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ABSTRACT

Potato tubers were found to have 1.67% N and 1.799 pPpm
S on a dry matter basis. The N and S were distributed in all
anatomacal regions of the tuber. pf the total N gontent,
dialyzable-N was 43% end true protein-N 32.9%. The latter
provided 67% aibumin, 23% globulin, 1.4% prolamin and 9%
glutelins by solubility fractionation. As revealed by
SDS-PAG electtophoresis, albumin had two major protein
species, at 45 apd 20-25 x 10’ daltons, and globulin one, at
25,x 10* daltons, Prolamin and glutelins contained prolein
bands coinciding with those of albumin andﬁglobulin. Amino
acid conpoeie?on of_p}oteins, as assessed'by both gas-liquid

and ion-exohahge chromatography, was similar. In this

S

[N

B
b
I

aoalysis protein hydrolysis was in ¢ N methanesulfonic acid,

instoad Qof 6 N HCl. SDS-PAG elect;ophoreeis provided
evidence that fractionation based#on solubilioy is an_
unrell;ble method for tuber proteins. Total am1no ac1d‘
content and conposltxon Qof raw’ and cooked tubers were |
determined by gas-lxquzd and 1on.exchange column
‘chrq-aqoqgaphya Results wvere similar, Attemptg'to'essess

¢ . :
tryptophan levels in proteins (and whole tuber), by

colorimetry, using the glyoxylic acid-tryptophan chromophore

,feection, gave inflated results. Cystine. + cysteine contents
in rav and cooked tubers vere assessed successfully colorx-

utncally Lnng lllhn's reagent. Amino acid co-posxtxon of
potatoes processed by a PFreeze-Thaw g:enule techq;que vas

accurateli eoeeosed ogly by ion-exchange chronitography.



These rcsuits provided evidence that the granule'process has
little detrimental affect on total amino acids and their

composition.
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I. INTRODUCTION

When automatic amino acid analyzers equipped with ion
exchange columns are used errors due to destruction of some
amino acids during hydrolysis of proteins cannot be avoided.
Averages of 52X methionine and 62% cysteine/cystine, and up
to 90% tryptophan can be destroyed by conventional potato
protein analysis.

The effects of potato flake processing on amino acid
destruction have been reported in the literature. The
destruction was doubled when the flakes were processed with
emulsifiers as adéitives. However, amino acid losses and the
effect of emulsifiers have not been reported for a
dehydraied granule process. It has beén suggested that
dehydrated granules be enriched with L-methionine and some
other amino acids in order to improve the nutritional
protein value of the end product. Furthermore, the export of
dehydrated granules for snack food processing has introduced
a demand for a high content of methionine since during deep
frying methionine is converted to an aldehyde, methional,
via a Strecker degradation mechanism. A methional level of
10" ¢ M can enhance the aroma of extruded Prench fti.l; and
potato rings, bnlls~and "pringles”. |

Therefore, flavoring aspects and, partly, nutritional
aspects have provided the impetus for the Alberta potato
dehydration industry to support the acquiring of knovledge
of amino acids, particularly sulfur-containing acids and

tryptophan, in Alberta-grown raw and processed granulated



potatoes.
This project involves amino acid determination by
gas-liquid chromatography (using the N-heptatluorobutyryl
derivative of amino acid isopropanol} ‘esters) and by methods
of ion exchange chtouatography.{)eternlnatiqn of
protein-bound amino acids includes the protein fractioﬂs:
albumin, globulin, prolamins anq\acidic and basic glutelins.
Cysteine/cystine was assayed J;ing Sllnan's.reagent after
cystine was reduced by Na-borohydride, and tryptophan:
colorimetrically using glacial acetic acid + Fe-'? andkconc.
sulfuric qcid.wThe above procedures were found to be éasy,
‘reproducible and rapid, hencg they vill be recommended as

standard methods of quality control for the potato

dehydration industry.
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I1. LITERATURE REVIEW
A. Potato Tuber Proteins

Protein and Amino Acid Levels and Compos?kion in Potato
Tubers as Affected by Agricultural Pract#ées

A thorough investigation of the effect of N, P and K
fertilization on potato tuber free amino azids and proteins
vas made by Mulder and Bakema (1956). They separated protein
from the soluble non-protein (free‘amino acid) fraction by
heat coagulation of potato sap, hydrolyzed the protein with
6 N HCl and separated the amino acids by paper
chromatography. The main conclusion of the study was that
protein levels are affected by fertilizer treatment, but tﬁq
amino acid composition of the protein (albumin + globulin) ‘
is not atfected.-However, the composition and level of the
non-protein-N fraction vere greatly affected by mineral
nutrition and climate. |

Ample N fertilizer levels provided a high content of
non-protein-N in which amides were the predominant
- constituents (70-75% of the total non-protein-N), with
glutamine content beiﬁg higher than that of ;spatagiﬁe. pP-
and K-deficiencies in soil bfought about an ihqrease-ih
protein content and patticuiarlf an increase in soluble ¢
non-protein-N. Th;'conttibution of amides to the latt?r

fraction was considerably higher than in tubersigroyn*ahder

normal PK supply. With P-deficiency alone asparagine was



dominant, while with K-deficiency asparagine and glutamine
contributed equally to the amide-N content.

Fertilizer treatments mostly affected the free amino
acids: tyrosine,.glutamic and 7—amihobutyric acid (which was
abserit in the prgtein fraction) and arginine. K-deficiency
increased, while P-deficiency decreased, the content of
tyrosine. The opposite was found for glutamic acid. Ample N
supply in soil ¢oﬁsiderably increased the contents of
- §r§inine and y-aminobutyric acid, the latter being too low
in P-deficient tubers. In all cases, when amides wvere
excluded, arginine and glutamic and y-aminobutyric acids
accounted for more than 50% of the non-protein-N.

Recent investigations (Eppendorfer et al., 1979;
Talley, 1983) essentially confirmed the above findings.
Klein et al/. (1980) re-examined the effect 25
P-fertilization on the contents of protein and non-protein
N. At 50 kg P/ha treatment they found increased contents of
N in both fractions when compared to a control (P=0).
Hovever, when 112 or 168 kg P/ha were applied, Sdth N
fractions decreased and were lover even than at 50 kg P/ha.

Of interest was the findihg‘that free amino acid
changgs are accompanied by\changcs of tﬁbcr nitrate content
‘af high N-fertilization levels. Augustin et al. (1977)
'proved that nitrate content at high N levels is also highly
correlated wvith irtigation.‘thn Bptiiul irrigation vas
Qpplied. niitate-q increased ffo- 82-122 ppm per tuber on a

dry matter basis to 192-285 ppm, wvhile in soils vith no or



deficient irrigatibn it was increased to 786 ppm and up to
1200 ppm in some tubers.

In conclusion, all the data reviewed strongly suggest
that free amino acid composition of potato tuber or its
comparison to other data is rather meaningless unless the

fertilizer, climate and cultivar data are also provided.

B. Potato Tuber Protein FPractionation

Solubility of protein is affected by pH, ionic
strength, temperature and dielectric éonstant of solvents.
General methods for separation and classification of plant
proteins were, established by combining different solvent
extractions. Proteins gsluble in distilled water, dilute
salt solution, 70i alcdhol, and di}ute acid or alkaline
solutions are classified as albu-ih;-globulin, prolamin and
glutelin fractions, respectively. Similar solvent extractlon
schemes ‘have been used for 1solat1ng plant proteins on a
pttpltlthQ”ICllC (Bictz; 1979). ’ !

The tirst‘potato protein characterized by solubility
vas a globulin named "Tuberin" (Osborne and Campbell, 1896).
Groot et al. (1947) ropérted anoth¢r protcin, "Tuberinin”,
vhich was more hydrophylic than Tubcfin ind Qas .
 ;1bu-in-1ik¢. The ratio of Tuberin ﬁo Tuberinin was 3:7.

Albumin and qlobuiin fractions, further studied by
vatious vorkorc, have boon lo-.vhat contradictory. chxtt

(1951) extracted tvo-thirds ot the potato protein with a

dilute salt ‘solution. This crude protein extract vas



precipftated with ammonium sulfate, resuspended and
dialyzed. As opposed to the data from Groot et al. (1947),
this procedure gave almost equal quantities of albumin and
globulin fractions. Similar work by Nakasone et al. (1972)
also sﬁowed a 1:1 ratio of these two fractions. However,

" Lindner et al. (1960) reported 4% albumins and 78% globullns
(further classified in slightly and readily soluble
fractions; 1.4 and 76.4%, respectively). -

Kapoor et al. (1975) compared two fractionation
procedures to clarify_t%e uncertainty of fractionation. The
author concluded that Tuberin extracted by -Lindner's (1960)
method wés highly contaminated by albumin. It was probable
that during preparation some of the ;lbumin was denatured,
thus becoming insoluble. Denaturation was also observed by
Nékasone_et al. (1972). They reported that, after
salting-out with ammonium sulfate, potato protein extract
became partly insoluble in salt solution. The alternativel
‘method used by Rapoor et al. (1975)’did not involve’
salting-out precipitation.

Seibles (1979) in his study on botatg proteins
fractionated tuber proteins by exhaustive'dialysis of theA
potatokspp agaihst vater. This resulted in a vater-soluble
fraction (albumin) and a water-insoluble fraction, vhiéh
subsequently proved to be soluble in 5% K;SO,. The
vater-xnsoluble fractzon (globulin) was about one-fourth of

total potato sap ptotein. Using a similar dialysis

' procedure, Levitt (1951) obtained nearly equal amounts of



globulin andAalbumin, vhereas Kapoor et al. (1975) found
46-48% albumin and 26-30% globulin. The latter data are
similar to those on outer tuber layer proteinléxtracts of
Alberta-grown potatoes (Golan—Goldhirsh,b1979). Hence,
Seibles (1979) procedure ;nd othe;s like it should nbt be
assumed to give sharp distinction between solubility
classes, but it should be considered useful for preliminary
fractionation. It appears that thg complexity and extreme
instability of potato tuber proteins tend to make
distinctions based on solubility unreliable. Therefore, as
stated by Seibles (1979), potato tuber albumin and globulin
dre terms used strictly for convenience.

Preparative density gradient isoelectric focusing in an
‘LKB column with a volume of 110 ml provided further evideénce
that albumin and globulin fractions separated by solubility
are not homogeneous (Seibles, 1979). Electrofocusing,vithin
a pH rangé of “3.5-10 in a linear glycerol density gradient
(0;601 w/v) provided evidence that host of the components of
albumin and globulin have isoelectric points between pH
4—5.2, i,e., they are acidic in nature. Electrofocusing of
globulin fractions in a narrow pH range of 4-6 provxded
three dxst1nct bands. They had apparent isoelectric points
of 4.2, 4.4 and 5.3 and had similar amino acid compositions.
Although small amounts of prolamins and glutelins hav? been
reported (Lindner e& al., 1960; Kapoor et al., 1975;
Golan-Goldhirsh, 1979), albumins and globulins are the major

potato proteins. : -



Two other fractionation methods based on solubility are
acid coagulation (Levitt, 1951; Lindner et al., 1980-81) and
steam coagulation (Gatfield and Stute, 1980)

The effect of tuber size on protein content was studied
- by Desborough and Weisif (1974). Tuber weight§ ranged from
2.6 to 172.949 and protein (Nx7.5) from 3.2 to 20.1%. The
correlation coefficient between tuber fresh weight and
protein content was -0.126. Arbitrary division of tubers

into classes by protein content and tibder size could not
effectively correlate fresh weight with protein content. In
their related experiment the average protein contents of the
.cortical, medullary and pith regions of cv. Norchip were

, 6.0, 5.3 and 5.8%. These tissues accounted for 95X of the
total fresh weight. Hence, the protein distribution within
the tuber did not appear to be tissue specific.

, :

C. Potato Tuber Protein Characterization

Plant protein extracts are usually purified and/or
characterized by chromatographic techniques (Bietz, 1979).
The separation principle of the chromatography can be based
on size, charge, partition between liquid phases,
adsorption, specific interactions, etc. Gel filtration
separates proteins by‘size, vhereas ion-excha;ge'
chromatography separates by charge. Electrophoresis can
separate by size and/or by chirge, depgndinq on the
technique employed (Deyl et al., 1979). Because of its

importance in the field of protein research, this technique



1s reviewed in detail.
Electrophoretic Techniques

" Electrophoresis refers to the process of charged macro-
molecules migrating toward an oppositely charged electrode
under the influence of an electric field. Carboxylic (a, 8,
y), amino («, w), imidazole, sulfhydryl, phenoxy and T
guanidinium ionic groups contribute to net charge, thus
regulating the mﬁgration speed (Catsimpoolas, 1980).

Asiearly as 1947, Groot et al. separated two potato
protein components by Tiselius moving-boundary electro-
phoresis. They concluded that tuberin and tuberinin were the
major components of potato protein. However, the resolution
of this technique was not Sufficienf to reveal the
heterogeniety of potato proteins. ‘ ' .
Zone electrophoresis, using paper and gel supports, was

developed and showed Setter resolution. In particular, the
introduction‘of polyacrylamide gel electrophoresis (PAGE)
extensively improvéﬁ :eparation (Raymond and Weintraub,
1959). In this system, the effecf of molecular sieving as
* well as difference in charge density.of molecules wefe
related to migration rate, thus improving separat1on. Poly-
acrylam1de gels were prepared by copolymerization of
acrylamide monomer 'in the prescence of a cross-linking
agent, N,N-nethylenebisacrqumide monomer (Tanaka, 1981).
Ammonium persulfate and N,N,N’yk'-tgtramethylethylenediamine‘

(TEMED) are usually added to initiate the free radical
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polymerization reaction. The concentrations of the two
monomers and the degree of polymerization determine the gel
porosity. The extent of porosity is adjusted in order toe
’gbtain the highest separation of a protein mixture.

Loeschcke and Stegemann (1966) studied potato tuber sap
proteins using PAGE. They found up to 25 proteins migrating
toward the anode, and 2 to the cathode. Nakasone et al.
(1972) discovered a total of 28 protein bands from albumin
and globulin fractions extracted from tuber sap.

Kapoor et al. (1975) used PAGE to examine the protein
fractignationkprocedure of Lindner et alJ. (1960). The
tuberin fraction extracted with this method had a similar
electrophoretic patferp to the albumin fraction. Therefore,
they suspected that the tuberin fraction contained a
significant amount of albumins.

Using preparative PAGE, Stegemann (1978) isolated 3
major proteins from the European cultivarg Maritta, Voran
and Hydra. Amino acid analysis of these protein isolafes
proved that they were not oligomers of a parent proteiﬁ.
These findings suggested that the composition of potato
tuber protein cannot be represenféd only by tuberin and
tuberinin. | -

| Application of electrophoresis for potato'cultivar
identification was demonstrated by Zvartz (1966). He
subjected the soluble tuber proteins to papén
electroplioresis and tﬁe protein band_paftérhéﬁweré used to

identify 59 Dutch potato varieties. Using PAGE, similar
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stﬁﬂies vere done by others (Loeschcke and Stegemann, 1966;
Desborough and Peloquine, 1966). As early as 1971, the

tification of potato cultivars by electrophoresis was a

éeutlne practice of German testing stations (Stegemann,
1§7?) Compilation of the data was organized as a potato
1ndex b;:} and a systematic identification procedure became
available for 530 registered cultivars grown in most
European countries (Stegemann and Loeschcke, 1976, 1979). By
this procedure, electrophoretic patterns of prbteins and
esterases serve as fingerprints of a cultivar. Since protein
band patterns obtained in the cathodic region with PAGE were
relativeiy simple and similar among different cultivars
(Stegemann et al., 1979), the cultivars were classified into
9 q}oups vith respect to the presence and/or absence of each
of four major bands in this region. Further classification
vas achieved by patterns in the anodic }egion and of
esterases. |

";bGSpite 1ts useful application, PAGE cw be
considered as the best method for protein-chaidcterization.
One drawback éf PAGE is that it cannot distinﬁuish two
molecules of the same mobility which differ in both charge
and molecﬁlar veight. Two additional electrophoretic methods
vere thus developed by which proteins can be separated
solely by size. The first is the gradient gel, which is
prepafed by jncreasing concentration of polyacrylamide, thus
‘ decreasing the size of the pores in the di{gction of

electrophoretic mobility (Lambin, 1978; Poduslo, 1980). When

SR
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an electric field is applied, protein molecules start moving
at a rate determiqed by their charge. As they migrate, the
pore size decreases, thus slowing the migration rate of
larger molecules. Ultimately, the protein molecules are
immobilized at the point where the pore size prevents
further migration.

The second method involves the treatment of protein
with sodium dodecyl sulfate (SDS), an anionic detergent, and
B-mercaptoethanol (Shapiro et al., 1967). This results in
extensive disruption of hydrogen, hydrophobic and disulfide
linkages, and unfolds each polypeptide chain to form a long
rod-like molecule coated with a layer of SDS
(SDS-polypeptide complex). Sulfate groups of SDS are exposed
to the agueous medium and exhibit a net negative charge. The
ratio of SDS tonro£ein is usually about 1.4:1 by weight.
When single chain protein treated with SDS is applied to a
polyacrylamide gel containing SDS, the velocity of the
electrophoretic process is determined primarily by the mass
of the SDS-polypeptide complex (Weber and Osborn, 1969). A
calibration curve is prepared, using standard proteins of
known molecular' wveights, by plotting the logarithms of
moiecular veights versus electrophoretic n9bility. The
molecular weight of protein can be determined in this way
vith an accuracy of better than $+10%..

Stegemann et al. (1973) studied molecular weight

distribution of dormant tubers by SDS-PAGE (Pigqure I1.1).

They found only 3 major protein bands (molecular veights of
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Major potato protein bands of SDS~PAGE as reported by
several authors.
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16,800, 18,000 and 19,500 daltons) when no B-mercaptoethanol
treatment was used. There were also 3 minor protein bands,
with molecular weights of 34,500, 36,500 and 39,500 daltons,
at about one-tenth the concentration of the major bands.
When S-S bridges were reduced by B-mercaptoethanol, one of
the main subunits split into at ledst 2 faster migrating
zones (13,800 and 10,200 daltons).

Snyder et al. (1977) studied the changes in the various
protein molecular weight classes during tuber growth. There
were two major broad protein bands (molecular weights
33-38,000 and 17-19,000), which were more lntensely stained
with later harvest and thus increased in concentration
during tuber growth. .

Nuss and Hadziyev (1980) reported major bands with
molecular weights of 12-13,b00, 16-17,000, 38-40,000 and
45,000 daitons in tuber‘sap proteins.‘On the other hand,
Seibles (1979) reported only two major protein bands (16,500
and 29,000 daltons). When molecular veight'distributions
reported by different authors are compared (FPigure IT.1), it
is conceivable that there are two regions where most of the
major bands are loca;ed. One is from 12,000-20,000 and the
other from 33,000-46,000 daltons. One protein band reported
by Nuss and Hadziyev (1980) is slightly away from these
regions. The importance of this band vas assessed by Raéusen
and Foote (1980), who stated that ﬁtoteins vith'nolecuiar
veight of 45,000 daltons (determined by SDS-PAGE) coﬁprisgd

20X of the soluble proteins in 31 tested potato cultivars.
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Since B-mercaptoethanol treatment did not affect the
molecular weight, this protein is not an oligomer of
subunits. However, when subjected to PAGE, it showed 3-4%
zones, indicating that the protein ex¥sts in several ionic
forms.

According to Stegemann et al. (1973), the size
distribution of protein from mature tubers, when treated
with SDS, is almost independent of cultivar. Nuss and
Hadziyev (1980) obse;ved the same SDS-PAGE pattern for ¢
Alberta-grown cu}tf;ars. Makinen et al. (1979) also reported
that almost idéntical SDS-PAGE patterns were observed with
most of the Eu&opean and South American cultivars.
Cultivar-specific PAGE patterns of soluble proteins when SDS
treatment is omitted are thus attributable to the
differences in the net charges of the proteins.

The complexity of tuber proteins has been further
studied vith more advanced electrophoretic technigues, such
as isoelectriclfocussing (IF) and two-dimensional
migrations. IF is based on the principle that a protein
migrates in a pH gradient until it reaches the pH
cotresponding to its isoelectric point (pI), where thé net
charge of the protein becomes zero. Prior Eo analysis, a pH
gradient is generated in a gel support by using a mixture of
carrier ampholytes. Any movement of the protein avay féon
its isoelectric point, once it is reached, produces a
‘regeneration of net charge, thus the prdtein is pulled back

to the pI point. Hence, diffusion is greatly minimized and



resolution is high. Differences in pl as little as 0.01 pH
units can be resolved (Bio-Rad, 1982).

Tvo—dimensional.techniques combine two electrophoretic
separations, perhaps two different types of electrophoresis
or the same type with different analytical conditions such
as pH or 1onic strength of buffers. The techniques“include
IF followed by SDS-PAGE, PAGE followed by IF, PAGE followed
by SDS-PAGE, etc. (Stegemann et al., 1973). Macko and
Stegemann (1969) studied electrophoretic patterns of tuber
proteins of 3 cultivars and demonstrated that iscelectric
focussing patterns were different and genetically
determined. They also demonstrated that each electrophoretic
PAGE band consists of several proteins with different pI. In
addition, e#ch band from isoelectric focussing consists of
'several proteins with identical charge but different
molecular weights. They applied a two-dimensional technique
with IF and PAGE and showed characteristic and reproducible
protein maps for each cultivar, irrespectivg of place of
growth, harvest year or agricultural practice (fertilizer
treatﬁent and/or irrigation).

Stegemann' et al. (1973) did not find identical protein
maps among 200 potato cultivars in the same physiological
state. In order to reconfirm the cultivar dependency of the
protein map, the effect of growth regulator, fertilization
level and physiological state of tubers was studied.
Electrophoretic patterns were not affected by growth

regulator or fertilization at different levels. However,
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immature tubers contained one characteristic bdnd which was
common to all cultivars. During maturation, this protein
disintegrated into lower molecular weight proteins
(Stegemann, 1979).

Potato protein separation by isoelectric focussing was
also applied by Kaiser et al. (1974), Nuss and Hadziyev
(1980) and Seibles (1979). Kaiser et al. (1974) separated 42
protein bands in the range of pH 3-10 from protein extracts
of 12 potato cultivars. However, the separaﬁion in the
alkaline region was not clear. Nuss and Hédziyev (1980)
reported 40-45 bands in the same pH range from 4 cultivars.
In basic and acidic regions, 13-18 and 9-10 bands were
observed, respectively. Between pH 6.2 and 7 there were 7
common profein bands in all ¢ cultivars.

| According to Seibles (1979), most of the proteins in
albumin and globulin fractions appeared in acidic regions
(pH'4-5.2). Three bands, of pI 4.2, 4.4 and 5.3, of the
globulin fraction were isolated and it was found that:their
aminé acid compositions.were very similar. However, neither
individual nor total amide contents (aspatagine, ASN;
glutamine, GLN) vere‘determined. It is probable that.the
degree of amidation was the primary factor in the
differences in protein net.charge and }soelectric points of
.his protein isolates.

The importance of protein-bound amides in protein
electrophoretic behavior was demonstrated by Stegémann

et al. (1973). They fpund that the cultivar dependent

[
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pattern of IF was not apparent under high pH conditions
(pH210). Extensive deamidation occurred at pH 10 after
hdating at 50°C of the free amides (ASN, GLN) as well as
dipeptide (GLN-GLN). The rate of GLN deamidation was greater
than that of ASN. Similar observations were reported by Nuss
and Hadziyev (1980). They found that not only the
combination of heating at i00°é and high pH (210) but
heating alone could induce extensive deamidation.

As originally suggested by Stegemann et al. (1973), all
these observations confirm that the major ditferences in IF
‘patterns of potato proteins are due to different degrees of

amidation of a parent protein.
D. Potato Tuber Amino Acid Composition

Free Amino Acids
| The nitrogén containing compounds are listed in Table
Ii?\,\Though some of these results might be questionable,
the rggio\qfﬂprotein-n and non-protein-N appears to be
accufate..?roteiﬁ of the potato tuber contains about 50% of
the N, the rest_beiﬁg non-protein-N, which includes
inorganic and .amide-N, glycoalkaloid, vitamin, nucleotide
and quatern;ry N4compoundvnitro§en, and free amino acid N,
Pree amino acids of thato tubers are of great
FeleQanée to the problems of potato processing and to the
flavor of.cooked, ffied or baked potato (Self, 1967). S{nce

the free amino acids. of tubers may account for up to or even



Table I1.1. N-compounds present in potato tuber'

™\
3
N-fraction . %X of Total-N
~True protein-N 50
Non-protein-N 50

Inorganic

Nitrate-N 1

Nitrite-N traces
Amide-N

Asparagine 13

Glutamine 10

Remaining N
Free amino acid-N 15
Basic N , 8
"Schreiber (7387)
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more than half of the total amino acid-N, they also have a
bearing on the nutritive value of the potato (Burton, 1966).

A systematic study on the variation of free amino acids
in potato tubers grown in North America, as related to
location of growth, year and cultivar, was carried out by
Talley et al. (1970). Cultivars grown in the Netherlands
were reported by Mulder and Bakema (1956). A survey of
published results set out according to potato cultivar was
provided by Synge (1977).\For Russet Burbank (Netted Gem)
grown in Maine, New Brunswick and New Jersey, the
composition in Table II.2 was reported.

Free amino acids in 13 cultivars grown in 7 different
countries were obtained by ion-exchange columns, except one
cultivar for which gas-liquid chromatography was used. In
Synge's (1977) review incomplete analyses were also cited,
related to approximately ;5 additional cultivars.

The results of 91 analyses of the free amino acids of
potato tpbers of 31 cultivars grown in England and Ireland
vere reported by Davies (1977). Though a discriminant
analysis of these results stongly suggested quantitative
differences betv;en‘cultivars, gpere was ample evidence 6f
differences due to growth location, climate and year of
growth. The means and raﬁges of free amino acids for the 31
cﬁltivars are given in Table II.3.

As found by Davies (1977), soil and climate variations
influenced the levels of a few amino acids more than those

of the rest. Those with appreciable variation wvere:
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Table II.2. Free amino acids of potato tuber Russet Burbank'
(mg amino acid/100 g tuber dry matter)

Dry matter, % fresh weight 25
N as % of dry matter 1.73-2.81

Non-protein-N as % of total N 58;62

Aspartic acid 210-284 Alanine 20-110
Asparagine -—= 2-aminobutyric acid -—-
Threonine 70-80 Cyst;ne g -
Serine 90-110 Valine  128-350
Glutamine --- Methionine 25-50
Glutamic acid 260-334 Isoleucine 40-80
“Proline 4i-60 - Leucine 23-40
Glycine 10 Tyrosine 73-170
Tryptophan 14 Phenylalanine 75-130
Histidine 42-80 Lysine 77-180
4-aminobutyric acid 150 ~  Arginine 200~-320

+ Ammonia, B-alanine, several unknowns

"Synge (1977) b




Table II.3. Means and rangds of free amino acids of potato
cultivars grown in &ngland and Ireland'
(mg amino acid/100 g tuber dry matter)

Amino Acid Mean * Range
Aspartic acid 184 32-376
Asparagine 1487 ‘ 371-3490
Threonine 48 14-143
Serine ‘ 60 15-128
Glutamine 1820 220-9122
Glutamic acid 294 225-371
Proline 88 //’ 0-484
Glycine 12 1-35 e
Alanine 32 6-118
Valine 138 15-370
Methionine 55 9-108
Isoleucine 58 14-165
Leucine 33 8-131
Tyrosine 95 17-316
Phenylalanine 77 0-204
Tryptophan 66 7-174
Lysine 65 9-319:
Hi'stidine 117 17-328
Arginine 257 60-730
4-aminobutyric acid 156 15-448
Ornithine 36 2-244

"Davies (1977)
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glutamine, proline, alanine, valine, tyrosine, histidine and
y-aminobutyric acid. The amino acid which differed the most
between tubers grown in England and Ireland was proline, a
result similar to earlier location-related American findings
(Talley et al., 1970). A correlation of the tyrosine content
in tubers with rainfall and humidity was proved by Mapson

et al. (19;3). Davies (1977) reported similar patterns in
free amino acid contents averaged by year (1968, 1969, 1970
and 1973). Such consistency was also found in tubers during
short periods of storage, up to 5 weeks. Longer stofage (3
months) was reflected by a consistent increase in contents
of two amides: glutamine and arginine. However, an increase
of arginine content during prolonged storage may also
indicate a change in the binding affinity or location of
arginine in the tuber rather than its "de novo" synthesis
(Talley et al., 1958).

Most of the above results were obtained from a tuber
slurry in 70% ethanol, which was mixed with a filter aid
(Celite 545), poured into a glass chromatography column, and
percolated overnight with 70X aqueous ethanol, collecting an
elu#te totalling 1900 ml. An aliquot of this eluate was
reduced to about 10 ml using a rotary evaporator at 40°C,
then slightly acidified with 0.1 M HCl and applied to an
amino acid analyzer operaﬁed at 60°C (Boulter, 1966). At
this temperature part of glutamine is lost by cyclization to
pyrrolidonecarboxylic acid, hence consigerable‘doﬁbt shouia

exist concerning the accuracy of glutamine results,
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Moreover, the procedure applied by Boulter (1966) uses
Na-citrate buffer, which does not separate glutamine and
asparagine. These amides are eluted between threonine and
serine, the two amino acids which in potato samples are
unresolved from the large amide peak. Hence, the amount of
asparagine is in doubt, as are the amounts of threonine and
serine, which are based on difference in Asaonm OVer Assonm
ratios (Holy, 1966). Asparagine can be resolved from
glutamine and glutamine from glutamic acid by applying the

»
Nunn and Vega (1968) method (Davies and Laird, 1976).

S-Containing Amino Acids

The two S-containing amino acids, methiohine and
half-cystine (cysteine + cystine), belong to the essential
amino acids of the potato tuber, along with eight other
acids (isoleucine, leucine, lysine, phenylalanine, tyrosine,
threonine, tfyptophan and valine). It has been reported that
methionine and cystine are the limiting amino acids of
potato protein (Knorr, 1978).

Thqkftee methionine (cystiqe) contents in mg/100 g
tuber dry matter were reported by Synge (1977) to range from
26-87 (2~5) for éQ. Bintje, 42-64 (0) for Superior, 46-127
(trace) for Katahdiq,'zs—so (9) foerusset Burbank, 64-89
(--) for Rennebec and 17 (--) for Maritta. For some
Cultivars grown in England and Ireland, Davies (1977)
reported the following methionine contents: King Edward

39-95 (mean 37), Record 32-64 (mean 48), Désirée 76-108
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4¥(mean 95), Bintje 51-72 and Duke of York 103. For a total of
17 cultivars from England, Davies (1977) found methionine
averaging 57 and for 23 cultivars from Ireland 46’;9 00 g

it tuber dry matter. Its change over three congkcutive harvest
years was from 43 to 65 mg,/100 g tuber dry matter. In his
study no results for cystine were provided.

Desborough et al. (1974) reported the presence of an
additional peak before the aspartic acid peak in an amino
acid chromatogram. It has been identified as methionine
sulfoxide and was limited to acid hydrolysis product of
potato powder. They stated that sulfoxide is not a naturally
occﬁrring component of potato tuber.

Some recent methods have enabled separation of

meehionine, methionine sulfoxide and methionine sulfone

obtained under acid hydrolysis of proteins. Thin-layer

.chromatography (TLC) has been used (Tannenbaum et al., 1968)
to separate free methionine (Rf 1.0) from its sulfoxideﬂJRf
: , AN
. 0.26) and sulfone (Rf 0.33). Some separation was also ()

achieved usiﬁg N-trifluorocacetyl methyl ester (TFAM). Here
the sulfone could be separated from methionine but not from
sulfoxide. TFAM-methionine could, however, be readily

S determined by gas chromatography with reproducible results
over dﬁ;ide concentration range. Howvever, T?An-ufthionine
could ndt be separated from TPAM-methionine sulfbxide. No
peak could be observed for TPAM-methionine sulfdge, probably
due to direct deoxygenation (Tannenbaum et al., 1968). A

satisfactor& separation of methionine from its sulfoxide and

- ¥



sulfone was reported by O 'Keefe and Warthesen (1978). The:r
separation 1s based on HPLC cf the compounds derivatized
with dansyl chloride (5—N-d1methylaminonaphthalgne suifo-
chloride) and use of a reversed, phase Bondapak C.,-column
and acetonitrile - phosphate buffer pH 7.9 as eluent,

However, in spite of the available methods no attempt
has been made so far to verify the présence or absence of
methionine sulfoxide or sulfone in raw or processed
potatoes.

S-amino acids are 1important in providing secondary
flavoring characteristic; for cooked (in water), baked or
fried potatoes. Degradation of methionine yields methyl
mercaptan, while methional, the major flavoring compound of
French fries, is formed via a Strecker's degradation
pathwvay. Additional secondary reactions might occur among
these sulfur compounds. Thus, the stongly nucleophilic S-°*
can attack a methoxy'group to yield the even more
nucleophilic methyi S$°'. This could lead to dimethyl
sulfide. The latter might give rise to disulfides and
‘polysulfides and some 25 other sulfur containing volatiles

from processed potatoes (Gumbmann and Burr, 1964).

Protein Amino Acids

Approximately half of the potato tuber nitrogen is true
protein. The average total amino acid composition (free and
bound amino acids) of cv. Russet Burbank (USA) and Bintje

(Denmark) is given in Table II.4.



Table 11.4. Average total amino acid composition of
" potato tubers cv. Russet Burbank (USA)
and Bintje (Denmark)
{g aminc acid 16 g total-N after hydro.ys:s)

i

Am:ino Ac:d Russet Burbank' B:ntje

4

Aspartic ac:d 2
Threon:ine

Serine

Giutamic ac:d
Proline

Glycine

Alanine

Cystine + Cysteine
Valine

Methionine
Isoleucine

Leucine

Tyrosine
Phenylalanine
Lysine

Histidine

Arginine
Tryptophan
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"Kaldy and Markakis (13972)
*Rexen (1976)
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The values for methionine and for cystine + cysteine
for cv. Russet Burbank were based solely on data obtained by
the performic acid method. Averages of 52.3% methionine and
62.2% cystine *+ cystelne are destroyed during protein acid
hydrolysis when performic acid oxidation is omitted. For cv.
Bintje methionine was determined microbiologically by using
Streptococcus zymogenes after the protein was hydrolyzed
with hydrochloric acid ior one hour. Nevertheless, under
such conditions of hydrolysis the extent of methionine
destruction 1s unknown (Rexen, 1976). Hence, unlike the
other amino acids, the accuracy of results of S-containing
acids are doubtful. These data amply illustrate that the
lysine codcentration of potato protein is higher than that
of most plant proteins, while methioniAe and cystine are the
limiting amino acids. As reviewed by Knorr (1978), both
amino acid analysis and bioassay have verified the protein
Quality of potatoes for humans.llt isAcomparable to that of
vhole egg and is equal or better than casein. Rexen (1976)
reported essential amino acid indices (EAAI) of 33 potato:
cultivars in relation teo whole egg to be between 55 and 84.
Similar results were reported by Desborough and Lauer (1977)
and Rapoor et al. (1975). The latter authors' EAAI values
ranged from 72-100.

The influences of potato cultivar and nitrogen
fertilizer level on the protein content and quality of
potatoes were reported by Rexen (1976). He used 20 cultivars

and two N-fertilizer levels 110 (114) and 180 (186) kg N/ha

N



29

in each of two growing seasons (levels for the second season
in brackets). Baéed on his data, it appears that fertilizing
with high levels of N results in increased crude protein
content (Kjeldahl N x 6.25). In this respect significant
differences (P>0.999) were found between the cultivars.
Potato quality, expressed as EAAI, decreased significantly
(P>0.999) with higher N application. With higher N there was
also a significant decrease in essential amino acids:
valine, threonine, isoleucine, leucine, phenylalanine and
lysine. For some cultivars isoleucine became the limiting
amino acid. However, there was no significant effect of N
level or cultivar on methionine. For the nonessential amino
acids there were significant differences both between N
levels and between cultivars, an exception being the lack of
influence on proline and arginine. The study of the
relationéhip between amino acids of‘each tuber and the tuber
nitrogen contént showed that all amino acids were negatively
correlated with tuber N'content, except for aspartic acid,
threonine and arginine. Regression lines for eleven amino
acids versus tuber XN were provided. |
The relative amounts of various amino acids ih potato
proteip, obtained from samples dialyzed in order to remove
the pool of free amino acids are presented in Table II.S.
| A comparison of total amino acids (protein and free
“amino acids) and dialyzed (protein) samples revealed that
after dialysis there is a loss of all amino acids except

glycine. The three nonessential amino acids in the free



Table I11.5. Mean relative percent of amino acids from
tuber protein'

Range, 40 samples

Amino Acid Relative % (mg/g tuber protein)
Asp 13.91 2.80-17.57
Thr 5.20 0.66- 7.39
Ser 5.90 1.56- 7.39
Glu 11.20 1.46-15.01
Pro 5.29 0.94- 6.79
Gly 6.05 1.58- 7.06
Ala 5.32 0.99- 5.75
Val 4.88 0.57- 6.71
Met 1.51 0.19- 2.69
Iso 3.73 0.81- 5.04
Leu 9.70 1.54-13.51
Tyr 5.43 1.29- 5.44
Phe 6.38 1.60- 7.20
His 2.39 0.59- 2.79
Lys 8.18 1.62-10.82
Arg 4.74 ' 0.65- 6.45

'Desborough and Welser (1374¢)
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pool, aspartic, glutamic and tyrosine, comprised up to 30.9%
of the total. The two essential aﬁino acids, valine and
leucine, comprised only 2.6 and 6.1%, respectively, of the
total pool. Hence, it was concluded that the essential amino
acids occur mainly as components of tuber proteins
(Desborough and Weiser, 1974). This study also found that a
conversion factor of 7.5, rather than 6.25, would be more
appropriate for calculating potato protein N when using the

micro-Kjeldahl method.

Amides

It is well known that some established potato cultivars
have high amino acid content in their soluble ﬁitrogen, and
an amide moiety vwhich tends to be rich in asparagine. In.
contrast, some cultivars grown under high levels of nitrogen
fertilizer treatment have higher total soluble nitrogen and
a higher proportion of amide, predominantly as glutamine. It
appears that during cooler nights and longer days potatoes
store more asparagine, and wvarm temperatures and shorter
days more glutamine (Steward and Durzan, 1965). Total amide
N, as percent of soluble N, averages 60-65X, asparagine 1374
#g/9 and glutamine 3020 ug/g fresh weight (Steward and
Street, 1946; Thompson and Steward, 1952).

_Deter-ination of total amide-N involves hydrolysis in
vhich the released ammonia is recovered by distillation.
Glutamine constitutes Ehe "easily hydrolysable" and

asparagine the "retardable” fraction. Isolation of
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crystalline amides from potato tuber employs lead acetate to
clarify and precipitate the protein in potato sap, and
mercuric nitrate to precipitate the amides, followed by
their fractional crystailization (Steward and Street, 1946).

As stated by Steward and Street (1946), agueous
extraction of fresh potato tissue is preferred over 70%
alcohol for amides; Protein is removed by heat coagulation
prior to determination of soluble nitrogen fractions.

A similar approéch in amide determination was followed
by Kaﬁpérs (1959). He obtained potato tuber sap using a
press, removing starch and cell débris with a filter cloth,
then using the aqgueous filtrate for paper chromatographic
separation of amino-N and amide-N constituents. He obtained
591 uqg/g fresh weight for asparagfne and 98-246 ug/g for
glutamine, i.e. much lower values than those of Thompson and
Steward (1952). He also found that, among early, mid- and
1at§ ripening ¢ultivars, the amide-N did not differ. Also,
storage from November until March did not change the |
content. N fertilizer treatment from 80-200 kg N/ha did not
bring about significant changes, except in amide ratios:
there was an increase in glutamine at the expense of free
glutamic acid, and a decrease in the content of asparagine.
Lastly, he reporteé‘that the amount of arginine increases
after~p§tato Phytophthora infection. This appears to
contrast with X-virus infection of potato plants. As found
by Skofenko (1966), the total content of amides in healthy

tubers was higher than in tubers infected with virus, the
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predominant change being in asparagine. Glutamine remained
practically unchanged. This finding is the reverse of that
for green potato leaves,.

In a study to determine if virus infection was
responsible for reduction in size and yield of tubers from
diseased plants, McDonald (1977) foupd that leaf roll virus
infection brought about an increase in a-amino-N and
glutamine fractions, and a slight decrease in asparagine
amide-N throughout the growing season. Lastly, under
commercial practice two and three year reproduction of seed
potatoes on heavy loams after fertilization by N, P and NPK
(45 kg/ha of each element) showed no change in amino acid
composition of seed tubers, but there was an increase in the
content of total and essential amino acids and amide-N
(Ilina, 1975).

Amino acid and amide separation by ion‘exchange ~
chromatography has also been the subject of several studies.
By employing Na-citrate buffer as the column eluent,
glutamine and asparagine could not be separated without™
sacrificing resolution of other amino acids (Talley et—al.,
1964). In one column systems glutamine was separated from
serine, however asparagine was eluted vwith serine.

;jﬂﬁrhe:efore, it was necessary to rechromatograph the samples
after an aliquot vas hydrolyzed, then to determine changes
in aspartic and glutamic acid values relative to those of
untreated sample. Contrary to this general nethqa, Benson

et al. (1967) achieved separation of amides without
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hydrolysis and without interference from other amino acids
on a 55x0.9 cm resin column (Beckman PA-28 and AA-15 Li
form) using an Li-citrate buffer with thiodiglycol at a flow
rate of 70 ml/hr at 37°C throughout the analysis.

»

An earlier method involved cyclizapion of gluta&ine to
-

pyroglutamic acid in 2.1 M phosphate buffer pH 6.7 at 100°C

for 90 min (Talley et al., 1964). Asparagine then was

estimated directly from column effluent and the pyroglutamic

acid was collected before reaction with ninhydrin,

hyrdolyzed with acid and rerun on the amino acid analyzer as

glutamic acid.

E. Effect of Processing on Potato Tuber Proteins and Amino

Acids

Cooking (Boiling)

The protein and amino acid compositions of peeled
potatoes boiled in water (2 ml/g tuber) by the usual
household method were reported by Hughes (1958). Protein was
separated from non-protein-N by—ethanol treatment of peeled
and homogenized tubers, while amino acids weremaetet;ined by
the method ofvMoore and Stein (1954). The peeled raw tuber
had a ‘total N content of 1.9% dry matter. Protein-N was only
34X of the total N, indicating that a large portion of
protein-N was confined to peel and adjacent cortex. After
vater cooking the total N loss was 5.3%X. Apart from

increased amounts of aspartic and glutamic acids, due to
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~amide hydrolysis, cooking did not substantially change the

amino acid composition of the tuber.

Processing into French Fries and Chips -

In the commercial production of Ffénch fries peeled
potatoes are cut into strips, blanched in hot water,
partially deep fat fried (par-fried) and then frozen. The
customer performs the finish frying. Blanching is done at
temperatures fsgmx$0-82.2°c (most often at 71°C) for a
period of Tgﬂ,?;f-followed by par-frying for 1 min at
160-185°C, and finish frying of frozen fries is carried out
at 185°C for 3 min. Under these conditions the oilfcontent
of the par-fries is close to 3.4% and of the finished fries
8.2%. The weight loss from before blanching to after
par-frying and freezing is 18.9% (Nonaka et al., 1977).

The role of blanching in hot water is to inactivate
enzymes responsible for browning and off-flavors. In
addition during blanching sﬁgars leach from the surface of
tpe cut potato strips, thus reduciﬁg the extent of Maillard
reactions in the frying step, i.e. avoiding an undesirable
daik brown color of the finishgd~prodhct. Finally, blanching
firms th§ texture and dectsaSes the oil uptake of the
par-fries.

In tubers selected for French fries there are
requirements related‘fo the content df somé‘anino acids. To
minimize Maillard reaction§ and‘té,obtain-1ight-éolored

fries, tyrosine and proline mQ;t be in abundance, vhereas
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leucine and isoleucine contents must be low (Holm, 1974).
Tyrosine, on the other hand, increases the risk of enzymic
browning during peeling and strip cutting. As found by Rexen
(1976), isoleucine, leucine and tyrosine are highly
positively correlated with lysine, another essential amino
acid. Hence, potato cultivars aimed for French fries should
be characterized by a low essential amino acid index
combined with a fairly high proline content.

A three-step blanching for potatoes was suggested by~
Weaver and Ng (1979). A sequence of steam or water blanching
(blanch, dry, blanch) provided a 25-35% decrease in oil
uptake and a 15% reduction in weight loss of fries. This
process was followed by an innovative two-step blanchiné,
suggested by Ng and Weéver (1979), which was more suitable
for both high and low specific gravity tubers. The tubers
were subjected to water (or steam) blanching, followed by an
air-drying step. control of the blanching temperature
provided a texture from very firm to mealy. The process was
suggested for potatoes under retorting }n cans or pouches.
Similarly, Yu and Swanson (1979) introduced the short
Dry-Fry method, which combines steam-blanching with partial
dehydration of potato strips, primarily‘to optimize color
and texture of Prench fries. It is obvious that amino acids
are also involved in a successful blanching step. However,
‘none of fhe developers of these new blanching processes

provided data to reveal the effect on amino acids.
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Changeg in amino acids in chips made from fresh, stored
and reconditioned Kennebec potatoes were reported by
Fitzpatrick and Porter (1966). The potatoes were abrasion
peeled, chipped and fried batchwise in a basket-type fryer
at 180°C for 4 min until deﬁydration was completed. The
study showed that the ethanol extractable-N of the tubers,
containing 24 free amino acids $n§ amides, increased on
potato storage and reconditioning;\thus:teflecting protein
degradation. Chip frying caused a general decrease in almost
all amino acids and a marked loss of amides. Losses of
methionine were partly offset by increases in sulfoxide. An
increase in B-alanine was ascribed in pafh‘to aséartic acid
decarboxylation. In addition several sugar4é£ine\
condensation products were found, and after ﬁ;drolys}s
provided larger amounts of glycine, serine, alanine anq

Pl

leucine. An increase of aspartic and glutamic acids and
ammonia in chips indicated amide degradation. |

However, in chips from stored and reconditioned
potatoes most of the amino acids changed to forms not
recoverable by acid hydrolysis (Fitzpatrick and Porter, °
1966) . When the tubers vere stored in the cold, reducing’

sugars accumulated. With such tubers chip frying caused a

loss of 88% of the reducing sugars with a matching loss of

free amino acid-N. The fatio of N to reducing sugar (as
fructose) in such a loss was 1:1.35 umol/g tuber dry matter.
Acid hydrolysis proved that the n;puré}of'the loss was an

amino acid-sugar- interaction. When the reducing sugaf
\ - .
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P
content was low; as in fresh and reconditioned tubers, the

ratios were 9:1 aﬁd 6.3, respectively. Losses of amino acids
were not explained in these cases, though amino acid
polymerization was suggested but not proved.

New Brunswick-grown cv. Russet Burbank of low and high
specific gravities (LSG and HSG, “respectively) was the
subject of a study by Jaswal (1973) on the contents of free
and bound amino acids as affected by processing into chips,
French fries and flakes. Free amino acids from raw and
processed samples were extracted with 70% ethanol, while
total amino acids (free + bound) were obtained by hydrolysis
with 6 N HCl for 24 hr. The available lysine of the raw and
processed samples was also determined using the spectro-
photometric 1—f1uoro—2,4—dinitrobenzene/method of Carpenter
(1960).

The LSG potatoes contéined a total of 108.1 mg amino
acids per g dry matter, of which 21.3% was in tﬂé free
state. Close to one-third of the bound form consisted of
essential amino acids, the rest being aspartic and glutamic
acids. Processing into chips /resulted in a significant loss
of both free and bound acids (44.8 and 36.9%, respectively).
The decrease in aspartic and glutamic acids, histidine,
lysine, phenylalanine, proline and tyrosine accounted for
most of the loss of the bound fractién, while the loss of
the free amino acid pool involved almost all the individual
acias. Here arginine loss was the greatest, while minor

1®sses were found for leucine, proline and glycine. Unlike
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chipping, French frying showed no significant loss (only
4.5% of the tota. amint aci1d content).

The HSG study revea.ied considerably lower values for
total (90.3!, bound (7'.3) and free amino acids (19.0 mg,/g
tuber dry matter). The:r changes with processing followed
the pattern of LSG tubers, however the extent of destruction
was significantly lower. The total amino acid loss was 22.9%
with chips but only 5.2% with fries. In both cases the loss
was mainly from the free amino acid pool.

The total lysine contents of LSG and HSG potatoes were
5.7 and 4.2 mg, g dry matter, respectively, of which close to
3'%. was 1n the free state. Of the total lysine, 80-90% was
ig the available form :n raw tuber: i.e.‘vith its free
¢e-amino group. Processing adversely affected the levels of
total and available lysine. Chips ;hoved the greatest loss,
58 and 68%, and fries the least, '4 and 12%, respectively,

-

for LSG and HSG tubers.
Processing into Dehydrated Flakes and Granui.s
The change of free and bound amino acids in

laboratory-made flakes vas reported by Jaswal (1973). The

flakes were prepared from tubers peeled, washed and cooked
Qn boiling water for 20 min, followed by mashing with 0.2%

glyceryl monostearate and drus drying. There was an overall

22.8% amino ncid loss which was closely divided between the

bound and free amino acid pools. Of interest is the finding

that vhen monoglyceride wvas omitted the overall loss



40

decreased to 18.5%. However, when HSG (1.095-1.106) potatoes
were processed there was a negligible destruction of amino
acids, amounting to only 4.3% for bound and 2.1% for free
fractions in the absence and 9.3% and 11% i1n the presence of
monoglyceride. |

The fate of free amino acids during commercial
prodessing by drum drying (potato flakes) and extrusion
(French fries) was reported by Maga and Sizer (1979). Flakes
containing 48% added water were extruded at 70, 100, 130 and
160°C. The authors réported high losses of all free amino
acids as a result of dehydrated flakes production. The most
affected were methionine, glycine and lfsine (losses of 86,
82.7 and 67.7%, respectively). During extrusion the free
amino acids phenylalanine, tyrosine, serine and isoleucine
vere readily destroyed at all temperatures. Other amino
acids were more resistant to destruction at lower
temperatures but suffered high losses at 160°C. At 160°C
destruction loss was 67X for glycine and 98% for tyrosine,
with an overall free amino acid content loss of 89%.

~The change of total N, as determined by the
micro-Kjeldahl method during commercial production of
add-back granules and flakes in Idaho and Washington States,
vas reported by Augustin et al. (1979). There was a 91%
retention of total N during water blanching, with similar
retentions after cobling, steam-cooking, mash-mixing and
conditioning steps of the granule process. The tetent}on by

unit operations was highest in steam-cooking, mash-mixing
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and conditioning (99-100%), and less in water blanching
(91%) and dehydration (93%) steps. During flake production,
consisting of water blanching, cooling, steam-cooking,
mashing and drum dehydration, N retention was 85-87%
overall, with the highest unit operation retention occurring
with steam-cooking and mashing (99%).

Amino acid changes as affected by an add-back
commercial granule process and by a freeze-thaw pilot scale
process have not been reported. Some data of Golan-Goldhirsh
(1979) emphasized the need for such a study, but provided no
answers on the effect of processing parameters on total,
bound or free amino acids of dehydrated mashed potato

granules.
F. Analytical Procedures

Total Protein Determination

Protein can be guantitated by numerous techniques,
“including UV spectrophetometry, Kjeldahl's digestion
procedure, elemental analysis, dye binding, colorimetric
methods, and summation of the amino acidvcontent. Since UV
light i1s absorbed by tyrosine, phenylalanine or tryptophan
residues, the concentration of a protein solution can be
determined accurately at 280 nm provided that the absorbance

coefficient is known and the sample is free of impurities.
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Protein assay by nitrogen determination is based on the
assumption that a pure protein mixture will contain close to
16% nitrogen. Thus, the nitrogen content determined by
Kjeldahl or elemental analysis is multiplied by 6.25 to
estimate the amount of potato protein. While this conversion
factor 1s common, other values have been used for particular
proteins,.depending on the nitrogen content of pure
standards, e.g. 5.7 for wheat flour or 6.38 for milk. The
factor for -potato protein is usually 6.25, regardless of
cultivar. However, Desborough and Weiser (1974) reported
that 7.5 was a more appropriate con;ersion factor for a
number of cultivars. If the sample is not a pure protein
lsolate, non-protein ditrogen (NPN) 1s also included in the
nitrogen value. NPN includes free amino acids, ammonia,
amides and basic (nucleotide) nitrogen. In the case of
elemental analysis, highly oxidized nitrogen (consisting or
nitrites and nitrates) is also included in the nitrogen
value. Therefore, to obtain pure protein-N, NPN is removed
by dialysis prior to nitrogen determination by the Kjeldahl
method, which is well established and standardized for this
purpose. However, there has ?een a need for further
improvement in the digestion step. Various catalysts have
been introduced, such as mercury, copper or selenium ions.
Concon and Soltess (1973) recommended the use of hydrogen
peroxide and lauric acid to reduce digestion time to 10 niﬁ

vhile minimizing foaming of the sample.
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Colorimetric methods, such as the Biuret method
(Bailey, 1967), Lowry's method (Lowry et al., 1951), Potty's
method (Potty, 1969) and various dye binding methods, are
simple and reproducible for protein estimation. High
correlation (r=+0.9827) of the potato protein contents
determined by Orange G and bromophenol E)ue dye binding and
Kjeldahl methods was reported by Raldy et al. (1972). The
bromophenol blue method was also found to be in good
agreement with micro-Kjeldahl, Potty's method and amino acidy
analysis (Desborough, 1975). Finally, Heidelbaugh et al.
(1975) reporéed that the summation of individual amino acid
contents was a reliable and accurate method for proteln

guantitation.

Protein Hydrolysis

The hydrolysis of a protein or polypeptide is the most
critical step in an amino acid analysis. The methods can be
classified by the type of catalyst, i.e. acidic, basic and
enzymic hggrolyses. By far the most reliable general method
is hydrolysis with 6 N HCl in vacuo or under nitrogen.
Within 20-24 hours the protein sample can be hydrolyzed in a
sealed tube at 110°C with minimal decomposition of the amino
acjds (Blackburn, 1978; Fletcher and Buchanan, 1977).
However this method has limitations as incomplete recoveries
of some amino acids and their compounds have‘been reported.
Genefally, amides cannot be determined since they are

hydrolyzed to ammonia and to the corresponding amino acids
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(Rees, 1946). Furthermore, serine, threonine (Rees, 1946)
and tyrosine (Sanger and Thompson, 1963) and most
S-containing amino acids (Meister, 1965) are partially

degraded and tryptophan (Friedman and Finley, 1971) is
decomposed extensively. In samples which contain large
amounts of carbohydrates, such as cereals, destructive
losses become even more extensive. In order to circumvent
these problems, a variety of protective agents have been
used in conjunction with HCI, as exemplified by:
thioglycolic acid, far better recovery of half cystine and
tryptophan (Matsubara and Sasaki, 1969); phenol for
inhibition of oxidative loss of tyrosine (Sanger and
Thompson, 1963; Lipton and Bodwell, 1973); mercaptoethanol
to prevent interference by trace dimethyl Sulfoxide (Bates
and Deyoe, 1973); and ion exchange resins to accélerate the
release of aspartic and glutamic acids, threonine, serine,
valine and isoleucine (Davies and Thomas, 1973).

Since none §f these modifications is successful in
recovering all 20 amino acids of protein, additional
techniques are often required. For example, careful
measurement of ammonia released from amides provides a
method for total amide content determination (Rees, 1946).
However, some of the }abile amino acids also decompose and
release ammonia.

Por recovery of S-containing amino acids, treatment of
fhe sample with pertoriic acid is often carried out before

6 N HCl hydrolysis (Moore, 1963). Performic acid oxidation
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converts cysteine and cystine to cysteic acid, and

methionine to methionine sulfone:

9 Q
R-SH —————» R-3-OH R-5-5-R ———— 2 R-5-OH
HCOOOH 0 HCOOOH 0 (cysteic acid)

s(NalO

R-S-CH,, =—» R—§—CH3 —ep R~ —CH3
3 HCOOOH 0 HCOOOH 0 (methionine sulfone)

These derivatives can be recovered after 6 N HCl hydrolysis,
even in the presence of up to 94% carbohydrates in a sample
(Moore, 1963). However, the oxidation is not fully specific
to S-containing amino acids. Over-oxidation should be
avoided by removing excess performic acid before hydrolfsis.
This is usually accomplished by dilution of the samples with
vater, followed by lyophilization. Alternatively, HBr is
added as a reducing agent and the resulting bromine is
removed (Hirs, 1967).

In any of the hydrolysis procedures mentioned above,
the original concentrations of cysteine and cystine cannot
be estimated individually as both are determined as
half-cystine, or cysteic acid. Simpson et al. (1976)
introduced a method which allowed the discrimination of
these two amino acids in a single hydrolysate. The sample
wvas first treated with iodoacetic acid to alkylate the
cysteine residue. After hydrolysis (using methanesulfonic
acid in the presence of 3-[2-aminoethyllindole), the
disulfide linkage was cleaved with DTT (dithiothreitol) and
the free sulfhydryl group was then reacted with sodium
tetrathionate. Cysteine was determined as S-carboxymethyl

cysteine, and cystine as S-sulfocysteine.
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The reagents mentiéned'above (except for methane-
sulfonic acid) are not successful 1n protecting tryptophan.
¥xygen, cystine, serine and heavy metals may all contribute
to the degradation of the indole ring of tryptophan (Davies
and Thomas, 1973). Several alternative acid catalysts have
been proposed, i.e. 3 N p-toluene sulfonic acid containing
0.2% 3-[2-aminoethyllindole (Liu and Chang, 1971), mercapto-
ethanesulfonic acid (Penke et al., 1974), or 4 N methane-
sulfonic acid containing 0.2% 3-(2-aminoethyllindole
(Simpson et al., 1976). The latter method has provided the
best recovery.of tryptophan from pure protein, however the
loss of tryptophan is still appreciable in samples

containing more than 20X carbohydrate.

Determination of Free and Bound Amino Acids

Ion-Exchange Chromatograpty

One of the most reliable methods for amino acid
analysis is the use 'of an automatic analyzer equipped with
ion-exchange columns (Blackburn, 1978). A variety of
instruments based on one or two column methods have been
used in routine practice (Beckman, Jeolco, Beckman-Spinco,
Durrum, Technicon). Automation of simple injéction, buffer
flow control, effluent detection, data processing and other
functions have reduced analysis time for a complete seE‘of
amino acids to léss than 1 hr. It was also essential that
su{table ion-éxchange columns and specific reactions for

effluent detection and measurement be developed. The
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development of these principles is briefly reviewed.

The 1dea of separating amino acids by column
chrohatography was originally present by Elsden 3Pd Synge
(1944). However, they used potato starch as packing
material, which had its drawbacks: irreqular elution peaks
and variablg recoveries. As found by Stein and Moore
(1948), performance was improved after preliminary washing
of the starch column with 8-hydroxyquinoline. Symmetrical
and well-resolved peaks were then obtained. Such a column
was used‘for analyzing protein hydrolysates (Stein and
Moore, 1949; Pierce and du Vigneaud,\1950). However, a
complete analysis required two weeks, with other problems
encountered such as starch standardization, regeneration
and solubility (Jacobs, 1966).

During the 1950's starch was replaced by
cation-exchange resins such as Dowex 50-X8, a sulfonated 8%
divinylbenzene cross-linked polystyrene (Moore and Stein,
1951). An amino acid mixture was separated on a single,
long column (0.9wﬁ60 cm) using a step-wise elution
techniqué with\:)gjdifferent buffer systems. At this time
it wvas suggested that a successful séparation of amino
acids cannot be explained solely by ion-exchange processes,
since neutral amino acids vere also well separated,
indicating that the sulfonated polystyrene resin matrix may
provide sites for both ionic and non-ionic interactions
(Moore and Stein, 1951). However, buffers of pH 8 or higher

were necessary to elute the basic amino-acids (lysine,
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histidine, arginine and tryptophan) When the separation was
conducted on a short column (0.9x15 cm), buffers with pH 7
or below could quantitathely resolve these basic amino
~acids. By combining both long and short columns, all amino
acids were separated in 5 days. \

Since Dowex 50-X4¢ wés expected to provide better
resolution, Moore and Stein (1954) studied a single column
method using this resin. They could separate as many as 50
components of a syntheticlﬁixture using a 0.9x150 cm column
and gradient elution by increasing the ionic strength from
0.2 N to 1.4 N Na concentration and the pH from 3.1 to 5.1.
Although quantitative recovery of amino acids (100+3%) was
obtained Q} this technigue, several problems still
remained. The Dowex 50-X4 column could not be reused
directly due to shrinkage of the resin bed‘(uoore and
Stein, 1954). It was obvious that improved separation with
a less cross-linked resin sacrificed the re-usability of
the resin. A systematic study showed that Amberlite 120,
another sulfonated polystyrene, was sﬁperior to Dowex 50 in
its uniformity and performance of the column, hence it was
applied by Moore and Stein from late 1950 on.

The first laboratory scale automatic amino acid
analyzer vas constructed in 1958 (Moore et al.; Spackman
et al.) using twao columns packed with Amberlite 120. Acidic
and neutral amino~acids vere separated on a long column
(0.9x150 cm) with Na-citrate buffers of pH 3.25 and 4.25 as

eluents, while basic amino acids were eluted from a short
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column (0.9x15 cm) using an Na-citrate buffer of pH 5.28.
Regeneration was necessary for the long column, but both
columns could be used repeatedly. Analysis time was reduced
to 24 hr, with automatic recording. This instrument served
as a prototype for commercial auto analyzers (Foreman and
Stockwell, 1975), and since then substantial imprgvements
have been achieved by individual manufacturers. One such
improvement was manufacture of high guality resins
consisting of fﬁne spherical particles of uniform size.
Because of this improvement, the size of‘the column could
be reduced wiéhout sacrificing amino acid resolution. The
diameter was reduced to 6.3 mm (Hamilton, 1963),‘2.9 mm
(Liao et al., 1973) or 1.75 mm (Blackburn, 1978). Long
column lengths were shortened from 150 to 50-60 cm and
short columns from 15 to 5 cm (Beﬁson and Patterson, 1965).
For the convenience of analysis, a single column
procedure was developed by Piez and Morris (1960) and .
Hamilton (1958, 1963). The automatic analyzer developed by
Hamilton (1963) could separate a mixture of amino acids and
other amino compounds on one column. Improvement of the
resolution was mainly due to the use of a resin with fine
spﬂerical particles (17.5 u diameter) packed in a narrow
column (0.636x150 cm). Detection sensitivity was increased
to 10°* moles by use of a longer light-path photometer.
Commercial automatic analyzer systems are available
with both single and dual column systems, with both systems

having the desired performance and flexibility (Robinson,
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1978): Generally, single column systems appear to be more
convenilent for sample application because of decreased
pipetting errors. However, the higher amounts of ammonia in
the buf?ers or samples used 1in single columns could cause
exéensive baseline shift and peak broadening of basic amino

acids. Hence, single column systems require preliminary

removal of ammonia from buffers and samples.

Gas-tiquid Chromatography

Cumulated research on the development of gas-liquid
chromatography (GLC) now allows amino acid analysis
comparable to.conven;ional lon-exchange chromatography
(Gehrke et al., 197ﬂ;\Hall et al., 1980) with apparent
advantages such as: (1) simplicity; (2) high sensitivity;
(3) low initial cost of instrumentatién; (4) -greater
versatility of the instrument; (5) shorter analysis time;
(6) ease of interfacing the gas chromatograph with a mass
spectroscope.

In contrast -to ion-exchange chromatography, however,
prepgration of stable vélatile derivatives is a
JC£¥;quisite for amino acid analysis by GLC (MacKenzie,
~1981). The main objective of derivatization is to modify
protonic groups, such as amino, carboxyl, hyrdoxyl, thiol
or quanidino groups, in order to stabilize them and to
prevent intermolecular hydrogen bonding. A large number of

methods applied in the past are briefly reviewed.



Because of simplicity, several single-step
derivatization procedures, such as alkylation or TMS
(trimethyl silyl) derivatization, have been developed, but
none 15 sultable for general apblications. The most common
derivatizations are based on the two-step formation of
N(O,S)-acylamino acid alkyl esters (MacKenzie, 1981). One
of the widely used acylating reagents is trifluoroacetic
anhydride (TFAA). Gehrke et al. (1968) used TFAA ”\
derivatization methods for macro, semi-micro and micro
scale amino acid analysis.

Instability of these derivatives in the presence of
water, 1in contact with a hot metal surface, evaporative
loss during elimination of solvent and/or acylating
reagent, and poor resolution are potential difficulties
(HuSek and Macek, 1975). Moreover, two columns are usually
required to achieve separation of all 20 pro;ein amino
acids. Moss and Lambert (1971) introdgced the form;tion of
heptafluorobutyryl (N-HFB) n-propyl ester derivatives. Tﬁey
vere able to separate all 20 amino acids on a single
column. Heptafluorobutyric anhydride (HFBA) is a strong
acylating reagent. Its derivatives are more stable and less
volatile than their TFA counterparts, thus losses during
preparation are minimized (Husek and Macek, 1975).
Quantitation on a single column has also been reported with
N-HFB-n-propyl, -isoprop}l, -isobutyl and -isoahyl esters
(Moss and Lambert, 1971; Kirkman, 1974; Kirkman et al.,

1980; March, 1975; MacKenzie and Tenaschuk, 1974; Zanetta
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and Vincendon, 1973; Golan-Goldhirsh and Wolfe, 1979).

The "selection of column and liquid phase are of major
importance in GLC. Most studies have been carried out on
packed glass columns 1-3 m in length with 2-4 mm 1.D. In
order to prevent contact of derivatives with metal or all
glass components, on-column injection is preferred. Gas
Chrom Q and~Chromosorb W or G (bo;h HP) have been
recommended for their inertness and strong affinity for the
liguid phase. Although the resolution improves as the
polarity of the liquid phase increases, stability at high
temperature 1s also required for amino acid analysis.
Hence, the thermostable silicone base liquid phases (OV or
SE types) provide good separation in temperature
programming mode (HuSek and Macek, 1975).

A number of major interferences should be considered.
The presence of interfering compounds makes it difficult to
analyze biological samples prior to a clean-up procedure by
GLC (Gehrke et al., 1968). zumwalt et al. (1970) reported
that ion-exchange based chromatography (IEC) was sﬁitable
for eliminating some of the substance which interfere with
the GLC analysis of‘protein amino acids; Problems exist in
the derivatization of histidine, arginine, tryptophan and
S-containing amino acids (Stalling and Gehrke, 1966;
MacKenzie and Tenaschuk, 1974; Pearce, 1977; Tannenbaum
et ql., 1968; MacKenzie and Finlayson, 1986). Moodie (1974)
.attributed the unsuccessful derivatization of histidineAto

the formation of mono- and diacylated histidines. Traces of
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vater might affect arg:nine Jer:vat.ves. tcrming a sai{
wvhich cannct be der.vat.zed. The probtiem with *ryptophan :s
elution as twc peaks ratrher thar cne peak <Pearce,(‘9“".
This was :~::.a..yv at"r:buted o *he forma{;oh of monc- and
diacylated der:vat:ves or tc inadequate acy.iation caused by
a low react:0or temperature. MacKenz.e and Finlayson (°980)
reported that the N-HFB :sobuty! este® o¢ cyste:c ac:d was
converted upon La{!é:)on to :ts corresponding derivative,
2-amino acrylit ac:d. Hente, an 1ncrease>1n the 1njection
port temperature was su'ted tC ensure .ts quantitative
conversion. Finally, Tannenbaum et a/. : "968) reported that
TFAM (trifluorcacety. methy. ester'-methionine could not be
separated trom TFAM-methionine sulfoxide, and that a peak
could not be observed for TFAM-methionine sulfone. Such
findings 1llustrate and just:fy the fact that protein
hydrolysates, even after oxidation, cannot be used for -
determination of S-containing amino acids by GLC.

Despitg the previously mentioned drawvbacks, some
highly encouraging comparative results have been reported
for IEC and GLC analys&s-ot am:ino acids (Gehrke et al.,
1971; Tajima et al/., 1978; Golan-Goldhirsh and Wolfe,

1979). Based on these findings, free and bound amino acids
of potato have been deterrined by GLC (Hoff et al., 1971,
1972; Na;ch, '1975; Tajlims et al., 1978). Furthermore, using
the same GLC technigque, coupied with mass spectrometry,
Golan-Goldhirsh et al/. (982 analyzed y-aminobutyric acid

and ornith:ne :n the free amino ac:d poo. of the petato
»



54

tubers as well as changes in the composition of free amino

’
acids during production of dehydrated mashed potatoes.

High Pressure Liquid Chromatography

During the past decade high pressure liquid
chromatography (HPLC) instrumentation has been developed,
based on the Spackman, Stein and Moore (1958) methodology
for amino acid analyzer systems. The HPLC system appears to
have the advantage that it can‘provide separation of amino
acids using a linear rather than a step gradient elution
system. In addition HPLC can be used to separate protein
and peptide mixtures.

The HPLC system involves a cation exchange resin (Na-
form) using Na-citrate buffers, followed by an on-line,
post-column derivatization step. The derivatization is
necessary to permit detection either spectrophotometrically
(proline and amino acids with secondary amino groups, at
440 nm, and amino acids with only a—émino groups, at 570
nm) or fluorimetrically.

Traditionally, three-buffer stép gradients have been
us;a in conjunction with a temperature change to effect
separation. The purpose of the temperature change is to
enhance the separation between the threonine/serine and
tyrosime/phenylalanine pairs of peaks. With current columns
(3 mm x 250 mm Pickering 10 micron cation exchange) equally
good resolution can be obtained using a constant
temperature in the range of 45-55°C. A distinct advantage

of an automated linear gradient HPLC system versus a
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classical amino acid analyzer system is that the time of
analysis can be shortened significantly without sacrificing
resolution. In this case, the total analysis time 1s close
to 85 min at a flow rate of 0.2 ml/min, as compared to 110
min for a step gradient analysis under the same conditions.
At a flow rate of 0.3 ml/min the analysis time can be
reduced to less than 55 min.

A typical HPLC buffer system for amino acid separation
consists of (A) Na-citrate buffer pH 3.28, 0.2 M; (B)
Na-citrate buffer pH 7.45, 1.0 M; and (C) a column
regenerant. The run at a flow rate of 0.2 ml/min is 100% A
for the initial 17 min, followed by a linear gradient from
100% A to 100X B over 43 min. For column regeneration 100%
C 1s used for 5 min. This is followed by 15 min
equilibration with 100% A prior to the next injection,

Use of a linear rather than a step gradient has
additional benefits. It provides column bed stability since
lon-exchange packing is not subjected to sudden changes in
eluant composition, thus avoiding rapid swelling or
contracting of resin beads.

In HPLC the post-column reaction system consists of a
heated stainless steel reaction coil with a temperature
control between 100 and 135°C. With a thermally stable
ninhydrin reagent reaction at 135°C is preferred, allowing
a shorter reaction coil, thereby resulting in sharper peaks
and i1mproved resolution and sensitivity. An alternative

approach 1s the use Jf either fluorescamine or
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o-phthalaldehyde to derivatize amino acids to fluorescent
compounds and the use of a fluorescence detector. This

approach appears to have advantages of higher sensitivity
and a fast derivatization step which does not require

elevated temperature. A mixing and a post-column reaction
co1l long enough to provide a residence time of 15 min is
sufficient. However, proline cannot be determined by this
approach as its secondary amino'group does not react with

the reagent.

Determination of Total S and S-Containing Amino Acids and

Tryptophan

Total Sulfur

Total sulfur content in potato tuber ranges f:em
100-200 mg per 100 g dry matter. Many methods have been
suggested for total S analysis of plant materials, but none
has proved to be a satisfactory combination of speed,
accuracy and precision. To determine total § in potato it
ls necessary to quantitativel& convert the various forms of
sulfur to a single form which can be determined accurately.
This is best accomplished by methods in which total sulfur
18 oxidized to sulfate by acid br ignition techniques and
the sulfate is then estimated turbidimetrically, gravi-
metrically or by reduction to hydrogen sulfide. The
turbidimetric procedure, initielly develéped by Tabatabailﬂ
and Bremner (1970a) appears to be siléle and reliable. A

sample of 250 mg of plant material is digested in a
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micro-Kjeldahl flask with conc. nitric and perchloric
acids. The SO, ion 1s then precipitated by barium chloride.
After stirring for 1(C min, the tiansmlttance of the turbid
solution is read at 420 nm and compared with a reagent
grade K-sulfate calibration curQe (linearity region 0-700
ug/ml of sulfatel.

This procedure was automated by Mottershead (1971),
vho employed the standard modules of a Technicon Auto-
analyzer, using clear tubing and a filter of 623 nm. This
wavelength was selected for sensitivity to barium sulfate,
wvhile avoiding absorption by dichromate or metavanadate
lons in the digest. Mottershead (1971) estimated the
standard error to be 0.00! for plant material dry matter
(estimated sulfur content 0.271%), and 4 for methionine, 4
for L-cystine and 8 for sulfate. Variations in estimated
sulfur content due to different sample sizes were
negligible. Using **S-sulfate and following recovery with a
scintillation counter, he found no evidence of loss of
sulfate sulfur during digestion for 3 hr at 190°C in a
mixture of conc. nitric and perchloric acids containing
U-dichromate and NH,-metavanadate.

However, the use of acid antioxidants risks the
gaseous loss of sulfur as H,S, SO, or SO,. Therefore,
Tabatabai and Bremner (1970b) suggested wet oxidation of
-sulfur’compounds to sulfate under alkaline conditions,
folloved by analysis of the entire oxidation residue for

sulfate by the Johnson-Nishita (1952) procedure, which
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1]
involves reduction of sulfate to H,S and its colorimetric

determination as methylene blue. In this approach the
sulfur-containing sample is heated with alkaline sodium
hypobromite solution in a flask that can be connected
directly to a modified Johnson-Nishita
digestion-distillation apparatus. The sulfate ion is
reduced to H;S at 115°C using a mixture of gydriodic,
formic and hypophosphorous acids. Quantitative results were
obtained with pure sulfur amino acids, sulfonic acids,
sulfoxides and inorganic sulfur compounds such as sulfates,
sulfites, sulfides and elemental sulfur.

A pyrolytic method at 1200°C has élso been used for
total S determination in plant meals (Bhatty et al., 1977).
Organic and inorganic sulfur is converted to sulfur
dioxide, which then bleaches the blue color of a
starch-iodide solution. The volume of K-iodate solution
required to maintain the blue color gives an estimate of

the S-content of the .sample.

S-Containing Amino Acids | .

Methionine

Methionine is present in small amounts in proteins.
Its determination usually involves acid hydrolysis foliowed
by amino acid analysis. However, methionine-S is easily
oxidized during hydrolysis, providing a mixture of
‘methionine, methionine sulfoxiée and the sulfone [VI]
(Finlayson and MacKenzie, 1976). Sulfur oxidation to its VI

state prior to analysis overcomes this difficulty, but it
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1s not readily applicabie to potato tubers due to their
high content of carbohydrate (Finlayson, 1969). Protein
acid hydrolysis in the presence of carbohydrate leads to
hydrolytic losses of methionine.

Proteins react at methioﬁy} residues with cyanogen
bromide, yielding homoserine and methyl thiocyanate (Gross
and Witkop, 1961):

HOOC -CH-CHyCH,~S=CHy + Br-C:N ———— CH3-S-CiN + HOCHCHp-CH-COOH + HBr
NH2 +H20 methy] NH2

thiocyanate homoserine

As indicated by Finlayson and MacKenzie (1976), tﬁis
approach presents an alternate method for the determination
of methionine in plant material that avoids acid
hydrolysis. The method uses a 10% solution of cyanogen
bromide in formic acid, which is then added to an agueous
solution or suspension of protein or plant ﬁeal. The
protein samples dissolve readily in formic acid solutions,
while the ﬁeals remain in suspension. After 3-4 hr at room
temperature, with occasional shaking, aliquots of
Supernatant are taken and injected into a gas chromatograph
equipped with dual flame ionization detectors. Ethylene
glycol adipate at 100°C was found to be a suitable
stationary phase, with N, as carrier gas. The reaction
mixture is injected directly onto the column and the use of
50% aqueous formic acid in the analysis provides a much

cleaner separation than the use of absolute formic acid.
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This method had not been applied to potato meal,
however, as shown by Finl?yson and MacKenzie (1976)
methionine recoveries from pea globulins or canola meal
were always higher than from the seed protein hydrolysates.
This again substantiates the conclusion that protein acid
hydrolysis causes methionine losses.

Cystine + Cysteine -- Spectrophotometric Methods

Colorimetric determination of cystine and cysteine in
proteins (Cavallini et al., 1966) involves several steps:
protein unfolding with guanidine HCl (urea); reduction of
disulfide bridges into sulfhydryl groups with.
Na-borohydride; followed by destruction of excess hydride
and color development with Ellman's (1959) reagent
[5,5'-dithio-bis(2-nitrobenzoic acid)]. The dianion
readings are taken at 410 nm, using a molar absorption
coefficient of 13,600 M"' cm-' for calculation (Figure
11.2).

Felker and Waines (1978) adopted the above assay for
cystine plus cysteine, in lequme seed meals (field beans,
peas, lentils). They incubated the seed meals for 1 hr at
38°C with Na-borohydride in 8 M urea and the thiols
produced.vere determined with Eilman's reagent. A
comparison of values from this procedure and from performic
acid oxidation ion-exéhange chromatography pf 33 legume
seed meals showed good correlation for peas and lentils but
lower than expected values for field beans and fava beans.

Since disulfide bonds in a few proteins are resistant to
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reduction in 8 M urea, but easily reduced in 6 M guanidine
HC1l, Felker and Waines (1978) repeated the determination in
the latter unfolding agent. The results obtained were low
and were comparable to the urea approach. When the
experiment was repeated at 60°C, even lower values were
obtained than at 38°C (6 M qguanidine HCl takes 3 weeks to
completely denature soybean trypsin inhibitor at 25°C, but
only 15 min at 70°C) .

Ellman's value for molar absorption coefficient has
been routinely used in protein analysis. However, several
reports have provided E,,; values ranging from K1,4002600
to 14,140$170 M"' cm ' (Silverstein, 1975). Riddles et al.
(1979) reexamined the use of Ellman's reagent E,,; value
and found that accurate determination of thiol groups is
limited by uncertainty of the molar absorption'coefficient
of the dianion 2-nitro-5-thiobenzoic acid (TNB). They
purified Ellman's reagent, prepared'by reoxidation of
purified TNB, followed by gel chromatography‘and
crystallization, and found a molar absorption coefficient
of 14,150 at 412 nm in dilute aqueous salt solutions. This
value vqg then czrfirned i‘.ependeptly bf reduction of
purified Ellman's reagent with cysteine.

The absorption spectrum of TNB vqé also cr?iically

‘Gexanined (Riddl’; et al., 1979). Though the absorption
“uaxinum is at 409.5 nm, the molar absorption coefficients
vere reported for 412 n’ince this wvavelength has been

used by virtually all workers in chog; vith Ellman's

i
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original paper (Ellman, 1959). In the presence of 6 M
guanidine HCl at 412 nm a decrease in molar absorption
coefficient to 13,700 was found.

As stated by Cavallini et al. (1966), the .success of
disulfide groups determination by Ellman's reagent depends
greatly on removal of the excess of Na-borohydride. A 3 ml
protein assay volume usually contains 1 ml of 2.5%
Na—borohyd;ide and a drop of octanol as an antifoaming
agent. After disulfide reduction 0.5 ml of a solution of 1
M KH;PO. containing 0.2 M HCl is added. After 5 min the
destruction of Na-borohydride is completed by addition of 2
ml of aceter. With these precautions, the absorbance of
blanks is usually low (0.03-0.05).

Cystine + Cysteine ——-Ion-Exchange Chromatography

Ion-exchange'resin based automated amino acid
analyzers are not suitable for direct determination of
protein cystine + cysteine content. Cysteine is subject to
o;idation during acid hydrolysis and chromatography and the
cystine peak of a protein hydrolysate is not symmetrical
since there is racemization of L-cystine into meso and DL
forms. Also, major lésses of cysteine and cystine oé¢cur
during protein hydrolysis as a result of reaction with
libetated'tryptophan and hydrolyzed poly- and oligq:
saccharides. Therefore, methods have been introduced to.
quantitatively change cystine + cysteine residues of
proteins to derivatives stabie to hydrolysis ;ith G\N HC1

at 100°C far 24 hr. The deriva;ives can then-be eluted from
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resin columns as discrete peaks and be determined along
with other amino acids by the usual colorimetric detection
systems.

Such a method was introduced by Schram et al. (1954).
It is based on protein oxidation with performic acid,
during which cysteine and cystine residues are -
quantitatively transformed to cysteic acid residues which,
after acid hydrolysis, are determined as cysteic acid.

After the preliminary oxidation step, the excess
performic acid must be destroyed. Moore (1963) showed that
addition of HBr as a reducing agent provides a 94+2%
recovery of cysteic acid and a 100$2% recovery of
methionine :sulfone. Hence, this modif;catién might pgovide
simultaneous results for protein (half)-cyst@!’ agy
methioniné contents. However, Friedman (1973) reported that
applying this method to cereals and seed meals seldom
provides aii#racy and reproducibility. A promising
alternative method was reported by Spencer and Wold (1969).
Performic acid treatment prior to acid hydrolysis was
replaced by hydrolysis using 6 N HCl containing 0.2-0.3 M
dimethyl sulfoxide. This led to guantitative oxidation o&
both cystine and cysteine to cysn‘ic acid. The disadvantage
of this method was the need for “a parallel hydrolysate for

other amino acids obtained in the absence of dimethyl

sulfoxide.
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The procedure of Schram et al/. (1954) was applied on
potato tuber samples by Kaldy and Markakis (1972).
Freeze-dried samples of 600 mg were mixed with 1b ml of
performic acid, chilled to 0°C and left for 16 hr. When
oxidation was complete, 20 ml ice cold water were added and
the mixture again freeze-dried. These sapples were then
hydrolyzed 1n sealed ampules with 6 N HCl at 110°C for 22
hr. Loss of cystine + cysteine content in unoxidized versus
oxidized samples of six potato cultivars ranged from 50.0
to 71.4%, with an average loss o{ 62.2%. The methione
content was determined simultaneously in both samples, with
losses of 28.6-70.6% and an average of 52.3% for unoxidized

samples.

T ryptophan
Tryptophan -- Methods Based on. Enzymic and other
Hydrolytic Procedures \

* Tryétophan constitutes about 1% of the amino acid .
rﬂsidues in most proteins (smith et al., 1965). Acid
vﬁ;drblysis followed by ion-exchange chromatography commonly
results in extenSivg destructﬂPn of tryptophan, yielding
ammonia as the only recognized product. Many methods have
been tried for determining tryptophan in the presence of
other amino acids. Théy include Scidic, alkaiine ér
ehzymatiC'hydrélysis, folloved by spéétrobhbtometric ér
sp;ctrofluorometrié assay. These methods exploit the

reaction of the indole ring to produce colored derivatives

in acidic solutions. Later methods included reaction with

It
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K-nitrite and an aliphatic or aromatic aldehyde. Among
these procedures the most ;idely used is p—dimeth;l—
amino-benzaldehyde in sulfuric acid (reaction I), and then
oxidation of the product with Na-nitrite (reaction I1).
Nevertheless, even this procedure is limigsd 1n accuracy
and tends to be tedious. In potato tuber a;alysis by
enzymic hydrolysis phenolase activity inhibition is
required since the brown phenol reaction products interact
with tuber proteins, resulting ﬁi,complexes resistant to
enzymatic digestion. Defatting of freeze-dried potato
powder, which removes phefgls, is a recommended preliminary
procedure. ' 3

Spies (1967, 1968) introduced two hydrolytic méthods
for the determination of tryptophaﬁ%.n plant proteins. In
one method aﬁ?teln is hydrolyzed in oxygen-free NaOH in the
presence of basic lead acetate and histidine, the lagEEr
two preventing the destruction of tryptophan by serine and
cystine. Interference.in»spectrophotometric analysis of
alkaline hyafolys;tes by sulfur-containing compounds such
.as sulfides or bisulfites was eliminated by using silver
sulfate.

In the other method protein is hydrolyzed with the
ghzxme‘pronase. This is the so-called Spies'"prOCedure w"
(Spies”‘1967).alt involves a solution of 10 mg pronase/ml
0.1 M phosphate buffer PH. 7.5, of which 100 ul are added to
1-6 mg of pulverized protein (10-100 ug tryptophaﬁ).

Incubation is at 40°C for 24 hr. Then Reaction 1I
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The above procedure has been successfully applied as a
rapid and simple method for the determination of ﬁryptophan
in cereal grains (Concon, 1975). Alkaline ext;acts of
cereal proteins were treated in the prescribed sequence:
glacial acetic acid-ferric chloride and 25.8 N sulfuric
3cid solutions. Specified amounts of these solutions and
the sample were added in order to adjust the required

concentration of acid. The reaction mixture was then heated

at 60°C for 45 mjn and the absorbance of the resulking

N
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tncor s methoc dep.gjments the carctenc.d-errichecd gra.-
samp.es w:tn “-butarc.. f{c.lowed DYy SuCCess.ve ‘reaimenrts
w.th annydrcus ether-absc.ute ethanc. mi.xture and hexane cr
pet. ether. Tc avoid browning ;eactlohs, the sequence of
reagent add:tion was a.sc changed. First, glacial acetic
aci1d-ferric chloride solutions are added to the sample and
only then the 25.8 N sulfuric acid. The test solutions are
then heated at 60°C for 45 min while shielded from direct
light. Thus, proper choice of reaction conditions and

\

butanol extraction of sample mi&imize, Af not eliminate,
the interference of grain pigments that posed serious
difficulties with the original Opienska-Blauth et al.
(1963) megzod.

In cereals the protein extraction efficiency with
0.075 N NaOH is 96% or greéter. For freshly ground cereals
it is 98% or even higher. The tryptophan chromophore has a

violet color, but occasionally, as with rye, barley and

sometimes wheat, it is red-violet without the Amax being
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anc a.sc :n tormat:on ¢! the tryptophan chromophore:

R=—CH2§:COOH
2

As established by Concon €1975), color development
with cereal proteins, expressed as percent of the maximum
color under the éonditions of his method, was a direct and
inverse function of the sulfuric acid and water
concentrations, respectively. Theree®was a 17% incagﬁse in

color intensity for each 1 N increment in acid

concentration. Eggerimentally this was valid only up to 10



N su.luric acid, since above this normai:ty sign:ificant
Jestruct.on cf tryptophan occurred, accompar:ed by
.7CreaseC brown.ng.

Arcther s.mp.e metﬂod {cr determinat.cr 2f tryptcphar
.7 fcoc was deve.oped by Oste et @/ °97¢ . I~ this method
Picte.ns are comp.ete.y sc.ubil.zed by rr.ia.
nydri.ys:is w,tn 85 M Urea and the f‘.ucrescence and °he
{lucrescence of tryptophar .s measured direct.y at 348 nm

dur:ng exc:tat:on at 288 nm. The guenching effects of food

constituents

O

t a mixed schoc.l .unch, canned baby foods,
haddock or ham were neg..gibie after the :nsoluble food
residues 'not hydroliyzed by papa:n) were re;oved by
centrifugation. As found by the same authors, the .
tryptophan fluorescence of these food samples is much less
influenced by changifg PH than 1s the fluorescence of free
tryptophan. A pH range of 7-9 was suggesped to acquire
cogrect values when tryptophan is used ;s the internal
standard.

The ability of Sephadex G-25 columns to adsorb
aromatic compounds to a greater extent than aliphatic
compounds has also been used in tryptophan analysis (Slump

ﬁr;nd Schreuder, 1969). In this method deaerated barium
;vydroxide was applied to hydrolyze the food protein at

20°C for 8 hr. The hydrolysate was then adjusted to pH 3-4
with conc. HCl, diluted and an aliquot put on a Sephadex

-25 column, connected to an automatic amino acid analyzer.

fter the barium(ions were eluted from the columns, a
Y

-
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ninhydrin pump was switched on, and the elution
chromatogram of the amino acids ended with the tryptophan
peak we.. separated from other aci:ds. The authors did not
eiaborate on the extent cf tryptophan destruct:on during
a.ka.:ne hydrolysis of proteins by peptide-linked cystine,
ser:ne and threonine. The high recovery of tryptophan :n
the:r method cou.id be ascr:bed o0 a great extent °c
omiss:ion of removal of barium :10ns by precipitation as
suifate or carbonate. As found by Robel (1967), tgypfophai
wvas occluded during precipitation as barium carbonate.

Removal of barium 1ons from the alkaline hydrolysate ’
with sulfuric acid, followed by tryptophan determination
directly in the hydrolysate by colorimetry at 590 nm with
p-dimethylaminobenzaldehyde and sodium nit;ite, was a
method for cereal and legume food sampleé introduced by
Matheson (1974) and applied by Piombo and Lozano (1980).

As found by many authors, -carbohydrates resulting from
acid hydrolysis of starch into smaller polysaccharides and
glucose may be primarily respo;;ible for the partial
destruction of tryptophan. Protective agents such as | ,~d
p-toluenesulfonic acid (Liu and Chang, 19:7‘1), thioglycolic q

‘\’?cid (Matsusara and Sgsaki, 1969) and 3,3-indo;l§ropionic b
acid and other reagents (Penke et'al;, 1974) have been

%offered to attenuate £ryptophan degradation during
classical.protein acié hydrolysis. Nevertheless, the .

addition of such components still did not yield gquantita-

tive recovery of tryptophan. When sfkrch-carbohydrates were



924

reduced /n S/tu into sorbitol, qQuant:tat:ve recovery cf
sort:i:tol was restored ‘Fin.ey et a/.., '97%' . The use cf
bar.ur nhydrcx:de :nsteacd cf{ ac.ds has been repcrted nct o
cause destruct:on c! tryptophan dur:ing hydro.ys:s .n the
presence of starch (Miller, "967). It appears -hat & N
-tthium hydrox:de m:ght be super:.cr ;5 this respec: ‘lLucas
and Soteio, "98(C:

. Finally, a novel method for :ryptophan determinat:on
vas :introduced by Messineo and Musarra ('972). It 1s based
on a green chromophore condensation product obtained from
turfural derivatives of ketohexoses and cysteine
hydrouloride (maximum at 415 nm) yhich, upon the addition
of tryptophan, forms a pink chromophore (maximum at 518
nm). In this method, whenever the indole derivatives are
not present, tryptophan can be determined quantitatively.
The reaction requires fructose in excess to which‘sulfurit
acid and cysteine HCl are added. The mixture is heiﬁed at
45°C for 10 min. The green chromophére is indicative of
reaction completion. Then tryptophan (protein) is added at
room temperature to the reaction mixture, the presencé of
tryptophan being confirmed by-the appearance of the pink
éhromophore.eAfter 1 h;, the absorbance 6f the sémple is
read ét 518:nm. Underéthe conditions of this method, when
bound tryptophén is present in the sample (profein), prior
hydrolysis is not required. The method was successfully
applied to some pu;?fied proteins (egg albumin, ;elatin

hydrolysate, wheat gluten gliadin), but was not tested with



vegetable prote:ns,

starches.

either purified or

1in the presence of
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III. MATERIALS AND METHODS

A. Sample Preparation

Potatoes -- Raw, Cooked, and Dehydrated Granules

Potatc tubers (Solanum tuberosum, cv. Russet Burbank)
grown 1n Alberta were obtained from'l & S Produce Ltd.
(Edmonton5 and were used throughout all experiments.

Medium-size tubers were peeled and sliced. After
soaking i1n 500 ppm NaHSO, solutien, slices were freeze-dried
(model FFD-42-WS). Sljces‘%rom the same batch were also
subjected to two different cooking methods: (i) precooking
at 70°C for 20 min, cooling in tap water for 20 min, and
boiling for 30 min; (ii) steaming for 30 min, followed by
cooling in an air-blast freezer.

The boiled and steamed samples were also freeze-dfied.
All samples were powdered &n a Waring blender, and sto?ed in
brown bottles at -20°C,.

.Granule preparation by the Freeze-Thaw (F-T) process
developed by Ooraikul (1977) was used for the preparation of
dehydra;ed potato granules (Fig. III.1).

Approximately 4.3 kg of potato tubers wer!‘hashed,
peeled and sliced. After soaking in 500 ppm NaHSO, solution
for 5 min, the slices were steamed for 35 min. The cooked
potato was mixed w1th Myvatex (0.25%), BHA (100 ppm) and

~

sodium ac1d pyrophosphate (10 ppm) in a K1tchen Aid mixer at _

an agitation speed of approx. 400 rpm. The mashed potato was

75
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Raw potatoes

Peeling sl icing,washing'sulfiting*
Cooking*

Mashing*ﬂ- Additives

o
Freezing & thawing*

Predrying

Granulation*

Drying
Cooling

X l
Discardﬁ'—h— Sifting ptS 260 mesh_

! < _60 mesh ‘
Pro uct*

» , \’ Flow chart
Freeze -Thaw Granule Process -

Figure III.1 Flow Chart of the Freeze-Thaw:Process



77

trozen :n an air-blast freezer at -28°C, thawed at room
temperature to (0-5°C and kept at 4°C for 3 hr.

.t the predry.ng step, the thawed mash was piaced :n
the a:r dryer at 70°C, and then drying a:ir (93°C. 'S m,/min’
was blown in, with the stirrer spinning at 20 rpm. In the
granulation step, the stirrer speed was increased toc about
49C rpm, and the air temperature and velocity were redUng
to 52°C and 15 m/min, respectively. i

On the coﬁpletxon of final drying, stirring w;;
terminated and the air temperature and velocity were
increased’to 85°C and 90 m/min, respectively. The dehydrated

-,
potato granules were then sifted. Particles <60 mesh were
collected as "End Prgduct”, while coarse particles (>80
mesh) ;ere discarded.

Samples were withdrawn from each stage indicated by an
asterisk in Fig. III.1. Each sample was frozen immediately

in liquid nitrogen and then freeze-dried.-After

homogenization in a Waring blender, the powdered samples

\‘,5

N\

were stored at -20°C. L

Chemicals

L ]
Reagent grade water, obtained from reverse osmosis

water which 'Rad been passed thrbugh a Milli-Q system
(Millipore, Mississauga, Ont.), was wsed unless otherwise

specified.
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Ethafhol, glacial acetic acid and sodium chloride were

«

obtained from FisHer Scientific Co. Ltd. (Fairlawn, NJ':

~

sodzum}@ydroxxde from American Scient:f:c & Chemica.s

i‘“b. (Por‘é*ﬂ, OR);.EDTA(Na, ) and~3<§dzum bisulfize from ‘J.'I‘.
§Pkeﬁ Chemxcal‘Co.‘(Phxlixpsburg, NJ); mono- and disod:um
phosphates (used to prepare 0.02 M phosphate buffer, pH 7.5

from Matheson, Coleman & Bell Manufacturing Chemists

(Norwood, OH).
.

Apparatus

Dialysis tubing; flat width 4.4 cm (Fisher Scientific
Co., Pairlawn, NJ). ,

Hydraulic press; Carver model B (F.S. Carver Inc.,
Summit, NJ).

Centrifuge; Beckman model J-21B (Beckmann Instruments,

Inc., Palo Alto, CA).

a

% Rotary evaporator; Buchi/Brinkmann R/A (Brinkmann
Instruments.Ltd., Ont.). ’
Air-blast freezer, NOVa (Baliy Refrigerator of Canada,

Ltd., Broddeville, Ont.).

| »Freezé?driers;.model 10-102 Macro Unitrap, and model
FfD-42—WS (Virtis Co., Inc., Gardiner, NJ).

| Blender; Warinq-type, Osterizer (Oster Corp.,
Milwaukee, WI).
Kitchen Aid‘mixer (Hobart Mfg., Co., Ltd., Troy, OH).
ﬁgdified ﬂanesty Petrie fluid bed dryer, model MP.10.E

(Manesty Machines, Ltd., Speke, Liverpool, UK). Modified as
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described by Ooraikul (1978).
Speedomax '2-point temperature recorder (Leeds and
Northrup, Canada, Lfd.,‘Toronto, Ont.).

Canadian Staridard Sieve series ahd portable sieve

»
A4

/ [
shaker (W.S. T@Lér, Co. of Canada, Ltd., St. Catharines,
! . e
/ .

ons . ).

Potato Protein Extraction and Fractionatifn
R Based on Golan-Goldhirsh's procedure (1979), tuber
- protein was fractionated for amino acid analysis and

electrophoretic studies.

Tuber Sap Extraction
In each batch, one medium-size tuber was washed,
peeled aéd diced. The cubes were wrapped in canvas, .
immersed in 100 ml 5% NacCl containing 500 ﬁpm NaHSO,, and
squeezed in a hydraulic press at 24,000 psi.»Tuber sap was
,célﬂectedainAa beaker cont;ining 10 mg of EDTA(Na;); while
the teéidue was mixed with 20 ml-of the above N&‘S&fution(
and homogenized in a Waring blender for 30 seconds. The «
homogenate was decanted‘ontb tﬁe canvas and squeezed again.
The effluent was combined with the previous sap, while the
residue was recovered from the canvas for further
.extraction. The addition of NaHSO, anévEDTA was aimed at
prevention of enzymatic browning indué&d by |

polyphenocloxidase.
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floumin and Globul in Fractioné .- &-
The t;ber sap was transferred to dialysis tubing and
o dialyzed against distilled deionized water (DDW) at 4°C for
qﬁ days, with 6 changes of water. Nondialyzable material was
centrifuged at 14,000 x g for 10 min a% 4°C. A few drops of
toluene were added as a preservative to the supernatant K+,
(Albumin Fraction), while the precipitate was resuspended
in 0.02 M phosphate buffer (containrng 5% NaCl) end stii¥ed
for 3 hr. After centrifuging at 14,000 x g, the supernatant

-

(Globulin Fraction) Was dialyzed against DDW. The

. -
precipitate was resuspended in water, stirred, dialyzed,

and centrifuged. This supernatant was mixed with the '
previous Albumin Fraction. The precipitate was designated

[y

as globulin.

Prolamin Fraction; Acidic and Basic Glutel in Fract |
The cell debris residue recovered f;om&the canfaévwas
extrgcged twice with.100’ml'each of -70% efhanol, 0.1 M
acetic acid, and‘d.Z% NaOH: The shpernétants separated by
centrifugétion at each extraction gtep wefe designated as
Prolamin Fraction, and Acidic and Basic Glu;elin Fractions,
ThevPrélamin Fraction was concentrated at 30°C on a rotary
evaporator. After‘dialyziﬁg against DDW,'all five protein
fractions obtained were freeze-dried, then kept at -20°C.
In order to traék the recov"y of nitrogen, aliquots
in triplicate wege‘withdrawn from eaéh extraction step, and
were subjected to the standard micro-Kjeldahl method (AOAC,

1980).
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Potato Tuber Salpling'£€r Nitrogen, Sulfur and Cysteine
Determinatioh N

Large potato tubers (approx. 300 g) were washed,
wveighed and sliced without peeling. Each slice was divided
into four major anatomical zones: cort;x (including
periderm), vascular bundle (including outer phloem),
perimedulla (including inner pbloem), and medulla (pith).
Each class was weighea before and after freeze drying (model
FFD-42-WS). The dried”samples-wete f@rst mashed into coarse

powder in a Waring blender at 1dy speed, and then into fine

powder with a mortar and pestle.
B. Elemental Analyiis

Nitrogen Determination

Unless othervise stated, nitrogen content was
determined by the standard micro-Kjeldahl method (AOAC,
1980) .

The nitrogen content of the protein fraction was
determined by a Perkin Elmer Model 2403 elemental analyzer
(Perkin Elmer Corp., Norwalk, CT) in the licroaualyticai
Laboratory of the Department of Che.istty;.Univcrsity of
Alberta. A -3 =g sample in a platinus boat was combusted
vith pure oxygen at about 950°C. The resultant gas vas
passed through a reduction tube (650-700°C), and sent to a
mixing volume vhere sample gas vas mized for 90 sec vith

helium at 1500 mm Hg. The mized gas was passed through a



82

vater trap (magnesium perchlorate column) and then a carbon
dioxide trap (magnesium perchlorate and colorcarb column) by
helium carrier gas at 7530.1°C. A thermal conductivity
detector was used to measure the amount  of water and carbon
dioxide trapped, as wvell as the amount of nitrogen gas
remaining after these trapping steps. The contents of
nitrogen, hydrogen and carbon present in the oéiginal sample

were calculated from the amount of N,, H,0 and CO,; detected.

Sulfur Determisation

Total sulfur content of the protein fraction was
determined by an oxygen flask combustion method (AOAC, 1980)
in the Microanalytical Laboratory. A 2-6 mg sample folded in
a paper carrier was inserted into an oxygon flask, and vas
co-bustep in the presence of pure oxygen and 10 ml of 6%
H,;0, solution. After shaking for 30 sec, the stopper and the
platinum sample bsshet vere washed wvith ethanol. The
solution was decanted into an Brlenmeyer flask, made up to
100‘-1 vith ethanol, and titrated with 0.01 N barium
perchlorate standard solution.

Total sulfur contents of the samples obtained from
dittgrcnt anatomical sones were determined by an alkaline
oxidation method (Tabstabai and Bremmer, 1970b) in the
Research Laborstory, Soil.Science Department, University of
Alberta. A 30 mg sample was oxidized by hesting with
alkaline sodium hydrobromite solution. The sulfate thus
formed was reduced to H,S, and then reacted with
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p-aminodimethylaniline to produce methylene blue. The amount
of methylene blue formed was determined colorimetrically. A
calibration curve was obtained using potassium sulfate
standard solution, and the amount of total sulfur was

calculated from it.

C. Electrophoretic Separation of Potato Proteins
'Y 'Extracted potato ﬁroteins vere separated by SDS-poly-
acrylamide gel electrophore;is (SDS-PAGE) .
Chemicals and Gel Proparttion

Acrylamide, bisacrylamide and N,N,N' ,N'-tetramethyl-
ethylenediamine (TEMED), all electrophoresis purity grade,
were from Bio-Rad Laboratories (Richmond, CA). Tris(hydroxy-
nothyi)a-inoiethane and bromophenol blue were obtained from
llihoson, Coleman and Bell Manufacturing Chemists (Norwood,
dﬁ) and Sigma Chemical Co. (St. Louis, NO), respectively. As
molecular wveight markers, chicken myofibril proteinu--ote
kindly prepsred by Dr. P. paqainis of this Department; while
ribonuclease A, a marker protein with low molecular weight,
vas obtained from Pharmacia Pine Chemicals (Pitscatawvay,
NJ). Other ch‘;icalt were obtained from Fisher Scientific,
Ltd. (rair;AQn, w).

Gel casting solution ¢ sition was:

36 ml acrylamside solution (25 g acrylamide
and 0.25 g bisacrylamide in 100 =ml)
18 ml Tris-glycine buffer (0.5 M Tris,
T 1.5 M glycine, pH &:8)
ml 50% glycerol

9
6 ml 2.5% SD§, 2.5 @t EDTA
6 ml 'S TEMED

»

3.
3.
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3.6 ml ammonium persulfate (prepared daily)
16.2 ml distilled delonlzed water

90.0 ml total
After gentle mixing, .2.3 ml of the solution were
rapidly pipetted into a 6 mm (i.d.) x 10 cm glass tube with
a serum (vacutainer) cap at the bottom. To exclude -
interference in polymerization by oxygen from the air, each
gel was overlayed with 75 ul of the following solution:
800 ul Tris-glycine buffer
160 ul 1% TEMED .
160 ul 2.5% SDS, 2.5 mM EDTA

16 x1 1% ammonium persulfate (prepared daily)
2864 ul distilled deionized water

Gels vere polymerized in the dark for 2 hr, overlaying
solution was removed, and the surface of the gel vas rinsed
tvice and relayered vith the following solution:

400 sl Tris-glycine buffer
200 ul 50$sg§ycorol o

100 sl 2%
1.30 -1 distilled deionized water

- D D S a AR D W D e G S W G W YR W T G T O W Y S e o W W w

2.00 ml total

Proli.i.iry Sample Treatmest

Prior to electrophoresis proteins were extracted from
freese-dried powders of rav, steamed, precooked and boiled,
ﬁotatocs. Approzimately ' g ot‘ooch sample vas suspended in
S ml of Tris-boric acid buffer (0.0! M Tris, 0.2 M boric
acid; pH 7.1). After addiag 250 =g SDS ;ud 62 mg mercapto-
ethanol, the mixture wvas boiled for 6 min, then centrifuged
at 14,000 x g for 20 min (Beckmen J-21B8). Sucrose vas added

(10% w/v) into the supernatant to make a densé#.solution, and



85

L.

the solution was stored at 4°C.

Similarly, 4 mg of pure protein sample, obtained by
solubility fractionation, were treated with 0.5 ml of of 2
mM NaNO, solution containing 2.5 mﬁ EDTA and 2.5% SDS, and
0.1 ml of 2 M Tris-glycine buffer. The mixture was then
heated in a boiling water bath for 5 min. Immediately after
removal from the bath, 0.4 ml of 60% glycerol was added and
the solution Qas vortexed thoroughly, cooled to room
temperature, and stored at 4°C.

~ v
Electrophoretic Protein Separation

Appropriate amounts of samples (75-500 ug) vere applied
on the surface of polyacrylamide gels. glocttophorcsis vas
performed i; an electrode buffer consistiﬁg'of 0.2 N
Tris-glycine buffer pH 8.8 and 0.1% SDS. An initial current
of 0.25 mA per tube, ﬂpplicd for 30 min, vas followed by !
mA constant current per tube for 7 hr. The gels were removed
by running vater, stained overnight in 0.2X Coomassie
Brilliant Blue (in a solvent consisting of methanol, acetic
acid, water, 100:20:100), and destained electrophoretically
for 12 min in aqueous 10X isopropanol-10%X acetic acid. Gels
vere then washed and stored in 7% acetic acid.

Quantitation of bands resolved by SDS-PAGE was done by
scanning of the gel rods at 640 nm on a Beckman model 2400
spectrophotometer equipped vith a scanning attachment.
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D. Hydrolysis of Protein and Determination of its Amino Acid

&

Composition

Chemicals and Apparatus - | ) .

\Isoptopahol, formic acid, sodium cyanide; sodiJ;
ac%tate, and.athyiene\glycoi monoethyl ether (methyl
cellosolve) were obtained from Fisher Scientific Co. Ltd.;
hydtpqcnipctoxido (30S) and §h0n01 fto- J.T. Baker, Cb.;
reagent grade 37% hydrochloric acid from American s;icntitic
and Chemicals; and 47% hydrobromic #cid from Koch-Light
Laboratorxcl. Ltd. (Colnbrook Bucks, UK).

l.thaqpsultonxc acid (95%) and 3- (2-a-inoethy1)xndolc
hydrochlorxdc were from Bastman Kodak Company (Rochester,
'l!)' ammoni um hydroxxdo from Canadian Induotrxos Ltd.; and
cation oxchanqo resin, Bio-Rad AGSOW-X¢ (H° form, 100/200
mesh, ;xchahqg éapncit} 1.2 iQQ/-l-rocin bed) from Bio-Rad’
Laborstories (Mississauga, Ont‘.). Before use, the wesin ns‘
regenerated wvith 1 N HCl, and vashed extensively Q}th
. liili-ovvptor; { ’ - ' '

“t-pipocolic acid and L-¢~a-ino-ﬁ~gunnidinoptopiodic
‘hcid (AGPA) vere tro- Aldrich Chemical, Co., Inc.
(unnukn. wI) and Calbiochn-lohrinq Corp. (La Jolh CA),
rupoctinly. In order to eliminate trace. -outuu, these
amino acid sundards wvere dried bnmight over P;{. under

rodueod ;prcuuu .
s
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* Amino Acid/Sténdards H (2.5 uM/ml of each amino acid,
except for cystine, 1.25 uM in 0.1 N HC1) were obtained from
Pierce Chemical Co. (Rockford, IL), and ninhydrin from Sigma
'Chemical Co. (St; Louis, MO).

Culture tubes (16 mm o;a, x 125 mm) used for hydrolysis
| bere’;iﬁher Kimble 45066 (Kimax brand) or Corning 9825
(Pyrex brand). Pasteur pipettes (Dispo pipettes; ASTM
designation £438-71) wvere from Scientific Products (McGraw
Pﬂrk IL); ' ml roacti-vials wvith Teflon-lined discs (Pierce
#13221) vere from Pictco Chemical Co. All glasovare vas
cleaned by hoating toc)" fev hours in a lxxod acid (conc.
HIO.—coﬁc u.so.[ 1:3 v/v), folloved by‘cxtonsivd riﬁsing
vxth Milli-Q water. . |
Nilliport depth pretiltcr, typt AP25025-00 (25 mm
diameter), and}ll-uilliporc ti{tot. type HAWP 02300 (pore
- size 0.45 -, 35 - df;l-tor) vere obtained tro‘ Millipore
corp. (Bedford, MA).: - | e

Bydrolysis of Raw and Cosked Petate t-u(r and of n..u-m- ?
."r{mnd m o ' e | }
T‘o types o! hrd:oly.-tca. namely 'oxicluod' |
\‘maidh«l' were prepared in powder form from each of the
‘_ . tonoviuqz rav and cooked petsto tubers, and wn
ebcslnod sfter various steps of the '*? yatnto ,t-ault

preoqos.
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Oxidat ion Step

Oxidizing rquent\(periormic acid) was prepared 1 hr
before use by'mixiné 9 volumes of 99% formic acid and 1
volume df‘3ox‘hydrogen peroxide invan.ice bath.
Approximately 25 mg of each potato sample were weighed in a
culture tube, mixed with 1 ml of the oxidizing redgent, and
kept in an ice baéh,‘with occasional mixing, for 16 hr.
Excess pc;tornic acid wvas then reduced by adding 0.15 ml of
47% hydrobgonic acid, vith‘lyirling of. ﬁhe reaction tube in
an ice bath. The tubes were then attached to a rotary
evaporator couplcd-to a hiqh vacuum lxnc. Solvent vas
ovaporatod to dryness at CO'C and the oxxdxzodlccnplo vas
lubjoctod to hydrolycis.

Hydrolysls

Approxi-toly 25 g of ouch so-plb vere vcighod in a
culture tube and hydrolysed as vith the noaonidi:ed ia-plo.
" A solution of 5 ml 6 W uc1 centaininng % vhonol was addod
to both oxidi:od aod\nonoxidipod ssmples. After trocsiag in
a dry ice-acetone bath for' a !o- -inutcs. the sample tuho
- wvas conacctod to a hiqh v.cuul line and tho coateat vas
'thnood slooly. lvtcu-tten vas coatian.l for S min .ttor tho
" terminetion of bubbling. Witrogen gu dae then -1.-11
" introduced as ‘the stopeeck .in the vecuum line ves clond
~ !||.‘1¢¢01) atter removing the tube tr-‘thn nitro,.n
str--h it wes- tsghcly clq..i vith & 1b£lou~liu-‘ scpc-
e.p After hesting in s oven at uo'c t,or 22 u\ :u mln_
- was cooled and etored se_-20°C.

I 1
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Filtrat Ion and Solvent Evaponat fon f .

AGPA (1 25 uM) and L-p1pecolxc ac1d (5 uM), as dilute
aqueous HCl solut1ons, were added to the oxxdxzed and
nonox1d1zed hydrolysates After vortex1ng for 1 m1n, tﬁe
content vas vashed w1th 4 x 10 ml water into a f11trat1on

. unit consxstxng of double layers of Millipore fxlters t
(prefllter and\membrgpe filter). ‘The filtrate collected in -
a 125 mlitlat bottom flask vas evaporated on a rotary
eveporator«at 50'C under asp1rator suctxon, The dried
residue vas redissolved 1n 1 ml of Mxllx—Q vater, then .
drxed.-?hxs step vas repeated (our times to eliminate -
residual HCIl. riﬁally, the residue vas dissolved in 10 ml

0.01N HCl, divided into ten 1 ml aliquots, and each vas

stored in a small test tube at -20°C.

.Cation lzchalge Chr-l-teqrephy
Piltered protein ‘hydrolysate vas puritxed by catxon

Y

exchanqe chromstography. - N s

'mtm of tr-ca:msmamm .

' A plug. of ecid-vechod glass wool vas inserted uell ‘
down into the ete- of a Pasteur pipette, and the cation
eicheage:riiin'-io.ueeh.d with weter into the pipetee and

- elloiod to det:le. The height of thé resin bed was adjusted

to } .2 c., éiich was equiveleat to 0.2¢ al wet resin volume

(0. iii n-g)._the rec&n surface was covered with Ult.t. and’
- nhe boluln stored at -C’C._ “
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Hydrolysate Purif ication

To the prepared column, 1 ml of ffltered hydrolysate
in 0.01 N HCl was slqﬁiy applied. The sémple test tube wés
washed with 200 ul of water, which was added immediately to
the column; The column was washed twice.hith 500 ul water,
and then the amino acids were eluted into a test tube with
2 ml 5 N ammonium hydroxide. Evaporation of the eluant to
teéuce volume was done on a rotary evaporator at 50°C under
aspirator suction. Eluates for'ion exchange chromatograpgyf’
were dr{ed in the freeze drier; while those for gas-liquid *

chromatograph& were washed into 1! ml reacti-vials using a-

A}

small Amount of vater, then freeze-dried. !

DLterminatlbn of the Recovery of Amfno Acids

The pertor;:nce of the cation exchange resin was
tested for a.ﬁtahdatd amino acid mixture and for raw potaéo
tuber hydrolysate. A standard amino acid mixtufe equivalent
to 3 uM/ml total amino acids (excluding NH,) wvas preparedk
by diluting Amino Acid Standar& H with 0.1 N Hél.

A 1 ml aliguot of thc”standard and 1 ml of filtered
rav tubor hydtolysatc vere appticd to thc cation oxchange
\colulm The xnxtxal sffluent (1:: cluato) and the eluate _
after using 2 m} ot 5 N NH,OH, (2nd oluat') vcto colloct-d
sepsrately. An additxonal 2 ml WH,OH was used to clutc .any
trace of . a-iﬁo acids rctainuﬂ on the ‘column (3rd oluntc)
'All the cluatcs vere dried on s rotary cvaporatot at SO‘C.“

Dtiod rosxduoi vere rndissoxv'a in 0. 5 al -tor and

. evaporated, repeating four tin.s to ensure r-pyal of
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ammonia. Finally, all samples were dissolved in 1 ml water.
The amino acid convent of each eluate was determined by a
modified ninhydrin reaction (Rosen, 1957), and then the

recovery of amino acids in each eluate was calculated.

Modified Amino Acid-Ninhydrin React ion Method
Rosen's method (1957) was used,'with modifications.
Reagents ;ere prepared as follows:

1. Stock NaCN solution: 0.01 M sodium cyanide

2. Acetate buffer: 108.51 g sodium acetate, 133.33 ml H:0

and 33,33 ml glacia} acetic acid were made up to 500 ml

with H,0; pH 5.3
3. Acetate-cyanidé solution: 20 ml of stock NaCN iolution

wasiaaae up to 1 1 with acetate buffer
4. ﬁinhydrin solution (3%): 3i ninhydrin in methyl

cellosolve‘ freshly prepared
5. Dxluent. 1sopropanol—water, 1:1 (v/v)

Tova 1 nl sample vere added 0.5 ml acetate-cyanide
solution and O,S,ﬁl ninhydrin solution. The mixture was
vortexed for 30 sec and then placed in a boiling water bath
for 15 -xn. Immediately after removal from the bath, 5 ml of
'd;luont,vcte added raptdly, followed by vortexing for 30 sec
ahdvcodling t0'f50lAtbqp§:qturq. The ibsorbunce vas measured
at 576 nn. | A

Two | lots ot blanks vere prcpnrod (reagent and
_ chro-atoqraphxc blankl) Thn rcaqont blnnk was propnrod by
rcplacxng s.-plc squtxon v1th 1 ml- vater. Chron-tographxc

blanks vere necessary to cp-pons;te for enhanced absorptxon
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readings due to residual ammonia derived from the eluant (5
N NH,OH). Chromatographic blanks were prepared in triplicate
by: '
4 v
1. Applying 1 ml wateggto the cation exchange column;
2. Coilecting eluates 1, 2 and 3 separately;
3. Eliminating ammonia as under recovery of amino acids;
4. Dissolving each residue in 1 ml water.
| Recoveries of amino acids were c;lculated as follows:
Cos = Aos - Arb |
- Cs, = As, - Acb,.
where A represents the absorbance reading} and
the subscripts are defined as follows:
0os = origfnal sam?le solution
rb = reagent blank solution
s. = sample eluate, n = 1, 9, or 3
cb, = chromatographic blank elua@%; ns=1,2,3
The % amino acid recovery for each eludte would
then 'be calculated by: = 100 x Cs./bog
lydroiyiis of l-dividuai Protein Fractions
Protein fractions ;eféfhfdrolyiod by:i'
(a) HC1, vith.a'pfeli-inary ckidbtidh-s;cpé
(b) HCl, without préliliﬁatyvoxidation;

(é)'nnthancsuIIOnic;a;id,'
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-
Hydrolysis by HCI |

Approximately é—3 mg of Albumin, Globulin and Basic
Glutelin Fractions were weighed into test tubes (18 mm x
150 mm). Sample oxidation was as in section D, except that
the reaction time was reduced to 3 hr. Both oxidized and
nonox;dized samples’ were mixed with 2.5 ml 6 N.HCI
containing 0.1% phenol. The neck of the tube was narrowed
-with the aid of a gas burner. After freezing the sample in
a dry ice-acetone bath, the test tube was connected to a
high vacuum line and the content was thawed. Aftef
termination of bubbling, gas evacuation was continued for 5
min, then the tube was sealed, heated in an oven/at 110°C

for 22 hr, cooled, and stored at -20°C.

Hydrolysis by Methanesulfonic Acid

This procedure followed that of Simpson et al. (1976).

Concentrated methane§ulfonic acid was diluted to 4 N,
then flushed with ﬁi;rogen. Using the procedure reported by
Liu and Chang'(1971), 3-(2-aminoethyl)indole was prepared
from its hydrochloride, and then dissolved in methane- ¢
sulfonic acid to achieve a final concentratibn §f 0.2%.

Approxinately‘z mg of protein sample wvere placed in a
fest tube, mixed with 1 ml of the above solutign, and

sealed under vacuum and heated as described in the previous

section.
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™~ E. Amino Acid Separation by Ion-Exchange Chromatography
This analysis vas performed vith two models of

automaric amino acid analyzers. The protein fraction
hydrolysates produced by reaction with HCl wvere analyzed on
a Durrum D-500 analyzer (ﬁingle column opcrat;on, DC-6A
cation exchange resin), while those from reaction with
_m;thanesulfonic acid were run.pn a Beckman - 1217 MB analyzer
(single column, AA-10 cation exchange resin).

’

F. Amino Acid Analysis by Gas-Liquid Chromatography
Chemicals and Column Preéparation

N-heptafluorobutyric acid anhydride (HFBA), Silyl-8 and
‘nino acid standard H vere obtained from Pierce Chemical Co.
(Rockford, IL). Valine, leucine, phenylalanine, tyrosine and
arginine wvere from Nutritional Biochemical Corp: (Cleveland,
QH); glycine, lysine, cysteine, cystine and AGPA from .
Calbiochem-Behring Corp.; A-alanine from J.T. Baker Chemical
Co.; Dral}o-isolcucine from Shwarz/Mann (Mississauga, Ont.);
pipecotic acid fro.'Aldrich Chemicals; and the other
individual amino acids from Sigma Ch‘nical Co. Thc.colu-n
pnclinq material, 3% SE-30 on Chromosorb WHP (80/100 mesh)
was obtained from Chromatographic Specialities (Brockville,
Ont.). Isopropyl alcohol vas distilled over sodium sulfate
and stored under nitrogen. The esterification reagent vas-
prepared by slovly pipetting 0.2 ml of acetyl chloride

) %)Zﬁrishcr Scientific Co.) into 1.0 ml of isopropanol at 0°C.
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In column preparation a spiral-shaped glass column,
2.6 m x 18 in (i1.d.), was heated with conc. HCl for 3 hr,
then cooled to room temperature. The coclumn was washed with
vater repeatedly until the wash was neutral, then was
successively rinsed vith methanol, acetone and N-hexane. Thé
column was dried i1n a stream of nitrogen, then packed with
the 3% SE-30 (see above) and conditioned as recommended by
the manufacturer. Silylation of the column was conducted at
200°C by several injections of 10-20 ul of Silyl-8 reagent.
Iastrumeants and Operatiag Coaditioas

A Varian series 3700 gas chromatograph equipped with a
fli;e ionization detector (FPID) was coupled to a Hewlett
Packard 3388 computing integrator. Flov rates, in‘-l/-in,
were: Farricr gas, 24; air, 300; hydrogen, 16. Injector‘and
detector temperatures were 250 and 280°C, respectively. The .
column vas temperature prograsmed: 100°C for ' min, followed
by a 10 C*°/min to 250°C and holding at that temperature for

20 min,

Derivatizationa .
All reactions were carried out in a reacti-vial wvith a
Teflon-lined disc (Pierce Chemical Co.). Aluminum blocks

vere preheated to 80:0.5°C and 110:2°C, respectively, in a

"

Dri-Block DB-8 (Techne, Inc., Princeton, NJ) and a

torced-draft Isotemp Oven (Pigsher Scientific Co.).



Standard amino acid mixtures and sample eluates from
the cation exchange purification step, which were equivalent
to 50-500 nmoles amino acids, were dried 1n reacti-vials as
described :n section D. Trace water va; removed
azeotropically with d;chloronethane. The dried residue was
dissolved in 200 ul of the esterification reagent, flushed
vith nitrogen, and vortexed for ! min. The vials were then
heated in an aluminum block at 80°C for 2 hr. After cooling,
a stream of nitrogen was introduced to evaporate solvent at
room temperature. The residue vas redissolved i1n 200 ul of
HFBA and 100 ul of dichloromethane, flushed with nitrogen,
and vortexed for ! -in: Then the vials were heated at 110°C
for '0 min. After cooling to room temperature and

evaporation of reagents, 50-100 ul of dichloromethane vere

added, and the samples vere stored at -20°C.

Analytical Coaditioms

Depending on the sample, 1-10 ul were injected, with
and vithout coinjection wvith HFBA. In the case of
coinjection, equal volumes of sample and HFBA vere iixcd in
the syringe prior to injection. In order to maintain column
effectiveness, occasional reconditioning and Silyl-8

injection wvere necessary.
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G. Colorimetric Determination of Total Half-Cystine Content

The freeze dried samples of raw and cooked tubers and
from various steps of the F-T process and different
ianatomical regions of the tuber were subjected to 7

colorimetric cysteine determination using DTNB, 5,5'-dithio-

‘bis(2-nitrobenzoic acid) (Felker and Weine, 1978).

Chemicals and Apparatus

Chemicals and suppliers were: Nn-octanol and KH,PO,,
Fisher Scientific Co.; urea, Mann Research Labs.
(Orangeburg, NY); NaBH;, Sigma Chemical Co. (St. Louis, MO);
acétone, Terochem Labs. (Edmonton); DTNB, Aldrich Chemical
Co., Inc. (Milwaukee, WI); and EDTA(Na,), J.T. Baker
Chemical, Co. (Philipsburg, NJ).

Acidic phosphate solution consisting of 1 M RH,PO. in
0.2 N HC1, and 0.1 M EDTA solution were prepared and stored
at 4°C. DTNB solution (4 mg/ml aéetone) and aqueous NaBH,
solution (2.5%) were prepared just before use.

Computing spectrophotometer, ;V-VIS, Beckman DU-8
(Beckman Instruments, Inc., Palo Alto, CA). |

Automatic superspeed refrigerated centrifuge, Servall
Type RC-2 (Ivan Sorvall, Inc., Norwalk, CT).

Nitabolyte vater bath shaker (New Brunswick Sgicntitic
Co., New Brunswick, ‘NJ).

Multimanifold unit (made in our laboratory).

k3
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Procedure

Approximately 10 mg of freeze dried sample and 0.576 g
of urea were weighed into 17 x 119 mm polypropylene
centrifuge tubes and mixed with 5 ul octanol, 0.04 ml 0.1 M
EDTA, and 0.4 g of 2.5% NaBH,. It was necessary to add the
latter by veight as bubbling of the NaBH, solution prevented
precise addition by vblume. After vortexing for ! min, tubes
vere placed in the water bath shaker at 38°C for 1 hr.
During this period, they were vortexed at 20 min intervals
and gently rotated to cause large particles to~settle. After
incubation, destruction of excess NaBH, was begun by
addition of 0.2 ml acidic phosphate solution (1 M KH,;PO, in
0.2 N HCl), followed by vigorous vortex mixing. After 5 min,
0.8 ml of acetone was added and the tubes‘vere“scaled vith a
piece of Parafilm and vigorously invcrteﬁ. Nitrogen was
bubbled into eight tubes simultaneously through a
multimanifold unit.

Addition of 0.2 ml DTNB solution té Qach tube occurred
after 5 min of bubbling. Water was then added to bring the
total volume up to 2.4 ml. After an additional 3 min, the
tubes were sealed with Parafiln. Care vas taken to fill the
head space a§ thoroughly as posnible with nitrogen. A bﬁtct_
dust cap vas placed on each tube to support the Parafilm
during centrifugation (10,000 x g for 10 min at 4°C). A { ml
aliquot of supe;natantAvasAVithdtavn fro— each tubc, and the

absorption»vas--gaiured in a 1 ml Quarts cuv‘ttc at 412 nm.
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N

Two sets of blanks were prepared:

1. Sample blank, containing sample but no DTNB. Used for
subtracting absorbance due to Eurbidity and the
original ‘color of theﬁsangle.

2. Reagent blank, contaiqtgg DTNB but no sample. Used to
correct for absorbance due to residual NaBﬁ;, which
could reduce the DTNB reagent to give an anionic
chromophore. >0
In each batch, a standard solution‘contaiping 0.1(un of

L-cysteine vas algo subjected t§ the same pfocédure'to f

minimize error due to vqriatioh in reaction conditions.

Quadruplicate samples, tvo reagent blanks, and two sgnndardé

vere analyzed in each batch. The absorbances of all sd;ple*

blanks vct§ measured in advance, for the readings vere lqv
and constant throughout ehe_analysis. The cysteine content
vas calculated using the molar absorp;iQity of 12,700, as
obtained in a calibration run.
o

H. Colorimetric Tryptophan Determimation

| Tryptophan content in prﬁtoiﬁ extracts obtained wvithout
preliminary hydrolysis was determined by tﬁo proccduti‘

reported by Concon (1975).

Chemicals and Reagent Preparatioa -

The chemicals used and suppliers vere: L-tgyﬁtophin;A
Sigma Chemical Co.; sulfuric acid, American SCiiﬂtitic
Chemical; ferrichloride hexahydrate (PeCl,:-6H;O), BDH
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Chemicals; tris(hydroxymethyl)aminomethane and glacial
acetic acid, Pisher Scientific Co.

25.8 N Sulfuric Acid: Concentrated H,SO, was diluted in
a ' 1 volumetric flask to make a final concentration of 25.8
N. The normality was measured by titration using 2 N
tris(hydroxymethyl)aminomethane solution.

Glacial acetic acid-ferric chioride solution (Reagent
A): PeCl,;-6H;0 (5.4 g) was dissolveg in 10 ml DDW containing
3 drops of glacial acetic acid. A 0.5 ml aliquot of this
solution vas made up to 1 1 with glacial acetic acid, and
stored in a brown bottle. In order to generate glyoxylic
acid, it vas nece;sary to keep the solution standing at room
temperature for at least one wveek before use.

Extracting solvent: Four extraction solventi vere
prepared: .
1. 70% ethanol; |
2. 0.076 N NaOH;
3. 70% ethanol:0.075 N NaOH, 1:4 (v/v);
4. 70% ethanol:0.5 M NaCl:0.075 N NaOH, 2:3:5 (v/v/v).

Alaiytical Procedure
Bach freeze dried sample (1 g) obtained from raw and
cookcg-potatocs ﬁio veighed into a polyptdpylcno,c,ntrituqo
tube and mixed vith 20 ml of extraction solvent. After
vdkthinq.3 min, samples vere centrifuged at 10,000 rpm for
10 min, and the supernatant 'aliﬂicanted and ﬁ:snod thrbogh‘v
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Whatman No. & filter paper on a Buchner funnel. The filtrate
vas vashed into a 10 ml volumetric flask, made up to mark ‘
vith extracting solution, and vigorously mixed. Two 1 ml
aliqubts vere subjected to micro-Kjeldahl nitrogen analysis,
vhile the remaining solution was used for tryptophan ‘\
determination. A

A | ml aligquot wvas added into a culture‘tube (;0 om -
i.d. x 125 sm), and mixed with 3 al of rcigont A, th;n 2 ml-
of\th& sulfuric acid. All the solutions and iixtures vere
kept in an ice bath. Each tube was thoroughly vortexed, and
then incubated in the dark at 60°C in a Lo-Temptrol Model
154 water bath. After the reaction time, which ranged from
10-130 min, at 10 min time intervals, each tube vas cooled
in ‘an ice bgth.AStandard tryptophan solution va; treated in
the same vay as sample solution, but the reaction time vas
maintained at 110 min, as recommended by Concon (1975).

_Two types of blanks were pfepar;;:

Ruupent blank. In order to detect any change in the
perfornancc of rcngcnt, 1 ml of 0.075 N NaOH lolutxon
vas subjocted to the same reaction conditions as the
sample. ‘

2. Sauplo blank:. Il ordcr 10 subtract the absorptxon value
| due to thc original sa-plc color, 1 ml of sample
protoin extract vas mized vxth‘rcaqonts; Incubstion was
omitted; instead, the solution was dcacritod under

aspirator suction to eliminate fBuhblci.,
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-

The p;rceqtage of protein‘extracted vas calculated
using the crude njitrogen content determined for the'protein
extract aliguots. »

‘Tryptophan content was calculated at 545 nm using the
foilﬁQing equation:

Tryptophan (g/lob-g‘crﬁde protein) = ((As-Asb)xF)/N
vhere F = (Tstd/Astd)le; "A" stands for absorbance; "s" for
sample; "sb" for sample blank; "std" for tryﬁtophan‘standard
solution} ‘%std' for ug(s)'ttyptophan in 1 ml standard
solution; and "N" for mg(s) nitrogen in 1 ml protein

extract.



IV. RESULTS AND DISCUSSIONM

A. Total Nitrogen and Sulfur of the Potato Tuber

Total nitrogen and sulfur contents present in the major
anafoni;al regions of the potato tuﬁet«cv. Rugset Burbank
(Alberta) are presented in Table IV.1. Nitrogén content of
the yhole tuber'vas 1.6720.09%. A high level of N was found
in the periderm (peel) and the adjacent cortex region (total
thickness 0.5 mm) plus 4 mm of the storage parenchyma cells,
the three regions being designated as "corfex" (see Figure
IV.1). The medulla-(pith) also had a high N content. The
perimedulla N-content (1.5520.12%) was lower, while the
lowest content (1.22%) vas\in the xylem ring (vascular
bundle regiqh) plus the adjacent iayer‘(outer phloem)
attached to the ring.

The richest region in S (1,799:30 ppm) vas the periderm
" (peel) plus the adjacent cortex and 4 mm of the storage
pa;gnchyma cells, the combined r?gion again being designated
"cortex". The inner regiohs of the tuber contained close to
1,100 ppm S;,vhjle the conteht in the meaul;a vas higher |
(1,583:30 ppm S). ' |

Nittogen‘distribufion,vithjn ;he;tuber'regions £nd
total solids distribution (or*spocific'gravigy variations)
betveen different tissues and tuber zones‘ﬁavg b?gn the
subject of many rop&rté, most of them highly contridictofy.
" The most rcliiblé have been those by‘RQeQQVet al. (1970,

1971). N-content correlation (negative) vith tuber solids -

103
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cells

(comtain starch)

(contain sforch)““’
Pith (parenchyma- some starch storoge ).

‘*

Anatomical regions of the potato tuber
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and N-distribution in bud, core and stem sections of six
potato cultivars were the subjects of a recent report by
Weaver et al.  (1978).

Sulfur data for;potatoes have'only been reported fgr
volatile constituents of cooked or friedbbotatoes.(Self,

1967), but not for the raw tuber.

B. N—fractions of the Tuber ‘

The data for potato tuber protein fraction;;;on
accorQing té solubility are given in Table IV. 2. When fresh
tuber was peeled and diced and, in the presence of phosphate
buffer, subjected to high pressure using a laboratory
hydraulic press, the sap collected contained 76.1% of the
total-N of the peeled tuber. This suggested that the
majority of the total-N is made up of the readiiy soluble
free amino acid pool, amides, nucleotides, inorganic forms
of N and a large proportion of protein bound-N (albumin and
globulin). When the sap was dialyzed against distilled
vater, the dialyzable-N (all forms but prdtein-N) was 43.2%
of the total-N of the tuber, while the non-dia%yzable,
protein-N was 32.9% (i.e., 24.5% was water-soluble albumin
~§nd 8.4%, salt—soiuble globulin). The composition of the
 pure protei&-n vas: 67% albumin, 23% globulin, 1.4%
prolamine and 9% glutelins..

The cake remaining after sap extraction retained 23.9%
of the thbet total-N. When the cake was treated with 70%

ethanol, 0.5% of the total-N was prolamine, and wvhen it was

LY
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Table IV.2. Recovery of potato tuber proteins according
to solubility (cv. Russet Burbank, Alberta)

N-fraction % of Total-N'
Total tuber N 100.0
Tuber sap-N : 76.1

Dialyzable-N 43.2 "

Non-dialyzable-N

Albumin fraction 24.5
Globulin fraction 8.4

Tuber cake, pelf;t, residual-N 23.9
70% Ethanol-soluble-N 0.5
0.1% Acetic acid-soluble-N . 0.3
0.2% NaOH-soluble-N 3.0

TAverage values of two potato tubers supplied
by 1&S Produce, Edmonton )
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treated with 0.1% acetic acid followed by 0.2 N sq;ium
hydroxide, the acidic (0.3%) and basic (3.0%) glutelins were
collected. The residual-N retained by the cake was 23% of
the total-N of the tuber.

These results differed from those reported by Levitt
(1951), who extracted powdered freeze-dried tuber with
0.02 N KH,PO, pH 6.9-7.1 and found only 10% of the total-N
of the povaer wvas non-extractable. This residual-N could not
be extr;cted with water, 1 M NaCl or other protein solvents.
‘?he proteins extracted were at least two-thirds of the
total-N of the powder. Fract;onation of proteins by dialysis
against water provided little protein sedimentation, i.e.
globulin. When the‘alquin collected was freeze-dried, it
failed to solgpilize in d;stirled vater but was readily
dissolved in dilute salt solutions. Moreover, when Levitt
(1951) analyzed two halves of the t v , one kept at 0-5°C
and the other at 25°C for 10 days, nhe albunxn fraction of
ﬁhe latter increased significantly vhxle the amount of
globulin decreased. This may indicate a facile in vivo
‘conversion of the latter fraction to the former.

The methodology applied by Kapoor et al. (1975) can be
used to illustrate that results might be affected by the
fractxonat1on procedure. They homogenized the tuber in 1%
K;SO,, strained the slurry through cheese cloth centrifuged
the filtrate and recovered albun?n and tuberin from the
supernatant. The pellet contained the other proteins. The

tuberin vas precipitated ovefnight at 4°C by 40% (NH,),;S0,
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and the albumin was precipitated from the supernatant the
following day by 80% (NH,),SO.. Tuberin was solubilized with
1% K,SO.. The so-called globulin fraction was recovered from
the pellet by 5% K,;SO., prolamine by 55% isopropanol and
glutelins by 0.2% NaOH. This method of fractionation yielded
tuberin as the main protein (71'.3%), while only 1.7%
prolamine was found. There was close to 7% of each of
albumin and glutelin, while globulin was 3% of the total
protein-N. Residual-N in the pellet provided another 10X.

Hovever, when Kapoor et al. (1975) applied the
conventional solubility method of protein fractionation, as
done in this study, and used the same batches of potatoes
(cv. Red Pontiac), the water-soluble albumin became the
largest sfraction (49%) while globulin was 25% of the total
pure protein-N. Prolamine and glutelin were 4.3 and 8.8%,
respectively, of the total protein-N. These results vere in
close agreement with tﬁose of this study. The residual-N in
the pellet wvas as in their previous method, i.e. about half
that found iﬁ th{s study using cv. Russet Burbank.

A Eonventional solubility fractionation method applied
.bf Se;bles (1979) also supported the results of this study.
He subjected clarified potato sap to dialysis against water
and obtained albumin and globulin fractions soluble 'in 5%
K;SO,. The latter was about 25% of the total potato sap
protein. The author noted that the procedure, though found
useful for preliminary fractionation, does not provide a

sharp distinction between protein solubility classes. The



10

results of this study led to the same conclusion. Moreover,
the extreme instability of the tuber proteins tends to make
the results of individual classes vary with conditions of
tuber storage over short periods of time, hence all data
based on solubility are somewhat unreliable and not readily

comparable.

C. Protein Separation by SDS-PAG llcctfophoresis

Protein separation by molecular véight requires protein
markers. In this study muscle fiber proteins were used as
marker proteins. As seen from Figure IV.2, freshly prepared
myéfibri;lar proteins exhibited several majo% protein bands.
In order of increasing mobility in the direction of cathode
(-) to anode (+) they were: myosin, M-protein, a-actini
actin, tropomyosin and LC, and TN-C proteins. The bands /
covered a range of 20 to 200 x 10° daltons: Their
intensities were revealed by scanning the gel rods at 560
nm. In order to extend the molecular weight range to
13 x 10° daltons, RNAase A vas included as an additiohal
.protein marker (see Figure 1V.2).

The migration distances of.these protein markers and
their corresponding molecular weights, when plotted on a
semilogarithmic scale, pr;vided a linear calibration curve
vhich folloved the equation:

LOGmol .wt. = -0.02459X + 5.61958
(vhere X is the migration distance in mm)

The separation of the marker proteins and the calibration
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curve were verified throughout the study, and the separation
pattern of the freshly prepared myofibrillar proteiné was
reproducible and accurate regardless of the PAGE run.

The electrophoretograms: of potato tuber total proteins
and the corresponding scanning diagrams are given in Figures
IV.3 and IV.4, respectively, for the following potato
samples:

(a) raw,

(b) steam-cooked, and

(c) precooked at 70°C for 20 min, cooled for 20 min in

tap vater, then cooked in water for 30 min.

The separations providéd practically unchanged protein
patterns for raw or cooked tubers. In all cases there wvere
about 13 bands. Major bands were at 12, 25 and 45 x 10°
daltons; intermediate bands close to 32, 38, 58, 60, 105 and
120 x 10* daltons; and distinct minor bands at 30, 36, 93
and 100 x 10° daltons. The band at 45 x 10 daltons was the
major band in the higher molecular weight region for all
samples. Thi# band corresponds to the 45 kD glycoprotein
reported as the major soluble protein of most potato
cultivars by Racusen and PFoote (1980). The lower molecular
weight region (12-25 x 10° daltons) was the dominant region,
and its intensity was not altered by stea-;cooking or
cooking in water. This is in agreement with the findings of

Nuss and Hadziyev (1980).
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Figure IV.4 Scanning diagrams of the electrophoretograms of
raw, steamed and precooked-boiled potato tuber
total proteins ‘
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The findings related to these two major bands (12-25
and 45 x 10° daltons) strongly suggest that during
steam-cooking or cooking in water there is no appreciable
protein leaching from peeled and sliced tubers. Proteiﬁ

hydrolysis was not evident, since an enrichment in the lower

.
-

molecular weight region was not observed.

SDS-PAGE separations of purified protein fractions are
illustrated in Pigure IV.5. The albumin fraction (a) had 10
distinct bands, the four major ong;ﬁpfing at 45, 12, 20 and
25 x 10° daltons. It is clear that the 12,-25 and 45 x 10°
dalton bands coincide with the major constituents detected
among the tuber total'proteins. Intermediate bands were at
29, 35, 52 and 100 x 10° daltons. A few additional minor
. bands wvere present in the region above 140 x 10* daltons.

The globulin fraction of the tuber (b) shoved a major
band in the lov molecular veight range at 25 x 10’ daltons,
vhich coincided with that of albumin, vhfle the high band at
45 x 10° daltons wvas not a major band. An additional major
band at 22 x 10° and five distinct intermediate bands at 12,
26, 30, 45 and 55 x 10® daltons were present, along with a
fev minor bands above 83 x 10° daltons.

The 70% ethanol extractable prolamin pattern (see
separation c) cbntaihed similar bands to globulin. This
strongly suggested that some of the globulin resisted
extraction duringvprotein fractionation (5% NaCl in
phosphate buffer pH 7.5 for globulins) and”vaé later
solubilized with ethanol. The finding might also suggest at

2
4

1
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best trace levels of prolamin in the tuber.

The separations of protein fractions of the peeled
potato tuber solubilized in acidic or 5asic solvents are
presented in electrophoretograms d and e. These are the
acidic ‘and basic glutelins. These proteins still contained
the major low molecular weight protein at 25 x 10’ daltons
previously assigned as the major bands of albumins and
globulins. The glutelins retained the 12 x 10° dalton
component, while the basic glutelins had a distinct
component at 156 x 10° daltons. Both gldtelins had
intermediate or minor bands at 32 and 45 x 10° daltons.

Semiquantitative data for fractionated protein were
obtained by scanning the stained gel rods (see Figure IV.G).
The lower molecular weight albumin}comprised 47% of the
total albumins and the 45 x 10’ dalton protein close to 30%.
The lower molecular weight globulin component vas at least
60X of the tot‘l globulin proteins. This lower component
also made up 60% of the total prolamin aéd 45 and 56%,
respectively, of the total proteins of acidic and basic
glutelins,

The electrophorefograms shown in Figure IV.7 were
obtained from albumin and globulin fractions isolated from
stored tubers which had subsequently been diced,
freeze-dried and powdered. Aibumin vas represented by two
major bands coinciding with those of fresh potato sap
isolate, and globulin by a major band at 25 x 10 daltons.

When the peeled tuber was steam-cooked or cooked in water
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Figure IV.6 Scanning diagrams of the electrophoretograms of
purified protein fractions
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and then freeze-dried and powdered, isolation of albumin and
globulin was not successful, as illustrated by electro-
phoretograms. b and c in Figure IV.7 [Total protein from
steam-cooked or boiled samples was Feadily 1solated using
Tris-borate buffer pH 8.2 in a sample to buffer ratio of

1:1, followed by incubation at 100°C in the presence of 4%

SDS and 1% mercaptoethanol. In the albumin and globulin
extraction procedure the cooked samples were freeze-dried
and powdered, then suspended in a phosphate buffer pH 7.5
containing 5% NaCl, stirred and centrifuged to recover the
albumin and globulin fractions. These proteins were then
dialyzed against distilled water at 4°C, during which time
albumin remained solubilized, while globulin precipitated.
Hence, in the latter procedure no SDS or mercaptoethanol was
applied and the temperature did not exceed 4°C]. Therefore,
it appears that, after cooking, the two protein fractions
are wvell trapped.within‘the matrix of gelatinized starch and
are released only wvhen detergent and mercaptoeth;hol are
applied at higher temperatures (electrophoretogram d\XP
Figure 1V.7).

An overview of the protein bands and their
corresponding molecular weights for raw and cooked potatoes
and purified protein fractions is given in Table IV.3. This
overviev indicates that tuber protein fractionation baséd on
potato tuber protein solubility is an unreliab;e procedure;

As will be seen later, this view is strongly supported by

amino acidpdata on the so-called "purified"™ proteins.
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Table IV.3. Molecular weights (dalton x 10°) for
protein fractions of potato tubers and
tuber proteins

Sample Major Intermediate Minor

Tuber Total
Proteins

Raw
or "
Steamed 12 25 45 32 38 58 60 105 120 30 36 93 100
or

Precooked
& boiled

Raw tuber

protein

fract ions
Albumin 12 25 28 45 29 35 52 100 140 150
Globulin ‘ 22 25 12*?6 30 45 55 83 90 115 140 150
Prolamin 12 25 45 35 67 140 150
Basic glutelin 25 150 32 45 12 28 40 85 100

Acidic glutelin 25 12 20 32 45 150
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D. Protein Amino Acid Composition obtained by Ion-Exchange

Chromatography

A ]

Among the five proteln fractions recovered, albumin,
globulin and basic glutelins were subjected to amino acid
analysis. In order to follow the extent of destruction of
labile amino acids (half-cystine, methionine, tryptophan and
tyrosine), three different hydrolytic procedures were used
for comparison studies for each protein sample. Protein
hydrolysis methods were:

(a) hydrolysis with 6 N HCl in the presence of 0.1%

phenol to protect tyrosine;

(b) protein oxidation by acetic acid érior to

hydrolysis as in (a); and

(c) hydrolysis with 4 N methanesulfonic acid containing

0.2% 3-(2-aminoethyl)indole.

By applying method (b), half-cystine stjﬂgfermined as
cysteic acid, and methionine as methionine gulfgne. As shown
in Tables IV.4-IV.6, individual amino acid values obtained
using method (b) wvere lower than corresponding values using
(a) or (¢). This indicated that many of the 18 amino acids
analyzed; such as proline, were extonsiveiy degraded, and
tyrosine and tryptophan were completegyfdestrOYed. However,
sulfur-containing amino acids were recovered in good yields
as cysteic acid and methionine sulfonl‘

These results strongly suggest that, when applying the
protein hydrolysis method using 6 N HCl, two sets of

analyses are necessary -- one without and a second with



Table IV.4. Amino acid compositions of potato albumins
from raw tubers of cv. Russet Burbank (Alberta)
as affected by protein hydrolys:s. The resuits
are 1n g, 16 g crude nitrogen.

t4

Hydrolysi.s Method®
Amino Acid’ ' (a) {b) (c)
Aspartic Acid 1.2 t1.79 T2.42
Threonine 5.63 3.22 6.°C
Serine 5.40 3.83 5.90
\...Glutamic Acid 12.03 7.32 13.00
Proline 4.60 0 4.69
Glycine §4.67 2.95 S.14
Alanine 5.29 3.4 5.57
Half-cystine 1.72 2.73 2.03
Valine 5.87 3.61 5.32
Methionine 1.63 1.63 1.08
Isoleucine 4.87. 2.68 4.17
Leucine ’ 9.76 6.04 9.24
Tyrosine 4.57 0 5.24
Phenylalanine 5.10 2.54 5.22
Histidine 2.13 1.04 2.09
Lysine 7.99 5.29 7.17
Tryptophan 0 0 0.59
Arginine 5.84 3.13 ‘.47

"In this and following tables:

-~ amino acids are listed according to their ellition
sequence on ion-exchange columns of a single-column
automatic amino acid analyzer

-- half-cystine and methionine vere determined as cysteic
acid and methionine sulfone, respectively

*(a) 6 N HCl1l, 0.1% phenol;
(b) 6 N HC1, 0.1% phenol, HOAc; ’
(c) 4 N methanesulfonic acid + 0.2% 3-(2-aminoethyl)indole
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Table IV.S5. Amino acid compositions of potato globulins
from raw tubers of cv. Russet Burbank (Alberta)
as affected by protein hydrolysis. The results
are in g/1'6 g crude nitrogen.

o

Hydrolysis Method"’

Amino Acid (a) (b) (c)

Aspartic Acaid 12.86 9.03 13.58
Threonine ‘ 4.75 3.2 5.04
Serine 5.70 3.99 5.74%
Glutamic Acid 8.73 5.96 9.04
Proline 6.24 3.7 5.75
Glycine '5.96 4.6 5.96
Alanine 3.00 2.06 3.44
Half-cystine . 2.60 4.82 4.83
Valine 8.39 5.96 7.43
Methionine 1.08 1.19 0.67
Isoleucine 5.84 3.51 4.99
Leucine 7.78 6.92 9.56
Tyrosine 4.80 0 © 5,26
Phenylalanine 6.16 3.64 6.09
Histidine 2.24 2.32 1.98
Lysine 7.09 4.89 6.40
Tryptophan 0 0 0.40
Arginine 5.09 3.36 3.83

"{a) 6 N HCI, 0.'% phenol;
(b) 6 N HCl, 0.1% phenol, HOAc;
(c) 4 N methanesulfonic acid + 0.2% 3-(2-aminoethyl)indole



Table IV.6. Amino acid compositions of potato basic
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glutelins from raw tubers of cv. Russet Burbank
by protein hydrolysis.

(Alberta)

as affected
The results are in g/16 g crude nitrogen.

A

Hydrolysis Method'

Amino Acid (a) (b) (c)

Aspartic Acid 12.86 7.71 13.84
Threonine 5.38 3.67 5.7
Serine 6.74 3.82 6.25
Glutamic Acid . 12.58 8.20 12.84
Proline 3.83 3.14 5.20
Glycine 6.06 3.70 5.72
Alanine 6.07 3.65 5.32
Half-cystine 0 2.62 1.01
Valine 7.14 3.92 5.42
Methionine 0 2.02 0.25
Isoleucine 5.82 4.13 4.87
Leucine 11.84 6.99 10.12
Tyrosine 0 0 4.03
Phenylalanine 5.23 3.24 5.78
Histidine 3.07 2.36 2.79
Lysine 7.41 5.02 6.76
Tryptophan 0 0 0.50
Arginine 4.69 3.07 4.10

“{a) 6 N HCI, 0.1% phenol;

(b) 6 N HC1l, 0.1% phenol, HOAc; _
(c) 4 N methanesulfonic acid + 0.2% 3-(2-aminoethyl)indole



126

- performic acid oxidation.

when-hydrolysis was conducted with 4 N methanesulfonié
acid [method (c)], the values for amino acid contents were
similar to those of method (a). Exceptions were Sicontaining
amino acids, tyrosine and tryptophan, which were higher in
content using method (c). However, recoveries of
S-containing ;mino acids by method (c) were comparable to
those obtained by oxidation method (b). The most important
finding for method (c) was the presence of tryptophan in all
hydrolysates. Figures IV.8-IV.10 illustrate the ion-exchange
chromatograms of the three protein fractions (albumin,
globulin, basic glutelins) hydrolyzed with méthod (c) and
chromatographed on a single-eolumn amino acid analyzer. In
these chromatograms, surprisingly, small peaks corresponding
to cysteic acid (first peak, with the lovest»retention fime)
vere recorded, suggesting that even use of methanesulfonic
acid cannot avoid oxidative losses of the amino acids
present in proteins. Tryptophan contents, regardless of
protein fraction, were separated, but were much lower than
those found by the Spies and Chambers (1949) method as
applied by Kapoor et al. (1975).

Taking into account its methodological supefiority,
method (c), which had the fewest disadvantages of the
methods studied, is recommended as a single hydrolytic
procedure for amino acid analysis of fractionated and

purified potato tuber proteins.
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Figure IV.8 Ion-exchange chromatogram of amino acids
of potato tuber albumin
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Figure IV.9 Ion-exchange chromatogram of amino acids

of potato tuber globulin
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Figure IV.10 Ion-exchange chromatogram of amino acids
of potato tuber basic glutelins
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The results of Kapoor et al. (1975) for albumin,
tuberin-globulin and glutelin tuber proteins provided
similar characteristici in amino acid profiles. This was
especially true for the essential amino acids (methionine,
threonine, valine, lysine, isoleucine, phenylalanine,
histidine and arginine) ana for non-essential amino acids
(alanine, aspartic and glutamic acids, valine and sering).
These authqrs did not determine half-cystine contents.

In this study glutamic acid and half-cystine contents
differed in two proteins. In albumin, glutamic acid was 13.0
(g/16 g protein-N) and only 9.0 in globulin. The °
half-cystine content in ;lbumin (2.03) was less than half
that found in globulin (4.83). Differences were also found
in alanine contents (5.6 in albumin and 3.44 in globulin). A
reverse trend was found with valine (5.32 in albumin and
7.43 in globulin). These differences might be expected,
since, as mentioned earlier in the SDS-PAGE section, there
was a distinct major protein species at 45 x 10® daltons in
albumin but not a major protein species in globulin.

The similarity of basic glutelin amino acid composition
to that of albumin, with the exception- of ﬁafﬁ-cystine and
methionine, was not expected. Glutelin SDS-PAGE electro-
phoretograms contained a major protein species at iSO,x 10°
daltons and an intermediate protein 45 x 10°® daltons. Yet to
be clarified is whether or not the similarity in amino acid
composition is merely a reflection of the aggregation of the

45 x 10° dalton species into the 150 x 10° dalton species.

{
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Stegemann et al. (1973) had suggested such a possibility.

E. Total Amino Acids of the Tuber as Determined by
Gas-Liquid Chromatography

In this study n-heptafluorobutyryl‘(n-HFB)-isopropyl
ester derivatives of amino acids were separated by
gas-liguid chromatography (GLC). Glass columns packed with
3% SE-;O silicone impregnated Chromosorb W HP were used and
250-500 umoles of amino acid derivatives were injected
directly onto the column to avoid contact of the vapor with
the metal-lined injection port. Injection of a mixture of
standard amino acid derivatives was performed with and
without co-injection of heptafluorobutyric anhydride (HFBA).
As seen on Pigure IV.11, a-amino-f-quanidinopropionic acid
(AGPA) or arginine esters, when acylated, might exist in
their w-salt forms. These salts arA not volatile and are
predominant in the presence of even traces of water
(Stalling and Gehrke, 1966). To avoid salt formation the
injection into the column was done in the presence of excess
HFBA, which then induced on-column derivatization, forming
volatile‘derivativés (with imino group hydrbgen acylated
with the HFB group). -

Internal standards were also reguired in GLC separation
tos avoid errors during sample preparation and injection.
Ornithine and norleucine have often been used as internal
standards, hovever they could not be applied in this study.

Ornithine is one of the free amino acid constituents of



OHH
CaH;OCCNCCaF7 C3HOCCNLCF;
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' NH HFBA. LNH O
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w -salt , C‘f-,

luﬂh injection with HFBA(n-heptafluorobutyric acid
iide) at 225°C

X=1 o—amino $-guanidinopropionic acid (AGPA)
Y=3 arginine !

Figure IV.11l On-column derivatization of @-salts
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potato tuber, while norleucine "spiked” (had the same
retention time as) the peak of y-aminobutyric acid, the
second unusual acid -within the free amino acid pool of the

tuber.

Pure compounds tested as internal standards are listed
o~

in Table IV.7. AGPA was not suitable since it often was
incompletely derivatized with HFBA, giving irreproducible
peak heights. Taurin éould not be successfully derivatized,
while the hydroxyproline derivatized peak coiqcided with
that of aspartic acid. The only internal standard with a
stable, reproducible and well-separated peak.was pipecolinic
acid. Its peak was eluted between proline and aspartic acid
and could be easily measured. However, AGPA also added as an
internal standard for ion-excﬁange chromatggraphy since it
provided an intense color in the ninhydrin reaction.

The choice of pipecolinic acid as a GLC_internal
standard was not without a potential drqvback. The compound
had been detected in tubers by McDonald (1974), but it was
present only when potato plants were infected with leaf-roll
vitu#. McDonald (1974) suggested, and this study cbnf&tned,
that the acid was not present in crude protein hydrolysates
from healthy raw tubers. -

The relative retention times of amino acid deriva;ives
.are lisied in Table IV.8. Mean values and stanéard
deviations are listed in order of chromatographic elution

sequence, the first compound eluted being alanine (RT=2.185)

and the last arginine (RT=11,273) when coinjected with HFBA
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Table IV.7. List of tested internal standards for amino
¢ 'acid separation by gas-1liquid chromatography

N

Compound Structure Suitability
a-amino-B-guanidino H;NC (NH)NHCH ;CH (NH, ) COOH -
propionic acid

(AGPA)
Hydroxypfoline HO -
(hydroxypyrroli-

dine carboxylic COOH

acid) ‘ N

H

Norleucine CH,CH,CH,;CH,;CH(NH; )COOH -
Ornithine "-\HzNCHzCHZCHzCH(NHz)COOH -
Pipecolinic acid \ H

(2-piperidine N . +
carboxylic acid) , [:V:]COOH
Taurin ) -

(Z'aminoethane HzNCHzCHzSO‘)H
sulfonic acid) ‘

N
3

Y
N



/‘

Table IV.8. Gas-liquid chromatography retention times (RT)
of n-HFB-isgpropyl ester derivatives of
amino acid%

HFBA*' Coinjected HFBA not coinjected
: ‘Mean RT Mean RT
Amino Acid (min) +SD %CV (min) FSD %$CV
Alanine ’ 2.185 0.031 1.42 2.150 0.019 0.87
Glycine 2.350 0.033 1.43 2.320 0.037 1.61
Valine 3.338 0.032 0.96 3.308 0.026 0.78
Threoﬁine 3.815 0.031 0.81 3.824 0.021 0.54

Leucine + Serine 4.060 0.027 0.67 4.076 0.023 0.56
Isoleucine 4.268 0.039 0.93 4.274 0.021 0.49

y-aminobutyric 4.943 0.019 0.38 4.748 0.033 0.70
acid

Proline 5.390 0.016 0.30  5.246 0.021 0.40
1S 1 5.885 0.017 0.29 5.888 0.023 0.39
Aspartic acid 6.683 0.609 0.14 6.622 0.019 0.29
Methionine 7.013 0.009 0.14 7.040 0.017 0.25
Glutamic acid . 8.117 0.015 10.19 8.062 0.019 0.24
Phenylalanine 8.255 0.006 0.07 8.320 0.019 0.22
Ornithine 8.885 0.017 0.19  8.794 0.020 0.24
1§ 2 9.165 0.006 0.06 --- -—- ---
Lysine 10.093 0.015 0.15 10.034 0.025 0.25
Tyrosine 10.253 0.005 0.05 -~ 10.308 0.019 0.18
Arginine : 11.273 0.010 0.09 - --- ---

'Heptafluorobutyric acid anhydride

*Pipecolinic acid used as an internal standard for GLC
*a-amino-f-guanidinopropionic acid used as an internal
standard for automatic amino acid analysis

135 '
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(see Figure IV.12). Separation of leucine and serine was not
achieved, nor were peaks obtained for cysteine or cystine,
probably due to their insolubility in the esterification
mixture. Histidine and tryptophan could not be readily
derivatized. When derivatized separately, tryptophan gave
two elution peaks (the development of a pinkish color was
also observed, which implied a condensation reaction”that
produced the colored species), however corresponding peaks
were not observed in the derivatization of amino acid
mixtures. The % coeffiéient of variance (100 x standard
deviation / mean) was less vhen amino acid derivatives were
coinjected with HFBA. Exceptions wvere the initially eluted
amino acids, up to iséleucine, the retention times of which
appeared to be slightly shifted by the excess HFBA reagent.
Elution of a mixture of 1!7 amino acids and two standards was
achieved after 15 min. However, an additional 10-15 min were
required with tuber total prot?in hydrolysate to elute the
residual minor constituents (all unknowns) and thus to clean
the column for the next separation.

Relative molar responses (RMR) of n-HFB-.isopropyl ester
derivatives of amino acids, which were used for their
quantitative determination by GLC, are listed in Table IV.S.
There wvere two sets of values, i.e. with and without
coinjection of HFBA. Values in the first set, with the
exception of ornithine and phenylalanine, were lower. In
both sets pipecolinic acid, the internal standard, was

assigned a value of 1.000. All calculations followed the



Table IV.9. Relative molar responses (RMR) of n-HFB-i1so-
propyl ester derivatives of amino acids used
for their guantitative determination by
gas-1iquid chromatography

~d

HFBA' Coinjected MFBA not coinjected

Cean Mean
Amino Acid RMR *SD xCVv RMR +SD CV
Alanine 0.664 0.037 5.59 0.767 0.044 ©S5.78
Glycine 0.645 0.045 7.07 0.%523 0.090 17.27
Valine 0.558 0.032 5.78 0.783 0.049 6.26
Threonine 0.948 0.054 5.73 1.442 0.130 9.05
Leucine + Serine 2.299 0.136 5.90 3.026 0.436 '4.42
Isoleucine 0.525 0.0'7 3.4 0.907 0.030 3.29
y-aminobutyric 0.838 0.048 5.76 1.404 0.1745 10.34
acid
Proline 1.073 0.006 0.60 1.864 0.022 .18
IS 1.000 --- --- 1.000 --- ---
Aspartic acid 1.044 0.073 6.97 2.057 0.161' 7.82
Methionine ~1.037 0.048 4.59 1.776 0.125 7.07
Glutamic acid 1.12¢ 0.083 7.42 2.026 0.212 10.44
Phenylalanine 2.534 0.237 9.36 3.472 0.164 4.72
Ornithine 1.155 0.132 11.42 2.326 0.140 6.00
’18 2 1.588 0.064 4.0 --- --- ---
Lysine 1.939 0.035 1.80 2.599 0.263 10.12
Tyrosine 2.462 0.1217 4.90 3.8183 0.255 6.68
Arginine 1.432 0.130 9.04  ---  --=  ---

'Heptafluorobutyric acid anhydride

‘Pipecolinic acid used as an internal standard for GLC
‘e-amino-f-guanidinopropionic acid used as an internal
standard for automatic amino acid analysis
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Figure [V.12 Gas-chromatograms of n-HFB-isopropyl ester
' derivatives of standard amino acid mixture:

A= without co-injection
B= with co-injection of HFBA.
Pipecolinic acid(IS1) and AGPA(I1S2) as intermal
standards.
Temperature program: 100°C 1 min, then temperature
programming at 10°C/min to 250°C and hold at 250°C.
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equation:
Amino acid molar response
Pipecolinic molar response

The results ii1sted in Table IV.9 were obtained by
injection of an eqguimolar mixture of amino acids. In amounts
of 5-50 nmole, but usually 25 nmole/acid, they were first
derivatized in a reaction vial i1n a total solvent reagent
volume of 100 wl. Then, using a microsyringe, 10 ul were
. removed, followed by 10 ul HFBA reagent, and the combined 20
ul volume injected on-column (25 nmole of each amino acid).
As found in this study and by Golan-Goldhirsh (1979), each
amino acid analyzed in the range of 1-50 nmoles provided a
linear éesponse of the flame i1onization detector.

The use of RMR is illustrated by a sample analysis.
Freeze-dried potato powder, 25 mg (corresponding roughly to
2.5 mg crude proteiq or 0.4 mg crude protein-N), was
hydrolyzed, and 5 umole of pipecolinic acid and 1.25 umole
of AGPA were added. After cleaning and evaporation steps,
‘the sample wvas transferred to a vial, derivatized and
coinjected with HFBA. Each GLC peak was integrated and its
value (L) was divided by the integration value (I) of
pipecolinic acid. This value was then divide by the RMR of
the given amino acid to obtain the amount of amino acid in
nmoles: |

Zamino acid

nmoles Amino Acid = ----- e e e L L P LR L
RMR x ZIpipecolinic acid
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Each nanomole value was then multiplied by the molarity
of the internal stadard added, and by the molecular weight
of the amino acid to obtain its content 1in nanograms (or mg)
in the protein-N fraction or in the tuber (dry weight

basis).

F. CystincA* Cysteine Contents in Raw and Processed Potato
Tubers

Cystine + cysteilne (or halftcystine) conte%t was
determined in tubers spectrophotometrically using Ellman's
\reagent after peptide chains were unfolded by urea and
disulfide bridges r?duced by Na-borohydride.

In the reaction mixture containing the Ellman reagent
(0.833 mMoles), equimolar contents of cysteine were expected
to react with reagent. However, this was only partly true.
As shown in Figure IV.13, there was a linear relationship
between cysteine and A,,; up to 0.25 mMoles cysteine/L,
after which there was a plateau of readings which clearly
commenced at 0.8 mMoles cysteine/L. There vas a linear
relationship with cysteine concentration in the rangenpof
0.417-83.33 umoles/L, and this range vas used as a
calibration curve throughout the study (Pigure IV, 14).

Though the analytical procedure used was based on that
of Pelker and Waines (1978), their recommended molar
absorptivity of 12,000 M-' cm"' wvas not used. The accdtacy
of this and other molar absorptivities used in the past was

questioned by Riddles et a/. (1978). Therefore, the molar
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absorptivity was determined in this study (Table IV.10). The
values were quite consistent from 16.667-83.333 umoles of
cysteine, giving an average of 12,687.5, a value 5.7% higher
than that used by Felker and Waines (1978). The molar
absorptivity did change at lower cysteine concentrations,
varying from 11,151-11,769 below 16.667 umoles. In this
study all tuber samples were analyzed in the range of
16.6-83.3 umoles half-cystine using a molar absorptivityﬁ
value of 12,687.5.

As shown in Table IV.11, raw potato tuber total crude
protein contained 1.22% half-cystine, agreeing with the
content reported for tubers grown in Michigan by Kaldy and
Markakis (1972), vho used a method employing performic aciad
oxidation prior to protein hydrolysis by 6 N HCl. Also given
in Table IV.11 are total half-cystine contents of the major
anatomical regions of the tuber. The meduila (pith)
contained the lowvest and the vascular bundle (xylem ring)
plus outer phloem the highest levels of total half-cystine,
again expressed as percent of the total-N (Kjeldahl-N x
6.25) of the region.

Steam-cooking of tuber and precooking followed by
cooking in water resplted in a significant reduction of
half-cystine content. As seen in Table IV.11, steaming
brought about 11% destruction of half-cystine, and
pgccooking and boiling 24%. A ii-ilar study by Hughes (1958)
showed as much as 60X destruction of half-cystine after

cooking in water under household conditions of the cv.
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Table IV.10. Molar absorptivity of cysteine as affected by
cysteine concentration in the reaction mixture
of the applied procedure

Cysteine Concentration 1in Molar Absorptivity'
Final Solution (C; wuMole/L) e (M~ cm ")
I
0.417 11151 ¢+ 730
2.083 11164 * 805
4.167 11645 + 223
8.333 . 11769 t 148
16.667 12762 t 167
25.000 12720 + 163
33.333 12606 ¢ 115 Average
41.662 12720 + 134 12687.5
50.000 12802 + 144
58.333 12528 ¢+ 439 SD
66.667 12472 + 245 + 265.9
75.000 12721 ¢ 348
83.333 : 12854 t 495

"e was calculated from the equation:
e = Ay,2 / C-D; with D=1 cm
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Table IV.11. Total half-cystine content in raw and cooked
potato tubers gnd in major anatomical regions
of the raw tuber of cv. Russet Burbank (Alta)

Total Half-cystine Content
Potato Sample (% of crude protein)

Whole Tuber

Raw 1.22 ¢+ 0.23
Steamed o 1.08 ¢ 0.06
Precooked and Boiled 0.93 ¢ 0.23
Major Anatomical Regions
Cortex / 1.217 = 0.06
Vascular Bundle + Outer Phloem 1.30 £ 0.05
Perimedulla (Inner Phloem) 1.18 ¢+ 0.02
Medulla (pith) t.11 ¢ 0.03

In this and the following table total half-cystine was
determined by a spectrophotometric method using Ellman's
reagent after cystine was reduced by Na-borohydride

(see Materials and Methods)
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Epicure. The major decomposition pathways of cysteine and
cystine, as reviewed by Carpenter (1974), appear to involve
a desulhydration reaction which 1s catalysed by both heat
and water. Hence, the higher destruction in precooked and
boiled tuber samples was somewhat expected.

Destruction of half-cystine was also followed for
various steps of a Freeze-Thaw granule process. As Seen 1in
Table IV.12, the most significant reduction was found during
steam-cooking, tuber hot mashing and freeze-thawing steps of
the process. In subsequent dehydration steps no significant
reduction was found, clearly emphasizing the need for

involvement of water.

G. Tryptophan Determination

Tryptophan determination requireé, as a first step,
total-N (free and protein-bound amiﬁo acid-N) solubilization
with a suitable solvent. Two solvents appear to be the most
suitable for raw and cooked and freeze-dried and powdered
potato'samples. The first, dilute NaOH (0.075 N),
solubilized up to 88% of the raw tuber total-N. However, it
had a low efficiency in solubilizing total-N of steam-cooked
potatoes (<33.5%) and of precooked and boiled samples
(39.9%). The second solvent system, consisting of 70%
ethanol and dilute NaOH -in a rafio of 1:4 v/v, solubilized
91X of the available total-N of the raw tuber, while its
efficiency was 58.2% for steam-cooked sambles and 59.2% for

precooked and boiled samples. When 0.5 M NaCl was included

»



Table IV.12. Total half-cystine content

cv.

Freeze-Thaw processing into dehydrated granules

Russet Burbank

(Alberta)

during

1in potato tuber

its

After Processing

Total Half-cystine Content”

Step of (% crude protein)
Slicing 1.20 ¢+ 0.08
Steam-Cook1ng 1.02 £ 0.05
Hot Mashing 0.92 = 0.11
Freeze-Thawing 0.74 ¢+ 0.0
Granulation 0.78 + 0.05
End Product 0.78 + 0.03
Discard Portion 0.74 + 0.10
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into the solvent system (0.5 M NaCl:70% ethanol:0.075 N
NaOH, 2:3:5 v/v), there was improved total-N solubilization
(93.7% for raw, 80.1% for steam-cooked and 69.2% for
precooked and boiled tubers).

when the binary system of ethanol and NaOH was applied
for raw tuber analysis, an increase in the proportion of
NaOH provided an incgease in protein solubilization, the
maximum being reached at a volume proportion of 1:4.
However, this was not the case for cooked samples, where an
increase in NaOH caused a decrease in solubilization.
Improvement could only be obtained by increasing the
proportion of ethanol. For cooked samples the optimum was an
ethanol:dilute QQOH ratio of 2:1 v/v.

When the potato tuber extracts were checked by iodine
reaction for the presence of starch contaminants, the lowest
amount of starch was detected with an ethanol:NaOH ratio of
1:4 v/v, while other ratios provided extracts with
considerable starch content.

Concon (1975) found that for cereals (wheat and rice)
the maximum color development in tryptophan detection
occurred after 20 min reactjon time. In potato extracts the
color development time was found to be much longer. As seen
in Figure IV.15, in extracts obtained with 70% ethanol the
maximum color$intensity vas reached after 80 min for raw and
boiled potatoes and after 70 min for steam-cooked samples.
When dilute NaOH was used instead of ethanol, the.time

required was 110 min for raw and ptécooked and boiled
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T tIivpicphar determ.nat.ic” tnal

was used 1n th:s study :s showrn .r F.gure V. 7. The
detection li- was C.oSe tC ol wg ml ané there was a ..near

relationship betweer abscrbance and :tryptophar concerzrat.cor
-

Q.

inra range of 80-20C ug tryptophar m. a: prese.ec:e
reaction times of "C, SC, ~°C cr 30 m.r. The abscrbance
increased with increas:ng react.or t.me. The A,,y .ncremen:t
for a 20 min time difference :'for react.or t.mes cf "0-SC cro»
110-130 min)vvas 0.030 and was :.ndependen: f;om tryptophanr
concentration i1n the 80-200 ug ml range. The .ncrement
readings between 90-1°'C min var:ed from‘O.CZQ-C:C’C and wvere
higher as tryptophan concentrat:on increased.

The maximum color, develioped at "'C min, gave rather
inconsistent results, depending on the soivent used. Since
the variation was unreasonab.y high, tryptophan content was
determined by the Spu; (1967) "W" method (M.S. Kaidy,
unpublished data) i1n tubers of év. Russet Burbank grown in
several Alberta locations (those which supply tubers to the
dehydration industry). The Spies "W* method vas selected

since the literatutre reviev suggested that it would be the

most accurate and reliable method for compar:son study. The

’
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results are presented 1n Table IV.'3. Tryptophan content
averaged '.6% of the tuber total crude-N, with s.iight
d:fferences found for tuber samp.ings (except for the
Edmonton area' and growth location.

The Spies "W" results, when compared to those of
colorimetric tryptophan determinat:on (Table IV. 4",
revealed tha: colorimetric data are :nflated for cooked
samples and low for raw tuber when readings were taken after
20 min reaction time. This pattern held regardless of
protein extractant, except when NaC. was incliuded, when the
reverse trend was true (close tc the correct tryptophaﬁ
value with raw tuber and too iow with cooked samples).

Tryptophan color reactxonwreadings taken after ''0 min,
vhen the absorbance had leveled off, gave highly :inflated
tryptophan values, expressed as % of the ava:lable tuber
proteins. As seen in Table IV. for raw tuber, th.s
inf,at:on was 26—3’1 for raw tubers and over 80% for cooked
tubers.

The source of error which contributed to :nflatéﬁ
resuits was .nvestigated. React:on o( other i1ndoles 1n a
giycxylate med:ated reaction was ruied out since no
s:gn:f:cant amounts of :ndcies cother than tryptophan have
ever been reported .n potatoes. Unlike :n the Spies and
Chambers method  "949), ethanoli used :n th:s study should
not :nterfere. However, the possible :nterference of potatc
starch vas assessed. Pazitc amylose vas solubilized :n 0.07%

N NaOK ~ mg. m. and the :ryptophan ccicr deveioped (0.% ml
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Tabie IV.'3. Tryptophan content of potato tubers cv. Russet
Burbank grown in four locations 1n Alberta’

Edmonzon Lacombe Brooks Vauxha..

Sampie -~ ~--------- e
Number mg, g % mg,’g X mg, g % mg g %
27 g’ 0 2z .5° 8 54 B

2 .06 2 1.26 .6 9 5 34 5

3 .46 .9 .35 1.6 1.9 1.6 .46 .8

4 .18 2.0 1.36 1.8 0.98 .3 1.08 .5
Average: .27 .7 1.27 1.6 t.22 1.6 t.36 .6

"Analyses performed by Dr. M. Kaldy (Experimental
Research Station, Agriculture Canada, Lethbridge)
‘mg of tryptophan/g of potato dry matter
*Tryptophan percentage of the total protein

o



Table IV.14.

Tryptophan contents in raw and cooked tubers,
determined by the colorimetric method of

"Concon

(1975) using the suggested development
time of 20 min

Extractant Protein Tryptophan
Tuber EtOH/NaOH Extracted (% of A,.0/830
Sample ratio (%) protein) Q-value’
Raw 1 4 90.3 = 1.096 + 0.059 1.652
Raw 0: 84.2 + 5.9 1,142 ¢ 0.028 .62
Steamed 2:) §1.7 ¢+ 4.9 1.77% ¢ 0.152 ---
Steamed 1:0 39.7 ¢+ 1.40 2.270 ¢ 0.1M 1.600
Precooked 23! 48.1 ¢+ 1,03 1.699 2+ 0.018 ---
and Boiled
Precooked 1:0 286.% ¢+ 0.9 2.562 * 0.089 1.635
and Boiled

Extractant

. NaCl/EtOH/NaOH
Ratio

Raw 2:3:5 93.69 ¢+ 3.8 1.500 2 0.16 2.033
Steamed 2:3:5 80.10 £ 2.6 ‘4.352 + 0.4 2.165
Precooked 2:3:5 69.18 + 4.8 0.972 ¢ 0.17 2.358
and Boiled

"Q-value = ratio of tryptophan color intensity reading

8t Asasnm after
off and after 20 min,

110 min when color development levelled
as used for cereals (Concon,

1975%)

155
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amylose solution *+ 0.5 ml tryptophan [180 wg/ml] + 3 ml
reagent and 2 ml sulfuric acid). The Ay.,s after 1'0 min was
0.134. when starch was omitted from the reaction mixture
(blank), the reading was 0.'22. This difference accounted
for an inflation in apparent tryptophan content of 0.04
ug/ml, i.e. only a 2.2% error. Therefore, starch
contamination was ruled out as a major source of error.
Finally, the water molarity of the reaction mixture vaﬁ
investigated as a possible source of error.

As outlined by Concon (1975), the tryptophan
determination reaction mixture consists of ! ml agueous
sample solution, 2 ml of 25.8 N sulfuric acid and 3 ml of
glacial acetic acid. In such a mixture the concentration of
sulfuric acid vas 8.6 N, and that of water 15.04 M. However,
in this study the water content in the solubilized samples,
as well as in the final reaction mixture, vas the variable
component (as shown in Table IV.15). The water molarity
varied from 8.55-15.04, a molarity change vhich closely
folloved the sigmoid curve for cereals, as established by
Concon (1975), i.e.

Log A = b-S - C, with b<0
vhere b is the slope of the curve (3.5), S is the sample
reading and C is the blank. Hence, just changing the water
molarity even vwithin narrow limits would provide Ay.s
rea@ings inflated by 40% or more (last column of Table
IV.15). Taking into account such corrections, tryptophan

contents in raw and cooked potatoes could beé adjusted to



Table [V.15. Water molarity in reaction mixture and
calculated Ay, in tryptophan color development
fcr raw and cooked potato tubers

! Water Molarity of % of
1n Water max.
Protein 0% O0.075N 0.5M Extract Final Rxn. Asas
Extractant EtOH NaOH NaCl (ul) Mixture' Expected
Ethanol ) 0 300 8.55 >140
Dominant
2 1 533 0.7 >138
3 ! 475 10.18 140
4 1 440 9.85 141
5 ; 417 9.64 142
Sodium 0 ! 1000 15.04 50-90
Hydroxide
Dominant ! 2 766 12.87 122
! 3 825 13.42 Y15
! 4 860 13.74 110
! 5 883 13.95 110
Sodium 1 5 3 922 4.3 100
Chloride ‘
Containing 2 5 3 860 13.74 110

"Tnclude® 624 ul water content from 2 ml' of added
25.8 N sulfuric acid
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nearer true values. However, the question would still
remain, "Is the partially extracted N of cooﬁed tubers
representative of the average tryptophan content of the

tubers?”.

H. Total Amino Acid Composition of Raw and Processed
Potatoes

Rav and processed potatoes were analyzed for their
amino acids by (a) ion-exchange column chromatography and,
simultaneously, by gas-liquid chromatography (GLC). Sample
hydrolysis with 6 N HCl 1in the p}esence of 0.'% phencl was
the procedure of choice. The advantage of this method was
that, despite large amounts of tuber starch, am{no acid
recovery was satisfactory exéept for S-containing acids and’
tryptophan. The oxidation step with performic acid prior to
hydrolysis was omitted since it would provide results for
only methionine and cysteine ¢+ cystine. Since the latter was
determined in a separate sample by a coloripetric method
using Ellman’'s reagent, methionine results alone did not
varrant suﬁh an approach. Moreover, since éysteic acid and
methionine sulfone are not detectable by GLC, performic acid
oxidation would be inapplicable. Lastly, methanesulfonic
acid, though a superior acid for purified protein
hydrolysis, was not applied as its application is limited to
samples containing less starch than present in potato

tubers.
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Results obtained by ion-exchange chromatography

The total amino acids and their composition in peeled,
steam-cooked, precooked and boiled potatoes analyzed by
1on-exchange column chromatography are given in Table IV.'6.
The raw tuber major acids were aspartic and glutamic acids,
the combination accounting for 49% of the totql acids
present (based on mg/g tuber dry matter).

The essential amino acids comprised 39% of the total, a
value close to that of cv. Russet Burbank grown in New
Brunswick (low specific gravity, 1.065-1.075). The value was
much higher than the 32% for the same cultivar, but high.
specific gravity (Jaswal, '973). The non-essential amino
acids, excluding aspartic and glutamic acids, comprised
close to 12% of the total acids of the tuber. In agreement
vith many earlier reports, some essential amino acids were
present in significant proportions, particularly leucine,
lysine, phenylalanine and valine.

Steam-cooking brought about an 1'1% destruction of the
total amino acids of the rav tuber. There was a 7.3%
dgcrease in the sum of aspartic plus glutamic acids, and a
slight decrease in the content of total essential amino
acids (with lysine, methionine, tyrosine and arginine being
ampng the {e t affected) and a 1.2% decrease of the
non- essentxal amino acxds Regardless of such destruction,

: )
the general amino acdiérofxle, vhen compared to raw tuber,

»

wvas practically unchanged.

-
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Table IV.'6. Total amino acid composition of raw and cooked
peeled potato tubers cv. Russet Burbank.

Aminc Ac:d Content
(mg, g dry weight of potacz

O

Precooked
Amino Ac:d Raw Steamed and boi.led
Aspartic acaid 28.55 23.0¢ 4.4
Threonine’ 3.0 3.02 2.59
Serine 3.4° 3.17 2.73
Glutamic acid 20.27 18.54 .45
Proline 2.55 2.14 2.09
Glycine 2.93 2.64 2.4°
Alanine 2.74 2.59 2.26
/2 Cystine’ 0.81 0.72 0.66
Valine® 4.98 4.76 3.67
Methionine® 1.47 1.43 1,19
Iscleucine’ 3.54 3.15 2.69
Leucine’ 4.98 4.46 4.20
Tyrosine’ 3.64 3.92 3.09
Phenylalanine'’ 4.02 3.64 3.0
Lysine’ 5.50 5.01 4.62
Histidine'’ 2.09 1.87 1.38
Arginine’ 4.99 4.9 4.00
Tryptophan® -=-- - ——=-
R4

“The composition was detefmined by using an automatic
amino acid analyzer with non-oxidized tuber samples. See
Materials and Methods.

‘Essential amino acids.
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Precooking followed by cooking in water provided
further losses. The destruction was 34% of the originally
present amino acids of the tuber. When compared o
steam-cooking, the detrimental effect of boiling was
obvious: an additional 23.4% destruction. Again, the most
affected were aspartic and glutamic acids (23% loss). Total
loss of essential aminQ acid was 8% and of non-essential
amino acids 3%, when compared to their initial values in raw
tuber. These data strongly suggest that tuber precooking,
followed by boiling in water, provides thermal as well as
leaching losses of the tuber amino acids.

The elution profiles of an ion-exchange column
separation are presented in Figures I1V.18-1V.20. The
apparent increase found for ammonia peaks 1n cooked tubers
does not necessarily reflect the extent ok amino acid
degradation during cooking since the clean-up and

‘evaporation steps 1in sample preﬂ“ﬁad‘bn involve ammonia (see

Materials and Methods). The AGPA used as an internal

standard was eluted before the last peak (arginine) with

' good resolution. The presence of y-aminobutyric acid was ,
alvays beyond doubt. Figures IV.18-1V.20 also show that a
portion of methionine was oxidized during hydrolysis and
eluted as methionine sulfone, with the lowest retention time ~
of all the acids. The peak of half—cystine'ﬁgs detectable,
but was minor due tWsdestruction during hydrolysis. Elution
monittring vas at 560 nm, hence the profiles do not shov a

proline peak (it was quantitated at 440 nm). Proline was
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Figure IV.21 Gas-chromatogram of n-HFB-isopfopyl ester derivatives
of Raw, Steamed,and Precooked-boiled potato tubers ~
cv.Russet Burbank(Alberta). )

Pipecolic acid and AGPA as internal standards.
Temperature program: 100°C 1 min, then temperature
programming at 10°C/min to 250°C and hold at 250°C.
All samples were co-injected with HFBA.



169

found to be super.cr to 6 C° min, the former giving a
theoretica. piate number for pro.ine of "2,769 and the
.atser on.y ., 32. The GLC method, uni.ke :on-exchange
chromatography, d:d revea. the presence of ornithine (peak
14), which was we.l resolved from the adjacent doublet (peak
“2-'3) and from the internal standard (AGPA; peak '5).
y-aminobutyric acid (peak 7) was also well resolved and
guantitated. Lastly, the double peaks 12-13 and 16-17 were
less well separated than in runs using pure amino acid
standa;d mixtures, but they could bé‘quantit9ted
nevertheless. ' K .

The total amino acid contents and compositions for
potato tubers determined by GLC were similar to those
obtained by ion-exchange chromatography, with two
exceptions: GLC always gave higher tyrosine and lower lysine
' \

contents in raw and cooked samples. As might be expected,

small discrepancies in contents of aspartic acid, proline,

alanine, phenylalanine and arginine were found with GLC. For

example, potential sources of error were increased apparent
. o .

»

phenylalanine content due to its joint elution with glutamic

acid, while arginine derivatization was inconsist*f ! }io
formation of a salt. Alanine.reproducibilityvcoul-‘"
- Iz ‘ r
questio‘%ble due to its shouldering on the solvent pea

¢

Amino Acid Composition of Granulated Potatoes

The amino acid composition of .dehydrated potato
4 h

granules obtained by a semi-pilot scale Freeze-Thaw process
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is given in Tables IV.19 and IV.20. The data were obtained
by applying gas-liquid and ion exchange chromatography
methods and are arranged by the unit operations of the
process.

As revealed by GLC (Figures I1V.22-1V.24), the peeled
tuber contained 90 mg of apparent amino acids/g tuber (dry
matter). However, when the amino acids half-cystine, serine,
isoleucine, leucine and histidine were included (from
results of a parallel determination by ion-exchange
chromatography), the total amino acid content was raised to
104.5 mg/g tuber (d{y matser). This decreased to 90.1 after
steam-cooking, 75.7 after mashing, 74.2 after freeze-thawing
and 73.7 after grénulation. The end product content was 58.3
and the discard 71.6.

When ion-exchange chromatograph} data were analyzed,
sliced samples provided 101.1 mg/g potato (dry matter). This
decreased to 92.6 after steam-cooking, 91.f6 after mashing,

90.7 after freeze-thawing and 85.6 after granulation. The

-
B

end product content was 84.5.

Total amino acid contents as found by GLC were either
too low, or the results obtained by ion-exchange
chromatography vere inflated (even though in the latteer:case
the contents of. y-aminobutyric acid and ornithine %ére not
includga). The discrepancy between the two methods was
toleraLle onlyvin slicing and steém-cooking Sbepsv but was
too high in other steps (15.9 mg amino acid in mash;ng, 16.5

in freeze-thawing, 11.9 in granufhtion and 26.2 in end
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Figure IV.22 Gas chromatogram of n-HFB-isopropyl ester
derivatives of samples obtained from a Freeze-
Thaw granule process(after: slicing; steaming) .
Pipecolinic acid and AGPA as internal standards.
Temperature program: 100°c 1 min, then temperature
programming at 10c®/min to 250% and hold at 250°c.
All samples were co-injected with HFBA.
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Figure 1V.23 Gas chromatograms of n-HFB-isopropyl ester derivatives
of samples obtained from a Freeze-Thaw granule process
(after:mashing; thawing; granulation). gPipecolinic

acid and AGPA as internal standards.

Temperature program: 100°¢ 1 min, then temperature
programming at 10°%/min to 250°c and hold at 250°c.
All samples were co-injected with HFBA.
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Figure IV.24 Gas chromatograms of n-HFB-isopropyl ester derivatives
,of samples obtained from a Freeze-Thaw granule process
(end product and discard portion). Pipecolinic acid
and AGPA as internal standards.
Temperatu program: 100° 1 min,  then temperature
program programming at' 10°c/min to 250° and hold at 250%c.
All samples were co-injected with HFBA,
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product ).

In order to resolve the discrepancy, the total crude
protein-N éontent was followed during the granule process.
The data are listed in Table IV.20. The results revealed a
steam-cook-induced loss of 4.6%, the loss increasing by 1.5%
in mashing, 0.5% in freeze-thawing and 5.18% 1n granulation,
giy!ng a total loss df_11.78% total crude protein-N. Further

-

/ ibss in the end broduct was »pnly 1.1%. These results

l supported the ion-exchange chrdmatography data but strongly
disagreed with thos; obtained by.GLC. Thereere, furtﬁer
consideration of theldata_involvéd only those listed in
Table IV.20. ! ‘ N

As shown by ion—exéﬁange chromatography, potato tuber

“
[ 4

processing into dehydrated granules by a Freeze-Thaw,process
brings about only small losses in total amino acid content
and little change in their composition. There was only-ar ;‘
4.5% loss of total essential amino acids and a 2.1% loss in‘
ﬁon-essential a;ino acids, excluding aspartic and glutamic
acids, which comprised 48% of peeled and sl{ced potatoes. In’
the granule process their content decreased to 37.9%, -which
was the only sigﬁ;ffcant losévrecorded by the granule
& A

process. %/ .

When the granule results are compared to potatd flakes
made by laboratory drum drying (Jaswal, 1973), the granule
process appears much superior. The granule process ;ssenbial

amino acid destruction 1s less than half that for flakes,

whlle the non- essentlal amino acid losses are 51m11ar and
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involve primarily losses of aspartic and glutamic acids.

5.

A previous study 1n our laboratory on granules obtained

by an’dd Back process (Golan- Goldhxrsh 1979) revealed only -

the change of tﬂg free amino acxd pool during processing.
Peeled raw potato, after feaching the endgprdduct state,
decreased its free amino acid pool by 40%. The major loss -
(27.3%) occurred in thé p;ecooking step. élightly more thgg

half of the losses were assigned to essentlal amino acids.

No other data are available in the existing lxterature on a

G

granule process.



, V. CONCLUSIONS ~
Both flavoring and nutritional aspacts partly provided
the major impetus by the Alberta potato dehydration industry
to support this study. The total amino acids and their
composition, particulafly those of sulfur containing acids
and tryptophan in Alberta grown potatoes (cv. Russet
Burpank) and theigy stability or destruction during tuber
processing into dehydrated granul;s were of interest.

Although the Freeze-Thax process was applied and the
Add-Back process was not, ge;eral conclusions and results
obtained were pertinent to both.

The granule process had little affect on the total
amind acid content and their composition. Only ¢.5%
destruction of essential amino acids (which, amoﬁg others,
contained cysteine + cystine, methionine and tryptophan) and
a total loss of 12.1% non-essential amino acids clessify the
process as the least detrimental for commercial potato
processing.

Additional objectives of the study to find rapid and
reproducible methods suitable for a quality control Jlab were
not completely fulfilled. Although amino acid composition of
the pure proteins and/or rav, sliced aﬁd steam-cooked
potatoes could be determined by the fast GLC approach, the
method failed in reliability and accuracy when the moist
mash wvas subjected to dehydration steps, and was unreliable

even wvith the end product. Here, the expensive ion-exchange

chromatography appears to be irreplaceable. Tryptophan

178
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determination in processed samples provided highly inflated
results. Hence, the slow and tedious Spies W method had to
be retained. However, cystine + cysteine determination by a

simple colorimetric procedure using NaBH, and Ellman's

reagent was successful for both raw and cooked potatoes.
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