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ABSTRACT,

A grocagure for assaying protainase and carboxypeptidase
activity of sorghua malt has besn developad. This assay was
applied to deteraine how sorghum cyitivars snd malting canditions
fnfluence the davelopeest ef sorghua ailt protefnase and

tarvorypeptidase activity.

farough use of & noval extractant, {(B.6H L11/3,33aM
dithiothreitol) the efficiency of eatraction af sorghua malt was
taproved. Investigations lato the purity of the sorghus
prolasin uied as substrate ied to the discovery of a pratein,
net previously {snlated from sorghum. This protein was cailed
sorghus reduced-seluble protein as it was virtually identical in
aming acid zoaposition to the reduced-soluble prokein of maize.

Watting tlme enst strongly fnfiuenced the develspamnt of sorghua
aalt protealytic sctivity, Furthernore, proteinase activity
increaszd by jess than tyo-fold during astting, whereas
rarbovypeptidase activity Increased by spproximatelys eight-fold,

this sszay for sorghum malt proteinase and carboyypeptidase
activity will provide a useful tool by which ulbisstely the
sarghua beer Industry can obtain a greatar undarstanding of the
physiological sad bischesical pracasses which determing the
arewing perforaance of its principal raw material, sorghus salt.
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INTROMUCTION,

n South Africa, the trasitional alcohollc bevarage of tha black
Uriginally, thig beer
However, as the

“gan, and the black peoples sigrated
towards the citlas, this seall scals praparation of sorghua heer
praved insufficient to satinfy demand, To aset desand, the
aining industry, other targe ewployers and the aunicipalities
began to praduca baer and thus the sorghum beer industry case
inke belng (Novellis, {986},

peuples 18 a beer made from serghum malt.
was preparsd {n the home by the women.
Industriallsation process

Like the barley maiting and breming (ndustryv, the sorghua beer
industry recogaised the need for research in order to ieprove the
quallty of its raw materials and tne efficiency af its process,
one aspack of isportance iz the level of fres amina acids and
snall peptides which are attaines 1o wort or unfermented beer,
Free aaino acids and small peptides pravide a source of nitrogen
for the suppart of yeast grawth during fersentstiny tNacWiliias

% Glapperton, 19691, 1t has recently been demonstrated bhs
their leval, as seasured by the fres alpha~amino nitragen (FAN)
content of wort, not anly influenced the rate at which the
aleoholit formentation ot wort by yeast pracaeded, but alse that
a ainlaua level of amino acids and zeall peptides is required, i¢
yeast {s to convert the available wort sugar completely ints
(Plekarell, 1986},
and ssall peptises in wort is mainly dus to tha hydralysis of
aroteln by the protsolytic enzyses of sorghue malt (fayler &
Boyd, 1964},

alcohol The origin of the frae asinn acide

The qualfty of sorghus malt produced far brewing sorghua baer,
has in the past heen Sudged priaarily upon its diastatic paver: a
tanbined eeasre of the aipha- and beta- amylase activity but
redaninantly 1 aeasure of alpha-asylase sctivity 15ABS, 1970),
However recently, because of the )érge contsibution towards wort
FAN nade by preforaed FAN in sorghua malt, an additlonak
criterion of malt quality has been tecoassndeds that af & mininue




FAN cantant for sorghum malt (Taylor, {98951, Secause of the role
that grokaclytie anzymes play in generating malt FAN, this study
of the profasin degriding activity of vorghun malt was nade, Tha
tern prolanin degradtng activity has been chosen ta descrise
collectively the proteclytic enzynes of sprohus malt which
hydrolyse sorghus prolamin ar kafirin, the snzymes principal,

aatursl substrate,
The cbjectives of this study warsi-
1) tu seveisp & procedurs to assay the prolamin degrading

sckivity of sorghus malt,

21t apply this sssay to determing how the development af
profames degrading sctivity during matting is influented by:

althe chaize of sorghum cultivar

blthe canditions of mslting temperaturs, matsture and

tlae,
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20,0 General, N

fhraughaus the warld, tragitional foodstuffs and beverages have
svolved which rely intrinsically upon malted cerzal grain. Some s
af these preparations bave resainad esotarlc, while athers, in )
particular the brewing of beer from aalted bariay, have daveloped
inte vask international industries. Hawever, because for the
w98t part, the targest prapartion of 2 cersal crop is processed

as is, for swasple 23 #lour or anima)l #aed, new cereal variehies :

ars brad for iacreased yield and disease resistance {Briggs °
at 80, (981) and salting quality is often naglectsd in

natlagnal bresding programmea. The salbster therefere has io

salect from the avallabls cultivars, the variaty which best suits

% his requiresents.

: the prosess o salting 3s ane of artificially initiating, P .
nanipulating and terminatlng cersal gerainatian tBriggs et oo !

J al, 196813 Moveilie & de Schaepdrijver, 1984}, Sciantific

studies of ga-atnsting saed physiology have however dadaubtsdly

contributed to the advanccoment of maliiag technology. The first

studies of gersinating seed physiology Were made on behalt of the

barlay nalting and brewing industry {Brown ¥ Harru‘ 1892), and

a1though pussrous other seeds subuequently have been lavastigated !

in this regard, aost o¢ the stientific literatury relates Yo

i barley, The discussion which fallows hawaver will focus

i prineipaity on sorghua but will refer to observations sade with

other gerafnating careais whare necensary.




ntez Anatoay, uitrastructure and chealstry of the cermal grain.

2.1,2,1  Starchy andosparn,

Hoat af the reserve naterials of cerssl sepus are located in the
starchy endospera (Sawlay % Black, (9787, OF thase reserve
astsrisle, by £ar the nost predoainant is stargh \§aith, 1967,
Radley, 1976}, Stareh can in fact represent up to 79 per cent of

he dry weight of sorghunm grain (Hatsen, 1947),

Starch 13 pacvad or "taid down® in subceliuiar bodies celled

P starch granuies: the size and shape of the grapules being i
characteristis of the csraal spacies (Manpers, 1974}, Sorghus [
] stareh granules t2ad ta Be spherical and of unitora shaps (20 .
/ va diza.) (Knight, 1949) to canteast, for evaspls with barley . f

skarch granulus which afthough spherical tn .nape, accur in twe
distinct groups: sg-called large (25 pa diam.) and saall (3 pa
dtan;} granuies (Palwer, 19720, There is however lithle

knowiedga-ralating ta the fine struckure of starch granules o o
althaugh the abwarvation that eactisns of the granules appear to \\
cusprise concentric rings have led to the postulation of some
theorias of how packing occurs {Buttrose, 1968}, Also

| charactoristic of the source of starch Is tha gelatinisation

toaperature, ar the renge of tomjeraturs over Which the fing
R structura of the starch granule is irraverslbly destroved in the
. presence of water (Kaight, 1%4%),

L Studies by Schoch (1942) have shown that starch cosprises a

’ ) sitture of tus poiysaceharides, asylose and anylopsctin, The
fropartions of asyives and amylopectin in starch can alsa be

Indicative of the starch’s source (Sewlay & Black, 1978; Knight,

1989 although It has been shown that mast cersal stirchas .
contain bebyesn 15-33 per cent anylase (Grzenwood, 19361, Sase . -
vartsties of malze and surghus, the ssecalled waxy sutants, an

- cantain tass than one per cont asylose (Hixon & Srihall, 198).

Both aeylose and amylogeckin are palysars of G-glucose. Aayiose,




be:1g & lnear, loag chaln asisesle conprising glucose units
jolned by alpha«i,s glucosidic boads, +hersss amylopectin ts &
branchad chain polyaer, caagrislng linear chains of glucpse units
Vi tenked by algha-(,4 bonds and branching links of 3ingle sipha~i,s
T bonds (Hannars, t974).

E Also found in the starchy endaspsen of cereal sezedy to 3 grester IR .

B A ar tesser swtent is storige protein, Endospers storsge pratatn !

can account for six %o twalva per cant of the dry weight of the
R corsal graln (Simacnds % Drtn, 19731, Storaqe protein is located C 5
o in discreta subcallular organellas called proteln bodies and/or

10 ap amorphous structure interspersed amangst the starch

B granules, aften termed the protein aatrix or faterstitial protsin
-~ ﬁ/ (Stamands & Drth, 1973}, The so-talled steely or horny ceglens
L ot the starchy endospers sre charactarised by relstively high

g propartions of gratein badiss and interstitisl protein compared .
with the floury sndospern {Seckinger % Welé, 1973). Tha gize of
arotein badies range fram ons ta twemty xx diam., and ike

starch granulas tan be charactaristic of a cereal tpeciss and ta N K
. a certain extent upon the site of Lacation within 4 species
. 3 (Bewiey & Black, 1978),

N gsbarne (1307 pyt forward 3 systys of classification of sead
oroteins based wpon protain sclubitilty. Faur groups of proteins
ware thus sdentifisd) water-soludle or albumin protatn,
salt-soluble ar globulin protain, alcohol-soluble ap prolamin
/ protein, and glutelin pratein, #hich was inzoluble in water and

- squecus selutlons of sslt and sthanol but could be extracted
: under dilube acidlc ar alkaline conditlapa, Ultrastructural
studies of diffacent sorghus varisties show Lhat alagst all
N protein bodies wera two ta three ve dlam. ind comprised |
] mainly prolasin ar kafirin {Johns § Brewster, 1914}, while the !
o (nteratitial protain cansisted aainly of giutelin 1Sechingar &
Wolf, 19785 Taylor et al, 198431, The bulk of careal
4ndospers storage proteins are protasins and gluteling (Slamands
v 4 Orth, 1973, Beevers, 1974). 1n sorghum, kKafirin and glutelin ‘
repressnt 4,5 and 3,0 por cent approns respactively of the dry

edstoe 4 wx =



grain weisht {Taylar ot al 1983}, whereas in barley,

prolasin {hordein) and glutelin (hordenin) rapressnt 4,8 and 4,5
par cent of dry gratn weight respectively (Bpavers, §976).
Beuause prolasin proteing represest such a large groportian of
tereal proteins, thuir smino seid canpesition influsnce the
autritienal valus of tne cereals. Sinee prolasin protein is
generally geficient in the sssential smino acid fysine, cereal
proteln is of saar nutritional quality (Bewley & Black, 19781,

A furtber characterization of cereal protsins was made by Landry
and Moureaux (1970}, when they extracted additional prolaein type
protoin terasd Gi-glutelin from residual malze glutelin by
including the reducing agant, mercaptasthanol with aguztus
slcahol.  danbunsthss and Mertz (1973) using tha Landry snd
Moureaus procedurs idectifled the equivalent gprotein fraction in
sorghun, #iich they initially tersed alcohol solubie glatelin and
Latterly termed crosslinked kafirin (Buiragessian et al,

1978), Taylor ¢ 4f (19846} demcnstrated fnak

erossiiaked kafirin, like keflrin waz 2iso 2ssociated with
sorghua protein yodies. Paulis and wall (1977) ideqtified 2
further cersal protein fracklen by agueous 2atraction o+ alcohol
solubile glutelin in maize. rhis protain was tersed water-solubile
aleohol-solubia reduced glutelin and has alse been taraad
reduced-solubie protein tWitsen et ai, 1981). Evans

et al (1987) have suhsequently damonstrated the presenca

of reduced soluble protein in sarghum. Due largely to
slectropharetic techniques and high perfarmance liquid
chromatography thplc) prateins are now beiny tsalated frae
cerealn which are not defined by Osborne's clissiftcation. The
need therfore haw arisen for a new system of ommenclaturs such as
the anw devised by Wilson 11987),

Ultrastructural studies of sorghum graln {Hoseaay et ai,

1374, Bullins % Roosey, 1979} show that the starch granules and
pratain todiss/protetn matrix of the endosperm are surrounded by
cell walls, The chesical compositian of sorghua andospers cell




walls has been dateraingd by Hoalard et al(1975) and the

najor coaponents apfear to ba pentossns which reresent 2,85,8
ger cxnt of the whale sarghun grain (O-Appelonia, 19731, The
coapasition of sarghua andospern ceil walls Beacs sharp teatrast
to barlav endospern cell alls, the latter conprising 73 per cant
beta-O-alucan (Fincher, 1975, Briggs & Marrall, 19841, The
bsta-D-glucsn contant of barlev 2ngospera call walls is unusually
high toe a cergal sead with t1bs closest rival being rye Whizh
centains 48 per cant approx, Beba~glucan in its cell walls
Burke 2t al, 19740,

2,4,2:2  Alewrons.

The non tiving, starchy endosperm tiseue of carasl seeds is
surrounded iy 3 thin layer of liviag tissue callad the alaurone
(Bewlay ¥ Blsck, (979; Tonos & Laidean, (979). The sxtant af the
ateurane, Llke 30 sany other properties of cerzal sasds can he 2
testure of the spacies. o barley far 2xasple, the sisurans (s
noraatly three colls thick (Briggs, 1987}, whereas n sorghus it
is generally aniy one cell thick (Rooney & Clark, 1963}, One
testure of slaurane cells uhich distinguishes thes fron other
cetls 13 that thav contaln relatively large numbers of protain
badiss vhich ara aften called aledrgna grains \Palmer &
Bathgate, 1976).

2,023 Eabrya.

The eabrvo or gers 1s a 1iving tissus which at maturstion already
comprises regtons of specialised cells {Bwnley & Black, 1978},
Thess reqions include the scutefius, the coleachiza (sabryoate
rost and the coleaptile (sabryanic shoot). Eabryo aorphology
and the contribution of the eabryo tawards kotal seed Netgnt
varias areatly between difforant cereal species (Bewley & Black,
1978}, and in sorghue contributes sight per cent approx. af
total dry xarnel weight (Hubbard et 31, 19300, The
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scutelium ts an absorptive structurs with highty specialised
cells for bransport, Tl e mpithelial cells of the scuteilus have
a high energy requlremcat to effect transport and to satisfy this
1arge nunbers of mitochundrion are sligred alongaids their
plasaalenna iHalker-Swith & Payne, 1984).

Perlcarp and testa,

In cersal sseds, the pericarp lovary wall) and tests (sead cost)
are fused and cenplataly envelop the aleurone layer and the
anbrya (Bewiey 4 Black, 1978; Driggs, (987). In sorghus, the
testa i3 relatively rich in polypbenols #nd in sene varieties,
the polyphencl eantent (measured in catechin aquivalents) cip be
as high as twa per tant of the sorghum grain (Earp et al,

19811, These latter varieties are ceferred to as birdproots the
astriogent bittacness taparted by the polyphenels safeguardisg
the seeds from depradatian by birds (Hoseney et al, 19813

Mikola, d,, 1983}, Often associated with the pertcarg and tests
to & qreater or lesser extent sre sicrofluras ysasts, moulds and
bacteris (Brigys, 1987}, The paricarp of careal azads is rich in
waxew, fhese waxes halp ta aintain the inkegrity of the sesd
and alay a role in the contral of water uptake (Briggs, 19371,

Bermination of cereal grain,

Dozmancy.
Practically all cereal grsins undergo 4 pariad of dermancy after
ripening during which time thay are unable to germinate under
noraal conditions ( Nayer & Shain, 1974). The phenomencn of
dorsancy has Isportant.leplications for maltsturs, as the
production of 2 good quality nalt reltes upan even or unitars
geraination of graln (Sriggs et sl 1981}, To wneure

even germination, the harley asitster routinely sxasines {ncosing
grain for dormancy according to the procedure of Essary et




al (1935), This sethod has besn madifisd for use with

sorghya {Morrall et af, 1984). Because dormancy

represents a delay betwaen the tims of harvesting and the time of
aalting, numsraus resvsrchers have investigated the phenomenon on
behat of the barlay meiting industry. A guaber of chemical and
physical treatments have tieen shown to break dormancy, for
4xample gibbereliic scld (Pollock, 19591, heat-treatnent (Essery
4 Pollock, 19571, cyanids (Major & Roberts, 1968) and
hypochlorite {8lum ¥ Bilbert, 1957). Various sechanisns have
been proposed to explain the ection of thess trestaents and in
the light of these it would sean likely that the mechanisa

responsible for dernancy is complex (HacLeod, 1979),

2.1.3.2  Respirstory requirenents during garainetion,

Once the cersal grain has been steepad in water and has begun ta
gerninate, the onygen requireaent of the grain incrzases dus to
the onset of respiration (Briggs et 2l, 1981} Harlesd,

19790, But by the sans hand, steeping of the graln alse poses »
physical barrier to the avatlability of oxygen to the seed,
However to a large extent developmants in steeping technalogy

i have helped to overcose this probles and enzble the mallster ta
"‘: achieve necessary lsvels of moisture in the germinating seed

without fopairing respiration and hence gerainaticn devslopment.
Such developaents in stseping techanlogy, include incorporation
of air rests and seration of the steep water, and in the vase of

barley salting are reviewed by Srookss et al {1976, The
use ot additives in the steep water to supprass mould growth fe
e . coman practice amongst sorghus malisters. The additisn of
o tormaldehyde to steep water (Daiber, 197&) har » two-told
! pursose, the suppression of mould growth, and the polymerisation

of polvahensin in the testa. The latter function disabling the
o dnzyne inhibitor gotentlal of the polyphencls {Daiber, 1975},
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Developaent of hydrolytic enzyaw activity,

2.4,5.5.1 The rale o plant horaonas in the developsent of enzyae activity.

fn the malting context, undoubtedly the eask isportant af the
piant hormones are the gibberellins, Bitberellic acid (BA) was
First discovered in barisy seeds in 1958 {Yomo, 1958). Paleg
(1965} taker postulatad that A was synthesised in the bariey
enbrye shortly atier the anset of gersination and was then

The BA
then aigrated across the endospern to the aleurone and induced
the synthesis of hydralytic enzymes by the aleurcne cells.
it considerable evidence indicating that the aleurones of

secreted fron the scutellua into the starchy endospers.

There

gersinating barley and whest synthesise alpha-veylase and
protease in response to GA (Rowssll & Goad, 19b4; Chrispeels ¥
Varner, 1947; Jacobsen & Varmer, 1967, In gerainating maize,
thera {s also evidante that the aleurane responds to 94 by
synthesising alpha-anylase and protzasze {Ingle k Hsglen'a, 1965
Harvey & Oaks, 1974¢), These results in waize however gid not
agree With the sariler §indings of Dure (1968} Who reparted that
alpha-asylase was synthesised exclusivély in the scutellun. More
receutly, the biochenical machanizes controlling the actinn of BA
have becoss better wnderstood (Akazswa & Wiyata, tvaz). In
gerainating serghus however, BA does net oppear tu induce

fydratytic enzyae synthesis in the alsurone, Daiber and Novallis
(1968} found that BA did not induce increases §n alpha-asylase
activity end postulated that de novo enzyse synthesis

sccurred siclusively in the scutellumy a postulation that has
subsequently been supported by Painer (19821, Hore recantiy
lundy et ai (1983) wore unable to detect alpha-amylase
production by isolated sorghun sleurones in respanse to G4, The
synthesis of prateolytic enzyses by sorghus aleurones hes not
been investigated however it eeens unlikely that the aleursne of
sorghun would produce protevlytic entyses and not elpha-anylase
considering the paraliel nature of thess two events in other
gersinating ceraals. In asppori of this hypsthesis, Taylor
tunpublished datal applied the substrate fila technigue with
gelatin (Dkasoto et al, 1980) to sanplue of gersinating




sorghua, and observed that dissolution of gelatin was localised
around the scutailar interface.

not yo Well understood, Cytokinins inclusing sthylane have been
shown to Influence enzyme production in aleurones trasted with 64
(Clutterduck & Briggs, 19731, and ethylene can countersct the
negative efferts of abecisic acid upon germination (Jacsbsen,

. $973).  Indale-acetic scid (1ARsausin) generzlly appesrs to
pravent or check geraination of whole grains (Briggs ,1987),
although Bectead and b or (196b) hava ohserved that auxin

i
1
1
s ’ The roles of other piant borpones during cersal geraination are
i

increases the responss o narley aleurones to BA.

2,4,3,3,2 Carbohydrase

Atpha-aaylan

|
Stugies of alpha-anylase {n Sorghus have shawn that as with other ;
cereals (Novellie, 1949a; Aisien, 1982}, activity is practically 1
absent in cesking grain but increases during germination (‘

t

P

tNovellie,1940b; Alsien, 1980), The ditference betwosn sorghum
and cther cereals , for cxasple wneat, barley and rice is the

cenciusive svidence that the sorghum aleurane is not invelved in !
de nove synthesis of zlgha-amylase (Hundy et al,

1983}, 1t {s generally balieved that in sorghua alpha-amylase ; ,
originates exclusively in the scutellum. The sechanises ;

contrdiling thia process are not understood.

A Beta-anylase,

In sorghus, beta-anylase lika slpho~amylase appeared to be absent .
rom the resting serghus grain, but during gersination its

? activity incressed iNgvsilie, 1958b), In barley, chere is no

de nove synthesia of beta~anylase (Hardie, 1975}, and in

whaak, 88 per cent of the beta-any)ase is present in an inactive




i
{

or latent form {Tronfer & Ory, 1970). MWeredith (1948) showed
that latant forse a¢ bata-saylase sxisked o other tareals.
Adams et al (1975} suggestad that the pratain bodies of

sorghun endospera contained a linked beta-anylase/maltase systom,
The Tow diastatic powers of sorghue mslts cospared with barley
malts have been attributed to the relstively lew beta~anylase
activity of sorghus walte (Navellie, 194Ph). From the evidence
available in other cereals, it would seem likely that sorghum
beta-zaylase is also present in the resting sorghum grain in an
inactive form.

Linit daxtrinase.

Btudies of I1imit dextrinase activity in germinating sarghus by
Aision et al (1983) show a rapid increase ia activity in

the endaspers and ft was suggested that 1imit deutrinase mey be
present in the endrspers as a svaogen. This observation is in
contrast to the sltuation (n barley, where iimit dextrinase has
been shawn ta be synthesised dz nove by the aleurope in
response to BA (Herdie, 19781,

Batavglucanane,

Studfes of sorghun ends heta-glucanazes have been nade by Atsien
et al (1983), It appeared that the enrymes did mot

exhibit activity when barley beta-glucan was used as substrate
and that overall the levels in gersinating serghum Were very 1ow
conpared with gersinating barley,




2,1.3.5,3

Pantasanaye.

Ko studies of pentosanssa activity have buen made in germinating
sorghum, However in harley, it has been shown that pengosanases
ars synthesised de novo by the aleurons {Taiz L Homigman,

1978,

Prateslytic enzymes.

Proteinase,

Tha tera proteinase has been used here to Gescriba the growp of
enzyoes which are capsbie of hydrolysing the internal peptite
bonds of srateins and palypeptises. Mast of the work relsting to
the protesiytic anzynes of pareinating cersals has been carried
out on bertey, however MacLend (1979) has pointad out that such
of thiv work has been #i+Hicult Lo interpret since natural
substrates have seldan been used §n enayne assays. It fs

ad
rom the aleurones of certain germinating cereals is a proteinase
(dscabyen & Varner, 1947; Rowsell & Goad, 17441 in view of the
canditions of assay ednloyed in thelr sessurement.

qenerally beiieved however that tha protesiytic enzyae rele

Endeprotease activity was asasursd In gerninating sorghue lAlsian
et al, 1983) and found to act mainly in the endospece.

Barg ang Virupaksha (1978) also geacnstrated the iacrease in
activity of an acid proteese (prote(nasel in germinating sarghus,
Adans and Novellie (1974) showed that protease activity Mas
associated Mith the protein bodfes of rerting sorghus,

Paptifases

The ters paptrdase has been usod here te claseify all protesiytic
enzyaes cepable pf hydrolysing the external peptide bands uf




proteins and polypeptides, in other words, entymes whose products
of resction are free selng acids. Mikola and coworkers have
extensivaly studied the peptidases of germinating harley (Mikela,
1961} and have showa that carboxypsptidsses ars preseat mestly in
the endospsrn of gersinating barley, while aminopentidasss are
present wostly in the esbrya. Both anzymss’ activities increase
rapidly after the onset of gerainatirn (#ikola & Kolehmainen,
1972),
shown that protease (most likely carboxypeptidase because of the
actdic pH sssay conditions) is absent from the endosperm hut
increases rapidly in the esbryo. Little glse is known about the
peptidase activity of gerainating sorghum, 1t is af interest o
pote hers that Mikola and Kolsttmainen (1972} have postulated that
carbexypeptidase acklvity could arise from insctive precursors or

Tn gerninating sorghun, Alsien et al (19831 have

1yBogens in gerainating barley, s agchanisa Which could explain
their unusual pattern of developaent.

2,1,3,3.4 Cther hydrolytic enzymas.

Otier hydralytic enzynes for suanple, phosphatase and
ribonuclease have besn shown Lo be assoriated with the protats
bedies of resting sorghun (Adans & Nevellie, 1974}, In
germinating barley, the equivalent enzynes have bean shown to
ariginate in the aleuroms under tha influsnce of GA treatsent
' {Chrispesls & Varner, 1967; MacLeod et al, 1944).

2,1,3.3.5 Endospern aodification,

The pattern of nodi¢ication in gerninating sorghun endosperns
apprars to be markedly differant to that of gersinating barley.
Hodi#ication o germinating barley appesrs to hegin With call
wall degradation, spacifically the action of a cartionypeptidase,
termed solubilase (Forrast & Hainwright, 19773 Bamforth

et al, 1979) in conjunrtion with the various

peta-glucanazes. The deyradatien of cell walls in gersinating

0
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barley is balieved to be a rate llaitieg factor in the
asbilisation of starch and grotein iPslmer, 1975) Forrest &
Wainwright, 19771, Although this phenomsnan has not bewn
investigated in germinating sorghum, cell wall dogradation does
ot appear to be a limiting factor in endospern mobilisation as
the sorghus endospern cell walls remained visibly unchanged even
atter the starch granuiss and protein boufes have besn
xtensively nodified (Glennie et al, 19831,

The malor site of proteolysis in sorghus, 1% within and in the

vicinity of the protein bodiss of the endospera, 2% it has been
shown that kafirin and to a lesser extent glutelin were dugraded
aost during malting (Taylor, 1983},

Ultrastructural studies of the degradation af starch granules by
awylases have been mede in barley {Briggs, 1987} and in sorghum
tBlennie et 2i, {983), These studies show extensive

pitting af the starch grancles during modification. Althoughr
beta~asylase is presest in the resting endosperm of barley grain
it daes hot appear to act wpon undasaged starch grapules
iSandstedt, 1958} or even upon partly degraded starch granules
(Dunn, 1974}, Thersfore pitting of starch granules must be due
to the action of alpha-amylase,

8e46ling natabolisa,

Sesdling setabolisa is an aspect of malting physiviogy which
represents a loss to the maltster (Briggs et al, 1981),

In barley nalting, this loss is greater than with sorghus sincs
the rootlets are renoved fros the malted kernel prior to brewing.
Kowever sesdling growth i graater in sorghus malting becauss of
the high germinaten temperatures eaplioyed. One aspect of
sesdling netabolisa which s relevant to mslting physiolegy is
the transpart of (he soluble degradation products of the
endospera to the growing seedling via the scutellum. The
predominant soluble components of carbohydrate dissolution tn the

i
i
i




endospern are naltose and glucose, Both of these sugars sre
directly availabls for metaboiisa hy the esbryo (Bewley ¥ Black,
1978),  Similarly, the solubla products of erfospera proteolysis
ars traazperesd scenss the scutellua to the goowing seadiing
{Nalker-Seith & Payne, {984}, These latter authors have alse
denonstrated the existence of a spacific Eyapart for the
transport of dipaptides into the scutellus of germinsting barley
{Malker-Snith & Payne, 1984), that is separate to the mechanisa
for the uptaks of asino acids by the scutellum (Higpins % Payne,
1977; Sopanen, 1974} Wikola, 39811, Thus free amine acids can
also be generated in the scutellum and then utilised by the

growing seedling. )

Malt protaslytic enzyass and the sorghus basr brewing
Process,

Beneral,

The pregaration af sorghue wart has been descrived in detsil by
Novellia and de Bchsepdrijver {19841, The proportinny of malt
and unmalted coreal or adjunct used in serghua baer brewing are
30178, whereas barley malt can represent fros 58 to 108 per cent
of the grist (sdjunct and/er mait) in bariey Wort prepsratisn
(Canales. 1979}, Also heps arv not used in serghus beer brewing.
The context in which sorghum wert preparation is discussed here
relates mainly to the oppartunity it provides for increasing the
FAN content of wart,

Very.few direct corparisons can bR made butween sdrghus and
barley beer brewing. Tne event which is most sinilar to both
processas however 15 probably nashing, Although even st tnis
stage, the prime objective ot barley bear brewing is to convart
gelatinized starch into fermentable extract, wherzas sorghus beer
sctually requires gelatinised starch in tbe fina) product.
Despite these differences, a number of binchemjcal svents are

i




comnon tu both proceases and tharefore Literaturs relating to
barley beer browing Will te cited in this context whers
apnlicable, Briwfly, sorghum wart preparation comprises four
stages terped: sowring, csoking, sashing and steafaiag,

Souring.

Souring is & fersentation process whersby s malt slurcy is
inoculatad with lactobaciili, It should he pointed aut here that
#i11ing 0f sorghua malt s not the business of the brewer, as it
is in the barley breuing tndustry. The sorghus beer brewer
recatves his palt pro-siiled froa the saltster. The mait used in
souring represents 38 per cent approx, of the tetal malt used
per trew, and ten ger cent approx. of the total grist. This
quantity of malt is blanded with water intc a tey per cont
slurry, Fersentation pracesds for 28 to 4B hours af »
temperature of B8'C appros. Quring souring, the lactic acid
whith gives sorghus besr its characteristic seur flavaer is
aroduced. Protsolysis during souring and the conaequent
generation of FAN has not bean investigated, but the temperature
ang acidic pH conditions are favourabie to protealytic enzymes of
sorqhun malt (Barg & Virupaksha, 1978). 1t is known that the
denletion of FAN from the salt slurry due ta the growth of
lactebacilii during souring is negligihle (Watsan, 19831, The
sour 15 nornally cosbined with the adjunct material, usuaily
naite grits or sorghus grain and the mixture is then beated and

coeked.

Cooking,

The sin purpose of cosking is te gelatiniss the starch so as to
taprove its susceptibility to amylests during mashing jbripps

et al, 19813, Howaver, a certain degree of Jiquifaction

of starch aust also take placa in urdar tu prevent the cooked
sdjunct from “satting*. In barley beer brewsng, thls is achieved




by addition of a seall anount of aslt ssd/or industrial enzyse
prepsration to the cacker, coupled With i cosking programae with
taoperature stands Which afford eppurtunity for lisltes
Tiguifaction (Bradiee, 1977). 1In the sorghum beer brewing
pratess the sour malt can contribute the alphs-asylase activity
mecussary for ligquifaction during cooking in the sorghus baer
brewing process. Hore recently, howeser tne use of induatrial
preparations of alpha-asylase has bacane cosmon practice
(Novellie ¥ de Schaepdrijver, 1986),

Beeause of the high temperatures at which cooking proceeds,
thers 15 iittle opportunity for gunsrating FAN fy prateslysis.
Certainly no carry aver of proteolytic sctivity to the sashing
process can take place becausze the final tamperature stand of the
casking process 18 uspally s o+ just below boiling point.
Unmalted cereal adjuncts have un inherently low FAN contant
tdones & Pierce, 1949). However, because the proportiop of
sdjunct in the grist is high in sorghun bteer brewing, the adjunck
can make a sighificant contribution towards the final FAN cantent
of the wart {Taylor & Boyd, 1986}, In barley beer brewing,
adjuncts have been considered as diluents of the soluble protein
and FAN content of bariey wart. I3 adjuncts are to be ueed in
high propertions in the grist Yoraslation, they sust contributs
substantial quantities of salubie proteis and FAN, in order to
attain the proper amount of alpha-amino nitrogen required for 2
complate fermentation {Canales, (9791, MHeilgaard (1¥74) has
further shown that tha spectrup of free amino acids in Wwort iw
alse influenced by the type and proportion of adjuncts uzed in
the grist, and has speculated ihab this situation sust influence
termentation characteristics,
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Mashing.

after cosking, the adjunct and sour is combined with a further
quantity of sorghum malt, teraed conversion malt, in the orocess
refereed to as mashing {Novallie & da Schaopdrijver, 1984).

tonditions of mashing are variable, depending on brewery
squipsent and raw matsriale, but generally the mash is asintained
at 6B'C for one to tws hous at about pH 4, The aain purpose

of this process is to #ring about the partial coenversion of
gelatinised starch, by the anylolybic enzyess 'of sarghus kalt, to
an scceptable level of fermentakle sugars. It is largely because
of th. seall progortion of conversion palt used during mashing
(20 per cent of grist approw.i, together with the low pH
conditions, that the conversion of gelatinised starch does not
proceed to completion (Glsnnie & Wight, 198&). This incomplete
corversisn ensures ‘he presence of gelatinised starch in sarghun
bear: thereny giving the beer its opaque characker,

Apart fros conversion of starch to dextring and sugars, there is
alsa a certzin anount of FAN produred during mashing due to the
action of proteniytic enzyses from the conversion salt. However
the FAN prosuced is saall when compared with that of the
preforned FAN of the sorghun salt (Tayler & Boyd, 1988). In
barley beer brewing, a speciflc tempersture stand teraed procein
rest ten ba incorporated into the mashing regime to facilitate
the solubilisation of protein and generation of FAN, The protein
rEet s generally held 3t 45 o 5B'C for 10 to 39 minutes,

the fower conditions of teegerature being favoursble to
roteslytic sativity (Briggs et al, 1981), Kuserous

papery recount the contribution of 1moroved preteolyiic activity
during the protein rest towsrds increased FAN favels jn wort
(Praptice. 1976}, Rocently however it has been reported (Lewis &
Hapnos, 3988 Muston st 8l,1986) that the smoust af

orotesiyers which tskes place during meshing is practically
non-existent in barley wert groduction and that the protein rast
and its influence upon FAN production are due to teproved
solubilisstion of protein at [ower lesgeratures,




Strataing.

The final process in the procedure of sorghum wort preparatise is
stralning. The purpase or straining iy to remove insoluble,
partizulate paterial fros the swest wort, This {s usually
accomplished by centrifupation altheugh 1n the past wort was
strained through grass reed nets (Hovallie, 1968}, Alss removed
with the straipings are insoluble protein and gelatinised starch
(Novellie & de Schaspdrijver, 19861 which fmprove the

nutritional value of strainings, snd reader thes readily saleable

ss amaal fead.

Faraentation,

After straining, wort is pitched or inacelated with yaast and
transterred to fernentation vessels, During fermentation, the
grouth of yeast is essential for the wort to be successfully
$ormentes. The free amino scids apd to a lessar extent seall
puptides in wort provide the essential nitrogen svurce for ysast
growth. Fecause the proteoliytic enzyoes of sorghum malt, and the
aalting procuss, pisy such ap active role in achieving wert FAN
lavels, 1t follows that a greater understanding of their sofe of
action and developaent during malting would lead to grester

control over wort FAN levels,

The measurensnt of proteolytic activity in gerainating
cureals,

The seasuresect of protmslviir activity in germinating cereals
has been actumplished by a wide variety of methofs. This
variation in nethadology asy be ascribad for the avet part to
differences tn tws broad but fundamental concapts of eazyse assay
dasign. Yhe jirst of theee contepls concerns the chofce of
substrate, whilet the second relatex to the msans by which the

enzyme resction s follawed.




o One uther aspect of proteslytic activity measureasnt which also

: tsads to a significant source of variation is the method of

0 isatation. Kringstad and Kilbovd (1955) demonstrated that

- pratasiytic enzynes of barley malt could be eategorised accarding
to their solubility in different extractants. Thu three

4 feactions of proteolytic activity emerges: water-soluble;

. salt-soluble and fnsaluble. Izevaart {unpublished resulte)
La desonstrated that steilar fractions existed with sorghun malt and
that approntaatsly 48 par cent of the total proteclytic activity

was apparently insoluble,

X Tradftionally, protesiytic activity in gerninating cereals has
: been assayed using commercially available proteins or peptides as
substrates. Thus bovine serum albumin (Kretavich et al,

/ 1988}, casein (Markovic et al, 1984), azocasain (Kruger,
1975), hasaoglobin (Sandgren & Kiang, 1950; Kringstad & Ohlsen,
- 19573 Burger, 1975) and gelatin {Enari et al, 1943) have

311 been used to assay proteinase activity. Sinilarly,
ipeptides (Bopanen, 1974}, carbohanzoxy derivatized dipeptides
~ (kaxter, 1978; Breddas ¢t al,1983},
L-amnoacyl-beta-naphthylanidas (Kolehnainen & Mikela, 1971},
atpha-N-benzoyl-L-argintne ethyl ester and
alpha-N-banzoyl-Dl-argining-p-nitrosnilide (Burger et i,

T 1961 hava been used to assay exopeptidase activity,

' kecently however the use of these substrates has been criticised
i since the proteciylic enzymes of germinsting cereals do not
sncounter these proteins in natur. Baxter (1978) used hordein,
the principal storage protesn of barley, a& substrate ker barley
nalt proteolytrc sctivity determinations, 1t was found that
L different activities were obtained using hordein as subatrate
' comparss With hassogiobin. A3 a consecuence of this, Bauter
recoamended that naturd] substrates should be used to azsay
o proteolytie activity in germinating cersals, The cencept of
. waploying natural protein substrates has a'sc been emphazised by
i Sharpe (1992). because of thig, 1t was decided te assay sorghum
V aalt protesiytic activity with sts natural substrate,




The najor storage protein of sorghus grain and the protein which
14 @ast sxtensively degraded during germination i3 surghus
prolasin or kafirin (Tavlor, 1983). Tha anine acid compesition
of total kafirin comprizes large asousts of glutaaic actd (23
aoles par ctentd, slanine (12 soles per cent), leucine (18 males
per tentl and proline (1L doles per cont} together with seall
quantitizs of lvsine {¢i mole per cent}(Paulis & Wall, 1979),
The high propertion of aaino acids with hydraphoblc side chains
1n total Kafirin cantribute to the melecule’s hydrophohicity
(Bigelow, 1947} and its consequant insolubility in agueaus
solutions,

The neasurement of the products of proteolvtic activity in
gernlnating cersals has been seasured in terss of the release of
trichloroacetic seid {T€A)-soluble nitrogen (Ansan, 1938;
Sreenberg, 19551, Froteolytic enzyme incubation mistures are
treated with T0A to terminate further snryss action and to
precipitate unreacted protein substrate. Any nitrogenous
saterial still in salution §s identified as a product of
protaslysis.,

Both the concentration and the nature of the precipitant can
influence the precipitation of protein (Daviss et al,

1956), The distinction between precipitable nitrogen and soluble
nitrogen can therefors only spproximate the extent of
orotenlysis, s the choire nf precipitant and (s concentration
i a coapromise bstween ensuring the precipitation of unraacted
protein substravs on the one hand, and preventing the
preciprtation of larqe aolecular Weight peptide produits of
proteclysis on the o'her. Despile this comoromise, unlike most
aethods of identifving protaciysis products, the use of protein
precipitents like TCH, does enable the depradation of substrate
to be quintified, This 1s not poxsible fer sxample with 2ssays
which utilyse chrosopbore~linked substrates such ss a2ocasein and
the derivatisad peptida substrates, or wrth the 2ssay which
utilizes galatin ae substrate (Enars et o), 1965),




Quantification of TCA-soleble nitrogen San in addition be
quantified by a variety of means, In the Anson method {1938)
Teh-soluble nitragen is estimatad by UV absorption at 263nm, a
seasure of tyrosing and tryptophan residues. Use *f the Kjeldahl
digestian enables the TCA-solubla fraction to be quantified 1n
terns of nitrogen (Bradstreat, 1965). Also acid hydrelysis of
the TCA-woluble fraction enables it to be expressed in terns of
FAW equivalents (Baxter, 1978}, This latter procedure can lesd
to further variation since FAN can be measured by at least two
sethods: reaction Mith ninhydrin and resction with
trinitrobenzenesulphanic acid {TNBE)(Lis, 1973}, Both of these
naethods do not detect proline as they seastre alpha-aaine
nitrogen only, The two wethods are howevor distinquished frem
each other in that ninhydrin rescts with peptide alpha-anino
nitrogen poorly compared with THBS (Lis, 1973). Another
qrocedure used to failed the grogress of protesiytic apiyes
reactions in cereal seeds is to aonitor the decresse in
absorbance at 2B0nm, a seasurs af the decline in protein
substrate (Karvey & Daks, 1974a), however this procedure is not
specific dor proteclytic activity (Pomeranz & Meloan, 1971). In
conclusion, certainly ona of the reasons why it has been
difticult to interprat levels of protesiytic activity in
germinating cereals in an overall physiclogital context, has been
due to constraints Imposed by the methods used to assay
sroteolybic activity (Hacieod, 19791,




MATERIALE AND NETHORS.

Preparation of sorghus asit used far developssnt of the ausay
procedure,

Sorghun grain, cultivary Barnard Red {2kq) was surface-steri)ised
as described by Marrall et ol (19861, in nyion bags by

iamersien for 5 min in a 8,2% (n/v) solution of Weszodyne (a
conmarcial disinfectant and detergent containfng §,6% availasie
toding), The grain was then washed and drained thres times in
running tap water for 3 ain apprex. This steridisation and
washing procedure was thon repeated, The grain was then steaped
in running tap water for 16h at 23 to 25°C with a cyele of Sh
wet follpwed by & 1h air rest, The steeped grain was germinated
aceording to & procesure of Daiber (unpublished results) fn nylen
bags st 28'C in 5 watersjackebsd incubator (Forma Scientific.
Martatta, Ohio, USA.1 in which an atmosphers of 9% relative
hupidity was saintained throughout. During persination the grain
was watersd by periedically steeping it ' ¢ short intervals in
chlorinated water. Chiorinated water wes used bo 1nhibst sould
growth, For gach day of germination, the grain was iamersed
twice {n & 8.7% {n/v) active Cis sofutfon of cemmercial

bieach for alternate periods of LB ain and § sin, after 8 and
each full day of gereination respectively. The germinating grsia
or green nalt way harvested after 4 days of geraination and then
dried for 24k at 58'C in & forced draught oven. After

drying, the roote and shoots were resoves from tha kernsls,
Sorghun malt kernels vere nilled in a "beater-tvpe®, water-cosisd
cotéee mill (Janke & Kunkel. Stautan, W, Germany) for twn 30
second perjors, as requirsd. The resultant fleur is herein sttar
reterred to as malt kernels flour. The moloture cantent of the
a1t barnels 4love was determined.
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3,01, Noisture deterainations,

i Bessture detorminations were gerformed according to the procedurs
of the institute of Brewtng (1983},
“
L 5z Substrats preparation.

3.2.1,  Preparation of total katirin,

) Sorghua arain, cultivar: Barmard Red t1,3kg) was paseed through a !
. . rice-pasrling machine until 284 by weaght had besn rensved. .
|

Sorghun was pearled gricr to eatraction of fotal kafiriny this
was done to renove the pericarp. The pericarp of sorghum grain
bas @ testa which 15 rich 1n poiyphencls (Slennie ot a),

1982). 1t was belreved that these polyghenals, if present o5
contamipants 1n the total kafirin could interfera with the

> enzyae assay. The inhibitory influence of polyphenals has been
. observed tn the study of amylolytic enzymes in Sorghum mait
(Dafber, 19751, Bavter {1974) has slso stated that polyphenslic
contaninants of hordata preparations could iahibit the
proteslytic enzynes of barley, malt when hordein was used as

2 substrate,

Pearied strghum was ground in a DLFU, visc »ill (Buhler-Hiag,
Braunschweig, W. Gersany) at & disc gap of O,2mn. The resatterd . ‘
#four ofkgs wag extracted, by cemstaal stirring, with 8% (vsiv)
tert-putanol plus 8,B5% (a/v) dithicthreitsl (DIT) (51} for 1h &t

room temperatuse. The extrsction mixiurs Mas then Centrifuged at

7 $R®g for 1@ ain, The supernatant was collected and

fresze~dried, The freeze-dried product was suspended in water

and exhaustively dialysed spainst water at 4'¢., The dialvsed

material was fresie-dried and then milled in the “beater-type,
water-cooled coffee mi)) for twe 38 sacond periuds. This H
procedure extracts both katirin and crossiinked katirin (Tavier ;
et al, 1984ch, When these two fractions were

teolated weparately, they appeared to be virtually ldentical ]
1Paulis b Wall, §979) Taylor et al. 1984b), Because of '
this the tera totsl kasfirin has besn used to describe this H
prakein frackion. The protein content uf the tatal kaZirin wes :
detarainad,
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Nitrogen and protein daterminations.

Aliquots (25 aparox.} of protein praparations were digested
with conc. HaSD (3,341) containing 20% (efy)KaS04 and @,1%
(w/vi SeDa for 2,5h, Twelve dros {approx.) of Hals wers
added to each digestion lask atter the first half hour of
digestion to promnte oxidation. After digestien, nitrogan Was
weterained by an autosated Berthelat phenci-Kypachlarste wethod
\Thomas et a1, 1967). Protain content of the samples was
daterntned fron N ¥ 6,25,

The anmonsun eulphate produced during digestion Was reacted
under alkaline conditions With phenol and hypochiorite to give 2
blue colourt the Berthelet reaction (1839), This blue colour,
indaphenol, was quantified spectrophotometrically at 30no.

The chemistry of the Barthelot reaction ist

1I2RHs + 2HaCI0a =~ 2NHCD + 2WaOK
212 Phenol + 2MHaC1 + 230K =~ 2 przminophenc! + 2NalR
312 p-Aminophunol + 2 phenol + Dy - 2 indophenal +

2Ha0
Investigation ipto the extraction of a purifisd preparation
ot total kafirin
Preparstion of total kafirin for purificatisn.
Sorghus orain, cultivars Barnard Red, was passed through &
rice-pearling sachine antil 25% by weight had been removed,
Unprosentad, germ-free, starchy andospern material was then

hang-selwcted, The starchy endosperss wera grownd in the OLFU,
disc o311 st 2 disc gap of 0 2nm.




3.3.2,

Tatal kafirin was prepared aczording to the mathod of Taylor

et al, U1984c), Flour (32g) was extracted, by tonstant
stirring, for h pariods with three successive 480al aligunts of
distilied water at 4°G, to remove the albuains, globulins

and low aolecular weight nitrogen. After each extraction, a
cloar supernatast was obtained by centrifugation at 16 098g for
10 min, This supernatant was then decanted and discardes
After the water sxtraction, the residue was matractsd, by
constant stirring, s¢ room temperature for two Ih parieds and
then overnight with three successive #0al aiiquots of 68} (v/v)
tart-outancl plus 0,88% (w/v) DIT, Clear supernatants wers
sutained atter each extraction by castrifugation at {4 380y for
16 ain.  The supernatants were combinad and freeze-dried
directly, The nitrsgen content of the total kafirin preparation
was determined (see 3.2,2.).

purification procedure.

Tatal kafirin (.50} was suspended in distillisd water (1081) or
8,024 Na lactato/lactic acid buffer, pH 3,1 (1Bal), Each
suspension was then dialysed Ustng 18/32" Viscing tubing agsinst
sithar distilled water or 9,924 Na lactate/lactic acid buifer,
PH 3,1 according te the following schedule. Inttially
suspensicns wers dialysed against a valume of sxiractant {2del)
for 1sh st §'C. Th nitrogen content of the raéfinate was.
deterained. The suspansions were then Further dislysad against
2 suceessive 25851 volumes of extractant for alternate perisds
of Bh and 1sh ak 44C. Finally, both total katiris

auspensians wers dizlysed against 2 successive 250nl volumes of
dsstaliad water for alternate periods of Sh and lsh at 4°C,

The suspensions were then rinsed from the dialysis tubing mith
water and centrifuged 2t ls 80Bg for (0 min. The supsrnatants
and the residuss were then separsted and ireese-dried directlys
Ihe nitrogen contents ot the lactate- and water-estracted
residues and superoatants Were dekersined,




333,
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The residues and suparnatants, tugsther With the tota. xafirin
Areparaticn wers then analysed by sodius dodreyl sulphate
polyacrylastde go) electrophoresis (SDS-PAGE) snd amino acid
analysis .

Sodiua dodecyl sulphate~polyscrylamide gel
olactraphoresis.

$DS~PAGE was carrted aut tn 12,4% scrylanide gels sccording ta
the procedure of Shewry et al (1977). Protein sanples

ara denatured with SDS pricr to electraphoresis, This confers
upan the protetn & constant charge which is ingependent of
solecular composition. Proteins are then separated by
elactrophoresis according to thetr molecular size. An astinate
of malecular weight is obtained, by referspce to a series of
internal protein standards. These pretein standards wre
cbtsined éron a Pharmacia electrophoresis calibration kit fer iow
solecular weight proteins, The proteins together with thasr
nolecular weights (M.) were: phosphorylase b, M. 94 808
bovine serun albumin, M. 47 08¢ ovalbumin, He 45 880

carbonic anhydrase, M. 30 88| soybsan trypsin inhibitor, N
20 102 and alpha-lactalbusin. M. 14 408,

baine actd anatysls,

Autne ectd analysis wak parforazs using an LKR Alphs aming acid
analyser. Duplicate samples were hydrolysed tn sk WOl for 22h,
under vacuum, at [30'C (Satterlee, 198%). Separation of

amino acids from the nydrolysakes was made 4ith a ration sichange
Teusn, The amino acids were eiuted from the rasin with bufiers
of incressing pH. The ampo acids were detects)
shectrophotomstracaily, after reaction #ith niatydrin (Spackaen
ot az, 1958,
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Proparation of purified total katiria for use as
substrate,

Total kafirin was prep*  tron sorghua grain, which had been
pearied until 28% by wei;n. had been removes, as decrided in
5,3.1. Tetal kaiirin (88y protein) was vuspended in 9,82K Ma
Viskate/lactic acid buffer, pH 3,1 (4828l) and exhaustively
dialysed at 4°C agasnst ,@2M Na lactate/lactic ac.d bubter,

BH 3,1, The dialysed susps of total kafirin was then
recavered and centrifuged at . LBy for 10 min. The supernatant
was decanted and the residue was further extracted at 4°C

tor twp 1h perieds and then avernight with three successive
40801 voluaes of B,82M Na lactateslactic actd buffer, ph 3,1,
Clear supernatants were obtained after each extraction by
centrifugation at 7 50Bg for 10 min.  The residue was then
resuspended {n distilled water and exhaustively dialysed at

4'C against distilied water. The resultan: cialveed

suspenaion was freeze-dried directly and conatituted the
puriiied tots] ksfirin preparstion. The protein zantent of this
preparation was determined as describeu 1n 3.% 2,

Developnent of prucedure for sxtraction of protenlytic
activity froa sorghua mait.

8ensral procedure for preparation of trude enzyme extracts of
protaclytic sctivity during development of extraction
condstions,

Kalt kernels’ flour (1) Was sxtracted, by censtant stirring
with magnetic stirrers and tetlop-costed stirring bars 1n 30l
ecrew-top centrituge tubes, for 1h at 3B'C with entractant
tiSmly.  The salt suspension was then centrifuged at 1é eBdg 4or
18 ain.  The liguid fraction Was them decanted and cantrifuged
again at 1s QB0 for 10 min te obtain a clear supernatant,

s
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The resultant supernatant was dialysed overnight at 4°C
against water (31}, The dialysed solution Was made up to yolume
{2381} with water. The resultant extract was then assayed fer

proteinase and carbosypeptidase activity,

\soteinase and carboyypeptidase asmay.

34542, 1. Incubations.

3.4.2.2,

Enzyne extract {inl), total kafirin (., th) and 8,38
citric acid/b,eh KakPO buffer, aH 4,0 1 wery ancubeled an
duplicate for @ and Sh at SB'C in 2 shaksng wty. veths
Teflon-coated magnetic stirring bars were plsced

ane tie

incubation aixtufes to ensurs even suspearion of
kafirin throughout incubation. Liks ail prolumn
proteine, total kafirin by definttion is ocly #oluble

in solutions of agueous alcohol. Becsuse enrynsd @i

noraally denstursd in solutians of alcohal. tie asay

has heen condueted in an environseat enere thu total kidiran is
not in solution, It was therefore nocenssry 10 BOvare tRaL
total kafirin was keot 10 suspension durihy cAiyme reactives,
Incubation aisture tubss were sealed with puratiis to prevet
evaporstion losses during incubation, Reaccisnn were stopped
with 1S4 (a/v) TCA (Inl}. Intubation mixturze were then
tanedsately centrifuged at 10 9BRa for 10 min, The supernatante
were then recovered and centr: ‘ed sgain at 18 0BBg fer 14 srn,
The supernatants were then collected and storeé at 4 until
analysed for TCa-soluble nitrogen and FAK.

1CA-scluble nitragen assay.

an aliguat (201} of clear supernata t was digested and sssayed
For nitrogen according to the procc re sescribed in 32,2




3.5.2.3.

3.8 2.4

3.5.3

M

FAN assay,

An aligquot (9,4m1} of clear supernatant was assayed for FAN
according to the EBC-ninhydrin procedure of Lis {1973},
Ninhydrin causes oxidative decarboxylation of aipha~amino azids
producing carbon dioxide, anmonia ang an aldehvde, The reduced
atahydriv then rescts with the uareducad ninhydria and the
ligerated asnonia to fora a blve complex, The absorbance of this

blue complex wis sesswred spectrophotometrizally st 570ns.

Calculations'of proteinase and carboxypeptidase
activitias,

The TCA-soluble pitrogen spd FAN contents of duplicate
supernatants were mpaned, Proteinase activity was calculated
from the difference between the nitrogen content of the 5 and 8k
supernatants and expressad in terns of pgN/Shig dry malt.
Carboxypeptidase sctivity wes calc.'abed from the differenca
between the FAN content af § and Dn supernatants and enpressed
in terns of KgFAN/Sh/g dry palt,

Extractablifty of sorghus malt protroiytic activity with
1,25 NaCl as axtractant.

Halt kernels’ flour (2g) wes successjvely sytracted . by constant
stirring, for 1h periods at 4°C. with three aliquots (Zdal)

of {1,254 NaCl,
supgrnatants were obtained by centrifugation as described in
3.5.1 The restdual sate-ial was +inally resuspended in 1,281 NaCl
t22at) and diadysed.

4% the ead of each extraction geriad, clear

The thrae soluble sxtracts and the residual suspension wers sach
dralveed overnight st 4°C aqainst 8,1254 Nagl (41), The
dsalvsed solutions were each mada up to volume (2%ml} with 9,125M
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NaCi. fhe resuitznt sxtracts were then sssayes for groteinase

sn carboxypeptidase ackivity (3.5.2i.

Inflyence of extractant volume to malt mase ratio upon the
extraction of sarghum malt prataclytic activity,

Walt kernels’ flour Was extracted as described in 5.5.1 with §,
108, 15, 20 and 5al volumas of water at 0. The resultant
supernatants were each dialysed overaight at 4'C against a
volume of water ogual to 200 tiaes the original voluse of
extractant. Entyes extracts were prepared from the dialysed
solutions as described in 3.3.1 and assayed for proteinase and
carbenvpeptidase aciivity (3.5.2),

Influence of tomperature upon extraction of sorghus malt
prateclytic activity,

Crude enzyse oxtracts were prepared from malt kernels' flour as
descrine® in 5.5.1 at teaparatures of 4, 21, 30, 42 and S0°C
ueipg wa.er a5 extractant, The resultant extracts wers essayed
+or proteinage and carbexvpeptidase activity (3.5.21.

Influence of extractant ph upes eatraction of sorghua malt
arateolytic sctivity.

Lrude enzyms extracts were prepated frop walt kernels tlour as
dpseribed in 3,5.) with 8,18 citric acidsQ.s0 haHPO, buiters of
PH 3B, 4,8, 5,8, 6,0 and 7,2 (1ad,54) as extractants. The ipnic
etrencih ot the buffers wers adju-ted to 9,84 with NaCl. The
resultant extracts wers then aseaved tor proteinase and
caruoxvpeptidase activity (3,5.2h

T
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3.8.8,

580

Extractability of sorghus malt protsolytic activity with a pH
748 buffer, ~

Walt kernels' flour {1g) was successively extracted for Ih
pariods st 38'C, by constant stirring, With 3 aliquots

(1811 of @,1M citric acsd/0,24 KaHPO. bufter, pH 7,0 (1=0,5M),
4t the sad ot each extraction period, elear supernatants were
obtained by centrifugation as described 10 3.5.1. The residual
oaterial was finally resuspended in 19al af the extractant.

Crude anzyame xtracts were prepared érom the resultant
supernatants and residual suspension as descrifed in 3,5.1. The
resultant extracts were then assayed for proteinsse apd
carboxypeptidave activity (3.5.21.

Influenca of nautral sedius and 1ithium walts upon
extraction of sorghua nalt proteolytic activity.

Crude anzyna extracts were prepared from mall kernels: flsur as
destribed in 3.5.1 With 0,50 solutisns of NaGl, Nadr, Nal,
HaCl0e, N38CM, LECL, UiBry Lil and LiC104 a5 axtractants,

The resultsnt extrarte wers then assayed for proterndss and

carbouypaptidase activity 8.5.2).

1ntlaence of dittarent lonic strenpihy of Jithiue fofldw upon
axtraction of sorghum salt protanlytic activity,

Srude enivme extracts Were preparad from malt keraels' #lowr as
describes 1n 3.5.1 with @y 9,2, .4, 0,6, 8,8 and 10N sclutions
of Lil as extractants, The resultant extracts were than assaved
for proteinase and carboxypeptidase activity (3.5.2).




3.5.10,

350,

3.8.42,

3.8.43,

Extractability of sarhun salt protsolytic activity with
LILLESE

Crude enzyme extracts ware preparad froa malt kernels® flour as
descrited in 3.5.7 with 064 L1 as sxtractant. The resultant
extracts were then asssyed for proteinase and carberypeptidase
activity (3,3.21

Extractability of sorghum mait proteclytic activity with pH
7.0 bubfer adjusted to an fonic strength of B &M with Lil.

Cryde enzyae extracts wers prepared froa mait kernels' flour as
described in 3.5.7, with 0,14 Citric acid/0.2M KakPDs butfer, pH
7.0/0.1730 Lil {120,4M} ag sstractant, The resultant extracts
wers then assayed for proteinase and carboxypeptidase activity
(3.8.21,

Influance of dithiothreital upon extraction of serghun aalt
proteslytic activity.

Crude snzyme extracts wers prepared fros mslt kernels' flour as
descibed in 3.5.% with sslutions of 8,sM Lil plus @, 8,67, 1,67,
3,33, 5,88 and &,870H DTT as extrectants, The resultant extracts
were then aseayed ter prateinase sad carborypeptidase activity

13,520, )

Cemparinon of the extractability aof sorghum malt proteciytic
activity with water,and B, & Lil plus 3,33nH 07T,

In this experiment twe extractants were fnvestigated: water and
8,60 Lil plus 3,35aM DT3, Extractions were pertermed in
tripiicate for both extractants. Cruda enzyme extracts were
prepared +rom malt kernels’ flour as described xn 3.8.7 with .



wither water or @,6M LiT plus 3,33mH DTT ax extractants. The
resultant extracts wera then assayed for proteinase and

carboxvpeptidase activity (3.5.2.). .

R 3.5.14, Influence of sxtractant upon recovary af proteolytic activity : N
fron sorghua salts germinated for different tises. B .

The malt samples usad in this axreriment were selected from malts
praparge by Morrall et 2l (19Bs), from serghum, cultivar:

ftarnard Red. Duplicate samplee of malis gersinated for
9.1,2,3,4,5 and & days at 28°C under medium conditione of
moisture were used (see 3.10.1%. Tha malt/resting grain samples
- ware estractsd with threm differant extractants: watar, 8,6% Lil
plus 3,33nM DTT, and 2,05K Na acetatesacetic acid bufter plus N

0.2% (8/v) cvsteine HOl,

Crude enzyme extracks were prepared from malt/resting grain flour
as deseribed {n 3,8.1 with each of the abova extractants. In

this experinent, the assay of proteinase and carboxypeptidase
! : activity was conducted with total Kafirin (Sm protein) as A
deserabed 1n 3.8.2,1, 1In addition, tetsl kafirin iSmg protein), : !
9.3 citric actd/Q.sMKaKPO. buffer. pH 4,58 (fml) and water (iml}
¥as alsc incubated in duplicate for @ and Sh at 58¢C to N
detgrsine the amount of nitrogencus material released #rom the :

- substrate in the absonce of enzyme axtract.

e
W
. S Davelopant of .acubation conditions for assaying sarghum
IS salt protesivtic activity.
3601, Influence of pH upon sorghun mslt pratanltyic activity .
. . trude sniyee extract was prepared fros malt kernels' flour es
“ described in 3.5.1 with 9.6m L1l plus 5.33aM DTT ag extractant,

{ Enzvima entract was sncubated as described in 3.8.2.1 over a pR
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304,30
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range of 3,28 to 7,88, The butters were all prepared trom
salutions o 8,3 citric acid.Hz0 and 8,6M KaHPDa. Curves
Were statistically fitted to the data using polynomial
regression analysis,

Influanca of tesperaturv and reaction time upon sorghum
®alt proteoltyic activity.

Grude enzvse extract was prepared from malt karnels’ flour as
described 1h 3.6.1, Eozyne extract was incubated as described 1n
$.5.2.1 for 8,1,2,3,4,5,6 and 7 h st teeperatures of 38, 48, 50,
5% and 6€°C. I this experiment the fCA-saluble nitragen and
Fa contents of dupticate incubations were mesned and enpressed
in teras of rgNrg dry salt and »gFAN/g dry malt respective’~

* Progress curves of Lhe ralease of TGA-soluble nitrone:

diffarent teaperctares were statistically titted to tn-

18158068 0% tonpsraturs upen the stability of sorghus malt
proteoiytic activity,

Crude enzvas extract was prepared fros aalt yarnels’ flour as
descriked in 3610 The temperature stability of proteclytic
activity was duteratlned by previncubating enzyse extracts in
duplicate for Ih at temperatures rangtag froe 25 o 88°C,

The enzvae extracts vere then asasyed for proteslytic sctivity as
destribed 1n 3.8.14,

influsnce of substrata tancentration upon sorghus malt
protealytic activity,

Urude enzvae extract wes prepared fram salt kernels’ flour ss
descrived 1 S.6.1. Enzyme extract was incubated &s described in
3.8.200 with 8. 2,45, 4.9, 24,5, 49ag total kasirin {proteinl for
9, 15, 38, 45, 48, 90 ard 120 min. The mitrogen and FAN contents

i
'
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3744,

of duplicats incubations were meaned snd ewpremsad in terss of
vgNsg dry malt and pgFaN/g dry salt as described in 3.6,2.
Prograss curves of the release of TCA-salubie nitrugen and FAN st
different substrate concentratives were statistically fitted to
the data.

Inflyence of enzyns concentration upon sorghua malt
proteclytic activity.

Crude enzyme extrect was prepsred fron malt kernels' flour as
deseribed tn 3.6,1, A range of enzyae concentrations was
obtained by diluting the enayme axtract with wstor. Diluted
enzyae extracts were assayed for protsulytic activity as
deseribed in 3.3.14, Proteinase and carbuxypeptidase activity
wery plottes against enzyme concantration, Curves were fitted to
the data by linear regression analysis.

lavistigation into whether the release of TOA-soluble
nstrogen from wctal katirdn was die to an enzyeit or nonvenzymic
hensgenans

influence of heat-treatuent upon raleass of VCA-Soiutle
nitragen trom total kattrin,

Total ka¢irin was suspended in @.3H citric ac1d/@,af KeHPGa
butter. pH 4,58, &nd pre-incubated in boiling Water for 15 ain.
The rate of releaze o+ TCA~soluble nitregensus meterial Yras
heat-treated total katirin was compared With that fros total
ka3firin which had ot been heat-treated. TYen tast-tubes
containing total kafirin (5,Bag proteind, B,3H citrie acid/@,ef
RaHFQa butfar, pH 4,30 (Inl) was pre-incubared for 15 min in
bosltng water. Water U(ni) was then addeu to aech of thwge tubss
and they wers incuoated, in quintriplicats, for Oh and By at
§9°C. keactiohs wera stopped with 181 (arv) TCA (1mld.
Incubstion miatures wers then lasedistely centrifuped and the
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supernatants storsd as described :n 3.5.2.1. This procedure was
repeated without pra-incubstion in hoiling water for the contral
experipent,

The nitrogen and FAN contepts of supernatants wera exprassed in
taras of #gN/8.Bnp total kaéirin and ygFAN/S,D tetal vafirin.
fatistical analysis of the data was msde using 2-way snalysis
of variante.

Intivance of incubatian time upon release of TCA-soluble
nitrogen Yran total kefirin,

A progress curve of the rel.ase of YCA-soluble nitrogens from
total kefirin intubated in the absence of proteciytic enzyaen
4rop sorghun malt was deterpined. Tetal kafirin t4,%mg protein),
B3 citric acid/@,6M KxHPDL Yuffer, pH 4,58 (a1} &nd water
(lal) were incubated in duplicate for 8, !, 2, 3, 4, S, b and 7
at 58°C., Reactions were stopped with 13% {a/v) TCA (lal).
lncubationg minturas wera then immediately centrifuged and the
supsrnatants stored as dercribed in 3.5.2.1 :

The aitropen contents of duplicate supernatants wers meanad and
expressed 1n toras of valrd.9ag total kafirin, Nitrogen levels
were plotted against reaction tine. A progress curve was
statagtically fibted to the data by polynomial regression
analysis.

Inélushee of pH upon releasa of TCA=salubia nitrogen
sron total kafirin.

The rate of releass of TCA-solubls nitrogen from totsl kafirig
Incubated 1n the abssnce of sarghum aalt proteolytic enxynes was
deterained over s pH range of 3 te 12, Totzl gadirin (9.8s9
srotein), butter lait and water (1al) Were incubated in
duplicate tor © and Sh at 5@°C. Reactions werw stopped With
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15% (0/v) TCA (lsl). lncubatien mixtures Were then ismediately
centrifuged and the suparnatants stored as described in 3,5.2.1.
The citric acid/ghosphate bubfers were prepared by mixiag
salutions of 8,34 citric acid.Ra0 and @,6M KaHPO. te give

the required pH. Yhe lactic acid/NaOK buféers were pregaced by
s1aing solutions of 21N lactic acid and 8,18 NadH to give the
required pH. The other butfers were prepared according te the
pracesures desceibed by Hekenzio (1949},

The nitrogen contents of the supernatants ware eypressed in terns
of pgH/8.Baq total katirin. S§tatistical amalysis of the data was
sade ysing 2-vey snalysis of variante,

Intluence of reaction time upon sorghua malt protesiytic
activity assayed at 30 and SO'C with purified total
katirin as substrate,

Crude snzvae extract was preparad, in duplicate, from walt
kernale® flour as doscribed in S.b.1, Enzyme extract was
incubated as described 1n 3.5.2.1 for 8, 1. 2, 3, 4, 5 and &h at
30 end BO'C with purifiad total katirin (3eq protsin) as
substrate. Progress curves of the relesse of Tha~soluble
nitrogan and FAN at different were detarained as described in
3.2

Extractability of proteolytic activity fres sorghua malts
preparad from ditferent cultivars,

Praparation of malts,

The eorghus cultivars used in this esperisent were produced io
the aanual cultivar trialk of the Departmant of #griculturs, at
the tarw Nooitgwdacnt/Ermeln, North-gastern Transvasl. Aliguate
of orghus cultivars (80g) were malted sccording to the procedure
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described fn 3.4, excapt that garaination procesdsd for six days.
Sorghus malt (kerels plus raots aad shoots) wes pround { he
Fol beater-type nill, The maisture contents of the sasples were

Ty deterained (.61,

3.9.2,  Proteslytic activity determinations.

S trude enzyme extract was prepared, in duplicate, from malt flour
(19) as deseribad {n 3.5,7 With 8,58 Li1 pius 3,33aM DTT a8
L0 sxtractant. The enivee extracts vere then assayed for proteinase
s R and carbatypeptidase activity as destribed 4 3.5.14,

Btatistical andlysis of the resultant data was made with 2-way

analysis of variance.

5,18, Inéluencw of melting canditions pon the developmant of
sorghun malt proteclytic activity,

3.i8,1. Preparation of palts.

The salts used in this ewperisent were prepared by Morrsll et
T al {1986, Sorahua grain, cultivar: Sarnard Red was

‘ surface-ster1lised and steeped according o the arocedure
described in 3.1, After staeping, the snbibed grain was
gerninated 1n the waber=)scketed tacubator in an atmosphere of
near Water saturation wikh a continuous flew of molsb afr. o
Sanples were gerainated for & dave st three temperature.t B
20%, 28% ang 32'C. At sh intervals, @ werghed
quantity of water was spraved onts the gerainating grain using an N
astomiver spray Whijst st the sage time the malt was turned,

MG W A S e K ot 5 45 sl v
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Three watering treateents were used:

Low- just enough water was applied to maintain the
germinatirg grain ab a copstant frash weight.

Hediua~ at Lhe end of sach ob pariod, the aait felt daep bub
not wet, {s. there was no surface {ils of water on the

salt,

Hiah-  sufficient water was dppiled go that pone drainsd off
the malt but at the end of esch &h periad, the grain
just feit wet.

At 126 tntervals, before spraving, three to ive sasples
(50-182q) were taken from the gereinating grain bed, and dried in
# tarced-draught oven for 24h 3t BB'C. Of these sanples twa

were selacted érom thowe germinated for whole day intervals for
analysis. The malts were milled in the beater~type aill. The
noisture contents af the resultast flour way deternined

[ERRAN

Frotenlytic setivity datarpinations.

Crude mnzyus extracts wers prepared from malt flour (lg) as
dascribied 10 3,5.0, Enzvms axtracts were assaved jor proteinsse
and carbonypeptidase activity as described tn 3.8.14, The
proteinase and carbaxypeptidast activitres of duplicate malts
wers neaned. The rasultant daty was statistically analveed
Using I-way analysis of veriance,

i
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t
t




42

" i 3.4, Htatistical analysis, -
3.il.4. Curve fitting.

Curves were fitted to the duts by regressinn analysis as
described, éxcording te the procedures and models devised by van
der Walt (unpublished data;. Errer bars were calculated for each i,
aaint on the curve from the residual varidncs, fe the varioce of
tha data which Wes not due to regression (Dimm & Lentner, 1%78), .

E a2 Bu n,atsad/m)ies P

wlera £ v Tength of error bar or extrese range 2" .

= = residual variance with W gaarees of

treedos.

% pumber of rapaat detersinatinns for eack geint on the

curve

Wnin.e = studentised extreas range valye for
revidual variance with N degrees of freedon and n repeats
ver paint an the curve for a degree of confidence a.

3.11.2, #nalysis of variance.

i E analvsis of veriance using a fised aadel was performed an
“o relevant data as describves by Hiner (1970,
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RESULTS.

Anaiysis by BDE-PAGE. of total kafirin praparation used as
substrate .

Figure | shows the separation by SDS-PASE af two tata) kafirie
preparations. Lane b represents a total kafirin preparation used
as substrate for sorghun malt proteslybic activity
determinations. This preparation was extracted directly trom
pearled sorghim grain flour with &@%{v/v) tert-butanol pluz 8,85%
(n/v) dithiothreitsl (DTT). Lane c also represents a preparation
of total kafirin, This latter praparation of tatal kafirin was
eutracted froa pesried sorghun grain #lour With 0% (v/v)
tert-butanol plus B.85% (m/v) DTT after exhaustive extraction af
albunln and globulin proteins. The material prepared for use as
substrate had 2 virtually jgentical slectrophorstit aobility te
total kafirin prepared by a standard grocedure (Taylor et
ai,1984c) .

Davelopnent f procedure for extraction of sarghus malt
proteolytic activity,

Extractability of sorghus salt proteolytic activity With 1,284
NaCl & ewtractant.

Figure 2 shows the extractability ot proteinase activity frea
worghua mait with 1,25 Natl. [t can be seen that 30% of the
tptal proteinase activity was recoverad sfter a singla
extraction, Hawever, #4% of the activity was apparently
inextractable ant remstnad in the residue fraction. Figure 3
<hows thy ewtractability of carboxypeptidass activity fros
sorghus malt, After a single extraction of sorghun malt, Ssi of
the total activity was recovered, whilst 44% was Inextractable
and resatned in the residue fraction.




FIGURE 1. Analysis by SDS-PAGE of total
" kofirin used as substrate.
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b. Total Kefirin (Substrete preparation).
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FIGURE 2. The extractcbility of protatnons activity fron
sorghum malt with' 1,25
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4,2.3,

Tatluence o extractant voluse to malt aass ratie upen the
rezovery of proteulytic activity and water-soluble protein fros

sorghus nalt,

The recavery cf prateclytic activity ros sorghus nalt after s
single entraction with water was (nvestigated. The recevery of
buth proteinase and carbokypeptidase activity was influenced by
the extractant voluse o malt mass ratio (Table D)y up until a
ratio af 15:1. Further increases in the ratic did not greatly
improve the recovery of protzelytic activity #roa sorghum nalt.

Table I also shows the protein contents of khe snzyps extracts.
The recevery af water-solutle protefns or alpusing éros sorshun
aalt was influenced by the extractant valuee to malt mass ratic
up until a ratio of 2811, It appearsd tnsratare that the
recovery of protenlytic activity fros sorghua malt wes not
directly related to the recovery of protein. An extractant
veluse ta malt ases ratic of 15:1 was thosen for further
investigations, Lt Was felt that use of a higher ratic would
dilute the snzyme act{vity without aggreciably incressing its

recovery,

Influsnce of extruction tesperature spon the resovery of
proteciytiz activity frop sorghum malt,

In this investigation, wster Nas used ag an ewbractast, and a
single extraction of serghus malt was made. Praviously,
proteslytic activity was extracted fras sorghus sait at 4°C.
Figure 4 shows that merginal iepravemsnts in recavery of
roteinase activity Were mads at higher temperatures {2l to
40°C).  The recovery of carboiypeptidase sctivity rom

sorghun mait appmersd to be optimal at an Eatraction tempersturs
in the range of 20 to 3B°C (Fig. 5), for future
1nvestigations protealytic activity was extracted +ros sorghus
malt 3t 30°C,

46

P




]

Table 1. The fnflusnce of extractant voluse to walt mass
ratio upon the recovary of protaolytic activity and
wator-salubls prakein fros sorghua mait.

Extractant voluss] Proteinase |Car itasq Recavary of

nalt mass {nl/g) | {paksSh/g |(sgNsShig dry aratetn
dry malt)]  mait) tnglg dry salt)

511 a4 63,9 3,82

18:1 712,5 17,3 4,38

1511 12y, e 1582 4,49

2811 1186,0 189,8 5,47

2911 1149,8 157,9 85,47
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Intleance of axtractant ph upen the recavery of
protealytic activity fron sorghus malt,

In this investigation, s single extraction of sorghus malt was
mads. The exbractants were titric acid/&aHPQs buffers. The
ionic strength of each buifer was adjusted to B,3M by addition of
N3€1. The recovery of both proteinase snd carboxypeptidase
activity was dependent upen the pH ot the ewtractant (Fig, & and
Fig. 7). 4 pH 7,8 buffer extracted aleost twice as much
sroteclytic activity froe sorghue alt thon did a pH 3.8 buifer.

Extractability of sorghun malt proceslytic astivity
with a pH 7,8 butder as extractant.

The janic strength of the sxtractant buffer used in this
experinent Was @8 Flgure 3 shows that 591 of the total
prateinase setivity was recovered fron sorghum mslt atter a
single extraction wes sade, The proportion of total ealt
proteinase zetivity whieh was apparently inentractable was 35%.
The extractability of carboxypeptidase activity from sorghus mait
#as virtuslly i1dentical to that of proteinsse activity with

this extractant {Fig, %)

Influence of neutral salt solutions pon the recavery af
protesiytic activity fro sarghun malt.

In thse rnvestigation & sinale extraction of sorghua malt was
msde, A 9,5 solution of Lil recavered more proteinase and
cdrbosvaegtidase activity fro sorghus salt than did 0.54
solutiohs of wther peutral salts (Flg. 19 and Fig. 114
Compared with NaCl, s traditional grotain extractant, Lil gave 2
marginal improvement In recovery of protesiytic activity from
sorghum salt.

A
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FIGURE 8. Tha influsnce of extractant pH upon the recovary
of sorghum malt protainasa octivity.
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FIGURE 8. The exteactchility of protainass cctiyicy from

B2y sorghum malt with 0, 1M cltri: ucid/ﬂ 2M K HPO,
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“ FIGURE 10. Tha influance of 0,5M salutions &f neutral solt
o . upen tha recovary of sorghum molt probainase
IO activity,
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Intluencs of ioaic strength uf Lil upon the racovery of
proteolytic activity from sorghun alt.

nvactigation, a single extraction of surghus nelt was
The recovery of both proteinase and carboxygaptidase

In this
fnade.
activity appeared to bo dependant upsn the tenic strength af Lil,
A solutfon of .84 Lil extracted more proteolytic activity from
sorohun malt than 16 Lil at obhar ionic strengths (Fig, 12 and
Fige 13).

xtractability of sorghus mart protaniytic sczivity
with B,8H L11 a8 extractant,

Fipure 14 showa that 49% of the tatal protminsse activity of
sorghua malt was »scovered after a sangle extraction, whilst 25%
Was appareatly ingstrsctable apd ressined in the rasidue. It can
e seen from Figure IS that 5% a¢ the total carboxypeptidase
acttvity was recovered after a singie extractian with B,6M Lil,
®hilst 39% of total carbonyseptidase activity remained 1n the
residue.

Extractabritty of sorghun #ajh protoolytie activity
with & pH 7,8 bufter adjuuted to an tontc mbrength of 0,8M with
L4183 extractant,

Lo this investigation, an attespt was madd to compine extractant
Aropertiac which ieproved the extractability of proteoiytic
Figire lb shoMs that 45% of the
t tal proteinsse sckivity of sorghun malt was recovered aftar o

sckavity iram sorghus nalt.

singte extraction, whilst 33% of the tutal activity was
spparently inestractable snc remsined 1n the resigue, It tan be
sean tras Figure 17 that §7% of the tetal carbexvpsptidase
aclivity was recoversd atter a singie extraction of sarghua malt,
Ihe reyidue contsyned about 35% of the total carboxypeptidass
activity,
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. FIGURE 12. The influenca of ionic strength of LsI upon tha
SO racovery of sorghum malt protaincsa activity.
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FIGLRE 14. Tha extractability of protainaes cctivity from
ar sorghum mait with D84 L1,
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FIGURE 16. The aextroctebility of protainosa nctxvlc% from
&8 sorghum malt with 0. 1M eitric acid/0,2M K HPG,
buffer, gH 7,0 plus D, !73)4 Lit.
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Influenca of dithiothegital plus @44 Lit upon the
recovery of pretealytic activity fros sorghun ealt.

in this investigation, a single sxtraction of sorahus malt was
nage. The incorporation of DTT with 0,&M Lil appearsd to
sarginally enhance the recovery of protzinase activity from
sarghun malt up hntil a concentration of 3,33aK DIT (Fia. 181,
The tnfluence of DIT upon the recovery of carboxvpaptidase
activity from sorghua malt is shown in Figure 19, It appeared
that higher concentratinns of OTT possibly reduced the recovery
5§ carboxypeptidase chivity from sorghus malt, A solution of
Best Lil plus 3,33aN DTT was chosen for further investigation as

a0 extractant,

Comparison af the extractabtlity ot sorghum malt grotsslytic
ackivity using efthar water or .64 Lil plus 3,33aK
dithiothreitel as extractants,

Table 11 shows the protainase activities of § consecutive soluble
extracts sude from sorghua malt using water and 2.6M Li1 plus
The protesnase activitiss of the

3.33aM DTV a5 extractants,
The analysis of

residues froe each gutraction are alse shown.
variance tatie shows that proteinase activity was stromgly
influenced Yy extractian stage but mot by extractant. In other
words although the amount of protminase activity recovered at
eich ytage of extraction Was different, the ¥otal amount e+
actvity recovered from sorghun malt with esch evtractant was the
Thare Was howaver s significsnt {nteraction hetween the

sane.
Thie means that the

extraction stage ang the extractant.
extrsctant influgnced the aeaunt of proteinase sctvity receversd

st & marticular stage of extraction. Watar recovered lass

nroteinase uctivity frow sorohie than 8,08 Lil plus 3,33e8 VY

after a stngfe extraction tp<0,851. The asount of protetacss

B L R T Vs
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Tha influenca of dithiothreito] plus 0,84 LiI

upen the recovery of sorghum malt protaincss
astivity,

—

—

FIGLRE 19,

——

cnrbnxypnptidcsn octivity.

Dithiothraitol (aM)

n the racavery of eorghum mait

—
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B.67

The influence of dithiothreital plus 0,8M Lil




. Yable II. Cosparison of the extractability of sorghua malt
. proteinase sctivity using water and 0,6H L11 plus 3,33a%
dithisthreitel as extractants

Proteinase activity (ygN/Sh/g dry malt)

: 5
Extractant Hater 0,61 LIT/5,33aH OTT|  mean e ?
o extraction L N
staga
A 18t extract 1073,7 1836,8 1302,3 E
2nd extract §12,2 485,56 498,%
- 3rd extract 3764 263,3 529,9 X
i . Residue 1343,8 74741 1955,5
o ™ seans 31,5 781,7 796,16

Analysis of variance table: fised sodel, E:
Hean square of extractant and extraction stage are cospared With
error mean square,

Bourca Degrees of | Mean squars| F-value Probabilit:

freedan
Extraction 3 1258443 112,2 <8, 201 H . N
stage |
Extractant 1 29203 2,4 | 0,126 |
Interaction| 3 w9531 25.8 <e.a01 i ’
grror 16 11216 [EP
Total 23 240983 :




402,12,

activity in the watar-extracted resigue was greater than thab in
the residue extracted with 9.4M Lil plus DTT, Water recoverad
33.7% of the total sctivity aftar g mingle extraction cospared
with the 46% recovery sbtained with 8,84 Lil plus DTT. Alse 431
of the totsl prateinaxe activitv remalned in the water-sxtracted
residue cospared with 23% in the @,&H Lil plus D71~ extractad
resitue,

Table 111 shows a cosparisan of the extractability of
carbarypaptidase activity from sorghus salt with water and 9,4
Lil plus DT as eatractants, Like the proteinzse activities, tha
carbokypaptidase activities recovered at vach stage of extractien
were ditterent, The total carboxypaptidase activity of sorghus
aalt was however the sase irrespective of whether water or 9,64
Lil plus DTT was uxed s an extractant.

Hith .6M Lil plus DTT S5% of the total corboxypeptidase activity
was racavared after a single extraction whilst 28% resained in
the restdue. With water, 351 of the total activity was recoversd
after a sinyle extraction whilst a2% remained in the residue.

Influence of sxtractant upon the recovery of protasiytic
sctivity from sorghus melt aermisated for differmnt times,

Table IV shows the influence of difterent extractants upon the
racovery of prateinase activity from sorshun aalt harvested at
different gerninstion tises. The nalt used 1n this studv was
serainated at 28°C, Throughout gerpimation, a fixed level of
watering was applied to the germinating grain. The scetate
butfer plus cysteine hydrochioride uas investigated as an
extractant of protesiviie activity fres sorghum malt ag 3t had
alresdy been usgd 1 this reaard by Atsien (1982),

nnalvsis ot variance shows that aalh protetnase activity was
stronely influenced both by the choice of extractant and by
permnation time, There was also signtficant tnteraction of




table II1,

Compariscn of the extractability of sarghus malt
carboxypaptidase activity using water and 8,84 Li1 plus 3,33aM
dithiothreitol as extractantr.

Carbaxypep:idase activity
(PgFAN/SN/g dry malt}

Extractant dater 2,60 LI1/3,3304 DTT | aean

Extractica

stage

ist extract 125,1 198,4 161,

2nd extract 30,1 19,7 24,9
3ré extract 1206 18,8 1146

Residue 22644 108,3 162,4
naans 78,0 82,3 79,2

error mean square.

Analysis of variance table: fixed nodel,
Hean square of extrattant and extraction stage are

conpsrad Nith

Source Degrees of | Haan square | F-value Probability
fresdon

Extraction | 3 41583 52,8 a,081

stage

Extractant 1 Lag8 L9 0,168

Interaction] 3 9981 12,7 <o, 001

Errar i 787

Total 23 7538




Table 1V, Influsnce of extractant upon the racovary of
proteinase activity from sorghun malt gersinated at differmnt
e
Proteinase vstivity (pgN/8n/g dry malt)
Extractant @6 117 | Water | N acetate sean
3,33a4 0T buffer, pH 5,0/
8,24 cystelne.ic)
deraination
tine (days)
] 742 580 23 sib
' 1180 e olh 81z
2 1329 1028 701 1286
3 1380 874 a9 1049
. 1481 a3t 944 1065
3 1234 762 858 951
6 1356 679 1099 1045
nean 1241 776 793 933

Analysis of variance tables fixed model,
Maan square of axtractant and geraination time are compsred with
erear aean square.

Source begrees of | Mean squara | F-value Probability
fresdon

Germination| & 261285 20,9 0,004

tise

Extractant H 984293 78,7 <8081

Interaction] 12 33702 2,7 #,028

grrar 2 12514

Total 4t 102529
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these two effects In¢,85), In other words the apparent rate of

daveloppent of sorghus malt proteinase activity was influenced by

* tha pature of the extractant useo te recover the groteinass from

Borghus salt,

For all gqeraination times, €,6H LIl glus BYT recoversd more
proteinase activity from sarghum walt than either water or
aretate buféer plus cystwine.HCl. Table Y shows that the
recovary of cerboxvReptidase activity from aalts gsrainated it
different times was also influenced by the extractant choses to
isolate the enzyme froa the malt. As was the case with the
proteinase activity, there was ¢ highly significant interdction
of the sffects of gerataation time and sxtractant., But at all
gegraination tises, @,ad Lil plus DTT extracted amore

carborypeptidass activity than the other extractants,

The extractant B,68 Lil pius 3,33aH BTT consistently recoversd
ngre proteciytic activity frop sorghus malt after 2 single
aktraction. 1t was therefors choaen 3s the extractant for
surghoa malt protealytic activity i future invastigations,




Tabla ¥, Influenue of extractant upen the recave

carboxypeptidase activity from sorghua malt germineced ak

differant times.

Carboxypeptidase activity

(ygFAN/Sh/g dry saltl

Extractant 2,64 L1/ | Water | Na acetats aean
3,33 7T buitor, pH 5,8/
24 cysteine,Hel
Geralnation
tine {days} 8)
8 32 ] ] 11
L 103 58 27 &3
2 181 7 b2 114
3 186 e 7 125
] 221 95 105 140
5 257 109 132 168
5 260 ] 7 158
ngan 177 1 7% 110
Analysis of variance tables fixed model. \,’
e

Mean square of oxtractant and geralnation time are compared with

errer asan sguare,

Source Dagrees of | Hean square| F-value Prababi}ity
¢reedon tet
Gersination & 18387 98,4 <e,801
tioe
Eutractant | 2 sbass 220,2 <a,001
Ipteraction 12 1640 133 {2,881
Error 2t 283
Total 4 5538




tevelopamnt of incubation canditions for assaying sorghus
aakt protealytic activity,

Influence of §H upen vorghus mait proveaiytic
activity.

Figure 20 shows that the optieum pH for proteinase activity was
in the range of aH 4,25 to 4,5¢. Carboxyneptidase activity had a
broager pH optinum in the range of pH 4,08 to 5,80 (Figure 200,

# pH of 4,58 was chosen to azsay tne protenlytic activity of
sorghus mslt.

Infiuence of teaperatura and resction tiae upon serghun
nalt protaolytic activity.

Figure 22 shous the 1nfluence of teaperaturs upoi the prograss
curves of 104~soluble nitrogen formation due to sorobun ealt
aroteinase activity degrading total kafir.n, Curvas of the foras

Foeoa 4 BLE & Dy

wherg Fw 1CA=50i N
= time
End  H.B.C, and D ere constants.

provided the hest 1inss af 3t tor all the progress curves
sbisined 2t disferent temperatures, This was because the reiedse
of product With ting occurred 10 two distinct phases, The
Inital phase of reactiun was best explained by an exponential
release of product with time. The recond ahese of aroduct
tormatien wos lingar WItn respect to tise. Deterasnation of
1R1t1al rates of resction wers not meaningful due ta the absence
of ppints at the 1nstisl stage of the reaction,
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FIGURE 20. The influence of pH upon sorghum malt
proteinose ‘activity.
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FIGURE 22. The influence of temperature and reaction time
upon sarghum malt proteinase activity.

. L L )

ol

3 4 . 5 ] ?

Incubation timeth)



al !

" l 1t can be seen that an incubation teapersturs of 38C gave 2n

b i exponential release of TCa-scluble nitregen until as incubatian
1] time of between two and three hours, Thereafter the release of
H roduct was linear with time. For the higher ingubation

teaperatures (45' ta 48'C), the tise taksn to entar the

- 1inear phave Was Datween one to tws hours.

" The makinum asount of nitrogen released during these incubstisns
never represented sore than a seven per ceat degradation of the
tetal kafir{n. At the higher incubation temperatures (45 to
58°'2) . approximately five per cent of the tetal kafirin was
degraded tnto TGA-seluble nitrogen during tha exponential phase
of the reaction. At 3B°C, only approximatsly three per ceat

o4 the total katirin was gegraded lots TGA-soluble nitragen
during the first ghase of the rzaction.

%
A The influance of temparaturs upan the pragress curves of FAR
N forpatios dus to sorghus malt carboxypuptidase activity ars shawn
e in Figure 23. Again, the curves were characterised by an lnitial
S — rapid releasi of geoduet, For all the incubstiun temperatures,

. this phase was +inished atter one hour. Because of the absence
SN of informstion during this initiaj phase of resction, an
™ : euponential relstionship could not be demenstrated, For this
reagon straight lines were drawn to represent the proguct
relgasad during the +irst hour of tncubation, After the First
shass. the reaction entersd a linear phase at all the incubation
¢ teaperatures.

The nethods used €n assay the products, 72A-zoluble nitregen and
FAK were ot sanaitiva enough to measure the seall amount of
product released at the start of the inik{al phass of the
proteinsse and carboxypeptidase reactions, Wecause of thix {t
vas not possible to deteraine the in:tisl rates of cesction. An
4 incubation tine of five hours 4t 50'0 was chosen tp assay
proteolytic activity in sorobum malt. Although thie gave a net
w rate of resrtion, the ameunt uf product released could he

measurad atcurately and reproducibly.




st FIGURE 23. The influence of temperature and reaction time

upon sarghum malt corboxypeptidase

activity.
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43,3, Influenca of temperature upon the stapility of sorghum malt
sroteolytic activity.

Table VI shows that both proteinase activity and corboxypeptidase
E activity fron sorghus salt declined rapidly aftar one heur

i sra-incubation of the enxyne extracts at tesperatures exceeding
3ere,

P 4,3,4,  Infiuenca of substrate cancentration upen sorghum malt
proteslytic activity detarminations.

In this favestigation, attespts yere asde ta measure the aaount
of product released during the initial phase of the reaction, in
order to obtain a sessurs of the initial rate of reaction,
Fiqurs 24 shows the progress curves of TCh-soluble nitrogen
farsation due to protalnase activity in the presence of differing
anounts of total kaflrin, The jeneral shapes ot thess prograss
curves Were charscterised by sn Initis) rapid relpase of praduct
+ollowed by a linear phase. The initial rates o resction
appeared eintlar for the thres highest levals af total Katirin

investigated, The overall amcunt of TCA-soluble nitrogen |
relessed, increased however with increasing total kafirin !
concentration,

The rates of prokteinase activity during the linear phase of
reaction appeared to he hardly influenced by incresses in total i
kafirin concentration. The asount of TCA=safuble itroen
relessed durlng the fnstia) exponential phase of the resction
represented spprowinately Five par cant of the tetal kafirin
irrespective of the total katirin concentration.

Fiaure 25 shows the progress of RAN formatlon dug to
zarboxypeptidase 1n the presence of difterent amcunts of tatal
kafirin.  The general shapes of these progrese curves were also !

R
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’ Tagle Vi< The stability ot sorghum mait proteinase und
N aypep activity attor pro-incubation of enzyme extrict
o tar | hour at differont beapsraturs
P Pro-incubstion Protainase Carborypeptidase
L teaperature(#¢) activity Survivel | ackiviey sarvival
i tpgh/shn/ % of (pgFaN/ShY % aof
i . g dry walt) | controly { g dry salt)]  coatrol)
Qantral ie. po 141y 189 "7 180
P are=incubation
3 1393 9 386 I
58 1925 73 241 %
(1] 872 44 131 41
e 184 13 37 12
g8 168 1z n 4




o) FIGURE 24. The influence of substrate concentration upan
sorghum malt proteinase activity.
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characterised by an sxponuntial release af produtt followed by a
Linear phasze sksapt for when total knéirin was absent from the
facubation ie. zero substrate concentration, Again, althaugh

the snitial rates of carboxypeptidase activity appeared siailar,
the sverall asount of FAN released increased with incraasing
tota: kaftrin concentration.

. Becauss of these unusual results it was decided to investigate
b conditions of substrate saturatien indirectly by ohserving the
5 influsnce of enzyme concentration upan preteclytic activily. .

4:3.5. Influence of wnzyes coacentration upon sorghus malt
“ proteslytic activity daterminations.

] Figure 26 shows tha influence of enzyme concentration upan the

o srotalnass scbivity of sershun malt. #% a substrate
concantration of 4,9ag total kafirin, the proteinase zctivity was
directly proportional to the enzyse concentration. Figure 27 . s
shows that carbexypeptidase activity was alsa diractly g A
proportional ta enzyme concentration at & substrate concantration
of 4.9ng total kafirin. A substrate concentration of Sey total
katirin per eniyne assay was therfore chosen for further
tnavestigakion,

Lt 4,9, Investigation of the purity of total katirin substrate
“ preparations, S

N . During the investization Inta the {nfluance of anzyae
conzentration bpon sorghun aalt proteplytic activity, it ws
sbaaryad that & snall but detectable ansunt of TCA-solunle
Vo nltrogen was released rom total kafirin when {ncubsted in the
' absence of sorghua dalt arotelytic enzyees in. zers enzyme
. concentration, Three investigations NEre nade in an attespt to
L geteraing the nature of this releese of nitrogen.
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FIGURE 26. The influence of enzyme concentration upon
sorghum malt proteinose octivity.
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FIGURE 27 The influence of enzyme concentration upon
sorghum malt carboxypeptidase activity.
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44,2,

443,

Intiuence of immersing total kafirin in boiling witer upen
its subsequent release of TCA-soiuble nitrogen.

tamersion of a total kafirin cuspension in beiling Water for 15
uas carried out to slisinate any prateclytic activity that
Table VII shows that there was

an.
nay have been associated with it.
a stgnificant ralesse of TCA-soluble pitrogen from:total katirin
during a five hour intubation period. Pre-heating the total
katirin for 15 ein appeared tp incruase the amount ef TCA-snluble
nitrogen released at any one tice. However, the net asount of
TeA-soluble nitrogen reisased petween zere and five haurs was not
influenced by the pre-heating traatment, since there was no
significant snteraction of jmeubation time with pre-heat
treataent of total kafiris.

fable V111 shows that there was as influsace of incupation tise
upon the FAN relessed from total katirin.

Infiuence of {ncubation time upon relesss of TCA-szluble
nitrogen érea total Ratiria,

Figure 28 shows the influance of incubation time upon the ralease
of TLA~coluble nitrogen 4ram totzl kaéirinm. 1t can be seen that
thers Was a finesr reietsoaship betWegn the releass of
1LA-soluble nitrogen trom total katirin and incubation time.

fnfluence of incubation pH upsn relaase ot TCA-soluble
nitrogan trem total kafiria,

Tables 1x and & show the results ot twe expariments whersby the
influence of incubation pH upon TCA=soluble nitrugen release tram
total katirin was studrad, Hoth Table IX and Table X show that
the eiiects of bach tacubation b1se Ind 1ncubaEiOn AH Weie highly
s1gnirieant. Howevar. the snteraction butwesn the tws effects




Table VII. Influance of {nmersing total kafirin in bolling water
upan the reledse of TCA-soluble nitrogen contaeinants.

TeAsol N {yg/Sag tatal kafirini

Heat-treataent Total katirin
Control | Boiled mean
Incubation
tiae (n)
] 17,8 19,5 18,3
H 23,0 24,2 23,8
neans 20,0 21,8 20,9

Analysis of vo-iance table: fixed model.
Hean square of heat-treataent and fncubation tiee are cospared
with

arror agsn square.

Source Degrens of | Mean square | F-valug frobabllity
fresdan

tacubation 1 138,2 45,7 <o,081

tiae

Heat-tant 1 16,2 502 9,037

Interaction] 1 2,9 2,9 0,350

Errar 16 3,1

Total 19 10,8
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RS Table V1L, Influsnca of immersing total katirin in bolling . g
, water upon the reloase of frew a-asino sitrogen contaainants. @t
e FAN tpo/Seg total kafirin) s L
Weat-treataunt Total katirin ] o Ce
Tontrol Boiled | mean | " .
T Incubation
' tine () -
. M &
o 1 1,84 2,32 2,88
E 5 2,58 2,48 2,49
. avans 2,07 2,50 2,29 ' K

Apalysis of varisnge table: fixed sodel,
#ean square of heat-trestment and incubation tiwe are coapared

. with
R error nean square,
Source degrees of | Mean squars) F-vilue Protiability
" freadon
< 1 tacuvation | 1 8,84 2,5 ,133
T tine
K Heat-tant 1 2,92 2,76 B8
K tnteraction| 1 LA 8,44 0,849
B Errar 16 8,34
; /‘ Tatal 15 v,38
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FIGURE 28.

The influence of incubation time upon the
release of TCA-soluble nitrogen contominants
from total kafirin.
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Incubation time (h)




Table I, Influence of oH upon the relsase of
o TCa-salubte nitrogen contaninants from tatal katirin,
- Trial t . FAE
R TCA-solN (#g/Sag total kafirin) "
“ Incubatien ° H wasn -
L tise () i
o st Buffer type . a
RS saee “ g
g .
. 4,15 | 2,39 c1t/0, 81 #hos] 11,3 5,0 | 14,4 .
! 4,50 . . 12,1 24 ] 18,7
5,28 v . 12,8 19,6 16,2 o ©
e 8,16 . . 12,8 15,0 | 19,8
/‘ 7,56 (@,i¥ KC1/0, 1N aOR 7.4 1,7 18,5 N
8,7t . “ 9.4 12,4 18,9 :
% 5,52 . . 9,8 120 | 10,8 .
R . . L
: oean | e o157 | s N
Ny
I~ fnalysis of variance tsbler fixed model.
Hean square of g and incubstion tine are cospared with ) Lo
. #rror mean squsre. "
BE Source Dagrees of Hean square F-value Probability i
frevdun :
., tncubstion |t 1587 176, <8901 [
e
- ties |
E B pH & 28,9 3241 {8,081 }
, : Iateractiod & 8,0 8,7 <0881 ;
o Erear i 89 :
, Total 7 14,8




J . .
o
8 . 83 i
»- ’
K ¢
SR Tadla K. Influence of aH upon the relesse of TCA-sofuble % .
nitragen cantaainants from total kafdrin. Trial 2. [
o TCA=soIN (3p/Sag total kefirin) d .
: Incubation ~ ] H nean
. tise (h)
E .
- oH at Buffer type
R 5°C
o 2,50 | 0,20 Ke1/8,28 WL 8,3 10,2 9,2
5,85 | 2,!N lactic/@,1M NaOK| 24,1 24,4 24,2 R
. 4,80 N v 19,9 21,8 28,7 y : ,,;
o 4,58 . . 19,9 21,1 0,5 -
™ 5,08 g » 18,4 0,3 | 19,4 N ’
/‘ 5,04 ® . 19,9 19,2 19,8 .
. 4,15 | @,3M cit/8, 18 Phos 11,3 11,7 11,5 k4
710 » . 9,4 19,2 98 .
5,33 | 8,18 Tactic/B,0H NaoH| 19,2 1,8 | 20,5
7,52 | B,1N K1/, 10 NaOK 0,7 10,2 9.4
4,87 g " 18,2 18,2 18,2 -
9,78 i i 9,8 10,5 10,2 .
" 2
! nean 14,9 15,9 15,4
o f Analysis of variance table: fived model, *

Mean square of pH and incubation time are compared with

error mean square,

Source Degrees of | Mean square | F-valuve Probability
freadon

Inzubatien t 12,8 2,4 8,801

tine

pH i 133,9 27,8 <0,e01

Interaction| 11 0,7 1,9 0,8%

Error 2 0,5

Tatal 47 321




a4

was significant $or the data i lable 1A but not for tre dats in
fable X,
tacusation tise means that the net rate of release of TCA-soluble

A significant interaction between incubation pH and

nitrogen from katirin over five hours was alzo influenced by
incubation pH. Table X shows that the nat relesse of nitrogen
over the pH ranqey 4,15 ko G,20 vas greater than that raleased
aver tha pH renges 7,52 to 9,52 {p<,0h1, Tha dats n Tabla X
hewever shows that thare was no influence of pH upan the rate of
1t appears tharefare
that the coaposition uf the buffer te. lactic acid/NsOH versus
citric acid/KalPOa influenced the rate of releass of peptides
froe total kafirin mere than the bufier pH.

release of peptides froa total katirin.

Purification of total kafirin.

Berauss of the presgnce o TCA-soluble nitrogen centaminants, the
total kafirin was further purified. This was achisved by
tuspending the total kafirin in sither water or a Sodium
lactaterlactic acid buffer pH 3.1.

subjected to exhaustive dialysie,

The suspensions were then
The anount of nitrogen which
was dialysed from the total kafirin -
aoprok.

oresented 8.2 per cont
of the total nitrogen. The suspensions were then
centrifuged and the residues and supernstants were freeca-dried.
The freeze-dried progucts wers all white pawdars and cosarised 98
per cent spprox. proteln, The frepze-dried supernatant from the
\actate-extracted total kafirin reprasentad about 3,5 per cent of
the total nitrogen. wheroas that from the water-extracted otal

wafirin represented 1,5 per cent of total mitragen.

The amino acid compdsitions of the varisus protein fracticns sre
shown 1 fable K. The residual proteins derived trom bokh water
and pactite extraction »+ totsl Xafirin 2ppear 1dentical and have
a sinilar apino azid profile te total kafirias
trections alsc have virtuaily sdeaticsl amino acid tomposstiens.
The lactate bufter therefnre dues not diifer irom Water with

respect to the naturs of the proteins ft extracés troa tatal

Both supernatant




TABLE XI:  Aminé scid cowposition (moles ¥) of totsl
Kafirin before snd after sxtraction with water
snd 0,024 lactate buffar, pH 3,1.
Mnino | Total Total kafirin Total kafirin
Aeid kefirin | axtrsctsd with vater axtracted with
0,024 lactats, pH 3,1
residus | oupernatant | rTesidue , suparngbant

Aex 48 X 0,5 4,9 0,4
Thr 2,8 2,5 4,6 7,6 4,2
Ser 4,7 4,7 42 5,5 42
Glx 20,0 0,7 2,7 2,2 15,3
Fro 1,z 11,5 2,9 10,2 23,8
aly 2,7 2,5 8,7 2,3 8,9
Ala 15,6 15,6 61 15,8 6,0
tys/2 0,7 1,5 6,2 1,0 63
Val T 5,6 5,2 6,1 5,3 6,2
Het 17 1,2 1,0 11 1,2
e 4,1 40 2,6 42 2,8
tew 15,4 15,4 8.5 15,7 8,7
Tyr 3,0 3,3 1,9 3,3 1,8
Phe 47 41 2,0 5,0 2,0
Hie 1,6 1,3 7,5 1,3 7,2
lys 0,2 0,1 0,4 0,2 0,2
Arg 1,2 0,9 2,1 1,3 2,4




4,5,

kafirin, However, the amine ac1d prefils of the supsrnatant
Bratein was diiferent to that ef total kafirin, It wag
characterised by a very high proline tortent 124-25 nole per
cent), tagether with high amcunts of histidice {7 aale per cent)
and cysteine (b mole per cent) and low asounts-—of aspartic scid
and lysine (i nels per cent.

Separation of the various protsin fractions by S09-PABE i3 shoWn
in Fiqure 29, The results obtained are in aoreement with the
abservations sade from analysis of the amne ac1d coapositicns.
There sppesred to be no diéference betMeen the hand pattern of
the lactatersytracted residue {lauas e and 3) and the
water-extracted residue lanes b and gl The sane agplied to the

tate~ and water-sutracted supernatants {iznes ¢ ano k. and ¢
and h respectively). Therz also appearsd to he no difference in
electrophoretic pattern botween the residual fractions and the
total kafirin (lanes d and 1), whareas the supernstant fractions
savs a completely difterent pattern. Even at high sasple loading
of teval kaiirin {lans i), the supernatant fraction was net
visible. This wes in apresment with the aitrogen determnation
which shawed that the supsrnatast fraction represanted 3 small
proportian of total katirin,

The supernatant protein sppvars ta cosprise a majer band of
apparent M. 1} 89D to 3t 008 with a mid-value of 2B 980 and &
minor kand With an spparent M. of 49 809, Seceuse of the
tselation of this water-solubie protwsn fran total katiria, the
residual protsin sust have therefors resrassntet a eore pure fors
o+ pralama protein,

Influence of reaction tise upon sarghus nalt progeslytic
activity assayed Wt 30 and 50°C, witn puritied tetal kafirsn
a5 rubstrate,

Fioure

shaws the rate of fornation of TtA-soluble nitragen due

i
1
[
'
!
|
i
1
|
1
1
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FIGURE 29. Saeparation by SDS~PAGE of total
kafirin, before and ofter
axtroction with water and 0, 02M L o
lactate buffer, pH3, 1. ! .
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&, Moleculsr weight standsrds.

b.  Resicue:water extraction (50 ug),

c.  Supernatant:water extraction (50 ug).

d,  Totel kafirin (50 ug).

e, Residue: lactate sxtraction (50 pg).

f.  Supesnstant: lactete extraction (50 ug).
g Residue: water extraction (100 yg).

h.  Supernatent: water extractlon (150 ug).
i, Total kafirin {100 yg).

J«  Residue: lactate extraction (100 ug).
k.  Supernatant: lactate extraction (150 pg).
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FIGURE 30. The influence of incubation time upon soréhum
malt proteinase activity abt 3p°C aw 50°C "”H/’E

purified total kafirin as s%
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to protetnase activity frup serghus salt at 30 and 50°C. The
Aragress curve at 58°C was characterised by an initial
expanential phase of product foreation followed by & linear
phase. there was a 4,6% degradation ot purified total katirin
during the exponentizl obase, However at 30°C the formatian

a2 to proteinsse activity rom sorghun

ot TCA-soluble nitroge
a1t showed a linear relesve of product with tine for the
duration tf the resction. Figure 35 shows the forsation of FAN
due to carbdxvpeptidase astivity troa sorghum malt at 3B°C.

Herg there was evidensz ot - \ght curvilinear relatianship for
product formatien during « - -tial stages of rsaction.
Thereafter the reaction proceeded at a constant rate.

Extractability of protaclytic sctivity fron sorghus aalts
Brepaced from different culkivars.

The sorghum fultivars bsed {n this study were all grown under
identical environmentsl conditiens, The grains wers all malted
acterding to the sdes schegule for six days, Table X1l shows the
mitrpesabiiity of proteipase activit' from khese sorghum malts,
Both the eultivar and the gxtraction stage hed & highly
signiticent stieck ypon thz apount of protsinase activity
recoversd (pe0,0813, Sorghum culiivar SHK 3377 praduced the aalt
With the highest total proteinase activity. whilst attsr s sinple
@itracticn the greatest smount of protmnsce activity was
recovered from sarghus malt pressred froe culttvers 2C 78, The
cultivar: PR G433 producag the malt with the lowest amount of
total protelnase activity. 1ms malt alse vielded the least
amount o proteinase attivity after 2 single metraction.

1t can alen be seen from Tagle XI1 that there was s sigmificant
snteraction votween cultivar and extraction stsge (p<@(@5), In
other words, the snount of proteinase activity extracted ¢rom
torghun melts at a given stage of extraction was dependent upon
the sorghus cultiver, Thus the first soluble extracte of
diiferent sorghum maits oav provide difterent proportient of the
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FIGURE 3!. The influance of incubation time upon sorghum
3ser malt corboxypeptidase activity at 30 C with
purified total kafirin aos substrate. E
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Table X1, Extractability of proteinase setivity 4ron sarqhun
malts prepared froa gifferent cultivers.
Froteinase activity (sgN/Sh/g dry palt)
Extraction
stage 18t 2nd 5rd |Residue | aean
axtract | extract | extract
Cultivar
Barnard Red 1082 $35 238 623 647
e 34 1118 394 178 630 578
Breyt, Red 1334 e 216 656 54
NK 199 929 401 203 584 525
FAR 8433 79 438 126 44 585
SNK 3377 1283 778 228 948 69
PNR 8467 1291 02 24 570 712
PNR 8311 1149 569 372 661 87
e 75 1519 12 147 513 498
NK 283 1035 472 219 475 1)
sean 1152 529 231 42 638

Analysis of variance table: fixed model.
Hean square of sxtraction stage and cubtive are compared with
error aesn squars,

Source Degrees of | Mean square | F-value Probatitity
freadon, _

cultivar 9 68343 41 0,801

Eatraction | 3 2940490 176.9 <@, 001

stage

tnteraction| 27 35053 2,8 8,024

grear ) 16706

Total 7 139208




total proteinase activities, However, detarninatisn of the
correlation coetficients betwaen proteinase sctivity st mach
er'raction stage and the total activity for the different matts
sucWed significant corvelstion (p¢R.05) for the first and second
extrazis and the residue {Yable Y(1D). In other words the
proteinase activities of the first and second extracts and the
residue ¢id reprasent & fixed aroportion of the total activitw.
The significant interaction between eibraction stape and
cultivar, a5 estimated by Z-way analysis of variance was probably
largely due to the lack of carrelation betwpen the proteinase
sttivity of the third extract and tha tetal activity,

Tsble X1V shons the extractabilitv of carboxvpeptidase artivity
tron sorghun melts prepared érom diféerent sorghus cultivars.
Anain hoth the cultivar and extraction stage influencey the
carboxypeptidase activity recovered frop sorgbup malt. Cultivar:
PHR BA33. Wbith resulted in a malt with low proteinase activity,
vielded the highest lsvel of tntsl carboypeptidase activity,
Cultivar: Sk 3377 vielded marginally more cartoxvpeptidase
setivity aiter a single extrsction than 414 other cultivars.
Sultivars DE 75 produced the salt with the iowest total
carbonyps-Sidase activity after a single extragtion, whilst

PRR 8311 y,elded the least carbexvpeptidasa activity atter s
single axtraction, These resulés sugaested that carbouypeptidise
and proteinase sctivity werg indepandent cultivar -elated
shenomena,

There was no fnteraction betwsen cultivar aad eytraction stage
tor carbovvpeptrdate activity 1p/9,851, This indicated that ai
each ctase ot xtraction, a fixed proportian ot the total
carvoxypestidate sstivity was rocoverad.

Intiuenca of maiting canditions upen the developent of
serghun aalt proteniytic activity,

Table 1¢ shiows the 1nflygnce at gersination conditisns upon the




Jable XIIl,

Correlation coefiicients for relationship hetwesn
total sorghua malt proteinase activity and proteinase act{vity

recoverad at different stages of extraction.

Relatianship Degrees of | Correlation { Prodability
freedon caeffictant

st extract B 9,79 8,85

with total

nd extract 8 8,98 <8,85

nith total

3ed extract a -0, t0 4,58

with total

Aesidue ] 8,73 8,85

witn tntal




Tasla Y1V,

Extractabliity of carbokypeptidass activity fron
sorghus aalts prepared from di¢ferent cultivars,

Carboxypeptidase activity

{9gFAN/Sh/g dry salt)

Extraction

stage 1st 2ad 3ré Residue mean

extract [ eutract jextract

Tultivar

Barnard Rad 158 (] ) 78 [
DL 34 158 B L] 9% &4
Breyt. Red i3 18 22 84 &4
NK 199 128 48 e 77 43
FNR B433 159 a3 48 155 109
SNK 3377 189 36 3 122 82
PNR 8469 168 42 13 123 8
PR 8311 125 30 [ 97 &3
oc 7% 127 ] ] 52 45
NK 283 142 22 L 9% &4
#edn 144 29 L] 97 70

Analysig af varjapce tabie: fived model.

Hean square of extraction stage and cultivar are compsred With
errof mean squars,

Soures Dpgrees of | Mean square | F-value Probabilsty)
frendon

Cultivar e 2378 3 <a,80t

Extraction 3 88484 229, 0,801

stage

inferaction 27 438 2 8,267

Error 4 352

Total "M 3568

&)




Table XV, Influsnce of geraination conditiens upon the devaloasent of
proteinase activity in sorghun balt.

Protainass activity (#gN/Sh/g dry malt)

Tenperzcure 200¢ 26¢ sz
Maisture Low MEd  Migh {Low Med High]lew Med High
eraination

tioe {days

1287 918 1091 | 951 1160 1125 | 984 tave 1643
1162 $359 1508 | 1266 1329 1287 ] 942 1344 1435
1308 1367 1198 ] 1189 1360 1195 | 1258 1474 1468
1368 &84 1318 1254 1481 12090 1585 1292 1@7§
1296 1247 1@B& | 1195 1234 1207 [ 1872 $B13 1084
109€ 943 1042 | 1D61 1354 1892 | 1086 148 1002

o m oo

At 8 days gerainatian the proteinase activity was 742pgN/Bh/g dry
nait,




developuent of proteinase activity in sorghum malt, The zero day
wait used in this eyperiment was the same for all the saiting
canditions inveutigated, since at this stage gurnination
tesporature, molsture snd tima caq nat intluence the develupment
of proteaiytic activity, The proteinase activities of all the
asits representad the nean value ot two independant
deterninations, 1t can be sewn from Table KV that at all
zonditions of tesparature and sajsturs, the proteinase activity
at sorghum pait increased by about tWn-falg up uptil .y tour.
harearter the protesnsse activity of the malt deciined.

Table X¥! ahaws the statistical evaluation of the data {n Table
IV by 3-wav analysis of variance. Oniy germination tise had a
signiticant effect upon the proteinase activity of sorghum aalt
(p¢@.@81}. Haxisun levels of proteinase activity in sorghy
were achipvsd fter tour days germination.

Tabie XVii shows the irfltenca of germinatipn canditiens Upsn ou
development of carboiypeptidase activity in sorghum malt. As for
the proteinase activities, the carboxypaptidase activities of 211
the eaits representud the nean values ot two indapendent
deterainations. 1t can be seen fron Jable xVIl that for all
moistury an¢ temparaturs conditione the carbpxypaptidase sctivity
Inereases With qsrpanation tiee by up to adout esght-ield. The
rate of this increase waa most rapid durisg the first day of

cetminstion,

Tavle AVIII shaws the statisticai svaluation nt the data in Tabis
XVIL by 3=wav analveis of variange, [he capditions of
aermiaation temperatura, asisturs and time ail strongly
intluenced the carbukypeotidase activity of sorghus malt. &
nerminatton temperaturs of 24'C producsd malts With higrar
canovypeptidase activity than did esther 8% or 32°C,

4 medius mossture treatnest during geraidation produckd salts
with higher cirboxvpeptidaze activity than fow or high conditione
bt metgture, Mayieus levels oé carbouypeptidase activity wers
obtained 1n surchun malts gerainated for hetwoen four and %4k




Takle XVI,
varisnce,

Analysis of varizncer fixed sodel.
Mean square of garmination tesperature, moisturs and time, plus their Z-way
interactions are compared with residual sean square.

Statistical svaluation of the data In Table XV by 3-way analysis of

Source begrees of | Mean square| F-value Probability
freedon

Tesperature 2 19544 1,5 0,249
Noisture 2 35343 2,7 2,892
Tiae § 125445 %8 <D, Rel
Tesp X Hofst| 4 17428 03 9,293
Yeap X Time i 16743 13 2,188
Moist ¥ Timel 10 18838 1,4 9,234
Residual 28 13977

Cell means for Tesp X Time

Cell means for

Hoist X Tine

intaraction interaction
Tewp ('C1 | 24 25 32 mean [Molst. | Low Hed High aem
Tine tdays) Tinetdays)
1 to9s | reee | 1oazlto7a | 1 1073 | 1663 | 108 | 1074
2 1343 | Lzi4 [ 124733281 2 1123 1351 | 1400 | 1291
3 127% 1255 | 1404|1312 3 1249 1387 [ 1294 [ 1318
4 1429 | 1330 | 12351354 | 4 1310 | 1489 [ 122 | 135
§ 1214 $21% | 194911159 5 1187 1471 [ 1119 | tigg
B 1azs | 108 [ 1ees| o1 | 8 1882 | 1118} 1045 | teat
n 1231 1224 | 1178{ 1208 mean 17z 1250 | £19% § 1208

Cail aeans for Temp ¥ Hoist
interattion

Hoist. Low Hoo  High aean
Tenpl*)

24 1253 | {232 12871 1238
1] 1183 1327 { 1192 1224
3z i (28] 1tes| 1170
aean 1172) 12568 | 1195 1208

e O A5 A BN, i A8




table XVII. Influence of germination conditions upen the
carbuxypeptidase activity in sorghus malt,

devalopsent of

Carboxypeptidase activity (sgFAR/Sh/g dry salt)
Y Tesporature 248 29 32t
L Haisture Low Hed FHigh|Low Hed High |Low Hed High
SR Goraination
- tine ldays)

' e ta7 1| 07 183 ta7 | 123 1es 84

vt 2 16 204 220 | 83 et t72) 134 202 47t

3 227 238 23§ 179 1B& 184 148 176 214

4 e 278 239 | 175 220 198 | 202 237 187

s 229 238 (58| 189 257 is2| 22 202 139

6 26 20 201 | 201 268 177| 29 zaz 184

At @ days gerninatien,
S26QPAN/SH/g dry malt.

P O

the carboxypeptidase activity was




i Table RVItL, Statistical evaluation of the data {n Table IVIT by Swway analysis
' of variance,

Analysis of variances fixed mcdel,

Mean square of geraination tesperature, moisture and time, plus thefr ! N
s 2-way Interactions are cospared with residual sean sguare. T
! Source Degrees of | Hean square| F-value Prodability . -
i fraedan 4
’ Tewporature | 2 4957 15,8 <8001 &
* Moisture 2 2729 8,7 0,002 i
. Tise 5 2098 28,9 0,001 ° ’
Tenp ¥ Moist] 4 106 2,3 ,848 " °?
: Teap X Tiee | 10 o 2,1 8,083
" kN Hoist ¥ Time i 1012 3,2 ,2i3
- Residual 2 3t5
.y \
/ Cell mezans for Temp X Fime Cell weans for Moist X Time N
' interaction tateraction

Teap.t*0) 24 il 37 mean Molst. Low Med High aean e
Tinetdays) Tine(days}

t [ET BN TURNR TS BT T 129 125 138 13
2 211 172 167 164 2 154 299 189 184
N 3 234 183 185 288 3 198 197 241 2e0
T 4 25t 137 209 219 4 5] 244 209 219
B 5 222 213 iel 286 g 218 232 183 ze@
AN ‘ . 213 213 188 205 & 213 224 177 285
N 7 ) nean 219 182 181 194 méan | 184 285 183 191 N
L . Cell means for Teap % Hoist '
’ ! fateraction
- Hoist, Low hed  High sean
i Teap{¢Q)
i
ot 24 205 221 208 20 !
» . 28 170 281 175 182
PO 32 178 194 174 181
" Hean 184 285 188 1§18




» days, depending on the moisture conditions. Fhus there was

"\ : . significant interaction batwesn acisture and time. The o

Y 3 ; intaraction betwsen temperature and time wes not significant at a ! ; S
LN . five per cant leval of confidence, It apprarx that the maxioum . h

1 ' leval of carboxypeptidase sctivity was produced with a four day '

aalt germinated at 24*C wnder sediun conditions of meisturs.

B




DISCUSSION,

Throughout the cuurse of this study, the release of TCA-soluble
nitrogan By proteolysis was always far greater than the releasa
of FAN. Since FAN {s larqelv 3 sexsurs of free aming acids, it
was concluded that TCA-saluble nitrogen was predosinantly a
seasure of peptides. Thus protealytic activity quantified in
terms of TCA-solusle nitrogen and FAN was helieved to be
indscative af grotelnsse and sxopaptidase sctivity
respectively, The sieultaneous seasurement of proteinase and
exapeptidase activity by distinguishing between the rate of
release of peptides and free amina acids has also been employed
by Baxter (1974).

The fncubztion conditisns of tesperature and pH under which
sorghun melt proteslytic activity was Initially assayed, were
chosen from the results of a pralisinary study by Taylar
tunpub}ished resultsl. Acidic pH conditions (pH 4,5) nere
eaployed throught this study. Of the exopeptidases found in
gerainating seeds, only the carboxypeptidases have acidic pH
optima tAshtan, 19765 Hikela, J., 19831, thus pratealytic
activity measured in terns of FAN relsase was more speciflcally
referrad to as rarbosypeptidase activity,

The $irst stage in the developeent of 2 procedurs for
assaying sorghun malt protealytic activity was to investigate
the extraction of aslt protealytic snzymes. The dovelopment of
a satisfactory extraction procesore for recovering proteclytic
anzynes feom sorghun malt was complicated by the apparently
insoluble mature of the protealytic snzyass. 1n an attept to
increase the recovery of proteslytic activity from serghus salt,
4 varisty of extraction procedures (Baster. 1976y Mouresux, 1979;
Preston and Kruger, (97) ewployed in studles af protestytic
astivity with ather gersinating rersals were alsa investigatad.
All of these xtractants recovered less proteinass activity fron
sorghus malt than 1,28 NaS1 sfter 2 single oxtraction (Taylar,
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unpubiished resuits), Sedius chloride (1,254 KaCll was chosen ss
an extractant of protesiytic activity from sdrghun mslt bucause
it had proven Lo be an efficient extractant of aibeming 2nd
globulins fram sorghun grain {Taylor et al, 1784c). The albusins
and globuling o ceresls are predosinantly wetabolic proteins
{611son, 1981) and thus prosably {nclude the prorsplytic enzyaes,

After a single estraction of sorghum malt with 1,25M BaCl, 34% of
the total proteinase activity was recoversd. It can therefors be
inferrad that the extractants of Bayter, Moureaus, an¢ Praston
and Kruger recavered » sealler propartion of tetal protainase
setivity than this.

2srevse of tha tisitad success experienced in solubilising
sorghua mest protestybic activity, a more systematic approach Was
sdopted o dovelop a mors efficient extraceisn nrocedurs. The
sbiectives of this approsch were two-fold. Firstly, and most
iaportantly, for the purpese of the adsay v cdure, the smount
ot protenlytic activity recovered after a «ingle extraction of
sorghun mait should be increased. Secondly, the proportios of
inentractabls proteclytic activity should be reduced,

In order ta schieve these obiectives, s nueber of parametsrs that
have been shown to enhance the solvstlon of protsins vers
incorporated stepwise (nto extraction procedvres, These
vrocedures vere then assessed with respect to their influence
upon the resavery of both grateinase and xarkoxypeptidase
activity from sorgitum malt. Firstly, it was found that the
smount of prateinase and carboxypeptidsse activity and protein
extracted ran sorghus ealt ware all {nflusnced by the extractant
veluse co malt ssss ratic, At higher ratios the anount of
sroteolytic sctivity and protein ewtracted becane censtant. Thus
2t lowes ratios it wppeared that water-ssiuble componants of
sorghun malt saturated the selvent. Stmilarly, Taylor et

21 (1984c) found that the extractant volume influenced the

snount af protein extractad from & given asse of sorghus grainm




Sacondly, 1€ is known that a fusser of parassters can sct as /
structural perturhants of macromolecules (Von Hippel & Schieich, V v "
$9e71, Strugtural garturbants disrupt the native confcrmation of i -

H necronglecules, and this situstion can in turn lend itself to ! T

"' trcresased wacrosoleculsr sojubllity. Sese of these parameters:
temperature, ptl ang neutral salis were investigated with respact
L ta their iafluence upen the extractian of proteolytic astivity
. tron sorghun salt,

Pravious extractions of sorghua salt proteslytic activity wers

: /}N congucted at 4°C. This was betauss enzyaes can be ]
o - inactivated at higher temperaturss (Lehninger, 1978). Plant : \
Iy proteinases however are unusually temperature-stable (Greenbery, )
1 1955}, Sorghua salt proteclytic enzymes can alsc withstans

] ‘ noderately high tesperaturas sinca their extraction was improved
at 390c. o

Bujfers of various coaposition and g have been used to extract

protealytic activity from gersinating cersals. With saize far S
exasple, acetste buéfer, pH 3,9 (Moureaus, 1979) and phasphate F
buffer, pH 7.2 (Dencheva & Wikolova, 1984) have buth beep used as
extractants of prateclytic activity. The extraction of te
protestytic activily fron sorghua salt waw strongly influsnced by :
oM. The use of & pH 7,& buffer with an fonic strength af 8,54
resulted in & greater recovery of prateciytic activity after a

single extraction conpsred With {,28H NaCl. Recently Denchava
and Nikolove 11984) found that the ertraction uf protelytic P
activity from gersinating mesze wes best zecomplishes using B,05H

phosphate buter, pH 7.2 plus 2 2-marcaptoethanol.

N Protein solubility can change in solutions of different neutrsl
salts, This ghenomsnon has ied to the formulation of the

Hofneister or lyotropic series of fons and bas bewn reviewed by
Von Hippe! and Schieleh {1989). Both the anions and cations of 3
Ta neutral salt can influence a protein‘s solubility. The lyetropic
series predicts that Li* >a* v and $CN*
ELO4% >1% 2Bre YC1- F- for the salting=in

Skt . it v A2



ar solubilisaticn of proteins, The relationship between the

apount of proteolyeic activity extracted fros sorghus eslt with
: salutlons of different neutral salt however was inexplicable in
i teras of the lyotropic series, Btaker and Gortaer {1931)
investigated solutions of neutral salts for their ability to
recover albusins and globulins from caresls, The.recavery of
atbusins and globulins from sost of the cereals studied, with the
. notshie exception of sarghua, were in agroement With predictions
sade from the lystropic series. Lithius fodide, a neutral salt
with good salting-in properties, ¢id however racaver are of both

proteinesz and carboxypentidase activity frae sorghus malt

cospared with the other pegtral salts investigated. Further

investigation of Lil in soluticas of varying ionic stremgth

shawed that the amount of proteolytic activity recaverad from
surghus mait after a single extractian was eptisal with 8,8M Lil.

Comparison of the two sxtractants: @,4M Lil and pH 2,0 bufter

with'respect to their influence upan the extractability of
proteciytic activity revasled that both extrsctsats had their
advantages, The g4 7,0 butfer recovered a greater proportion of
proteslytic activity aftar a single rtraction, Whereas 8,6 Lil

. succunded in substantially reducing the propertion of
inaxtractable proteolytic activity in the mait, In an atteapt ta
caabing the serits of these two extractants iako oma, a pH 7,8

wuffer was adjusted to an fonin strength of @,&M with Lil. This
entractant was however fiot as successful as 96K LiI in reducing
the prapartiss of inaxtractavle proteolytic activity in sorghun
L . nalt,

4 . Thirdly, the incerporatian of reducing agunt (0TT) with 84 Lil
resulted in slight fwprovements in the recovery of aroteinase
ectivity from sorghus malt. Emart and Mikola (1987} extracted a
highly unstable fraction o¢ proteolytic activity +ram barlay mait
due to the incorporation of mercaptoethanal inta their axtraction
procedure, They propased that this activity could be the
so-called insoluble protaslytic activity of barley malt described
by Krinustad and Kilhavd (19380, Certaln cereal proteins sre
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known to be sxtensively crossiinkad by intra-molecular disulphide
bridges Wall, 1971), These groteins eay only be salubilises
after cieavage of disulphide bands with reducing agents such as
mercaptosthanol and dithicthreitol. Dithiethraitel plus 9,6
Lil did not further raduce the proportion af either proteinsss or
cirbonypeptidase sctivity in the residue, cospared With 0,64 Lil
alons. It appeared therefors that cleavaye of intermslaecular
disulphide bonds had influgnced the selubility of the proteelytic
anzynes without permanently affecting their activity, since there
was no significant difference tetwaen total proteinae and
cartoxypentidass sckivities of malt extracted in the presence ang
absence of DIT. FPresupably any sniernelecular disulphide
bridges, which wera cleaved and which sust remsin intact in order
to rakain preteslytic activity, were reexidised during dialysis
of the enzyne extracts,

The cholce of extractant Used for isolating proteslytic actlvity *

fron sorghua malt not only influenced the amount of activity
recoverad after a single extraction. Progress curves of the
developnant of enzyse activity in gerainating sseds tap be
obtainag by manitoring snzyme sctivity in seeds which have been
gerainated for different periads of tias tHarvey & Oaks, 1974b;
#isien, 1982; Enarl & Mikola, 1977, When differsnt extractants
were used %o recover protealytic activity rom sorghu maits
qerainated for different times, the resultant progress curves
wern strangly dependent upan the thoite of eutractant, Use of
8.4 Li1 plus DTT atwavs extracted sore proteslytic activity than
the other tws extractants investigated. Tha 0,05M acetate
buéfer, pH 5,9 plus cysteine.HCT was saployed by Aisten (1782) a3
an mitractant. in the study of protealytic ackivity of
qerninaking sarghuz. This extrastant indicated a A-feld incresss
in proteinase activity during gersination compared with the
2-fold increase observad with B.6K Lil plus DTT. The extractants
enployed 10 this study did not solubilise the total sorghus palt
proteoiytic activity, However, the fact that 2,84 Lil plus DVT
succesded in recoveriny msre groteolytic ackivity from sorghus
»alt than either acetats buffer or watar st ail germinatfon tises
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indicated that it wae a prudent chaice of extractant.

The procedure finally chosen to extract prateslytic sctivity fron .
sorghum ealt, namely that Which ubilised 8,44 Lil plus DTT as an “
extractant, was not ideal, since not all the prateolytic activity I
#as extracted in the first estract and a considecabie proportion " d
still remained 10 che residue after three extractions, Howsver, o
compared with water and the extractant eeplaysd by Aisien {1982) 1
ta fsolate proteslytic activity from germinating sorghun, h
considerable progress had bean sade hath in terns of reducing the
inextractatle propartion of proteslytic activity and with respest
to {ncreasing the amount of activity recovared siter a single

extraction of sorghue salt. :

Waving developed an extraction pracedurs which improved tho
ratovery of proteolykic attivity fros sorghus malt, it was
nevessary to verify that proteolytic activity was being assayed
under optisya conditions. The proteinase ackivity of sorghus
malt had a pH optimus in the range of pH 4,25 to 4,50, Other T
werkers have found scidic pH optima for pretainase activity in
gerainating cereals, The pH optima of proteinase activity In
qerninating barley, sorghum, saize and wheat has been found to be
oM 3.8 (Baxter, 1975), pH 3,9 {Barg % Virupaksha, 1970, 3,8
iKoureaud, 1579) and 4,8 {Prestan & Kruger, 1974} respectively, I .
The carbuxypeptidase activity compared with proteinase activity, i v
had a relatively brosd pK optiaua In the reage of pH 4,8k to pH
5,285, This apparently broad pH cptimua say have been due ta the
variability of the data. However it Is also possible that this
result was indicative of a nupber of different carbonypeptivase i
shzyaes being gresent In sorghus malt, With narley malt, #ve
different carbokypeptidase enzynes have been issiated with
various acidic pH optima (Mlkela, L., 19833, For the purpese of
the assey procedurs an lncubation pH of 4,50 was chosen a5 being
optinal for bath proteinase and carboxypeptidase activity. ‘ o

The selmction of 2 suitable incubation temperaturs and reaction
time for the assay of sorghua mait pratsolytic activity was
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complizated by the unusual nature of the prograss curve. for
These jrogress
were essentially biphasic in character +or both

bath proteinass and carboyypeptidase activity.
cary

proteinase aod carboxypeptidass activity over the range of
tncubation temperatures studied,

) In an attempt to explaia these kipetics, the possibility that the
Y proteclytic enzymes were not operating under conditions of
substrate saturation was copsidered. The drop in reaction ratq
,,' experisnced after the initial, rapid phase might then be due to a
& dogletion i substrate. However, from thesretical canmiderations
iDiran ¥ Webb, 19791 it seemed unlikely that substrate limitation
was tha cause of the rapi¢ release of product during the inittal
phase of reaction, since the degradation of substrate did not

he grestest extent of
reaction during incubaticne of malt proteoiytic activity, ie, the
#ost product solubilised, never representsd more than a sevan par

exceed 28X duriny an enzyse a5Say.

cant degradation af total kaéirin,
is anly an estimation uf the
especially when the cieavage % dus to pratelnase action.

However TCA-seluble product

vent of peptide bond cleavage,

An slternativa expianation for the urop {n reaction rete during
the first phase of the reaction was that tempsrature-labile

groteoiytic enzymss wers being denatured,
presupposes the existence of a multi-proteslytic mnzye system

Such a hypothesis

for sorphus palt, however such a sysies is not nnreasonable ' "
cansidaring that two proteinases and five carbokypeptidases have

tiean 1dentitied in barfoy ealt {Mikala, &, {993}
of isoxyaes of alpha~amylase in barley salt characterised by

Tha existence

oo difearences in bolh gH and teeperature cptima has been

14998), The rapid release

ot product furing the initlal ahase of Pesckion could then be dus
10 the cumbined action of both temperature-izbile snd

fnd the socond Lindar
shase of reaction could then be due to the conbinved activity of
ton The writitisns of this
sxplanation are that {irstly the anzyses responsible for the

. . demonstrated by Bertott ef at

- tenperature-stanle proteslytic enivaes.

ature~ytable protesivisc snzyaes.




second phase of tha reaction appear tempsratura-stabla to the
astent that they were not noticeably denatured atter seven hours

{nfubation at 4@*C. Secandly, the enzyses denatired over the
#irst phase of the reaction would have-to be tesperature-labile
at 39°c,

Investigations into the thermal stability of sorghum malt

. proteolytic activity indizated that both proteinase and
[T . carbaxypéptidase activity hnd virtuslly identical thersal
stabilities. A possible explanation for this observation is that
carboxypeptidase may be strongly dependent upon proteinase
activity for the generation of its substate, Proteinase activity
has been shown tn be the rate-limiting step fn the degeadation of

i protelns to amino acids during the mashing of barley malt .,
‘?’f\/’ {Sopanen et al, 1980}, In other words, bariey malt
A carbouypoptidase activity was prasent in sxcess. If this wes the . 4

ase with sorghus malt, it cauld axplain why the reaction -
kinetics of protainase and carbosypeptidase activity wers also

aisitar.

Sarghun majt proteslytic enzymes appear to be tempsraturd-atabie
at 50°C. Pre-incubation af the enzyme extracts for one hour

at this tesperature did not result in any appreciable less of
ey ackivity, The amaunt of product raleased at 38°C durlng the
: initial phase of both protainese and carboxypeptidase reactions

was however noticesbly less than at higher temperatures, AL thie
“ stage it was not possible to provide an esplanation for the rapid ..
7 1elease of product at 36°C, ether than it did not appear to
be dus to either substrate linitation or to & thersal

inactivation of ispenzymes.

. The Investigation inte the tesperakurs stability af sorghum salt i .
protealytic activity deaonstrated that thers uas o rapld loss of ;
| activity with increasing tepperature. This iavestigation was i

|

hawever conducted with the crude enzyee ewtract in the absance of
3 k extess substrate, It fs known that in the presance of sxcess

substrate, the temperaturs stability of onzymes tncreases (Dixon

T S - . Pe s owamm N




& Wetb, 1979) Gadfray, 1983). It sppeared that this was the
case for sorghus malt proteolytic enzymes. The net apount of
product relzasod during the indtial, rapid phase af reaction was
approxieately equal over the tesperature range of 45 ta 69°C.

If In the presence of exeess substrate, the proteclytic enzymes
were progressively denztured with increasing teapsrature, a
toncositant reduction in the net anount of product released
during the initizl phase of resction would be expected. Barley
aalt proteslytic enzymes, in the presence of sicess protein have
150 beon shown to be highly resistant to thersal danaturation.
When germinating barley is kilned, there is no appreciable loss
of proteolytic activity in 24 hours at s8'C (Barter et

&1, 1978}, Mawever during mashing, in which the protein
concentration is euch Jess than in the perainating prain, all

proteinase ackivity is destroyed {n 5 afp at 78'C {Kringstad
% Dhlsen, 1957},

o sunbarise, it appears that thermal fractigmation af
protenlytic activity duripg incubatien could explain in part the
rapld release of product observed during the initial phase of
prateinase asd earbosypeptidase reactions, There e also good
reasan to suppose that some sorghum ealt proteelytiv snzymes pay
withstand temperaturss of 40°C for seven hours Witbaut losing
thelr activity, However the rapid relsase of product during the
initial phase of reaction at 38°C was inexplicable ip teras

of thermal fractionation,

Considering the practicalities of the assay procedure, tha
probien of teoperature-lanile enzymes would be of acadenic
interest, 1f the initial rate of resction was ussd to seasure
both proteinase and carboxypaptidase actlvity, Howsver, the
accurats azasurement of Initia) reaction rate Was ot possible.
This wes because the assay procedures for both FAN and
16A-saluble nitregsn were nat sensitive snough to detect reliably
the snall amount of product released during the initial stage of
the reaction, Thus it was decided to incubate sorghum nalt
arotenlvirc activity for a perfod of five hours at $8°C for
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routine asssys. These condilions were chasen aince they resulted
1n a sufficiant relsane of produst to give reproducible
detersinations of both proteinase and carboxypeptidass activity,
but it must be stated that they provided a measure of tho et
rate of reactlon, With certain assay procedures, aspactaily
thase which have industrial appiizetians, it §s however aften
imgracticsl ar meaningless to use the initial rate of reaction as

a measure of enzyse activity (Fullbrook, 198%). The choice of

$0°C as incubation temperaturs and five hours ss {ncubatisn Yo ¢

time was made for two reasons. Firstly, because [t sppesred that (( ” .
3

50'C resulted in & faster, {nitial rate of reaction than did
cther temporatures. And secondly, bacause ater an incubation
ting of fiva hours, an incuhation temperaturs of 50°C gave

rige ta an asount of roduct relwase whith could be reproducibly
messured, Incubation temperatures of 37°C {Bakter, [974),

48°C {Harvey & Qaks, 1974aj have been eaployed o 83say i
protesiytic activity i gersinating harley snd amze .,
respsctively, These procedures have employed reaction bises .
considarably less than five haurs, the progress curves af product . {E
relpase have in addition besn shows to ba Tinear with respect tz

ting, .

: An Snvestigation into the influence of substrate concentration
. upon proteoiytic sctivity detersinations confirmsd that progress
* curves of product release were hiphasic in character, Kith

g increased levels of substate concentratiba, however thers was an
/s axconpanying lncrease in the asount of product relaased during N
the reaction. Despite the chserved incresse in praduct reimass

with increasing suistrate cancestration, the degradation of

substrate atter a 2h perivd at 52 naver represented sare .

B thas approximately &%, Stpce probiess #ith substrate llaitation i
) . sre sot gemzradly sheounterss until 204 substrate degradation has !

e been achioved (Dixon % Webh, 1979), these results wary rather

difficult to explain, In view of this it #ax decided ta i :
tnvastiqate conditions of schstrate saturation {ndirectly by : ..
fnvastigating the infleence of ensyme zoncentration upon i .
protaalytiz activity,
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Enzyne agsays arg only valid i# the amuunt of enzyee used is
Sirectly propertional to its rate of reaction. This conditlon is
aniy satistisd when the anzyme is aperatiny under conditions of
substrate saturation and the pH and teeperature of ihe reaction
resain constant {Wynn, 1973}, At a substrate concentration of
Sag total katicin er 2ssay, the net rates of both prateinese and
carboyypeptidase activity over $1va hours at 28°C ware
propertional to their respective concentrations. Size the assay
procedure was operating under conditions of substrate ssturetion,
Why khon diy higher substrate concantrations havs sush s prefound
effect Gpon the zsount of product relwased over the injtial phase
of resction? In order to answer this question it was proposed
that the purity of the total kafirin preparation used as a
subsirate should be investigated,

Whan tatal kafirin was dncubsted in the absence of proteolytic
enzyses trom sorghus walt, it gave risy to a reluase of
CA-soluble nifrogenous asterial, Decause this release of
nitrogen couid not be detected in teras of FAR releasa, it was
belteved that the nitrogen was in the fors of TCA=saluble, hence
small, paptides rather than fres anino scids. Under khe pH and
temperature vonditions of the assay procedura for proteclytic
activity, this release of poptides was linpar with respact o
tine. 1t was therefore due to a different machamise to that
which controiled nitrogen relesse in the oresspce of protaslytic
enzyaes from sorghup malt. Because of t  tinedr nature of this
relsase of peptides fron total kafirin time, it vould not
therafers account for the rapid release oy proguct praviously
sbseryed during the initial phase af the proteinase reaction.

Attangts to deternine whether the release of peptide waterial
froa total kafirin was due to an enzyaic phenomencn Were
inconclusive. Hawever, these investigations did indicate that a
tactie acid/NaOM bufter, pH 3.0 resulted in an alsast
instantaneous reledsw of peptide coptsminants srom toval katirin.
1t was believed thst both the pH and the lactic acid component of
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this buéfur were responsible for fts success in rapidly
literating peptides from total Kasirin, hactic acid has baen
used during industrial starch preparations since it dlspersed the
protein matrix of maize (Cox et aly i¥44). Also sndiua
lactate/lacttc seid buffers have besn used extensivaly {n the
electrophorosis of prolanir prateins in cersals (Shewry et

aly 1977). 4 sodiup jactate/lactic acig buffer, ph 3,1, is

used by Lookhart et a) (1985) in the slectrophorasis of
prolaming, #as usad to extract peptide contasinants from totul
kattrin. This purification grocedure resulted in a preparation
of tatal kafizin Which was apparently free from peptlde
contasinants. Apart from the extraction of peptide saterlai
however a water-solubla protein was alse extracted from the total
katirin. Thia proteln accounted for 3,5% of the nitrogen in the
total kafiria preparation.

4 aratein has bsen isolated from preparstions of caize by a
sinlar procadure to that which was used for purifying tetal
katirin. This pratein has baen variously called water-soluble
altohol-soluble reduced glutelin (Faulis & Wail, 1972},
reduced-soluble protein (Hilwon et &/, 19813, glutelin-2
(Ludevid a¢ af, 1983) and prolime-rich altahol-soluble

reduzed glutelin {Esen at al, 1988). In keeping with a

recant noaenclature for malze proteing (Wilsem, 1987), this maize
pratein has been referred to as reduced-saluble protein (REPI.

Conparisons of the asing scid casposition of the water-saluble
pratefn extracked from total kafirin and mayze REP shawed them to
bo virtually {destical, encept for the leveis of glutaalc acid,
Beeauss of this, the watar~solubie arotein extracted froa totai
katirin haz alea been called reduced-solubie proteln
Furthermore the apparent W, of the major component of

malze RSP Wy $OS-PAGE hes been raportsd {n the range of 27 509
tEsqn et 2), J9BI) ko 28 QRO (Vitale et al, 199

Ludevld et al, 1984), Thus the apparent Mo o

the predaninant compament of gorghum RSP was virtually identicst
to its maize sounterpart. The fact that RSP, a .pratein with »

I
,
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rather unusual anino #cid composition, occurs in sorghum as well
as maize, adds furthar crudence to the suggestion that i€ has an
iepertant physiological function that hed constrained changes (n
toppuuition during evelution (Esen et al, (9821,

IA With respect to tha assay procedurs, the discavery of RSP i
praparations of total katirin seant that uneittingly an iapure
pratein preparation had bean saployed as & substrate far sorghue
salt protesiytic actavity, Using total katirin, fros which ReP
had . an exhaustively extracted, 93 2 subwtrate showed that at
59*C tha forsation af TCA-soluble mitrugan by sorghus nalt
proteinase activity still appeared to be biphasic, MHowever at
38°C the relsase of TCA-scluble Ritrogen was linear vith
respect to tise. This {mplird that the rapid release of
TCA-soluble nitrogan praviously encounterad with sorghua salt
prateinase activity st 38°C wes duo to the presencs of RGP in
the total kafirin,

g
W‘,m;fl.j
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The resction kinetics of the sorghus malt proteolytic enxyees in
the absence and presencs of RBP suggasted that RSP was degraded
in preference to tatal kafirln. The exponential pature of tho
relesse of nitrogen in the gressnce of RSP could then be due to
RSP becaming fncraasingly substrate lisiting. In suppart of this
explanation the asount of nitrogen releasad during the
euponentisl ghase was approxisately equal to the asount of
nitrogen ih the total katlrin preparation that was accountwd for

by REP,

The exconantisl phasa of produck release was evident at an
incubation temperature of SE'C both in the pressnce and
absence of RSP in total kafirin. It therstors appearss that in
crude enzyne witracts of sorghus sali there were proteclytic
®nivoes that wera thermolabile even under sonditions of substrate

saturation. It would therefore sesw probahie that the
exponential phase of product release origlnally ohssrved with
higher tenperatures Was due to the prafarential degradaticn of

l 5P, tepither with an inschivation of sans af the protsolyiir

f¢
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eazyses.

The prograss curve of FAN rolease at 3€'C with yurified total
katirin showed a marginal deviation from linesrity. Why :
carboxypeptidase sctivity should exhibit ruaction kinetics which
apparently differ from those of groteinase activity after a -
pravious period of parity is not understod. However it is
possible that the areskdews groducts of purified total kafirin by
proteinase enzymes provided a complex substrate which cosplicated
the reaction kinetics of carboxypeptidase activity,

The extractanility of sorghus salt proteslytic activity fros
different sorghun malts showed that although the total activity
as not sutracted after & single extraction, the asount recoversd
did regresent a fixed proportion of the total activity.
Apgroxizately 45 per cent of the tutal proteinase and
carborypaptidase activity was recovered from sorghus mait after a
single extraction,

Significant differences In hoth protsinase and carboxypeptidase
activity could be attributed to cultivar effects, Furthersore,
cultivars which resulted in high lavels of proteinase activity
did ot necassarily result in high lsvels of carbosypeptidase
activity and vice-versa, fhis suggested that the levels of
proteinase and carboxypeptidase activity achieved during malting
were under ipdepsndent contral, It was mot passibla hewaver to -
conclude that differences in the levels of proteslytic activity

were due to a cultivar-relatud phencmenon of sorghus. This wes

because the experiment did not investigate sither the influsnce

of the snvironment or the season open the protealytic activity

of sorghus malt prepared from different cultivars, Dalber

(1960) hovever has demsnstrated tnat the diastatic pawer of

sorghun malt 1s a cultivar-related phensmensn. Horgan et

al 11993) have alao ubserved stgmiicant varietal differences

for sndoprotease activity in barley malt, but were alsg unable to

attribute this conclusively to a cultivar-related phenonenon.




Concerning the intluence of malting conditions, the metheds of
geraination enplayed were di¢ferent fras those reported in the
literature so that it is practicaily meaningless to make direct
cosparisons hetween the results of this study and those of other
Warkers. Any comparisens that ars drawo aro based sclely upen
geaeralised trends.

in contrast with barley, there wes ni jncreass in either
proteinase or carboxypeptidase activity during steeping, During
steeping of barley, proteinase and carboxypeptidase activity

increased by several fold (Narztss & Friedrieh, 19701, However
the raison ¢'etre for proparing the malte nsed in this study was
to investigate the influence of geraination cunditions upan the
developaent of sorghus malt properties whith are bf intsrest to
brewers. The steeping conditions could thereturs be suboptieal

(Norrall, personal comnunicationt.

buring geraination, 2 less than two-fold increase in protetnase
activity has cbserved. This incresse was sosmwhat loss than the
2,5-f01d Increase in proteinase activity of germinating

sorghup reported by Garg and Virupaksha (1978), The proteinas
activity of barley malt increased by absut 20-fold during
geraination (Easrd b Wikola, 1977).

The wechanisa by which protesiytic sctivity increases in
germinating sorghun is not known. In contrast to germinating
barley however it appasrad that moro than half of the manisun
observed . Jlubilised proteinase activity in sorghus malt Was
alrsady 3 -t in the resting grain, The proportiosately small
incresse 1u protednase activity ohsorved during sorghus
geraination could wxpiain why the conditions of temperature and
aoisturs gid apt influence the proteinase activity developaent.
In sharp comtrast to proteinase activity, the carboxypepticase
activity of sorghum malt only agpeared In appreciable quantity
after the anset of yerminstion, The carboxypeptidase activity
of resting sorghum grain was almast tao low ko detect, During
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gernination, however up to an B-fold increase in activity was
ohserved. The rate and axtent of this {ncrease was dapendent
upon the gersination temperature, moisture and time. A rapid,
large increase in exvpeptidase activity has also been observed
in germinating sorghum by Aisien {1988}, In gersinatin barley,
Baxter et xi (1978} have obseryed that peptidase

activities Were generally lower at lower levels of moisture.
With respect to the influence of teaparature upan the
developpent of proteolytic activity in gersinating barley, it
has boen observed that in rontrast to sorghus the developeent af
endopeptidase activity rather than carborypeptidase activity was
influenced nore by teaperature (Bayter & 0'Farrell, 1380),
Baxter and C-Farrell explained this observation in teras of the
requirenent for protein synthesis of endopeptidase , whereas
carboxypeptidase was already ‘present in the resting barley grain
in an inactive fora,

This investigatisn showed that sorghum germinated for feur

days at 24°C under mediun moisture condstisns produced malts
with optimal levels o proteinase and carbexypeptidase activity.
In an earlier investigtion, the sane palts that were ueed in this
study were anelysed for diastatic power and FAN (Horrall et

ai, 1986). Both diastatic power and FAN are malt properties
which are of importance to brewing performance. At present
protealytic sctivity is not a property by which salt quality is
asbessed. ‘This is becawse up until now it has not been possitle
to investigate the relationship between malt proteolytic activity
and brewing performance. However the germimation conditions
which praduced malts with optinal proteoivtic activities also had
levels of diaststic power and FAN uhich would be accaptable to
brewers, These gerstnation conditions will be of diract banefit
to sorghus malsters if future investigations demonstrate that
high proteolytic actavity leads to better brewing performance.
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CONCLUS1ORS

f arocedure tas daen developad by which the proteolytic activity
of serghus ealt can be assayed, This assav is an isprovement on
previous setheds of cetersining grotealytic activity in sorghus
malt for a nusber of reasens. Firstly, the inaxtractable nature
o4 serghus malt proteviytic enzymes has been recognised. In view
of this an extraction procedure has been developed which
considerably iuproved the recovery of protealytic activity fram
sorghua malt cospared with previeus choices of extraciant,

Secondly, the natural substrate of the protselytic activity,
tatal kafirin, has been used for the assay. Initially, the use
of total kafirin as substrate presnted problems, since the
pracedure usad far its preparation also sxtracted a water-solubie
gratein #rom sorghus, This protein had not previously been
isolated froe sorqhus. However, it has now been fdentified as
sorghua R8P since 1ts amino arid cesposition and aparant N,
were alnost identical to the RSP found in maize,

Sorghiia nalt protsolytic activity appearsd to have a graater
afdinity for sorghun RSP than for totsl kefirla, This respited
in unususl reaction kinetics due te the apparent preferential
degradation of RSP ovar tatal kafirin by the pratenlytic encyaes.
Through enplaying total kefirin fras which RSP had besn
extractad, the probless with the resction kinstics have Largsly
taen resolved,

Thirdly, the products of the reaction havs been seasured in
terns of the seount of mitrogen released, Thus 1% is pesaible
to quantify the actus! axtent of substrate deqradation by the
anzyaes. This ic not passible with a number of assays commonly
ta use for ssasuriny proteolytic sstivity in maltad careals.
Full experiaental details for the recommended procesure for
assaving protealytic ackivity in sorghum galt arw given in

the appendin,
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This procedure éur assaylng proteslytic activity has been
applisd to deteraine how the conditians of malting tafluence the
developent af proteaiytic activity in sorgaun malt, Of graal
practical importance, the aalting conditions which fsvoured the
developaent of maxinal levels of proteinass and carboxypeptidase
activity alen resulted in salts of good quality for brawing.
furthernore, these saits were produced under conditions which
4i¢ not require either sycessive gersination times or avisture
treatnents. Thus it f5'grobable that salis can be produced on
an induskrial scale Which posaess both high lavels of
protevlviic activity bogether with specified Jevels of ather
malt quality paraneters, g, diastatic powsr and éree aipha-anino
nitrogens which are of isportance to brawing merforsance,

This assay bor sorghua salt proteelytic activity will provide a
useful tool for thw Sorghun Beer Industry. However in order for
the industry te derive naxinum benefit from tte applicatiun,

uitimutely the assay sust be appiiad to determine pracisely how

Ralt prakeclytic activity affscts breming performance.




R APPENDIX. Rscommended procadure for deteraining
ot prateslytic activity in sorghus aalt.

Praparation of total kafirin,

Sorghun grain was passad through a rice-pazrling machine until
- " 20X by welght hadé heen reaoved. Pearled sorghum was ground in
a DLFU disc nill (Buhlar-Hiag, Braunschweig, W, Geraany) at a
.o disc gap of B,2na. Flour {ikg} war extracted, by comstant
T stirring, for th periods With heer svecersive 5 aliquets of
LD distilled water at 4°C, to remove the slbusins, globulins
and low moleculsr weight nitrpgen. Mter each extraction, &
clear supernstant was ehtained by cantrifugation at 16 agdg for
18 atn. This supsrnatant was then decanted and discarded,
Mfter tha water extraction, the residue was extractsd, by
canstant stirring, at reem teaperaturs for tws Ih periods ind
then overright with thres successive 51 aliquots of &0% {v/v}
tert-butanol plus ©.@5% (a/v} dithicthraitel (DTT). Clear
aupernstants were obtained sfter ach extraction by
centrifugation at 15 0083 for 10 ain, The supernatants were
combined s0d fresze-dried dirsctly. The freeze-dried astarial
. (Mg} waz suspended in a volume (SxM al) of 0,82K Na
lsctateslactic aeid buidar, pR 3,1, The suspension was then
srhaustively dizlysed against 8,020 N lactateslactic acid
buifer, pH 3,1, The suzpension was then racovered snd
7 centrifuged at 10 @ORg +or 18 ain, The resultant supernatant
was then collected and discarded, This extraction/dislysis
/ protedurs of the frasze-dried material was repeated at lsast
threg times. Finally the residue was suspended in distillee
NI watar and exbaustively dislysed againgt dietilied water at
i 44, The suspension wae then fresse-dried directly. The

- o rEsultant powder conatituted the total tafirin prepsration, Tha
praotein content of the total kafirin was determined,




Extraction of proteolytie aativicy from sorghum malt,

Sorghun malt was illed tn a *beater~type®, water-cooled coffee
aill {Janke ¥ Kunkel, Staufen, W. Germanyi for two 3Bs pariods.
The soisture content of the resultant lour was deternined,
Flour {lg) was sutracted i{n duplicate, by constant stirring, for
fh st 3B°C with G,6M Lil plus 3,33sN dithicthreitel (1Sel),

Tha malt suspension was then centrifugad at 16 088g for 10 min.
The 1iquid fracticn was recoversd snd centrifuged sgain at

16 08y for 18 aln to abtain a clear supernatant.

The resultant suparnatant was dialysed sgainst water (31) fer
16k at 4*C, The dislysed sbiution was pade up to volume
(2381) with water. The resuitant extract was asssyed foc
protainase and carboxypeptidase activity,

Proteinase and carbouypeptidase assays.

Enzyae extract Uiall, tokal kafirin (3,dog protein) and 8,31
citrie acid/B,6H KaHPO. buffer, pH 4,50 {all, was focubztad ln
duplicate for Oh and Sh at 30¢C. Resctions were staoppad with
154 ta/v} TE6 tted). Incubation siutures were then inmediately
centrifuged st 18 BOBg far 1B min, The supernatants were then
cotiected snd wtored at 4#°C until snalyeed for TCA-saluble
nitrogen and FAN,

The nikrogen and FAN contents of duplicate suparnatants were
seansd, Frotelnass aetivity wae caltulatad from the differsnce
betwsen the TCA-saluble nitrogen content of the Sh and Bh
supeenatants and exprassed In terss of sgN/Sh/a Sry malt.
Carbouypeptidase sctivity was caleulated tros the difference
between the FAN content of Sh and Bh supernatants snd ewpressed
in terns of wgFAN/Sh/g dry malt.
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