© by PSP

Volume 40 ± No. 1/2018

Advances in Food Sciences















AFS- ADVANCES IN FOOD SCIENCES
Contininuation of CMTL founded by F.Drawert
Production by PSP-Vimy Str. 1e,85354 Freising,Germany in
cooperation with PRT-Parlar Research & Technology
Vimy Str 1e,85354 Freising
Copyright© by PSP and PRT, Vimy Str. 1e,85354 Freising,Germany
All rights are reserved,especially the right to translate into foreign language or other processes- or convert to a
machine language,especially for data processing equipment-without written permission of the publisher.The
rights of reproduction by lecture,radio and television transmission,magnetic sound recording or similar means
are also reserved.
Printed in Germany-ISSN 1431-7737

© by PSP

Volume 40 ± No. 1/2018

Advances in Food Sciences



AFS
CHIEF -EDITOR:
Prof. Dr. Dr. H. Parlar
Parlar Research & Technology-PRT
Vimy Str.1e
85354 Freising,Germany
and
Dr.P.Parlar
Parlar Research& Technology
Vimy Str.1e
D-85354 Freising-Germany

MANAGING-EDITOR:
C.Ekici,BSc
Parlar Research&Technology
PRT,Vimy Str.1e
85354 Freising.Germany

CO-EDITOR:
Prof.Dr.R.G.Berger
Zentrum Angewandte Chemie,Institut für
Lebensmittelchemie,Universität Hannover
Callinstr.5,30167 Hannover
E-mail:rg-berger@ici.uni-hannover.de

ADVISORY BOARD
Food Chemistry
Prof.Dr.E.Anklam,JRC-Italy
Dr.U.Gill, Health Canada
Dr.D.Hainzl,Roche-Boston-USA
Analytical Food Chemistry
Dr.D.Kotzias,Barza(Va)-Italy
Dr.S.Nitz,Eching-Germany
Prof.Dr.M.Spiteller,TU Dortmund-Germany
Microbiology
Prof.Dr.R.F.Vogel,TU-München-Germany
Food Residues
Prof.Dr.M.Bahadir,TU-Braunschweig-Germany
Prof.Dr.A.Gorg,TU-München-Germany
Prof.Dr.H.Steinhard,Univ-Hamburg-Germany
Prof.Dr.R.P.Wallnofer,Univ-München-Germany
Prof.Dr.B.Lucas,Univ.Jena-Germany
Prof.Dr.A.M.Reichlmayr-Lais,TU-MünchenGermany
Dr.G.Leupold,Fahrenzhausen-Germany
Food Technology
Dr.M.H.Alma,Univ.Kahramanmaras-Turkey
Prof.Dr.C.Bayat,Esenyurt Univ.-Turkey
Dr.A.Fanous,Halal Contral-Germany




© by PSP

Volume 40 ± No. 1/2018

Advances in Food Sciences



Advances in Food Sciences(AFS) is abstracted/indexed in:
Chemical Abstract Service, BIOSIS, CAB International, Cambridge Scientific Abstracts, Food
Science and Technology Abstracts(FSTA) , Current Contents/Agriculture, CSA Civil
Engineering Abstracts, CSA Mechanical & Transportation Engineering,ISI(Current Contents)




© by PSP

Volume 40 ± No. 1/2018 ± pages 1

Advances in Food Sciences



CONTENTS
ORIGINAL PAPERS 
&&d^K&/&&ZEd^dZ,^KE^KDK&d,&Zz/E'E^dKZ'WZKWZd/^K&DdWdd/^

Ϯ

Yu Zhang, Yu Huang, Maobin Chen
ϭϮ

WZKhd/KEK&WZ/Kd//^h/d^

Soad Ahmed Ali, Amira M.A. Omar, Mohamed R. G. Youssif
,DKͲdd/KEE^WdZKW,KdKDdZz^^zK&>/'E/EK>zd/EzD^WZKhd/KEzW>hZKdh^dhZͲZ'/hD

Ϯϱ

Oluwasayo Kehinde Moyib, Oluseyi Damilola Adejoye, Gabriel Adegoke
&&d^K&/&&ZEd^dZ,^KE^KDK&d,&Zz/E'E^dKZ'WZKWZd/^K&DdWdd/^

ϯϱ

Osman Kilincceker



d,&&d^K&h>dZ^KhEWZͲdZdDEd/E,Kd/ZED/ZKtsZz/E'K&<hDYhd;&KZdhE>>DZ'Z/d
^t/E'>ͿKEd,Yh>/dz,ZdZ/^d/^

ϰϮ

Alper Kusçu, Ulku Hilal Uslu





1



© by PSP

Volume 40 ± No. 1/2018 ± pages 2-11

Advances in Food Sciences

SCREENING AND PURIFICATION OF A NOVEL
THERMOPHILIC ESTERASE IN CHINESE DAQU LIQUOR
Yu Zhang*, Yu Huang, Maobin Chen
Key Laboratory of Fermentation Engineering (Ministry of Education), Hubei Provincial Cooperative Innovation Center of Industrial
Fermentation, Hubei Key Laboratory of Industrial Microbiology, Hubei University of Technology, Wuhan city 430068 China

teria and fungi with high yields. For all these reasons, esterase is the most widely used in the field of
organic chemistry and biocatalysis [9].
According to biological characteristics and
conserved sequence domains, esterase in bacteria
was traditionally divided into eight families [10],
and new family members were constantly reported
in recent years [11-14]. However, only a small number of esterase were subjected to structural and functional identification [15-17]. There were also some
esterases isolated and identified in fungus strain.
Previous reports showed that 116 hypothetical esterase genes were found in the fungal M. purpureus M7
isolated from Chinese traditional fermented red rice,
but the isolated and identified esterase was few.
Among them, it had been reported that the esterase
Lip10 and Lip2 isolated from this strain belong to the
new esterase family [14, 18].
Although many esterases have been described,
efforts to seek novel esterase with greater thermal
stability and wider substrate selectivity are still being
made [19]. Esterase need to be used repeatedly during industrial generation, so they require considerable functional stability. Thermophilic and heat-resistant fungi have a high level of thermal stability,
and esterase produced by fungi are generally extracellular enzyme, so it is easy to obtain esterase via
purification [20]. By screening the high temperature
Daqu liquor, we found an esterase producing strain
with high temperature resistance. We identified the
strains that produced the esterase, and studied the purification, molecular characterization and enzymatic
properties of esterase, try to lay an applicable foundation for modern industrial production.

ABSTRACT
A strain with high output of esterase was
screened from Daqu liquor, which was identified as
Monascus purpureus. Through ammonium sulfate
secondary precipitation, followed by purification
with protein purification system, an esterase with 60
kDa molecular weight was finally obtained, named
EsM1. Molecular characterization analysis showed
that the purified EsM1 had a part of the peptide sequence of the acid proteinase of 40 kDa, indicating
the esterase found in this study is a new enzyme that
has not been reported. Studies on enzymatic properties showed that the EsM1 reached its maximum enzyme activity at 60 °C, and the half-life period of
thermal stability at 60 °C was 0.2h. The optimum pH
of the EsM1 was 7.0. Study on the effect of metal
ions on EsM1 stability found that zinc ions accelerated the enzyme activity. This study provides information for the strain selection, optimization or direct
enzyme addition in future Chinese liquor production.

KEYWORDS:
Monascus purpureus, esterase, purification, enzymatic
properties, stability.

INTRODUCTION
Esterase (EC 3.1.1.1), a well known hydrolase
[1], refers to a general term for enzymes that can catalyze aromatic esters and fatty acid esters via hydrolysis. Thus, it can be widely applied in chemical reaction, food and pharmaceutical industries [2-4].
Opposite to many other enzymes, the esterase in fungus strain can exhibit the reverse reactions of hydrolysis, that is the synthetic reaction, such as esterification and transesterification under non-aqueous environment [5]. Esterase catalysis has many advantages
in the organic synthesis of organic solvents, including increased solubility of hydrophobic substrates
[6], thermodynamic equilibrium transfer toward synthesis [7] and substrate specificity improvement [8].
Esterase usually does not require cofactors, and can
be produced from micro-organisms, especially bac-

EXPERIMENTAL
MATERIALS AND METHODS
Fungal strains and growth conditions. The
fungal strain was isolated from Daqu liquor samples
collected in the pits of HuangShantou Winery and
preserved in PDA slants at 4°C before use. The genome DNA was distilled from the fungal strain according to the method of Sambrook and Russel [21].
$ SDLU RI XQLYHUVDO SULPHUV ,76  ¶ 7&&*
7$**7*$$&&7*&** ¶ DQG ,76  ¶
7&&7&&*&77$77*$7$7*& ¶ ZDV GHVLJQHG
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G-200 column (26/60, Amersham) for chromatography. The column was eluted with 10 mM Tris-HCl
(pH 8) buffer containing 150 mM NaCl at a flow rate
of 1 ml / min. All purification steps were carried out
at 4 °C. Fractions containing esterase activity were
stored at -20°C for further use.

on the basis of the D2 sequence of 18SrDNA, to
identify the phylogenetic relationship of the fungal
strain. The fungal strain was activated by incubation
in medium (containing: glucose 1%, yeast extract
0.5%, NaNO3 0.3%, MgSO4+2O 0.2%, KH2PO4
0.2%) in a thermostatic incubator shaker (SKY211B, Zhejiang, China) at 30°C with 180 rpm for 4
days. Afterwards, it was filtered with a layer of filter
paper. The prepared seed solution waited for the fermentation culture in the next step.

Esterase activity measurement. Taking advantage of higher esterification activity of esterase in
the organic solvent [24, 25], a method for determining esterase activity was designed [26]. The 10 mL
of cyclohexane, 3.55 mL of ethanol, 6.25 mL of hexanoic acid (30 g of anhydrous sodium sulfate was
added per 500 mL of all reagents) and 0.2 mL of esterase fraction were subjected to esterification reaction in a closed 100 mL Erlenmeyer flask at a reaction temperature of 35 °C. After 24h, 0.5mL of supernatant was taken to 50mL Erlenmeyer flask, to be
added with 5mL water, 2 drops of phenolphthalein,
and titrated with 0.1mol/L NaOH to the end point to
measure the consumption of hexanoic acid. (Definition of enzyme activity unit: the amount of enzyme
UHTXLUHGWRFRQVXPHȝPRORIKH[DQRLFDFLGSHUPL
nute under the determination condition is 1 enzyme
activity unit.)

Esterase production in liquid fermentation
culture. The liquid fermentation medium had the
following composition: peptone 1%, soluble starch
1%, K2HPO4 0.1%, MgSO4 0.05%, FeSO4 0.001%,
KCl 0.05%, manganese sulfate 0.03%. The initial pH
of the culture medium was adjusted to 6 by adding
lactic acid. The fermentation medium was autoclaved at 115 °C for 30 min. The seed solution was
inoculated at amount of 10% to a 250 mL triangular
flask containing 50 mL of fermentation medium.
The flask culture was allowed to stand for 12 hours
and then incubated in a thermostatic incubator
shaker at 30 °C at a rate of 180rpm.
Purification of esterase produced in liquid
fermentation medium. After 5 days of growth, the
culture broth from 250ml shake flask was filtered on
Whatman paper to eliminate any mycelia. Add benzamidine (a serine protease inhibitor) to the culture
broth to a final concentration of 2mM to prevent proteolytic degradation during the whole purification
procedure. In order to purify the esterase from the
fermentation broth, the samples were precipitated
with ammonium sulfate [22]. Ammonium sulfate
was added to 5 bottles of 50ml culture broth to the
saturation of 20%, 30%, 40%, 50% and 60%, respectively. After the ammonium sulfate dissolved, the
samples were remained still for 30 min, followed by
centrifugation with 10,000 × g at 4 °C for 15min.
The supernatant was divided into 6 tubes on average,
each tube was added with ammonium sulfate at the
saturation of 70%, 75%, 80%, 85% and 90%, respectively. After the ammonium sulfate dissolved, the
samples were centrifuged at the rate of 10,000 × g at
4 °C for 15min. The obtained precipitate was sufficiently dissolved in 20 mM pH 8.0 Tris-HCl buffer,
followed by centrifugation with 10,000 ×g at 4 °C
for 15 min, the resulting supernatant was added to a
butyl-sepharose column (Amersham) (2.5 cm × 30
cm). The column was washed with ten column volumes of 20 mM Tris-HCl buffer (pH 8) containing
1M ammonium sulfate to remove any unbound protein. Then the esterase was eluted in 20 mM TrisHCl buffer (pH 8) containing 1 to 0 M ammonium
sulfate concentration gradients. Followed by gradient elution of esterase with more than four column
volumes at a flow rate of 2 ml / min, 10mL fractions
were collected. The fractions containing esterase activity was pooled [23] and loaded onto the Superdex

Protein determination and gel electrophoresis. Protein concentration is usually measured using
the Bradford microassay with Bio-Rad as dye reagent (Bradford, 1976) [27], BSA was used as the reference protein. After that, Sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE)
with 12% acrylamide gel was carried out, and the
protein molecular weight was measured by low molecular weight mass marker kit (Amersham). The gel
was stained with Coomassie Brilliant Blue R-250 to
display the protein [28].
N-terminal sequence analysis. To determine
the N-terminal amino acid sequence, about 0.5 nmol
of purified esterase were separated by SDS-PAGE
(12% acrylamide) and transferred to a polyvinylidene difluoride membrane (PVDF) by electroblotting. The esterase bands were excised from the CBBR250-stained PVDF blotting. The standard amino
acid profile was first established using the protein sequencer PPSQ-31A (Shimadzu, Japan), and then the
N-terminal sequence of the purified non-denaturing
esterase was determined.
Protein Mass Spectrometry. After separation
of the purified esterase by SDS-PAGE (12% acrylamide), the protein band was removed from the gel
and cleaved with trypsin to obtain peptide mixture.
A matrix-assisted laser desorption/ionization tandem
time-of-flight mass spectrometer (MALDI-TOF,
model: ultrafleXtreme) to detect the protein structure. The separated ions are collected by the detector,
and the M/Z value of each ion is determined, thereby

3
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fraction was placed in the above corresponding pH
buffer at 4°C overnight, and the remaining enzyme
activity was measured. The relative enzyme activity
was calculated with the esterase activity under pH
7.2 (100%) as control.

obtaining a mass spectrometric analysis result of the
protein.
Effects of fermentation time on esterase activity. The seed solution was added to 50 mL of fermentation medium with 10% inoculation amount. A
batch of samples was taken at intervals of 12 hours
for 3 times. The samples were filtered with 4 layers
of gauze and the mycelium was rinsed several times
with sterile water until the surface was cleaned up,
to be dried and weighed. The esterase activity in different fermentation time was determined.

Effects of metal ions on esterase activity. The
effects of metal ions on esterase activity was carried
out by adding divalent metal ions as Ca2+, Mg2+,
Mn2+, Zn2+, Cu2+, Fe2+ to 10mM Tris-HCl (pH 8)
buffer solution in which esterase was dissolved to a
final concentration of 5mmol / L. The esterase activity without metal ions was set 100%, and the relative
enzyme activities were calculated. The control experiments were performed without adding additional
metal ions.

Effects of temperature on esterase activity
and stability. The effects of temperature on esterase
activity was analyzed by detecting the esterase activity at temperature ranging from 20 to 90 °C. The purified esterase was added to the esterification reaction system, and then placed at esterification reaction
conditions of 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85 and 90 °C, respectively to determine
enzyme activity. The relative enzyme activity was
calculated with the maximum enzyme activity set as
100%. Thermal stability was studied by incubating
the esterase at 30, 40, 50, 60 and 70 °C for 1h, detecting esterase activity every 10 minutes and measuring the residual activity over time under the esterification reaction condition at 37 °C. The esterase activity before thermal treatment was set to 100%, and
the relative enzyme activity was calculated.

RESULTS
Identification of fungal strain. The fungal
strain was isolated from the Daqu liquor samples collected in the pits of HuangShantou Winery (Hubei
province, China). Through specific biochemical tests
and analysis of the 18SrDNA-D2 nucleotide sequence, the fungal strain was identified as Monascus
purpureus.
Production and purification of Monascus
purpureus esterase. In industrial production, metabolic products are mainly collected according to the
stages of culture time. Detection of esterase enzyme
activity and the dry weight of mycelium in the fermentation broth reflects change of esterase enzyme
production in the fermentation process. As shown in
Fig. 1, after 48 h of culture, the fungus enters the
rapid growth period. At 48 h-72 h, the growth rate is
very large. After 72 h, the growth begins to slow
down. At this time, the dry weight was 0.32 g, and
after that, the growth of the fungus was not obvious

Effects of pH on esterase activity and stability. The 0.25 mol / L pH 4.0, 4.5, 5.0, 5.5, 6.0 citric
acid-sodium citrate buffer, 0.25 mol / L pH 6.5, 7
dipotassium hydrogen phosphate - potassium dihydrogen phosphate buffer and 0.25mol / L pH 7.5, 8,
8.5, 9 Tris-HCl buffer solution was respectively used
as substrate reaction buffer to determine the enzyme
activity, and the relative activity was calculated with
the maximum enzyme activity set as 100%. To study
the effects of pH on enzyme stability, the enzyme
0.42
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FIGURE 1
The change rule of esterase enzyme activity and cell growth with the culture time
in the fermentation process
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FIGURE 2
Correspondence between ammonium sulfate saturation concentration and esterase activity in the two
steps of ammonium sulfate precipitations
TABLE 1
Esterase purification results
Purification step
Crude extract
Ammonium sulfate precipitation
Butyl-Sepharose
Superdex G-200

Total
protein (mg)
28.65
5.63
0.59
0.06

Total
activity (U)
720
410
200
70

Specific
activity (U/mg)
25.13
72.82
338.98
1166.67

Purification
(fold)
1
3
13
46

Yield
(%)
100
57
28
10

FIGURE 3
SDS-PAGE (12% acrylamide) of esterase at various purification stages.
The gel was stained with Coomassie blue.
Line 1 and 9, molecular mass marker; Line 2 and 3, crude enzyme extract after two-step saturated ammonium
sulfate precipitation; Line 4 and 5, pooled fractions eluted from the butyl sepharose column, containing the active
esterase; Line 6, the concentrated fractions of that obtained in Line 5; Line 7 and 8, pooled fractions eluted from
the Superdex G-200 chromatography step containing active esterase.

and then begins to weaken after further culture, dropping to 4.8 U / mL at 96 h. After filtration of fermentation broth, the fermented crude enzyme solution
was subjected to impurity removal and concentration
by ammonium sulfate precipitation. Fig. 2 shows the

with the increase of time, reaching the maximum
value of 0.35 g at 120 h. The growth begins to decrease on the fifth day.
The esterase enzyme activity in fermentation
broth increases gradually with the increase of culture
time, reaching the maximum of 5.8 U / mL at 72 h,

5
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treatment, the detected total protein content was 0.59
mg. Through Superdex G-200 column treatment, the
final obtained total protein content was 0.06 mg. As
shown in Table 1, 200 mL of the crude enzyme solution could produce approximately 0.06 mg of pure
esterase protein.
As is shown in Fig.3 (Line 7,8), the purified esterase EsM1 showed a single protein band in the
SDS-PAGE (12% acrylamide) procedure, which indicated that the protein preparation had a high level
of purity. According to the protein molecular mass
marker, the single protein band was around 60 kDa.
Furthermore, mass spectrometry(MALDI-TOF)
analysis confirmed that the esterase obtained has a
molecular mass of 60 kDa.

correspondence between ammonium sulfate concentration and esterase activity in the two step ammonium sulfate precipitations. The first ammonium sulfate saturation concentration ranging from 10% to
60% was carried out. Followed by centrifugation
with 10,000 × g at 4 °C for 15min, the supernatant
was taken, and esterase enzyme activity of the supernatant was detected. The results showed that enzyme
activity of residual esterase was the highest when the
ammonium sulfate saturation concentration was
50% (Fig. 2A). Hence, 50% ammonium sulfate saturation concentration was chosen in the first precipitation step.
After treatment by 50% saturated ammonium
sulfate, the crude enzyme solution was added with
ammonium sulfate again until the final concentration
reached 70% -90%. After standing for 30 min, the
solution was centrifuged with 10,000 × g at 4°C for
15 min. The precipitate was taken and dissolved in
20 mM pH 8.0 Tris-HCl buffer. After filling to a volume of 25 mL, enzyme activity of the residual esterase was detected. It was found that the esterase activity reached the highest of 10.53 U / mL when ammonium sulfate saturation concentration was 80%,
and then decreased sharply when the concentration
exceeded 80% (Fig. 2B). Hence, 80% ammonium
sulfate saturation concentration was chosen in the
second precipitation step.
The precipitate obtained after two step precipitation of ammonium sulfate was dissolved in 10 mM
Tris-HCl (pH 8), added to a butyl sepharose column
for gradient elution with 20 mM Tris-HCl (pH 8)
buffer with different concentrations of ammonium
sulfate. The components with the largest esterase enzyme activity were collected, screened with Superdex G-200 column for further purification.
The protein concentration was determined by
using the Bradford microassay procedure with BioRad Dye Reagent, BSA as a reference protein. After
the crude extraction of the two-step ammonium sulfate precipitation and the butyl sepharose column

Molecular characterization of esterase. The
sequences of the first 10 N-terminal amino acid residues of the purified EsM1 were detected using a
protein sequencer. The sequencing results are
ADPEEDAAND, which has no homology with esterase in other fungus strain. The EsM1 was further
analyzed by performing MALDI-TOF mass spectrometry, and the MALDI-TOF peptide mass fingerprinting map is obtained as shown in Fig. 4. Protein
comparison analysis revealed that the EsM1 had a
maximum matching score of 199 points with an acid
proteinase in Monascus purpureus (Table 2B),
which had a molecular weight of 41 kDa, while the
purified EsM1 was 60 kDa.
Effects of temperature on esterase activity
and stability. The effect of temperature on the enzyme activity of EsM1 was studied by changing the
temperature of the esterification reaction system
[29]. As shown in Fig. 5A, the optimum temperature
of esterase is 60°C. When the temperature exceeds
65 °C, the enzyme activity drastically reduces. Below 60°C, the enzyme activity increases with the increase of temperature.

FIGURE 4
Mass spectrometry results
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TABLE 2
Protein sequence alignment results
(A)
PF Number
1
2
3
4
5
6
7
8
9

Accession
Q76KL4
A0A0A0YT34
Q1ERI2
Q1ERH9
R9WDI1
Q8NJ18
Q8X1W9
Q65Z23
Q8X1X0

Score
199
53
19
17
16
16
14
13
13

Mass
41559
14858
54500
35546
99320
226019
60855
287130
98736

Matches
6 (6)
3 (1)
3 (1)
6 (1)
7 (1)
12 (1)
7 (1)
28 (1)
17 (1)

Sequences
5 (5)
3 (1)
3 (1)
5 (1)
7 (1)
10 (1)
6 (1)
22 (1)
12 (1)

emPAI
0.58
0.23
0.06
0.09
0.03
0.01
0.05
0.01
0.03

(B)
PF Number
1
2
3
4
5
6
7
8
9

Protein description
Acid proteinase OS=Monascus purpureus GN=map PE=3 SV=1
Putative ubiquitin-60s ribosomal protein L40 fusion protein OS=Monascus purpureus PE=2 SV=1
Dehydrogenase OS=Monascus purpureus PE=3 SV=1
Citrinin biosynthesis oxydoreductase CtnB OS=Monascus purpureus GN=ctnB PE=4 SV=1
Non-reducing polyketide synthase (Fragment) OS=Monascus purpureus PE=4 SV=1
Polyketide synthase OS=Monascus purpureus GN=pks1 PE=2 SV=1
Acetamidase OS=Monascus purpureus GN=amdS PE=4 SV=1
Citrinin polyketide synthase OS=Monascus purpureus GN=pksCT PE=4 SV=1
Nitrate reductase OS=Monascus purpureus GN=niaD PE=3 SV=1
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FIGURE 5
Effect of temperature on esterase activity(A) and stability(B)
reaches 70 °C, the esterase enzyme activity is less
than 50% after 8min of water bath. Afterwards, esterase enzyme activity decreases rapidly with the increasing water bath time. The half-life period of esterase is 8 min at 70 °C.

Five gradients of 30 °C ~ 70 °C was selected to
investigate the temperature stability of esterase. Esterase enzyme activity is measured in 7 time periods
of 0, 10, 20, 30, 40, 50, 60 min, as shown in Fig. 5B.
Esterase enzyme activity changes not significantly
during 60 min of water bath at the temperature of 30
°C, so the EsM1 has a high stability at 30 °C. The
esterase enzyme activity is weakened at the temperature of 40 °C. When the temperature increases to 50
°C, esterase enzyme activity decreases with the increase of water bath time, tends to stabilize after 40
min with relative enzyme activity at 60%. The esterase stability reduces at 50 °C. When the water bath
temperature reaches 60 °C, the relative esterase enzyme activity reaches 50% at 15 min, and then esterase enzyme activity decreases rapidly with the increasing time. The half-life period of the EsM1 is 15
min at 60 °C. When the water bath temperature

Effects of pH on esterase activity and stability. The optimum pH of the esterase was studied by
changing the pH of the esterification system. As
shown in Fig. 6A, relative esterase enzyme activity
is only 10% when the pH of the reaction system is
4.0, and the esterase enzyme activity is inhibited at
this pH. With the increase of pH, the esterase enzyme activity reaches the maximum at pH 7.0. At pH
7.5, the esterase enzyme activity decreases slightly.
When pH is higher than 7.5, the esterase enzyme activity decreases drastically, showing that the EsM1
has higher activity under neutral condition.

7
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FIGURE 6
Effect of pH on esterase activity(A) and stability(B)
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FIGURE 7
Effect of metal ion on esterase activity
detected. As shown in Fig. 7, The EsM1 enzyme activity was improved by the addition of Zn2+, Ca2+
and Na + at the final concentration of 5.0mM.
Among them, Zn2 + promotes the most. Mg2+ and
K+ affected not significantly on the esterase activity.
The EsM1 activity was inhibited by Fe2+ (14% inhibition) and Mn2+ (30% inhibition), respectively.

As shown in Fig. 6B, the esterase enzyme solution under 11 different gradients of pH 4.0~ 9.0 were
placed in 4°C for 12h, so that effect of pH on stability of EsM1 was studied. When pH is 4.0, the relative
esterase enzyme activity is the lowest, and the esterase shows intolerance to strong acidity. With the increase of pH, the relative enzyme activity is significantly increased at pH 5.0, which is higher than that
at pH 5.5. The enzyme activity only accounts for
30% of maximum enzyme activity at pH 6.0. With
the increase of pH, relative esterase enzyme activity
reaches the maximum at pH 7.0, and shows good stability. The EsM1 was stable and could keep 50% of
the maximum enzyme activity over the range of pH
6-8. With the further increase of pH, the esterase enzyme activity decreases, and relative esterase enzyme activity is the minimum at pH 9.0.

DISCUSSION
So far, there are few studies on the esterase in
Monascus purpureus. In this study, an esterase
EsM1 of Monascus purpureus was isolated and purified from high temperature Daqu liquor, and it had
strong enzyme activity under high temperature. The
EsM1 reached its highest production at 72 h fermentation and then decreased. It was similar with the esterase production in the study of Matsumoto [25].
The esterase activity decreased gradually after the
maximum activity was reached. It might be the secreted protease produced during the fermentation

Effects of metal ions on esterase activity and
stability. Different metal ions were added to the esterase buffer, and the esterase enzyme activity were
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WKHVHGLYDOHQWFDWLRQV>@7KHDONDORSKLOLFDQGKDOR
SKLOLFHQ]\PH/LS-FRXOGEHDFWLYDWHGE\]LQFDWD
UHODWLYHO\ORZFRQFHQWUDWLRQRUE\DGGLQJ]LQFWRWKH
PL[WXUHLQFRPELQDWLRQZLWK1DDQG.>@,QRXU
VWXG\FRSSHUVKRZVDVWURQJLQKLELWRU\HIIHFWLQKLE
LWLQJWKH(V0HQ]\PHDFWLYLW\E\ZKLFKZDV
FRQVLVWHQWZLWKWKHUHOHYDQWOLWHUDWXUHUHSRUWLQJWKDW
FRSSHUGLVSOD\HGGHWULPHQWDOHIIHFWRQ/LS-DFWLY
LW\>@,WLVSUHVXPHGWKDWLWLVWKH&XWKDWDIIHFWV
WKHERQGEHWZHHQVXEVWUDWHDQGFDWDO\WLFDFWLYHFHQ
WHURIHVWHUDVHPDNLQJWKHVXEVWUDWHXWLOL]DWLRQHIIL
FLHQF\UHGXFHG

that inhibited the esterase activity [23]. From the molecular characterization results, we found that the
EsM1 had no homology with esterase in other fungus strain, but contained part of the peptide sequence
of the acid proteinase in Monascus purpureus, showing that it was a newly discovered esterase. The Nterminal sequence analysis showed us that the acid
residues accounted for a larger proportion. This
might because of the acidic amino residues in the exterior that helped the enzyme to cope with the high
cation concentration [30], and also to keep its structural stability under the complex ionic surrounding
in the media [31].
In this study, the optimum temperature of the
EsM1 purified from the Monascus purpureus is
60°C, and the enzyme activity decreased drastically
with the increase of temperature. But below the temperature of 60°C, the enzyme activity increased with
the increase of temperature. The results were not
consistent with the previous studies that the maximum enzyme activity occurred below 40°C in other
fungal esterase [4, 23]. But the tendency of the esterase activity to change with temperature is similar to
the report, which showed the optimum temperature
of esterase was 50°C under the standard reaction
condition [32]. In this study, the higher esterase activity at 60°C was closely related to the living environment in which the fungal strain grew. The strain
was screened from the high temperature Daqu liquor,
which showed good esterase enzyme activity at high
temperature, so the purified esterase EsM1 can also
keep its enzyme activity at higher temperature. The
lower the temperature, the higher the stability of the
EsM1. Higher temperature would reduce the stability of esterase or even make the enzyme proteins denatured. The result was similar with the purified
Est06, which could retain its all enzyme activity below 30 °C and loose the enzyme activity above 50
°C [32]. However, there was a newly discovered esterase Lip J2, isolated from bacteria that displayed
extremely high thermal stability, retaining 100% activity after 99 °C incubation for one hour [31].
7KH(V0LQWKLVVWXG\KDGWKHKLJKHVWHQ]\PH
DFWLYLW\DQGVKRZHGJRRGVWDELOLW\XQGHUQHXWUDOFRQ
GLWLRQ DW S+  :KHQ S+ ZDV ORZHU WKDQ  RU
KLJKHUWKDQWKHHVWHUDVHHQ]\PHDFWLYLW\GUDVWL
FDOO\ GHFUHDVHG 7KH GHFUHDVHG HVWHUDVH DFWLYLW\ LQ
DFLGLFDQGDONDOLQHHQYLURQPHQWSUREDEO\GXHWRK\
GURJHQLRQVRUK\GUR[\OLRQVWKDWGLVVRFLDWHWKHHV
WHUDVHDFWLYHJURXS>@7KHYDULDWLRQWUHQGRIHVWHU
DVHDFWLYLW\ZLWKS+LVFRQVLVWHQWZLWKWKDWRI/LS-
EXWWKH ODWWHUKDGWKH PD[LPXPHQ]\PHDFWLYLW\DW
S+>@/LSLVRODWHGIURP0SXUSXUHXV0DQG
WKHOLSDVHIURP3VHXGRPRQDVDOVRKDGKLJKHQ]\PH
DFWLYLW\DQGVWDELOLW\XQGHUDONDOLQHHQYLURQPHQW>
@7KH (V0DFWLYLW\ ZDVLPSURYHGE\]LQFEXW
LQKLELWHGE\LURQPDQJDQHVHDQGFRSSHU7KHUHVXOWV
ZHUHRSSRVLWHWRWKHUHVXOWRIHVWHUDVH/LSLQZKLFK
WKH HQ]\PH DFWLYLW\ ZDV GUDVWLFDOO\ LPSURYHG E\

CONCLUSION
In this study, a strain that produced esterase
was screened and identified as Monascus purpureus.
The esterase EsM1 produced by Monascus purpureus was purified from the liquid fermentation
medium. It was found out that the EsM1 with a molecular weight of 60 kDa was a novel enzyme that
not been reported yet. Study on enzymatic properties
of purified EsM1 reveals that esterase has good esterification ability in the medium-high temperature
of 60 °C. It showed good stability in medium-high
temperature and neutral environment, and the zinc
ions could help accelerate the activity of the EsM1.
This study could provide us useful information for
the modern biotechnological industrial application.
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ABSTRACT

INTRODUCTION

The effect of using both of Jerusalem artichoke and tiger nut flour as a source of inulin to
improve the functional properties of wheat biscuit
was explored. Wheat flour in the biscuit formulation was replaced at five levels, 10, 20, 30, 40 and
50% with both of Jerusalem artichoke and tiger nut
flour. Biscuit containing only wheat flour was used
as control. Prepared biscuits were analyzed for their
proximate composition, physical properties and
sensory characteristics. The results revealed that,
incorporation of Jerusalem artichoke and tiger nut
flour resulted in a significant increase in ash, fibre
and inulin contents and in a decrease in protein content. The spread ratio of the biscuits increased significantly by increasing both of Jerusalem artichoke
and tiger nut flour content. Also, the obtained results revealed that, Jerusalem artichoke and tiger
nut flour were successfully replaced wheat flour in
production of biscuit up to 30 and 40% respectively, without any unfavorable change in its sensory
characteristics. To investigate the nutritional quality
and the physiological status of the produced biscuit
by the previous treatments and their interactions, a
biological experiment was carried out using four
groups of male albino rats. It was observed that,
feeding biscuit prepared by partial replacement of
wheat flour by 30% Jerusalem artichoke flour and
40% for tiger nut flour significantly reduced both of
animals final body weight, body weight gain, feed
efficiency, blood glucose level, serum total lipids,
triglycerides, total cholesterol, LDL-cholesterol and
VLDL-cholesterol compared to their content in rats
group which fed on control biscuits diet. In comparison with the rats groups, fed the biscuit samples
which prepared by partial replacement of wheat
flour by 30% Jerusalem artichoke flour and 40% for
tiger nut flour resulted in a considerable increase in
their colon content of Lactobacillus sp., Bifidobacteria sp., however, the counts of coliforms and enterobacteria were decreased compared with the
group which was fed on control basal diet and control biscuit diet which prepared by using 100%
wheat flour.

Prebiotics and probiotics can be included in
food products as functional ingredients to obtain
functional foods, which have revolutionized and
augmented the role of food in health [1, 2]. Probiotics are the fastest growing component of the functional food industry, through their role in increasing
the number of beneficial bacteria in the gut. These
living microorganisms are primarily derived fromlactic acid bacteria, comprising now multiple
strains from the genera Lactobacillus and
Bifidobacterium) [3]. Prebiotics are utilized to promote the survival of probiotics. These nondigestible carbohydrates promote the growth of
specific advantageous microbiota (probiotics) in the
intestine by supplying food/energy [4]. Additionally, fermentation of these molecules by the probiotics reVXOWVLQWKHSURGXFWLRQRIEHQHILFLDO³PHWDERO
ic by SURGXFWV´ Prebiotics can be found in natural
sources such as whole grains, onions, bananas, garlic, honey, leeks, and artichokes. In addition, many
foods are fortified with prebiotics (such as inulin or
fructooligosaccharides) that are either directly extracted from plants or synthesized through chemical
methods. This has led to the incorporation of prebiotics in different foods, in particular yoghurts, soft
drinks and bakery products [3].
Specific forms of dietary fiber may be considered as prebiotics since they are readily fermentable
by specific colonic bacteria, such as bifidobacteria
and lactobacilli species, increasing their cell population and stability with the concomitant production
of short-chain fatty acids (SCFAs) [5]. These acids,
especially lactate, butyrate, acetate, and propionate,
provide metabolic energy for the host and acidification of the bowel, protecting it from pathogenic
bacteria [6]. Several clinical studies have also suggested that dietary fiber could promote other beneficial physiological effects including laxation and
blood cholesterol and glucose attenuation [7, 8]. It
may also prevent cancer [9, 10], diabetes [11], heart
disease [12], and obesity [13].
In recent years, tubers have been investigated
regarding their potential use in developing functional foods [14]. The possible applications of tubers or tuber constituents in functional food formulations could be summarized as: (i) fermentable
substrates for probiotic miFURRUJDQLVPV¶ growth
and stability, especially lactobacilli and bifidobacte-

KEYWORDS:
Prebiotic, Biscuits, Jerusalem artichoke flour, Tiger nut
flour, Functional foods, Inulin.

12

© by PSP

Volume 40 ± No. 1/2018 ± pages 12-24

Advances in Food Sciences


caloricity [26]. It was shown that inulin containing
food is beneficial for human health it promotes gastrointestinal healthy flora and mineral absorption
from colon, which has been linked to prevention
and alleviation of the osteoporosis progression [27,
28]. Acting as a prebiotic, inulin stimulates activity
of bacterial microflora and promotes digestive
health [29]. Considering that inulin does not affect
insulin level, since it does not get absorbed and
digested in the small intestine, it could be useful in
diet of diabetic patients [30]. These unique characteristics classify inulin as a functional food ingredient [31]. Health benefits of high-level dietary fiber
diet induce interest for new applications of lowdigestible carbohydrates ingredients. Food formulations with inulin can improve the nutritional value
of the end product by increasing the dietary fiber
content, reducing the calorie content and increasing
the prebiotic capacities [32].
Biscuits are a popular foodstuff consumed by
a wide range of population due to their varied taste,
long shelf life and relatively low cost. Because of
competition in the market and increased demand for
healthy, natural and functional products, attempts
are being made to improve the nutritive value of
biscuits and functionality by modifying their nutritive composition. Such effects are very often
achieved by increasing the ratio of wholegrain raw
materials other than wheat or different types of dietary fibres in basic recipes with the attempt to inFUHDVH ELVFXLW¶V SURWHLQ DQG PLQHUDO FRQWHQW IRU
quality and availability [33] or increase dietary fibre content and improve prebiotic characteristics of
the final product [34].
The objective of this study was to preparation
of functional prebiotic biscuit enriched by Jerusalem artichoke and tiger nut flour (as a source of
inulin) which provide human with selectively stimulating the growth and activity of limited number of
beneficial microorganisms in the colon that can
improve human health.

ria [15, 16], (ii) dietary fiber promoting several
beneficial physiological effects [17], (iii) prebiotics
due to their content of specific non-digestible carbohydrates [16], (iv) encapsulation materials for
probiotic bacteria in order to enhance their stability
[18].
The Jerusalem artichoke flour made from Jerusalem artichoke roots also is a valuable product,
rich in inulin, as well as vitamins and minerals.
Powder of dried Jerusalem artichoke tubers is more
convenient to store for a longer time and easier to
use in technological processes. Jerusalem artichoke
powder has lower moisture, protein and fat content
in comparison with the high quality wheat flour but
the dietary fibre, sugars, vitamins and minerals
amount is higher powder of the whole tubers of
Jerusalem artichoke with high of inulin may be
applied as substitute of cereal flour in cakes [19].
The Jerusalem artichoke tubers are known to be a
health-promoting source. They contain inulin instead of starch as a carbohydrate reserve. Inulin and
its degraded product oligofructose are the major
compounds of interest in the food industry as functional food ingredients and low-calorie food materials. Many scientists have discovered that it has a
beneficial effect on the gastro-intestinal activity
stimulating reproduction of beneficial bacteria. Jerusalem artichokes have also been promoted as a
healthy choice for diabetics. The reason for this
being the case is because fructose is better tolerated
by people that are diabetic. It has also been reported
as a folk remedy for diabetes [20]. Inulin in fortified foods and beverages may improve gastrointestinal health and improve calcium absorption, and
may affect the physiological and biochemical processes in rats and human beings, beneficially influencing the lipid metabolism, which results in better
health and reduction in the risk of many diseases
including cardiovascular diseases [21].
Tiger nut (Cyperusesculentus), an underutilized crop, was reported to be high in dietary fibre
content, which could be effective in the treatment
and prevention of many diseases including colon
cancer, coronary heart diseases, obesity, diabetics
and gastro intestinal disorders [22]. Tiger nut flour
has been demonstrated to be a rich source of quality
oil and contains moderate amount of protein. It is
also an excellent source of some useful minerals
such as iron and calcium which are essential for
body growth and development [23]. In addition,
tiger nut has been demonstrated to contain higher
essential amino acids than those proposed in the
protein standard by the [24] for satisfying adult
needs [25]. Therefore, tiger nut, with its inherent
nutritional and therapeutic advantage, could serve
as good alternative in baking industry.
,QXOLQ DV D PL[WXUH RI OLQHDU ȕ -2)-linked
IUXFWRVHFKDLQVZLWKRQHWHUPLQDOXQLWRIJOXFRVHĮ(1-2) linked, is a soluble dietary fiber and has low

MATERIALS AND METHODS
Material. Weak wheat flour (72% extraction
rate) was obtained from Five Stars Flour Mills
Company, Suez, Egypt. Jerusalem artichoke was
obtained from Horticultural Research Institute, Agriculture Research Center (Dokki, Giza, Egypt). All
other ingredients such as tiger nut, fat, sugar, baking powder and vanilla flavor were purchased from
the local market.
Chemicals. All chemical reagents were of analytical grade purchased from Sigma Chemical
Company (St Louis Mo, USA). All of kits were
purchased from Biodiagnostic, Dokki, Giza, Egypt.
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speed. Dough was sheeted to 3.5 mm thickness with
the help of an aluminium platform. Circles cut of
past pieces were done by using of templates with an
outer diameter of 52 mm. The biscuits were baked
at 170 - Û& IRU  PLQ 7KH ELVFXLWV ZHUH Dllowed to cool for 60 min at room temperature before sealed in metalized oriented polypropylene
bags then stored at room temperature.

Experimental animals. Male albino rats
Wistar strain (40 males) weighing150-160g were
obtained from Experimental Animal House, Food
Technology Research Institute, Agricultural Research Center, Giza, Egypt.
Methods. Preparation of Jerusalem artichoke flour. Jerusalem artichoke tubers were
cleaned with tap water to remove dusts and other
undesirable materials, then blanched as a whole in
boiling water for 20 min to inhibit indigenous enzymes as reported by [35].
After cooling in tape water; the cooled tubers
were cut into slices and then Jerusalem artichoke
slices were dried at 60ÛC in a laboratory electric
oven drier for 24 hours. The dried samples were
milled to pass through 100 mesh screen sieve. The
recovered powder was kept in polyethylene bags
DQGVWRUHDW Û& XQWLOXVHG

Physical properties of biscuits. According to
[44]. The diameter (D) and thickness (T) of six biscuits were measured in millimeter by placing them
edge and by stacking one above the other, respectively. To obtain the average, measurements were
made by rearranging and restacking. Spread ratio
(SR) was calculated by dividing diameter of the
biscuit (mm) by their thickness (mm).
The weight of six biscuits was determined after cooling. The volume was measured by rape seed
displaced by six biscuits. Specific volume was calculated by dividing volume (cm3) by biscuit weight
(g).

Preparation of tiger nut flour. The method
of [36] was used in the preparation of tiger nut
flour. Dry tiger nut tubers were sorted to remove
unwanted materials like stones, pebbles and other
foreign seeds, before washing with tap water. The
cleaned nuts were dried in a cabinet dryer at
60±2ÛC in a laboratory electric oven drier for 24
hours to a moisture content of about 13%. The dried
nuts were milled to pass through 100 mesh screen
sieve. The recovered powder was kept in polyethyOHQHEDJVDQGVWRUHDW Û& XQWLOXVHG

Sensory evaluation of biscuits. Biscuit produced using suggested blends were evaluated for
their sensory characteristics by ten panelists from
the staff of Bread and Pasta Department, Food
Technology Research Institute, Agricultural Research Center, Giza. The scoring scheme was established as mentioned by [45] as follows; appearance
(10), color (10), taste (10), odor (10), texture (10),
and the overall acceptability (50) degrees.

Preparation of the various flours blends.
Flour blends containing varying proportions of Jerusalem artichoke flour or tiger nut flour (10-50%)
together with wheat flour were prepared by mixing
required amounts of respective flours.

Biochemical experiment. Forty male albino
rats were housed in stainless steel cages under
standard conditions of humidity, temperature and
light (12 h light/12 h dark) and give free access to
food and water at all time. After one week of acclimatization, animals were divided randomly into
four groups of ten rats in each group.
The rats were fed a standard diet according to
[46]. It contained 15% casein, 5% cellulose, 4% salt
mixture, 1% vitamin mixture, 10% corn oil and
65% starch. Different rats groups (G1, G2, G3 and
G4) were feed according to the following scheme
until the end of experimental period (six weeks):
Group (G1): Control rats group fed on basal diet.
Group (G2): Rats fed on control biscuit sample.
Group (G3): Rats fed on biscuit containing 30%
Jerusalem artichoke flour.
Group (G4): Rats fed on biscuit containing 40%
tiger nut flour.
Body weights of the rats were recorded at the
beginning and weekly during the experimental period.
At the end of the experiment, rats were sacrificed and organs (Liver, Heart, Spleen and Kidney)
were excised immediately and weighed. Also, the

Chemical analysis. Crude protein, ash, crude
fiber and lipids contents were determined according
to the method described in [37]. Total dietary fiber
was determined according to [38], soluble and insoluble dietary fibers were determined by following
the enzymatic method of [39]. Inulin content was
determined using HPLC according to the method
described by [40]. Mineral contents (K, Na, Ca, P,
Mg, Mn, Fe and Zn) were determined according to
the method described by [41], whereas phosphorus
was determined according to the method of [42].
Biscuit making. Biscuit was prepared according to the method described by [43] as follow: The
ingredients of biscuits consisted of 100 g flour, 33 g
fat (butter), 36 g sugar, 3 g baking powder, 0.25 g
vanillin and 18 ml water. Fat (butter), sugar and
vanillin were mixed in a dough mixer using the flat
beater for 1 min. then scraped down and continued
to mix for 3 min at high speed. Flour and baking
powder were added to the mixture and mixed at low
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spectively. Meanwhile, Jerusalem artichoke flour
had the lowest lipid content being 0.52%. Jerusalem
artichoke flour contained the highest ash content
5.22% followed by tiger nut flour 4.25%. While,
wheat flour had the lowest ash content being
0.55%. Tiger nut flour contained the highest crude
fiber content 5.64% followed by Jerusalem artichoke flour 1.33%. Wheat flour recorded the highest value of nitrogen free extract (NFE) followed by
Jerusalem artichoke flour being 88.12 and 83.23%,
respectively. While, tiger nut flour had the lowest
NFE being 57.79. Concerning to the inulin content,
it is clear from data in the same table that Jerusalem
artichoke flour was recorded the highest value of
inulin content followed by tiger nut flour being
72.65 and51.34%, respectively. While, wheat flour
had the lowest inulin content being 1.48%. These
results are in accordance with those previously reported by [60, 61, 62].

whole cecum was taken and weighed for microbial
analysis.
Body weight gain and feed efficiency ratio (as
g of weight gain/g of food intake) were calculated
according to [47].
Serum analysis. Blood samples were taken at
the start of the experiment, after two weeks and at
the end of the experimental period. The blood samples were obtained from orbital plexus venous by
means of fine heparinized capillary glass tubes.
Each sample was placed into a dry clean centrifuge
tubes and centrifuged at 3000 xg for 10 min to separate blood serum, which subjected to the biochemical analyses. Samples were analyzed for the following biochemical parameter:
Blood glucose was determined according to
the procedure of [48]. Serum total lipids (TL), triglycerides (TG), total cholesterol (TC), HDLCholesterol,
LDL-Cholesterol
and
VLDLCholesterol were determined according to the
method described by [49, 50, 51, 52, 53, 54], respectively.

Dietary fiber content. The investigated
wheat, Jerusalem artichoke and tiger nut flours
were analyzed for total dietary fiber (TDF), soluble
dietary fiber (SDF), insoluble dietary fiber (IDF) as
shown in Table (2). From the obtained results it
could be observed that, tiger nut flour contains the
highest percentage of TDF and IDF which amounted in 8.24 and 4.35%, respectively. Followed by,
Jerusalem artichoke flour which contained 7.94%
TDF, 4.38% SDF and 3.56% IDF. These results are
in accordance with those obtained by [63, 64].
In contrast, wheat flour (72% ext.) had the
lowest amounts of TDF, SDF and IDF being 2.56,
1.17 and 1.39%, respectively. Our results are associated with those reported by [65] found that the
TDF of soft wheat flour (72% ext.) was 2.90% (on
dry weight basis). Also, [66] mentioned that the
TDF of soft wheat flour (72% ext.) was 2.64% (on
dry weight basis).

Colon bacteriological analysis. Lactobacillus
sp. Count was determined using modified MRS
agar supplemented with 0.2% oxagal according to
[55]. The plates were incubated at 37 ÛC for 48 hr.
Bifidobacterium sp. Count was enumerated
according to [56, 57] using modified MRS agar
supplemented with 0.05% L-cystein-HCL and 0.3%
lithium chloride. The plates were anaerobically
incubated at 37 ÛC for 48 hr.
&ROLIRUP ZDV GHWHUPLQHG RQ 0DF&RQNH\¶V
DJDU7KHSODWHVZHUHLQFXEDWHGDWÛ&IRUKU
The number of fecal enterococci was determined on VRBL agar. The results were reported as
log 10 counts per gram dry weight.
Statistical analysis. Data were analyzed by
Analysis of Variance using General Liner Model
(GLM) procedure according to the procedure reported by [58]. Means were separated using Duncan's tHVWDWDGHJUHHRIVLJQLILFDQFH 3 6Watistical analyses were made using the producer of
the SAS software system program [59].

Minerals content. From the results presented
in Table (3), it could be noticed that, Jerusalem
artichoke flour recorded the highest content of Na,
K, Ca, Mg, Mn, P, Fe and Zn with values of 340.33,
450.56, 257.65, 229.31, 33.28, 712.04, 2.90 and
1.79 mg/100g, respectively. Followed by tiger nut
flour which recorded 235.24, 216.07, 155.61, 51.20,
24.46, 121.34, 0.67 and 0.38 mg/100g, respectively.
For the above mentioned elements. The obtained
results confirmed with those obtained by [23] and
[61].
Meanwhile, weak wheat flour (72% ext.) had
the lowest minerals content being 28.35, 98.49,
10.65, 24.75, 0.88, 75.51, 0.65 and 0.31 mg/100g,
respectively for Na, K, Ca, Mg, Mn, P, Fe and Zn.
Such data are in line with those obtained by [67]
and [68].

RESULTS AND DISCUSSION
Chemical composition. The proximate compositions of wheat, Jerusalem artichoke and tiger
nut flours are presented in Table (1). The obtained
results revealed that, wheat flour and Jerusalem
artichoke flour recorded the highest crude protein
content being 9.84 and 9.70%, respectively, while
tiger nut flour had lower crude protein content being 6.82%. On the other hand, the highest value of
lipid content was recorded for tiger nut flour followed by wheat flour being 25.50 and0.82%, re-
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increased. This may be due to the low content of
this component in both of Jerusalem artichoke and
tiger nut flours than wheat flour (72% ext.) as
shown in Table (1).
From the same Table, it could be observed
that, substitution of wheat flour with 10, 20, 30, 40
and 50% of Jerusalem artichoke and tiger nut flours
caused gradual increase in all the under investigation minerals content as the level of Jerusalem artichoke and tiger nut flours increased. The increment
in minerals content of prepared biscuits may be due
to the higher content of these minerals in Jerusalem
artichoke and tiger nut flours in comparison with
wheat flour 72% extraction rate as shown in Table
(3).

Chemical composition different biscuit
samples. The obtained results of the chemical composition of biscuits prepared from 100% wheat
flour as control sample and wheat flour replacement
with 10, 20, 30, 40 and 50% of Jerusalem artichoke
and tiger nut flours are shown in Table (4). From
the same Table, it could be observed that, substitution of wheat flour with 10, 20, 30, 40 and 50% of
Jerusalem artichoke and tiger nut flours caused
gradually increase in both of moisture, ash, crude
fiber, TDF, SDF, IDF and inulin contents as the
level of Jerusalem artichoke and tiger nut flours
increased. The increment in ash, crude fiber, TDF,
SDF, IDF and inulin contents of prepared biscuits
may be due to the high content of these components
in Jerusalem artichoke and tiger nut flours in comparison with wheat flour (72% ext.) as shown in
Table (1 and 2). While, the increment in moisture
content of the biscuit samples which prepared by
using Jerusalem artichoke and tiger nut flours probably due to the higher fiber content (which had
strong water binding ability) of Jerusalem artichoke
and tiger nut flours than wheat flour.
In the same time, the nitrogen free extract was
gradually decreased as the level of replacement

Physical measurements of biscuit. Results
presented in Table (5) show the effect of replacement of wheat flour (72% ext.) with different levels
of Jerusalem artichoke and tiger nut flours on the
physical measurements of biscuit (i.e. weight, volume, specific volume, diameter, thickness and
spread ratio).

TABLE 1
Proximate chemical composition of wheat flour, Jerusalem artichoke flour and tiger nut flour
(% on dry weight basis)
*Chemical composition (%)
Crude protein
Lipids
Ash
Crude fiber
Nitrogen free extract (NFE)
Inulin

Wheat flour (72% extraction)
9.84±0.02
0.82±0.01
0.55±0.02
0.67±0.10
88.12±0.04
1.48±0.14

Jerusalem artichoke flour
9.70±0.04
0.52±0.02
5.22±0.01
1.33±0.26
83.23±0.12
72.65±0.24

Tiger nut flour
6.82±0.15
25.50±0.06
4.25±0.01
5.64±0.01
57.79±0.08
51.34±0.60

* Means of triplicate ± SD.
NFE: Calculated by difference.
TABLE 2
Dietary fiber composition of wheat flour, Jerusalem artichoke flour and tiger nut flour (g/100 g dry basis)
*Dietary fiber composition
Total dietary fiber
Soluble dietary fiber
Insoluble dietary fiber

Wheat flour (72% extraction)
2.56±0.12
1.17±0.00
1.39±0.02

Jerusalem artichoke flour
7.94±0.10
4.38±0.02
3.56±0.07

Tiger nut flour
8.24±0.04
3.89±0.02
4.35±0.01

* Means of triplicate ± SD.
TABLE 3
Minerals content of wheat flour, Jerusalem artichoke flour and tiger nut flour
(mg/100 g on dry weight basis)
Minerals content (mg/100 g)
Sodium (Na)
Potassium (K)
Calcium (Ca)
Magnesium (Mg)
Manganese (Mn)
Phosphorus (P)
Iron (Fe)
Zinc (Zn)

Wheat flour (72% extraction)
28.35
98.49
10.65
24.75
0.88
75.51
0.65
0.31
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Jerusalem artichoke flour
340.33
450.56
257.65
229.31
33.28
712.04
2.90
1.79

Tiger nut flour
235.24
216.07
155.61
51.20
24.46
121.34
0.67
0.38
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TABLE 4
Proximate chemical composition of biscuits prepared by replacement of wheat flour by
Jerusalem artichoke flour and tiger nut flour (% on dry weight basis)
Control
sample

10

4.15
±0.21
5.76
±0.01
21.89
±0.02
1.34
±0.01
0.55
±0.00
70.46
±0.04
0.35
±0.00

4.32
±0.10
5.70
±0.01
21.75±
0.02
1.86
±0.00
0.71
±0.04
69.98±
0.02
7.15
±0.01

Total
dietary fiber
Soluble
dietary fiber
Insoluble
Dietary fiber

1.48
±0.00
0.62
±0.04
0.86
±0.02

2.28
±0.01
1.06
±0.02
1.22
±0.02

Sodium (Na)
Potassium (K)
Calcium (Ca)
Magnesium (Mg)
Manganese (Mn)
Phosphorus (P)
Iron (Fe)
Zinc (Zn)

19.52
80.75
11.42
14.86
0.64
55.38
0.78
0.36

53.42
124.68
24.31
26.33
3.97
90.98
1.08
0.54

Characteristics

Moisture
Crude protein
Lipids
Ash
Crude fiber
Nitrogen free
extract (NFE)
Inulin

Jerusalem artichoke powder
20

30

40

Tiger nut powder
50

10

*Chemical composition (%on dry weight basis)
4.60
4.87
5.24
5.62
4.45
±0.14
±0.08
±0.17
±0.09
±0.06
5.68
5.65
5.59
5.52
5.64
±0.02
±0.01
±0.00
±0.02
±0.01
21.62±
21.54±
21.40±
21.27±
23.16
0.01
0.04
0.02
0.01
±0.04
2.30
2.79
3.05
3.42
1.65
±0.01
±0.02
±0.00
±0.01
±0.00
0.96
1.22
1.40
1.65
1.21
±0.02
±0.02
±0.01
±0.00
±0.04
69.44±
68.80±
68.56±
68.14±
68.34
0.06
0.04
0.10
0.08
±0.02
13.84±
20.45±
26.94±
33.67±
5.44
0.01
0.00
0.02
0.01
±0.02
*Dietary fiber composition (g/100 g dry basis)
3.08
4.23
4.89
5.93
2.32
±0.02
±0.01
±0.00
±0.02
±0.05
1.50
1.95
2.35
2.78
1.02
±0.01
±0.02
±0.06
±0.02
±0.04
1.58
2.28
2.54
3.15
1.30
±0.04
±0.01
±0.04
±0.01
±0.08
Minerals content (mg/100 g)
85.76
116.20
148.52
172.21
42.06
168.70
218.44
250.38
296.42
98.75
37.85
52.06
65.18
74.32
18.20
37.79
50.65
58.72
69.18
18.27
7.34
10.26
14.08
17.26
2.89
125.84
162.16
195.88
223.47
62.47
1.32
1.64
1.78
2.19
0.77
0.76
0.91
1.02
1.27
0.40

20

30

40

50

4.82
±0.11
5.50
±0.00
24.78
±0.01
1.98
±0.02
1.62
±0.00
66.12
±0.06
9.65
±0.00

5.06
±0.20
5.38
±0.02
26.03
±0.00
2.26
±0.01
2.14
±0.05
64.19
±0.07
14.52
±0.01

5.53
±0.16
5.27
±0.02
28.24
±0.05
2.64
±0.01
2.48
±0.01
61.37
±0.11
19.88
±0.01

5.96
±0.10
5.18
±0.04
29.58
±0.02
3.02
±0.02
2.75
±0.01
59.47
±0.04
23.59
±0.02

3.10
±0.02
1.38
±0.01
1.72
±0.00

3.94
±0.04
1.78
±0.06
2.16
±0.04

4.82
±0.01
2.18
±0.01
2.64
±0.01

5.65
±0.02
2.57
±0.04
3.08
±0.02

68.52
112.64
26.82
21.68
4.32
66.53
0.75
0.42

80.92
138.55
34.61
26.05
7.15
73.58
0.74
0.48

108.16
160.78
43.52
29.57
9.46
80.14
0.70
0.50

130.37
185.64
51.22
33.27
12.01
87.35
0.68
0.55

* Means of triplicate ± SD.
NFE: Calculated by difference.
TABLE 5
*Physical measurements of biscuit prepared by substitution of wheat flour with different ratios of
Jerusalem artichoke flour and tiger nut flour
Weight
(g)

Volume
(cm3)

Specific volume
(cm3/g)

11.45±0.12
12.02±0.07
12.70±0.10
13.24±0.01
13.86±0.15
14.42±0.06
11.94±0.11
12.38±0.08
12.96±0.16
13.45±0.09
14.01±0.04

22.14±0.06
21.50±0.02
20.86±0.04
19.92±0.12
19.28±0.08
18.67±0.04
22.03±0.09
21.50±0.10
20.78±0.06
20.26±0.14
19.60±0.15

1.93±0.01
1.79±0.00
1.64±0.02
1.51±0.04
1.39±0.00
1.30±0.02
1.85±0.01
1.74±0.00
1.60±0.02
1.51±0.02
1.40±0.04

Biscuit samples
Control sample
Jerusalem artichoke powder

Tiger nut powder

10
20
30
40
50
10
20
30
40
50

Diameter
³'´
(cm)
5.60±0.02
5.65±0.01
5.72±0.01
5.83±0.02
5.98±0.00
6.20±0.03
5.62±0.01
5.69±0.02
5.75±0.03
5.82±0.01
6.00±0.01

Thickness
³7´
(cm)
0.82±0.00
0.80±0.01
0.77±0.00
0.73±0.01
0.69±0.02
0.66±0.01
0.82±0.03
0.80±0.02
0.79±0.02
0.74±0.01
0.70±0.00

Spread
ratio
(D/T)
6.83±0.02
7.06±0.00
7.43±0.01
7.99±0.02
8.67±0.02
9.39±0.01
6.85±0.03
7.11±0.00
7.28±0.02
7.87±0.00
8.57±0.01

* Means of triplicate ± SD.

It could be observed that, the control sample
which prepared from 100% wheat flour had a
weight of 11.45 g and volume of 22.14 cm3 with
specific volume of 1.93 cm3/g. The replacement of
wheat flour with 10, 20, 30, 40 and 50% of Jerusalem artichoke and tiger nut flours caused gradual
increase in the weight of prepared biscuit parallel

with increasing the level of substitution. The increase in biscuit weight may be due to the increase
in biscuit fiber content which characterized by
higher water holding capacity [69].
On the other side, replacement of wheat flour
with 10, 20, 30, 40 and 50% of Jerusalem artichoke
and tiger nut flours caused gradual decrease in bis-
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lem artichoke flour. On the other hand, significant
differences (p<0.05) were observed between the
control sample and 40% substitution level.
Concerning to the replacement with tiger nut
flour no significant difference (p>0.05) were recorded between control sample and 40% level of
substitution with tiger nut flour. While, significant
differences (p<0.05) were observed between the
control sample and 50% substitution level.
For biscuit color, the obtained results indicated that, there were significant differences (p<0.05)
between control sample and biscuit samples which
substituted with 30% Jerusalem artichoke flour and
40% for tiger nut flour. It became darker than the
control sample. These results are in agreement with
[64, 71]. In addition, the obtained results indicated
that, there were no significant differences (p>0.05)
between control biscuit sample and biscuit samples
contained 30% Jerusalem artichoke flour and 50%
tiger nut flour for taste. While, significant difference (p<0.05) was recorded in the same characteristic between the control sample which prepared by
100% wheat flour (72% ext.) and biscuit sample
which prepared by using 40 and 50% Jerusalem
artichoke flour.
Concerning to the biscuit odor no significant
difference (p>0.05) were recorded between control
sample and all other biscuit samples. Also, the obtained results indicated that, there were no significant differences (p!0.05) between control biscuit
sample and biscuit samples contained 20% Jerusalem artichoke flour and 30% tiger nut flour for texture. These results are in agreement with [73] they
mentioned that, the increase in fiber components
was correlated significantly with an increase in tenderness and moistness of cookie.

cuit volume by increasing level of Jerusalem artichoke and tiger nut flours in compared to control
sample. The reduction in biscuits volume may be
due to the dilution of wheat gluten as a result to
addition of Jerusalem artichoke and tiger nut flours
plus the increase in fiber content as presented in
Table (4). These results are in agreement with that
obtained by [70].
As expected, the values of specific volume
recorded the similar trend as that of volume. Concerning biscuits diameter, the obtained results indicated that there were gradual increase in biscuits
diameter by increasing level of Jerusalem artichoke
and tiger nut flours in compared to control sample.
In contrast, gradual decrease in biscuits thickness of
biscuits was observed by increasing the level of
Jerusalem artichoke and tiger nut flours in compared to control sample.
As expected, the spread values of biscuit samples recorded the similar trend as that of biscuit
diameter. These results are in agreement with that
obtained by [71] and [72].
Sensory evaluation of biscuit. The organoleptic properties of biscuit produced by using 100%
weak wheat flour (72% ext.) as control sample and
biscuit samples which prepared by replacement of
wheat flour by 10, 20, 30, 40 and 50% of Jerusalem
artichoke and tiger nut flours were evaluated to
select the best substitution level for produce high
quality biscuit. The biscuit samples were evaluated
by ten panelists for their organoleptic properties as
shown in Table (6). The results in this Table
showed that, there were no significant differences
(p>0.05) in biscuit appearance between the control
sample and 30% level of substitution with Jerusa-

TABLE 6
Sensory evaluation of biscuit prepared by substitution of wheat flour with different ratios of Jerusalem
artichoke flour and tiger nut flour
Biscuit samples
Control sample

Jerusalem artichoke flour

Tiger nut flour

10
20
30
40
50
10
20
30
40
50

Appearance
(10)
9.4a
9.0a
8.8ab
8.6ab
7.2b
6.5b
9.2a
9.0a
8.7ab
8.5ab
7.0b

Color
(10)
9.6a
9.2a
8.7ab
8.1b
7.4bc
5.9c
9.3a
8.9a
8.6ab
8.0b
7.5bc

Taste
(10)
9.8a
9.5a
9.0ab
8.6ab
8.0b
7.3b
9.6a
9.4a
9.1ab
8.9ab
8.4ab

Odor
(10)
9.5a
9.3a
9.2a
9.0a
8.8a
8.5a
9.5a
9.2a
8.9a
8.8a
8.7a

Texture
(10)
9.2a
8.9a
8.1ab
7.4b
6.2bc
5.7c
9.0a
8.6ab
8.2ab
7.7b
6.9bc

Overall
Acceptability (50)
47.5a
45.9a
43.8ab
41.7ab
37.6b
33.9b
46.6a
45.1a
43.5ab
41.9ab
38.5b

0HDQVIROORZHGE\GLIIHUHQWOHWWHUVLQWKHVDPHFROXPQDUHVLJQLILFDQWO\GLIIHUHQWE\'XQFDQ¶V PXOWLSOHWHVW
(p<0.05).
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TABLE 7
Biological evaluation of the experimental diet of biscuit
Treatments
Initial body weight (g)
Final body weight (g)
Body weight gain (g)
Feed consumption (g)
Feed efficiency (%)

G1
G2
G3
G4
155.00a
153.67a
155.00a
156.33a
211.33a
219.33a
172.67b
174.00b
a
a
b
56.33
65.66
17.67
17.67b
b
a
a
245.60
258.25
260.33
261.19a
a
a
b
22.94
25.43
6.79
6.77b
Organs weight (g)
Liver
7.20b
8.20a
7.05b
7.23b
b
a
b
Heart
0.69
0.76
0.66
0.69b
b
a
b
Spleen
0.75
0.77
0.74
0.75b
b
a
b
Kidney
1.47
1.51
1.45
1.47b
Glucose and lipid profile
Glucose (mg/dL)
99.50b
152.00a
112.50b
113.00b
b
a
c
Total lipids (mg/dL)
177.72
216.67
146.37
172.20b
c
a
b
Triglycerides (mg/dL)
47.20
61.50
57.00
57.50b
b
a
b
Total cholesterol (mg/dL)
69.50
74.50
62.00
64.00b
a
c
b
HDL- cholesterol (mg/dL)
27.55
19.00
21.60
24.35b
b
a
c
LDL- cholesterol (mg/dL)
32.51
43.20
29.00
28.15c
c
a
b
vLDL- cholesterol (mg/dL)
9.44
12.30
11.40
11.50b
0HDQVIROORZHGE\GLIIHUHQWOHWWHUVLQWKHVDPHFROXPQDUHVLJQLILFDQWO\GLIIHUHQWE\'XQFDQ¶V PXOWLSOHWHVW
(p<0.05).
G1: Control rats group fed on basal diet.
G2: Rats fed on control biscuit sample.
G3: Rats fed on biscuit containing 30% Jerusalem artichoke flour.
G4: Rats fed on biscuit containing 40% tiger nut flour.
TABLE 8
Microbiological analysis of colon of rats feeding on different biscuit diets
**Microbial strains count
G1
G2
Lactobacillus sp.
6.45±0.18
6.68±0.11
Bifidobacteria sp.
6.31±0.25
6.40±0.07
Coliforms
5.76±0.40
5.48±0.23
Enterobacteria
5.65±0.12
5.39±0.15
* Means of triplicate ± SD.
** Log number of colony forming unit per gram (log cfu/g).
G1: Control rats group fed on basal diet.
G2: Rats fed on control biscuit sample.
G3: Rats fed on biscuit containing 30% Jerusalem artichoke flour.
G4: Rats fed on biscuit containing 40% tiger nut flour.

G3
8.26±0.09
7.44±0.21
3.98±0.14
3.86±0.08

G4
7.85±0.17
7.16±0.35
4.66±0.20
4.37±0.26

salem artichoke and tiger nut flour, respectively.
The obtained data indicated that, the initial body
weight of all rats groups had not significant difference. While, after feeding of experimental groups
on the experimental diet of biscuits for 45 days, the
rats of different groups were increased in weight
but, it could be observed that, the group which fed
only on basal diet during all experimental period
(G1) and the group which fed on control biscuits
diet (prepared by using 100% wheat flour 72% extraction rate) (G2) had a higher significant difference as compared to the group fed on biscuit containing 30% Jerusalem artichoke flour (G3) and the

Finally, the overall acceptability scores which
consider a reflection of all the tested quality attributes and acceptability of the studied biscuit sample
showed that, there were no significant differences
(p>0.05) between control sample and biscuit samples which substituted with 30% Jerusalem artichoke flour and 40% for tiger nut flour.
Biological evaluation. According to the sensory evaluation, selected biscuit samples were biologically evaluated as present in Table (7). From
the obtained data, it could be observed that, feeding
on the biscuit sample which prepared by partial
replacement of wheat flour by 30 and 40% of Jeru-
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the group which fed on control biscuits diet (G2)
recorded the higher coliforms and enterobacteria
counts compared with other groups.
In comparison with the rats groups, fed the
biscuit samples which prepared by partial replacement of wheat flour by 30% Jerusalem artichoke
flour and 40% for tiger nut flourresulted in a considerable increase in their colon content of Lactobacillus sp., Bifidobacteriasp., however, the counts
of coliforms and enterobacteria were decreased
compared with the group which was fed on control
basal diet (G1) and control biscuit diet which prepared by using 100% wheat flour (G2). This may be
due to the increased in inulin content in biscuit
samples which prepared by partial replacement of
wheat flour by 30% Jerusalem artichoke flour and
40% for tiger nut flour as present in Table (4).
These results are in agreement with [76, 77]. Furthermore, [78, 79] mentioned that, bifidobacteria
suppress the growth of pathogenic microbes including Escherichia coli and Clostridum perfringens.
Also, [80, 81] mentioned that, bifidobacteria is
competition with or inhibition of potential pathogens within the small intestine and colon.

group fed on biscuit containing 40% tiger nut flour
(G4).
Also, from the same Table, it could be observed that, biscuits sample which prepared by partial replacement of wheat flour by 30% Jerusalem
artichoke flour and 40% for tiger nut flour reduced
significantly both of final body weight, body weight
gain and feed efficiency. While, both of groups
which fed on basal diet during all experimental
period (G1) and the group which fed on control
biscuits diet (G2) were increased significantly both
of final body weight, body weight gain and fed efficiency. The decrement of body weight gain for (G3
and G4) may be due to the higher content of dietary
fiber. These results are in agreement with those
reported by [74] mentioned that, the animal fed on
high fiber had a lower daily gain weight.
The obtained data also showed that, there were
significant increases in liver, heart, spleen and kidney weight for the group which feeding on control
biscuits diet compared with the group fed on biscuit
containing 30% Jerusalem artichoke flour (G3) and
the group fed on biscuit containing 40% tiger nut
flour (G4). The increase in liver weight may be due
to fat accumulation within the liver cells. These
results are in agreement with [75] found that, the
liver weight was increased with the increase of
body weight and by hypercholesterolemic agents.
In the same time, it could be observed that,
biscuit sample which prepared by partial replacement of wheat flour by 30% Jerusalem artichoke
flour and 40% for tiger nut flour reduced significantly both of liver, heart, spleen and kidney weight
compared with the group which fed on control biscuits diet (G2).
It could be seen that, the rats group which fed
on control biscuits diet (G2) recorded the higher
blood glucose level compared to the group which
fed on basal diet (G1). While, both of rats groups
which fed on biscuit containing 30% Jerusalem
artichoke flour (G3) and the group fed on biscuit
containing 40% tiger nut flour (G4) showed significant reduction in blood glucose level compared to
that in rats of group (G2).Also, it could be noticed
that, the biscuit prepared by partial replacement of
wheat flour by 30% Jerusalem artichoke flour and
40% for tiger nut flour significantly reduced serum
total lipids, triglycerides, total cholesterol, HDLcholesterol, LDL-cholesterol and VLDL-cholesterol
compared to their content in rats group which fed
on control biscuits diet (G2).

CONCLUSION
The obtained results indicated that using both
of Jerusalem artichoke and tiger nut flour as a
source of inulin to improve the functional properties of wheat biscuit lead to significantly reduced of
both animals final body weight, body weight gain,
feed efficiency, blood glucose level, serum total
lipids, triglycerides, total cholesterol, LDLcholesterol and VLDL-cholesterol compared to
their content in rats group which fed on control
biscuits diet. In comparison with the rats groups,
fed the biscuit samples which prepared by partial
replacement of wheat flour by 30% Jerusalem artichoke flour and 40% for tiger nut flour resulted in a
considerable increase in their colon content of Lactobacillus sp., Bifidobacteria sp., however, the
counts of coliforms and enterobacteria were decreased compared with the group which was fed on
control basal diet and control biscuit diet which
prepared by using 100% wheat flour. This reflects
the improved of health status for these groups.
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degradation, lignin is usually treated as contaminants in agriculture and in the pulp and paper industries [1, 2]. Consequently, its accumulation in large
quantities could cause some environmental problems, necessitating its degradation for important
carbon cycling of the biosphere [1, 3]. Nonetheless,
some species of the basidiomycetes, the white- rot
fungi, have been identified for efficiently degradation of lignin through the production of extracellular ligninolytic enzymes such as Laccase, LIP and
MNP [2, 4, 5, 6, 7, 8]. The ability of ligninolytic
enzymes to produce naturally organic chemical
substances that can act on a wide range of complex
organic macromolecules to generate simpler organic molecules make them useful tools for diverse
bioremediation purposes in several industrial and
biotechnological processes [1, 9]. Their reported
applications include the detoxification of industrial
effluents from chemical and petro-chemical industries, bleaching and delignification processes in the
paper and pulp industries, removal of phenolic
compounds from beer and wine [10, 11, 12].
Some white-rot fungi have been reported to be
good producer of lignin and cellulose degrading
enzymes [12, 13], which necessitate researchers to
source for more ligninolytic enzymes producing
fungi. Pleurotus tuber-regium is a tuberous wild
species of white-rot fungus with a history of economic importance in Africa as food and a medicinal
mushroom [14]. Extracts from P. tuber-regium
have been associated with antitumor and superoxide radical scavenging activities [15]. However,
the potential of P. tuber-regium to produce ligninolytic enzymes and fungus biomass for lignin degradation and food consumption, respectively, is limited and is therefore, sought for at present.
Qualitative assay based on color change is a
common technique for visual detection of ligninolytic enzyme production in fungi. Tannic acid is the
most common traditional indicator employs in this
respect and lignin model indicators such as 2, 2Azino-bis (3ethylbenzthiozoline-6-sulphonic acid)
(ABTS), Remazol Brilliant Blue R (RBBR) Dye,
Syringaldazine and guaicol have been developed.
Guaiacol has been reported as an efficient Indicator
for ligninolytic assay laccase. The intense brown

ABSTRACT
Biodegradation of lignin using ligninolytic enzymes produced by fungi is a safe, healthy and
environmental friendly approach over chemodegradation use by pulp and paper industries.
Sourcing for additional bioresource for ligninolytic
enzymes among indigenous fungi and availability
of cheap and cost-effective chemo-indicators for
detection of ligninolytic enzyme production are
important in low economic countries. A qualitative
plate assay based on visual discoloration was employed to assess the potential of acetaminophen,
hydroquinone, and cathecol as cheap chemoindicators for ligninolytic enzymes production in
Pleurotus tuber-regium. Spectrophotometric method was used to assay enzymatic activities of laccase, lignin peroxidase (LiP), and manganese peroxidase (MnP) in Pleurotus tuber-regium. All the
assessed chemo-indicators detected production of
ligninolytic enzymes in Pleurotus tuber-regium.
Cathecol showed deepest discoloration intensity
(CI), following tannic acid and also had highest
mean enzyme detection quality (EDQ). Markedly,
Pleutorus tuber-regium showed simultaneous enzymatic activities of laccase, LiP, and MnP. The
present results revealed the potential of P. tuberregium for production of ligninolytic enzymes that
could find application in industrial biotechnology
and also, identified catechol as a low cost and readily available chemo-indicator for detection of ligninolytic enzymes in low economy regions.
KEYWORDS:
cathecol, chemo-indicators, enzymatic activities, ligninolytic enzymes, Pleurotus tuber-regium

INTRODUCTION
Lignin is a complex biopolymer found in the
cell wall of plants that physically surrounds and
protects the carbohydrate polymers from enzymatic
hydrolysis. Nevertheless, because of its complex
chemical structure and resistance towards chemical
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Production of ligninolytic enzymes over the 7
DAI was detected by visual discoloration intensity
(CI) produced by the four chemo-indicators, scored
on a scale of 1 to 4 (1- very low intensity, 2 - moderate intensity, 3 - high intensity and 4 - very high
intensity) in comparison with negative control test
plates. Level of expression of enzyme production,
enzyme index (EI), was estimated as ratio of zone
of enzyme production (EZ) to fungus mycelia
growth (MG) in percent (Eqn. 1). Zone of enzyme
production was by measuring the diameter spread
of discoloration from center of inoculum and MG
was measured as the increase in mean colony diameter along two lines drawn perpendicularly to each
other. The enzyme detection quality (EDQ) of an
indicator was measured as EI (%) multiply by CI
and the overall mean EDQ was used to identify and
select most suitable chemo-indicator (Eqns. 1 and
2).

color development due to oxidation of guaiacol by
laccase can be correlated to its activity often read at
450 nm [8]. However, the cost availability combined with environmental friendliness of these
lignin model indicators remain pertinent issues
[16].
Acetaminophen, cathecol and hydroquinone
are small aromatic organic molecules that are inexpensive, readily available and easily decomposed
that could serve as traditional indicators in addition
to tannic acid and as substitutes in the absence of
lignin model indicators in low economic regions.
The present study assessed the potential of a Nigerian fungus P. tuber-regium for production of ligninolytic enzymes, and also screened three organic
compounds acetaminophen, cathecol and hydroquinone as chemo-indicators for ligninolytic enzyme
production.

MATERIALS AND METHODS
(1)

Fungus sample and tissue culture preparation. The fruiting body of the fungus sample used
in this study was collected from decaying Daniella
oliveri tree at Ijagun, Ogun State, Nigeria and was
identified at the Department of Botany, University
of Ibadan, Nigeria. Three excisions as replicates
were transferred to Petri-dishes containing sterile
Potato Dextrose Agar (PDA). Tissue culture of the
white-rot fungus sample was done according to the
method described by Jonathan [17]. Pure culture of
P. tuber-regium obtained was used as direct stock
culture from which inocula were prepared. A 9 mm
agar plug of the white-rot fungus was used as inoculum.

݁݊ݕݐ݈݅ܽݑݍ݊݅ݐܿ݁ݐ݁݀݁݉ݕݖǡ
ܳܦܧሺΨሻ ൌ ܫܧܺܫܥ

(2)

Spectrophotometry assay of enzymatic activity. The inoculum obtained from above was
transferred into 500 ml PDA and incubated at 150
rpm and 30±2oC for 7 days. At 7 DAI, the culture in
5 ml ice-cold 1M sodium acetate was cold centrifuged at 10,000 rpm for 15 min and the culture
filtrate was kept on ice for enzyme activity (EA)
assays. Choice of methods for enzyme assays were
based on literatures with modifications for optimization and cost effectiveness. EA was measured as
change in absorbance during the enzymatic reaction
on oxidation of Indicator. UV-VIS spectrophotometer (Cecil 600) was used for reading changes in
absorbance of reaction mixtures at room temperature 30±2.0oC. A unit EA (1 U) is taken as rate of
IRUPDWLRQRIPRO,QGLFDWRU¶VSURGXFWSHUPLQLQ
1 ml culture filtrate (that is EA =1 U ml-1 = 1 μmol
min-1 ml-1 oxidized product) using Lambert-%HHU¶V
equation (Eqns. 2- $ ڙG&&  $ڙG$ DE
VRUEDQFHPLQ ڙ0RODUDEVRUSWLYLW\ /PRO-1 cm-1,
d = path length of the cuvette (cm), C = concentration of the oxidized product in solution (mol L-1),
and U = mol min-1) as presented in equations 3 and
4.

Production and qualitative measurement of
ligninolytic enzymes production and screening of
the chemo-indicators. Four grams of PDA was
weighed into 100 ml of distilled water in a beaker.
The mixture was sterilized in an autoclave, after
which it was allowed to cool to room temperature
and 0.4 g streptomycin was added to inhibit the
growth of bacteria in the medium. Ten milliliters of
the media was dispensed into four separate Petridishes. One-fifth gram, each, of indicator compounds: acetaminophen, cathechol, hydroquinone
with inclusion of tannic acid as a standard control,
was autoclaved separately and thereafter, mixed
separately with the prepared plates and the mixtures
were allowed to solidify. Each mixture was inoculated at the center of petri dish with one 9 mm agar
plug of white-rot fungus mycelia, in triplicates,
and incubated for a maximum of seven days at
300C+ 2oC. Evaluation of enzyme production was
carried out on a daily basis over 7 day after incubation(DAI) to observe effect of DAI on ligninolytic
enzyme production.

(3)
Therefore:
(4)
Where:
$  DEVRUEDQFHPLQ   ڙ0RODU DEVRUSWLYLW\
(L mol-1 cm-1), d = path length of the cuvette (cm),
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buffer (pH 3.0), 0.5 ml 3.5 μmol of veratryl alcohol,
0.5 ml 10% H2O2 and 100 μl enzyme filtrate was
made up to 3 ml with ultrapure water and incubated
for 10 min at 30±2.0oC. The absorbance was monitored for 10 min at QP ڙ310 = 9256 M-l.cm-1).
A unit activity of LnP equals rate of formation of 1
μmol veratraldehyde per min.

C = concentration of the oxidized product in solution (mol L-1), and U = mol min-1 (Eqns. 5, 6 and
7).
Hence:
(5)
Rearrangement:
(6)

Laccase activity. Laccase activity was measured based on the oxidation of guiacol to tetraguiacol and reaction mixture used was: 0.5 ml 5 mM
guiacol, 0.5 ml 50mM sodium acetate buffer (pH
5.0), 100 ul enzyme filtrate was made up to 3 ml
with merck water and incubated for 5 min at
30±2oC. Change in absorbance was measured for 5
min at 450 nm. A unit Laccase activity was expressed as 1 μmol tetraguaiacol formed per min per
ml.

-1

And since, U = mol min , then:
(7)
Manganese peroxidase activity. Manganese
peroxidase (MnP) activity was assayed by oxidation
of guaiacol (2-methoxyphenol) as Indicator with
some modifications for optimization. The optimized
reaction mixture contained - 0.5 ml 5 mM guaiacol,
0.5 ml 2mM MnSO4, 0.5 ml 50 mM sodium acetate
buffer (pH 5), 0.5 ml 1% H2O2 and 100 μl enzyme
filtrate in a total volume of 3.0 ml made up with
ultra-pure water. The mixture was incubated at
room temperature 30±2.0oC for 5 min. The increase
in absorbance by the oxidation of guaiacol was
PRQLWRUHG DW  QP IRU  PLQ ڙ465 =12,100 M1
.cm-1) and 1UMnP activity is taken as rate of oxidation of 1.0 μmol guaiacol per min per ml.

Data analysis. The qualitative data obtained
with CI was transformed into quantitative data for
easy analysis and combined with other quantitative
data. The combined data obtained was analysed
using Statistics Analysis System [18]. Precision
measures were estimated to account for inherent
errors. Analysis of Variance (ANOVA) combined
with Duncan Multiple Range Test was used to
evaluate significant variation among varying indeSHQGHQWYDULDEOHVDQGSDUDPHWHU¶VUHODWLRQVKLSZDV
based on Pearson coefficient method.

Lignin peroxidase activity. Lignin peroxidase activity was determined as the ability of the
enzyme to convert veratryl alcohol to veratraldehyde in the presence of H2O2 as catalyst. The reaction mixture contained 0.5 ml 50 mM-glycine/HCl

FIGURE 1
Production of ligninolytic enzymes by P. tuber-regium at 1 DAI (a), 3 DAI (b), 5 DAI (c) and 7 DAI (d)
using four chemo indicators. Plates (a) to (d) show TA (reference indicator) has the deepest brown discoloration at all the assessed DAI, while CT followed TA at 1 DAI, and AM followed TA at 3, 5, and 7 DAI.
AM, acetaminophen; CT, catechol; HQ, hydroquinone, PT, Pleurotus tuber-regium; and TA,tannic acid.
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quinone to 3.7 cm for acetaminophen with a mean
value of 1.43±0.1 cm, EZ production ranged from
0.0 cm for hydroquinone to 4.9 cm for acetaminophen with a mean value of 1.83±0.15 cm and EI
ranged from 0.0 for hydroquinone to 4.33 for catechol (Table 1). The production of MG and EI suggest P. tuber-regium could survive in an environment containing these chemo-indicators and also
express ligninolytic enzymes as part of its biochemical activities. The differences observed among the
chemo-indicators for the MG, EZ and EI values,
perhaps, pinpoint an additional potential of the
chemo-indicators as inducers for either MG or
ligninolytic enzyme production. Therefore, acetaminophen perhaps, could be an inducer for MG and
cathecol for EI, while tannic acid is moderate for
both and hydroquinone is no inducer to either MG
or ligninolytic enzymes.
Figure 2 shows the mean level across the four
evaluators for selecting and identifying most suitable chemo-indicator. Acetaminophen had highest
level of MG and EZ that translated to moderate EI;
cathecol had moderate EZ and low MG, giving it an
edge of highest EI; tannic acid had moderate values
for the two parameters and that earned it moderate
EI; and hydroquinone had the least MG but with no
EZ, giving it zero EI. Enzyme detection quality as a
measure of efficiency of a chemo-indicator peak for
cathecol due to its high EI and CI despite its low
MG and EZ

RESULTS AND DISCUSSION

Chemo-detection of ligninolytic enzymes
production by P. tuber-regium. Figure 1 shows
the production of ligninolytic enzymes by P. tuberregium as a brown halo discoloration around the
microbial growth at the center of the test plates
across four DAI. All the chemo-indicators assessed
detected production of ligninolytic enzymes by P.
tuber-regium with brown halo discoloration. The
intensity of the discoloration, CI, is among the
visual parameters showing potential of a chemicalcompound as a chemo-indicator for ligninolytic
enzyme production. According to Figure 1, tannic
acid and cathecol showed deepest CI across the
evaluated DAI for detection of ligninolytic enzyme
production by P. tuber-regium. Discoloration visualized as brownish halo at present was similar to the
findings of Kiiskinen [5] who reported a brownish
halo on the solid media for tannic acid as indicator
compound for ligninolytic enzyme production in
fungi. Other discolorations have also been reported
and are indicator-dependent, such as reddish brown
halo for guaiacol, dark green/purple halo for ABTS,
dark pink halo for syringaldazine and also discoloration with clearing zone for RBBR and Poly R-478
[4, 8, 19].
Qualitative measurement and screening of
chemo-indicators for ligninolytic enzymes production. Descriptive measures from SAS showed
that the level of MG ranged from 0.7 cm for hydroTABLE 1
Descriptive statistics for color intensity, mycelia growth, zone of enzymes, enzyme index and
enzyme quality detection for chemo-indicators
Variable
Acetaminophen
CI
MG (cm)
EZ (cm)
EI
EI (%)
EDQ
Cathecol
CI
MG (cm)
EZ (cm)
EI
EI (%)
EDQ
Hydroquinone
CI
MG (cm)
EZ
EI
EI (%)
EDQ
Tannic acid
CI
MG (cm)
EZ (cm)
EI
EI (%)
EDQ

Mean

SD

SE±

CV

Range

Min.

Max.

N

2
0.8
1.3
1.63
163.16
3.26

0
0.1
0.1
0.08
7.96
0.16

0
0.06
0.06
0.04
4.59
0.09

0
12.5
7.69
4.6
4.88
4.92

0
0.2
0.2
0.15
15.87
0.32

2
0.7
1.2
1.56
155.56
3.11

2
0.9
1.4
1.71
171.43
3.43

3
3
3
3
3
3

3
0.7
1.1
1.61
160.71
4.82

0
0.1
0.1
0.38
37.63
1.13

0
0.06
0.06
0.22
21.72
0.65

0
14.29
9.09
23.42
23.41
23.42

0
0.2
0.2
0.75
75
2.25

3
0.6
1
1.25
125
3.75

3
0.8
1.2
2
200
6

3
3
3
3
3
3

1
0.7
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
.
.
.
.

0
0
0
0
0
0

1
0.7
0
0
0
0

1
0.7
0
0
0
0

3
3
3
3
3
3

3.95
1.93
2.5
1.3
130.05
5.14

0.22
0.57
0.77
0.1
9.97
0.44

0.05
0.12
0.17
0.02
2.18
0.1

5.52
29.61
30.75
7.57
7.67
8.65

1
2
2.5
0.33
33.91
1.58

3
0.9
1.3
1.11
110.53
4.2

4
2.9
3.8
1.44
144.44
5.78

21
21
21
21
21
21
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FIGURE 2
Mean Levels of CI, fungus MG, EZ, EI and EDQ of chemo-indicator for ligninolytic enzymes production
in P. tuber-regium. Cathecol had highest IC and EI to become most suitable chemo indicator. CI, color
intensity; EZ, zone of enzyme production; EI, enzyme index; MG, mycelia growth; and EDQ, enzyme
detection quality.

FIGURE 3
Trend of MG, EZ and EI over incubation period in P. tuber-regium. Both MG and EZ increase with increasing DAI while there was irregularity in the patter of EI. EZ, zone of enzyme production; and EI,
enzyme index; MG, fungus mycelia growth.
which might indicates its enzyme expression is
concentrated in a small MG and hence, its high CI.
The present result revealed cathecol as a potential chemo-indicator for detection of ligninolytic
enzyme production in pleurotus tuber-regium, surpassing conventional tannic acid while hydroquinone was least suitable. In a similar study,
Kiiskinen [5] reported tannic acid as the weakest
indicator compound among all the indicators used
in his study, which showed the weakness of conventional indicator to model synthetic indicators but
other chemo-indicators used in the present study
were not included in his study and this would not
allowed further comparison or deductions. Whatsoever, part of the present objectives was to source for
a cost effective indicator in a low economy region
and this is achieved with cathecol and acetaminophen competes closely with highest induction for
MG. In addition the ranges of MG, EZ and EI in the
present assessed chemo-indicators are comparable
to those obtained in tannic acid and RBBR discoloration [6, 13] while there are limited literatures
with reported parameter values for further deductions.

Effect of DAI on CI, MG, EZ, EI and EDQ.
Figure 3 visually depicts the trend in the mean
levels of CI, MG, EZ, EI and EDQ across the assessed DAI and the trend lines are observed as
somewhat irregular, which is more pronounced in
EI. Nevertheless, the data attached to Figure 3
shows increasing CI, MG, and EZ with increasing
DAI except for odd falls at 2 and 6 DAI for EI.
Statistically, based on ANOVA results generated in
SAS (Table 2), there was strong effect of DAI on
CI,MG,EZ,EI and EDQ(p<0.0001). Pearson correlation also revealed highly significant relationships
between DAI and each of CI, MG and EZ and a
moderate significant relationship with EDQ but
showed no correlation with EI (Table 2) pinpointLQJLW¶VREVHUYHGLUUHJXODUWUHQGLQ)LJXUH7KHUH
fore, the present results show that increasing DAI
led to a corresponding increasing MG as previously
reported in Trametes versicolor, a white-rot fungus
[7, 20] and increasing EDQ. Therefore, the positive
relationships obtained between DAI and each of
MG and EDQ are useful for targeted mass production of ligninolytic enzyme for industrial applications.
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TABLE 2
Estimates of ANOVA and Pearson Correlation for MG, EZ and EI among indicators and DAI
Source
CI
Rep
Indicator
Day
Indicator*Day

DF

SS

MS

F Value

Pr > F

2
3
6
18

1.2
65.3
10.6
3.5

0.6
21.8
1.8
0.2

8.6
319.4
26.0
2.8

**
***
***
**

MG
Rep
Indicator
Day
Indicator*Day

2
3
6
18

0.01
41.99
11.82
12.70

0.01
14.00
1.97
0.71

0.89
2137.48
300.99
107.78

ns
***
***
***

EI
Rep
Indicator
Day
Indicator*Day

2
3
6
18

0.03
54.45
2.19
6.86

0.01
18.15
0.37
0.38

0.36
511.59
10.31
10.75

ns
***
***
***

EZ
Rep
Indicator
Day
Indicator*Day

2
3
6
18

0.02
114.35
30.10
16.48

0.0
38.1
5.0
0.9

2.7
9605.3
1264.0
230.7

ns
***
***
***

EDQ
Rep
Indicator
Day
Indicator*Day

2
3
6
18

4.58
707.82
76.06
141.68

2.3
235.9
12.7
7.9

3.3
334.7
18.0
11.2

ns
***
***
***

Duncan Multiple Range Grouping
Duncan grouping
CI
MG
EZ
EI
EDQ
A
Tannic acid
Acetaminophen
Acetaminophen
Cathecol
Cathecol
B
Cathecol
Tannic acid
Tannic acid
Acetaminophen
Acetaminophen
C
Acetaminophen
Cathecol
Cathecol
Tannic acid
Tannic acid
D
Hydroquinone
Hydroquinone
Hydroquinone
Hydroquinone
Hydroquinone
***, p< 0.0001;** p<0.005; 8, p<0.05; ns, not significant at p< 0.05
Chemo-indicators with different letter have significantly different means and those with same letters are not significantly different
CI, color index, EZ, zone of enzyme production; and EI, enzyme index; MG, fungus mycelia growth; EDQ, Enzyme detection quality; SS,
type III sum of square; MS, mean square

report of Erden [7] between guaiacol and syringaldazine in fungi. There are similar reports on variation in utilization of indicators among fungi isolates, a good example is shown among four ascomycetes isolates displaying differences for four
model lignin indicators [8]. These reports including
the present, perhaps, are indicating preferences of
fungi for chemo indicators.
Table 3 shows Pearson correlation statistics
for some useful relationships among the evluators:
MG is positively related to CI and EZ and EDQ, CI
is correlated with EZ, EI and EDQ and EZ is correlated with EDQ. 'XQFDQ¶V PXOWLSOH UDQJH WHVW DV
signed different letters to chemo-indicators to show
their significantly differences for evaluators while
those that are not different were given the same
letter (Table 3). Hence, the chemo-indicators were
so distinct in their levels of MG and EZ while acetaminophen and tannic acid were not significantly
different for EI. Each of the DAI was distinct for
EZ, 3 and 4 DAI were not significantly different for
MG while 3 and 7 DAI were distinct from other
DAI while 1, 2 and 4 DAI were not significantly
different for EI.

Differential analysis among chemoindicators for CI, MG, EZ, EI and EDQ and
their useful relationships. Based on General Linear Model (GLM) procedure in SAS as shown in
Table 2, there were significant differences among
the four chemo-indicators for CI, MG, EZ, EI and
EDQ. There were also effects of day, and day and
chemo-indicator interaction. Therefore, changing
the Indicator and manipulating the DAI translate to
a pronounce changes in CI, MG production, EZ, EI
and EDQ. Accordingly, the ANOVA results statistically enabled and supported the selection of most
suitable chemo-indicators as functions of the independent evaluators in the present study. Similarly,
Duncan grouping visually showed separation of
means among the chemo-indicators with letters.
Chemo-indicators with means that are significantly
different are assigned different letters while those
that were not had same letters. Cathecol had letter
µ$¶ LQ ERth EI and EDQ, supporting its choice as
most viable chemo-indicator for detecting ligninolytic enzyme in P. tuber-regium (Table 2). The
difference observed among the assessed chemoindicators for detection and evaluation of ligninolytic enzyme in P. tuber-regium is similar with the
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TABLE 3
Pearson correlation for some useful relationships among qualitative evaluators
Evaluators
CI
MG
EZ
EI
Day
0.34**
0.41***
0.43***
ns
CI
1
0.40***
0.65***
0.68***
MG
1
0.89***
ns
EZ
1
0.53***
EI
1
***, p< 0.0005;** p<0.005; 8, p<0.05; ns, not significant at p< 0.05
CI, color index, EZ, zone of enzyme production; and EI, enzyme index; MG, fungus mycelia growth; EDQ,
Enzyme detection quality

EDQ4
0.26*
0.77***
ns
0.51***
0.96***

level maintained till fruiting and falls afterwards
during incubation and high laccase activities is
commonly reported at early stage of cultivation [24,
25]. Similarly, at present the level of laccase activity peak at 5 DAI and maintained till 7 DAI, beyond
ZKLFK SUHVHQW LQYHVWLJDWLRQ ZDVQ¶W IXUWKHU DQG
FRXOGQ¶W LQIHU IXUWKHU DV SHU ORQJHU '$, > 7 DAI
and laccase activities. In contrary, decreased activities of LiP and MnP were observed at 7 DAI at
present and inconsistent pattern were reported for
the two enzymes, which always rise and fall with
increasing incubation period [25]. As in the case
with laccase activities of Lip and MnP were not
measured beyond 7 DAI for reports. Nonetheless,
the non-significance relationship observed between
enzyme activities and DAI suggests an inconsistent
enzyme activities pattern.
The units of enzyme activities obtained in P.
tuber-regium at present are comparable to some
similar findings and also lower to many reported
values in many studied fungi [2, 6, 8, 19, 22]. However, different studies have also shown that the
enzyme activities could be augmented under certain
condition of culturing and cultivation such as improved utilizable media, solid and liquid fermentation and additives such as agricultural straws and
industrial sludge [2, 23]. So, also co-culturing of
two or more different isolates of fungi has been
shown to induce higher enzyme activities [21].
Therefore, the identification of three enzyme activities of laccase, LiP and MnP in P. tuber-regium is
encouraging and could be further enhanced through
sourcing for its optimal conditions and additives as
did with many other similar ligninolytic producing
fungi and can also be co-culture with a high ligninolytic enzyme producing fungi. In addition,
specific step requiring specific ligninolytic enzyme
should be further investigated to enhance biodegradation of lignin by fungi for industrial purposes.
Table 4 shows the mean enzyme activities of
the three assessed ligninolytic enzymes from P.
tuber-regium and the EA of the three enzymes were
observed to be close (but were significant different
as shown by estimates of ANOVA. Table 4, also
shows an increasing EA with increasing DAI and
with a strong variation of EA among the DAI and
interaction of enzyme by DAI (p<0.0001) but there

Activities of ligninolytic enzymes produced
by P. tuber-regium. Nigerian Pleurotus tuberregium not only shown potential to produce ligninolytic enzymes but also displayed three enzymatic activities corresponding to laccase, LiP and
MnP as previously reported in some fungi families.
Figure 4 shows trend in activities of laccase, MnP
and LIP over the incubation period and the activities of the three enzymes peak at 5 DAI but with
slight differences in their patterns. The present
observation in the pattern of EA over DAI is not
new for varying optimal DAI have been earlier
reported for various fungi, even isolates of the same
family displayed differing optimal incubation period for optimal activities [2, 13, 21]. Literatures
have also shown that not all ligninolytic producing
fungi possess the three enzyme activities has obtainable at present in P. tuber-regium [2, 4, 13, 22]
revealing its potential for industrial applications.
Therefore, P. tuber-regium, perhaps, requires specific ligninolytic enzyme at a specific step in lignin
biodegradation process and not a combo of the
three enzymes at a particular step.
Laccase, LiP and MnP activities were detected
in P. tuber-regium at present as early as 3 DAI,
though in lower concentration when compared to
previous reports with longer periods [2, 4, 19].
Ligninolytic enzyme activities have been observed
as earlier as 2 DAI in a thermophilic fungus at
higher concentration but under augmented conditions and nutrients [23]. The observed higher MnP
activity at early stage and fall at later stage suggests
its importance at the beginning of degradation process, perhaps, as first line of action with decreased
activities having fulfilled its fore role. The observed
increasing in ratio of laccase over each of LiP and
MnP with increasing DAI in P. tuber-regium reveals that laccase was consistently present during
ligninolytic process and perhaps, could be the primary ligninolytic enzyme. The same Fig. 4 shows
increasing laccase/MnP and laccase/LiP ratios with
DAI, indicating higher proportion of laccase over
MnP and LiP with increasing DAI. The present
observation is not surprising, for laccase activities
have been reported to be common in many ligninolytic enzyme producing fungi [4]. In addition, laccase is reported as a developmental marker, with
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FIGURE 4
Trend in activities of laccase, MnP, and LnP over DAI in P. tuber-regium
Laccase activity increases to a peak at 5 DAI and remain constant at 7DAI, while activities of MnP and
LiP though, peak at 5 DAI but decreases at 7 DAI. DAI, day after incubation; LiP, ligninolytic peroxidase;
and MnP, manganese peroxidase.
TABLE 4
Estimates of Descriptive statistics, ANOVA and Pearson correlation for ligninolytic
enzymes activities over DAI
Descriptive statistics
SD

SE±

CV

Range

Min

Max

N

Ligninolytic Enzyme
Laccase
1.05
LiP
1.01

0.17
0.14

0.06
0.05

16.39
13.7

0.39
0.35

0.81
0.88

1.2
1.23

9
9

MnP

1.06

0.1

0.03

9.84

0.28

0.89

1.17

9

3

0.95

0.12

0.04

12.54

0.29

0.81

1.1

9

5
7

1.17
1

0.03
0.12

0.01
0.04

2.34
12.45

0.09
0.32

1.14
0.88

1.23
1.2

9
9

Mean EA
(U ml-1)

DAI (d)

Estimates of ANOVA

Pearson Correlation

Mean Square

F Value

Pr > F

10

Sum of
Squares
0.478

0.048

63.91

***

16

0.012

0.001

Source

DF

Model
Error
Corrected Total

26

0.49

R-Square = 0.98

CV = 2.63

Root MSE = 0.027

Mean EA = 1.04 U ml-1

Source

DF

Mean Square

F Value

Pr > F

Enzyme

2

Type III
SS
0.012

0.006

8.1

**

Rep

2

0.003

0.001

1.81

ns

DAI

2

0.245

0.122

164.46

***

Enzyme*DAI

4

0.216

0.054

72.58

***

EA
DAI

ns

***, p< 0.0001; **, p<0.001; ns, not significant at p< 0.05, DAI, day after incubation; EA, enzyme activity
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[7] Erden, E., Ucar, C.M., Gezar, T., and Parcarlioglu, K.N. (2009). Screening for ligninolytic
enzymes from autochthonous fungi and applications for decolorization of remazole marine
blue. Brazilian Journal of Microbiology. 40(2),
346-353.
[8] Patel, R.J. and Bhaskaran, L. (2016). Screening
of novel ascomycetes for the production of laccase enzyme using different lignin model compounds. Int J. Pharm. Bio. Sci. 7(4B), 452-458
[9] Couto, S.R. and Herrera, J.L. (2006). Industrial
and biotechnological applications of laccase.
Brazilian Journal of Microbiology. 24(5), 500513.
[10] Minussi, R.C., Pastore, G.M. and Duran, N.
(2002). Potential application of laccase in the
food industry trends. Food Science Technology. 13, 205- 216.
[11] Archibald, F.S. and Bourbonnais, R. (2006).
Kraft pulp bleaching and delignification by
Trametes versicolor. Journal of Biotechnology.
53, 215-236.
[12] Nilsson, A., Moller, B., Mattiassoon, M.S.T.,
Rubindamayugi, U., Welander, A. (2006) Decolorization of synthetic and real textile
wastewater by the use of white-rot fungi. Enzyme Microbiology and Biotechnology. 38, 94100.
[13] Megersa, S., Gure1, A., Alemu, M., and
Feleke, S. (2017). Qualitative Assays and
Quantitative Determinations of Laccases of
White Rot Fungi from Plantation and Natural
Forests of Arsi Forest Enterprise, Ethiopia.
WSN World Scientific News. 67(2), 303-323.
[14] Oso, B.A. (1977). Pleurotus tuber-regium from
Nigeria. Mycologia. 69, 271-279.
[15] Zhang, M., Zhang, L., Cheung, P.C.K. and
Ooi, V.E.C. (2004). Molecular weight and antitumor activity of the water-soluble polysaccharides isolated by hot water and ultrasonic
treatment from the sclerotia and mycelia of
Pleurotus tuber-regium. Carbohydrate Polymers. 56, 123-128
[16] Bhatt, M., Patel, M. Rawal, B., Novotný,
ý Molitoris, H.P., DQGâDãHN9 2000). Biological decolorization of the synthetic dye
RBBR in contaminated soil. World Journal of
Microbiology and Biotechnology. 16(2),
195-198
[17] Jonathan, S.G. (2002). Vegetative growth requirements and antimicrobial activities of some
higher fungi in Nigeria. PhD Thesis, Faculty of
Science, University of Ibadan, Ibadan.
[18] SAS, 2002.
[19] Sasidhara, R. and Thirunalasundari, T. (2014).
Lignolytic and lignocellulosic enzymes of
Ganoderma lucidum in liquid medium. European Journal of Experimental Biology.
4(2):375-379.

was no significant relationship between the EA and
DAI as shown by Pearson correlation estimates.

CONCLUSIONS
Cathecol was identified as a cheap potential
chemo-indicator for detection of ligninolytic enzymes production in P. tuber-regium. Pleurotus
tuber-regium simultaneously displayed activities of
three ligninolytic enzymes, laccase, LiP, and MnP,
which was infeasible with some fungi in previous
studies. High concentration of MnP at early stage
suggests a fore role in lignin biodegradation and
increasing ratio of laccase to MnP and LiP suggests
its primary enzymatic roles. The present study reveals the potential of P. tuber-regium to produce
ligninolytic enzymes which might requires further
augmentation for industrial applications.
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EFFECTS OF DIFFERENT STARCHES ON SOME OF THE
FRYING AND STORAGE PROPERTIES OF MEAT PATTIES
Osman Kilincceker*
Department of Food Processing, Technical Sciences Vocational School, 8QLYHUVLW\RI$GÕ\DPDQ$GÕ\DPDQ7XUNH\

raw materials for some meat products because of
their low cost, renewability, and biodegradability.
Their gelation characteristics and high waterbinding abilities are major functional properties for
food production [5, 6]. The properties of starches
that are the most important for the formulation of
meat patties are related to immobilization of water,
texture and consistency control, color improvement,
and enhancement of storage stability. Moreover,
they are abundant and non-allergic and possess
good mechanical properties that may allow for
wider meat product applications [6, 7]. When
starches are used in meat patty formulations, the
shelf life and cooking characteristics of patties can
improved. They can decrease moisture loss and
diameter reduction, and also increase yield and
thickness that affect consumer choice [5, 7].
Proteoliytic deterioration and lipid oxidation
are the main factors for the quality and acceptability
of meat products. These changes lead to drip loss,
off-odor and off-flavor development, and production of potentially toxic compounds [8]. In addition,
lipid oxidation can cause oxidation of oxmyoglobin
to methmyoglobin, indicating discoloration of meat
patties [8, 9]. Hydrocolloids such as starches have
been shown to decrease lipid oxidation and proteolitic deterioration as effectively as other protective
additives in raw meat products because of their
functional properties such as water binding ability
and gelation. Therefore, they can decrease odor,
flavor, and color changes and improve shelf life of
meat patties. Some researchers have reported that
starches can increase friction and binding among
meat particles and decrease moisture activity of
meat products. Consequently, they can enhance
storage stability of meat products [1, 5, 7].
However, the studies on use of different
starches in meat patties are few, whereas the studies
about other hydrocolloids are too many. The objective of this study was to evaluate the effects of
potato starch, corn starch, and pea starch on some
properties of meat patties and to provide different
alternatives to consumers.

ABSTRACT
This study evaluated the effects of potato,
corn, and pea starches on some characteristics of
fried meat patties and some storage properties of
raw meat patties. Meat patties were produced with
three different formulations, including 1, 3, and 5%
of each starch addition. Physical, chemical, and
sensorial analyses were carried out on fried samples. The pH, thiobarbituric acid (TBA), and color
values of raw samples were determined at 4 oC
during ten days. Different levels of starches enhanced properties of fried meat patties. 5% levels of
potato starch and pea starch had a much better performance as a meat binder on fried samples compared with the others. Although pH and TBA values increased, starches did not affect these values of
raw samples during storage. However, 5% levels of
corn starch and pea starch could be used to increase
lightness on raw patty surface. Results of the study
indicated that the use of 5% levels of pea starch can
be more advantageous in meat patties.

KEYWORDS:
meat patty, potato starch, corn starch, pea starch, quality
characteristics

INTRODUCTION
Meat and meat products play an important role
in human nutrition. They provide an attractive tasteflavor and ready-made food for consumers [1, 2].
The quality of meat products depends on many
parameters. Their physical, chemical, and organoleptic characteristics are important for the food
industry [3, 4]. Meat patty is a sample for popular
meat products. Growing interest is shown to this
product by consumers as a result of the modern
SHRSOH¶V OLYHV. Therefore, the food manufacturers
try to improve the quality and to solve the cooking
problems of products such as meat ball and meat
patty during shelf life [2].
The use of many food ingredients and additives has been reported as meat binders and storage
stabilizers. Especially, when addition of different
starches in meat batter is indicated that the product
quality can be affected [1, 5]. Starches are attractive

MATERIALS AND METHODS
Materials. In this study, potato starch and
corn starch were purchased from Kimbiotek Co.
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(Istanbul, Turkey). Pea starch was obtained from
Roquette Co. (Lestrem, France). Lean veal, sheep
tail fat, and beef fat were obtained from local meat
VHOOHU LQ $GÕ\DPDn. Corn oil was used as frying
medium (<XGXP <XGXP &R %DOÕNHVLU 7XUNH\ 
A mini fryer (Arzum, AR 246) that has a thermostatic heat control was used for carrying out deep
frying operations.

Determination of the moisture, fat,
and moisture retention. Moisture contents of raw
and fried samples were determined by oven air
method at 105±2 oC and fat contents were determined by using soxhlet extraction method with nhexane [11]. Moisture retention was calculated
according to following equation.

Methods. Meat and fats were cut into 2-3 cm3
as pieces and kept at -18 oC in plastic bag until the
meat patty production ࡱ 15 days). Then, they were
thawed at + 4 oC and minced using mincing machine, separately. The minced meat and fats were
used to prepare the meat batter according to following receipt:
Meat batter was consisted of 87.5% mince,
10% fat (1:1 sheep tail fat:beef fat), 1.5% salt, 0.5%
red pepper, and 0.5% black pepper.
Then, nine different treatments were prepared
with adding 1%, 3%, and 5% starches to the formulation and kneaded and kept at +4 oC for up to 45
min. Control did not contain starch. Samples were
re-kneaded and each 27 g of batter was shaped with
silicone moulds into 14 mm thick and 48 mm diameter circular-shaped patties. Meat patties were divided in two parts. First part of patties was used to
perform of some frying characteristics at 180 oC
during 2.5 min in 1 L corn oil. Second part of patties was placed in polystyrene foam dishes and
wrapped with stretch film. Then they stored at 4 oC
for up to 10 days to determination of pH, TBA
(thiobarbituric acid), and color values of raw samples.

Sensory analysis. The fried patties were coded after 5 min and served in a random order. Ten
semi-trained judges assessed the sensory properties
using a hedonic scale for the appearance, color,
odor, flavor, and texture scores. Different values in
the scale indicated the following reactions: 1:
extreme dislike, 2: very much dislike, 3: moderate
dislike, 4: slight dislike, 5: neutral, 6: like slightly,
7: like moderately, 8: like very much, 9: like
extremely [12].
Determination of the pH and TBA. Stability
analyses of raw samples were done at the end of the
1th, 5th and 10th days. pH values were determined by
using a pH meter (Orion 3-Star, Thermo fisher
Scientific, Waltham, MA) as obtained by Ockerman
[13]. TBA values (mg of malondialdehyde/kg) were
attained according to the distillation method as
described by Tarladgis et al. [14].
Statistical analyses. Three replicates were
performed for this study. The data were subjected
to analiysis of variance (ANOVA), and the results
were expressed as mean±standart deviation (SD).
When there were differences among the samples,
WKH GLIIHUHQFHV ZHUH FRPSDUHG E\ 'XQFDQ¶V
multiple-range test at the levels of p<0.01 and
p<0.05 using software (SPSS, CHICAGO, IL,
USA).

Determination of the frying yield, increase
of thickness, and diameter reduction. Frying
yield, increase of thickness, and diameter reduction
after frying were obtained as follows:

RESULTS AND DISCUSSION
Table 1 shows the some physical characteristics for fried meat patties. The effects of starches on
the frying yield (p<0.01), increase of thickness
(p<0.01), and diameter reduction (p<0.05) values
were found to be significant. With regard to yield,
the high levels of starch increased this value compared with the control. At 5% levels of starches,
patties had higher frying yield values than other
treatments. As the yield results, the increase of
thickness generally increased with the high level of
starches in the meat patties. Especially, 5% levels
of X and Y more increased thickness of patties after
frying. In the contrast, increase of starches in the
meat patties decreased the diameter reduction. Generally, diameters of fried samples were low at the

Instrumental color analysis. Surface colors
of meat patties were measured by using a portable
colorimeter (Minolta CR-400, Osaka, Japan) after
frying processes for fried samples and at the end of
the 1th, 5th and 10th storage days for raw samples.
The instrument was standardised against a white
standardisation plate before each measurement. The
color was maintained according to CIELAB systems as L (lightness), a (redness) and b (yellowness) values, as described by Dogan [10]. Four
meat patties were used for the analysis of each
treatment. Four measurements were taken for each
sample.
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TABLE 1
Some physical characteristics of fried meat patties.
Sample

Yield (%)

Control
1% X
3% X
5% X
1% Y
3% Y
5% Y
1% Z
3% Z
5% Z

65.27±0.64d
64.92±0.51d
69.44±1.02c
77.77±0.76a
63.52±0.13d
70.23±0.14c
76.94±1.75a
65.53±0.18d
74.35±1.30b
77.54±0.30a

Increase of thickness (%)
20.15±2.42d
25.15±2.24bc
25.31±0.95bc
30.12±0.19a
22.30±1.50cd
25.39±0.35bc
29.93±1.56a
23.72±1.74c
27.87±0.61ab
24.82±1.40bc

Diameter reduction
(%)
20.60±1.02a
21.46±0.37a
18.73±1.37ab
14.64±1.51cd
19.47±2.85ab
18.06±1.87abc
18.69±0.52ab
18.29±1.94ab
16.88±0.10bcd
14.43±1.21d

L

a

b

22.44±0.95a
20.23±0.91a
19.86±2.18a
21.26±1.56a
19.65±0.23a
20.52±1.28a
21.27±0.73a
20.73±1.48a
22.08±0.27a
21.92±0.06a

5.34±0.15a
4.88±0.13bc
4.61±0.23bcd
4.42±0.23d
5.01±0.01ab
4.96±0.23abc
4.83±0.15bc
4.89±0.23bc
4.57±0.04cd
4.59±0.01bcd

5.47±0.47a
4.58±0.23a
4.51±0.71a
4.26±0.37a
4.46±0.06a
4.89±0.38a
4.58±0.01a
4.87±0.35a
4.93±0.09a
4.57±0.03a

X: Potato starch; Y: Corn starch; Z: Pea starch; Mean values within a column followed by different letters are significantly
(p<0.05) different.

TABLE 2
Fat, moisture, and moisture retention values of meat patties (%).
Sample
Control
1% X
3% X
5% X
1% Y
3% Y
5% Y
1% Z
3% Z
5% Z

Raw
Moisture
67.07±0.007ab
67.67±0.001a
65.69±0.93cd
64.93±0.11d
67.35±0.17a
66.20±0.17c
65.31±0.15d
67.70±0.35a
66.27±0.14bc
65.28±0.51d

Fat
11.60±0.81a
11.00±1.41a
11.91±0.53a
10.32±0.46a
11.71±0.04a
10.90±0.13a
11.45±0.51a
10.81±0.95a
10.85±0.18a
10.44±0.56a

Fried
Moisture
53.99±0.20bc
53.54±1.10c
53.13±0.73c
55.65±0.35ab
51.10±0.62d
53.44±1.30c
53.96±0.30bc
53.33±1.20c
56.58±1.22a
55.90±0.32a

Fat
13.34±0.08cde
13.87±0.70bcde
12.51±1.32def
13.29±0.22cdef
16.00±0.66a
15.12±0.27ab
14.54±0.58abc
14.02±0.72bcd
11.60±1.14f
12.25±0.32ef

Moisture retention
52.59±0.64d
51.36±0.64d
56.16±0.75c
66.66±0.96a
48.19±0.38e
56.69±1.11c
63.57±1.93b
51.62±0.60d
63.46±0.12b
66.41±0.64a

X: Potato starch; Y: Corn starch; Z: Pea starch, Mean values within a column followed by different letters are significantly
(p<0.05) different.

addition of wheat fibers. As in these studies, when
the levels of starches in meat patties increased, the
thickness and diameter generally increased after
frying.
Data in table 1 indicated that fried meat patties
formulated with starches had similar L values and b
values statistically (p>0.05). However, a values
decreased in fried patties (p<0.01). As our study,
Khalil [17] determined that low-fat patties formulated with starch/water combinations had lower red
colors compared with the control. Yasarlar et al.
[21] found that a values of cooked meatballs decreased with more bran addition. Demirci et al. [22]
reported that meat ball redness decreased with more
gum addition in raw and cooked samples. In addition, similar findings were reported by Lin and
Huang [23].
The effects of starches and their levels on the
moisture values of raw and fried meat patties were
significant (p<0.01, Table 2). Raw samples had a
moisture content ranging from 64.93 to 67.70%.
However, the moisture contents of fried samples
increased with more starch addition. Fried meat
patties had a moisture content ranging from 51.10
to 56.58%. Especially, 5% level of X and 3% and
5% levels of Z had higher moisture values than
others in fried samples (Table 2). The use of starches in meat patties did not significantly change the
fat values of raw samples (p>0.05). However, they

level of 1% starches in meat patties. The diameter
reductions were lower in samples with 5% X and Z
than other samples (Table 1).
Starches have been shown to be effective water binders and to improve frying yield in beef patties. During the cooking processes, starches form a
gel matrix that can retain some components such as
water inside it. Tabarestani and Tehrani [5] reported
that 5% level of starch was optimum for cooking
yield and other properties of hamburger formulation. Carballo et al. [15] and Colmenero et al. [16]
determined that increased levels of starches reduced
cooking loss. Yield increased linearly with the
increasing level of starch in buffalo meat patties,
which could be attributed to high water binding
property of starch. Khalil [17] observed that formulation with starch/water at 1:3 ratios in the beef
patties were higher cooking yield than those 1:4 and
1:5 ratios. During the frying process, gel formation
and changes in the moisture loss may affect the size
and shape of the meat patties [18, 19]. Thickness of
products increase while diameter reduction decrease during frying. Kurt DQG .ÕOÕQooHNHU [19]
found that cereal and legume flours decreased diameter reductions of cooked beef patties. They said
that the high diameters were connected with the
starch and protein content of flour. In addition,
Mansour and Khalil [20] determined that diameter
reduction of beef burgers was improved by the
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due to binding of more moisture in fried meat
patties with 5% starches. During the frying process,
starches form a gel matrix that can retain moisture
in meat patties. Similarly, Berry and Wergin [27]
documented the improvement in the moisture retention in beef patties with 3% potato starch added.
Tabarestani and Tehrani [5] found that starch was a
critical ingredient for moisture retention in cooked
hamburgers. They determined that 5% starch was
optimum compared with 1.25%, 2.5%, and 3.25%
levels of it. Also, Giese [28] reported that oat bran
and oat fiber increased moisture retention of meat
products.
The effects of different treatments were not
significant on sensory properties of patties
(P>0.05). These scores for all meat patty samples
were in the range of 5.90±8.10. Generally, meat
patties with starches were very likely (the values
are not shown in the manuscript).
The pH, TBA, and color values of raw meat
patties were given in table 3. The pH and TBA are
very important quality factories for meats. However, effects of different starches and levels on pH and
TBA values were not statistically significant
(p>0.05). The pH values ranged from 5.81 to 5.93,
whereas TBA values ranged from 0.31 to 0.35
mg/kg (Table 3). To determine color values of raw
products are also important for the food production.
They can affect the color of the final product.
Moreover, color of foods is the first quality factor
for consumers at the time of purchasing [5, 29].
Results of statistical analyses indicated that L values of raw samples were significantly (P<0.01)
affected by the addition of starches. However, a and
b values were not affected (p>0.05). L values generally increased with more starch addition. Especially, 5% levels of Y and Z had higher L values
than other raw patties (Table 3).
Increase of L means that addition of starches
resulted in lighter-colored raw products. Similar
results were also reported in meatball with rye bran
E\<ÕOPD]>@,QDQRWKHUVWXG\$QGUHVet al. [30]
determined that adding whey protein content rate to
chicken sausages resulted in increased lightness.

affected the fat values of fried samples (p<0.01).
Fat values of raw samples were in the range of
10.32±11.91%. Generally, fat in fried patties decreased with more starch addition. 3% and 5%
levels of X and Z had lower fat values than control
and other treatments in fried samples (Table 2).
Moisture level in the raw samples decreased
when starch level in patties increased. Similarly,
findings have been previously reported for various
types of meat products such as meat patties [17, 21,
22, 24]. Moisture values of fried samples were
similar to those reported by Ulu [25]. In addition,
the results are in good agreement with those by
Mansour and Khalil [20], who observed that cooked
beef burgers formulated with a high level of wheat
fibers were higher in moisture than other samples.
These results clearly showed that the addition of
starches to meat patties resulted in more moisture in
samples during frying due to their ability to bind
water [5, 17, 20]. The frying process causes to form
a gel matrix that can prevent the migration of moisture from fried food and the penetration of fat inside it. During the frying of meat products, fat can
be partly replaced by water and non-meat ingredients such as dietary fibers [22]. In our study, high
levels of starches prevented the moisture loss and
fat absorption in meat patties. Similarly, Yilmaz
[26] reported that the most effective method in
lowering calorie content is to reduce fat content in
meat products. He found that rye bran addition at
the level of 20% in meat balls resulted in a significant reduction in fat content compared with 5%,
10%, and 15% levels. Our results agree with those
reported by Mansour and Khalil [20] and Soltanizadeh and Ghiasi-Esfahani [2], who reported significantly decreased fat contents of beef burgers with
added dietary fiber and Aloe Vera.
There are significant differences for moisture
retentions between the meat patties with different
starches and their levels (p<0.01). Generally, moisture retention increased with more starch addition
in fried samples. Moisture retention values for 5%
levels of X and Z in meat patties were found to be
higher compared with others (Table 2).
The increase of moisture retention might be

TABLE 3
pH, TBA, and color values of raw meat patties.
Sample
pH
TBA (mg/kg)
L
a
b
Control
5.82±0.31a
0.34±0.04a
32.06±0.83de
11.19±3.36a
8.98±0.72a
a
a
e
a
1% X
5.92±0.49
0.35±0.04
31.51±0.99
12.23±2.70
8.82±0.74a
3% X
5.93±0.53a
0.33±0.04a
31.88±1.25e
12.54±2.61a
9.06±0.64a
a
a
cd
a
5% X
5.89±0.42
0.31±0.03
33.15±1.04
12.01±3.89
9.71±0.80a
1% Y
5.84±0.35a
0.33±0.03a
32.34±0.67de
11.78±3.64a
9.33±0.52a
3% Y
5.87±0.43a
0.32±0.03a
34.22±0.70bc
13.08±2.85a
8.79±3.73a
a
a
a
a
5% Y
5.85±0.34
0.31±0.03
36.03±0.74
12.60±3.39
9.36±4.09a
1% Z
5.86±0.39a
0.33±0.03a
32.24±0.83de
11.56±3.07a
8.82±0.63a
a
a
bc
a
3% Z
5.81±0.31
0.33±0.03
33.97±0.91
11.23±3.67
9.68±0.79a
5% Z
5.82±0.33a
0.31±0.03a
34.70±0.68b
12.25±3.64a
10.26±0.71a
X: Potato starch; Y: Corn starch; Z: Pea starch; Mean values within a column followed by different letters are significantly
(p<0.05) different.
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FIGURE 1
Effect of storage on pH and TBA values of raw meat patties. Bars having different letters
are significantly (p<0.05) different.



FIGURE 2
Effects of storage on colour values of raw meat patties. Bars having different letters
are significantly (p<0.05) different.
pH values of meat patties increased at the end
of the storage (p<0.01, Figure 1). An interaction
between the treatments and storage was observed
for pH values (p  ޒ7KHORZHVW S+ ZDV PHDsured as 5.56 in sample with 3% X and 3% Y at the
1th day. The highest pH was measured as 6.61 in
sample with 3% X at the 10th day. TBA values of
samples showed a fluctuating change during storage
(p<0.01, Figure 1). Significant interactions were
determined between the treatments and storage for
TBA values (P  ޒ7KH ORZHVW 7%$ YDOXH ZDV
found as 0.28 mg/kg in sample with 3% X, 5% X,
and 5% Y at the 1th day. The highest TBA value
was detected as 0.40 mg/kg in sample with 1% X at
the 5th day.
Decomposition of nitrogenous compounds
leads to the increase in pH of the meat products.
Increase of pH has an effect on the product quality
during storage. Consequently, some sensorial properties such as odor and color are negatively affected
[12, 31]. The mean pH values of all the raw meat
patties are not higher than the limit of 6.5 for meat

products at the end of the storage [12].
TBA value can represent the content of secondary lipid oxidation products. Lipid oxidation
reaction affects quality and acceptability of lipidcontained products during storage. Some authors
reported that malonaldehyde content can be decreased during storage because of the reactions
between the carbonyls and proteins [32, 33]. The
fluctuation of TBA can be for this reason. A similar
behaviour was observed by Shahidi and Pegg [34]
in cooked pork meat during a 3-week chill storage.
In our study, the TBA values of raw meat patties
were at the level of consumption, provided by
Gökalp et al. [12] range from 0.7 to 1 mg/kg. In
addition, TBA values were lower than values of
Schormüller [35] at the end of the storage.
Storage times affected the color values of raw
meat patties. L showed a fluctuation change
(p ޒZKHUeas a and b values decreased during
storage (p)ޒLJXUH 2). An interaction between
treatments and storage was not observed for L and b
values (p  ޓ+RZHYHU VLJQLILFDQW LQWHUDFWLRQV
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low-fat beef patties formulated with modified
corn starch and water. Food Chem. 68, 61-68.
[18] Alakali, J.S., Irtwange, S.W., and Mzer, M.T.
(2010) Quality evaluation of beef patties formulated with bambara groundnut (Vigna subtnerranean L.) seed flour. Meat Sci. 85, 215223.

between treatments and storage were found for a
values. The lowest a value was found as 7.76 in
control at the 10th day whereas the highest a value
was determined as 16.88 in sample with 5% X at
the 1th day.
The decrease of a and b values during storage
is probably due to oxidation of oxmyoglobin to
methmyoglobin, indicating discoloration of meat
products [36]. Similarly, Özen et al. [37] determined that a and b values of minced fish muscle
decreased during storage due to lipid oxidation.
Romero et al. [36] also found decreases in a and b
values of raw beef patties during storage.

CONCLUSIONS
In conclusion, different levels of starches improved properties of fried meat patties. 5% levels of
X (potato starch) and Z (pea starch) had a much
better performance as a meat binder on fried meat
patties compared with the other treatments. Starches did not affect the pH and TBA values of raw
samples during storage. However, 5% levels of Y
(corn starch) and Z (pea starch) could be used to
increase lightness on the raw patty surface. Especially, these observations indicated that the use of
5% level of Z (pea starch) can be more advantageous in meat patties.
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THE EFFECTS OF ULTRASOUND PRE-TREATMENT IN
HOT AIR AND MICROWAVE DRYING OF KUMQUAT
(FORTUNELLA MARGARITA SWINGLE) ON THE QUALITY
CHARACTERISTICS
Alper Kuscu*, Ulku Hilal Uslu
Department of Food Engineering, Suleyman Demirel University, Cunur, 32260 Isparta, Turkey

compounds extracted by different solvents [6], antioxidant properties of kumquat juice [1] and extension of shelf life [9].
Drying is the oldest method of food preservation and it requires high amounts of energy. The hot
air drying is the most frequently used drying technique for fruit and vegetable. While this operation is
a simple practice, undesired changes may take place
in the quality of the dried product. The high heat and
long processing time in conventional drying leads to
oxidation of pigments and decreasing quality characteristics in fruits such as enzymatic and non-enzymatic darkening, losses in flavor and nutritional
components, and significant reductions in bulk density and rehydration capacity [10, 11, 12, 13]. Lou et
al. (2015) [8] reported that identified flavonoid content decreased when the immature kumquat dried in
hot air at 130 °C for 1.5 h. Xu et al. (2007) [14] suggested that an appropriate and reasonable heat treatment liberate the phenolics and therefore enhance
the antioxidant capacity of citrus peel. MW drying
has been used to numerous studies for an alternative
method instead of hot air drying of various fruits and
vegetables such as kiwi [15], carrot and garlic [16],
okra [17], mandarin [18], pomegranate [13], etc. The
positive results have been obtained about shortening
the drying time and improving the quality properties
LQ0:GU\LQJ'DGDOÕHWDO  >@UHSRUWHGWKH
lowest browning index (BI) in okra drying in MW as
compared to hot air drying, and Dadali and Özbek
(2009) [19] found that increased MW power leads to
losses in the amounts of ascorbic acid. In the other
hand, ultrasound is applied as a pre-treatment in various drying processes to shorten the drying time and
to improve quality characteristics (minimal shrinkage, maximum rehydration capacity) of dried products [20]. While there are numerous studies about
US pretreatment on hot air drying of fruits and vegetables such as apple [21], banana [22], carrot [23],
papaya [24], etc., but there are limited number of US
application in the literature as a pre-treatment or
combination on MW drying such as green pepper
[25], tomato [26] and strawberry [27].
Ultrasound assisted microwave drying is a new
approach in drying applications. There is a restricted
study about this drying combination (hybrid) in the

ABSTRACT
This study tried to determine the effects of 10,
20 and 30 min ultrasound (US) pre-treatment in the
process of drying the kumquat fruit (Fortunella margarita Swingle) at 70 °C hot air (in an oven) with
0.83 m/s air velocity and in a microwave (MW) with
180 W power. US pre-treatment shortened the drying time in hot air and MW drying respectively by
22.22% and 27.28%. With US pre-treatment, loss of
ascorbic acid dropped in hot air and MW drying respectively from 58.19% to 49.41% and from 54.5%
to 45.5% in comparison to controls. US pre-treatPHQWDIIHFWHGFKURPDDQGǻ(YDOXHVSRVLWLYHO\DQG
while it increased rehydration capacity in hot air and
MW drying by 20.92% and 18.92% respectively, it
decreased shrinkage values by 31.03% and 25.07%
respectively.

KEYWORDS:
Kumquat (Fortunella spp.), drying, hot air, microwave, ultrasound

INTRODUCTION
Kumquat (Fortunella spp.) is a fruit with origins of East Asia and China that belongs to the genus
Fortunella of the Rutaceae family, with a round or
oval shape. It is known as the smallest citrus fruit.
As opposed to the case in other citrus fruits, it is consumed with its rind as a whole. While it may be consumed fresh, it is also used in products such a liquor,
wine, candy, marmalade and jam [1, 2, 3, 4]. Its phenolic composition is different from citrus fruits,
while it is rich of vitamins, non-starch polysaccharides, essential oils, lipids, carotenoids, limonoids,
terpenoids, flavonoids, and similar compounds [3, 5,
6, 7]. In terms of health, kumquat has been used in
prevention of rupture in blood vessels, reduction of
fragility and permeability of blood capillaries and for
slowing down arteriosclerosis. Studies about this
fruit have been related on the components of dried
imPDWXUHNXPTXDW>@PDWXUHNXPTXDW¶VHIIHFWLYH
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literature. 6]DG]LĔVND et al. (2016) [25] shown that
US combined MW drying (short term dosing) of
strawberries enhances the drying kinetics. SzaG]LĔVND et al. (2017) [27] reported that combination
of convective-microwave-ultrasound drying reduces
effectively the drying time and enhances the colour
retention. Horuz et al. (2017) [26] who dried US-pretreated following hot air supported microwave drying of tomato slices and found reduction in drying
time, improving the rehydration capacity and increasing phenolic and ascorbic acid content when
US treatment time increased.
The purpose of this study is to investigate the
drying potential of kumquat slices in hot air and microwave systems and also is to determine the drying
behavior and developing the quality criterion of
kumquat slices when the ultrasound applied as a pretreatment in hot air and microwave drying.

kumquats were loaded onto the tray as a single layer
without US pre-treatment control (C70) and with US
pre-treatment 10 min (10US70), 20 min (20US70),
30 min (30US70). The changes in weight that took
place during the drying process were constantly recorded, and drying was ended when a constant weight
was reached.
In MW drying, a kitchen-type microwave oven
(Bosch 5870 GH, Germany) was used. 0.275 kg
samples were placed on a drying tray made of perforated plastic material with a radius of 31 cm, and the
drying process was carried out at 180 W. In the MW
drying with US pre-treatment, in order to determine
the differences with control, the drying time of 30
min was used as it provided the most effective results
in the conventional hot air drying process with US
pre-treatment (short drying time, the highest diffusion coefficient and the lowest loss of ascorbic acid,
as shown in Table 3, 4). Sliced kumquats were
loaded onto the tray without US pre-treatment (control MW; CMW) and with US pre-treatment (30 min;
US30MW) as a single layer. The process was completed as 3 min power on and 15 s power of at 180
W.
Drying curves were obtained by visualizing the
moisture content of the product against time. Drying
rate was calculated by using the X value obtained by
dividing the moisture content by the dry matter content at a moment t [28]. Equation (1) was used for
calculation.

MATERIALS AND METHODS
Materials. Ripened kumquat (Fortunella margarita Swingle) fruits were obtained from the West
Mediterranean Agricultural Research Institute (Antalya, Turkey) and stored at 4 ± 1°C until drying process.
Methods. All drying treatments (US pre-treatments and drying) and analyses (the height, width,
weight, TDM, SS, ash, pH, TA, ascorbic acid (AA),
colour changes, rehydration capacity and shrinkage
values) were completed in duplicate and the results
were given in the average of the obtained values.

(1)
Here, Ls is the amount of dry matter (g), A is
the surface area of the drying tray (m2). As the bottom surface of the tray in the drying process was perforated, drying took place on two surfaces, and therefore, the surface area of the tray was multiplied by
two.
The second law of Fick which shows one-dimensional diffusion is used frequently to explain the
SURFHVVRIPRLVWXUHGLIIXVLRQ)LFN¶VVHFRQGODZLV
as in Equation (2) [22].

Preparation of Kumquat slices. The fruits
were washed, rinsed with paper towel and then cut
into 5 ± 0.1 mm of thickness with a knife.
Ultrasound (US) Pre-Treatments. Ultrasound pre-treatments were performed at room temperature (25°C), with 40 kHz frequency and 150W
power without stirring using an ultrasound bath
(WiseClean WUC-A06H, Korea). Distilled water
environment was used to transfer ultrasonic waves
with a raw material / water ratio of ¼, in three different processing times as 10, 20 and 30 min, while the
maximum allowed increase in temperature was determined as 5 °C. The fruits were rinsed with paper
towel after the US treatment and they were taken into
the drying process after getting weighed. Control
samples have not been treated with US before hot air
and MW drying.

(2)
Here, DH¦¦ is the diffusion coefficient (m2/s), C
is the moisture content in dry matter (g water/g dm),
t is the time (s), x is the dimensional coordinate (m).
In developing the model, it was assumed that fruits
are infinite slabs with fixed thickness, physical characteristics such as coefficient of heat transfer with
convection, specific heat capacity coefficient and
density are uniform for the entire slice and constant
during the process, and shrinkage is neglected. If the
equation is used based on the initial and boundary
conditions below, Equation (3) is obtained.

Drying Procedures. A tray drier (Mikrotest
MSD 2.50D, Ankara, Turkey) was used in conventional hot air drying. As determined suitable after the
pre-trials, conventional drying took place at 70°C
and with a constant 0.83 m/s air velocity. When the
drier reached the set temperature, 0.275 kg of sliced
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(3)
Here, L is the half-thickness of the product (m),
Me is the equilibrium moisture content (g water/g
dm), Mo is the initial moisture content (g water/g dm)
[22]. When the drying time is long, taking only the
first item in the series provides results with a minimal error and it may be reorganized as Equation (4).

reached a constant measurement, and then leaving on
a strainer for 30 minutes and rinsing.
(6)
Here, Wt is the weight of the product at any
time (g), Wd is the dry product weight (g). Shrinkage
level was calculated based on Equation (7) by using
toluene (Sigma Aldrich, Germany) as the solvent.

(4)
The effective diffusion coefficient was obtained using Equation (5) by taking the slope of the
graph drawn against time by taking the natural logarithm (LN) of separable moisture ratio (MR) values.

(7)
Here, V is the sample volume (cm3), Vf is the
volume of the container where measurements are
made (cm3), M(t+s) is the volume of the container with
the solvent and the sample in (cm3), Mf is the weight
of the container (g), M is the sample weight (g), and
ȡs is the solvent density (g/cm3).

(5)
Analysis. The width, height and weight of
the fruits. The width, height and weight of the fruits
were found in 100 fruits. The widths and heights
were measured with a digital caliper (Mitutoyo, Japan) and the weights were measured using a scale
(Sartorius, Germany) with sensitivity of 0.01 g.

Color measurement and browning index.
The color measurements on the samples were made
based on Mohammadi et al. (2008) [31]. Color measurements were performed based on the CIE Lab system using a Minolta CR 400 device (Osaka, Japan).
The color scale was found as; L (lightness), a (redness), b (yellowness); tRWDO FRORU GLIIHUHQFHV ǻ( 
was found using Equation (8), the chroma value
ǻ& ZDVIRXQGXVLQJ(TXDWLRQ  DQGWKHKXHDQ
gle (h°) was found using Equation (10).
(8)

Determination of TDM, ash and TA. TDM,
ash and TA measurements were made on the raw
material, after the US pre-treatment, and in dried
VDPSOHVEDVHGRQ&HPHUR÷OX  >@$KRPRJ
enized 5 g of samples were dried to reach constant
weight in a vacuum oven (WiseVen WOF-155,
South Korea) at 65 °C for total dry matter analysis.
For ash analysis, 3 g of samples were taken in a
porcelain dish and dried over burning flame. Then,
the sample was replaced in a muffle furnace (Nüve
MF 120, Turkey) at 550 °C until the constant weight
was reached. Then, it was cooled in desiccators and
weighted. The titratable acidity was measured potentiometrically, 5 g of sample diluted in 100 ml distilled water and homogenized with kitchen type
blender (Braun MR 404, Germany) then filtered
through coarse filter. An amount of filtrate was titrated with 0.1 N NaOH (Sigma Aldrich, Germany)
up to pH 8.1.
Ascorbic acid content was determined by the
spectrophotometric method for using Boeco S-20
(Hamburg, Germany) spectrophotometer at a wavelength of 518 nm quantitatively following the procedure from Demirdöven and Baysal (2014) [30].
Ascorbic acid analysis was determined by reacting
ascorbic acid with 2,6-dichloroindophenol (Sigma
Aldrich, Germany) dye solution and the amount of
ascorbic acid was calculated according to the calibration curve prepared with ascorbic acid (Sigma Aldrich, Germany) standard solution at different concentrations.
Rehydration capacity was determined based on
Maskan (2001a) [15] using Equation (6) by leaving
the dried samples in 50 °C distilled water until they

(9)
(10)
Browning index (BI) was found based on Mohammadi et al. (2008) [31]. Calculations were made
based on the Equations (11) and (12) below.
(11)
(12)
The separable moisture ratio used in the drying
processes and denoted as MR is given in Equation
(13) [32].
(13)
Here, M is the moisture content of the product
in a specific moment t (g water/ g dm), M e is the
equilibrium moisture content, Mo is the initial moisture content. The Me value is very small in comparison to other terms and it is neglected in most studies.
Statistical analysis. All treatments and analysis were performed in triplicate. The results were
subjected to the analysis of variance using SPSS
(Version 16.0) and the significance of the difference
EHWZHHQPHDQVZDVGHWHUPLQHGE\'XQFDQ¶VPXOWL
ple range test (p<0.05).
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TABLE 1
TDM and TA values of the kumquat fruit before and after US treatment
Analysis
TDM, (%)
TA, (%)

Raw material
(fresh fruit)
21.28±0.67 b
0.89±0.29 c

10 min US

20 min US
a

30 min US
a

17.08±0.55
0.56±0.13 b

16.49±0.51
0.44±0.15 ab

16.23±0.43 a
0.32±0.14 a

Different letters in the same row denote statistically significant difference (p<0.05)
TABLE 2
TDM, ash and TA values of the samples dried with the conventional hot air at 70 °C and in microwave
Drying at 70 °C
Analysis
TDM, (%)
Ash, (%)
TA, (%)

Control (C70)
b

93.17±0.60
1.78±0.06 a
3.56±0.12 b

10US70

20US70
b

92.81±0.49
1.76±0.04 a
2.63±0.15 a

30US70
b

93.41±0.37
1.76±0.07 a
2.76±0.63 a

93.12±0.40 b
1.77±0.02 a
2.69±0.42 a

Microwave drying
Control
30USMW
(CMW)
a
90.23±0.21
90.09±0.97 a
1.94±0.08 b
1.80±0.02 a
4.33±0.42 c
4.22±0.05 bc

Different letters in the same row denote statistically significant difference (p<0.05)
results of our study were found in agreement with
those of Santos et al. (2015) [33]. The °brix of the
water in the water bath was measured after the US
process and it was found that there was a mean increase of 2.27. Fernandes and Rodriguez (2007) [34]
reported the loss of sugar in bananas after 10, 20 and
30 min US treatments as 11, 12.1 and 21.3% respectively. It was reported that the loss of sugar was
13.8% after a US pre-treatment applied in drying papaya [24].
Table 2 shows the results of the TDM, ash and
TA analyses performed after drying processes. As
seen in Table 2, the TDM values for C70, 10US70,
20US70, 30US70, CMW and 30USMW were found
as 93.17, 92.81, 93.41, 93.12, 90.23 and 90.09% respectively, and statistically significant differences
were found among implementations (p<0.05). The
ash content of dried samples were determined between 1.76 and 1.94%, and there was a significant
difference (p<0.05). The TA values of the dried samples for C70, 10US70, 20US70, 30US70, CMW and
30USMW were as 3.56, 2.63, 2.76, 2.69, 4.33 and
4.22%, respectively. The difference among the TA
values in the dried fruits was found statistically significant (p<0.05).
Considering these data, it may be seen that the
samples dried after US pre-treatment resulted in
losses of TDM, ash and TA, except in the case of
TDM in 20US70. This loss may be explained by the
transfer of water-soluble materials in the fruits during the process of US pre-treatment due to contact
with water. As opposed to our results, Cao et al.
(2010) [35] stated that US treatment applied on fresh
strawberries at 0, 25, 28, 40 and 59 kHz frequency
for 10 min did not have a statistically significant effect on TA.

RESULTS
The total dry matter (TDM) in the kumquat
fruit was found as 21.28%, while its height, width
and weight were found as 36 mm, 23 mm and 11 g,
respectively. The °brix measurement of the fruits
was performed in two ways as the inner parts of the
fruit and as the entire fruit (with the rind). The °brix
value on the inside was found 13.81, while it was
found 16.52 in the measurement with the rind. The
rind part of the kumquat fruit, which is consumed
with its rind, has an effect on the °brix value. The ash
value in the fruit was 0.42%, and the pH value was
3.3.
Table 1 shows the TDM and titratable acidity
(TA) values of the kumquat fruit before and after the
US pre-treatments. The TDM amounts in the raw
material and after 10, 20 and 30 min US applications
were found respectively as 21.28, 17.08, 16.49 and
16.23%, while the reduction of TDM after US application was found statistically significant (p<0.05).
While this was found significant between the fresh
fruits and the fruits after US processes (p<0.05), it
was found that the TDM values decreased in 10, 20
and 30 min US processes as the duration increased,
but this decrease was not statistically significant
(p>0.05). Similarly, considering the TA results, the
TA value of 0.89% in the raw material before US
pre-treatment decreased after 10, 20 and 30 min. US
pre-treatments respectively up to 0.56, 0.44 and
0.32%, while this change was significant (p<0.05).
The TA values decreased in the application of
US treatments as the duration increased, and this was
statistically significant (p<0.05). TDM and TA value
reductions may be explained by the transfer of watersoluble components (vitamins, minerals, sugars, organic acids, etc.) from the fruit to the environment in
direct proportion with time. Santos et al. (2015) [33]
applied 25 kHz US for 30 min on freshly chopped
mango slices, and reported the TDM and TA values
in fresh fruits and US-applied fruits respectively as
93.2%, 92.7% and 0.33%, 0.26%. In this regard, the

Water retention capacities. Figure 1 shows
the effect of the US pre-treatment duration on water
retention capacity (WRC) of kumquat samples dried
in different conditions. The differences in initial
moisture content before drying emerged after US
pre-treatments.
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FIGURE 1
The plot of time-based change in the water retention capacity (WRC) of kumquat samples dried in
different conditions
TABLE 3
The effects of US pre-treatment and drying applications on diffusion coefficients and drying times.
Drying time
Decreasing drying time
Deff
Drying
Treatments
(m2/s)
(min)
(%)
C70*
4.5 x 10-10
360e
10US70
5.7 x 10-10
320d
11.11a
70 °C
20US70
6.1 x 10-10
300c
16.67b
-10
b
30US70
6.8 x 10
280
22.22c
-10
c
MW (180 W)
CMW*
6.6 x 10
300
16.67b
-10
a
30USMW
7.3 x 10
260
27.78d
Different letters in the same column denote statistically significant difference (p<0.05)
*; without ultrasound pre-treatment

The lowest moisture contents were found in the
C70 and CMW samples. As the application time increased in US pre-treatments, the water content of
the samples increased. For C70, 10US70, 20US70,
30US70, CMW and 30USMW samples, these values
were found respectively as 3.62, 4.86, 5.09, 5.54,
3.90 and 5.16 g water/g dry solids. In agreement with
our results, it was reported that samples gained respectively 4.1, 11.1 and 7.2% water after 10, 20 and
30 min US treatment [34]. In the US pre-treatment,
while the samples were taken moisture in, they also
lost soluble solids. The °brix values measured in the
water bath after 10, 20 and 30 min US pre-treatments
were 1.6, 2.1 and 3.1, respectively.
The drying process was carried out until the
samples reached a constant weight, and the drying
times for C70, 10US70, 20US70, 30US70, CMW
and 30USMW were 360, 320, 300, 280, 300 and 260
min, respectively. The drying times were inversely
proportional to the initial moisture amounts. The
conventional hot air drying without US pre-treatment had the longest duration of drying.
The US process led to structural changes in
kumquat slices due to cavitation effects, and therefore, the drying times were reduced as the time of US
application increased. The 30US samples, whose initial moisture contents (moisture gained from the environment with US pre-treatment) were the highest,
were the samples that were dried in the shortest time.
Increase in the time of US application increased the

effect of cavitation in the tissue, and led to an increase in the amount of microscopic channels among
tissues. This situation led to more water intake as the
application time increase in the first stage of US pretreatment, and in the second stage of drying, these
microscopic channels allowed easier removal of water, thus decreasing drying times.
Effective moisture diffusivity. Table 3 shows
the effective diffusion coefficients and amounts of
reduction in drying times for the hot air and microwave drying processes under different US pre-treatment conditions. US pre-treatments and different
drying application had a significant effect on Deff,
and the Deff values were found between 4.5 x 10-10
and 7.3 x 10-10 m2/s. The effects of the US application on drying times were influential in comparison
to the control groups both in hot air drying and microwave drying.
As the time of US increased the Deff value also
increased. The percentage of drying time decrease in
comparison to the C70 for 10US70, 20US70,
30US70, CMW and 30USMW were found respectively as 11.11, 16.67, 22.22, 16.67 and 27.78%, and
the reductions in drying times were found statistically significant (p<0.05). The drying times for the
sample 20US70 and the sample CMW were the
same, while their times decreased by 16.67% in comparison to the sample C70 (control). While microwave drying is a faster drying practice, when US pre-
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Table 5 shows the changes in the L, a and b values of dried kumquat fruits. The L value shows the
brightness and darkness of the samples. These values
were found between 53.12 and 61.39 in the dried
samples. The L values of the kumquat slices dried at
70 °C were found for C70, 10US70, 20US70 and
30US70 respectively as 53.55, 53.12, 56.19 and
57.84. The L value increased as the time of US pretreatment increased and the differences were found
statistically significant (p<0.05).
The L values of CMW and 30USMW were
found as 61.39 and 60.45 respectively, and the difference was found insignificant (p>0.05). While all
US pre-treatments accept the pre-treatment 10US increased the L value in 70 °C hot air drying, pre-treatment reduced the L value in microwave drying.
Wiktor et al. (2016) [39] reported that contact US
pre-treatment reduces the L value and this leads to
darkening. In our study, the L values increased in hot
air drying and decreased in microwave drying due to
the US pre-treatment.
The value a denotes greenness-redness values.
The a values were found in the dried kumquat samples were found between 2.63 and 6.41. In hot air
drying, the a value increased in 10US70 and
20US70, and decreased in 30US70. In microwave
drying, 30 min US pre-treatment leads to a decrease
in the a value. The effects of US pre-treatment on the
a value were found statistically significant (p<0.05).
Nowacka and Wedzik (2016) [40] applied US pretreatments with 21 and 35 kHz frequencies for 10, 20
and 30 min on carrot slices, dried them at 70 °C, and
reported that the a value decreased as the time of US
treatment increased. Wiktor et al. (2016) [39], who
studied that effects of 5, 10, 20 and 30 min contact
US treatment on apple slices, reported that the a
value increased as the treatment time increases, and
this situation is related to the colorful compounds
that arise as a result of enzymatic and non-enzymatic
browning. In our study, the lowest a values were
found in the 30US70, CMW and 30USMW samples.
Thus, US pre-treatment has a potential to prevent enzymatic and non-enzymatic browning that may take
place during drying.
The value b was found varying in the interval
of 13.38-16.97, and the differences were found statistically significant (p<0.05). In both drying processes, US pre-treatment lead to an increase in the b
value. Maskan (2001b) [41] explained the reduction
in the b value in MW drying by the decomposition
of chlorophyll and carotenoids. This makes one
think that the increased b value in our study with the
US pre-treatment in conventional and MW drying
may be explained by inhibition of chlorophyll and
carotenoid decomposition. It was reported that pretreating carrot slices at 35 kHz US for 10, 20 and 30
min and drying them at 70 °C provided the lowest
level of change in the samples where 20 and 30 min
of US treatments were made [40].

treatment was made on the hot air drying process, the
times of drying turned out to be equal.
The 30US70 process in hot air drying with the
rate of decrease 22.22% was the process that reduced
the drying time the most in the hot air process. The
30US MW application was the most successful in reducing times by a reduction of 27.78%. The effective
moisture diffusion coefficients were measured for
apples dried at 30-40-50 °C with 24 kHz frequency
after US pre-treatment, and it was reported that the
pre-treatment increased the diffusion coefficients of
the samples (at 50 °C: 3.92x10 -9-13.19 x 10-9) [36].
In another study, banana slices pre-treated with US
at 25 kHz frequency for 10-20-30 min were dried at
70 °C with 3.0 m/s air velocity and their effective
diffusion coefficients were found in the interval of
1.275x10-9-1.833x10-9, while it was reported that US
pre-treatment increased the diffusion coefficients of
the samples [22].
Quality Characteristics of the Dried Kumquat Slices. Table 4 shows the ascorbic acid contents of raw material and dried kumquat slices. In order to determine the net effects of drying processes
on ascorbic acid, seasonally obtained samples were
analyzed for ascorbic acid before and after drying
application, and the losses in drying were calculated
based on these values.
Ascorbic acid loss is a significant criterion of
quality in comparing application effects in heat treatments. The ascorbic acid contents of kumquat raw
materials obtained in different periods were found in
the interval of 107.79 ± 212.07 mg/100 g dry solids.
The loss of ascorbic acid in drying processes for
C70, 10US70, 20US70, 30US70, CMW and
30USMW were found as 58.19, 56.07, 51.36, 49.41,
54.5 and 45.50%, respectively. The lowest loss of
ascorbic acid was found by 45.50% in the 30USMW
sample. US pre-treatment reduced the loss of ascorbic acid in both hot air drying and microwave drying
application. Horuz et al. (2017) [26] reported that
when the US pre-treatment time increases in hot air
supported microwave drying of tomato slices, ascorbic acid content cRQVHUYH EHWWHU 6]DG]LĔVND HW DO
(2017) [27] found that vitamin C retention of green
pepper in ultrasound supported convective-microwave drying (67%) is better than convective-microwave drying (51%). These findings are in agreement
with our results. It is seen generally that loss of
ascorbic acid increases along with increased drying
times. However, ascorbic acid loss in the drying process at 20US70 (51.36%) among applications with
the same drying times was lower than that of CMW
(54.5%). It was reported in various studies that the
drying time of MW treatment is shorter than hot air
drying methods and loss of ascorbic acid is also
lower [37, 38]. The reducing effect of US pre-treatment on ascorbic acid loss may be explained by enzyme inhibition, removal of oxygen from the environment, and reduced drying duration.
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TABLE 4
Ascorbic acid contents of the raw material (initial) and the dried samples.
Initial ascorbic acid After drying ascorbic acid Loss of ascorbic acid
(mg/100g dry solid)
(mg/100g dry solid)
(%)
C70*
118.27±0.82b
49.45±0.93a
58.19±0.27d
10US70
107.79±0.95a
47.35±0.99a
56.07±0.24cd
70 °C
c
b
20US70
128.75±0.89
62.62±0.89
51.36±0.95b
30US70
128.75±0.81c
65.14±0.98b
49.41±0.58b
d
c
CMW*
212.07±0.52
96.50±0.71
54.5±0.38c
MW (180 W)
d
d
30USMW
212.07±0.52
115.57±0.82
45.50±0.21a
Different letters in the same column denote statistically significant difference (p<0.05)
*; without ultrasound pre-treatment
Drying

Treatments

Drying time
(min)
360e
320d
300c
280b
300c
260a

TABLE 5
L, a and b values of the dried kumquat.
Drying
70 °C
MW
(180 W)

Treatments
C70*
10US70
20US70
30US70
CMW*
30USMW

L
53.55±1.60a
53.12±3.77a
56.19±2.66b
57.84±3.84b
61.39±2.34c
60.45±2.26c

a
5.88±1.23bc
6.41±1.18c
5.92±1.75bc
4.75±1.65abc
2.63±0.69a
3.49±1.07ab

b
13.38±3.26a
15.95±3.72b
16.84±2.24d
15.71±1.38b
16.57±1.65c
16.97±1.12d

Different letters in the same column denote statistically significant difference (p<0.05)
*; without ultrasound pre-treatment
TABLE 6
%,&Kǻ(5HDQGVKULQNDJHYDOXHVLQWKHGULHGNXPTXDW
Drying

70 °C
MW
180 W

Treatments
C70*
10US70
20US70
30US70
CMW*
30USMW

Browning
Index (BI)
36.35±0.93b
44.01±0.48c
42.78±1.03c
37.19±0.65b
33.98± 1.07a
36.58±1.02b

Chroma

h°

ǻ(

Re

Shrinkage

14.62±0.86a
17.19±0.58b
17.85±0.93b
16.41±0.58ab
16.78±1.02b
17.33±0.82b

66.28±0.41a
68.11±0.62a
70.63±0.91b
73.18±0.55c
80.98±0.96e
78.38±0.75d

12.18±0.57b
11.62±0.89b
7.19±0.58a
8.92±0.86a
11.59±0.85b
8.43±0.79a

205.36±0.52ab
238.91±1.01c
228.18±0.69bc
248.34±0.53c
192.93±0.95a
228.87±0.86bc

0.493±0.10c
0.430±0.09bc
0.385±0.10b
0.340±0.05ab
0.339±0.09ab
0.254±0.07a

Different letters in the same row denote statistically significant difference (p<0.05)
*; without ultrasound pre-treatment
as opposed to the case in our study, reported that BI
values of carrots dried with US pre-treatment decreased.
The chroma value shows the saturation degree
of the color and it is related to strength of the color
[41]. The chroma values were found between 14.62
and 17.85 in the samples, while the effects of US pretreatment were statistically insignificant in microwave drying (p>0.05), and significant in 70 °C drying (p<0.05). In comparison of C70 and CMW in
terms of chroma value, it was found that MW drying
increased the chroma value, and this may be explained by reduced browning due to the shorter completion time in microwave drying. The BI values
supported this approach. In carrot drying, Baysal et
al. (2003) [16] found the chroma value in 70 °C tray
drying and 2450 MHz microwave drying as 10.87
and 15.78, respectively. The values we found agree
with their results. According to the result of our
study, it was found that US pre-treatment increased
the chroma values in comparison to C70 and CMW
drying, and had a positive effect on more vivid and
strong colors. Baysal et al. (2003) [16] reported that
changes in color values in drying may come from not

Table 6 shows the BI, C, h°ǻ(5HDQGVKULQN
age values in the dried kumquat samples. BI denotes
the color purity of brown compounds that occur in
dried samples as a result of enzymatic and non-enzymatic reactions [41]. Among the drying processes,
BI values changed between 33.98 and 44.01. US pretreatment increased the BI values in comparison to
control samples. However, in 70 °C drying, BI values decreased as the US treatment time increased.
The effects of US pre-treatment and microwave drying were found statistically significant (p<0.05).
Vishwanathan et al. (2010) [42] reported that BI values were lover as a result of infrared drying that leads
to faster drying, in their study where they used hot
air and infrared drying on potatoes and carrots.
When the microwave and hot air control groups
were compared in our study, similar results were
found to those of Vishwanathan et al. (2010) [42]. In
the samples where US pre-treatment were made, BI
values increase although drying times decreased.
This may be explained by that ascorbic acid level of
the samples with reduced drying times were high and
this may have caused by browning reactions based
on ascorbic acid oxidation. Abano et al. (2012) [23],
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was observed that the shrinkage value and the rehydration capacity of the samples were inversely proSRUWLRQDO$VRSSRVHGWRRXUV'XDQHWDO¶V  
[43] results indicate that the shrinkage value of sea
cucumber increased after the ultrasound pre-treatment.

only browning, but also shrinkage and other reflection properties during the process of drying.
The hue angle (denotes purity of color) values
were found between 66.28 and 80.98 (between yellow and lime green), while it increased along with
US treatment time in 70 °C samples and decreased
with US treatment in MW drying (p<0.05). In their
study on the effects of US treatment of apple tissue
with different durations, Wiktor et al. (2016) [39] reported that chroma and h° values did not change in
most operational conditions, but found higher in
some conditions.
7KHǻ( WRWDOFRORUGLIIHUHQFH YDOue is a value
that is calculated with L, a and b values and it indicates the total color change from the initial step to
the end of food processing [41]7KHǻ(YDOXHVLQWKH
dried samples were found between 8.43 and 12.18,
and the differences were found statistically signifiFDQW S ,Q&KRWDLUGU\LQJWKHǻ(YDOXH
decreased along with the increase US treatment time,
and similarly in MW drying, the value decreased
DORQJ ZLWK WKH 86 WUHDWPHQW 'DGDOÕ HW DO  
[17] reported that they found an LQFUHDVHLQǻ(YDOXH
in okra they dried with different microwave powers.
In our study, in difference to theirs, US pre-treatment
OHDGWRDGHFUHDVHLQWKHǻ(YDOXHDQGWKHYDOXHVJRW
closer to initial values as the time of the US treatment
increased. SzaG]LĔVNDHWDO  [27] reported that
WKH ORZHVW ǻ(YDOXHGHWHUPLQHGLQXOWUDVRXQGVXS
ported microwave drying of green pepper among
drying processes. The similar case was found in our
study.
Rehydration capacity was found between
192.93 and 248.34 in the dried samples. The effect
of US pre-treatment on rehydration capacity was
found significant (p<0.05). In both drying methods,
US pre-treatment increased rehydration capacity and
the increase in US pre-treatment times also increased
the rehydration capacity. The highest rehydration capacities in comparison to control samples were
found in the 30US70 sample in hot air drying by
20.92% and in the 30USMW sample in microwave
drying by 18.62%. US pre-treatment increased rehydration capacity. Pectic compounds play a role in increased rehydration capacity, and it is thought that
US treatment inactivated the enzymes that decompose these compounds. Horuz et al. (2017) [26]
found that US treatment improves the rehydration
capacity of hot air supported microwave drying of
tomato slices.
Shrinkage values decreased as the US pre-treatment time increased, and the differences among the
samples were found statistically significant
(p<0.05). The highest shrinkage rate after the drying
processes was found in 30US70 (31.03%) at hot air
drying and in 30USMW (25.07%) at microwave drying. US pre-treatment operation lowered the shrinkage value and provided positive contributions in the
quality characteristics of the dried product (high volume is desired in dried products). Accordingly, it

CONCLUSIONS
US pre-treatment decreased the drying time by
22.22% in hot air drying, and by 27.28% in MW drying. It also improved Deff, retention of ascorbic acid,
FKURPD ǻ( UHK\GUDWLRQ FDSDFLW\ DQG VKULQNDJH
value of kumquat slices in both drying applications.
The results revealed that drying rate, Deff, retention
RIDVFRUELFDFLGFKURPDDQGǻ(YDOXHH[FHSWUHK\
dration capacity and shrinkage value was better in
US pre-treated microwave drying. In the case of nutritional aspect, it was demonstrated that US pretreated microwave drying allows retaining most of
the ascorbic acid, i.e, up to 54.5%. Reduction in soluble solid content was seen with US pre-treatment
(transfer of water-soluble materials from the fruit to
the ultrasonic bath), and this may create potentials
for this method in production of dried fruits where
reduction of sugar content is aimed. In future studies,
conducting US experiments in MW drying (with different US treatment times and types) will be helpful
in understanding the activity of US treatment in MW
drying application. This study demonstrated that US
pre-treated microwave drying could be recommended as drying method to enhance high quality in
kumquat slice drying as compared to hot air drying.
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microwave

corn starch

35

esterase

2

35
42

Monascus purpureus

2

P
pea starch
Pleurotus tuber-regium
potato starch

35
25
35

Prebiotic
purification

Q
quality characteristics

35

S
stability

2

T
Tiger nut flour

12

U
ultrasound

42

53
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2
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General
AFS accepts original papers, review articles, short communications, research abstracts from the entire sphere of
Foodchemistry,-biology,- microbiology,- technology, -biotechnology and-management, furthermore, about
residue analysis/ and ecotoxicology of contaminants.
Acceptance or no acceptance of a contribution will be decided, as in the case of other scientific journals, by a board
of reviewers.Papers are processed with the understanding that they have not been published before (except in form
of an abstract or as a part of a published lecture, review or thesis);that they are not under consideration for
publication elsewhere; that their publication has been approved by all co-authors, if any, as well as- tacitly or
explicitly- by the responsible authorities at the institute where the work has been carried out and that, if accepted,
it will not be published elsewhere in the same form, in either the same or another language, without the consent of
the copyright holders.
Language
Papers must be written in English. Spelling may either follow American (Webster) or British (Oxford) usage but
must be consistent. Authors who are less familiar with the English language should seek assistance from proficient
colleagues in order to produce manuscripts that are grammatically and linguistically correct.
Size of manuscript
Review articles should not exceed 30 typewritten pages. In addition up to 5 figures may be included.
Original papers must not exceed 14 typewritten pages. In addition up to 5 figures may be included.
Short-Communications should be limited to 4 typewritten pages plus not more than 1 illustration.
Short descriptions of the authors, presentation of their groups and their research activities (with photo) should
together not exceed I typewritten page.Short research abstracts should report in a few brief sentences (one-fourth
to one page) particularly significant findings.Short articles by relative newcomers to the chemical innovation arena
highlight the key elements of their Master and PhD-works in about 1 page.
Book Reviews are normally written in-house, but suggestions for books to review are welcome.
Preparation of manuscript
Dear Authors,
AFS is available both as printed journal and as online journal on the web. You can now e-mail your manuscripts
with an attached file. Save both time and money.To avoid any problems handling your text please follow the
instructions given below:
When preparing your manuscripts have the formula K/SS (Keep It Simple and Stupid) in mind.Most word
processing programs such as MS-Word offer a lot of features. Some of them can do serious harm to our layout. So
please do not insert hyperlinks and/or automatic cross-references, tables of contents, references, footnotes, etc.
1. Please use the standard format features of your word processor (such as standard.dotfor MS Word).
2. Please do not insert automatisms or secret link-ups between your text and your figures ortables. These features
will drive our graphic department sometimes mad.
3. Please only use two fonts for text or tables
"Times New Roman" and for graphical presentations "Arial".
4. Stylesheets, text, tables and graphics in shade of grey
5. Turn on the automatic language detection inEnglish (American or British)
6. Please - check your files for viruses before you send them to us!!
Manuscripts should send to:parlar@wzw.tum.de
or:parlar@prt-parlar.de
Thank you very much!
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STRUCTURE OF THE MANUSCRIPT
Title page: The first page of the manuscript should contain the following items in the sequence given:A concise
title of the paper (no abbreviations). The names of all authors with at least one first namespelled out for every
author.The names of Universities with Faculty, City andCountry of all authors.
Abstracts: The second page of the manuscript should start with an abstract that summarizes briefly the contents of
thepaper (except short communications). Its length shouldnot exceed 150-200 words. The abstract should be as
informative as possible. An extended repetition of the paper's title is not considered to be an abstract.
Keywords: Below the Summary up to 6 key words have to beprovided which will assist indexers in cross-indexing
your article.
Introduction: This should define the problem and, if possible, the frame of existing knowledge. Please ensure that
peoplenot working in that particular field will be able to understand the intention. The word length of the
introductionshould be 150 to 300 words.
Materials and methods:
Please be as precise as possible to enable other scientiststo repeat the work.
Results: Only material pertinent to the subject must be included.Data must not be repeated in figures and tables.
Acknowledgements: Acknowledgements of financial support, advice orother kind of assistance should be given at
the end of thetext under the heading "Acknowledgements". The names of funding organisations should be written
in full.
References: Responsibility for the accuracy of references rests with the authors. References are to be limited in
numberto those absolutely necessary.References should appear in numerical order in brackets and in order of their
citation in the text. They should be grouped at the end of the paper in numerical order of appearance. Abbreviated
titles of periodicals are to be used according to Chemical or Biological Abstracts,but names of lesser known
journals should be typed in full.References should be styled and punctuated according to the following examples:

ORIGINALPAPERS:
l. Author, N.N. and Author, N.N. (Year) Full title of
the article. Journal and Volume, first and last page.
BOOK OR PROCEEDING:
2. Author, N.N. and Author, N.N. (Year) Title of the contribution.
In: Title of the book or proceeding. Volume (Edition
of klitor-s, ed-s) Publisher, City, first and last page
DOCTORALTHESIS:
3. Author, N.N. (Year) Title of the thesis, University and
Faculty, City
UNPUBLISHED WORK:
Papers that are unpublished but have been submitted to a journal may be cited with the journal's name followed
by "in press". However,this practice is acceptable only if the author has at least receivedgalley proofs of his paper.
,QDOORWKHUFDVHVUHIHUHQFHPXVWEHPDGHWR³XQSXEOLVKHGZRUNRUSHUVRQDOFommunication".
Discussion and Conclusion: This part should interpret the results in reference to the problem outlined in the
introduction and of relatedobservations by the author/s or others. Implications for further studies or application
may be discussed. A conclusion should be added if results and discussion are combined.
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