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ABSTRACT

Hydrolysis performed onamylase inhibitorsthat had the highest inhibitory propertie sinprevious studi esamylase inhibitors on sample No.2 (P1L2). Hydrolysis test performed at several volume amylase inhibitors. Amylase enzyme used for hydrolysis test derived from Brevibacteriumsp with various volumes. Amylase inhibitor volume by ammonium sulphate results in some of these volumes was reacted with the enzymeamylase from Brevibacteriumspatvarying temperatures for 10 minutes using sodium phosphate buffers of varying pH, and then added to the reaction was added a few mL of starch (Merck) with various concentrations. For 100% inhibition of activity of amylase inhibitors on the mechanism of action was achieved at a volume of amylase inhibitors of  400 ng, , amylase volume of 0.4 mL, a temperature of 30° C, pH 6.7 and 1% starch concentration.

I. INTRODUCTION

A. Background

Hydrolysis is a chemical decomposition process by using water to separate chemical bonds from substances. Hydrolysis of starch is the breaking process of molecular starch into its simpler constituent parts such as dextrin, iso-maltose, maltose and glucose (Rindit et al, 1998). The process of hydrolysis is influenced by several factors, namely: Enzymes, particle size, tem-perature, pH, hydrolysis time, the ratio of liquids to raw materials (volume substrate), and stirring.
          Hydrolysis with Acids Chemical methods are performed by hydrolysis of starch using organic acids, which are often used are H2SO4, HCl, and HNO3. Starch cutting by acid is more disorganized than the result of cutting the starch chain by the enzyme. The result of the cutting by the acid is a mixture of dextrin, maltose and glucose, while the enzyme works specifically so that the hydrolysis result can be controlled (Assegaf, 2009).
Enzymes are complex protein compounds produced by cells of organisms and serve as catalysts of a chemical reaction (Harwati et al, 1997). The action of the enzyme is very specific, since its structure can only catalyze one type of chemical reaction only from a substrate, such as hydrolysis, oxidation and reduction processes. The particle size affects the rate of hydrolysis. Small particle size will increase the surface area and increase the solubility in water (Saraswati, 2006).
        Hydrolysis of amylase inhibitors with amylase enzymes in this study were carried out on temperature (30 ºC, 60 ºC, and 90 ºC), pH concentrations (4.7, 5.7, and 6.7 ). This com-bination of treatments was performed to obtain an inhibitory mechanism by glucoprotein to amylase action. The hydrolysis temperature is related to the reaction rate. The higher the hydrolysis temperature, the hydrolysis will take place more quickly. This is because the reaction rate constant increases with increasing operating temperature. Enzymes can be isolated from animals, plants and microorganisms (Azmi, 2006). The amylase enzyme used for the hydrolysis test in this study came from the Brevibacterium sp. There are several factors that influence enzyme activity. According to Rodwell (1988), the main factors affecting enzyme activity are temperature, pH, enzyme concentration, substrate concentration, and presence of activators and inhibitors.
           -amylase occurs through two stages. (Hydrolysis by  Amyloid hydrolysis in the first stage is the degradation into maltose and maltotriosa that occur randomly. This degradation occurs rapidly followed by rapidly decreasing viscosity. The second stage is relatively slow with the formation of glucose and maltose as the end result. amilopectin, hydrolysis(-amylase produces degenerate, maltose(As for  with -limit dextrin which is oligosaccharid and various types consist of 4 or more sugar residues which all contain the -1.6 glycosidic bond (Suhartono, 1989).

II. RESEARCH METHODOLOGY

Materials and Tools

Raw materials used in this study were amylase inhibitors derived from Adira-1 Cassava Varieties obtained from Palembang City, starch (Merck) 1%, 2% and 3% and enzyme amylase from Brevibacterium sp.

The chemicals used in this study were 20 mM phosphate buffer pH 6.6 and pH 6.7; Starch 0.5%; 1% (Merck), Ammonium sulphate (Merck), DNS (Sigma), Material for SDS-PAGE consists of: acrylamide-bis acrylamide 30% (Biobasic), TEMED (Sigma), APS (Sigma), 10% SDS, water Millipure, Buffer Tris-HCl 0.5M pH 6.8; Buffer Tris HCl 1.5 M pH 8.8; Mercytoethanol (Merck), Buffer sample running for SDS-PAGE consists of: Bromophenol blue, 10% SDS, Glycin, Buffer running for SDS-PAGE consisting of: Glycin (Merck), SDS (Nacalai), Tris-HCl (Promega) Fixing solution consisting of 50% methanol (Merck), 10% glacial acetic acid (Merck) and milipure, Staining solution consisting of 0.1% Comassie briliant blue R-250, 50% methanol, 10% glacial acetic acid and milipure , Destaining solution consisting of 40% methanol, 10% glacial acetic acid and milipure, Lowry test material consist of analysis reagent, Folin-Ciocalteu solution, BSA standard (Sigma), Marker for protein (Biorad).

The tools used in this research are mag-netic stirrer, digital camera, spectropho-tometer, centrifuge, autoclave, water bath, shaker, and electrophoresis protein (SDS-FAGE).

Activity Test Amylase Inhibitors

A 100 μl sample of supernatant extracted from cassava starch (amylase inhibitor) was reacted with 20 μl (1.32 mg / mL) of amylase enzyme from Brevibacterium sp at 30 ° C, 60 ° C, and 90 ° C for 10 min. Next to the reaction was added 1800 μl starch (Merck) 1%, 2% and 3% and 94 μl buffer posphate 20 mM pH 6.7 and continued incubation at 25 ° C for 3 min. The reaction was stopped by addition of 1 ml of DNS solution and incubated at 100 ° C for 10 min. The solution was cooled with ice cube for 10 minutes and the absorbance of the mixed solution was measured at a wavelength of 530 nm. As a 100 μl control the sample solution was replaced with 20 mM phosphate buffer pH 6.7.


Protein Analysis with SDS-PAGE

Sample Preparation: Sample buffer running preparation consisting of 237.6 μl 1x buffer sample plus 2.4 μl mercaptoethanol; A 10 μl sample is added to a 10 μl buffer running sample (in PCR tube), then spin down, heat on PCR machine 95oC 10 min; Gel preparation consisted of running gel with milipure composition 3.95 ml; 1.5 M Tris HCl pH 8.8 2.5 ml; 30% acrylamide / bis 3.35 ml; 10% SDS 0.2 ml; 10% APS 75 μl, and temed 10 μl. For stacking gel consists of milipure 2.75 ml; 1.5 Tris HCl pH 6.8 750 μl; 30% acrylamide / bus 700 μl; 10% SDS 50 ml; 10% APS 50 μl and temed 5 μl. Running was performed on protein electrophoresis device (ATTA) at 40 mM for 3.5 hours; The staining process is carried out by soaking the gel in the fixation solution for 1 hour, 1 hour staining solution, destaining for 12 hours; The resulting protein band is then scanned / photographed with a digital camera

Concentration with Ammonium Sulphate (Ammonium sulphate Precipitation).

The concentration was carried out on 50 mL of sample amylase inhibitor sample no. 2, 3, 6, 13 and no. 15. A total of 45 grams of ammonium sulphate is gradually dissolved into 50 mL of amylase inhibitor at 4 ° C gradually while stirring with a magnetic stirer. Subsequently the sample was incubated at 4oC for overnight and centrifuged at 12,000 rpm, 4oC for 30 min. Into the resulting pellet was dissolved phosphate buffer 50 mM pH 6.7 as much as 5 mL. Thus from 50 mL the amylase inhibitor sample was concentrated / concentrate to 5 mL. The sample was then tested for protein content and analyzed with SDS-PAGE. Samples with the highest protein content were selected for hydrolysis test.

Hydrolysis Amylase Inhibitors

Hydrolysis was performed on amylase inhibitor sample number 2 with protein concentration 1 mg / mL. The hydrolysis test was performed at several concentrations of amylase inhibitors ie 0, 100, 200, 300, 400, 500, 600 and 700 ng. Amylase enzyme used for in vitro or hydrolysis test with amylase enzyme derived from Brevibacterium sp with a volume of 0.2 mg / mL; 0.4 mg / mL and 0.6 mg / mL. Samples of ammonase inhibitor of concentration with ammonium sulphate at several volumes were reacted with 0.2 mg / mL each; 0.4 mg / mL and 0.6 mg / mL of amylase enzyme derived from Brevibacterium sp at 30 ° C, 60 ° C and 90 ° C for 10 min using 20 mM sodium phosphate buffer pH 4.7; 20 mM pH 5.7 and 20 mM pH 6.7 into the reaction were added 1100 μl starch (Merck) 1%, 2% and 3%. Furthermore some μl buffer posphate 20 mM pH 4.7; 20 mM pH 5.7 and 20 mM pH 6.7 to the total reaction of 2 mL and continued incubation at 25 ° C for 3 min. The reaction was stopped by addition of 1 ml of DNS solution and incubated at 100 ° C for 10 min. The solution was cooled with ice cube for 10 minutes and the absorbance of the mixed solution was measured at a wavelength of 530 nm. The sample absorbers are encoded with (AS). As the control of the sample solution the glucoprotein / amylase inhibitor was replaced with 20 mM phosphate buffer pH 6.7 (AB). For 100% amylase inhibitor activity / 100% inhibition, amylase inhibitors replaced with buffers are reacted with amylase (AC +). For 0% amylase inhibitor activity, both amylase glucoprotein / amylase inhibitor and amylase are replaced by buffer (AC -).


III. RESULTS AND DISCUSSION

Test SDS-PAGE

The SDS-PAGE trial was performed on 16 amylase inhibitor samples to look at proteins in amylase inhibitors that had been isolated / extracted from cassava flour. The result of SDS-PAGE sample number 1-8 can be seen in Figure 2, while sample number 9-16 can be seen in Figure 3. The protein band size is varied and still can not be read clearly because the sample is in crude condition. Furthermore, with data of amylase glucoprotein / inhibitor activity in Table 1 and the result of SDS-PAGE, sample no. 2, 3, 6, 13 and 15 to concentrate with ammonium sulphate.
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Figure 2. Results of SDS-PAGE samples of amylase inhibitors no 1-8. Running at 40 mM 3 hours
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Figure 3. Results of SDS-PAGE samples of amylase inhibitors  no 9-16. Running at 40 mM 3 hours

The molecular weight for each sample is readable even though the protein band is still crude. Based on the protein bands on the image above the molecular weight of amylase inhibitors ranged from 20 kD to 113 kD. So we get several bands of various sizes. To obtain a definite molecular weight the sample must be purified.

Concentration with Ammonium Sulphate.

Five samples 2, 3, 6, 13 and 15 were then concentrated with 70% ammonium sulphate. The value of the protein content of the 50 mL scale production sample (crude enzyme) and after concentration with ammonium sulfate can be seen in Table 4. The measurement of protein content was performed by dilution of 10 X.
Table 4. The value of protein content of amylase inhibitor sample before and after concentration with Ammonium sulfate

	Sampel
	No. Sampel
	Abs Sampel
	mg/mL 

	Crude Enzyme
	2
	0,033
	1,023

	
	3
	0,018
	0,773

	
	6
	0,023
	0,857

	
	13
	0,018
	0,773

	
	15
	0,028
	0,940

	Result of Ammonium Sulphate
	2
	0,037
	1,090

	
	3
	0,013
	0,690

	
	6
	0,009
	0,623

	
	13
	0,008
	0,607

	
	15
	0,030
	0,973


Furthermore, the 10 samples were tested their glucoprotein activity / amylase inhibitor to know at concentration how much ng have 100% inhibition. The test was performed starting at 100 ng amylase inhibitors volume. Based on the results in Table 5, it shows that at volume of 100 ng samples no. 2 indicates 10% inhibition. Furthermore, based on this data we select sample number 2 to further test the hydrolysis at various concentrations of amylase inhibitors to obtain 100% inhibition.

Table 5.
Percentage of inhibitors of amylase inhibitors to Amylase Enzyme at Volume
Amylase Inhibitors 100 ng of samples 2, 3, 6, 13 and 16.

	Types of Samples
	No. Sampel
	As
	Ab
	Ac+
	Ac-
	X=(Ac+ - Ac-)
	Y=(As-Ab)
	Z=X-Y
	W=(X-Y)/(X)
	W*100

	Crude Extract
	2
	1.343
	1.016
	0.330
	0.057
	0.273
	0.327
	-0.054
	-0.198
	-19.780

	
	3
	1.201
	0.865
	0.331
	0.050
	0.281
	0.336
	-0.055
	-0.196
	-19.573

	
	6
	0.972
	0.615
	0.323
	0.061
	0.262
	0.357
	-0.095
	-0.363
	-36.260

	
	13
	0.711
	0.353
	0.308
	0.042
	0.266
	0.358
	-0.092
	-0.346
	-34.586

	
	16
	0.767
	0.385
	0.282
	0.033
	0.249
	0.382
	-0.133
	-0.534
	-53.414

	Ammonium sulphate
	2
	0.343
	0.097
	0.330
	0.057
	0.273
	0.246
	0.027
	0.099
	9.890

	
	3
	0.408
	0.097
	0.331
	0.050
	0.281
	0.311
	-0.030
	-0.107
	-10.676

	
	6
	0.358
	0.071
	0.323
	0.061
	0.262
	0.287
	-0.025
	-0.095
	-9.542

	
	13
	0.367
	0.053
	0.308
	0.042
	0.266
	0.314
	-0.048
	-0.180
	-18.045

	
	16
	0.429
	0.068
	0.282
	0.033
	0.249
	0.361
	-0.112
	-0.450
	-44.980


Information :
AS: absorbance sample, AB: absorbance control, AC +: absorbance 100% inhibition,
AC -: absorbance 0% inhibition,
            Then the 10 samples were either crude enzymes or after concentration with ammonium sulphate in SDS-PAGE (Figure 4).
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Figure 4 shows the results of the SDS-PAGE sample of the enzyme crude before (left side) and after concentration with ammonium sulphate (right). Based on figure 4 above, the molecular weight (BM) of glucoprotein/ amylase inhibitor is 20 kD-113 kD, with sample details of 2, 3, 6 and 13 having BM = 113 kD while sample number 15 has BM = 20 kD. Hydrolysis  of Amylase Inhibitors.
Hydrolysis was performed on sample no. 2 with a volume of successive amylase inhibitors of 100, 200, 300, 400, 500, 600 and 700 ng. 100% inhibition was achieved at 400 ng amylase inhibitor volume, at a temperature of 30C, with a pH of 6.7 and a starch concentration of 1% as shown in Table 6 and Figure 5.
Table 6. Percentage inhibitory data of amylase inhibitors on amylase Derived from Brevibacterium sp

	Volume of amylase inhibitors

(ng)
	AS
	AB
	AC+
	AC-
	X=(AC+ - AC)
	Y=(AS-AB)
	Z=X-Y
	W=(X-Y)/(X)
	W*100 %

	0
	0,086
	0,043
	0,066
	0,067
	0,000
	0,043
	-0,043
	0,000
	0,0

	100
	0,187
	0,077
	0,196
	0,065
	0,131
	0,110
	0,021
	0,160
	16,0

	200
	0,263
	0,125
	0,263
	0,076
	0,187
	0,138
	0,049
	0,262
	26,2

	300
	0,194
	0,093
	0,284
	0,072
	0,212
	0,101
	0,111
	0,524
	52,4

	400
	0,089
	0,096
	0,117
	0,073
	0,044
	0,000
	0,044
	1,000
	100,0

	500
	0,101
	0,096
	0,100
	0,084
	0,016
	0,005
	0,011
	0,688
	68,8

	600
	0,189
	0,085
	0,182
	0,085
	0,097
	0,104
	-0,007
	-0,072
	0,0

	700
	0,239
	0,094
	0,233
	0,122
	0,111
	0,145
	-0,034
	-0,306
	0,0


Information :
AS: absorbance sample, AB: absorbance control, AC +: absorbance 100% inhibition
AC -: absorbance 0% inhibition, W: Inhibition Value, W * 100%: 100% Inhibition Value
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Figure 5. Percentage of  Amylase Inhibitors Amilase Inhibition Rate
There are several factors that influence enzyme activity. According to Rodwell (1988), the main factors affecting enzyme activity are temperature, pH, enzyme concentration, substrate concentration, and presence of activators and inhibitors.
Enzyme amylase accelerates the occurrence of chemical reactions in a living cell. Within certain temperature limits, the rate of enzyme catalyzed reaction will rise as the temperature rises. The fastest reaction occurs at the optimum temperature (Rodwell, 1988). Therefore, the determination of the optimum temperature of enzyme activity is very necessary because if the temperature is too low then the stability of the enzyme is high but its activity is low, whereas at high temperature the enzyme activity is high but its stability is low (Muchtadi, 1992). However, its speed will drop dramatically at higher temperatures. Loss of activity at high temperatures due to changes in heat conformation (denaturation) of enzymes. Most enzymes are inactive at temperatures around 55-60ºC (Rabyt, 1987).
The amylase enzyme is generally amfolytic, which means that the enzyme has dissociation constants on the acidic group and its base group, especially in the carboxyl terminal residue group and the amino acid group, it is estimated that the enzyme reactivity changes due to the change of the environment pH (Winarno, 1986).
           According to Tranggono and Sutardi (1990), Enzymes have maximum activity in the pH range called optimum pH. The atmosphere is too acidic or alkaline will result in protein denaturation and total loss of enzyme activity. The optimum pH for some enzymes is generally located between neutral or weak acids of 4.5-8. Optimum pH is essential for the determination of enzyme characteristics. In different substrate, the enzyme has different optimum pH. According to Winarno (1986), the same enzymes often have different optimum pH, depending on the origin of the enzyme.

The speed of the reaction in the enzymatic reaction is proportional to the concentration of the enzyme (Martin et al., 1983). The higher the enzyme concentration, the reaction rate will increase to a certain concentration level where the hydrolysis result will be constant with the increase of enzyme concentration caused by the addition of enzyme is not effective anymore (Reed, 1991).

The speed of the enzymatic reaction is generally dependent on the substrate concentration. The speed of the reaction will increase if the substrate concentration increases. This increase in the speed of the reaction will be smaller until a boundary point is reached which in the end the addition of substrate concentration will only slightly increase the reaction rate (Lehninger, 1997). This is because all enzyme molecules have formed a complex bond with substrate which subsequently with the increase of substrate concentration has no effect on the speed of the reaction (Trenggono and Sutardi, 1990).
           Some enzymes require the activator in the catalyst reaction. Activators are compounds or ions that can increase the speed of enzymatic reactions. The chemical components that make up the enzyme are also called cofactors. These cofactors may be inorganic ions such as Zn, Fe, Ca, Mn, Cu, or Mg or can also be complex organic molecules called coenzymes. In general The bond between the organic compound and the enzyme protein is weak and when the strong bond is called the prosthetic group (Martoharsono, 1984).
In addition to being influenced by the presence of activators, enzymes are also affected by the presence of inhibitors. Inhibitors are compounds or ions that can inhibit enzyme activity (Lehninger, 1997). According to Eskin (1971), the inhibitory properties of the enzyme are divided into three: First, non-specific inhibition occurs when the protein in the enzyme is damaged by denaturation or by hydrolytic activity. This denaturation can be caused by high acid or alkaline conditions and may also be caused by the emergence of precipitates by trichloro-acetic acid. Second is the competitive in-hibition that occurs when the inhibitor and the substrate competes for the active side of the enzyme, which is due to the similarity of the molecular structure between the enzyme and the substrate and the third is the non-competitive inhibition which is the inhibition that occurs because the inhibitor joins the enzyme on a certain side other than the active side, Where this side is important for enzyme activity. This inhibitory property is affected by inhibitor concentration and inhibition can not be overcome in the presence of high substrate concentrations. For more details how the enzyme works can be seen in the picture ... below.

Enzymes are a group of proteins that run and regulate chemical changes in biological systems. The way enzymes work will relate to the properties of enzymes as proteins, so the way the enzyme works will be greatly influenced by temperature, acidity, product end result, enzyme concentration itself, substrate concentration, inhibitors, and mois-ture content. The enzyme acts as a catalyst in the living organism so that enzymes are sometimes referred to as biocatalysts; Because it acts as a catalyst, then the enzyme may increase the rate of chemical reaction but does not change in the chemical reaction. Here is a theory that explains how the enzyme works:

LOCK AND KEY THEORY
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As the name implies, the workings of enzymes according to this theory are similar to key mechanisms and key words. In this case, the enzyme is described as an active padlock, while the substrate is the key. The substrate will enter the enzyme like a key that enters the lock. In the subsequent process, the substrate will be converted into a product. At a later stage, the active side of the enzyme releases the product and is ready to accept another new substrate. The enzyme's active side essentially contains a small amount of amino acids so that only molecules with specific forms can be substrates for the enzyme.

INDUCED FIT THEORY
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In this theory, the way the enzyme works is by adjusting the shapes in order to bind to the substrate. The purpose of this shape adjustment is to increase compatibility with the substrate so as to make the enzyme and substrate bonds more reactive. The enzyme's active side of the enzyme will become the embedded substrate so that it can form the enzyme-substrate complex molecule. Enzyme molecules will change to their original shape once the product is produced and ready to receive another new substrate.

IV. 
CONCLUSIONS AND RECOMMENDATIONS

Conclusions
           Based on the results of research and description above, it can be concluded as follows:

1. The result of isolation and purification of amylase inhibitors (SDS-PAGE) of cassava flour obtained by Molecular Weight (BM) of amylase inhibitors was 21,87; 25,34; 29.95; 33.29; 38.79; 41,76; 47,56; 58.85; 67,75; 69,73; 75,13; 81.15; 102.49; 106,57; 109,34; And 113.75 kD (kilodalton).

2. Based on the DMRT test, the effect of pH, temperature, starch, amylase inhibitors and amylase concentration on in vitro test has significant effect on the working mechanism of amylase inhibitors with amylase. The results of 100% amylase inhibitors to amylase inhibitory effect on the pH treatment of 6.7; Temperature 30 ◦C; Starch 1%; 400 ng amylase inhibitors volume and 0.4 mg / mL amylase volume.

3. Treatment of hydrolysis to temperature, starch, amylase inhibitors and amylase volume and pH significantly affect the chemical characteristics of amylase inhibi-tors.


Recommendations
Based on the results of this study it can be suggested that:

1. To obtain cassava flour containing the best amylase inhibitors content and have the character of inhibition to amylase, it is necessary to treat the mucus layer on cassava need not be removed and must be soaked for 12 hours (P1L2).

2. For furthermore research to find out what kind of amylase inhibitor compound contained in cassava flour extract.

3. Further research on the type of protein found in cassava flour amylase inhibitors by Immunobloting or Western bloting (WB) method.

REFERENCES

Ali, H; Houghton, PJ; Soumyanath, A. 2006. α-Amylase inhibitor activity of some Malaysian plants used to treat diabetes; with particular reference to Phyllanthus amarus. J. Ethnopharmacol, 107: 449-455.

Ali, H; Houghton, P.J;  Soumyanath A, J.2006.  Ethnopharmacol, 107, 449.

Amin, G. 1991. Popular Medicinal Plants of Iran. Research Deputy of Health Ministry, Tehran 126.

AOAC. 2005. Official Method of Analysis of The Association of Official Analytical Chemistry. Association of official Analytical Chemists. Washington DC.

Azmi, J. 2006. Penentuan Kondisi Optimum Fermentasi Aspergillus Oryzae untuk Isolasi Enzim amilase pada Medium Pati Biji Nangka (Arthocarphus Heterophilus Lmk). Jurnal Biogenesis Vol.2(2):55-58.

Bahagiawati. 2005. Isolasi dan purifikasi inhibitor α-amilase dari biji kacang paseolus vulgaris.Balai Besar Penelitian dan Pengembangan Bioteknologidan Sumberdaya Genetik Pertanian, Jalan Tentara Pelajar 3A, Bogor 16111. 



J. Agro. Biog. 1 (1): 7-12.

Bernfeld, P. 1955. Amylases α and β. In: Colowick, S.P. and Kaplan, N.O. (eds), Methods in Enzymology, Academic Press, New York, (1):149-158.
Bernfeld, P.  2005. Amylase, α and β, in: S.P. Colowick, N.O. Kalpan (Eds.), Methods in Enzymology, Academic Press, New York, pp. 1955; 149-158.

Boivin, M; Zinsmeister, AR and Go, VL. 1987. Effect of a purified amylase inhibitor on carbohydrate metabolism after a mixed meal in healthy humans.Am. J. May. Clin. Proc. 62: 249-255.

Boivin, M; Flourie, B and Rizza, RA; Zinsmeister, M. 1988. Gastrointestinal and metabolic effects of amylase inhibition in diabetics. Am. J. Gastro. 94: 387-394.
Bo-Linn, GW; Santa Ana, CA; Morawski, SG and Fordtran, JS. 1982. Starch blockers their effect on calorie absorption from a high starch meal. Engl. J. Med. 307: 1413-1416.

Brayer GD, Luo Y, Withers SG. 1995. The structure of human pancreatic α-amylase at 1.8 A resolution and comparisons with related enzymes. Protein Science, 4:1730-1742.

Brugge, WR and Rosenfeld, MS. 1987. Impairment of starch absorption by a potent amylase inhibitor. Am. J. Gastro. 82: 718-722.

Campos, FAP; Richardson, M. 1983. The complete amino acid sequence of bifunctional a-amylase/trypsin inhibitor from seeds of ragi (Indian finger millet, Eleusine coracana Gaertneri). FEBS Lett.,152: 300-304.

Carlson, GL; Li, BU; Bass, P and Olsen, WA. 1983. A bean α-amylase inhibitor formulation (starch blocker) is ineffective in man. Hollenbeck et al. Effects of a commercial starch blocker preparation on carbohydrate digestion and absorption: in vivo and in vitro studies. Am. J. Clin.Nutr.Sci.219: 393-395.

Chadwick, RS; Henson, GJB; Koenen, C; Midden, B; Moseley, M; Liakopoulos, GR; Rechkemmer, D; Schroeder and Von Wright A. 2003. Functional Foods. Wissenschaftsethik und Technik-folgenbeurteilung. Band. 20. Springer. Berlin. 
Chang,LMD. 2014. Fiber Give Yourself a Fresh Start for Health. Just a few changes of habit can give a big boost to your diet's fiber profile. The InternationalJournal of Public Health publishes scientific articles relevant to global public health.
Choudhury, A; Maeda, K and Murayama, R. 1996. Character of a wheat amylase inhibitor preparation and effects on fasting human pancreatic obiliary secretions and hormones. Am. J. Gastro.111: 1313-1320.

Debasmita M, Mala M. 2012.  Asian J Plant Sci. 2,102.

Eskin,
NA. 1971. Biochemistry of food. Elvasier Science and Technologi Books. England

Franco OL, Rigden DL, Melo FR, Bloch C, Silva CP, Grossi-de-Sá MF. 2000. Activity of wheat a- amylase inhibitors towards bruchid aamylases and structural explanation of observed specificities. Eur. J.Biochem., 267: 2166-2173.

Franco O.L, Rigden D.J, Melo F.R, Grosside-Sa M.F. 2002. Eur J Biochem, 269,397.

Garrow, JS; Scott, PF and Heels, S. 1983. A study of 'starch blockers' in man using 13C-enriched starch as a tracer. J.Hum.Clin.Nutr.37: 301-305.
Garcia-Olmedo, F; Salcedo, G; Sanchez-Monge, R; Gomez, L. Royo, J; Carbonero, P. 1987. Plant proteinaceous inhibitors of proteinases and α-amylases. In: Miflin, B. (Ed.), Oxford University Press, Oxford, Oxford Surveys Plant Mole. Cell Biol., 4: 275-334.

Garcia-Olmedo F, Salcedo G, Sanchez-Monge R, Gomez L, Royo J, Carbonero P. 1987. Cell Biol, 4, 275.

Giri, AP; Kachole, MS. 1998. Amylase inhibitors of pigeonpea (Cajanuscajan) seeds. Phytochemistry. 47: 197-202.
Gatehouse, AMR; Fenton, K.A; Jepson, I and Paney, DJ. 1986. The effect of α-amylase inhibitor on storage pests: Inhibition of α-amylase in vitroand effects on development in vivo. J.Sci.Food.Agric.37:727-734.

Geoffrey, and Webb, P.  2007. Dietary Supplement and Functional Foods. Blackwell. London. p. 257-262.

Gibson, GR and Roberfroid, MB. 1995. Dietary modulation of the human colonic microbiota. introduction the concept of prebiotics. Am. J. Nutr.125 (6): 1401-1409.

Gibson, GR and Fuller, R. 2000. Aspect of in vitro and in vivo researches directed toward identifying probiotics and prebiotics for human use. Am. J. Nutr.130 (2): 391-395.
Gibson, GR and Collins. 1999. Prebiotic, probiotic, and symbiotic. Approaches for modulating the microbial ecology of the gut. Am. J. Clin.Nutr.69 (5): 1052S-1057S.

Gnoth, MJ; Kunz, C; Kinne-Saffran, E and Rudloff, S. 2000. Human milk oligosaccharides. Are minimally digested in vitro. Am. J. Nutr.130 (12): 3014-3020 

Gutierrez, S; Garcia-Casado, G.; Sanchez-Monge, R;  Gomez, L;  Castanera, P and Salcedo, G. 1993. Three inhibitor types from wheat endosperm are differentially active against α-amylase of Lepidoptera pests. J. Ent. Exp. Appl.66:47-52.

Heidari R, Zareae S, Heidarizadeh M. 2005. Extraction, purification, and inhibitory effect of α-amylase inhibitor from wheat (Triticumaestivum Var. Zarrin). Pakistan J. Nutr., 4: 101-105.

Hollenbeck, CB; Coulston, AM and Quan, R.1983. Effects of a commercial starch blocker preparation on carbohydrate digestion and absorption: in vivo and in vitro studies. Am.J.Clin.Nutr.38: 498-503.

Hoover R, Sosulski F. 1984. Characteristics and concentrations of α-amylase inhibitor in Phaseolus vulgaris biotypes. Starch/Starke. 36:

Huang, G; Ying, T; Huo, P and Jiang, J. 2006. “Purification and characterization of a protease from thermophilic Bacillus strain HS08”. African Biotechnol. Vol.5. p. 2433 – 2438.

Hung, LW; Kohmura, M; Ariyoshi, Y; Kim, SH. 1999. Structural differences in D and L-monellin in the crystal of recemic mixture. J Mol Biol, 285:311-321.

Hung, LW; Kohmura, M; Ariyoshi, Y; Kim, SH. 1998. Structure of an enantiomeric protein, D-monellin at 1.8 A resolution. Acta Crystallogr D Biol Crystalogr, 54(Pt 4): 494-500.

Ida, EI; Finardi-Filho, F; Lajolo, FM. 1994. Purification and partial characterization of two proteinaceousα-amylase inhibitors from triticale. J. Food Biochem., 18: 83-102.

Ishimoto, M and Kitamura, K. 1989. Growth inhibitory effects of α-amylase inhibitor from the kidney bean, Phaseolus vulgaris (L.) on three species of bruchids (Coleoptera: Bruchidae). J. Appl. Ent. Zool. 24(3): 281-286.

Ishimoto, M; Sato, T; Chrispeels, M.J and Kitamura, K. 1996. Bruchid resistance of transgenic azuki beanexpressing seed α-amylase inhibitor of common bean.J. Exp. Appl. 79: 309-315.

Ivorra M.D; Paya, M; Villar, A. 1989. J. Ethnopharmacol. 27, 243.

Karthic K, Kirthiram K.S, Sadasivam A, Thayumanavan B. 2008.Indian J Exp Biol. 46, 677.

Klalil, S.M; Ebrahim, A.H; Pasalar, P; Yaghmaei, P and Hayati, N.R. 2012. Reflection on design and testing of pancreatic α-amylase inhibitors: an in silico comparison between rat and rabbit enzyme models. Journal of Pharmaceutical.

Kommu S, Chiluka V. L, Shankar G, Matsyagiri N. L, Shankar L. M, Sandhy S. 2011.Der Pharmacia Sinica. 2,193.

Kumari, B; Pratima S; Amarjit, K.N. 2012. α-amylase inhibitor in  local Himalyan  collection of Colocasia: Isolation, purification, characterization, and selectivity towards α-amylase from various sources.Pesticide Biochemistry and Phisiology

 103: 49-55.

Layer, P; Carlson, GL and Di-Magno, EP. 1985. Partially purified white bean amylase inhibitor reduces starch digestion in vitro and inactivates intraduodenal amylase in humans. Am. J. Gastro. 9: 30-35.

Layer P, Rizza RA, Zinsmeister AR, Carlson GL, DiMagno EP. 1986. Effect of a purified amylase inhibitor on carbohydrate tolerance in normal subjects and patients with diabetes mellitus. Mayo Clin Proc, 61(6):442-447.

Lehninger, AL; Nelson, DL; Cox, MM. 1993. Principles of Biochemistry. Second Edition. Worth Publisher, Inc. USA

Lehninger, AL. 1997. Dasar-dasar Biokimia. Jilid I. Alih bahasa: Maggy Thenawidjaja. Jakarta: Erlangga.

Lowry, OH;  Rosebrough, NJ;  Farr, AL; Randall, RJ. 1951. Protein measurement with the Folin phenol reagent. J. Biol. Chem.193 (1): 265–75. PMID 14907713.

Marylin, L.B; Jay, K.U; Barret, U. 2011. A proprietary α-amylase inhibator from whitebean (Phaseolus vulgaris): A review of clinical studies on weight loss and glycemic control. Nutrition Journal, 10:24.

Marshall, JJ and Lauda, CM. 1975. Purification and properties of phaseolamin, an inhibitor of alpha-amylase, from the kidney bean, Phaseolus vulgaris. J. Biol. Chem.250: 8030-8037.

Martin, D.W., D,A Mayes., and V.W. Rodwel. 1983. Harper’s Review of Biochemistry. Lange Singapore: Medical Publication.

Martoharsono, S. 1984. Biokimia. Jilid 1. Yogyakarta: UGM Press.

Maskos K, Huber-Wunderlich M, Gloskshuber R. 1996. RBI, one domain α-amylase/trypsin inhibitor with completely independent binding sites. FEBS Lett., 397: 11-16.

McCracken, VJ and Gaskin, HR. 1999. Probiotics and the immune system. Am. J. Horizon. Sci.Press.75 (4): 168-175. http://horizonpress.com/hsp/pro.html.

McEwan, R.; Madivha, R. P; Djaroval ; Oyedeji, T. O. A and Opokul, A.R. 2010. α-amylase inhibitor of amadumbe (Colocasia esculenta): Isolation, purification and selectivity toward amylase from various sources. African Journal of   Biochemistri Research Vol. 4(9), pp. 220-224.

Mehrabadi, M and Bandani, AR. 2009. Study on salivary glands α-amylase in wheat bug Eurygaster maura. Am. J. Appl.Sci. 1-8.

Melo, FR; Sales, MP; Pereira, LS; Bloch, C; Franco, OL; Ary MB.1999. α-Amylase inhibitors from cowpea seeds. Protein and Peptide Lett., 6: 385-390.

Mikola J, Suolinna EM. 1969. Purification and properties of a trypsin inhibitor from barley. Eur J Biochem. Jul; 9(4): 555–560.

Moreno, J and Chrispeels, M.J. 1989. A lectin geneencodes the α-amylase inhibitor of the common bean. Proc. Natl. Acad. Sci.USA.86:7885-7889.

Montgomery,R; Dreyer, R.L; Conway, T.W and Specter, A.A. 1993. Biokimia Suatu Pendekatan Berorientasi Kasus.Jilid 1.edisi keempat. Terjemahan Ismadi.Yogyakarta:UGM Press.
Murray and Robert, K. 2003. Harper’s Illustrated Biochemistry. 26th Ed. Chapter 47: Glycoprotein. Lange Medical Books/ McGraw-Hill. New York. p. 515-534. http://medical-dictionary. The free dictionary. com/ glucoprotein.

Muchtadi, D; N.S Palupi; dan M. Astwan.1992. Teknologi Pemasakan  Ekstrusi. PAU Pangan dan Gizi IPB Bogor.

Muralikrishna, G; Nirmala, M. 2005. Cereal α-amylases – an overview. Carbohydr. Polym., 60: 163-173.

Nagaraj, R. H. And Pattabiraman, T. N. 1985. Purification and properties of an α-amylase inhibator specific for human pancreatic amylase from proso (Panicium miliaceum) seeds J. Biosci., Vol 7, Numbers 3 & 4, , pp. 257-268.

Nazario, B. 2005. Dietary Guidelines for Americans Recommends. The American Medical Association (AMA).Medical Journal.
Nickavara,Band Amin, G. 2000. Enzyme Assay Guided Isolation of an α-Amylase Inhibitor Flavonoid from Vaccinium arctostaphylos Leaves.Department of Pharmacognosy, School of Pharmacy, Shahid Beheshti University of Medical Sciences, Tehran, Iran. Department of Pharmacognosy, Faculty of Pharmacy, Tehran University of Medical Sciences, Tehran, Iran.
Nickavara, B dan Amin, G, 2011. Enzyme Assay Guided Isolation of an α-amylase inhibitor flavonoid from Vacciniumarctostaphylos Leaves. Departement of Pharmacognosy, Faculty of Pharmacy, Tehran University of Medical Sciences, Tehran, Iran. Iranian Journal of Pharmaceutical Research, 10 (4): 849-853.

Noman, ASM; Hoque, MA; Sen, PK; Karim, MR. 2006. Purification and some properties of amylase from post-harvest Pachyrhizus erosus L. tuber. Food Chem., 99: 444-449.

Pattabiraman, T.N and Nagaraj, R.H. 1985. Purification and properties of an α-amylase inhibitor specific for human pancreatic amylase from proso (Panicium miliaceum) seeds. Department of Biochemistry, Kasturba Medical College, Manipal 576 119, India.

Payan, F. 2004. Structural basis for the inhibition of mammalian and insect α-amylases by protein inhibitors. Biochem et Biophys. 1696:171-180.

Poedjiadi, A.1994. Dasar-Dasar Biokimia. Jakarta: UI-Press

Poliana, J and MacCabe, AP. 2007. Industrial Enzymes; Structure, Function, and Applications. Dordrecht: Springer. p. 20-22. ISBN 978-1-4020-5376-4.

Prashant A.B, Bhanudas K.S. 2011.  Asian J Plant Sci. 1, 91.

Prathibha, S; Bala, N; Leelama, S. 1995. Enzyme inhibitors in tuber crops and their thermal stability. Plant Foods Hum. Nutr., 48: 247-257.

Roberfroid, MB. 2000. Prebiotics and probiotics. Are they functional foods. Am. J. Clin. Nutr.71 (6): 1682S-1687S.
Rabyt, JF and B.J White 1987. Biochemical Techniques. Theory And Practice. Brooks/cole California. Publishing Company.

Reed, G. (1991). Principles Biochemistry. 7th edition. Blackie Academic and Professional. Glasgow. p.596.

Reddy, BS. 1998. Prevention of colon cancer by pre- and probiotics. Evidence from laboratory studies. Am. J. Clin.Nutr.80 (4): 219S-223S.
Rekha, MR; Padmaja, G; Easwari Amma CS, Sheela MN. 1999. Genotype differences in the α-amylase inhibitor activity in sweet potato and yam tubers. J. Root Crops, 25: 95-101.

Richardson, M. 1991. Seed storage proteins: the enzyme inhibitors In: Rogers, L.J. (Ed). Methods in Plant Biochemistry, vol. 5, Academic Press, New York, pp 259-305.

Rodriguez, VB; Alamenda, EJ; Gallegos, JFM; Requena, AR; Lopez, AIG; Cabral, JMS; Fernandes, P and Fonseca de, LJP. 2006. Modification of the activity of an α-amylase from Bacillus licheniformis by several surfactants. Electron. J. Biotechnol.9 (5): 57-63.

Rodwell, V.W. 1988. Harper’s Review of Biochemistry. Alih bahasa: Iyan Dharmawan Edisi 20. Jakarta: EGC Kedokteran.

Roy I, Gupta MN. 2000. Purification of a ‘double-headed’ inhibitor of α-amylase / proteinase K from wheat germ by expanded bed chromatography. Bioseparation, 9: 239-45.

Salminen, S; Bouly, C; Boutron-Ruault, MC; Cumming, JH; Frank, A; Gibson, GR; Isolauri, E; Moreau, MC; Roberfroid, M and Rowland, I. 1998. Functional food science gastrointestinal phisiology and function. J. Clin.Nutr.Suppl.1 (5): 147-167. 

Sama K; Murugesan, K  and  Rajeshwari S. 2010. Invitro α-amylase and α-glucosidase inhibition activity of crude ethanol extract of Cissus arnottiana. Department of Biotechnology, School of Life sciences, Karpagam University, Eachanari,Coimbatore, Tamilnadu, India.
Sama, K; Murugesan, K dan Rajeshwari, S. 2012. In vitro α-amylase and α-glucosidase activity of inhibition for Cissus arnottiana ethanol extract. Karpagam University Eachanari, Coimbatore Tamilnadu, India. Asian J. Botanical. School of Life Sci. Res, 2(4):550-553.

Sasikiran, K; Rekha, MR; Padmaja, G. 2002. Proteinase and α-amylase inhibitors of sweet potato: Changes during growth phase, sprouting, and wound induced alterations. Bot. Bull. Acad. Sinica, 43:291-298.

Seltzer, RD; Strumeyer, DH. 1990. Purification and characterization of Esculentamin, A proteinaceous alpha-amylase inhibitor from the taro root, Colocasia esculenta. J. Food Biochem., 14: 199-217.

Sharma, KK; Pattabiraman, TN.1980. Natural plant enzyme inhibitors. Isolation and characterization of two a-amylase inhi bitors from Colocasia antiquarum tubers. J. Sci. Food Agric., 31: 981-991.

Sharma, KK; Pattabiraman, TN. 1982. Natural plant enzyme inhibitors. Purification and properties of an amylase inhibitor from yam (Dioscorea alata). J. Sci. Food Agric., 33: 255-262.

Sharma, A and Gupta, M. N. 2001. Three phase partitioning as a large-scale separation method for purification of a wheat germ bifunctional protease/amylase inhibitor. Process Biochemistry, 37, 193–196.

Shen, R. 1988. Purification and characterization of a novel thermo-stable alpha-amylase from Clostridium thermo sulphurogenes. Am. J. Biochem.254: 835–840.
Silano, V. 1987. α-amylase inhibitors. In: Kruger JE, Lineback D, Stauffer CE (Eds.), Enzymes and their roles in Cereal Technology, American Association of Cereal Chemists, St. Paul, MN., pp 141-199.

Striyer, L .1995. Biochemistry. Enzymes. 4th edition. England: Elli Horwood. P. 181-273.

Subramanian R, Asmawi M.Z, Sadikun A. 2008.  Acta Biochim Pol. 55, 391.

Sudha, P; Smita, S; Zinjarde; Shobha, Y; Bhargava; Ameeta, R; Kumar. 2011. Petent a-amylase inhibitory activity of Indian Ayurvedic medical plants. BMC Comple-mentary and Alternative Medicine, 11:5.

Tranggono dan Sutardi. 1990. Biokimia dan Teknologi  Pasca Panen. PAU Pangan dan Gizi. Yogyakarta: UGM press.

Wanga, H.H; Chen, C.L; Jeng, T.L., Sung, J.M. 2011. Comparisons of α-amylase inhibators from seeds of common bean mutants extracted trough three phase partitioning. Article history: Departement of Food Science and Applied Biotechnology, Hungkuang University, Shalu, Taichung County, Taiwan.

Weselake RJ, MacGregor AW, Hill RD. 1983. An endogenous α-amylase inhibitor in barley kernel. Plant Physiol., 72: 809-812.

113  kD


92  kD


52,9  kD





35.4  kD





29  kD





21.5  kD








113  kD


92  kD





52,9  kD





35.4  kD


29  kD





21.5  kD











113  kD


92  kD





52,9  kD


35.4  kD


29  kD


21.5  kD






























































PAGE  
	1
	| Science & Technology



