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ABSTRACT 

Alpha- amylase enzyme was characterized from the saliva samples collected from one hundred healthy 

adult smokers and fifty non smokers (control) in order to determine the effects of temperature, pH and 

substrate concentration on the kinetics of the enzyme. The analysis of the saliva samples revealed specific 

activities ranging from 1.25 to 2.20U/mg for smokers and 1.23 to 2.10U/mg for non smokers, with mean 

values of 1.70 ± 0.33U/mg and 1.72 ± 0.30U/mg respectively. The Michaelis constant (Km) values of 

3.30 ×10
–2

 mg/ml and 3.37×10
–2

mg/ml observed for smokers and non smokers were obtained from the 

double reciprocal plot of initial velocity(1/VO) and substrate concentration(1/[S]). Maximum activities 

were obtained at an optimum temperature of 40ºC and an apparent pH of 7.0 for both subjects. Therefore, 

this prospective study shows that cigarette smoking has no effects on the kinetics of salivary alpha-

amylase activity.   
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INTRODUCTION 

Alpha-amylase (α-1,4-glucan 4- 

glucanohydrolase EC 3:2:1:1) is an enzyme 

found in human saliva, pancreatic juice, human 

breast milk, serum and certain tissues such as the 

liver which is responsible for the breaking down 

of starch into maltose and glucose by 

hydrolyzing the α (1-4) linkages in starch. 

Salivary alpha amylase functions as the first 

main step of the process of digestion. The 

process of digestion begins with the chewing of 

food in the presence of salivary alpha amylase in 

the mouth to convert the starch in food into 

sugar (Maureen, 2000).
 
Foods that are high in 

starch, like potatoes or bread, will taste slightly 

sweet when chewed; this is because of the action 

of amylase. The enzyme amylase is also secreted 

by the pancreas, where it is called pancreatic 

amylase; its presence in the gastrointestinal tract 

aids in the breakdown of food molecules for the 

body to store and use (Rosenblum et al., 1998). 
 
 

Starch which is the substrate for ptyalin(alpha 

amylase) and their products (short chains of 

glucose) are able to partially protect it against 

inactivation by gastric acid as the food goes 

down the stomach in acid medium of  about pH 

3.3.At this acid medium, ptyalin added to buffer 

at pH 3.0 underwent complete inactivation in 

120 minutes; however addition of starch to 0.1% 

level resulted in about 10% of the activity 

remaining, and similar addition of starch to a 

1.0% level resulted in about 40% of the activity 

remaining at 120 minutes (Rosenblum et al., 

1998).
  

 

In vitro, α-amylase is also able to hydrolyze α-(1 

4) linkages in glycogen but has no activity on α-

(1 6) linkages responsible for the more highly 

branched structure of glycogen. These branched 

structures also reduce the activity of the α-

amylase towards glycogen by limiting the 

accessibility of the target α-amylase bonds, 

requiring the action of an enzyme that acts on 
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these branched products to accomplish this 

compound hydrolysis (Maureen, 2000).  

Polysaccharides   α–amylase   Oligosaccharides    

(Starch) 

α-amylase    Disaccharides  +  Monosaccharide     

                       (Maltose)               (Glucose)                                              

 

Apart from its function as digestive enzyme, 

amylase is also useful outside the human body. 

In bread making, amylase is useful in breaking 

down starch in flour into simpler forms of sugar, 

which yeast can then feed on, causing the bread 

to rise and also imparting flavor. Another form 

of amylase, “termamyl” sourced from Bacillus 

licheniformis, is also used in some detergents to 

dissolve starch from stains and dishes when used 

in dish washer detergents (Robyt and Ackerman, 

1973). 

 

Characterization of salivary α-amylase activity 

showed that the enzyme was stable for at least 

six months at 25ºC (Sampson et al., 1981).
 
It 

was also observed that this enzyme requires a 

neutral pH (7.0) or slightly alkaline medium of 

between pH 7.0 to pH 7.4 for activity and the 

body temperature is optimal for its best action 

(Henry and Chiamori, 1960). 

 

Salivary α-amylase has received attention over 

the past years as a marker for Sympathetic 

Nervous System (SNS) activity (Rohleder et al., 

2004).
 
Evidence has been accumulating showing 

that salivary α-amylase responds to acute 

psychosocial stress in a pattern suggesting 

association with the SNS; and stress-induced 

increases have been shown to be associated with 

increasing SNS parameters (Nater et al., 2007).
 

Furthermore, salivary α-amylase increases can 

be elicited by SNS activating drugs (yohimbine) 

and prevented by beta blockade, (propandol) 

(Ehlert et al., 2006). 

 

More recent work has described a reliable 

diurnal pattern of salivary α-amylase activity 

and association of daily amylase secretion with 

relevant psychological states have been reported 

(Nagler et al., 2001; Wingenfeld et al., 2010). 

Daily amylase secretion for example changes in 

response to the chronic stress of caring for a 

family member with brain cancer; daily 

secretion is furthermore altered in individuals 

with Post Traumatic Stress Disorder (PTSD) in 

people with higher self- rated depression, and is 

associated with chronic stress in children with 

asthma and low socioeconomic status (Granger 

et al., 2007).                                           

                                    

MATERIALS AND METHODS 

SAMPLE COLLECTION 

About 1.0ml of the saliva samples were 

collected from each of the one hundred healthy 

adult smokers and fifty non smokers (control) 

using specimen sample bottles and diluted to 

1:100 with physiological saline (0.85%NaCl) 

using the technique proposed by Jose and 

Marriana (2001).
 

The subjects were selected 

randomly from Awka, Anambra State, Nigeria. 

The specimens were stored at 4ºC to 8ºC until 

analysis which kept the specimens stable for at 

least twelve months (Lorentz, 1998).
 
The starch 

substrate which was used in this study was 

washed in order to reduce the viscosity using 

dilute NaOH (0.25%) and then allowed to dry at 

room temperature as recommended by Somogyi 

(1960). This process of washing the substrate 

produced gel that was less viscous and 

sufficiently fluid to permit accurate pipetting 

and was completely free of the reducing matter 

(Somogyi, 1960).The starch was then prepared 

by suspending about 15g of the washed dried 

starch in 100ml of the buffered solution and with 

the addition of another 900ml of the buffered 

solution that was heated to boiling point, thereby 

forming a gel with pH of 7.0.      

 

Then glucose standard curve was calibrated 

using a glucose oxidase Kit (GOD/PAP Kit) 

containing a working glucose standard and a 

buffered glucose oxidase reagent.  The amount 

of the reducing sugar (glucose) in the buffered 

starch substrate was determined with the glucose 

standard curve. Also protein standard curve was 

calibrated using a standard Bovine Serum 

Albumin (BSA) in which 0.5g of BSA was 

weighed and dissolved in one litre of distilled 

water giving a standard BSA concentration of 

500μg/ml. This curve was then used to estimate 

protein concentration of the saliva samples 

(Lowry et al., 1951; Sengupta and 

Chattopadhway, 1993).
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ALPHA-AMYLASE ENZYME ASSAY 

In order to determine the effects of temperature, 

pH and substrate concentration on the kinetics of 

salivary alpha-amylase activity among cigarette 

smokers as well as non smokers, routine analysis 

of the saliva samples was carried out with the 

buffered starch substrate using the enzymatic 

method for the α-amylase assay for human 

biological fluids (Scharpe, 1972; Kondo et al., 

1988; Henry and Chiamori, 1960) releasing 

glucose whose concentration for each subject 

was determined using the glucose standard 

curve. 

 

The enzyme specific activities for smokers and 

non smoker subjects were determined over a 

range of substrate concentration; 

15g/L,12g/L,8g/L,6g/L, and 4g/L in a Potassium 

Dihydrogen Phosphate-Disoduim Hydrogen 

Phosphate(KH2PO4-Na2HPO4) buffer system 

(pH 7.0) with the same enzyme concentration. 

The Line-Weaver Burk plot of the reciprocal of 

the substrate concentration 1/[S] against the 

reciprocal of the initial velocity 1/V0(the 

specific activity) was drawn from where the 

Michaelis constant(Km) and the maximum 

velocity (Vmax) were determined as shown in 

Figure(1a) and Figure(1b) respectively for both 

cigarette smokers and non  cigarette smokers. 

The same assay protocols were carried out for 

smokers and non smoker subjects at varying 

incubating temperature(20ºC,30ºC,40ºC,50ºC 

and 60ºC) with the same enzyme concentration, 

and then at different  pH of the buffered starch 

substrate solution from pH 6.0, 6.5, 7.0, 7.5 and 

8.0 at 40ºC respectively. 

                                      

RESULTS AND DISCUSSION  

   

This prospective study which was undertaken to 

assess the effects of temperature, pH and 

substrate concentration on the activities and the 

kinetics of salivary α-amylase on cigarette 

smokers as well as non smokers revealed 

specific activities ranging from1.25 to 2.20 

U/mg for smokers and 1.23 to 2.10 U/mg for 

non smokers. Mean values of 1.70 ± 0.33 U/mg 

and 1.72 ± 0.30U/mg were obtained for smokers 

and non smokers (control) respectively. These 

mean values were subjected to a statistical 

analysis for differences in mean using the 

students’ t-tests which revealed no significant 

difference at 95% level of confidence interval. 

 

The Michaelis constant (Km) and the maximum 

velocity (Vmax) values obtained in this study by 

the double reciprocal plot or the Line-Weaver 

Burk plot (Figure.1a and Figure. 1b) gave values 

of 3.30×10
–2

 mg/ml and 10.0U/mg for apparent 

Km and Vmax respectively for smokers and 

3.37×10
–2

mg/ml and10.10U/mg for apparent 

Km and Vmax respectively for non smokers. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1(a): Km and Vmax determination for 

smokers. 

 

 

 

           

 

 

 

 

                               

 

 

 

 

 

 

 

 

 

 

 

 

 
 

          

  1
  

 V
0
(U

/m
g)

 

 

 

  

  

                        

       

 
 
 

-
0.5 

  1
  

 V
0
(U

/m
g)

 

 

 

  

  

                          

 

 
 
 
 




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These values were in line with the values of 

2.9×10
–2

mg/ml and 10.8U/mg for a research 

work carried out by Henry and Chiamori (1960) 

on urine and serum amylases. These apparent 

Km and Vmax values obtained for smokers and 

non smoker subjects also revealed no statistical 

difference at 95% level of confidence interval.  

 

The result from the analysis of the temperature 

effects on salivary α-amylase activity showed 

that the enzyme had maximum specific activities 

of 2.20 U/mg and 2.10 U/mg at 40ºC for 

smokers and non smokers respectively as shown 

in Figure 2(a) and Figure 2(b).This temperature 

optimum of 40ºC was a little bit different from 

the optimum temperature of 42ºC obtained by 

Matthew et al. (1973) on a research work carried 

out on urine and serum amylases. The difference 

may be due to the different population as well as 

the physiological conditions and other 

parameters under which the research was carried 

out. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2(a): Optimum temperature 
determination for smokers   

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 2(b): Optimum temperature 
determination for non smokers   

 

The assay result for optimum pH determination 

for smokers and non smokers showed an 

apparent pH optimum of 7.0 for both subjects 

corresponding to specific activities of 2.62 U/mg 

and 2.50 U/mg respectively as could be 

observed from the graphs (Figure 3a and Figure 

3b). And from the specific activities profile, 

activities increased to 76.99% from pH 6.0 to 

pH 7.0 for smokers and 82.1% from pH 6.0 to 

pH 7.0 for non smokers which is in agreement 

with the observation of Matthew et al. (1973) 

who recorded an increased activities of 77% 

from pH 6.0 to pH 7.0 for both serum and 

urinary amylases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3(a): Optimum pH determination for 
smokers   
               

                                                         

  

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3(b): Optimum pH determination for 
non- smokers   
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Salivary alpha-amylase activities and protein 

levels were observed to be high for those 

cigarette smokers who also indulge in hemp 

(marihuana) smoking. Kola nuts were also 

observed to exhibit the same effect of elevated 

salivary α-amylase activities and protein levels 

among cigarette smokers as hemp (marihuana). 

In other words, hemp (marihuana) and kola nuts 

were observed to enhance activities and protein 

levels in cigarette smokers. The active 

ingredients contained in these substances that 

were responsible for this enhanced activities and 

protein levels are yet to be determined. This of 

course will give room for further scientific 

investigation. On the other hand, kola nuts were 

observed to show no marked effect among non-

smoker subjects.  

 

Furthermore, both subjects exposed to fluoride 

ions through toothpaste and mouth rinses 

showed decreased salivary α-amylase activities 

and protein levels which also give room for 

further scientific research. 

                          

CONCLUSION 

From the findings, therefore, cigarette smoking 

does not have any temperature, pH and substrate 

concentration effects on the kinetics of salivary 

α-amylase digestion of starch.  

 

 

REFERENCES 
 Ehlert, U., Erni, K., Hebisch, G. and Nater, 

U.(2006).Salivary alpha-amylase levels 

after yohimbine challenge in healthy 

men. Journal of Clinical Endocrinologic             

Metabolism,91:5130-5138 

 

  Granger, D.A., Kivlighan, K.T., El-Sheik, M., 

Gordis, E.B. and Schroud, L.R. (2007). 

Salivary alpha-amylase in biobehavioral 

research: Recent developments and  

applications. Annals of the New York 

Academy of Science, 1098: 122-144. 

 

 Henry, R.J. and Chiamori, N. (1960).Study of 

the saccharogenic method for the 

determination of Serum and Urine 

amylases. Clinical Chemistry, 5: 434-

451. 

 Jose, N. and Marriana, F.L.(2001).In vitro and 

in-vivo effects of fluoride solutions on 

human salivary amylase. Fluoride, 

34:55 -60. 

 

 Kondo, H. Shiraishi,T. Nagater,K. and Tomita, 

K.(1988).An enzymatic method for the 

alpha-amylase assay which comprises a 

new procedure for eliminating glucose 

and maltose in biological fluids. Clinical 

Chimica Acta,172:131-136 

 

Lorentz, K. (1998). “Alpha amylase”. In; 

clinical laboratory diagnostics.1
st
 Ed. 

Frankfurt: TH–Books. Vertagsesllschaft; 

pp 192-202. 

 

 Lowry, D., Rosebrough, N.J., Farr, A.L. and 

Randall, R.J.(1951). Protein 

measurement with the Folin Phenol 

reagent. Journal of Biological 

Chemistry, 193:265-275. 

 

 Maureen, B.P. (2000).Stedman’s Medical 

Dictionary (27
th
ed.).Baltimore, 

Maryland, USA: Lippincott Williams & 

Wilkins.P.65. 

 

 Matthew, W.S., Sterling, R.E., Boyd, T. and 

Flores, O.R. (1978). Modified 

automated saccharogenic determination 

of serum and urinary amylase activity. 

Clinical Chemistry, 19:1384-1386. 

 

 Nagler, R.M., Klein, I. and Reznick, A.Z. 

(2001).The interaction between saliva 

and cigarette smoke and its devastating 

biological effects as related to oral  

cancer. Harefuah, 140: 614-618,677. 

 

 Nater, U.M., Rohleder, N., Schlotz, W., Ehlert, 

U. and Kirschbaum, C. (2007). 

Determinants of the Diurnal course of 

salivary alpha-amylase. 

Psychoneuroendocrinology, 32:392- 

401.         

 

  Robyt, J. and Ackerman, R. (1973).Structure 

and function of amylases. II multiple 

forms of Bacillus subtilis alpha-amylase. 

http://www.bioscientistjournal.com/


       Effects of … 
The Bioscientist: Vol. 1(1):108-113, May, 2013.                         

Available online at http://www.bioscientistjournal.com 
 

Enemchukwu et al., 2013   113 
 

Archives of Biochemical 

Biophysics,155: 445-450. 

 

 Rohleder, N., Nater, U.M., Wolf, J.M., Ehlert, 

U. and Kirschbaum, C. (2004). 

Psychosocial stress-induced activation 

of salivary alpha-amylase. An indicator 

of sympathetic  activity. Annals of the 

New York Academy of Science,1032: 

258-263. 

 

 Rosenblum, J.L. Irwin, C.I. and Alpers, D.H. 

(1988). Starch and Glucose 

oligosaccharides protect salivary type 

amylase activity at acidic pH. American 

Journal of Physiology, 254:775-780. 

 

  Sampson, E.J., Duncan, P.H., Fast, D.M., 

Whitner, V.S., Mckneally, S.S., Baird, 

M.A., Macneil, M.L. and Bayse, 

D.D.(1981).Characterization and inter-

method  relationships of materials 

containing purified human pancreatic 

and salivary amylases. Clinical 

Chemistry, 27: 714-720. 

 

 Scharpe, S.(1972).Determination of alpha-

amylase activity in Biological fluids. 

Clinical Chimica Acta, 37: 301-306. 

 

 Sengupta, S. and Chattopadhway, 

M.K.(1993).Lowry′s method of protein 

estimation: Some insights. Journal of 

Pharmaceutical Pharmacology,45: 80-

92.        

 

Somogyi, M.(1960).Modification of two 

methods for the assay of amylase. 

Clinical Chemistry, 6:23-34.          

                  
 Wingenfeld, K., Schulz, M., Damkroeger, A., 

Philippsen, C., Rose, M. and Driessen, 

M (2010).The diurnal course of salivary 

alpha-amylase in nurses. An 

investigation of potential confounders 

and association with stress. Biological 

Psychology, 1: 179-181.  

 

http://www.bioscientistjournal.com/

