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The effect of prolonged storage on a.-amylases activity in wheat and 
malted wheat grain was studied. It was demonstrated that four-year 
storage increases the activity of a-aimylases and at the same time de
creases the total activity of combined a- and (3-amylases and the pro
tein level. 

INTRODUCTION 

Alpha-amylases, i.e. -endoamyl,ases - C.3.2.1.1. (4 glucan-hydroxylases 
~-1,4 gluoain), ,c,onstiit.ute ,a size.abl,e fracUon -of biolog!ically activ,e piroteins 
in CeTe1al oairyoipses. They a:r,e noteworithy in view ,of their irole in sta,rch 
hydiro~ysis and their ,effect ,on rheological ,and te-chno1ogical propeTties of 
floua- [5]. 

The available literature contains no univocal data ithat wou1d explain 
the •effect of st,o:ring the graJn on the activity i0f its endogenous a-aimylases. 
This is •m•ostly due to the fact that the majority iof .amylo,lytic 1activity 
tne-asur,ement methods do -not enablie the specific detiermination of thls 
act· · lv1-ty. Such a s.ituaUon pr,ompted ithe present study ·of the effect of 
long-h~Tm stor.age •on the ,activity -of a-.amy lases in whea t and mal ted 
Wheiat grain. 

lttĄl'ERIAL AND METHODS 

~Ą'rl:RIAL 

The study w.as peirf oirm,ed with gra in·· ,of the Aria variety ,of win ter 
~hea,t hairvested •on experimental fields of the Research Centre for Test
ltlg V:anieties in Słupia W.iielka (Poznań voivodshlp, Poland). Ma.lited grain 
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was obtained according to [5] with 96-h germinali-on f.or four-day malt and 
144-h germinabon f10II' six-day malt. The wheat and ma1ted wheat gr,a,in 
was stored in tightly c1osed containers in controlled conditions (average 
tempeirature 20°C and 740/o r-elative hum~dity) for f.our years. The bastc 
physicoohemical c-ompositi:on of Aria wheat grain and malted grain is 
given in Table 1. 

T a b I e 1 . The eff ect of long storage on basie physicochemical composition of wheat and malted 
wheat grains and-on the falling number 

Raw 
materiał 

Wheat grain 

Malted wheat grain with
out GA3 

Malted wheat grain with 
GA3 

Time of storage 
(years) 

1976 
1980 

1976 
1980 

1976 
1980 

Moisture con
tent 

% 

13.7 

13.8 

6.0 
7.9 

6.3 
7.6 

Protein content 
(N x 5.7) 
in% d.w 

12.50 
12.00 

Falling number 
s 

360 
307 

- - -- -----
12.00 
11.80 

12.00 
11.77 

- - --- --------------------------

The .previously studied g.rain and malts obtained the,rewith [9] were 
of good quality and acceptable microhiologically. 

METHODS 

Moisture in the grai.n and m,alts was determilned acc1oirding to the P.oUsh 
Standa;rd PN 65 R-74006. ProteQn ciontent was determinied by the Kje1dahl 
rnethod ,on a Tucatox (Sw,eden) app,airatus using the ,ooeffiicient of oonver
sion to p1I'1otein K = 5. 7. The falling number in grain was dete.rmined by 
the 56-81 B method ,accio,rding to [1]. Pr,otein •conrtent in -the extriacts was 
assayed by the method -of Lowry et al. 1[4]. Srtaindard curves weire plotted 
fior egg albumin and lysozyme. Simil~ .resu1rt:s f,oir bo,th prr'!oteins we.re 
obtad.ned at light 'Wavelength of 750 nm. T,otal a·ctivity of comb:itned a- ain<l 
B-amyl,ases was meaSUJred according to ,the nrethod ,of Bernfeld [2] wiith 
modifi.cati!ons desCII'ibed by Waiichalewski ,and Tka,chuk [ 1 O]. The activity 
of a-amylase was m-easured ,as described earlie,r in [10] . 

EXTRACT PREPARATION 

50-g (dcy substance) portions of wheart caryiopses and malts weire g~ 
und in an ML 155 l,a.boirat1ory grinder and then shaken on a rtype 327 Vl„ 

bration shake,r in a twdJce higher v,olume :of 0.001 M calcium acet.aite. E" .. 
1:iriaotion w,as performed at 20°C foc foux hours iin media with pH 6.3-6·5 
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(wheat), or 5.8 (malts containing gibberelic acid, GAJ) or 6.1 (m,a1ts wit
hout GAJ). The sus.pensions w1ere then centrifug,ed for 15 m~n at 6000 >~ G 
and temrp€trature 4°C in a type K-24 centrifuge, and the precipitalte was 
discairded. In the supernatanł, tocmed the ",orude ,extTiaot", we deteTrnined 
the protein conltent ,and the tot.al activirty ,of oombined a- and B-amylases. 
The heia.ted extract was -obtained from the respe,ative crude extracts, ad
justing pH to 7.0 with 40/o ammonium hydroxide and heating f.oc 10 min 
at 70°C and then rapidly ooolmg in an i,oe water bath. The precipa-tated 
sedim.ent was cerutrifuged at 9000 X G for 1 O min at 4 °C and discamded. In 
this supernaitant, -eal1ed the "heiated extraot, we assayed protein concen
tration and a-amylases aotivity. It was dem,onstrated earlier [10] rthat in 
an extr.a,ot thus prepared the activity ,of 13-amylases 1is stopped completely, 
while at leiasit 800/o of the activity of endogenous a-amyLasies is retained. 

Pi['lotein eontent, tntal activity of oombined a- and B-amylases, and 
a-amylase activity were analysed in ex•~aots of wheat caryopses and in 
the obtained two kinds of ma1ts (the four-day with an addition of 0.1 mg 
GAJ peir kg, and the six-day without GAJ) using extinotion ~ead-outs from 
a Spekol photocolorimeter equipped with an EK-1 attachn1ent. In view 
of the afteT-riipening eff ect, all analyses were perf ormed three months 
after the wheat harV1est, assuming tha.t after this time all biochemi,cal 
chang-es in gJ':ain -coimponents will ce.ase; the analyses weir,e repeated after 
four years of g!I':ain storage. 

ltESULTS AND DISCUSSION 

Ta.ble 1 shows the effect of prolonged sto-ra.ge on the basie physicoche
rnioal oomposi bon of wheat and malted w beat gr.ain and on ·the falling 
number. 

A 40/o drop of t,ort:ial protein content was noted in the stored wheat g•r:a.in 
togethe:r with a much smaller, 20/o ,on the aveTiage, dieorease of trus •con.tent 
in both stor,ed malts. Much higher protein :Josses w,etre ohserved in the 
case 10.f protein extracted wiJth calcium acetate (Table 2). 

The resuHs of bi,a.chemic:al analyses of ·the -obtained wheat ,and ma1ted 
Whea,t gir,ain extil"acts befoire and aftetr storage a.re given in Table 2. 

The amount ,of protein detetrmined iin both the ,orude and the heated 
e~acts was markiedJy loweT afte~ four yeairs of sample stor.age. It was 
~lso obseiTved that in the case of wheart a!Ild its malt wiith GAJ, the drop 
1~ ·the level of p~otein soluble in calcium aicetate was vecy similar, amoun
ttng to 15 and 170/o, 'I''espe-ctively in orude extraats, and 130/o in heated 
e)Ctra,cts. A much higher protein loss occurred in the malt without GA3, 
n,amely 280/o in the crude axtiTact and 230/o in the heated eXJtr.act. BoHing 
et al. (3] also f,ound ,a drop in the content ,of protein soluble in sodium 
acetate in srtoired wheat, with the rtotal protein content in grain remaining 
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Table 2. Changes in contents of protein, combined ex and ~-amylase activity and cx-amylase 
activity in wheat and malted wheat grain during long storage (100 g grain/dry weight) 

- ·--- --- ~ - - -- ----- - ----------- --

Ra w ma terial 

Wheat grain 

- --- - - --- --

Malted wheat grain 
without GA3 

- ·-- -

Malted wheat grain 
with GA3 

Crude extracts 

Time of I 

storage 
(years) -Ol) 

E 
'-' 

C: 
V -o 
1-, 

o. 

1976 1375.0 35 842 
1980 1175.0 26 434 

1976 2450.0 78 136 
1980 ' 1752.0 50 753 

1976 2325.0 73 118 
1980 1920.0 53 333 

Heat-treated extracts -- - -- - - - - - -- -

C: 
<1) -o 
1-, 

o. 

> <1) 
· - r/) - ro (.) -ro ;;,-.. 
- E !S ro 
2 ~ 

---- ------ - - - -- - - -

26.07 973.8 
22.50 850.0 

31.89 1836.7 
28.97 1416.0 

-

31.45 1662.5 
27.78 1440.0 

266 
448 

18 363 
13 118 

14 471 
12 043 

0.27 
0.53 

10.00 
9.26 

8.70 
8.36 

- - ---- - ---·- - - --- - - -- - -· - ---

unaltered. It was dem,onstr:a,ted at ,the same time thart there is a dependen
ce between the decrease of the content of priOltein diete,rmined in stored 
sa·mples of wheart; and malt arui the dr·OP. :in ·total .aotivity ,of combin€d 
a- and '3-amylases in these s:amples, and also the dr,op in a-amylases acti
vity in ·maH s.amples only (Table 2). After four years of sample sto~.age the 
total activity of co,mbinied a- and B-amylases in whe,at grain and mali with 

GAJ dec,r,ea,sierd simiLa,rly, by 260/o and 270/o, respectiV1ely, while in the rnalt 
w~thout GA 3 by as much as ca. 350/o. On the other hand, the activity of 
a-amylases in maJts with ,and without GA 3 decr,e,ased to ,a lesseir exitent, 
by 170/o and 290/o, respectiV1ely. The c1ose dependence betw,een the drop 
of protein c,onrt;ent and the discussed amylolytiic activity is due to the fact 
that the studiied p~oteiins soluble in -calcium aceitate oontain mositly amylo
lytic enzymes. 

In eairliieT situdi1es, Waricihalewski and Tkachuk [10] demc:mstrated ele-
. with ctropho,retically that the prroteins ext1raated fr,om maltied wheiat gra1n 

calcium acetate consisted mainly of i.soenzymatic forms of a-amylases. 
Hence, the ·changes occurring in these p.roiteins must have been followed 
by chan.ges in their acrtivity. 

Particulairly noteworrthy is the estabLished very substantial iincreas: 
(by 680/o) of the activity of a-a:mylases in the heated ,extr.act ,of sto~ 
whea.t gDain, acco-mpa,niied by a simu.ltaneous drop ,of protein 1content J.Jl 

this extr,a,ct by ca. 130/o. This 130/o reduotion ,of prote:ilil content can prio
bably be ,re1ated, in pa1rt at 1east, wiith chang,es modifying the a-amylase~; 
inh1bitors compl,ex whi,ch oain 'lead to .an activation of a part of the tiil 
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now inacitive a-amylases, as it was ea;rlier suggested by WaTchalewski [5]. 
The observ,ed marked increase of a-amy1aS€ 1aotivity in stored wheat sup
ports an eiarlier co111Ception about the occUT-rence of a part o.f the endo
genous a-amy lases in wheat gra in in the form ·of inactive complexes with 
theiir inhibitors [5]. This rtheiory is also confirmed by studies dem-onstrat
ing a conside!l"able increase i0f a-amylases activity in wheiat depending on 
extraotion oonditions [7], studies of soaked wheat [6], and analyses of the 
dynamics of chainges ,of a-amy1ases and inhibitor activities during control-
1€d malting .[8]. 

C0NCLUSIONS 

1. The amount of protein .soiluble in calcium acetate, both in ·crude and 
in heated extmcts of Aria wheat, de,cre.ased after foux years of grain st,o
rage. 

2. The drop of protein c-ontenit tn stored wheat and malt€d wheat grain 
sampLes depended ,on the dr,op of totail activity of -combined a- and B-amy
lases, but only in the malt sam.p1es. 

3. A ma:rked incr,ease of a-amyLases activity (by 680/o) together with 
a simuLtaneous drop in the amount of ex.tracted protein (by about 130/o) 
Was ,observed in rthe stoired g,railil. 

The present study was support,ed financially by Subject No. Zb(3-
137)76 reahzed within Problem II-8 of the Ministcr-y of Science, Highe,r 
Educa tion and Technology. 
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Streszczenie 

Badano wpływ długotrwałego czasu przechowywania na aktywność amylolitycz
ną w ziarnie pszenicy i jej słodach. Do badań użyto ziarno psz-enicy ozimej odmiany 
ARIA oraz jej słody: 4-dniowy z dodatkiem kwasu giberelinowego (GA3) i 6-dnioWY 
bez G A3. W ekstraktach z ziarniaków pszenicy i jej sŁodów oznaczono zawartość 
białka, łączną aktywność <l . i B-amylaz oraz aktywność a-amylaz, a także liczbę 
opadania. Wszystkie analizy wykonano 3 miesiące po zbi,orze pszenicy i po 4 latach 
przechowywania ziarna. Stwierdwno, że 4-letni okres przechowywania ziarna w 
kontrolowanych warunkach wpływa na wzr,ost aktywności a-amylaz, jednocześnie 
obniżając łączną aktywność a i B-amylaz oraz poziom białka. 


