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ABSTRACT.

A procedure for Assaying proteinase and carboxypeptidase 
a c t iv ity  of sorghua na lt has been developed. This assay was 
ippl ied to deteralne how sorghua cultlva rs  and malting conditions 
influence the development of sorghua malt proteinase and 
carbonypeptidase a c t iv ity .

Through use of a novel extractant, (6,611 UI/3,33mM 
di th lo th re lto !) the e ffic iency of extraction of sorghum malt was 
Improved, investigations in to  the purity of the sorghum 
prolaatn used as substrate led to the discovery of a protein, 
not previously Isolated from sorghum. This protein was called 
sorghum reduced-soluble protein as i t  was v ir tu a lly  Identical in 
anlno acid composition to the reduced-soluble protein of maize.

Halting time most strongly influenced the development of sorghum 
malt proteolytic a c t iv ity . Furthermore, proteinase a c tiv ity  
increased by less than two-fold during malting, whereas 
tarboxypepttdase a c tiv ity  increased by approximately e igh t-fo ld ,

this sssav for sorghum malt proteinase and carboxypeptidase 
v c ttv ity  w ill provide a useful too: by which ultim ately the 
sorghua beer Industry can obtain a greater understanding of the 
physiological and biochemical processes which determine the 
brewing performance of i t s  principal raw m aterial, sorghua malt.
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INTfiOffUCnON,

In South A frica, the trad ition a l alcoholic beverage of the black 
peoples is  a beer made from iorghua malt. O rig ina lly , th i i  beer 
was prepared in the hoae by the xoaen. However, ae the 
Industria lisa tion  process 'g in , and the black peoples migrated 
towards the c it ie s , th is  saiaU seals preparation of sorghum beer 
proved insu ffic ien t to sa tis fy  demand. To eiest demand, the 
Jinlnq industry, other large employers and the m unicipalities 
began to produce bier and thus the sorghum beer industry came 
in to  being (Novel He, t9i4>.

lik e  the barley maltiny and brewing Industry, the sorghum beer 
industry recognised the need for research in order to improve the 
quality of Its  raw materials and the e ffic iency of i ts  process, 
one aspect of importance is  tlie level of free saino acids and 
small ^eptidRS which are attained in wort or unferaanted beer. 
Free amino adds and small peptide? provide a source of nitrogen 
for the support of yeast growth during fe ra e n tit io i iH actiillian 
k Cl apper ton, 19(19). I t  has recently been demonstrated th" 
th e ir le ve l, as measured by the free alpha-amino nitrogen (FAN) 
content of wort, not only influenced the rate at which the 
alcoholic feraentation of wort bv yeast proceeded, but also that 
a Mnliiun level of amino acids and ssiall peptides Is required, i f  
yeast Is to convert the available wort sugar completely into 
alcohol (Pickerel1, 1496). The o rig in  of the free amino acido 
and small peptides in wort is  mainly due to the hydrolysis of 
protein by the pro teo lytic enzyees of sorghum malt (Taylor &
Boyd, 1984),

rhe quality of sorghum malt produced fo r brewing sorghum beer, 
has in the past bean judged prim arily upon i t s  diaetatie power: a 
combined measure of the alpha- and beta- amylase a c t iv ity  but 
predominantly i  measure of alpha-amylase a c t iv ity  (SABS, 1979). 
However recently, because of the large contvi but Ion towards wort 
FAN made by preformed FAN in sorghum malt, an additional 
c r ite r io n  of malt quality has been iecoemendeli that of a minimum



FAN content tor sorqhue ea lt (Taylor, WSSI, Secauaa of the re ls  
that p ro tio ly tie  •n ive t* play Its generating na lt FAN, ttiie  study 
of the proUsin degrading « t iv l t y  of sorghum malt Mae made. The 
tern prolamln degrading a c tiv ity  has been chosen t<i describe 
co lle c tive ly  the pro teo lytic enzyme; of SBrghue malt which 
hydrolyse sorghum prnlaein or ka4 irm , the enzyme: p rinc ipa l,
f l i t u n l  aubatrite,

7he objectives of th is  study nersi*
I) to Oevelcp a procedure to assay the prolaein degrading 
a c t iv ity  of sorghu* «a lt,

ZJto ssply th is assay to determine how the development of 
prfli<i*in degrading a c t iv ity  during naltlnq is  influenced by:

a;the choice of sorghu* cultlvar

tilthe conditions vf ealting temperature, moisture and



LrreRAfURE review.

Halting phyilelegy -nd the nobUUatlon of itorage rsaervas.

fhroughouc the n e r ii ,  trad ition a l foodstuffs and beverages have 
evolved which re ly  in tr in s ic a lly  upon aalted cereal g ra in , Some 
of these preparations have reaatned esoteric, while others, In 
pa rticu la r the brewing of beer from aalted barley, have developed 
in to  vast in te rna tional industries. However, because fo r the 
most part, the largest proportion of a cereal crop is  processed 
as Is , fo r euample as flo u r or anlaal feed, new cereal varie tie s  
are bred fa r increased y ie ld  and disease resistance (Briggs 
«t a l, 19811 and sa lting  quality is  often neglected In 
national breeding programmes. The maltster therefore has to 
select from the available cu lttva rs , the varie ty  which best suits 
h is  requirements.

The process of malting is  one of a r t i f i c ia l ly  in i t ia t in g , 
manipulating and terminating cereal germination (Briggs cl 
a l, 1981; Novell!* 6 dg Sehaepdrijver, 1986). S c ie n tific  
studies of geminating seed physiology have however undoubtedly 
contributed to the advancement of malting technology. The f i r s t  
studies of germinating seed physiology were made on behalf of the 
barley malting and brewing industry (Brown 4 Morris, 1898) , and 
although numerous other seeds subsequently have been Investigated 
In th is  regard, most of the s c ie n tif ic  lite ra tu re  re lates to 
barley. The discussion which follows however w ill focus 
p r in c ip a lly  on sorghum but w i ll  re fe r to observations eade with 
other germinating cereals where necessary:



2.1.2 A n tia tf,  u ltf is tru e tu re  and thealatry of the e a rn ! grain.

2.1.2.1 Starchy endoiparm.

atarchy endoepern I8e«ley 4 Black, K70j, Of thase rstarve  
is ta r ia ls ,  by far ehe Host predominant ts starch iSolth, 1967, 
Ridley, 1976), Starch can in fact represent up to 70 per cent of 
the dry weight of sorghum grain (Watson, 1967).

Starch la  paened or "la id  down’ in subcellular bodies called 
starch granules: the size and shape of the granules being 
characteristic of the cereal species (Manners, 1974), Sorghum 
starch granules tend to be spherical and of uni fore shape 120 
am dian,) (Knight, 19691 In contrast, for example with barley 
starch granules which although spherical in •nape, occur In two
d is tin c t groups: so-called large (25 ve dtam,) and small (5 r*
dUia.) granules (Palmer, 19721. There is  however l i t t l e  
knowledge re lating to the fine structure of starch granules 
although the observation that sections of the granules appear to 
comprise concentric rings have Jed to the postulation of some
theories of how packing occurs (Buttrose, 1960). Also
characteristic of the source of starch Is the gelattnisabton 
temperature, or the range of temperature over which the fine 
structure of the starch granule is  irre ve rs ib ly  destroyed in the 
presence of water (Knight, 1969).

Studies by Schoch 11942) have shown that starch comprises a 
mixture of two polysaccharides, amyloee and amyIopectin. fhe 
proportions of amylase and eeytopectln in starch can also be 
Indicative of the starch’ s source (Bewley 6 Black, 1978; Knight, 
1969) although I t  has been shown that most cereal starches 
contain between 15-OS per cent amylase (Greenwood, 1936), Goes

contain less than one per cent asytose (HUon * Srimhai 1, 1948).

Both aeyiose and amyiopectin are polymers of 0-glucose. Amylose,



6P'ig » linear, inng chain aolecols ccspriairig glucose units 
joined by a lp h a -l.t glucoBidlc bonds, ’ Sereas aaylopectln is  i  
branched chain poiveer, caapriiinq linear chains of glucose units 
linked by alpha-1,4 bonds and branching links of single a lp ha -l,6 
bonds (Manners, 1974).

Also found In the starchy endosperm of cereal seeds to a gre ite r 
or lesser extent Is stonge protein, Endosperm storage protein 
can account for sis to twelve per cent of the dry weight of the 
cereal grain iSimaonds 4 Orth, 1970). Storage protein is located 
in discrete eubceliular organellas called protein bodies and/or 
in an amorphous structure interspersed amongst the starch 
granules, often termed the protein matrix or In te rs t it ia l protein 
(SUsc/ide & Orth, 1973), The so-called steely or horny regions 
at the starchy endosperm are characterised by re la tive ly  high 
proportions of protein bodies and in te r s t i t ia l  protein compared 
with the floury endosperm (Seckinger 4 Wolf, 1973). The size of 
protein bodies range from one to twenty »e U se .,  and like  
starch granules can be characteristic of a cereal species and to 
a certa in extent upon the s ite  of location within a species 
iBewiey 4 Black, 1978),

Osborne (1987) put forward a systw  of c lass ifica tion  of seed 
proteins based upon protein s o lu b ility . Four groups of proteins 
were thus identified) water-soluble or albumin protein, 
sa lt-so luble or globulin protein, alcohol-soluble or prolamin 
protein, and g lu ta lln  protein, which was insoluble in water and 
aqueous solutions of sa lt and ethanol but could be extracted 
under d ilu te  acidic or alkaline conditions. U1trastructural 
studies of d iffe ren t sorghum varieties show that almost a ll 
protein bodies were two to three v* diem, and comprised 
mainly prolamin or ka flr in  (Johns 4 Brewster, 19167, while the 
In te rs t i t ia l  protein consisted malniv of g iu teH n iSeckinger 4 
Wolf, 1973; Taylor f t  s i, 1984a). The bulk of cereal 
endosperm storage proteins are prolamine and g lu te lins  (Slmmonds 
1 Orth, 1973, Beevers, 1976). In sorghum, k a f lr in  and g lu te lln  
represent 4,5 and 3,8 per cent approx. respectively of the dry



grain weijftt (Taylor f t  aJ 1904c), whereas in barley, 
proUain (hordeln) and g lu te tin  ihordeninl represent 1,8 and 4,5 
per tent of dry grain weight respectively IBsevers, 1976).
Because prolamin proteins represent such a large proportion of 
cereal proteins, the ir aieino acid composition Influence the 
nu tr ition a l value of the cereals. Since prolamin protein is 
generally de fic ien t in the essential amino acid lysine, cereal 
protein is of poor nu tr ition a l qua lity  (Bewley 6 Black, 19791,

# further characterisation of cereal proteins was made by Landry 
and Moureaua (1978), when they extracted additional prolamin type 
protein termed G l-g lute lin  from residual ealao g lu te lln  by 
including the reducing agent, mercaptoethanol with aqueous 
alcohol. Jazibunsthan and Herts ( 1973) using the Landry and 
Moureauu procedure id e n tifie d  the equivalent protein fraction in 
torghum, which they in i t ia l l y  termed alcohol soluble glutei in and 
la t te r ly  termed crosslinked ka f ir tn  (Buiragessian et a l ,
1973), Taylor st al (19846) demonstrated that 
crosslinked k a f lr in , like  k a fir tn  was also associated with 
sorghum protein bodies. Paulis and wall (1977) identified  a 
fu rther cereal protein frac tion  by aqueous extraction of alcohol 
soluble g lutei In In aaize. This protein was termed xater-soiuhle 
alcohol-soluble reduced g lu te lm  and has also been termed 
reduced-soluble protein (Hi 1 son at a l, 1931). Evans 
I t  el (1987) have subsequently demonstrated the presence 
of reduced soluble protein in sorghum. Due largely to 
electrophoretic techniques and high performance liqu id 
chromatography (hplc) proteins are now being Isolated from 
cereals which are not defined by Osborne's c lass ifica tion . The 
need therfore has arisen for a new system of nomenclature such as 
the one devised by Wilson 11987).

d ltra stru ctu ra l studies of sorghum grain (Hosenay et a l ,
1974, Buillns k Rooney, 1975) shew that the starch granules and 
protein bodies/protein matrix of the endosperm are surrounded by 
ce ll walls, the chemical composition of sorghum endosperm cell



m l I % h»s bsen deterilned by Woalard i t  aJ (19741 and the 
major coaponents ipgear to is  pantosans whicfr rsgreseni 2,5-5,8 
per cent of the whole sorghum q n ln  <D'AopelonU, 1973). The 
coiposltlon of sorqhui sndospem cel I walls bears shire eentrast 
to harlev endosperm ce ll a l l i ,  the la tte r  comprising 73 per cent 
beta-0-aluc4n (Fincher, 1575, Briggs 4 M orra ll, 1’ 34), The 
beta-O-glucin content of barley endosperm ce ll sa ils  is  unusual ly 
high tor a cereal seed mth i ts  closest r iv a l being rye wht:h 
contains 43 per cant approx. beta-glucan in I ts  ce ll walls 
(Burke st a l, 1474'.

4J rurent.

the non liv in g , starchy endosperm tissue of cereal seeds is 
surrounded by a th i-i layer «f liv in g  tissue called the alaurone 
IBeHiev 4 61 ack, lf79 | foiioa 6 Laideian, I f  79). Tfie extent j f  tfie 
aleurone, like  so *any other properties of cereal seeds can be a 
feature of the syecies. In barley fa r example, the aleurone is 
normally three ce lls  th ick (Briggs, 1987), whereas in sorghue i t  
is generally only one ce ll th ick (Rooney & Clark, 1969), One 
feature of aleurone ce ils  which distinguishes the* from other 
te l Is is that they contain re la tive ly  large numbers of protein 
bodies ' hich are often called aleurone grains iPaleer 4 
Bathgate, 1976).

Efltrya,

the eeibrvo or germ is a liv in g  tissue which at maturation already 
comprises regions of specialised ce lls  (Bexley & Black, 19’’ a ), 
These regions include the scutetSue, the coieorhiza 'embryonic 
root I and the coieoptlle (embrvonic shoot). Embryo morphology 
and the contribution of the embryo towards to ta l seed weight 
varies greatly between d ifferen t cereal species (Bewley 4 Black,
1978), and in sorghu# contributes eight per cent appro*, of 
to ta l dry kernel weight (Hubbard et s i ,  1930). The



scutellua t I  »n ibsorptive structure Ntth highly speclaliged 
cel 1 a fa r transport, T'e e p ithe lia l ce lls  the scutellue have
a high energy rtqulrees.it tn effect transport and to sa tis fy  th is  
large number* of mitochondrion are liigrred <Jongsid9 the ir 
plasmalenma iWilker-Setth I  Payne, 1984).

Pericarp and test*.

In cereal ssede, the pericarp (ovary na il) and testa (seed coat) 
are fused and completely envelop the aleurone layer and the 
embryo IBenlsy 4 Black, 1978s Briggs, 1987). In sorghue, the 
testa is  re la tive ly  rich in polyphenols and in some varie ties , 
the polyphenol content (measured in c jtechin equivaients) cie be 
as high as two per cant of the sorghum grain (Earp i t  a l ,
1901). These la tte r  varieties are referred to as blrdprooft the 
aatringant bitterness Imparted by the polyphenols safeguarding 
the seeds froe depradation by birds (Hoseney et a 1, 1981;
Mikola, J . i  1985). Often associated with the pericarp and tests 
to a greater or lesser extent are n ic ro flo ra i yeasts, moulds and 
bacteria (Briggs, 1997). The pericarp of cereal sside is rich in 
waxes, these Maxes help to maintain the In te g rity  of the seed 
and slay a role in the control of water uptake (Briggs, 1937).

Germination of cereal grain.

Do.-*»ney.

P ractica lly  a ll cereal grains undergo a period of dormancy after 
ripening during which time they are unable to germinate under 
noreal conditions ( Mayer ti Shall, 1974). The phenomenon of 
dnreancy has Important Implications for m altstvrs, as the 
production of i  good qua lity  n i l t  re lies  upon even or uni tarn 
germination of grain (Sriggs et aJ, 1981), To ensure 
even germination, the barley ea itster rou tine ly examines Incoming 
grain fo r dormancy according to the procedure of Essery et



i l  ( MSS). This method has been modified for use with 
sorghum (Marrall et a j, 1984). Because dormancy 
represents a delay between the time of harvesting and the time of 
malting, numerous researchers have investigated the phenomenon on 
behalf of the barley malting industry. A number of chemical and 
physical treatments have been shown to break dormancy, for 
e*ample g ib be re llic  acid (Pollock, 19591, heat-treatnent (Essery 
1 Pollock, 19571, cyanide (Major b Roberts, 1968) and 
hypochlorite (91 urn & G ilbert, 1957). Various mechanisms have 
been proposed to explain the action of these treatments and in 
the l ig h t of these i t  Mould seem lik e ly  that the mechanism 
responsible for dormancy is  complex (MacLeod, 1979),

2,1 .3.2 Respiratory requirements during germination.

Once the cereal grain has been steeped in water and has begun to 
germinate, the oxygen requirement of the grain increases due to 
the onset of respiration (Briggs et e l, 1981i MacLeod,
1979), But by the same hand, steeping of the grain also poses a 
physical barrie r to the a v a ila b ility  of oxygen to the seed. 
However to a large extent developments in steeping technology 
have helped to overcome th is  problem and enable the maltster to 
achieve necessary levels of moisture in the germinating seed 
without impairing respiration and hence germination development. 
Such developments in steeping technology, Include incorporation

barley maltino are reviewed by Brookes et i l  (1976). The 
use of additives In the steep water to suppress mould growth is 
common practice amongst sorghum maltsters. The addition of 
formaldehyde to steep water (Daiber, 1974) hav 1 two-fold 
purpose, the suppression of mould growth, and the polymerisation 
of pn'vehenole in  the testa. The la tte r  function disabling the 
enzyme In h ib ito r potential of the polyphenols (Daiber, 1975).



Development of hydrolytic enzyme ic t tv l ty .

. t The ro le  of p l in t  hormonae in  the development of enzyme a c tiv ity .

In the malting content, undoubtedly the most important of the 
plant hormones are the gibbe re llins . Sibberelltc acid (6A) *as 
f i r s t  discovered in barley seeds in 1958 lYome, 195B1. Paleg 
(19b51 la te r postulated that BA was synthesised in the barley 
embryo shortly  after the onset of germination and was then 
secreted from the ocute lltifl in to  the starchy endosperm. The 6A 
then migrated across the endosperm to the aleurone and Induced 
the synthesis of hydrolytic enzymes by the aleurone ce lls . There 
is  considerable evidence indicating that the aleuronss of 
germinating barley and wheat synthesise alpha-amyiase and 
protease in response to BA (ftowsel1 & Goad, 1964; Chrlspeels I 
Varner, 1967; Jacobsen b Varner, 1967). In germinating maize, 
there is  also evidence that the aleurone responds to  BA by 
synthesising alpha-amylase and protease (Ingle k Haglenv.i, 1965; 
Harvey St Oaks, 1974c), These resu lts in maize however did not 
agree with the ea rlie r find ings of Dure 11968) who reported that 
elpha-amylase was synthesised exclusively in the scutellum. More 
recently, the biochemical mechanises con tro lling the action of GA 
have become better understood (Akazawa it Miyata, 1932), In 
germinating sorghum however, BA does not appear to induce 
hydrolytic  enzyme synthesis in the aleurone. Dal her and Novellie 
11968) found that SA did not induce increases In alpha-amylase 
a c t iv ity  and postulated tha t de aono enzyme synthesis 
occurred exclusively in the scutellum; a postulation that has 
subsequently been supported by Palmer (1982). More recently 
Mundy at al (1983) were unable to detect alpha-amylase 
production by isolated sorghum aleuronea in rssponse to GA, The 
synthesis of pro teo lytic enzymes by sorghum aleurones has not 
been investigated however i t  seems un like ly that the aleurone of 
sorghum would produce pro teo ly tic  enzymes and not alpha-amylase 
considering the pa rallel nature of these two events in other 
germinating cereals, In support of th is  hypothesis, Taylor 
(unpublished data) applied the substrate film  technique with 
ge latin (Okaeoto et a j, 1986) to samples of germinating



THe roles af otiier jsJant hormones during cereal gereinatlon are 
not 10 Hell understood, CytDklnins including ethylane have been 
shown to  Influence enzyae production in ileuronee treated with BA 
(Clutterbuefc S Sriggs, 19731 , and ethylene a n  cou"tersrt the 
negative effects of abecislc acid upon gemination (Jacobsen, 
1973), Indole-acetic acid (lAAtauxinl generally appears to 
prevent or check germination of whole grains (Briggs ,1967), 
although MacLeod and f  <r (1946) have observed that auxin 
Increases the responsi la r le y  aleurones to BA.

2.1.3.3.2 Carbohydrates.

Studies of alpha-amylase in sorghum have shown that as with other 
cereals (Novellie, 1940a) Alsien, 19821, a c t iv ity  is  practica lly  
aflsent In  resting grain but Increases during gereinatlon 
(N ove llie ,19666; Aisien, 1980). The difference between sorghum 
and ether cereals , for csaepls wneat, barley and rice Is the 
conclusive evidence that the sorghua aleurefle is  not invslved in 
df n»l'o synthesis of alpha-anylasa (Mundy et aJ ,
19831. I t  Is generally believed that in sorghum alphn-anylase 
originates exclusively in the scutelluei. The eechantses 
con tro lling th is  process are not understood.

In icrghua, beta-aaylase like  alpha-aeylase appeared to be absen 
froe the re itin g  sorghum grain, but during germination i ts  
a c t iv ity  increased iNovellie, 19606), In barley, \here is  no 

Hoi's synthesis of beta-amy 1 ase (Hardie, 1975), and in 
wheat, 86 per cert of the beta-amy)ase is  present In an inactive



or la tent fo r i  (Tronier 1 Dry, 19701. Meredith (1966) showed 
that la ten t feres at beta-eoylase existed in  other cereals, 
fldaes et aJ (19751 suggestad that the protein bodies of 
sorghum endosperm contained a linked beta-amylase/ialtaae system. 
The low diastatic powers of sorghum malts compared with barley 
malts have been a ttr ib u te ! to the re la t iv e ly  lew bete-amylase 
a c tiv ity  of sorghum waits (Novellie, 1960b). From the evidence 
available in other cereals, i t  would seem lik e ly  that sorghum 
beta-amylase is  also present in the resting sorghum grain in an 
inactive form.

l im it  dextrtnase,

Studies of l im it  dextrinase a c t iv ity  in germinating sorghum by 
flisien et ai (1985) show a rapid increase in  a c t iv ity  in 
the endosperm and i t  was suggested that l im it  tiextrinese may be 
present in the endrsperm as a lymogen. This observation is  in 
contrast to the s itua tion In barley, where l im it  dextrinase has 
been shown to be synthesised da »oro by the aleurone in 
response to 8A (Herdie, 19751.

Beta-glucanase,

Studies of sorghum endo heta-glucanases have been made by flisien
et a! (1983), i t  appeared that the ensymes did not
exhibit a c t iv ity  when barley beta-glucan was used as substrate

compared with germinating barley,
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.3.3 P roteolytic snsymes.

The term proteinase has been used Here to describe the group of 
enzyeios which are capable of hydrolysing the in te rna l peptide 
bonds of proteins and polypeptides. Host of the work re lating to 
the pro teo lytic enzymes of germinating cereals has been carried 
out on barley, however MacLeod S19T9) has pointed out that much 
of th is  wort has been d i f f ic u l t  to in te rpre t since natural 
substrates have seldom been used in entyme assays. I t  is 
generally believed however that the pro teo lytic enzyme released 
from the aleurones of certa in germinating cereals is  a proteinase 
(Jacobsen i  Varner, 19&7| Rowsel1 6 Goad, 19441 in view of the 
conditions of assay employed in th e ir measurement.

Endoprotease a c t iv ity  was measured in germinating sorghum Iflis isn 
i t  aJ. 1963) and found to act mainly in the endosperm.
Garg and Virupaksha (1976) also demonstrated the increase in 
a c t iv ity  of an acid protease iproteinase! in germinating sorghum. 
Adams and Novellie 11974) showed that proteeee a c t iv ity  was 
associated with the protein bodies of resting sorghum.

Peptidase,

The Cera peptidase has been used here to c lass ify  a ll proteolytic 
enzymes capable of hydrolysing the external peptide bonds of



proteins and polypeptide:, In ether words, tntyaus whose products 
o# reaction are free amino acids. Mikola and conorkers have 
extensively studied the peptidases o< gerainatinq barley (Mikola, 
198U and fiavg shown that carboxypeptidasee are present mostly in 
the endosparfi of germinating barley, while aminopeptidasss are 
present mostly in the sebrya. Both eniyaes' a c t iv it ie s  increase 
rapid ly after the onset of girm lnatUn (Mikola & Kolehmainen,
1972). In germinating sorghum, Aisien et aJ (19831 have 
shown that protease laost l ik e ly  carbonypeptidase, because of the 
acidic pH assay conditions) is  absent from the endosperm but 
increases rap id ly In the eebryo. L i t t le  else is  known about the 
peptidase a c tiv ity  of germinating sorghum. I t  is  of In terest to 
note here that Mikola and Koielmainen 11972) have postulated that 
carbisxypeptidase a c tiv ity  could arise from inactive precursors or 
zymogens in germinating barley, a mechanise which could explain 
th e ir unusual pattern of development.

2,1.3.3.4 Other hydrolytic eniymes.

Other hydrolytic enzymes fo r esample, phosphatase and 
nbonuclease have been shown to be associated with the protein 
bodies of resting sorghum (Adams t  Novellie, 1974). In 
germinating barley, the equivalent enzymes have been shown to 
orig inate in  the a)eurone under the influence of 6A treatment 
(Chrlspeels & Varner, 1967; MacLeod et a l, 1964).

2,1 ,3,3.5 Endosperm modification.

The pattern of modification In germinating sorghum endosperms 
appears to be markedly d iffe re n t to that of germinating barley. 
Modification in germinating barley appears to begin with call 
wail degradation, spe c ifica lly  the action of a carbenypeptidase, 
termed solubllase (Forrest fc Nalnwright, 1977) Bamforth 
et a i, 1979) in conjunction with the various 
beta-glucanasee, The degradation of ce ll walls In germinating



barley is  believed to be a rate ll«ilti<ig factor in the 
mobilisation of starch and protein .Pelaer, 1975; Forrest & 
Hainwright, 19771. Although th is  phenomenon has not been 
investigated in germinating sorghum, ce ll wall degradation does 
not appear to be a lim iting  factor in  endosperm m obilisation as 
the sorghum endosperm ce ll walla remained v is ib ly  unchanged even 
a fte r the starch granules and protein bodies have been 
extensively modified (Glennie et a i, 19BJ1.

The major s ite  of proteolysis in sorghum, is  w ithin and in the 
v ic in ity  of the protein bodies of the endosperm, as i t  has been 
shown that ka f ir tn  and to a lesser extent g lu te lin  were degraded 
most during malting (Taylor, 1983).

U ltrastructu ra l studies of the degradation of starch granules by 
amyl sees have been made in barley (Briggs, 1987) and in sorghum 
(Glennie et a j, 1983). These studies show extensive 
p itt in g  of the starch granules during modification. Although 
beta-amylase is  present in the resting endosperm of barley grain 
i t  does not appear to act upon undamaged starch granules 
(Sandstedt, 1953) or even upon partly degraded starch granules 
(Dunn, 1974). Therefore p itt in g  of starch granules must be due 
to the action of alpha-amylase.

1.3,3.6 8* id lin g  metabolism.

Seedling'metabolism is an aspect of malting physiology which 
represents a loss to the maltster (Briggs et a ! , 1981).
In barley malting, th is  loss is  greater than with sorghum since 
the roo tle ts  are removed from the malted Kernel p rio r to brewing. 
However seedling growth is  greater in sorghum malting because of 
the high gerelnaten temperatures employed. One aspect of 
seedling metabolism which is  relevant to malting physiology is 
the transport of the soluble degradation products of the 
endosperm to the growing seedling via the aeutellua. The 
predominant soluble components of carbohydrate dissolution in the



d jre ttJ y  svailsb ls for metabolism by the embryo (Bewley i  
1978). S im ila rly , the soluble products of eriosperm prot 
are traA :port= i 'pross the scutellue to the g. oxing seedl 
(Walker-Ssith I  Payne, 1984). These la tte r  authors have 
demonstrated the existence o f a specific sytport fo r the 
transport of dipeptldes into the scutellun of germinating 
IMalker-Smlth & Payne. 1984), that is  separate to the mec 
for the uptake of amino acids by the scutellun (Higgins t 
1977; Sopanen, 1976; Mikola, 1981). Thus free amino acid 
also be generated in the scutellue and then u tilise d  by t 
growing seedling.

Halt p ro teo lytic enzymes and the sorghum beer brewing 
process,

. 1 General,

The preparation of sorghum wort has been described in de ta il by 
Hovellie and de Bchaepdrijver 11986). The proportions of malt 
and unmalted cereal or adjunct used In sorghum beer brewing are 
38:78, whereas barley malt can represent from 58 to 188 per cent 
of the g ris t (adjunct and/or malt) in barley Hort preparation 
(Canales. 1979), Also hops aro not used in  sorghum beer brewing. 
The context in which sorghum wort preparation is  discussed here 
relates mainly to the opportunity I t  provides for increasing the 
FAN content of wort.

Very.few direct coeparlsons can be made between sorghum and 
barley beer brewing. Tne event which is  most s im ilar to both 
processes however Is probably mashing. Although even at th is 
stage, the prime objective of barley beer brewing is  to convert 
gelatinised starch into fermentable extract, whereas sorghum beer 
actua lly requires gelatin ised starch in  the fin a l product.
Despite these differences, a number of biochemical events are



connon to both processes end therefore lite ra tu re  re lating to 
barley beer brewing H ill 6e cited in th is context where 
applicable, B r ie fly , sorghum wort preparation comprises four 
stages termed! souring, cooking, Hashing and strain ing.

Souring.

Souring is  a fermentation process whereby a »a lt slurry is 
inoculated with la c to b a d U i. I t  should be pointed out here that 
a i l l ln g  of sorghu* melt is  not the business of the brewer, as i t  
is  In the barley brewing Industry. The sorghum beer brewer 
receives h is  naH pre-milled froe the ea lts te r. The eelt used in 
souring represent: $8 per cent approx, of the to ta l malt used 
per drew, *nd ten per tent appro*, of the to ta l g r is t. This 
quantity of malt is  blended with n ite r in to  a te i per cent 
s lu rry . Feraentation proceeds fo r 24 is  48 hours at a 
temperature of 50'C approx. During souring, the la c tic  acid • 
which gives eorghuit beer its  characteristic sour flavour is  
produced. Proteolysis during souring and the consequent 
generation of FAN has not been investigated, but the temperature 
and acidic pH conditions are favourable to pro teo lytic enzymes of 
sorghum malt (Barg it Virupaksha, 1970). I t  is  known that the 
depletion of FAN from the malt s lurry due to the growth of 
la c trb a c il li  during souring is  neglig ib le (Matson, 19831. The 
sour is normally combined with the adjunct m aterial, usually 
fa lse g r its  or sorghum grain and the mixture is  then heated and 

cocked.

Cooking.

The main purpose of cooking is  to g e la tin is : the starch so as to 
improve i t s  susceptib ility  to amyicsle during asltlng  I Briggs 
et a i, 1901), However, a certain degree of liqu ifac tio n  
of starch must also lake place in drdar to prevent tbe cooked 
adjunct from "se tting". In barley beer brewing, th is  is  achieved



by addition a i e seal 1 inount of ea lt and/or Industria l enzyee 
preparation to the cooker, coupled with a cooking programme with 
tenoerature siandi which afford opportunity fa r  lie lte d  
liquH action  (Bradlee, 1977). In the sorghua Beer brewing 
process the sour malt can contribute the alpha-aeyiase a c tiv ity  
neees'/ary fo r llq u lfa c tio n  during cooking in the serghue beer 
brewing process. More recently, however the use of industrial 
preparation: of alpha-aeyiase has bacoiee common practice 
(Novell 1e & de Schaepdrijvsr, 1V86),

Because of the high temperatures at which cooking proceeds, 
there is  l i t t l e  opportunity fo r generating FAN by proteolysis. 
Certainly no carry over of p ro teo lytic a c t iv ity  to the Hashing 
process can take place because the fin a l temperature stand of the 
caakinq process is  usually oi. t '  just beloH bo iling point. 
Unmlted cereal adjuncts have u'l Inherently low FAN content 
[Jones I  Pierce, , Kowever, became the proportion of
adjunct in the g r is t is  high In sorghum beer brewing, the adjunct 
can sake a s ign ifican t contribution towards the fin a l FAN content 
of the wort (Taylor & Boyd, 1986:. in barley beer brewing, 
adjuncts have been considered as diluents of the soluble protein
and FAN content of barley wort. I f  adjuncts are to be used in
high proportions in ths g r is t formulation, they must contribute 
substantial quantities of saluSis protein ani FAN, in order to 
atta in the proper aieount of alpha-amino nitrogen required for a 

fermentation (Canales, 19791. fleiigaard <1?74) has 
hown that the spectrum of free amino acids in wort is

and proportion of adjuncts used Inalso influenced by 
the p r is t ,  and Us



flUer cooking, the adjunct and sour is  combined with a further 
quantity of sorghum « a it, tereefl conversion • a lt ,  in the oroce 
referred to as Bashing INovellie & is  Schaepdrijver, 19861.

Condition 
squijsaent
at 68*C for one to two 
of th is  precsss is  to I 
gelatinised starch, by 
an acceptable level of fersei 
of tit ta s ll proportion of ci 
(28 per cent of g r is t apprex. 
conditions, that the conversi 
proceed to completion (Glenn:

ling are variable, depending on brewery 
m aterials, but generally the mash is  asisUioed 
i two hous at about pH 4. The aain purpose 
s to bring about the pa rtia l conversion of

amylolytic enryees 'e< sorghum malt, to 
isntable sugars. I t  is  largely because 
conversion malt used during cashing 

together with the low pH 
of gelatinised starch dees not 

•V Wight, 19861. This incomplete 
of gelatinised starch in sorghum

beer, thereby giving t • i t s  opaque character

Apart free conversion of starch to dextrine and sugars, there Is 
also a certain amount o< F6N produced during mashing due to the 
action of pro teo lytic enzyees from the eonversion $ a lt. However 
the FAN produced is  small when compared with that of the 
preformed FAN of the sorghum sa lt (Taylor 6 Boys, 1986). In
barley beer brewing, a sp'eci'ic temperature stand termed protein
rest can be incorporated in to the mashing regime to fa c il ita te  
ttie so lub ilisa tion  of protein arid generation of FAN. The proteir 
rest is  generally held at 45 to 58‘C for 18 to  38 minutes, 
the lower conditions of temperature being favourable to
pro teo lytic a c tiv ity  'Briggs f t  e l, 19B1). Nuierous
paper: recount the contribution of imoroved prc te o iy tic  a c t iv ity  
during the protein rest towards increased FAN Uvels In wort 
Ip re i-tice, 1976), Recently however i t  has been reported (Lewis S 
Wabnco, J9B4i Huston et eJ,19841 that the amount of 
proteolysis which takes place during sashing is  p ractica llv  
non-esistent in barley wort production and that the protein rest 
and i t s  influence upon FAN production are due to improved 
solub ilisa tion  of protein at lowpr temperatures.



Straining.

The fin a l process in the procedure of sorghum wort preparation is  
stra in ing. The purpose ot s train ing is  to remove insoluble, 
pa rticu la te  material from the sweet wort. This Is usually 
accomplished by centrifugation although in the past wort was 
strained through grass reed nets (Hovel 1ie , 1906). Also removed 
with the strain ings are insoluble protein and gelatinised starch 
INuvel 1 ie It de Schaepdn jv e r , 19861 which improve the 
nu tr ition a l value of s tra in ings, and render them readily saleable 
as animal feed.

fermentation,

After stra in ing, wort is  pitched or inoculated with yeast and 
transferred to fermentation vessels. During fermentation, the 
growth of yeast is  essential fo r the wort to be successfully 
fermented. The free amino acids and to a lesser extent small 
peptides in wort provide the essential nitrogen source for yeast 
growth, because the prates!y t ic  enzymes of sorghum malt, and the 
malting procuss, play such an active role in achieving wort FAN 
leve ls, i t  follows that a greater understanding of the ir mode of 
action and development during malting would lead to greater 
control over wort FAN levels.

The measurement of pro teo ly tic  a c t iv ity  in germinating

The measurement of pro teo lytic a c t iv ity  in germinating cereals 
has been accomplished by a wide variety of methods. This 
variation in methodology may be ascribed for the most part to 
differences in two broad but fundamental concepts of enzyme assay 
design. The f i r s t  of these concepts concerns the choice of 
substrate, whilst the second relates to the means by which the 
enzyme reaction i t  followed.



One uther aspect of pro teo lytic a c t iv ity  measurement which also 
leads to a s ign ifican t source of variation la the settled of 
Iso la tion . Kringstad and Kilhovd ( MSS) demonstrated that 
pro teo lytic enzymes of barley eialt could be categorised according 
to the ir s o lu b il ity  in d iffe ren t extractants. Thus three 
fractions of p ro teo lytic a c t iv ity  emerged: water-soluble] 
sa lt-so luble and insoluble. Zeevaart (unpublished results) 
demonstrated that s im ilar fractions existed with sorghum ealt and 
that approximately 40 par cent of the to ta l p ro teo ly tic  a c tiv ity  
*as apparently insoluble.

T rad itiona lly , p ro teo lytic a c t iv ity  in germinating cereals has 
been assayed using commercially available proteins or peptides as 
substrates. Thus bovine serum albumin IKretovich et s i,
1988), casein (Markovic et s i,  1984), azocasein IKruger,
1973), haeeoglobin (Sandgren i  Klang, 1959; Kringstad & Ohlsen, 
1957; Burger, 1975) and ge latin lEnari et aJ, 1943) have 
a ll been used to assay proteinase a c t iv ity . S im ila rly,
Dipeptides (Sopenen, 1976), carbebenzoxv derivatised dipeptides 
(Baxter, 1978; Breddae et aJ,l903),
l-amnoacyl-beta-naphttiylamides (Kelehmamen $i Mikola, 19711, 
«lpha-N-benzoyl-L-arginine ethyl ester and 
alpha-N -benioyl-D l-argtnine-p-nitroanilide (Burger et aJ,
19661 have been used to assay exopeptidase a c t iv ity .

Recently however, the use of these substrates has been c rit ic ise d  
since the pro teo lytic enzymes of germinating cereals do not 
encounter these proteins in nature. Baxter 11976) used hordeln, 
ttie principal storage protein of barley, as substrate ter barley 
malt pro teo lytic a c t iv ity  determinations. I t  Has found that 
d iffe ren t a c t iv it ie s  were obtained using hordein as substrate 
compared with haemoglobin. As a conseeuence of th is . Banter 
recommended that natural substrates thould be used to assay 
pro teo lytic a c t iv ity  in germinating cereals, The concept of 
employing natural protein substrates has a1so been emphasised by 
Sharpe a 9811. Because of th is , i t  was decided to assay sorghum 
malt pro teo lytic a c t iv ity  with its  natural substrate.



The eajor storage protein of sarghue grain and the protein which 
i«  east extensively degraded during germination is  sorghum 
prolaeln or ka flr in  (Tavlor, 1983). The amino acid composition 
of to ta l ta f in n  coepniees Jarge amounts of glutamic acid i23 
eoles per cen t), alanine (12 moles per cent), leucine 118 moles 
per cent) end proline (11 moles per cent) together with small 
quantities of Ivsine t<l mole per cent)(Pau li: & Wall, 1979).
The high proportion of amino acids with hydrophobic side chains 
in to ta l k a f lr in  contribute to the molecule’ s hydrophobic!ty 
(Bigelow, 1967) and i t s  consequent in s o lu b ility  In aqueous 
solutions.

The measurement of the products of p ro teo lytic a c t iv ity  in 
germinating cereals has been measured in terms of the release of 
trich lo roace tic  acid (Tr '0 -soluble nitrogen (Anson, 1938; 
Greenberg, 1955), P roteolytic enzyme incubation mixtures are 
treated with TEA to terminate fu rther enzyme action and to 
precip itate unreacted protein substrate, Any nitrogenous 
material s t i l l  in solution is  ide n tifie d  as a product of 
proteolysis.

Both the concentration and the nature of the precip itant can 
influence the prec ip itation of protein (Davies et a,1,
|95o), The d is tinc tion  between precip itab le nitrogen and soluble 
nitrogen can therefore only approximate the extent of 
p ro teo lysis, as the choice of precip itan t and i t s  concentration 
is  a compromise between ensuring the prec ip ita tion of unraaeted 
protein substrave on the one hand, and preventing thi 
prec ip ita tion  of la'ge molecular weight peptide products of 
proteolysis on the o-her. Despite th is  compromise, unlike most 
methods of identify ing proteolysis products, the use of protein 
p re c ip ltm ts  like  TEA, does enable the degradation of substrate 
to he quantified, This is not possible fo r example with assays 
which u t il is e  chrpeophorE-linked substrates such as azocaseln and 
the dqrivaMsed peptide substrates, or with the assay which 
u t il is e s  ge latin  ae substrate lEman f t  e l, 1963),



tIu iftUHcatien of XCA-tolutlB nitroqen t in  in addition be 
quantified by a variety of means, lit the Anson aethod 11938) 
TCft-soluble nitrogen is  estimated by IV absorption at 263n», a 
iifcasure of tyrosine and tryptophan residues. Us: f the kjeldahl
digestion enables the TCfl-soluble fraction to be quantified in 
terms of nitrogen (Bradstreet, 194S>. Also acid hydrolysis of 
the TCA-seluble fraction enables i t  to be expressed in teres of 
FAN equivalents iBaxter, 1976). This U tte r  procedure can lead 
to fu rther variation since FAN can be measured by at least two 
methods; reaction Nith ninhydrln and reaction with 
trlnltrobenzenesulphonlc acid (7N86) IL ie, 19731, Both of these 
methods do not detect proline as they measure alpha-anino 
nitrogen only, The two Methods are however distinguished from 
each other in that ninhydrin reacts with peptide alpha-amlno 
nitrogen poorly compared with TUBS (Lie, 1973), Another 
procedure used to fe llow  the progress o< pro teo ly tic  emy»6 
reactions in cereal seeds is  to monitor the decrease in 
absorbance at 2B8nm, a eeasure of the decline in protein 
substrate (Harvey & Oaks, 1974a), however th is  procedure is  not 
specific fo r pro teo lytic  a c t iv ity  (Pomeranz i  Heloan, 1971). In 
conclusion, certa in ly one of the reasons why i t  has been 
d i f f ic u l t  to in te rpret levels of pro teo lytic a c t iv ity  in 
germinating cereals in an overall physiological content, has been 
due to constraints Imposed by the methods used to assay 
pro teo lytic a c t iv ity  (MacLeod, 1979).



NuremLB m  nemos*

Prepiretion ef sorghua ««Zt used for develepsent el the u s iy  
procedure.

Sorghum grain, c u lt iv a n  Barnard Red (2kg) was surface-sterilised 
as described by Morrell et a) (1986), in nylon lags iy  
imaersien for 5 am in a 0,21 lin/v) solution of Wescodyne (a 
eoanercial d is infectant and detergent containing 1,6X available 
iod ine ), the grain was then washed and drained three times in 
running tap water fo r ? min approx. This s te rilisa tio n  and 
washing procedure was then repeated, The grain was then steeped 
in running tap water fo r 16h at 23 to 25"C with a cycle of 5h 
wet te l lowed by a Ih a ir re s t, The steeped grain was germinated 
according to a procedure of Dai her (unpublished results) in nylon 
lags at 28'C in  a water-jacketed Incubator (Pores S c ie n tific . 
M arietta, Ohio, USA.) in which an atmosphere of 98% re la tive  
hunttfitv was maintained throughput. During gereinetion the grain 
was watered by periodica lly  steeping i t  ' . short inte rvals in 
chlorinated water. Chlorinated water was used to in h ib it mould 
growth. For each day of germination, the grain was immersed 
twice in a 0.2X (m/v) active Ci a solution of commercial 
bleach for alternate periods of 10 min and 5 min, after Bh and 
each fu l l  day of germination respectively. The germinating grain 
or green malt was harvested after A days of germination and then 
dried for 24h at 5e'C in a forced draught oven. After 
drying, the roots and shoots were removed free the kernels. 
Sorghum malt kernels were milled in a "beater-type", water-cooled 
coffee m ill (janke b kunkel, Staufsn, W, Germany) for two 30 
second periods, as reguired. The resultant flou r is  herein after 
referred tc as malt kernels flo u r, The melotura content of the 
malt kernels flo u r was determined.



X

Motiture determ lnitlenii,

flclsture detarieinetione were performed according to the procedure 
af the In s titu te  at Brewing (1983).

Substrjtu prepentian.

Preparation of to ta l k i t t r ln .

Sorghum grain, cu lt iv a n  Birnard Red 1! ,5kg) was passed through a 
nce-peerling machine u n til 20’/. by weight had been removed, 
Sorghum was pearled p rio r to extraction of to ta l ka fIr ln ; th is 
was done to remove the pericarp. The pericarp ef sorghum grain 
has a testa which is  rich in polyphenols (Slenrtie et s i,
19821. I t  was believed that these polyphenols, i f  present as 
contflfli nants Jn the to ta l kaf in n  could In terfe re with the 
enzyae assay. The inh ib ito ry  influence of polyphenols has been 
observed In the study of a tiy lo ly tlc  enzymes In sorghum malt 
(Daiber, £9751, Banter l!?7i> has also stated that polyphenollc 
contaminants of hordeln preparations could in h ib it the 
pro teo lytic enzymes of barley, n i l t  when hordeln was used as 
a substrate.

Pearled serghua was ground in a DIFU, ^Isc B i l l  iBuhler-Hiag, 
Braunschweig, W. Beriaanyl at 4 disc gap of e,2mir., The reta l t/.r t 
flo u r (ikg ; Has estracted, by cosstant s t ir r in g , Hith 607. (v/v) 
tert-butanol plus 0.85% ( i/ v l  d ith lo th re ito l (DTT) (51) for Ih at 
room temperature. The extraction mixture was then centrifuged at 
7 satTg for 10 mln, The supernatant «as cs! lected #nd 
frsese-dned. The freeze-dried product was suspended in water 
and exhaustively dialysed against water at 4'C. The dielvsed 
material was freeze-dried and then milted In the 'beater-type’ , 
water-cooled ce-ffee s i! )  fs r two SB second periods. This 
procedure extracts both k a f lr in  and crosslinked ka f lr ln  ITavlor 
et H , 1984cl, When these two fractions were 
Isolated separately, they appeared to be v ir tu a lly  Identical 
IPauiis 6 Wall, 1979; Taylor et a i. 1984b). Because of 
th is  the term to ta l ka flr in  has been used to describe th is 
protein frac tion. The protein content of the to ta l ta . 'lr in  was 
detareinsS.

V



Nitrogen and protein determination:.

Aliquots I25«ig appro*.) of protein preparations were digested 
with cenc. HeSD« (6,5el) containing 28X lei/v)KS5D« and 8,11 
tm/vi SeDs fo r 2,5h. Twelve drops (appro*.1 of Ha0s were 
added to each digestion flask a fte r the f i r s t  half hour of 
digestion to promote oxidation. After digestion, nitrogen was 
determined by an automated Berthelot phenol-rtypochlonte method 
iTheeas ef a l, 19671 . Protein content of the samples was 
determined from N * 6,25.

The ammonium sulphate produced during digestion was reacted
under a lkaline conditions with phenol and hypochlorite to gi-'e a
blue coloun the Bsrthelot reaction (1859!. This blue colour, 
indophenoi, was quantified spectrophotoeetrically at 6?6nm.
The chemistry of the Berthelot reaction is i

1 !2NHa ♦ iNaClO. - -  2NH.C1 + 2l.'aOH

2)2 Phenol + 2NH.C1 + 2Nal3H - -  2 p-emnophenol + 2NaDH

3)2 p-Aeinophsnol ♦ 2 phenol * D, - -  2 indophenoi t

Investigation into the extraction of a pu rified  preparation 
of to ta l ka f lr in .

Preparation of to ta l K a flrin  for pu rif ica tion .

Sorghum grain, c u ltlv a n  Barnard Red, was passed through a 
rice-pearling machine u n til 25X by weight had Been removed. 
Unpipeented, germ-free, starchy endosperm material was then 
hand-selected. The starchy endosperms were ground in the DLFU, 
disc m ill at a disc cap of 0, 2mm,



Total k a fIr in  waa prepared according to the method of Taylor 
et aJ, 1H84ci. Flour (B0g> was extracted, by constant 
s t ir r in g , fo r lh periods with three successive 4«0al aliquots of 
d is t i l le d  water at 4*C, to remove the albumins, globulins 
and low molecular weight nitrogen, After each extraction, a 
clear supernatant was obtained by centrifugation at IS 0Mg for 
10 sin. This supernatant was then decanted and discardeo.
After the water extraction, the residue was extracted, by 
constant s t ir r in g , at' room temperature for two lh periods and 
then overnight with three successive 400ml aliquots of 60X (v/v) 
te rt-outancl plus 0,05% Iw/vl BIT. Clear supernatants were 
obtained after each extraction by centrifugation at 16 000g for 
10 mm. The supernatants were combined and freete-drled 
d ire c tly . The nitrogen content of the to ta l k a f ir ln  preparation 
was determined (see 3 ,2 .2 .).

P u rifica tion  procedure.

Total k a fir ln  (1.3g) was suspended in d is ti l le d  water (10ml) or 
0.02H Ha lac ta te /la c tic  add buffe r, pH 3,1 118mlI, Each 
suspension was then dlalysed using 16/32" Vlsclng tubing against 
either d is t i l le d  water or 0,82H Na la c ta te /la c tic  acid buffer, 
pH 3,1 according to the following schedule. I n it ia l ly  
suspensions were dlalysed against a volume of extractant (20mlI 
fo r ish at 4*C. Ths nitrogen content of the ra ff in a te  was ■ 
deters!ned. The suspensions were then further dlalysed against
2 successive 258ml volumes of extractant for alternate periods 
of 6h and 16h at 4'C. F ina lly , both to ta l k a tlr ln  
suspensions were dlalysed against 2 successive 250ml volumes of 
d is t i l le d  water for alternate periods of 9h and 16h at « ‘ C.
The suspensions were then rinsed from the d ia lys is  tubing with 
water and centrifuged at is  000g for 10 mtn. The supernatants 
and the residues were then separated and freece-dried d irec tly .
I he nitrogen contents of the lacta te- and water-extracted 
residues and supernatants were determined,



The residues and suparnaUnts, tcigether with the to ta. k i f i r in  
preparaticn were then analysed by sodiue dodpcyl sulphate 
poly«eryla»lde gel electrophoresis (SBS-PA6E) end amino aeid 
snalysis .

Sodiua dodecyl luiphite-polyaeryla iaide gel 
electrophoresis.

SDS-PflflE ms carried out In 12,4X acrylanlde gels according to 
the procedure of Shewry et aj 11977). Protein sample: 
are denatured with SDS prior to electrophoresis. This confers 
upon the protein a canstunt charge which is  Independent of 
eoleeular composition. Proteins are then separated by 
slectrophoi'esis according to the ir molecular size. An estimate 
o4 molecular weight is  obtained, by reference to a series of 
internal protein standards. These protein standards ware 
obtained from a Pharmacia electrophoresis ca lib ra tion  k i t  for low 
iioiecular weight proteins. The proteins together with their 
molecular weights (Mr) were: phosphorylase b, Hr 94 B0B| 
bovine serum albumin, H, 67 eeOi ovalbusin, M, 43 808; 
caruomc aRhydrase. Mr i 0 1)861 soybean trypsin in h ib ito r, M,
28 168 and alpha-)actalbiimin. M, 14 48B.

Anino acid analysis.

fieino ecld antJysls was performed uein$ an LKS Alpha aeino acid 
analyser. Duplicate samples were hydrolysed in 6M HC! fo r 22h, 
under vacuus, at IIC'C (Batterlee, 1992). Separation of 
amino acids from the hydrolysates was made with a cation exchange 
reuin. The ammo acids were eluted from the resin with biHiers 
of increasing pH, The amino acids were detectsil 
stiectrophotoeetrically, a fte r reaction with n ln tydrln iSpacman



P rtp in tlo n  of pu rified  to ta l k i f l r in  for me at 
substrate,

to ta l k a fir in  was prep- troo sorphuo gram, which had been 
pearled u n til 2BX by w ei,". had been removed, as dencnbed in
3.3.1. to ta l ka f ir in  <B8g protein) was suspended in 8,82M Na 
U iU te / la c t ic  acid buffer, pH 3,1 (488ml) and exhaustively 
dialysed at 4'C against 0,82M Na la c ta te /la c tic  ac.d buffer, 
pH 3,1. the dialysed suspi of to ta l k a f ir in  was then
recovered and centrifuged at ,u0g fo r 18 Bln. The supernatant 
was decanted and the residue was fu rther extracted at 4‘ C 
for two Ih periods and then overnight with three successive 
488ml volumes of B,B2H Na la c ta te /la c tic  arid buffer, pH 3,1. 
Clear supernatants were obtained a fte r each extraction by 
centrifugation at 7 580g fo r 10 min. The residue was then 
resuspended in d is t i l le d  water and exhaustively dialysed at 
4 ‘C against d is t i l le d  water. The resultant dlalvsed 
suspension was freece-drled d ire c tly  and constituted the 
purified to ta l k a fir in  preparation, The protein content of this 
preparation was determined as describev in 3.2 2,

Development of procedure fo r extraction of pro teo lytic  
a c t iv ity  from sorghum malt.

general procedure for preparation of crude enzyme extracts of 
p ro teo lytic a c t iv ity  during development of extraction 
conditions,

Halt kernels flo u r llg ) was extracted, by constant s tir rin g  
with magnetic s tir re rs  and teflon-coated s tir r in g  bars In 50ml 
screw-top centrifuge tubes, to r Ih at ZB‘ C with extractant 
(15ml). The malt suspension was then centrifuged at 16 B80g for 
18 min. The liq u id  fraction was then decanted and centrifuged 
again at 16 000g for 18 min to obtain a clear supernatant.



The resultant supernatant was dialysed overnight at 4'C 
against water <31). The dialysed solution was cade up to volume 
I25el) with water. The resultant extract was then assayed for 
proteinase and earboxypeptldase a c t iv ity .

I votelnaee and carboxypeptldase assay.

. Incubations.

Enzyme extract 11*1). to ta l ka fir in  (- . . :n) and 0,3h
c i t r ic  acid /6,6H KsMPP. buffer, pH 4 , .  i :r-rk inciba.ep ,n 
duplicate for e and 5h at 5B*C in a shaking watv. hath, 
Teflon-coated magnetic s tir r in g  bars were placed i*.tr. tt 
incubation mixtures to ensure even suspension of :• 
ka f ir in  throughout Incubation. Likn a ll prnl i»in 
proteins, to ta l ka firin  by d e fin itio n  is  o.'ly no) ulil e 
in  solutions of aqueous alcohol. Because enzymes ci o 
normally denatured in solutions of alcohol, t ie asxay 
has been conducted in an environment .•here Ihu to ta l k i f 'r m  is 
not in solution. I t  was therefore nocswsury 1 c. env.ire t im  
to ta l ka f ir in  was lieot in suspension during omiyme reactiuos. 
Incubation mixture tubes were sealed with p'.ra‘ W« to prevent 
evaporation losses during incubation. Reacu mw were stopped 
with 15% lu/v) TCfl tlm l). Incubation mixtures were then 
immediately centrifuged at 18 BBBg for IB min, The supernatants 
were then recovered and centi i  -ed again at IB BBBg fc r IB am, 
The supernatants were then collected and stored at 4'C until 
analysed for TCH-soluble nitrogen and FAN.

TCfl-soluble nitrogen assay.

tin aliquot (3ml) of clear supernata-t was digested and assayed 
fo r nitrogen according to the pros.- re described in 3.2,2,
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3 .5 .2 .3 .  FAN a n a y .

An aliquot (0,4*1! of clear supernatant was assayed fo r FAN 
according to the EBC-nlnhydrin procedure of Lie (19731.
Ninhydnn causes aeidative decarboxylation of alpha-anino acids 
producing carbon dioxide, ameonia and an aldehvde. The reduced 
mnhydriu then reacts with the unreduced nmhydrin and thn 
liberated aaeonia to fore a blue ceaplex, The absorbance of th is  
blue complex was eeasered speetrepJioteeetrira.lly at 57Bne.

3.5,2.4. Calculations'o f proteinase and carboxypeptidase

; *■ < 

N

The TCA-soluble nitrogen and FAN contents of duplicate 
supernatants were eeaned. Proteinase a c t iv ity  was calculated 
from the difference between the nitrogen content of the 5 and Bh 
supernatants and expressed in  terms of vgNZSh/g dry malt. 
Carboxypeptidase a c t iv ity  was calc.la ted fro * the difference 
between the FAN content of 5 and Bn supernatants and expressed 
in terms of ygFAN/Shzg dry malt,

3.5.3. E x tra c tab ility  o f sorgliue malt p ro teo ly tic  a c t iv ity  with 
1,2514 NaCl as extractant,

Halt kernels' flou r (2g! was successively extracted , by constant 
s t ir r in g , for ih periods at 4'C, with three aliquots (29mlI 
of 1.25H NaCl, At the end of each extraction period, clear 
supernatants were obtained by centrifugation as described in 
$.5.1 The residual m ati-la l was f in a lly  resuspended in 1,2511 NaCl 
i 28a lI and dlalysed.

dialvsed overnight at 4'c against 8.125M NaCl (41). 7
dialvsed solutions were each made up to  volume (25m:)



•ssayeti
lypeptidi : t i v i t y  13.5.21.

3.5.4. influenca o< e x tn c tin t volume to ee lt sis# rsU o upon the 
extraction of eBrghum u l t  pra teo lytie  a c tiv ity .

Halt kernel:' -flour Has extracted as described in 3.5.1 Kith S, 
19, 15, 20 and 25al volume: of water at 4'C. The resultant 
supernatants were each dialysed overnight at 4'C against a 
volume of water equal to 260 times the origtnat voluee of 
extractant. Eniyee extracts were prepared from the dialysed 
solutions as described in 3.5.1 and assayed for proteinase and 
carboxypeptidase a c t iv ity  (3.5 .2).

3.5.5, Influence of temperature upon extraction at sorghum malt 
pro teo lytic a c t iv ity .

Crude enzyme extracts were prepared f ro :  malt kernels' flou r as 
descrlb r' In 5.5,1 at temperatures of 4, 21, 30, 40 and 50‘ C

to r protiinaee and carboxvpeptidase a c tiv ity  (3,5.2).

3.5,6. Influence of extractai.t pH upon extraction of sorghum malt 
pro teo lytic a c tiv ity .

described In 1,5.1 with B.IM c i t r ic  aeid/B.^M KaHF0« buffers of 
pH 3,8, 4,8, 5,0, 6,0 and 7,0 11=6,5Mi as extractants. The lnrin 
strength ot the buffers were adju-ted to 0,511 with NaCl. The

carasirrpeptidise i c t sv i t y  (3,5,2).



.8 .7, E n tr ic t ib l l t ty  of lorghue a i l t  pro teo lytic a e ttv ity  with a pH 
7i 0 buffer,

Malt kernels flou r (Ig) was successively extracted for Ih 
periods at 3B'C, by constant s tir r in g , m th 3 aliquots 
115*1) of 6, 1m c i t r ic  ac3d/B,2H KaHP0. bu ffe r, pH 7,0 (1=0,SMI. 
At the end of each extraction period, clear supernatants were 
obtained bv centrifugation as described in 3.5.1. The residual 
material was f in a l ly  resuspended in ISial of the eRtractant.

Crude anzyee extracts were prepared from the resultant 
supernatants and residual suspension as described in 3.5.1. The 
resultant extraete were then assayed for pre ts in iss  and 
carboxypepUdsne a c t iv ity  (3.5.21.

.5 .6. Influence of neutral sodium and lith ium  s a lt :  upon 
extraction of eorghua malt pro teo lytic a c t iv ity .

Crude anzynid extracts were prepared from malt kernels- flou r as 
described in 3.5.1 m th 8,5H solutions of NaCl, NaBr, Nal, 
NaCiO., NaSCN. LiC l, UBr, L i l  and L1C10,  as extractants.
Ihe resultant extracts were then assayed fo r proteinase and 
cafbeaypeptldasB a c t iv ity  13.5.2).

.5 ,?. Influence <sf d iffe ren t len lc *tren$t)>s ef l lth iu e  Iodide upon 
extraction of sorghum malt pro teo lytic a c t iv ity .

Crude enzvee extracts were preoared fro* «ia26 ke rn e l!’ fleu r a* 
described in 3.5,1 mth 0, 0,2, 0,4, 8,6, 6,6 and 1.0N solutions 
of LI I as extractants. 1he resultant extracts were then assayed 
for orotemaee and carboxypeptldase a c t iv ity  iS.S.ZI.



M lt  p ro teo lytic a c t iv ity  with

E x tra c tab iltty  of aorpt 
7,6 buffer adjuated to

3.9,12. influence of dith ioth re iteJ 
p ro teo lytic  a c t iv ity .

1.3.13, Conpariaon of 
a c t iv ity  with



■"z

either water or 0,61 
resultant extracts 
earboxvpeptidase ac

LI! plus 5,53eM D 

iv lty  (3 .5 .2 .).

a of extractant upon recovery of pro teo ly tic  a c tiv ity  
}hu«i malts germinated fo r d iffe ren t times.

The malt samples used In th is  experiment were selected from mall 
prepared bv Horrall t t  el 11956), from sorghum, c u ltiva n  
Barnard Red. Duplicate samples of malts germinated for 
0,1,2,3,4,5 and 6 days at 28*C under medium condition* of 
moisture were used (see 3.10.11. The m alt/resting grain samples 
were extracted with three d iffe ren t extractants: water, B,6M Li 1 
plus 3.33nH DTT, and 0,05)1 Na acetate/acetie acid buffer plus 
0.2% (n/v) cvsteine.HCl.

Crude enzyme extracts were prepared from m alt/resting grain flou 
as described in 3.5.1 with each of the above extractants. In 
th is  experiment, the assay of proteinase and carboxypeptidase 
a c t iv ity  was conducted with to ta l k a fin n  (Sag protein) as 
described in 3.5.2,1. In addition, to ta l ka f ir ln  i5mg pro te in ), 
B.Stt c i t r ic  acld/0.6Mlt»HPO« buffe r, pH 4,58 (1ml) and water (1ml 
was also incubated in  duplicate fo r 0 and 5h at S0‘ C to 
determine the amount of nitrogenous material released from the 
substrate in the absence of enzyme extract.

3.6. Development of .ncubatton conditions for assaying sorghum 
sa lt p ro teo lytic ac tiv ity ,

3,6.1. Influence of pH upon sorghum sa lt pro ten lty ic a c t iv ity  .

Crude enzyme extract was prepared tree malt kernels flou r as 
described in 3.5.1 with 0,6a L i l  plus 3.33eM DTT as extractant, 
Enzyme extract was incubated as described in 3 .5 .2 .I over a pH



range of 3,88 to 7,88. The buffers were a tl prepared fro * 
solutions of e ,S H  c i t r ic  acid.HiO and 8,6M KjHPO.. Curves 
were s ta tis t ic a lly  f it te d  to the data using polynomial 
regression analysis.

3.6.2. Influence of temperature and reaction time upon sorghue 
ealt pro teo lty ic a c tiv ity .

Crude emvse e*tract was prepared from malt kernels’ flo u r as 
described in 3.6,1. Enzyme extract was incubated as described in
3 .5 .2 .i for 8,1,2,3,4,5,6 and 7 h at temperatures of 38, 43, 58, 
55 and 68*:. In th is  experiment the TCA-soluble nitrogen and 
FAN contents of duplicate incubations were meaned and expressed 
in teres of ngN/g dry malt and xgFAN/g dry malt respscti vn'

' Progress curves of the release of TCA-soluble nitroge, 
d iffe ren t teegerntures were s ta t is t ic a lly  f it te d  to tfi*

3,6.3. Influence e* temperati 
p ro teo lytic a c tiv ity .

1 upon the s ta b i l i ty  of sorghum malt

Crude enzyme extract wap prepared from malt kernels' flo u r as 
described in  3,6.1. The temperature s ta b il ity  of proteolytic 
a c t iv ity  was determined by pre-incubating enzyme extracts in 
duplicate fo r th at temperatures ranging tree 25 to 88‘ C.
1he enzvme extracts were then assayed fo r pro teo lytic »c tiv itv

Influence of substrata concentration upon sorghum ealt 
p ro teo lytic  a c tiv ity ,

Crude enzvme extract was prepared from malt kernels' flo u r as 
described in 3.6,1, Enzyme extract was incubated as described
3.5 .7 .1 with 9, 2,43, 4,9, 26,3, 49mg to ta l k a f in n  Iprote in l 
B, 15, 38, 45, 66, 99 and 128 ein. The nitrogen and FAN cents



of duplicate incubstlons were neaped 
wgN/g dry »»Lt and iigpHN/g dry na il as desert 
Progress curves of the release of TCA-soluble 
d iffe ren t substrate concentrations were s ta ti

eased in teres

trogen and FAN a 
ca liy  f i t te d  to

Influence of eniyee concentration upon sorghum salt 
p ro teo lytic a c tiv ity .

Crude enzyee eutrect was prepsred from malt kernels' flo u r as 
described in $.6.1. A range of enzyme concentrations was 
obtained by d ilu ting  the enzyme extract with water. Diluted 
enzyme extracts were assayed fo r p ro teo lytic a c t iv ity  as 
described in 3.3.14. Proteinase and cartioxypeptidase a c tiv ity  
were plotted against enzyme concentration, Curves were f it te d  to 
the data by linear regression analysis.

Investigation Into whether t 
nitrogen from .c ta l ka f ir ln  
phenomenon.

release of TCA-soluble 
s due to an enzymic or n

Total ka f ir in  was 
buffe r. pH 4,58.

luspended in 8.3H c i t r ic  acld/8,bM KsH 
id pre-incubated in bo iling  water for 

The rate of release of TCA-soluble nitrogenous eater:al 
heat-treated to ta l k a fir in  was compared with that from t 
ka f ir in  which had not been heat-treated. Ten test-tubes 
containing to ta l ka f ir in  (5 ,Bug pro te in ), B.3M c i t r ic  ac 
KaHPQ. buffer, pH 4,SB Uml) was prs-incubaied fo r 15 ml 
bo iling water. Hater llm l) was then added to  each of th 
and thev were incubated, In g u in tr ip lica te , fo r Bh and 5 
5B*C. Reactions were stooped with 15% lozv) TCA (1ml). 
Incubation mixtures were then Immediately centrifuged an



supernatant! stored as described in 3.5.2.1. This 
repeated without pre-incubatlon In bo iling  water f i

The nitrogen and FAN contents of supernatants were expressed in 
teres of pgN/S,Bing to ta l k a f ir in  and pgFAN/S.B to ta l ka fir tn . 
S ta tis tica l analysis of the data was eade using 2-wav analysis

3.7.2. Influence of incubation t ise  upon release of TCA-seluble 
nitrogen from to ta l k i f i r in .

A progress curve of the re l.ase of TCA-soluble nitrogen free 
to ta l k a flr in  incubated in the absence of pro teo ly tic  enzymes 
from sorghum s a lt was determined. Total k a f lr in  l4,9»g protein), 
B.IM c i t r ic  acid/B,6H K:HP0. Buffer, pH 4,58 (1ml) and water 
l l f l l )  were incubated in duplicate fo r 8, 1, 2, 3, 4, 5, 6 and 7h 
at 50‘ C. Reactions were stopped with 15% (a/v) TEA (Im l). 
Incubations multures were then immediately centrifuged and the 
supernatants stored as de-cribed in 3.5.2.1

Ihe nitrogen contents of duplicate supernatants were meaned and 
expressed in teres of vgNf4,9mg to ta l k a f lr in . Nitrogen levels

s ta t is t ic a lly  f i t te d  to the data by polynomial regression

3,7,3. Influence of pH upon release of TCA-soluble nitrogen 
from to ta l k a f ir in .

The rate of release of TCA-soluble nl 
incubated in the absence of sorghum 
determined over a pH range of 3 t 
p ro te in ). buffer (Iml) and water 
duplicate tor 0 and 5h at 50‘ C.

•ogen from to ta l k a flr in  
I t  p ro teo ly tic  enzymes was 

Total k a f ir in  IS.Bog 
were incubated in 

ions were stopped with



15% (fl/v) TCA ( lu l l .  Incubation mixtures Mere then im edia te ly 
centrifuged and the supernatants stored as described in 3,5.2.1. 
The c i t r ic  acid/phoephate buffers Here prepared by nixing 
solutions of 8,3M c i t r ic  ic id.H ,0 and 0,6M K: HP0« to give 
the required pH. The la c tic  acid/NaOH buffers were prepared by 
eninq solutions of 0,iH la c tic  acid and 8 ,IN NaOH to give the 
required pH. The other buffers were prepared according to the 
procedures described by HcKenzlo (1969).

The nitrogen contents of the supernatants were eapreseed in terms 
of eqN/S,B*g to ta l k a f ir in . S ta tis tica l analysis of the data *ae 
t i l e  ttsing aiMlysts of variante.

Influence of reaction time upon sorqhue malt pro teo lytic 
a c t iv ity  assayed at 30 and 5B*C with pu rified  to ta l 
ka fIrin  ae substrate,

kernele' flou r as doecribed in J .6 .1, Enzyme extract was 
Incubated as described in 3.6.2.1 fo r 8, 1. 2, 3, 4, 5 and 6h st 
30 and 50'C with purified to ta l k a fir tn  (5eq protein) as 
substrate. Progress curves of the release of TCH-solubte 
nitrogen and FAN at d iffe ren t were detarnilned as described in

E x tra c tab ility  of pro teo lytic a c t iv ity  free sorghua malts 
prepared from d iffe ren t cu ltiva rs .

Preparation of malts.

The Forghuie cu ltiva rs  used In th is  experiment were produced in 
the annual cu ltiva r t r ia ls  of the Department of Agriculture, at 
the ta rs Nooltoedacht/Erzelo. North-eastern Transvaal. Aliquots 
of sorghua cu ltiva rs  (50g) were salted according to the procedure



Sorgfiu* »a lt (ter 
beater-type n il 1.
determined (5,1,1

an proceeded for si 
beets) was ground i 
a of the saiples we

3.9,2, Proteo lytic a c t iv ity  de tem in itions.

Crude enzyme extract was prepared, in duplicate, froe ea it flou r 
(Ig) as described In 3.5.7 with 6,6M Li 1 plus 3,33eM DTT 59 
extractant. The enzyme extracts were then assayed fo r proteinase 
and carbonypeptiijaee s c tiv ity  as described In 3,5.14,
S ta tis tica l analysis of the resultant data was made with 2-way

$.18, Influence e# na lting e a n iitia n i u$en the development of I
sorghum malt pro teo lytic a c t iv ity , !

3,10.1. Preparation of malts, I

The malts used Irt th is  enps-iaent were prepared by Morrall ei '
a! 11706). Sorohue gram, c u ltiv a r; Barnard Red was ;
eurfa -e-s te rilised  and steeped according to the arocedure
described in 3,1, After steeping, the imbibed grain was ■ W
geminated in the water-jacketed incubator in an atmosphere of ..

Samples were gerelnated for 6 days at three temperature.i ^
%4*, 28* ang 3 i ‘ C. At 6h In terva ls , a weighed
quantity of water was sprayed onto the geminating grain using an



Mas applied to maintain the 
at a constant fresh weight,

Mediae- at the end of each oh period, the e«2t fe lt  deep Out
not wet, is . there was no surface H ie  of water on the

Hi ah- su ffic ie n t water was applied es that none drained off 
the sa lt but at the end of each ih period, the grain 
just f e l t  wet.

'X

At IZh inte rvals , before spraying, three to f ive  samples 
l5B-lB3g) were taken from the germinating grain bed, and d 
a forced-draught oven for 24h at 50*C. Of these samples t 
were selected from those germinated fo r whole day inte rval 
analysis. The sa lts  ware milled in the beater-type s i l l . 
moisture contents of the resultant flo u r was determined

3.10,2. Proteo lytic a c t iv ity  determinations.

Crude enzy.e extracts 
described in 3 .a . i.  E 
and earbosypeptldase a

a prepared from malt flo u r (Ig i as 
«e extracts were assayed for protein: 
v ity  as described in 3.5.14. The

proteinase an 
were eeaned,

I earboxypeptidas 
The resultant da

■ v it ie s  of duplu 
s s ta t is t ic a lly  i



3.11. S U tU t le il  *n 4 iys li.

3.11.1. Curve f i t t in g .

Curve* Here f i t te d  te the d .ie  6v rsqresvnn analysis as 
described, according to the procedures and models devised by van 
der Walt (unpublished data). Error bars were calculated for each 
point on the curve from the residual variance, ie  the varltnce  of 
the data which was not due to regression (Diem & Lentner, 19701.

E * Nn n,.tS u1/n) irz

; here ? t  length of error bar or extreme range

Sn4 = residual variance with H gngreee of 
freedom.

n » number of repeat determinations fo r each point on the

Ww.n.« = studentised extreme range value for
residual variance with N degrees of freedom and n repeats
per point on the curve for a degree of confidence >.

3.11.2. Analysis of variance.

Analysis of variance using a fixed model was performed on 
relevant data as described by Miner (1971).



4.1. flm iysle by 8D8-PA6E, of to ta l k i f i r in  prsparatlon used as 
substrate .

preparations. Lane b represents a to ta l ka fir tn  preparation used 
as substrate fa r sorghum sa lt pro teo ly tic  a c tiv ity  
determinations. This preparation was extracted d irec tly  iroe 
pearled sorghum grain flou r with 6BX(vVv) tert-butanol plus 0,B5X 
(a/ v) d ith io th re ito l (DTT). Lane c also represents a preparation 
of to ta l k a f ir in . This la t te r  preparation of to ta l ka f lr in  was 
extracted jlroe pearled sorghur grain flo u r with S0Z (v/v! 
tert-butanol plus 0.05% (e/v) DTT a fte r exhaustive extraction of 
albumin and globulin proteins. The material prepared fo r use as 
substrate had a v ir tu a lly  identica l electrophoretic m obility to 
to ta l k a f ir in  prepared by a standard procedure (Taylor et

4.2. Development of procedure fo r extraction of sorghum ea lt
pro teo ly tic  ac tiv ity .

4.2.1. E x tra c tab illty  of sorghum malt p ro teo lytic a c t iv ity  with 1,2311
" /  NaCl as extractant,

. /  Figure 2 shows the e x tra c ta b illty  of proteinase a c t lv itv  from
n sorghum malt with 1,25M Nad. I t  can be seen that 30X of the

V  . to tal proteinase a c tiv ity  was recovered after a single
t e iitractlon. However, 441 of the a c t iv ity  was apparently

, • inextractable and remained in the residue frac tion . Figure 3
■ shows the eK tractabllitK  of carbsxypeptldase a c t iv ity  from

sorghum malt. After a sinqle extraction of sorghu* a a lti 3tX of 
/ .  the to ta l a c t iv ltv  was recovered, w h ils t 441 was inextractable

' and remained in the residue fraction.



FIGURE 1. A n a ly s is  by SDS-PAGE o f  t o t a l  
k a f i r in  used as s u b s tra te .

Molecular Weight Standards.
Total K a firin  (Substrate preparation). 
Total K a firin .



FIGURE 2. The extroctebility of proteinase activity from 
sorghum molt with 1. 25m NqCI.

FIGURE 3. The extroctabijity of < 
from sorghum malt with



4,2.2. Influence of ex tncten t volume to emit ernes re tie  upon the
-  recovery e# pro teo lytic m ctiv ity end wmtir-seluble protein from

sorphue melt.

The recovery of p ro teo lytic m ctiv ity from sorphue malt after a 
single extraction with water was investigated, The recovery of 
both proteinase and carboxypeptidase a c tiv ity  was influenced by 
the extractant volume to  malt mass ra tio  (Table I ) ,  up u n til a 
ra tio  of 15:1. Further increases in the ra tio  did not greatly 
improve the recovery of p ro teo lytic a c t iv ity  from sorghum malt.

Table I also shews the protein contents of the enzyee extracts. 
The recovery of water-soluble proteins or albumins from sorghum 
malt was influenced by the extractant volume to malt mass ra tio  
up u n til a ra tio  of 20:1. I t  appeared therefore that the 
recovery of p ro teo lytic a c t iv ity  from sorghum malt was not 
d ire c tly  related to the recovery of protein, tin extractant 
volume to malt mats ra tio  of 15:1 was chosen fo r further 
investigations. I t  was fe lt  that use of a higher ra tio  would 
d ilu te  the enzyme a c t iv ity  without appreciably increasing i ts

4,2,3, influence of extraction temperature upon the recovery of 
p ro teo lytic  a c t iv ity  from sorghum malt,

in th is  investigation, water was used as an extractant, and a 
single extraction of sorghum malt was made. Previously, 
p ro teo lytic a c t iv ity  was extracted from sorghum malt at 4*C. 
Figure 4 shows that marginal improvements in  recovery of 
proteinase a c tiv ity  were made at higher temperatures 121 to 
fB 'C l. The recovery of carboxypeptidase a c t iv ity  from 
sorghum malt appeared to be optimal at an extraction temperature 
in the range of 21 to 38*C (Fig. 5). For future 
investigations pro teo lytic a c t iv ity  was extracted from sorghum



Table I .  The influence of extractant volume to ea lt oaa» 
ra tio  upon the recovery of pro teo ly tic  a c t iv ity  and 
water-eoluble protein troa aorghun malt.

Extractant volume 
malt ease (inl/g)

Proteinase 
(pgN/Sh/g 
dry ea lt)

Carlioxypeptidaee 
(ygN/5h/g dry

Recovery of 
protein 

(mg/g dry ealt

3.47
5.47



FJGURE 4. The influence «f attraction temperoture upon the 
reeever-y of sor-ghum sialt proteinase activity.

Extraction temparoture (*C)

FIGURE 5. The influence of extroetSon temperatura upon the
recovery of sorghum molt corboxypept1deee activity

:V
21 30 40 , SO

Extraction temparaturn ( C)



In fluence  s# e x tre c te n t pH upan the recovery of
p ro te o ly t ic  a c t iv i t y  free  sorghum s a lt ,

in th is  investiga tion , a single extraction of sorghum malt was 
made. The extractants were c i t r ic  acid/KaHPO. buffers. The 
ionic strength pf each buffer was adjusted to 8,511 by addition of 
Ned. The recovery of both proteinase and carboxypepttdase 
a c t iv ity  was dependant upon the pH of the extractant (Fig, 6 and 
Fig, 7). A pH 7,8 buffer extracted almost twice as much 
pro teo lytic a c t iv ity  from eerfhuis sa lt than did a pH 3,8 buffer.

E xtrsc tab ilK y of sorghum malt p ro teo lytic a c tiv ity  
with a pH 7,8 buffer as extractant.

The ion ic strength of the extractant buffer used in th is  
experiment was 9,5ft. Figure 3 shows that 501 of the to ta l 
proteinase a c t iv ity  was recovered from sorghum malt a fte r a 
single extraction was made. The proportion of to ta l malt 
proteinase a c t iv ity  which was apparently tnextractahle was 35%. 
The ex tra c ta b tlity  of carboxypeptidase a c t iv ity  from sorghum malt 
was v ir tu a lly  Identical to that of proteinase a c t iv ity  with

Influence of neutral sa lt solutions upon the recovery of 
p ro teo lytic a c t iv ity  from sorghum malt.

in th is mvestioatlon a single extraction of sorghum malt was

carboxypeptidase a c t iv ity  from sorghum sa lt than did 0.5H 
solutions of other neutral sa lts (Fig, 10 and Fig. 111.
Compared with NaCl, a tra d itio n a l protein extractant, Li 1 gave a 
marginal improvement in recovery of p ro teo lytic a c t iv ity  from 
sorghum malt.
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FIGURE 6. The influanee of oxtroctant pH upon the recovery
of sorghum melt proteSnose ootivity.  ̂ _•

FIGURE 7. The influence of extractant pH upon the recovery 
of sorghum molt corboxypeptidose activity..



The extraetohi1ity of brotsinaso activity from 
sorghum melt with 0, 1M citric acid/0,2M K.HPO 
buffer. pH 7 .0  pJus 0. 073M NaCl.

1 s t

The extrdetobility of corbcxypsptideaa activity 
from sorghum malt with 0. 1M citric acid/0. 2M 
K,HP0. buffer. pH 7,0 plus 0, 073M NoCl.

I
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FIGURE 10. The Influence of 0.5M solutions of neutral salt 
upon the recovery of sorghum molt proteinase 
activity.

NaCl NaBr Nel HoC10k NaSCN L1C1 Lift- UJ LjOC*

FIGURE 13. The influence of 0. 5M solutions of neutral i 
upon the recovery of sorghum molt 
corboxypeptidose activity.



le flueace  of Jonlc » tr*n (}th  of L i l  upon the rice ve ry  af
p ro te o lv t ic  a c t iv i t y  fram iorghum m ilt .

In th i i  ‘ nvsetigatlan, a single extraction o( gorghun malt was 
made. The recovery of both proteinase and carionypapiidaie 
a c tiv ity  appeared to bo dependent upon the ion ic strength of L l l ,  
H solution of a ,in  Li 1 extracted more pro teo ly tic  a c t iv ity  from 
lornbu# ea lt than did L i! at other ion ic strengths (Fla, 12 and

extrACtabiHty af serghui a»U p rp tsa iy tlc  « c ; i" l ty  
with 8 ,iM L i l  as extractant.

Figure H  shows that 48X of the to ta l proteinase a c t iv ity  of 
forghua ealt was -ecovered e ft« r a single extraction, whilst 2SX 
Hal apoarentiy iRextfsctabje and reeained in the residue. I t  can 
be seen from Figure 15 that 65% of the to ta l carboxypsptidase 
a c tiv ity  *as recovered after a single en tra ttion  Kith 8,6li U J , 
w hilst 30% of to ta l carbouypeptidase a c t iv ity  remained in the 
residue.

E*tr«et«» iJ lty at larghua ea lt p ro teo ly tic  a c t iv ity
with a pH 7,8 buffer adjuited to an ionic strength of e,4M with
L i l  as extractant.

In th is  investigation, an atteept was eada to casbine extractant 
properties which improved the extractabl11ty of proteolytic 
a c tiv ity  iron sorghua w i t .  Figure 16 shone that 45% of the 
t U 1 protainatp a c t iv ity  of sorghum malt was recovered after a 
single extraction, whilst 3SX of the to ta l a c t iv ity  was 
apparently mextractable ant renamed m the resldye. I t  can be 
seen <ro* Figure 17 that 57% of the to ta l carboxvpeptIdase 
a c tiv ity  was recovered after a single extraction of sarghue eals, 
Ihe residue eantained about 35% of the to ta l earboxvpspUdasi 
te t iv itv ,
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FIGURE 12. The influence of ionic strength of H I  upon tha 
recovery of sorghum malt proteinase activity.

8 0.2 9.4 0.6 0.6 ITg

FIGURE 13. The influence of Ionic strength of Lil upon the 
recovery of sorghum malt earboxypeptidose ' 
activity.
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FIGURE 34. The extroctabi1ity of proteinase octivity from 
sorghum molt with D. 6M Li I.

FIGURE 15. The extroctabi1ity of eorboxypeptidose octivity 
8r from sorghum molt with 0, 6M Uil.



FIGURE 16. The extroetebl1ity of protelnosa activity from 
sorghum malt with 0. 1M citric ocid/0. 2M KtHPGj,

FIGURE 17. The extroctabi1ity of corboxypeptidese activity 
from sorghum molt with 0, 1M citric ocid/'D, 2M 
K^HPO, buffer. pH 7.0 plus 0. 173M Li 3.



4 ,2 .IB. Influence of d ith lo th re ita l plus fl,4H L1I upon 
recovery of pro tea lyttc ic t iv i t y  froe serghur ■

of sorahun malt h
• i l  appeared to

In th is  investigation, a single sx 
made. The Incorporation of DTI *1 
marginally enhance the recovery of proteinase a c t iv ity  from 
sorghum malt up u n til a concentration of DTT (Fig, 181,
The influence of BTT upon the recovery of carbonvpeptldase 
a c t iv ity  froa sorghum malt is  shown In Figure 19. I t  appeared 
that higher concentrations of DTT possibly reduced the recovery 
of carboxypeptidase a c t iv ity  from sorghum malt. A solution of 
B,6« L i!  plus 3,33iH DTT was ctusen fo r further investigation as

4.2.11. Comparison of the extraetabt! ity  of sorghun sa lt pro teo lytic 
a c t iv ity  using either water or e,6« U I  plue 
d ith io th re lte l as extractin te.

Table I I  shows the proteinase a c t iv it ie s  of 5 consecutive soluble 
extracts side from sorghue malt using water and a,eM L 
3.33efl DU as extractants. The proteinase a c tiv itie s  
residues free each extraction are also shown. The analys 
variance table shows that proteinase a c tiv ity  was s 
influenced by extraction stage but not by extractant. In other 
words although the amount of proteinase a c t iv ity  re 
eich stage of extraction wai d iffe ren t, the to ta l a 
a c t iv ity  recovered from sorghum malt with each entraetant was the 
«ame. There was however a s ign ifican t interaction between the 
extraction stage and the extractant. This means that the 
extractant influenced the 4»uunt of proteinase a c t iv ity  recovered 
at a oartieu la r stage of extraction. Hater recovered less 
proteinase a c t iv ity  from lorahui than 8 ,eh U l  plus 3.35e« DTT 
efter a single extraction ip<6,05l. The amount of protemsee



FIGURE 18, The influence of dithiothreitol plus 0, 6M Lll 
upon the recovery of sorghum molt proteinase

9.57 1.5? 3733~
Dithiothreitol <mM>

FIGURE 39. The influence o f dithiothreitol plus 0.6M Lil 
upon the recovery of sorghum molt 
carboxypeptiddse activity.

0,57 L i?  3.33

Dlthiathreitol (mH)



Table I I .  Ceeparlien ef the e x tra c ta tillity  of eorghum eal 
proteinase a c t iv ity  using water and 0,6M LI I plus 3,33aR 
d ith io th re ite l as extractants,

Proteinase a c t iv ity  (vgN/Sh/g dry malt!

Extractant

Extraction

1 Li l/3 ,33*fl DTT

Analysis of variance tablet fixed eodel,
Mean square of extractant and extraction stage are compared with

Extractant
In teractioi



-extracted residue was greater then that in 
with a .611 Li 1 plus DTT. Water recovered 

: iv i tv  a fte r a single extraction compared 
obtained with e,6N Li I plus DTT. Also 457. 

is a c t iv itv  remained in the Hater-extracted 
25% in the 0 ,ih  Li 1 plus DTI- extracted

33.7% of the to ta l

I'able 111 shows e comparison o-f the e x tra c ta b ilitv  o-f 
carbaxypeptiaase a c t iv ity  from sorghum malt with water and 8.6«
Li I plus DTT as extractants. Like the proteinase a c t iv it ie s , the 
carbonypeptidase a c t iv it ie s  recovered at each stage of extraction 
were d iffe re n t. The to ta l carboxypaptidase a c t iv ity  of sorghum 
Halt was however the same irrespective of whether water or 9,611 
L i l  plus DTT was used as an extractant.

With 8,611 Li I plus DTT 55% of the to ta l carboiypertidase a c t iv ity  
was recovered after a single extraction w hilst 26X remained in 
tfte rastiue. With water, 352 of the to ta l a c t iv ity  was recovered 
a fte r a single extraction whilst 62X remained in the residue.

4.2.12. Influence of extractant upon the recovery of pro teo lytic 
a c t iv ity  from sorghum malt geminated fo r d iffe ren t times,

Table IV shows the influence of d iffe ren t extractants upon the 
recovery of proteinase a c t iv ity  from sorghum malt harvested at

Germinated at 28*C. Throughout germination, a fined level of 
watering was applied to the germinating grain. The acetate 
buffer plus cysteine hydrochloride was investigated as an 
extractant of pro teo lvtic a c t iv ity  from sorghum malt as i t  had 
already been used in th is  regard by flisien U9B2).

Hnalvsls of variance shows that malt proteinase a c t iv ity  was 
Jtronoiy influenced both bv the choice of extractant and bv 
termination time, there was also s ign ifican t In teraction of



af the e n tr ie ta b ilt ty  ef *ar?hu« melt



'X

protein*:
[oflusnca of extractant upon the reeevery of 
a c t iv ity  from eerghu* e» lt gereinated at d iffe n n t

a c tiv ity  IpqN/Sh/g dry e

8,41 Li 1/ 
5,25nH DTT

Na acetate 
bu ffe r, pH 5,0 
8,22 cysteine.

u l y t i t  of variance tablet fixed model.
;an square of extractant and germination time are compared xlth

Extractant
Interaction

{



tSee* two effects Ip<,a5). In ether words ttie apparent rate of 
developeent of aorghua e i l t  proteinase a c t iv ity  waa Influencsd by 
ths nature of the extractant useo to recover the proteinase fro® 
sergbua malt.

For a ll gemination tiaes, 0,6M H I  plus STT recovered *ore 
proteinase a c t iv ity  from sorghum ea lt than e ither water or 
acetate buffer plus cystelne.HCl, Table V shows that the 
recovfiry of carboxypeptidaie a c t iv ity  from »a lt» gereinated at 
d iffe ren t tines was also influenced by the extractant chosen to 
isolate the enzyme froe the malt. As was the case with the 
proteinase a c t iv ity , there was a highly s ign ifican t interaction 
of the effects of germination t i i e  and extractant. But at a ll 
germination times, 8 ,AM L i l  plus DTT extracted more 
carbonypepUiiase a c t iv ity  th in  the other extractants,

The extractant 0,6h L i!  plus S,23eH STT consistently recovered 
nors pro teo ly tic  a c t iv ity  froe snrphua malt a fte r a single 
extraction. I t  was therefore choeen as the extractant for 
sorghum malt pro teo lytic a c t iv ity  In future investigations.



Tibia V. Influence at extractant upon the recnvt 
carboxypepUdase a c t iv ity  from sorghum malt geralnai.eU at 
d iffe ren t times.

Carboxypeptldase a c t iv ity  
IpgFANZSh/g dry e a lti

bu ffe r, pH 5,1/ 
B,2X cysteine.HCl

Sermlnatien 
time (days!

5,5$att BIT

Analvsii of variance tablet fixed model.
Mean square of extractant and germination time are compared with

freedom

Extractant
Interaction



'  / . X V

Oevelopeent of incubit ion condition* f 
m l t  p r o t t o ly t i c  e ct iv i t yi

' i t u y i n g  oorghua

Infiuanre of pH upon (orgtiun »4it  p ro t ia i y t i c  
a c t i v i t y .

Figure 28 shone that the optieum pH fo r proteinase a c t iv ity  was 
in the range of pH 4,25 to 4,56. Carboxypeptidase a c tiv ity  had 
broader pH optieum in the range of pH 4,86 to 5,68 (Figure 21). 
A pH of 4,58 nas chosen to assay the pro teo lytic a c t iv ity  of 
sorghue malt.

I nfl uence of temperature am 
ea l t  pro teo ly ti c a ct i v i t y .

r eact i on t i e s  upon sorghum

Figure 22 shows the influence of temperature upo„ the c 
curves of IC&salutile nitrogen formation due to sorohun ea lt 
proteinase a c tiv ity  degrading to ta l ka fir .n , Curves of the form:

and H.B.C, and D are constants,

provided the best lines of f i t  tor a il the progress curves 
oO.atned at Cl+ferent temperatures. This was because the reiease 
of product with time occurred in two d is tin c t phases, The 
in i t ia l  phase of reaction was best explained Qv ah exponential 
release of product with time, The second ohase of product 
formation was linear with respect to time. Determination of 
i n i t ia l  rates of reaction were not meaningful due to the absence 
of points at the in i t ia l  stage of the reaction.
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FIGURE 20. The in f lu e n c e  o f  pH upon  so rghum  m a lt  
p ro te in a s e  a c t i v i t y .
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FIGURE 21. The in f lu e n c e  o f  pH upon  so rghum  m a lt  
c a rb o x y p e p t id a s e  a c t i v i t y .
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.• FIGURE 22. The in flu e n c e  o f  tem p e ra tu re  and re a c t io n  t im e  
upon sorghum m a lt p ro te in a s e  a c t iv i t y .
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m -  30*C 
x -  45*C 
# « 5G"C 
+ -  5 5 ‘ C 
a  = 6 0 'C

I n c u b a t  io n  t  im e( h )



I t  can be seen th it  an incubation temperature o'f 36'C gave an 
exponential release of TCS-soluble nitrogen U ntil an incubation 
t:as  of between two and three hours. Thereafter the release ai 
product was linear with time, fo r the higher incubation 
temperatures (45* tf l 4«'C>, the ti»e taken to enter the 
linear pftase was between one to two hours.

The itaxinus amount of nitrogen r 
never represented sore than a si 
to ta l k a t ir ln . flt the higher i t  
60'C), approxisatelv five  per c«

ileased during these incubatiafi 
fen per seat degradation of thi 
:ubatlon temperatures US to 
i t  of the to ta l ka fIrIn  was

degraded in to  TCft-soluble nitrogen during the exponential phas 
of the reaction. At 3B*C, only appraxiaatelv three per cent 
of the to ta l k a fir in  was degraded in ta  TCti-eelueie nitrogen 
during the f i r « t  phase of the reaction.

f product. For all 
th is  phase was finished after one 
of information during th is  in i t ia l  
exponential relationship could no< 
reason stra ight lines were drawn i 
released during the f i r s t  hour of 
phase, the reaction entered a lin i

upon the progress c 
carboxypeptidase a c t iv ity  at 

ves were characterised by an 
ir a l l  the incubation temperatures 

. Because of the absenci

be demonstrated, For this 
represent the product 

ncubation. After the f i r s t  
r phase at a ll the incubation

temperatures.

The methods used to assay the products, TCA-scluble nitrogen a 
FAN wars not sensitive enough to measure the email amount of 
product released at the s ta rt of the in i t ia l  phase of the 
proteinase and carboxypeptidase reactions. Because of th is  i t  
was not possible to determine the In 't ia l  rates of reaction, 
incubation time of five  hours flt 5B\; was chosen to assay 
pro teo ly tic  a c t iv ity  in sorghum malt. Although th is  gave a ne 
rate of reaction, the amount of product released could he
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FIGURE 23. The in f lu e n c e  o f  tem p era tu re  and re a c t io n  tim e  
upon sorghum maJt co rb o xyp e p tid a se  T
a c t iv i t y .
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L’l** .

In fluence  o f temperature upon the s t e b i l l t y  o f torghue m l t
S ro te o ly t lc  a c t iv i t y .

Table VI shows that tisth proteinase a c t iv ity  end cerbexypeptide 
ic t iv l t y  fran sorghua malt declined rapid ly after one hour 
»re-lncubation of the enzyme a ttrac ts  at teeceraturei exceeding

Influence of substrata concentration upon lorghui ealt 
ero tee ly tlc  a c t iv ity  determination*.

in th i«  liivze tiga tio fi, attempts Here eade to aeasure the aeount 
af product released during the In it ia l  phase of the reaction, in 
order to obtain a measure of the In it ia l  rate of reaction.
Figure 24 shows the progress curves of fCA-soluble nitrogen 
formation due to proteinase a c t iv ity  in the presence of d iffe r ing  
amounts of to ta l ka t ir in . The general shapes of these progress 
curves Here characterised by an in i t ia l  rapid release of product 
followed by a linear phase. The in i t ia l  rates of reaction 
appeared eim fjar far tl*e three highest levels of to ta l ka tlr ln  
investigated. The overall amount of TCA-soluble nitrogen 
released, increased however with increasing to ta l k a fir in  
concentration.

The rates of proteinase a c t iv ity  during the linear phase of 
reaction appeared to be hardly influenced bv Increases in to ta l 
k a f ir in  concentration. The amount of TCA-soluble nitrogen 
released during the in i t ia l  exponential phase of the reaction 
represented approximately five  par cent af the to ta l k a fir in  
irrespective of the to ta l kaf In n  concentration.

Figure 25 ahowe the progress of PAN formation due to 
carboxypeptidase in the presence of d iffe ren t amounts of to ta l 
ka firm . The general shapes of these progress curves were also



M l #  VI. The s ta b i l i ty  of eerghue e a i t  proteinJSB end 
<arbo*yp»ptide»e a c tiv i ty  a f te r  pro-incubation of emyme e n tn c t  
for  i heur a t d if fe ren t tem peratures.

Pre-incubation
tesperatursl'C )

Proteinase Carbosypaptidase
a c tiv ity

(FgN/3h/
9 dry ua lt)

survival

control)

a c tiv ity  
(vsFflM/SftC 
g dry malt) eM trc l)

Control is , ne 100 100
prs-ineubation

12 28 4
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9 000  FIGURE 2&  The in flu e n c e  o f  s u b s tra te  c o n c e n tra t io n  upon 
sorghum m o lt p ro te in o s e  a c t iv i t y .
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ctertged by an exponential release af product fellowed by a 
r fh&se 4ncs?t lo r wheti t o t i l  kB<irin Wis i ’bsent (rcni Use 
ation le . zero substrate concentration. Again, although 
l i t i a l  rates o* carbaxypeptidasB a c t iv ity  appeared sim ilar, 
vera ll amount of KAN released increased with increasing 
ka-flrin concentration.

is o-f these unusual results I t  was decided to investigate 
lions of substrate saturation in d ire c tly  by observing the 
gnce of enzyme concentration upon pro teo ly tic  a c tiv ity .

4,3.3. Influence of m yee concentration upon eorghua malt 
p ro teo ly tic  a c t iv ity  determinations.

Figure 26 shone the Influence of enzyme concentration upon the 
proteinase a c t iv ity  o< larshue. e a lt . At a substrate 
concentration of 4,?iag to ta l k a f in n , the proteinase a c t iv ity  was 
d ire c tly  proportional to the enzyme concentration. Figure 27 
shows that carbovypeptidaee a c t iv ity  was also d irec tly  
proportional to enzyme concentration at a substrate concentration 
of 4 .tug to ta l k a f ir ln , A substrate concentration of Sug to ta l 
k a t lr in  per snzyme assay was therfore chosen fo r further 
investigation.

4.4. investigation of the pu rity  of to ta l k a fIr ln  substrate 
preparations.

During the investigation In to the Influence of encyie 
concentration upon sorghum sa lt pro teo ly tic  a c t iv ity , i t  was 
ebservad that a ssaU but fletettabla amount of TCft-soWlle 
nitrogen was released from to ta l k a f ir ln  when Incubated In the 
abeence of sorghum eait p ro te ly tic  enzyoss la. zero encvee 
concentration. Three investigations were made in an attempt to 
determine the nature of th is  release of nitrogen.
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FJDURE 26. The in f lu e n c e  o f  enzyme c o n c e n tra t io n  upon
sorgnum  maac p r o te in a s e  a c t i v i t y .
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FIGURE 27. The in flu e n c e  o f  enzyme c o n c e n tra t io n  upon 
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t.4 .1 , Influence af lueen lng t o t i l  k iH r in  in ba iling  " i te r  upon 
i ts  subsequent r e le m  ot TCA-selubie nitrogen,

1 emersion of a to ta l ka f ir in  suspension in bo iling eater for 15 
em. mss carried out to eliminate any pro teo ly tic  a c t iv ity  that 
eav have been associated with i t ,  Table VII shows that there was 
a s ign ifican t relaase of TCA-soluble nitrogen froa to ta l ka fir in  
during a five  hour incubation period. Pre-heating the to ta l 
k a f ir in  fo r 15 nin appeared to increase the amount of TCA-soluble 
nitrogen released at any one tu.e. However, the net aeount of 
tCA-soluble nitrogen relsased between zero and five  hours h»s not 
influenced by the pre-heating treatment, since there was no 
s ign ifican t in teraction of i,in itia tion time Mith pre-heat 
treateent of to ta l ka fir in ,

Fable V III shows that there was no influence of incubation tiee 
upon the FAN released froe to ta l ka f ir in .

t.4 .2 . Influence of incubation tiae  upon relei 
nitrogen froa to ta l ka fin n .

figure 28 shows the in»lu 
of IL fi-soluble nitrogen f

: f  incuaation tiae  upon the release 
otal l:a * ir ln . I t  can be eeen that 
i iitMBB/j the release of

’ DA-soluDle nitrogen from to ta l t

4,4.3. influence of incubation pH upon relaaee of TCA-soluble 
nitrogen free to ta l ka fir in .

Tables U and i  show the resu lts o+ two enpentents Mherebv the 
influence of incubation pH upon TCH-soJuble nitrogen release from 
to ta l ka t ir ln  was studied, Both Table iX and Table x show that 
the effects ot Ca-h incubetjon tiae »nd incubation pH we,# highly 
: : cm Meant, However, the interaction between the two effects



Table V II. influence ef tmeereing to ta l ka f ir in  in be lling h 
upon the re lim e  of TCA-soluble nitrogen contaelnants^

TCA-eol N (jig/Seg to ta l ka fir in )

Heat-treateent

Incubation

19,S

Analysis of v ia n c e  table: fixed model.
Mean square of heat-treatnent and incubation time i

Degrees of 
freedom

n square F-value

Incubation

Heat-tent
In teraction



Table V I I I .  Influence oT leierefng to ta l k a lir in  In belling 
water upon the release ei tree e-aeino nitrogen contaminants.

Heat-treataent

Incubation

FAM (pg/Smg to ta l ka t ir in l

Total lia fir in

2,36 2,68 2,49

2,87_______ 2,58 2,29

Analysis of variance table: fined model.
Mean square of heat-treatment and incubati

Hsat-tsnt 1 0,92 2,76
In teraction 1 0,81 8,04
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FIGURE 28. The in f lu e n c e  o f  in c u b a t io n  t im e  upon th e
re le a s e  o f  TC A -so lub le  n itro g e n  con tam inan ts  
from  t o t a l  k a f i r in .
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Table IX. Influence of pH upon the reliaee of 
TCA-$otuble nltregen cootanlnsnta freie to ta l k a f ir in .

TCA-solN (vg/Seig to ta l ka-firin)

Incubation

a,3H t i t / e , in  Phos
*,58

7,588,71
9,52

Analysis of variance t ib le i fixed model 
Mean square of pH and incubation time a

Degrees a 
freedom

Incubation

leteractio r



Tibia X, Influence of pH upon the r e l e n e  of TCA-eeluble 
ni t rogen eo n tmlm n t s  from tot a l k i f i r l n .  T r i l l  2.

TCA-sslN lyg/Seg to ta l ka f lr in l

Incubation ~

1 KC1/0.2H HC1 
1 lactic/0,1M NaOH

0,5M c it/0 ,1

1 lastic/B,1H NaOH 
f KCl/B.in NaOH

Analysis of variance table: fixed model. 
Mean square of pH and incubation time are

Incubation 

pH
Interaction

Degrees o 
freedom



nt Interaction between ineubati: 
t h i t  the net rate of release ol

incubetlon pH. r»6Je I I  shows ifis t the net reJesse of nitrs 
over the pH ranaei 1,15 to 3,28 was greater than that raUas 
over the pH range: 7,SB to 9,52 (p<,05). The data tn Table 
however shews that there was no influence of pH upon the rat 
releaee of peptides from to ta l In f Ir ln .  I t  appears therefor 
that the tssposition o< the buffer le . lac tic  acid/NaOH vert 
c i t r ic  acid/KgHPO. influenced the rate of release of peptide 
free to ta l k a f ir in  tore than the buffer pH,

Pur i f i cat i on  of t ot a l kafir in.

Because of the presence of TCh-soluble mltrogen centaminante. the 
to ta l k a f ir in  was fu rther pu rified . This was achieved bv 
suspending the to ta l k a f ir in  in either water or a sodium 
1 acU te /lac tic  add bu ffe r, pH 3,1. The suspensions were then 
subjected to exhaustive d ia lys is . The amount of nitrogen which 
was dialysed from the to ta l ka f ir in  • ^resented e,2 per cent 
aoproxi of the to ta l nitrogen. The suspensions were then 
centrifuged and the residues and supernatants were freeze-dried. 
The freeze-dried products were a ll white powders and comprised 90 
per cent appro*, pro te i'1. The freeze-dried supernatant fro *  the 
lactate-extracted to ta l k a f ir in  represented about 3,5 per cent of 
the to ta l nitrogen, whereas that fro * the »ater-<?*tracte6 to ta l 
k a fir in  represented 1,5 per cent of to ta l nitrogen,

ino acid compositions of the various proti 
in table XI. The residual proteins derivt 
: t ! te  ex t/ic tio n  of to ta l k a f ir in  appear i

The lactate buffs
Iv  identica l astino 

e proteins i t  extra

)th supernatant 
I (oppositions.

' (



TABLE X I: Amino jc id  composition (moles S) o f to ta l
k e f ir in  before and a fte r extraction w ith water 
and 0,02M lactate bu ffe r, pH 3,1.

S T k e f ir in extract#

residue

with water 

supernatant

extrac 
0.02M lac 
residue

k e f ir in  
ed with 
aka, pH 3,1 
supernatant

Aax 4,9 0,5 4,9 0,4
Thr 2,8 2,5 4,6 7,6 4,2

4,7 4,7 4,2 5,5 4,2
20,0 20,7 • 12,7 20,2 13,3
11,2 11,5 24,9 10,2 23,8

Bly 2,5 8,7 2,3 8,9
15,6 15,6 6,1 15,8

Cya/2 0,7 1,5 6,2 1,0 6,3
Val " 5,6 5,2 6,1 5,3 6,2

1,7 1,2 1,0 1,1 1,2
4,1 6,0 2,6 4,2 2,8

leu 15,4 15,4 15,7 6,7
Tyr 3,0 3,3 1,9 3,3 .',8

4,7 6,7 2,0 2,0
1,6 1,3 7,5 1,3 7,2

lya 0,2 0,1 0,4 0,2 0,2
Arg 1,2 0,9 2,1 1,3 2,4



ka firm , However, t«e amite acid 
protein was d iffe ren t to that c4 I 
characterised by a very high pro li 
cent), together with high aeounts 
and cysteine 16 sole per cent) am 
and lysine (<i itiols per cent).

p ro file  of

amounts-of

"N

Seoaration of the various orcteln fractions by SDS-PPSb is  ; 
in Figure 21, The results obtained are in aoreeeent with th 
observatiens eade froe analysis of the tatno acid coapoeitit 
There appeared to be no difference between the band pattern 
the lactate-entratted residue (lanes e and .1) and the 
water-extracted residue (lanes b and g l. The sane applied t 
I-s ta te -  and water-eutraeted supernatants (lanes f and k. ar 
and h respective ly). There also appeared to be no d ifferen t 
electrophoretic pattern between the residual fractions and t 
to ta l k a fir tn  (lanes d and 1), whereas the supernatant fraet 
save a coepletelv d iffe ren t pattern. Even at high sample 1c 
of to ta l ka t ir in  (lane 1), the supernatant fraction  was not 
v is ib le . This was in agreement with the nitrogen deeersi.nt 
which showed that the supernatant fraction represented a ana 
proportion of to ta l ka fir in .

The supernatant protein appears to coeprjse a major band of 
apparent M, 25 066 to 31 000 with a mid-value of 28 000 and 
einor band with an apparent Hr of 49 800, Because of the 
iso la tion  of th is  water-soluble protein from to ta l k a f ir in , 
rewliual protein must have therefore represented a more pure

Influence of reaction time upon sorghum malt pro teo lytic 
a c t iv ity  assayed at 36 and 50*C, with pu rified  to ta l kaf1

Flours 30 shows the rate of formation of TCA-soluble nitrogen due

""
V



FIGURE 2 3 . S e pa ra tion  by SDS-PAGE o f  t o ta l  
k a f i r in ,  b e fo re  and a f te r  
e x t ra c t io n  w ith  w a te r and 0, 02M 
la c ta te  b u f fe r ,  pH3, 1.

( -)

a. Molecular weight standards.
b. Reslduesweter extraction (50 ug).
e. Suparnatantiwater extraction (50 ug)-
d. Total k a f ir in  (50 ug).
e. Residue) lacta te extraction (50 yg).
f .  Supernatant: lactate extraction (50 yg).
g. Residua: water extraction (100 yg).
h. Supernatants water extraction (150 yg).
i .  Total k a f ir in  (100 yg).
j .  Residue! lacta te extraction (100 yg).
k. Supernatant! lacta te extraction (150 yg).
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FIGURE 3D. The in f lu e n c e  o f  in c u b a t io n  t im e  upon sorghum
m a j t  p r o t e in a s e  a c t i v i t y  a t  30*C and bU'C w ith  t  
p u r i f i e d  t o t a l  k a f i r i n  a s  e u b s t r a t i ^ ^ —
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1,0 0 0 "

I n c u b a t i o n  11 m e ( h )



to proteinase a c t iv ity  trum aorghun salt at 36 and 58'C. The 
progress curve at 56'C was characterised by an in i t ia l  
exponential phase of product foreation followed by a linear 
phase, (here was a 4,6% degradation of pu rified  to ta l ka fir in  
during the exponential phase. However at 30'C the foreation 
of ICIl-soluble mtroge r a to proteinase a c t iv ity  from sorghum 
malt showed a linear release of product with time for the 
duration t f  the reaction. Figure 71 shows the formation of FAN 
due to earboxvpeptidase a c t iv ity  from sorghum malt at 38*C.
Here there was evidence of ight curvilinear relationship for 
product formation during i t ia l  stages of reaction, 
Thereafter the reaction proceeded at a constant rate.

E x tra c tab ility  of pro teo lytic a c t iv ity  from sorghum malts 
prepared from d iffe ren t cu ltlva rs .

The sorghum cultlva rs used in th is  study were a l l  grown under 
identica l environmental conditions, The greme were a ll malted 
according to the aSee schedule fo r six days. Table 111 shows the 
ex tra c ta b ility  of proteinase a c t iv i t  from these sorghum malts. 
Both the cu ltiva r and the extraction stage had a highly 
s ign ifican t effect upon the amount of proteinase a c t iv ity  
recovered ip'0,801). Sorghum cu ltiva r SNK 3377 produced the malt 
with the highest to ta l proteinase a c t iv ity , whilst eftpr t  ting le  
extraction the greatest amount of prctninare a c t iv ity  was 
recovered from sorghum sa lt prepared from cu lt iv a r: SC 73, The 
cu ltiva r! FNR 6433 produced the malt with the lowest amount of 
to ta l proteinase a c tiv ity , Ih is  malt also yielded the least 
amount ot proteinase ac t:» itv  after a single extraction.

I t  can also be seen from Table X ll that there was a s ign ifican t 
inte raction vctween cu ltiva r and extraction stage tp<0,65i. In 
other words, the amount of proteinase a c t iv ity  extracted from 
sorghum malts at a given stage of extraction was dependent upon 
the sorghum c u ltiva r. thus the f i r s t  soluble extracts ot 
d iffe ren t sorghum malts may provide d iffe ren t proportions o» the
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FIGURE 31. The in flu e n c e  o f  in c u b a t io n  t im e  upon worghum 
m a lt  ca rb o xyp e p tid a se  a c t i v i t y  t i t  dO C w ith  
p u r i f ie d  t o t a l  k a f i r i n  as s u b s tra te . ^

250

150

I n c u b a t f o n  11 me ( h )



T»bli XII. E x t n c t i b i l l t y  of p r e t i i na i e  a ct i v i t y  fron 
n»I te prepared from d i f f er en t  cu lU v t r i .

Proteinase a c t iv ity  (ygN/Sh/g dry »al

Barnard Red 

Breyt, Red

SNK JJ77 

?NR 8311

Analysis of variance tables fixed aodel,
Mean square ot extraction stage and c u lt iv ,  are coapared witii 
error lean square.

freedom
n square F-val

2940490



to ta l proteii
■ ation coet’fic len te

;einase a c t iv it ie s  o< the f i r s t  and second extracts and 
idue did reoresent a fixed proportion of the to ta l aetii 
s ign ifican t inte raction between extraction stage and 
:iva r, as estimated bv 2-way analysis of variance was pi 
iely due to the lack of corre la tion between the protein; 
,v lty  of the th ird  extract and the to ta l a c t iv ity .

Table XJV shows the e x tra c ta b ilitv  of earboxvpeptidase a r t iv itv  
from sorghum malts prepared from d iffe ren t sorghum cultivars.

earboxvpeptidase a c t iv ity  recovered from sorghum malt, C ultivari 
PHtt 6453, which resulted in a aa lt with low proteinase a c t iv ity , 
vielded the highest level of to ta l carbouypeptldase ac tiv ity , 
C ultivari SNK 5377 yielded marginally more earboxvpeptidase 
a c t iv ity  after a single ext-actien then did other cu ltiva rs . 
C ultiva r: CC 73 produced the malt with the lowest to ta l 
carboxype-tidase a c t iv ity  after a single extraction, whilst 
PNR 8311 i,elded the least earboxvpeptidase a c t iv ity  after a 
single extraction. These resu lts suggested that carboxypeptidase 
and proteinase a c t iv ity  were Independent cu ltiva r slated 
phenomena,

There was no in teraction between cu ltiva r and extraction stage 
rer earbexvpeptidase a c tiv ity  ip,'8,05l. This indicated that at 
each etaae ot extraction, a fixed proportion ot the to ta l 
carboxypeptidase a c t iv ity  was recovered.

1.7. Influence of malting conditions upon the development of 
sorghum malt p ro teo lytic a c t iv ity .

i germination contiitlor



Table H i t .  Correlation coe ffic ien ts  fo r re lationship between 
to ta l sorghum la l t  proteinase a c t iv ity  and proteinase a c tiv ity

Probability



T jtil* XIV. E *tr« c ta b lllty  o* carbexypeptidise a c t iv ity  from 
eerghai m lte  prepared traa a f fe re n t  c u lt iv jrs .

Carbonyptptldase ic t iv i ty  
lygFflW/Sh/g dry

E«tractioi

Barnard Flee

PNR 8433 
SNK 3377 
PNR 6449

flnaifs ie o# variance U b lp i fixed aodsl,
Kean square of extraction stage and cu itiva r are coepar 
error mean square.

In teractio

fresdan

-? -



T ib ia  XV. In fluence  e# germ ination cond itionu  upon the devainpeent of
pro tB im se  i c t l v i t y  in  sorghum m alt.

Proteinase a c t iv ity  (pgN/Sh/g dry ac.lt!

At 0 days germination the proteinase a c t iv ity  was 742HgN/3h/g dry



developiesnt of p 
R iit used In Sfti 
conditions invev

of p ro teo lytic «

tonditions ot temparat 
of sorghu/i »? lt mere, 
th jre s ti-ir  the protein

Table XVI shows the fit 
IV bv 3-wav analysis Q 
e ienihcant eHect upc

sxpentent

'velapment
since at th is  stage gtirmini 

d t in s  cafl net iflfluencp tbi 
the proteinase a c t iv itie s  of a 

an value of two independent 
be seen fro : Table XV that at al 
a and moisture, the proteinase a 
'd bv about two-fold up u n til ..y 
e a c t iv ity  of the malt declined.

UeaL evaluation of the data in Teble 
'iance. Only germination tt.-e had a 
i proteinase a c t iv ity  of sorghum malt

development 
the eroteina

detereinatic

ixieun levels of proteinase a c t iv ity  in soroh 
a fte r four days germination,

i«s the i r fluenc* of fsr»jnatJon conditions i 
f ctrboiivpeptidase a c t iv ity  in sorghum malt, 
i a c t iv it ie s , the carbonypaptidase ac tiv itie s  
•esented tlw  mean values ot two independent 
i. I t  can be seen from Table lV ! l that for i 
:e«perattir: conditions the carboxypeptiUase ’

t  n p i d during the f

i

nfluenced the cartioxvpeotldase a c t iv ity  of « 
jrm nation temperature of 24'C produced malts with higi.er 
i '  aokYoeptidass a c t iv ity  than did either IS* or 32'C. 
medium moistv.re treatme.pt during gersinatiort products malts 

ith  higher carhoxvpeptidaee a c t iv ity  than low or high condition 
f moisture. Maiumua levels of carbonypeptidise a c t iv ity  were 
itained in sorahum malts germinated for between four and sin
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Table XVI,

Analysis of 

interaction!

S ta tis tica l evaluation of the data in Table XV by 3-Hay analysis

variance: fined model, 
of germination temperature, moisture and 
are compared with residual mean square.

, plus the ir 2-Hay

Temperature
Moisture

Temp X Hoist 
Temp X Time

I Moist X Tim

Interaction 

Temp, OC)

Cell means for Moist 1 
interaction

inte ractio
fo r Temp X Moist

Lon Med High



Table JVM. IiH luenee o f geralnaUan cond itions  upon the development of
carbnxypepttdase a c t iv i t y  tn  eorghuei

Carbonypeptidase a c t iv ity  (jigFftN/Sfi/? dry e a ltl

Law Med High

Semination 
tiae (days)

117 183 127

179 184 184

201 260 177

134 262 171
US 176 214
202 257 18?
SIS 282 159
209 282 1S4

At 6 days gereinattan, the carbexypeptidase a c t iv ity  was 
52|igFflN/5h/g dry s a lt.



Table m i l .  S ta tis tica l evaluation of the data in Table XVII by 3-way analysis

Temp l ‘ CI



days, depending on the moisture conditions. Thus there was 
s ign ifican t interaction between moisture and time. The 
interaction between temperature and time was not s ign ifican t at 
five  per cent level of confidence. I t  appears that the maximum 
level of carboxypeptidase a c t iv ity  was produced with a four day 
malt germinated at 24‘ C under medium conditions of moisture.

/ v / " /  '



5. DISCUSSION.

Throughout the cmrs 
nitrogen by proteely 
o< FAN. Since FAN 1

of th is  study, the release of TCA-s 
is  Has always fa r greater than the r 
larqelv a eeasure of free amino aci

seasure of pepti
us predominantly a 
: t iv i ty  quantified i 
i believed to be

i-soluble nitrogen 
Thus pro teo lytic a 

terns of TCA-soluole nitrogen and FAN wa 
ind icative of proteinase and esapeptidas 
respectively. The simultaneous aeasuren 
exopeptidase a c t iv ity  by distinguishing 
release of peptides and free aeino acids 
by Banter 119761.

The incubation conditions of temperature and pH under which 
sorghum melt p ro teo lytic a c t iv ity  was In it ia l ly  assayed, were 
chosen from the results of a preliminary study by Taylor 
Unpublished resu lts ). Acidic pH conditions (pH 4,3) were 
employed through! th is study. Of the exopeptidases found in 
germinating seeds, only the carboxypeptidases have acidic pH 
optima (Ashton, 1976; Nikola, j , , 1983), thus proteolytic 
a c t iv ity  measured in terms of FAN release was more spec ifica lly  
referred to as carboxypeptidase a c t iv ity .

The f i r s t  stage in the development of a procedure for 
assaying sorghum malt p ro teo lytic a c t iv ity  was to investigate 
the extraction of malt p ro teo lytic  enzymes. The development of 
a satisfactory extraction procedure fo r recovering proteolytic 
enzymes from sorghum malt was complicated by the apparently 
insoluble nature of the pro teo lytic  enzymes. In an attempt to 
increase the recovery of pro teo lytic a c t iv ity  from sorghum malt, 
a variety of extraction procedures (Baxter, 197b| Houreaux, 1979) 
Preston and Kruger, 1976) employed in studies of proteolytic 
a c t iv ity  with other germinating cereals were also Investigated. 
A ll of these extractants recovered less proteinase a c t iv ity  from
sorghum malt than 1 :tion (Taylor



unpublished raa u its ), Sodium chloride 11,2311 NaClf was chosen is  
an extractant of pro teo lytic a c t iv ity  froe sorghum iaJ t bicause 
i t  had proven to be an e ffic ie n t extractant of aidcalns and 
globulins from sorghum grain (Taylor et i t ,  lfS4c>. The albueifls 
and globulins of cereals are predominantly fletaSolic proteins 
(Wilson, 19811 and thus probably include the p re tso ly tic  enzymes.

After a single extraction of e 
the to ta l proteinase a c t iv ity  
inferred that the entractants 
and Kruger recovered a smaller 
a c t iv ity  tfian th is.

;rghu« sa lt w ltf 
>as recovered.
)f Baxter, Moure

l,25M HaCl| 34% « 
; can therefore b 
ix i and Preston

proportion of to ta l proteinase

PS'-i'-j? n# :t.,i lim ited success experienced in solubilis ing 
scrjhu* * 6 iI  p - 'j t .p y t ic  a c t iv ity , a more systematic approach was 
adopted to dsvulop a more e ff ic ie n t extraction ovocedure. The 
objectives of th is  approach were two-fe ld. F irs t ly , and most 
aiportantly, fo r the purpose of the aa^av cdure, the amount
if pro teo ly tic  a c t iv ity  recovered after a - in tjle  extraction ol 
iorghun malt should be increased. Secondly, the propnrtion af 
nevtractable pro teo lytic a c t iv ity  should be reduced,

In order to achieve these objectives, a nuefler of psraeeters that 
have been shown to enhance the solvation of proteins were 
incorporated stepwise into extraction procedures. These 
procedures were then assessed with respect to th e ir influence 
upon the recovery ol both proteinase and earboxypeptldase 
a c ttv itv  from sorghum » s lt. F irs t ly ,  I t  was found that the 
amount of proteinase srti earboxypeptldase a c t iv ity  and protein 
extracted fro *  fforphue ea lt were a l l  influenced by the extractant 
yoI Hite to m l t  flass ra tio , fit higher ratios the amount of 
p ro teo ly tic  a c t iv ity  and protein extracted became constant. Thus 
at lower ra tios  i t  appeared that water-soluble components of 
serphue malt saturated the solvent. S im ila rly , Taylor ei 
f 1 U9B4c) found that the extractant volume influenced the 
amount of protein extracted from a given mass of sorghum grain,



Secondly, i t  is  known that a nueher of pareeetere can act as 
structura l herturbants of macromolecules (Von Hippel & Schleich, 
i?o?l. Structural perturbants disrupt the native conformation of 
ftuc'onoleculms, and th is  s itua tion can in turn lend i ts e lf  to 
increased eacroeolecular s o lu b il ity . Some of these parameters: 
temperature, pH and neutral sa lts were investigated with respfKt 
to the ir influence upon the extraction of pro teo lytic  a c tiv ity  
from sorghum malt.

Previous extractions of sorghum sa lt pro teo lytic  a c t iv ity  were 
conducted at 4‘ C. This was because enzymes can be 
inactivated at higher temperatures (Lehninger, 19751. Plant 
proteinases however are unusually temperature-stable (Greenberg, 
19551. Sorghum malt p ro teo lytic enzymes can also withstand 
moderately high temperatures since th e ir extraction was improved

Buffers of various composition and pH have been used to extract 
pro teo ly tic  a c t iv ity  from germinating cereals. With maize for 
example, acetate buffer, pH 3,9 (Moureaux, 1979) and phosphate 
bu ffe r, pH 7.2 (Dencheva & Nikolova, 1984) have both been used as 
extractants of pro teo ly tic  a c t iv ity . The extraction of 
pro teo ly tic  a c t iv ity  from sorghum malt was strongly Influenced by 
pH. The use of a pH 7,8 buffer with an ionic strength of 0,5M 
resulted in a greater recovery of pro teo lytic a c t iv ity  after a 
single extraction compared with 1,2SH NaCl. Recently Dencheva 
and Hikolova (1984) Found that the extraction of pro teo lytic 
a c t iv ity  from germinating maize was beat accomplished using 8,05H 
phosphate bu ffe r, pH 7,2 plus 2mM 2-mercaptoethanol.

Protein s o lu b ility  can change in solutions of d iffe ren t neutral 
sa lts . This phenomenon has led to the formulation of the 
Hofmeister or lyotropic series of ions and has been reviewed by 
Von Hippel and Schleich 11969), Both the anions and cations of a 
neutral sa lt can influence a pro te in 's s o lu b il ity . The lyotropic 
series predicts that L i* >Na* >K- and SCN"
>004“ >l- >8r- >C1- >F- fo r the sa lting-in



amount

e!burin 
notsbie

coiparec

b ilisa tia n  of proteins. The relationship between the 
of pro teo lytic a c t iv ity  extracted free sorghum malt with 
'fts of d iffe ren t neutral sa lt however was inexplicable in 
f  the lyotropic series, fitaker and Sortner (1931) 
gated solutions of neutral sa lts fo r th e ir a b i l it y  to 

buains and globuline froa cereais. The recovery of 
ind globulins fro* eost of the cereals studied, with the 
csption of sarghua, were in agreement with predictions 
the lyotropic series. Lithium iodide, a neutral sa lt 
sa lting-in  properties, did however recover acre of both 

i and carboxypeptidase a c t iv ity  from sorghum aalt 
lit f t  the other neutral sa lts investigated. Further 

gation of L it in solutions of varying ionic strength 
that the amount of gro teo lytie  a c t iv ity  recovered from 
i malt after a single extraction was optimal with 8,611 L i!.

Eo»p»risofl af tfte two extractants! e,6M L i l  and pH 7,0 buffer 
with’ respect to the ir influence upon the e x tra c ta b ility  of 
p ro teo ly tic  a c tiv ity  revealed that Both extractants had their 
advantages, The pH ?,B buffer recovered a greater proportion of 
p ro teo lytic a c t iv ity  after a single extraction, whereas 0,6M Li 1 
succiieded in substantia lly reducing the proportion of 
inextriictable pro teo lytic a c t iv ity  in  the aa lt. In an attempt te 
csablne the merits of these two extractants in to  one, a pH 7,8 
-uf <er wits adjusted to an ion ic strength of 0,6M with Li I. This 
ei.tractant was however not as luccessful as 0,6M l.i I in reducing 
the proportion of inextractaole pro teo lytic  a c t iv ity  in sorghun

Thirdly, the incorporation of reducing agent I0TT) with 0,611 LI 1 
resulted in s ligh t improvements In the recovery of proteinase 
a c t iv ity  froe sorghum malt. Enart and Mikola (1967) extracted a 
highly unstable frac tion  of p ro teo lytic a c t iv ity  from barley malt 
due to the incorporation of aercaptoethanoi in to th e ir extraction 
procedure. They proposed that th is  a c t iv ity  could tie the 
so-called insoluble pro teo lytic a c t iv ity  of barlay malt described 
by Krinustad and Kilhovd (1955). Certain cereal proteins are



known to be extensively cross!inked by intrs-aclecular disulphids 
bridges IW eil, 1971), These proteins may only be solubilised 
a lte r cleavage of bisulphide bonds with reducing agents such as 
mercaptoethanol and d ith io th re ito l, O ith io th re ito l plus a,6N 
Li I did not further reduce the proportion of e ither proteinase or 
carboxypeptidase a c t iv ity  in  the residue, compared with 3 ,PM Li 1 
alone. I t  appeared therefore that cleavage of interaolecular 
disulphide bonds had influenced the s o lu b il ity  of the pro teo lytic 
enzymes without permanently affecting their a c t iv ity , since there 
was no s ign ifican t difference between to ta l proteinase and 
carboxypeptidase a c t iv it ie s  of aa lt extracted in the presence and 
absence of DTT. Presumably any intermolecular bisulphide 
bridges, which were cleaved and which eust remain in tact in order 
to reta in p ro teo lytic a c t iv ity , were reoxidised during dia lysis 
of the enzyme extracts.

The choice of extractant used fo r iso la ting  pro teo lytic a c tiv ity  
from sorghum malt not only influenced the amount of a c tiv ity  
recovered a fte r a single extraction. Progress curves of the 
development of enzyme a c t iv ity  in germinating seeds can be 
obtained by monitoring enzyme a c t iv ity  in seeds which have been 
germinated fo r d iffe ren t periods of time (Harvey & Oaks, 1974b| 
Aisien, 1982; Enari fe Mikola, 19771. When d iffe ren t extractants 
were used to recover p ro teo lytic a c t iv ity  from sorghum malte 
germinated for d iffe ren t times, the resultant progress curves 
were strongly dependent upon the choice of extractant. Use of 
e,eM Li 1 plus DTT always extracted «ore pro teo ly tic  a c t iv ity  than 
the other two extractants investigated. The 8,B5H acetate 
buffer, pH 5,8 plus cysteine.HC1 was employed by Aisien (1982) ae 
an extractant, in the study of p ro teo ly tic  a c t iv ity  of 
germinating sorghum. This extractant indicated a 4-fo ld increase 
in  proteinase a c t iv ity  during germination compared with the
2-fold increase observed with 8,SM Li 1 plus DTT. The extractants 
employed in th is study did not so lub ilise  the to ta l sorghum malt 
p ro teo lytic a c t iv ity , However, the fact that 8 ,PM LI 1 plus DTT 
succeeded in  recovering more pro teo ly tic  a c t iv ity  from sorghum 
malt than either acetate buffer on water at a ll germination times



i  prudent choice of e

The procedure f in a lly  chosen to extract p ro teo lytic a c t iv ity  from 
sorghu* c u lt, namely that which u t ilis e d  B,6M Li I plus DTT as an 
extractant, was not ide a l, since not a ll the pro teo lytic a c tiv ity  
was extracted in the f i r s t  extract and a considerable proportion 
s t i l l  remained in che residue a fte r three extractions. However, 
compared with water and the extractant employed by Aisien (1982) 
to iso la te  pro teo lytic a c t iv ity  fro# gem inating sorghum, 
considerable progress Wad been eade both in  terms of reducing the 
inextractahle proportion of pro teo ly tic  a c t iv ity  and with respect 
to increasing the amount of a c t iv ity  recovered after a single 
extraction of sorghum malt.

Having developed an extraction procedure which improved the 
recovery of pro teo lytic a c t iv ity  from sorghum malt, i t  was 
necessary to ve rify  that pro teo ly tic  a c t iv ity  was being assayed 
under optimum conditions. The proteinase a c t iv ity  of sorghum 
malt had a pH optimua in the range of pH 4,25 to 4,50. Other 
workers have found acidic pH optima fo r proteinase a c t iv ity  in 
germinating cereals, The pH optima of proteinase a c t iv ity  In 
germinating barley, sorghum, maize and wheat has been found to be 
pH 3,8, (Baxter, 197S), pH 5,9 (Barg 8c Virupaksha, 19791, 3,8 
IHoureauv, 1979) and 4,0 (Preston 6 Kruger, 19761 respectively. 
The carbaxypeptidasB a c t iv ity  compared with proteinase a c t iv ity , 
had a re la t iv e ly  broatf pH opt/mu* in the r*«ge of pH t,Bk to pH 
5,25. This apparently broad pH optinua may have been due to the 
v a r ia b ility  of the data, However i t  is  also possible that this
resu lt was indicative of a number of d iffe ren t carbowypeptikase
enzymes being present In sorghum ea lt. Hith barley malt, five 
d iffe ren t carboxypeptidase enzymes have been isolated with 
various acidic pH optima iH ikola, L . , 1983). For the purpose of
the assay procedure an incubation pH of 4,58 was chosen as being
optimal fo r both proteinase and carboxypeptidase a c tiv ity .

The selection of a suitable incubation temperature and reaction 
time for the assay of sorghum malt p ro teo lytic a c tiv ity  was



coeplleated by the unusual nature of the progress curve , for 
both proteinase and rarbosypeptidase a c t iv ity . These progress 
curves were essentia lly  blphastc in character fo r both 
proteinase and carbosypeptidase a c t iv ity  over the range of 
incubation teeperatures studied,

In an attempt to explain these k ine tics , the p o s s ib ility  that the 
pro teo ly tic  enzymes were not operating under conditions of 
substrate saturation was considered. The droo in reaction rate 
experienced after the in i t i a l ,  rapid phase might then be due to a 
depletion of substrate. However, from theoretical canmderations 
IDiian k Webb, 19791 i t  seemed un like ly  that substrate lim ita tion  
was the cause of the rapid release of product during the in i t ia l  
phase of reaction, since the degradation of substrate did not 
exceed 288 during an enzyme assay. The greatest extent of 
reaction during incubations of malt p ro teo lytic a c t iv ity , ie , the 
most product solubilised, never represented more than a seven per 
cent degradation of to ta l k a f lr in , However TCA-seluble product 
is  only an estimation of the invent of peptide bond cleavage,
especially when the cleavage due ta proteinase action.

An a lternative explanation fo r the urop in reaction rate during 
the f i r s t  phase of the reaction was that temperature-labile 
pro teo ly tic  enzymes were being denatured, Such a hypothesis 
presupposes the existence of a m ulti-p ro teo ly tic  enzyme system 
for sorghum s a lt, however such a system Is not unreasonable 
considering that two proteinasee and five  earboxypeptidases have 
been id e n tifie d  in barley malt (Nikola, d,, 1983). The existence 
of isozymes of alpha-amylase in barley malt characterised by 
dlftersnces in both pH and temperature optima has been 
demonstrated by Sertoft i t  iJ  11904). The rapid release
el product ''urlng the in i t ia l  Phase of reaction could then be due
to the cuebmed action of both temperature-labile and 
tenperature-etable pro teo ly tic  enzymes, And the second linear 
phase of reaction could then be due to the continued a c tiv ity  of 
temperature-stable p ro 'en lv tic  enzymes. Two c r it ic is e s  of th is



matured over the 
temperature-1tbili

i t  S6‘ C. Secondl' 
of the reaction ■

Investigations in to  the thermal s ta b il ity  of sorghum salt 
p ro teo lytic a c t iv ity  indicated that both proteinase and 
carbaxvpiptidase a c t iv ity  hod v ir tu a lly  identica l thermal 
s ta b il it ie s .  A possible explanation far th is  observation is  that 
carboxypeptldase may be strongly dependent upon proteinase 
a c t iv ity  fo r the generation of i ts  eubstate. Proteinase a c tiv ity  
has been shown to be the ra te -1 ia itin g  step in the degradation of 
proteins to amino acids during the mashing of barley ealt 
(Sepinen et a j, 19801. In other words, barley malt 
carboxypeptldase a c t iv ity  was present in excess. I f  th is  was the 
case with sorghue malt, I t  could explain why the reaction 
k ine tics of proteinase and carboxypeptldase a c t iv ity  were also

Sorghum malt pro teo lytic  enzymes appear to be temperatura-itable 
at 38'C. Pre-incubation of the enzyme extracts fo r one hour 
at th is  temperature did not resu lt in any appreciable lose of 
a c t iv ity . The amount of product released at 30'C during the 
in i t ia l  phase of both proteinase and carboxypeptldase reactions 
was however noticeably less than at higher temperatures. At th is 
stage i t  was not possible to provide an explanation for the rapid 
isiease of product at SB'C, other than i t  did not appear to 
be due to either substrate lim ita tio n  of to a thermal 
Inactivation of isoenzyees.

The Investigation in to  the temperature s ta b il ity  of sorghum malt 
p ro teo lytic a c t iv ity  demonstrated that there was a rapid less of 
a c t iv ity  with increasing temperature. This Investigation was 
however conducted with the crude enzyme extract in the absence of 
excess substrate. I t  Is known that in the presence of excess 
substrate, the temperature s ta b il ity  of enzymes increases (Dixon



& Hebb, 1979| Godfrey, 1983). I t  appeared that th ia  was the 
case fo r sorghua aa lt proteolytic enzyaes. The net amount of 
product released during the in i t ia l ,  rapid phase of reaction was 
approxiaately equal over the temperature range of 45 to 60'C.
I f  tn  the presence of excess substrate, the pro teo ly tic  enzyaes 
were progressively denatured with Increasing temperature, a 
concomitant reduction in the net amount of product released 
during the in i t ia l  phase of reaction would be expected. Barley 
aalt pro teo ly tic  enzymes, in the presence of excess protein have 
at so been shown to be highly resistant to thermal denaturati on. 
Nhen germinating barley is  kilned, there is  no appreciable loss 
of pro teo lytic a c t iv ity  in 24 hours at fcS'C iBaxter et 
i l ,  1978). However during mashing, in  which the protein 
concentration is  much Jess than in the germinating grain, a ll 
proteinase a c t iv ity  is  destroyed in 15 sin at 70'C IKringstad 
k Ohlsen, 1957).

To summarise, i t  appears that thermal fractionation of 
pro teo lytic a c t iv ity  during Incubation could explain In part the 
rapid release of product observed during the In it ia l  phase of 
proteinase a-;d carboxypeptldase reactions. There la also good 
reason to suppose that some sorghum malt p ro teo ly tic  enzymes may 
withstand temperatures of 6B‘ C for seven hours without losing 
their a c t iv ity . However the rapid release of product during the 
In it ia l  phase of reaction at 38'C was inexplicable in terms 
of thermal fractionation ,

Considering the p ra c tica litie s  of the assay procedure, the 
problem of temperature-labile enzymes would be of academic 
in te rest, I f  the in i t ia l  rate of reaction was used to measure 
both proteinase and carboxypeptldase a c t iv ity . However, the 
accurate measurement of in i t ia l  reaction rate was not possible. 
This was because the assay procedures for both FAN and 
TCA-soluble nitrogen were not sensitive enough to detect re liab ly  
the small amount of product released during the in i t ia l  stage of 
the reaction. Thus i t  was decided to incubate sorghum malt 
pro teo lytic a c t iv ity  tor a period of five  hours at 58'C for



routine assays. These conditions were chosen elute they resulted 
In a s u ffic ie n t releaie nf product to give reproducible 
determinations of both proteinase and carboxypeptldase a c t iv ity , 
but i t  aust tie stated that they provided a eeaeure of the net 
rate ct reaction. With certa in assay procedures, especially 
those which have industria l appllc*lloas, I t  is  hoHever often 
iep ractica l or «eafilngless to use the in i t ia l  rate ot reaction as 
a measure of enzyiie a c t iv ity  (Fullbrook, 1967.), The choice of 
38’ c as incubation temperature and f ive  hours as incubation 
time was made tor two reasons. F irs t ly ,  because I t  appeared that 
56'c resulted in a faster, in i t ia l  rate of reaction than did 
other temperatures. And secondly, because after an incubation 
tine  ot f ive  hours, an incubation temperature of SS'C gave 
rise  to an amount of product release which could be reproducibly 
measured. Incubation temperatures of 37'C (Baxter, 1976) ,
4B'c (Harvey & Oaks, 1974i) have been eeployed to  assay 
pro teo ly tic  a c t iv ity  in geminating barley and maize 
respective ly, These procedures have employed reaction tines 
considerably less than five  hours, the progress curves of product 
release have in addition been shown to be linear n itf i respect to

An investigation in to the influence of substrate concentration 
upon pro teo lytic a c tiv ity  determinations confirmed that progress 
curves of product release were biphasic in character, tilth  
Increased levels of substate concentration, however there was an 
accompanying increase in  the amount of product released during 
the reaction. Despite the observed increase in product release 
with increasing substrate concentration, the degradation of 
substrate after a 2h period at 5@'C never represented more 
than approximately 6%, Since problees Mlth substrate lim ita tion  
are not genera) ! y encountered u n til 2Bt substrate degradation has 
been achieved (Dixon & Webb, 19791, these resu lts were rather 
d i f f ic u l t  to explain. In view of th is  I t  was decided to 
investigate conditions of substrate saturation In d irec tly  by 
investigating the influence of enzyme concentration upon 
pro teo ly tic  a c t iv ity .



9 assays are on 
eirpcU y proportional to i t s  r* ' 
only sa tis fied  when the snzyee I 
substrate saturation and the pH 
remain constant (Wynn, 1973). (
Sag to ta l k s flr tn  per assay, th< 
tarbasypeptidase a c tiv ity  
proportional to th e ir respective

le amount of enzyme used is 
of reaction. This condition i t  
operating under conditions of 

id temperature of the reaction 
a substrate concentration of 

net rates of both proteinase ant

procedure was operating under conditions of substrate saturation, 
Why then did higher substrate concentrations have such a profound 
effect upon the aeount of product released over the in i t ia l  phase 
of reaction? In order to answer th is  question i t  was proposed 
that the purity of the to ta l ka f ir in  preparation used as a 
substrate should be investigated.

When to ta l k a fir in  was Inc 
enzymes from sorghum malt, 
TCfl-soluble nitrogenous ea 
nitrogen could not be dete 
believed that the nitrogen 
small, peptides rather the 
temperature conditi

i  the for® of TCft-soluble. her 
amino acids. Under the pH at 

say procedure fo r pro teo lytic
a c t iv ity , th is  release of peptides was linear with respect to 
time, U  was therefore due to a d iffe ren t mechanism to that 
which controlled nitrogen release in the orenence of p ro teo lytic 
enzymes from sorghum malt. Because of t linear nature of th is  
release of peptides from to ta l k a f ir in  time, i t  could not 
therefore account for the rapid release o, product previously 
observed during the in i t ia l  phase of the proteinase reaction.

Attempts to determine whether 
from to ta l ka f ir in  was due to 
inconclusive. However, these 
la c tic  acid/NaOH buffer, pH J

the release of peptide material 
an enzymic phenomenon were 
investigations did indicate that 
8 resulted In an almost

•eieaee of peptide contaminants *r 
i  that both the pH and the lac tic

ta l ka f ir in . 
component of



th is  buffer were responsible fo r i ts  success in  rapidly 
libe ra ting  peptides from to ta l lea firin , Lactic acid has been 
used during industria l starch preparations since I t  dispersed the 
protein sa tri*  of maize (Cox ef aJ, 1944). Also sodium 
la c ta te /la c tlc  acid Suffers have been used extensively in the 
eleetrophcrosis of prolamir proteins in  cereals tShewry at 
a i, 1977). A sodium la c ta te /la c tlc  acid bu ffe r, pH 3,1, as 
used by Lockhart et aj 11985) in  the electrophoresis of 
prolamine, was used to extract peptide contaminants from to ta l 
k a f 'r in . This pu rif ica tion  procedure resulted in a preparation 
of to ta l k a fir in  which was apparently free from peptide 
contaminants. Apart from the extraction of peptide material 
however a water-soluble protein was also extracted from the to ta l 
k a f ir in . This protein accounted for 3,5% of the nitrogen in  the 
to ta l k a fir in  preparation.

A protein has been isolated from preparations of maize by a 
sU .la r  procedure to that which was used fo r purify ing to ta l 
k a f ir in . This protein has been variously called water-soluble 
alcohol-soluble reduced g lu te lln  (Paulis St H a il, 1977), 
reduced-soluble protein ItHison et a/, 1981), g lu te lin -2  
(Ludevid et e l, 1983) and p ro ljn e -rich  alcohol-soluble 
reduced g iu te lin  (Esen et a i, 1985). In keeping with a 
recent nomenclature for maize proteins (Wilson, 1987), th is  maize 
protein has been referred to as reduced-soluble protein (RSP).

Comparisons of the amino acid composition of the water-soluble 
protein extracted from to ta l k a fir in  and maize R6P shewed them to 
be v ir tu a lly  identica l, except for the levels of glutamic acid. 
Because of th is , the water-soluble protein extracted from total 
k a fir in  has also been called reduced-soluble protein.
Furthermore the apparent H, of the major component of
maize RSF by S0S-PA6E has been reported in the range of 27 588
iSssn et >!, 1981) to 28 080 (Vitale et e l , 1982;
Ludovid et a i, 1984). Thus the apparent M, of
the predominant component of sorghum ASP was v ir tu a lly  identical
to i ts  maize counterpart. The fact that RSP, a protein with a



rather unusual amino j c ij  coepoeition, occurs in  sorghum as nail 
as eaize, adds fu rther cnidence to the suggestion that i t  has an 
Important physiological function that h f< constrained change* In 
coepoiltion during evolution lEsen «t a/< 19821.

Nith respect to the assay procedure, the eiscavery of RSP is 
preparations of to ta l k a f ir in  meant that unw itting ly an iepure 
protein preparation had been employed as a substrate fa r sorgbus 
Halt p ro teo lytic a c t iv ity . Using to ta l k a f in n , from which RSP 
had . sn exhaustively extracted, as a substra-.B shc»ed that at 
56'C the fcreation of TCfl-soluble nitru'jan by xorghue nalt 
proteinase a c t iv ity  s t i l l  ipptureti to be Mphasic. However at 
36'C the release of TCA-ssluble nitrogen fiae line a r i'l tb  
respect t» tiee. This implied that the rapid release of 
TCA-soluble nitrogen previously encountered with sorghue aalt 
protelsass a c t iv ity  at 30‘ C was due to  the presence of RSP in 
the to ta l lu f i r in ,

The reaction k inetics of the sorghu* aalt p ro teo lytic enzyees in 
the absence and presence of R6P suggested that RSP was degraded 
in preference to to ta l lea firin . The exponential nature of the 
release of nitrogen In the presence of RSP could then be due to 
RSP becoming increasingly substrate H a ltin g , in support of th is 
explanation the aeount of nitrogen released during the 
exponential phase «aa approximately equal to tho aeount of 
nitrogen in ths to ta l k a llr ln  preparation that wan accounted <or

The exponential phase of product release was evident at an 
incubation temperature of 50‘ c both in  the presence and 
abs-ince of RSP in to ta l k a lir in . I t  therefore appeared that in 
crude enzyne aiitracta of sorghum aa lt there were proteolytic 
enzymes that were thereclablle even under conditions of sudstrate 
saturation. I t  would therefore seem probable that tho 
exponential phase of product release o r ig in a lly  observed u t th 
higher temperatures was due to the pre ferentia l degradation of 
R&p, together with an inactivation of some of the proteolytic

I



e.uyaes.

The progress curve o-f FAN release at 30‘C with purified to ta l 
k a ftr in  showed a earginal deviation from lin e a r ity . Why 
carboxypeptidase a c t iv ity  should exh ib it ruaction k inetics which 
apparently d iffe r  fron those of proteinase a c t iv ity  a fte r a 
previous period of pa rity  is  not understood. However i t  is 
possible tS it the breakdown products of pu rified  to ta l k a fir ta  by 
proteinase enzymes provided a coeplex substrate which complicated 
the reaction k inetics of carboxypeptidase a c tiv ity ,

The e x tra c ta b ility  of sorghum malt p ro teo lytic  a c tiv ity  from 
d iffe ren t sorghum malts showed that although the to ta l a c t iv ity  
wee not extracted after a single extraction, the amount recovered 
did represent a fined proportion of the to ta l a c tiv ity . 
Approximately 45 per cent of the to ta l proteinase and 
carboxypeptidase a c t iv ity  was recovered from sorghum malt a fter a 
single extraction.

carboxypeptidase 

ieinase a c tiv ity

Significan t differences in both protein, 
a c t iv ity  could be attributed to cultiva i 
cu ltiva rs  which resulted in  nigh 1evelr 
did not necassarily resu lt in  high levels of carboxypeptidase 
a c t iv ity  and vice-versa. This suggested that the levels of 
proteinase and carboxypeptidase a c t iv ity  achieved during salting 
were under independent con tro l. I t  was not possible however to 
conclude that differences in the levels of pro teo lytic a c tiv ity  
were due to a cu ltiva r-re la ted  phenomenon of sorghum. This was 
because the experiment did not investigate e ither the influence 
of the environment or the season upon the pro teo lytic a c t iv ity  
of sorghum malt prepared from d iffe ren t cu ltiva rs , Dalbar 
11980) however has demonstrated tnat the d iasta tic  power of 
sorghum malt is  a cu ltiva r-re la ted  phenomenon. Morgan i t  
ai <1993) have also observed s ign ifican t varie ta l differences 
fo r endoprotease a c t iv ity  in barley malt, but were also unable to
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Concerning the influence of Halting conditiona, the methods a 
qereination employed were d iffe ren t f ro :  those reported in th 
lite ra tu re  so that i t  is  p ra c tica lly  meaningless to eake dire 
comparisons between the results of th is  study and those of ot 
markers. Any coapir!ions that are drawj are based solely upo 
generalised trends.

In contrast with barley, there w 
proteinase or carboxypeptidase e 
steeping of barley, proteinase a 
increased by several fo ld (Nani 
the raison d 'e tre  fo r preparing 
to investigate the Influence of gerei 
developaent sf sorghufl zeaJt propeftie 
brewers, The steeping conditions con 
(M orra ll, personal coaeunication).

iv i ty  during steeping, Durii, 
carboxypeptidase a c tiv ity  
i  Friedrich, 19761. However 

i rialtr. used in  th is  study Ha 
tion conditions upon tha

During gem ination, a less than two-fold Increase in protou 
acv iv ity  Has observed. This increase was somewhat less than 
2,5-fo ld Increase in proteinase a c t iv ity  of germinating 
sorghum reported by 6arg and Virupaksha 11978), The protein 
a c t iv ity  of barley malt increased by about 28-fo ld  during 
gsreination lEaeri & MikcJa, 1977).

The mechanism by which pro' 
germinating sorghui is  not 
barley however i t  appeared 
observed .llu b illa e d  prote;

a c tiv ity  increases in 
In contrast to gerainat

teinase a c t iv ity  in sorghum malt was 
already & .t In the resting grain. The proportionately snail 
increase in proteinase a c t iv ity  observed during sorghum 
germination could explain why the conditions of temperature and 
scJsture did not influence the proteinase a c t iv ity  developaent.

In sharp contrast to proteinas 
a c t iv ity  of sorghum malt only 
after the onset of gemination 
of resting sorghum grain was a

a c t iv ity , the carboxypepti(‘ase 
peered in appreciable quantity 

The carboxypeptidase a c tiv ity  
ast too low to detect. During



germination, however up to an 8-fold Increase in a c tiv ity  was 
observed. The rate and extent of th is  increase was dependent 
upon the gemination temperature, moisture and time. A rapid, 
large increase in exopeptidase a c tiv ity  has also been observed 
in germinating sorghum by Aislen 11968), In germinati"- barley, 
Baxter e< ai 11976) have observed that peptidase 
a c tiv itie s  were generally lower at lower levels of moisture.
Nith respect to the influence of temperature upon the 
development of proteolytic a c tiv ity  in germinating barley, i t  
has been observed that in contrast to sorghum the development of 
endopeptidase a c tiv ity  rather than carboxypeptldase a c tiv ity  was 
influenced more by temperature [Baxter b 0 F a rre ll, 1998).
Baxter and O'Farrell explained th is  observation in terms of the 
requirement for protein synthesis of endopeptidase , whereas 
carboxypeptldase was already'present in the resting barley grain 
in an inactive form.

This investigation showed that sorghum germinated for four 
days at 24'C under medium moisture conditions produced malts 
with optimal levels of proteinase and carboxypeptldase ac tiv ity . 
In an ea rlie r invest!g tion, the same malts that were used in this 
study were analysed for diastatic power and FAN (M orrill at 
a l, 1986). Both diastatic power and FAN are malt properties 
which are of importance to brewing performance, At present 
p roteolytic a c tiv ity  is  not a property by which malt quality is 
assessed, This is  because up u n til now i t  has not been possible 
to investigate the relationship between malt proteolytic a c tiv ity  
and brewing performance. However the germination conditions 
which produced malts with optimal proteolytic a c t iv itie s  also had 
levels of diastatic power and FAN which would be acceptable to 
brewers. These germination conditions w ill be of d irect benefit 
to sorghum malsters i f  future investigations demonstrate that 
hioh pro teo lytic a c tiv ity  leads to better brewing performance.



fl procedure daa Seen developed i f  which the pro teo ly tic  a c tiv ity  
of sorghuB ea lt cm be essayed. Ih ia assev is  an improvement on 
previout eethods of deterieinlng pro teo iytis ic t iv i t ) -  in  sorgbu* 
aalt to r a number of reaanns. F irs t ly , the inextractable nature 
of eor.flhue ea lt pro teo lytic enzymes has been recognised. In v is* 
of th is  an extraction procedure has been developed which 
considerably improved the recovery of pro teo ly tic  a c t iv ity  free 
sorghum malt compared with previous choices of extractant.

Secondly, the natural substrate of the pro teo ly tic  a c t iv ity , 
to ta l k a f ir in ,  has been ueed fo r the assay. I n i t ia l ly ,  the use 
of to ta l k a f ir in  as substrata presented problems, since the 
procedure usad fo r its  preparation also extracted a water-soluble 
prcteim from sorghue, th is  protein had not previously been 
isolated from sorghun. However. i t  has now been Id en tified  as 
sorgrtue S8P since i t s  aeino scid expos ition  and apparent H, 
were almost identica l to the RSP found in eaize.

Sorghna na lt pro teo lytic  a c t iv ity  appeared to have a greater
a f f in i ty  fo r sorghum RSP than fo r to ta l k a f ir in . This resulted
in unusual reaction kinetics due ta the apparent preferential 
degradation of RSP over to ta l ka f ir in  by the pro teo ly tic  en:yaes. 
Through employing to ta l k a f ir in  froe which RSP had been 
extracted, the problems with the reaction k ine tics have largely

Thirdly, the products of the reaction hav-' been measured In
terms of the aeount of nitrogen released, Thus i t  Is  possible
to quantify the actual extent of substrate degradation by the

in use fo r eeasuring pro teo ly tic  a c t iv ity  in aalted cereals.
Full experimental de ta ils fo r the recommended procedure fur 
assaying pro teo lytic a c t iv ity  in sorghum malt are given in 
the appendix,



This procedure for assaying pro teo ly tic  a c t iv ity  has been 
applied to deteraine how the conditions of sa lting influence the 
development of pro teo lytic a c t iv ity  in  sergnum s a lt. Of great 
practical importance, the malting conditions shieh favoured the 
developeent of asiieal levels of proteinase and carboxypeptidase 
a c t iv ity  also resulted in malts of good qua lity  for brewing, 
furthermore, these salts were produced under conditions which 
did not require either excessive germination times or moisture 
treatments. Thus i t  is 'p robable that sa lts  can be produced on 
an ind us tr ia l scale which possess both high levels of 
p ro teo ly tic  a c t iv ity  together with specified levels of other 
malt q u a lity  parameters, eg, d iastatie  power and free alpha-amino 
nitrogen, which are of importance to brewing performance.

This assay for sorghum malt p ro teo lytic a c t iv ity  w ill provide a 
useful tool for the Sorghum Beer Industry. However in order for 
the industry to derive maximum benefit from I ts  application, 
ultim ate ly the assay must be applied to determine pracisely how 
malt pro teo ly tic  a c t iv ity  affects brewing performance.



APPENDIX. Recoeiiended prDCBdure far determining 
pro teo lytic a c t iv ity  in sorghum salt.

Preparation of to ta l ka<irin .

Sorghum grain was passed through a rice-pearling machine u n til 
28X 6c weight had beer, r»»oved. Pearled urohue was ground in 
a DLFU disc m ill (Buhler-Miag, Braunschweig, W. Benanyl at a 
disc gap of 8,2ms. Flour (1kg) wae entracted, by constant 
s tir r in g , for ih periods ti it f i tfrree successive 5J e liguots of 
d is t i l le d  Hater at 4'C, to remove tho albueine, globulins 
and low molecular weight nitrogen, Wter each extraction, a 
clear supernatant use obtained by centrifugation at 16 aflSg fo r 
10 Ain. This supernatant was then decanted and discarded.
After the water extraction, the residue was extracted, by 
constant s tir r in g , at room temperature for two Ih periods aid 
then oversight with three successive 51 aliquots of 66Z (v/vl 
tert-butanol plus 8,85X ( i/v )  -d ith io th re ito l <DTT). Clear 
supernatants *ere obtained a fte r 6ach extraction by 
centrifugation at 14 QBBg fo r 10 sin. The supernatants were 
combined and freeze-dried d ire c t ly . The fraese-drled material 
(Mot was suspended in a volume (5xM e ll of B,02K Na 
lac ta te /lac tic  acid buffer h pH 3,1, The suspension Has then 
arhaustiveiy diali-Bed against Na lactate/1 actic acid
buffe ri pH 3,1. The suspension was then recovered and 
centrifuged at 10 09Bg for 18 min. The resultant supernatant 
was then collected and discarded, This giftractisn/d ia lye ie 
procedure of the freeze-dried nateri« i was repeated at least 
three tlees. F ina lly  the residue was suspended in d is ti l le d  
water and eiihaist 1 vely dialysed against d is t i l le d  water at 
4"C, The suspension was then freeze-dried d ire c t ly . Ti.e 
rs s u lt in t powder constituted the to ta l Ia f i r in  preparation, The 
protein content of the to ta l k a flr in  was determined,



Extraction of pratsolyttc ie tiv ity  <ro$ sorghum n ilt .

Sorghum »alt was s ille d  tn a "kaater-tyge", Mater-cooled coHee 
m ill Uanks fc Kunkel, Staufen, H, Sernanyl fo r two 30s periods, 
The moisture content of the resultant flou r was determined.
Flaur (Ig) was eutracted In duplicate, tiy constant s tir r in g , for 
Ih st 3B‘C with a,6M L i l  plus 3,o!mM d ith io th re ito l 115*1),
The malt suspension was then centrifuged at 16 800g fo r 18 mln. 
The liq u id  fraction was recovered and centrifuged again at 
14 BBig for 10 eiln to obtain a clear supernatant.

The resultant supernatant was dialysed against water (31) for 
i ih  at 4‘ C. The djs iysrd solution was jade up to volume 
(23*1: with water. The resu ltan t extract Has assayed for 
proteinase and c«r6o*i'pepSj4ase a c t iv ity .

Proteinase and carbowypeptldase assays.

Enzyme extract d a l) ,  to ta l k i f i r in  (3,3mg protein; and e,3>! 
c i t r ic  acid/B.iH KaKPCU buffe r, pH 4,58 ( lu l l ,  was incubated In 
duplicate for 8h end 5h at 30'C. Reactions were stopped with 
15% la /v l TEA (1ml). Incubation mixtures were then immediately 
centrifuged at IB 06Bg for 10 sin. The supernatants were then 
collected and stored i t  4'C u n til analysed for TCA-soluble 
nitrogen and FAN,

The nitrogen and FAN contents of duplicate supernatants were 
sn im i , ProtslnisB a c t iv ity  was calculated froa the difference 
between the TCA-soluble nitrogen content of the 3h and 0h 
supernatants and expressed jj> tsr ta of egN/5h/o dry sa lt. 
CarbBiiypeptidase a c t iv ity  was calculated from the difference 
between the FAN content of 5ft and 8h supernatant: and expressed 
in terms of ngFAN/Sh/g dry sa lt.
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