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4

Abstract5

This study was to investigate the impact of biochar on phytochemical composition in plant.6

The phytochemical composition was extract from different dosage application of biochar7

(0%,5% and 20% by weight). These treatments found significantly increased in the8

phytochemical composition. It is recommended that application of biochar not only improve9

the growth rate but also enhance the phytochemical of the plants. **The Fourier Transform10

Infrared spectra confirmed that the biochar rich with humus like-compounds which increase11

the nutrient content of the soil.12
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Introduction16

Recently, food safety is becoming a major issue. Eventhough the advances in technology have17

been applied to agricultural industry, the global food supply is yet insufficient to meet the18

markets demands. A prominent environmental issues such as climate change, desertification,19

and soil pollution are still remain to be resolved for the agriculture sector [1]. Soil quality and20

agricultural productivity become deteriorated due to the impact of industrialization. The21

pollutans like heavy metals, engineered nanomaterials, polycyclic aromatic hydrocarbons22

(PAHs), and persistent organic and inorganic chemicals as derivatize from the industrial23

process acceleratedd the soil contamination [2]. These anthropogenic sources have constantly24

affected plant environments, thereby causing harm to the terrestrial food. Many studies have25

witnessed the negative impacts of contaminants on soil composition and biodiversity.26

Pyrolisis and composting technologies had introduced biochar into global agriculture attention27

due to its benefits [3,4]. Biochar produced by biomass pyrolysis [5]. Its elemental28

composition consists of carbon, nitrogen, hydrogen, potassium, and magnesium all of which29

can serve as major nutrients in plant growth. The addition of biochar increases the amount of30

organic matter in the soil (e.g, organic carbon), thereby improving soil physicochemical and31
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biological properties. Biochar can positively or negatively affect the soil microbial growth to32

alter the agricultural environment [7].33

Biochar is a very stable, carbon-based material obtained from the pyrolysis of biomass under34

anaerobic conditions, and is highly recalcitrant in soils. The parent material or biomass can be35

obtained from agricultural, municipal, animal, or industrial sources. The pyrolysis36

temperatures generally employed range from 300 to 1000 °C. Biomass is largely composed of37

organic compounds such as cellulose, hemicellulose, and lignin. Lignin is the most stable of38

these compounds, and is resistant to degradation at even higher temperatures. In contrast,39

temperatures above 300 °C can decrease the cellulose and hemicellulose contents. The40

temperature and duration of pyrolysis are determined based on the target purpose. In some41

cases, catalytic additives such as K3PO4 and clinoptilolite are used to reduce the pyrolysis42

temperature. During pyrolysis, water and volatile organics from the biomass may evaporate,43

thereby increasing the aromatic content. The parent biomass source and pyrolysis temperature44

affect the physiochemical properties of the biochar obtained. For instance, pyrolysis45

temperature is the main control on atomic ratio and structural composition. Although raw46

biomass is slightly acidic, pyrolysis at high temperatures increases its alkalinity. This is due to47

the partial detachment of the functional groups leading to the formation of unpaired negative48

charges such as carboxyl (COO−) and hydroxyl groups (OH−) that have the ability to attract49

positive charges [9]. High-temperature pyrolysis also causes release of hydrogen- and50

oxygen-containing groups, contributing to increased carbon content. The tendency of the51

surface functional groups to attract positive charges enhances the cation exchange capacity,52

which is an important property of biochars for remediation of metal-contaminated soils.53

Furthermore, the porosity, pore size, and surface area of biochars depend on pyrolysis54

temperature as the high temperature of pyrolysis leads to formation of pores via the release of55

volatile organics. Thus biochar's properties can be targeted to a range of different purposes by56

adjusting the pyrolysis temperature.57

Application of biochar has been shown to yield a wide range of benefits to plant growth and58

stress management. Studies have documented the role of biochar in improving agronomical59

parameters and environments for various plant species. Addition of less than 5% biochar60

enhanced the germination, yield, and root development of the halophytes such as sesbania and61

seashore mallow. Rice hull-based biochar applied at a rate of 2% to a sandy soil increased the62

biomass yield and sucrose content of sugarcane plants.63
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Application of biochar also can improve nutrient cycles. In wheat culture, biochar addition at64

10% in combination with urea improved agronomic efficiency of N by 63%; biochar mixed65

with 10% KOH significantly increased Si uptake by plants. It is noted that Si plays a vital role66

in both biotic and abiotic stress management in plants. P-loaded biochar at 30 g kg−1 also67

improved the bioavailability of P. Sewage sludge biochar at 50% acts as a soil conditioner and68

was able to stimulate turf grass growth, even in urban soils. Other studies have found that69

biochar can expand plant diversity by benefitting reforestation activities in low-carbon soils.70

The reforestation capacity is due to increased total soil carbon in the reforested sites.71

72

*****73

In this study, it was hypothesized that apllication of biochar to E. elatior with different74

dosages of biochar might affect the type of secondary metabolite. Therefore, this present75

study aimed to evaluate the effect of biochar at two dosages (10 and 20% of fresh mixture76

weight) on the type of secondary metabolite extracted from the E. elatior.77

Materials and Method78
Cultivation of Etlingera elatior79

Etlingera elatior was cultivate on the pot with 20 cm diameter and 35 cm height. 3 replicates80

for pots of Etlingera elatior was cultivated and label as 0%, 5% and 20%. The cultivation soil81

used was non-fertilized soil(0%) fertilized soil with biochar; 5% and 20%. The pots was82

placed in the netting house and the growth of Etlingera elatior was monitored. Watering83

process was done twice a day. The biochar used in this study were purchased from Black Owl84

Biochar Products. The dosage of biochar used was calculated over the weight of soil. The soil85

treatments are as follows:86

a) Non-fertilized soil (0%), b) non-fertilized + biochar (5% and 20%)87

Sample extraction88

Phytochemical was extracted according to [12,13,14] with some adjustments. 100 gm of the89

dry leaf powder of E. elatior were weighted, transferred to a flask, soaked with ethanol until90

the powder was fully immersed and incubated overnight. The extracts were then filtered91

through Whatman filter paper No.1 along with 2 gm sodium sulfate anhydrous to remove the92

traces of water in the filtrate. Before filtering, the filter paper along with sodium sulphate was93
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wetted with 95% ethanol. The filtrates were then air dried and subjected to gas94

chromatography-mass spectrometry analysis.95

96

Fourier Transform Infrared (FTIR)97

The biochar samples were analysed using an ATR-FTIR equipped with diamond crystal,98

controlled by OMNIC software (Thermo Nicolet Analytical Instruments, Madison, WI). A99

flat tip powder press was used to achieve even distribution and contact. All spectra were100

collected at 12 scans with a resolution of 4 cm-1 in the range 4000–670 cm-1. The spectrum101

of each sample was ratioed against a fresh background spectrum recorded from the bare ATR102

crystal. The ATR crystal was cleaned with ethanol.103

Gas Chromatography Mass Spectrometry (GCMS) analysis104

The gas chromatography mass spectrometry analysis was performed by using a non-polar105

BPX-5 capillary column with an initial temperature of 50oC hold for five minutes and then106

increased to 300oC at a rate of 5.0oC per minutes and hold 10 minutes. The temperature of the107

injector and detector were set at 320°C respectively. 1μl of the fractions was diluted in 100μl108

hexane was introduced into the gas chromatography. The gas used as the carrier was Helium.109

Interpretation of mass-spectrum was conducted using the database of National Institute110

Standard and Technology (NIST17). The spectrum of the secondary metabolites components111

was compared with the spectrum of known components stored in the NIST library. The name,112

molecular mass and structure of the components of the test materials were ascertained.113

Results and discussions114

The Fourier Transform Infrared spectra shown in Figure 1. The spectra with pronounced115

bands at 1591 cm-1 corresponding to carboxyl group of protein compounds. Broad bands at116

1700 cm-1 due to stretching of C-O bond in polysaccharide. However, polysaccharide would117

have degraded during the process of biochar, whilst the phosphate content in biochar increase.118

The phosphate band can be observed at 1029 cm-1. These findings confirm that the biochar119

was rich in humus compounds which is probably from mixture of poultry materials.120

The gas chromatography’s chromatograms of Etlingera elatior obtained from ethanolic121

extract are shown in Figure 2. The chromatograms demonstrate different peaks for different122

dosage of biochar (Figure 2(a)-(c)). Different pattern of chromatogram was observed on123

different dossage of biochar applied. The major compounds with their percentage area (PA%)124
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are summarize in Figure 3. The results revealed that phytol (13%), Hexadecanoic acid125

(9.76%), Neophytadiene (6.51%), coumarin (5.65%), precocene (5.27%) and caryophyllene126

(4.59%) were among the major compounds identified from Etlingera elatior etahnolic extract127

on 0% biochar (Figure 3(a)). Increasing biochar dosage to 5%, the identified compounds128

shows that, the 6 major compounds are Dihydrocucurbitacin (13.69%), Niacinamide129

(11.02%), α-Limonene (10.01%), Phyrahen (9.23%), Phytol (7.24%) and Neophytadiene130

(5.75%) shown in Figure 3(b). In 20% biochar the major compounds of Etlingera elatior are131

Linoleic acid (39.98%), 2-pinen-4-ol (12.32%), Hexatriacontyl pentafluoropropionate132

(6.89%), Benzofuran (5.12%), Acethophenon (4.41%) and furfural (4.03%) shown in Figure133

3(c). Most of the compounds known to be secondary metabolite which are rich in medicinal134

values.135
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Figure 1. Stack spectra of biochar.139
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(a) (b)

(c)

Figure 2. Chromatogram of phytochemical from Etlingera elatior at different dosage of
biochar; (a) 0% biochar, (b) 5% biochar and (c) 20% biochar.
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(a) (b)

(c)

Figure 3. Peak area percentage of compounds extracted from Etlingera elatior at different
dosage of biochar; (a) 0% biochar, (b) 5% biochar and (c) 20% biochar.
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Conclusion169

Application of biochar on soil can increase nutrient availability and enhance the development170

of phytochemical composition in plants. Without biochar, the chemical composition Etlingera171



elatior extract was slighlyt low. At 5% and 20% biochar, some compounds are increasing and172

new compounds are develop compared to 0% biochar. This suggest that the biochar not only173

able to increase the growth rate of plants but also the nutrients of the plants.174

Conflicts of Interest175

The authors declare that there is no conflict of interests regarding the publication of this176

paper.177

References178

1. Tilman, D., Fargione, J., Wolff, B., D'antonio, C., Dobson, A., Howarth, R., ... &179
Swackhamer, D. (2001). Forecasting agriculturally driven global environmental180
change. Science, 292(5515), 281-284.181

2. Li, Z., Ma, Z., van der Kuijp, T. J., Yuan, Z., & Huang, L. (2014). A review of soil182
heavy metal pollution from mines in China: pollution and health risk183
assessment. Science of the total environment, 468, 843-853.184

3. Lehmann, J., & Joseph, S. (Eds.). (2015). Biochar for environmental management:185
science, technology and implementation. Routledge.186

4. Woolf, D., Amonette, J. E., Street-Perrott, F. A., Lehmann, J., & Joseph, S. (2010).187
Sustainable biochar to mitigate global climate change. Nature communications, 1, 56.188

5. Agrafioti, E., Bouras, G., Kalderis, D., & Diamadopoulos, E. (2013). Biochar189
production by sewage sludge pyrolysis. Journal of Analytical and Applied Pyrolysis,190
101, 72-78.191

6. Ahmad, M., Rajapaksha, A. U., Lim, J. E., Zhang, M., Bolan, N., Mohan, D., & Ok,192
Y. S. (2014). Biochar as a sorbent for contaminant management in soil and water: a193
review. Chemosphere, 99, 19-33.194

7. Pietikäinen, J., Kiikkilä, O., & Fritze, H. (2000). Charcoal as a habitat for microbes195
and its effect on the microbial community of the underlying humus. Oikos, 89(2), 231-196
242.197

8. Jeffery, S., Verheijen, F. G., van der Velde, M., & Bastos, A. C. (2011). A quantitative198
review of the effects of biochar application to soils on crop productivity using meta-199
analysis. Agriculture, ecosystems & environment, 144(1), 175-187.200

9. Sim, S. F., Lee, T. Z. E., Lu, M. I., Lu, N. A., & Samling, B. (2014). Synchronized201
analysis of FTIR spectra and GCMS chromatograms for evaluation of the thermally202
degraded vegetable oils. Journal of analytical methods in chemistry, 2014.203

10. Sim, S. F., Wasli, M. E., Yong, C. M. R., Howell, P. S., Jumin, C., Safie, N. A., &204
Samling, B. (2017). Assessment of the humification degree of peat soil under sago205
(Metroxylon sagu) cultivation based on Fourier Transform Infrared (FTIR) and206
Ultraviolet-Visible (UV-Vis) spectroscopic characteristics. Mires and Peat, 19, 1-10.207

Comment [sp10]: Cross chek the references
with the list and the text and also vice-versa.
Author: references updated as it appears in
the text



11. Novak, J. M., Busscher, W. J., Laird, D. L., Ahmedna, M., Watts, D. W., & Niandou,208
M. A. (2009). Impact of biochar amendment on fertility of a southeastern coastal plain209
soil. Soil science, 174(2), 105-112.210

12. Keiluweit, M., Nico, P. S., Johnson, M. G., & Kleber, M. (2010). Dynamic molecular211
structure of plant biomass-derived black carbon (biochar). Environmental science &212
technology, 44(4), 1247-1253.213

13. Zayed, M. Z., & Samling, B. (2016). Phytochemical constituents of the leaves of214
Leucaena leucocephala from malaysia. Int J Pharm Pharm Sci, 8(12), 174-179.215

14. Savithramma, N., Rao, M. L., & Suhrulatha, D. (2011). Screening of medicinal plants216
for secondary metabolites. Middle-East Journal of Scientific Research, 8(3), 579-584.217

15. Umaru IJ, Samling B, Umaru HA. Phytochemical screening of Leucaena leucocephala218
leaf essential oil and its antibacterial potentials. MOJ Drug Des Develop Ther.219
2018;2(6):224‒228. DOI: 10.15406/mojddt.2018.02.00066220

221


