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Abstract 
 

The major aim of present study was to investigate the feasibility of waste loquat kernels as 
substrate in solid-state fermentation for α-amylase production by Penicillium expansum MT-1. The 
kernels accounted for 22.5% of whole fruit (by wet weight). They were rich in protein (22.5%) and 
total carbohydrate (71.2%). The starch accounted for 25.6% of total carbohydrate and 36% of whole 
kernel, on dry weight basis. The fungus was isolated from fermented loquat kernels. Loquat kernel 
flour (LKF) could serve as a sole source of nitrogen and carbon for the fungus to grow and synthesize 
α-amylase. However, additional carbon and nitrogen sources increased the enzyme production. 
Supplementation of each one of alcohols gave rise to a positive effect on the enzyme production. 
Optimal conditions for the production of α-amylase by the fungus on LKF were determined as initial 
moisture content of 70%, particle size of 1 mm, pH 6.0, incubation temperature of 30 0C, starch and 
peptone as supplements, 1 ml methanol as supplement alcohol and incubation period of 6 days. Under 
the optimized culture conditions, the maximum enzyme production was 1012 U/g of LKF. Usability of 
waste loquat kernels as substrate in microbial culture media for the production of α-amylase was 
investigated for the first time in the present study.  
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Introduction  
 

α-amylases (EC 3.2.1.1, 1,4-a-D-glucan glucanohydrolyase) hydrolyse starch to a 
range of products such as glucose and maltose or to specific malto-oligosaccharide or mixed 
malto-oligosaccharides)?. They are employed in industries for different purposes; glucose and 
maltose-forming a-amylases in alcohol fermentation and sugar syrup formulation, and malto-
oligosaccharide-forming a-amylases in food processing [1]. Although α-amylase can be 
derived from several sources, including plants, animals and micro-organisms, once produced 
by microorganisms generally meet industrial demands. Currently, a large number of microbial 
amylases are available commercially, having almost completely replaced the chemical 
hydrolysis of starch in the starch-processing industry [2]. 

Traditionally, α-amylase is produced by submerged fermentation (SMF). In recent 
years, however, solid state fermentation (SSF) processes have been utilized more and more 
for the production of this enzyme [3]. SSF has many advantages over SMF, such as simple 
technique, superior productivity, low capital investment, low energy requirement and less 
water output, better product recovery and lack of foam build up and reported to be the most 
appropriate process for developing countries [4].  

It is known that commercial carbon sources such as glucose and starch are not 
advantageous for production of α-amylase since they are very expensive. Therefore, several 
investigators have described the utilization of cheap and easily available agricultural residues 
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such as wheat straw, wheat bran, coffee waste, banana waste, potato peel and sugarcane 
bagasse as carbon source in SSF for the production of α-amylase [3, 5-8]. 

However, there has been no report on the utilization of Loquat (Eriobotrya japonica 
Lindley) kernels, an agricultural origin waste, as substrate in the microbial media for the 
production of both α-amylase and other valuable microbial products. Loquat, an Asian 
fruittree, is a member of the Rosaceae family including apples, pears, and quinces. This 
fruittree is believed to have originated in South-eastern China. It is cultivated mainly in 
China, Japan, India, Pakistan, Madagascar, Spain, Turkey, Italy, Greece, Israel, Brazil, 
Venezuela and Australia [9, 10]. According to the 2003 data, Turkey has some 288,000 loquat 
trees and these yield 13,000 tones of fruit [11]. Normally, flesh is the only part used as a food. 
In terms of weight, the seeds comprise about 20–30% of the weight of the whole fruit [12]. In 
traditional Japanese lore, loquat seed is called ‘‘good for health”. Village farmers soak the 
loquat seeds in alcoholic drinks. They believe that this type of drink is good for the health 
[13]. However, there is not enough information about other employment fields of loquat seeds 
in the world. Especially in Turkey, the seeds are not utilized for any purpose after 
consumption of fruit flesh and currently discarded. As a result, a waste problem has taken 
place. Therefore, in the present study we aimed to investigate the usability of waste loquat 
kernels as substrate in solid-state culture of isolated fungus P. expansum for α-amylase 
production.  
 
Materials and Methods 
 
 Preparation and chemical analysis of Loquat Kernel (LK) 

Loquat fruit (1000 g) was purchased from a local market in Erzurum, Turkey. Firstly, 
the seeds were manually removed from fresh (edible parts) and others tissues. The seed testa 
or seed skin was separated from kernel, and loquat kernel (LK) was recovered. Kernels were 
cleaned one time with deionized water to remove the undesirable materials, and then external 
moisture was wiped out with a dry cloth. The ash, fat and protein contents of kernel were 
determined following the standard methods of AOAC [14]. To determine moisture content, 
the sample was dried at 60 0C until the weight became constant. The total protein content was 
determined by the micro Kjeldhal method using 6.25 as conversion factor. Total fat content 
was obtained by the Soxhlet extraction method, using diethyl ether. Total carbohydrate 
content was calculated by difference [Carbohydrate = 100% - (% protein + % fat + % ash)].  

The starch content was determined according to the calorimetric method described by 
RANGANA [15].  

Preparation of Loquat kernel flour(LKF) 
Loquat kernels dried at 60 0C were grounded and sieved through standard-mesh sieves 

to obtain particles of various sizes, ranging from 0.5 mm to 2 mm. 
Isolation and screening of alpha amylase-producing strains 
Firstly, 5 g of LKF (particle size 1 mm) was placed on a Petri dish (9-cm-diameter). 

This material was then moistened with 5 ml of an antibiotic solution containing 
chloramphenicol (0.05 mg/ml) to prevent bacterial growth. No additional carbon, nitrogen and 
mineral sources were added to this mixture. The Petri dish was incubated at room temperature 
for a period of two weeks and was remoistened with sterile deionized water whenever 
necessary. At the end of this period, approximately 1 g of fermented mixture was immersed in 
ten milliliters of the solution containing chloramphenicol (0.05 mg/ml) for 10 min. The 
obtained suspension was vortexed, and 1.0 ml of this suspension was then plated on peptone 
starch agar medium (PSAM) containing 10 g/l soluble starch, 5 g/l peptone, 15 g/l agar and 
0.05 g/l chloramphenicol (pH 5.5). The agar medium was incubated at 30 0C. After 5 d of 
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incubation, iodine solution (1% iodide and 2% potassium iodide) was flooded on the agar 
plate. The amylolytic activities of six isolates growing on agar medium were assessed by the 
formation of a clear zone around the colonies. The isolate MT-1 resulting in clear zone the 
widest diameter was picked up, subcultured, purified and identified as P. expansum and then 
used for the following experiments. The identification processes of the isolates were performed 
using mature cultures on standard potato dextrose agar (PDA) in order to ensure a good 
development of taxonomically relevant features,  for following the identification keys [16,17]. 

Preparation of inoculum 
P. expansum MT-1 was initially grown at 30 0C on PDA slants. At the end of 9-days 

incubation period, ten milliliters of sterile saline water (0.9% NaCl) was added to the culture 
slant of mould and the slant was vortexed. One ml of the homogenized spore suspension of 
mould was directly used for the inoculation. The final concentration of spore suspension for 
initial optimization studies was adjusted to 106 spores in per ml with sterile saline water. 

Solid-state fermentation and culture conditions 
Five grams of LKF (particle size 1 mm) was placed in 250 ml Erlenmeyer flasks and 

then moistened with mineral-salt solution in order to adjust the initial moisture content to the 
desired level. The mineral-salt solution had the following composition (g/L): 2 g KH2PO4, 1 g 
Na2HPO4, 1 g MgSO4, 0.01 g MnSO4, 0.005 g FeSO4 and 0.05 g CaCl2. The mineral-salt 
solution was diluted with distilled water in order to constant the concentrations of mineral 
elements in the medium while various initial moisture contents were tested. On the other 
hand, the pH of culture medium was accepted as the pH of the mineral-salt solution. The flask 
was autoclaved at 121 0C for 20 min, cooled and inoculated with one ml of spore suspension.  

The flask was incubated at 30 0C for 5 day in static mode. Various process parameters 
were respectively optimized for maximal enzyme production as follows: initial total moisture 
content (50, 60, 70, 80 and 90%), particle size (0.5, 1, 1.5 and 2 mm), initial pH (4.0, 5.0, 6.0, 
7.0 and 8.0), incubation temperature (15, 20, 25, 30, 35 and 40 °C) and spore concentration 
(105-109/mL). Effects of three alcohols (ethanol, methanol and 2-propanol) on α-amylase 
production were examined. Employing the optimum conditions, the alcohols at various 
concentrations (0.5, 1, 1.5 and 2 ml) were directly added to the solid-state culture after the 
2nd day of the growth. Then, each flask was mixed to achieve the homogeneous distribution 
of the test alcohol in medium. LKF was used as sole carbon and nitrogen sources during the 
optimization of the parameters mentioned above. Experiments were also performed to 
evaluate the influence of different carbon sources (soluble starch, glucose, sucrose, maltose 
and lactose) and nitrogen sources (peptone, yeast extract, urea, ammonium sulfate, ammonium 
nitrate and sodium nitrate). Finally, we investigated the effect of incubation period (2, 3, 4, 5, 6, 
7 and 8 days) on α-amylase production under the optimized fermentation conditions.  

Extraction of the enzyme 
After fermentations, the fermented sample in flask was extracted by the addition of 

distilled water containing 0.1% Tween-80, to a total extract volume of 200 ml. The entire 
content was mixed thoroughly (150 rpm, at 30 0C for 1 h) in a rotary shaker and filtered using 
a Whatman filter paper No. 1. The culture filtrate was used as the a-amylase source. 

Enzyme assay 
α-amylase assay was carried out according to the method described by Ertan et al. 

[18]. Soluble starch (1%) was dissolved in boiling 0.1 M acetate buffer pH 5.0 and then 
cooled to 30◦C. Fresh iodine reagent was prepared by diluting 1.0 ml of stock solution (0.5% 
I2 in 5.0% KI) into 500 ml of distilled water containing 5.0 ml of 5 N HCl. For the assay, the 
reaction mixture consisting of 0.1 ml of enzyme source and 0.2 ml of soluble starch were 
incubated at 30 0C for 5 min. The reaction was stopped by adding 5.0 ml of iodine reagent. 
The absorbance was measured at 620 nm against at a blank. One unit of the α-amylase activity 
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was defined as the amount of enzyme that hydrolyses 0.1 mg of starch per min, under the assay 
conditions while the enzyme productivity has been expressed as U/g of dry substrate.  

Statistical analysis 
Each experiment was repeated at least three times and two parallel. Analysis of 

variance was conducted using one-way ANOVA test using SPSS 13.0 for Microsoft Windows 
and means were compared by Duncan test at the 0.05 level of confidence. 
 
Results and Discussion  
 
 Chemical analysis of loquat kernel (LK) 
 Loquat fruit tissues were separated as described in the Materials and methods section. 
At the end of this, it was determined that 1000 g of fruits contained 250 g seeds (by wet 
weight). Kernels accounted for approximately 94% of seed and 22.5% of whole fruit (by wet 
weight). That is to say, 1000 g of fruits contained 225 g kernel. The moisture content of LK 
was on average 9.8%. Crude protein, crude fat, crude ash and total carbohydrate contents of 
LK were found to be approximately 22.5, 3.4, 2.9 and 71.2% on dry basis, respectively. The 
starch accounted for 25.6% of total carbohydrate and 36% of whole kernel, on dry weight 
basis. This means that the kernel was a good source of starch. Therefore, it can be utilized as a 
substrate in solid-state and submerged fermentations for α-amylase production. The results 
also demonstrated that LK had high protein and total carbohydrate contents but low ash and 
fat contents.  
 Since protein is necessary for microbial growth, therefore supplementation with 
vegetable protein will support large scale cultivation of mould for the production of valuable 
microfungal biomass and probably for enzyme and antibiotic production [19]. The total 
carbohydrate content of LK is high and can serve as the main carbon source for microbial 
growth. Ash is a reflection of the amount of mineral elements in the samples and therefore 
serves as the main source of needed minerals for microbial activities. Although the ash 
content of LK was low, salts of mineral elements could be incorporated into the media during 
formulation.  

Isolation and screening of alpha amylase-producing isolates 
In the recent years, there has been a growing interest in isolation of microorganisms 

from various sources for production of industrially valuable microbial product. The present 
study showed that six fungal isolates could be effectively isolated from fermented loquat 
kernels with a new process.  

The process is important due to fact that no additional carbon, nitrogen and mineral 
sources were added to loquat kernels. This concluded that loquat kernels served as sole source 
of nutritional requirements for growth, and the isolated fungi grew well on a cheap substrate. 
Besides, the screening of isolated microorganisms is very critically important to obtain 
microorganisms with high ability, or to improve the productivity of some known microbial 
products such as enzyme. As seen from data presented in table 1, although all of the six 
isolates showed the amylolytic activity, the isolate MT-1 caused clear zone with the widest 
diameter (108 mm) on agar medium. This isolate was identified as Penicillium expansum. 
Following this isolate, the isolate MT-3, which was identified as Penicillium chrysogenum, 
showed high amylolytic activity. Although the isolate MT-5 (Aspergillus niger) grew more 
rapidly than the other isolates on agar medium, it showed the lowest amylolytic activity. 
Considering these results, the following experiments for α-amylase production were 
performed with P. expansum MT-1. 
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Table 1. Screening of alpha amylase-producing isolates on peptone starch agar medium 
Isolate 
 code 

Fungus  
species  

Colony diameter  
(mm) 

Clear zone diameter 
 (mm) 

MT-1 Penicillium expansum 145 108 
MT-2 Penicillium simplicissimum 118 71 
MT-3 Penicillium chrysogenum 141 96 
MT-4 Aspergillus ochraceus 167 74 
MT-5 Aspergillus niger 214 58 
MT-6 Aspergillus flavus 156 66 

Screening conditions: Medium pH= 5.5, Incubation time = 5 days and Cultivation time = 30 0C. 
 
α-amylase production studies with Penicillium expansum MT-1 on solid-state 

culture using loquat kernel flour (LKF) 

Effect of moisture content 
Initial moisture content of the substrates influences mold growth and enzyme 

production in SSF. The optimum moisture content for growth and substrate utilization 
depends on the organisms and the substrate used for cultivation [8]. An increase in moisture 
content causes a decrease in the porosity of the substrate, thereby decreasing the gas 
exchange. Low moisture content leads to sub-optimal growth and a lower degree of substrate 
swelling which also decreases enzyme production [20].  

For these reasons, the effect of moisture on α-amylase production was well studied in 
the present study and the results are shown in table 2. The optimal moisture level for LKF to 
achieve high enzyme production (406 U/g) was found to be 70%. Initial moisture contents 
below and above 70% saw a decrease in enzyme production. Hence, the subsequent 
experiments for α-amylase production were carried out with the initial moisture content of 70%. 

Effect of particle size 
The particle size of the substrate is important for SSF. Smaller substrate particles 

provide a larger surface area for microbial attack but if they are too small result in substrate 
agglomeration as well as poor growth. In contrast, larger particles provide better aeration but 
a limited surface for microbial attack [21].  

Hence, the selection of most favorable particle size for LKF was investigated in detail 
and the results are summarized in table 2. Enzyme production was highest (406 U/g) with 1 
mm particle size. A particle size of 0.5 mm caused lowest α-amylase production (286 
U/gds). On the other hand, α-amylase production decreased with an increase in particle size 
of LKF from 1 to 2 mm. Therefore, LKF particles with 1 mm size were selected for α-
amylase production. 

Effect of initial pH 
Several investigators have reported that the pH is an important factor which affects the 

growth and enzyme production during solid-state fermentation [20, 22]. The obtained results 
demonstrated that even if α-amylase production was good at acidic pH values except for pH 
3.0, it was maximum (434 U/g ) at pH 6.0 (Table 2). On the other hand, relatively low values 
for α-amylase production were recorded at neutral and alkaline conditions. The pH of the 
fermentation media may change since organic acids are produced during fermentation. 
However, only 0.1 decrease in medium pH was observed after 5 days when α-amylase 
production by P. expansum was carried out at optimal pH of 6.0 (data not shown). This may 
be an indication of the fact that LKF have a good buffering action. In fact it is known that 
agro industrial substrates possess unique buffering action, and therefore have advantages for 
enzyme production.  
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Table 2. The effects of moisture content, particle size and initial pH on α-amylase production. 

Moisture 
content (%) 

Amylase 
production (U/g) 

Particle 
size (mm) 

Amylase 
production 

(U/g) 

Initial 
pH 

Amylase 
production 

(U/g) 
50 298b 0.5 286b 3.0 112a 
60 376c 1.0 406d 4.0 344d 
70 406d 1.5 369c 5.0 406e 
80 313b 2.0 274a 6.0 434f 
90 246a - - 7.0 308c 
- - - - 8.0 212b 

Optimization of moisture content: Particle size= 1 mm, initial pH= 5.0, Temperature =30 0C, Spore number= 
106 and Incubation time= 5 days. Optimization of particle size: Moisture content= 70%, initial pH= 5.0, 
Temperature =30 0C, Spore number= 106 and Incubation time= 5 days. Optimization of initial pH: Moisture 
content= 70%, Particle size= 1 mm, Temperature =30 0C, Spore number= 106 and Incubation time= 5 days. All 
values are mean of triplicates determinations ±SD. 

Effect of temperature 
Since temperature influences protein denaturation, enzyme inhibition and cell growth, 

it plays a significant role in development of the biological process [23]. The optimum 
temperature for maximum amylase production (434 U/g) was found to be 30 0C when the 
effect of temperature (20–40 0C) on enzyme activity was studied (Table 3). There was an 
increase in the enzyme production with an increase in temperature up to 30 0C, and a 
subsequent decrease. 

Effect of spore number  
An increase in the number of spores in the inoculum gives rise to rapid proliferation 

and biomass synthesis. However, the addition of a higher inoculum size to increase spore 
number in culture medium may increase moisture content and lead to a decrease in growth 
and enzyme production. On the other hand, a lower inoculum size may cause a longer time for 
fermentation to form the desired product since it decreased the number of spores, which were 
added into fermentation medium [8, 24, 25]. Therefore, we tried to find out the optimal spore 
concentration by increasing or decreasing the number of spores in 1 ml without changing 
inoculum size. The results presented in table 3 indicate that 107 spore number in 1 ml 
inoculum size was optimal for maximum α-amylase production (493 U/g). The applications 
below and above this optimal spore concentration caused a decrease in the enzyme 
production. 
Table 3. The effects of temperature and spore number on α-amylase production. 

Temperature (0C) Amylase 
production (U/g) 

Spore 
number/ml 

Amylase 
production (U/g) 

15 198b 105 361±14.12b 
20 306c 106 434±10.81d 
25 408e 107 493±12.21e 
30 434f 108 422±10.06c 
35 374d 109 336±12.89a 
40 166a - - 

Optimization of temperature: Moisture content= 70%, Particle size= 1 mm, initial pH= 6.0, Spore number= 
106 and Incubation time= 5 days.  
Optimization of spore number: Moisture content= 70%, Particle size= 1 mm, initial pH= 6.0, Temperature =30 
0C and Incubation time= 5 days. All values are mean of triplicates determinations ±SD. 
 

Effect of supplementation of some alcohols on enzyme production 
Although the effect of methanol on α-amylase production has been investigated [8], to 

our best knowledge, the effects of the other two alcohols (ethanol and 2-propanol) have not 
been investigated yet. The production of the enzyme was found to be strongly depended on 
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the kind and concentration of supplemental alcohol (Table 4). The optimal concentration for 
all the supplemental alcohols tested was found to be 1 ml. All the supplemental alcohols had a 
positive effect on the enzyme production when applied at the appropriate concentrations; 
however, highest enzyme production (592 U/g) was achieved when 1 ml methanol was used, 
compared to control. The stimulating effect of the alcohols on the enzyme production may be 
attributed to their potential positive effects on the fungus metabolism. Besides, a modification 
in kernel starch might take place thanks to alcohol application. This possibility may be 
supported by the fact that alcohol treatments have a modifying effect in starch structure [26, 
27]. At the end of modification, starch might be more indefensible against to α-amylase 
attack, and thus enzyme might be produced more. It was noted that the positive effect of the 
test alcohols on the enzyme production decreased when their concentrations were increased 
from 1 to 1.5 ml. Besides, lower values for enzyme production were obtained when the 
concentration for all the alcohols was increased from 1.5 to 2 ml, compared to control. On the 
other hand, it was observed that the enzyme production was too slow when the alcohols were 
added to the culture before fermentation (data not shown). These results suggest that the 
alcohols may inhibit sporulation and result in a decrease in the enzyme production when 
added to the culture at high concentrations or before fermentation. 
Table 4. The effects of supplemental alcohols on α-amylase production. 

Alcohol concentration 
(mL) 

Amylase production 
(U/g) 

Control a 493d 
0.5 mL methanol 536h 
1.0 mL methanol 592k 
1.5 mL methanol 511f 
2.0 mL methanol 388a 
0.5 mL ethanol 522g 
1.0 mL ethanol 578j 
1.5 mL ethanol 506ef 
2.0 mL ethanol 425b 
0.5 mL 2-propanol 503e 
1.0 mL 2-propanol 564ı 
1.5 mL 2-propanol 537h 
2.0 mL 2-propanol 456c 

Optimization of suplemental alcohols at various concentrations: Moisture content= 70%, Particle size= 1 
mm, initial pH= 6.0, Temperature =30 0C, Spore number= 107 and Incubation time= 5 days. Controla = no 
alcohol. All values are mean of triplicates determinations ±SD. 
 

Effect of supplementation of carbon and nitrogen sources 
In the recent years, several studies have demonstrated that additional carbon and 

nitrogen sources improve α-amylase production in SSF [3, 18, 22, 28]. The experiments from 
the present study elucidated that the additional organic nitrogen sources were more effective 
in the enhancement of α-amylase production than the additional inorganic ones (Table 4). 
Supplementation of peptone, being an organic nitrogen source, gave rise to about 37% 
increase in the enzyme activity compared to control and the enzyme production reached the 
maximum value (812 U/g). This proved that peptone was the best among all the supplemental 
nitrogen sources tested for α-amylase production by P. expansum. This result is in good 
agreement with the results reported by other investigators [22, 28], who demonstrated that 
peptone is the best additional nitrogen source for α-amylase production in solid-state culture of 
various microorganisms. Among inorganic nitrogen sources, ammonium salts also gave rise to 
relatively high increase in the enzyme production but sodium nitrate slightly increased the 
enzyme production. Of the additional carbon sources tested, soluble starch resulted in the 
highest increase (about 20%) in the enzyme activity compared to control and thus the enzyme 
production reached to 976 U/g (Table 5). This finding is in accordance with the fact that soluble 
starch is the best carbon supplement for α-amylase production in various microorganisms [22, 
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29]. In contrast to soluble starch and glucose, the other supplemental carbon sources slightly 
increased the enzyme production. However, these results advocate nitrogen or carbon 
enrichment of the medium for maximal α-amylase production by P. expansum using LKF. 
Table 5. The effects of additional carbon and nitrogen sources on α-amylase production. 

Additional nitrogen source  
(1 g) 

Amylase 
production (U/g) 

Additional carbon  
source (1 g) 

Amylase 
production (U/g) 

Controlb 592a Controlc 812a 
Peptone  812g Soluble starch 976g 
Yeast extract 776f Glucose 912f 
Urea  756e Sucrose 868e 
Ammonium nitrate 671c Fructose 858d 
Ammonium sulfate 681d Maltose 844c 
Sodium nitrate 613b Lactose 826b 

Optimization of additional nitrogen and carbon sources: Moisture content= 70%, Particle size= 1 mm, initial 
pH= 6.0, Temperature =30 0C, Spore number= 107, Methanol concentration=1 mL and Incubation time= 5 days. 
Controlb =no additional nitrogen and carbon sources, Controlc =1 g peptone and no additional carbon source. All 
values are mean of triplicates determinations ±SD. 

Effect of incubation period on enzyme production 
After optimization of all process parameters, the time course of maximal enzyme 

production was studied. The results elucidated that the incubation period influences the 
enzyme production. Exactly, the enzyme production increased along with the incubation time, 
reaching a maximum of 1012 U/g at 6th days for P. expansum. Further increase in incubation 
period led to a reduction in α-amylase production. This might be due to the depletion of 
nutrients in the mediums. At the other days (day 2, 3, 4, 5 7 and 8), the enzyme productions 
were found as 342, 632, 883, 976, 911 and 784 U/g of LKF, respectively. 

In the development of an optimized process for commercial production of microbial 
products, selecting a suitable low-cost nutrient medium and establishing the most favorable 
fermentation conditions are the two most important components [31]. In fermentation studies, 
the selection of a microbial strain having high capacity to produce a product is also very 
important. In this study, these aspects were considered for improvement. The fungal isolate 
having high capacity to produce α-amylase was isolated. A cheap substrate was explored and 
culture conditions were optimized. As seen from the tables (table 2, 3, 4 and 5), the 
optimization of nutritional and environmental conditions significantly improved α-amylase 
production. The present study showed for the first time that an agricultural origin-waste 
material, loquat kernel, could be effectively utilized as substrate in solid-state fermentation for 
the production of α-amylase which is extensively used in food industries. Therefore, it is very 
important for industrial, environmental and food microbiology. 
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