conditions 

were unsuitable for plant growth due to the low nutrient 

availability for plants. Adding organic fertilizer increased 

C-organic in soil and the availability of N, P, and K 

(Lasmini et al. 2018). The rainfall during the experiment 

was an average of 220 mm month-1 with an average 

temperature of 26°C and 80 % relative humidity. 

Plant growth of Cosmos caudatus and Cosmos sulphureus 

There were no significant differences in plant height, 

leaf number, and branch number of three types of Cosmos 

at 6 WAP. Plant descriptions of C. caudatus and C. 

sulphureus show a similar height of 0.3-2.0 m  (Datiles 

2022; Puttock 2022). In early growth, C. caudatus has a 

shorter and thinner stem diameter but a higher leaf number 

than C. sulphureus. At the end of the observation, the stem 

diameter of orange C. sulphureus was higher than that of C. 

caudatus. The lowest shoot diameter was found in yellow 

C. sulphureus (Table 1).  
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Variables of plant growth observed in this study were 

related to the shoot production of Cosmos sp. because the 

shoots were harvested for vegetable sources. Correlation 

analysis showed that the leaf number positively correlated 

(P<0.05) with shoot diameter (r = 0.722), branch number (r 

= 0.791), harvested shoot number per plant (r = 0.627), and 

shoot weight per plant (r = 0.626). The leaf is a plant organ 

that carries out photosynthesis, and the photosynthate is 

translocated into all plant organs. Translocated assimilate is 

then used to stimulate the formation of lateral shoots that 
will become new branches (Mason et al. 2014). Increasing 

the number of branches was followed by increasing shoot 

diameter (r = 0.714). 

Relative growth rate (RGR) is defined as the growth 

rate relative to size per unit of time, and net assimilation 

rate (NAR) is an increase of plant weight per unit of time 

and unit of leaf area (Poorter 1989). RGR and NAR from 

the Cosmos plant were not significantly different in 2-4 

WAP and 4-6 WAP (Table 2). This condition was probably 

caused by the small plant growth components that were not 

significantly different (Table 1.). The RGR value decreased 

from 2-4 WAP to 4-6 WAP. It means that the rapid growth 

of the Cosmos occurred in the early growth at 2-4 WAP. 

The plant growth curve is generally in the form of a 

sigmoid. The curve starts from the exponential phase (fast 

growth) at the beginning of growth, followed by a linear 

and logarithmic phase at the senescence phase (Lamont et 

al. 2023). 
In contrast to RGR, NAR increased to 4-6 WAP. Leaf 

area increases as the plant ages, so the assimilate produced 

also increases. NAR provides information regarding CO2 

assimilation through the photosynthesis process. 

Photosynthate was then translocated into several organs, 

such as roots, stems, and young leaves (Weraduwage et al. 

2015). 

 

 

 
Table 1. Plant height, leaf number, stem diameter, branch number, and shoot diameter of Cosmos caudatus and C. sulphureus 
 

Cosmos species 2 WAP 4 WAP 6 WAP 

Plant height (cm)  
Yellow C. sulphureus 6.73 ± 0.7 a 14.72 ± 1.4 a 44.75 ± 1.6 a 
Orange C. sulphureus 6.88 ± 0.6 a 14.10 ± 0.7 a 39.92 ± 3.2 a 
C. caudatus 5.23 ± 0.6 b 12.43 ± 0.9 b 40.28 ± 6.4 a 

Leaf number  
Yellow C. sulphureus 4.9 ± 0.6 ab 22.2 ± 7.3 a 73.6 ± 13.7 a 
Orange C. sulphureus 4.1 ± 0.2 b 31.0 ± 3.5 a 85.9 ± 9.0 a 

C. caudatus 5.2 ± 0.8 a 26.5 ± 6.0 a 86.2 ± 11.5 a 

Stem diameter (mm)  
Yellow C. sulphureus 1.83 ± 0.2 a 3.87 ± 0.4 a 5.10 ± 0.5 ab 
Orange C. sulphureus 1.65 ± 0.2 ab 3.94 ± 0.4 a 5.50 ± 0.4 a 
C. caudatus 1.60 ± 0.2 b 3.24 ± 0.2 b 4.54 ± 0.6 b 

Branch number  
Yellow C. sulphureus  -  7.2 ± 2.2 a 16.5 ± 1.5 a 
Orange C. sulphureus  -  7.8 ± 0.7 a 23.0 ± 5.7 a 

C. caudatus  -  7.4 ± 1.0 a 21.0 ± 4.4 a 

Shoot diameter (cm)  
Yellow C. sulphureus 10.08 ± 1.0 b 23.43 ± 2.6 b 42.00 ± 3.9 b 
Orange C. sulphureus 10.45 ± 1.0 b 29.87 ± 2.5 a 50.85 ± 3.7 a 
C. caudatus 11.83 ± 0.6 a 29.93 ± 1.5 a 51.73 ± 3.3 a 

Note: The numbers in a column followed by the same letter are not significantly different using the Tukey test of α = 5%. Numbers are 
followed by ± deviation standard. WAP: weeks after planting 

 

 
Table 2. Relative growth rate (RGR) and net assimilation rate (NAR) of Cosmos caudatus and C. sulphureus 
 

Cosmos species 2-4 WAP 4-6 WAP 

RGR (g g-1 day-1)  
Yellow C. sulphureus 0.176 ± 0.04  a 0.158 ± 0.03  a 
Orange C. sulphureus 0.195 ± 0.03  a 0.161 ± 0.03  a 
C. caudatus 0.179 ± 0.02  a 0.167 ± 0.04  a 

NAR (mg cm-2 day-1)  
Yellow C. sulphureus 1.036 ± 0.24  a 1.336 ± 0.20  a 

Orange C. sulphureus 1.107 ± 0.19  a 1.335 ± 0.31  a 
C. caudatus 1.123 ± 0.19  a 1.736 ± 0.35  a 

Note: The numbers in a column followed by the same letter are not significantly different using the Tukey test of α = 5%. Numbers are 
followed by ± deviation standard. WAP: weeks after planting. RGR: relative growth rate, NAR: net assimilation rate 
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Shoot production of Cosmos caudatus and Cosmos 

sulphureus 

The shoot production of Cosmos was determined by 

several yield components, i.e., the shoot number (harvested 

shoot) and shoot weight in both the first and second 

harvests. The shoot weight of three Cosmos sp. at the first 

and second harvests and the shoot number (harvested 

shoot) at the second harvest were significantly different; 

meanwhile, the internode length was not significantly 

different (Table 3). C. sulphureus, orange flowers, had a 
higher shoot weight per plant than the other two Cosmos 

sp. at the first and second harvests. The shoot weight of all 

Cosmos studied was lower in the second harvest than in the 

first harvest (Figure 1). 

Harvesting shoots repeatedly causes the shoot weight 

per plant to decrease in the next harvest because the shoot 

size is smaller than the previous harvest. Cutting shoots at 

harvest will induce the growth of lateral branches that are 

relatively smaller than the main stem (Saleh et al. 2014). 

The third harvest in this study could not be carried out 

because the flower of all Cosmos flowers emerged at 8 
WAP. The emerging flowers in Cosmos inhibit the formation 

of new leaves (Rahanita et al. 2015). Flowering shoots have 

smaller leaves and elongated top internode (McKim 2020). 

Physiological characteristics and metabolite content of 

leaves 

Nitrogen, phosphorus, and potassium are nutrients that 

plants need. Those nutrients affect some metabolism processes 

in plants. Although the amount of organic fertilizer added 

to the plants was the same, there was a difference in the 

uptake and content of these nutrients. C. sulphureus yellow 

flowers have the highest nitrogen content but the lowest 
potassium content (Table 4). Nitrogen in plants is 

important, especially in vegetative growth (Khan et al. 

2005). From the Pearson correlation analysis, there was a 

correlation (P<0.05) between leaf nitrogen content with 

plant height (r = 0.470) and internode length (r = 0.552). 

Nitrogen also affects plant phenology. Increasing plant 

nitrogen availability causes a shorter phenological duration 

(Wang and Tang 2019). In this study, yellow C. sulphureus 

flower faster than the others. At 6 WAP, 50% of the plant 

population has emerged flower buds, while only 30% and 

37% of orange C. sulphureus and C. caudatus have flower 

buds, respectively (Figure 2). 
Phosphorus content was not significantly different 

among the three types of Cosmos sp. Phosphorus also has 

an essential role in the photosynthesis process. It functions 

in ATP formation in light reaction electron transport 

(Carstensen et al. 2018). In this study, Phosphorus 

positively correlated with harvested shoot weight in plants 

(P<0.05, r = 0.618). The photosynthate translocation from 

leaves to the sink organs was regulated by potassium  (Xu 

et al. 2020). Potassium levels were positively correlated to the 

net assimilation rate in plants (P<0.05, r = 0.571). It showed 

that the higher the leaf potassium level, the increased net 
assimilation rate. The main impact of potassium deficiency is 

a decrease in photosynthetic capacity or CO2 assimilation 

(Tränkner et al. 2018). In addition, K content in leaves also 

had a positive correlation with the diameter of the shoot 

(P<0.05, r = 0.559). The diameter of the shoot was affected 

by lateral branches. The growth of lateral buds into lateral 

branches was affected by sugar content from photosynthesis 

(Mason et al. 2014). Thus, photosynthesis and photosynthate 

translocation have an important role in plant growth. 

In this study, there was no significant difference in 

crude fiber content among the three kinds of Cosmos. 

Meanwhile, the sugar content of C. caudatus leaves was 

higher than that of C. sulphureus (Table 5). Vegetable is a 

rich source of fiber (Wang et al. 2016). Fiber consumption 
reduces the risk of cancer, diabetes, and obesity (Zhang et 

al. 2013; Sarker and Wang et al. 2016; Sarker and Rahman 

2017). However, the factors that affect consumer preference 

in consuming vegetables are taste and texture. Quality 

attribute desired by consumers when consuming Cosmos 

leaves was not too fibrous and did not taste bitter (Yurlisa et 

al. 2018). Therefore, it was expected that the texture of leaves 

between C. caudatus and C. sulphureus would be the same.  

C. caudatus leaves contain higher sugar levels and are 

expected to be sweeter than C. sulphureus. Glucose is a 

form of sugar highly correlated with the perception of sweet 
taste (Chadwick et al. 2016). 

 

 

 

 
 

Figure 1. Shoot weight per plant at the first harvest, second harvest, 
and total yield of shoots of Cosmos caudatus and C. sulphureus 

 

 

 
 

Figure 2. Percentage of flowering plants at 6 WAP of Cosmos 
caudatus and C. sulphureus 
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Table 3. Number of shoots per plant and shoot weight of Cosmos caudatus and C. sulphureus 

 

Cosmos species Internode length (cm) 
Harvested shoots number 

per plant 
Shoot weight (g) 

First harvest (6 WAP) 
Yellow C. sulphureus 12.17 ± 1.2 a 5.0 ± 2.2 a 12.09 ± 1.5 b 
Orange C. sulphureus 10.21 ± 1.2 a 5.9 ± 1.1 a 14.40 ± 1.0 a 
C. caudatus 10.28 ± 1.9 a 4.0 ± 1.3 a 13.15 ± 1.7 ab 

Second harvest (7 WAP) 
Yellow C. sulphureus 10.31 ± 1.9 a 5.0 ± 1.1 ab 7.44 ± 1.3 ab 
Orange C. sulphureus 8.02 ± 1.7 a 4.7 ± 0.4 b 9.42 ± 1.1 a 
C. caudatus 7.99 ± 2.1 a 6.0 ± 0.5 a 6.17 ± 1.3 b 

Note: The numbers in a column followed by the same letter are not significantly different using the Tukey test of α = 5%. Numbers are 
followed by ± deviation standard. WAP: weeks after planting 

 

 

 
Table 4. N, P, K content in leaves of Cosmos caudatus and C. sulphureus 

 

Cosmos species N (%) P (%) K (%) 

Yellow Cosmos sulphureus 4.71 ± 0.3 a 0.39 ± 0.03 a 2.42 ± 0.2 b 

Orange Cosmos sulphureus 4.28 ± 0.2 b 0.39 ± 0.03 a 2.71 ± 0.3 ab 
Cosmos caudatus 4.47 ± 0.4 ab 0.41 ± 0.04 a 3.11 ± 0.2 a 

Note: The numbers in a column followed by the same letter are not significantly different using the Tukey test of α = 5%. Numbers are 
followed by ± deviation standard 
 
 
 
Table 5. Crude fiber and sugar content in leaves of Cosmos caudatus and C. sulphureus 

 

Cosmos species Crude fiber (%) Sugar (%) 

Yellow Cosmos sulphureus 17.95 ± 9.1 a 3.71 ± 0.4 b 
Orange Cosmos sulphureus 22.17 ± 6.7 a 3.58 ± 0.7 b 
Cosmos caudatus 14.34 ± 2.0 a 5.56 ± 1.0 a 

Note: The numbers in a column followed by the same letter are not significantly different using the Tukey test of α = 5%. Numbers are 

followed by ± deviation standard 
 
 
 

The content of leaf pigments, including chlorophyll a, 

b, and total, was not significantly different between the two 

Cosmos species (Table 6). These pigments were energy 

receptors from sunlight (photons), and light is the source of 

energy in the light reactions of photosynthesis (Taiz and 
Zeiger 2006). Photosynthesis produces carbohydrates for 

plant growth and development and is involved in secondary 

metabolites biosynthesis. Accessory pigments involved in 

photosynthesis include carotenoids (Son et al. 2021), which 

belong to the terpenoid group. The function of terpenoids 

in plants involves photosynthesis, photomorphogenesis, 

photoprotection, and plant growth and development. 

Carotenoids possess antioxidant activity and provitamin A 

for humans (Nisar et al. 2015; Wang et al. 2019). Carotenoid 

is photoreceptors of the spectral region that is not covered 

by chlorophyll (Collini 2019). The chlorophyll a and b 

contents positively correlated with carotenoids using 
Pearson correlation (P<0.05) with Pearson coefficients of 

0.908 and 0.711, respectively. Increasing chlorophyll a, b, 

and carotenoid levels in leaves are thought to increase the 

photosynthesis rate and plant growth. The relationship 

between chlorophyll a and b to CO2 assimilation also was 

explained by previous research in soybeans (Singh et al. 

2017). From the correlation analysis, increasing carotenoid 

levels positively affected stem diameter (r = 0.576), 

harvested shoot number (r = 0.525), and shoot weight per 

plant (r = 0.472). 

Anthocyanin and carotenoid content in the leaves of C. 
sulphureus and C. caudatus were not significantly different 

(Table 7). The average content of anthocyanin and carotenoid 

in C. sulphureus and C. caudatus was 14 mg 100 g-1 and 39 

mg 100 g-1, respectively. C. caudatus possesses high 

anthocyanin content (Gunasekaran et al. 2021). 

Anthocyanins are a group of flavonoid compounds with 

antioxidants and antimicrobial activities (Silva et al. 2017). 

Anthocyanins in leaves protect photosynthetic apparatus 

from oxidative damage (Trojak and Skowron 2017); 

therefore, anthocyanins are related to photosynthesis. There 

was a correlation (P<0.05) between anthocyanin and plant 

growth components such as plant height (r = 0.479) and net 
assimilation rate (r = 0.480). It may be due to the role of 

anthocyanin in accelerated plant growth by delaying foliar 

senescence (Landi et al. 2015). In addition, anthocyanins 

correlated with chlorophyll b (P<0.05, r = 0.735), an 

antenna pigment in photosynthesis. Chlorophyll b elevated 

antenna size and electron transport in light photosynthesis 
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reaction, then increased CO2 assimilation (Voitsekhovskaja 

and Tyutereva 2015).   

Secondary metabolites related to antioxidant activity 

are phenols and flavonoids (Irshad et al. 2018). The results 

of the study showed that the total phenol content of C. 

caudatus leaves was 27.78 mg GAE g-1. This value was 

32% higher than orange C. sulphureus (28.61 mg GAE g-1) 

and 48% higher than yellow C. sulphureus (25.57 mg GAE 

g-1). The total phenolic content of C. caudatus leaves in our 

research, similar to previous research, ranged from 36.09-
37.76 mg GAE g-1 (Seyedreihani et al. 2017). 

The antioxidant activity of C. caudatus was higher 

than yellow and orange C. sulphureus. IC50 value of C. 

caudatus is approximately 50% lower than C. sulphureus 

(Table 8). The higher the antioxidant activity of a material, 

the lower the IC50 value because the lower concentration is 

needed to inhibit 50% of DPPH free radicals. C. caudatus 

and C. sulphureus had the same flavonoid content in their 

leaves.  

Several secondary metabolites, including phenols and 

flavonoids, affected the activity of antioxidants. Based on 
the Pearson correlation analysis, the IC50 negatively 

correlated (P<0.05) with flavonoids (r = -0.497) and 

phenols (r = -0.861) in Cosmos leaves. From the coefficient 

correlation value, in this study, phenol content had a higher 

influence on antioxidant activity than flavonoid content. 

The increased content of flavonoids and phenols increases 

antioxidant activity. Several vegetable commodities in 

previous studies showed a close correlation between total 

phenols and flavonoids with antioxidants (Aryal et al. 

2019). 

The biosynthesis of phenolic and flavonoid 

compounds was affected by the phenylalanine ammonia-

lyase (PAL) enzyme that catalyzes phenylalanine into 
cinnamic acid as a precursor to the formation of the phenol 

group (Montoya-Garcia et al. 2018). Increasing levels of 

nutrients in leaves, especially N, reduce the activity of the 

PAL enzyme (Wang et al. 2015); therefore, the N levels in 

the leaves were negatively correlated with flavonoid 

content (P<0.05, r = -0.568). As previously mentioned, 

nitrogen plays a role in enhanced plant growth; there was a 

correlation between plant morphology and bioactive content, 

especially phenol and antioxidant activity. In this study, the 

internode length of harvested shoots negatively correlated 

with phenol content (P<0.05, r = -0.493). On the other 
hand, the IC50 value was positively correlated with shoot 

weight per plant (P<0.05, r = 0.497). 

 

 

 
Table 6. Pigment content in leaves of Cosmos caudatus and C. sulphureus 

 

Cosmos species Chl-a (mg g-1 fw) Chl-b (mg g-1 fw) Chl-total (mg g-1 fw) 

Yellow Cosmos sulphureus 1.45 ± 0.3 a 0.47 ± 0.09 a 1.92 ± 0.2 a 
Orange Cosmos sulphureus 1.47 ± 0.2 a 0.46 ± 0.06 a 1.93 ± 0.2 a 
Cosmos caudatus 1.35 ± 0.3 a 0.47 ± 0.09 a 1.82 ± 0.3 a 

Note: The numbers in a column followed by the same letter are not significantly different using the Tukey test of α = 5%. Numbers are 
followed by ± deviation standard. Chl-a: chlorophyll a, chl-b: chlorophyll b, chl-total: Total chlorophyll 

 

 

 
Table 7. Anthocyanin and carotenoid content in leaves of Cosmos caudatus and C. sulphureus 

 

Cosmos species Anthocyanin (mg g-1 fw) Carotenoid (mg g-1 fw) 

Yellow Cosmos sulphureus 0.14 ± 0.08 a 0.43 ± 0.08 a 
Orange Cosmos sulphureus 0.12 ± 0.05 a 0.41 ± 0.05 a 
Cosmos caudatus 0.15 ± 0.05 a 0.33 ± 0.09 a 

Note: The numbers in a column followed by the same letter are not significantly different using the Tukey test of α = 5%. Numbers are 
followed by ± deviation standard. fw: fresh weight 

 

 

 
Table 8. Total phenol, total flavonoid, and antioxidant activity in leaves of Cosmos caudatus and C. sulphureus 

 

Cosmos species 
Total phenol  

(mg GAE g-1 dw) 

Total flavonoid  

(mg QE g-1 dw) 

Antioxidant activity (IC50) 

(ppm) 

Yellow Cosmos sulphureus 25.57 ± 1.7 b 32.26 ± 2.3 a 100.54 ± 13.3 a 
Orange Cosmos sulphureus 28.61 ± 3.4 b 34.60 ± 2.9 a 103.87 ± 18.8 a 
Cosmos caudatus 37.78 ± 5.0 a 35.04 ± 3.4 a 56.24 ± 15.0 b 

Notes: The numbers in a column followed by the same letter are not significantly different using the Tukey test of α = 5%. Numbers are 
followed by ± deviation standard. dw: dry weight, GAE: gallic acid equivalent, QE: quercetin equivalent 
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In conclusion, there were significant differences in 

plant morphology of yellow and orange C. sulphureus and 

C. caudatus. Orange C. sulphureus had a larger stem 

diameter than C. caudatus. Orange C. sulphureus had the 

highest shoot production per plant in the first and total 

harvests. C. sulphureus and C. caudatus had some metabolite 

contents that were not significantly different, i.e., crude 

fiber, anthocyanin, carotenoids, and flavonoids. The total 

phenols and antioxidant activity of C. sulphureus were 

lower than that of C. caudatus. The presence of remarkable 
bioactive compounds such as phenol, flavonoid, anthocyanin, 

and carotenoid in the leaves of C. sulphureus, so there is a 

possibility that C. sulphureus can be used as a functional 

vegetable.  
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