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ABSTRACT  11 
 12 
Aim: The research was carried out to determine the effect of increasing concentration of calcium 

chloride at different temperatures and a mixture of aqueous ethanol and calcium chloride at 37oC on 

the activity of human salivary α – amylase (HSαA) and to characterize the effects of the additives 

(co – solutes) separately, and as a mixture, in terms of activation and thermodynamic parameters. 

Study Design:  Experimental 

Place and Duration:  Research Division of Ude International Concepts Limited (RC 862217) B. B. 

Agbor and Owa Sec Sch, Owa Oyibu, Delta, Nigeria. The research spanned a period of six months.  

Methodology:  Bernfeld method of enzyme assay was used. Controls were free from additives while 

the experimental tests reaction mixture contained either a single additive or a mixture of additives. 

The additives are different sources of ethanol and calcium chloride. 

Results:  The values of Gibbs free energy of activation (∆G#), are 75.90 ± 0.14 kJ/mol, and 77.28 ± 

0.15kJ/mol, in the absence and presence of the salt respectively. The enthalpies of hydrolysis of the 

starch are 20.18 ± 0.27 kJ/mol and 9.58 ± 0.35 kJ/mol in the presence and absence of the salt 

respectively. The positive m – value ((113 ± 3)×104 J/mol.M) being lower in the presence of local gin 

(LG) in the reaction mixture than m – value ((121.5 ± 0.05)×104 J/mol.M) in the presence of Lord’s 

dry gin (BG), implies that LG is a stronger alcoholic beverage than BG. 

Conclusion: The increase in activation parameter resulted in a decrease in activity due to extra 

stabilizing effect of excess calcium ion. The hydrolysis of starch is enthalpically driven in the 

absence of the salt, while entropic factor is the case in the presence of the salt. The presence of 
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calcium chloride opposed the inhibiting effect of lower concentration (« 90% (V/V)) of ethanol.  

 
 
Keywords: Activation parameters; calcium chloride; ethanol; Human salivary alpha 13 

amylase; thermodynamic parameters.  14 

1. INTRODUCTION 15 

Alpha amylase (E. C. 3, 2.1.1 1, 4 - α - D – glucanohydrolase) is known for its capacity to hydrolyze 16 

starch by cleaving the internal α - 1, 4 glucosidic bonds [1]. The hydrolysis occurs in a random fashion 17 

yielding soluble maltose dextrin, maltose, and glucose [2]. The sources of alpha amylase in human 18 

body are pancreas, salivary gland, and plasma. Human Salivary α-amylase (HSαA) has useful 19 

applications. HSαA has been described as one of the most sensitive indices of autonomic nervous 20 

system activity, and therefore, promising non-invasive biomarker of mental health [3] and 21 

psychological stress or anxiety [4]. Changes in HSαA serve as an assessment index for the changes 22 

in parasympathetic and sympathetic activities and in plasma rennin activity [5]. Thus the enzyme is 23 

used for diagnostic purpose [6] and for research into the effects of natural substances that can inhibit 24 

its homologue, pancreatic amylase, for the purpose of diabetic control and management [7] Although 25 

the digestive role of mammalian alpha amylase is well known, the thermal environment of the 26 

enzyme, apart from well known pH and human body temperature, has not been seen as a non-trivial 27 

issue during dinner. There seems to be little concern for the digestive importance of this enzyme in 28 

the light of the fact that on most domestic dining table in affluent homes and hospitality establishment 29 

a good number of persons may like to eat but not without pure cold water. It has been observed that 30 

direct entry of starch into the small intestine, by passing partial digestion in the oral cavity results in 31 

substantially less starch digestion in the small intestine and glucose absorption [8, 9]. However, 32 

temperature adaptation of enzymes has been of interest to most researchers [10 – 13]. Nonetheless, 33 

it has been shown that while some enzymes are stable and very active at high temperatures, as 34 

expected of thermophiles, some of the enzymes are much more stable and active at low temperatures 35 

and, other enzymes are stable and very active at moderate thermal environment [13]. Also, the effect 36 

of stabilizers such as calcium ion in particular, have been investigated in the light of effect of moderate 37 

and extreme thermal environment and the presence of chemical denaturant such as dodecyl 38 

trimethylammonium bromide (DTAB) on the catalytic function of alpha amylases [14]. However, one of 39 
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the most studied natural occurring destabilizing osmolyte urea has its effect on rabbit muscle lactate 40 

dehydrogenase opposed by a stabilizer, trimethlamine – N – Oxide (TMAO) [15]. Also polar 41 

destabilizers such as ethanol have been investigated for their effect on enzymes. Bacillus 42 

licheniformis alpha amylase had its activity reduced when exposed to increasing concentration of 43 

ethanol [16].  44 

 Investigation in past showed that stabilization of the water structure in the presence of low 45 

ethanol concentrations leads to the increase of the calcium ion concentration necessary for 46 

deoxyribonucleic acid (DNA) stability and compact 3 – dimensional structure [17] just as the increase 47 

in the thermostability by the presence of optimal concentrations of calcium ion could be extensible to 48 

an increase in ethanol tolerance in fermenting yeasts [18]. Hence the initial speculation that calcium 49 

ions may oppose the effect of ethanol on alpha amylase [18] became the subject of this investigation. 50 

Any delay in the digestion of food in gastrointestinal tract for whatever reason amount to temporary 51 

indigestion. Therefore, the duration of assay in this research was limited to five minutes since long – 52 

term effect of high temperature, ethanol of whatever concentration, and calcium chloride was not 53 

intended so as to conform, without exception, to the usual transient duration of most dinner and most 54 

importantly, to the fact that digestion of starchy food in particular begins in the mouth. Therefore, the 55 

objectives of research were (i) to determine the apparent effect of increasing concentration of calcium 56 

chloride on the activity of human salivary α – amylase (HSαA) at different temperatures (ii) to 57 

determine the apparent effect of a mixture of aqueous ethanol and calcium chloride on the activity of 58 

the enzyme, (iii) to characterize the effects of the co – solutes separately, and as a mixture, in terms 59 

of thermodynamic and activation parameters as the case may be.  60 

2. Materials and Methods  61 

2.1. Materials 62 

 The chemicals used were: soluble potato starch from Sigma Chemicals Co, USA; hydrochloric 63 

acid, ethanol, sodium hydroxide, and sodium chloride from BDH Chemical Ltd, Poole England; 3, 5 – 64 

dinitrosalycilic acid (DSA) from Lab Tech Chemicals, India; Sodium potassium tartrate tetrahydrate was 65 

purchased from Kermel, China. Tris from Kiran Light Laboratories, USA; calcium chloride from Lab Tech 66 

Chemicals, India; human salivary alpha amylase (HSαA) was purchased from Sigma, Aldrich, USA; 67 

Local gin (LG) from local market; branded gin (BG) ( Lord’s dry gin) from Nigerian Distilleries Ltd, Sango 68 
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Otta, Ogun State, Nigeria. Other chemicals were of analytical grade and solutions were made in distilled 69 

water. 70 

 Equipment used were: pH meter (tester) from Hanna Instruments, Mauritius; electronic 71 

weighing machine from Wensar Weighing Scale Ltd, Chennai; Centrifuge, 800D model from China; 72 

721/722 visible spectrophotometer from Spectrum Instruments Co Ltd, China.  73 

2.2. Methods 74 

 A solution of enzyme was prepared by dissolving 8.5mg in 50mL tris – HCl(aq) buffer as stock 75 

at lower pH than was the case elsewhere [14]. The choice of concentration was at my discretion so as 76 

to enhance the detection of the occurrence of activity of the enzyme which has lower activity with raw 77 

starch. Appropriate dilution was carried out to give ~ 0.223g/dm3 while soluble potato starch solution 78 

(herein referred to as solution for simplicity sake otherwise it was a mere suspension) was prepared 79 

by dissolving 1g in a mixture of tris – HCl(aq)  buffer (90mL) whose pH was 7.4, 5 cm3 of 6% (W/V) 80 

NaCl(aq), and 5cm3 of distilled water to give 1g% as stock solution. Approximate dilutions of the stock 81 

solution of the substrate carried out to give substrate concentrations ranging from 0.5 to 1g% were for 82 

the determination of Km and Vmax at 25 oC, 37oC, and higher temperatures up to 60 oC in the presence 83 

and absence of 4mM calcium chloride. 84 

2.2.1. Assay of alpha amylase and determination of kinetic parameters . 85 

 The control reaction mixtures were without co – solute. An in vitro Assay of alpha-amylase 86 

was according to Bernfeld method [19]. The holoenzyme, human salivary alpha amylase (HSαA), was 87 

assayed for a short duration of 5 minutes and the final activity is obtained according to Beer – 88 

Lambert law as follows: corrected absorbance at wavelength, 540nm, × dilution factor (i.e. 3)/ε 89 

l, where ε (181.1M−1cm−1), C, and l are molar absorption coefficient, molar concentration of product, 90 

and path length respectively. The duration of in vitro assay is intended deliberately so as to be similar 91 

to the duration of mastication and ingestion of at least a typical fast food few hours before lunch. Most 92 

unfolding assay in the presence of denaturant is held for a long time, usually for a period ranging from 93 

1/2 to 24hours. An assay of the enzyme was done with and without calcium chloride in a total reaction 94 

mixture of 3 millimetre (mL) composed of 1 mL of substrate (raw soluble potato starch), 1 mL of 95 

enzyme, 0.5 mL of calcium chloride and 0.5 mL of distilled (or 1 mL of distilled water where calcium 96 

chloride is not included in the reaction mixture). Also, assay of the enzyme was carried out in a 97 
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reaction mixture composed of 1 mL enzyme, 1 mL of substrate, 0.5 mL of ethanol, and 0.5 mL of 98 

calcium chloride. Reaction mixture in the test tube was swirled to ensure mixing. Measurement of 99 

absorbance was taken after 3 minutes of centrifugation at 3000rpm (or at 1343 × g) using ordinary 100 

laboratory centrifuge (model 800D) so as to ensure that no suspension interferes with transmittance. 101 

The pH was 7.4. N.B.: The initial apparent unit of activity is M/mL.min (mol of reducing sugar yielded 102 

per litre (L) of substrate). Since 1mL of substrate was hydrolyzed, the number of moles of reducing 103 

sugar yielded per minute in 1mL using 1mL of enzyme and maltose as standard is xmmol/mL.min. 104 

Therefore, 1U = micromoles maltose released/mL enzyme in the reaction mixture/5min. 105 

 The magnitude of the loss of activity in reaction mixture containing calcium chloride only was 106 

expressed as percentage of control in the absence of the salt. This was calculated as follows: 100(vc=0 107 

− vc)/vc=0,  where, vc=0 and vc are the velocities of hydrolysis of raw starch in the absence of calcium 108 

chloride and in the presence of calcium chloride respectively. The increment in the velocity of 109 

hydrolysis of raw starch in a reaction mixture containing ethanol and calcium chloride was expressed 110 

as percentage of control in a reaction mixture containing only ethanol. This was calculated as follows: 111 

100(vce−ve)/ve, where vce and ve are the velocities of hydrolysis of raw starch in a reaction mixture 112 

containing ethanol and calcium chloride and in a reaction mixture containing only ethanol respectively. 113 

The loss of velocity and increase in the velocity of hydrolysis which were expressed as percentage of 114 

the respective control activity, were separately plotted versus molar concentration of calcium chloride. 115 

The determination of Michaelis – Menten constant (Km) and maximum rate of enzymatic hydrolysis 116 

(Vmax) was according to Lineweaver – Burk plot [20]. In order to produce results that are consistent 117 

and reproducible, the methods and models used in literature had to be explained and modified. The 118 

explanation and modification are presented in the following paragraphs.  119 

2.2.2. The determination of activation parameters .   120 

 The determination of activation parameters were carried in two ways. One of the ways 121 

involves the use of rate constant when the enzyme is assayed in the absence and presence of 4mM 122 

calcium chloride at absolute temperature ranging from 298.15 to 333.15K and in order to give room 123 

for wider investigation within the limited time a method referred to as Eyring – Polanyi method [21] 124 

was used to determine enthalpy of activation and entropy of activation as reported in highly respected 125 

journal [21] while activation energy was determined as described elsewhere [21]. 126 
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 The need to determine rate constant and catalytic efficiency for product formation, the 127 

maximum velocity of hydrolysis of starch had to be determined and consequently, all cognate 128 

activation parameters for the hydrolysis of native soluble starch are calculated using the following 129 

equations:  130 

                ∆H# = Ea − RT           (1) 131 

where R and T are gas constant and absolute temperature respectively and the activation energy (Ea) 132 

is given as:                      133 

        Inkcat = InA – Ea/RT.     (2) 134 

where kcat = Vmax/[ET] and kcat is the rate constant, Vmax is the maximum velocity of enzyme catalyzed 135 

hydrolysis, and [ET] is the total concentration of the enzyme. The entropy of activation (∆S#) for the 136 

hydrolysis of starch is calculated using the following equation: 137 

       ∆S# = ∆G# − ∆H#       (3) 138 

where ∆G# is Gibbs free energy of activation given as: 139 

      ∆G# = In (kBT/hkcat)            (4) 140 

The second approach is as described in the work of EL – Hefnawy et al [21].  141 

 Since the molar mass of soluble starch is unknown, the difference between the change in free 142 

energy in the presence and in the absence of the salt was determined. 143 

          ∆(∆G) = RT In(Km(c)/Km(c = 0))       (5)  144 

where ∆G is the free energy for the hydrolysis of the soluble starch, subscripts (c) and (c = 0) denotes 145 

in the presence and absence of calcium chloride respectively. For the same reason, the difference 146 

between the change in entropy in the presence and in the absence of the salt was determined. 147 

      ∆(∆S) = − (∆(∆G) − ∆(∆H))/T                   (6) 148 

where ∆S and ∆H are the changes in entropy and enthalpy of hydrolysis of starch respectively. 149 

2.2.3 Determination Gibbs free energy of unfolding and m – values .   150 

 The determination of m – values described as the slope of the protein folding stability with 151 

osmolyte concentration [22] is determined by plotting free energy of protein unfolding (∆Go) against co 152 
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– solute concentration. But a slope is either positive (positive correlation) or negative (negative 153 

correlation). Thus according to Rösgen et al [22], m – value for the protecting osmolyte (or a 154 

kosmotrope) is positive while the m – value for destabilizing osmolyte (or a chaotrope) is negative. Yet 155 

the equation linking ∆Go and m – values is, as often cited in literature, in terms of the presence of 156 

minus sign [13, 23, 24]: 157 

    ∆Go = ∆Go
(W) − m[co – solute]              (7) 158 

Other scholars[25, 26] use the equation in which the plus sign is the case: 159 

      ∆Go = ∆Go
N→D + m[co – solute]                  (8) 160 

where ∆Go
N→D is the Gibbs free energy of unfolding, native to denatured state transition (N→D) in the 161 

absence of co – solute. However, results obtained from reaction mixture containing ethanol and 162 

calcium chloride, plotted versus molar concentration of calcium chloride, leads to ∆Go
[Ethanol(aq)] by 163 

extrapolation to infinite dilution of calcium chloride. The subscript [Ethanol (aq)] implies, in line with 164 

proposition by Baskakov and Bolen [27], that, the aqueous solution of ethanol serves two purposes: 165 

one, as co – solute whose effect on enzyme is presumably opposed by calcium chloride and two, as a 166 

co – solvent. “Scholars at both ends, Eq(7) and Eq (8) need not hotly disagree on what may be 167 

considered as an appropriate equation, but if on the contrary, the grass, preferably Oryza sativa, 168 

burns off”.  169 

 Meanwhile on the basis of two – state model, 170 

     ∆Go = − RT InU/N       (9) 171 

where U and N are the fractions of unfolded protein and fraction of native or folded protein 172 

respectively and U/N is the equilibrium constant (Keq). However, it has been shown that fluorescence 173 

and specific activity parameters used to monitor stability of proteins yields similar results, ∆Go and m – 174 

values. This is possible because, it has been assumed that specific activity, SA, of the native enzyme 175 

represents the amount of folded protein, SAmin is the minimum specific activity in the absence of 176 

stabilizer, and SAmax is the maximum specific activity represented by the total amount of folded protein 177 

in the limit of high concentration of stabilizer [27]. 178 

     U = (SAmax − SA)/(SAmax − SAmin)              (10) 179 
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But it is not unlikely that the observed activity in a mixture of stabilizer and denaturant, though higher 180 

than minimum activity is nevertheless lower than the activity of the native enzyme. Hence, 181 

              U = (SA − SAobs)/(SA − SAmin)               (11) 182 

Equation (11) follows original Pace’s equation [28] that depends on fluorescence data. The equation 183 

is: 184 

      U = (AN − Aobs)/( AN − AD)                (12) 185 

were Aobs  is the observed absorbance used to follow unfolding in the transition region, and AN and AD 186 

are the values of absorbance of the native and denatured conformation of the protein, respectively. 187 

This therefore, justifies the assertion of Baskakov and Bolen [27]. Thus according to Pace [28], 188 

            Keq  = U/(1 − U)                  (13) 189 

Substituting Eq (13) into Eq (9) gives, 190 

              ∆Go   = − RT In U/(1 − U)                 (14) 191 

It should be noted that Keq can be determined directly according to the following equation [27]. 192 

         Keq = (SAmax – SA) /( SA – SAmin)               (15) 193 

However, Eq (15) depends on the relationship: SAmax > SA > SAmin. 194 

2.3 Statistical analysis 195 

All values are expressed as mean ± SD. The sample size, n, is equal to 2 (assay was in duplicate). 196 

Microsoft Excel was used to calculate standard deviation (SD). 197 

3. RESULTS AND DISCUSSION 198 
 199 
Assays of the enzyme human salivary alpha amylase (HSαA) were conducted. The effect of 200 

increasing absolute temperature in the absence and presence of aqueous solution of calcium chloride 201 

was investigated. Effect of ethanol alone from different sources and the effect of a mixture of it and 202 

aqueous calcium chloride were also investigated. The results obtained are either presented as in 203 

Tables 1a and 1b or graphically presented. In most cases the results, as expected, are compared with 204 

results in literature. As Fig 1 shows, the decrease in activity of the enzyme, which was expressed as 205 

percentage of control at all temperatures except 310.15K (37oC), varies directly with the concentration 206 

of calcium chloride which, for the sake of brevity is subsequently referred to as salt. This means that 207 
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at all temperatures (except 310.15K) there was increasing trend in percentage drop in activity with 208 

increasing concentration of salt compared with control without the salt. In other words the activity of 209 

the enzyme decreased with increase in concentration of the salt. The loss of activity, which was 210 

expressed as percentage of control, varied inversely with increasing salt concentration at 310.15K. 211 

This implied that the activities, though lower than control activity, showed increasing trend with 212 

increasing concentration of the salt, similar to the report that HSαA had, to a small extent, enhanced 213 

activity by calcium ion at 37oC [29].  214 

 215 

 216 
 217 
 218 
Fig. 1. Variation of percentage (%) decrease of the  activity of human salivary alpha amylase 219 

(HSααααA) with different concentrations of calcium chlorid e at different temperatures.  The 220 

concentration of calcium chloride ranges from 1–5mM.  221 

 Earlier research [30] has shown that nonmetallic chloride (NH4Cl (aq)) has inhibitory effect on 222 

pig pancreatic alpha amylase activity. The fact is that the salt (CaCl2 (aq)) has dual effect on the 223 

enzyme. The chloride component described as a physiological effector ligand causes a strong 224 

activation (or stimulation) of the α - amylolytic activity of pancreatic amylase and HSαA [31]. On the 225 

other hand calcium ion stabilizes the enzyme against environmental stress by subjecting the enzyme 226 

to less conformational flexibility [23]. On the contrary, ammonium ion is not known as stabilizer, but, 227 

this notwithstanding, this research has shown that, unlike ammonium ion [30] the salt (CaCl2) reduced 228 

the activity of the enzyme, due perhaps, to a greater loss of conformational flexibility occasioned by 229 
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the presence of calcium ion, despite the presence of the chloride component at absolute temperature 230 

greater than and less than 310.15K. It makes sense, therefore, to suggest that increasing activity at 231 

310.15K implied in Fig. 1 and as observed elsewhere [29] may be as a result of increasing 232 

conformational flexibility with increasing molar concentration of the salt (the chloride component in 233 

particular). The observed chloride free HSαA exhibition of 8% of original activity [32] with soluble 234 

starch as substrate points to the fact that the increasing percentage loss in activity in the presence of 235 

increasing concentration of calcium chloride may have been due to increasing rigidification of the 236 

enzyme unmatched by conformational flexibility that should be made possible by the anions. This 237 

supports the view that the chloride ion protects Alteromonas haloplanctis α-amylase from calcium ion 238 

inhibition [33]. The reason advanced for calcium ion inhibition is that the binding of a 2nd calcium ion 239 

(when in excess) to the carboxyl group of Glu – 233 in a bidentate mode and of Asp – 197 in a 240 

unidentate mode in the enzyme leads to inhibition [34]. On the other hand a protonated state of Glu – 241 

233 in the presence of chloride ion weakens the strength of calcium ion binding and concomitantly its 242 

inhibitory effect also [33]. This is despite the claim to the contrary that chloride ion binding increases 243 

the affinity of amylase for calcium ion [31]. It seems, in line with the views of Feller et al [33] that, there 244 

is a context between forces of rigidification of structure and conformational flexibility in which the 245 

outcome is net rigidification leading to activities that were less than controls (Fig 1). Also, as shown in 246 

Table 1, the maximum velocity of hydrolysis of native (raw) starch in the presence of the salt is lower 247 

than in the absence of the salt. Yet it has been reported that calcium ion was stimulatory at 1 and 248 

5mM to another homologue – acidophilic alpha amylase from Bacillus cereus MTCC1025 [35]. 249 

However, in line with structure – function complementarity, the term stimulatory, a property of chloride 250 

ion, for the chloride dependent enzyme, is similar to the term activating which results from 251 

conformational flexibility needed for function as against rigidification of 3 – dimensional structure of 252 

the enzyme for the purpose of stability against adversities of the environment, made possible by the 253 

binding of calcium ion.  254 

 As shown under Fig. 2, the percentage decrease in velocity of hydrolysis of starch or activity 255 

of the enzyme in 18% and 90% (volume / volume (V/V)) absolute ethanol free from calcium chloride 256 

are 12.97±1.78% and 53.07±1.53% respectively. Also percentage decrease (or inhibition) in activity of 257 

the enzyme in the presence of LG known in various names such as ogogoro, kinkin etc and BG free 258 
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from calcium chloride is 16.38±2.38 and 10.16±2.25% respectively. Therefore, LG may contain higher 259 

concentration of ethanol than BG.  260 

 261 
 262 

 263 
 264 
 265 
Fig. 2. Variation of % increase in the activity of HSααααA in aqueous 18% and 90% absolute 266 

ethanol (95% ( V/V)), local gin (LG) and Lord’s dry gin (BG) mixed wi th different concentration 267 

of calcium chloride at 37 oC. % decrease in activity of the enzyme in calcium chloride free reaction 268 

mixture containing only ethanol is reported as mean±SD from duplicate assays (n = 2): The values in 269 

the presence of 18% and 90% absolute ethanol free from calcium chloride are 12.97±1.78% and 270 

53.07±1.53% respectively. Also % decrease (or inhibition) in activity of the enzyme in LG and BG free 271 

from calcium chloride is 16.38±2.38 and 10.16±2.25% respectively.  272 

 Effect of ethanol ought not to be in doubt because past research has shown that, the enzyme, 273 

Bacillus licheniformis retained full activity measured reductometrically in (3:7, V/V) ethanol aqueous 274 

buffer mixtures, more than 50% of its activity in (1:1, (V/V)) mixtures and 18% of its activity in (7:3, 275 

V/V) mixtures [16]. The enzyme had no activity in ethanol-aqueous buffer (4:1, V/V) [16]. In a mixture 276 

of ethanol-aqueous buffer (1:1, V/V) the enzyme retains half the activity shown in water alone while in 277 

ethanol – aqueous buffer (7:3, V/V) about 20% (perhaps to one significant figure) of the activity is 278 

retained [16]. In the presence of varying concentration of calcium chloride, in a mixture of ethanol and 279 

the salt, there were rather increases in activities above the activities in the presence of ethanol only. 280 
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As Fig. 2 shows, the percentage increases were however, decreasing with increasing concentration of 281 

the salt. It has also be shown that the presence of calcium chloride dihydrate lead to 115% relative 282 

activity compared with the control (100%) [36]. Decrease in activity of the enzyme which was 283 

expressed as percentage of control activity and plotted versus molar concentration of the salt (Figs. 1 284 

and 2), does not agree with observation elsewhere [36]. Also, the decrement in activity (expressed as 285 

percentage of control) due to the presence of ethanol only as shown below Figure 2 does not  agree 286 

with the observation that alpha amylase in the saliva and plasma of habitual alcohol drinkers is 287 

significantly higher than in non – drinking controls [6]. It is probable that ethanol stimulates the tissues 288 

and glands via the nervous system to synthesize and secrete the enzyme. This view is partly 289 

supported by the observation that psychological stress induced by disease, physical activity, ingestion 290 

of drug (and by extension ingestion of alcohol) can trigger changes in HSαA levels that correlates with 291 

changes in parasympathetic and systematic nervous system activities [3 – 6]. Otherwise it is probable 292 

the assay of the enzyme from saliva and plasma may have been assayed in vitro by the researcher 293 

without ethanol, the outcomes of which are 185IU/L and 144 IU/L for habitual alcohol drinkers and non 294 

– drinkers respectively [6]. Unfortunately, the authors did not state the kind of substrate used and the 295 

number of times the samples were diluted.  296 

 The decrease in activity of HSαA in the presence of ethanol only and in the presence of 297 

ethanol-calcium chloride mixture, if the activity in the mixture is compared to activity of the enzyme 298 

without any co – solute, has different reasons as may be found in literature. The decrease is 299 

attributable to the low water activity, lowered solubility of both enzyme and substrate, and 300 

denaturation of the enzyme by organic solvent [16] This is slightly different from what has been 301 

described as a better solvent than water – the denaturant – such as urea and by extension ethanol, 302 

which promotes substrate dissociation from the enzyme because the dissociated state provides 303 

greater surface exposure of both the protein fabric and substrate to favourable interactions with the 304 

solvent [27]. Beyond the consequence of lowered water activity [16, 37] is the suggestion that 305 

chaotropic compound like ethanol, decreases the strength of hydrogen bond and other electrostatic 306 

interaction due to a change of the dielectric constant of the aqueous medium which, may compromise 307 

the structure and function of the enzyme [35, 38] 308 

 As may be observed in Table 1a, there was decreasing trend in the values of Michaelis – 309 

Menten (Km) in the presence and absence of calcium chloride (4mM) with increasing temperature. 310 
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However, the values of the Km in the absence of the salt were higher than values in the presence of 311 

the salt. It seems therefore, that the native soluble potato starch has higher affinity for the enzyme in 312 

the presence of the salt and at higher temperatures.  313 

 314 

Table 1a. Kinetic parameters for human salivary alpha amylase hydrolyzing native soluble potato 315 

starch at pH, 7.4.  316 

T/(K)   298.15      310.15     318.15     323.1     333.15 317 

Vmax(c = 0)/mU/mL         103±18         222±16      228±16   260±5        336±11               318 

Km(c = 0)/g/L               27±0        24.9±0.3     23.2±1.4  19.6±0.4             18.7±0.3 319 

k2(c = 0)/min               29.61±5.04  63.84±4.67            65.4±4.7        74.74±1.58         96.54±3.11    320 

k2/Km(c = 0)/L/min.g         1.08±0.18   2.56±0.19       2.8±0.23  3.81±0.08   5.16±0.17 321 

Vmax(c ) /mU/mL        87±5        130±7      135±16     163±11     298±12             322 

Km(c ) /g/L            20.4±2.0        20.3±0.7     18.1±1.5       14.59±0.52       8.2±0.1 323 

k2(c ) /min               24.89±1.75            37.37±2.1           38.93±4.62     46.73±3.15          85.64±3.57 324 

k2/Km(c ) /L/min.g            1.22±0.09                1.8±0.1              2.15±0.26       3.29±0.22  10.44±0.44 325 

Vmax(c = 0), Km(c = 0), k2(c = 0), and k2/Km(c = 0) are maximum velocity of hydrolysis of starch, Michaelis – 326 

Menten constant, rate constant for the formation of product, and specificity constant respectively in 327 

the absence of calcium chloride; Vmax(c ), Km(c ), k2(c), and k2/Km(c) are maximum velocity of hydrolysis of 328 

starch, Michaelis – Menten constant, rate constant for the formation of product, and “specificity 329 

constant” respectively in the presence of calcium chloride. Therefore, 1U = micromoles maltose 330 

released/mL enzyme in reaction mixture×5min. Using example at 310.15K: 222U ≡ 2.22×10−4 331 

M/mL.min (2.22 ×10−4 mmol /mL.min). This is intended to avoid confusion. 332 

 With blue starch, as substrate, the Km values for HSαA A and B are 19.3g/L and 16.6g/L 333 

respectively while the Km value for pancreatic amylase is 12.5g/L [39]. All these values with 334 

corresponding Vmax values such as 421, 433, and 228I.U/mg respectively, are said to be similar but 335 

there is a clear substantial difference between value for pancreatic amylase and HSαA [39]. It is not 336 

certain what the nature of blue starch is in terms of solubility; texture etc and whether it was used in 337 

raw state or in gelatinized state. Nevertheless, these values of Km reported by Takeuchi [39] fall within 338 

the range of values shown in Table 1a, in the presence of calcium chloride in particular. As indicated 339 
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in Table 1a, the Km at physiological temperature, 37oC and pH 7.4, in the presence and absence of 340 

the salt are 20.31 and 24.85g/L with corresponding Vmax values of 130 and 222 mU/mL respectively 341 

which, for the purpose of clarity, are equivalent to 0.13 and 0.222(mol/L)/mL.min which are the 342 

velocities of hydrolysis of 1mL (millilitre) of starch with 1mL of enzyme. Report for B. licheniformis 343 

shows that with soluble starch the Km and Vmax are 3.4g/L and 19.5U respectively [36]. All these 344 

values show that homologous enzymes from different sources show different affinity for the same 345 

substrate if such substrate is of the same kind. Also, report in 2015, shows that, the Km and Vmax of 346 

post carbohydrate meal immobilized HSαA are 1.6mg/mL and 16.4µmol /min (16.4U) respectively 347 

[40]. The Vmax values (Table 1a) obtained were not expected to be high, though the magnitude 348 

depends on the concentration of the enzyme, when other factors are held constant, because raw or 349 

granular starch and gelatinized starch in aqueous medium may not be digested at the same rate. 350 

Evidence to this issue can be found in a research which shows that despite only 1.6U of alpha 351 

amylase in dissolved – starch digests and 12U in starch granule digests, the action of 1.6U yielded 352 

twice the percentage hydrolysis of starch granules at 35oC in 30 minutes [41]. Also, soluble potato 353 

called lintner potato was subjected to 8.0% and 10.10% hydrolysis in 0.5hr and 2hr respectively [41].  354 

 The rate constant (k2) (Table 1a) showed increasing trend with increasing temperature in the 355 

presence and absence of the salt. In the presence of the salt k2 values ranged from 24.89 ± 1.75 – 356 

85.64 ± 3.57/min. In the absence of the salt k2 values ranged from 29.61 ± 5.04 – 96.54 ± 3.11/min. It 357 

is obvious that the k2 values in the absence of the salt were higher than in its absence. The values 358 

were however, much less than 2395/min reported for alkaline B. licheniformis (RT7PE1) [36] Alpha 359 

amylase from B. licheniformis EMS – 6 has k2 value equal to 152.8/min [2]. The catalytic efficiency 360 

otherwise called specificity constant (k2/Km) (2.56 ± 0.19 – 3.81 ± 0.081L/g.min) at different 361 

temperatures ranging from 310.15 to 323.15K in the absence of calcium chloride is higher than the 362 

values (1.84 ± 0.10 – 3.20 ± 0.22L/g.min) in the absence of the salt (Table 1a). At 288.15K, k2/Km 363 

values in the presence of the salt are slightly higher than without the salt while at 333.15K the k2/Km 364 

value (10.44 ± 0.44L/g.min) in the presence of the salt is higher than  5.16 ± 0.17 L/g.min in the 365 

absence of the salt. These values seem to be much lower than 2395L/3.4g.min; instead of 366 

704.41L/g.min, 7043/0.34% (W/V).min or 7043/% (W/V).min was shown in Table 3 of that report for B. 367 

licheniformis in which soluble potato starch was the substrate [36]. According to Ikrah – Ul – Haq, et al 368 

[2] the catalytic efficiency of alpha amylase from B. licheniformis EMS – 6 is 184.09L/g.min.  369 
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 Although research has shown that enzyme unfolds irreversibly when depleted of its calcium 370 

ion at low temperatures and when exposed to excess calcium ion at high temperatures [42], not all 371 

unfolding is functionally undesirable. Thus at moderately high temperatures, in the presence and 372 

absence of calcium chloride, the mesophiles and thermophiles should be subject to the thermal 373 

dissipative contribution of the unfavourable entropic term which provides the required mobility for 374 

enzyme function [43] made possible primarily by the moderate or high temperature environment as 375 

the case may be. Thus activation parameters and apparent enthalpy of hydrolysis of starch were 376 

primarily determined according to well known methods. When the enzyme is at the optimal 377 

conformational flexibility the enzyme – substrate complex ([ES]) is activated by the addition of Gibbs 378 

free energy activation (∆G#) whose magnitude constitutes the “energy barrier” to the reaction [10]. The 379 

effectiveness of the enzyme in its catalytic function depends on its capacity to reduce ∆G#. As Table 380 

(1b) shows the ∆G# values ranges from 74.77±0.13 – 80.58±0.10 kJ/mol in the absence of the salt. In 381 

the presence of the salt the range is 75.2±0.19 – 80.92±0.05kJ/mol. Therefore, the capacity of the 382 

enzyme to reduce the “energy barrier” diminished in the presence of the salt.  383 

Table 1b. Activation parameters for the ES complex formation and the hydrolysis of native soluble 384 

potato starch with human salivary alpha amylase. 385 

 386 

T/(K)   298.15      310.15  318.15    323.15    333.15 387 

∆G(c = 0)
#/ kJ/mol  74.8±0.1    75.9±0.1    77.9±0.3         78.8±0.2   80.6±0.1                   388 

∆H(c = 0)
#/ kJ/mol  23.7±3.8    23.6±3.5    23.5±3.5 23.5±3.8   23.4±3.3 389 

∆S(c = 0)
#/ J/mol.K         −171.3±12.6         −168.6±11.4    −170.8±11.1      −171±11           −171.6±10.6    390 

∆G(c)
# /kJ/mol     75.2±0.2    77.3±0.2    79.2±0.1     80.0±0.1    80.9±0.1             391 

∆H(c)
# / kJ/mol            24±2               24±1    23.9±2.4    23.9±1.1   23.8±1.1 392 

∆S(c )
#/J/mol.K             −171.5±3.6            −171.9±3.5      −173.9±3.3       −173.8±3.2        −171.5±3.2 393 

∆(∆G)/J/mol          −719.8±1.5             −525.4±0.1       −656.6±0.3       −793.1±0.1      −2283.5±0.4 394 

∆(∆S)/J/mol.K           37.97±0.45               35.9±1.2           35.4±0.6           35.3±0.4           38.7±1.3 395 

Ethanol             BG                      LG      18%(V/V)          90%(V/V) 396 

∆Go
N→D /kJ/mol         −2.64±0.22         − 2.04±0.93 − 2.23±0.53         − 3.58±0.12 397 

m – values    108±33             113±3           58±8            66.0±0.3 398 
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(104J/mol.M)   399 

∆G(c = 0)
# , ∆H(c = 0)

# , and ∆S(c = 0)
#400 

respectively in the absence of calcium chloride; 401 

enthalpy, and entropy of activation respectively in the presence of calcium chloride. BG and LG are 402 

branded gin (Lord’s dry gin) and local gin popularly called 403 

values in the presence and absence of calcium chloride are: 26.56404 

respectively.  405 

 The Arrhenius plot for the determination of activation energy and cons406 

activation is shown in Fig. 3 and, in Table 1b, the increasing trend in 407 

values of enthalpy of activation.  408 

 409 

410 

Fig. 3. Arrhenius plot: determination of activation  energy411 

soluble potato starch. Activation energy, 412 
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#
  are the Gibbs free energy, enthalpy, and entropy of activation 

respectively in the absence of calcium chloride; ∆G(c)
#, ∆H(c)

#, and ∆S(c)
# are the Gibbs free energy, 

enthalpy, and entropy of activation respectively in the presence of calcium chloride. BG and LG are 

branded gin (Lord’s dry gin) and local gin popularly called ogogoro respectively. Ea (activation energy) 

and absence of calcium chloride are: 26.56±1.07 and 26.18

The Arrhenius plot for the determination of activation energy and consequently enthalpy of 

and, in Table 1b, the increasing trend in ∆G# parallels the trend in the       
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2). Ea in the absence of CaCl2 (aq) = 26.18 ± 3.52kJ/mol and Ea in the presence of CaCl2(aq) = 26.56 413 

± 1.07kJ/mol.  414 

 The trend in ∆S# is irregular in the absence and presence of the salt. The values of ∆G#, ∆H#, 415 

and ∆S# at 37oC (310.15) are 75.90 ± 0.14kJ/mol, 23.6 ± 3.52kJ/mol, and − 168.68 ± 0.36 J/mol.K 416 

respectively and values at 45oC (318.15K) are 77.86 ± 0.26 kJ/mol, 23.53 ± 3.50 kJ/mol, −170.77 ± 417 

11.07 J/mol.K respectively in the absence of the salt (Table 1b). In the presence of the salt the values 418 

of∆G#, ∆H# and ∆S# at 37oC are 77.28 ± 0.15kJ/mol, 23.98 ± 1.10 kJ/mol, and  −171.85 ± 3.50 J/mol.K 419 

respectively, and at 45oC the values are 79.24 ± 0.05 kJ/mol, 23.91 ± 2.43 kJ/mol, and −173.91 ± 3.50 420 

J/mol.K respectively. These temperatures and the corresponding thermodynamic activation 421 

parameters are of interest because they represent normal body temperature and moderate 422 

temperatures within the limit of tolerance of human body – oral cavity and intestinal lumen. The 423 

activation energy (Ea) values in this research are 26.18 ± 3.52 kJ/mol and 26.56 ± 1.07kJ/mol in the 424 

absence and presence of the salt respectively. However, research in the past has shown that the Ea 425 

value for the hydrolysis of starch (whose nature is unknown) by immobilized HSαA is 31.kJ/mol. Study 426 

by Ikram – Ul – Haq et al [2] shows that the Ea for the hydrolysis of starch by B. licheniformis EMS – 6 427 

is 25.14kJ/mol. The Ea values reported for porcine pancreatic alpha amylase (PPA) and B. 428 

amyloliquefaciens (BAA) are 11.7 and 17.4 kcal/mol (ie 49.02 and 72.91kJ/mol) respectively [13]. The 429 

authors reported ∆G#, ∆H# and ∆S# at a temperature below the lower limit of the temperature range of 430 

the present study. The order of magnitude is however, AHA (Pseudoalteromonas haloplanktis) < PPA 431 

< BAA at 10oC. PPA is a very close homologue to HSαA and human pancreatic alpha amylase. The 432 

values of ∆G#, ∆H#, and ∆S# reported for BAA with amylose (degree of polymerization = 17) as 433 

substrate, are 52.5 ± 0.2 kJ/mol, 26.6 ± 1.6 kJ/mol and − 87.0 ± 0.2 J/mol.K in the absence of SDS at 434 

25oC [44]. The values in the presence of SDS are not inconsequential. The values of ∆G#, ∆H#, and 435 

∆S#, in the absence of the salt as in Table 1b, reported in this study, are 74.77 ± 0.13 kJ/mol, 23.70 ± 436 

3.78 kJ/mol, and −171.29 ± 5.04 J/mol.K respectively. The issue of interest is the magnitude in 437 

particular and signs of the parameter(s) where applicable. The free energy stated by [2] was not 438 

clearly specified as activation parameter so it cannot be quoted or referred to but the enthalpy and 439 

entropy of activation reported for B. licheniformis EMS – 6, alpha amylase, are 22.53 kJ/mol and 440 

−110.95 J/mol.K respectively. 441 
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 The results from this current research and in the past should not be a surprise. This is so 442 

because, psychrophilic, mesophilic, and thermophilic alpha amylases function catalytically at low, 443 

moderate and high thermal environment respectively [13]. Hence as the results show, ∆H# which 444 

depicts temperature dependence [45] is moderate for mesophilic alpha amylase (HSαA). ∆H# values 445 

are also related to a number of enthalpically driven weak interactions that have to be broken to enable 446 

the enzyme reach the activated complex for function [46] The number of weak interactions that has to 447 

be broken are in the following order of magnitude, thermophiles > mesophiles > psychrophiles.  448 

 The entropy of activation for the hydrolysis of soluble starch with BAA is positive while it is 449 

negative for AHA and PPA similar to the negative values reported in this research and the report for 450 

B. licheniformis EMS – 6 by Ikrah-Ul-Haq, [2]. The simple reason is that the magnitude of the ground 451 

state entropy of the ES (enzyme – substrate complex) is in the order, psychrophiles > mesophiles > 452 

thermophiles. The activated complex is far more ordered than the ground state ES for all homologues 453 

but the magnitude of order is in the following order psychrophiles > mesophiles > thermophiles. This is 454 

to say that the magnitude of transition of structural motions from a flexible and mobile active site in the 455 

ground state, to a more ordered active site in the activated complex is in the order psychrophiles > 456 

mesophiles > thermophiles [13, 47]. This implies that the high temperature tolerant homologues 457 

undergo thermally enhanced transition from a less mobile ground state stabilized by multiple weak 458 

interactions to a more mobile or flexible activated complex so that the difference in entropy between 459 

activated complex and ground state may be positive as was the case for BAA at low temperature [13]. 460 

But this was unlike PAA and AHA as well as HSαA in this research, whose ground state has fewer 461 

weak interactions and does not need as much thermal energy to achieve activated complex like 462 

thermophiles. However, at higher temperature, 25oC and above all homologues exhibit relatively large 463 

negative entropy of activation for the hydrolysis of starch because the ground state has become more 464 

mobile but achieved higher relative order in the activated complex. This scenario seems to be 465 

prompted due to cooperative behavior of water molecules around the active site [44]. 466 

 The effect of increasing salt concentration on the activation parameters for the hydrolysis of 467 

starch with HSαA is shown in Figs 4 and 5.  Although rate constant (or Vmax) for the formation of 468 

product increased with increasing temperature (Table 1a), Figs 4 and 5 show that the activation 469 

parameters exhibited increasing trend with increasing concentration of the salt. This presupposes that 470 

the “energy barrier”, otherwise called activation parameters, has increased resulting in lower activity 471 
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(Vmax) and rate constant in the presence of the salt. The increase in “energy barrier” accounts for the 472 

observation in Fig. 1 which shows that the loss of activity expressed as percentage of control 473 

increased with increase in the concentration of the salt (positive correlation or positive slope) at all 474 

temperatures except at 310.15K. The loss of activity (expressed as percentage of control) at 310.15K, 475 

decreased with increasing concentration of the salt (negative correlation or negative slope), as 476 

observed elsewhere [29].  477 

 478 

 479 
 480 
Fig.4. Variation of enthalpy of activation ( ∆∆∆∆H#) and activation energy ( Ea) obtained from the plot 481 

of In v/T and In v respectively versus 1/ T with molar concentration of calcium chloride.  482 

 Thus as Fig.4 shows the activation energy and consequently enthalpy of activation increased 483 

with increase in the concentration of the salt and, as such, the number of weak interaction that should 484 

be broken to reach the transition state has increased [40] due perhaps to additional electrostatic 485 

interaction within the 3 – dimensional structure of the enzyme as a whole and active site in particular. 486 

The larger coefficient of determination (Fig.5) for the plot of T∆S# versus the concentration of the salt 487 

than the value for the plot of ∆G#   versus the concentration of the salt, suggests that the salt indeed 488 

promoted large decease in ground state entropy of the ES following transition to activated ES [9, 41] 489 

in concentration dependent manner. Although ∆G# values in the presence of the salt were higher than 490 

values in calcium chloride free reaction mixture, the values in the presence of the salt were not 491 
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strongly concentration dependent (R2 = 0.541) ‘probably due to large entropy change largely matched 492 

by the enthalpy of activation’.  493 

 494 

 495 
 496 
 497 
Fig.5. Variation of Gibbs free energy of activation  (∆∆∆∆G#) and entropic energy ( T∆∆∆∆S#)  of 498 

activation with molar concentration of calcium chlo ride.  499 

 The van’t Hoff plot for the determination of enthalpy of hydrolysis is shown in Fig. 6. From the 500 

plot it can be seen that the enthalpy of hydrolysis in the presence of the salt is higher than in the 501 

absence of the salt. However, both enthalpies of hydrolysis of starch with HsαA were endothermic.  502 
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 503 
 504 
Fig. 6. van’t Hoff plot for the determination of Enthalpy ( ∆∆∆∆Ho) of hydrolysis of raw soluble 505 

potato starch with human salivary alpha amylase. ∆Ho values obtained without and with CaCl2 (aq) 506 

in the reaction mixture are, 9.58±0.35kJ/mol and 20.18±0.27kJ/mol respectively.   507 

 Since the molar mass of soluble potato starch is not known the difference in free energy 508 

(∆(∆G)) of enzymatic hydrolysis of starch between calcium chloride containing system and calcium 509 

chloride free system was determined. As shown in Table 1b, the magnitude of ∆(∆G) values, − 510 

2283.48J/mol which was the highest at 333.15K and − 625.42J/mol which was the least at 310.15K 511 

implies that the Gibbs free energy is lower in calcium chloride containing reaction mixture than in 512 

calcium chloride free reaction mixture. This is as may be expected because Km values in presence of 513 

the salt were lower than in the absence of the salt thereby suggesting that the enzyme has higher 514 

affinity for the substrate in the presence of the salt. Similar to observation in the presence of SDS [44] 515 

the presence of calcium chloride led to larger entropy than in its absence because − ∆S(c) for calcium 516 

chloride containing system minus (− ∆S(c = 0)) for calcium chloride free system has negative values. In 517 

order words, ∆S(c) may be larger than ∆S(c = 0) (∆S(c) > ∆S(c = 0)). This difference ∆(∆S) (Table 1b), may 518 

have been occasioned by the increase in the amount of dehydration required for ES formation thereby 519 

implicating the entropic factor to have made greater contribution to the formation of ES complex [44].  520 
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 The m – values (Table 1b) which express the capacity of a co – solute or co – solvent 521 

otherwise generally called osmolyte, to force (un)folding, showed that a mixture of BG and calcium 522 

chloride and a mixture of LG and calcium chloride presented a case in which a destabilizer like 523 

ethanol is unable to force unfolding due to the opposing presence of a stabilizer like calcium ion. 524 

Meanwhile it is not out of place to wonder why less attention is given to m – values of ethanol, calcium 525 

chloride, and sucrose with respect to mammalian (human in particular) enzymes. Thus the positive m 526 

– value ((113 ± 3)×104 J/mol.M) being lower in the presence of LG in the reaction mixture than m – 527 

value ((121.5 ± 0.05)×104 J/mol.M) in the presence of BG, implies that LG is a stronger alcoholic 528 

beverage than BG. This is clearly evidenced (so long as Baskakov and Bolen postulation [27] remains 529 

reasonable) in the values of ∆Go 
([Ethanol(aq)]), which in this case represents free energy of unfolding in 530 

the absence of calcium chloride that leaves ethanol alone as the only co – solvent; these are  − 2.04 ± 531 

0.09J/mol.M and − 2.64 ± 0.22J/mol.M in the presence of LG and BG respectively. The positive sign 532 

of m – value confirms the postulation that the m – value of protecting organic osmolyte such as 533 

sucrose, sorbital etc is positive as exemplified by m – values of organic protecting osmolyte such as 534 

mSucrose = 1.62(±0.1) kcal/mol.M, mSorbitol = 1.38(±0.18) kcal/mol.M etc in respect of organic osmolyte – 535 

induced folding of RCAM-T1 (reduced and carboxyamidated RNase T1) [25]. In the presence of 18% 536 

(V/V) and 90 % (V/V) absolute ethanol, the m – values are (58 ± 8)××××104J/mol.M and (66 ± 3) 537 

××××104J/mol.M respectively. The corresponding ∆Go
([Ethanol(aq)])(or ∆Go

N→D) values are −2.23 ± 0.53 538 

kJ/mol and −3.58 ± 0.12 kJ/mol in the presence of 18% (V/V) and 90 % (V/V) absolute ethanol 539 

respectively. It is obvious that in the presence of very high concentration of absolute ethanol (90 % 540 

(V/V) and calcium chloride, the calcium ion component was unable to totally oppose unfolding or 541 

inhibiting effect of ethanol. Hence the negative free energy simply suggests that unfolding was highly 542 

favoured or feasible. It ought not to be an overemphasis to state that the positive m – value due to 543 

18% (V/V) – calcium ion mixture is another evidence of the capacity of the cation to oppose unfolding 544 

or inhibition arising from adverse chemical factor. Also, it is clear that in the absence of the salt (or 545 

cation), ethanol at concentrations of 18% (V/V) and 90% (V/V) may inhibit the activity of the enzyme 546 

because the ∆Go
N→D values being negative, is an expression of the spontaneity of native to denatured 547 

state transition. In being negative, the m – value in this report, is another confirmation of the claim that 548 

regardless of the parameter used in monitoring the stability of the protein (fluorescence or specific 549 
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activity), the sign and magnitude of the ∆G0 values shows RCAM-T1is thermodynamically unstable in 550 

buffer solution (∆G0 = − 2.23 kcal/mol (m = −1.77) from fluorescence data; ∆G0 = − 2.48 kcal/mol (m = 551 

−1.70) from specific activity measurement) [27]. 552 

 The significance of this research outcome is not farfetched. People whose work involves long 553 

hours of sedentary life – style may not consume heavy carbohydrate meal, but, whatever is consumed 554 

can serve the best nutritional interest of such individuals if such meal is taken while very warm, and, 555 

perhaps with warm none alcoholic beverage followed by warm water for quick digestion and 556 

assimilation. This issue is even very important for the athlete, in which a lot of calories need to be 557 

consumed. Therefore, a well programmed nutritional regime need to be advocated and adopted such 558 

that diet consumed at the right time is such that must be digested under the right thermal internal 559 

environment so that source of energy like glycogen in particular can be sufficiently stored before 560 

major event. This can enhance the eradication of doping as a means of boosting energy need of the 561 

athletes.   562 

4. CONCLUSION 563 
 564 
 The presence of the salt alone in the reaction mixture resulted in the decrease in the activity 565 

of human salivary α – amylase (HSαA) at different temperatures compared to control activity. A 566 

mixture of calcium chloride and ethanol from different sources caused an increase in the activity of the 567 

enzyme to values higher than control values. The affinity (in terms of 1/Km) of the enzyme for the 568 

substrate in the presence of the salt is higher than in the absence of the salt. The energy barrier, 569 

Gibbs free energy of activation, in the presence of the salt was higher than in the absence of the salt. 570 

The formation of ES complex and hydrolysis of starch was entropically driven in the presence of the 571 

salt, while in the absence of the salt, enthalpic factor was the main driving force. The positive m – 572 

value (positive slope) showed that at much lower and moderately low concentration of ethanol, 573 

calcium chloride can effectively oppose or reverse the effect of ethanol.  574 
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