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ORIGINAL RESEARCH 

Abstract --- Research on production of glucose syrup from waste cassava starch has not been adequately covered. In this paper, we report 
on the process for breaking down starch through harnessing the catalytic properties of silver nanoparticles (AgNPs) in an enzymatic 
procedure that encompasses the breakdown of starch by alpha-amylase. The analysis carried out on the starch-synthesized AgNPs had 
its peak absorbance in the region between 400 nm and 500 nm, the X-ray diffraction (XRD) result also showed that the AgNPs were 
crystalline and this indicated that the nanoparticle formed could be used for hydrolysis. The presence of silver nanoparticles was observed 
to enhance the speed at which starch was enzymatically broken down as sample G1 (which was the sample with an equal amount of silver 
nanoparticle and alpha-amylase) has a concentration of 5.23 mg/mL (which implies a percentage conversion of approximately 52.3%). It is 
hypothesized that alpha-amylase became immobilized on the nanoparticle surface giving rise to a better glucose yield in this study.  

——————————   ◆   —————————— 
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1. INTRODUCTION 
ilver nanoparticles (AgNPs) have found extensive 

applications in numerous consumer products. They 

have been employed for catalytic reactions, energy 

production, electronics, biotechnology, textiles, beauty 

products, and food packaging due to their remarkable 

optoelectronic properties (Aritonang et al., 2019). Also, 

they demonstrate significant promise for diverse 

medical applications, including wound recovery, 

diagnostic tools, biological sensing technology, and the 

transportation of pharmaceuticals. In the food 

industry, they also serve as effective antimicrobial 

agents, leveraging silver's well-known exceptional 

electrical conductivity (Ernest et al., 2012). 

Silver nanoparticles (AgNPs) facilitate enhanced 

electron transfer in biosensors compared to gold 

nanoparticles. The interaction between metallic 

nanoparticles and biological molecules has attracted 

considerable interest in recent times, driving progress 

in diagnostics, sensor technology, and precise drug 

delivery.  
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Significantly, the immobilization of glucose oxidase on 

AgNPs led to a threefold improvement in sensitivity 

for glucose biosensors (Basiri et al., 2018).  

Presently, organic synthesis of complex molecules 

incorporates nanoparticles for catalysis due to their 

exceptional catalytic properties and the selectivity of 

nanomaterials (Bhosale and  Bhanage, 2015). The size 

and shape of the nanoparticles, the conditions of 

preparation, the addition of support materials, and the 

capping agent all play pivotal roles in catalysis. 

The food industry extensively relies on starch as a 

primary raw material for producing maltodextrin, 

liquid dextrose, liquid glucose, high fructose corn 

syrups, and corn steep liquors. Enzymes, which are 

biological catalysts capable of accelerating reactions 

with or without cofactors, play a crucial role in these 

processes without altering their activity. An example of 

this is a-amylases, prominent digestive enzymes found 

in animal saliva and the pancreas, which break down 

complex starch into maltose and glucose by catalyzing 

the endo hydrolysis of α-(1--->4)-D-glucosidic linkages 

within starch (Matheson and McCleary, 1985). 

Recent studies have explored green synthesis methods 

for producing glucose syrup from waste cassava starch 

utilizing alpha-amylase enzymes. Researchers have 

investigated the optimization of reaction conditions, 

such as pH and temperature, to enhance enzyme 

activity and maximize glucose yield (Selina et al., 2023). 

Additionally, studies have focused on isolating and 

characterizing alpha-amylase-producing fungi from 
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cassava flour, highlighting the potential of Aspergillus 

species for large-scale enzyme production (Munawar et 

a., 2023). Furthermore, the extraction of starch from 

cassava agro-industrial wastes like cassava peel and 

bagasse has been studied, demonstrating the feasibility 

of utilizing these non-edible sources for starch 

extraction and potential applications in biodegradable 

food packaging. These findings collectively contribute 

to sustainable practices in the production of glucose 

syrup from waste cassava starch, showcasing the 

versatility and efficiency of alpha-amylase enzymes in 

converting cassava-derived materials into valuable 

products. In their study, (Zohrevandi et al., 2021; 

Kumar et al., 2008) utilized nickel nanoparticles as a 

catalyst to selectively promote the oxidative coupling 

of thiols, resulting in the production of disulfides. They 

achieved the catalytic conversion of n-dodecanethiol, 

n-butanethiol, and n-octanethiol into their respective 

disulfides by employing silver nanoparticles coated 

with polyvinylpyrrolidone (PVP). Additionally, they 

harnessed silica-supported AgNPs as robust and 

recyclable catalysts in Diels–Alder cycloadditions of 

20-hydroxy chalcones and dienes, yielding substantial 

product yields and turnover rates (Madhavan & 

Okamoto; Chopra et al., 2016). 

The current study is focused on producing glucose 

syrup from waste starch obtained from the 'garri' 

processing industry using alpha-amylase hydrolysis 

and silver nanoparticle synthesis. This research lays the 

groundwork for understanding the interactions 

between nanoparticles and biomolecules, potentially 

opening new avenues for applications in the food 

industry. 

2. MATERIAL AND METHODS 
2.1 CHEMICALS AND REAGENTS 

Chemicals and reagents used for this work were alpha-

amylase, soluble starch, 3, 5-dinitrosalicylic acid 

(DNSA), potassium sodium tartrate (Rochelle salt), 

sodium hydroxide, and silver nitrate and all other 

chemicals were analytical grade from Labio Scientific 

Centre, Lagos, Nigeria. 

2.2 SILVER NANOPARTICLE SYNTHESIS 

 Simultaneously, soluble starch with concentrations 

varying between 10 mg/mL and 80 mg/mL was 

mixed with the solution, depending on the specific 

sample composition as presented in Table 1 and 

subjected to autoclaving at 121°C and 15 psi for a 

time of 4 and 6 min. The development of a brown-

hued solution indicated the formation of AgNPs 

(Pani et al., 2016; Kumar, et al., 2022). After cooling, 

this solution was utilized for subsequent analyses. 

2.3 UV - VIS SPECTROPHOTOMETRY 

The AgNPs derived from starch synthesis 

underwent UV-visible analysis. At specific time 

intervals, the samples were examined using a UV-

visible spectrophotometer (Vigneshwaran et al., 

2006; Nangare et al., 2021)). To confirm the existence 

of silver nanoparticles, spectral analysis was 

conducted across the wavelength span from 200 nm 

to 1000 nm. 

2.4 TRANSMISSION ELECTRON 

MICROSCOPY (TEM) 
The morphology and dimensions of the created AgNPs 

were examined using transmission electron 

microscopy (TEM) with a JEM-ARM200F-G TEM 

instrument. The TEM sample preparation procedure 

encompassed the following steps: initial specimen 

fixation to prevent further alterations or harm to the 

cell, followed by dehydration, infiltration, polishing, 

and cutting. The resulting sections, ranging in size from 

30 nm to 60 nm for optimal resolution, were collected 

in a receptacle and then transferred to a copper grid for 

observation under the microscope. 

2.5 X-RAY DIFFRACTION (XRD) 

The morphology and dimensions of the AgNPs were 

examined using transmission electron microscopy 

(TEM) with a JEM-ARM200F-G TEM instrument. The 

TEM sample preparation procedure encompassed the 

following steps: initial specimen fixation to prevent 

further alterations or harm to the cell, followed by 

dehydration, infiltration, polishing, and cutting. The 

resulting sections, ranging in size from 30 nm to 60 nm 

for optimal resolution, were collected in a receptacle 

and then transferred to a copper grid for observation 

under the microscope. The specifications of the 

equipment used for this analysis are as follows: 

Diffractometer type: PW 1800, Model: Rigaku D/Max-

IIIC; Tube anode:   Cu; Generator tension [kV]: 40; 

Generator current [mA]: 20; Wavelength Cuka 1[AO]: 

1.667; Wavelength Cuka 2[AO]: 1.659; Intensity ratio 

(alpha2/alpha1):  0.500. 
 
Table 1: Various sample runs from design expert 

Runs 

(sam

ples) 

Factor 1 

AgNO3 

concent

ration 

(mg/mL

) 

Factor 2 

Starch 

concent

ration 

(mg/mL

) 

Fac

tor 

3 

Ti

me 

(mi

n) 

A 1 10 6 

B 0.5 10 4 

C 0.5 80 4 

D 1 80 6 

E 1 10 4 
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F 0.5 80 6 

G 0.5 10 6 

H 1 80 4 

A 1 10 6 

B 0.5 10 4 

2.6 HYDROLYSIS OF STARCH BY ALPHA-
AMYLASE 

The process of breaking down soluble starch through 

hydrolysis was conducted in conditions where the 

temperature remained constant. Experiments were 

executed using tubes that held both a starch sample for 

comparison and a starch sample for testing purposes. 

A varied quantity of α-amylase was introduced into 

every tube. This outlines the experimental procedure. 

The sample F contained no nanoparticles, the sample 

G1 – 1 mL of nanoparticles and 1 mL of amylase’, the 

sample G2 – 2 mL of nanoparticles and 1 mL of 

amylase’, and the sample G3 – 1 mL of nanoparticle 

and 2 mL of amylase. The tubes were kept in an 

incubator at 37 ℃ for 5 min. Subsequently, samples 

were introduced into the spectrophotometer or 

colorimeter at a wavelength of 540 nm to measure the 

concentration of reducing sugars, following (Miller, 

1959). The UV-Vis spectrophotometer plot was used to 

quantify the amount of reducing sugars generated 

from each sample. 

 

3. RESULTS AND DISCUSSION 
The aqueous silver nitrate (AgNO3) solution was a 

coluorless solution, but after the synthesis of the silver 

nanoparticle in the autoclave there was a brown colour 

formation (Pani et al., 2016) which indicated the 

formation of silver nanoparticles. This colour 

formation agreed with the study reported by (Pani et 

al., 2016; Kumar, et al., 2022). UV-Vis 

spectrophotometry studies, Transmission electron 

microscopy, and X-ray diffraction techniques were 

employed to confirm the existence of AgNPs and to 

assess their shape, structure, and constituent elements 

before applying the produced nanoparticles in the 

process of starch hydrolysis. Figure 1, is the 

spectrophotometry plot for sample G, this shows the 

relationship between the absorbance and wavelength 

of the silver nanoparticle produced. In Figure 1, the 

sample with the best yield was selected (this was the 

sample which had the highest peak of absorbance 

between the wavelength of 400 nm-500 nm) and used 

for further analysis and hydrolysis of starch. The 

absorbance spectrum of silver nanoparticles typically 

falls within the range of 400 nm to 500 nm, as indicated 

by the formation of pure and spherical silver 

nanoparticles with a sharp peak around 400 nm in the 

UV-vis spectra (Khudair et al., 2023). Additionally, the 

resonant nonlinear optical absorption properties of 

silver nanoparticles were studied using laser pulses at 

400 nm, showing saturable absorption and reverse 

saturable absorption behaviours (Jiang et al., 2021). 

Furthermore, the absorption spectrum of metallic 

nanoparticles, including silver nanospheres, is crucial 

for characterizing properties like size and shape 

imperfections, with the absorption spectrum being 

particularly sensitive to these factors (Wang et al., 

2021). These studies collectively emphasize the 

importance of understanding the absorbance 

characteristics of silver nanoparticles within the 

specified wavelength range for various applications in 

fields like nanotechnology and optical devices. Figure 

2, depicts the XRD plot of the silver nanoparticle. 

Figure. 2 shows that the silver nanoparticles are 

crystalline and this confirm the structure of silver 

nanoparticle present in the sample. Figures.3 (a) and (b) 

show the TEM image for the silver nanoparticle 

produced. This verifies that the Sample is Nano-sized. 

Figures.3(a) and (b) showed nanoparticle sizes at a 

magnification of 20 nm and 100 nm used respectively. 

 

Figure 1: Graph of Absorbance Versus Wavelength UV-

Vis for the synthesized AgNPs (sample G) 
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Figure 2: Plot of the XRD results for the synthesized 

silver nanoparticle 

 

Figure 3: TEM image of silver nanoparticles 

synthesized from starch 

Also, the UV-Vis spectrophotometer was utilized for 

the assessment of glucose levels in the samples at a 

wavelength of 540 nm to show which of the 

combination ratios gave the best yield of glucose. The 

glucose content of the syrup synthesized by using 

AgNPs produced, and AgNO3 free hydrolyzed 

wastestarch were analyzed by using the UV-vis 

spectrophotometer instrument. Fig 4 shows glucose 

standard curve. Figure.5, depicts graph of absorbance 

versus wavelength for the syrup produced. The 

glucose concentration of the samples produced was 

determined, using the glucose standard curve shown 

in Figure 4 by applying the equation derived from the 

curve. Figure.5, was used for the determination of the 

syrup produced by using different combination ratios 

of the sample G and alpha-amylase, and the (AgNPs 

free-syrup).  Sample G2 has a concentration of 2.41 

mg/mL, sample G3 has a concentration of 3.44 mg/mL, 

sample F has a concentration of 2.03 mg/mL and 

sample G1 has a concentration of 5.23 mg/mL (which 

implies a percentage conversion of approximately 

52.3%). This agrees with the work reported by 

(Falkowska & Molga, 2014). 

4. CONCLUSION 
In summary, the analysis carried out on the starch-

synthesized AgNPs gave a very good result in terms of 

size, shape, etc. and this showed that the nano- particle 

formed could be used for the hydrolysis; the UV-vis 

spectrophotometer analysis carried out, showed that 

the sample of starch that was hydrolyzed with AgNPs 

and alpha-amylase gave a better yield of syrup than the 

sample hydrolyzed with only alpha-amylase (i.e. In the 

presence of AgNPs, the degradation of starch digestion 

kinetics led to a rapid increase in the production of a 

higher quantity of reducing sugars); Sample G1 had a 

concentration of 5.23 mg/mL, sample G2 had a 

concentration of 2.41 mg/mL, sample G3 had a 

concentration of 3.44 mg/mL, and  

 

 
Figure 4: Glucose Standard Curve 

 

 

Figure 5: Graph of Absorbance Versus Wavelength 

UV-Vis for the syrup produced by using different 

combination ratios of the sample G and alpha-amylase, 

and the syrup produced (free of AgNO3) 

sample F had a concentration of 2.03 mg/mL. This study 

revealed that nanoparticles could exert a noteworthy 

impact within the realm of Nano-catalysis, offering a 

potential avenue for their application in starch 

industries to expedite the breakdown of intricate 

molecules into simpler ones by attaching enzymes to 
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the nanoparticle surfaces. Additionally, the technique 

used for silver nanoparticle synthesis was noted for its 

stability, simplicity, and cost-effectiveness, not 

necessitating a significant financial investment. More 

research is needed to optimise conditions for enzyme 

activity, substrate concentration, and stability. 

Furthermore, selection of the appropriate enzyme 

combination is crucial for enhancing the conversion of 

cassava fibrous residue to glucose syrup, highlighting 

the importance of enzyme synergy in the green 

synthesis process. 
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