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a b s t r a c t 

Starch stain is a common stain on paper artifacts. This stain leads to deformation of the surface of the 

paper and promotes the growth of microbiological deterioration. This study aims to use nanoparticles 

with an α-amylase enzyme to improve its quality for removing this type of stain from the surface of 

paper artifacts. Accelerated heat aging was used on starch stain applied on the new paper samples. The 

α-amylase enzyme was prepared. Silver and gold nanoparticles were biosynthesized by local fungal iso- 

lation. The produced silver and gold nanoparticles were characterized by using different techniques of 

analysis (UV- Visible spectroscopy, Transmission Electron Microscope (TEM), and X-Ray diffraction (XRD) 

analysis). Different concentrations of Ag-NPs and Au-NPs were added to the α-amylase reaction mixture 

to enhance its activity for removing starch stains. Some analytical techniques were also used for the eval- 

uation of the efficiency of α-amylase and nanoparticles for removing starch stains (Color measurement, 

Scanning Electron Microscope (SEM), and pH measurement). 

The results proved that Ag-NPs at 20 microliters increased the activity to about 160%, whereas Au- 

NPs enhanced the activity to about 140% at a concentration of 5 μL. The results showed that α-amylase 

enzyme incorporated with Ag-NPs exhibited better results more than its use alone. The addition of Ag- 

NPs to α-amylase enzyme for the removal of starch stain reduced the total color differences, improved 

the surface morphology. 

© 2021 Elsevier Masson SAS. All rights reserved. 
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. Introduction 

Manuscripts are found in different places in Egypt (museums, 

torehouses, archives, libraries and etc.). Many deterioration as- 

ects are found on these manuscripts (such as dirt, dust, differ- 

nt stains derived from different sources, tears, wrapping and etc.). 

obucki confirmed that some aspects of deterioration are found 

n manuscripts such as tears, the extent of yellowing and etc. [1] . 

endix [2] and Mahgoub [3] reported that these aspects of deterio- 

ation may be due to additive materials used in the manufacturing 

rocesses of paper or/and improper conditions (temperature, rela- 

ive humidity, light, air pollutants, particulates, growth of microor- 

anisms, and insects). Starch stain is considered one of the most 

ommon stains found on paper manuscripts. It can be added that 
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tarch had been used as adhesive in books and bookbinding [4] . In 

ll cases, Starch material is susceptible to deterioration caused by 

mproper conditions mentioned above. Cracks, dissolving, shrink- 

ng and etc. are the aspects of deterioration of starch stain found 

n the surface of historical papers [5] . 

Enzymes are very significant materials employed in the conser- 

ation field especially for removing stains derived from different 

ources. Enzymes are characterized by very high selectivity, so that 

hey can be optimally utilized for the removal of organic adhesive 

esidues from paper. Wendelbo and Fosse [6] applied trypsin to 

eparate the adhered pages of a damaged manuscript caused by 

ater. α-Amylase enzyme was used in the conservation especially 

n starch paste removal [7] . α- amylase enzyme was selected for 

ts ability to hydrolysis and remove starch stain found on paper 

anuscripts [8] . Bartl [9] stated that the application of ultrasound 

ccelerated the action of α-amylases up to thirty times . 

In the medical field, nanoparticles such as gold (Au-NPs) and 

ilver (Ag-NPs) have been used to catalyze and increase the 

https://doi.org/10.1016/j.culher.2021.11.004
http://www.ScienceDirect.com
http://www.elsevier.com/locate/culher
http://crossmark.crossref.org/dialog/?doi=10.1016/j.culher.2021.11.004&domain=pdf
mailto:gomaa2014@cu.edu.eg
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fficiency of α-amylase compared to its use without the addi- 

ion of nanoparticles. Mishra et al. [10] and Marina and Jeyanthi 

11] proved that the addition of gold and silver nanoparticles to the 

nzyme increased its efficiency. Biosynthesis of nanoparticles using 

icroorganisms is a good and eco-friendly method [12–14] . Accel- 

rated aging is a vital tool in the experimental studies of the con- 

ervation field for the evaluation of the new materials before their 

irect application on the historical objects, and this is consistent 

ith international charters and regulations, which confirmed that 

ew materials should not be used until they have been evaluated 

nd proven to be efficient through experimental studies [ 15 , 16 ].

t was confirmed that analysis and investigations (such as XRD –

hange of color, etc.) are also vital in the conservation field espe- 

ially in experimental studies. Conservators can use some of these 

echniques for the determination of the best materials that can be 

sed in the conservation processes of historical objects [17–19] . 

.1. Research aim 

This study aims to use silver and gold nanoparticles (Ag-NPs 

nd Au-NPS) with the α-amylase reaction mixture to enhance its 

ctivity for removing starch stains from paper artifacts. Accelerated 

eat aging was used for untreated and treated samples. Some ana- 

ytical techniques were used for the characterization of nanoparti- 

les used (UV- Visible spectroscopy, TEM, and XRD analysis). Other 

nalytical techniques were also used for the evaluation of the ef- 

ciency of α-amylase and nanoparticles for removing starch stains 

color measurement, SEM, and pH measurement. 

. Materials and methods 

.1. Materials 

.1.1. Preparation of new paper 

Whatman paper (No. 1) 24.0 cm in diameter made by What- 

an Company in England - on shape cylindrical radius approx. 

2 cm was used in this study . It was used according to El Bergadi

20] and Kostadinovska et al. [21] . 

.1.2. Starch adhesive 

Roquette maize starch – Batch No: E4301 – code No: L31210 –

ont.: 500 Gm. – packed and distributed by El Gomhouria (Egypt) 

o. 4/12 was used for making stain. The maize starch used in this 

tudy, because it had been used as adhesive in the conservation of 

anuscripts. The maize starch used in this study, because it had 

een used as adhesive in the conservation of manuscripts. It was 

sed with a concentration 50 g in 1 L deionized water. The appli- 

ation of starch stain was by brush. 

.1.3. α- amylase 

Enzyme - α-amylase Aspergillus oryzae – powder – 30 units/mg, 

urchased from (Sigma) code 10,065, pH = 6 at 25 °C was used for 

emoving of starch stain. 

.2. Methods 

.2.1. Application of starch stain 

According to Giovana et al., [22] who confirmed that around 3% 

f starch adhesive dissolved in warm distilled water with continu- 

us flipping until turns into a viscous texture and then applied on 

he surface of prepared paper samples . 

.2.2. Accelerated thermal aging 

The accelerated heat aging method was used according to Zer- 

os [23] and Munajad et al. [24] . The temperature used was set at

05 °C. The aging time was 20 days. The oven used PIP model 5 M
15 
20-VN / product by C.T.S. It should be mentioned that the accel- 

rated heat aging was used on the new samples to simulate the 

ged historical samples, and this accepted with international con- 

entions, which reported that the evaluation of the any conserva- 

ion materials should firstly evaluated on replica and the successful 

esults from experimental laboratories studies can applied later on 

ultural materials. 

.2.3. Biosynthesis of silver and gold nanoparticles 

.2.3.1. Isolation of the fungus. Marine sediment samples were col- 

ected from Hurgada sea shore (Red sea, Egypt) using sterile plastic 

hich immediately transferred to the laboratory. One gram of soil 

ample was aseptically transferred into 99 mL of pre-sterilized 50% 

eawater and serially diluted. 100μL of diluted samples were trans- 

erred to molten Potato Dextrose Agar medium (PDA) of the in- 

redients used (g/l): Dextrose 20.0 g, Agar 15.0 g, Potato infusion: 

he potatoes (200 g) were firstly washed and cut into small pieces, 

hen boiled in 10 0 0 mL distilled water for 1 h and filtered to get

he potato infusion. The inoculated medium was incubated at 30 °C 

or 7 days. After incubation, colonies appeared on the agar medium 

ere re-streaked within the same agar medium. From the isolated 

trains, strain SH19 was selected for biosynthesis of nanoparticles. 

.2.3.2. Identification of the fungal strain. The molecular identifi- 

ation of the fungal isolate SH19, which is used in the biosyn- 

hesis of gold and silver nanoparticles, was performed using the 

olecular protocol 18SrRNA. In this technique DNA isolation, am- 

lification using polymerase chain reaction (PCR), and sequenc- 

ng of through ITS region has been done. The used primers 

or PCR are ITS2 (GCTGCGTTCTTCAT CGATGC) and ITS3 (GCATC- 

ATGAAGAACGCAGC), whereas primers ITS1 (TCCGTAGGTGAACCT- 

CGG) and ITS4 (TCCTCCGCTTATTGATATGC) are applied in the se- 

uencing process. Independent PCR primers, as well as dNTPs, de- 

aching via a Montage clean-up kit (Millipore product). Big Dye 

erminator of Applied Biosystems (USA) using for sequencing. The 

ontrol microorganism used was Candida sp. DNA similarities as- 

ess using the Blast program (www.ncbi.nlm.nih.gov/blst). 

.2.3.3. Biosynthesis of silver nanoparticles. The fungus SH19 was 

elected for the biosynthesis of silver nanoparticles according to 

avindra and Rajasab [25] 10 mL culture filtrate of the fungus was 

ixed with 50 mL of 1 mm silver nitrate solution in a 250 mL 

onical flask and agitated at room temperature. Control treatment 

without silver nitrate, only biomass) was also run along with the 

xperimental flask. After 72 h of time interval culture filtrate and 

ilver nitrate solutions turned reddish-brown due to the reduction 

f silver nitrate to the silver nanoparticle (metal). 

.2.3.4. Biosynthesis of gold nanoparticles. SH19 fungal strain has 

rown aseptically in Czapek-Dox Broth (CDB) medium. The coni- 

al flask containing medium was incubated at 30 °C and agitated 

t 150 rpm for 72 h. After the incubation, the fungal filtrate was 

btained by centrifugation at 50 0 0 rpm for 10 min. The fungal cul- 

ure medium filtered through Whatman filter paper No.1 and the 

H of the collected filtrate was adjusted to 8.5 using 0.1 N NaOH 

r 0.1 N HCl. To synthesize gold nanoparticles 10 mL of HAuCl so- 

ution was added dropwise to 90 mL of the culture filtrate with a 

nal concentration of 100 mL of 250 mg/L HAuCl4 solutions in an 

rlenmeyer flask incubated at 30 °C and agitated at 180 rpm for 

4 h. The accumulation and reduction of gold nanoparticles were 

bserved through the turning of the color of the transparent liquid 

ltration to purple or pink, which indicates the formation of the 

old nanoparticles [26] . 
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.2.4. Characterization of synthesized silver and gold nanoparticles 

.2.4.1. UV- visible spectroscopy. The bioreduction of silver nitrate 

AgNO 3 ) to Ag-NPs and HAuCl4 to Au-NPs were monitored period- 

cally by UV–vis spectroscopy (Shimazu 2401 PC) after the dilution 

f the samples with deionized water. A UV–vis absorption spec- 

rum of the silver and gold nanoparticles was recorded by using a 

uartz cuvette with water as a reference. The UV–vis spectrometric 

eadings were recorded at a scanning range of 20 0–80 0 nm [27] . 

.2.4.2. Transmission electron microscope (TEM) investigation. TEM 

nvestigation of Ag-NPs and Au-NPs has been evaluated using JEOL 

odel 1200 EX electron microscope. TEM samples were prepared 

y placing a drop of the suspension of Ag-NPs or Au-NPs solutions 

n carbon-coated copper grids and allowing water to evaporate 

hich took 4 min. The sizes of prepared silver and gold nanopar- 

icles were investigated by TEM [28] . 

.2.4.3. X-ray diffraction (XRD) analysis. A powdered sample of sil- 

er and gold nanoparticles was used for X-ray diffraction analysis; 

he coherently diffracting crystallography domain size of the silver 

anoparticle was calculated from the width of the XRD peaks us- 

ng Scherrer’s formula. X-ray diffraction measurements of reduced 

ilver and gold nanoparticles by Aspergillus sp. SH19 was carried 

ut on drop-coated films of the respective solutions onto glass sub- 

trates by a Phillips PW 1830 instrument operating at a voltage of 

0 kV with CuKa radiation [29] . 

.2.5. α-amylase assay and characterization of its activity 

α-amylase enzyme formation was by DNS method [30] . Dini- 

rosalicylic acid (DNS) is a reagent comprised of different ingre- 

ients and was prepared according to Miller (1959) [31] as fol- 

ows: dissolve 10 g of 3, 5- dinitrosalicylic acid, 2 g phenol, 0.5 g 

odium sulfite, and 200 g Rochell salt (sodium potassium tartrate) 

n 500 mL of 2% NaOH and then dilute to 1 L. In brief, α-amylase

Sigma) enzyme-containing 1% soluble starch, 20 mM phosphate 

uffer (pH = 6), was taken and incubates at 37 °C for 20 min fol-

owed by the addition of 3 dinitrosalicylic acids (DNS). α- amylase 

ctivity was estimated by the amount of the reducing sugar lib- 

rated during assay by measuring color development at 540 nm 

y UV–VIS spectrophotometer. 1 U of α-amylase activity is defined 

s the amount of enzyme that liberated one micromole of maltose 

er minute under the previous reaction mixture. 

.2.6. Application technique of α-amylase and nanoparticles on 

tained paper 

Stained papers with starch (new and aged) were immersed in 

-amylase alone for three consecutive times. The immersion pe- 

iod for each time was 10 min. After each time of immersion, the 

ample was also washed in water for 10 min and dried at room 

emperature. The same procedure was also repeated for α-amylase 

ith nanosilver. Different concentrations (5, 10, 15, 20 and 25 μl) 

f Ag-NPs (200.4 mg/L, and Au-NPs 367 mg/L) were added to the 

eaction mixture (1 ml). The enzyme activity was measured before 

nd after the addition of nanoparticles used. Silver nanoparticles 

ere used (because the preliminary study showed high effective- 

ess for increasing the activity of the α-amylase enzyme for re- 

oving starch stain from paper compared to gold nanoparticles. It 

an be added that silver nanoparticle has resistance against micro- 

iological deterioration. 

.2.7. Investigation techniques used for the evaluation of the 

fficiency of α-amylase and nanoparticles for removing of starch stain 

.2.7.1. Color measurement. The color change of all samples (new, 

ged, and treated samples) were measured using the CIE ∗Lab sys- 
16 
em. The total color difference ( �E) was calculated as the follow- 

ng: 

E = 

√ 

( �L ) 
2 + ( �a ) 

2 + ( �b ) 
2 

The color measurement was by a Hunter lab colorimeter (Data 

olor International Spectra Flash SF450-UK). The color measure- 

ent was according to some authors [32–35] . 

.2.7.2. Scanning electron microscope (SEM). The surface morphol- 

gy of all samples was studied to follow any changes in the surface 

f new, aged, and treated samples with enzyme after 10 min. The 

nvestigation was done by using a Quanta 200 ESEM FEG from FEI 

 36 , 37 ]. 

.2.7.3. pH measurement. The measurement of the pH was by 

arsen [38] . The sample of paper was cut into very small parts and 

ut with a drop of distilled water was added and left for 6 h, so

ydrogen ions are allowed to migrate and mix in distilled water, 

nd then the value of pH was measured. The pH measurement was 

y using ML1010PH, Misura Line, Romania; the celebration was be- 

ween pH 4.01 and 7.01, at 20 °C [ 15 , 39 ]. 

. Results and discussion 

.1. Identification of fungal isolates SH19 

By applying the produced sequence from DNA of fungal iso- 

ate SH19 into BLAST search, it has been found that it has 

 similarity of about 99% with the previously identified fun- 

us Aspergillus sp. The phylogenic tree of the fungal isolate 

as also constructed ( Fig. 1 ) . Based on the above identifica- 

ion techniques, our local marine fungal isolate was identified 

s Aspergillus sp. SH19 with the Gene Bank accession number 

X186570 (https://www.ncbi.nlm.nih.gov/nuccore/KX186570). The 

orphological and biochemical methods of identifying fungi are 

onsidered problematic, time-consuming methods and need high 

xperience and skill [40] . DNA sequence analytical ways are con- 

idered as objective, reproducible and fast tools for identification 

nd were extensively used [ 41 , 42 ]. Several pectinase-producing 

ungi were identified using the molecular technique (18SrRNA) as 

n extensive method of identification [ 43 , 44 ]. 

.2. Biosynthesis of Ag-NPs and Au-NPs 

.2.1. Color change and Uv-Vis absorbance 

The addition of the fungal ( Aspergillus sp. SH19) culture filtrate 

o either silver nitrate or gold chloride solution resulted in the 

ormation of reddish-brown and purple color respectively, which 

ndicated the formation of both silver and gold nanoparticles re- 

pectively. Several investigations have been focused on the biosyn- 

hesis of silver and/or gold nanoparticles from different microor- 

anisms including bacteria, fungi, and yeast [45–49] . The produced 

anoparticles were subjected to Uv-Vis spectrophotometric mea- 

urements ( Fig. 2 ). It has been found that the produced solutions 

f Ag-NPs (brown) and Au-NPs (purple) exhibited maximum ab- 

orbance at 450 nm and 530 nm respectively. 

Silver nanoparticles were biosynthesized by using the fungus 

richoderma reesei [50] and exhibited a color change from color- 

ess (AgNO 3 ) to brownish (Ag-NPs) and the formed Ag-NPs showed 

aximum spectral absorbance at 414 t0 420 nm. Ag-NPs biosyn- 

hesized by Fusarium oxysporum exhibited dark brown color due to 

he excitation of surface plasma resonance [51] meanwhile Ag-NPs 

roduced showed maximum absorbance at 420 nm. The biosyn- 

hesis of gold nanoparticles was initially observed by noticing the 

olor change from yellow to purple using fungal culture filtrates. 
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Fig. 1. The phylogentic tree of the fungus Aspergillus sp. SH19 isolated from marine sediment from Hurgada, Egypt. 

Fig. 2. The UV/Vis spectra of silver and gold nanoparticles: (A) Ag-NPs, (B) gold Au-NPs biosynthesized by Aspergillus sp. SH19. 

Fig. 3. TEM images: (A) silver nanoparticles Ag-NPs, (B) gold nanoparticles Au-NPs biosynthesized by culture filtrate of Aspergillus sp. SH19. 
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he maximum spectral absorption was around 520 nm. Purple 

olor has been appeared due to the formation of Au-NPs by cul- 

ure filtrate of the fungus Helminthosporium tetramera [52] , while 

he maximum UV/Vis absorption was 550 nm. 

.2.2. Transmission electron microscope (TEM) 

The data obtained from the transmission electron microscope 

evealed that the biosynthesized silver nanoparticles (Ag-NPs) ex- 

ibited average sizes from 8 to 13 nm ( Fig. 3 A ), but the biosyn-

hesized gold nanoparticles (Au-NPs) showed average sizes ranging 

rom 12 to 24 nm ( Fig. 3 B ). Silver nanoparticles with different sizes

ere biosynthesized from different fungal strains. Ag-NPs biosyn- 

hesized by the fungus Schizophyllum radiatum, Schizophyllum ra- 
17 
iatum [53] exhibited a size range from 10 to 40 nm whereas, Ag- 

Ps biosynthesized by Aspergillus Niger [54] showed average parti- 

le sizes of 1 to 20 nm. On the other hand, Au-NPs biosynthesized 

y three endophytic fungal strains namely; GX2, GX2, and ARA ex- 

ibited average particles sizes ranged from 15 to 30 nm [55] . More- 

ver, TEM analysis of Au-NPs biosynthesized by Alternaria sp . re- 

ealed the presence of various shapes of Au-NPs with an average 

ize from 7 to 18 nm [56] . 

.2.3. Studying the composition properties of Ag-NPs and Au-NPs by 

XRD) 

X-ray diffraction analysis was used to study the composition of 

he prepared nanomaterials, the results obtained ( Fig. 4 A ) repre- 
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Fig. 4. XRD spectrums of silver and gold nanoparticles biosynthesized by culture 

filtrate of Aspergillus sp. SH19: (A) Silver nanoparticles Ag-NPs, (B) gold nanoparti- 

cles (Au-NPs). 
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ent Ag nanoparticles. The prepared Ag-NPs attained in the exis- 

ence of AgNO 3 analogous diffraction peaks are assigned to metal- 

ic Ag phase with the most important characteristic peaks which 

ppeared at 38.5 °, 44.2 ° and 64.5 ° accredited to the crystallo- 

raphic planes (1 1 1), (2 0 0), and (2 2 0) respectively [57] .

hereas in Fig. 4 B displayed the characteristic peaks of metallic 

u found at 37.5 °, 43.4 °, and 63.8 ° corresponding to the crystallo- 

raphic planes (1 1 1), (0 0 2), and (0 2 2) of Au respectively [58] .

he line width of the peak from crystalline plane (1 1 1), the crys- 

allite sizes were found to be around 15 nm and 25 nm for Ag-NPs 

nd Au-NPs, respectively. 

.3. The effect of silver and gold nanoparticles concentrations on α- 

mylase activity 

The results obtained ( Fig. 5 ) revealed that the α-amylase ac- 

ivity was increased gradually with increasing the Ag-NPs concen- 

rations up to 20 μl giving an activity fold of 160% and decreased 

gain with a concentration of 25 μL, whereas Au-NPs at lower con- 

entration slightly enhance the enzyme activity reaching 137% at 

0 μL and gradually decreased with increasing Au-NPs concentra- 

ion. Our results were similar to those obtained by Saware et al. 

59] . They indicated that nanoparticles enhance basal α-amylase 

ctivity. They also declared that silver nanoparticles stimulate α- 

mylase activity at lower concentrations and inhibited it at higher 

oncentrations while gold nanoparticles increased α-amylase ac- 

ivity as well. Generally, they stated that "Au-NPs or Ag-NPs can 

tabilize the activity of α-amylase when compared with the free 

nzyme". 

.4. Determination of reducing sugars 

The paper samples stained with starch (new and aged) were 

reated with an α-amylase enzyme, with the absence and presence 

f silver nanoparticles (Ag-NPs), for three periods (each 10 min) 
18 
nd the produced reducing sugars were measured for each treat- 

ent. Results revealed that all controls (non-starch contaminated 

amples) exhibited the production of nearly no reducing sugars 

n both the absence and presence of Ag-NPs. Generally, the pro- 

uced reducing sugar in the presence of Ag-NPs with α-amylase 

as slightly lower than that using α-amylase alone only to treat 

tarch contaminated samples in ( Table 1 ). 

.5. Investigation techniques used for the evaluation of the efficiency 

f α-amylase and nanoparticles for removing of starch stain 

.5.1. Change of color 

From color measurement data ( Table 2 ), it becomes clear that 

he lightness (L ∗) of all the studied samples (the aged samples 

efore the application of starch stain, with starch stain, the sam- 

le treated with α-amylase enzyme and sample treated with α- 

mylase enzyme with Ag-NPs before and after aging) decreased 

ompared to the control sample before aging. The results proved 

hat the treated samples with an α-amylase enzyme alone or with 

n α-amylase enzyme with Ag-NPs increased L ∗ value which was 

ery close to the L ∗ value of the control sample especially for the 

reated stained paper with α-amylase enzyme with Ag-NPs. This 

ndicates that the addition of Ag-NPs to α-amylase enzyme gives 

ffectiveness in the improvement of lightness of the treated sample 

ompared to the treated sample with α-amylase enzyme alone. It 

an also be said that the L ∗ value of the aged treated sample with

-amylase enzyme and Ag-NPs slightly decreased but it was better 

han the aged paper without stain or with aged stained paper. 

For the red-green color (a ∗ value), it becomes clear that the 

olor tends to be green. This color increased with stained paper 

ith starch. The treated sample with α-amylase enzyme decreased 

he green color compared to the aged stained paper. It can also 

e said that the highest reduction in the green color was ob- 

ained from the treatment of paper sample with a mixture from 

-amylase enzyme and Ag-Nps. The aged treated sample with α- 

mylase enzyme alone and with α-amylase enzyme and Ag-NPs 

ave also decreasing in the green color compared to the aged 

tained the paper sample. 

For the yellow-blue color (b ∗ value), it becomes clear that most 

f the studied samples tend to be in blue except the control, aged 

aper, and stained paper with starch which gave yellow color. The 

esults proved that the treatment with α-amylase enzyme and Ag- 

Ps before aging gave the best results and the highest reduction 

n the blue color was obtained. It was clear that the aged treated 

ample with α-amylase enzyme and Ag-NPs gave also a better 

eduction than the aged treated sample with α-amylase enzyme 

lone. 

Also, the total color differences ( �E), it becomes clear ( Table 2 )

hat �E of the aged paper before the application of starch stain 

as 2.82, and it was 5.1 after the application of starch stain. The 

ged stained sample recorded a high level of �E (8.36). The results 

roved that the use of α-amylase enzyme alone or with Ag-NPs re- 

uces the changes in the total color difference. Accordingly, the lit- 

le changes were obtained from the sample treated with α-amylase 

nzyme and Ag-NPs, which recorded 1.32, followed by treated 

ample with α-amylase enzyme before aging, which recorded 3.86. 

t can be said that after the application of aging, ince the changes 

n the �E increased and it was 5.47 for the treated samples with 

-amylase enzyme and Ag-NPs, followed by the treated sample 

ith α-amylase enzyme alone, which recorded 6.79. 

It was clear that the color measurement indicated that the ef- 

ectiveness of α-amylase enzyme alone or α-amylase enzyme with 

g-NPs for removal of the starch stain. Zervos and Moropoulou 

60] reported that the measurement of color change has been 

sed to assess the deterioration level of the paper. Rushdy et al. 

61] stated that measurement of lightness (L ∗ value) gives a good 
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Fig. 5. The effect of silver and gold nanoparticles concentrations on α- amylase activity. 

Table 1 

Estimation of the production of reducing sugars due to starch hydrolysis of paper samples contaminated with starch. 

Sample 

Amylase (U/ml) ∗

After first 10 min . After second 10 min . After third 10 min . 

Without Ag-NPs with Ag-NPs Without Ag-NPs with Ag-NPs Without Ag-NPs with Ag-NPs 

Control buffer solution 0.0 0.0 0.0 0.0 0.0 0.0 

Paper stained with starch before aging 13.76 15.55 14.44 18.23 16.78 23.03 

Paper stained with starch after aging 20.68 19.88 20.78 19.88 19.94 27.22 

∗ 1 U ( μmol/min) is defined as the amount of the enzyme that catalyzes the conversion of one micromole of substrate per minute under the specified 

conditions of the assay method. 

Table 2 

Color measurement of treated paper with α-amylase enzyme and Ag-NPs before and after artificial heat aging. 

Samples 

Color values Total color differences 

L ∗ a ∗ b ∗ �E 

Control (Whatman paper) 94.84 −0.18 1.24 0.0 

Aged paper 92.34 −0.02 2.55 2.82 

Stained paper with starch 93.67 −1.80 3.56 5.1 

Aged stained paper 89.14 −3.42 −3.95 8.36 

Treated stained paper by α-amylase enzyme 93.62 −1.70 −2.05 3.86 

Aged treated stained paper by α-amylase enzyme 90.45 −2.27 −3.5 6.79 

Treated stained paper by α-amylase enzyme and Ag-NPs 94.66 −0.74 0.05 1.32 

Aged treated stained paper by α-amylase enzyme and Ag-NPs 91.36 −1.62 −2.74 5.47 
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ndication about the stability of paper during the artificial aging 

rocess, and can give an indication about the effectiveness of the 

aper treatment. Ariafar et al. [62] reported that the measurement 

f the red-green color (a ∗ value) was recorded in paper treated 

ith nanoparticles. They confirmed that nanoparticles may be in- 

olved in the reaction with cellulose components. The filter paper 

reated with low Ag-NPs concentration resulted in the yellowish 

olor that could be attributed to the yellowish-brown color of Ag- 

Ps used for treatments and imparts its color to filter papers. 

.5.2. Investigation of the surface morphology by a scanning electron 

icroscope (SEM) 

It was clear from the data obtained in the control sample 

Whatman paper before aging) ( Fig. 6 A ) that there is a good distri-

ution of cotton fibers. It was also clear that there are some small 

aps between the fiber structure, which may be resulted from the 

atural non-homogeneous coating of fibers used in the manufac- 

uring process. The fibers seem to be smooth. For aged control 

amples ( Fig. 6 B) the color of the sample became dark. The gaps

etween the fibers are approximately the same before aging. The 

ber became coarse. For the stained sample with starch ( Fig. 6 C ), it

ecomes clear that the starch stain covered the surface of the sam- 

le. The fiber structure can not be recognized. Total deformation 
19 
f the surface was also noticed. The accelerated heat aged stained 

ample with starch ( Fig. 6 D ) revealed that heat aging led to melt-

ng the starch, which covered the paper fibers, and the fiber struc- 

ure completely disappeared. It can also be said that some cracks 

ere also noticed on the starch surface as a result of heat aging. 

The results ( Fig. 6 E ) showed that the treatment of the stained

ample before aging by α-amylase enzyme led to removing starch 

tain from the surface, and the fiber structure became clear. How- 

ver, a little residue of starch was observed on the fibers. The use 

f α-amylase enzyme also cleaned the stained sample after aging 

 Fig. 6 F ), but the color of the sample became dark, and the lit-

le residue was still found on the paper fibers. The results also 

howed the effectiveness of α-amylase enzyme and Ag-NPs for re- 

oval of starch stain before aging ( Fig. 6 G ), since the starch stain

as removed, the structure of the fibers became clear and well 

ecognized. The results also showed that the residue of starch was 

ot noticed on the fibers which become smooth. The result proved 

hat the effectiveness of the α-amylase enzyme increased with Ag- 

Ps. The same observations were also noticed for the removal of 

tarch stain by an α-amylase enzyme with Ag-NPs ( Fig. 6 H ) since

he stain was removed and the structure of the fiber was noticed 

nd recognized. It can be added that Ag-NPs make inhibition for 

uture attacks by microorganisms. 
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Fig. 6. SEM investigation of the studied samples: A. Control (Whatman Paper), B. Aged Paper, C. Stained Paper with starch, D. Aged stained paper, E. Treated stained paper 

by α-amylase enzyme, F. Aged treated stained paper by α-amylase enzyme, G. Treated stained paper by α-amylase enzyme and Ag-NPs, H. Aged treated stained paper by 

α-amylase enzyme and Ag-NPs. 
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These results were confirmed by other authors. Abdel-Maksoud 

nd Al-Saad [63] proved that the heat aging affected the surface 

orphology of paper fibers and led to some cracks which were 

bserved on the paper surface. Hamed and Hassan [64] reported 

hat the surface morphology of naturally aged paper suffers from 

eterioration since the color became dark and the paper became 

eak. Fouda et al. [34] stated that the SEM images confirmed the 

dhesion and symmetrical distribution of Ag-NPs onto the surface 

f filter paper forming a layer, also, no change in network cellulosic 
p

20 
bers was detected due to NPs treatments. On other hand, Ag-NPs 

ere efficient for fungal inhibition and can be recommended for 

ong-term protection of archeological documents against microbial 

eterioration. 

.5.3. Measurement of pH value 

The results ( Table 3 ) displayed that the pH of the control sam- 

le was 6.3 and the heat aged sample was 5.6. The decreasing of 

H of Whatman paper after accelerated heat aging may be owing 
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Table 3 

pH values of the removal of starch stain before and after accelerated heat aging 

by α-amylase enzyme and Ag-NPs. 

Samples pH value 

Control (Whatman paper) 6.3 

Aged paper 5.6 

Stained paper with starch 6.7 

Aged stained paper 5.9 

Stained paper after treatment with α-amylase enzyme 6.4 

Aged stained paper after treatment with α-amylase enzyme 5.7 

Stained paper after treatment with α-amylase enzyme and 

Ag-NPs 

5.6 

Aged stained paper after treatment with α-amylase enzyme 

and Ag-NPs 

5.5 
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o the making process of Whatman paper. Area and Cheradame 

65] explained that alum may play a more important role in pH 

uring aging. They also found that Ca and Mg, positively impact 

aper stability when present in certain quantities. 

The data in ( Table 3 ) revealed that the pH of the stained sam-

le with starch before aging was 6.7 and after aging was 5.9. This 

an be explained that the heat aging leads to evaporation of the 

ater of Whatman paper before and after the application of starch 

tain. This was confirmed by Camble [66] who reported that the 

H and the glucose content of the water extract of cotton fiber 

ay be affected by long-term storage. Research by the Library of 

ongress [67] has demonstrated that cellulose itself generates acids 

s it ages, including formic, acetic, lactic, and oxalic acids. More- 

ver, the paper does not readily release these acids due to strong 

ntermolecular bonding. This explains why pH neutral papers be- 

ome increasingly acidic as they age. 

Zervos [22] said that the decreasing of pH value may due to one 

r more of the following factors: 

- From the hydrolysis of metal ions: Al 3 + ions from 

alum (K 2 SO 4 .Al 2 (SO 4 ) 3 • 24H 2 O) or papermakers alum (Al 2 
(SO 4 ) 3 • 18H 2 O), which were used mainly for the precipitation of 

rosin. 

- From the products of aging. This source of acidity has been un- 

derestimated, but recent studies indicate its importance. Car- 

boxyls may also be present in acidic hemicelluloses or pro- 

duced by oxidative bleaching during paper production. 

The results ( Table 3 ) also revealed that the pH value of the

reatment of stained sample before aging by α-amylase enzyme 

as 6.4. The results indicated that the pH of the treated sample 

ecreased compared to the stained sample before treatment. The 

esults also showed that the treatment of aged stained samples by 

-amylase enzyme decreased compared to the treated sample be- 

ore aging. It was found that α-amylase enzyme led to decreasing 

he pH value of the treated samples before and after accelerated 

eat aged samples. The results of the treated stained sample be- 

ore aging by α-amylase enzyme and Ag-NPs showed that the pH 

as 5.6. This value is the same value of the aged sample before 

he application of starch stain. The results also indicated that Ag- 

Ps activated the activity of the α-amylase enzyme. This was clear 

ith the removal of the aged stained sample by α-amylase enzyme 

nd Ag-NPs since the pH value was 5.5. 

. Conclusion 

In the current work, Ag-NPs and Au-NPs were successfully pre- 

ared via biosynthesized by locally isolated fungi (as Aspergillus 

p. SH19 with the Gene Bank accession number KX186570). It was 

ound by the examination of the fabricated nanoparticles (using 

he color change, measuring UV/Vis maximum absorption, Trans- 

ittance Electron Microscopy, X-ray Diffraction that Ag-NPs and 
21 
u-NPs had maximum absorbance at 450 nm and 530 nm, respec- 

ively. Furthermore, TEM examination displayed that Ag-NPs and 

u-NPs showed size diameters of 8–13 nm and 12–24 nm, respec- 

ively. XRD has been also performed to confirm the formation of 

g and Au metals (as nanoparticles). It was also found that the 

pplication of Ag-NPs and Au-NPs to the α- amylase reaction mix- 

ure by different loadings increased the activity of α- amylase. It 

as been found that Ag-NPs at 20 mL raise the activity to about 

60% while Au-NPs improved the activity to about 140% at a con- 

entration of 5 mL. 

The measurement of color values and the total color differences 

 �E) indicated that the best results were obtained from the sam- 

les treated with an α-amylase enzyme with Ag-NPs ( �E recorded 

.32 and 5.47 before and after heat aging respectively, followed by 

he sample treated with α-amylase enzyme alone ( �E recorded 

.86 and 8.36 before and after heat aging respectively). 

The investigation of the surface morphology by SEM revealed 

hat the fiber structure cannot be recognized, the accelerated heat 

ging led to the total coating of the surface by starch and the fiber 

tructure completely disappeared. The use of α-amylase enzyme 

emoved starch stain before and after aging from the surface and 

he fiber structure become clear. The results stated that the use of 

-amylase enzyme with Ag-NPs gave good results for the surface 

orphology compared to the use of α-amylase enzyme alone, and 

he residue of starch stain was not found. 

The pH of all steps of aged samples was lower than non-aged 

amples before and after the application of starch stain and the 

reatment with α-amylase enzyme alone and α-amylase enzyme 

nd Ag-NPs respectively. It can be added that the addition of Ag- 

Ps to α-amylase enzyme decreased the reduction in pH value af- 

er aging compared to the aged treated sample with α-amylase en- 

yme alone. 

This study stated that nanoparticles improved the properties 

f studied paper, and minimized the time required for enzymatic 

nalysis, which reduces the harmful effect by using aqueous so- 

utions such as enzymes, which can effect on historical paper 

anuscripts and writing materials during their application. The 

se of nano-Ag particles with α-amylase increased its effectiveness 

or removing starch stains compared to the use of α-amylase en- 

yme alone. 
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