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Abstract 

The widespread use of disposable plastic utensils has raised significant environmental 

concerns owing to their non-biodegradable nature. This has led to an increasing interest in 

the development of biodegradable alternatives. This study aimed to produce a functionally 

biodegradable spoon using an empty fruit bunch (EFB) in three different formulations: S1 

(55% EFB), S2 (70% EFB), and S3 (85% EFB). This study evaluated the physicochemical 

and biodegradation properties of these formulations, including their hardness, 

fracturability, moisture content, water absorption, solubility, water activity, surface 

morphology, and biodegradability. Biodegradation was monitored in both wet and dry 

soils for 15 days. Increasing the EFB concentration improved hardness, fracturability, 

moisture content, and water absorption (p<0.05), while solubility decreased. Higher EFB 

levels also reduce water activity. SEM images showed that all samples added with FFB 

possessed a porous and rougher surface. The biodegradation rate of biodegradable spoons 

containing 55%, 70%, and 85% EFB was significantly higher in wet soil compared to dry 

soil (p<0.05). The hardness of all samples remained unchanged across all storage methods 

after 28 days. The scope of this study is limited by the absence of sensory evaluations 

from a consumer perspective and the lack of an analysis of the biodegradation rate in 

different soil types. 

1. Introduction 

Palm oil production is one of the primary economic 

activities in Malaysia and Indonesia, generating empty 

fruit bunches (EFB) as a significant by-product. The 

substantial quantity of EFB generated poses a significant 

disposal challenge for palm oil producers, as traditional 

incineration methods contribute to environmental issues 

such as air pollution and inefficient biomass utilisation 

(Januari and Agustina, 2022). However, EFB also has 

inherently advantageous properties, including high 

cellulose, hemicellulose, and lignin, making it suitable 

for various industrial applications. Recently, EFB has 

gained attention in studies focused on its repurposing. 

Some notable uses include transforming EFB into 

synthesis gas and biochar (Liew et al., 2021; Sidek et al., 

2021), processing it into biohydrogen to replace fossil 

fuels (Sari et al., 2018), using it as a mulch material and 

organic fertiliser (Zakri and Adam, 2021; Noirot et al., 

2022) and processing it into compost (Hanafiah et al., 

2021; Supriatna et al., 2022). Although studies are scarce 

and focused explicitly on the food industry, the studies 

above indicate that EFB is a promising source of 

abundant waste that can be developed and utilised with 

appropriate treatment. Furthermore, producing films, 

bioplastics (Rahman et al., 2019; Weerasooriya et al., 

2020) and insect feed (Dickinson et al., 2019) may affect 

the food industry. 

Cutlery is among the most widely used tools for 

global food consumption. Spoons, one of the earliest 

feeding implements, are traditionally made from natural 

materials, such as wood, animal bones, and seashells 

(Kabir and Hamidon, 2021). However, plastic spoons, 

often used as disposable cutlery, harm the environment 

and human health by contributing to land, air, and water 

pollution (Evode et al., 2021). Recent studies have 

Article history: 

Received: 4 December 2024 

Revised: 28 January 2025 

Accepted: 8 July 2025 

Published: 13 June 2026 

 

Keywords: 

Biodegradable spoon,  

Empty fruit bunch (EFB),  

Physicochemical properties,  

Biodegradation rate,  

Sustainable materials 

 

DOI: 
https://doi.org/10.26656/fr.2017.10(3).263 

 

This open access article is 

licensed under the CC BY 4.0 

  

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


242 Tajuddin et al. / Food Research 10 (3) (2026) 241 - 249  

 https://doi.org/10.26656/fr.2017.10(3).263 © 2026 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

focused on developing biodegradable spoons to mitigate 

this issue. Edible and biodegradable cutlery is 

sustainable and decomposes naturally without harming 

the environment. Despite being edible and 

biodegradable, edible cutlery can be consumed or 

composted, eliminating the need for complex waste 

disposal systems, does not release harmful chemicals 

when exposed to hot or acidic foods, and helps prevent 

microplastics from entering ecosystems and food chains. 

The edible and biodegradable cutlery market has grown 

significantly, with many companies capitalising on this 

trend. For instance, Bakeys (India) produces edible and 

biodegradable cutlery; Rice-Design (Japan) 

manufactures edible and biodegradable tableware; and 

Do Eat (Belgium) focuses on edible and biodegradable 

containers (Natarajan et al., 2019). A review by Duguma 

et al. (2023) found that agricultural waste has broad 

applications in food packaging because of its functional 

compounds and biodegradability, which positively 

impact the environment. 

Although research has demonstrated the potential of 

EFB in producing bioplastics and films, these studies 

have not been extended to examine the specific 

physicochemical properties required for food-grade 

biodegradable spoons. Moreover, existing studies on 

edible cutlery have predominantly focused on materials 

such as rice or wheat, leaving a gap in understanding 

how EFB, an abundant and underutilised agricultural by-

product, can be optimised for eco-friendly cutlery 

production. This study seeks to fill this gap by 

investigating the potential of EFB in producing 

biodegradable spoons and assessing their suitability and 

performance in comparison with other biodegradable 

materials currently used in the industry. 

 

2. Materials and methods 

2.1 Materials 

Empty fruit bunches were obtained from Felda Bukit 

Cerakah (Selangor, Malaysia). Wheat flour and sorghum 

flour (Cap Ros, MFM Berhad, Kuala Lumpur, 

Malaysia), xanthan gum, food-grade ascorbic acid, and 

glycerin (DChemie Chemical Supplies, Malaysia) were 

supplied by the Food Analysis Laboratory, UiTM Shah 

Alam, Malaysia.  

2.2 Preparation of empty fruit bunch flour  

The EFB flour was made based on the study by Nafu 

et al. (2015) But the treatment with chemical were 

remove to ensure it is edible and to suit the needs of the 

machine. Empty fruit bunches were shredded and 

cleaned of extraneous materials. The EFB was 

thoroughly washed under running water and dried in a 

cabinet dryer at 90°C for 24 h. The dried EFB was then 

ground using three grinders of different sizes and sieved 

to achieve a uniform size of 180 µm to produce the flour. 

The empty fruit bunch flour was stored in an airtight 

plastic container with silica gel in a dark, cold storage 

(15°C) until further analysis.  

2.3 Production of biodegradable spoon 

The production of the spoon was made based on the 

suggested way by Habla et al. (2023) with slight 

modifications. The spoons were produced using dough 

prepared with EFB flour and sorghum flour, except for 

the control, which contained only wheat flour and 

sorghum flour. The control formulation contained 75% 

wheat flour and 25% sorghum flour, S1: 55% EFB flour, 

and 45% sorghum flour, S2: 70% EFB flour and 30% 

sorghum flour and S3: 85% EFB flour and 15% sorghum 

flour. Dry ingredients were sifted to homogenise the 

particle size and then mixed with xanthan gum (10% w/

w). Water was added to form the dough, followed by 

glycerin (8% w/w) and ascorbic acid (1% w/w). The 

dough was kneaded using a mixer at a medium speed for 

8 min and then manually kneaded for 1 min to ensure 

homogeneity (Iqbal et al., 2022). The dough was suitable 

when stretched into a thin layer without sticking or 

breaking under force (Licindo, 2019). It was then rolled 

into 3 mm thick sheets and cut into spoon shapes using a 

knife and metal moulds. The shaped doughs were placed 

on metal spoons and baked at 180°C for 17 min, after 

preheating the oven to 150°C for 10 min (Mukherjee and 

Raju, 2023). After baking, the spoons were cooled for 15 

min, stored in high-density polyethylene (HDPE) zip-

lock bags, and placed in a desiccator. 

2.4 Physicochemical analysis 

2.4.1 Texture profiling 

The texture profiling method was conducted based 

on the method from Yeoh et al. (2020) and modified 

accordingly. A texture analyser (TA-TX2 model, Stable 

Micro Systems, Surrey, England) with a 3-point bending 

rig fixture was used to gauge the texture. The texture 

analyser was configured with a program titled 

"Measurement of the hardness and resistance of biscuits/

cookies to bend or snap." The operating parameters were 

set as follows: type of force, compression; approach 

speed, 1.0 mm/s; test speed, 0.1 mm/s; post-test speed, 2 

mm/s; distance, 15 mm; and rig distance, 40.0 mm apart. 

A knife blade, 3 mm thick flat end, bell lock probe was 

used in this study. The hardness and fracture strength of 

the samples were recorded using the obtained graphs.  

2.4.2 Solubility 

An analysis of the solubility of spoons was 

conducted by Choeybundit et al. (2022), who measured 

the tendency of spoons to dissolve in water. This is an 
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important factor for replacing the plasticware with edible 

and biodegradable spoons. The experiment involved 

soaking a sample of known weight in distilled water and 

shaking it in an incubator shaker at 120 rpm and 25°C 

for 24 h. The insoluble materials were then filtered using 

Whatman no.1 filter paper and dried in an air oven at 

85℃ for 24 h before weighing. The solubility of the 

spoon was calculated using Equation (1). 

where w1 is the initial weight of the sample (g), and 

w2 is the weight of the insoluble sample (g). 

2.4.3 Water absorption 

Moisture absorption was assessed by consulting 

Siddiqui et al. (2023) and Habla et al. (2023). This 

evaluation aimed to determine the impact of EFB flour 

on the amount of moisture absorbed at various 

temperatures. Initially, the exact amount of the sample 

was weighed and immersed in a beaker filled with water 

at different temperatures: hot (75°C), ambient (25°C), 

and cold (7°C) for 30 min. Subsequently, the spoons 

were removed and dried with tissue to eliminate excess 

water. The weight of the spoons was then measured, and 

water absorption was calculated using Equation (2). 

where w1 is the initial weight of the sample (g), and 

w2 is the weight of the sample after soaking (g). 

2.4.4 Moisture content 

Moisture content was assessed using a moisture 

analyser (A&D MX-50). Drying conditions followed the 

manufacturer’s application guideline for baked products 

(“Cookies” program): 140°C, automatic end-point mode 

(mass constancy). This examination determined the 

impact of EFB flour on the moisture content of the spoon 

after drying. 

2.4.5 Water activity 

The water activity was conducted based on a study 

from Varghese et al. (2022) and it was measured using 

an Aqualab 4TE Water Activity Meter. First, the sample 

was thoroughly crushed using a mortar and pestle to 

ensure that all the container parts were covered. The 

instrument was calibrated using a standard with a reading 

of aw = 0.70 before running the remaining samples. 

2.4.6 X-Ray diffraction  

X-ray diffraction (XRD) analysis was performed by 

the methods outlined by Gupta et al. (2023) and Musa 

and Wong (2020). Before the analysis, the samples were 

dried and stored in a desiccator overnight. The XRD scan 

was conducted at a scan rate of 5°C/min and 2θ ranging 

from 5 to 90°C. 

2.4.7 Morphology 

The morphology was identified based on the method 

implemented by Castanheiro et al. (2021). The cross-

sectional morphology of melt agglomerates was 

examined using the scanning electron microscopy 

technique (SEM, TM3030PLUS, Hitachi, Japan). The 

samples were fixed with carbon tape onto studs and 

coated with a thin gold–palladium layer (JFC-1600, Jeol, 

Japan). They were then viewed directly under a scanning 

electron microscope at an accelerating voltage of 5 kV. 

Representative sections were photographed. At least 

triplicates were carried out for each batch of 

agglomerates. 

2.5 Biodegradability analysis 

Biodegradability was evaluated according to the 

method described by Yavagal et al. (2020). The weight 

of the spoons was known, and they were buried in sterile 

soil, with observations made every 5 days for 15 days. 

The degradability rate was determined using Equation 

(3).   

where w1 is the initial weight of the sample (g), and 

w2 is the weight of the sample after burying (g). 

To avoid errors due to external water from rain, soil 

was placed under the roof. This analysis was conducted 

under two distinct conditions: dry and wet soil.  

2.6 Shelf-life study 

The study conducted by Nofrialdy et al. (2022) was 

used to determine the shelf life of spoons. This research 

focused on the impact of various packaging methods on 

the shelf life of the spoons. This study examined three 

storage techniques: unsealed HDPE plastics, sealed 

HDPE plastics, and vacuum containers, all kept in a 

dark, dry place for 21 days, with observations every 

three days. Any physical changes, such as the presence 

of mould, odour, or changes in appearance, were 

recorded. After 21 days, the hardness and fracturability 

of the spoons were assessed and compared with the 

condition of the spoons prior to storage (D-0). 

2.7 Statistical analysis 

The results of this study were derived from triplicate 

measurements of each edible and biodegradable spoon 

sample. Mean ± standard deviation (SD) was calculated. 

Wheat flour spoons without EFB flour served as 

controls. Data analysis was performed using one-way 

ANOVA, with statistical significance at p < 0.05. 

Solubility: (w1-w2)/w1 ×100 (1) 

Water absorption:(w2-w1)/w1 ×100 (2) 

Rate of degradation:(w1-w2)/w1 ×100 (3) 
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3. Results and discussion 

3.1 Physicochemical analysis 

Table 1 demonstrates that increased EFB fibre 

content in spoon formulations resulted in higher hardness 

and moisture content (p<0.05), but only the control 

showed a significant difference among the EFB-based 

spoons in terms of fracturability. A larger force was 

employed for the EFB-based spoon than for the control, 

revealing the ability of the EFB-based spoon to lift food 

without breaking. The high content of cellulose (40–

50%) and hemicellulose (25-35%) in EFB provides 

rigidity and forms a network between the matrix 

structures, thus strengthening the spoon (Foschia et al., 

2013; Teles et al., 2021; Tan et al., 2022). Additionally, 

adding xanthan gum can increase the hardness and force 

required to fracture the spoon, creating a better network 

structure within the spoon. Raw EFB contains 

approximately 60% moisture (Irwansyah et al., 2018). 

Siddiqui et al. (2023) reported a moisture content of 

11.64% in biodegradable spoons with 60% mosambi peel 

flour, similar to S2 with 70% EFB flour. The 

hygroscopic properties and porous structure of EFB 

facilitate moisture absorption from the environment, 

illustrating the correlation between EFB amount and 

moisture content. Vyshali and Muthamma (2022) found 

a similar relationship when pomegranate peel powder 

was incorporated into the spoons, which showed that 

adding pomegranate powder would increase the moisture 

content to 7±0.01% compared to adding orange peel 

powder, which has 0.75±0.01% moisture content. Thus, 

the addition of waste to biodegradable spoons influences 

the moisture content. The increased amount of EFB fibre 

significantly reduced about 14-15% solubility (p<0.05), 

and the solubility of the spoon was inversely related to 

the amount of EFB fibre owing to the presence of 

cellulose and lignin, which are water-insoluble, and 

hemicellulose, which is partially water-soluble (Kong et 

al., 2015; Hu et al., 2020; Etale et al., 2023). 

Choeybundit et al. (2022) also observed a decreased 

solubility (3-19%) by adding the morning glory flour to a 

biodegradable spoon. Glycerol at 10% to 30% (w/w) can 

potentially enhance the solubility of biodegradable 

spoons by acting as a plasticiser (Khotsaeng et al., 2023). 

It may interact with the cellulose and lignin structures, 

weakening the intermolecular bonds and allowing for 

greater water penetration and dissolution. The control 

sample exhibited the highest water activity compared to 

the EFB-based spoon (p<0.05). Insoluble fibres in EFB-

based spoons, such as cellulose, possess numerous 

hydroxyl groups that bond with water molecules, 

trapping them within the fibre network and thus reducing 

free water and water activity. This results in higher 

moisture content and lower water activity (Yang et al., 

2021). Research has indicated cellulose can inhibit 

microbial growth by reducing α-amylase activity (Dhital 

et al., 2015).  

Table 2 reveals that S3 has the highest water 

absorption (46% in cold water, 69% in ambient water 

and 90% in hot water), followed by S2, S1, and control 

across all temperatures. There were no significant 

differences in water absorption between control and S1 

at cold temperatures, while other samples showed 

significant differences regardless of formulation. This 

suggests that higher EFB flour content increased spoon 

water absorption at elevated temperatures. Empty fruit 

bunch fibre, being hygroscopic, readily absorbs and 

retains water, as supported by Ayu et al. (2020) in EFB-

based biocomposite sheets. At high temperatures (75°C), 

water absorption rises due to increased molecular 

mobility, enhancing polysaccharide hydration (Tan et al., 

2022).  

Physicochemical property Control S1 S2 S3 

Hardness, N 124.08±5.86d 218.59±15.36c 351.35±2.49b 464.52±14.58a 

Fracture, N 36.44±2.65b 51.28±7.48a 57.83±4.65a 59.93±10.38a 

Moisture Content (%) 7.93±0.11d 8.95±0.24c 11.64±0.01b 12.18±0.09a 

Solubility (%) 19.11±0.51a 17.33±0.04b 15.86±0.74c 14.64±0.49c 

Water activity (aw) 0.65±0.01a 0.60±0.02a 0.56±0.01b 0.54±0.01c 

Table 1. Physicochemical properties of the EFB-based spoon. 

Values are presented as mean±SD. Values with different superscripts within the same row are statistically significantly different 

(p<0.05). S1: 55% EFB, S2: 70% EFB, and S3: 85% EFB. 

Storage condition Control S1 S2 S3 

Cold (7°C) 22.37±1.32c 26.58±2.44c 37.67±0.94b 46.34±2.93a 

Ambient (25°C) 34.52±1.74d 48.82±4.58c 58.19±1.22b 69.34±3.35a 

Hot (75°C) 54.08±2.83d 69.59±4.89c 80.33±2.60b 90.86±1.36a 

Table 2. Percent water absorption of EFB-based spoon at different storage conditions. 

Values are presented as mean±SD. Values with different superscripts within the same row are statistically significantly different 

(p<0.05). S1: 55% EFB, S2: 70% EFB, and S3: 85% EFB. 
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Incorporating the EFB fibre into the spoon 

composition altered the structure from crystalline to 

amorphous, as shown by X-ray diffraction analysis 

(Figure 1). This shift in structural properties can be 

attributed to the inherent amorphous nature of the EFB 

fibre, which was retained in the final spoon products (S1, 

S2, and S3). The similar peak intensities (approximately 

22–25°) observed between the EFB fibre and the EFB-

based spoons confirm the significant impact of EFB on 

the matrix structure, disrupting the crystalline 

arrangement seen in the control sample, consistent with 

previous research on EFB (Nguyen and Lee, 2022; 

Gupta and Sanghi, 2023). SEM images (Figure 2) show 

that EFB-based spoon surfaces have varying 

morphologies based on different EFB concentrations, 

potentially affecting physical and mechanical properties 

like hardness and fracture resistance (Table 1). 

Compared to other formulations, S1 exhibited lower 

porosity, indicating higher density and better structural 

integrity. The porosity variations introduced by EFB 

fibres could impact spoon performance, including 

strength, durability, and water resistance (Table 1 and 

Table 2). Effective dispersion and strong interfacial 

adhesion between EFB microfibres and the gelatine 

matrix are crucial for mechanical strength (Phreecha and 

Chinpa, 2019). 

3.2 Biodegradability analysis 

A biodegradability test assessed the decomposition 

rate of edible spoons (Hazra and Sontakke, 2023). Table 

3 indicates the control (24%: dry soil and 80%: wet soil) 

exhibited the highest biodegradation rate, followed by S1 

(18%: dry soil and 75%: wet soil), S2 (10%: dry soil and 

59%: wet soil), and S3 (9%: wet soil and 50%: wet soil) 

regardless of soil conditions for 15 days of storage 

(p<0.05). The addition of EFB flour slowed the 

degradation process due to its complex fibre structure, 

which requires specific enzymes for breakdown 

compared to starch. Lignocellulose biomass resists 

microbial and enzymatic degradation due to its high 

polymerisation degree (cellulose and hemicellulose), 

lignin structure, and chemical composition, which inhibit 

cellulase (Zoghlami and Paës, 2019). Biodegradation 
Figure 1. X-ray diffractograms of raw EFB flour, control and 

different percentages of EFB-based spoon. 

(A) (B) 

(C) (D) 

Figure 2. Scanning electron microscopy images of the EFB-

based spoon prepared from different percentages of EFB 

flour: (A) control, (B): S1, (C): S2, and (D) S3.  

Dry soil (% degradation) 
  Control S1 S2 S3 

D-5 7.35±0.35a 6.45±0.07b 3.60±0.14c 3.45±0.07c 
D-10 14.95±0.35a 12.80±0.42b 6.90±0.14c 6.40±0.14c 
D-15 24.65±1.48a 18.40±0.42b 10.50±0.28c 9.35±0.21c 

Wet soil (% degradation) 
D-5 28.95±2.05a 26.85±0.07a 20.95±0.92b 18.80±014b 
D-10 64.75±4.31a 55.75±4.45a 42.15±0.35b 38.85±0.49b 
D-15 82.85±1.34a 75.35±2.05b 58.50±0.71c 50.65±1.91d 

Values are presented as mean±SD. Values with different superscripts within the same row are statistically significantly different 

(p<0.05). S1: 55% EFB, S2: 70% EFB, and S3: 85% EFB. 

Table 3. Rate of biodegradation of EBF-based spoon in different soil conditions for 15 days of storage. 
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rates are higher in wet soils due to optimal water content 

(50-70%), enhancing microbial activity and enzymatic 

degradation (Ardisson et al., 2014; Lou et al., 2022).  

3.3 Shelf-life study 

As shown in Table 4, S3 exhibited the highest 

hardness, followed by S2, S1, and the control, regardless 

of storage method. After 21 days of storage, unsealed 

conditions showed the lowest hardness, followed by 

normal and vacuum-sealed conditions. No significant 

difference was found between the hardness of samples 

before and after vacuum-seal storage, whereas unsealed 

storage showed the most substantial difference compared 

to pre-storage (p<0.05). Moisture in the unsealed 

condition allowed EFB fibres to absorb environmental 

moisture, weakening the spoon's mechanical strength. 

Water molecules increase the distance between fibres 

and weaken hydrogen bonds (Hardianto et al., 2023). 

Conversely, vacuum sealing eliminates air, preserving 

the spoon's structure similar to its pre-storage state 

(Figure 3). The samples stored using various packaging 

methods showed no physical deterioration, such as mold, 

discoloration, or altered appearance, after 21 days. The 

water activity of all formulations (0.54-0.65) was 

comparable to or lower than that of dried apricots (0.60) 

and dried prunes (0.52), indicating improved shelf life 

(Maroulis et al., 1988). The EFB in the spoon further 

reduced water activity by limiting free water. Nofrialdy 

et al. (2022) found that biodegradable spoons made from 

'kalekai' and tofu dregs remained physically unchanged 

after 14 days of vacuum and open-air storage, but fungi 

appeared in plastic clip storage by day 9. The EFB-based 

spoon demonstrated superior shelf life, with no physical 

changes in any storage condition for a longer duration 

than the previous study. 

 

4. Conclusion  

Increasing the amount of EFB enhanced the 

physicochemical and biodegradable characteristics of 

EFB-based spoons. By incorporating EFB, spoons that 

exhibited high mechanical strength, reduced solubility, 

and water activity were produced. Overall, S3, with 85% 

EFB, demonstrated the most desirable properties for a 

biodegradable spoon, exhibiting the highest hardness, 

lowest water activity, and minimal solubility under all 

water conditions, making it suitable for food 

consumption. All samples showed an extended shelf life 

across all storage methods, with no signs of mold, 

discoloration, or altered appearance. However, a 

reduction in hardness was observed in all unsealed 

samples. The adoption of EFB-based biodegradable 

spoons holds significant environmental and commercial 

promise. By utilising agricultural by-products such as 

EFB, this innovation not only reduces reliance on single-

use plastics but also adds value to a widely available and 

underutilised biomass resource. This dual benefit 

supports sustainable waste management practices and 

contributes to the development of eco-friendly 

alternatives in the cutlery industry. Future study will 

investigate the sensory aspects from the consumer 

perspective to gain deeper insights into the factors 

influencing the performance of biodegradable spoons. 
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  Control S1 S2 S3 
Before storage 

D-0 124.08±5.86d 218.59±15.36c 351.35±2.49b 464.52±14.58a 
After storage 

Unsealed 50.76±8.61d 141.15±8.93c 219.02±4.66b 304.12±2.40a 
sealed 89.69±6.15d 171.35±3.08c 279.64±7.36b 364.04±4.52a 

Vacuum sealed 115.55±0.52d 211.15±3.55c 343.21±9.06b 460.74±2.92a 

Values are presented as mean±SD. Values with different superscripts within the same row are statistically significantly different 

(p<0.05). S1: 55% EFB, S2: 70% EFB, and S3: 85% EFB. 

Table 4. Hardness (N) of EFB-based spoon after 21 days of storage using different storage techniques. 

Figure 3. Shelf-life of EFB-based spoon after 21 days of 

storage. S1: 55% EFB, S2: 70% EFB, and S3: 85% EFB. 
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