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	 Cellulose is a natural polymer with unique physical and chemical properties, making 
it widely used in the food industry as an emulsifier, thickener, and stabilizer. Its abundance, 
biodegradability and non-toxicity make it a preferred material and further enhance its appeal. 
However, extracting cellulose from plant sources remains a challenging due to the complex 
structure of plant cell walls. This study focuses on optimizing the extraction of cellulose from 
pistachio kernel and characterizing its physicochemical properties using response surface 
methodology (RSM). The extraction process involved alkaline treatment with sodium hydroxide 
(NaOH) solution to remove the hemicelluloses and lignin from the pistachio kernel while leaving 
the cellulose intact and bleaching with hydrogen peroxide (H2O2). The effects of key factors - 
solid-liquid ratio, pH, alkaline treatment time, and reaction temperature were evaluated. The 
results showed that increasing the alkaline treatment time enhanced cellulose yield, reaching 
38.6% - 39.48% between 60min-150min. However, excessive temperature and H2O2 dosage led 
to reduced cellulose extracted from the Asian pistachio kernel. As a result of the optimization 
through RSM regression analysis (R2 = 0.98, p = 0.05) identified the optimal extraction 
conditions as 1.0mL of H2O2, 75.58min alkali treatment time and a reaction temperature is 
53.10°C, yielding a maximum of 40.0315%. Compare to conventional extraction techniques; the 
optimized method achieved a higher cellulose yield with improved purity and thermal stability, 
making it a promising sustainable source for food and industrial applications.
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	 Asian pistachio (Pistacia vera L.) is 
a popular nut crop known for its unique flavor, 
high nutritional value, and health benefits,1 which 
constitutes about 50% of the weight of the nut.2 It 
is native to West Asia, especially in northeastern 
Iran and northern Afghanistan, where the pistachio 
tree formed an important part of the local semi-
arid aromatic forest.3,4  According to a survey, 
the United States produces 47 % of the pistachio, 
followed by Iran (38%) and turkey (9%) in the 

world market.5 Asian pistachio kernel also contains 
several bioactive compounds,6 such as polyphenols, 
tocopherols and phytosterols popularly known for 
their beneficial health effects.2 Polyphenols are 
known for their antioxidant and anti-inflammatory 
properties, while tocopherols are important 
antioxidants that can protect against oxidative 
stress.7 The phenolic compounds and the oxidizing 
activity of pistachio decrease with an increase in 
the ripening period. The core of Asian pistachio 
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(Pistacia vera L.) is made up of protein of 15.0 
- 21.2%8,9 fats of 55.2 - 60.5%,10 carbohydrates 
14.9 - 17.7%11 moisture of 2.5 - 1%,12 ash of 2.2 
- 2.5%,12 13 phenolic compounds13 and fiber.14,15 

The fiber content varies from 4.8% to 10.6% and 
makes it a potential source of cellulose.16 Cellulose, 
being the most abundant raw material on earth, 
is produced commercially through several plants 
every year because of its substantial involvement 
in a variety of potential applications. It can be used 
in the paper, textile, and food industries along with 
its utilization in pharmaceutical and biomedical 
applications.17 because of its several health benefits, 
which include reducing the risk of chronic diseases 
such as diabetes, cardiovascular disease, and colon 
cancer.18 Cellulose is referred to as a non-toxic 
major constituent of plant material that can be 
extracted from higher plants like wood, cotton, 
flax, hemp, jute, sugarcane bagasse, ramie, cereal 
straws, etc.19 It is said to be renewable and acts as 
a polysaccharide filler.20 It is the most abundant 
biopolymer in the world, with an estimated 
1010–1012 tons produced annually, and primarily 
consists of lingo-cellulose which includes cellulose, 
lignin, and hemicellulose.21 Lignin is a highly 
cross-linked phenolic polymer, while hemicellulose 
is a branched multiple polysaccharide polymer.19 
Lignin and hemicellulose are removed by treating 
raw matter with alkali and a bleaching agent.22 
This study focuses on the study of the extraction 
of cellulose fibers from the pistachio kernel using 
response surface methodology.

Materials and Methods

Experimental Design
Materials and Chemicals
	 Asian pistachio kernel was purchased 
from Guangzhou Nanxing Tianhong Company, 
China, sodium hydroxide (NaOH) and 30% 
hydrogen peroxide (H2O2) were purchased 
from Fuchen (Tianjin) Chemical Reagent Co., 
Ltd., China, and Guangdong Qianhui Reagent 
Company, China, respectively. The chemicals were 
analytically graded and purified before purchase. 
Hence, chemicals were used without further 
purification.
Apparatus and Equipment’s
	 A constant temperature heating magnetic 
stirrer (DF-101S) was purchased from Gongyi 

Yuhua Instrument Co., Ltd. China, centrifuge 
(TGL-16MC), was purchased from Changsha 
Xiangrui Centrifuge Co., Ltd. China, Electronic 
analytical balance (OP224C), was purchased from 
Ohaus
	 Instruments (Changzhou) Co., Ltd. China, 
grinder (XS-04) was purchased from Shanghai 
Zhaoshen Technology Co., Ltd. China, pH meter 
(SJ-3F), was purchased from Shanghai Precision 
Scientific Instrument Co., Ltd. China, Electric 
blast drying oven (PH050A), was purchased 
from Shanghai Yiheng Scientific Instrument Co., 
Ltd. China’s dual-function steam bath Constant 
Temperature Oscillator (ZD-85) was purchased 
from Changzhou Enpei Instrument Manufacturing 
Co., Ltd. China was gotten at the South China 
University of Technology Food Chemistry 
Laboratory.
Experimental Methods
Pistachio Kernel Pre-treatment
	 The pistachio kernels were dried, crushed 
into 40mm with a shredder, and then the pistachios 
were soaked in ethanol with a solid-liquid ratio 
of 1:10, with a reaction of 120 min, at 150 rpm 
and 50oC in a steam bath constant temperature 
oscillator. After the process, it was then dried to a 
constant weight.
Extraction process of Cellulose from Pistachio 
kernel
	 At the ratio of 1:20, 5 g of pistachio 
kernel was added to the sodium hydroxide (NaOH) 
solution with a pH of 10; it was then mixed 
thoroughly and placed in a constant temperature 
magnetic stirrer and processed at a speed of 20 
rpm/min at 50oC for 60 mins. 0.5 mL of hydrogen 
peroxide (H2O2) was then added at a constant 
reaction for about 30 mins at the same time and 
speed. After a complete reaction, centrifugation 
was done at 6000 rpm, then the precipitate (M) 
was washed repeatedly with ultra-pure water until 
the supernatant was neutral, then was placed in the 
oven at 50oC to dry to constant weight. The weight 
(m) measurement was then calculated to confirm 
the yield of cellulose.
Calculating Cellulose yield from Pistachio kernel 
Where ‘m’ is the initial mass M is the precipitate 
after extraction Optimization of Response Surface 
Methodology for extracting Cellulose from 
Pistachio Kernels. Taking the amount of hydrogen 
peroxide, reaction time, and reaction temperature 
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as the main factors affecting the extraction of 
cellulose from pistachio nuts, and taking the yield 
of cellulose as the response value, a three-factor, 
three-level response surface experiment was 
carried out to determine the optimal process as 
shown in the table below.

Results

Single factor experiments of cellulose extraction 
from pistachio kernels
Effect of Solid to Liquid ratio on Cellulose yield
	 The solid-to-liquid ratio significantly 
influenced cellulose yield from pistachio kernels 
as depicted in Figure 1. Increasing the volume of 
the alkaline solution led to a decline in cellulose 
yield, primarily due to excessive dilution of NaOH, 
reducing its effectiveness in the degradation of 
non-cellulosic components. A balanced solid-liquid 
ratio ensures that the alkaline solution sufficiently 
penetrates the cell structure to remove lignin 

and hemicellulose while minimizing excessive 
cellulose loss.
Effect of pH on cellulose yield
	 As illustrated in Figure 2, the pH of 
the extraction solution significantly influenced 
cellulose yield. The yield exhibited a declining 
trend with increasing pH values. Excessively 
high pH levels increased alkalinity, leading to the 
breakdown of hemicellulose and lignin, thereby 
compromising cellulose integrity. The results 
showed that an increase in pH beyond 8.0 led to a 
decline in cellulose recovery, indicating excessive 
alkalinity contribute to cellulose degradation. A pH 
around 8.0 was found to be optimal for lignin and 
hemicellulose removal while preserving cellulose 
integrity.
Effect of alkali treatment time on cellulose yield
	 As illustrated in Figure 3, extending the 
alkali treatment time initially led to an increase 
in cellulose yield, peaking at 39.48% at 150 
minutes. However, beyond 60 minutes, the rate 

Table 1. Response surface factors and level design

		  Coding level
Variable	 -1	 0	 1

A: The amount of hydrogen peroxide (mL)	 0	 0.5	 1
B: Alkali treatment time	 30	 60	 90
C: Reaction temperature	 40	 5 0 	
60	

Fig. 1. Effect of solid-liquid ratio on cellulose yield of pistachio kernels
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Fig. 2. Effect of pH on the cellulose yield of pistachio kernels

Fig. 3. Effect of alkali treatment time on the cellulose yield of pistachio kernels

of increase slowed, indicating that prolonged 
exposure of NaOH begins to degrade the cellulose 
structure rather than improving its purity. These 
findings indicate that alkali treatment duration of 
approximately 60 minutes is sufficient to extract 
most of the pistachio kernel fiber while minimizing 
excessive degradation.
Effect of the amount of hydrogen peroxide on 
the yield of cellulose
	 The impact of hydrogen peroxide (H2O2) 
dosage on cellulose yield is shown in Figure 4. The 
data revealed that a moderate H2O2 dosage (0.5 

mL) led to optimal cellulose yield, while higher 
concentration resulted in reduced recovery. This 
trend is attributed to oxidative degradation, where 
excessive H2O2 breakdown cellulose along with 
lihnin and hemicellulose.
Effect of reaction temperature on cellulose yield
	 Reaction temperature had a profound effect 
on cellulose extyraction (Figure 5). Increasing the 
temperature from 40°C to 50°C improved cellulose 
extraction due to enhanced NaOH penetration 
and lignin breakdown. However, temperatures 
exceeding 50°C resulted in decreased yield, likely 
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Fig. 4. Effect of 30% H2O2 dosage on the cellulose yield of pistachio kernels

Fig. 5. Effect of Temperature on the cellulose yield of pistachio kernels

due to thermal degradation of cellulose. The results 
suggest that an optimal extraction temperature of 
approximately 50°C maximizes cellulose recovery 
while preventing degradation.
Response surface analysis and optimization of 
pistachio kernel cellulose extraction Analysis 
of interaction
	 Contour plots and response surface plots 
shows the significance of the interaction between 
the factors. The contour map tends to be elliptical, 
the angle between the axis and the coordinate axis 
is large, and the color changes are rich. Hence, the 

result indicated that all interaction is significant. 
Figures 6, 7, and 8 illustrate the response surface 
plots, which reveal the interactions among 
hydrogen peroxide dosage, alkali treatment time, 
and reaction temperature. The elliptical contour 
plots indicate significant interactions between these 
factors. Notably, the interaction between alkali 
treatment time and reaction temperature was found 
to be the most influential in determining cellulose 
yield. Optimizing the RSM regression analysis (R2 
= 0.98, p < 0.05) identified the optimal conditions 
as follows: hydrogen peroxide dosage of 1.0 mL, 
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Fig. 6. Interaction of hydrogen peroxide dosage (A) and alkali treatment time (B)

Fig. 7. Interaction of hydrogen peroxide dosage (A) and reaction temperature (C)

alkali treatment time of 75.58 minutes, and reaction 
temperature of 53.10°C. Under these conditions, 
the maximum cellulose yield was predicted to be 
40.03%, as confirmed by experimental validation 
(Figure 9).

Discussions

	 The results show that an increased volume 
of alkaline solution led to a decrease in cellulose 
yield (Figure 1). Excessive solvent dilution reduced 
NaOH efficiency in breaking down non-cellulosic 
components, leading to lower cellulose recovery. 
This observation aligns with previous studies, 
such as those by,20 which reported that excessive 

solvent use dilutes the reactive agents, reducing 
their efficiency in breaking down non-cellulosic 
components. A balanced ratio ensures optimal 
lignin and hemicellulose removal while minimizing 
cellulose degradation, similar to findings reported 
by [10] on lignocellulosic biomass extraction. The 
optimal solid-liquid ratio was found to balance 
cellulose yield while minimizing excessive alkali 
degradation, as supported by studies on cellulose 
extraction from other plant-based materials.21 As 
depicted in Figure 2, pH critically affected cellulose 
yield. Maintaining a pH around 8.0 facilitated 
effective lignin removal while preserving cellulose 
integrity. The pH of the extraction medium 
significantly influenced the cellulose yield (Figure 
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Fig. 8. Interaction of alkali treatment time (B) and reaction temperature (C)

Fig. 9. Optimum process conditions

2). Previous studies, including those by13 and,14 
confirm that maintaining the pH at an optimal 
level prevents excessive degradation and preserves 
cellulose structure. The results suggest that 
maintaining the pH at approximately 8 is optimal 
for minimizing cellulose loss while ensuring 
effective lignin and hemicellulose removal.
	 Alkali treatment time strongly impacted 
cellulose yield (Figure 3), with peak recovery 
at 150 minutes, but degradation effects were 
observed beyond 60 minutes. Extended exposure 
to NaOH can weaken cellulose structure, as seen in 
studies on corn husk extraction20 and agricultural 

residues.23 These findings highlight the importance 
of controlling treatment time to optimize cellulose 
extraction. Similar findings were reported by,22 
who demonstrated that extending alkali treatment 
beyond optimal durations could lead to cellulose 
breakdown due to prolonged exposure to harsh 
chemical conditions. Hydrogen peroxide dosage 
significantly influenced cellulose yield, as shown 
in
	 Figure 4. While moderate H‚ O‚  (0.5 mL) 
improved delignification, excessive concentrations 
reduced cellulose recovery due to oxidative 
degradation. This reaction leads to excessive 
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removal of lignin and hemicellulose, thereby 
diminishing the cellulose content24 observed a 
similar trend in cellulose extraction from biomass 
sources, emphasizing the delicate balance required 
in H2O2 dosage to optimize yield. Similar trends 
were reported in biomass delignification studies 
by,25 emphasizing the need for precise H‚ O‚  
control to prevent structural breakdown.
	 The effect of reaction temperature is 
evident in Figure 5, where initial increasing 
temperature from 40°C to 50°C improved cellulose 
extraction due to enhanced NaOH penetration 
and lignin breakdown. However, temperatures 
exceeding 50°C resulted in decreased yield, likely 
due to thermal degradation of cellulose,19-26 noted 
that excessive heat exposure could disrupt cellulose 
chains, reducing overall recovery rates. The results 
suggest that an optimal extraction temperature of 
approximately 50°C maximizes cellulose recovery 
while preventing degradation.27,28 Response 
surface analysis (Figures 6–8) demonstrated 
significant interactions between H‚ O‚  dosage, 
alkali treatment time, and reaction temperature. 
The regression analysis (R² = 0.98, p < 0.05) 
confirmed that optimized conditions (1.0 mL H‚ 
O‚ , 75.58 min alkali treatment, and 53.10°C 
temperature) resulted in a 40.03% cellulose yield 
(Figure 9). Notably, the interaction between alkali 
treatment time and reaction temperature was found 
to be the most influential in determining cellulose 
yield which is in consistency the previous study 
by29,30 similarly reported that optimization of 
these parameters significantly enhanced cellulose 
extraction efficiency from plant biomass. These 
findings align with cellulose optimization studies 
on pistachio shells8,31 and plant biomass.32

	 The obtained cellulose yield of 40.03% 
aligns with previous studies on cellulose extraction 
from pistachio shells and other plant-based sources32 

reported a similar cellulose yield of approximately 
38% using ultrasound-assisted extraction, while24 
highlighted the efficacy of alkaline treatment 
in enhancing cellulose recovery. Moreover, the 
observed interactions among extraction parameters 
corroborate findings by,22 emphasizing the critical 
role of process optimization in maximizing 
cellulose yield. Additionally,21 demonstrated that 
various extraction methodologies, including acid 
hydrolysis, could yield similar or higher cellulose 

recovery rates, though often with additional 
processing constraints.
	 While the optimized conditions yielded 
high-quality cellulose, limitations exist in the 
methodology. The study relied on laboratory-scale 
extraction, which may not fully capture industrial-
scale variations in raw material composition and 
processing efficiency. Additionally, the absence of 
enzymatic or solvent-based comparative analyses 
limits the understanding of alternative extraction 
approaches. The extracted cellulose exhibited high 
purity and thermal stability, making it suitable 
for food applications such as stabilizers and 
emulsifiers. Additionally, its biodegradability and 
non- toxicity position it as a sustainable alternative 
to conventional cellulose sources. Future studies 
should focus on scaling up extraction processes, 
further characterizing the cellulose properties, and 
exploring applications in biodegradable materials, 
pharmaceuticals, and food industries.

Conclusion

	 The study successfully optimized the 
extraction of cellulose from pistachio kernels 
using response surface methodology. Key 
process parameters, including alkali treatment 
time, hydrogen peroxide dosage, and reaction 
temperature, significantly influenced cellulose 
yield. Cellulose was extracted from pistachio 
kernel through the alkaline method using sodium 
hydroxide and 30% hydrogen peroxide. Factors 
such as solid-liquid ratio, pH, and alkaline treatment 
time determined the yield of cellulose. Response 
surface methodology was used in this experiment 
to confirm the significant interaction between the 
factors such as hydrogen peroxide dosage, alkali 
treatment time and temperature. The optimized 
conditions resulted in a maximum yield of 40.03%, 
demonstrating the feasibility of pistachio kernel 
cellulose as a sustainable and high-quality source 
for industrial applications. Beyond its laboratory 
feasibility, the extracted cellulose holds promising 
industrial and environmental applications. Given its 
high purity and biodegradability, pistachio kernel-
derived cellulose can be utilized in biodegradable 
packaging, pharmaceutical formulations, food 
stabilizers, and bio-based composites, reducing 
dependence on synthetic polymers and enhancing 
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sustainability in material science. Furthermore, 
its renewable nature aligns with global efforts to 
promote eco- friendly alternatives in cellulose-
based industries. Future research should focus on 
scaling up the extraction process and evaluating 
the physicochemical properties of the extracted 
cellulose in diverse applications, including 
functional biomaterials and environmental 
sustainability efforts and green industrial practices.
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