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Potato proteins and amino acdds were anaiyzed by severai

i

o physicochemicai methods A gas chromatographic procedure was. deveioped
' -for amino acid ana]ysis using the N heptafiuorobutyryl isopropyi ester '

‘ derivatives Quaiitative and quantitative analysis was obtained within 'f

L

:'11 14 min A giass coTumn connector for a gas chromatograph was ‘
’deveioped whiTe setting up the anaiyticai system The combination of ~
" gas chromatograph mass spectrometer enabTed direct identification of
’_y-aminobutyric acid (GABA) and ornithine derizatives in a. free amino

“'acids (FAA) extract of the potato A procedure for direct giutamine

AR e I I R ‘:."'f‘ - N
s,,~and asparagine (amides) determination in the form of th\ir:*?ge;gf_,}h,a;«,v.

‘:fcorresponding amino ac1ds 1n FAA extract was deveioped

The nitrogenous compounds of the potato tuber ( Netted Ge

(protein) con51sted of approximateiy 50% aibumins,-3'
Thin Tayer 1soe1ectr1c fOCUSing (TLIF)MM_f;ff‘V,T ed geT showed
'AT8 and 13- pjotein bands in the water insoTubTe a”dhsoiubie fractions,

The maJor"protein bands in the water insoiubie frac_ion

0 had high iSOeTectric points in the pH 8 5 region The water soTuiTe

. / '
L

")f

"l\were
S 1

found mostiy 1n a diaiyzab]e form (>50%) The non diaiyzable nitrogen




" n-'in nitrogen content among potato cuTtivars tefted on a dry weight

bfj.amides and corresponding amino acids comprised the maJor part (53. 5%)

4

The outer Tayer (OL) of the tuber had signifiéantiy higher (2 2 ) /
zcontent of nitrogen. than the inner - Tayer (IL) (1.6%). The proteins
~ pattern, accordimg to soTubiTity and TLIF was simiTar in both parts ] A
‘lthe tuber, The OL of the tuber containéd a higher amount (150, 1 mg/g)
‘ ;-of amino acids than the L (83 96 mg/g) Aspartic acid was exceptioﬁaiiy
high (50 24 mg/g) in the oL of the tuber Percent essentiai amino
'.j acids (% EAA) was sTightTy higher (38 3%) in the OL than in the IL
| (35 3%) ‘ An increase in nitrogen content was fbund in 'Netted Gem

H

'tubers during growth “on a fresh weight basis. There wereLdifferences
"basis onTy.» The pattern of mnino acid composition in the different

cuTtivars was simi]ar The major amino acids were aspartic and giutamic ’

)

o acids (incTuding the corresponding ami des). Methionine Was detected in. ;o

#

the smaTTestequantities % EAA was simiiar in mature tubers of the _
. ‘different cuitivars (average 38. 2%) It-decreased during 'Netted Gem"
ff’tuber deveTopment S "4 f'_,, L i‘ "'f *}_Lo o

There were significant Tosses in total potato nitrogen and FAA
/

\i‘during the add-back process (35 40%)// The maJor Tosses occurred at the o

.pre cooking and mash-mixing steps The FAA pooT of the potato was
':composed of protein amino acids and in addition GABA, a-aminobutyric
‘nacid and ornithine were detected by gas chromatographic anaiysis -The'T

! SU . B .
of the FAA pooT of the potato g'*_; : ’T'; ,; - R
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The potato is an important food <rop -(Van der Zaag. ]976)

Usua]ly it has not been considered-as a source of protein because of

the Tow protein content approximate]y 2 1% on a.fresh weight basis

This protein represents 10.4% of the total solids of the potato
(Markakis, 1975)." Three decades ago, oniy two main proteins were thought
to occur in the potato tuber.. They were calied tuberin and tuberinin

In a small sampie of potato sap it is now possibie to detect many

proteins by eiectrophoretic techniques New techniques for proteins

5 separation have provided too]s for better resoiution of protein fractions
" as a first step in their characterization The ‘major research in potato -
'proteins was directed to identification of cu]tivars by eiectrophoretic
ﬂtechniques (Stegemann et al. 1973) Littie s known about the diversity
7of potato proteins and their physicochemicai properties Qu;ztitat;ve

fstudies on the whoie tuber proteins and amino - aC1dS have.sho ala ge$

variability in compOSition among cu]tivars, location of growth and

; conditions of growth\ Therefore it was of primary importance to
-r':‘determine the nitrogen content of A]berta grown potatoes used in this v
1 study, as basic background for further characterization - The nitrogen pﬂ
" distribution w1thin the individua1 tuber was considered in only a: |
»1imited number of reports “In this research specia1 attention/w:?
'given to the: nitrogen and proteins composition in the outer (peei) and.;
v.inner 1ayers of the tuber ~It is, generai]y accepted that" a ]arge
' proportion of potato nitrogen is in a non protein nitrogen (NPN) form

}This fraction contains 1arge amounts of amides (Steward and Street
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11946)."'The amides have a s1gn1ficantlro1e in determining the physico-

chemical propert1es of plant proteins (Stegemann, 1975). Therefore,

the free am1no acid pool of the potato was studied and specfal consid-
eratioo was given to its amide content, |

As nutritional status of processed products s now being stressed,
along with the economic, nutritional and environmentolh1mpacts'of
processing technolggy, the oftrogen and amino acids content of the
potato were considered 1n fe]Qtion to the add-back process for potato

granules production.

In order to cope w1th the var1ety of subjects under cons1derat1on. '

| different physicochemical method§'of analysis were used and others were

developed as the work progressed.
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2, LITERATURE REVIEW -

2.1. The Potato Tuber A
_ Potato tuber (Solanum tubcroqum L.) 1s morphologically a modified
stem. A‘SChematic tongitudinal section of a tuber (Figure 1) shows two
zones of tissues - a central pith with 1ts lateral branches, and the
vascuiar ring surrounded on efther side by storage parenchyma, The
outermost layer ('skin')JﬁT a mature tuber fis forned by the peridérm, a

. layer of cork cells (Fedec et al., 1977). The pith forms the central }uv'

part of the tuber. The cortex forms a narrow band of tissue limitedg;qks

internally by a zone of externai phioem a region of disconnected
vascular bundies, and externaiiy by the periderm In this work, the {
‘inner layer (IL) refers mostly to the pith and storage parenchyma on
" the 1inner side of the vascular ring. The outer iayer (OL) or peel l
refers mostiy to the outer layer of the tuber limited on'-the inside by
the vascular ring (Figureui). Where not otherwise specified, peeled
potato is assumed‘ ' ‘ |
The potato tuber is mainly a storage tissue for starch aithough
protein crystais resemb]ing storage proteins in seeds were observed in
eariy anatomicai studies of the potato (Artschwager, 1924) These o
crystals appear during the initiai stages*gf tuber deveiopment in the ‘
OL. In the mature tuber more than one may be observed in a cell. |
Recently, they were isoiated and characterized (Hoff et al. 1972)
However the most extensiveiy characterized proteins of potato tuber

are the protease inhibitors which represent oniy 10% of total tuber

proteins (Ryan, 1973) This group of proteins was-used ina few

.~
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studies for {dentification of potato cultivars (Katser ot al., 1974,
Ryan and Pearce, 1978). '

Total nitrogen content of the potato 1s affected by many factors;
cultivar, conditions of growth, fert{lizer levels, and storage
conditions. Therefore, a wide range of values for proteih content of
the tuber 1s found in the ligerature. In a proximate analysis of white
potatoes, Talburt ¢t qZ. (1975) repbrted a range of 0;7~4.61 for
proteins,

The protein concentration in young tubers was shown to be twice
as high as in mature ones (Zimmermangland Rosenstock, 1976). They also
found that protein concentration decreased during development‘td a
fairly constant’ level of approximately 65 mg/q ence the tuber has
reached é size of 2-3 centimetres in diameter. During long perfods of
storage of mature tubers at a temperature of 7°C, there was no signifi-

cant altergtion'ih”protein level. A loss of 3% of the tuber proteins

/dur1dg‘e1x months of storage at about 3°C was found by Desborough and

Weiser (1974). An inverse relationship between total and 70% ethano]
soluble nitrogen to total solids of potato tubers stored at 3°C for,J{r
;onths was calculated o a dry weight basis (Talley et aZ.,'1961)
But, when nitrogen content was expressed on a fresh weight bdsis, no
significant difference was found between eamples of different solids
contents. This 1nd1cate; that the apparent inverse relationship
between protein and solids on a dry weight basis, is proksbly due to
thanges in other constituents of the dry matter of th;/;ube?”iﬁa that
S

the nitrogen content is not affected upon storage.

" Mineral fertilization was shown by Mulder and Bakema (1956) to
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Increase the total nitrogen content of the tuber, but aming actd
composition of the proteins was not affected. The fncrease in total
n!trogen,was reflacted {A higher content of soluble oon«prota!n
nitrogen (NPN), matnly in the form of amides. Under high nltrogen
fertilization the glutamine content was increased even more than that
- of bsparugine, A similar effect of nitrogen fertilization was reported
roceotly by Rexen (1976). An aaﬂ1tional effect observed was a
significant decrease in protein quality accompanying the increase in
fotal nftrogen.content Large differences 1n the response to nitrogen
fertilization was found among cultivars,

Protein anqsamfno acid distribution within a single tuber could
have contributed to thE‘variab111ty in nitrogeo values reported. Only
a limited number of reports on this aspect of potato nitrogen {s
availab1e Cotrufo and Levitt (1958) have reported on changes in the
ratio of 80% ethanol soluble and insoluble fractions 1n relatfon to
the externa1 (OL) and 1nterna1 (IL) layers of the tuber. They

~

" suggested that the varfations 1n the relative amounts of these fractio?s

b sttt

g
in the different parts of the tuber are related to different physio-

Togical states. High- amino acid content 1n the internal tissues was
associated with deep rest, high” prote1n with the end of the rest period,

 while the changes in. the OL were opposite to that of the IL. Cotrufo

and Levitt s report 1n3?cated that 1t is 1mportant to 1nvesiigate both

o

¢

: parts of the tuber ,However, their observations were overlooked for

.....

a«

Fastans @ o

many years Johnston et aZ (1968) ana}yzed different parts of the’“~
tuber 1n relation to nftrogen content They found higher nitrogen

content in the OL ‘than in the. pith Schuphan (1970) reported that the



“

O (mainly the cortex) of the tuber had a much higher concentration of
gaﬁential aming acids' than the IL. This observation lesd that group to
take this phengnenon inte account fn breeding potatoes contatning protein
of high biological value, f.e. by fncreasing the 0L 1n proportion to the
whole tuber, Desborough and Wetser {1974) found no significant
differences in protefn content "among the corticai maduilary and pith
regions of the tuber. Recently, Weaver ¢ gfﬁ (1?76 found stgnificant
differences between the core of the tuber, tﬁ; bud end and the stem-end
with regard to total nitrogen and free amino acids, Core tissue in al)
cultivars tested had more total nitrogen than dfd tissue at efther endA"
of the tuber, while the total nit?ogen contew& was similar at both ends,
In contrast to these findings, Johnston et ql. (1968) reported that the
stem-end contained more total nitrogen than did the bud-end. fhese
controversial reports indicate the need for further research to clarify
these aspects of tuber compositioh - E

2.2, Quantitative Datermination of Fotato Protc*no
2.2.1. Protein Determination . ¢5 . .

" The common methods~for protein determination, which are widely

used in potato protein analysis are: . Kjeldahl-N determination used
to calcuiate total (or crude) potato proteins using 6.25 as the

conversion factor (Desborough and Heiser (1974) reported that potato ‘

~ proteins contain about 13.5% nitrogen and suggested 7.4 as a more

appropriate conversfon factor). 2. The Folin-Ciocalteau reagent {s

used in the procedurerdeveloped by Lowryiet al. (1951) (Lowry's method)
or modifications thereof (Potty, 1969). 3. The Biuret method is widely
used (Bailey, 1967) It was adapf&d for‘determination of the heat

-
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' spectrophotometric measurement,of protein soTut1ons at 280 nm '/5 A

e ”v:‘“ reliab]e est1mate of pr9&e1n content 1s obtainabTe from tota] amino ac1ds i
ol recovered by am1no acid, na1ys1s on 1on exchange chromatography The use

; » J of any one of these methods depends on the amount of prote1n and the L‘ftf

*';1.'vsens1t1v1ty of thermethod s ‘flff"ji'h'f1*gﬂriif.j'

SeveraT studies have been directed towards\the adaptation of

‘nat1on methods to potato prote1ns Nhen the f:;d

generaT protein dete
t KJerahT method 1s used for potato n1trogen determ1nat1on, 1t must be :‘ s

e :° taken 1nto account that the ca]culated protein va1ue does not givea. =

(R :?L? true prote1n est1mate because most of the organic nitrogen 1s incTuded-~'

»

'713' in n1trogen measufed by th1s method (Bradstreet 1§65) The organ1c :

n1trogen of the potato 1nc1udes, in add1tion to the prote1ns free

i

am1no ac1ds, apides and bas1c nitrogen compounds (WOodward and TaTTey, o

C

1953\ In ord%r to obta1n a true prote1n n1trogen estimate by the
KJerah] method “a prote1n extract has to be diaTyzed or otherW1se Laf7t'“
purt:1ed 1n order to remoVe non prote1n nitrogen

I

Rapid methods for potato protein determinat1on have been ma1n1y .’;'

t:;QQ used in breed1ng programs where many sampTes have to be anaTyzed
Dye-bindihg react1ons based on the bind1ng of 1on1c dyes (Amido black
itflﬂ}‘ Orange G and Bromopheno] bTue) to protein to form 1nsoTubTe cbmpTexes xyl
¥ have been used The excess dye 1e£t in- the so]ution 1s measured : E

” spectrophotometrica]ly, and correTated with totaT protein content _};5‘

measured by an establisheg method (ysuaTTy Kje dahﬂ) Ka]dy et aZ
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(1972) oé

\ i A

tained high correiation coefficient (r =

= +0. 9827) between the
Orange G dye method and Kjeidahf nitrogen determination

Desborbugh
\
(1975), comparing a few methods of protein determination, found that

BromophenoT bTUe correiated weii with the routinekneghods (micro-
KJerahT

Lowry s method as modified by Potty (1969)®and amino ac1d
l anaTyses)

v’tF(Hoff

A refractometric determination of soTubTe proteins 1n ;;\f
expressed potato Juice was shown to correTate weTT with owry s@method
1975)

».ii"'\

Anlaikaii phenoT method was recent]y adapted for potato
P

protein determination by Mohyuddin and Mazza (1978)

The Nhotec Graina
QuaTity AnaTyzer was evaTuated for use in potato protein determination,
! but no con51stent resuits were obtained when Neotec protein readings

\“
were compared w1th other methods (Desborough 1975)
2.2, 2. Protein Soiubiiity )

Ll
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GiobuTar proteins vary considerabTy in their soTubiiity 1n aqueous
"f"_soiutions

,\ .

These differénces may be used to bring about separation of
_ mixtures of proteins
proteins are

The maJor variabies affecting the soiubiiity of
pH ionic strength the d1e1ectric properties of the
soTvent and temperature (Lehninger 1975)

Osborneos studies in the eariy 1900 s resuTted in the c]assnfi-,
cation of pTant proteins on the basis of their soTubiTities in various
aqueous soTutions (Osborne 1908)
. used

This ciassification is stilT,wideTy
Proteins solubie in water are referred to as aibumins, those

%

n

insolubie 1n water, but soTubTe in: diTute saTt soTutions are caTTed e
giobuiins, those insoluble in the above soiutions but soTubTe in weak
:\Jacidic or basic soiutions are the gTuteTins those insoTubTe in the

above soTutions but so]uble in 70 to 80% ethanoi are the proTamines
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(Ashton,-1976) ~This simpTe cTassif1cation scheme is foTTowed in the
;‘work reported in thls Jhes1s . L | ‘}‘ '

| The fract1onat1on of potato proteins accord1ng to soTub1T1ty has
been reported by severaT workers Among the earTiest research reported
».fwas the report by Osborne and CampbeTT (1896) They performed saTting-'
‘.out exper1ments and reported that the prote1n of the potato was mainTy
a gTobuT1n and named 1t tuber1n In more recent work‘ Groot et aZ

O

'T(19475 soTated two maJor and one m1nor prote1n fract1ons from the

“rpotato The new maJor fract1on was caTTed tuber1n1n, it was character1zed

| "fas more hydroph111c and hav1ng 10wer 1soe1ectr1c po1nt than tuber1n

| ;TW° thirds of the: POtatO pPoteins were extracted in a d1Tute saTt
‘iso1ut1on by LEVTtt (1951) H1s crude prote1n extract was-fract1onated’fi’t”'

'ﬁnto aTmost equaT quant1t1es of aTbum1ns and gTobu11ns The aTbum1ns X 1

e were separated 1nt0 ac1d soTubTe and 1nsoTub1eG‘ract1ons Further

"hiffand readt&y soTubTe fract1ons (T 4 and 76 4% respective]y) 1 8%~-'

' .:chemica]=methods (Nakasone et aZ 1972) Most recentTy Kapoor et aZ

‘ ]iof fractionation of Lindner et aZ (1960) and- the other one was ba?ed “}e\fffi

: fract1onat1on”of potato prote1ns was ach1eved by L1ndner et aZ (]960)lA5i3f;“
'QfThey 0bta1ned 4 0% aTbum1ns 77 8% gTobu11ns, classified 1nto sT1ghtT¥ﬁbyy” .
rf proTam1nes, 5,59 ba51c gTute11ns apd a non so]ub]e fractlon (TO 9%) ;af*ff;tbii

'»The potato protelns extracted by a phosphate buffer conta1n1ng 0. TM NaCT Q;gd

‘«T.were separated into equaT amounts of aTbumins and gTobu11ns us1ng e‘h gﬂ{;f\

‘ d1a1ys1s and each fract1on was further characterized by other physico-fwl-Q*ij:

’ ;(1975a) reported tWO different soTub111ty prof11es of potato proteins, 11;

»obtained by d1fferent procedures | One procedure was. based on' the method 7 ;37_

;:on the method of Nagy et aZ (1941) Both methods yiered h1gh amounts

A
--s,“,_ .
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V“; of a1bum1ns and g1obulins The combined tota1s for a1bum1ns and g1obu11ns
| were 81% for Lindner s method and 75% for Nagy s method As we11 0 2% _;
:NaOH so]db]e g]utelins ‘were 7 6% and 8 8%, respective]y, for the two N
“_methods The rest were prolamines and -a, non solub]e re51due 3 However,
;'the re1at1ve amounts of a1bum1ns and g]obuiins were not in good agreement

” i:In the first method 6.6% aibumins and 74% globulins were found while

in the second method 4 bumins and 26% g]obu11ns were obtained _eiix"'-’

\

“f~differences were attrrﬁﬁted to the possible extraction of a1bumins, in

| hhf1arge quantity ( 40%) 1n the readi]y so]uble fraction of the g1obu11ns
| .fThese resu]ts 1nd1cate the somewhat arbitrary nature of fractionation'i*'ﬁ' .
n"”;;accond\\g to so]ubiiity ’fﬂip"k_f v‘iflif:é}qﬁ';_i... ’
» ‘2 3 EZectrophoretzc Patterns Qf Potato Protetns.

'j/2 3 1’- E1ectr0phoresis :7-T : IR

Eiectrophore51s refers to the movement of charged macromoiecu]es

fﬁ?ﬁh:ﬁunder the 1nf1uence of an e1ectr1c field Depending upon the‘” ”et‘:gﬁee.
";_‘icharge macvomolecu]es migrate either to the cathode or anode
‘f;Differences in migration ve1ocit1es prov1de a SENSTtive analyt1ca1
-X,gproperty for the separation and 1dent1f1cation of proteins A w1de -
i%ﬁ;selection of substances are avai]ab]e as support media for the stabi- h”:" |
;fj*112ation of the bands of SEParated P”°te‘" Currently one widely USEd
s support s the po1yacry1amide 991 The use of p01yacry1am1de gel -
| YEelectrophore51s (PAGE) Was: first described in deta11 by Ornstein (1964)
‘ ;}'t{and Davis (1954) The potential of PAGE can be very muck increased by
h”i,t.*using differe"t ge1 concentrations degree of cross]inks, or by .
.tuiiintroducing reagents with SPecific effects such as urea and sodium-lii' :

”””dodecyi su]fate (SDS which will be- discussed 1ater) (Chrambach and;'

T
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and Rodbard 1971) R Lo

N
‘)‘ L “ ; -, , . , . ,

The fact that proteins cease to migrate in an eiectric fieid at

‘]7.their isoeiectric points, 1s expioited in isoeiectric focusing in i
- )

R /
3poiyacry1amide ge1 or in granuiated ger (Sephadex)”'The principie of

o isoeiectric focusing is iilustrated schematicaiiy in Figure 2. A stabie o

pH gradient increasing from anode to cathode is estabihshed by eiectroiysis _"

of carrier ampho]ytes din the anticonvective medium Any amphoteric o

'I'x}r

?'compound subJected to the pH gradient wiii be charged according to its p'

g

z.‘ffoisoeiectric point (IP), and will migrate towards the pH of its 1{{-'

isoeiectric point where the net charge on “the mo]ecuie wii] be zero o
, N
"The use of thin 1ayer isoeiectric fbcusing (TLIF) on’ granulated ge1 has S

' -ffbeen shown to be usefu1 and technicai]y easier for anaiyticai as we]i

fﬂ;as preparative purposes (Radola; 1973 1974) f _ﬁl-&;f'

'fhz 3 2 Electrophoresis of Potato Proteins

As eariy as 1947 Groot et aZ have shown the presence of tuberin

% 0N

955) s

/.

'7,and tuberininiusing paper electrophore51s , Yasuda et aZ ;]
obtained 6. protein fractions in a potato extract by paper 1ectrophoresis '
' Paper eiectrophoresis was utiiized for characterization of 59 Dutch '

'_potato cultivars (Zwartz, 1966) However, no effect on mature potato

u':protein patterns within a cuitivar was found due to soi1 type,

. ‘fertiiization or environmenta1 conditions Simi]ar resuits were also .fﬁ A

' l;_obtained on PAGE by Zacharius et aZ (1971) Zimm rmann and Rosenstock |

use of PAGE patterns .

'i(1976) and others These findings Justified th'
'bfor cultivar identification It has been used exteﬁsiveiy\by severa] -

| “,,}research groups (Desborough and Pe]oquin 1966 Stegemann et aZ., 1973

“‘“Kaiser et aZ., 1974) Identification of potato cuitivars based on PAGE

fjf’.'pattern of specific qnzymes was aiso used (Desborough and Peioquin 1968)'.3"'

S e
T ;
B
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d- By employing enzyme systems instead of protein systems, no destaining

:of the geis is necessary, and the resu]tant patterns have fewer bands .

o

M'and thus are easfer to compare However, when enzyme patterns from two
‘or more cuitivars are simiiar then protein comparisons are netessary
o i”The enzyme systems empioyed were po]ypheno] oxidase (Nye et aZ , 1968),
“ : esterase ‘and’ peroxidase (Desborough and Pe]oquin, 1968 and 1969). o IR
[peroxidase and malate dehydrOgenase‘(Zimmermann and Rosenstock 1976)
‘mTryp51n and chymotrypsin inhibitors were empioyed by Kaiser et aZ (]974)'f
- ; fReviews of this subJect were given recentiy by Stegemannoet aZ (19]3) o .
o f*f}',a"d Stegemann](1975) } : fF;,‘ ,;:Af,W\‘j R S : R »lj_»fa’
2 4 Protetn MoZecuZar Wetght Detemtnatwn o . | B
J

S ]f-l‘m:f,' There are severai methods for protein molecular weight determination;
. (/ :

- '

'-1nbut oniy those used in this work wi]] be brief1y presented

. 2. 4 1 Moiecuiar Neight Estimation Ayﬁﬁel Fiitration and SDS Gel

b / ~N R
fd

E]ectrophoresis - '_f~ . 4: | "/,, S i o e L

\'r\ Ge1 fiitration and SDS poiyacry]amid ge] eiectrophoresis (SDS PAGE)
o J

fare wideiy\used for moiecu]ar weight estimation of proteins They share ;f Lf
”;one fundamental feature the "mo]ecu1ar siev1ng" effect of the ge] The-

N j"/.‘,t
o most commoniy used geis are cross1inked dextrans (Sephadex) andvpoly- o
—_—

' aEFYTEﬁTde respectiveiy (Rodbard 1976) The common practice ”s'to !~
| construct a caiibration curve using proteins of known moiecuiar eight
- k then under the same conditions anaiyze the unknown mixture and oftain
L _1the estimate of molecuiar weights of the mixture components by comparison

-

- 'with the standard curve Bﬁf L : 1;y;,;f=-u:“ovﬁ~,

A'1976) g In ge] fi]tration an empirica1 1ogarithmic reiatfonshi was L



e o ! o | T
found between the partition coefficient (Kav) and molecular weight (MW).

L 7 Kav = -A log MW + B

L .wherei‘ A and B are empirical constants. _ : ‘ L g

N

Kav is\obtqined from the following eqoationt'

\

o VetV o
av =’ v—-—:—-v—— ..
‘ ~ t 4]
where Ve = e1dtionxwoiume
’ ‘Voy = void volume _ . T i ‘3' )
v, = total bed vinme': !

£ e
/

| A‘simiiar"reiationShip between protein mobiiity in SDS-PAGE and B

V mo]ecuiar weight was first indicated by the reSuits of Shapiro et al.

01967) It was confirmed and extended by Neber and Osborn (1969)

‘_The interaction between SDS, which has a strong anionic end group, and o

-'proteins results idea]]y in a uniform charge density on a11 proteins

- 1n a mixture ~This makes. ‘the separation on, PAGE dependent mostiy on’

the moiecu]ar size which is. anaiogous to the situation in ge1 fiitration "

‘:(Rodbard 1976) Assuming that the crossiinking and shape of the gel

iiare constant the re]ative mobi]ity of . the molecule will be a direct ‘

o ffunction of 1ts molecular weight Hence the reiationship between

;equation be]ow (Shapiro et aZ 1967)

'~m01ecu1ar weight (Mw) and mobility in SDS PAGE can be expressed by the

W= K (1o'bx) e

yﬁwhere x is the reiative mobility, b is the siope of the 1ine and K is
'75:a coefficient, characteristic of the ge] medium/(retardation coefficient)

- It ‘can be aiso expressed as a piot of’ log of molecu]ar weight versus



relative mobility. ‘
2.4.2. Molecular Welght Distribution of Potato Proteins

The use of gel f11trat1dn in potato protein studies was mainly foh
the purifdcat1on of specttic enzymes and for removal of small molecular
weight material in extraction procedures (Loeschcke and Stegemann, 1966;
‘Desborough and Pe]odp1n" 1569)u Potato a]buminszere first fractionated
into 3 fractions on a_Sephaden G-100 column by Nakasone et al. (1972).

SDS-PAGE was used in a fen reports of the md1ecu1ar we1ght

determination of the potato proteins (Stegemann, 19703 Stegemann et al.

~fg:1973) Stegemann et al. (1973) have reported recently an extensive

’ study on the mo1ecu1ar weight distribution of potato proteins They
. have. shown that proteins of dormant tubers, when treated with SDS (with
no reducingbagent) showed;three major prbteinsvot molecular weight;
16,860,,f8,060'and 19,500; fodlpned by a minor group of proteins at
_molecularfweights, 34'500 36,500 and 39, 560 aboutba tenth in
oncentration Nhen a reduc1ng agent (mercaptoethano]) was used in
.add1t1on to SDS;, the faster of the main subunits sp11t 1nto at least
2 even faster m1grat1ng zones at mo]ecu1ar weight 13,800 and 10,200.
'fhe size distrihUtipn of proteins in mature, tubers was a1most
_1ndependent of the cu]tivar, indicating that deferences in electro--
phoretic patterns of the d1fferent cu]tivars is main]y due to '
differences in the charge on the prote1ns Part of the diversity in
\charge distr1but1on was . due to the different degrees of amidat1on
Treatment at pH 10 (causing deamidation) changed the cultivar dependent

pattern to a resu]t simi]ar in a11 cu1t1vars



2.5, Amino Aomd Analysis

2.5.1. Ion-Exchange Chromatograghy

The level of development and soph1st1eat16n of am1nd_ec1d ana1y51s
by fon-exchange chromatography (IEC) on ,automated systems is very‘high;n\»
Many modi fications have appeared since the 1n£roduct1on of the first ’
automated amino acid analyzer (Spackman et al., 1968). They are all
aimed at increasing sensitivity and;reduc1ng analysis time. Ana]ysfs
of nanomole quantities is now routine1y obtained in less than 90 minutes.

The order of elut1on of protein amino acids from a co1umn of fon-
'exchange resin depends on the resin type but in pr1nc1p1e is as shown
insthe results obtained here (Figure 10) (for amino acid abbreviatiqns
see Appendix'l). Acidic amino acidsmelute first, Lhile the basiclones
emerge:1ast from the column. The negetiver charged‘resin‘repels'
v'mo1ecu1es withbnegative1y charged side chains, whereas 1£ strong]y'binds
basic’amino acids whose side chains are positively charged at the low i\-
pH of the eluting buffers ‘Beside ‘the ciarge effect other forces 7
- contribute to the e]ution order. These are usual]y referred to as the
'i hydrophobie interactions which affeet the order of elution’ of aliphatic:
non-polar amino acids.c Branchfné_and hydroxy13£1on'acce1erafe e]dtion
(Famf]ton, 1966). ’Detestion and quantitation of thé amino acids is
based on the ninhydrin reaction (Blackburn 1968).

' Prote1n hydro1ysis in 6N HC1 (common1y used} causes quantitation
probjems. The amides (asparagine and glutamine) are hydrolysed to

: the.corresponding amino acids (aspartic icid,end glutamic acid).;
Serfne and threonine are parfjafiy degraded (Downs and Pigman, 1569).

Tryptophan is degraded to an extent that no'reliable qnentitatibn can
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be obtained. A collection of a few methods used for tryptophan determin-
at1on'was given by Friedman and Finley (1971). Different procedores
have been reported for quantitative determination of cystine and.
cysteine, because of their degraoation in acid hydrolysis (B1ackburn,
1978a). The oresence of excess1ve quantities of carbonydretes during
aoid hydrolysis has been reported to cause greater. damage of amino acids, -
especially of tyrosine and methionine (Gondon‘and Basch, 1964). This
is of importance in reoard to nonfpurified potato proteins amino acid
analysis. Howevef, methionine and tyrosine degradation can be prevented
by adding phenol to the hydrolytic system (glackbUrn, 1978a). A Timited ‘
degnadation of other amino acids can occur under the routine hydnolytic
* conditions (6N HC1 at 110°C for 24 hrs) (Roaon and Gehrke, 1970).
the ana1ysis of free amino acids, the omission of the hydrolysis step

=

eliminates most of these prob]ems

v

. 2.5.2. Amides Determination Py

The amides (asparagfne and g1utam1ne) play an important role in
nitnogen'netabo1ism in p]antr(Mif1in and Lea, 1977) The deamidation of -
' these amides under experimental conditions is of concern from the  '
analytica1 p01nt of view (Robinson et al. ; 1970). The amides are
completely deamidated during hydrolysis of proteins-in 6N HCI1. Hence, -
tneyhére\measured together with the corresponding amino acids. The ;
estimation of tota] amides in proteins can be obtained by following
the coorse of s]ow deamidation under mild hydrolytic cond1t1ons
Correction for anmontg liberated from other amino acids 15 done by
ektrapolafioneto-zero time (Leach: 1953). \

Amide'determinét10n>ﬁnva free amino<ac1d extract bypasses the



9.
need for hydrolysis. But, unfortunate]y the amides are not well

[ ”1\
separated by fon-exchange cl (

$?nat09raphy in the c1ass1ca1 procedure
'employing sodium citratebbuffer as column eluant. The&.emerge from the
column as one peak (Moore ¢t al., 1958). Therefore a sample has to be
analyzed twice, hydrolysed and non-hydrolysed and the amides content
determined by difference. A procedure for amino acid analysis of
physiological fluids including the separation of amides using 11thium
_»cftrate buffer system was developed by Benson et al. (1967) and Benson
(1972). However, difficulty in the glutamine determination using a

- similar system was'reported recently (Elmore and King, 1978). - An
1nterest1ng‘mettod, a]though 1engthx, fqr amides determination in potato
free amino extract -was suggested by fa]]ey et 41. (1964). An aliquot
of _the potato extract was treated with phosphate buffer pH 6 7 for 90
min at 100°C, in order to cyclize g]utamine to pyrrolidonecarboxylic -
acid. The treated extract conta1n1ng the cyclized amide was applied to
the -ion- exchange column. The fract1on corresponding to pyrrolidone-

‘carboxy1ic acid was' collected from the column effluent before reaction:

with ninhydrin. The fraction collected was hydrolysed in concentrated

‘ fﬁmﬁglz then the acid removed and the sample rechromatographed. The

glutamine content of the original sample of extract was assumed to be
' _equ1va1ent to the pyrro]1donecarboxy1ic acid 1n the cyclized ‘sample.

The amides 1nstab111ty and the analytica1 difficuﬂties in their
determination have resulted in cons1derab1e effort to selve these
’fproblems, but 5o far there is no one completely satisfactory method for
their -determination. :

'5&'»@
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2.5.3. Amino Acid Composition of the Potato

An important charactenistic of potato nitrogen distribution 1s
the occurrence of sometimes moro.than 50% of the nitrogen in the non- -
protein fraction (NPN) form (Steward and,Street,'1946; L{ and Sayre,
1975). Tnis fs a problem because potato amino acias in the fr'ee amino
- acid poo{icontribute s1gn1f1c3nf1y to the NPN (Markakis, 1975).

Thg‘&ota1 amino actd composition of the'potato was reported
recently by a few investigators. The overall profile of amino acids
showed high content of aspartic and glutamic acids and high essential‘
amino acids content in comparison to other plant proteins (Kaldy and
~ Markakis, 1972; Eppendorfer, 1978). In these works special precgg}jpn; o
were taken in the determination of- the sulfur containing amino acids
and methionine was found the‘Timiting amino acid of the potato. How-
ever, Rexen (1976) showed that in seQéra]lcu1t1vars. isoleucine was the
limiting amino acid. . e e “ o

While the amino acid compcsiticn of potato proteins is relatively
"constant for a given cu]t[v;? (Schuphan, ]970),kthe composition of the
free amino acid (FAA) pool is affected by c11mate; fertilizer, storage
and chemical treatments (Mulacr cnd Bakema, 1956; Hoff%éc al., 1971;

Vigue and Li, 1976). In mostlof these Scudfés aqueous ethanol solutions
of various concentrations weréﬁuséd for. the extraction of the free amino
acids (FAA) of the potato. Most commonly used are solutiong of 70 80%
ethanol. Recently, Kapoor et air (1975b) have evaluated several solvents
for the extraction of non-protein nitrogen (NPN). They found that dilute

acids (trichloroacetic acid, sulphosalicylic acid and acetic acid)”’

y1e1ded a substantfal quantity of protein nitrogen in addition to NPN 1n
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the extract from potato. Comparing these results with that obtatned
by B0% ethanol they concluded that the latter was the most suftable
solvent for extraction of NPN, because 1ittle of the protetn nitrogen
was present in the extract. As well, about 75% of the NPN was
contributed by FAA, Glutamic and aspartic acids and valine were the
three major amino acids detectedvand constituted more than 50% of the
~ FAA pool. | .

The potato FAA profile was reviewed by Synge (1977) and
extensively studied by Davies (1977). The amides, ASbartic and
glutamic acids, valine and arginine appeared as the major constituents
of this fraction. In addftion to the common amino acids which are
present in low amounts there were reports of the following non-common
amino acids in the FAA pool of the potato; y-aminobutyric acid (GABA),
a-aminobutyric acid, g-alanine, ornifﬁine, L-pipecolic acid and S-
Methylmethionine (Synge; 1977). Only GABA appeared in large quantity.
“The first reference %o this substanse as a constithent‘of the potato
tuber was by Dent et aql. (1947). Ex;?bding the amides from the
a1coh01 soluble FAA of the potato GABA a}peared to comprise 11% o
this fraction (Thompson et al., 1953). - It does not occur combined in
proteins. Its role 1in n1trogen metabolism in plants was reviewed by
Dixon and Fowden (1961)

2.5.4, Gas Chromatographic Analysis of Amino Acids

Gas-liquid chromatography (6LC) provides the analyst with some
potential advantages for amino acid analysis: 1) High sensitivity,
2) High speed of analysis, 3) Diversity, 4) Lower 1n1t1a1 costs and

5) The ease of interfacing the gas chromatograph (GC) with a mass
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”ﬂer spectrometer' wh1ch was app11ed for 1dent1f1cat10n of am1nQ ac1ds by
i Le1mer et aZ (1977) In sp1te of these advantages GLC has fa11ed to

‘dja? d1sp1ace the am1no ac1d ana1yzer (Coulter and Hann, 1971) H°Wever, aflniwh.{;,{

oL , the separat1on and est1mat1on of\am1no ac1d enantiomers by GLC may we11 A

;,ei aSsyne a. dom1nant roIe (Le1mer et aZ 1977) ”””"“ff bf'“f_le _ A}.;;’}_‘;; \f
| The GLC 15 a, most powerfu] too1 fgr separation of vo1ati]1zab1e

"*f: compounds-*5Am1no ac1ds are not vo1at11e due to the1r zw1tter1on1c {:;n

3‘?j?df structur "hey are strong1y po]ar compounds w1th a very 1ow vapour N
agtructure. T

pressure The1r converswon 1nto volat11e compounds 1s athleved by

1

uAﬂlarge{ umber Of;am1no ac1d der1vat1ves as tested by

i
FACINN N . R
. ,»51 E

*ffi} fii GLC were rev1ewed by Blau (1967) and more‘recent1y by.a

:used g;The correct namenc}ature for the acy]ated esters should be N(O S)-:>-

,d acy1a1ky1 esters }v : k However,‘

”’@eftfth"‘hhortened ﬁorm N acy;a1ky1 is commonly used (Husek and Macek 1975)




'I‘;di;; Evaporat1on of water from samp]e

37T - ’ ’ . .
W e ,' L e : Sy e

use of HFBA to promote vo1at111tx\of am1no acids was f1rst reported

by Po11ock (1967) It comb1nes the des1rab1e features of both TFAA
and acet1c anhydrtde It forms more stable der1vat1ves, wh1ch are ;‘

1ess vo1at11e than the correspond1ng N TFA. esters so that the ‘7‘.
. .. ( .
react1on med1um (HFBA and ethy1 acetate) can be evaporated w1th 1ess

\
.\.

® g

‘f of operat1on 1n comb1nat1on with a w1de spectrum of: a]cohols -as i‘

ester1f1cation agents of the carboxy1 group of the am1no ac1ds (methano

Ko]b and Hoser 1973 propano1 Moss et aZ 1971 butano] Zumwa1t et

1971, 1sobutano1 Mackenz1e and Tenaschuk 1974 1soamy1 a]coho1 Zanettan.:ﬁ*‘,;

and V1ncendon, 1973) ‘
‘ The geﬁera1 scheme of operat1ons and react1ons 1nvolved 1n -
derivat1zat1on of am1no ac1ds 1nto the1r acy1aka1 esters 1s g1ven

be1ow e T

‘~v5where;“R Ad s1de cha1n of amlno ac1d

. o -

..\/_v‘ A,

a1ky1 group (CH3, Csz,iC3H7, etc ) 'p7fh

P

2 Ester1f1cat10n w1th an a1coho1 to form an a1ky1 ester hydroch]or1de ENCITRR

toa

23

1oss HFBA was used as the acylat1ng reagent 1n a s1ng1e co]umn mode . L

1
aZ

NHZ-CH coon + R on—————am NH3 ~CH- COOR" + H20 G

Heat -,R o

é Evaporat1on of the ester1f1cat1on reagents vwgig, 3 o:;-jf‘"ﬂ
'4.~ Acy1ation of a1ky1 ester hydrochtor1des w1th an anpropr1ate
it acyIating agent most w1de1y used 1n recent years is, HFBA

BRI

A+ K e ethy] acetate LRt T e e B
C1 NH3-CH COOR' + (C3F7CO)20-—-——————~e-C3 QQgﬂH;QHeCOORT;+ C4F,COOH
Heat . ~:, ‘f: l» _

G

S
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The separation and identification of the derivatized amino acids ,('/

| ‘is most commonTy carried out on a packed giass GLC coTumn ‘The a11 gTass‘*<T§

o
.

| '~c01umn system is preferred because the breakdown of N trifTuoroacetyi-n-

. . butyT esters (TAB) occurred in a heated metaT inJection port (Lamkin and

. ‘Gehrke, 1965 Staiiing and Gehrke, 1966) A iimited appTication of. GLC

: anaTysis for the potato proteins and amino acids was by Hoff et aZ ‘
U(197T), who studied the effect oﬁ nitrogen ferti]ization on the compOSition o

: of the free: amino ac1d pooT of the potato using the TAB The same “.”s?e; ﬁ‘;“
;&derivative was aiso appiied for amino acid analysis of potatOxprotein S

".bodies from the outer cortex of the tuber (Hoff et al. 1972) The free

' 'amino ac1d poo] of the potato was aiso anaiyzed by March (1975), using

2 R
» co .
. [ 4

“~‘the N HFB-n propyT ester derivative o T}d
The combination of a gas chromatograph and a mass spectrometer

(GC MS) for identification of amino ac1ds in bioiogicaT sampies is

~'*",f;:‘being used more w1de1y (Summons et aZ 1974 Abramson et aZ 1974)

"iThe\mass spectra of the acyTaTkyT ester derivatives of amino acids *f"

",”,have been studied by severaT investigators The most comprehensive ldf;,,

{_d'study by Leimer et aZ (1977) presented compTete ‘mass spectra and
‘ﬁ;characteristic fragmentation patterns for 48 TAB derivatives of amino
}ac1ds v' | ’ T N '_ i

",2 6 Pwoaesstng Effecte on Pbtato F&ee Amino Actds |
There has been a steady increase in annua] output of processed 3
»;‘potato products (TaTburt, 1975) Dehydrated mashed potato granuies are 7'7*'fiww
Ff;one of the major potato products jn Alberta. They aésbbroduced by the ‘
. iAdd Back (A-B) process (OTson and Harrington, 1955), shown schematicai]y in |
"'?fFigure 3 RecentTy a Pew process for the production of potato granuTes was ii'ﬂf

b

Lo
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" Raw Potatoes®

Washi ng, p.e\eli,ng';‘sliciﬁg,'sulfiti'ng '

|

Pre-cooking (“ant’er')'

.. l‘m ,

Cooling (water) - "

1

: {Surfac_tants,ant.loxigiants,‘etc.) T o

. -

Cohdit~ionin'g"» e N
RN A e
- Fluff-mixing .
© Primary- diying (air-lift) -
: Se;condar\y-'dr,ying_ (fi;:id_bed) o '

\

- Cooling (fluid bed) wo

[}

g
?‘ - A R o SRIREI ol

T <80 miesh ‘\,1_0.-15'/. of prkovd_u’ct‘» o

chlp‘:wmesh 'S;‘iyf_t;in ' '<1.0'me'sh,'85-\30°/.¥qf pro,_criy'c-t :/i

o Packing T

Figure 3. F'Iow ‘cha’kt;gf“the"Add-;-Béékﬂ_ﬁr'dc’ess:_l.'- ',(A‘s‘ter?isk_'s‘[*]’ .
s AR ., indicate t-he;-position,{'1,:n‘-t.he--p_r_'ocgss_' where samples -
SR Twere taken for the study reported in this .th'_e.sjs_'.’.)
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‘ :'deve1opéduby'boraiku1‘(1977)

Heat treatment is a most 1mportant step in home cooking as welTvo
as the industriai scale processing It can be beneficiai, as n the
tcase of 1egume proteins, where anti nutritiona1 factors are destroyed h
~ and the nutritive va]ue of the’ protein is increased (Liener 1976)
v‘However, 1t alsogcan be detrimenta1 due to chem1ca1 reactions or mere'

E of amino acids and other so]utes to the cooking

,,\l

smedium The major reactions 1nvoived in the loss of amino acids duriqg

'?phy51ca1 Teachin

I‘proce551ng were rev1ewed recentiy by Mauron (1972) and Chefte1 (1977)
o In v1ew of the fact that a 51gnificant portion of potato amino
vacids are in the free amino ac1d state (Markakis, 1975) the effect _f."u
jh of proce551ng on this fraction can be of 1mportance to\processors

:,Information on amino acfd composition of potatoes and the way it is

L affected during proceSSing 1s scanty (Jaswa] 1973) Amino-ac1d

n‘anaiyses of: raw and cooked potato proteins and amino acid by ion exchange

- chromatography (1n its ear]y stages of deveiopment) showed 1arge
: |

R variations between samp]es and c6nsiderab1e discrepanc1es between

”-”oana1yses done by different 1nvestigators (Hughes, 1958) This was -

E :ascribed to possib]e differences in the materiai analyzed, as weil as

RS _differences in ana]ytica1 techniques In addition Hughes (1958)

' reported no changes in amino acid composition of boi]ed potatoes in
fcomparison with the raw potato In contrast to this observation,
”Desborough and Weiser (1974) reported a 50% 1oss of totai protein ";
. nitrogen after boi]ing “for. 30 min In a recent report on' changes in "
) i,nutrient comp051tion of potatoes during home preparation (boi]ing, oven f‘

ffbaking and microwave cooking) Toma et aZ (1978) revea1ed that ‘i

o

o
4 T



CRLIN T e

" .cooking,. regard]ess of the method used, did not affect the protein |

".content of Russet Burbank - tubers, except in one case, where tubers were

“.of unstored and stored potatoes respectively In ‘one case 88 4% of -~

e s

&

t

subJected to microwave treatment In that case there was[a significant‘

/

increase in the prote1n content. The authors refer'to‘this'resuit as . |

.\'uanaTistic It appears that add1tiona1 studies on the- changes in

protein quantity and quaiity of potatoes during b0111ng are required

The effect of chipping on . the nitrogenous compounds of- potatoes was\

- studied by- Fitzpatrick et az (1965) and Fitzpatrick and Porter &1366

They found that the greater the accumu]ation of reduc1ng sugars in ’

' »stored potatoes, the greater was the Toss of FAA afte{ chipping 'The'=

- loss of amino ac1ds and amides nitrogen was .52% and 85% in the chipping

]

K

'.r‘the FAA and 88 77 of. the sugars cou1d not be recovered from- the chips,
;?5presumab1y as a resu]t of the Ma111ard browning reaction But even
b'when reduc1ng sugars were not abundant con51derab1e quantities of FAA ‘ ;/
K ;'were 1ost during Ch1pp1ng High 1osses of bound and free. amino ac1ds
y“were reported by Jaswa1 (1973) A]] processing methods used (canning,r
“drum drying, french frying, and chipping) adverseiy affected the »
“avaiiable 1y51ne content w1th chips and canned~pof”toes shownng the ; E

o max1mum 1oss, foilowed by drum dried and french fried potatoes

Aithough freevamino ac1ds are nutritiona]]y equivalent to protein\

- ‘bound amino acids, they are ‘more readi]y 1eached and 1ost during

=

processing and food preparation Therefore more studies of the effects

f_of processing on the FAA pool of the potato are necessary

-



3, WERIALS AND FETHODS

3.1, Potatoes o . e e

351,1. ,Raw Potatoes

The potatoes used in this study were grown on the University of

JAiberta/farm Raw_potato tuber cu]tivars, 'Nor]andf, TSndwchip ,
v 'Ataska Red' 'Red Pontiac“, 'Kehnebeci'and 'Netted Gem' Were kind]y».
- supp]ied by DrU wm T. Andrew, Department of P1ant Science The |
University of Aiberta Mature tubers of the different cu]tivars were
harvested ‘on October 28 1976 : Immature 'Netted Gems (the major
cuitivar in Alberta) were harvested during stages of tuber deveiopment

| on the dates specifi%g in Tabie 2 (Section 4.1.1. ) A]] cuitivars were
7‘ pianted as small whoie seeds, between Ma; 20th and 25th Soi1 nutrient |

,1evelspwere raised before pianting to 200 1bs/ac N, 95 lbs/ac PZGS,"v

: 400 1bs/ac - K;0, using ferti]izer Row/sbacing was 36" and. space B}

:between piants 12“' The plot was hiiied twice on Ju1y 9th and 13th

/.
[

E Yields obtained are. iisted beiow: ‘H__

| Cultivar‘ _n"_ S ;th[ac. o

- 'Noriand" :d‘ Kﬁ; S deé)c
.;‘ , —HiSnowchio' }” . ’._r _t376 | |
, - 'AiaskahRéd',il | B ,“_'474,
’tv':R‘e'd‘,Pon'tiac.':.‘ L w8
'_"KennebecV . -‘v_: :':’“ ) ‘434‘
' ,'Netted eein”"fr © 7 408

R A

_Small quantities Of the 'Netted Gem' cultivar(were obtained from

the university farm at other times during this research

./
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.3.1,2, Processed POtatdes'“

Effects of the various steps in the Add-Back (A B) process for

potato granuies production on the nitrogen and free amino acids content

‘,of the potato ('Netted Gem') during processing weré examined. Sampies .

were taken from the processing Tine at Vauxhall Foods Ltd. (Vauxhali

Aiberta, Canada). The stages in the. pr0cess where sampies were taken'
are marked with asterisks in Figure 3

3.1~3 Raw Potato Composition

Mature potato tubers of the different cuitivars (tubers of simi]ar

.size of each cuitivar were chosen) and tubers in varying states: of

maturity during growth of the 'Netted Gem' were hand peeied (approx1-'

| mateiy a. 3 mm thick iayer inc]uding both the periderm and part of the
\,cortex was removed, see Figure 1) The peeied portion was’ designated
.'.outer iayer (OL) and. the rest of the tuber inner Jayer (IL) Fach |
) portiony(peei only of mature 'Netted Gem ) was diced quickly frozen and
l'freeze dried in a modei FFD 42 NS Freeze Dryer (The Virtis Co. Inc s

Gardiner, N.Y. ) The dried materiai was powdered with a waring biendor,

.

"=jpassed through a 60 mesh siZe net and stored in brown botties at. 4°C

‘ifor further anaiysis Dry matter content was determined by oven drying

"'at 70°C for 48 hrs in a vacuum oven.

The micro Kjeidahi method was used for nitrogen determination

.(AOAC 1965) Approximateiy 50 mg- of freeze dried\powder Was

digested with concentrated sulfuric acid, sp ar. 1 .84, N- free (Fisher
Scientific Company Ltd. ): in the presence of a cataiyst (potassium A

: }suifate/mercuric oxide, 40 1" w/w) The fina] digest was . c1arified by

the addition of a few drops of 30% hydrogen peroxide Disti]]ation
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was done 1nld'n1cro-KJe1dahl distillation unit. The disttllate was
titrated with standardized HC1 solution (0.02N). -

1 Procedures for amino .acid ana]ysis of the freeze-dried powder
are described in Section 3.5.1. |

3.1.4. Potato Proteins So]ub111ty

” Freeze dried powder of the 0L and IL (see Figure 1) of the 'Netted
Gem' tuber was used in these exper1ments ‘A 1g samp1e was suspended in.
: 50 m1 dfstil]ed water containing 500 ppm Na,SO3, and stirred at room

‘temperature (-23°C) for12 hrs. Thevmixture was transferred.quantita-
‘ tiuely to a'ce11u1ose,d1a1;sfs tubing, 3.3 cm in diameter (Fisher’
Scientifjc.Co;:Ltd;) and dialyzedfagainst.g1ass distilled water at 4°C
in a'4»11tre beaker tor at 1east'60-hrs with at 1east-64cbadges of the‘
d1a1yzate Non- dialyzable n1trogen was determined at 1nterva1s during :
:the dia]ysis period ' | . '

After d1a1ys1s the sample was centrifuged in a Beckman Mode1
‘ J-ZIB_centrifuge at‘14,000 x g for 10 m1n., The supernatant co]lected.
and the pellet was réSuspended 1n‘g1a€s’distil]ed'water;‘stirred for
1 nr and again centrifdgéd '~Then the‘pe11et was. resuspended in 0. 02 M)
‘Phosphate buffer at PH 7.5 containing 5% sod1um chloride, stirred for '."”
. 2 hrs, and centrifuged as before.. This step was repeated The |
residual.pe]1ettwas then successive]y extracted twice wjth each of
=f"tne-fon‘owin.g so1ut10ns§‘7d% ethano1”’0 1 M acetic acid and-O 2%
'sodium‘hydroxide ‘The solubilized fractions (the supernatants from
each extraction treatment) were collected and designated a1bum1ns,
| .g1obu11ns, prolamines and acidic and basic glute]ins, respective1y

"Quantitative determination of protein 1n these fractions was done :
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according to a modification of Lowry s method (Baiiey,-1967) (see
3.2.1.1.). B | .

3.1.5; Proteins Preparation forinectrophoresis

3.1.5.1. MWater Soluble and Insoluble Proteins

The extraction buffer suggested by Nakasone et al. (1972) was
used to extract totai-potato proteins.. Ten grams of freebe dried powder
of '"Netted Gem' tubers ‘were extracted with 100 m] 0.05 M pota551um
phosphate buffer pH 7.3, containing 5% sodium chloride and 1.5% sodium
vsuifite, by homogenization in a Sorval Omni-mixer, Homogenizer (Ivan
Sorva1 Inc » Norwalk, Connecticut U.S.A.), at 4°C for 2 min. The.
suspen51on was‘then centrifuged at 14,000' x g for 10 min at 4°C. This
procedureiwasbrepeated twice. The combined supernatants were dialyzed
, for 60 hrs against g]ass distilled water at 4°C and then centr1fuged at

14,000 x g for 20 min. The insoluble fraction was pe]]eted and the

SUpernatant containing the water sdiubie fraction was decanted and

" brought to 90% saturation with .ammonium suifate and 1eft to precipitate

at. 4°C overn1ght then centrifuged -as before The precipitated’

fraction was dissoived in wat:r and dialyzed at 4°C until free of sa]t
-lboth protein fractions ‘were freeze dried and stored dessicated at 4°C
Reso]ubiiization of the‘water 1nsoiub1e fraction in the extraction
solution was encountered with difficuities as was a1so reported by

'.Nakason‘e et aZ ﬁn) Varying salt concentration did not affect the
soiubiiity 51gnificant]y.' Solubi]ization was 74% based on tota] amino

s il
-,«J

acid'recovery (Tabie 10). This is a common phenomenon in extracted -

_piant proteins (Stegemann et aZ s 1973) It was attributed to

.7

denaturation’ 5hd aggregation during extraction steps Comp]ete ;\;\a/jjA .

I
. i
- o
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so1ub111zat10n was obtained by $SDS, BTT treatment before electrophorests.
In v1ew of these difficulties a fast separation procedure of potato
proteins, without purification steps, was used as outlined be]ow
3.1.5.2. Sap Proteins Preparation

| 'The'method suggested by Stegemann et al. (1973) was followed.
Fresh "Netted Gem' tubers were frozen at -20°C for 24 hrs, then thawed
\to room temperature. Then on1y the 'skin' (see Figure 1) was slipped
away from the tuber. For who]e\potato sap the whole tuber was sliced into
sma11 cubes, which were wrapped 13 cloth and pressed to the maximum
pressure obta1nab1e on the hand operated Carvervhydraulic press, Mode]}B
(F.S. Carver Inc. R Summ1t N.J.). Sap from the outer layer of the tuber
- was obta1ned similarly, after pee]1ng approximately 3 mm of the outer
‘layer of the tuber. The rest‘of the tuber was used for sap expresston>
from: the inner 1ayer : )

The expressed Juice was co]lected and immed1ately mixed with.

freshly prepared su]fite solution (5% sodium su1fite +3, 75% metab1-
sulfite), in a ratio of 50:1, respectively, and centr1fuged at 14,000 x g,
for 10 min at" 4°C in a Beckman Model J-218B centrIfuge The c]ar1f1ed h
supernatant: containing approx1mate]y 10 mg/m1l proteins without further
pur1f1cat1on was used for thin layer isoe]ectric focusing (TLIF)

3.1.6. Free Am1no Ac1ds Extract1on .

Free amino acids (FAA) were extracted from potato (' Netted Gem )
samp]es obtained from the process1ng Tine in Vauxha]] Foods Ltd.

Three samples of approx1mate]y IOOg each were: picked up at the fol]owing

steps ° 1n the process (marked with asterisks on Figure 3) 1. Pee]ed raw

potatoes, 2. after pre cooking, 3. after mash-mixing, 4 after
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conditioning. 5. after air-11ft drying, 6. final product, 7. 'scalp’
(coarse parf1é1es u§e3 for 1ivestock feed). The samples were chilled

in an.ice cnnTer and a portion was separated for FAA extraction. The
remainder was freeze-dried (f?eeze-dryer type, see Section ;.1.3.)
within 16 to 36 hours. Ory weight and nitrogen was determined ag
described in Section 3.1.3. For FAA extraction, the procedure of

Jaswal (1973), with some modifications was used. A sample corresponding
to 5g (dry weight basis) was macerate&‘in a Sorval Omni-Mixer Homogenize

in 250 m1 70% ethanol (taking into account the estimated moisture conten

of the sample) for 2 min, and then transferred to a 500 ml Erlenmyer

and shaken for 8 hrs on a Burrell Wrist-Action Shaker (Burrell Corp.,
Pittsburgh;vPA) at r;om temperature. The mixture was then centrffuged
at 10,000 x g for 10 min on a Beékman Modé] JL21’Centr1fuge. The
precipitate was discarded and the supernatant passed througﬁ a mgmprané
filter (Mi1fipore) with a pore size of d.&Su. The clear fi]tratg was
evaporated‘to dryness on a roFary evaporator {(Buchi/Brinkman, Brinkman
inStruments (Canada) Ltd.) under reduced .pressure and 1ntern1ttent

nitrogén flushes. The residue was dissolved in 0.1N HCT, final

volumes varied .between 10 and 20 ml. Each sample was divided:jnto‘3

;Vials and kept frozen until used for amino acid analysis.

3.2. Chemical Determination of Proteins and Amino Acids .

3.2.1. Protein Determination | / o “2

In the gel chromatography sepdratipn;\protein content in the -

K e]utedfnactjons was mnnitor?d by UV aésorption at 280 nm. Either

the Unicam SP 1800 Ultraviolet Spectrophotometer: (Pye Unicam Ltd., York

Street, Cambridge, Eng1and)won the Gilford 252 Photometer (Gilford

A
g

g
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Instrument Laboratories Ihc., Obetlin, Ohio) were used for spectro-
photometric measurements.
3.2.1.1, Protein Determination With Folip- Ciocalteau Reagent

A modification- of Lowry's method (Lowry et al., 1951) as suggested
by Bailey (1967) was used to quantitate proteins. The reaction tube
Contained 1 m sample, 5 ml of a reagent contafning 2% Na,C03 in 0.1 N
NaOH and 0.5% CuS0,. SH20 1n 1% sodium citrate in a 50:1 ratio, '
respeht1ve1y This reagent was mfxed before .addition to the sample, The
“reaction mixture was left at room temperature for 10 min, then 0.5 ml of
IN Folin- Ciocalteau solution (Fisher Scxentific Co. Ltd.) was added to the
mixture with thorodgh mixing. The absorption of the reaction mixture was
measured spectrophotometrica1}y after 30 min at 750 nm. | Bovine Serum
Albumin (BSA) 99% pure, fatty acid poor, B grade YCa]biochem San ' Diego,
Calif., USA) was used to prepare the standard curve (Figure 4). The
range of concentrations from 0 to 100 ug BSA per assay tube gave linear
results,
3.2.1.2. Protein Determination'ﬁy the Biuret Reagent

For concentrated samples a Biuret method (Bailey, 1967) was used

for protein determination The - Tinear range for this method was 1 to

: 6 5 mg protein per react1on tube., --

. The reaction mixture consisted of 1 ml sample and 4 ml Biuret
reagent _which was. made up of 1.5g copper sulfate (CuSOk 5H,0) and 6. Og‘
sodium potassium tartarate (NaKCquos 4H20) disso]ved in 500 m of water
To this so]ution 300 ml of 10% sodium hydroxide was added with tharough

mixing, then 2. Og of potassium iodide was added The so]ution was made

| up to 2 litres ané’stored 1n a polyethylene bottle After mixing the

4 . -
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sampie w1th the r agent the mixture was a]iowed to stand fqr 30 min,;_\ﬁf T

at room tempe"\‘u‘“ Absorption was measured at 540 nm, the standard

. ¢‘\'

{?» curve was constructed us1ng BSA as standard protein (¥19“re 5)

3\2 2 Free Amino Ac1ds Determination By The Ninhydrin Method

,—/

to determine freeaamino ac1ds(FAA) content in potato extracts
3 2.2. i Reagents and Procedure :'f fhl fif”a‘ '?Qd~i¥t§;‘iit;;;;'f»rﬁ -

'Soiution 1 ‘ O 01 M sodium cyanij_x(NaCN)

; .Soiution 2 Acetate buffer pH 5 3 5 4, containing 5409 sodium o
i acetate (NaOAc 3H20) 400 m] H20 100 mi g1aciai acetic acid |
hf‘ffand made up to 1500 m1 with H20 f;«f”}ff\ﬁffifhf,ij‘°i

. T

iiSoiution 3 Acetate cyanide soiution containing 20 mi of hﬂqfti; -

-

| Soiution 1 and made up to 1. 1itre w1th Soiution 2 T
“i’Soiutton 4 3% ninhydrin (Cambrian Chemicais Co ) 1n methyi

'ifv ce]iosoive (ethyienegiycoi monomethyi ether, Fisher Scientific

.i]jfreshiy prepared before Mddition to reaction mixture

Soiution 5 Isopropanoi-water, 1 1 v/v (diiuent)

-8

fwuprhe”reaction mixture con51sted of 1 m1 sampie which contained 0. 020- i

'”ffo 40"umoie of amino acid mixture 0.5 mi of Soiution 3 andeo 5 - of

,~Soiution 4 : t:was heated for 15 min in a boiiing water bath Upon

__emovai,of the test tube ﬁrom the water bath 5 mi of Solution 5 (diiuent)

!

; 7f3ﬁwas added and the tube weii mixed Absorption of the soiution was R

“"i{°j=measured at 570 nm, after 30 minutes of cooiing at room temperature v

The procedure proposed by Rosen (1957) was used with modifications, bvg o
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, cell (Buch]er Instr . Fort Lee N.d. ) The|e1ectrode reserv01rs

aspartic ac1d g]utamic acid, va]ine, 1eucine and arginine) Stock

L1

L soiutions of 0.4 umoie/mi of each standard amino acid and an equ1moiar -

mixture were prepared ‘The: ind1vidua1 amino acids and the mixture were
reacted with ninhydrin according to the procedure described in previous
section (3. 2 2\1 ). The resuits from the. equimolar mixture were used to
construct the standard curve The resu]ts of the 1nd1vidua1 amino acids
_were- aiso linear, and v1rtua11y superimposabie with the standard curve

(Figure 6)

3.3, EZectrophoretw Techmques

-'3:3 1. SDS Poiyacrylamide Ge] Eiectrophoresis (SDS PAGE)

Reagents and Procedure Chemicals for PAGE were purchased from

Eastman Kodak Company, un]ess otherwise spec1fied Acry]amide and S

sodium dodecy1 su]fate (SDS) were recrystaiized from chioroform and

ethanoi, respectiveiw Acry]amide 27 72g, and Bis (N N'-methyienebis—
)

acry]amide) 0 6169 were dissoived in 100 ml giass distilied water ”Ihlv,

order to obtain 8 5 or 10% po]yacryiamide gel, appropriate a]iquots

38

(9 0 or 10 58 m1, respectively)cof the. above solution were mixed w1th '_’J

V‘ 3 0. ml of 500 nM sodium phosphate buffer pH 7 1 1 5 m1 of 2% SDS and
o 1 .5 ml of 1% TEMED (N N N N'-tetra ethy]ethy]enediamine) (J T. Baker

~

4
Chemicai Co ) Tota1 vo]ume was made up to 30 m1 w1th 15 m1 ammonium -

-

persuifate 0 14% Ge]ation was done in g]ass tubes 10 cm 1ong and 0 6 cm -

I D After po]ymerization,ythe tubes were piaced in an e1ectrophor ic

\
"o."

contained 50 mM sodium phosphate buffer pH’ 7 1 and 0 1% SDS Standard

and potato proteins were treateﬁ,simi]ar]y'prior to appiication to the 3"
B g 1 Standard prdteins (Pharmacﬁa Fine Chemicals Uppsa]a Sweden) are

B
Oy _— :k. L ) L s e B ‘.ﬁ__‘ . .
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. "and 57 methanoi ‘The geTs were photographed using an Asahi Pentax

N R ' v ' o . ’ ) /

RPN

.Tisted below: i . o

Protein Standard : . :Molecu]ar,weﬁght o RN

Aldolase, - . .. 1iss, 000
) Ovalbumin = o jv A-QS,OOO.
_ .ChymotrysinOgen A : N 25,009 h }t‘a
| Ribonuc]ease A o , _ '4*,13;765
BSA (CaTbiochem) ‘,". f‘\' © 68 000{ | .
A protei% soiution of approximate]y 5 mg/mT was incubated for ; ‘}?//

20 an at 100°C in the presence of 1% SDS .and 0 5. mM DTT (D1th1othreitoT

!

' n‘"CTeTand s reagent") (CaTbiochem LaJoTTa, Ca]if ). The soTution was — |
: cooTed to room temperature and mixed with 60% gTyceroT T 1 ratio (v/v) l
?'to 1ncrease sampTe den51ty Protein-sampTes in the range of TO 250 ug NG

‘were appiied to the geTs ETectrophoresis was performed for 5 hrs at’ |
:T_~22 C at a constant current ‘of 5 mA- per tube The geTs were remove; from -
“the tubes under running water and stained overnight in 0 2% (w/v) 1
Cooma551e Briiiiant Biue G 250 (Serva, Heide]berg) in a soTvent mixtu e

’ con51st1ng of methanol, acetic acid water (100 21 100) Excess stain'

- was removed e1ectrophoretica11y for 15 min, 1n a Cana]co geT destajner

(Cana]co RockviTTe, Md ) using an aqueous soTution of 7.5%. acetic acid

, Spotmatic camera and Kodak Tr1 X 400 ASA - film.' The negative fiim picture
of. the ge]s was then scanned on-a Chromoscan ModeT MK 11 microdensitometer

- (Joyce Loeb1, Gateshead UK. ) Mobilities were caTcuTated reiative B

- too chymotrypsinogen A, and the moTecuTar weights of potato proteins :
‘were estimated by the standard CUrve (Figure 7) obtained from a pTot of

-Tog moTecuTar weight ve relative mobiiities of the standard proteins
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~ The equation for-the Tine of best fit drawn =~ ot
. through the data points is y = B x + A, where B =
~ -0.98, A = 5.39 for 8.5% gel (--:) and B = -0.81, |
A =523 for 10% gel. (-): y = log molecular weight -
. . and X 1s the distance of protein migration relative “
, ‘to chymotrypsinogen A, IR o o i
: e S P |8




3.3.2. Thin Layer Isoelectric Focusing (TLIF) in Granulated Gel

| The methodology recommended by Radola (1973) was foTlowed for X
' _lTLIf Glass plates (20 x 20 x 0.4 cm) wére coated to approximately 1.0.
'"mm thickness with a suspension of 7,5% (w/v) Sephadex G-75 superfine ”
(Pharmacia Fine Chemicals) containing lysine and arginine at. 0. 05% each
‘and 1.5% (w/v) of ampholytes’ (Brinkmann westbury, N.Y.) in a pH. range
‘2 10.. The thin layer was obtained by pouring the gel mixture on the
plate, spreading with a glass rod then by tilting the plate the
suspension was spread evenly .and smoothly on the surface of the plate
.The plate was “then allowed to reach the right consistency (loss of
‘approx1mately 20 25% water) at room temperature for 30 min. Protein _—
samples were: usually applied as bands in the middle of the anodic
region“ The plate was placed on the cooling block of a TLIF double
};chamber (Desaga Heidelberg, Germany) ,qulter wedge papers (2 mwh thick)
)soaked in electrolyte bridge solution were layered on both edges of the |
‘plate and covered with Pt- ribbon electrodes Aqueous solutions of |
| sulfuric acid (0.2 M) and ethylenediamine (0 4 M) were used as anodic
- and cathodic electrolyte solutions, resp ctively The'cooling block was..
maintained“at 5 '2°C using a low tempérzture water thermostat (Lo>
) temptrol M154, Precision Scientific, Chicago Ill ) The electrophoretic
»run was performed at a potential of 200 v for 6 hrs, then increased to
800 v for 2 hrs. | ' _1 | A |
» : Protein bands were detected by the - paper print technique 7A
sheet of paper (l4Og/m2 fast filtration type No. 804 Nacherey Nagel

h_ Co ., Duren, Germany) was placed onto the gel layer and kert 1n contact

“'-with ‘the gel for 2 min The print was then dried in an ovei at llO-l20°C;l
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- for 15 min after which the ampho1ytes'were washed.out with 10% (w/v)‘
trich1oroacet1c acid by 1mmersion of the print for 30 min in a smal] bath
containing 100 ml of 0.2% (w/v) Coomassie Br1111ant B]ue G-250, in
‘soivent mixture of methano1 water and acetic acid 50:50; 10 (v/v/v),
"respectively The same solvents were used for destaining in a'volume '
ratio of 33:66.10 (Radola, 1973). The paper print was photographed and*®
- the. negative fi]m scanned as described in Section 3 3. 1 The pH |

\gradient was measured at 25°C on approximateiy 2 X 20 mm streaks of
| “the ge] removed from the 1ayer at 1.0 em interva1s a]ong the separation
Tine. They were placed in the cavities of a white porce]ain plate
(Fisher Scientific Co. Ltd.), and 1iquified with approximate]y 100 ;1
glass distil]ed wat;r The pH was - measured on a Metrohm pH meter
Mode] E512 (Metrohm Ltd. 9100 Heresan, Switzer]and), using a specia11y
’:de51gned f]at membrane g1ass electrode with a tip diameter of
.approximately 1 O mm and ehuipp’d with a reference e1ectrode (Desaga,
Heidelberg, Germany) l

3 4. Coluwm Chromatography of Water SoZuble Protews
Co]umn chromatography (ge] fi]tration) was performed in a SR 25

jglass coiumn (100 x 2.5 I D. cm) . Sephadex G- 150 40 1§0u particle size

*,was used as matrix for the separation of the proteins -The g]ass

’1”.c01umn and accessories the standard pr‘teins, Blue Dextran 2000 and

;fthe sephadex matrix were from Pharmacia Fine Chemicais (Pharmacia Fine
ldrfChemicais AB, Uppsaia Sweden). Totai co]umn volume (Vt) was 357 m]
i.and void vo]ume (Vo) 122-m1 measured from e]ution volume of B]ue _
'tDektran'ZOOOV The equation for ca1cu1ation of the partition coefficient
» '(Kav) was as given in Section 2.4, 1 | Packing of the co]umn was done ;;;
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according to the Pharmacia Fine Chemicais instruction manuai Standard
proteins.iisted in Section 3.3.1. were used to estab]ish the caiibration |
“curve for molecular weight estimation (Figure 8). The extraction solution,
0.05 M, potassium phosphate .buffer pH 7.3 containing 5% NaCl and 1.5%
Na2503, was used for column equilibration and eiution Approximateiy

100 mg of the freeze- dried water soluble. proteins (extracted as described
in Section 3 1 5.2, ) were dissolved in 4 ml of the eiuting buffer, and
ciarified by centrifugation at 1 ,900 x.g for 10 min The supernatant
bwas applied to the column, eluted.at a. downward flow maintained at

15.0, £ 0.5 m1/hr, 5.0 mi fractions were collected and monitored at 280 nm.
?Fractions corresponding to each peak were pooied together and protein
determined by Lowry's method The reiative"amount of the maJor peaks -

was determined, and their mo]ecuiar weigh{ estimated

3. 5 Ion—Exchange Chromatography of Amino AC’LdS
3.5.1. Amino Acid Ana1y51s of Protein Hydrolysates

‘Total amino acids analysis was done on hydro]ysed protein samples.

Approximately 2. 0 mg freeze- dried potato powder or extracted protein
_ samp]es were hydrolysed with constant boi]ing HC1 (6N) containing 0. 1%
pheno] at 105°C for 24 hrs, in an evacuated sealed giass tube The
: hydro]ysate was dried oyer sodium hydroxide iei]ets ina vacuum

dessicator The residue was'dissoived in sodium citrate buffer pH 2.2
before appiication to the column (Only in the comparison of the GLC
' and IEC methods for amino acid analysis were the hydro]ysates disso]ved
_in 0.1 HCY.) |
| Amino acid anaiysis of the hydroiysate was carried out on an

automatic~system, Durrum D- 500 amino acid anaiyzer, in a single coiumn

3
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: o o . ) & ‘\‘ : . Do
Figure 8, Standard curve for protein‘s molecular weight :
: .~ - determination on column chﬁ'omatqgraphy on Sephadex G-150, -
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operation (48 cm x 0.175 cm) using DC-6A cation-exchange resin. Analysis ‘
‘time per sample was approximately 82 min.

3.5.2. Asparagine and Glutamine (Amides) Analysis

| 3.5.2.1. . The System for Analysis
The Beckman Model 1208 amino acid analyzer equipped with the long
column (56 X 0.9 cm, bed size), packed with type AA]S resin for acidic
and neutra] amino acids was used. 001umn‘temperature was maintained at
- 50°C.  Elution buffer, O.2N sodfum citrate pH 3.28, containing 0.25%
Thiodig]ycpl and 0.1% Phenol. The résin was regenerated every 4 hrs,
by e]ution with sodium hydroxide 0.3N for 15 min, "then re-equilibrated
with the eiution buffer before app]ication of a new samp]e Ninhydrin
solution was prepared according‘to the Beckman instruction manual.
Eiytipn buffer and ninhydrin flow rates were maintained at 70 and 35 ml/h,
respectively. The back pressure'was 300 psi.‘ Sample.size applied to
‘the column was constant, 0.5 m1.‘ | o
3.5.2.2. Conditions for Amides Analysis
The’ standard amides (asparagine and g]utamine) were detérmined
. as their corresponding amino acids after hydr01y51s in concentrated
( 12N) HC] (Fisher Scientific Co Ltd ) ‘The temperature (130° + 5° C)
‘________;___fand_time (15 min) necessary for comn]ete hydrolysis were determined ’

empericaiiy (see Section 4 2. 1. ). These conditions were used routinely
for amides determination in the free amino acid poo] of the potato.

i The ‘AA15 column was used to separate the amides¢fram the rest of the
amino acids, and to determine the glutamic and aspartic acids. The
vover]apping fractions of asparagine and glutamine were coiiected from

4

~ the column effluent. during the elution of the sample’. The column
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efftuent was diverted before the njnhydrin reaction chamber, and 16.3
ml between retention time 43 to 57 min co]]ected in a 25 m1 volumetric
flask., The volume was made -up to 25 ml mark with glass distilled |
nater. An aliquot was taken for the analysis It was f1rst brought to
dryness, then hydrolysed as described above. The resulting aopart1C"
and g1utamio acids were rechromatographed and their quantities
‘represent the amount of asparagine and glutamine present in the original
sample.. | |
The effect!of storage conditions on the stability of asparagine
and glutamine standardé (Pierce, Rockford, i]],, USA) was examined. N
Solutions of 0.1N HCTjopntaining 0.16 umole/ml of asparagine and
giutamine separately and in a mixture, all containing 0.1 umole/ml
_cysteic acid (Sigma\Chemica1‘Company, St. Louis, Mo., USA) aa an -
‘internal etandardx were subjected to room temperature (-23°C), |
_refrigeration temperature (~1°C) and freezer temperature (~-16°C) for
'up to 35 days. During this period of time a]iqugts from any one
condition were ana]yzed for the degree of degradation of the amides.
3.6. Gas ChromatOgraphtc Procedure for Amino Actd Analysis
3.6.1. Reagents _
Standard amino acid mixtures andrindiv ual amtno acids were
obtained from Pierce (Rockford ]. s USA), !!cept v- aminobutyr1c acid
(GABA) which was obtained from Sigma Chemical Company Heptafluoro-
butyric anhydride (HFBA) was from Eastman Kodak (Rochester, N.Y., USA).
Solvents: 1isopropyl aléohol, ethyl acetate, dichloromethane and acetic
anhydride were redist111ed aocording to‘Perrin et al., 1966, and kept

under nitrogen atmosphere. So1vents were drawn out by syringe through.
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the rubber;cap and the drawn volume was repfdbed with ditrogen.
The esterification reagent was prepared in two ways: 1. Dry
HC1 Qas (Mathesbn, Coleman and Bell) was bubbled into the dried {sopropyl
alcohol, after passage through a sulfuric acid tower. Normality of HC) e
“was determined %ough]y by weight, diluted to the required normality
(3.15N) and cheiked by titration. These solutions were stored{fn propylene
bottles ap--20°é. 2. The alternative method was slow p1pg%§1ng of ac¢£y1
chloride (200 ul) into dried isopropanol (1.0 ml) at 0°C according to -
Felked and Bandurski (1975) and Pearce (1977).
3.6.2. Apparatus _
3.6.2.1. General f' _ o _
- A Varian 2100 gas chromatograph (GC) equipped w{th a flame
fonization detector, coupled to a Varian modei-A-ZS recorder, 1 mV full
. scale. Integration was done manually (unless otherwise specified). U-
fghaped glass columns, 3,5 mx 2 m I.D. (thick wall) were cleaned 1nA
methanol, acetone,and he#anes,4then silanized and washed again with
methanol and acetone, and dried wi;ﬁ a stream of d?y nitrogen. Columns - -i- .Ilé
were packed 1mmedﬁate1y after cleaning, using 3% SE-30 on 80-100 desh ,'f ';':ﬁ ‘ff
Gas*- Chrom Q (Applied Science Labs, State College, Pa., USA) o <
The g]ass column was connected to the GC us1ng a specia] g]ass-‘iiﬁ LT
metal connector*(eo1an Go]dh1rsh and No]fe 1979a) described below. .-
Column cond1ti0ning was carried out for half an hour at 100°C, then
nitrogen flow was shut down and gemperature 1n;neased to 300°C and{'
he1d for about 90 minutes. Aftef baking, the t;ﬁﬁgrature was reducéd
to 100°C and nifrogen f1ow resumed. ’The holudn wa§\ieheated and left

: : !
overnight at 275°C with the nitrogen flow on. In regular use the oven
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temperature was maintatned at 250°C overnight,
3.6.2.2. Glass-Colunn Connector for a GC
The column connector is constructed of a glass H¥ube (a, Figure 9)
sealed to a métal (kovar) tube (b, Figure 9) (Jjoined at the University
of Alberta, Department of Chemistry and also can be purchased from the
Cajon Company, C?eveland Ohio, USA) approximntely 3 cm long and 1/4"
| I[.0. A narrow g]ass tube (c) 1s sealed to the internal side of the glass to
metal transition, inside the Kovar tube. This forms a continuous glass
tube. To the top of the internal glass tube, another glass tube (d,
Figure’ 9) 1s connected, with a:funoe1-shaped end with a slot for the.
carrier gas, which fits up against the septum ofd the injector side (on
the oetector side only a straight tube is needed). The length and
diameter of this piece 1s chosen accoraing to the qpocificat1ons of the
design of the injector and detector ports. The rest of the ohromato-
graphic column 12 ?ealed to the bottom of this tobe at g~(Figuref9).
Cdnnection of theﬁéolumn to the GC is done by swagelok type fittings;.
vl ; | wh1ch fit over the metal tube b, as is done with a me§a1 column, using

oy e S,
Ty ,ﬂ;ﬁi frong -ferrule (e), back-ferrule (el) and nut (f). The, overall view of

‘ thé"dﬁn"ecﬁgr, connected to injection port (h) 1is. shown in Figure 9.
FOU Y e, R
.37 beriVatization o
& .

‘F Samp1es contaiﬁ%ng 50 to 500 nanomole ahino acids were dried under

a stream of dry nitrogen inTor3m Reactd- vials (Plerce, Rockford
v ‘Illf, USA) he1d in an aluminum heating block at room temperature. The
g f ' laktiwater traces were removed azeotropically using dichloromethane.

g. The dried residue was dissolved 1n 200 u1 of the esterification reagent,

- sorifcated 1n an ultrasonic cleaner (Cole-Parmer Instrument, I11., USA)
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-{‘aCa 5 USA) were used The oven

’.reagent evaporated and the res1due d1sso]ved in an appropr1a

e;ha few weeks when kept. 1n the freezer

:id nhydr1de in a ratio of 1: 1 Jin th

33m1n, then temperature programme

;-was caTcuTated (>3000) for the proTine peak ResoTut1on be ween the Tess' |

ivreso]ved peaks of 1euc1ne and 1so]euc1ne was 0. 86 and 0 79 f

51

( . L ) ) . DR
- R

*+

,‘for T m?n, and then p]aced in the heating b10ck for esterification

A

at 80°C for 120 m1n After coo]1ng the ester1f1cat1on soTvent was s ;?

o #
';evaporated For acylat1on the res1due was d1ssoTved in 100 pl of .ethyl’

facetate 200 uT of.HFBA added and the v1a1 heated on the\heat1ng bTock

l

for 10 m1n at 110°C The v1a] was then cooled to room temper.

it

b’(25 100 p]) of ethyT acetate ‘ Most of the der1vat1ves were stabTe for o

-3, 6 4 Chromatoguaph1c Conditions and Operat1onsfff“ﬁ

The s1ngTe coTumn mode of operat1on was used A f]ow rate of g

‘]30 m1/m1n was used for hydrogen and carr1er gas (n1trogen) 'The air

Hf]ow rate was 30@ mT/m1n | The der1vat1zed sampTe was m1xed w1th acetic:

~
v

) syr1nge, 1n prder to obta1n a singTe

~

{; ipe k for. h1st1d1ne, accord1ng to Moss et aZ (1971), and theh 1n3ected .?:.

15 and 10 uT syr1nges, Ham11ton 9 - N (Hamllton Company Inc., Wh1tt1er, B

‘emperature was he1d at 70°C for 1

from 70°C to 225°C at a rate of

‘jﬁ20°C/m1n (or as otherw1se spec f1ed), and her at 225°C untll compTete

'_-elution of the sample was obt'1ned InJector and detector temperatures

were mainta1ned at 225°C and v80°C,'respective1y The a ount of each

,am1no‘ac1d ana]yzed was in t’e range between 1 to 50 nmoT s wh1ch was

L'f w1th1n the 11near range of d tector response CoTumn per ormance

ay

under above operation condi ions ‘was evaluated by caTcuTa ing eff1c1ency

‘and reSOTution "Effic1ency in terms of theoreticaT p]ates per foot (N)
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o

temperature programming at 8°C/min and 20°C/min, respectiveiy (see )
Section 3 8). . “"* | | ; |
3 6. 5 Appiication to Protein Hydroiysates "&_ | A ﬁgﬁ,-

E e

Proteins bov1ne serum aTbumin (BSA) 997 pure, fatty acid pogr,

B grade (Caibiochem San Diego, Caiif., USA) and ac1d precipitated CASeins

(kindTy prov1ded by Dr. P Jeien, Dept of Food Sc1ence Univer51ty of

PO

ATberta) were hydroiysed 1n 2 ml hydrochToric ac1d at 105°C for 24 hours, '

(
in an evacuated seaTed gTass tube The hydrolysatg was dried over-

l"sodium hydroxide peTTets ¥n-a vacuum desSicator The residue-was

- aTternative method foTTowed by 10 minutes acyiation at TTO° 5%

B exchange capacity 5. 5 meq/g (Fisher Stientific Co Ltd ) The co]umn

“‘t was ‘made. by pushing a smaTT quantity of gTass wooT weT] down into the

d15501ved in 2 mT 0 TN HCT and anaTyzed by“‘T 1on exchange chromato-

graphy (see Section 3. 5. T ), 2. the gas chromatographic method deveToped‘

l

here, u51ng conditions of 120 minutes esterification at 80°C by the iy

’ 3 6 6 CTean -Up. Procedure of FAA Extract for GC | 5;;£g:f7?»‘ o

Prior to derivatization of a potato FAA extract,_it was passed

through a smaii coTumn of a cation exchange resin’ Rexyn 10] (H),,_l L

stemaof a pasteur pipeta(Dispo pipets, ASTM,Designation,gg A38 71

) M

re51n was then washed with glass distilied'water into the coTumh* The
resin settied down fast and its surface was Teft covered‘with water
unti] sampie appTication This procedure was adapted from Adams et aZ,

(1977) s'

”j Generai GTass McGraw Park, Iﬂl s USAO=' Approximateiy 1}0 mg of the o '“"g .



of 25% acetic acid in order to bring the pH of the sampie between
2. 0 and 2 5 'Sca]p samp]es were aiso anaiyzed after addition of 10 Wl
‘ornithine (4 4 ug) as an interna1 standard - The~ mixture was transferred
. to the moist resin sing a pasteur pipet, a1ﬁ0wing to. pass/through the
~.column at about one”drop per-5 sec. Sample tube was washed with 200 ui
‘.”g1ass dist111ed water and transferred to the co1umn, fo]lowed
'“AvimmediateJy by 0.5 m1 disti11ed water and the flow rate was s1ight&y
cf'incréased using a rubber bulb- attached to the top of the’ co]umn iThe

amino ac1ds were e]uted by passing through the co]umn 1.0 m1 of 2N NHHOH e

-
" at about one drop per second The eluate was- co]1ected in a reacti via]

1n which the derivatization was carried out: after evaporating the

vso]vent.fi‘ | | s
3.7, Integrated G'as Chromatograph-Maes Spectrometer ( GC-MS) System :
5The GC MS combination was used for the 1dentif1cation of y-"
aminobutyric@acid and ornithine in the potato FAA poo1 - N‘ :
The GC MS data were obtained on a Varian 1400 GC oven coupied
f.v1a a porous ceramic watson Bieman helium separator to an AEI M512 mass g
; spectrometer CA c011ed glass co1umn identica1 in every. other respect |
to the U sdaped column used for routine anaiysis of am no ac1d }" v
;derivatives was. emp]oyed He]ium f1ow rate was 30 m]/min and the -
'temperature program was isothermaT -at 70°C for 1 min then programmed
:‘from 70 to 225°C at 8°C/min, then isotherma1 at 225°C for up to 25 min
f'The injecton was maintained 1t 225°C and the inter—connecting lines, 5”
:,‘separator and ion source at >225°C fQ | 'f,'t“p?f}*w - ?;*g”

i SN = B ,. R ./ 5

Data acquisition and processing was by means of ‘f AE?ﬁDS 503
data system with spectra acquired every 7 secs ﬂi tﬂ" |
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3 8. Stat st@bal AnaZysce and CaZcuZatcons | .
StatistiZa1 ana1ysis of data was done on the Univers1ty of A1berta
'computer AMDRAL YI, using standard APL statistica] package |
; The GLC co]umn performance was eva]uated by calcu]ating the efficiency
and‘reso1u ion. ff1c1encx is usua11y expressed in p1ates per foot If ;f

was,ca]cu]adbd from the f0110w1ng equations

1. 1 The numbeY of theoretica1 p]ates, N.

+ ' .
il .
L . . 3}

' Q‘\“ ‘ o
A N=T6 ( )
" where, T and W are in the same units MY‘ \ _fl
_ Té = retent1on time (or d1stance) "_ (% .
. . ! \ “ : \ . L \‘ :
W é w1dth of ‘the peak at the . base11ne s - ',_fﬁj\a =
2. P1ates per foot N ;"- ~
’ *fai ST N |
S N = — k
vt
‘where L= co1umn 1ength in feet. :“' SR '.r S ""vv‘":a

T‘Resolution (R) was ca1cu1ated by the fo1low1ng equatfon i

\ o A » >

| | fﬁ';'z TRz '{TR g .

‘?n )

| Wherea"Thi and*Tg? are the retent1on times of two adaacent peaks
(1 and 2). i TR L R
Nl and wz are the widths at the base11ne of peaks 1 and 2

A reso1ut10n of Ri= 1 1s.general]y_cqnsidered;as'complete_'J' 'ﬂ

': separation

S ' ‘ L
e £ .} Lo . o A . . L

Relative mo]ar re onse (RMR) of amino acids for the GLC method



' used as required

- was ca1cu1ated according to the following equation, where ornith1ne .

was used as the 1nterna1 standard.

i

i
{

| o RMR - _ amino acid molar response

aa/is ornithine molar response

n

aa = amino acid

is internai standard
RMR of ornithine was assigned a va]ue of. unity

Reiative mole % was caicuiated according to- the foi]owing equation:

// " Aaa.

~ v —

AN 14

L ; C RMR
i Relative mole % for an amino acid bé ————Kééllé-x 100
RMRaa/1s
A =‘area of amino-acidlpeak on chromatogram. .

The caiculation of umoie am1no ac1d per. gram dry weight in 'scalp'
~FAA extract using the interna1 standard (Tab1e 17) was as fo11ows The
amount of each amino acid present 1n the samp1e 1nJected to the coiumn

was ca]culated by the fo]lowing equation _
' ’ N 'Aaa X Mwa cx %

g m -
CYaa Ry XWX \RMRaa”S
. 4where;. Gaq ~ Oram amino acid; gis;= gran internai stqndard&ynyjs =
‘ m°]e°”1ar~WeTght'°f_1nterna1 standard” t
< and: " . ' c "-7 H .. T * ' . : : :"o_‘
MW, x dilution factor

umoTe aa/g dryiweight = g dry weight of originaissamp1e

'\
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Other common ana1ytica1 1ab procedures and data ca]cu]attons were :

o
| . . + . ) . ‘L\ .
! S s ‘ . - P

L o .'

e
8B %
T e



4 FESLTS

4, 1 Raw Potato Protein Compoettwn | °

e 401, 1 Proteins and Amino Acids in Different Cultivars and During

JNK;‘ _ Tuber Deve10pment iff'“
‘. The nitrogen content of the\p:tato is we]] documented in the iitera-a
\;ture (Ta]bupk et al. f1975) . A wide range of va1ues was reported
according to cuitivar and conditions of growth In this work A1berta
s grown’ potatoes were eva]uated for tuber size pee1 portion dry matter and '
nitrogen content (Tab]es i 2) Differences were found among cu1t1vars \
at- maturity The major cu1t1var grown in A]berta, 'Netted Gem » had a
- large tuber size and high dry matter content while nitrogen content
(1. 5%) was . re]ative1y low.' A simiiar reiationship was. found for B N
. 'Snowchip R which had high dry matter (25 4%) and Tow nitrogen content .
| (1 5%). An inverse re1ationship was found in 'Nor]and' with low dry’
matter (17 8%) and high nitrogen content (2. 5%) 'Alaska Red', 'Red -
‘Pontiac' and - Kennebec showed intermediate dry matter (22. 6%) and
,vnitrogen content (1 8-1 9%). Nhen percent nitrogen is expressed on
1fresh weight baS1s, there were no differences among cuitivars in tota1
,nitrogen content B «", '.'F A n:“n S _‘“ 3 B /f"
The changes in tuber size pee1 portion, dry matter and nitrogen
:';?content were foilowed&during growth of the 'Netted Gem' cu1tivar (Tab]e
‘{-2) A continuous increase in dry matter content was obtained vThel
tmajor changes occurred between Juiy and August (15.8 to 17. 3%) and :

/

: September and October (20 6 to 23 7%)

o

- The changes in nitrogen content did not shgy a clear trend when

compared on dry weight basis. However, an increase in total nitrogen

»
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- as percent of fresh weight was pbtained‘ 1nd1cat1ng accdmuiation of
nitrogenous compounds in the tuber during growth Manual peeling of’
the tuber (Tab1e 1) resul ted in a 10% loss on a fresh weight basis.

The loss was higher ( 20%) when the tuber was smaller (Table 2).

Amjno acid composition of different cu]tivars ‘as well as during
'Netted Gem' tuber deveiopment were determined using ion-exchange

.chromatography (Tables 3 and 4) A comparison of amino acid composition '
in different potato cuitivars is showh in Table 3. A similar pattern
of “amino ac1ds distribution was found in the cultivars tested. Aspartic
and’ glutamic ac1ds appeared to be the major amino acids in a]i cu]tivars.
Their va]ues represent the sum of the .acid and corresponding amide,
'which was hydro]ysed upon treatment with 6N HC] _ y aminobLtyric acid
(GABA) Was present in all the samp1es ana]yzed It appeared on the

chromatogram as a. well resolved peak be fore terSine (Figure 10). /

K"Cystine was.not detected. However,:it is known to occur only in low
~amounts in the potato (Marhahis, 1575).- No special precautions were
taken to prevent'its'degradation. Methionine was present in all cultivarsi
in 1ow.amounts 7 | |

Amino acid composition of the 'Netted Gem' cultivar during growth
1s‘presented in Table 4. ~The overall trend observed was a decrease in
the amount of all am1no acids except aspartic acid and GABA The lower -
total amino acid content at the. 1ast harvest is another expression of
this trend (Tab]e 4) . Methionine was the only sulfur containing amino
acid detected as was the case in other cu]tivars The 'essential amino

acids measu (threonine, valine, methionine isoleucine, 1eucine,

tyrosine, phenylalanine, histidine, 1ysine and arginine) werE‘expreSSed
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Figure 10.  Chromatogram of amino acid ana1ysis of hydrolyzed freeie-
~dried potato powder obtained on Durrum-500 amino acid
analyzer, representing 0.2 mg dry weight of potato:~ R
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quﬁ percent of the total amino acids recovered and presented as 1 EAA

.(Tabies 3 and 4). A simiiar approach for nutritioqaj~evaluat“on of

&

_potdtq%ﬁmino‘acid pattern was usqd by Jaswal (1973) Similar 2*EAA

were calculated for the different‘culcgvars at maturity (Table 3). Ad-
interesting decrease 1n % EAA was found durinn ‘Netted Gem' tuber growth,
reaching the 1owest vaiue at maturity, 35 3% (Table 4).

Amino acid composition of potato in outer and inner layers of the
tuber (' Netted Gem' )Qis shown 1n Table 5. A characteristic chromatogram
of amino acid analysis af the {nner layer of the tuber, obtained by
iqnwexchange chromatography {s demonstrated in Figure 10. The aspartic
and glutamic acid peakskinciude che hydrolysed amides, asparagine and
glutamine, respectively. The 1§;§e ammonia peak was due to the amnonia
released from the amides and to partia1 degradation of other amino acids,
mainly serine and threonine Tberé w:; much higher content of total
amino acids in +he OL (150 11 mg/g) in comparison to the IL (83.96 mg/g)
(Tabie 5) Ali amino acidséin the oL, except giutamic acid and GABA
appeared in a ]argen quantity than in the IL The ﬁost significant
amino acid in the OL wa; aspavtic acid (50. 24 mg/g) It was aimost 2.5°
times the giutamic aciﬁ.(19 11 mg/g) In the IL these two acids
contributed similarlamougfs, 20 15 and 22. 18 mg/g, respectively. % EAA
in the OL was higher thdn in fhe IL (Tabie 5) and similar to the values
calculated for the other cultivars (Tab]e 3). .All essential amino
acids were 1in iarger amddnts in the oL cqmpared with the IL. Especiaily"
higher were 1eucine ’ﬁistidine and lysine 9,57, 2 56 and 8.46 mg/g,

respectively. -



! . ' [ L . ' » ‘ . a B .

3‘Txb1e 5 Totaﬁ am1no acid composition of outer and 1nner '
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/ - ﬁ 1ayers of the potato tuber ( Netted Gan ) Qfﬂ"
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C 4.1.2. 3ubilit_y Pattern of Proteins of the Outér and Inner :

'_ &nfersbof the Tuber~‘

N

| In ordér’to characterize potato proteins according to soTubi]ity,;,r

'freeze dried potato powder (" Netted Gem ) from the 0uter Tayer (OL) of

fthe tuber and inner Tayer (IL), separate]y were subjected to prolonged
fdiaTysis against g]ass distiTTed water Nitrogen cdntent of the sampTes

_was measured at intervaTs during dialysis (Figure 11) There were no
.

‘7:'changes in nitrogen content beyond 60~ hoursyof dialysis The 0L of the .
N

ptuber contained significantiy higher percent nitrogen (2 2 0 2) o
o

n;‘j« "

écﬁcompared with the IL (T .6. £ 0. 1) This nitrogen distribution between
v'i"OL and-IL was: also indicated by total amino acid composition (Table 5)
t ;;lfﬁThe 0L is usuaT]y lost in home cooking or industriaT processing, prior
'?ito consumption of the potato Percent non diaiyzab]e:nitrogen (protein)
in %he oL was higher (T .0 0 1) than in the IL (0 6 + 0. 1) (Figure 11)
_ j This fraction was 45 4% and 37 5% of tota] potato nitrogen in oL and IL
' The protein nitrogen fraction was fractionated according to

| ivvj,t oTubiTity in diffenent so]vents.~ The potato p?qtg§§ fractions are‘n‘at~7§'?l' 1
\';;iguashown in TabTe 6 according to solubiTity. ATbumins comprised‘ L& Tﬁ h :
}_“iti?approximately 50% of tota1 proteins qecovered Tiﬁ gTobuTins compriSed‘
"“';f;appraxfmateiy one third of the. proteins 27 6% and 35 o% in OL and 1
fj1i;respective1y, and basic gTuteTins approximate]y 16% A smaTT amount \ '
-vggitf'iof proTamines and,acidic-g1ute11ns was found -‘Protein recovery was |

i'rfgg:aimost complete (96 2%) in\the OL whiTe in the IL recovery was compTete :;dgfﬁ-f

1{(103 7%) Analysis of variance of’the totai proteinp recovered by if[a S
A T AT AL
*‘extraction and measured before extraction showed no significantﬂﬂz,;ﬂg:ﬁxq‘j
“ o : g v‘ \‘ / ‘, £l : ,\< S e o T s A - ﬁ\\\ \4 . : ‘ ok
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di fference at 1% Tevel, o
o The soTubiTity study showed that more .than 50% of potato nitrogen

is in a non- protein nitrogen (NPN) form (Figure 11) “The free amino

-~acid pool in the NPN was furtheristudied in reTation to the effect of
the add back process on potato nitrogen content (see Section 4.3).

. Potato ( Netted Gen' ) proteins were main]y composed of water soTubTev

©

’(albumins) and water insoTubie (gTobuiins) fractions Therefore,

further characterization of the water soTubTe and water 1nsoTub1e proteins ]

of the potato was attempted f;. 'I;,5 | " EEEE i
4 1. 3 E]ectrophoretic Patterns of Potato Proteins .

4. 1 3. 1 Polyacry]amide GeT ETectrophore51s - PAGE .
“ ‘ Potato extracted water soluble and water: inso]uble proteins were
T'subJected to eiect getuzgeparation on98 5% and 10% polyacry]amide
gels. A schematic pattern of separation 1§ shown in Figure 12. The |
combination of SDS DTT treatment resuTted 1n SOiubiTization and

separation of’ the comp]ex protein moiecuies~1nto sma]ier subuniﬁs of

| Tow moiecu]ar weight (Figure 12) Mo]ecuTar weight of subdhits obtained

. after SbsS, DTT treatment were estimated by a standard curve (Figure 7).

It ‘was constructed by anaTyzing prote1ns of known moTecuTar weight at

t'_»the same conditions as vere . used for. potato sampies A linear

ESERUEN

reTationship ex1sted between the Tog of moTecuTar weight and. reTative

%

"‘mob111ty In the extrapolated regions of“the curve at the high and 10w

*“molecuiar weight ranges, deviation from this Tine may be. high (Weber

and Osborn, 1969 Dunker and - Rueckert 1969) The standard curve\

'f;oBtained on 8 5% geis showed a steeper siope than the one obtained on

NS

E4 .
%

Y,

SRR T

c &

| 10% gels (Figure 7) This effect ‘of gel concentration on the sTope of the;'}
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standard curve was demonstrated by. Dunker and Rueckert (1969). The’

effect of these gel concentrations on the separation of potato

proteins 1s spown in Figures 13 and 14 water soiub]e and inso]ubie WF%

fractions, respectiveiy Scans of separation on 8, 5% gel (a, Figur S I

13 and 14) and *10% gel (by Figures 13 and 14) are.shown. Similar . )

fepatterns oﬁ separation were obtained on both gei condentrations. Th -

/

'major difference was in the faster migration of proteins on lower' gei

concentration (8. 5%) Major, protein bands appearedﬁat the Tow
f'moiecuiar weight region, 10, 000 and 30 000 (a,b Figure 12)
a4 1.3. 2 Thin Layer Isoelectric Focusing on Granuiated Gei -TLIF '
_ ‘ Isoeiectric focusing provided information about the potato
protetns which was not obtainabie by the method discussed eariier
TLIF on granu]ated“gil in pH 2- 10 amphoixtes on a 20 ‘cin separaﬁion '

9
distance enabied a determination of the isoeiectric pH of the maJor '

\.

o

proteins extracted from the potato Eiectrophoregrams and stans of
'their negative fiim picture of watepisoiubie water insoiubie

ctions and 'sap proteins of potato (! Netted Gem') are shown in :'

Fig\res 15 16 and 17,. respectively The maJor protein bands 1n the‘m

lp water soiub]e fraction had isoeiectric points (IP) at pH's 7. 7 7 0,

'5.12'5 0 and 4.7. (bands 3, 5,9, 10, 12, Figure 15) 1In the water.

70

insoiubie proteins oniy 8 bands were separated with the dominant ones :t

~at pH 8 5 region (bands 1, 2 Figure 16) ‘These. protetp bands -

:}ts)

appea ed in residua] amounts in thefwater soiub]e fraction On the -

other hand band 7:in the water insoiubie fraction (Figure 16) may be
a residue from band 5 of the water so]ubie fraction (Figure 15). This

indicated that the separation by soivent extraction and diaiysis was

. PR " ~'.» - L i B -, R i .
B R L LRI S A

8
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#iguhé:TS;v' ‘
©" 7 . 'soluble proteins, SDS,DTT treated on 8.5% (a).and

applied to the gel.

-

Scans of ﬁégativeif11m picture of potato water =

was ...

o,

14
-,

i

10%:(b)'po1yacry1amfde‘ge1.:gfogfug protein

R N
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¥
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r_Figuré 14,

-

Scans of. negative fi]m p1cture of potato water inso]ub]e
proteins, SDS,DTT treated .on 8.5% (a) and 10% (b) 7
-po]yacry1am1de gel. 147 yug and 88 ‘ug protein was app11ed.

to the ge]s, respectivelyh ’

i . a
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not complete.. Howevor. the water 1nsoluble fraction was composed mafnly
of basic proteins. whilc the water solubie fraction covered a wider
range of pHs, containing acidic and basic proteins.
In the sap proteins'le distinctive bands were separated covering

a sinflar PH range (4.5-8,6) ,xs tn the water soluble fraction. The
major bands in the cathodic end were at pH's 8.6, B.5, 8.2 and 8.0
(bands 1, 2, 3. and 4, Figure 17). Two major bands were at pH 7.0 region
(bands 7 and 8, Figure 17). In the anodic end the most prominent
protein bands were at PHs 4.9, 4.7 and 4.6 (bdnds 13, 14 and 15, Figure
17). TLIF of potato ('Netted;hem') sap proteins from di fferent parts
of the tuber OL, IL and whole tuber, a, ¢ and d, respectiveiy‘in Figure
18, showed no differences in pattern, but siight variations in band
intensity The water soiubie end insoiub]e fractions (Figures 15 and
16) showed together a pattern simiiar to that obtained in the sap
proteins This fndicates that qua]itativeiy the sap proteins<§iye a
good representation of -the major proteins of the potato The sma]ler
number of proteins recovered in the water soiubie and insolubie
:7;fractions in comparison to the sap proteins may reflect changes in
cparge on the proteins caused in the extraction steps, main]y attributed

vto amides hydrolysis which is favored by high pH and phosphate ions
) (Stegemann et aZ 1973 Leach 1953).

4.1.3.3 . Amino Acid Anaiysis of Water Soiub]e and Inso]ubie Fractions
' The common amino acids found in tota1 amino acid analyses of

Cpotato powder were a}so detected in the extracted protein fractions, in

L .,,«j,r ”"aﬁ%' %

;, f&,(‘l

adgit on’ gystfn§$:asadetected {n small quantit}-(?ab]e«?)"'oue to thé

g ‘cystine during acid hydrolysis na‘quantitative

,' = J ,1.
LA B N

RS Y-
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Figure 18. Electrophoregram of

pH 2-10 ampholytes.
. (b) and whole tuber

pdtaté(sap’pnbééiﬁéf?%“TLiF'in
Inner layer- (a), outer Tayer -

{c,d). Approximately 1 mg
prptginjperasamplexwasjappY1ed_to‘the gel.
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‘kﬁxj” :Waxer so1ub1e . };;}lhl waker 1"5°TUb]e

9K ﬁ%/wt %

dry weight mgyg dry we1ght

“";‘ff  mg/ wt/wt %*

115 78  vf5§12 w ,-:f. 103 52 : 11 9f?ﬂ,{fﬁ




interpretatioh can bq&“ftempted a1though the fact that cystine was
detected 1n the extracted proteins and not 1n the who1e potato powder o

\1m911es that e1ther the cystine was concentrated ‘more’ 1n these fractiods ;_"Q B
S S _/ w s
L or that\the\ggr1f1cat1o tep had removed a

factor which contributed '7

to the decrease of th1s am1no ac1d The/h1gh recovery of both water ' 1ff«i'u
= W

:'?fjfj so1ub1e and 1nso1ub1e fract1ons, 96. 6%Aend 87.. 32“\respect1ve1y, 1nd1cated

N \

{‘;x‘ that they were we11 purﬂfied The fbrger proportion of basic amino
vl' - / ‘
: acids (h1stid1ne, 1ysine and arg1n1ne) and 1ower proport1on of ac1d1c

‘]w am1no acids (asparticiand&g1utam1c 1n the wa@kr 1nso1ub1e fract1on) \véﬁv

") may part1a11y§ex }atn}the‘h1gh 1soe1ectr1c points obta1ned
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“

o T5b1e38rf Potato ('Netted Gem' ) water so1ub1e protein _ :j;

‘”fract1ons during tuber development ana1yzed
. by column chromatography on Sephadex G-150
. and measured by absorption at 280 nm. :

Iw N o

.'ﬁarvest

metn b 50 o 5

”‘_date‘h,:"} *f" N Percent of, total recovery*"'

| Ju'ly 27 S ‘ ) 9 4 ' ]9 9 ‘22 7» . u 48:‘1‘. o |

| ;j.August 16"“V ‘ _ ‘ 713.‘ rn “15_%\ r,.,zﬁi3~-i,;xso.6g\ nf »-a
o Mgust o oms 63 228 4T
-.;,September 3 ‘,}‘12 1 ,/_15;‘8, s 8

“'-‘}I"'.‘tSeptember 24 89T = Cua Loz ss

if; **Inner Tayér at. maturity;}T“ g
. :*f*nger ]axeraaﬁ_maturity;7’*

\ :
*Each prote1n fraction (A B; C and D) at every
harvest date is expressed as ‘a percent of tota1 o
protein recovered : , )

S e e

g2

i "-?}October 284+ 219 “,]'-'-.17'.-"0}; 7 w3
e _’:‘”Oc’cober 28*** | '-22-.8» | "'_4';0’ '_'18.5 v .‘54.7-
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3 RV

. storage material. Fraction B in the. OL of the tuber was pignificantiy . ',(/'
»smaiier compared to the other (ractions, whi]e fraction D appeared very -

_Targe (Figure 20) when measured at 280 nm, but using the more specific)

;protein determination by Lowry s method (Appendix 2) smaiier amount of
"protein was determined It indicates that this fraction may contain

: compounds other than proteins, or small peptides which absorb at 280 nm.

A
°

4 2. Amzno Actd AnaZyeae

“} :4.2;1;' Amides Determination bx,Ion Exchange Chromatography

B

The method developed for amides determination is based .on the N
hydroiytic conversion of asparagine and giutamine to the corresponding

- aspartic and giutamic acids The Beckman 1208 amino acid analyzer was -

Tfeused for: anaiysis and oniy the Tong coTumn was operated The position

;Léi ~i-on the chromatogram of the unresoTved peak of standard amides (asparagine

» "and gTutamine) mixture is shown in Figure 21a Chromatogram of an

1

(’aiiquot otgthe same standard mixture after eiution from the co]umn and o

;'Lhydroiysis (Figure 21b), shows the positions of t;
‘ aspartic and giutamic acids The unreso]ved amyafo;';”f”

’*,gextract is shown in Figure 22 The Targe amides peak overiaps compieteiy

¢

d

"serine and partiaTTy threonine peaks The fraction corresponding to
O:‘the unresoived -peak was co]iected and hydroiysed as, described in Section 5
: 3. 5 2 2. An“aiiqu6t of the hydroiysed sampie was rechromatographed
j‘(Figure 23) Aspartic and giutamic acid of the second run were used to

’,‘e originaJ sampie The smaii peaks,

L

l"determine the amides contg‘T

‘\.

and giutamic acid peaks ‘?éﬁrh-"w'

In preiiminary expeniments conditionsmfor fast amides hydrolysis

) e ST . : L
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Chromatogram Df potato free amino ac1d extract; analyzed
on Beckman 120B amino ac1d anaTyzer Representing 125 mg
_potato (fresh’ we1ght) ‘
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ucre evaluated, Mixtures of standnrdkikﬁgrzbtgé)and glutamine were
u\subjeeted ta‘hydrol&sis in concentrated hydrochloric acid (.12N) at
room temperature, The hydrolysis was not complete even after 40 hrs.
In\Jable 9 1t {s shown that upon hydrolysis at 130 1 .5°C 1n concentrated
HC]rmaximum conversion of the amides to the.corresponding amino acids
was within 15 min. Duncan's multiple range test (Duncan's test) showed
no signfficant dffferences'(l% level) at longer hydrolysis time.
Recoverieé\were high, 99.3% and 9?.2% for asparagine and glutamine,
respectivefy. Standard aSpart1c and qlutamic acids subjected to the
same treatmeﬁt gave siu1lar1y complete recovery. The use of this
procedure for amides determination in FAA extract of potato is presented
~ later (Section 4 3.1.2.).

The effect df storage temperature (room temperature, ~23°C;
refrigeration, -1°C} freezer, ~A16°C); on amtuesvstabflity in O.lﬁ HC1
was evaluated. Aigures 24,i25 and 26 show-the etfeet ef storage‘
temperéture‘ou the stability df‘asbaragine, glutamine and their mixture,
respectively. The degradation of the amides 1s most sign1f1cant at
room temperature. The greatest degradation occurred within the first
fiue days of storage. Glutamine showed a higher amount of degradation
at all conditions. The degradation of the emtdes resulted in the
“refease of ammonfa and formation ef the correspehding amino acids; on .,
glutamine chromatograms the molar responee of.the glutamic acid formed
was low. Tﬁis_may be due'to cyc]ization of g1utamic to pyrolidone-

_ carboxy11c acid. It has been shown to be a favorable reaction:of

g1utam1ne under, mi1d acidic cond1t1ons (Greenstein and H1n1tz 1961).

-

a7



¢

Table 9. Percent-recovery of asparagine and glutamine
“after hydrolysis fa ~12N HC at 130 ¢ 5°C.

14

- \\\Qm1de Asparagine Glutamine
* Time (min) . % Recovery*
15 100.1°  97.4°
30 103.8° 99.3""
60 94,9 91.8"

*Calculated from molar response of corresponding amino
acids relative to the amount of amide subjected to
hydrolysis. v h :

(a,b)- A common letter on a sequehce of means in a column
indicates that there is no gignificant difference at
1% 1evel {(Duncan's test).

- B ,

.,f‘

a8



&Y

T35~ Fd4njesad

W3y TRV}

13

-

(o} 2

BOOY  UORINIOS LM KLTO U

«l-

a4nyeladua) uojjesabjaya

4 1(0) JoE2- ‘RaNIRID

M

v)
way

£i11pgR1s-sujbeaedse uo aanjesadudy mmw;Oﬂm 40 323343

(skop) aun ],
0c Gl

Ot

*$2 a4nbi4

H 4

0
T

7

19%) ANIQD}S.

(dsuodsaJ |oijIu

00

=




%AQV Je91-" 24n3esadua) 4923943 HEI NS
vaadual woyyesabidpad H{ 0) J,£2- *94n3eJadwal wooy "u0LIN|OS

@ h-yily]
mwx N1TO ui hawmwnmum acaﬁnu:—m uo aanivsadumy abeuols 0 3123333 62 24nb4
(sAop) ewiy
ce 0t &l 0 Gl Ol S 0-
: + 4 N

S
~y
L o) AUIqolS

»

aJ [oyu

(9suods =

O
<«

ool

e






L . ) .‘! ‘ 3 o . i ) ‘ _‘ i . R . / v 92 ) ;
. ) . N ¥ : . ! : - O RN " . "»".', . . : o

4 2.4 2 Agas Chromatographic Ana1y51s of Amino Acids

“*p,‘4 2 2 1 gattern of Separation *[l ' .”‘ . -hng - “i“;V

\ v
The pattern of separation of N HFB isopropy1 ester derivatives

V \

. i
;*gi{(Figure 27) of standard amino acid equimoiar mixtures is shown in Figure

¢

“Vif:f28a b The apparent reso]ution was _ot‘improved using the siower

.an?ftemperature programming rate, 8°C/m1n (Figure 28b) Hence the faster T

'ia%temperature programming rate, 20°G/m1n (Figure 28a) ‘was. used for routine 7.»T//

= Qfamino acid anaiysis, as it prov1ded a significant reduction in- anaiysis ;?"fhg

k Vf;f‘time z- aminobutyric aedd (GABA& was added to the standard amino acid :v//_Af

it

S i ,
'vypdmixture Figure 29 shows the profiie of separation after derivatization3l L

Sl RAAR

S ﬁand reveals the p051tion of GABA 1mmed1ate1y after 1soieuc1ne The /

v,

?'7'ﬁorder of eiution of the N HFB 1sopr0py1 ester derivatives/was 51m11ar 1"7i7 -

: :to that of the anaioguous derivatives esterified with n- nropanoi (Moss

\\The on]y

L \
.,:;ﬁjaet aZ 3y 1971) and 1sobutan01 (Macken21e and Tenaschuk 1974)
N //

' ﬂ”‘fdifferences were in methionine eiuting we]i resolvedtgfter/aspar

A‘faCiﬂ and glutamic ac1d eluting before phenyiaianine The/resoiution \\
\,
Qbetween 1ysine and tyrosine became poorer after over hu dred ana]yses on \\ﬁ

.’\

iffff4 2 2 2 Derivatization

In preiiminaryjstudy it was found that high%r relative moiar

{response (RMR) of most of the derivatives was qé;ained when esterificationfﬁfF

fwas»done at 80°C for 120 min::nd acyiation:"t/110°c for 10 min (Appendix L

. kThese conditions were used‘for routine‘amino ac1d analysvs" Thef'“ ;E:;vf

fTong esterificatiog‘time was TOti: 1imiting actor because, usua11y,

iv-':samples were. processed in batches.‘”ﬂrnithine was seiected as an interna1 ftf;*

fstandard/ as ifyis‘non'protein amino acid we11 separated from other *
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sgﬂfimostiy used as it offered a rea1 advantage in time saving for reagent

S

' Kirkman, 1974 Pearce, 1907) This may be due to 1osses at-the

T

Ai-protein amino acids. Charaoteristic reiative moiar“response'(RMR)

4
vaiues based on 24 chromatograms and at 1east 8 rep\icates for each amino
) .
‘acid are given in Tabie 10. The dverage’ deviation of RMR vaiues was

‘{approximateiy 9. 5% 'ﬁhis deviation was’ mainiy attributed to the:low

‘prec151on of peak area measurement by the manuai integration method used

| '(Giii,ri973) Peaks with a taiiing end (giycine, arginine and histidine)

,‘were m05t difficu]t to measure accurateiy Histidine, in addition was
fiess stab}e dn storage at -16° C compared to other amino acid derivatives

wer RMB va]ues for aianine, giycine and vaiine were aiso obtained by

‘sother v rkers for simiiar acyiaikyi derivatives (Roach and Gehrke, 1969;

iievaporation steps, especia]iy with the more voiatiie N HFB isopropyi
“”ester derivatives- In spite of the 1ong esterification time the RMR of

P

»‘1soieuc1ne was iow (0 461) It is known that the esterification rate of

f‘ a11 secondary aicohgis is siower (Brown, 1975) Roach and Gehrke (1969)

’ ’yhave shown that by increa51ng the esterification time higher RMR of N-

i 1{‘trifluinoacetyi-n-butyi isoleupine was obtained but degradation of some L

'77f:procedure (Appendix 3) K The differences cou]d be attributed to 13“”

‘“fvcouid probabiy be invoived 1n steric hindrance in the esterification

*f,cioseiy comparab]e to those obtained by the reguiar esterification '

‘f”other

ﬁ‘preparation RMR vaiues obtained by this method (Tab]e 10) were Q;' g

erivatives occurred As we11 the 1ong side chain of 1so]euc1ne

LS : r‘y

- Lel RN . ', R S B

-reaction :f,\

Vthe different reagents, and 2 the different integration methods used

ool



, Tab1e 10.

Characteristic relative molar|response (RMR)

of N-HFB-isopropy! ester derivatives for -
/ - A

quantitative determination of amino acids.

-

. “Amfno acid

o
At
H“ K

H‘i; o ) . "a . B «‘A ;_4‘ 0.6%9
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in eva]uating the peak areas. The quantitat1ve determinat1on by the

. GLC. ethod was based on the reproduc1h41fty 4f the RMR values, therefore

| GLC compared to the IEC data may reflect the lower precis1on of manua]

samples under 1dent1ca1 conditions. ‘3 !

standard amino acid mixture was a1ways analyzed with any set of unknown ,

‘ .
LY

4.2.2.3. Retention Tine Reproducibi]ity )

Complete e]ution of the N-HFB- 1sopr0py1 ester der1vat1ve of amino .,

- 'acids was achieved within FIRN min. Relative retentfbn time (RRT) is ¢
i'shown to be a preferab]e measure for eva1uat1on of the pattern of .

separation than retention time (RT) (Tab]e 11) This was expressed oy'

the 1ower % CV va]ues for RRT compared with RT. Compariséh of RRT of -

_protein hydro]ysates and standard amino ac1d derivatives on another

column (Tab1e 12) showed high reproducibility of the pattern of 2
separation | A . | | 2 '
4.2. 2.4, App11cab111ty of the Method S B R

Eva]uatton of the N- HFB isopropy1 ester derivative of am1n acids

was accomp11shed by comparison of ‘the GLC procedure with an establlished

method, 1EC. An hydro]ysate of BSA was subJected to analysis by both

methods The. amino acid derivatives pattern of separation by GLC for
\

BSA is shown 1n F1gure 30

S ~ . Lo -~

7

The app11cab111ty of the GLC method to protein hydro1ysate is

obv1ous from the simi]arity of the re1at1ve mole % values obta1ned§p/

_both methods, considering the fact that proline was determined onl

B by the GLC method (Tab]e 13). The large % cv' va1ues caTcuTated for the

compared to electronic 1ntegration, meSpectively n% cv estimates based

I

on~manua1 methods of. peak area measurement are two to five times 1arger

¥ - '}
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‘ ‘ ' | . *
Table 11, Retention time (RT) and relative retention time (RRT)
of N-HFB-isopropyl ester derivative of amino acids.

RT (sec) RRT
AA ~ Mean + SD kv Mean + SD % CV
Ala 240 NI 4.6 0.477:‘% 0.020 4.2
Gly  Ues2 0.7 - 4.2 0.500  0.019 3’
‘Vaf 307 7.4. 2.4 0.610° 0.012 2.0
Thr 327 6.3 1.9 10,650 0.009 1.4
Ser 1335 6.1 1.8 0.666  0.009 1.3
Leu . 341 5.9 1.7 0.678 0.008 1.2
Te a9 7.2 24 0.694  0.011 1.6
“Pro 383 4,9 1.3 0.761  0.006 0.8
Cys 399 41 1.0 0.793  0.004 0.5
Asp 429 3.8 - 0.9 6.853  0.004 0.5
Met 444 3.0 .07 0.883  0.004 0.4
elu” 478 3.8 08 1 0.950  0.003 0.3
Phe 488 38 0.8 0.970° 0.008 0.4
Coen . 503 3.7 0.7 1.000 0. 0
Ly 546 4.2 0.8 1.085 - 0.004 0.4
Tyr . 553 3.7 0.7 1.100 00003 0.3
Arg 587 38 0.6 “1.167  0.003- 0.3
His 600 4 9.0 1.5 L1193 0.016 1.3
T ¢ 5r§39' 3.4 05 1.270  0.004 0.3
Ceys» U705 4.8 07 - 1402 0,006 0.4

>

°

- e

*Relative to.ornithine's retention time. =

v

99
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1.7, 1.430

Table 12. Relative retention time (RRT) of protein hydrolysates and
‘Standard Amino Acids. ;
.protéin Standard Bovine serum a&%umin Casein

 mean % CV mean -%~ﬁy mean % CV
Ala 10.540 5.3 0.556 §£t  0.543 1.6
aly 0.560 48 o, 575‘ f“ﬁyl‘ 0.564 1.7
Val 0.62 ' 3.4 okss4 B . 0635 6.8
Thr 0.684 2.7 By A2 06 0.6
Ser 0.702 2.3 ‘ 1 0.694 0.4
Leu 0.714 2.3 0.707 0.5
Ie 0.725 2.3 0.720 0.4
Pro 0.789 1.7 0.785 0.3
Asp ©0.864 1.0 0.858 0.3
Met 0.893 0.9 0.888 . 0.4

Glu 0.955 0.4 0.949 0.3
Phe 0.976 0.5 1.967 0.3
Lys 1.0 0.7 1.070 0.2
Tyr 1.0 0.8 1.080 0.4
Arg 1.1589 - 0.9. 1139 0.4
His 1.191 1.0 118 11
- Cys», 1.435 1.324 ( 4,9

, N
*Relative to ornithine's retention time.

.
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Table 13. Comparison of amino acid analysis of bovine
serum albumin (BSA) by gas liquid chromato-
“graphy (GLC) and fon-exchange chromatography
(1EC).

1EC : 6LC

'Am;:;\g::hOd mean % CV mean ¥ CV
‘acid N7 mole %

CMe - L 83 08 70 2.9
"8y N X z.d\; 2.9 35.5 .
val 6.5 2.5 47 15.1
Thr 6.0° 2.4 ° ﬂx 5.9 3.5
Ser a6 2.2\ 5.0 2.7
Leu R M2 1.9 0.6 4.7
e | ‘2.4 1.8 2.2 13.5
Pro* - - 6.1 2.9
Asp 0.0 20 9.8 22.6
Met 0.7 1.6 0.5 30.0
Glu 4.8 4.3 145 3.7
Phe 4.9 . 2.2 - 4.7 9.9
. Lys 10.9 4.5 10.0 9.3
Tyr 3.6 3.2 3.4 27.6
Arg 4.2 1.5 4.0 1.
His 31 0.6 3.3 13.3
Cys** 5.5 4.4 5.00 125

*prolinezchanel on IEC system not operated.

**Expressed as half cystine. '
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than those deriv@d from electronic integration (Gi11, 1973). The

. 1arge deviation of methfonine value fn BSA by the GLC method (% CV = 30)
may be attributed to the lower preciston of peak area measurement for
very small peaks (0.5 mole %),

In additfon, an attempt was made to cdmpare IEC to GLC, using a
crude preparation of~mfxed caseins., In this case the clean-up step
(Gehrke ot al,, 1968: Adams ot al., 1977) was omitted. While the
pattern of separation (Figure 31) was similar to BSA, there were sfgni-
ficant df fferences {n mole % as compared to IEC (Table 14). These
differences may be attributed to 1mpur1t§e° 1n the casein prepéra%ion.
Hence, the clean-up step was included in the ana\ysis of the potato
free amino acid pools by GLC method. '

4.2.3. Gas Chromatographic Analysis of Asparagine and Glutamine

‘A'Asparagine and 91utam1ne (amides) analysis by GLC poses a special
difficulty because thdy are partially hydro]yséd under the acidic
condﬁtion used for derivatization. When the pure amides were
derivatized separately two peaks were obtaipedgfor each one of them
(Figure 32, a and b).: In each case, the f rsJ peak most probably

‘ gorresponds to the non-hydrolysed amide and the second appears at the
position of the corresponding amino acid. From the peak sizes 1t may
be inferred that a substantial portion of each amide was hydrolysed to
the acid. Ana1ysis of the amides in a mjxture of ‘amino acids (Figure
¥ 33) showed that glutamine was well separated, wh11€”asparagine was
poorly resolved from isoleucine, an improved sefaration of asparasf%e

was obtained by conducting the ana1ysis at reduced temper;ture
P
programming rate (8°C/m1n), When a. large amount of asparagine was
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59\»Tab1e 14 Compampson of am1no ac1d ana‘lysws of case1ni' |
ey by gas: 11qu1d chromatography (GLC) and 1on-"'_“.>’ S -
L eXchange chromatography (IEC) \ v
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| | 108
present in a sample even at reduced temperature programming rate the
,f resoTution of asparagine was poor Derivatization of the amides ina - p"? )

mixture of amino acids resuited in an apparent difference in the amount ’

= of conversion of the amide to the acid as‘compared to the situation

_ when pure standard amides were derivatized In addition the gTutamine

derivative was not stable, its response decreased to ha]f within 5 days

Asparagine showed higher stabiiity R . o 1‘_' '_ )
Due to theseld*fficuities quantitative determination of the amidesebt

- and their corresponding amino ac1ds 1n the FAA poo] of the potato had toj'

be done u51ng the IEC method (see Section 3 5 2 )L

4 3 » Changes tn Tgtal Protetns and Free Amtno Actds Durtng the -
A o / o . Ve

Add-Back Prdcessrr;:"‘ -

.\'o

’V:a;4;3viv Generai CompositiOn “_* ;tﬁf

e

> Samp]es coTTected from the processing Tine in VauxhaTT Foods Ltd
(VauxhaTT ATberta Canada) (see Figure 3) were used for free amino acids
(FAA) extraction Dry matter, totai nitrogen and FAA content at different
stages of the add back (A-B) process are given in Tab]e 15 The changes ¥
in dry matter were in generaT agreement with the process specifications
There were sjgnificant (1% Tevei) changes 1n totaT nitrogen content at o
the preqcooking step The significant Toss at this stage was probabiy ;iiptf
due to Teaching of nitrogen containing soiutes into the cooking water
“The decrease in nitrogen content at the mash mixing step might/refiect}

the basic characteristics Q’gf, the A B process where the finaT granu]es (

with Tower nitrogen content are added-back in a ratio of 2 T toi2 5 1 e
to the freshly cooked potatoes In addition Tosses at the coo]ing

and steam cooking step might have aTso occurred The changes in

pe T T e
R e R
S



BRI
: the subsequent steps were graduaT and not significant Tota] nitrogen i
:-'content in the sca]p did not differ significantiy from that~in the

'raw potato However, Jt is of nutritionai importanced_beeausé’the scaipd‘

‘is used for animai feed There wa; a Significant decrease in FAA L
} content, as well. as at the pre cooking step (TabTe 15) o

The siight increase 1n totaT nitrogen and FAA at the air Tift N

fjdrying stage was not significant]y different from the other steps and “;,/;

' ”W; within the experimentai error (Tabie 15) _ However change in the

~4;xphysica1 properties of the granuies at this stage couid have affected.?

’ fthe eff1c1ency of the extraction w1th 70% ethano] FAA content of the"h;,*f' |

R scan ‘was not, different from that of. the f1na1 granuies but both

"were 51gn1f1cant1y different from the amount found in- the peeied raw

‘ngpotato tuber

"Lf.”_4 3.2, Amides Anainis i i

The substantiai amounts of amides 1n the FAA pooi of the potato B

‘\yh

\

-/

‘Aathe GLC method has prompted the deveiopment of a. 51m;xc procedure for |
: {their direct determination based on ion exchange chromatography
’c_ Each potato sampie was appiied to the chromatographic coiumn‘tffr
"“@;tw1ce In the first run the originaT aspartic ac1d and gTutamic acid
"F~;were determined and the amides coiiected from column effTuent Thef -
:fﬂj;fraction coTTected was hydroiysed as described in Section 3. 5 2 2 and
'#”hhfrechromatographed after drying and hydroiysis for the\determination of

| i;fthe resuTtant aspartic and g]utamic acids The changes in the amides i‘. o

-~

i
f

*.Tare given in Tab]e 16

%Mnd the difficuity encountered in their quantitative determination by 'fdfti?}u*

“Haand corresponding amino ac1ds of the FAA pooT during the add back process fl“ o



: ; . Apmmp S :wu:zov _m>mP xP pm mucm;mp$pu o hm__,«w
u:mu*m*:mrm‘oc SL- mgm;p um;u mmumqu:p m:me mo =E=~ou B U ;muuwp :oEEou < An mv

R TS 24 )

>u a wmm;m><

e
qeebTELL et

.mom.mv_u .
q<e00’ 90z -
‘amm“m¢m

- R oo - . ) . . * ; ‘.»,.w W ..‘.
ol67EEL Cogeedl

Q06°8YL LT

vv\‘

mo. O ﬂ,umo«...v,mz. | o r .4 5 pu:voca _.m:_.n_ : o
,mhmxn.wwym¢.o ﬂ“o@Jmm m, ,

L ’

Nc o m¢ mhg

wm A wmq_mw

.

<

N\ ‘
Nw 0722 NNW

mo N mmurw.

p;mpmz Adap m\w—oEn
, mvﬁum ouLwe mmum

Lmupme xxv
p:muumm

M_VOP_mmmuo;m@xwwnmuum\mnp

e
i
1

o




vp°0 F wN,N = 8500 ¢85 €070 F.90%L . 80°0F 280 - B apmum.; ‘
80T 99T S0 FGL 00 %%2°1  £0'0 7680 . - pu:co;a _ccpmn .‘¢,m. .
260 F68°7  8L'0.¥ 859 - pL°0 gL'l . 100 %20 - L CBuAap
. e e B e T PN \uwp—ngpm gmp$<‘ i

S0 T2y 090 628 £2°0

+
+l
L4

-+l
N
e
o

+
+1

R
+l

+
+
+
K
0.
Ad
=}

T4

<

+
+
-

58°1 M;.,qp.omﬂmvcwﬁw,mv.,,. mcrxoou-mgn 4833y R
2E°0°F Y9 €9°L TE8'8 1070 T8LZ 0270 F 0L opmqu ZML wQPwmm_.. _—

i L= . . . - . - - E . . - . .. - Ll - . .

R
+

) w | .. - R 1, : . “:.m_rmz.rv m\mE ,;.‘ ;,.. . L “\.nn.‘,/,. iw, BTN Av ..k. o N Qmpw N , —
- — — e N m:_mmeOLm n
sutwein{y - sutbededsy’ - pLoe orweniy- - pioe Jijdedsy - mw_sm.go IR
et T ..w”w : \mmmuoxn xumn cvm a1 mcpxzn ¢ uRy. nmuumz ) opmuoa mcu mo |

food vrum\ozpsm mmgw m:u cp mvpum outwe mcpvcommmgxou u:m mmupsm cp mmmcm;u”

. oo D PR o . .
i - B .- ..m.. o . : . -

w
s

Al

.




JhﬁfHTimitations of the system

112

' Asparagine and.aspartic acid were more stable throughout the

.add- back process as compared to gTutamine and glutamic . acid The major

\

'Tosses occurred at.the drying steps The'wscaip was Tower»with respectf'
to all of these amina acids:' e

4. 3 1.3. FAA Pool Analysis by 6LC

» A The N- HFB isopropyT ester derivatives of potato FAA from a few

" steps in the add back process (peeTed raw potato after pre- cooking,
.E"finai product and scan ) were ana]yzed by - GLC The pattern of
ylvseparation obtained for raw peiTed potato FAA is shown in Figure 34 e*
The FAA pattern of the other fractions was simiTar, and are not incTuded

| ihere Trace ampunts of an unusuaT peak were observed, at higher |

‘sensit1v1ty, foLTowing glycine. ~ From standards it was determined that A 5
o ¢ ‘ . :

'_this was the position of a- aminobutyric acid (a-ABA)
,4 3 1. 4 GC MS Identification of Y-Aminobutyric Acid (GABA) and
| | Ornithine in Potato FAA- PooT

o .

'\:““‘ The presence of GABA and ornithine in the FAA pooT of the potato

' was first 1dentif1ed by GLC retention times, by comparison of the

' chromatogram of derivatized potato FAA extract with that of a simiTarTy -

"_derivatized mixture of standard amino\acids containing GABA and -
7 » SR . . R S
' ornithine ;‘“ e | .".’»i co RS N

The same sampTes were then inJected on ‘a combined GC- MS and the

-mass spectra shown in Figures 35 and 36 obtained The schematic |
. 3 A : -
. fragmentation pattern is also. given in the figures The spect  “rom -

- ““the potato extract and the standard mixtore a;C\identicaT Wit

;o

. . . L@

The GABA spectra shoWed onTy smaTT variations in reiat
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% Relative Abundance
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Mass-spectra of N-HFB-isopropyl ester. derivative’

Figure 35,

of y-aminobutyric acid (GABA) from potato FAA
extract and standard amino acid mixture.

A



1156

109’ 256 Potato
80-
60~
‘ )
1.0..1 4/" \
$ 43
- C
S 20 -
c
3 69 n 20
; l b zz.s‘ 254
< 0- A R ST I. l
o ‘ | . I | !
.00 ~_100 200 B0 400 500
g . 266 ~ Standard
e 5 169y 2667
< S S SO T I
o 80+ CF3:CF,tCR,-C-NHLCHIC-0-Cli,
. » . . . | e
PR S S
. ' . - o rE (;'Hz :
604 : FTT TR, 20
. X ~ H ]
) . : i ' 226 NH
MW =566 ¢=0 .
’ : CF3'CF2“CF*
{ a0 506,
1 l g ‘l 1 Il 3124
- 200 400 500

Figure_36.v'Mass-spectré of N-HFB-isopropyl ester
: — derivative of ornithine from potato FAA
. extract and standard amino acid mixture. ¢

.



16

[}

intensities of the fons which are explatnable in terms of the sample
, "pressure change in the 1on source dLring the 3-5 sec required tor mass
ii%GCtra scan of the sharp. GLC peak The ornithine mass spectra were
"omewhat less simi]ar because 1n addition to the effect of sample
pressure changes, the’ FAA,extract ‘contained such small amounts of
ornithine that eone of the‘lon abundance ions, 1nclud1ng all those .in
the high mass region, fell below-the detection 11m1te of the mass
| fspectrometer The fragmentation patterns of both GABA and ornithine
were similar to those reported for the trifluoroacetyl-n butyl ester
'derivatives (Leimer et al., 1377).
4.3.1 5, -Amino Acid Composition by GLC
There‘were changes in the relative amounts of the amino acids
during the A-B process. RMR va]ues used for quant1tat1ve determination
of FAA in the potato are given in Table 10. The presence of ornithine
in potato FAA and the overlap of nor1eu61ne with y-aminobutyric acid
(GABA), which is also present in the potato, prevented the use of either
. one of them as an 1nterna1 standard Hence, the data obta1ned from the
GLC ahalysis on a mo1e % basis were used in’ combination w1th the tota]k
“FAA determined by~the ninhydrdn method, after substracting the umoles
of amides and_correspond1ng amino acids. ‘'Scalp' samp1es were used to \
examine th;s procedure of calculation because of the Tow ornithine
‘content pre§ent Standard orn1th1ne was added and samp]es analyzed in
the neuaT'nay. The resu1ts obtained were very similar to the | |
| ;aleu1atediva1ues. The quantitative changes in 1nd1v1dua1 amino acids
N

_ on a umole/g dry weight basis are givenlin Table 17. The decrease

in total FAA (Tab1e 15) was reflected by a decline in most of the amino

N
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acids during the ﬁrocﬁ?s, GABA was the only éminﬂ actd oceurring fn
large amounts which dt? not change stgnificantly during the process.
The nbn;aignificant ghgnges‘!n histidine and tryptophan {s mafnly
attributed to the large experimental error fnvolved in thelr measures
ment, as small tailing gdeaks. luncan's test %hﬂhﬂd;& stgnfficant (1%
Tevel) decrease tn gome amino acids (valine, threonine, serine, leucine,
phenylalanine and arginfne) at the pre-cooking step, which fndicatef’
that leaching.of FAA to the cooking wedium was indeed the kafor factor
fn the loss of FAA during the A-B process Ihe major losses of g!aninv.‘
pro}ine; 1ysiqe and tyrosine occurred at later stages in the process,
where loss due to leaching was inike!y and the hreat applied in the
drying steps probably p!ayéd the main role in thefr degradation.

& ~v ?hg general composition of potatd FAA pool showed that the
amides, their correspzzéing‘amfno acids, GABA, valine and argtnine
comprised approximately 80% of this fraction. The other 15 amino acids
‘cons1sted of the remainder (-20%). Hfthionine and orniépine were
defecfable but not measurable at certain stages (+, Table 17).
Isoleucine was present ag.all steps analyzed but was poorly resolved
from the large peak of asparagine (ngure 31).

The significant loss at the pre-cooking step was a!so,ref1ected

in a decrease in % EAA (on a molar basis) Tryptophan was included

fn the calculation in addition to the other essential ‘amino acids used
'1n Tables 3 and 4. Isoleucine peak was not quantitated therefore it
was excluded from"% EMA lalculation.

e Beyond the pre-cooking step, there was_11tt]e change in % EAA

-(Table 17). The 'scalp' seemed to represent a different population of



,v18i7 and 19 9 respectiveiy (Tabie 17)

‘,granuies where most of the amino acids were present in 1ower concen-

'fwas fbund different from tLe fina1 product aiso'in regard to % EAA,,a

,3& KU
& N

It appears that the FAA poo1 of the potato is composed maiﬂﬂy of

H”»yjamides and their corresponding amino acids Therefore. the amino acid

ﬁv”ﬁbaiance in this p001 is inférior to that of potato proteins ,th?f[fal"‘

r - 'V‘if‘V'ZCritic’éi step in the add-back process in terms of mtrogen and a“ﬁ"O

_i;proteins and amino acids, the maJor losses occurred

=v;acids ioSses was the pre cooking where,,probab]y due to 1eaching of l;fi

fetrations., A]anine and tryptophan were highest in this by—product “:It'ilff'hm‘fi
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In the course of this research two d1stinct areas of endfavour ' § .
were fo11owed The flPSt was the deve1opment of systems and (';w
methodo]og1es for the ana]ysis of amino ac1ds by gas 11qu1d chromato- ;

graphy (GLC) The second areé was the'app11cat10n of the systems and“l;'7 v
methods to the ana]ys1s of the free am1no ac1d poo1 of the potato 1n5ff.ft=ﬁm“ o

order to evaluate the effects of processing during product1on of f?,fﬂts‘f

v 3

potato granu]es As we11 potato prote1ns and am1no ac1ds were

ana]yzed and the resu1ts used to characterize the maJor prote1 of‘h° g;;/d.f};;
the potato _1_ ﬁ:ff‘_fﬁ~*;;jilﬁ,'ffffvna ,fi ._;-' ;,'L:V’f7ft,”j7-?:? BT
,'j“viﬁg_. As a resu1t of th1s dual approach the d1scuss1on sect1on is- \‘j '

best presented in two parts Part I (d 1) w111 deal w1th ana1yt1ca1 R

aspects of the resu]ts and Part II (5, w111 dea1 with the resu]ts

: wh1ch pertain to the potato "f ;;fjg-_*a;_gja~wv

;fdiﬂdzh 5 1 Methodology

J'¥;ﬁt5;1?1fh?ﬁas L1quid Chromatography of Am1no Ac1ds | |
f j i/:_a,Amino acid analysisTIemp1oyfﬁg’Ton:exchange chromatography’was L;LT-?iF
'5ﬁ1-f used to quantitate the amino acids of the who1e potato (Tab]es 3 4 i
and 5) and 1n water so]uble and 1nso1ub1e fractions (Tab1e 7) This T
method 1s automated and we11 estab11shed (Blackburn,o1978b) ’f;%?ﬂifh'kd‘d
Gas 1iqu1d chromatography offers the obvious advantages S

1nherent 1n the refined separat1on possib]e at high sensit1v1ty, sma11

samp]e 51ze required and 1n the speed and simp11city of the method ”;‘f}f}fij?;ffj7
. . o t> V! e : - '




o /
y the re1at1ve1y simpTe means of combining the analytica] system with mads¢<~Q
i \ - ‘ .(\/..'
spectrometry for 1dent1f1cation of un&nown substances made th1s S
"‘f_techn1que attract1ve | However am1no ac1ds are not sufficient]y vo]atiTe
.

.f“to perm1t d1rect anaTys1s and must therefore be converted 1nto vo]atiTe‘
”'e'der1vat1ves Methods ut11121ng the acy]aTky] ester type of der1vat1ve .
‘:of am1no ac1ds have 5een shown to have potentiaT for quantitative,yi
’:-;reproducibTe am1no ac1d anaTysis (Cou]ter and Hann 1971) t Therefore,

%

“ ‘.‘th1s type of derivat1ves was used 1n th1s work The der1vat1ve formed

o :f1rst time dur1ng th1s work (GoTan Gonh1rsh and WOTfe, 1979b)
's:IsopropanOT used as the ester1f1cat1on agent is more vo]at11e than the .
‘”*f_\normal a1coh01 (Brown 1975) Hence, a potent1a1 for faster e1ut1on

/ gt1me was assumed It was also shown that 1sopropy1 esters of amino ﬁ *

. N- heptafTuorobutyryT isopropyT ester (Figure 27) was reported for the '_oh:,“

':;5 /ac1ds were reTatlveTy more stabﬁe to heat (Jakubke and Jeschke1t 1977);;,,:f5_"

: '”‘F\The heptafluorobutyric anhydr1de (HFBA) was used as the acy]ating

5

o reagent because 1t is a strong acy]at1ng agent s1m11ar to tr1f1uoro-'€‘_l e
‘lafﬂ acetic anhydride (TFAA)A but 1t forms more stabTe der1vat1ves (Husek
.'-f_'and Macek 1975) Based on these facts the potent1a1 of the N HFB- ;

'isopropyT ester der1vat1ve of amino ac1ds was studied CompTete R
- ”fana1ys1s of 20 protein am1no acids was obtained w1th1n 11 to 18 min at f;;

-

if:.'la temperature programm1ng rate of 20°C/m1n (F1gure 28a) : The %ha]yt1ca1{§}

":fpotentiaT of this der1vat1ve was further exploited 1n the 1dent1f1-'dd”/ ‘

A i{cation of Y-aminobutyri acid (GABA)'and ornithine in the free am1no

yilac1d/p001 extract of the potato (Flgure 34) -The GC-MS system enabTed

Uhﬂﬁ{:the rapid d1rect ident1f1cat10n of these am1no ac1ds 1n the potato 'vk,*;:;j:"

. \

f:?f?extract The 1dent1ficat1on was achieved by comparison of the “%ﬁff';ap}.ff,?”j

e R
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%raomentation pattern.of‘the°deriwattzed amino'actdS‘in queStionk%n
- the poéato extract to the pattern of 5he same amino ac1d derivat1ves?
in a standard mixture (F1gures 35 and 36) |
A The resolut1on of most of the amino acids was "’ a1most comp1ete,a
except for the group of thrébn1ne, serine, 1euc1ne and iso]eucine ‘
Reduced temperature programm1ng rate (8° C/min) d1d not substant1a11y\¢ B
.Jf 1mprove the resoTution 1n th1s group of/amino acids (Figure 28b) e.}'
reproduc1b111ty of the pattern of separat1on was - demonstrated by .4
R compa1rson Qf RRT va1ues of standard am1no acids and protein hydro]ysates 3
"djt (Tab]es 11 and 12) — In v1ew of the 1arge quantity of am1des (asparag1ne 1p/9 -
: b and glutam1ne) 1n the potato FAA Poo1, 1t was of 1nterest to exam1ne :*f:;”‘
the separat1on/of the am1des by the GLC method ’It was shOWn that ’
’ degradat1on of the am1des had occurred durlng der1vat1zat1on, as two
‘3a; peaks were obta1ned for each am1de (Fﬁgures 32a b) Der1vatfzat1on 1n
if“a m1xture of am1no ac1ds produced a s1m11ar resu]t The g1utam1ne peak
was we]l reso]ved from aspart1c ac1d but asparag1ne over]apped most of

the 1so]euc1ne peak (F1gure 33) w i nc]uded that at the present

" ?f state of deve1opment of the method the am1des cannot be determ1ned
: < P aiet s

quant1tat1ve]y It might be possib1e to obtain a s1ng]e peak response f~-h*fk

of the<am1des by vary1ng the der1vatizat1on condit1ons, as was reported
'by Hed1gerret aZ; (1973), using the N tr1f1uoroacety1-n-buty1 o
der1vat1ve (TAB) However, the comp]ex1ty of this approach d1scburaged _7/1
further research 1n this direction ‘fjdfﬁ 7 l‘ﬁt'jﬁll?iivv;i:i S
rf Quant1tat1ve determinat1on of amino ac1ds us1ng the GLC methodﬂ_f;#¢5f'\
was based on the relat1ve mo]ar response (RMR) of each am1no ac1d
-Z { This va]ue was ca]culated re]at1ve to the orn1thine mo1ar response

- LT

s
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"‘ft'appears from‘the Tow, RMR values, especiaTTy ththe'more'voiatiie” i.
f‘derivatives of aTanine, gTycine and vaTine that Tosses probabiy occur
:viat the drying steps invoived in the deriwatization procedure \ This
' adrawback was experienced w1th other acyiaiky] derivatiVes (Darbre and ’
’ BTau, 1965 and Zanetta and Vincendon, 1973) The Tow RMR vaiue of

',1soTeucine, 0 461 (TabTe TO), was probabiy due to the sTower esterifi-e

fiecation rate of isopropanoi as a secondary aTcohoT (Brown, 1975) e‘“”'h

- Tong STde chain on 1soieuc1ne couid aTso be 1nv01ved in steric hindrance

. 1

1n the esterification reaction It was shown by Roach and Gehrke (1969)

that by 1ncrea51ng the esterification time higher RMR of N~tr1fiuoro~1‘

B

acetyT -n- butyT 1soTeuc1ne was obtained but some degradation of other 7'ﬁ,wh

. -

v the free ?mino acid extract o?“the potato, 1t was necessary to dzfermine |

amino ac1ds,\espec1a]1y tryptophan, occurred More research on

derivatization conditions is needed in order to optimize ‘the RMR of

»

y _
1soTeuc1ne and other amino ac1ds in a mixture Therefore, 1n order to

obtain quantitative amino ac1d ana]ysis in protein hydroTysates or in
the RMR of standard amino ac1ds and unknown sampies under identi 1

conditions Characteristic RMR vaiues used for quantitative determin- jx

N

- ations are given in Tabie TO The average deviation was 9; 5% thCh 1s

N

o o
graphy o 1t 1s beiieved that automatic/integration techniques can

reducp this error considerabiy (GiTT 1973) .‘h ”" j_’c/';]SE"

The GLC method was examined by comparison to the estabiished ,,:.»(4>;h .

;'f: ion exchange chromatography (IEC) of amind acids ' The same protein
~ﬂ” hydrolysates(were anaTyzed by both methods ‘ BSA anaTyses by both

methods yie]ded virtuaTTy the same resuTts (Table 13), but‘the GLC

‘ reiativeiy high compared to that obtainab]e by ion- exchange chrdmato_,‘v.. o



| - s
| . ) ) . . L W . .

\\method was Tess accurate mostTy due to the Tack of precision in the

i{fmanuai ihtegration technique Casein anaTyses by both methods gave S

: g"simiiar resuTts (TabTe 14). The' differences which- vere apparent coqu

i /

< probabTy be attributed to 1mpurities in the casein preparation (Figure

f310f' The quantitative determination of amﬂno acids in the free amino
i

o5 acid extract of the potato wiTT be discussed Tater (see 5 2 )\

A

The methodoiogy empToyed T this work was based on recent , 'f_;;;;-f

'.developments in the GLC of amino ac1ds The anaTyticaT and quantitative

“‘/ reproduc1b111ty and accuracy of‘amino acid determinations using the

»”','v f51mp1af1ed according to Fe]ker and:Bandurski (1975) and Pearce (1977);

BN

! . ‘
- N=- heptafTuorobutyryT 1sopropy1 ester derivatives wa5\studied and was.ggj.['

'I-shown to have 51gnifidant potentiai The method 1s based on a singTe"
scoTumn mode of operation, a11 derivatization steps are: carried out 1n7f
the same reaction Viai and the esterification reagent preparation was

eThe accuracy of the method has stiTT to be 1mproved Further study
‘of d@rivatization conditions combined with an’ 1mproved 1ntegration \/%/‘
L system w111 1ncrease the accdracy of quantitative determination of :
amino ac1ds by this méthod " ‘ | "

Ex An added development while setting/up/the gas chromatographic
'system was a unique gTass coTumn connector for GC (Figure 9) (Goian—
lGO]HhTPSh and WOTfe 1979a) The common method of connecting giass o

¢ g -~

: _5coiumns to a GC relies on the standard swagelok brass fittings pTus
(zrd;rings or speciaT ferrules (Rowiand 1973) Ordinary rubber o ringse S

. VA K

: .wi11 not endure high oven temperatures and deterioration usuaTTy

‘fj*resuits in severe Teak problems The coiumn may sTip out of the }

f1tti"gs a"d bréak or degradation PrOducts of the rubber may producefi,./f

PN .. N B LR o B . : . ; 5
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ghost peaks or background noise or drift Graphite or, Vespe1 ferruies, . ‘ 3j§

- aithough more heat resistant are more expensive JIn the course ‘of .
this work on the separation of amino acid deriVatives by GLC the V\b R
above 11m1tations were experienced and, ‘as a result thernew device wasf" Co

2R

developed There are several\advantages to this device

_ ] ‘An aii giass co]umn, avoiding interference of inJected sampie

”;{f”' with metai ions, hence preventing degradation of certain amino acid‘ }
o \derivatives (Lamkin and Gehrke& 1965 oStaiiing and Gehrke, 1966)$
‘ 2{_ It is easy to handie and easy to assembie 1n the GC without 1eaks

~f$3. Soives the probiem of siippage and breakage due to high temperature'

\; programming, espec1a11y w1th hanging hegvy g]ass co]umns in, GC
. ovens such as the Varian Aerograph 2100 or Bendix 2500 and others - o -

! : L . : ;
LT S /

’ﬁwj{d Inexpenshwe, and can be reused “’»‘ S \. ‘
1. This connector was used in this wqu and was\found very usefui ’}f ,""_jz :
“It is hoped that this 51mp1e deVice w111 aid chromatographers 1n a '[ijﬁiwi’ - ;';é
wide variety of situations' ’;es"a ‘ f3fl .;/gi/~a'/”“'¥:j: ;.,;t i:ﬁ. . ..,f* | ;
5 1. 2 Amides Ana1y51s - 'iib 'Q;r’ ﬂ»kb ":fll g,‘ : o R
| The amides (asparagine and g]utamine) were present in 1arge‘d
quantities in the potato free amino aCIG“(FAA podi (Tabie 16 and Figurer vv-fﬁ; f 1
*]3~ . Té%ir quantitative determination couid not be obtained by the : ‘.3>,oj‘ﬁ %
‘ GLC method as described 1n Section 5 i 1v~ Separation of the amides by ,f.‘_/ "‘ g

C IEC is aiso probiematic as they appear as one unresoived peak under the” o ‘\ ;LV ;
B usua1 anaiyticai conditions (Figures 23 and 22) Therefore a procedurel;‘ | L
for their determination was deveioped Potato FAA extract was anaiyzed

on the IEC columnign the usuai way and the originai (assuming no ”417 :,’;< 's

conversion of amides to the corresponding amino acids during extraction)

. ; R i . o .
B . N B e A3 ‘ N . o

N = .
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aspartic and glutamic acids were determined The unreso]Ved peak v
containing ‘both amides as well as serine and threonine (Figure 22) was |
'coilected in the column eff]uent The fraction co11ected waS\ ‘
hydro]ysed with ~12N" HC1, ‘in order to comp]ete]y convert the amides to
'\» the corresponding amino acids, and then pechromatographed (Figure 23).
High recovery of the acids ,was obtained in these hydro]ytic conditions
| (Tabie 9) The/amides content in the FAA extract was then determined)
from the response of the corresponding aspartic and giutamic acids
(Table 16) In the usuai ‘method of amides determination in’proteins,
T a hydro1ytic step is also 1nv01ved but the amides are determined by
7’ka1cu1ation of ‘the difference 1n response of aspartic and g]utamic acid
11n the sample”’ before and after hydro]y51s (Benson et al. > 1967).
'Alternativeiy ammonia re]eased upon hydro]ysis is measured but the
»recovery of ammon1a on the IEC system is generally not quantitative

:'i (Scoffone and Fontana, 1970), and can.be due also to degradation of

- .other am1no acids (in particu]ar serine and threonine) In the

B -

i

S '\;procedure proposed by Taiiey et aZ (1964), more steps were invo]ved

.and- an assumption was made of comp]ete absence of giutamine in the
peak representing asparagine This assumption may not be vaiid " The

| procedure deve]oped for the resu]ts reported in this the51s has thev-
:advantage of direct quantitative determination of the amides 1n thérv _

. form of their corresponding amino ac1ds }f iii S |

The instabi]ity of the amides, especiaily g]utamine, is weT]

~ known (Leach, 1953) Giutamine was referred to as an "easi]y &
hydrolysabie amide“ by Steward and Street (1946) It was noted during

"this work that the amides degrade partiai]y upon storage in 0.IN HC1..

X

oo
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Therefore, a~preiiminary study of the effect of common storage tempera-
tures on their stabiiity‘Was'undertaken.. It was shown"that most of the
‘degradation occurred at room temperature»(Figures 24, 25 and 26). As

' was expected glutamine degradation was faster than that of asparagine
‘The amount of glutamic acid formed at room temperature was much Tower
than the amount expected based on the 1osses’in the giutamine
Therefore it is possibie that some other product is formed Thés may
be pyrroiidonecarboxyiic acid which has been shown by Greenstein and |
Ninitz (1961) as a 1ike1y cyciization product At refrﬁgeration and
freezer- temperatures degradation was siower and occurred within the

" first 5 days of storage After that no changes were~observed In‘a

l ‘mixture of the amides (Figure 26) the initjal degradation was extended _

_over 8 days and the combined degradation appeared somewhat smaller.. : -

{

In view of the 1nstabiiity of the’ amides and possibie degradation

eduring extraction procedures (McKerrow and Robinson, 1971) on -one hand o
and the high content of these compounds in potato FAA pooi as We]] as
in other piants (Steward and Durzan, 1965) it is of importance to more
thoroughiy study the amides stabiiity and quantitative determination

5.2, Potato Protetns and Amino &mds Sy D w's"i -
5 2.1, Proteins Fractionation . |

J - ' ‘ i
Tota1 potato nitrogen was 4ractionated by diaiysis into dia]yzable -

': and non- diaiyzable nitrogen The non- diaiyzabie nitrogen (proteins) was,
' 45 4% and 37 5% of totai nitrogen in outer and inner iayers of the ‘
uber, respectiveiy (Figure 11).. Total nitrogen in the outer 1ayer Q_i
(2 2%) of the tuber was significantly higher than in the inner 1ayer
- (1.6%). These two observations are of importance from the analyticai
‘ point of,view The Wide range of vaiues for nitrogen reported in the -';\;

a . L . . - . . B (
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literature is usuaiiy attributed to the effect of growth conditions. |
: fertilization levels, dry matter’content, etc. But the nitrogen
distribution fn the tuber was,overlooked to a large extent (Taiburt
et alt, 1975). In an earfy report Cotrufo and Levitt (1958) first
indicated that it‘is necessaryvnot only to investigate the fnner layer
but aTso the'outer layer of the tuber in reiation to protein metabolism
1‘in the potato. In a later report Ashford and Levitth1965) showed that '
at aii,times in storage at 3°C or'after storage at 3°C and transfer to
26°C for 10 days befOre ana]ysis the ratio of protein nitrogen to_NPN
is higher in the outer layer than in the innerviayer of the tuber.
Recentiy; Weaver et‘al. (19 8) reported on differences among di fferent
parts of the tuber - They cbmp ed the bud-end, stem-end and the pith

]hey

_found significant differences among: di fferent parts of the t\Ber in "
'regard to these constituents. . Pith tissue in all cultivars testedfhad\f\\\>\\\'

_fbr tota] and free amino acid nitrogen and other constituents

_more nitrogen than did either end of the tuber Totai nitrogen content‘
was similar at both ends of. the tuber Johnston et aZ (1968) reported
" that the stem-end tissue’ contained more total nitrogen than did the
gbud end tissue These r:borts and the results obtained in this work 5_" h
'regarding the OL and IL of the tuber indicate that significant variations
' in determination of nitrogen content couid be introduced by lack of
‘attention to the sampiing position within the tuber | .
The proteins (non- diaiyzable fraction) were further fractionated

¢ ording to solubiiity (Tabie 6). It was shown that the aibumins and B

1g]obu1ins= ;'stitute the maJor portion of potato proteins (approximateiy

- 80%). This was als

hown by others (Groot et aZ., 1947; Lindner et aZ..
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i960; Kapoor et al., 1975a). The 0.2% NaOH soluble glutelins constituted
approx1maté1y 16% of total potato proteins and the prolamines and the
acidic g]u%e]iné an almost negligiblé amount.

There is still disagreement about the relative amount of the
albumins and globulins fractionated by the different procedures. The
procedure used in this work yielded 53.1% and 46.4% albumins and 27.6%
and 36.0%.g10bu11ns in outef and inner 1ayers, respectively (Table 6).
Kabodr et al. (1Q75a) obtained a similar pattern for whole potato tuber
protéins, employing a similar fractionation method based on Nagy et al.
_(1941). A different relative amduht of albumins and g1pbu1ins‘was
obtainedbby Kapoor et al. (1975a) employiﬁg the method of fractionation
suggésted.by Lindner et al. (1960). That procedure is based on
extraction of the a]bumih; and g1obuliﬁs togetherAin dilute salt
sd]ution; fhen §epaﬁation ofAthe.protein fractions by differential
precipitation with.ammbnium'su1fate; The Tow sa]t;sd1ub1e ffactjbn
(tuberin) comprised 71.3% and the'watef soluble fraction (albuminsj'was.
6.6% of total pot;tokproteins. It.appears that the procedure - used
here yielded better separation betweéh albumins and g]ébu]ins; Kapoor
et al. (1975a) suggested that perhaps/up‘to 40% of the tuberin obtainéd
by Lindner‘s procedure 'may be a1bumins; This Appeareéyto be pbsijbié
since the results of both’methods for albumins and gloﬁulins were ;
simiTar'and in accordance with,re§u1ts¢obtaingd‘here; Kgpdor et al. >
. (1975a)‘shggested that‘there may be'46;48% a]Buﬁins and 26-30% g]obu]ins.
The results obtainéd here éonfirmeq‘thi§ﬁgstimatfon. LeVitt (1951) and
Nakasongvet al. (19?@)vseparafed potatd proteins irto nearly equ31

fractions of albumins and globuTihs,J These results also support the
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general pattefn obtained here, where the a]buﬁiﬁs constituted approxi-
mately half of the”tuber's\proteins and the other protein fractions
the other half,

In further fractionation of potato protefns the water soluble
“and insoluble fractions were extracted with the solution suggested by
Ngkasong‘et al. (1972).“ Column chromatography on Sephadex'G-150 revealed
that the \water soluble proteins were composed of 4 major fractions
(F1guré199. Nakasone et al. (1972) obtained 3 fractions oo Sephadex
. G-100. Thé\high oo1ecu1ar weight fraction which came off the G-150
-column in toe void volume represents high molecular weight proteins,
>160;000 (A, Fiouoe 19). . The th intermediate protein fractions (B,C
Figure 19) were estimated to be 76,000 and 20,000, respectively.
Similar molecular weight estimates were obtained by Nakasone et ai.
‘(i972), 80,000 and 25,000. A fourth fraction (D, Figure 19) of low
mo]ecu1ar weight (<13,000) might represent small prote%n subunits and
;péotides separated from large protein holeou1es during the extraotion .
steps. The pattern of sepakatfoo remained constant during tuber growth,
- éxcept'for changes in the re1at1ye'amounts of the fractions (Table 8).
The water soluble proteins of the OL of the tuber at maturity showed a
s1m11ar pht%ern of separation. The 76,000 fraction was'significan£1y
smaller and the smaf1 oo1eculur weight one was especia11y.big{ probably

due to non proteln compounds, as was '{ndicated by lower protein

-+ content in, this fraction as measured by Lowry s method (Appendix 2)

‘The - 1arge mo]ecu]ar weight fraction was-re1at1ve1y the largest in the
mature tuber (Table 8\and Appendix 2) which may 1ndicate a build- up of

‘ '1arge protein mo]ecu]es as storage materia]
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Electrophoretic Jeparat1on of water soluble and 1ins oluble proteins
on SDS-PAGE after SDS, DTT treatment revealed that the major potato
protein subunits in both fractions are rather ema11, having molecular
weights in the 10,000 and 30,000 range (Figure 12). This fs fn -

accordance with results obtained by Stegemann ct alg_(1973). They

‘showed that the small molecular weight subunits were apparent only after

&

treatment with a reducing agent (mercaptoethanol), which indicated that
some protein subunits are linked by S-S bridges. E]ectrophoretic
ana]ys1s on d1fferent gel concentrations (8. 5% and 10%). did not resolve
more protein bands (Figures 13 and 14),

Thin 1ayeh jsoelectric focusing (TLIF) of the water‘insoluble
fraction showed 8 protein bands (Figure 16). The dominant bands were
focused 1h pH 8.5 reg1on.“ Amino acid analysis of this fraction (Table
7) showed higher content of basic.amino acids, which partly explain
the high isoelectric po1nts of these proteins. In an early 1nvestigat10n
of the. 1soe1ectric pH of protein fractions (Groot et al., 1947), it was
first found that the globulins (tuberin) have higher isoelectric points
than the albumins (tuberinin). It will be of interest in this regard
to verify the amides content of these prdteins, as amides might be an
1mportant factor in the explanation of the high 1soe1ectric pH of this
fraction. It was shown by Stegemann et al. (1973) ‘that the degree of
amidatien cgntrolslpo a large-extent the eharge of potato proteins.

Thirteen protein bahds were resolved in the water soluble fraction

°

'(Figuhe*TS), covering a wide range of isoelectric pHs (4.5-8.5). The

TLIF method of analysis revealed thatwihe fractionation of the proteins

according to solubility characteristfégwis@not complete. According to

z
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electrophoretic patterns 1t appears that a residual amount of the major
protein bands in the water insoluble fractfon appeared also {n the water
solublc fraction and vice versa (Figures 15 and 16).
The pattern of separatfon of sap proteins (Figure 17) contained

both the protein bands of the water soYUﬁIe and water {nsoluble fractions
and additionpl proteins which were prvbubly'better preserved in the fasteér
‘extraction process because of the shorter time interval between scparatiod
from the intact tuber and application to the gel. This method was
probably the best for preservatioﬁ of the proteins in their nativé states.
‘ Hence, a better approach to potato proteins fractionation could be based
on the extraction of éap proteins‘pccording to the method of Stegemann

et al. (1973) (as was used here), followed by separation of total sap
proteins using TLIF opggranulated gel on a preparative scale according

to Radola (1974). fzing TLIF on a preparative scale, the separated

protein bands shou?f yisily eluted from the granulated gel (Radola,

1974). Each fraction :-;‘then be further characterized according to
§01ub11}ty or according to other physicochemical methods.

| The TLIF pattern of sap proteins:=from the inner layer, outer layer
(excluding 'skin‘)‘and whole tuber was virtually the same (Figure 18).
Stegemann et al. (1973) have also reported that the bud-end and stem-end
as well ﬁs‘other cuts from the peripher1é to the center region of a
peeled Eotato d{sp]ayéd similar protein spectra. The ‘skin' itself had

some proteins not matching with the usual electrophoretic pattern of the

tuber. N

-

| 5.2.2. Péote1ns and Amino Acids Content of the Potato Tuber

Potatoés are generally not considered to be a significant dietary

source of protein, in spite of a few reports which demonstrated that

.



’ ‘the. potato, in combination with other proteins, is an exceiient dietary [
;'protein source (Markakis; 1975) Nhen considering the nitrogen content

ﬂof the potato. it musﬁ/be remembered that more than 50% of the tuber o
.-nitrogen is in a non- protein form (Figure 11) | This does not necessariiy

f%/ :‘impiy Tower nutritionai quaiity, but probabiy higher susceptibiiity tok "-”

-ifip‘iosses during home cooking or. industria1 processing by mere Teaching to !

'tgff_the cooking media V’if‘ ”;-'T fff7szfi;f ey f‘}f~ o . .;: ;“Tl:]A . 1f¢\g

An accepted conp;pt is that tprotein nutrition is essentiai]y amino i

'fi;,acid nutrition“ (Oser, 1951) Consequentiy, the amount of free: amino acids‘
fsiin the non protein nitrogen (NPN) fraction Of the potato has been considered
'ff”by woodward and TaTiey (1953) Hughes (1958) TaTTey et aZ (1964) and '

> fffiothers as of nutritionai importance _ o ‘ i
| : The average tota1 nitrogen in the different potato cuitivars Ve
";’fexamined in this study was 1 8% on dry weight basis (Tab]e 1. This vaiue,::}

o : aithibgh within the range reported in the Titerature (Taiburt et aZ 1975), R
ﬁ"iﬁ\is reTatiVeiy high and may be a resuTt of high nitrogen fertiiization
:'flTIncrease in total nitrogen upon nitrogen fertiiization has been reported

”:th(Mquer and Bakema, 1956 Hoff et aZ., 1972 Eppendorfer, 1978) It was

L shown to increase mainiy the NPN and iess the protein nitrogen This was %{1e

47ﬂcorre1ated with a‘decrease in the nutritive value of the potato evaiuated P
8 gy ‘% i

x"fétﬂby the essentiai amino acid index vaiue (Schuphan 1970)

\.\_ fand % nitrogen in dzy matter, but % nitroge,won fresh weight basis wa
R i 9
‘ :,same in the diffeng t cuitivars (Tabie 1) These resuTts may be ju

‘( N \ / e v\:'_": ‘JZ;;; ’\ ‘,v'%
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L / of an increased content of some- other dry‘ﬁftter constituent, presumabiy 134
" starch These reiationships Were shown for tubers of Katahdin cuitivars
of different dry matter cont//ts (Ta]iey et aZ., 1961) !§ f‘“'
""" The expression of/totai nitrogen of theopptato as totai proteip by
L using the 6 25\factor is: commoniy used but it is stiTi subJect to
further investigati/n in reiation to potato proteins It was recentiy
t-reported by Desborough and Neiser (1974) that potato proteins contain
| ‘13 5% nitrogen, making 7. 4 a more aPPropriate factor to use But no 5' .
q"account for - amide nitrogen and degradation of other amino acids upon ~‘,§1377;§
B Thydro]y51s was made,' Therefore more research on nitrogen content in =
:tpotato proteins and amino acids is needed in order to verify the
;idappropriate factor of conver51on for micro KJerahi nitrogen to tota]
'f‘fi potato proteins | ;[ : o | : RO A R ; '
3 ;f_;' Variabiiity in totai nitrogen content due to Tocation and condition
4 4;igof growth etc has been reported extensive]y in the Titeraturé\“This |

7:fivariability was reflected aiso in this work by the differences in nitrogen .

o R -

R ¥
DU

fa?vaiues obtained fOr different batches of 'Netted Gem tuber used In the

i :'fjivarieties comparison (Tabie 1),.'Netted Gem had T 5% nitrogen whiie in 5;,'

3.the protein soTubility study (Figure 11) a vaiue of 1 6% for totai

sfnitrogen was obtained and tubers grown in southern A]berta used in the:up;rvl'

This probabiy indicates accumuiation of proteins

| l':riai in the mature tuber., High nitrogen content in f?f#i,jf?f
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' Tota] amino ac1ds recovered (Tab1es 3 and 4) were 1ower'than~tota1

protein estimated by m1cro KJeIdahl (Tables 1 and 2) This may be

¢

| | o
accounted for by 1osses of amides n1trogen and am1no acids degradat1on _ /

o ﬂ‘wh1ch occur dur1ng hydrolysis 1n 6N HC] for amino acid ana]ysis In‘

: add1t1on, there is: approx1mate1y 8% -of other organ1c n1trogen not
e

‘ Teasured by the am1no ac1d ana1yzer (Markak1s, 1975)

i.

. .'/ !

'”}exam1ned (Tab1e 3) Approx1mate1y 38 2% of the tota1 am1no ac1ds

.~H€:cam1no ac1ds_, cons1st1ng ma1n1y of aspartfc and g1utam1c ac1ds wh1ch

A character1st1c pattern of. amino ac1ds was found in a11 cu]tivars .

»
<

; recovered were ‘essent1a1 amino acids The rest were .non essent1a1

Ay

j&

'-1::represent a comb1ned value of the amino ac1d and the corresponding

.f-hydrolysed am1de The 1argest var1at1ons among cu1t1vars appear to be

#

' »ﬂre1ated to d1fferences 1n these am1ho ac1ds Meth1onine was present

"{;[1" a11 cu1t1vars, but was in measurab1e quant1ty on1y 1n 'Nor1and' S

9t'A1aska Red' and KennebeC" Th1s amlno ac1d 1s degraded upon hydro]ysis

| r(B]@Ckburn, 1978a) therefore-ﬂts quant1tat1ve estimation shou]d be

' '~cons1dered caut1ously However: meth1on1ne is cons1dered to be the _7‘,

’ﬂf;espec1a11y high 1n the"Norland'* Th1s 1s a non PPOte1" amino ac1d

'ﬂf1rst 11mit1ng am1no acid of the&potato (Ka1dy and Markak1s 1972)

i’“:f'y-am1nobutyr1c acid (GABA) was present 1n a}] the cu]tlvars, it. was };‘;[T(.‘a”

S d(Thompson et a1 o 1953) and 1t was der1ved_from the free am1no ac1d b fj[ﬁ -

A,ffractioh of the potato, where it 1s pr sent in a substantial amount

,',, o
’5»

~f{) ‘

?(Tab]e 17)

: ? Qonsidgratioh of anino ac1d compos1t1on of the 'Netted Gem"jddf].ﬁ“”b

cut§gvar 1n relation to harvest time (Tab]e 4) 1nd1cated a trend of }fi"?ﬁd

decrease 1n tota1 am1no acids which 1s reflected by a decrease in
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a1most all 1ndividua1 amino acids The genera] pattérn of amino acid

l

- composition was simiiar throughout the growing season ; It seems that ,k
L proportion of essentia1 amino aclds! (42 9%)

“‘young tubers have highe
*. than- mature tubers 35 3% (Tab]e 4). Jaswai (1973) has shown simi]arly
~that- essentia1 ‘amino ac1ds' in the‘mature tuber constitute approximateiy |
-1/3 of the total amino acids of the tuber A trend of decrease in B

¥,

essent1a1 amino acid 1ndex with increasing tuber size was’ also shown o -

J

: - by Shuphan (1970) The direct nutrit1pna1 impiications of this trend

':might be'iimited,kpecause sma11 1mmature tubers are usualiy not . -
‘consumed”“git *s stated by Schuphan (1970) this observation is of .
‘1nterest to both nutritionists and plant breeders - '

Pee]ing losses in home preparation or in industr1a1 processing

’.h are 1arge and depend on tuber size (Tab]es 1 and 2), and the process

ﬂ'b:f'that the 0L (peei) of the tuber contained higher percent nitrogen -fHS‘T

i“,fused (Huxso]i and Smith 1975) The hand peeiing used in this work

| ‘amounted to an aVerage 10 2% 1oss of fresh weight of mature,':

%Peeling 1osses are of econo' caL concern to the processors (Powers
oy et aZ 1977 Muneta and Jennings, 1978) An increased yie]d of chips
vmad of unpeeied potatoes was reported recentiy (Shaw et aZ., 1973)

5They found no 51gn1ficant differences b twéen chips made of pee]ed and

.funpeeled potatoes in tenms of flavor appearance. sheif 1ife and

-jstabiiity of oi] Another concern re]ates to pee]ing 1osses in the

R

iﬁ-Waste genera%fd and the environmenta] probiems assoctated with disposa1
‘fMethods of recovery of potato proteins from potato processing waste o

:“.effluent were reported recentiy by Knorr (1977) It was shown here

’7Q(2 2%) than the IL (1 6%) (Figure 11) A larger portion of protein fﬂ .



~ ,(Hoff et aZ . 1971 Jaswa1 1973) " The higher pro:

“25/' means that the peeiing 1055es shou]d be of nutritionaT concern, in

| A - BREL
(45, 4%) was in the OL than in the IL (37. 5%) Percent essentia] amino
iacids' in the OL was higheq, ; 38 3% than in the IL, 35 3% (Table 5)

vi.Schuphan a1$o reported higher essentia1 amino acid' content in the OL

Aof the - potato This is probabiy due to the more favorabie amino acids :.
pattenn of potato proteins in comparison to the free amino acid p001

It was shown that the free amino acid p001 has a Tow percent of essentia1x4
damino ac1ds (Tab1e‘17) The Tow proportion of essentiai amino acids

odn the free amino ac1d pooT of the potato was alsg/shown’ by others \

4?:ein content of the

oL (Peei) ‘and the more Favorable amino acid composition of POtatO Pr°te’"5,b\

!

i ;addition to theieconomic concern and the waste probiem /%1"_ S

.

.‘\.

Co 5;2;3. Effect of the Add Back Proeess on. Tota1 Potato Proteins and ‘:

o o conduct this 1nvestigation The methodology deve]oped in this work ’or

fjgamino acids and amides anaTysis was used

Free Amino ACTdS t !

The information in the ]iterature on proceSSing effects on potato o

”.1proteins and amino ac1ds is scanty (JaswaT 1973) There are no avai1ab1e
' -reports on the effect of the add back process on- tota] potato pro eins
‘“and free amino ac1ds In. view of the important role that potato 1

f'granules production has, espec1a11y in Alberta, it was iMportant t :

- The genera1 composition of tota] proteins and free amino acids of

’ illthe potato during the add back process (Tabie 15) showed that a :

"significant drop in both occurred at the pre cooking and the mash-mixing

ijisteps Beyond these stages in the process there was a continuous .

.~slight decrease in tota1 nitrogen which was not significant There

4
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Awere also non- significant changes in the FAA in Tater stages in the

. process.. However, the sTight increase in the FAA fraction at the air-

Tift step, aTthough not significant, might ref]ect an increase in the

9.‘fextractabi1ity of FAA due to changes 1n the physicai properties of the

"-]°'cooking stages, between the pre-cooking and the mash mixing, and the

1 on the extent of the Toss. . . - ",z , “ L
Tprobabiy ref]ect Y few factors such as the cooling in water and steam
‘-Ahigh temperature in the mash mixer (- 50°C) As we]l the addition of

"{_dreflected in the decrease of totai nitrogen at’ this step

-granuies, This has to be further examined in reTation to the efficiency

of extraction with 70% EtOH at different stages of the add back process

> The overaii loss in total nitrogen amounted to 38.9% and the : .

] totaT Poss in FAA was: 36 8%. - Desborough and Neiser (1974) reported

a 50% Toss of total nitrogen after cgoking fbr 30 min in boi]ing water

. \
‘ The Vauxhai] pre cooking step invoives cooking for 15- 20 min at
o approximateiy 70°C, and resu]ted in a 16 7% Toss Thus, it can be _a

_ assumed that temperature and time of cooking may have a critica] effect

¢ -~ .

The pre cooking step seems to be the criticaT stage in the adda )

'/back process The losses at- this stage are most TikeTy due to Teaching

of soiutes 1nto the cooking water The Tosses in the mash mixing step

-

¢“add back" granuies with Tower nitrogen content is probabiy also

Based on the ayerage moTecuTar weight (140 15) of theﬁémino acids B
{

vused in construction of the standard curve fOr,totaT amino acid determin-

S fation (Figure 6) and total FAA determined peeied raw potato with: 249 53

LA

; (Ta\_e 15) the FAA- content of the potato is caiculgpéﬁﬂZo be

?;34 97 mg/g It represents 31 1% of totai potato proteins (N x 6. 25)

ot

A
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"(Tab1e~15i A simiiar ca]cuiation for FAA (Tabie 17) exciuding the
amides, giutamic and aspartic acids shows that the. FAA comprises oniy

4
- 14.4% of the totai protein of the potato (N x 6.25) (Table 15). This

R resuit is simiiar to the vaiue of 15% (inciuding giutamic and aspartic

ac1ds) suggested by Markakis (i975) It thus can be conciuded that
the: FAA pooi in absoiute terms contributes oniy a smaii proportion to
‘total potato proteins The maJor part of the FAA pooi is composed of
.the amides“and their corresponding amino acids, 53. 5% of the totai
' pooi in peeied raw potato (on moiar ba51s) Hence, the Tosses in this f
| rfraction aithough significant, are. on]y part of. the picture The
other part is reiated to the changes -in protein amino ac1ds This aspect
requires further research Adn the future |
ﬁ .The fact ‘that the scaip was not, significantiy different from
; the raw. potato tuber ih\regard to tota] protein content (Tabie 15), on e
}6ne hand and the 51%n1f1cant1y Tower content of FAA on the other hand,
may indicate two things 1. The sca]p' is probabiy composed more of
-'protein nitrogen than of FAA 2, In- view of the fact that the vscaip _
L is composed mainiy of peel pieces and attached starch and granuies, itw
| is suggested that the scaip fraction is simiiar to the oL of the"'if\
| Htuber Thus, the higher nitrogen content of the scaip is corroborative f.
3_ with our previous observation of higher nitrogen content in the OL N
| compared with the IL of the tuber The scaip s which is discarded o
4 /vfrom&the granuies is used jor animai feed Nutritionaiiy, it might
" have an even better amino acid ba]ance than the potato granules

‘jbecause of the higher protoin content

The characteristic Mtterri of: separation of the FAA pooi of the ,‘;
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. potato (Figure 31) shows that the. amides (asparagine and gTutam1ne)
aspartic acid and g]utamic acids and Y- aminobutyr1c acid are, the dominant
amino acids, as was shown by Synge (1977) and Davies (1977) and others
"The other amino ac1ds appeared in relatively very low amounts in the K
‘FAA pool of the potato Asparag1ne ‘and gTutamine are the maJor amino '

' ac1dsv1n this pool (Tab]e 16) Asparagine was less degradabTe during

the add-back process 1n,comparison to glutam1ne This is corroborative

" with our previous observations regarding”the stabi]ity of the amides
Lo : #

(see Sect1on 5 1:2. )‘

. The quant1tat1ve determinatlon of the 1nd1v1dua1 amino acids
'(TabTes 16 and 17) showed th?t the pattern of amino acids of the ‘FAA
’p001 is 1nfer1or to that of the potato prote1ns Percent essent1a1
amino ac1dsJ of the pee1ed raw potatop 2& 1% ( TabTe 17), was markedTy
Tower compared to that of the totaT proteins, 38. 2% (average of the
kwfd1fferent cu1t1vars) The Tow reTat1ve amount of the 'essential - amino

~acids' 1s ma1n]y due to the extremely ‘high percentage (53 5%, caTcuTated :"

\

o on umoTe/g bas1s) of amides and’ the1r corresponding am1no ac1ds in the

-

FAA pool of the peeled raw potato Var1ations in the abso]ute values
reported in the 11terature are due to the suscept1b111ty of the FAA
pooT to the effect of cond1t10ns of growth cu1t1vars examined etc.

Sy

Hoff et aZ (1971) reported that th1s group of amino acids in the '
~ \/,«..—

'Superior cuTtivar corfstituted the buTk of the FAA pool and 1ncreased '

: from 55% to 65% w1th 1ncreas1ng n1trogen fert111zat1on |

The 1055 in tota] amino ac1ds was refTected in Tosses of

(ﬁ' 1nd1vidua1 am1no ac1ds dur1ng the add-back process Most of the TOSses

' occurred at the pre cooking step The 10ng cook1ng (-~ 20 m1n) 1n water o

L
C -



at approxfmate1y‘20°c resulted in Teaching of the FAA. Sign1ftcant
Tasses were found in valine, threonine, serine;‘]eucine.and phenle
a1anjhe.. The Tloss of.aTanine. proline, lysine and‘tyrostne was signi~

~ ficant at-later stages in the pr6cess where heating during drying p1ayed
: 'the major role in the degradation of these amino acids Lys1ne ts one
-amino- ac1d which has heen studied extens1ve1y 1n relation to Maillard
reactions (Bender, 1971). Most of these studies were related to the
"Toss of 1ysine avai]abiiity in proteins, but the same type of reaction
can occur with unbound lysine or any other free o-amino group. High
carbohydrates content and the elevated: temperatures at, the drying stages
are 1n favor of 1ysine Ma111ard reaction. Therefore high 1ysine 1osses
are expected. . -

- Methionine;-the only sulfur cOntaining amino acid found, was also
~ substantially degraded and was present in detect5b1e‘amounts only in
~ the=fina1‘product and ‘scalp’. | !

\ The loss of the l.essentia1 anjno acids} was ref]ected in the p ,?5
decrease‘of % EAé/from 26.1% to'19;6%:jn'the final product. »Houever;}
the 1arge deCréase'in'the amides.and corresponding'am1no ac1ds which
constitutefthe major part of the FAA pool are the major source for the .
losses during thg add- back- process on an absqute basis 1In a
comparable study of the effects of various processing methods on free
o'gand'béund amino acids of potatoes, Jaswal (1973)_showed approximately
l'a340%“1oss of total amino acid content, in cannfng and'chjp‘makingg while
-tn drUm‘driedgpotatoes'approximate1y.zot Toss wasAmeasured. .
| The add-back"proceSSVconsfsts'of tWo'major'processing effects
’which adversely affected the total protein and free amino acids 1n/the

~ final potato granules These stages in the process are 1ntegra1 rarts

(€4



of’the prcess. Changing these steps might change the'physica1
- propertiee'of the fina}uprodoct. Recently, a new process, the freeze-
thaw‘process was developed by Ooraiku1 (1977 ano 1978). In this process .
losses are 11ke1y‘to occur ma1n1y at the drying stages where heat treat-
ment 1s used. wHeating 1s,an unavoidab1e step in dry‘potato granules
produétion. It was shown_henefthat\]oss of a few amino acids was )
significant'at the drying steps. Thene was«no sfgnificant changes in |
vthe other amino acids at these stages In addttion, the steam cook1ng
is used in the freeze-thaw process in- which 1each1ng of so1utes 1s
minimized Theretore,‘an assumption can be made that the freeze- thaw
process will better preserve tota] potato proteins and amino acids
5 3. Conclustone .
" The major conc]usionsgare as - follows:
1. Cohplete gas chromdtograﬁhic*anaiysis of'amino acids can be
- obtained at high speed by using the N- heptaf1u0robutyry1 1sopropy1
ester derlvatives " The method is applicable to protein hydrolysates, .
" as well as for free amino acid extracts. ana1ysis It will be ‘ -
possible to increase the accuracy op'the quantitat1ve determination
by optimization of derivatization conditionS#and 1mproved 1ntegrat10n
system. ‘ \ |
_2. .Interfacing the GLC systeh.w1th a masswspectrometer provtdes a\too1
for fast direct 1dent1f1cation of amino acids. | o)
3. The . glass columnsconnector deve]oped in th1s work solves the s
| difficu]ties encountered 1n'oonnect1ng heavy g]ass-co]umns to a GC.

It is especially useful forhighteh\nperature ‘programming.

~ 4. The procedure for amides determination enables direot'determinatfon |

R
\ -
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of the amides from the response of their corresponding amino acids,
rather than by calculation as 1s usually done. ‘It‘might be appiied
to amides determination in any FAA extract. The instabi]ity of

the amides nas to be further investigated.

Y

Approximately 60% of potato ('Netted Gem') nitrogen was found in a

"dialyzable fbrm.‘ It was shown tnat the FAA in this fraction are

meinIy composed of ami des, their'cdrresponding amino acids}/and
y-aminobutyric acid. The other amino acids occur in Tow amounts.
Therefore, the FAA fraction is nutritionai]y not well balanced.
Potato protein fractionation natterns (according to solubility),
aithough empirical and dependent on the»pnecedure of fractionation,

showed that the albumins and globulins are the major potato proteins,

" approximately 50 and-30%, respectively. Incomplete separation

between the water soluble and insoluble fractions was revea]ed by
TLIF on granuiated gel. This finding suggests that TLIF may have the

potential for better fractionetion of potato proteins.- HONever, it .

- was shown that the water insoluble fraction is composed of basic

- prdteins, The water so]dbie fraction was eomposed of more proteins .
- with diverse isoeiectric_points. .The major protein subunits in both
;fractions had 1on mo]ecuiar»Weightsi No di fferences in the'compo-
,sftionﬁof sap proteins of the outer and_inner layers of the tuber

~ were fbund

Nitrogen contént on a fresh weight basis showed di fferences among

, cuitivars on dry weight basis, indicating that-the commonly used

expression .of nitrogen on dry weight basis might sometimes

~ exaggerate di fferences between cultivars in comparative

=
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| higher in the outer layer, suggesting that peeling in- home &
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studies. - Similarly, no clear trend of changé in nitrogen content
during 'Netted Gem' tuber growth was observed when expressed on
dry wefght basis, while on fresh weight basis there was an increase
in nitrogen content, 1nd1tat1ng proaab1y a trend of ascumulation
of storage proteins in the mature tuber. | , 'WE}S
The pattern of anino acid composition in the different cultivars,'

as well as in 'Netted Gem' tuber during growth, was similar.

Aspartic and glutamic acids were the major amino actds. High

'proportiqn of 'essential amino acids' (% EAA) was found (average

38.2%). Methionine appeared in the lowest amount in all IEC

analyses and cystine was detected only in small qnantities in the
extracted protein fractions; suggesting, as was shown by others,
that these are the limiting amino acids of the potato.

Nitrogen and protein content in the outer layer of 'Netted Gem'

tuber was higher than in the inner 1ay**. % EAA was also slightly
: M}b{, *

‘ preparation or Andustrial processing can result in a loss of ““"’*»

nutritional quality of the potato.

The major 1osses in nitrogen and FAA ofuthe pot&tp were detected

in the prercooking\and nash-mtxing steps, 1nd1cat1ng thatnthe

1os‘ses"of '\trogenous compounds’ 'i‘n the proces's are probably due
e

matn]y to leaching of amino acids and proteins in the cooking and

*cooling steps. The.relatively high nitrogen'content in the 'scalp'

suggested that this.fraction is probab1y derived mainly from the

OL of the tuber. The losses in the FAA fraction were mainly due

~ tp losses of the amides and corrésponding amino acid%..*}he small

(-
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amount of other amino acids in this fraction had only a small
contribution to the total loss. Further studies of the losses
in protein amino acids are required in order to ach1eve an

7

improvement of the nutritfonal quality of the final product.

- ‘“}::
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