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ABSTRACT

The proteins in germinating millel were
subjected to the Osborni-type protein
fractionation. Theough prolamins formed
the majer protein fraction In ungermina-
ted millet. globulins became the main
protein fraction after 72 hours of ger-
mination. Analysis of the amino acid
composition of the protein fractions
showed that millet proteins were defi-
clent in the sulphur-containing amino
acids. However, upon controlled ger=
minatlon these amino acids as well as
the other essentlal amino acids were
abundantly produced.

Studies on the endopeptidase activity
[EFPA) involved in the degradation of
the millet proteins revealed that the
ungerminated millet has an acidic endo-
peptidase, but a neutral and an alkaline
endopeptidase were added in later stages
of germination. The millet endopeptidase
raquires SH group and a divalent lon for
activity.

Eeywords: miller, protein degradation,
endopaptidase, gernination

NOMENCLATURE

EPA  endopeptidase activity
EM I-mercaptoethanal

Germinating Millet

ITNTRODUCTION

in most developing countries millet
provides a large portion of the dietary
earbohydrates, proteins and other nutri=
ents to the large number of human popu=
jation that consume it. However, tha
nutrltional quality of millet protein is
only moderate because jts level is low in
the grain and it is deficient in some of
the essential amino acids (1]. One of
the possible ways of improving this gua-
lity is through controlied germination of
the grain [2], a process that has been
employed for other seeds [3, 4],
|lambunathan and Mortz [5] have sugges-
ted that in order to improve the guality
of cereal grains it is desirable to know
the distribution and amine Bcid compasi
tion of protein fractions isclated by selec-
tive extraction. Indeed the improvement
in baking guality of wheat has been di-
rectly related to the shift in the malecu-
lar weight distribution of endosperm pro-
teln during germination [6.7]

Breakdown of the total reserve proteins
has been reported to sceur during the
first 18 hr of millet germination and the-
reaftnr there is a period of protein sccu-
mulation [8]. The guantitative and gqua-
litative changes In proteins of germina=
ting wheat [9. 10], maize [11]). Jojoba
sapds [12] and Chickpea seed [13] have
been associated with proteclytic enzymaes
activity. HKnowledge of some of the phy-
siachemical properties of the various pro-
1¢ins that comprise the basic structure of
the reserve millet protelns and the endo-
petidase involved in the modification of
the proteins during millet germination can
contribute to obtaining the desired nutri=
tlonal guality of millet protein.

The sarly maturing millet |Pennisetum
americanum Ll harvested in the 1984 sea-
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“ nised'water, 0.5 M NaCl,
““and borax-NaOH buffer for the extrac-
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son was obtained from the Institute for
Agricultural Research Farm, Sumaru,
Nigeria. Grains were surface sterlized,
“steeped and germmated as prevnously des-
cribed [8]:

Preparatlon and Assay of Endopeptldase
Actl\nty . 5 .

Defat d acetone powder's ‘were prepa-
red {141 from the ‘sample for'the enzyme
assay collected at 0, 18, 48 and 72 hr of
germination. To prepare the crude
enzyme extracts, 2.9 of .the acetone powder

. were: homogenized. in 10 mi of 25 mM citra-

te: ‘phosphate buffer;.(pH 7.2) containing
~5smM ME.: This was .centrifuged (10,000 x
“g, 10 mln) and the supernatant collected
and used:for EPA. assay, : Endopeptidase
activity:was' assayed .according to the
methodcdescribed, by, Samac. and Storey[12]
using azecoll ias substrate.. Azecoll;
digestion leads to the release. of pepndes
Bound-to a red :dye. The activity of the
enopeptidase was therefore expressed as
the intensity (measured at 520 nm) of the
red: dye per. gr‘am dr'y acetone. powder per
hour.:» ol -

*&Brottease inhibitor studies were carried
outron::the:72 hour sample. The extract

‘swas prepared- as:before except that the

thomogenizing and:reaction.buffer did not
contain::ME: The -assay was. done at
pH.:E.0 in’ the presence of 2.5 nM NEM,
5.0 mM:ME,. 2.0 PMSF or.2.0 mM PMSF
or 2.0 mM EDTA. These:inhibitor solu-
iitions: were:prepared . as descrnbed by
Samacfand Storey [12] S

T 3 G AR !

N'i)Protei‘n Frac't‘iyonation and Estimation:

- Sampies ‘coliected: for protein fractiona-
tion' were ground in a Wiley Laboratory
=mill to:a 20 .mm mesh. The flour was
- defdtted ‘with hexane and the lipid-free
‘protein fractionated ‘into albumins, globu-
“lins;"prolamine and glutelins using deio-
50% ethanol

tion:of“the respective fractions [15].
* All"fractions’ (except the ‘albumins) were

“i~dialysed “against ‘deionised water for 48

hr at room: temperature; they (including
the albumins) were then fr.eeze-dr_'ied.
~ Total protein in each fraction was de-

“ritermined. from - Kjeldahl mtrogen values -

N X - 625 [16]

[21].

Amino Acid Analysis:

"Samples (containing the equivalent of
2.5 mg nitrogen) were hydrolysed with
100 ml of 6 N HCI for 24 hr under
reflux. Amino acid analysis was per- °
formed with Locarte Amino Acid Analyser
Mark 4 equupped with an intergrater and

¢ :printer,

All experiments were in triplicate and
the results reported are the means of
such determinations.

RESULTS

Changes in Protein Fractlons
In Germination

As characteristic of most cereal grains
[7] there was depletion of total protein,
in millet as germination progressed
through 18 hr. then the protein -level
began to increase throughout the rest -
of the germination .period (Figure 1).

It is worth recalling here that millet .
germinates in 18 hr after which seed-
ling growth sets in [18]. ‘ .

The major storage protein in the .. -
ungerminated millet .is prolamin which:. .
forms about 52% of the total reserve..
proteins (Figure 1). Globulin and albu~
min together make up about 45% while .~
the ‘glutelin fraction is-the smallest{8%):
in the milfet. . Prolamin and glutelin -:;
have been reported to be the major pro-
teins (comprising more than 65% of total
protein) in millet [18, 19], barley [20]
and sorghum {21].

Millet giubulin, like that of peas [22]
seems to be the main protein fraction
preferentially hydrolysed during the
inhibition of water that stimulates ger-:
mination. Thereafter the giubuiin: starts
to accumulate while the prolamin and.
albumin are degraded. The glutelin
fraction does not seem to be metabolised
during the germination and seedling
growth of miliet (Figure 1). The hor-
dein (prolamin) and the glutelin are.
the major proteins broken down during
the nialting of barley [20] and sorghum
Harvey and Oaks [23] have re-
ported that the initial rate of prolamin B
loss in germinating maize was ‘slow but
it later became more raptd ’

An_uno Acid Metabolism:
Table 1 shows the effect' of germinaf
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. Figure 1 Effect of germination on millet proteins. T
LEGEND: Total protein (x), prolamin (o), globuline ﬂ(‘O); ) ) L
albumin (4) and glutelin (&). Un - ungerminated millet e
tion on the amino .acid composition of teine and methionine have: been.reported
millet grain. It is apparent that millet in the albumin - globulin fractions of
is deficient in the sulphur-containing . millet-[10, 19]. « — - oo o o
amino aci.ds;:_ a _s.ijcuation that has been The amino-acid composition of the alco- .
observed by several workers (1.19,24] hol soluble brjbté_'iﬁéq(plﬁBlémiﬂ)""{éﬁ’dﬁf{h'“‘ prit
However, these amino acids (cysteine glutelin is shown inf"i‘abﬁle”_'?i;;_;Tﬂhé'afr}ﬁfr?oq.‘f

and methionine) like most of the other
amino acids increased in their levels
during millet germination.

Table 2 shows the amino acid composi-
tion of the albumin andthe globulin:’
fractions extracted from germinating
millet. The striking feature of this
analysis was the absence of cysteine
and low ifevels of methionine in these
fractions. Otherwise the fractions coen-
tained relatively high amounts of the
other amino acids. Low levels of cys-

%8 JOURNAL OF THE

acid levels were generally low “in’ ‘the
prolamin fraction but relatively this =~
fraction was rich in Glu; Cysi Asp, e
Pro, Gly and Ala. Sawhney and Naik ..
[18] and Okoh et al [19] have.reported .’
similar amino acid composition’ of millet’
prolamin. ExXcept for the CTys ‘that com=
pletely disappéared and the ‘dpparent’ e
, the amino acids®of mil=" 7"

absence of Met
let prolamin increased during germina*’
tion. Taylor [21] has reported the “de-
crease in Met and Cys during thé mal="" 7=
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oo e
TABLE 1:
COMPOSITION

EFFECT OF GaERMlNATION ON THE AMINO ACID
OF MILLET GRAIN (nmole/mg protein)

Germination Period (hr)

;" Aming Acid

: ‘ 0 24 48 72

! Aspartic 131.70 157.20 143.56 316.59

~Threonine.. 63.30 88.91 74.02 213.57

i Serine 61.00 89.98 76.88 47.35 i

gclutamxg | 157.64 165. 64 130.96 418.55

! Proline 56.05 59.51 68.84 235.42 ;

! Glycine 152.91° 151.90 157.86 453.27

i Alanine 165.45 151.64 155.74 530.00

g Cysteine - 16.50 40.59 -

{ Valine 118.45 106.22 83.45 777.79.
}Methionine . 3.09 11.84 19.53 83.17

:«»lsoleuc_lﬂe | ' 54.78. 52.94 38.76 183.72
: Leucine T . 96.31 84.34 86.60 276.62 -

gTyrosme 34.12 55.99 43.20 . 162.30 - |
Phenylalanme 61.12 55.91 59.22 202.00 '

mHust.dgng_ T T 31 28.37 - 23.56  -161.78

Lysine 74.57  78.37  138.47 181.29
Arginine 42.69 59.75  95.15 105.69
Ammonia A 10.91 7 '18.83

Cooand

23.07 30.10

aTr‘yp'(o;:vhan was- not determmed

Umdentlfred amono “acids (peaks)

n»abpea?ed‘ between NH3*-Lys, and Lys His is the 48 h ‘samples respectnvely

ey KTl N st

ozl g

- -
ting ogfsor hum TF\P alutehn fr'arhnn:
were rich Il the. ammo acrds,‘ but”
unlike- the: Ler fractloqs the ammo

acids rat?\eqwdgcreased in thelr concen-' ‘

the germlnatlon process'

trations cfum_

'e Actlwty of
Germmating' MlHet :

In view of the apparent degradatlon
of the reserve proteins and the resul-
tant accumulatlon of amino acids, it was
of interest to ldentlfy the EPA in mil-
let. The. actnvuty profile of the endo-
peptldase win. germmatmg millet (mea-
sured at various pH values) is shown

in Funllrn 2. Thmﬂa was some. EPA 'in
the ungermmated grain. Germination
was generally accompanied by lm.rease
in EPA. A neutral (pH 7) and an

-alkaline (pH 8) endopeptidases were

absent from the ungerminated grain
They apparently came into function as
from the 18 hr of germmatlon Appa-
rently the endopeptidase in millet is.

more active in the acid medium with op-.

timum activity at pH 5. Unlike the
endopeptidase of jojoba seed [12] there
is no shift in the pH of optimal acti-
vity during seedling growth of millet.
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««««««

TABLE, g AMINQ. ACID, COMPOSITIONR OF SALT, SQLUBLE PROTEINSS 4 ¢

(efbumm ‘and’ globulin)..FOR .

(n molPs/g proteln]

MALTED MILLER 175 U 4o

. S ‘“C‘érﬁi’-‘ih‘a’tiéh”” Period (hr o f

Amino Acid.... —— — e g ooy
7Y 0o & 24 " us .72

Aspartic 1,00 19082 U005 ig30ion
Threonine ) 136 .68 101.11 o 145.43 187,03 ¢
Serme ’ ) \ 161 77 122.19 i 233.97 257,07,z
Glutamic 225, .32 208.96 -+ 342.66 427,774
Prolme 116, 514 85.84 .. 148.59 - 179,63,..9
Giyeine T aseua Cigssy L Los0.8s 3spno
Alamne . 259 35 . 200.74 . 5-228.75 f3=93.-~;9849:'(3‘
Gysteme» Gi : ' Y Cey o onpsE ed.eT T TenitsV
Valme ) 211 62 155.13. . ges.eu 532188, .
Methnonme ) 35 75 .. 28.60 .- 28.74 958,08 ..
lsoleucnne . 96“? . 83.33. . o.124.34 174,40, ;
Leucine L ewsy isias T ao.zs B
Tyrosme e L 102. 11 . 50 17 - :«,:,‘_11&‘1‘(.. 16 M)Nl 3¢
Phenylalamne _ . 5 122 42 .. 88.28., . _;,1549.30 .. 193; 9“'

) Al e [ I e L - *
Lysnne . . 114, 65 »97.283 ¢ »150.60 2189§0m€ :
V .Argmme o X 111&‘_96 . ., 88.05, . ..166.41 209“}.&‘ 2
Ammoma b 11\‘.40.2; . ilfi 17 R, ;1;}?{#‘96 .- 2!37...;5

i, i - LA i“‘“‘ et i’ 2 - !_:XT :

b'l'r')tophan was not determined.

- The result of the effect of some . __ .
known endopepfldase mﬁlbttors on, m||- '
let EPA’ is presenfed in lable 4. M||Iet
EPA was act:vated by ME mh;blted by
EDTA and NEM (in the " presence of ME)
but was not affected by PMSF. °

+ P Liit

DISCUSSTONS

It Has been weH establnshed that
germmatfton and’ Seedllr.g growth reasult
in the development of 'a rumber of hydrn—
lytic enzymes® whlrh degyade the reserve
food"® matenals in“cereal grains. .The )
trend in’ proteln metabollsm coupled with'
the mcrease in EP’-\ .as reported here

6C, ... ... o JOURNAL OF THE UNIVERSITY OF SCIENCE AND TECHNOLOGY, VOL.9 NO.2, JUNE, 1989

Between NH3 and Lys of the 72 hr
sample waszapn..unidentified: amino»acid :
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rious pH:\ lgu.‘r;e"z suppo@?,tl@m
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is necessaiy fog‘ !aﬁi‘w‘
enzyme. HoWever‘ th > ,
to effert an anhubntlc‘m :w1th
gests that the dnsu!phlde group is not“,, r":'f'
present at the active Site but it .is, ..
close enoughhthat cts gleavage pould
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“THE AMINO ACID COMPOSITION® OF PROLAMIN (a) AND
GLUTELIN (b) OF MALTED MILLET (n moles/mg protein)

TABLE 3:

Germination Period

(hr)
Amino. Acid. -
| 0 24 u8 72
~-a b a b a b a b

Aspértic '20.37 33.32 32.50 39.59 32.07 21.58 116.68 17.06

Thréonine ' 10.12 21.05 18.05 27.43 20.32 14.16 48.93 10.81

Serine ** 15.30 24.86 22.16 31.69 37.96 16.08 85.68 12.63 ‘_"

clu'{'aniit 42010 65.62 87.06 76.50 127.46 34.44 210.64 24.50
~ Prdiine - “22073 15.82° 36.73 40.39 46.79 12.29 110.06 8. 73
. Glyding" “"-27.07 35.11 30.00 53.66 19.19 26.31 67.11 20.91
Cysteing ubl28 37.44° 10.10 S54.22 - 26.91 - 16.7%
, .:Valine” 15.68 32.60 23.40 38.48 36.95 21.31 65.50 15.80
Methifonme E 6;37; - 7. 8!&" - 4.18 - - 3. 93 H
1solélicine 5,38 13.84 '9.98 17.83 19.89 10.44 37.62 8.18

Ledting ! “91.38 32.91° 13.80 3u 68 52.33 20.96 87.77 19.12

Tyrdsihe’ 661 8.21° '8.96 11.41 10.57 6.70 26.19 4.13

Phenylalanine ' 11.64 17.92 14.83 19.70 19.04 10.20 52.21 7.41

 Histidine 754 9.65 7.00 1291 8.33 5.92 22.47 4. 72m

' Lysfae®T "Ooslew 12.37° - 19.76 - 11.66 22.26 10, su }

"+ Arghhine® '"“glos 11.08° 7.68 18.98 6.3 8.56 21.63 24.22

" Alanine > $¢26.25 47.50 30.05 51.57 27.40 27.41 35.95 18.38
" Ammonia-- - .- --30.03--12:21- 37.11 15.48 40.57 15.00 44.63 17.32

’ K13 P [CTRE i [T : RN B R ol AN it . m'(k
Tryptophan was not determmed Unidentified"aminoféc':ids appeared bet-: '

‘ween ‘His and Phe in‘the 72 hr prolamin sample.

pexae

The"mlﬂet endopeptldase

Sty

Fom g poy

. the enzyme

prolamin fr’actlon seems to be the mamg R

“is¢not’s’ 'séﬁne’ ﬁir'otease, however, it storage protein’ extenswely degraded ..,
requtgedfé' ivaient on for acti\’/ity " during millet germination,. the glutelin, ,o‘_‘:
Dumr@»th’ germmation of ‘millet the does not change suggestmg that it

- Prop tlon“ ,fth v%hous mtrogenous is a structural protem o pe

fract ns"’alter (Flgure 1) and this re- The globulin comprises over 915 of

flects''the'degradation of some proteins. the 72 hr germinated miliet protein.

. and swﬁftaneous synthesns of others.

globulmhmlght not wholly depend on

; de .nove’ en&yme synthe5|s.. The globu-
Im ‘might in. ‘fact supply the amino acids
. necessary’ for the synthesis of enzymes

' needed for the breakdown of the pro-
lamin and albumin fractions. While the

-1t jslim ‘vl,re'd from'the profllevof the prd- N

This fraction is rich in the basic .amino
acids and coupled with ‘the improvement,
in the Leu; lleu ratio will contribute,
more than the other protein fractions,
to .improving the nutritional quality of
the germinated millet. Even though the’
prolamins form the bulk of the reserve
proteins in millet, the amino acids’

levels were low, a condition that was

61 o - JOURNAL OF THE UNIVERSITY OF SCIENCE AND TECHNOLOGY, VOL.9 NO.2, JUNE, 1989
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ERA/hr/gram dry weight
o

GAOY O F- A A AMAWUYARS 0L
I AN .\f,?;ﬁii?i
e e a

PR

6 (o),

1o 2

i
HF;'E‘gu‘re 2: Endepeptldase activity durmg millet gerrﬁi ation

LEGEND: Enzyme art1v1ty was measured at pH 4 C"); 5 (a)
7 (x) and 8 (&). Un - ungerminated millet

gl v 48 LA hegQ
GERMINATION PER!OD (HOURS)

aninoutishl

R

P 3 ,séwiegj

[P

ON ‘MILLET EPA2

TABLE “4: EFFECT OF CHEMICAL INHIBITORS

: ;Inh%bi;pr "Activity
None Y 0.12
j ME | 0.24
] ’ Og0d :,nu”
; free. 0L Lot
| g e 0107 i
; ' Control (enzyme extractedv ”;; \ _.
: with ME.in buffer) . 0.332,
: S .00

ME + NEMb

PR SN

“Unlike the‘prolam n,
K content of il e

4The~72" hr germlnated ‘sample used.
Activity was meastired at pH 5

51

bEnz]me ‘was extracted with buffer con-

talnﬁng_ME .

R o i

. not; markedly mtproved -upon’ germmatioﬁ.

~lt is possible the afino acids in the

prolamin fractions were hydrolysed, as

:the NH; valuesi were quite high’ incthése

fractions, or. that:as already reported
[19] millet prolamins are generally. poor
in:amino acids..The prolamlns do nots'/

i therefore appear a promising candldate

for improving millet p

‘° 1 COMR
ted for- by the' quali'tm); ind "aﬁaagtlft% ,of‘ _
its (albumin) amino acid’ cont\ents."?'f
Accordingly | food processu‘\g tech‘hdl I“)l’:{.f”
IhiRg High skt 16!, ,.',,?" .

ble proteins (glob
products’ coutd be'lrf\fééttgated .
declme in the ammo acrds Ievel

(Arg, Glu, Cys Cly) makes the co
tribution of ‘glutelin‘td ‘the lmproved‘
nutiitional ‘quality of germmated millet’
s;gmﬂcant
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TABLE™S? "ESSENTIAL AMINO ACID CONTENT OF MILLET® ‘%
] (n mole/mg protein) »‘
‘g“ -~ Source !
Amino Acid == o .
S Albumin- . "
3 i
: Whole MII\l?t Globulin Glutelin Prolamin
Arginine ‘6269 - 114.96 11.08 9.08
. i 105.69 . 204.18 24.22 21.63
Cystine | . = - . 37.44 40.28
. el 16.50 - 26.74 -
.. \*'«..._ g o .
Histidine | ™~ _ 31.86~.,  57.86 - . ~  9.65 7.54
Sl 161,78 -101.17 coyT2 2247
Isoledcine | . ... 54.78 _..  96.48 T i - 13.84 _5.38
gL e 183.72 ¢ 174.40 : 3.18 37.62
Leucine 9.31  1u6.94 32.91 11.38
’ .vgs_rimZ*ZG-»G? pEN v 265.‘08' ot F19.12 81.77
Methionine -3 - 3.09, ., - 35.75 . . 6.37 -
oo arr1a83 M e 588V 3.93 -
Lysine 7457 . 1wes | 12.37 s
R T qg1i29 7 T T 218.50 10.64 72.26
Rhenylalanine. i 5ov61.12 owvoM22u42 o0 17.92 0 64 oo
Bt e 2iies 2a k202400 st 19336 7.41 0t viBRI2T
26 hoayiovbyrl snow B SHIRTHEC S . s e s i e e+ e i
Threoninesnin « v 963430:000 . 1136.68 .. 21.05 1012
ivads . bas dn 213457 +11187.03 T 10.81 48.93 _
OO0 Y HEYST el BRI
Valing oly 217 262 . 32.60 16.68 0
asbibnes 65.50 )

1..88 15.30

R

BT ‘. + ' . than the genetic breeding programme of i,
CONCLUSTONS.....yg ooty o . . selecting variaties poor in prpiamn'nh‘.}]». .
Thedf‘rh ES' ‘,'8_!1?"?99?'.'3\/:fﬂf:-.igp',f?‘?',“ . .o .Further detailed studies on thg(blolo-‘léz" 7“_1 -
isé‘ibettj%qigtzggfgligcgg; {%v';':\:i’:iﬁs'f?m!.n?,'»a‘f'.q?szf- o - gical values (relative nutritive ’\‘/‘al‘_L‘Je/ re
compositiony:: I1n leed, the aming acjd com- .. .. protein efficiency ratio) of the 72 hr . .1
position, of ymillet (ungerminated )has ..~ 'germinated millet are necessary for.the . ..

been’ ei{laxjk

wt

iy 3 ‘ [EDEIRR g I A 2 5 K
S&'“"lr\epﬂr}ﬁq-,:a!,:!;'*?‘.sa,zlz‘s]fw ., -complete evaluation of millet proteins. -

The iupito, 195fold increasgyin, the. limis
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