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Abstract 

Purpose Thailand generates approximately 18 million tons of urban food waste per year, which is disposed of with 

municipal waste and largely goes to landfills. However, this approach not only takes up a large area but also 

causes environmental problems. The easiest way to manage food waste is by separating it at the source and com-

posting it. Bioaxel Co., Ltd. has developed an innovative approach for composting food waste, with the output 

commercially marketed as “BA compost”. However, the use of BA compost has not been independently studied. 

Method BA compost was mixed with soil in various proportions (0% - 70% v/v) for planting lettuce to find the 

proper BA proportion. Growth characteristics and nutrient contents were investigated. 

Results The BA compost improved the soil nutrients. 10% BA compost in soil gave the highest growth parameters 

among the proportions tested, with the highest root length (21.83 ± 0.83 cm), plant length (30.00 ± 1.00 cm), 

number of leaves (23.33 ± 1.15 leaves), thickness (12.47 ± 0.57 mm), width of bush (26.33 ± 0.58 mm), fresh 

plant weight (113.03 ± 1.28 g), dry plant weight (4.58 ± 0.14 g), chlorophyll a and b (0.38 and 0.38 mg/mL), 

carotenoid (155.28 mg/mL), protein (443.38 μg/mL), carbohydrate (4,321.31 μg/mL) and reducing sugar (683.33 

μg/mL). 

Conclusion BA compost from food waste demonstrated its potential in sustainable food waste management and 

could be used as a fertilizer. It supports an environmentally closed-loop approach to return the food waste back to 

the source as plant food. 
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Introduction 

 
Urban food waste accounts for one-third of all food 

left over from consumption. In most parts of the 

world, food waste isdiscarded instead of being 

properly used. Untreated food waste can be seen 

everywhere, and it contributes to environmental pol-

lution of water resources, air and land (Chun et al.

ORIGINAL RESEARCH 

Jutarut Iewkittayakorn jutarut.p@psu.ac.th 

1 Division of Biological Science, Faculty of Science, Prince of 

Songkla University, Hat Yai, Songkhla, Thailand 

2 Center for Genomics and Bioinformatics Research, Faculty of 

Science, Prince of Songkla University, Hat Yai, Songkhla, Thai-

land 

3 Agricultural Innovation and Management Division, Faculty of 

Natural Resources, Prince of Songkla University, Hat Yai, 

Songkhla, Thailand 

4 Division of Computation Science, Faculty of Science, Prince of 

Songkla University, Hat Yai, Songkhla, Thailand 

5 BIOAXEL Co., Ltd., Koh Sa-mui, Surat Thani, Thailand 

6 Faculty of Science and Industrial Technology, Prince of Songkla 

University, Surat Thani Campus, Surat Thani, Thailand 

 

mailto:jutarut.p@psu.ac.th


 Int. J. Recycl. Org. Waste Agric 12(2): 247-258, Spring 2023 

248 
 

2020). In Thailand, 64% of total garbage is food 

waste, and only 2% of it is recycled. The remaining 

part is disposed of with municipal waste and then 

taken to landfill where hygiene is not a priority (Sri-

suwannaket and Liumpetch 2019), resulting in envi-

ronmental pollution as a breeding ground for patho-

gens that is unhealthy to humans. There are a number 

of ways to tackle this problem, such as making safe 

food choices in supermarkets, and donating the sur-

plus food from a hotel instead of throwing it away. 

However, when this is done and there are still food 

scraps left, the easiest approach is to separate this 

waste for composting. BIOAXEL Co., Ltd. has devel-

oped an innovation in recycling by converting food 

waste to compost. This compost is commercially mar-

keted as “BA compost”. In preliminary experiments, 

the BA compost was tested for its nutrient contents 

(total nitrogen, total phosphorus, and total potassium 

contents) and it satisfied the Thai Agricultural Stand-

ard for compost with 2.44% w/w total nitrogen, 1.18% 

w/w total phosphorus, 1.69% w/w total potassium, 

and carbon to nitrogen ratio of 13:1. This showed that 

the compost from food waste had enough nutrients for 

use as an organic fertilizer. However, no data on the 

utilization of BA compost in agriculture has been re-

ported. The use of BA compost in plant production not 

only reduces waste, but also the good quality organic 

compost should have growth benefits to the plants. In 

addition, the food waste compost also reduces the use 

of chemically synthesized fertilizers that cause severe 

issues in agricultural products and to the environment 

(Khan et al. 2019). Green oak lettuce (Lactuca sativa 

Var. Crispa L.) is in the Asteraceae family, native to 

Asia and Europe, and is one of the most consumed 

fresh leafy salads (Chiesa et al. 2009). Lettuce is an 

economically valuable crop that can generate income 

to farmers and greatly improve the quality of life of 

the consumers. Lettuce is high in nutrients and con-

tains substances that promote good health, such as vit-

amins A and C, minerals calcium, potassium, magne-

sium, sodium and iron, along with antioxidants like 

quercetin that is anti-carcinogenic, caffeic acid, lactu-

picrin, manganese, copper, zinc and selenium (Ka-

washima and Soares 2003). The pigments involved in 

the photosynthesis are chlorophyll and carotenoids 

(Llorach et al. 2008). Mauromicale et al. (2006) re-

ported that the amounts of pigments in a plant are af-

fected by plant age and nutrient availability. In gen-

eral, salad vegetables are commonly grown in pots. 

This uses a comparatively small area and planting 

conditions can be controlled, and the plants are easy 

to move or otherwise manipulate. Moreover, it is easy 

to control the weeds. Yuan et al. (2012) revealed that 

the growth and development of lettuce plants are 

strongly dependent on the nitrogen, a nutrient which 

is required for protein, and the chloroplast in compost 

from food waste has a high nitrogen content. The 

proper dose level of BA compost is needed for its op-

timal use. Therefore, the main objective of this re-

search was to study the effects of BA compost on let-

tuce plants during pot cultivation. BA compost was 

mixed with soil in different ratios, 0-70% by total vol-

ume, in order to find the proper dose of BA compost 

for growing lettuce plants in a pot system. The lettuces 

were planted for 45 days in 8-inch single plant pots 

before harvesting to measure growth parameters (root 

length, plant length, number of leaves, thickness, 

width of bush, fresh plant weight, dry plant weight) 

and nutrient contents (chlorophyll a, b, carotenoid, 

carbohydrate, protein, and reducing sugar). 

 

Materials and methods 

 

Composting process 

 

Food waste was obtained from the canteen of Panya-

dee the British International School of Samui, Koh Sa-

mui, Surat Thani, Thailand. The food waste was fed 

into the Bioaxel machine and mixed with super bacte-

ria in rice bran, which are the characteristic mixed Ba-

cillus species active in composting.The Bioaxel ma-

chine shown in Fig. 1 is an innovation for converting 



 Int. J. Recycl. Org. Waste Agric 12(2): 247-258, Spring 2023 

249 
 

food waste into compost within a short period of time, 

supplied by BIOAXEL Co., Ltd., Koh Sa-mui, Surat 

Thani, Thailand (https://www.bioaxelth.com). There 

is a stirring system inside the machine for aerobic fer-

mentation and the composting temperature was con-

trolled at 60 C for 24 h. The moisture content of the 

composting materials was also controlled at 50-60% 

by weight. After 24 h, the fertilizer is taken out and 

stored in the open air until the temperature of the fer-

tilizer pile was equal to the room temperature, which 

took about 5-7 days before use. The moisture of com-

post was reduced to 20% by weight. The obtained 

food waste was analyzed for nutritional values as re-

gards contents of protein, fat and fiber according to 

AOAC 2001.11 (2016), AOAC 920.39 (2016) and 

AOAC 978.10 (2016), respectively. The food waste 

and the obtained compost (or BA compost by the com-

mercial name) were tested for quality characteristics 

according to the Thai Agriculture Standards for com-

post (TAS 9503 2014) before further study. The Thai 

Agriculture Standards for compost include require-

ments on pH, electrical conductivity, organic matter, 

total nitrogen, total phosphorus, total potassium, and 

carbon to nitrogen (C: N) ratio. The microorganisms 

of food waste and the obtained compost were also 

counted using spread plate technique according to 

Sanders (2012). Total number of viable microorgan-

isms, namely bacteria, yeasts or fungi were grown on 

the surface of culture media and divided into groups 

called colonies and counted for colony forming units. 

 

Effects of the BA compost on lettuce growth 

 

Preparation of seedlings: 100 seeds of green oak let-

tuce (Lactuca sativa Var. crispa L.) were purchased 

from a local market in Hat Yai, Songkhla, Thailand. 

The seeds were sown in the nursery in pits under plas-

tic (11×21 inches, 200 wells) for 14 days (Pinto et al. 

2014) before transplantation to 8-inch pots (4 L each 

by volume) (Jarsaing 2012). Planting materials: BA 

compost, topsoil, and coconut coir were mixed well in 

different ratios, with 0-70% by total volume of the BA 

compost as shown in Table 1, for testing effects on 

lettuce growth in a pot system, with commercial plant-

ing soil as baseline for comparisons. The commercial 

planting soil was purchased from a local tree shop in 

Hat Yai, Songkhla, Thailand. The commercial plant-

ing soil consisted of topsoil, manure, coconut coir and 

organic compost. After this, the mix was called “BA 

organic soil”.  

The plants were grown under field conditions at the 

Faculty of Natural Resources, Prince of Songkla Uni-

versity, Hat Yai, Songkhla 90110, Thailand, from Oc-

tober to November 2021 as the growing season. The 

lettuce plants were watered regularly for 45 days, then 

harvested for plant growth measurements and bio-

chemical analyses. 

 

Plant growth measurements and biochemical anal-

yses 

 

After transplanting for 45  days, the lettuces were har-

vested in order to measure the physiological parame-

ters plant length, root length, number of leaves, thick-

ness, width of bush, fresh plant weight, and dry plant 

weight, according to Deepika and Mubarak Ali 

(2020). In the harvest of the lettuces, they were cut at 

the ground level and immediately determined for their 

physiological parameters, except for the dry weight. 

The dry plant weight was recorded after oven drying 

at 6 5  °C for 3  days. Biochemical analyses: the har-

vested lettuces were analyzed for total chlorophyll, ca-

rotenoids, carbohydrate, protein, and reducing sugar, 

by methods explained below. 

-Total chlorophyll and carotenoids: at least 4 fresh 

leaves were randomly sampled and crushed, and 5 g 

was added in a glass bottle containing 15 mL of 99.5% 

acetone (AR grade, RCI Labscan, Thailand) to extract 

the chlorophyll for 48 h. The extracts from several 

bottles were pooled together and centrifuged at 5,000 

rpm for 15 min. The upper supernatant layer was used 

https://www.bioaxelth.com/
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to measure the optical density with a UV-vis spectro-

photometer (Thermo Fisher Scientific, USA) to deter-

mine the amount of chlorophyll and carotenoids. The 

optical density of the solution was measured at 470 nm 

(OD470), 645 nm (OD645) and 663 nm (OD663). The 

chlorophyll a, chlorophyll b, and carotenoid contents 

were calculated using equations (1), (2), and (3), re-

spectively (Dash et al. 2017; Sapkota et al. 2019).  

 

Chlorophyll a = [12.7(A663)] - 2.69[A645] × V/ (1000 

× W)                         (1) 

Chlorophyll b = [22.9(A645)] - 4.68(A663)]  × V/ 

(1000 × W)            (2) 

Carotenoid = [1000(A470)] + 3.27{(Chlorophyll a - 

Chlorophyll b)}]  × V/ (W × 229)                       (3) 

 

where V is total volume of acetone used (L), W is 

weight of fresh leaf (g), A470 is absorbance at the 

wavelength of 470 nm, A645 is absorbance at 645 nm, 

and A663 is absorbance at 663 nm. 

- Carbohydrate: 1 g of the mashed vegetable sample 

was placed in a test tube before adding 10 mL of 2.5 

N HCl, mixing with a mixer for 5 min, and left for 

overnight at 4 °C. The mixture was then vortexed for 

10 min, boiled for 1 h, and centrifuged at 10,000 rpm 

for 15 min to separate the sample sludge from the so-

lution. The solution was sampled for analysis of car-

bohydrate content.  Total soluble carbohydrates were 

determined with the Anthrone method. The Anthrone 

reagent was prepared by dissolving 0.2 g Anthrone in 

100 mL concentrated sulfuric acid (98%, RCI Lab-

scan, Thailand). 

Glucose (D-glucose anhydrous, KEMAUS, Australia) 

was used to prepare standard solutions containing 0, 

20, 40, 60, 80 and 100 g/mL. Each solution was 

added with 5 mL of the Anthrone reagent and mixed 

well by vortexing before placing in a boiling water 

bath for 10 min; then cooling down to room tempera-

ture and measuring the optical density at 630 nm 

(Ohemeng-Ntiamoah and Datta 2018). 

- Protein: 1 g of the mashed vegetable sample was ex-

tracted similarly as in the carbohydrate analysis pro-

cedure. The solution was analyzed for protein content 

with Lowry’s method. To prepare standard solutions, 

0.2, 0.4, 0.6, 0.8, and 1 mL sample of the working 

standard were pipetted into a series of test tubes, and 

0.1 mL of the sample extract into two other test tubes. 

5 mL of Lowry's reagent solution was then added and 

mixed before leaving the tubes at room temperature 

for 10 min. A 0.5 mL aliquot of the Folin–Ciocalteu 

reagent was then added immediately and the tubes 

were left at room temperature for 30 min. The absorb-

ances were measured at 750 nm. A standard graph was 

drawn and used as the calibration curve to calculate 

the amount of protein in the sample (Ghosh et al. 

2022). 

- Reducing sugar: 1 g of the mashed vegetable sample 

was placed in a test tube before adding to 10 mL of 

2.5 N HCl, mixed with a mixer for 5 min, and left 

overnight at 4 °C. The mixture was then vortexed for 

10 min, boiled for 1 h, and centrifuged at 10,000 rpm 

for 15 min to separate the sample sludge from the so-

lution. The solution was collected for analysis to de-

termine reducing sugar. The reducing sugar was re-

leased from hydrolysis by 3, 5-dinitro salicylic acid 

(DNS) (Devi and Kumar 2012). For the measurement, 

0.5 mL of DNS reagent was pipetted into a test tube 

containing 0.5 mL of plant extract (1 mg/mL) and 

boiled in water for 5 min. After immediately immers-

ing the test tubes in cold water they were allowed to 

cool down. Glucose solution (D-glucose anhydrous, 

KEMAUS, Australia) was used to prepare standard 

solutions containing 0, 200, 400, 600, 800 and 1,000 

g/mL. Then 0.5 mL of each solution was added with 

0.5 mL of DNS reagent and boiled in water for 5 min. 

After immediately immersing the test tubes in cold 

water they were allowed to cool down. Each sample 

was then measured for absorbance at 570 nm to draw 

a calibration curve for standard D-glucose, and to de-

termine the reducing sugar content in actual samples 

(Neureiter et al.  2002).  
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Fig. 1 Bioaxel machine for converting food waste into compost within a short period of time 

 

Table 1 Experimental design for testing green oak let-

tuce growth when using BA compost 

Treatment Description (% v/v) 

T1 100% Soil (control) 

T2 95% Soil + 5% BA compost 

T3 90% Soil + 10% BA compost 

T4 70% Soil + 30% BA compost 

T5 50% Soil + 50% BA compost 

T6 30% Soil + 70% BA compost 

T7 Commercial planting soil 

Note: Soil is a mix of 70% v/v top soil and 30% v/v coconut 

coir; the BA compost is the food waste compost obtained 

from BIOAXEL Co., Ltd.; commercial planting soil was 

purchased from a tree shop in Hat Yai, Songkhla, Thailand. 

 

Statistical analysis 

 

The results are shown as mean values with standard 

deviations. The homogeneity of variance was assessed 

using the Levene test, and the normality of distribu-

tions with the Shapiro-Wilk test. The analysis of vari-

ance (ANOVA) combined with the Tukey honestly 

significant differences (HSD) test was used to analyze 

parametric data, and the Kruskal-Wallis test combined 

with the post hoc Dunn test was used to analyze non-

parametric data. The significance level was set at 5% 

(p < 0.05) for all tests. The statistical analyses were 

conducted using the R program version 4.10. 

 

Results and discussion 

 

Food waste and BA compost characteristics 

 

The composition of food waste obtained from the caf-

eteria was 30% rice and noodles, 45% vegetables and 

fruit peels, 23% meat and bones, and 2% egg shells. 

The nutritional values of the food waste in terms of 

protein, fat and fiber were 12.57% w/w, 0.76% w/w 

and 27.60% w/w, respectively. The physicochemical 

properties of the food waste and BA compost are sum-

marized in Table 2. Not all the physiochemical prop-

erties of food waste passed the Thai Agricultural 

Standards for compost (TAS 9503 2014). However, 

when considering the nutrient contents such as total 

nitrogen, total phosphorus and total potassium, the 

food waste met these parts of the standard. It is inter-

esting that only the moisture content and the carbon 

nitrogen (C: N) ratio among the parameters that did 

not meet the standard, so composting was necessary 

before use as fertilizer. Meanwhile, the physiochemi-

cal properties of the food waste after composting in 

the Bioaxel machine passed the Thai Agricultural 

Standards for compost. The food waste was broken 
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down into the simplest components by microorgan-

isms in composting process (Rastogi et al. 2020). 

Moreover, the obtained compost’s nutrient contents 

such as total nitrogen, total phosphorus and total po-

tassium were also higher than those in food waste due 

to microbial activity during composting process. 

Mixed Bacillus species in the form of super bacteria 

consisted of Bacillus sp. capable of producing amyl-

ase, protease, lipase and cellulase for digestion of food 

waste. They played an important activity in conver-

sion of organic materials into stable form through the 

various biochemical processes, until it eventually be-

came the fiber-rich carbon containing humus rich also 

in inorganics such as nitrogen, phosphorus, and potas-

sium, corresponding to Palaniveloo et al. (2020). The 

counts of total number of viable microorganisms in 

food waste and BA compost were 89.0 × 1012 cfu/g 

and 25.8 × 106 cfu/g, respectively. The finished com-

post had a pH about 7, which is in the pH range of 

mature compost (7-8 pH) (Jamaludin et al. 2017). This 

food waste after composting was acceptable to be used 

as a fertilizer. In addition, when comparing the nutri-

ent contents data of BA compost and food waste com-

post from banana peel, tapioca peel, bread, fruit peel 

and coconut husk, it was found that the BA compost 

showed higher nutrient contents. The different nutri-

ent contents indicate that the proportions of different 

types of food waste affects the amounts of NPK (Jam-

aludin et al. 2017). So, the BA compost was used in 

further studies on planted vegetables. 

Optimum BA organic soil recipes 

 

The growth characteristics of lettuce plants that were 

grown in different planting materials are shown Fig. 

2. The results showed great variation in the growth 

characteristics between the different compost treat-

ments. It was found that lettuce plant grown in BA 

compost mixed with soil in ratios from 5% to 50% by 

volume grew better than those in the other treatments. 

The increased application of the compost resulted in 

an increase in plant dry weight of the lettuce yield, be-

cause it enhanced the physicochemical properties of 

the soil (Farag et al. 2013). In the absence of fertilizer 

(control), the growth was comparatively poor, because 

the fertilizer contributed the required nutrients to the 

soil, corresponding to Farag et al. (2013). But at 70% 

fraction, the BA compost may be too concentrated to 

be well suited for plant growth. Moreover, on measur-

ing the growth characteristics of lettuces, including 

plant length, root length, number of leaves, width of 

bush, thickness of plant, plant fresh weight, and plant 

dry weight (Table 3), it was found that 10% BA com-

post mixed with soil gave the highest growth yield 

with 30.00 ± 1.00 cm plant length, 21.83 ± 0.83 cm 

root length, 23.33 ± 1.15 leaves, 26.33 ± 0.58 mm 

width of bush, 12.47 ± 0.57 mm plant thickness, 

113.03 ± 1.28 g plant fresh weight, and 4.58 ± 0.14 g 

plant dry weight. It was also found that the planting 

soil purchased at a plant shop gave the poorest growth 

among the treatments tested. 

 

 

 

Fig. 2 Representative samples of lettuce plants grown in various pot soil formulations for 45 days 
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Table 2 Food waste and BA composts’ characteristics 

No. Parameter 
*Criteria of TAS 

9503 (2014) 

Food 

waste 

BA 

compost 
Testing method 

1 pH Not configured 

standard 

5.11 6.66 AOAC (2000),  

Method 973.04 

2 Total Nitrogen ≥ 1.0% w/w 1.67 2.53 AOAC (2000),  

Method 955.04 

3 Total P2O5 ≥ 0.5% w/w 0.88 1.40 AOAC (2000),  

Method 958.01 

4 Total K2O ≥ 0.5% w/w 0.60 1.43 AOAC (2000),  

Method 983.02 

5 Organic matter, OM ≥ 20% w/w 74.27 66.31 AOAC (2000), 

Method 967.05 

6 C/N Ratio ≤ 20:1 26:1 15:1 BS 7755 (1995) 

7 Electrical Conductivity, (EC) ≤ 10 ds/m 4.31 3.42 BS EN 13038 (2000) 

8 Na ≤ 1 %w/w 0.63 0.18 Official Methods of 

Analysis of fertilizer 

(1987) 

9 Particle size ≤ 12.5x12.5 

mm. 

100% w/w 100 100 CATM01 (2000) 

10 Rock and Gravels, 

size ≥ 5 mm. 

≤ 2% w/w Not 

detected 

Not  

detected 

CATM01 (2000) 

11 Moisture ≤ 30% w/w 60.80 9.18 AOAC (2000), 

Method 950.01 

12 Plastic, glass, sharp materials 

and other materials 

Not detected Not 

detected 

Not  

detected 

CATM01 (2000) 

13 Arsenic ≤ 50 mg/kg Not  

detected 

6.211 EPA (1998), 

Method 7061 A 

14 Cadmium ≤ 5 mg/kg 0.049 0.292 EPA (1996), Method 

3050 B or equivalent 

15 Chromium ≤ 300 mg/kg 0.684 16.29 EPA (1996) Method 

3050 B or equivalent 

16 Copper ≤ 500 mg/kg 8.594 9.087 EPA (1996), Method 

3050 B or equivalent 

17 Lead ≤ 500 mg/kg 0.586 1.334 EPA (1996), Method 

3050 B or equivalent 

18 Mercury ≤ 2 mg/kg Not de-

tected 

Not de-

tected 

EPA (1992), Method 

7471 B 

Note: *Criteria of Thai Agriculture Standard for compost (TAS 9503 2014), BA compost is food waste compost obtained 

from Bioaxel machine, BIOAXEL Co., Ltd. 
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Table 3 Growth parameters of lettuce in the various pot soil formulations 

Treat-

ment 

Plant length 

(cm) 

Root length 

(cm) 

Number of 

leaves 

(leaves) 

Width of 

bush 

(mm) 

Thickness 

of plant 

(mm) 

Plant fresh 

weight 

(g) 

Plant 

dry weight 

(g) 

T1 6.00  

± 1.32de 

5.00  

± 1.00d 

7.67  

± 1.53c 

7.00  

± 1.00c 

3.36  

± 0.61c 

2.01  

± 0.68e 

0.32  

± 0.05e 

T2 20.00  

± 1.73b 

13.33  

± 1.53bc 

16.33  

± 1.53b 

21.33  

± 2.08b 

8.63  

± 0.39b 

32.12  

± 2.22c 

2.26  

± 0.31c 

T3 30.00  

± 1.00a 

21.83  

± 0.83a 

23.33  

± 1.15a 

26.33  

± 0.58a 

12.47  

± 0.57a 

113.03  

± 1.28a 

4.58  

± 0.14a 

T4 22.33  

± 3.30b 

15.03  

± 0.55b 

22.33  

± 0.58a 

25.33  

± 0.58a 

8.27  

± 0.28b 

90.50  

± 1.32b 

3.17  

± 0.08b 

T5 15.00  

± 2.00c 

13.33 

±0.58bc 

17.67  

± 0.58b 

20.67  

± 2.08b 

7.99  

± 0.87b 

26.33  

± 2.25d 

1.51  

± 0.19d 

T6 9.33  

± 1.53d 

2.07  

± 0.12e 

9.00  

± 2.00c 

8.67  

± 0.58c 

2.72  

± 1.18c 

3.77  

± 1.73e 

0.24  

± 0.09e 

T7 4.33  

± 0.58e 

12.50  

± 0.50c 

7.66 ± 

0.58c 

7.33  

± 0.58c 

4.20  

± 0.10c 

2.99  

± 0.50e 

0.33  

± 0.03e 

Note: Different superscripts in the same column indicate significant differences at p < 0.05 according to ANOVA F-test and 

Tukey HSD. The values are shown as mean ± standard deviation; T1: 100% soil (control), T2: 5% BA compost, T3: 10% BA 

compost, T4: 30% BA compost, T5: 50% BA compost, T6: 70% BA compost, and T7: commercial soil. 

 

 

Biochemical analysis  

 

After 45 days of growing in pots, the lettuces were 

harvested for biochemical analyses of reducing sugar, 

carbohydrate, total chlorophyll a and b, carotenoids, 

and protein. Biochemical analysis of green oak lettuce 

grown with 5%, 10%, 30%, or 50% BA compost, or 

in commercial soil, gave the results shown in Fig. 3. 

The cases grown with 70% BA compost and with top-

soil (control) had too low survival rates to provide suf-

ficient samples for analysis. The highest protein 

(443.38 μg/mL), carbohydrate (4,321.31 μg/mL) and 

reducing sugar (683.33 μg/mL) contents were found 

in plants grown with 10% BA compost in pot soil, 

while the total chlorophyll a, chlorophyll b, and carot-

enoids were similar when grown with 10% or with 

30% compost. Higher chlorophyll content in a plant 

may indicate stress caused by changes in endogenous 

hormonal balance (Marschner 1995; Rady et al. 2016), 

causing the treatment with 10% BA compost to give 

the highest growth parameters. Thus, using 10% BA 

compost in the soil mix suffices for growing green oak 

lettuce. When considering the physical and chemical 

properties of the soil before treatments and 45 days 

after  planting the lettuces (Table 4), it was found that 

in treatment (T3) with BA compost, the soil’s EC and 

pH had decreased from those before planting. The re-

duced pH was due to the accumulation of active or-

ganic acids and the cation exchange capacity of hu-

mate (Rady et al. 2016). Generally, the organic sub-

stances in soil were decomposed by the microorgan-

ism activity in the compost. While the organic matter 

was decomposing, it released various nutrients that the 

plant roots can absorb and use, and these decreased the 

pH. The reduction of soil EC occurred by  conversion 

of the humate to chelate with the cations in inactive 

forms (Semida et al. 2015; Ouni et  al. 2014). In addi-

tion, the EC is a salt concentration index and an indi-

cator of electrolyte concentration of the solution. 
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Fig. 3 Comparative assessment of components in green oak lettuce: reducing sugar (A), carbohydrate (B), total 

chlorophyll a and b (C), carotenoids (D), and protein (E) in the plants  

T1: 100% soil (control), T2: 5% BA compost, T3: 10% BA compost, T4: 30% BA compost, T5: 50% BA compost, T6: 70% 

BA compost and T7: commercial planting soil. 

 

The higher EC values hindered the absorption of nu-

trients by increasing the osmotic pressure of the nutri-

ent solution while the lower EC values limited the 

plant growth due to the nutrient deficiency (Signore et 

al. 2016). The too low and too high EC values also 

affected the chlorophyll and sugar contents (Ding et 

al. 2018). This was consistent with the results of veg-

etables grown in the topsoil (T1) with low EC value 
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(< 100 µS/cm) and vegetables grown in the commer-

cial planting soil (T7) with high EC value (> 500 

µS/cm), giving the lower chlorophyll and sugar values 

than those of vegetables grown with BA compost. 

Moreover, regarding the nitrogen nutrient in planting 

soil, the treatment T3 showed the highest nitrogen 

content, resulting in the lettuce having the highest pro-

tein content as seen in Fig. 3, in accordance with Al-

romian (2020) who stated that nitrogen content or pro-

tein of plant was high when the planting soil had high 

total N content. 

 

Table 4 Physicochemical properties of the soil before treatments and 45 days after lettuce planting 

Parameter 

T1 T3 T7 

Before 
After 45 

days 
Before 

After 45 

days 
Before 

After 45 

days 

pH 5.14 6.48 6.53 5.54 7.02 3.85 

EC (µS/cm) 87.3 58.6 509 316 258 1300 

Total Nitrogen (% w/w) 0.02 0.04 0.26 0.17 0.09 0.27 

Total P2O5 (% w/w) 0.20 0.03 0.26 0.12 0.06 0.14 

Total K2O (% w/w) 0.16 0.01 0.60 0.13 0.18 0.61 

Carbon (% w/w) 0.75 0.91 4.30 3.90 7.16 16.08 

Note: T1 is 100% soil (control), T3 is 10% BA compost and T7 is commercial soil. 

 

Conclusion  

 

The utilization of food waste in compost prepared 

with the Bioaxel machine was investigated for the bi-

ochemical nutrients and the growth effects on lettuce, 

with varied mixing proportions by volume with soil, 

and in a comparison with a commercial planting soil. 

Among the tested treatments, 10% food waste com-

post or “BA compost” (commercial name) in the pot 

soil exhibited the highest growth and the highest lev-

els of biochemical nutrients in the plants. When com-

paring the results with a commercial planting soil, it 

was found that the soil mix with BA compost gave su-

perior growth and nutrient contents of lettuces. The 

compost made from food waste thus could be a sus-

tainable waste recycling method to manage household 

wet waste, and this returns nutrients to the agriculture 

chain via an efficient fertilizer, reducing the costs of 

using chemical fertilizers. 
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