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ABSTRACT

In this study, the effects of ultrasound as emerging technology were
investigated on the extraction of alpha-amylase in the mashing process.
All experimentswere conducted at 20 KHz on the ultrasonic generator by
considering the three effective factors, temperature (20, 25 and 30°C) and
ultrasonic power (13.8,27.5 and 34.5W) corresponding to ultrasonic
intensities of (0.0051,0.0101 and 0.0127W/cm2)in different timeintervals
(20, 15 and 20 min).About determining these effects the Fuwa method
assay based on the decreased staining value of blue starch-iodine
complexes employed for determining an activity. The resultsof thisassay
were analyzed by Qualitek4 software using the Taguchi method to evaluate
thefactor’s effects on enzyme activity. Consequently the results of assays
showed that the yield of extraction was increased after thermosonication
by comparing to the blank. At the optimum operating condition (20 min at
30 °C and ultrasonic intensity of 0.0127W/cm2 by Na-phosphate buffer
(pH=8)) the processyielded 73.25U enzyme activity per ml of used malt
(corresponding to extractionyield of 23.10%).
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Amylases are a class of hydrolases widely
distributed in microbes, plantsand animas. However,
the activity of these enzymesishigh in germinating
cereds. They can specifically cleavethe O-glycosidic
bonds instarch, a storage polysaccharide present in
seedsof variousplants¥. Inregard to extensive usages
of apha-amylase in different industries and the
commercial importance of diastatic power of maltin

brew producing, much effort have been taken for
increas ng thed pha-amylaseactivity inthegermination
process of barley seeds?4. Inthemalting and brewing
industries, considering theimportance of thediastatic
power isvery important for assessment of the activity
of starch-degrading enzymes. Thus, application of high
temperaturesin mashing processisaneconomically less
acceptable approach, and ultrasonication as a
pretreatment may beagood techniqueto betried aong
with conventiona treatment at |ow temperatures. The
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useof ultrasoundinthebrewingindustry islargdy limited
to the cleaning effects of high frequency waves,
ultrasound measurements like particle sizing® and
measurement of gravity during lautering®. Some
researchers have demonstrated the utilization of
ultrasound to control and reducefoam formation during
fermentation™. Otherwisetheuse of power ultrasound,
asapart of the brewing process hasnot been exploited
till Buckow and et.al.'®¥ who studied the effects of
ultrasound ontheextraction andfiltration of solublesolids
of mash from barley malt.Thereisno reference about
the effects of ultrasound on the extraction of alpha-
amylasefromgrigt intheliteratureup to now.

Recently, ultrasound-assi sted extraction hasbeen
given moreattention, sinceit has been acknowledged
to play asignificant rolein extraction performance. A
number of papers have been found in the literature
dealing with the ultrasonically assisted extraction of
different material 9%, Having high efficiency, low
energy, milder conditions together with a shorter
extraction timearethe main positive effects of such
extractions. Themaost common interaction mechanisms
which areinvolvedinthiscaseareacoudticaly induced
cavitationa activity which causes heat and chemical
effects. The mechanical effects of ultrasound via
cavitation bubblecollapseisbelieved to beresponsble
for these positiveresults, dueto theintensification of
mass transfer and easier access of the solvent to the
content of cellular materid %34, Therd easeof enzymes
and proteinsfrom cellsand subcellular particlesisa
unique and effective application of ultrasound, which
causesdestruction of cellular structure by acavitation
effect’®,

The present research wasundertaken withtheaim
of enhancing the extraction amount of alpha-amylase
from grist. Therefore the effects of ultrasonic power,
temperature, and irradiation time on the efficiency of
apha-amylase extraction are investigated. For this
purpose, the activity of alpha-amylasewaskept asa
means of the determination of processyield.

EXPERMENTAL

Material and Equipment

Karoninkavir barley varietieswith moisture content
of 9% and an average content of protein 11.5% was
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used in al experiments. To prevent absorption of
moisture it was stored in adry place at 20 °C until
malting. Also it must be mentioned, that for removal of
dormancy, sampleswere stored at room temperature
(25-37 °C) for 3 months after harvest.

All chemica swith high anaytical gradeincluding
iodine,K1 (potassiumiodide), KH2PO4 (monobasic
phosphate), K2HPO4:3H20 (dibasic phosphate) and
soluble starch from potato (S-2630) which used for
apha-amylaseassay wereobtained from Sigma-Aldrich,
Flukaand Merk companies.

The sets of Gerhardt Kjeldathermand Gerhardt
Vapodest 30 instrument were used for determination of
theprotein amount in barley seeds.

Ultrasonicirradiation was performed by means of
UP 200 H ultrasonic processor horn type(20 kHz,
maximumwave amplitudeof 210 £, and maximum
nominal power of 460W) equipped with a radial
Sonotrode S3 (3 mm diameter) designed by Hielscher
GmbH (Treptow, Germany).

Theset of SALD-2101 laser diffractionparticlesize
anayzer (SHIMADZU) was used for analyzing the
particlesizeof sample.

Methods
Planning of Experiments

In this study 3 important effective parameters
namely, ultrasonic power, the time of ultrasound
irradiation and temperature at 3 level swere selected
for thedesign of experiments. 3 selected factorsaong
withther levelswereshownin TABLE 1. Inthisstudy,
theactivity of dpha-amylasewasevduated and Taguchi
experimental method was used to determine optimum
extraction conditions. Asweknow the Taguchi method,
one of the optimization, has good reappearance of
experiments concerned only with the main effects of
design parameters. In principle, the Taguchi’s design of
experimentsisused to get information such asmain
effectsandinteraction effectsof design parametersfrom
minimum number of experiments. The objectives of
Taguchi method for parameter design wereto find out
the best combination of design parametersand reduce
the variation for quality. In practice specifically27
experiments each repeated for 3timesinthe20 KHz
frequency for malted flour in the solvent (sodium
phosphate buffer with pH= 8) were done because of
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TABLE 1: Control factors

Number Factors  levell level2 level 3
1 PA(W) 13.8 27.6 34.5
2 t® (min) 10 15 20
3 T¢(°C) 20 25 30

a: Ultrasonic Power; b: Irritation Time along with Thermal
Treatment; c: Temperature

the sengitivity of work with enzymesand their behavior
to closemonitoring,eva uation and exact controlling of
parameters effects. In order to analyse theresults, 9
data x 3that selected among the 27 experimentsx 3
were given to software according to prediction the
Taguchi techniqueinexperimentsdesign conditionand
Qualitek4 analysis using ANOVA approach was
employed for finding theaverage effects of individua
parameters on enzymeatic process condition according
to software output. Statistical calculations aso for
predicted optimum condition have shownin TABLE 3.

It must be mentioned that because of the
encountering aserious problem (formation of gel) in
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theapparatus®!. For this purposethe ultrasonic power
entering the system was obtained by recording the
temperaturerise T against the time t,by means of a
thermocouple placed inthe systemiitself. Calorimetric
approach which assumesthat dl of theenergy ddlivered
to the systemisdissipated asheat, as shown by
Pass = (o2)  mC (1)
diss Lt - il )

wheremand Cp arethe mass and heat capacity of
thesolvent, respectively, and (dT/dt)t=0istheinitial
slopeof the temperature rise of the reaction mixture
versustime of exposureto ultrasonicirradiation.

It is found that only about 30% of the power
delivered by the transducer wasdissipated as hest,
whichwould indicate that the other70% of the power
waslostinthetransfer processor byother means.

Theintensity (I, , W/cm?2) of ultrasound at the
surface of the ultrasonic deviceisequal to the power
dissipated (Pdiss) divided by theareaof the probetip

TABLE 2: Analyssof variance (ANOVA)

Number Factors DOF Sums of Squares Variance F-Ratio Pure Sum Per cent
1 P 2 31.725 15.862 48.853 31.076 28.97
2 t 2 12.187 6.093 18.766 11.537 10.756
3 T 2 56.86 28.43 87.557 56.211 52.402
Other/Error 20 6.493 0.324 7.872
Total 26 107.267 100.000%
TABLE 3: Optimum conditions
Number Factors L evel Description Level Contribution
1 P 25 3 1.282
2 t 20 3 0.691
3 T 30 3 1421
Total Contribution from All Factors 3.394
Current Grand Average of Performance... 70.459
Expected Result at Optimum Condition. .. 73.883
sonication processwithvery small particlestheplanning  (Ap), asshown by
of experimentsisnot included theparameter of particle Pgiics .
sizeof malt flour. Moreoverwith bigger particlesthe laiss = A, (2)
amount of extractionwasvery low and theresultswould '
befar from theused scalesinfigures. Malting stage

Deter mination thepower dissipated in asolution

Inorder togaininformation ontheactud powerinput
a calorimetric method was used to calibrate

Barley seeds were micro-malted manually in
laboratory scae according to thefollowing procedure:;
samples after steeping at 16-17 °C for 6 h in the
incubator chamber wereair-rested for 8 h. Thisprocess
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wasdone 3 timesperiodicaly to reachamoisture content
of 45%. The subsequent germination phase was
followed 96 h with keepi ng the 45% moi sture content
(withwatering thesamplesevery 4 h). Thenthe samples
werekilnedinthedrying ovenin gradually ramping
temperaturefrom 17 to 55 °C over 20 h, from 55 to 65
°C over 20 h, from 65 to 75 °C over 6 h, and finally
from 75 to 82 °C over 4 h. The drying process was
stopped with reaching the moi sture content of samples
to 4%. After removing therootlets, the sampleswere
milled and themdted flour isprepared for thenext stages
of the experiments. Because of theimportant role of
the husk informing apermeablefilter bed during the
extractionfromthemash, itiskept aspossbleand milled
carefully, but the endospermisgroundto particlesthat
reedily releasetheir extract. Theparticleszedistribution
was 23.5 to 66.7 micrometer as a best range. In the
present investigation mean vaueof particlesizeis45.1
micrometer.

Sonication of thesamplesduring theextraction of
enzymefrom malt

In thisresearch commonly 50 mM Na-phosphate
buffer with pH=8 was used as the best extraction
medium. Approximately, 0.75 g of malt flour was
weighed in duplicate into centrifugetubesand 4 mL
from extraction mediawas added with mixing. The
sonication experimentswere carried out at 20 kHz on
an ultrasonic processor UP 200H. Thetip of thehorn
wasimmersed into about 9 mm of 4 mL solutionto be
processed. All experimentswere performed on solution
indirect sonication at ultrasonic power of 13.8, 27.6
and 34.5W. Ultrasonicirradiation wasemployed with
additiona agitation or shaking in order to theuniform
distribution of the waves. The sonic power was
controlled manually inthreementioned intensities. The
ultrasonic energy waspulsed using aDuty Cycle Control
in order to reducetheformation of freeradicals. The
cyclewasset on 50%inal experiments. Thesolution
was processed at threetemperatures of 20, 25, and 30
°C with the sonication horn for 10, 15, and 20 min. The
temperature inside the solutions was intermittently
checked. Extraction wasterminated by centrifugation
for 10 min at 5000 RPM. Thereafter the supernatants
werefiltered through moist filter paper into measuring
cylinders and the volumes were recorded. These
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volumes were used in the calculation of enzyme
activities. Control (0% ultrasonic vibration amplitude
controller setting of nomina power) wastrested smilarly
with theexceptionthedimination of thesonication tage.
All experimentswere performed thrice.

It must be mentioned that extraction of control under
the above defined conditions was performed with
regular vortexingfor 5sat 5Sminintervals.

Determination of alpha-amylaseactivity based on
decreasein starch/iodinecolour intensity

Starch formsadeep blue complex withiodineand
with progressive hydrolysisof the starch, it changesto
red brown. Several procedures have been described
for the quantitative determination of amylasebased on
thisproperty. Thismethod determinesthedextrinising
activity of alpha-amylasein termsof decreaseinthe
iodinecolour reaction. Thedextrinising activity of dpha
amylasesemploys sol uble starch as substrateand after
terminating thereactionwith dilute HCl, iodinesolution
Is added. The decrease in absorbance at 620 nm is
then measured against asubstrate control . One percent
decline in absorbance is considered as one unit of
enzyme®,

Enzymeassay

Starch-iodine assay according the Fuwa method
wascarried out asfollows. assay reactionswereinitiated
by adding 0.5mol of starch solution (20mg/mL in0.1
M phosphate buffer pH=7) and 0.5mol of enzymein
0.1M phosphate buffer at pH 8.0 to reaction tubeand
incubated at 37°C for 30min. The reaction is then
terminated by adding 1ml of 1M HCL. Following
reaction termination, themixturethen diluted to nearly
10 ml with H20, followed by the addition of 1ml of
iodinereagent (0.2% iodineand 2% potassiumiodide).
Findly, thevolumeisadjusted to 10ml with distillated
water and the amount of color development is
determined by measuring the absorbance at 620 nmf*!,

Theenzymeactivity was cal culated according to
thefoll owing equation™:

(0D, control —OD,,sample)
OD,,,mg starchxtxV

Theamount of extracted compound was calculated
and theyield was expressed asweight ratio (%, w/
w): %=

U/ml=

(©)
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U / g malt(sample activity — control activity)
U / g malt(control activity)

g extracted
g initial

Where, OD control isthe absorbance obtained
from the starch without the addition of enzyme, OD
sampleisthe absorbancefor the starch digested with
enzyme, OD /mg strach isthe absorbancefor 1 mg of
starch asderived from the standard curve, tisthe
assay incubationtimeand V isthevolumeof the
enzymeused inthe assay.

Themeasured activity from the above equation
for blank was59.5 U/ml.

x100 =

x100  (4)

RESULTSAND DISCUSSION

Theeffects of different extraction conditions on
the efficiency of process

Theimpacts of the various amplitude controller
setting of nomina power of thedeviceontheefficiency
of extraction of apha-amylase from malt flour was
investigated at different time and temperatures. The
resultsareshowninFigures1to 3, whichillustratethat
theactivity of dpha-amylase, showed that theefficiency
of extraction wasincreased with increasing ultrasonic
power. Theactivity increased from 68.99 U/ml mat for
acavitationlevel of 10%( corresponding to extraction
yield of 15.94% ) to 73.25 U/ml malt (corresponding
to extractionyield of 23.10%) for 25% power setting
at theend of 20 min processing time. An appropriate
explanation for thisisthat thelarger theamplitude of
ultrasound wavetravel ling through amassmedium, the
moreviolently the bubbles collapse. Asknown that the
enhancement in extraction efficiency obtained by the
useof ultrasound isattributed to thedisruption of the
cdll wallsand the enhancement on themasstransfer of
cell content to the extraction media caused by the
collapse of the bubbles produced by cavitationi*.

Severd factorsaffect theyield of the processduring
theextraction with ultrasound. Generally, increasngthe
temperaurea dscompound dissolution. Inthisresearch
the activity obtained from soni cation at any observed
temperatureisgrester than resulting activity viatherma
treatment (blank). Thisbehavior isduetotheincrease
inthenumber of cavitation bubblesformed. However
the experimental results clearly indicate that the
extraction efficiency of ultrasound becomeslow with
increasing temperature closeto 30 °C. For instance,

—————— FyLL PAPER

theenzymeactivity for sonication (25%of power setting)
at 20 °C was 68.57 U/ml malt (corresponding to
extractionyield of 15.24%). Whenthetemperaturewas
increased to 25 °C to introduce heat-induced extraction,
theactivity wasincreasad to 72.48 U/ml malt (extraction
yield of 21.81%) at the same employed power. This
increaseishigher than whentemperatureincreased from
25°C to 30 °C (proportional with enzyme activity of
73.25 U/ml matand extractionyield of 23.10%) at the
end of 20 min processngtimeand thecongtant employed
power. Considering error barsit can be concluded that
theenzymeextraction yidd doesnot changesgnificantly
from 25 °C to 30 °C. From a practical point of view
thismeansthat in order toimprovetheefficiency of the
extraction, the use of high temperatures may not beas
useful. Theexplanation for reduction of theextraction
efficiency withtemperaturemay beattributed to thefact
that at higher temperatures, increased vapor pressure
inside the bubblesintroduces acushioning effect and
hence produces|ess effective collapses®™.

About theeffect of exposuretimeontheextraction
of studied enzymeasonecan seefromfigures1to 3, at
the studied temperatures and for al the evaluated
exposuretimes, the use of ultrasound causesanincrease
of dpha-amylase extracted from mash.

Quailtek4 statistical analysisof the sonication of
malt flour suspension

TABLE 2 showsthedetailed analysis of variance
resultsof experimentsconducted under Taguchi method.
In this table the contribution of each factor was
quantitatively determined by usngANOVA approach.
Theinformation summarized in TABLE 2indicated that

T=20°C R?=0.8612

R?=0.9999

R2?=0.9231
o 13.8W

o 27.6W
A 345W

5 1'0 1I5 2'0 25
time (min)
Figure 1: Alphaamylase activity as a function of time of
sonication and power level at 20°C (bars indicatet 5%
gandarderror)
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Figure 2 : Alpha amylase activity asa function of time of
sonication and power levelat 25°C (bars indicatet 5%
standard error)
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Figure 3 : Alpha amylase activity asa function of time of
sonication and power levelat 30°C (bars indicatet 5%
standard error)

operative temperature with acontribution percentage
ashigh as52.402%, had the most dominant effect on
overd| performance, followed by thetime of exposure
to ultrasonicirradiation dongwith thermal treatment,
and power of ultrasound.

Onthe other hand, the degree of freedom (DOF)
for each factor was 2and total DOF was 26, so the
DOF for error term (which includes the interaction
between introduced parameters) was 20, andfindly the
variancefor theerror term, obtained by cal cul atingerror
sum of squaresand dividing by error degreesoffreedom,
isvery smdl. Henceforth, it wasdifficult orimpossibleto
calculate the F-ratio, defined as the variance of
eachfactor dividing by error term.If thefactor ishighly
influencing theprocessresponsethenthevaueislarge
and isused to rank the factors. Fromthe obtained F-
valuesfor design parametersin the present work with
95% confidenceintervalit can be concluded that each
parameter’s combination to total variation is significant.

Also Figure4 depictsthemain effects (average of

main effects

73
E 72 -
271 -
ey
3707
& 69 - —o— Ultrasonic Power
Q
= 68 - —&— Temperature
E 67 - —t—Time
()

66 : .

1 2 3

prameters levels

Figure4: Main effect of ultrasonic power, temper atureand
irradiation timeat their selected levelson ultrasonic-assisted
extraction by the Taguchi method using qualitek4 software

Interaction Between Parameters
(X=P.Y=T)

Enzyme activity(U/ml)

63

1 2 3
Levels of Parameters

Figure5: Averageeffectsof interaction between ultrasonic

power and tempratur e by Taguchi method using Qualitek4

software.

Interaction Between Parameters
(X=T,Y=t)

Enzyme activity(U/ml)

1 2 3
Levels of Parameters

Figure6: Averageeffectsof interaction between
tempratureand timeby Taguchi method using Qualitek4
Loftware
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obtai ned results) of ultrasonic power, temperatureand
exposuretime. AsitisshowninthisFiguretheaverage
effectsof ultrasonicintensity and time of exposureto
ultrasound are positive on enzymeextraction. Also the
maximum effectsof these parameterswereintheir third
levd.

Theaverage effects ofinteraction between defined
parametersarea so presented in Figures5to 7.

Interaction Between Parameters
(X=P,Y=t)

73 A
71

69 -

67

65 -

Enzyme activity(U/ml)

63 T
1 2 3

Levels of Parameters
Figure7: Averageeffectsof interaction between ultrasonic
power and timeby Taguchi method using Qualitek4 software.

CONCLUSIONS

Theresultsobtained inthisstudy haveimplications
for thebrewingindustry. Use of ultrasonication along
with thermal treatment at low temperatureswasfound
to be useful in the case of improving the extraction
efficiency of alpha-amylasefrom malt flour and soits
activity. Theresultsshowed that theextraction yield of
enzyme was increased by 23.10%in the optimum
condition by comparing to blank.

Although ultrasonication duringthemashing process
will not diminatethe need for hightemperaturesenable
thegdatinization of starch, it can beusedto disintegrate
long-chain starchmolecules, and thisincreasein surface,
together withincreasad temperature (withingrigt solution)
released by bubble collapse, may enhance
saccharification by amylaseat low temperaturesduring
themashing process.

In summary the efficiency of ultrasound-assisted
extraction procedure exceeded that of conventional
procedure. Using ultrasound, greater yields of total
extracted alpha-amylase achieved at lower extraction

temperatureand shorter extractiontime. Inadditionthe
activity of the sonically extracted alpha-amylasewas
higher than that of thermally extracted preparations.

Finally for practical purpose, it must aways be
considered although the possibility of increasing the
extractionyied of thed pha-amylaseinmashing process
by ultrasound waves in combination with thermal
treatments has been proven by our laboratory
experiments, the same may be not truefor industrial
applications. Thereasonsof thenondevel opment onan
industrial scaleof thistechniquearenumerousandin
part the non-development is due to the lack of
information needed for design and sca e-up procedure.
Most results reported by researchers, in fact, relate
deactivating and destructiveaction of ultrasound only
totheir frequency andfail to provideinformation about
the dependenceof thetreatment efficiency onthe actua
power and power density of ultrasound.
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