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Abstract 

In recent years, a new “superfood” has garnered increasing attention due to its highly 

compact and nutritious nature - seedlings harvested the first true leaf stage called microgreens. 

Concurrently, attention on recycled nutrients has been amplifying, given the increasing 

prevalence of food wastage in developed cities. This study sought to weave the two subjects 

together in the cultivation of red cabbage microgreens where a portion of the commercial 

nutrients were replaced with recycled nutrients, made from tea solution brewed with tea bags 

that have had their first infusions simulated. Results reveal that whilst the growth of 

microgreens were stunted by the replacement of nutrients, their antioxidant properties and 

nutrient content showed a significant increase. This implies that they are more compact and 

nutritious, and signifies the possibility of growing microgreens with the partial replacement of 

commercial nutrients with recycled nutrients that are able to maintain the total nutrient content 

of their counterparts provided fully with commercial nutrients.  

1. Introduction 

Microgreens are seedlings with their first few pairs of true leaves which are grown for one 

to two weeks (Miner, 2016). Research conducted found that microgreens contain nutrients 

many times that of the fully-grown plants (Warner, 2012), of which red cabbage microgreens 

are an interesting example. They were found to contain 6 times more Vitamin C and 40 times 

more Vitamin E as compared to their mature counterparts (Xiao, Lester, Luo & Wang, 2012), 

evidencing a higher nutrient content and compactness. The cultivation of microgreens was 

conducted in a hydroponic cultivator as such a system allows the nutrient content of the growth 

medium to be directly manipulated, and is thus ideal for the purpose of this study. In addition, 

hydroponic systems bring about many other benefits, from the conservation of farming 

resources like water and nutrient fertilisers, to the saving of land space due to the less space 

required  for the same yield, and the greater feasibility of vertical farming with hydroponics 

(Pandey & Jain, 2009). Such systems are therefore optimal for the growth of microgreens, and 

especially useful in land-scarce regions with adverse conditions and agricultural areas where 

water supplies are unreliable.   

According to a study (Neff, Spiker, Truant, 2015) , more people in USA are becoming 

aware of the astounding amount of food waste that the world generates per year, which stands 

at approximately 1.3 million tonnes (Food and Agricultural Organisation of the United Nations, 

2011). This study seeks to mitigate the problem of food waste and thus looked into the 

utilisation of recycled nutrients. Recycled nutrients come in many forms and can have many 
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applications. Evaluation done by The University of New South Wales has shown that recycled 

nutrients like compost tea, can be used to effectively supply the nutritional requirements of the 

seedlings that were grown and could even help to reduce or prevent certain diseases that 

damage crops (Recycled Organics Unit, 2006). In particular, tea has been used as a recycled 

nutrient, but is mainly utilised in the composted form with another waste due to the efficiency 

of this form of cultivation method (Mahaly, et al, 2018). According to Street, Száková, Drábek 

and Mládková (2006), tea infusions contain many minerals such as copper, zinc, manganese, 

iron, and aluminium, amongst others, and is thus able to supply the micronutrients required for 

plant growth. This reason and their ease of availability make used tea bags the choice of 

material for this study. Furthermore, literature on the utilisation of brewed tea from used tea 

bags as liquid fertiliser for the cultivation of plants, let alone microgreens, is scarce. This study 

thus aims to explore this perspective.  

The type of microgreen chosen for this study is Brassica oleracea var. capitata f. rubra, or 

red cabbage. Red cabbage produces anthocyanins that contribute to its characteristic purple 

hue. Anthocyanins are water soluble pigments that are well-known for their purplish colours, 

and are known to bring about many health benefits, due to their anti-oxidative properties (Hock, 

Azlan, Sou & Lim, 2017). They have also been found to possess anti-cancer properties (Wang, 

Stoner, 2008), and are currently being researched as a diabetes cure in Singapore (Zhou, 2018). 

Various factors such as light, temperature, water and nutrient stresses affect the biosynthesis 

of anthocyanins (Chalker-Scott, 1999). This study focuses on the effects of the variation of 

nutrients on the red cabbage microgreens.  

To broaden the scope slightly, this study also investigated the anti-oxidant properties of the 

red cabbage microgreens. Anthocyanins and Vitamin C are common antioxidants (Li, et al, 

2014) and are believed to be beneficial to the human body as they naturally remove molecules 

that can cause oxidative damage,  which are linked to diseases such as ischaemic stroke and 

cardiovascular diseases (National Center for Complementary and Integrative health, 2013). In 

this study, the anthocyanin and vitamin C concentrations, and the total anti-oxidant content of 

the red cabbage microgreens were measured.  

2. Objectives and Hypothesis 

The objectives of this study are to investigate the effects of the replacement of commercial 

nutrients partially with recycled nutrients on the growth, anti-oxidant properties and nutrient 

content of the red cabbage microgreens grown in a hydroponic system. We hypothesise that 
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the nutrient replacement would not adversely affect the nutrient content and anti-oxidant 

properties of the harvested microgreens.   

3. Materials and Methods 

3.1 Materials  

The red cabbage microgreen seeds used for cultivation were purchased from the Mountain 

Valley Seed Company (Lot #: 01452-166141), and the Biostrate Hydroponic Growing Mat was 

bought on Amazon. The different brands of tea – OSK Japanese Green Tea, Sea Dyke Tea  

(Oolong tea) and Lipton Mild Ceylon Black Tea were procured from a local supermarket.  

3.2 Methods 

3.2.1 Quantification of nitrate, phosphate and potassium concentrations (NPK 

concentrations) in the recycled nutrient solutions 

The quantification of NPK concentrations of our recycled nutrient solutions provided a 

basis for comparison between the three different types of tea and enabled us to decide which 

type of tea to use for our experiments. Potassium ion concentrations, in its atomic form, were 

measured with atomic absorption spectroscopy whilst nitrate and phosphate concentrations 

were measured with a Hach DR/890 colorimeter.  

 

Fig 1: Graph of the NPK concentrations of the commercial nutrient solutions and various recycled tea 

extracts 

As mentioned before, the effect of nutrient levels on the biosynthesis of anthocyanins 

formed a large portion of the focus of this study. From Figure 1, it is evident that out of the 

three types of tea, Oolong tea had the lowest levels of macronutrients (NPK) essential for plant 

growth. Yet, according to Stewart et al (2001), such a nitrogen and phosphorus deficiency 

would boost anthocyanin production in plants. Thus, Oolong tea was chosen as the recycled 
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nutrient to intentionally deprive the red cabbage microgreens of nitrogen and phosphorus, in 

an attempt to boost anthocyanin production and thus the microgreens’ anti-oxidant content.  

3.2.2 Preparation of microgreen growth solutions 

Oolong tea bags were brewed for 30 seconds at 80oC to simulate a first infusion before 

being brewed in a ratio of 3 tea bags to 500 mL of boiling tap water for 5 minutes on a hot plate 

to make the extract for plant growth. The extract was then diluted to a ratio of 2.4 tea bag to 

1.0 L of tap water to obtain the recycled nutrient solution. The commercial nutrients used were 

LUSHGro HYDRO commercial fertilisers. For the experimental set-ups, 75%CN-25%RN 

and 50%CN-50%RN (where CN stands for commercial nutrients and RN stands for recycled 

nutrients) growth solutions were prepared by volume, where each of the troughs could hold 15 

L of growth solution, and typically used 50 mL of commercial nutrient solution per growth 

cycle. This process had been crafted to optimise its efficiency whilst obtaining a recycled 

nutrient solution that is as saturated as possible, and the lack of a referenced process stems from 

the fact that studies which involve the preparation of such a nutrient solution are scarce.   

3.2.3 Cultivation of microgreens 

The microgreens were cultivated in trays in G-Cube plant cultivators. Round circles of the 

Biostrate Hydroponic Growing Mat were cut to fit the cultivator cups before 50 (0.43 g)  red 

cabbage microgreens seeds were sprinkled onto the Biostrate Mat in each cup. The respective 

growth solutions were placed in the troughs before the cover was placed and the cups inserted 

into the holes in the trough’s cover. Finally, the growth conditions were set on the control panel 

(20oC, 80% humidity, 10 hours of light per day). The seeds were then left to germinate in their 

respective nutrient solutions in the dark for 4 days in the plant cultivator before the LED lights 

were switched on. The ionic concentration of the growth solution, which correlates with the 

nutrient concentration of the growth solution, was measured at the start of growth and was 

maintained at the initial value with an acceptable deviation of  ± 50 ppm until the 13th day of 

growth, upon which the microgreens were harvested.  

3.2.4 Harvesting of microgreens 

Before the microgreens were cut at the point of emergence from the Biostrate felt on the 

13th day of growth, their photosynthetic activity was measured with a SPAD 502DL Plus 

Chlorophyll Meter. The microgreens grown in each trough were then split into three groups 

and the height of five randomly-chosen microgreens in each group was measured with a ruler. 
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After the seed coats and roots of the harvested microgreens were removed, the mass of all the 

microgreens grown from each trough was measured with an electronic balance.  

3.2.5 Preparation of microgreen extracts 

The harvested microgreens were blended with an electric blender in a ratio of 1.0 g of 

microgreens to 10 mL of deionised water for 30s. The resultant mixture was sieved to remove 

large solid plant matter before centrifugation at 7000 rpm and 20oC for 10 minutes, after which 

the supernatant was collected as the microgreen extract and stored in the fridge.  

3.2.6 Quantification of anthocyanins in the microgreen extracts (insert ref. here) 

0.025 M potassium chloride buffer and 0.4 M sodium acetate buffer were prepared in order 

to immerse the sample in pH 1.0 and 4.5 conditions respectively. For the pH 1.0 buffer, 1.86 g 

of KCl was weighed into a beaker and 980 mL of deionised water was added. For the pH 4.5 

buffer, 54.43 g of CH3CO2Na·3H2O was weighed into a beaker, and 960 mL of deionised 

water was added. The pH of both solutions was measured using a pH meter and adjusted to 1.0 

(±0.05) and 4.5 (±0.05) respectively with 2.0 M hydrochloric acid, before both solutions were 

each transferred to a 1L volumetric flask and diluted to the appropriate volume with distilled 

water. To one portion of 0.750 ml sample solution, an equal volume of 0.025 M potassium 

chloride buffer was added, and to another an equal volume of 0.4 M sodium acetate buffer. 

Within 20 - 50 minutes of preparation, the absorbances of both solutions at two wavelengths 

of 520 nm and 700 nm were measured for each solution with a UV-Vis spectrophotometer. The 

anthocyanin content of the microgreens was calculated using the following formula:  

Total Monomeric Anthocyanins (mg/L) = (A×MW×DF×103)/(ε× l), 

where A = (A 520-A700 nm) pH 1.0  -(A 520-A700 nm) pH 4.5 , MW = Molecular Weight of the most 

common anthocyanin cyanidin-3-glucoside = 449.2 g/mol, DF = Dilution Factor = 2, ε = molar 

extinction coefficient of cyanidin-3-glucoside = 26900 L/cm mol, l = Pathlength of the cuvette 

= 1 cm, A stands for absorbance and A520 and A700 are absorbances at 520 nm and 700 nm 

respectively.  

3.2.7 Quantification of vitamin C in microgreen extracts 

An ElabScience Vitamin C test kit was used for the quantification of Vitamin C in the red 

cabbage microgreen extracts. The absorbance of the microgreen extract was measured at 536 

nm using the UV-Vis spectrophotometer in a cuvette of a path length of 0.5 cm, with deionised 

water as the blank. The Vitamin C content in the microgreen extracts was then calculated by 

the following equation: VC content (μg/ mL) = Asample-Ablank/ Astandard-Ablank x 6 μg/ mL x 4, where Asample , 
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Ablank , Astandard , stand for the absorbances of the sample, blank and standard solutions respectively, 

6 μg/ mL is the concentration of vitamin C in the standard solution and 4 is the dilution factor 

that results from the steps listed in the test kit.  

3.2.8 DPPH Assay of Microgreen Extracts 

The control solution was prepared by adding 0.50 mL of DPPH to 0.95 mL of methanol 

and 0.05 mL of deionised water, leaving the solution in the dark for 10 minutes, before the 

absorbance of the solution was measured at 517 nm, with a solution of 1.45 mL methanol and 

0.05 mL deionised water as the blank. For the test solution, the deionised water was replaced 

with an equal volume of microgreen extract which anti-oxidant properties are being determined. 

The radical scavenging activity of the microgreen extracts (%) was then calculated with the 

following equation:  

Equation for RSA = ((Control absorbance - Test absorbance) / Control absorbance) x 100% 

3.2.9 Data analysis 

The Mann-Whitley U test was used to check for the significance of the difference between 

the results obtained from the control and experimental set-ups, thus testing for the significance 

of the effect of replacing commercial nutrients with recycled nutrients to different extents. This 

statistical test was used even though it only compares two groups of data since this study had 

only collected three groups of data.  

4. Results and Discussion 

4.1 Average height and yield of microgreens 

 

n = 9 

p = 0.000 
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Figure 2 shows a progressive decrease in the average height of the microgreens as a higher 

proportion of the commercial nutrients was replaced by recycled nutrients. Figure 3 shows a 

similar trend, indicating a progressive decrease in the yield (by mass) of the microgreens as 

recycled nutrients make up a greater proportion of their growth solution. For both sets of data, 

the Mann-Whitney U test conducted revealed a significant difference between all the pairs of 

the groups of data, where p < 0.05 and n = 9. This expected trend is due to the deficiency of 

nitrogen and phosphorus in the microgreens when commercial nutrients are replaced with 

recycled nutrients that are responsible for protoplasm build-up and DNA synthesis, which are 

essential processes in the growth of plants (Razaq, Zhang & Shen, 2017).  Thus, as the 

commercial nutrients were replaced with recycled nutrients, the microgreens being grown 

showed signs of stunted growth, with those grown on 50% RN 50% CN growth solution being 

nearly half as short and having less than half of the yield of those grown on 100% CN growth 

solution.  

4.2 Anthocyanin content of microgreens 

n = 9 

p = 0.004 

n = 9 

p = 0.000 
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Figure 4 indicates that the 25% RN 75% CN microgreens had a lower concentration of 

anthocyanins than the control, whilst that of the 50% RN 50% CN microgreens was higher 

than control, even though studies have shown that nitrogen and phosphorus deficiency boosts 

anthocyanin production (Stewart, et al, 2001). This leads to the supposition that a certain extent 

of commercial nutrient replacement must be reached before the nitrogen and phosphorus 

deficiency can significantly boost anthocyanins production. The Mann-Whitney U test 

conducted revealed a significant 

difference between all the pairs of the 

groups of data, where p < 0.05 and n = 9.  

In Figure 5, it is seen that the 

underside of the leaf of red cabbage 

microgreen C, which was grown with the 

50% RN 50% CN solution, has the 

darkest, most purplish hue as compared to 

microgreens A and B, which were grown 

with the 100% CN and 25% RN 75% CN 

solutions respectively. This is further 

visual and qualitative proof that the reduction of macronutrients provided to the red cabbage 

microgreens enhanced the biosynthesis pathway of anthocyanin compounds, leading to the 

higher concentration of these water-soluble purple pigments being present in microgreen C.   

4.3 Photosynthetic activity of microgreens 

Figure 6 shows a progressive increase in the photosynthetic activity of the microgreens as 

a higher proportion of the commercial nutrients was replaced by recycled nutrients. The Mann-

Whitney U test conducted revealed a significant difference between all the pairs of the groups 

 

Fig 5: A picture of the underside of the leaves of 

red cabbage microgreens grown with the different 

nutrient solutions 

A B C 

n = 9 

p = 0.003 
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of data, where p < 0.05 and n = 9. The observed trend is likely to be due to increased 

concentrations of anthocyanins as more commercial nutrients were replaced with recycled 

nutrients. According to Landi, Tattini and Gould (2015), anthocyanin accumulation delays 

foliar senescence, which is otherwise accelerated in plants growing under macronutrient 

deficiency, thus increasing the photosynthetic activity of the microgreens.  

4.4 Vitamin C concentration of microgreens 

Figure 7 shows a progressive increase in the Vitamin C content of the microgreens as a 

higher proportion of the commercial nutrients was replaced by recycled nutrients. This is 

because ascorbate accumulation is induced by nitrogen deficiency as it gives rise to excess 

excitation energy (Smirnoff, 2018). Yet whilst the Matt-Whitney U test conducted revealed a 

significant difference between the 100% CN and 50% RN 50% CN microgreens, it gave a p-

value greater than 0.05 when the data of the 100% CN and 25% RN 75% CN microgreens 

were compared. Thus, this leads again to the supposition that a certain extent of macronutrient 

deficiency had to be achieved for the increase in Vitamin C concentration to be significant.  

4.5 Radical scavenging ability of microgreens 

 

 

n = 9 

p = 0.216 between 100% 

CN and 25% RN), 0.000 

n = 9 

p = 0.013 
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Figure 8 indicates that the 25% RN 75% CN microgreens exhibited lower anti-oxidant 

properties than the control, whilst that of the 50% RN 50% CN microgreens was higher than 

control. The Mann-Whitney U test conducted revealed a significant difference between all the 

pairs of the groups of data, where p < 0.05 and n = 9. The observed trend is the exact same as 

that of the anthocyanin concentrations of the microgreens, and is similar to that of the Vitamin 

C concentrations of the microgreens. As anthocyanins and Vitamin C are both common 

antioxidants (Li, et al, 2014), they are likely to have contributed greatly to the anti-oxidant 

properties of the microgreens and thus have contributed to the trend observed in Figure 8. 

5. Conclusion 

Our results showed that oolong tea, is a viable replacement for commercial nutrients up to 

50%. This is supported by the increased Vitamin C and anthocyanins concentration, total anti-

oxidant properties and photosynthetic activity of the red cabbage microgreens when half of the 

commercial nutrient solution was replaced by the recycled nutrient solution. This implies that 

whilst the microgreens that have been grown with the 50% RN 50% CN growth solution have 

experienced stunted growth, they are more nutrient-packed and compact, which ties in nicely 

with the reason why microgreens have been receiving more attention recently – their high 

nutritional content. In addition, evidence from our work verifies the feasibility of commercial 

growers cultivating microgreens at a lower cost by replacing a portion of the commercial 

nutrients used with some form of recycled nutrients, reducing the amount of food waste 

generated by recycling some of it. Our findings thus contribute to the field of research that 

involve the practical applications of recycled food waste to benefit mankind.  

6. Future Work 

Possible future research includes the investigation of the effects of replacing commercial 

nutrients with recycled nutrients on the Vitamin E concentration of microgreens, since Vitamin 

E is also a common anti-oxidant. In addition, the effect of varying the nutrient compositionof 

the growth solution on the other properties of red cabbage microgreens, such as their possible 

anti-bacterial properties, can be further investigated. Finally, the scope of the study could be 

broadened to test the effects of the utilisation of other types of recycled nutrients and/or 

microgreens.  
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