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‘Oh, it will not bear polish, the ancient potato

Needn't be nourished by Caesars, will blow anywhere
Hidden by nature, counted-on, stubborn and blind.
You may have noticed the bush it pushes to air,
Comical, deliczte, sometimes with second-rate flowers
Awkward and milky and beautiful only to hunger.”

Richard Wilbur, The beauriful changes and other poems
(Harcourt, Brace, Jovanovich Inc., 1947)



Preface

The idea for this book arose from the large number of requests to the
International Potato Center (Centro Intzrnacional de Ia Papa) for infor-
mation on consumption and nutritional aspects of potatoes. There was
clearly a need for an up-to-date review, particularly in respect of develop-
ing countries. Within its mandate to disseminate information on potatocs,
the International Potato Center funded this review of the potato’s
nutritional value. The work was part of a larger three-year project on
potato consumption and utilization in developing countries carried out by
Dr Susan Poats,

Over 700 titles concerning various aspects of the potato as a food were
collected, and Chapters 1 to 5 survey this literature, Because there are few
data available on potato consumption in developing countrics, Chapter6
presents the results of some case studies in the tropics by Dr Poats,

['hope that the book provides useful information for, and stimulus to,
the work of all those concerned with the greater exploitation of the potato
as a food contributing significantly to the health and well-being of
humankind. It may also be of value to the interested casual reader who
simply wishes 0 learn more aboui the dictary role of potatoes.

January 1986 JAW,
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Abbreviations and terms

AIS-N: alcohol-insoluble nitrogen

DM: dry matter

DWAB: dry weight basis

FAO: Food and Agriculture Organization

FBS: food balance shect

FWB: fresh weight basis

LSG: low specific gravity

HSG: high specific gravity

N: nitrogen

NDpCal%: net dietary protein calories percentage
NDpER: net dictary protein energy ratio (0.01 X NDpCal%)
NPN: non-protein nitrogen

PPC: potato protein concentrate

RDA: recommended daily allowance

USRDA: United States recommended daily allowance
WHO: World Health Organization

Biological value (BV): the proportion of absorbed nitrogen which is
retained in the body for maintenance and/or growth.

Chemical or protein score: the limiting amino acid in a test protein
expressed as a percentage of the same amino acid in a standard (egg or
a reference protein)

Essential amino acid index (EAA index): the geometric mean of the
ratios of the essential amino acids in a protein to those of a standard
usually egg protein).

Protein efficiency ratio (PER): weight gain per weight of protein eaten
(usually measured for rats).



Introduction

The potato (Solanum spp.; Figurc 1) is grown in 79% of the world’s
countries (FAO, 1986). It is sccond only to maize in terms of the number
of producer countries and fourth after wheat, maize and rice in global
tonnage. Its importance in European countrics, the USSR, North
America, Australia and the Andean countries of Latin America is well
known. Less widely recognized, however. is the rapid growth rate of
potato producticn in developing countrics.

FAQ statistics show that the percentage increase in potato production
from 1961765 to 1979, for all developing market economy countries, was
greater than 99%. while that of cereals and other roots and tubers was,
respectively. only 47% and 44% (International Potato Center, 1981).
Potatoes are one of the most efficient crops for converting natural
resources, labour and capital into a high quality food (Horton, 1981).
They can yield more nutritious food material more quickly on less land
and in harsher climates than most other major crops; and the edible foed
material can be harvested after only 60 days.

Current and future roles
Though potatoes occupy a smaller arca in most developing
countries than do other major food crops, their increasing popularity has
caused planners and policy makers to take a closer look at the current and
future roles that potatoes may play in national food production systems.,
Inrecent years, the enormous potential for agronomic improvementin
food plants through plant breeding has been increasingly recognized. In
the case of potatoes. greater attention is being focused on ways toincrease
production. improve storage methods and facilitate marketing. Con-
comitantly, there is often a need to understand and improve the nu-
tritional contributions that potatocs can make to the human diet. How-
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ever, improvements in production and nutritional understanding may not
go hand in hand, and one is often sacrificed to the other.

Many workers nave advocated increasing the content and quality of
protein in food crops. but this aspect is now often considered to be of
minor importance. Although malnatrition is recognized as a deficiency in
both energy and protein supplies, efforts toimprove total food production
have concentrated on breeding for greater crop yield and resistance to
discase. This review emphasizes the importance of maintaining the good
nutritional quality of the potato, while searching for the means to increase
vields and enhance discase resistance.

Figure 1. Some of the varieties in the world potato collection of the
International Potato Center.




An outline of the book 3

Misconceptions and a remedy

There are many local misconeeptions concerning the nutritional
value of potatoes. In arcas where it has been regarded as a luxury crop,
the potato is often considered to be a ritual food or a garnish for other
major meal components and, therefore to have aesthetic importance only
(Figure 2). Where consumed as a complementary vegetable with staple
food items, potatoes are often wrongly believed to make a negligible
contribution to the nutritive value of a meal. Even where the potato is
regarded as a staple food, it is usually s« en only as an energy source and
there is little awareness of its vitamin or protein content.

Obtaining factual information to correct these misunderstandings is
difficult for government planners and workers within national potato
programmes. Articles on potato nutritional quality are numerous, but
most deal only with one specialized arca of rescarch. Reviews covering all
aspects of the subject are extremely scarce and in most cases rather
superficial. Furthermore, the journals in which cither specialized or
general articles appear are frequently unavailable in local libraries. Many
articles address developed country interests, particularly those of the
processing industry. and are therefore less relevant to the food needs of
developing countries,

An outline of the book

This review is not intended to be fully comprehensive. Some
aspects are mentioned only briefly since they are mainly the concerns of
food scientists and technologists working in the large-scale processing
industry. I have focused on the nutritional aspects of the potato in the
formin which it is normally consumed in developing countries

Although the book is presented as a single unit, cach chapter is written
to stand alone and may be used in training courses or for other purposes.
Notall the 700 titles reviewed (many of which are in the library at the
International Potato Center) are cited: instcad the references at the end
ol cach chapter are those judged to be most useful or most current in
respect of cach chapter topic.

Chapter I'introduces the reader to the structure and components of the
potato: but does not cover all the morphology, structure and chemical
reactions of the tuber in detail. These can be obtained in more specialized
texts.

In Chapier 2 the nutritional composition of the potato is compared with
that of major food grains, roots, tubers and vegetables. Emphasis is on
comparisons of foods. in the form in which they are usually eaten, i.e.



Figure 2. Potatoes appear as a garnish or flavourin
amarket vendor in West Sumatra. Indonesia.

g in many meat and vegetable dishes offered by
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cooked. Contributions the potato can make to dietary energy, protein,
fibre, vitamin. minerai and trace element requirements of humans are
discussed. This information is necessary for policy makers and planners
making decisions about the allocation of rescarch and development funds
for food production; and ranks cqual in importance with comparisons of
yield. time to maturity, water, fertilizer and plant protection require-
ments, or perishability. However, in dicts foods may be mixed to provide
nutritious combinations suitable to local habits and conditions, and in this
chapter we consider the potato as one component of such diets.

Potato nitrogen includes both protein and non-protein constituents.
Chapter 3 deals with factors affecting tuber nitrogen concentration and
composition, and discusses feeding experiments with adults and children
which demonstrate the high quality of poiate N in human diets. The
potential recovery of potato protein from processing waste is also
reviewed.

The effects of cooking. processing and storage on the nutritive value of
potatocs are considered in Chapter 4. Each process can alter significantly
some coraponents of the raw potato tuber. particularly the vitamins. The
individual methods, however, have different effects, and those causing
the least damage to nutritional quality are emphasized. Although the
industrial processing methods mentioned may, at present. be of little
relevance to most developing countries, some countries, notably India,
arc engaged inincreasing the number of their processed-potato products.

Chapter 5 reviews current knowledge about potato glycoalkaloids,
protcinase inhibitors and lectins, which may have adverse cffects on
humans. Relatively little is known about the nutritional significance of
these components, particularly the last two. This chapter focuses on
conditions producing increases in the concentrations of these components
to toxic levels. The effects are discussed and current opinions on the
nature of the toxic reactions are included. Practical recommiendations for
controlling tuber glycoalkaloid development are featured.

The Internationai Potato Center has sponsored a three-year study to
gain more knowledge of potato consumption in several developing
countrics. Some of the results are included in Chapier 6. to provide an
overview of tiie variety of ways potatoes are used in human dicts.
Attention is directed to the nutritional contribution potatoes make within
certain dietary patterns and their potential contribution if these patterns
are altered or if current consumption levels are increased.

Finally. although the style of the book is conventionally English,
‘french fries” and “chips’ are used throughout instead of the English terms
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chips and crisps, respectively. This is because it is felt that readers may be
more familiar with the American usage. Also, energy values in both kcal
and kJ are given throughout for the reader’s convenience.,
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Structure of the potato tuber and
composition of tuber dry matter

Structure of the tuber

The potato tuber is not a root, but the enlarged apical portion of
a lateral underground branch called a stolon. Externally, the tuber clearly
shows its relation to the acrial stem. The spirally arranged eyes, from
which sprouts arise. are formed by the base of a rudimentary leaf scale
with threc buds in its axil. The eyes may be shallow, medium or deep,
depending on the plant variety. Figure 1.1 shows the organization of the
principal internal tissucs of the mature tuber.

The outer layer of single cells of the tuber apex, the epidermis, is

usually colourless; but red and purple anthocyanin pigments are found in
the periderm, which is a corky layer usually known as the skin.

Figure 1.1, Cross-section of the potato tuber showing internal structare.

BUD or 'ROSE’ END

Cortex Eyes or buds

Periderm _
orskin W4/ -7 -
Vascular ring

-

Outer medulla

inner
medulla or pith
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The region immediately inside the periderm extending inwards to the
vascular ring is the cortical layer. This consists of two parts: that next to
the skin is the cortex proper, usually not more than about 2 mm thick;
betweenitand the vascular ring is a layer of storage parenchyma., The true
cortex and the outer storage parenchyma are usually bracketed together
as cortex. The total cortical layer is of variable thickness, usually 0.3 to
I ecm, but is negligible at the eyes and point of attachment. Inside the
vascular ring is another layer of storage parenchyma called the outer
medulla. The more translucent, wetter part in the centre of the potato is
the inner medulla or pith. Table 1.1 gives the proportion of the whole
potato in cach major zone. Variations are considerable, owing to difficul-
ties of defining the boundaries exactly and to differences between tubers.

The cell structure is relatively simple. consisting primarily of individual
cells with cellulose walls cemented together with pectins. Inside a cell is
the nucleus and the eytoplasm, which is the seat of processes such as
respiration and starch synthesis. Some components such as starch grains
are visible under the microscope as distinet inclusions in the cytoplasm;
others arc in solution in the cell sap.

Dry matter
Factors affecting the yield and content of potato tuber dry matter
(DM) have been reviewed at length by Burton (1966) and more briefly by
Grison (1973). DM content is extremely variable: a range of 13.7% to
34.8% was found amongst accessions to the germ plasm collection at the
International Potato Center (unpublished data). Factors, other than
varicty. which influence DM include cultivation practices, climate, length
of growiag scason, soil type. and pests and discasces.
Analyses ol a number of varicties all show the same trend in distribution
of DM: the percentage increases from the periphery inwards as far as the

Table 1.1. Percentage contributions of the major
parts of whole tubers

Peel Cortex Outer medulla Pith

5.9 33.0 354 257
2.8 522 31.3 13.7

(Small potatoes)
28 37.0 40.0 20.2

(Large potatces)

Percentages as shown by Chappell (1958).
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inner cortical tissuc and outer medulla, and decreases from there to the
centre. In other words, the bulk of the DM is contained in the storage
parenchyma. In addition, there is a gradation of DM content from the
‘heel’, or attachment end, to the *rose’, or bud end, the former containing
the higher percentage (Burton, 1966).

DM content is usually measured by specific gravity. The method is
simple and rapid; Schéele et al. (1937) demonstrated a high correlation
between DM and specific gravity when a large number of samples (560)
was employed. However, the reliability of the relationship between
specific gravity and total solids may be reduced when individual tubers
containing intercetlutar air tiscue spaces or the phenomenon known as
‘hollow heart™ are included in the measurements (Porter et al., 1964;
Burton, 1966). Also. the regression lines cateulated for the relationship
can vary with factors such as soil type, growing conditions, location
(Porter et al.. 1964 Schippers, 1976), and even cultivars (Schippers,
1976). It has therefore been recommended that situation-specific re-
gression lines be used.

The approximate composition of potato DM is given in Table 1.2, and

Table 1.2. Approximate composition of potato
tuber dry matter”

Y% in DM

Normal value Range
Constituent (approx.) (approx.)
Starch 70 60-80
Sucrose 0.5-1" 0.25-1.5"
Reducing sugars 0.5-2" 0.25-3"
Citric acid 2 0.5-7
Total N 1-2 1-2
ProteinN 0.5-1 0.5-1
Fat 0.3-0.5 0.1-1
Fibre (dictary) 6-8 3-8
Ash 46 4-6

“ Source of all data, except those for dietary fibre, was
Burton (1966).

? Figures represent mature, unstored tubers. Sugar con-
tent is affected by stage of maturity and temperature of
storage. It is quite possible for total sugar content of
potatoes stored at =1 °C to be 30% of DM and for that
of unstored immature tubers to be more than 5% of DM
(Burton, 1966).

¢ Caleulated approximately from data piven by authors
mentioned in Chapter 2, pp. 38-9.
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its various constituents will be deseribed briefly. The nutritional signifi-
cance will be discussed in Chapter 2.

Carbohydrates
Potato carbohydrates may be classified as starch, non-starch
polysaccharides. and sugars.

Starch

Starch normally constitutes the greater part of the DM, and
levels are modified by factors affecting the DM content of the tuber.
Distribution of starch follows that of the DM, increasing from the skin
inwards as far as the vascalar ring and then decereasing inwards to the
central medullary region. while the *heel” end contains more starch than
the ‘rose’ end.

Starch is presentin the form of granules, consisting of amylopectin and
amylose in a fairly constant ratio of 3: 1. Amvlopectin is a large, highly
ramificd molecule containing approximately 107 glucose residues. The
amylose molecule is smaller. containing about 5000 glucose residues
linked mainly by unbranched «-1.4 links, although slight branching
sometimes oceurs. There are small amounts of phosphorus, combined
chemically with starch. most of it in the amylopectin fraction. The
presence of phosphate appears to inhibit the complete enzymic break-
down of starch by g-amylase and affects the viscosity of gels prepared
from potato starch (Burton, 1966),

When potatoes are subjected to heat in cooking or processing, the
water they contain is absorbed into the starch granules. and at tempera-
tures of 70°Cand above the starch is gelatinized. The resulting gelusually
remains inside the potato cells unless these are ruptured during cooking
orother processing treatments such as mashing, in which case the release
of starch from the cells may make the cooked potato sticky.

This high starch content has made manufacture of potato starch
ceonomically feasible in developed countries. Such starch gels set rapidly
and have a high hot-paste viscosity. unlike those from cereal starches.
Potato starch is used in the manufacture of adhesives, in the textile
industry. in the food industry and for the production of derived substances
such as alcohol and ghucose.

Non-starch polvsaccharides

The non-starch polysaccharides comprise only a small part of the
tuber DM: for example, Hott & Castro (1969) found 5.6% onadry weight
basis (1.2% on a fresh weight basis) of cell wall-middle lamella material
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in the tubers of the *Superior” variety of Solanum tuberssim. Present in
the eell wall and intercetlular cementing substances of the middle lamella
are cellulose, lignin, hemicelluloses, and pectin, which is mainly in an
insoluble form but with some soluble calcium pectate. Hoff & Castro
(1969) made a detailed study of the chemical composition of tuber cell
wall material. Non-starch polysaccharides have an important role in the
final texture of cooked potato. For example, during cooking the pectins
are solubilized and to some extent degraded. causing separation, and
occasionally rupture. of the cell walls. Classed together as dictary fibre,
non-starch polysaccharides contribute to the nutriticnal value of the
potato. as discussed in Chapter 2.

Starch and pectic substances as well as monovalent and divalent ions
and cell size arc amongst the factors most commonly cited as being
responsible for controlling intercellular adhesion and hence the texture of
cooked potato. This topic has been the subject of extensive studies, but
the reasons for differences in texture characteristics of cooked potatoes
and for texture defects are still under debate. The subjeci has been
reviewed by Burton (1966) and Warren and Woodman (1974),

Sugars

Schwimmer ¢r al. (1954) confirmed that sucrose. fructose and
glucose are the major sugars in the white potato, although traces of some
minor sugars were also found. Reducing sugars and sucrose occur in the
tuber in only small amounts. They are of considerable importance,
however. in the colour of products such as french fries (chips) and chips
(crisps) and also play a part in potato flavour. The content of sugars in the
potato tuber is influenced by variety, location and cultural treatment
(Burton. 1966: Putz. 1976). In the mature stored tuber, sugars and starch
exist in a state of dynamic equilibrium. which has been summarized by
Burton (1966) as:

Sucrose =2 Glucose + Fructose

[N

Starch = Glucose

In newly harvested tubers at temperatures of 10 to 20 °C., 98% ¢f the
carbohydrate in this equilibrium are in the form of starch. However,
respiration causes a perpetual turnover of tuber constituents, the equilib-
ria among whick are subject to change during storage. In particular, the
content of sugars increases markedly at temperatures below 5 °C. For
processed products, such as chips. french fries or home-cooked roast
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potatoes, a certain level of reducing sugars is essential for preduction of
the popular golden-brown colour. This coloration is due to the non-
enzymic browning, or ‘Maillard’, reaction in which sugars react with
amino acids, ascorbic acid, and other organic compounds, to produce
Lrown pigments known as ‘melanoidins'. However, excessive production
of sugar from starch leads to what is generally regarded as an unpleasant
sweet flavour in cooked potatoes. Sugars are reconverted to starch if
potatocs. previously stored at lower temperatures are held, for two to
four weeks. at 10 to 20 °C - a process known as ‘reconditioning’.
Isherwood (1976) gives details of the mechanism of starch-sugar intercon-
version during storage of S. rberosum. while tubers were transferred
from 10°C to 2°C and buck to 10 °C. The accumulation of sugars during
prolonged storage at higher temperatures (particularly 10 to 20 °C) is
known as senescent sweetening and is irreversible, probably becuuse of
cell membrance breakdown. It is interesting to note that farmers in the
Mantaro Valley of Peru prefer potatoes sweetened by long-term home
storage (Werge. 1980).

Nitrogen

Protein N (with the exception of enzymes, which are dealt with
bricfly in the present chapter) and non-protein N are fully described in
Chapter 3. The glycoalkaloids, proteinase inhibitors and lectins, which
make up part of the basic tuber N, are discus-ed in Chapter 5.

Lipids

The lipid content of potato is low. Galliard (1973) found 0.08 to
0.13% (FWB) in 23 varicties. This range is too low to have any nutritional
significance but contributes towards potato palatability (Kiryukhin &
Gurov. 1980). enhances tuber cellular integrity and resistance to bruising
and plays a part in reducing enzymic darkening in tuber flesh (Mondy &
Mucller, 1977). The greater importance of the lipids lies in their suscepti-
bility to enzymic degradation and nen-enzymic auto-oxidation, which
cause “off” flavour and rancidity in dehydrated and ‘instant' potato
products. Galliard (1973) has described the fatty acid composition of the
lipid, and Galliard & Matthew (1973) have studied the lipid-degrading
enzymes in 23 varieties, in relation to the production of potatoes for
processing. Approximately 75% of the total fatty acids of the lipids are
the polyunsaturated linoleic and linolenic acids. These contribute to
production of both desirable flavour characteristics in cooked tubers and
undesirable ‘off” flavours in processed products. The polyunsaturated
acids are rapidly converted to free fatty acids and other compounds by



Dry matter 13

lipid-degrading enzymes during tuber processing and are also cxtremely
susceptible to auto-oxidation,

Enzymes

The tuber contains numerous enzyme systems that constitute a
considerable proportion of the votal protcin, and some of which are
therefore important in the potato as a food source. Their various functions
have been described by Burton (1966), and reviewed more recently by
Smith (1977).

According to Burton (1978), the mechanism of low-temperature
sweetening during storage has been explained in terms of the relative
activitics of enzymes and enzyme inhibitors. Phosphorylase (the action of
which may be reduced by an inhibitor at higher temperatures) breaks
down starch to glucese-1-phosphate. Some of this is converted to sucrose
by sucrose phosphate synthetase. Subsequent hydrolysis of part of the
sucrose to glucose and fructose is regulated by the comparative levels of
B-fructo-furanosidase (invertase) and a B-fructo-furanosidase inhibitor.

Of the lipid-degrading enzymes. one is a lipolytic acyl hydrolase that
liberates free fatty acids from phospholipids and glycolipids and the other
is a lipoxypenase that converts linolcic and linolenic acids to their
9-hydroperozide derivatives (Galliard & Matthew, 1973). The impor-
tance of these enzymes in food processing is their probable involvement
in the formation of volatile flavour and “off* flavour compounds, as
mentioned above,

A further enzyme system, important during the preparation of both
home-cooked and industrially processed potatoes, is that causing enzymic
discoloration or blackening of peeled or cut tubers. When tuber cells are
injured. polyphenoloxidase (tyrosinase) gains access to tyrosine and
other orthodihydric phenols, which are thus oxidized to dark or black
compounds (melaning). Since this reaction is initiated when cells are
injured. some purchased potatoes may already have enzymic blackening
of part of the flesh, because of rough handling or mechanical damage.
This results in wastage when tubers are prepared for cooking (or after
cooking in skins). since the a »sthetically displeasing blackened parts will
normally be discarded. Similarly, high rates of enzymic darkening are
undesirable in industrial processing especially for producers of pre-pecled
potatoes. Matheis & Belitz (1977a.b.¢, 1978) conducted a series of studies
on enzymic browning of potatoes including the reactants involved, and
the kinetics of the reaction. Burton (1966) briefly reviewed factors
affecting susceptibility of potatoes to enzymic discoloration. These
include varicty, cultural practices and climatic conditions.
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Methods of inhibition of enzymic discoloration caused by peeling have
been reviewed by Smith (1977).

Organic acidys

The major organic acids identified in the potato are citric and
malic acids (Judhav & Andrew. 1977: Bushway er al., 1984). Others
present are oxalic and fumaric (Bushway er al.. 1984). chlorogenic and
phosphoric (Schwartz er al., 1962). as well as ascorbic. nicotinic and
phytic acids, amino acids and fatty acids. All these contribute to flavour
and help to buffer the potato sap (the pH of the tuber is 5.6 10 6.2): the
level of some, especially that of malic acid. can be used to indicate tuber
maturity. Ascorbic and nicotinic acids influence direetly, and phytic acid
indircetly. tuber nutritional value (see pp. 45 and 49y,

Chlorogenic acid can react with ferric ions on cooking to produce a
dark-coloured complex. This phenomenon. known as post-cooking or
non-cnzymic blackening. may oceur more in the *heel than in the ‘rose’
end of potatoes. in which case itis called stem-end blackening. Citric acid
in tubers helps to prevent this by sequestering the iron present and
making it unavailable for forming a complex with chlorogenic acid.
Susceptibility of potatoes o post-cooking blackening therefore depends
upon the relative coneentrations of iron and ol chlorogenic and citric acids
ir the tubers (Burton, 19606).

Kyle (1976) has reviewed all types of discoloration in potatoes, includ-
ing enzymic browning and nor-enzymic Maillard browning.

Pigments

Anthocyanin pigments in the periderm and peripheral cortex
produce totally or partly pigmented skins in potatoes. In some South
American varicties, the pigment is so dark that tubers may appear black
and others dark purple.

Potato flesh may be white or various shades of vellow, depending upon
the variety. Yellow coloration is generally due to presence of carotenoid
pigments. The major carotenoid identified in 13 German varictics was
violaxanthin, followed by lutein and lutein-5,6-¢poxide and. in lower
concentrations, by neoxanthin A and neoxanthin (Iwanzik er al., 1983);
B-carotene was detected inonly trace amounts or was totally absent. One
cultivar had an intense vellow flesh colour, but a relatively low level of
carotenoids. It is therefore possible that. in some varicties, the yellow
colour is due to other, unidentified, pigments as well as to carotenoids. In
some places (e.g. Peru) yellow-fleshed varicties are highly prized and
command higher prices than those with white flesh.
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When harvested. potato tubers are exposed to light, and chlorophyll
formsin the superficial parts, giving a green colour. The association of this
chlorophyll with an increase in tuber glycoalkaloid content is discussed in
Chapter 5.

Vitamins

Potatoes are substantial sources of several vitamins: ascorbic
acid (vitumin C) and the B vitamins thiamin (B,), pyridoxine (B,,) and
niacin. Riboflavin (B,), folic acid and pantothenic acid are also present.
Small amounts of vitamin E have been reported (Paul & Southgate,
1978). Biotin is present in traces. The vitamin A precursor B-catotenc is
absent or present only in trace amounts. The ranges of content of various
significant vitamins, the factors affecting variation in their concentration
and their nutritional contributions are reviewed in Chapter 2,

Vitatnin C exists in the tuber in both the reduced and oxidized forms
(see Figure 1.2). In the freshly harvested raw tuber the reduced form,
L-ascorbic acid. is quantitatively the mostimportant (Lampitt er al., 1945;
Leichsenring er al.. 1957) or is the only form present (Wills er al.. 1984).
The encediol group on C-2 and C-3 of this compound can be oxidized to a
diketo group in a reversible reaction. The resulting dehydroascorbic acid
his full vitamin C activity. However, dehydroascorbic acid is more labile
than the reduced form and is readily, and irreversibly. oxidized to
2.3-diketogulonic acid. with consequent loss of vitamin C activity. These
oxidations may occur during post-harvest operations.

Determinations of vitamin C content in stored, cooked or processed

Figure 1.2. Structural changes during oxidation of L-ascorbic acid.
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potatocs use methods which measure (1) L-ascorbic acid only, or (2) the
total of L-ascorbic and dehydroascorbic acids. The former mcthods can
give misleadingly low values for vitamin C concentrations, or conversely
can imply misleading high losses of vitamin C. Where possible, the text
specifies which form of vitamin C was reported in tuber analyses. There is
further discussion of the changes in different forms of vitamin C which
result from post-harvest handling in Chapter 4.

Ash

Ash (non-volatile inorganic residue) constitutes about 1% of the
tuber fresh weight (about 4% to 6% of the DM) and contains a large
variety of minerals and trace elements. Some of these have a function in
the life of the plant; others may be present only because they were in
solution in the soil in which the tubers were grown, or were derived from
fertilizers or sprays employed during cultivation. Potatoes are rich in
potassium and phosphorus but are rather poor sources of sodium and
calcium. Ironis always found as are magnesium, zinc, manganese, silicon,
sulphur and chlorine. There are traces of boron, copper, iodine, broinine,
aluminium, arsenic. molybdenum, cobalt and nickel (Lampitt & Golden-
berg. 1940).

Concluding remarks

This brief review of the structure and composition of the potato
tuber is intended to introduce the major components, some of which will
be discussed in more detail from a nutritional viewpoint in Chapter 2.

Discolorai’on of potatoes by enzymic and non-enzymic browning, the

interconversion of starch and sugars and the production of *off' flavours
from potato lipids have been dealt with only superficially. However, it is
bevond the scope of the book to treat at length various topics mentioned
in this chapter, and the cited sources will provide interested readers with
more detailed information.
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The nutritional value of the
components of the ‘uber

Potatoes are thought to have originated in the Andean highlands of South
America (Figure 2.1), and for thousands of years they have been used to
maintain and support the growth and health of large numbers of humans.
Salaman (1949) asserts that, through discovery of the potato, the ensuing
cultivation of frost-hardy types, and the development of methods of
preserving tubers, man was able to live at greater altitudes and thus gain
mastery of the continent of South America. The dependence of the Irish
and Scots on potatoes as their principal source of nourishment and the
resulting famine in 184647, when the potato crop failed due to blight, are
well documented (Woodham-Smith, 1962: Salaman, 1949). Anthro-
pologist Firer-Haimendorf (1964) has argued that the introduction of the
potato into the Sherpa Khumbu region of Nepal stimulated population
growth and provided the agricultural surplus necessary for the rise of the
claborate Buddhist civilization in the northern part of the country.

However, although the potato has been shown to be a source of
good-quality protein, to have a favourable ratio of protein calories to total
calories and to be an imporiant source of vitamins and minerals, its
overall value in the diet nowadays is generally greatly underestimated.
This chapter demonstrates the value of potato, particularly for consumers
in developing countries, where dicts are principally made up of basic
regional foods. Data are from nutrition studies, interpretations of experi-
mental results and discussion of the nutritional quality of the potato
relative to known requirements or recommended levels of nutrient
intake, drawn from WHO (1985). FAO/WHO (Passmore et al., 1974)
and from the US National Reserch Council (1980).

One practical goal of food and nutrition policy planners in developing
countries is to reduce disparitics between requirements and intakes of
nutrients. Comparison of the nutrient contents of various food Crops
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indicates which foods may be of particular value in improving local diets
and therefore should have increased production. This chapter provides
such comparisons between the potato and other erops, which can be used
in a varicty of situations. The potato is a staple food in those tropical
regions where clevation provides a moderate cool-season climate (Fig-
ure 2.2). In other tropical arcas it is used as a vegetable (Figure 2.3). Tt is
therefore compared nutritionally with root and tuber staples, with cereal
grains and with dry beans, as well as with several vegetable items;
emphasis is on comparisons of the composition of foods in the form in
which they are caten.

Figure 2.1. A pre-Columbian ceramie pot in the form of a potato tuber.
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Chemical compositions refer to the components of the flesh enly or of
the whole potato. and values given in the tables are for average COMpOsi-
tion. Contents of all components may vary considerably and depend
upon. tor example. varicty, location of growth. soil tvpe. climate and
conditions o cultivation. Composition is altered by storage and by
cooking or processing and is also subject to the difterent methods of
sampling und analysis used by different investigators. These points were

Figure 2.2, Potatoes retailed as a staple in Zaire.
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Figure 2.3, Retailing potatoes as a vegetable in Indonesia (above) and
Pakistan (helow).
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considered when the tables were compiled and figures for composition
have heen selected to provide meaningful comparisons between items.
Where possible, determined ranges of nutrients and factors contributing
to variations in nutrient concentration are given.

Dry matter

A sample of 100 g of potato contains, on average, about 20 g of
DM, of which only about 0.1 g is in the form of lipid. Quantitatively, the
major constituent is starch (Table 2.1).

DM content is, however, extremely variable. The interactive factors
(variety. climate and soil conditions, agricultural practices, length of
growing scason. incidence of pests and discases) which influence tuber
DM have been reviewed at length by Burton (1966).

Gross amounts of energy and protein furnished by the potato are
dependent upon its DM content and the latter is hence of considerable
sigmificance to the potato consumer.

By utilizing figures for total N (fresh weight basis) and DM of 328 North
American clone samples and 627 samples from the International Potato
Center’s germplasm collection in Peru, it has been shown that total N and
DM are positively correlated (Poats & Woolfe, 1982). There may be
confusion over improvements in nutritional quality if only the negative
correlation between total N (G a dry weight basis) and DM is reported
(Poats & Woolfc, 1982). This indicates the need for researchers to express
results on a basis meaningful to the needs of potato consumers. The
positive relationship between tuber nutritive lue and DM should
encourage plant breeders to maintain DM levels when searching for
increased yiclds and resistance to pests and discases in new varicties.

Table 2.1. Average content of major constituents
of the potato tuber

Weight

Constituent (% oftotal tuber)
Water 80

Dry matter: 20

Carbohydrate 16.9

Protein 2.0

Lipid 0.1

Ash 1.0
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Energy and protein

Energy value

The potato has a lower average carbohydrate content than do
other roots and tubers, and also a comparable fat content (Table 2.2).
Raw potato has a somewhat lower average energy content than other raw
roots and tubers with 335 kJ (80 keal) per 100 g. However, the large
variation in tuber DM content produces a range of energy contents also,
¢.g. 264 to 4 kI (63 to 106 keal) per 100 g was found for the energy values
of North American commercial varieties (Toma et af., 1978a). The
energy content of raw potato is considerably less than that of raw cereals
and legumes: however. when cooked, the latter staples absorb large
quantitics of water, which changes their composition significantly. The
potato, when boiled inits skin, retains its energy value almost unaltered.
A fairer comparison of the potato and the cereals or legumes, therefore,
is cither on a dry. raw basis or on 1 cooked, *as caten’, basis. Doughty

Table 2.2. Composition of raw potatoes and other roots and tubers
{per 100 g edible portion)”

Dictary
Total  fibre
Encrgy Crude carbo-  (Crude
o — Moisture protein Fat hydrate fibre)
Food (kJ) (keal) (%) (8) (2) (g) (8)
Potato 335 80 78.0 2.1 0.1 185 2.1
(Solanum tuberosum) (().52
Sweetpotato 485 116 70.2 t.d4 0.4 274 2.5
(Ipomoca batatas) 0.9)
Yam 444106 72,0 2.2 0.2 242 4.1%
(Dioscoreaspp.) 0.7
Cocoyam. taro 423 101 73.2 1.9 0.2 235 (0.8)
(Colocasiaspp.)
Cassava 607 145 62.6 1.1 0.3 352 5.2¢
(Manihot esculenta) (1.0)

“ Averages of figures from: Wu Leung & Flores (1961); Wu Leung et al. (1968);
Wu Leung eral. (1978); Caribbean Food & Nutrition Inst. (1974); Watt & Merrill
(1975).

" Paul & Southgate (1978).

¢ See also recent values given in Table 2.11.

 Pale varicty.

* Yellow variety,

! Deep yellow variety.

¥ Nyman et al. (1984).
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(1982) has rightly called water the *hidden ingredient’ in foods. When
calculated on the basis of a moisture content equivalent to that of the dry
staples. the energy content of the potato is similar to that of cereals or
Phaseolus beans (Table 2.3). Table 2.4, on the other hand, compares
cooked potatoes with other cooked staples and shows that, while the
potatois stilllower in energy value than most of the other cooked sources,
the differences are not as marked as those observed on a raw basis. Bread
and tortillas, however, provide substantially more encrgy than cooked
potatoces.

The potato’s low energy density (cnerey coutens per uram of food) is
advantageous when potatoes are included (without added fat or energy-
rich sauces) in dicts of the developed world, where obesity, as a state of
malnutrition. is found increasingly. In parts of the developing world
where diets are energy deficient. this attribute may be a disadvantage,
particularly in the diet of infants and small children, whose digestive

B-carotene Ribo- Ascorbic
Ash Ca P Fe  cequivalents Thiamin  flavin  Niacin  acid
(#)  (mg) (mg) (mg) (up) (mg) (mg) (mg) (mg)
1.0 9 50 0.8  O-trace 0.10° 0.04°  1.5¢ 20
08 33 46 L1 47! 0.11 0.05 0.7 26

1468"

2108/
1.0 25 53 0.9  Trace-10 0.10 0.03 0.5 9
1.2 38 75 1.2 Trace 0.13 0.03 0.9 6

0.9 38 41 1.0 0-30 0.06 0.04 0.6 36
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systems cannot cope with large intakes. Too much potato would be
needed to supply all the energy requirements of small children, so they
need an energy-rich supplement. However, they can consume as much as
50% to 75% of their energy supply as potato (Lopez de Romana et al.,
1981). Although adults wouid also have to consume large quantitics to
meet all their daily energy needs, their digesiive systems have a greater
capacity. Up to 4.5 kg per capita were consumed daily in Ireland in the
seventeenth to nineteenth century (Pimental er al., 1975). This would

Table 2.3. Composition of raw

(per 10C g edible portion)*

potato, dried potato and other plant foods

Diectary
Total fibre
Energy Crude carbo- (Crude
————— Moisturc  protein  Fat hydrate  fibre)
Food (kJ)  (kcal) (%) (8) (8 (2 (g
Potatocs 335 80 78.0 2.1 0.1 185 2.1
(0.5)
Potato (dried) 1343 321 11.7 8.4 04 743 8.4°
2.0
Plantain 531 127 64.5 1.2 02 333 5.82
(0.52
Corn, sweet 402 96 72.7 35 1.0 221 3.7
0.7)
Corn, mature 540 129 63.5 4.1 1.3 30.3 (1.0)
Corn, dried 1498 358  11.§ 9.5 44 732 9.3
(2.1
Rice, milled 1523 364 12.0 6.8 0.5 80.2 2.4z
white (0.4)
Wheat, hard 1389 332 12.3 13.3 2.0 709 12.1/
(2.3)
Sorghum 1431 342 10.9 10.1 34 732 9.0/
whole grain (2.02
Beans 1414 338 11.8 21.9 1.6 61.2 254
(Phaseolus (4.4)
vudgaris) dry

* Averages of figures from references in the footnotes to Table 2.2.

» Paul & Southgate (1978).
“ Sec also Table 2.11.

“ Potato theoretically *dried’ to a moisture content of 11.7%, which is the

average of moisture contents of dry foods shown in the table.
¢ Caleulated from Paul & Southgate (1978).

/ Nyman et al. (1984).
¥ White varicty.
" Yellow variety.
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have provided approximately 15.06 MJ (3600 kcal) and 94 g of total
protein,

Starch furnishes most of the energy supplied by the potato. Digestibility
of this starch influences the energy value of the potato and hence also the
bulk of potato which must be caten to supply a given amount of energy.
The digestibility of potato starch, low in the raw state, is greatly improved
during cooking or processing, but there is some doubt about the extent of
digestibility of cooked potato starch in infants and small children (see
Chapter 4). This aspect deserves further investigation.

B-carotene Ribo- Ascorbic
Ash Ca P Fe  equivalents Thiamin flavin  Nijacin acid
(8)  (mg) (mg) (mg) (ug) (mg) (mg) (mg) (mg)
1.0 9 50 08  (O-trace 0.10¢ 0.04°  1.5¢ 20
4.0 36 200 32 Trace 0.40 0.16 6.0 80
1.0 9 5009 125-780 0.08 0.04 0.6 22
0.7 3 e 0.7 400 0.15 0.12 1.7 12
0.8 5 128 1.1 35 0.18 .08 1.9 9
1.3 12 251 34 6 (.35 0.11 1.9 Trace

147"
0.6 20 1s 1.1 0 (.08 0.04 1.8 0
1.7 44 59 39 0 0.52 0.12 44 0
1.7 32 290 49 0-20 0.39 0.1 3.8 0

37 98 247 7.6 0-20 0.53 0.19 22 Trace-3
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Table 2.4. Composition of cooked potatoes and other cooked plant foods
(per 100 g edible portion)*

Dictary

Total fibre

Energy Crude carbo-  (Crude
———— Moisture  protein  Fat  hydrate  fibre)

Food (kJ)  (keal) (%) (8) (8) () (2)

Potato 318 76 79.8 2.1 0.1 185 1.07°
(boiled in 1.30¢
skin, flesh (0.5)
only)

Cassava 519 124 68.5 0.9 0.1 299 0.4)
(boiled)

Plantain 393 94 74.5 1.1 0.2 238 6.4¢
(green, boiled) 0.2)

Rice 565 135 67.9 23 0.3 28.0 0.8/
(boiled, 0.1)
whitc)

Maize 318 76 81.2 1.8 0.8 15.6 0.2)
{porridge)

Tortilla 879 210 47.5 4.6 1.8 45.3 (0.8)
(lime-treated
maize)

Bread (un- 1163 278 327 8.7 1.6 55.7 2,74
enriched (0.5)
whitc)

Macaronior 552 132 66.0 4.1 0.7 26.7 0.2)
spaghetti
(boiled)

Sorghum 56 85 79.6 2.7 05 17.0 0.2)
(porridge)

Beans 494 118  69.0 7.8 05 214 7.44
(Phaseolus (1.5)
vulgaris,
boiled)

* Averages of figures from references in footnotes to Table 2.2,

» Boiled, peeled. Average of figures from Jones ef al. (1983).

‘ Boiled with skin, including skin. Average of figures from Jones er al. (1985).
¢ Paul & Southgate (1978).
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B-carotene Ribo- Ascorbic
Ash Ca P Fe¢  cquivalents Thiamin flavin Niacin acid
(8)  (mg) (mg) (mg) (ug) (mg) (mg) (mg) (mg)
0.9 7 53 0.6 O-trace 0.09 603 1.5 16
0.6 — — — — — — — 26
0.6 9 32 1.2 345 0.04 0.06 0.6 12
0.7 8 36 03 0 0.02 0.0 04 0
0.6 4 0.6 0 0.06 0.01 0.5 0
0.8 196 138 2.6 20 0.15 0.05 1.0 0
1.4 24 98 1.3 0 0.09 0.05 1.0 0
24 8 59 05 0 0.01 0.01 0.3 0
0.2 4 31 1.7 0 0.04 0.01 0.2 0

1.3 3B 140 24  Trace 0.11 0.06 0.7 0
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Protein content

Potato crude protein (total N x 6.25) at about 2% (FWB) is
comparable te that of most other root and tuber staples, with the
exception of cassava, which has only half this amount (Table 2.2). It is
also comparable . on a dry basis. with that of the cereals (Table 2.3) and,
on a cooked basis, with that of boiled rice or of cereals cooked as
porridges (Table 2.4),

Factorsinfluencing the level of total N are reviewed in Chapter 3, which
also discusses the high nutritional value of potato N, Table 2.5 shows the
essential amino acid composition of potato in comparison with four other
tporiant s.aples. The advantage the potato has over the cereal staples is
its hign lysine content. However, it contains lower concentrations of the
sulphur-containing amino acids (methionine., cystine/eysteine) than the
cereals. Phaseolus beans also have greater quantities of lysine but have
cven lower amounts of sulphur amino acids. In combination with other
foods. potatoes can supplement diets which are limiting in lysine. e.g. rice
with accompanying potatoes provides a better quality protein. In some
developing countries, meals are frequently served with mixtures of boiled
potato and rice and/or pasta. Such mixtures, however, are often wrongly
assumed by developed-country consumers to provide nothing more than
large quantities of encrgy.

Ithas been suggested (Werge, 1979) that the comparative advantage of
the potato as a foodstuff in the tropics. on a unit weight basis, lies in its

Table 2.5, Essential amino acid composition of potatoes and four other
plant foods*

Esscntial amino acids (g/16 g N)

Mect+  Phe +

Food His  Te  Leu Lys Cys Tyr Thr Trp Val

Potato 1LY 42 61 54 29 7.4 38 14 5.1

Wheat(white 2.1 38 7.0 19 4.2 7.4 27 11 4.3
flour)

Rice (milled. 2.4 38 82 37 37 8.8 34 13 58
white)

Oatmeal 21 38 72 37 45 8 4 1.3 51

Beans 29 42 77 72 19 7.9 4.0 1.0 4.6

(Phascolus
vitlgaris

* Calculated from cata by Paul & Southgate (1978).
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ability te supply high-quality protein. Using the latest figures for energy
and protein requirements (WHO, 1985), it can be calculated that 100 g
(one small tuber) of potato can supply 7%. 6% and 5% of the daily energy
and 12%, 11% and 10% of the daily protein needs of children aged 1-2,
2-3 and 3-5 yeass. respectively. For adults, depending upon body weight
and sex, 100 g of potato can supply 3% to 6% of daily protein require-
ments. Even in a country as affluent as Britain, potato contributed 3.4%
of the total household protein intake in 1983 (National Food Survey
Committee, 1983). This can be compared with the contributions of fruit
(1.3%), cggs (4.6%), fish (4.8%). chcese (5.8%), beef (5.7%), white
bread (9.8%) and milk (14.6%).

Forinfants and children, an energetically adequate diet cannot support
growth if its protein content is inferior to requirements. Conversely, with
an energetically inadequate diet, protein is metabolized as an energy
source, instead of being used for growth. It is therefore essential to
consider the quality of a food or diet in terms of both protein and energy:
for example, by the percentage of the total energy supplied by protein. A
uscful estimate of protein quality is the net dietary protein calories
percentage or NDpCal%. which also utilizes the chemical or protein
score, since many vegetable foods are limiting in at least onc of the
essential amino acids. NDpCal% is calculated as:

(g protein/100 g food) x chemical score x 4 % 100
total keal/100 g food

The NDpCal% of breast milk is approximately 8. which meets the
known requircments of infants. As children grow, energy requirements
increase and the percentage drawn from protein decreases until, at one
year old, the child requires an NDpCal% of about 6. Table 2.6 shows the
NDpCal% of some staple foods and indicates that potato and some
cercals have approximately the correct balance between net protein
calories and total calories for the end of the first year of life and are
adequate for all other age groups. Potato is, therefore, a well-balanced
food in terms of protein and energy. In other words, if enough is caten to
supply energy needs, asignificant amount of protein will also be provided.

NDpCal% is also a means of estimating the quantity of a food or diet
which is needed to meet the protein and energy requirements of a section
of the poypalation. Table 2.7 shows the quantities of relatively expensive
protein-rich supplements that should be added to the more economical
staples to give mixes which provide adequate encrgy and protein for the
infant or young child, while minimizing bulk. Each mix provides approxi-
mately 1464 kJ (350 keal) and has an NDpCal% of 6 when oil and/or sugar
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are added. Regional food availabilities and costs, food preferences,
preparation times and cooking fuel costs might also be considered on a
local basis when determining the relative utility of the mixes. Table 2.7
was compiled as a practical guide to infant feeding (Cameron & Hofvan-
der, 1976). It can also be used, in the present context, to compare

Nutritional value of the components

potatoes with other staples, showing that:

(1)

@)

€)

Potato requires less of the expensive protein-rich supplements
than do other root, tuber and fruit staples, due to the high quality

of its protein.

Potato requires the addition of quantities of supplements similar
to those combined with cereals, with the exception of oats, which

requires less of all the supplements.

Potato is the staple required in greatest quantity on a raw basis,
due to its low energy density. On a cooked basis, the disparity
between quantities of cereal or potato is reduced, or in the case
of oats, reversed. This point could be considered when the
supplement is to be added to a portion of the cooked staple

removed from the family pot.

Table 2.6. NDpCal% of potatoes and other staple
foods compared to that of breast milk*

Food NDpCal%"*
Breast milk 8.0
Oats 7.0
Potatoes 6.0
Wheat 6.0
Sorghum 4.9
Rice 4.9
Yam 4.8
Maizc 4.5
Sweet potato 34
Plantain 1.5
Cassava <l

“ Data from Cameron & Hofvander (1976).

» NDpCal% = Net dictary proteis calories percentage
or the percentage of total energy provided by protein.
(Note: Requirement for adult = 4.0; requirement for a
one-year old child = 1.0.)



Table 2.7. Staple-supplement combinations for infant or child feeding*

Staple (g)
Supple- Milletor Sweet Cassava
ments (g) Oats Wheat Rice sorghum | Maize Potato | potato Yam Taro Plantain |flour

Egg’ 63 65 65 65 65 300 180 220 190 150 60
10 25 30 30 25 25 35 25 25 45 50

Dried skim 65 65 65 60 60 280 175 190 180 150 60
milk? 5 10 15 15 15 15 20 15 15 20 20

Dried whole 55 55 45 45 40 220 100 115 115 90 35
milk® 10 15 25 20 25 20 30 30 25 30 30

Fish® 65 70 70 70 70 310 210 240 220 180 75
15 30 30 25 20 25 35 35 40 45 50

Chickenlean 65 65 65 65 65 300 180 210 195 160 70
meat” 10 20 25 25 35 25 35 35 30 45 45

Beans® 75 80 65 75 55 320 125 165 150 85 40
5 10 25 10 35 20 50 40 45 55 55

? Data from Cameron & Hofvander (1976). Combinations formulated to minimize bulk, and to provide 1464 kJ (350 kcal) with an
NDpCal% of 6.

b With addition of 10 gofoilor5 g of oil and 10 g sugar or 20 g sugar.

¢ With addition of 5 g of oil or 10 g sugar.
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Table 2.8, which shows the composition of potatoes cooked by different
methods, indicates that potatoes baked in their skins or roasted or fried in
fat, can make much greater contributions to intakes of energy and protein
than whea boiled. This is wholly (in the case of baking) or partly (in the
case of roasting or frying) due to a concentration of nutrients through
water loss during cooking. Such figures do not show nutrient losses that
may oceur in the process and these will be discussed fully in Chapter 4.
Such methods of cooking are expensive and more extensively used in the
developed world. where excessive amounts of eneryy are often con-
sumed. than in the developing world, where extra energy is frequently
required.

Table 2.8. Compositon of potatoes cooked by different methods ( per100g)

Dictary
Total fibre
Encrgy Crude carbo-  (Crude
Cooking ————— Moisture  protein - Fat  hydrate  fibre)
method (k1) (keal) (%) (2) (g) (g) (g)
Uncooked 33580 78.0 2.1 0.1 18.5 1.7¢
(0.5)
Boiledinskin® 318 76 79.8 2.1 0.1 185 0.5)
(Neshonly)
Boiled, or 7 8.4 1.7 0.1 16.8 1.6
peeled! (0.6)
Bakedinskin® 414 99 73.3 25 0.1 229 1.9¢
(flesh only) (1.2)
Mashed (with 444 106 78.4 1.8 47 15.2 (0.7)
milk and
margarine)’
Roasted (in 657 157 04.3 2.8 48 273 2.7¢
shallow fat,
fleshonly)
French fried 1165 264 45.9 4.1 12.1 36.7 3.3
{chips)’ (1.0)
Chips(crisps)’ 2305 531 23 5.8 379 497 1.9
(1.6)

* Finglas & Faulks (1984).

" Watt & Merrill (1975).

¢ Caleulated as by Paul & Southgate (1978).

¢ Average of figures from Paul & Southgate (1978), Watt & Merrill (1975), Wu
Leung eral. (1978),

“ Paul & Southgate (1978).

" Average of figures from Paul & Southgate (1978), Watt & Merrill (1975).

* Estimated values from Paul & Southgate (1978).
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Table 2.9 shows the composition of various processed forms of potatoes
including those produced by Western industrial methods (A) and those
produced by traditional methods in the highlands of Peru (B). The energy
contributions of such products, especially the traditionally produced,
dried ones, will depend upon the form in which they are cooked, i.e. the
concentration of potato in the final food as caten. It can be scen that the
protein content of some processed products is considerably reduced. A
dried form of potato, known locally in Andean countries as churio blanco,
has an average crude protein content of only 1.9% (DWB). compared to
the 8.4% of dried potato, as shown in Table 2.3. This reduction could be
important in Peruvian communities relying on supplies of churio blanco

Total
Ribo- Pyri-  folic  Ascorbic
Ash  Ca p Fe Thiamin Niacin flavin doxine acid  acid

{g)  (mg) (mg) (mg) (mpg) (mg)  (mg) (mg) (ug) (mg)

1.0 9 50008 0.10 1.5 0.04 025 14 20
0.2 (0.6)* (0.02) (35)¢

0.9 7 53 0.6 0.09 1.5 003  — — [2-16°

0.7 6 38 05 008 1.2 0.03 0.8 10 414
0.2 (0.5 (0.01) (39)°

1210 60 08 010 1.8 0.04 0.18 10 12-16°
0.2)"  (.6)" (0.01) (25)

1.5 18 0 04 0.08 L1004 018  (10)% 4-12¢

— 10 53 07 010 1LY 004 0.18 7 5-16°
(0.2)°  (0.6)  (01.02) (35)"

1.8 15 92 11 0.1 26 006 018  (10)¢ S5-16°
0.2)  (0.6)*  (0.02)¢ (35)°

KT B ) 135 2.0 0.20 5.5 0.07 0.89 200 17
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during parts of the year when supplies of fresh potatoes are limited.
Protein content is not reduced to the same extent during processing of
chuno negro, and Gursky (1969) has recorded that ¢hio negre supplied
5.9% of the protein intake in the three Peruvian highland communities
which he studied. The preparation of churio is described briefly in

Chapter 4.

Table 2.9. Composition of processed forms of potatoes (per 100 g)

Dictary
Total fibre
Encrgy Crude cario- (Crude
Formof —— Moisture  protein - Fat  hydrate  fibre)
potito (k) (keal) (%) (2) (2)  (p) (g)
A. [adustrial methods
Canned® 222 53 84.2 1.2 0.1 12.6 2.5¢
(draincd
solids)
Instant 1331 318 7.2 9.1 0.8 73.2 16.5¢
powder*
Instant 293 70 79.4 2.0 0.2 16.1 3.6"
powder*
(recon-
stituted)
Frozen 305 73 81.0 [.2 Trace 17.4 0.4)
(diced)!
B. Traditional miethods
Frozen (by 753 180 54.5 1.8 0.6 421 2.0)
traditional
Peruvian
method)”
Papa seca*! 1347 322 14.8 8.2 0.7 72,6 (1.8)
Churio blunco 1351 323 18.1 1.9 0s 7177 @.n
(white
churio)™*
Chunonegro 1393 333 14.1 4.0 0.2 79.4 (1.9)
(black
chio)™"

“ Paul & Southgate (1978).

" Estimated values from Paui & Southgate (1978).

* Some brands are fortificd and may contain up to 0 times this value,

! Watt & Merrill (1975),

“ Collazos eral. (1974).

J Potatoes boiled. peeled and sun-dried,

¥ Potatoes frozen outdoors, trampled, soaked in running water for [-3 weeks,
sun-dricd.

" Potatoes frozen outdoors, trampled, sun-dried.
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Total
Ribo- Pyri-  folic  Ascorbic
Ash Ca p Fe Thiamin  Niacin flavin doxine acid  acid
() (mg) (mg) (mg) (mg) (mg)  (mg) (mg)  (ug) (mp)
11 31 0.7 0.02 1.0 0.03 0.16 1 17
80220 24 044 5.6 0.14  (0.82)" 24 12¢
20) 48 0.5 0.01 1.7 0.03 ((1.18)" 5 3
0.4 10 30 07 0.07 0.6 0.0 — — 9
1.0 58 54 2.8 0.07 1.6 0.20 — — 1
35 47 200 4.5 0.19 5.0 0.09 — — 3
1.8 92 54033 0.03 3.8 0.04 — — |
2.3 44 203 09 0.13 34 017 — — 2
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Dietary fibre
In recent years there has been increasing interest in dictary fibre,
as a result of suggestions that it gives protection against diverticulosis,
cardiovascular discase. colonic cancer and diabetes: this is the subject of
continuing intensive rescarch.
Trowell er al. (1976) stated that dietary fibre is “the plant polysac-
charides and lignin which are resistant to hvdrolysis by the digestive
cnzymes of man’: this is the definition most widely accepted at present.
Dictary tibre is not, however. a precise term and Opinions vary on its exact
composition. Mcthods of determining dietary fibre are continuatly being
modified and improved (Hellendoorn eral. . 1975 Jeltema & Zabik. 1980
Schweizer & Wursch. 1981). Recent methods show that the quantity of
dietary fibre in foods. including potatoes. is higher than that of crude
fibre. However., this difference is due to the variation in methodology
used in the determinations. Dietary fibre analvses utilize physiologically
active enzvmes to break down non-fibre components, whereas carlier
chemical determinations of crude fibre used acid or alkali. Crude fibre
analyses have largely been abandoned as they measure only a small and
ariable fraction of the dietary fibre. However, crude fibre contents of
foods are still generally piven in food composition tables. Where data are
available, contents of dictary fibre are given in the tables in this chapter,
although few determinations have been carried out and published results
vary considerably. For example. raw potato dietary fibre content appar-
ently ranges between about 1 g and 2 /100 g fresh weight (Paul &
Southgate. 1978: Finglas & Faulks, 1984a: Wills er al.. 1984: Jones e al.,
1985). In addition, it should be noted that part of the dictary fibre may be
starch that is resistant to hydrolysis by the enzymes used to remove starch
prior to dictary fibre determination. This “resistant starch’ may be pro-
duced by subjecting foods to heat and/or dehydration, which confers a
more ordered structure on the starch molecules and renders them less
susceptible to enzymic digestion. Jones eral. (1985) found that there was
little “resistant starch™ in raw potato. but that it formed 20% to S0% by
weight (determined separately) of the total dictary fibre of cooked
potato. Variations in dictary fibre as wifected by rate of starch digestibility
in vitro were also determined in raw. baked and chipped (crisps) potatoes
by Dreher er al. (1983). However. it is as vet unknown whether this
resistant starch is digested in the human intestine. If it is not, then it
should be considered as part of the dictary fibre since it may. like other
types of fibre. affect health through the medium of the coton.
It has been shown that various types of dictary fibre have differing
physiological effects. For example, insoluble cereal fibre affects transit
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time and faecal weight, whereas soluble gel-forming fibre has been shown
1o reduce serum cholesterol levels and blood glucose and insulin response
to meals containing carbohydrates (Sandberg. 1982). A chemical charac-
terization of the dictary fibres in various foods, including whole potatoes
(Theander, 1983), revealed that cereal brans have the highest lignin
values, are rich in arabinoxvlans and cellulose, but are low in uronic acids,
whereas various vegetables, including potatoes, have higher cellulose
contents and more pectic and pectin-associated  substances than the
brans. Other recent rescarch on this topic has been initiated by Englyst e
al. (1982). Reistad (1983) and Jones et al. (1985). The signiticance of the
findings in terms of the nutritional properties of different dictary fibre
sources, however, has yet to be determined. For this reason, fibre content
of potatoes and other foods will be compared here only quantitatively.

By comparison with other raw items (Tables 2.2 and 2.3). the fresh
potato has a dictary fibre content similar to that of sweet potato but
somewhat lower than that of other roots and tubers and. much lower than
that of most cereals and dry Phaseolus beans, although, on a dry basis,
potatoes and cercals are similar in this respect. Dictary fibre determi-
nations have been conducted largely on raw rather than on cooked foods
and information on levels was found for only five of the ten cooked items
in Table 2.4, Boiled potato flesh has a dietary fibre content similar to that
of cooked white rice and a much lower content than that of boiled green
plantains or of boiled Phaseolus beans. Potatoes cooked as french fries or
chips are a more concentrated source of fibre (Table 2.8). It can be
caleulated that 100 g of boiled potato supply 1.0, 0.7, and 0.5 times the
fibre that can be found in a 35 g "medium’ slice of white. brown or
wholemeal bread, respectively:a 25 g packet of chips supplies 1.9, 1.4 and
1.0 times the respective bread fibre contents.

There is no recommended daily allowance (RDA) for dictary fibre at
present. It has been suggested (Brodribb, 1983) that about 30 g/day
should be consumed to maintain correet colonic function. Recently an ad
hoc working party of the NACNE (National Advisory Committee on
Nutrition Education, 1983) recommended an increase in British dictary
fibre intake to 30 g per person per day. When potatoes are consumed in
quantity on aregular basis, they make asignificant contribution to dietary
fibre intake. At present, for example, fresh potatoes contribute 15% of
the dictary fibre intake in British houscholds and rank as a primary source
(Finglas & Faulks, 1983).

Consumption of the whole tuber, rather than the flesh alone, may
increase dictary fibre intake. Jones er al. (1985) found a higher dictary
fibre content in unpeeled than in peeled raw or boiled potatoes (see
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Table 2.4). There have been investigations into whether peel, as a
by-product of the potato-processing industry in developed countries,
could be incorporated into bread to increase fibre in the dict generally
(Tomaetal., 1979: Orr et . 1982).

Vitaming

Potato is an excellent source of some of the water-soluble
vitamins. Average values of the contents of these vitamins in the raw
potato are shown in Tables 2.2, 2. 10 and 2.11.

Factors affecting contents

Values can vary considerably, as the ranges, determined by
different authors, shown in Table 2.10 demonstrate, but relatively little
work has been carried out to determine the sources of variation. Different
methods of analvysis can lead to varying results: Finglas & Faulks (1984a,
1985) attributed differenzes in their determined values for thiamin,
niacin, riboflavin and total folate from those previously reported for the
potato in food composition tables to analytical methods that were more
reproducible than those used carlier.

The thiamin content of potatoes depends upon variety (Swaminathan
& Pushkarnath, 1962; Leichsenring er al., 1951) and location of growth
(Leichsenring ef al.. 1951). Tubiers from loamy soil contained more
thiamin than tubers from sardy soil, and thiamin content is greatly
increased by nitrogen fertilization (Augustin, 1975).

A large difference in riboflavin content, but little difference in niacin
content, has been found amongst varieties (Swaminathan & Pushkarnath,
1962). Riboflavin was unaffected by soil type, and little affected by
nitrogen fertilization when potatocs were grown on sandy soils, but was
increased somewhat by nitiogen fertilization on loamy soils. Niacin was
unaffected by soil type. but was increased by nitrogen fertilization on both
sandy and loamy soils (Augustin, 1975).

More information is available on factors determining variation in
potato ascorbic acid (vitamin C) content. References to early work on
these factors arc given by Leichsenring eral. (1951 ) and Burton (1966). A
serics of experiments in the 19405 (Leichsenring eral., 1951) showed that
the reduced ascorbic acid content of potatoes varies with varicty, locality
(the amount of the difference between localities being dependent upon
the variety under consideration), crop year and maturity at time of
harvest (values were highest when plants were at their maximum vigour
and declined thereafter as vines began to dic off).

Recent studies have confirmed these results and showed an additional



Table 2.10. Ranges in contents of various water-soluble vitamins
in potatoes (mg/100 g FWB)*®

Reference Thiamin Riboflavin Niacin Ascorbicacid Folicacid Pyridoxine
Swaminathan & 0.031-0.078 0.012-0.076 0.9-3.2 13.1-26.6 — —
Pushkarnath (0.051)% (0.033) (1.6) (19.6)
(1962)
Page & Hanning — — 1.03-2.08 - — 0.13-0.42
(1963) (1.54) (0.26)
Szkilladziowa 0..6-0.10 0.031-0.063 0.85-1.87 —_ 0.036-0.053 0.225-0.370
etal. (1977) {£.087) (0.046) (1.46) (0.041) (0.300)
Augustinetal. 0.06-0.12 0.020-0.092 0.7-2.6 7.8-36.1 0.006-0.020 0.126-0.400
(1978) (0.09) (0.038) (1.5) (14.1) (0.013) (0.257)
Finglas & Faulks 0.1-0.2 0.02-0.03 0.5-0.8 7-19 0.025-0.050
(1984a) (0.2) (0.02) (0.6) (0.035)

 Where necessary, figures have been re-expressed from the original values, in mg/100 g (FWB).

® Values in parentheses are means of ranges given above.

&


http:0.13-0.42
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dependency on soil tvpe and nitrogen and phosphorus fertilization. Large
variations were found between 12 varieties for cach of three locations
(Augustin, 1975), the highest reduced ascorbic acid content being almost
twice that of the variety with the lowest content.

Date of harvest influenced reduced ascorbic acid levels in *Russet
Burbank™ tubers (Augustin er al.. 1975). Early harvest (103 days after
planting) resulted in high ascorbic acid values, whereas increasing delays
i time of harvest, up to 166 days after planting, resulted in gradual
decreases in values. *Normal” harvest Cate was considered to be 150 days
after planting. The same authors showed that *Russet Burbank® tubers
grown on sandy soils contained greater quantities of ascorbic acid than
those grown on loamy soile,

Clarification is needed on effects of nitrogen fertilization on a. -orbic
acid levels, as reports in the literature are conflicting. Two carly studics
quoted by Burton (1960) found no significant effect of manuring on
content of ascorbic acid. However, nitrogen fertilization has been shown
generally to decrease reduced ascorbie acid values in *Russet Burbank®

Table 2.11. Vitamin and mineral contents of potatoes and of some
internationally important vegetables (per 100 g raw)*

Potential
niacin
Ribo- (Trypto- | Ascorbic
Carotene [ Thiamin | flavin | Niacin | phan + 60) | acid
Vegetable () (mg) (mg) | (mp) (mg) (mg)
Potato O-trace 0,11 0.04" 1.2 0.5 30
(freshiy
harvested)
Carrot 12000 (.06 0.05 0.6 0.1 6
Onion ] 0.03 0.05 0.2 0.2 10
Tomato 600 0.06 0.04 0.7 0.1 20
Pepper 200 Trace 0.03 0.7 0.2 100
(green)
Pumpkin 1500 (.04 0.04 104 0.1 5
Okra 90 0.10 0.10 1.0 0.3 25
Greenbeans 400 0.05 0.10 0.9 0.4 20
(runncer)
Cauliflower 30 0.10 0.10 0.0 0.5 60

“ Paul & Southgate (1978).
* See also values given in Table 2.10.
¢ Estimated values.
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tubers (Augustin er al.. 1975). Response of ascorbic acid to nitrogen
fertilization can depend upon varicty. Two out of three varieties analysed
showed decreased reduced ascorbic acid levels with increasing nitrogen
fertilization, whilst the third variety was unaffected (Augustin, 1975). In
contrast. Mondy eral. (1979) found that reduced ascorbic acid increased
significantly with increasing nitrogen levels of ammonium nitrate at 100 to
250 Ib/acre (11 to 284 kg/ha).

The influence of phosphorus may depend upon the level applied.
Application of 112 kg monoammonium phosphate/ha produced
significant wacrease m reduced ascorbic acid (Klein er af., 1980), whereas
lower levels of phosphorus had no consistent effeet (Teich & Menzies,
1964).

McCay eral. (1975) cited various Russian studies which have reported
increases inascorbic acid concentration with applications of trace el-
ements, such as moivbdenum. boron, manganese and copper, to the soil.
and another study which showed increased ascorbic acid when potato
plants were sprayed with various desiccants,

Folicacid Panto-

Pyri- thenic

doxine Free Total acid Biotin Ca P Fe
(mg) (ug) (ng) (mg) (mg) (mg) |(mg) [(mg)
.25 10 14" (0,30 0.1 8 40 0.5
0.15 12 15 0.25 0.6 48 2] 0.6
0.10 15 16 0.14 0.9 31 30 0.3
0.11 15 28 0.33 1.5 13 21 0.4
0.17 5 11 0.23 — 9 25 0.4
0.06 (13)" (13)" 0.40 (0.4)° kY 19 0.4
.08 25 100 (.26 — 70 60 1.0
0.07 57 60 0.05 0.7 27 47 0.8
0.20 30 39 0.60 1.5 21 45 0.5
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Contribution to the diet

Potato is a substantial source of ascorbic acid, thiamin, niacin
and pyridoxine and its derivatives (vitamin B, group) and also contains
folic acid, pantothenic acid (vitamin Bs) and riboflavin. Comparisons
may be made cither with staple foods (Tables 2.2, 2.3 and 2.4) or with
vegetables (Table 2.11), because although potatoes are usually regarded
as a staple food, in many parts of the developing world they are caten in
small quantities as a vegetable. Tt should be noted that receat analyses of
British potatoces (Finglas & Faulks, 1984a), given in Table 2.10. show
higher values for thiamin and folate and lower values tor niacin and
riboflavin than those given in previous food composition tables. Thiamin
and ribofiavin (ibid., 19845 ) and niacin (ibid.. 1984a) were determined
by high performance liquid chromatography, and folic acid by an
improved microbiological method (ibid., 1984a). 1t is possible that
vitamin values for the other staples and vegetables may also have to be
revised in the light of new analytical techniques.

Atpresent, potato may be seen from the tables to compare favourably
onaraw basis with all the listed staples and vegetables in terms of thiamin,
riboflavin and niacin, and wich most of the vegetables in pyridoxine and
pantothenic acid contents. It has a much lower biotin content than the
ather vegetables, but it may be a comparatively richer source of folic acid
than was previously thought. Fresh potatoes may contain 30 mg or more
of ascorbic acid per 100 g when newly harvested., with an average value of
20 mg/100 g, although values decline when potatoes are stored., cooked or
processed. This aspect is discussed more fully in Chapter 4. Sweet
potatocs, cassava and plantain are comparable to potatoes in terms of
ascorbic acid content (Tables 2.2. 2.3 and 2.4), but yam and cocoyam
have much lower quantitics and most cereals (with the exception of some
fortns »f maize) and beans are totally lacking in this vitamin unless
sprouted. From Table 2.12, it can be seen that potato has higher quantities
of ascorbic acid than do carrots, onions and pumpkin, quantitics similar
to those of runner beans, okra and tomato, but only half and about
one-third as much as in cauliffower and green peppers, respectively. The
potato’s role as a source of some of the B-vitamins and of ascorbic acid,
when caten cither as a vegetable or as a staple, has been greatly
underestimated by potato consumers. Burton (1974) mentions a survey
among British housewives in which only 2% of those interviewed
regarded the potato as a source of vitamins or protein. In terms of human
requirements, Table 2.12 shows the substantial contribution made by
only 100 g potato, boiled in its skin, to the RDAs for thiamin, niacin, folic
acid, pantothenic and ascorbic acids. In the light of recent analyses,
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already mentioned, potatoes may provide much bigger percentages of the
thiamin and folic acid RDAs than are shown here. They may, however,
contribute rather less niacin. Furthermore, only 23% of the total niacin in
cooked (baked) potatoes was found, by rat bioassay. to be in an available
form (Carter & Carpenter, 1980). By comparison, 30% to 40% of the
niacin in mature cereal grains and peanuts, and 100% of the niacin in
beans. were available. Niacin availability in boiled and other cooked
forms of potato deserves further investigation,

With an average figure of 16 mg ascorbic acid/100 g. 100 g of freshly
harvested potatoes., boiled in their skins, furnish 80% of a child’s and 50%
of an adult’s RDA (Table 2.12). Such percentages {all when ascorbate
levels are depleted following storage or cooking after peeling. The vital
contribution potato can make to dietary ascorbic acid intake emphasizes
the need to conserve ascorbic acid evels by careful domestic or large-scale
cooking methods.

Table 2.12. Percentages of recommended daily allowances of major
nutrients provided by 100 g of cooked potato (boiled in skin)*

Folic Ascorbic

Age group Thiamin  Niacin acid” Pyridoxine® acid Fe
Chitdren
1-3years 18 17 12 25 80 0-12
d=-Oyears 13 12 12 18 80 6-12
7-9vears 10 10 12 14 80 6-12
Male adolescenis
10-12 9 9 12 13 80 6-12
13-15 years 8 8 6 13 53 3-7
1o-19 years 8 7 6 12 53 7-12
Femnale adolescents
10-12years 10 10 12 '3 80 6-12
13-15vyears 9 9 6 13 53 3-5
lo-19years 10 10 6 12 53 2-4
Adultman 8 8 6 10 53 7-12

(moderately active)
Adult woman 10 10 6 12 53 24

(moderately active)

* Unless otherwise indicated. caleulated from the figures for cooked potato given
in Table 2.4 as pereentages of RDAs given by Passmore ef al., (1974).

" Caleulated from figure for folic acid given in Augustin e al. (1978).

* Caleulated from figure for pyridoxine given by Augustin er al. (1978) as %
USRDA.
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The importance of potato as a vitamin source, particularly of ascorbic
acid, has been demonstrated clearly in several developed countries. The
range of total ascorbic acid levels over a 12-month period found in several
varietics of potatoes grown in Australia was estimated to provide 50% to
160% of the Australian daily allowance at the average daily consumption
rate of 150 g per person (Wills eral. 1984). In Britain. potato contributed
19.4%. 8.7% and 10.6% of total houschold intakes of ascorbic acid,
thiamin and niacin. respectively. in 1983 (National Food Survey Com-
mittee, 1983) and was the primary single food source of ascorbate. It has
also been estimated to have provided at least 12% of British folate intake
in 1984 (Finglas & Faulks, 1985) and 28% and 11% of the British
pyridoxine and pantothenic acid intakes in 1979 (Finglas & Faulks, 1985;
more up-to-date figures are not vet caleulated). The proportion of
ascorbic acid intake from potato in various parts of Europe was estimated
to range from 10% in the south to 50% to 60% in the north-cast and far
north (Burton. 1974). Potatoes contribute as much ascorbic acid (20%)to
the United States food supply as citrus fruits (18% ) (McCayetal., 1975),
although the latter have greater concentrations of ascorbic acid. The
valuable contribution that carly varictics (new potatoes) can niake in
boosting dictary ascorbic acid intake when levels in maincrop (old)
potatoes have fallen to low levels due to many months of storage, has
been shown for British potatoes (Finglas & Faulks, 1984a). Inone scason,
the mean total ascorbic acid content of old potatoes stored for 9 months
and of new potatoes were found to be 6.7 mg and 18.6 mg per 100 g,
respectively,

Table 2.9 demonstrates that processing of potatoes can reduce or
almost totally destroy ascorbic acid depending upon the method of
processing. (This is discussed fully in Chapter 4.) Reduction of ascorbic
acid to low levels in potatoes processed by traditional methods ir Peru
may be of importance in limiting ascorbic acid supplies when fresh
potatocs arc unavailable at certain times of the year.

Data on the levels of ascorbic acid. thiamin. riboflavin, niacin, folic acid
and pyridoxine in fresh and cooked US commercial varietics of potatocs
have been published by Augustin and coworkers (1975; Augustin et al.,
1978). At present there is no information on the contributions, potential
or actual, by potato to vitamir. supplics in developing countries. Where
diets are largely based on cereal staples and dry legumes lacking in
ascorbic acid, potatoes might be used as a supplement. ,

Sinee potatoes have a low lipid content. the fat-soluble vitamins are
absent or are present only in trace amounts. The potato would not,
therefore, be of ise where vitamin A deficiency is a public health
problem. the only rich staple food sources of this vitamin being swect
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potato, yellow varietics of maize, and plantains (Tables 2.2 and 2.3). All
vegetables listedin Table 2. 11, with the exception of potato, contain some
vitamin A, and carrots are a rich source. A mixed diet containing potato
should therefore include a source of vitamin A.

Minerals and trace elements

The ash content of potatoes is about 1% (FWB) and contains
some important minerals and trace elements essential to various human
body structures and functions. Determinations of the major minerats and
trace elements in raw potatoes have been carried out by various re-
searchers (True et ai., 1978: Wolnik et al., 1983; Finglas and Faulks,
1984a; Wills ez al., 1984); average contents and ranges found are shown in
Table 2.13.

Table 2.13. Minerals and trace elements in raw tubers (mg/100 g FWB)

Mean Mcan

(unpeeled)? (peeled)” Ranges*
Minerals
Calcivin 6.5 5.5 1.7-18
Mzugresium 209 18.6 10-29
Phosphorus 47.9 44.0 27-89
Potassium 564.0 376.0 204.9-900.5
Sodium 7.7 6.6 2-66
Trace elemenis
Aluminium 0.610 — 0.301-1.511
Boron 0.136 — 0.081-0.168
Chromium 0.023¢ — —
Cobalt 0.065¢ — —
Copper 0.193 0.088 0.014-0.327
Fluorine — 0.1/ 0.02-0.38
Iodine 0.019 — 0.011-0.035
Iron 0.740 0.403 0.13-2.311
Manganese 0.253 0.14% 0.072-0.699
Molybdenum 0.091 0.0036% <0.011-0.186
Nickel —_ —_ 0.008-0.037
Selenium 0.006 0.0003¢ <0.0002-0.029
Zinc 0.410 0.280 0.11-0.70

“ True et al. (1978), except where indicated.

» Average of Wolnik e al. (1983) and Finglas & Faulks (1984«), except where
indicated.

 Maximum ranges found by rescarchers.

¢ Zawadzka (1978): whole, unpeeled?

“ Lampitt & Goldenberg (1940), on a dry weight basis.

! Walters et al. (1983).

¢ Wolnik er al. (1983).
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Factors affecting contents

Although wide ranges have been encountered in contents of
many minerals and trace elements in potatoes (Table 2.13), there is little
information about what determines these levels. True et al. (1978), in a
brief review, cite work attributing variations in mineral content to such
factors as soil type, location of growth and application of phosphorus.

In addition, varictal differences have been noted in the contents of
calcium, phosphorus and iron in 13 varieties grown in the same location
(Leichsenring et al., 1951). A more recent study also found varictal
variations in iron and in mangancse, but not in zinc and copper levels
(Kubisk eral., 1978).

Contents of calcium, phosphorus and iron were also influenced by
location and this was more important than variety in the case of calcium
(Leichsenring et al., 1951). Wide ranges in some mineral clements
(namely calcium, phosphorus, sodium, potassium, selenium and
aluminium) observed in nine varietics grown at five locations were
attributed to location of growth rather than to variety (True er al., 1978).
However, it vas noted that these differences could be due to various
factors, including mineral content of the soil, cultivation practices and
sampling procedures.

Nitrogen fertilization had little effect on magnesium, calcium, potass-
ium, sodium and phosphoruslevelsin *Russet Burbank tubers (Augustin,
1975). However, iren content was increased somewhat. The same author
also reported that tubers grown on sandy soils had lower quantities of
magnesium than those grown on loamy soils, but it was concluded that the
higher iron content in tubers from sandy soil was a result of the iron
content of the soil rather than of the soil type.

Contribution to the diet

In potato, iron content is about the same as that in other roots
and tubers (Table 2.2) and some vegetables (Table 2.12) and is compar-
able on a dry weight basis to that in some of the cereals (Table 2.3). It is
higher than iron levels in white rice, on either a dry or cooked basis.
Though not an outstanding source of iron, 100 g of cooked potatoes can
supply between 6% and 12% of daily iron requirements for children or
adult men (Table 2.12). The percentage contributions are lower in
women of child-bearing age, due to the greater demand foriron caused by
menstruation, pregnancy and lactation. Such figures, however, do not
take into account availability of the iron. In foods, iron is cither in haem
or non-haem form. The National Research Council (1980) treats the iron
in vegetable products, including potatoes, as non-haem, the availability
of which may be enhanced by the presence of ascorbic acid ingested at the
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same time as the iron source. Potato ascorbic acid may contribute towards
the level needed to influence iron absorption from a meal. A positive
correlation was found between ascorbic acid content of potatoes and the
amount of iron solubilized from potatoes by gastric juice in vitro (Fair-
weather-Tait, 1983). Only half as mach iron (15%) was available from
potato (depleted in ascorbic acid content by previous cooking, drying and
grinding) as from well-absorbed FeSO, (32%) in a rat ad libinui feeding
experiment. However, a much higher proportion of the iron from potato
was solubilized in vitro than there was from other vegetable foods such as
Kidney beans. wheat flour and bread. It has been suggested that iron
solubilization is the first step in determining iron availability from a food
or meal. Henee potato appears to have a moderate iron availability
superior to that of other vegetable foods (Fairweather-Tait, 1983).

In Britain. potatoes have been shown to supply 6% of the total
houschold dictary iron intake. ranking third of all individual foods as a
dictary source (National Food Survey Committee, 1983). True er al.
(1978) found that 150 g of potato could supply 2.3% to 19.3% of the
USRDA foriron. Although, in alater study, these authors indicated that
fresh potatoes ona 150 g serving basis did not contribute any iron to the
USRDA (Truc et al.. 1979). This difference is undoubtedly due to
variation in iron content found by the authors amongst varietics which
were grown in several different locations. Also it should be noted that the
USRDA for iron is very high. With the more realistic RDA given by
FAO/WHO, potato makes a significant contribution.

Potatoes are a good source of phosphorus, being similar, in this respect,
to roots and tubers and most cereals on a cooked basis. Tortillas, bread
and boiled P. vulgaris beans are richer sources of phosphorus than are
potatoes. However, 100 g of boiled potato supplies 7% of the USRDA for
phosphorus for both children and adults,

[t is important to note that a relatively small percentage of the total
phosphorus in potatoes oceurs in the form of phytic acid (a hexaphosphate
derivative of inositol). Phytic acid is insoluble and cannot be absorbed in
the human intestines. It also binds calcium, iron and zinc in the form of
phytates. thus rendering them unavailable for absorption into the body.
Approximately 25% of the total phosphorus was found in phytic acid in
seven commercial North American potato varieties (Quick & Li, 1976).
Lampitt & Goldenberg (1940) quote two sources which found that at Icast
80% of the phosphorus in potatoes was non-phytic. A mean of only 8.3%
of the total phosphorus was found in phytic acid amongst 23 samples of
potatoes grown in India (Swaminathan & Pushkarnath, 1962). In con-
trast, other plant foods contain much higher levels of phytic acid. For
example, Akroyd & Doughty (1970) noted that the percentage of phytic
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acid phosphorus in total phosphorus of high and low extraction wheats
was 75% and 68% . respectively. In samples of field beans (Vicia fuba),
40% to 60% of the total phosphiorus was in the form of phytate
phosphorus (Griffiths & Thomas, 1981). The lower phytic acid content of
potatoes therefore may be advantageous in allowing greater availability
of the phosphorus, calcium, iron and zinc which may be present in a meal
which includes potatoes. This is especially important in the case of
calcium. Potato is a pror source of calcium, a characteristic it shares on a
cooked basis with the other cooked staples (Table 2.4), with the exception
of lime-treated tortillas and P. vuldgaris beans and other legumes. Apart
from okra, none of the vegetables listed in Table 2.11 is a particularly
good source of calcium.

The concentration of porassiun in potatoes is high (Table 2.13), and for
this reason potatoes are frequently omitted from the diets of patients with
renal failure (McCay eral. 1975). Conversely, sodium content s low, and
potatoes cooked unpeeled do not absorb any sodium chloride from the
cooking water. Potatoes can therefore be used in diets designed to restrict
sodium intake, for example, in patients with high blood pressure, where
a high potassium :sodium ratio may be of additional benefit,

Magnesium is another important dietary mineral. For raw potatoes,
150 g were found to provide between 6% and 10% of the USRDA for
magnesium (True ef al.. 1979) and this range is likely to be the same for
cooked potatoes as there is almost 100% retention of the mineral in
potatoes boiled in their skins (True er al., 1979).

In the United States, RDAs have been established for only two of the
trace clements found in potatoes: zine and iodine. Comparing figures for
levels of zinc and iodine in potato shown in Table 2.13 with the USRDA
values. 100 g of potato should provide 13% of adult, and up to 30% of
child requirements of iodine and 2% and 4% of adult and child require-
ments, respectively, of zine. The National Research Council (1980) has
noted that biological availability of zinc is generally lower in vegetables in
foods derived from animals, and depends in part upon the contents of
phytic acid and dictary fibre in the source. Unlike whole grain products,
potato does not contain excessive quantities of dictary fibre and its phytic
acid content is relatively low, so zine availability should be high. Maga
(1983) found that 97% of zine was available in a potato-based diet for rats,
with a phytic acid content of 0.23 mg/100 g, whereas only 23% was
available in a corn-based diet with a phytic acid content 0f9.93 mg/100g.

Other, less extensively investigated trace elements reported 1o have
beneficial effects in humans include copper, chromium, manganese,
selenium and molybdenum (Passmore er al., 1974; National Rescarch
Council, 1980); for these the National Research Council (1980) provides
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a table of ranges for recommended intakes. If this table is compared with
Table 2.13, it may be caleulated that 100 g of potatoes can supply at least
part of the daily requirement for copper, manganese, molybdenum and
chromium. True er al. (1979) recommended that potatoes be considered
as supplying 8% of the USRDA for copper per 150-g serving. Wenlock et
al. (1979) determined that the manganese content of potatoes ranged
from 0.7 to 1.9 mg/kg (p.p.m.) and that it made a partial contribution to
the 15% of daily intake provided by all fruits and vegetables in the British
dict. According to a table of contributions (per person per day) made by
foods to selected minor nutrients in British houschold food in 1976
(Spring et al.. 1979). potatoes provided 10% of the magnesium, 11% of
the copper and 3% of the zine of British diets. A more recent analysis
revised these contributions to 8.4% and 4.3% for copper and zinc,
respectively (Finglas & Faulks, 1984a, 1985). Lastly, potatoes are not a
good source of selenium (Thorn er al.. 1978). containing less than
0.01 mg/kg.

Further trace clements for which no deficiencies have yet been found in
man, nor have any requirements been established, but in which some
interest has been shown, include cobalt and nickel (Table 2.13) and
vimadium. The content of vanadiuin was less than 1 ng/g (Myron et al.,
1977).

Potato is not an outstanding source of fluoride (Table 2.13), and in this
respect is similar to most other foods (Walters eral., 1983).

Summary

Potato is usually considered to be a rich source of energy and to
provide negligible amounts of protein, vitamins and minerals. It has been
shown here that. by itself, it is a poor source of energy unless fried, but
that it contains good-quality protein, many of the water-soluble vitamins,
and some minerals and trace elements. If the body's energy requirements
are met, potato can also provide a significant amount of dictary protein.
However, its low energy density means that, if potato is consumed alone,
a considerable bulk must be caten just to satisfy energy requirements.
This is particularly disadvantageous in the case of small children, whose
capacity is limited.

Although protein content compares unfavourably on a raw basis with
cereals such as rice, on a cooked basis it is similar to that of cooked rice.
Potato protein is moderately limiting in the sulphur-containing amino
acids. but contains substantially more lysine than the cereal staples and
can therefore be a useful supplement. Potato may be more attractive as a
source of high-quality protein rather than energy, in those parts of the
tropical developing world where it must compete, as a food, with other
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well-established roots and tubers. As little as 100 g can supply a significant
pereentage of the daily protein requirement from childhood onwards
(Figure 2.4).

When caten in quantity on a regalar basis, potatoes can make a useful
contribution to dictary fibre intakes, especially i both the skin and the
flesh are consumed.

The tuberis a good source of water-soluble vitamins, including some of
the B group vitamins and ascorbic acid (vitamin C,. When boiled in its
skin. 100 g can make a valuable contribution to the RDAs of thiamin,

Figure 2.4. A young Peruvian snacks on a potato boiled in its skin.
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Summary

niacin, pyridoxine. folic acid and particularly ascorbic acid. The avail-
ability of niacin in baked potatoes is low and therefore it should be
investigated in other forms of cooked potato. In contrast to cereals and
fegumes. which lack ascorbic acid. potato has been shown to contribute
substantially to the daily intake of this vitamin in various developed
countries. As a vegetable, it is comparable to many other vegetables in
terms of contents of ascorbic acid. thiamin, niacin. pyridoxine and
pantothenic acid.

Amongst the many mincials present in the tuber, iron, magnesium and
phosphorus contribute significantly to daily requirements. In potato, the
pereentage of total phytic acid is much lower than in the cereals, and thus
has little cffect on the availability of minerals such as iron. zine and
caleium, which is present at only a low level. Potatoes can supply a high
pereentage ol iodine requirements (although this probably depends on
the iodine content of the soil in which the potatoes are grown). smaller
pereentages of zine requirements, and can make at least some contri-
bution to supplies of copper, manganese. molybdenum and chromium.

Potatoes are rarely caten alone. Their importance in this respect
depends upon the arca of the world and the particular meal under
consideration. In some parts of the Peruvian sierra, a meal may consist
entirely of potatoes. In India they are often nothing more than a small
vegetable accompanying the major ingredients. Potatoes are also caten as
a snack food in some parts of the world (Figure 2.5). In main meals or

Figure 2.5, A tea-time snack of potatoes hoiled in their skins in eastern
Java, Indonesia.
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snacks they can provide at least part of the body’s requirements for many
essential nutrients,
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Protein and other nitrogenous
constituents of the tuber

As established in the previous chapter, potato is not a rich source of
cnergy (approx. 335 kJ (80 kcal)/(100 g), but it supplics high-quality
protein. This is of considcrable importance in developing countries where
cnergy supplies tend to be more readily available than protein. The
nitrogenous constituents of the potato tuber have a high nutritional value
compared with many other vegetable crops and there is @ wealth of
literature devoted to the subject.

Part 1 of this chapter addresses the factors affecting the composition
and quality of tuber N and hence its contribution to the diet; Part 2
assesses ways of measuring the nutritional value. The last part discusses
the possibilities for reclamation of valuable protein from waste pro-
cessing. This may be of use to developing countries in planning potato
processing operations.

Part 1: Composition of tuber nitrogen

Factors affecting total tuber nitrogen

The average contents of total protein in potato are approximately
2% (FWB) and 10% (DWB). Total protein is Kjeldahl N x 6.2,
according to van Gelder (1981), although conversion factors of 5.7 and
7.5 have been suggested (Vigue & Li, 1975: Desborough & Weiser,
1974). Wide ranges of crude protein contents have been reported, e.g.
11.6% to 16.1% (DWB) between different species of Solanum and 9.5%
to 14% (DWB) between different varicties of . tuberosum {(Hoff et al.,
1978; sec also Espinola, 1979 Snyder & Desborough, 1980; International
Potato Center, unpublished data). As the potato absorbs little water on
boiling or stcaming, the total protein content of boiled, unpecled potato
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is virtually identical with that of the raw, uncooked tuber. Furthermore,
Table 3.1 shows clearly that comparisons of raw potato with cther
uncooked vegetable sources. especially rice, are misleading; we should
conzider the protein content of the cooked foods.

Variations in total N of potato tubers are attributable not only to
varictal differences. but also to cultivation practices, climatic effects,
growing scason and location. The inercase of total N with increasing
levels of applied Nis well documented (Eppendorter et al., 1979; Hoff er
al., 1978 Mulder & Bakema. 195603 Rexen, 1976). Total N was increased
significantly also by phosphorus applications of 56 kg/ha (Klein er al.,
1980). A study ot the effects of moderate (22°C/18°C. day/night) and cool
(H1°C72C day/might) temperatures on tuber protein metabolism showed
that. in genceral. lower temperatures stimulated an increase in the percen-
tage of tuber N (Vigue. 1973). Marked differences in total N have been
found between varieties (Hunnius eral., 1976; Peare & Thompson, 1975)
and between erops from different years and locations (Li & Sayre, 1975;
Hunnius eral.. 1976 Peare & Thompson. 1975). Breeding-programme
selections for increased nitregen content should therefore take place in
conditions representative of the intended arca of production.

Distribution of N within the tuber is not homogencous (Neuberger &
Sunger, 19420 Herrera, 1979), being ighestin the skin, decreasing in the
cortex and rising again towards the pith. Desborough & Weiser (1974)
reported that protein nitrogen content was similar in the cortical, medul-
lary and pith regions, whereas the pith area was found to have significantly
more non-protein nitrogen (NPN) than did the cortex tissue (Ponnam-
palam & Mondy, 1983).

Table 3.1, Crude protein conterit of raw and cooked
poidato and rice*

Maisture Total protein
Food (%) (N X 6.25) (%)
Rawrice 12.0 6.7
*Dried’ potato® 11.7 8.4
Raw potato 79.8 2.1
Cooked potato 79.8 2.1
Cooked rice! 72.0 2.0

“ From Watt & Merrill (1975).
* See note (of ) Table 2.3,

“ Boiled in skin.

4 Boiled. milled white.
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Constituents

The total N of potato tubers comprises: (1) soluble, coagulable
(true) protein; (2) insoluble protein: and (3) soluble NPN, which is
composed of free amino acids. the amides asparagine and glutamine, and
small amounts of nitrate N and basic nitrogen compounds including
nucleic acids and alkaloids. The insoluble protein fraction occurs mainly
in the peel: in a rat feeding experiment. the removal of the skin and outer
cortex increased the nutritive value of the remainder of the potato (Chick
& Slack. 1949).

Table 3.2 shows the average content of the various soluble fractions of
potato N. The distribution of the main nitrogenous fractions of total tuber
N in each of four varictics is given by Miedema er al. (1976), who showed
tkat insoluble N is only about 4% of total N,

The proportion of soluble protein N to total N, aithough iven as 50%
in Table 3.2, can vary widely. A range of 29.5% to 51.2% was noted
among 11 different S. tuberosum varicties (Neuberger & Sanger, 1942)
and of 40% to 74% in 50 clone samples of S. wberosum group andigena
(Li & Sayre, 1975).

Table 3.2. Fractions of the soluble nitrogen of

potato
Nitrogen fractions Y% of total N
Trueprotein N 50
NPN 50
Frecamino acid N 15
Asparagine N 13
Amide N
Glutamine N 10
BuasicN 8"
Nitrate N 1
Nitrite N Trace
AmnoniaN 3

“ Based on data from Knorr (1978).

b Alkaloids, certain vitamins. purines, pyrimidines,
quaternary ammonium compounds, ete.

“ Itis doubtful whether there i< so much free ammonia in
potatoes: probably part of it is formed from glutamine,
which is readily hydrolysed during analysis.
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Soluble protein

‘Truc potato protein contains substantial levels of the essential
amino acids. Lysine contentis particularly favourable, being comparable
with that of whole egg (van Gelder & Vonk, 1980).

An analysis of coagulable freeze-dried protein from 34 varieties of
potato showed that. although the varicties covered a range of coagulable
protein from 0.37 to 1.24 ¢/100 g fresh tuber, there was little variation in
amino acid composition among them (van Gelder & Vonk. 1980}, There
was no correlation between coagulable protein content and methionine,
lysine or the essential amino acid (EAA) index, which ranged from 86 to
93. The authors contrasted potato with (1) barlev, where protein content
shows a negative relation with protein lysine and (2) wheat, where protein
contentis negatively related to content of lysine and of methionine. They
concluded. therefore, that breeding for higher levels of true protein will
not adversely affect the nutritional value of that protein. There was little
variability in the amino acid composition of the true protein of seven
aricties of S, rberosum, and high valucs for methionine were not found
amongst 45 wild species of Solantom (Hoff eral., 1978). Wide ranges in the
contents of true protein essential amino acids were encountered when 40
genotypes were analysed (Desborough & Weiser, 1974); for example,
0.19 10 2.69 andl 1.62 to 10.82 mg/g dry tuber for methionine and lysine,
respectively. Highly significant positive correlations were found between
contents of protein-bound essential amino acids and protein, being
particularly high for leucine. lysine and phenylalanine. The authors
concluded that selection for amino acids such as methionine that are
presentin relatively low amounts could be beneficial.

The amino acid composition of the true protein of a particular varicty
of potatois genctically determined and is little affected by environmental
ceaditions (Eppendorter er al., 1979). Mulder & Bakema (1956) found
that the amino acid composition of potato protein was independent of the
mineral nutrition of the plants in the case of nitrogen, phosphorus and
potassium supplies. Tjornholm er al. (1975) demonstrated that true
protein content was increased by nitrogen fertilization, but that the amino
acid composition of the protein was not influenced by nitrogen and
potassium supplics. However, mineral nutrition may have an effect on
the content and proportion of protein present, even though the compo-
sition remains unchanged. The percentage of true protein in total protein
is subject to environmental effects, Some authors (Mulder & Bakema,
1956: Labib. 1962) have found that the ratio protein N : totai N is lower
with high nitrogen fertilization than with low. In contrast, others (Hoff ef
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al., 1978; Li & Sayre, 1975) have shown that increasing nitrogen fertiliz-
ationincreases not only the percentage of total N, but also the percentage
of true protein, and that true protein and total N increase at asimilar rate
(Hoff er al.. 1978). It has been suggested that, in screening tubers for
protein content, it is the scluble, coagulable protein which should be
determined and efforts should be made to breed for higher levels of this
protein (Hoff et al., 1978).

Non-protein nitrogen

Kapoor eral. (1975) found that most of the NPN fraction (75%)
is in the form of frec amino acids and amides. Free amino acids constitute
22% 10 35% of the total tuber amino acid content, whilst the amides,
asparagine and glutamine, are present in about cqual amounts and
together comprise approximately half the total free amino acids (Hoff er
al., 1978). Synge (1977) has reviewed the contents of different free amino
acids in 13 varieties of potatoes grown in seven countries and has shown
wide ranges.

Most of the amino acids that occur in true protein have also been found
in the NPN. Kapoor er al. (1975) did not find tryptophan in the free form,
but other authors have found it in NPN (Synge, 1977). Cystine/eysteine
has been reported as absent from the NPN (Hofferal., 1971, Kaldy, 1971;
Tjernholm er al., 1975), absent completely in some varieties and present
as traces in others (Herrera, 1979). In general, the NPN contains lower
amounts of the essential amino acids than does true protein (Labib, 1962;
Kapooreral., 1975; see Table 3.3). However, Kaldy (1971), in an analysis
of six varieties, found that, on average, methionine was higherin the NPN
fraction in comparison with the value in the whole tuber and concluded
that frec methionine made a significant contribution to the protein quality
of patato. Free methionine accounted for 93% of the variations in
available methionine in the potato clones analysed by Luescher (1972). 1t
ranged from 0.34 to 2.07 mg/16 mg NPN and contributed 12% 10 62% of
all the methionine present in the totat N, There appears to be no relation
between the relative proportions of free and protein-bound amino acids
(Hoff eral., 1978; Thompson & Steward, 1952).

In contrast to soluble protein. the amino acid composition of the NPN
fraction is extremely variable and subject to the influence of factors such
as mineral nutrition, variety. soil, and climatic conditions,

The positive effects of nitrogen application upon the content of soluble
NPN have been emphasized (Mulder & Bakema, 1956; Tjgrnholm er al.,
1975). Moderate application of phosphorus also significantly increased
NPN (Klein er al., 1980), as did a deficiency of either potassium or
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magnesium (Mulder & Bakema, 1956). In that application of N and
phosphorus, on the one hand, and potassium on the other, have opposite
effects upon the nitrogen content in the tubers, the overall effect of
application of all three major nutrients is unpredictable (Burton, 1966).
However, the content of free amino acids has been raised by increased
applications of a combination of N, phosphorus, potassinm and calcium
(Tikhonov & Bychkov, 1969).

An increase in the NPN fraction does not lead to an equal increase in
all free amino acids and some may decrease. In general, the literature
shows that the greatest increases oceur in the amides. Mulder & Bakema
(1956) assumed that glutamine, asparagine and arginine are the forms in
which absorbed N accumulates in the tuber before being further
metabolized. One would therefore expect an alteration in conditions
affecting nitrogen accumulation to have the greatest affects on levels of
these compounds.

There are 1eports of variable responses of free amino acids, apart from
the amides, to external influences. Mulder & Bakema (1956) found that a
high level of NPN in total N correlated with a high NPN amide level, but
that other free amino acids generally decreased. Labib (1962) observed
that immediately after harvest the content of all essential amino acids in
the NPN fraction was inversely proportional to the nitrogen fertilization.
Eppendorfer er al. (1979) found that, in NPN, the percentage of free

Table 3.3. Relative proportions of essential amino
acidsinirue proteinand NPN found in one variety*

Protein® NPN*
Aminoacid (mg/gdried potato powder)
Histidine 1.42 0.60
Isolcucine 2.80 1.28
Leucine 5.90 0.74
Lysine 4.40 0.53
Mcthionine 1.23 0.26
Phenytalanine 2.46 0.85
Tyrosine 2.52 2.25
Threonine 319 0.89
Tryptophan 0.86 0.00
Valine 3.56 2.60

“ Calculated from figures of Kapoor et al. (1975).

* N not extracted by shaking dried potato powder with
cthanol for 30 min is 53% of total N,

“ N extracted with ethznol is 47% of total N.
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amino acids, other than aspartic and glutamic acids and their amides,
decreased with increasing pereentage of total N in the dry matter. On
the other hand, Tjgrnholm er al. (1975) increased the content of each
of the free amino acids by increased application of N, aspartic and
glutamic acids and their corresponding anides responding most. Accord-
ing to Hoff er al. (1971), the response of individual amino acids to
increased nitrogen fertilization varied considerably, the greatest increase
oceurring in glutamic acid (and glutamine), but with tyrosine dec- zasing
fractionally.

In several varieties of potatoes grown in England and Ireland, soil and
climatic conditions influenced the concentrations of some free amino
acids more than others (Davies, 1977). Levels of glutamine, alanine,
aline and tyrosine were higher and proline and histidine lower in samples
from Ireland. where rainfall and humidity are greater, than in those from
England. When low temperatures stimulated an increase in tuber N, the
gieatest increases in N were noted in glutamic acid, proline and arginine
(Vigue. 1973).

[t has been suggested that, nutritionally, the relatively large amounts of
glutamine present may be significant (Chick & Slack., 1941). Glutamine
and glutamic acid are important in transamination reactions (Smith,
1968). Chick (1950) reported that the amino acids of potato NPN
supplement those of wheat gluten, thereby being able to increase the
nutritional value of the latter. Potato free amino acids are 100% available
for absorption and the percentage of NPN present in total N may
influence the overall digestibility of that nitrogen.

Amino acid compositica of the whole tuber

From the variations in total N and true proteinand NPN fractions
discussed above, it is clear that there can be considerable differences in
the amino acid composition of the whole potato as caten. It has been
shown that increasing levels of total N in dry matter (DM), brought about
by increased nitrogen fertilization, generally result in decreasing protein
quality in terms of amino acid concentrations as 8/16 g N (i.c. g/100 g
protein: Rexen, 1976; Eppendorfer er al., 1979). The reasons for this are
not given, but may be linked partly to a decrease in true protein content
asa pereentage of total N and also to an increase in amide N at the expense
of the essential amino acids in the free form.

However. Rexen (1976) noted a great difference in the behaviour of
different varieties in this respect. Some varicties showed a tendency for
improved protein quality with increasing nitrogen content, It is nossible
that the percentage of true protein in these varietics actually increased



Composition of tuber nitrogen 65

with increasing total N. Morcover, his data show that amino acid contents
in the whole tuber as caten do not decicase with increasing nitrogen
content, as they depend not only on the amino acid composition of the N
but also on the quantity of totat N in the DM and hence the percentage of
DM in the tuber (see Table 3.4). Talley (1983) has also shown this by
reinterpreting the data of Eppendorfer ef al. (1979) and receut work by
Millard (1986) demonstrated an improvement in the protein quality of
one variety on a fresh weight basis with increasing % N in DM resulting
from increasing levels of fertilizer application. In cach of three experi-
ments (using the same variety, grown at three different locations in
Scotland) there were statistically significant increases in the percentages
of the adult daily requirements supplied by cach of the essential amino
acids in 100 g fresh tuber. as nitrogen application was incrcased from 0 to
250 kg N/ha. The only exceptions were the sulphur-containing amino

Table 3.4. Amino acid composition of the total N and of the tuber, at two
dijferent levels of total N*

Level | Level 2
Y% in Y% in
Y% in fresh Yo in fresh

g/logN DM tuber g/logN DM tuber
TotalN — 1.23" — — 1.50° —
DM — — 2810 — — 26.99°
Histidine 1.93 0.15 0.04 1.79 0.17 0.05
Isoleucine 3.49 0.27 0.08 3.34 0.31 (.08
Lcucine 5.59 0.43 0.12 5.51 0.52 0.14
Lysine 5.94 0.42 .12 5.27 0.49 0.13
Methionine 1.85 0.14 0.04 1.68 0.16 0.04
Phenylalanine 3,94 0.30 0.08 377 0.35 0.09
Tyrosine 3.35 0.26 0.07 322 0.30 0.08
Threonine 4.06 0.31 0.09 4.25 0.40 .11
Valine 4.70 0.36 0.10 4.54 0.43 0.12
Alanine 3.608 (.28 0.08 312 0.29 0.08
Arginine 4.20 0.32 0.09 4.19 0.39 0.11
Asparticacid 20,46 1.57 0.44 21.71 2.03 0.55
Glutamicacid 13.36 1.03 0.29 13.42 1.26 0.34
Glycine 3.28 0.25 0.07 3.18 0.30 0.08
Proline 3.82 0.29 0.08 3.77 0.35 0.09
Serine 4.25 0.33 0.09 4.16 0.39 0.11

“ Data from Rexen (1976). Means of 33 varictics.
? Tubers resulting from fertilization with 114 kg N/ha.
“ Tubers resulting from fertilization wit! 186 kg N/ha.
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acids, in onc of the three experiments, which increased but not signifi-
cantly. Itis obviously valuable to compare the protein quality of potatoes
in general with the proteins of other foodstuffs, which have greatly
differing nitrogen contents, interms of /16 g N. However. it is also useful
to compare the protein nutritive value of different tuber samples in terms
of the food as caten. This will depend on the combination of a number of
factors: the amino acid composition of the total N (influenced by the ratio
protein N:NPN). the total N content of the tubers as caten and the
availability (digestibility) of the N (which is partly dependent on the
concentration of free amino acids). These are influenced not only by
genetic factors butalso by environmental conditions, cultivation practices
and interactions between these variables.

Part 2: Nutritive value of tuber nitrogen

The cvaluation of potato protein (true protein and free amino
acids) has been carried out more frequently by chemical amino acid
analyses, microbiological growth assays and animal feeding tests than by
feeding experiments with humans. The relatively rapid chemical and
microbiological analyses. normally used for initial monitoring, have
generally indicated that potato protein is of good quality. Animal feeding
tests have not shown consistent results: this ts not surprising as workers
have used different concentrations of potato protein in diets fed to rats
(Knorr. 1978). and PER determinations are notoriously difficult to
reproduce between laboratories. Feeding trials with humans, which are
complex and costly to carry out, and therefore less frequently employed,
have confirmed the high quality of potato protein for human consump-
tion.

Amino acid analyses and scores
There are few complete amino acid analyses of potato tubers in
the literature. Kaldy & Markakis (1972) and Knorr (1978) provide tables
of previous analyses by several authors, and more recently Talley er al.
(1984) reported the amino acid compositions of several North American
varieties grown in different locations. Lppendorfer er al. (1979) deter-
mined the amino acid compositions of potato samples with varying levels
of N in their DM. Table 3.5 shows the essential amino acid composition
of raw potato given in four different sources. These confirm the high
levels of lysine in potato protein.
Concentrations of potato amino acids have been variously reported in
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the literature. on the basis of /160 g N mg/e N mg/g DM, umol/g DM and
mg/p tood. There is a need tor standardization of reporting, to avoid
confusion and fucilitate comparisons of the nutritive value of different
camples, 1t should also be remembered that meaningful comparisons of
the capacity of difterent potato samples to satisfy protein needs must be
made on the basis of the amino acid concentrations in the food as caten.
These will depend on the composition and on the content of tuber N,

The usual method of reporting tuber amino acid composition (g/16 g N)
has been used to evaluate the nutritive value of potato as compared with
the amino acid pattern of whole cgg (Table 3.5). The protein scores of
SIX potato vareties analvsed by Kaldy & Markakis (1972) varied from
00 1o 78, on the basis of the sulphur-containing amino acids. Methionine
wits found to be the first limiting amino acid. Rexen (1976), however,
found that in some cultivars the limiting amino acid was isoleucine.
He reported that. in relation to whole cgg EAA indices of 33 potato
varieties ranged from 35 10 84, For some samples of high protein potato
hybrid: . Desborough & Lauer (1977) found a range of EAA indices from
72 upwavds: one sample scored 100, and was therefore equal to egg
protein.

Table 3.5, Essential amino acid composition of potato as reporied by
various authors (g/16 g N)

Whole

cEe
Aminoacid A B C D Average (E)
Histidine 23 1.9 1.9 — 2.0 24
Isoleucine 4.2 34 4.2 KN} 39 5.6
Leucine 5.0 5.6 0.1 6.3 5.9 8.3
Lysine 6.2 5.0 S 6.7 6.0 6.2
Methionine Lol,, 1.8 1o, 1.2 1.5
Cyatine } L3ty i et 50 S0
Phenvialanine 451, 5 39[,, 4.3 4.51, 4.3 C
Tyrosine 3782 3.3}7'~ N LTI AN LR
Threonine 8 4.2 3.8 3.8 3.9 4.0
Tryptophan 1.5 — 14 1.2 1.4 1.0

5. S0 5.0

Valine 5.7 4.0

5.0

AL Kaldy & MarkaKis (1972). Average of six varicties grown in North America,
B, Rexen (19760). Average of 33 varicties grown in Denmark.,

C. Paul & Southgate (1978). Food composition tables, based on varicties grown
in Britain.

D. Lopez de Romana etal. (19815). One variety grown in Peru.

E. WHO (1973).



68 Protein and other nitrogenous constituents

[t has been indicated recently (WHO, 1985) that the amino acid scoring
procedure. by which the capacity of a protein or mixture of proteins to
meet the essential amino acid and N requirements of a human recipient is
evaluated, must be based on 2 knowledge of those requirements. The
latest estimates of patterns of amino acid requirements (mg/g protein) for
virious age groups (WHO. 1983) are compared. in Table 3.6, with the
coneentrations in cgg. cow’s milk. beet and potato. For infants, potato
protein does not satisty most of the amino acid requirements, which are
based on human milk. but it has a very high average amino acid score of
90 for the pre-school child and scores of over 100 for all other age groups.
Potato protein has a particularly favourable lysine content in comparison
with cereal proteins (see Table 2.5, p. 30). whose amino acid scores, on
the basis of human requirements. are much lower,

In fully evaluating the capacity of potato and potato-based diets to
provide safe levels of protein intake in humans, especially children,
digestibility must be taken into account. WHO (1985) recommends the
caleulation of safe levels of dictary proteinintake in different age groups

as follows:

Safelevelof

. . 100/(Amino .

dictary protein Safelevelof . ( 100/(Digesti-
. . acid score of -
(e.g.inpotato reference . bility of
= o X dietary X
orpotato- protein for . dietary
Coe proteinfor .
based diet) for age group protein)
age group)

age group

The quantity of potato or of a potato-based dict needed to satisfy this
caleulated safe protein intake then depends on its protein content as
caten.

More information is required about the degree of potato protein
digestibility. cither alone or in mixed diets. The little knowledge available
suggests thatit may be rather low. The high amino acid score. however, is
reflected by the high nutritive value of potato protein which has been
foundin practice (see the section on human feeding experiments, below).

Mierobiological assays, animal feeding and digestibility

experiments

In 1962, Labib used a microbiological assay with Tetraliymena
pyriformis W. to assess the protein nutritive value of four varietics of
potato. They averaged 89 when related to casein (100) and 75 when
related to whole egg protein (100). Luescher (1972) assessed the biologi-
cal value (BV) of total N and NPN in 16 clone samples to be 84 and 78,
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Table 3.6. Comparison of suggested amino acid requirement patterns with amino acid compositicn of potato

Suggested pattern of requirement Reported comp ssition

Amino acid Infant
(mg/g crude Preschool child School child
protein) Mecan (Range) (2-5+vr) (10-12vr) Adult Egg Cow’'s milk Beef Potato
His 26 (18-36) 19 19 16 22 27 34 20
Ile 46 (41-53) 28 28 13 54 47 48 39
Leu 93 (83-107) 66 44 19 86 95 81 59
Lys 66 (33-76) 58 44 16 70 78 89 60
Met + Cys 42 (29-60) 25 22 17 57 33 40 30
Phe + Tyr 72 (68-118) 63 22 19 93 102 80 78
Thre 43 (4015) 34 28 9 47 +4 46 39
Tryp 17 (16-17) 11 9 5 17 14 12 14
Val 55 @4+-77) 35 25 13 66 64 5N 51
Total

Incl. his 460 (408-588) 339 241 127 512 504 479 382

Excl. his 434 (390-552 320 222 111 490 477 445 363

Data from World Health Organization (1985).
mg amino acid in test protein

Amino acid score = x 100.

mg amino acid in requirement pattern
Amino acid scores of potato: Infant = 63: Preschool child = 90; School child/Adult = > 100.
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respectively. using Streptococeus zymogenes as the test organism. Meister
(1977) also using S. zymogenes tound that the BV of potato protein
ranged from 77 to 82,

Animal feeding experiments with potato are more numerous: (for a
review, see Markakis, 1975). In some cases no attempt was made to fulfil
the dictary requirements for all nutrients other than protein, so that the
quality of the diet was limited by factors additional to protein quality.
Such experiments have produced peor growth in rats when potato was fed
as the major source of protein in the diet (Joseph er al., 1960: Roy
Choudhuri er al.. 1963). However, they have demonstrated that potato
can supplement cereal proteins. Rats grew signiticantly better than
rice-only fed controls when 23% of the rice in an Indian rice-based diet
was replaced by potato (Joseph eral., 1960). Tlowever, Roy Choudhuri er
al. (1963) found that this supplementation effeet could only be
demonstrated when the dicts contained an adequate calcium supply.
Early experiments by McCollum eral. (1918, 1921) showed that mixtures
of several cereals (including wheat, oats and maize) with potatoes pro-
duced better rat growth than did the cereals alone.

Chang & Avery (1969) showed that the nutritive value of potato
protein was superior to that of rice for weanling rats although they were
actually comparing cooked potato with raw rice. Chick & Slack (1949),
observing that potato protein promoted good growth in voung albino
rats. reported aprotein efficiency ratio (PER) of 1.8 for potato proteins
ata H0% levelof protein intake. Joseph eral. (1963) found that the variety
which produced the highest PER (1.99) in growing rats also contained
greater amounts of the sulphur-containing amino acids than did two other
varicties tested. The average PER for a number of high protein potato
hybrids given in the form of potato flakes was 2.3 (Desborough er al.,
T981). ninc of the genotypes tested having protein equal in quality to that
of casein.

Little is known about the digestibility of potato protein. Values for
apparent digestibility (i.c. digestibility not corrected for metabolic faceal
N losses) in rats have varied from about 60% to about 80% (Chick &
Slack, 1949 Espinola. 1979). The true (i.c. corrected) digestibility of
protein in freeze-dried boiled potato, determined with rats, varied from
82.7% for a sample containing 1.4% total N in DM 10 90.8% in one with
3.07% Nin DM (Eppendorter er al.. 1979). The authors suggest that the
increase in digestibility might be due to a lower proportion of the N being
incorporated into fibrous substances in potatoes with higher total N. An
alternative explanation, however, might be that a greater proportion of
the N in high-nitrogen potatoes was in the form of fully available free
amino acids (Lovez de Romaia eral., 1980).
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A protein digestibility test in vitro using mammalian proteolytic
enzymes was applied to potato flakes prepared from a number of potato
hybrids (Boody & Desborough. 1984). The average digestibility in vitro
was 72.4% (range 71.1% to 74.9%). There appears to be considerable
variation in potato protein digestibility as evidenced by the above results,
and the reasons for this and their applicability to human feeding need
further investigation.

Human feeding experiments

Protein is nceded by humans for growth (particularly in infants),
maintenance of tissues, restoration of losses caused by damage or discase,
and pregnancy and lactation. Different proportions of amino acids may
be required for maintenance and for growth (Bender, 1982), and a
particular protein may be more cffective for one purpose than for
another. Hence, feeding experiments with adults and children will be
dealt with separately.

In normal meals, it should be noted, potatoes are rarely eaten alone as

the sole source of N and there are supplementary effects as a result of
mixing potatoes with other foods.

Adults

There are brief reviews of adult human feeding experiments with
potatoes by Knorr (1978) and by Markukis (1975). In contrast to animal
feeding trials, work with human adults has consistently shown that men or
women can be maintained in nitrogen equilibrium and good health on
diets in which all the N, or almost all, was supplied by potatocs.

Rose & Cooper (1917) maintained a young woman in nitrogen balance
for seven days on an intake of 0.096 g nitrogen/kg body weight from
potato. Kon & Klein (1928) kept a man and woman in nitrogen equilib-
rium and good health for almost six months on a diet in which all the N
required was supplied by potatoes, the daily need for potato protein being
36 g for the man and 24 g for the woman on a 70 kg body weight basis.

Kofrinyi & Jekat are cited by various authors (Herrera, 1979; Knorr,
1978; Markakis, 1975) as having determined that the average amount of
protein necessary for the maintenance of nitrogen balunce in the case of
three healthy college students was 0.545 p/kg body weight for potato and
0.505 g/kg body weight for egg protein. Furthermore, in terms of quan-
tities required to maintain nitrogen balance in adult human beings, the
protein of potatoes had better nutritive value than the protein of beef,
tuna fish, wheat flour, soybean, rice, corn, beans or secaweed. Thompson
(1977) reported that the minimum protein requirement of a graduate
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student on a diet in which 95% of the protein was supplied by potatoes,
was 0.518 g potato protein/kg body weight, which agrees with the values
reported for two subjects by Kofrinyi eral. (1970). It should be noted that
the potato sample used for Thompson's experiment had a sulphur amino
acid content 50% higher than average reported values,

Minimum protein requirement for nitrogen balance in two subjeets, for
amixture of 3% cgg N + 649, potato N, was lower than for egp or potato
alone (Kofranvi ef al.. 1970). This. Kofrinyi (1973) suggested, was
because the BV of a protein source js related to iis overall amino acid
pattern, rather than to the absolute amounts of essential amino acids
present.

Animal experiments do not support these findings. Herrera (1979)
measured the PER in growing rats of a 65:35 (protein) ratio of a mixture
of dried potato and dried cgg, and states that the PER of the potato—egg
mixture was 8% higher than that of dried whole egp. However, his data
show no sttistically significant difference between the PERs of the
mixture and whole dried cgg. In another study with rats Eggum et al.
(1981) could not substantiate Kofrinyi's findings with humans. noting a
curvilinear decrease in BV with increasing concentration of potato pro-
tein in an egg protein dict. These may simply reflect differences between
species and their stage of maturity.

Kies & Fox (1972) reported that the addition of 1-methionine to potato
flakes (which provided 80% of the dictary N) in the diets of young adults
improved the potato protein quality. The dehydrated ‘instant' mashed
potato flakes involved might have suffered some  destruction of
methionine during processing (see Chapter 4) as the authors’ values of
.12 and 2.4 ¢/16 ¢ N for methionine and total sulphur amino acids,
respectively, were somewhat lower than those for fresh potatoes given in
Table 3.5.

Children
The only published work cvaluating the quality of potato protein
in infant dicts is that by Lopez de Romada and co-workers (1980,
198la.b) in Peru. Studies with infants and young children recovering
from malnutrition demonstrated that potatoes can be used to supply all
the daily dictary requirement for protein and a substantial part of that for
cnergy.
A short-term experiment (Lopez de Romaia er al, 1980) assessed the
digestibility and utilization of protein in dicts providing only potato
protein and at marginal levels of intake. The nitrogen balance of 11
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children between the ages of 8 and 35 months, while consuming two diets
in which potato provided approximately 5% of the energy as protein was
compared with that of children consuming an isonitrogenous casein
control dict. A first batch of dehydrated potatoes containing 5.75 g crude
protein/100 g was incorporated into the diet so as to provide 75% of the
total dictary energy. A second batch containing 9. 13 g crude protein/100 g
supplicd all the dictary N but at a level that provided only 50% of the
dictary energy. Apparent nitrogen retentions on the potato diets were
significantly lower than those from the cascin control diet. All differences
in apparent nitrogen retention were due to inferior apparent nitrogen
absorption, with no significant difference in apparent retention of
absorbed nitrogen. This suggested that inferior digestibility of the potato
protein rather than amino acid deficieney was responsible for its failure to
match casein as a protein source for small children. The high amino acid
scores of potato for small children shown in Table 3.6 would tend to
confirm this.

The apparent BVs® (apparent nitrogen retention as a percentage of
absorbed nitrogen) of potato protein and cascin were 49% and 53%,
respectively. Potato protein digestibility (expressed as a percentage of
that of cascin) was 79% and 92%., respectively, for the diets containing
the lower- and higher-nitrogen potato batches.

The percentages of protein energy in the two test diets were equal, but
the energy provided by the lower- and higher-nitrogen batches of potatoes
was 75% and 50%., respectively. More potato starch must therefore have
been presentin the lower-nitrogen bateh potato dicts. Dreher eral. (1984)
noted that most root/tuber starches have been found to be inferior to
cereal starches with respect to their effect on protein utilization. Dreher
et al. (1981) showed that PERs, net protein ratios and protein digesti-
bilitics in mice were lower with autoclaved potato starch as the major
source of encrgy in the diet than with other more digestible autoclaved
starches. Lopez de Romana er al. (1980) demonstrated that, as potato
provided increasing percentages of dictary energy in small children, there
were increasing stool weights and increasing losses of carbohydrate and
energy in the facees, reflecting poor digestibility of carbohydrate. The
greater quantity of potato starch in the lower-nitrogen batch potato diet
ray therefore have had an adverse effect on potato protein digestibiiity.
This could help to explain the authors' finding that the potato protein
from the lower-nitrogen batch was no better digested than rice protein
(digestibility 78% that of cascin) in spite of the high frec amino acid
content of potato protein, The increased percentage of free amino acids
they reported in the higher-nitrogen potato dict, together with its lower
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potato starch content, may account for its superior digestibility. Such
relationships should be further investigated.

Another study (Lopez de Romana er al., 1981a) showed that infants
and small children can consumie from 50% to 75% of their energy and up
to 80% of their nitrogen requirements as potato during a longer period
(three months). Limiting factors for the consumption in diets containing
increasing quantities of potato are the substantial bulk to be eaten and the
relatively poor digestibility of potato carbohydrate. Hence, protein
intake front lower-profein potatoes could not be improved by inereased
consumption. The protein status of the children, as determined by serum
albumin concentrations, was maintained during the whole study, reflect-
ing the adequacy of the dictary protein. Sinee potato is never the sole
source of N in children’s diets. the remaining protein should be provided
by aless bulky food that is a source of high quality protein, not to improve
the quality of the potato protein but to decrease the bulk and volume of
the diet.

Further rescarch (Lopez de Romaia er al., 19815) confirmed that
potato protein has an adequate ratio of total essential amino acids to total
amino acids and a balance among individual essential amino acid concen-
trations to mecet the needs of infants and small ctuldren, if the protein is
given and absorbed sufficiently to fulfil total nitrogen requirements,

Potato protein can be a useful weaning food in developing countries,
especially it varietics with higher protein contents and better carbo-
hydrate digestibilitics are used. The experimental production of weaning
foods containing potato fas been reported (Abrahamson, 1978; Kaur &
Gupta, 1982).

Comments on protein contribution from potatoes

Potato protein is of sufficiently high quality for maintenance
purposes in adult man and for growth of infants and children. The
relatively low digestibility of potato protein is a disadvantage when
potatoes are used for feeding to children: potatoes have to be consumed
in large quantities to satisfy both protein and encrgy requirements, a
characteristic they share with other root and tuber staples. Potatoes are
rarcly consumed as the sole source of N in the diets of either adults or
children, but it is clear that they can make a valuable contribution to the
protein content and quality of a mixed diet, provided present levels of
protein in potato are maintained. In searching for higher-yielding var-
icties, maintenance of protein levels in potatoes should not be overlooked
by plant breeders.
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Part 3: Potato protein from processing waste

Reasons for waste production

Large-scale potato-processing industries of the developed world
produce great quantities of liquid waste effluents daring the production of
starch. flakes, granules., french fries (chips) and chips (crisps). Such waste
clfluents contain organic materials. have a high biological oxygen demand
and constitute a serious pollution problem if discharged directly into the
environment; their treatment at sewage disposal plants is costly.

Potato fruit water, one of the wastes from potato starch factories,
contains about 2% (w/v) soluble solids, including protein, non-polymeric
Aitrogen compounds such as amino acids, and sugars and minerals.
Interest in the recovery of potato protein from waste effluents has
increased during the past o0 years (De Noord, 1976). Knorr (1977)
reported two benelits, suggested by Heisler e al. (1959), of recovering
nitrogen compounds from potato starch factory waste water: reduced
poliation from protein or fruit water, and improved economics of starch
production by the creatic ! marketable by-products. World production
of potato starch amoants to approximately two million tons (1 ton = 1.016
tonne) (Meuser & Smolnik, 1979). About 100000 tons of potato protein
could be recovered if all potato starch producers were to install protein
recovery systems. The introduction of stringent pollution control regu-
lations on waste effluents in some countries and improved starch extrac-
tion processes leading to more coneentrated potato fruit water (about 4%
soluble solids; Strolle er i, 1980) have recently made protein recovery
increasingly attractive to manufacturers. The 1970s also saw the initiation
of rescarch into the recovery of protein from the waste water of factories
producing french fries and chips. In these industries, waste water results
from peeling. cutting and blanching. The high biological oxygen demand
of this water enables it to be used as a culture medium for the production
of “single-cell protein’, c.g. fungal protein (Dambois er al., 1978;
Abouzied & Mostafu, 1984) appropriate for animal feeding, or incorpor-
ation into food for humans (Skogman, 1976). By direct recovery of
protein. a typical North American chip plant processing 31 tonnes
potatoes/day. could also produce per day an estimated 550 kg dried
protein concentrate containing 30% of soluble potato protein (Meister &
Thoinpson, 1976a).
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Protein recovery

About 60% of the solids in potato fruit water from starch
factorics is present as nitrogenous substances, half of which can be
coagulated (precipitated) and hence recovered. The most common way
to coagulate the protein is by heating, with or without pH adjustment, or
by a combination ¢f heat and pressure. Coagulation is followed by
scparation using filters, gravity settling or centrifugation. The scparated
protein concentrate is then dried, preferably by spray-drying, which
yields products with a better colour and solubility than do methods such
as tray- or drum-drying. Freeze-drying yields a soft, white product, but is
expensive and therefore probably uncconomézal (Strolle ef af.. 1973).
Methods for the recovery of protein concentrates from potato fruit water
have been reviewed by Knorr (1977). More recently, Wojnowska et al.
(1981) have explored the possibilities of using such methods as ultrafil-
tration (which yiclded promising results), cryoconcentration  and
polyelectrolyte coagulation for protein recovery before subsequent dry-
ing. Knorr (1980) has investigated the use of various coagulants for
utilization at room temperature as possible alternatives 1o the more costly
use .« energy in heat coagulation. The further recovery of by-products
from the residual water, after protein coagulation and removal, has also
been reviewed by Knorr (1977). This residual water also could be used as
a growth medium for single-cell protein (Hutterer, 1978).

Nutritional value

Meuser & Smolnik (1979) stated that directly precipitated pro-
tein from potato fruit water is obtained with a purity of 80% to 85%. The
typical compesition of a commercial European potato protein concen-
trate (PPC), used for animal feed, contained 81.5% crude, and 79.7%
pure, protein (Knorr, 1977).

The nutritional value of recovered protein is high, although dependent
both upon the protein quality of the potatoes from which it is derived and
on the method of recovery (Meister & Thompson, 1976b). The BV of
recovered protein was higher than that of the crude protein of the original
tubers (Mcister & Thompson, 19765), and its content of essential amino
acids greater than that in the potato fruit water (Wojnowskaeral., 1981).
Kuorr (1978) gave the amino acid composition of some commercial PPC
products and of PPCs coagulated by various methods: PFC has a high
lysinc content. and favourable levels of methionine and cystine compared
with published values for the sulphur-containing amino acids in potato
tubers. The PERs of two commercial heat-coagulated PPCs were not
significantly different from that of casein (Knorr, 1978).
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Use in food for humans

Attempts to utilize PPCs, without further purification, for human
consumption by cnriching bakery products, such as crispbread, cookies,
crackers, wafers and biscuits (Meuser & Smolnik, 1979), were limited in
success duc to the undesirable taste, smell and texture of the dried
coagulate. Research has been carried out to reduce the undesirable
flavour (Knorr eral.. 1976; Wilhelm & Kempf, 1981), improve the texture
(Mcuser & Smolnik, 1979) and increase the solubility (Ney, 1979; Knorr,
1980), and this i continuing.

The most important limitations on the use of PPC in human food are
toxins, especially trypsin inhibitors and glycoalkaloids (sce Chapter 5).
Present in potato fruit water, these are extracted along with PPC and
hence become concentrated. Reductions of more than 40% in trypsin
inhibitor activity, and of more than 80% in glycoalkaloid concentration,
were achieved by heating protein concentrates or coagulates at 100 °C
for 15 min before drying (Wojnowska er al., 1981). However, this
thermal treatment considerably reduced the levels of amino acids in
PPC and hence also reduced the chemical score and EAA index.
Mecthods of climinating, or of reducing to non-toxic levels, proteolytic
enzyme inhibitors and glycoalkaloids, without adversely affecting the
nutritional value and physicochemical propertics of PPC, have still to
be found. It has been suggested (Meuser & Smolnik, 1979) that protein
products be further purified to produce protein isolates neutral in taste
and smell. However, levels of toxic factors should still be carefully
investigated.

Eriksen (1981) has reported oi the nutritional value of a protein-rich
fraction produced by air classification (separation) of spray-dried potato
granules into starch- and protein-rich fractions, In this process, starch and
undenatured protein coneentrates are produced from potatoes without
the addition of process water and hence without production of waste
cffluents. The chemical score and EAA index were marginally better for
the protein-rich fraction than for the original granules. The EAA index of
a protein isolate prepared from the protein-rich fraction was 96, compar-
able with that of egg protein. Such protein fractions could have great
potential in food formulations. Indeed, other authors have emphasized
the probable value of potato proteins as emulsifying agents in the
food-processing industry (Finley & Hautala, 1976; Bakel, 1976; Holm &
Eriksen, 1980; Wojnowska et al., 1981).

The use of PPC to replace part of the wheat flour in bread has been
reviewed by Knorr (1979). His conclusion was that up to approximately
10% of wheat flour could be replaced by PPC without changing the
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volume of the bread. However, there is as yet no information on the
nutritional quality of bread containing PPC.

The possibility of utilizing potato protein concentrates or isolates as
major food ingredients or supplements, or even as a protein source in
fabricated focds is still being explored. However, at Ieast for the foresee-
able future, such a possibility seems likely to be of more benefit to
consumers in developed countries than it will be to those in developing
countries, where the greatest need is for more protein.
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Effects of storage, cooking and
processing on the nutritive value
of potatoes

The nutritional value of the potato was considered in Chapter 2, where
brief mention was made of the changes in nutrient content of raw potato
that result from the various fates of the tubers after harvesting. Goddard
& Matthews (1979) have stressed the need for data on the nutrient
content of food in the form in which it is actually consumed so that
planners may correctly assess intake of nutrients in order to provide a
balanced dict. The purpose of this chapter, therefore, is to review current
literature pertaining to the changes taking place in potato nutricnt
content as a result of storage, cooking or processing.

Not all of these changes are adverse or even very significant. Nutrient
losses, however, do occur to a varying extent depending on the operation
involved. It should be remembered. however, that post-harvest handling
of some kind is ~ften essential; the potato has to be cooked before
consumption, a. ~ -torage and processing are frequently needed to
prevent scasonal glues and to increase the availability of potatoes to
consumers throughout the year. Some nutritional losses are therefore
inevitable. The major points and extents of loss are given below as guides
for workers in the fields of storage, nutrition, dietetics, catering and
processing and to indicate possibilities for prevention or reduction of such
losses.

Other vegetables also undergo adverse nutritional changes after har-
vesting. However, the potato’s skin acts as a barrier, preventing or
reducing leaching of nutricnts into the cooking water. The skin itself is a
source of some nutrients and may be consumed. In contrast, many other
vegetables lack a protective skin and are subject to leaching losses during
vooking. Some vegetables have inedible skins or skins that must be
removed before cooking.

It is noticcable that gaps remain in our knowledge of nutritional
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changes. especially of those that oceur during storage and processing.
Some products Lack sufficient systematic studies of the changes that take
place during individual unit operations. Morcover. results from different
authors are sometimes conflicting. Their inclusion in the review is
intended 1o suggest indireetly the arcas of interest which need further
study or confirmation. Workers' results, no doubt., vary because of
differences in the variety of potato and methods of starage, preparation,
cooking or processing. as well as sampling and analytical procedures.

The freshly-harvested tuber is the point of reference used in this
chapter to compare potatoes which have been stored. cooked or pro-
cessed. It may appear that, in general, processed producets have lower
nutrient contents than home-cooked items. It should be borne in mind,
however, that processors sometimes have the advantage of using freshly
harvested tubers, and are also able to add back nutrients {c.g. ascorbic
acid) lost during processing. Processed products may therefore have
concentrations of some nutrients higher than those of previously stored
potatoes badly prepared in the home. Furthermore, the laboratory
preparations discussed here may not exactly simulate home-cooking
procedures. and may only indicate what changes are likely to happen
domestically. Baking of potatoes, where mentioned., implies oven-baking
of tubers in their skins.

Beercases in moisture content and solid constituents during post-har-
vestoperations may coneentrate the retained nutrients so that losses may
sometimes be of little importance if different potato preparations are
compared on an equal-scrving-weight basis. It must be assumed that,
although some preparations. ¢.g. french fries or roast potatoes, may have
higher energy contents than boiled potatoes, consumers tend to cat them
allin equal quantities. The tables provided here and in Chapter 2, may be
used 1o compare nutrient contents of cqual servings of cooked and
processed products. Occasionally losses or retentions of nutrients have
been recaleulated from the original data,

In the developing world, the nutritional effects of home-cooking
procedures are currently of more importance than those of large-scale
processing. which is limited in scale. However, the effets of processing
have been included because of their importance in the developed world,
and also because of possible future expansion of potato processing
clsewhere. Part of the processing seetion is also devoted to the traditional
methods of potato processing in the Andean highlands of Peru and
Bolivia.

No attempt has been made 1o give details of storage or processing
methods. these being outside the scope of this publication, Parts 1 and 3
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below provide references to specialized publications in these fields.

Reclamation of protein from the waste from potato processing plants is
discussed in Chapter 3.

Part 1: Storage

Storage conditions

Continuous production of potatoes throughout the year is vir-
tually impossible in most countries. To increase potato availability
between harvests and avoid large fluctuations in supply and therefore
price. storage is required (Figure 4.1). Potato supplies are needed for
domestic and institutional consumption, food industry processing. pro-
vision of seed. or industrial uses such as starch production. Nutritional
changes during storage are only relevant to the use of the potato for

Figure d.1. Potatoes destined for consumers are often stored at home and
carried to local markets in small quantities to augment weekly household
income. To market (left) in Kinigi, Rwanda, and (right) in Kunming,

China.
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feeding people. Detailed descriptions of post-harvest behaviour and
principles of potato storage are outside the scope of this revicw, but are
available elsewhere (Burton, 1978: Booth & Shaw, 1981; Rastovski eral.,
1981).

Good storage should maintain tubers in their most edible and market-
able condition by preventing large moisture fosses, spoilage by pathogens,
attack by inscets and animals, and sprout growth. It should also prevent
large accumulation of sugars, which leads to an unpleasant sweet taste,
and, particularly in fried processed products, to a dark coloration.
Prevention of tuber greening and glycoalkaloid accumulation is also
important.,

During tuber growth, changes in nutrient content oceur. The levels of
various nutrients in the tuber at harvest depend not only upon varicty and
the cultural ».d environmental conditions under which the potatoes were
grown but also upon maturity at time of harvest and the extent of damage
which may have oceurred during lifting and handling. At harvest, tubers
are dormant; the axillary buds of the scale leaves (tuber *eyes’) are not
actively growing. The dormancy period varies in length, depending
mainly upon the varicty of potato and storage temperature. At the end of
dormancy, sprouts grow from the axillary buds. During dormancy and
sprouting, further changes in nutrient content take place which affect the
nutritional value of stored potatoes: these changes are less pronounced
during dormancy, so storage conditions should aim to prolong the period
and delay sprouting,

Normally, over a range of 4 °C to 21 °C, the lower the storage
temperature the longe. is the dormant period. Sprout growth is slow at
temperatures of 5 °C and below. Above 5 °C, increasing temperature
causes increased sprout growth up to about 20 °C; at cven higher
temperatures the growth rate decreases. However, lowering the storage
temperature to below 10 °C causes an increase in sugar content which
becomes marked below 6 °C. This decreases the culinary acceptability of
tubers and increases the brown coloration of heat-processed products
which oceurs as a result of reactions between amino acids and reducing
sugars. Tubers affected by low temperature sweetening can be ‘recon-
ditioned’ (i.e. desweetened) by being held for about two weeks at 15°Cto
20°C. However, sugar may accumulate after prolonged storage at higher
temperatures — an occurrence known as senescent sweetening, which is
irreversible.

Methods of storage vary from defayed harvesting, or storage in simple
piles or ‘clamps’, to storage in buildings specially designed for the
purpose, with controlled temperature and humidity. In the latter case,
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potatoes can be maintained a: a temperature suitable for retaining the
quality characteristics appropriate to the purpose for which they are
subsequently required. Before storage, tubers are generally allowed a
period of about two wecks at 10 °C to 15 °C to undergo wound healing.
According to Burton (1978), potatoes to be used for domestic consump-
tion should then be stored at about 5 °C to avoid serious sprout growth and
senescent sweetening. Low temperature sweetening should take place at
a level which can be subsequently reduced during distribution. Tubers for
later use in the food processing industry may be maintained at about
10 °C, which avoids discase and excessive sprout growth, but prevents a
high accumulation of reducing sugars. Tubers stored for several months
might undergo senescent sweetening at 10 °C and may be better stored at
7°Cto8°C, after wound healing. Any low temperature sweetening which
oceurs can be reversed by reconditioning prior to processing.

The use of different storage temperatures has been described briefly
here to explain why authors have determined nutrient changes at many
different temperatures. Most research has been done using low tempera-
tures and in some cases controlled humidities. Information is not available
about nutrient losses during simple on-farm storage relevant to develop-
ing countries, where temperatures and humidities are uncontrolled
(Figure 4.2). Under these conditions temperatures are often high and
humiditics rathe: v most of the time. More information is needed in this
field.

During storage tubers may lose moisture as a result of cvaporation.
Such losses will be at a minimum where relative humidity of the potato
store is controlled, but will vary where humidity is uncontrolled. All
concentrations of nutrients determined during storage should therefore
be expressed either on a dry weight basis or adjusted for moisture loss.
Strict accuracy in determinations of nutrient changes during storage
should also include an adjustment for dry matter loss. This has been given
at 10 °C as about 1.2% during the first month and 0.8% per month,
thereafter rising to 1.5% per month when sprouting is well advanced
(Burton, 1966). These values are lower at 5°C, but higher at temperatures
below or above 5 °C. Unless losses in dry matter (DM) are taken into
account, nutrient retentions could be overestimated. Although mosi
authors have considered moisture losses, DM losses have been ignored.

Recent years have seen extensive research into a new method of food
preservation: irradiation. This is likely to be an important future develop-
ment, although its acceptance has been delayed by tear and controversy,
food irradiation having been mistakenly associated with the effects of
ionizing radiation on living things, and wrongly classified as a food
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Figure 4.2. Traditional method of storing potaiocs in Rwanda (left) and
in Peru (right).
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additive. It is extremely useful for suppressing potato sprouting before
storage, thus eliminating losses due to sprouting. Its economic feasibility
for potato preservation is still open to question. However, it has been
suggested that it might be economically attractive in warm, tropical
countries where it could be used in combination with cool storage at 10°C
to 15 °C, rather than conventional cold storage at 2 °C to 4 °C. There is
only one industrial potato irradiation plant operating at present, in Japan.
Thomas (1984) has reviewed all aspects of the irradiation preservation of
potatoes.

Changes in potato nutrients as a result of storage

Carbohydrates

Changes in carbohydrate chemistry during storage were
described briefly in Chapter 1. The conversion of starch or sucrose to
reducing sugars is generally of more interest because of its influence on
flavour and colour in cooked or processed potatoes rather than its effect
on nutritional value. In some processes, however, marked reductions in
amino acid contents take place as a result of reactions between amino
acids and carbohydrates during non-enzymic (Maillard) browning, par-
ticularly if the levels of reducing sugars are elevated as a result of storage.
Care is usually taken to minimize carbohydrate changes by the use of
appropriate storage temp.ratures or by the use of a period of recondition-
ing after storage. During traditional storage at higher temperatures, low
temperature sweetening will riot occur, but prolonged periods of such
storage may raise the tuber sugar content as a result of senescent
sweetening.

Nitrogenous constituents

Changes in nitrogenous constituents of potato tubers during
storage have been studied either to detect changes in cell metabolism and
growth processes affecting dormancy and sprout growth, or to identify
free amino acid changes resulting from Maillard browning. From a
nutritional viewpoint, little is known about qualitative or quantitative
changes in potato N that occur during either traditional or commercial
storage.

Total nitrogen

On the whole, changes in total N are small. Those reported by
some authors (Yamaguchi er al., 1960; Fitzpatrick & Porter, 1966) are not
of a significant level. Weaver et al. (1972), however, reported a decrease
(P <0.05) of 8% in total N after four months of storage at 7 °C. Storage
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at the same temperature for only two months had no effect on total N.
Toma et al. (1978b) showed a small increase in total N during cight
months of cold storage, but this change was not significant in all the
varieties studied. Nor was there any difference in this respect between
storage temperatures of 3°Cor 7°C. Talley et al. (1984), after holding two
varieties for four months at 3 °C or 7 °C, found that N increased
significantly at the lower storage temperature but not at the higher.
Reconditior ng at the end of storage has been found to increase total N
only slightly (Toma et al., 1978b) or to have no effect (Weaver et al.,
1978). No major changes in protein contents were observed during nine
months of storage (at 10°C for two varieties and at 7°C for one other), but
total and true protein increased slightly (Mazza er al., 1983). No differ-
ences in total N (DWB) were found between tubers stored for five months
at 20°C or those in cold storage at 3 °C (Fernandez & Aguirre, 1975). Nor
was there a difference between these and tubers stored at 20 °C and
treated with chemicals or irradiation to prevent sprouting. Where authors
have reported changes in total N, no attempt has been made to explain
how these changes occurred.

Protein/non-protein nitrogen

Although the total N of stored potatoes has generally been
reported to change very little, there is evidence of changes in individual
nitrogenous constituents, but these have been studied mainly in the
non-protein nitrogen (NPN) fraction and their nutritional significance is
doubtful. An average loss of only about 3% protein was found for 12
samples stored at 3 °C to 4°C between October and January (Desborough
& Weiser, 1974).

Some cvidence indicates that protein breakdown may occur as a resalt
oi sprouting. Burton (1978) pointed out that the potential for this is
fimited if the tuber is to continue as a living entity during sprouting
because tuber protein is enzymic, and not storage, in nature. Klein e al.
(1982) observed a decrease in the ratio protein N:NPN in the cortex of
three varieties and in the pith of two of these when potatoes sprouted.
This suggested an increase in free amiro acids at the expense of protein in
order to make amino acids available for translocation to the sprout
tissues. However, although sprouts contained much higher levels of
nitrogenous constituents than the tuber tissues, there were not significant
reductions in these constituents in the tuber. Tagawa and Okazawa (cited
by Burton, 1978) showed an increasc in soluble N in the terminal bud and
cortex at the end of dormancy and a corresponding decrease in the protein
of the pith. Sirenko (cited by Porter & Heinze, 1965) found a loss of
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protein in four varicties at the end of cight months of cold storage and
indicated that most of the loss could be accounted for by an increasc in
NPN. Lower storage temperature apparently decreased this transform-
ation. Miéa (1978a) found that protein N decreased with length of storage
atboth 2°Cand 10°C. although changesin total N were small. Ina further
study (Mica. 1978h), free amino acid content was higher at the end of
storage (May) than at the beginning (November), there being an initial
decrease and then an increase in free amino acids. These changes were
more marked at 10 °C than at 2 °C. Fernandez & Aguirre (1975) found
that tubers at 3 °C had a higher percentage of free amino acids after five
months of storage than those stored at 20 °C. even though the latter had
sprouted. However, there is no indication in this work of the changes
taking place during the actual storage period.

Habib & Brown (1957) reported little or no change in free amino acid
composition of four cultivars stored at about 4 °C. but reconditioning at
23 °C caused a marked decrease in total free amino acids and complete
loss of arginine. histidine and lysine. Fitzpatrick & Porter (1966), how-
ever, found a general increase in all free amino acids after cold storage
and reconditioning. They attributed this to metabolic degradation of the
protein occurring as tubers sprouted during the later stages of recon-
ditioning. Other workers have recorded decreases in NPN (Mondy &
Ricley, 1964) or free amino acid content (Weaver et al., 1978) during cold
storage.

Only slight changes were found in most quantitatively important free
amino acids in potatoes stored for eight months at 3 °C, followed by one
month at 7°C or at 10°C (Talley er al., 1964). These changes did not show
any consistent pattern in relation to storage. One exception was proline,
which incrcased, especially during the last three months. The late change
in proline was confirmed (Talley & Porter, 1970) but other amino acid
levels altered randomly. Sweeney er «f. (1969), in contrast, found
increases in all free amino acids, except glutamic acid, during the first two
months of storage at 13 °C. Between two und five months at this
temperature, all free amino acids except leucine decreased quantitatively,
but apart from aspartic and glutamic acids and lysine they were still higher
than in the initial unstored potatoes. During one month of storage at
21 °C, all except aspartic and glutamic acids showed increases. Amino
acid changes (increases or decreases) were generally greater at 21 °C than
at13°C.

Changes in the individual total amino acids have been studied in two
varictics by Talley et al. (1984) for a four-month storage period at 3°C or
at 7 °C. Changes were either small or insignificant. There was no change
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in methionince. isoleucine or tyrosine at cither temperature. Lysine,
tryptophan, aspartic acid and argininc increased at both temperatures.
Threonine, valine, leucine, phenylalanine and histidine increased at 3 °C,
but not at 7 °C, whereas cystine increased at 7 °C but not at 3 °C. Mica
(1978¢) observed a fall in the lysine content of six out of ten varieties
during the first months of storage cither at 2 °C or at 10 °C, and then a
slightincrease. In two of these varieties the decrease continued, although
atareduced rate. In only one variety was the lysine content higher at the
end of storage than initially. Eight of ten varicties studied had higher
lysine contents after six months of storage at 2 °C than at 10 °C. Thomas
(1984). reviewing the cffects of irradiation on the nitrogencus con-
stituents., noted that one group of workers found a large increase in lysine
content during short-term (up to one month) storage of irradiated
potatoes. Itis not known whether the higher levels are sustained during
more prolonged storage.

Itis difficult to draw any firm conclusions from the literature about the
nature of changes in nitrogen constituents during storage and the possible
nutritional significance. Ditferent workers have used different tempera-
tures and periods of storage. reconditioning has been carried out in some
cases and sprouting has sometimes occurred. The changes reported have
not been assessed from a nutritional viewpoint but are probably not
important in this respect.

Fibre

Appleman & Miller (1926) reported an increase in crude fibre of
immature potatoes during storage, but no change in that of mature
potatoes. Little variation occurred in crude fibre levels in several North
Amecrican variceties stored at 3.3 °C for up to eight months (Toma et al.,
1978h). As pointed out in Chapter 2, crude fibre determinations have
largely been discontinued. as they measure only a small and variable part
of the dietary fibre. There are no reports at present of changes in potato
dictary fibre during storage. It is unlikely that this would alter quanti-
tatively. Changes in the physiological properties of plant dietary fibres at
different stages of development and ripening are known to take place, but
the nutritional cffects of such changes in the potato have not yet been
investigated.

Vitamins

Ascorbic acid

A knowledge of post-harvest changes in ascorbic acid is impor-
tant where potatoes form a staple part of the diet and provide a large



9 Effects of storage, cooking and processing

proportion of the daily intake of this vitamin. The changes due to storage
(reviewed by Burton, 1966, 1978) may result from synthesis, conversion
to dehydroascorbic acid (nutritionally useful), diketogulonic acid (not
useful), or other reactions leading to loss. The net result is a significant
loss of ascorbic acid during storage and this has been well documented.
The literature, however, deals mostly with storage under conditions of
controlled temperature and humidity: there is only one recent study
(Linnemann et al., 1985) of ascorbic acid losses under conditions simulat-
ing traditional farm storage in the developing world, where temperatures
may be fairly high, and where potatoes may undergo moisture loss and
sprouting. More information should be sought in this area, since vari-
ations in storage temperature and the occurrence of sprouting can affect
the final concentration of ascorbic acid.

Thomas (1984) reported that, according to most workers, ascorbic acid
is stable during and after irradiation. Ascorbic acid levels decline during
subsequent carly storage periods, butafter prolonged storage are compar-
able with, or even greater than, those of unirradiated tubers stored under
identical conditions.

Various authors have investigated the extent of ascorbic acid loss
during cold storage. Decreases have ranged from about 40% to 60% over
the co- rse of several months (Sweeney er al., 1969; Augustin eral., 19784;
Faulkseral., 1982). Shekhar et al. (1978), however, found a loss of about
50% of the initial reduced form of ascorbic acid in tubers stored at 5.5 °C
for only four weeks. *White Rose” potatoes held for 30 weeks at 5 °C or at
10°C (Yamaguchi er al.. 1960), lost 72% and 78%, respectively, of their
total ascorbic acid (reduced form + dehydroascorbic acid). Where
reduced ascorbic acid only has been determined, it is possible that losses
have been overestimated, as part of the ascorbic acid could have been
converted into dehydroascorbic acid. Roine er al. (1955), for example,
observed a disappearance of 49% of ascorbic acid after 8.5 months of
storage. Part of this had been converted to dehydroascorbic acid and the
actual vitamin loss was 40%. An carlier study by Smith & Gillies (quoted
by Leichsenring et al.. 1951) had found dehydroascorbic acid levels to be
low in freshly harvested tubers but to increase rapidly during storage and
to amount to one-third of the total ascorbic acid after six months.
Similarly, Wills et al. (1984) found no dehydroascorbic acid in fresh
potatoes, but after six weeks of storage 36% of the total ascorbic acid
were as dehydroascorbate. Leichsenring er al. (1957) found losses in
dehydroascorbic and diketogulonic acids as well as in ascorbic acid during
storage, and hence could not account for losses in the nutritionally active
forms by conversion into diketogulonic acid. It is conceivable that
oxidation was procecding beyond the formation of diketogulonic acid.



Storage 9§

Losses have been found to take place most rapidly during the carly part
of storage. One-third to one-half of the total loss recorded over seven
months of storage took place during the first month (Murphy, 1946).
Losses of total ascorbic acid from *Chippewa’ and *Triumph’ varieties
held at 1 °C occurred continuously throughout storage, but were most
rapid during the first six weeks (Leichsenring et al., 1957). The sharpest
decrease in total ascorbic acid content occurred during the first three to
four months of storage at 7°C (Augustin et al., 1978a), at 12 °C (Mareschi
et al., 1983) or at an unspecified temperature (Finglas & Faulks, 1984),
followed by a levelling out or less pronounced decrease during the
following months, depending on variet:.

Furthermore, at any storage temperature, initial differences in tuber
ascorbic acid levels immediately after harvest are reduced, so that at the
end of storage there may be comparatively little difference in ascorbic
acid contents. Although varictal or seasonal differences in initial ascorbic
acid values were not completely nullified after seven months of storage,
they were greatly diminished (Murphy, 1946; Roine ef al., 1955). Augus-
tin et al. (1978a) found that, after eight months of storage, total ascorbic
acid values were similar whether they had been initially high or low
immediately afier harvest. Moreover they were close to the final total
value (DWB) of *White Rose’ potatoes stored for 30 weeks (Yamaguchi
etal., 1960),

Storage temperature may also influence the final content of ascorbic
acid. All but one of the carly sources quoted by Murphy (1946) found
ascorbic acid values to be higher in potatoes stored at temperatures above
10°C than in those stored below 10°C. It is likely that these authors only
determined reduced ascorbic acid. Murphy (1946) determined that the
optimum temperature for maximum retention of reduced ascorbic acid
and maintenance of good physical quality is 10 °C over a period of seven
months of storage, although at 15 °C, 18 °C or 21 °C more vitamin C was
retained than at 0 °C or 2 °C. Of the three storage temperatures studied
by Effmert eral. (1961), smallest decrease in reduced ascorbic acid during
seven months of storage of 20 varieties was at 15 °C, followed by 1 °C and
then 5°C. The least loss of reduced ascorbic acid occurred between 10°C
and 21 °C according to Werner & Leverton (1946). As the temperature
was lowered from 10 °C to 4.5 °C the loss steadily increased. There is
cevidence that the biosynthesis of ascorbic acid is related to carbohydrate
metabolism. As the latter is considerably altered at low temperatures
(viz. low temperature sweetening). it is perhaps not surprising that
ascorbic acid is also affected.

Linnemann eral. (1985) studied the effects of high storage temperatures
on the reduced ascorbic acid content of *Bintje* potatoes, in an attempt to
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simulate conditions in developing countries. Tubers were stored at 16 °C
or at 28 °C and at 55% 10 60% rel. hum., for 12 weeks. At the end of this
period the 16 °C tubers had a few small sprouts, whereas the 28 °C tubers
were soft, shrivelled and had long, thick-set sprouts. The low initial
ascorbic acid content of 8.2 mg/100 ¢ (FWB) had increased to 10.1 and
10.5 mg/100 g (FWB) in the 16 °C and 28 °C stored tubers, respectively,
Although these increases are lower if tuber weight losses occurring during
storage are taken into account, they compare with a slight decrease which
took place in tubers stored at 7 °C (95% to 98% rel. hum.). The authors
attributed the increases at the higher temperatures to the occurrence of
sprouting and increased respiration.

These findings indicate that vitamin C losses from potatoes in tra-
ditional stores in developing countries are likely to be lower than those
during low temperature storage. Further study is required to determine
changes in total active ascorbic acid forms at different storage tempera-
tures and relative humidities.

The net changes in tuber ascorbic acid as a result of sprouting depend
upon synthesis in the tuber and translocation to the sprouts, which varies
according to the vigour of sprout growth. In general this results in a
decrease in tuber vitamin C during the carly stages of sprout growth,
followed by a temporary increase and by another decrease (Burton,
1978). Bantan et al. (1977) found a higher ascorbic acid content in the
sprouts than in the rest of the tuber after cight months of storage. Transfer
of ascorbic acid from tuber to sprouts lowers the tuber nutritional value
(as sprouts are removed before cooking) and sprouting should therefore
be prevented.

Reports of the effect of reconditioning on ascorbic acid levels after low
temperature storage are conflicting. Augustin et al. (1978q) reported no
increase in ascorbic acid on reconditioning (conditions of which were not
stated). However, Leichsenring et al. (1957) found that potatoes held at
24 °C for three weeks following storage at 1 °C had higher ascorbic acid
contents (retention 65% to 67%) than those held continuously at 1 °C
(55% to 59% retention). without reconditioning.

The B group vitamins

Reports of changes in thiamin content during storage are vari-
able; in genceral, changes appear to be small and rather erratic during the
storage period. Only Meiklejohn (1943) found a large loss in thiamin
during storage, but attributed this to sprouting rather than storage per se,
as the sprouts had a higher thiamin content than the tubers from which
they had grown. After six to seven months of storage about 30% to 50%
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of the vitamin was lost from the tuber by translocation to the sprouts. At
temperatures of 5 °C or 10 °C. Yamaguchi er al. (1960) found no
significant change in thiamin in *“White Rose’ potatoes. even after 30
weeks of storage, but did not mention whether sprouting had occurred.
Other authors reported slight but significant increases in some varicties of
North American potatocs. Leichsenring ef al. (1951) noted a slight
increasce in thiamin over 24 weeks of storage (conditions not mentioned),
cven on a dry weight basis, although the overall trend for one of the four
varicties (*Chippewa’) studied showed a slight decrease. A small but
significant increase in thiamin was found after cight months of storage of
two varieties stored at 3 °C and in most of the samples of six varieties
stored at 7 °C (Augustin ef al.. 1978a). However, at the latter tempera-
ture. the changes in varietics *Norchip® and *Kennebece' were not signifi-
cant. No irformation is available on thiamin changes in potatoes stored
for short periods at ambient temperatures. On the whole. cold storage
appears to have little effect on thiamin values even after prolonged
periods,

The overall insignificant change in riboflavin found in *White Rose’
potatoes after 30 weeks of storage at either 5°C or 10 °C (Yamaguchi et
al., 1960) and the small and erratic changes in riboflavin in six varictics
after cight months of storage at 7°C (Augustin er al.. 1978a) are of little
dictary importance. With freshly harvested potato, 100 g can provide onty
2% of the RDA of riboflavin.

‘The overall change in niacin was not significant for 30 weeks of storage
at 5 °Cor at 10°C in *“White Rose’ (Yamaguchi er al., 1960). The figures
for 5°C, however. show a slight increase up to six weeks and a subsequent
decline to a value a little lower than that of the freshly harvested tubers.
Similarly. in a study by Page & Hanning (1963), varictics *Cobbler’ and
‘Triumph’ showed significant increases of 36% and 19%, respectively, in
niacin concentration. which reached their peak after one or two months.
This was followed by a decline to values approximating to those of the
freshly harvested tubers. The authors indicated that the increases during
the first one to two months of storage were greater than could be
accounted for by tuber weight losses (although these were assumed,
rather than measured). They also reported that varieties *Cobbler’ or
‘Sebago’ stored at 24 °C for four weeks had lower niacin levels than when
stored at 4.5 °C for a similar period. although the extent of the decrease
was not reported. A general deerease in niacin values after cight months
of cold storage at 7 °C has been reported (Augustin et al., 1978a). It is not
possible to know whether this decline followed an carlier increase, as
reported in other papers, as potatoes were not analysed until four months
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of storage time had elapsed. In general, therefore, prolonged periods of
cold storage have little effect on niacin values. Short periods may lead to
tubers with values higher than those of freshly harvested potatoes.
Storage for short periods at ambient temperatures, however, may cause a
decrease in niacin,

Increases in pyridoxine during storage have been demonstrated by the
two groups. There was a continuous increase in pyridoxine in both
"Cobbler” and “Triumph® varicties from harvest time to the end of a
six-month storage period at 4.5 °C (Page & Hanning, 1963). The total
increases were 152% and 86%, respectively, for the two varicties.
Morcover. in *Cobbler” and 'Scbago® stored at approximately 24 °C,
pyridoxine increased at a more rapid rate than at 4.5 °C, the difference
being greater in *Cobbler” than in *Sebago'. Augustin et al. (1978a) also
found significant increases in pyridoxine during storage; for example,
varicty “Katahdin™ increased by 126% at the end of cight months of
storage at 7°C. A re-examination of their data revealed similar increases
in the other five varieties and in the two varictics stored at 3 °C. The
authors point out that it is not known if this increase is due to synthesis of

Figure 4.3, Trends in vitamin concentration changes during cold storage.
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the vitamin or its release from a bound form during the carly stages of
storage.

In contrast to the large increase in pyridexine, total folic acid decreased
significantly in all six varieties analysed over the eight-month cold storage
period (Augustin eral., 1978a); losses ranged from 17% to 40% (DWB).
The figures show that the losses were most rapid during the first four
months and thercafter showed little change up to cight months.

Figure 4.3 shows the gencral trends which occur in vitamin concen-
tration changes during cold storage at temperatures below 10 °C.

There has been little work on the effect of irradiation on tuber B group
vitamins. Thomas (1984), however, mentions two groups of workers who
found no changes in contents of B vitamins in irradiated potatoes.

Minerals

The sparse information available indicates that changes in min-
eral constituents during storage are insignificant. In general there was no
change in the total ash content of two varieties at 3 °C or of six varieties at
7°Cover a period of four to eight months of storage (Toma et al., 1978a).
Losses of minerals on cooking after 24 weeks of storage at 6 °C were not
greater than those after only two weceks of storage (Faulks er al., 1982).
Therefore, apparently storage alone had not altered mineral compo-
sition. MiCa (1979) found for 10 cultivars that, although phosphorus
contents tended 1o increase during storage and boiling and potassium
decreased, these changes were not significant. Yamaguchi et al. (1960)
observed no significant changes in the contents of calcium, iron or
phosphorus in *“White Rose” potatoes held at 5°C or 10 °C for 30 weeks.

Comments on nutritional changes during storage

In general, few adverse nutritional changes occur in stored
potatoes. with the exception of losses of ascorbic and folic acids, both of
which suffer further losses as a result of cooking or processing,. Storage
produces a beneficial increase in the concentration of pyridoxine.

Previously stored potatoes should preferably be steamed or boiled in

their skins when prepared domestically (see Part 2), to maximize vitamin
retentions. Assuming a 50% loss of ascorbic acid as a result of four to five
montus of storage and a further 20% loss by boiling the tubers unpeeled,
100 g of stored, cooked potatoes can still supply about 25% of the RDA
for vitamin C. These potatoes would also supply about 4% of the RDA
for folic acid, similar quantitics of niacin and thiamin as the freshly
harvested tubers (about 8% to 10% of the RDA) and about 20% of the
pyridoxine RDA.
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Part 2: Domestic preparation

Peeling

Apart from removal of dirt by washing, one of the first steps in
the preparation of potatoes, either domestically or on a large scale may be
peeling (Figure 4.4). This is removal of the outer layers of the potato;
however, the parts removed may vary from the periderm only to both
periderm and much of the cortex, depending upon the type. shape and
age of the tuber. presence or absence of damaged parts, and method of
peeling. Waste and weight loss will vary accordingly. Removal of peel to
auniform depth of 1.5 nun would remove nearly 20% by weight from a

Figure 4.4, Children in Bisate, Rwanda, peel potatoes for the family’s
evening meal while their mother is away cultivating the family ficlds.
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50 g tuber varying to about 10% from a 200 g tuber (Burton, 1974). A
deerease in weight loss by peeling with increasing tuber size (which results
in a decreased ratio of surface arca: volume) was also shown by Weaver
et al. (1979). The same authors showed (with a method of peeling in
caustic soda) that for tubers of equal weight, percentage weight loss due
1o peel removal increases as the potato becomes more flat or elongated,
because of an increase in the ratio surface area: tuber volume,

The method of domestic peeling can greatly afteet quantity of loss
through pecling. Scraping young potatoes removed about 5% of weight
as waste, whilst peeling increased this to 20% to 24% (Szkilladziowa et
al.. 1977). The average weight loss on peeling and trimming maircrop
(old) potatoes was 12.6% and scraping carly (new) potatoes was 8% in
one scason for four British potato varieties (Finglas & Faulks, 1984). The
most important factor leading to loss was damage in the form of penetrat-
ing cracks. followed by superficial crushing and bruising. Careful domes-
tic peeling may remove 10% (by weight) of the potato, but often as much
as 25% may be removed (Burton, 1974). Zobel (1979) cites an author who
noted losses of up to 50% by pecling of variety *Ora’. Augustin ef al.
(1979¢) found that peel fractions of the whole tuber, when peel was
removed with a domestic peceling knife either before or after cooking,
were 6%, 2% and 10% in the case of peeled raw potatoes. those peceled
after boiling, and those peceled after baking, respectively. To minimize
waste, potatoes should be peeled after and not before boiling, when
cooked domestically. unless damage is extensive.,

Nutritional aspects

There are two effects to be considered: (1) The loss of nutrients
from the peelitself when peel is removed before or after cooking and not
consumed. This depends upon the distribution of nutrients within the
tuber. (2) The fact that the peel forms a barrier preventing loss of
nutrients during cooking. This point is discussed more fully in the section
on boiling peeled versus unpeeled potatoes,

Distribution of nutrieits in the tuber

Augustin e al. (1979¢) and Talley er al. (1983) investigated the
truth of the commonly held consumer belief that potato nutrients are
concentrated in the peel. They concluded that this belief is not justified,
although total N. crude fibre. ash. riboflavin and folic acid (Augustin er
al.. 1979¢) and amino acids (Talley er al., 1983) oceurred as higher
percentages of the raw tuber peel than of the flesh when 6% of the tuber
was removed as peel. The pereentages of tuber peel and flesh oceurring as



102 Effects +f storage, cooking and processing

ascorbic acid, niacin, and pyridoxine were approximately cqual, whereas
thiamin occurred as a higher proportion of the flesh than of the pect. The
resulting contents of nutrients in the pecl as percentages of those in the
whole tuber are presented in Table 4.1.

The distribution of nutrients in the tuber has also been shown by Zobel
(J¥7%); the concentration of minerals in the outer layers of the tuber is
particularly noticcable; this has been confirmed for some minerals and
trace elements (Johnston eral.. 1968: Bretzloft, 1971: Kubisk er al., 1978;
Mondy & Ponnampalam. 1983). Pecling before cooking, taerefore,
should result in a loss of minerals: Maga (personal communicztion), for
example, found a 31 reduction in both zinc and calcium contents when
mature potatoes wers peeled.

According to Zobel (1979), removal of approximately 20% of the fresh
weight by pecling removes only 10% of the ascorbic acid, which is in a
lower concentration in the outer part of the potato, but if 40% of the
potaty is removed by peeling, 45% of the ascorbic acid is lost. He quotes
astudy by Potapov. who found, using a domestic peeler. 6.9% to 36% loss
of ascorbic acid, deperding upon season and cultivars.

Table 4.1. Nutrient content of peel as a percentage
of that of the whole ruber®

Corstituent Raw? Boiled: Baked*
Dry matter 4.7 1.9 17.7
TotalN 8.3 2.9 16.7
Crude fibre RE! 14.9 37.3
Ash 15.9 33 17.0
Ascorbicacid 5.0 1.1 10.5
Thiamin 1.7 0.6 7.8
Riboflavin 9.4 2.9 28.6
Niacin 4.1 1.8 15.0
Folicacid 8.0 1.6 15.2
Pyridoxine 5.6 1.7 15.6

“ From Augustin et al. (1979¢). Reprinted from J. Food
Sci. 1979, 44 (3): 806. Copyright © by the Institute of
Food Technologists.

P Pecled with domestic peeler before cooking; peel frac-
tion of the whole tuber was 6%,

“ Boiled in water and then peeled with a houschold
knife: pecl fraction of the whole tber was 2%.

* Oven-baked and then pecled with a houschold knife;
peel fraction of the whole tuber was 10%.
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The tuber centre has been suggested 1o be the site of highest thiamin
concentration (Meiklejohn, 1943; Augustin er al., 1979¢). So peeling
should not resuli in significant losses of thiamin.

The outer parts of the potato cortain mainly insoluble protein. of
negligible nutritional value (see Chapter 3), and removal of the skin by
careful peeling does not adversely affect the protein quality of the potato.
Rats given dicts containing stcamed, peeled potato as the sole source of
N grew better than those on & diet with steamed. whole potato (Chick &
Slack, 1949).

Total N, crude fibre, ash, riboflavin (Augustin etal., 1979¢), and amino
acids (Talley er al., 1983) occurred as higher proportions of the peel,
removed from potatoes after boiling. than of the boiled fiesh. The
quantities of nutrients in peel removed from boiled potatoes expressed as
percentages of total tuber nutrients were lower in all cases than those of
raw peel (see Table 4.1). This must have beess partly because the peel
itself represented a small proportion (only 2%) of the whole tuber, and
also because some heat destruction or leaching of nutrients into the
cooking water had occurred. This again suggests that potatoes should be
pecled after boiling.

In the case of baked potatoes (Table 4.1), total N, crude fibre, ash,
riboflavin, niacin, folic acid and pyridoxine were ali proportionately
higher in the peel than in the flesh, and all peel nutrients were present as
higher percentages of the total nutrients than they were in the peel of raw
or boiled potatoes. This is undoubtedly due to the loss of moisture from
the tuber during baking and a consequent concentration of the peel
nutrients, so whether a baked potato is consumed with the skin should be
considered when evaluating its nutritional value.

Boiling unpeeied versus pecled potatoes

In about 1795, one Count Rumford wrote that ‘it seems to be the
unanimeus opinien of those who are acquainted with these useful veg-
ctables that the best way of cooking them is to boil them simply, and with
their skins on, in water’ (Anon., 1875). Boiing is the most common
method of preparing potatoes domestically in every part of the world
because it is also the cheapest. Boiling will therefore be considered
separately from other domestic cooking methods.

Without cxception, experimental work carried out to compare the
nutrient content of potatoes boiled in their skins and then peeled with that
of potatoes pecled before boiling shows the nutritional advantages of the
former method. It is noteworthy that potatoes are usually boiled intact by
consumers in some developing countries, in contrast to the normal
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practice of peeling tubers before cooking in e.g. the USA and Britain,
Cutting tubers exposes a greater surface arca to the water and increases
losses of nutrients by leaching.

Moisture

Insignificant changes in moisture content have been reported for
both beiled. peeled or boiled. unpeceled potatoes (Hughes, 1958; Toma et
al.,1978a). Herrera (1979) reported a decease in weight after boiling and
a corresponding increase in total solids, which seemed to indicate that
weight loss was duce to water loss. Only about 1% to 2% weight loss
occurred in potatoes boiled with an intact skin, but increased when
potatoes were peeled orcut. The greatest differences were between uncut
potatoes with and without skin. Once cither of these had been cut into
halves or quarters there was little difference between pecled and unpeeled
samples. Weaver eral. (1983) found a 2% increase in water content when
peeled potatoes were boiled and a 9% decrease in content of solids as a
result of leaching from the tissue into the cooking water.

Carbohydrate
The major part of potato carbohydrate is present as starch. The
digestibility of cooked and uncooked starches from various foods includ-
ing potato has been reviewed by Dreher er al. (1984), who placed potato
starch in the group of least digestible food starches. There have been
various experiments in which raw potato starch was fed to humans and
caused symptoms such as violent stomach cramps (McCay er al., 1975),
ana such preparations cause caccal hyperotrophy and death in rats
(El-Harith eral.. 1976). The latter effects were subsequently attributed to
the resistance of potato starch to digestion by pancreatic amylase (Walker
& El-Harith, 1978). and were lost when the starch was gelatinized.
Cooking cither peeled or unpeeled potatoes increases the digestibility
of potato starch. The results of a study in vitro with pancreatic amylase
into the effects of cooking potatoes on starch digestibility (HeHendoorn et
al., 1970) are shown in Figure 4.5. Raw starch was barely digested; partly
cooked starch from potatoes heated in water at 70 °C for 20 min and
cooled immediately was incompletely digestible, and the digestibility of
the starch increased with cooking time. Potatoes judged to be adequately
cooked at 25 1o 30 min had slightly lower digestibility than those ‘over-
cooked” at 40 min. This work is applicable to adult consumers, but infants
and small children have only low levels of amylase activity in the intestine.
In addition, Englyst er al. (1982) and Jones et al. (1985) found varying
quantities of starch that is resistant to enzymic hydrolysis in vitro, in
samples of cooked potato.
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When cooked potato was incorporated into the diets of infants (Lépez
de Romana er al.. 1980). consumption of increasing amounts of potato
(representing 25%. 50% and 75% of the total dietary cnergy), was
associated with increasing indigestibility of carbohydrate. Including
potato in weaning diets at levels exceeding 50% of the total energy was
suggested by these authors to be impractical. De Vizia et al. (1975),
however, found that potato starch, whether given as biscuits cooked in
water for 10 min or as cooked potato flour was almost completely
absorbed by infants. Unfortunately, the manncr of reporting the quan-
titics of potato starch fed to the children in the two different studies is such
as to make it impossible to compare them, and further clarification is
needed to determine the maximum quantity of potatoes, properly cooked
in the home. which can be tolerated by young children. This is especially
important in view of the potato’s low energy density, and the possible
adverse effect of potato starch on protein digestibility (see Chapter 3,
p. 73).

Figure 4.5, Digestibility in vitro of raw and cooked potato starch.,
Measurements were made with starch from potatoes: uncooked (A);
heated in water at 70°C for 20 min and then cooled (OJ); hoited for 15 min
(X}, 25 min (O) or 40 min (@). (From Hellendoorn et al., 1970.)
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Nitrogenous constituents

In general negligible or small changes in the content of nitrogen-
ous constituents take place when potatoes are boiled whole, unpecled
(Roy Choudhuri et al.. 1963b: Schwerdtfeger, 1969; Toma et al., 1978q;
Talley ef af., 1983). In a study by Herrera (1979), the loss of total N in
boiled. unpecled potatoes was only (.8%. This rose to more than 4%
when unpeeled potatoes were halved or quartered. and was highest in
boiled, peeled potatoes - 6.5% in the whole tuber and 10% in halved or
quartered tubers. Predominant amino acids in the water from potatoes
boiled with intact skins were aspartic and glutamic acids. Eppendorfer et
al. (1979) also found that the 3% to 4% of tuber N found in the cooking
water after boiling potatoces for 23 min occurred mainly as aspartic acid
(asparagine) and glutamic acid (glutamine). This is not surprising because
soluble NPN is more casily leached into the cooking water than is protein
N. The average losses of total N in four varieties of maincrop (old), and
new, peeled. boiled potatoes can be calculated from the figures of Finglas
& Faulks (1984) to be 8% and 26%. respectively; 13% and 31%,
respectively. of the NPN were lost.

Aspartic and glutamic acids also predominated in the boiled water from
halved or quartered potatoes (Herrera, 1979). but there was an increase
in the boiled water content of isoleucine, lysine and histidine in quartered
as compared to intact or halved potatoes. Losses of methionine and
cystine to the cooking water progressively increased from intact to halved
to quartered potatoes, the losses of methionine being much greater than
thosc of cystine. This was probably because more methionine than cystine
is present in the free form. Herrera therefore advised boiling potatoes
whole with intact skins.

Losses of amino acids from peceled and cut potatoes were greater than
from: those unpecled (Schwerdtfeger, 1969), but they were small from
hoth types of preparation. Significant losses (12% to 20%) of N were
reported for two out of four varictics when uncut, peeled tubers were
boiled, whereas there was no loss from the unpeeled potatoes (Toma er
al.. 1978a). Desborough & Weiser (1974) reported a 50% loss of protein
for 12 genotypes after halved tubers were boiled for 30 min.

When potatoes are peceled and/or cut and stored sometime before
cooking. they readily undergo enzymic browning, involving chlorogenic
acid or amino acids. A study of the effect of enzymic browning cn the
amino acids of the potato (Davies & Laird, 1976) showed that substantial
losses of the sulphur-containing amino acids took place during browning
in all four varieties investigated. Such losses could affect the nutritional
value of potato N, whichis limiting in the sulphur amino acids. Avoidance
of amino acid losses is achicved casily by cooking pecled potatoes
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immediately or, for example, immersing tubers in water to prevent
enzymic browning. The same study found no change in the availability of
lysine by enzymic browning. Boiling of ‘Russet Burbank' tubers
decreased available lysine by about 11% (Herrera, 1979).

Fibre

There is a variety of changes in dictary fibre on boiling reported
in the literature. This is probably due in part to varying definitions of
dictary fibre and to differing methods of determination (see Chapter 2).
Paul & Southgate’s (1978) tables show a decrease in quantity of dictary
fibre in the flesh of potatoes boiled for 30 min as compared with raw
potatoes. No change in the dietary fibre content (DWB) of the flesh of
maincrop (old) and carly (new) potatoes, peeled and boiled, can be
shown from the average figures of Finglas & Faulks (1984) for four
varictics. Johnston & Oliver (1982) found increases in detergent-
extracted fibre for both boiled. peeled and boiled, unpeeled potatoes.
They suggested that such apparent increases were probably the result of
an interaction between food components to produce compounds (other
than lignin, which remained unchanged) insoluble under the conditions
of digestion used for the fibre determinations (see also Englyst er al.,
1982: Jones et al.. 1985).

Higher levels of total dictary fibre in several varieties of whole boiled
potatoes than in those boiled without the skin have been found (Jones et
al.. 1985). Determinations of the hexose, pentose. uronic acid, cellulose
and lignin levels in these samples indicated qualitative differences, the
nutritional significance of which has yet to be determined.

Vitamins

Vitamins are susceptible to losses during cooking or processing
caused by (a) leaching into cooking or blanching water, (b) destruction by
heat treatment, (¢) chemical changes such as oxidation. A vitamin may be
affected by onc or all of these changes, depending on its stability to
changes in pH, oxidation, light and heat. Table 4.2 shows the responses
of the major vitamins found in potatoes to these conditions. It can be scen
that the vitamins least stable to all factors are ascorbic and folic acids and
the most stable vitamin is niacin.

Ascorbic acid

Some 40 to 50 years ago, it was established that the smallest losses
of ascorbic acid occur when unpecled potatoes are boiled or steamed.
When ‘Chippewa’ potatoes were cuoked by various methods, the losses
were significant, except when they were boiled in their skins (Leichsen-
ring et al., 1951). The mean total ascorbic acid retention for two Indian
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varieties of whole. unpeeled tubers cooked in boiling water was 84%
(Swaminathan & Gangwar. 1961). whereas only 62% was retained in
boiled, peeled potatoes. Only 10% and 21%., respectively, of the losses
were due to leaching into the cooking water. The rest must have been
destroyed by heat. The retentions are simitar to those which can be
caleulated from the figures for reduced ascorbic acid of Hentschel ( 1969),
i.c. 83% for boiled, unpeeled and 73% for boiled. peceled, cut potatoes,
and to the average 66G% retention of total ascorbic acid for four varicties
of peeled, boiled tubers found by Finglas & Faulks (1984). Ascorbic acid
retentions were greatest for whole, unpeeled. and least for peeled,
quartered, boiled potatoes (Bucko eral., 1977). Whole, boiled. unpeceled
potatoes retained 80% of their reduced ascorbic acid, whereas boiled.
pecled tubers retained only 74% (Augustin eral.. 1978b).

B group vitamins

Thiamin may be little affected by boiling. There was only a small
difference between thiamin values of boiled, unpeeled or boiled, pecled,
cut potatoes as compared to raw ones (Hentschel. 1969). Overall thiamin
retentions were high (88%) for several varieties of whole boiled potatoes
(Augustin et al., 1978b). Peceling did not alter retention: however, losses
of thiamin ranging from 0 to 40% (average 20%) were noted in four
variceties of peeled, boiled potatoes (Finglas & Faulks, 1984).

Hentschel (1969) found niacin retentions on boiling of 75% and 65%,
respectively. in unpecled and peeled potatoes. Other authors (Leichsen-
ringeral. 1951 Augustin eral.. 1978b ) reported niacin retention of 100%
for boiled unpeeled, and of 2% and about 86% . respectively, for peeled
whole or peeled. quartered, boiled potatoes. Similarly. 82% niacin

Table 4.2, Stability of major vitamins found in potatoes under various
conditions

Vitamin pH7 Acid Alkali Air Light Heat
Ascorbicacid U S U U U U
Thiamin U S U U S U
Riboflavin S S U S U 8]
Niacin S S S S S S
Pyridoxine S S S S L U
Folicacid U U S U U

S = Stable: U = Unstable.

Information taken from R. S. Harris, in Nutritional evaluation of food processing
(R.S. Harris & E. Karmas, eds.). Copyright 1975 by AV Publishing Company,
Westport, CT.
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retention was reported in peeled., halved tubers (Page & Hanning, 1963),
and an average of 85% (range 70% to 100%) in peeled whole tubers
(Finglas & Faulks. 1984).

Pyridoxine was also shown to be unaffected when potatoes were boiled
whole in their skins (Augustin er al., 1978b). Mean retention values of
100% for unpeeled tubers were reduced to 85% of the original value when
whole tubers were cooked peeled. These values are higher than those
found by Page & Hanning (1963), who showed a mean pyridoxine
retention of 80% in 58 sumples of boiled, peeled tubers. However, these
authors cut their tubers in half before boiling.

Riboffavin content was found to be unaltered in potatoes boiled in their
skin (Hentschet. 1969) and only slightly lower in boiled peeled, cut
potatoes. In comparison, the overall riboflavin retention for four North
American varicties was 87% in whole, unpecled, and only 75% in whole,
pecled. boiled tubers (Augustin et al., 1978b), and was, on average, 8%
(range 60% to 100%) in peeled, boiled British varieties (Finglas &
Faulks. 1984). Folic acid was decreased to 81% und 72% of the raw value
in unpecled, boiled and peceled. boiled tubers, respectively (Augustin er
al.. 1978h). and to an average of 80% of the raw value in peeled, boiled
tubers (range 60% to Y0%) (Finglas & Faulks. 1984).

Figure 4.6, summarizes the approximate losses of vitamins that result
from boiling potatoes cither in their skins or previously peeled.

Figure 4.6. Vitamin losses in potatoes that have been hoiled either peeled
or unpeeled. The data are averages of findings by various authors
mentioned in the text. There were no losses of niacin or pyridoxine in
unpeeled potatoes.
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Minerals
Rescarch providing information on changes in mineral con-
stituents during boiling is sparsc.

Boiling and pecling resulted in a loss of 18% total ash in four varicties
(Toma et al.. 19784). There was no difference in the ash contents of raw
or unpecled. boiled potatoes (Leichsenring er al., 1951; Roy Choudhuri
etal.. 1963b; Toma eral., 1978a).

For two varieties boiled with or without jackets in different types of
containers, the changes in zine, copper, manganese, nickel and chromium
contents were small and nutritionally insignificant (Sciler eral.. 1977). A
striking reduction in iron content took place in peeled or unpeeled
potatoes when boiled in containers with a non-metallic surface. Potatoes
boiled without skin lost more potassium and magnesium than potatoes
with skin, but there was no loss in calcium in either case. There were no
losses of calcium, phosphorus or iron when three Indian varieties were
boiled in their skins (Roy Choudhuri ez ¢l., 19835). Th-~¢ North Ameri-
can varicties, boiled whole with and without skins in a s.ainless steel pan
and analysed for 14 minerals (True e al.. 1979), showed that retentions
were generally high (over 90%). In one variety (*Norchip'), iron content
was reduced to only 54% of its original value by boiling with or without
skin. Decreases in calcium, magnesium, potassium, copper and phos-
phorus also were found for *Norchip® without skin. Losses for potassium
and copper. 10% to 15% for sodium, magnesium, phosphorus and iron
and 0% for calcium and zine were shown for boiled, peeled, mature
maincrop (old) potatoes (Finglas & Faulks, 1984). They were assumed to
result from leaching into the cooking water, as they occurred only on
boiling. Reductions were generally greater in carly (new) potatoes; 30%
zinc, for example. was lost from the carlies, which, according to Finglas
& Faulks (1984). might indicate changes in distribution and association of
zinc with other cellular components during maturation.

Losses of minerals through boiling, except in the case of iron, are
probably smaller than losses duc te careless peeling before cooking.

Other domestic methods of potato preparation

Methods of domestic preparation of potatoes, other than boiling,
may require one or more stages to achieve the end resalt, For example,
potatoes baked in their skins require only one stage of preparation,
However, potatoes may be soaked in water betore cooking, fried potatoes
may be boiled before frying. and the potato used for potato dumplings is
grated or minced and at Icast part of it boiled twice before serving. The
literature shows generally greater losses of nutrients from tubers sub-
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jected to more than one step of preparation compared to those more
simply prepared. As cooking methods such as baking and frying involve
decreases in moisture content of tubers, nutrients are concentrated, and
truc changes during cooking are impossible to assess when nutrient
contents are expressed on a fresh weight basis. For this reason, authors
normally compare nutrient contents of raw potatoes and those cooked hy
different methods on the basis of cither dry weight or an equal quantity of
DM.

Nitrogenous constituents

Changes in total N or individual amino acids have been found to
be mostly small when potatoes are subjected to only one step of cooking.
Losses are greater when the method of preparation is more complicated.

No ditterences were found in the content of total N of any of three
Indian varictics cither deep-fat fried from raw or baked (Roy Choudhuri
etal.. 1963b). There was a significant decrease in the nitrogen content of
two of four North American varicties when baked (Toma et al., 1978a).
The average (2.5%) was less than that caused by boiling pecled potatoes
(8%).

Decreases in total N, protein N and individual amino acids were small
when previously peeled potatoes were fried (Schwerdtfeger, 1969)
although greater than those from boiled potatoes. The greatest losses
oceurred in potatoes peeled. cut and boiled before frying, and the least
from potatoes tried from raw. Jaswal (1973) also found small losses of 5%
and 7% for bound and free amino acids, respectively. presumed to be as
a result of carbohydrate-amino acid interactions, when raw potatoes
were french fried. Much greater losses (approximately 50%) in total N,
protein N and individual amine acids were sustained in the case of potato
dumplings (Schwerdtfeger, 1969). Protein N and NPN were reduced in
the same proportions so that there was little change in the EAA index,
which was similar to that of fried potato. It seems likely that soluble
nitrogenous constituents were lost partly in the juice squeezed out during
grating or mincing. and partly by leaching into the cooking water,
particularly from the twice-boiled part of the potato.

In recent years, fried potato pecels, prepared from the cortex tissue of
baked potate (approximately 40% of the whole tuber), have become very
popular in the USA but there is little information about their nutritional
value. Ponnampalam & Mondy (1983) studicd changes in the nitrogenous
constituents in the baked or fried cortex and pith (which is used after
removal of the cortex) in three varieties. Baking reduced total N by 5% to
18% and total amino acids by 5% in the cortex, whereas it increased total
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N (3% to 20%), NPN (9% to 28%) and total amino acids (13%) in the
pith. Conventional oven-baking of tubers at high temperatures may result
in membrane damage and breakdown of somie of the true proteininto frec
amino acids. Nitrogenous constituents, especially free amino acids may
migrate from the outer cortex to the inner pith tissues. Frying the baked
cortex or raw pith resulted in significant losses of total N. NPN and amino
acids. The baked and then fried cortex lost 29% to 43% total N, 20% to
35% NPN and 45% amino acids. Among the essential amino acids, the
greatest loss was of lysine. The authors spzculate that losses during frying
could have resulted from generated volatile constituents, loss of nitrogen-
ous constituents into the cooking oil and Maillard reactions between
amino acids and carbohydrates. Overall, there were greater losses in
nitrogenous constituents with frying than with baking. Hence the nutri-
tional value of the outer potato tissues served as fried peels was undoubt-
edly less than that of those caten baked.

Fibre

Information is lacking on the effects of various domestic cooking
processes on dietary fibre. Paul & Southgate’s (1978) tables show no
change of dictary fibre content in the flesh of baked potatoes. There was
little change in dietary fibre content of the flesh of baked, roasted or
french-fried *Sehago® variety potatoes on a dry weight basis (Jones et al.,
1985) when compared with raw potato. There was an apparent increase in
the samples on an as-caten basis, presumably due to concentration
through moisture loss. Enzyme-resistant starch (determined scparately)
was found in all samples at a concentration higher than that in raw potato.

Vitamins

Ascorbic acid

As in determining ascorbic acid changes instored potatoes, some
workers have deterined only the reduced form, others the total active
ascorbic acid, in cooked potatoes. When conditions favour oxidation, for
example during warm-holding, mixing or mashing, determinations of
only the reduced form of the vitamin may overestimate losses.

Leichsenring er al. (1951) showed that allowing pecled, whole or

quartered tubers to soak in tap water at room temperature for up to 3 h
did not reduce ascorbic acid levels. Soaking hand-peeled potatoes in tap
water for longer periods of 20 or 40 h produced significant decreases of
7% and 10%, respectively (Zarnegar & Bender, 1971). Similarly, soaking
pecled, sliced tubers for one, two or three days brought about ascorbic
acid decreases of 8%, 13%, and 28%. respectively (Haaziyev & Steele,
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1976). The same authors produced an increase in ascorbic acid by aerating
potato slices at 22 °C in a dark, moist atmosphere. Ascorbic acid had
increased 180% after 48 h due to biosynthesis in the potato tissue. This
finding, the authors felt, justified an old household practice of peeling and
slicing potatoes the day before use and keeping them overnight wrapped
in a moist cheese-cloth or towel. It has been pointed out (McCay et al.,
1975 Oguntona & Bender, 1976) that losses in tuber total ascorbic acid
can take place during large-scale cooking or catering resulting from
pecling and cutting potatoes a long time before they are to be cooked,
soaking them in water and discarding the water.

Retention of reduced ascorbic acid was found to be the same (about
85% ) whether peeled potatoes were boiled, steamed or pressure-cooked
(Leichsenring er al., 1951). However, if peeled, halved and boiled
potatoes were subsequently stored in a refrigerator for 24 h, only 47% of
the original vitamin content remained. Retention decreased even further,
to only 18% . after refrigerator storage of 72 h. Leichsenring er al. (1957)
later showed, however, that part of this loss was apparently due to
conversion of ascorbic acid to dehydroascorbic acid. Hence, in ‘Chip-
pewa’ and *Triumph’ varieties for example, losses of total active forms of
vitamin C were only 48% and 21%. respectively, as opposed to losses of
reduced ascorbic acid of 54% and 34%.

Boiled potatoes may be stored for some time, as indicated above, when
required for subsequent preparations, potato salad for instance. When
boiled. unpecled potatoes were stored in the refrigerator (Heatschel,
1969). the reduced ascorbic acid content fell from 12.5 mg/100 g reshly
cooked tubers to 8.3 mg/100 g after one night (55% retention of the
original content of raw potatoes) and 7.5 mg/100 g after twe nights (50%
retention). When potato salad was made from the stored potatoes,
reduced ascorbic acid fell to 5.3 mg/100 g (35% retention). The author
attributed some of the loss to oxidation of ascorbic acid during cutting of
the potatoes and intensive mixing during preparation of salad. He also
found that potato dumplings retained only 14% of the reduced ascorbic
acid found in the raw starting material, and explained this by the fact that
preparation involves boiling the potato twice. The retentions of ascorbic
acid found by this author are probably underestimated due to a faiture to
determine dehydroascorbic acid.

Streightoff et al. (1946) reported that, during large-scalc preparation,
only 11% of the total ascorbic acid in their peeled potatoes was tost on
steaming, but they found 24% to 68% loss when the cooked potatoes
were mashed, and 58% loss when the mashed potatoes were warm-held
on a steam table for 45 min. Such destruction is largely due to oxidation.
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In the preparation of mashed potato (reviewed by Priestley, 1979),
significant destruction of ascorbic acid, ranging from 30% to 80%. may
occur. However, Mareschi eral. (1983) found an average 40% loss of total
ascorbic acid in both mashed and whole. peeled, boiled potatoces. Augus-
tin and Demoura (Augustin e al., 19780) found reduced ascorbic acid
loss of 60% when mashed, boiled potatoes were held at room temperature
for 1 h.

Large losses of ascorbic acid also occur during hash-browning (i.e.
boiling, shredding, and subsequent frying of the cooked shreds). Reten-
tions of 57% of reduced and 30% of total original ascorbic acid have been
reported in two cases of hash-browned potatoes (Leichsenring er al.,
1951; Pelleticr eral.. 1977).

When Indian varieties were baked in a conventional oven, they lost
between 50% and 56% of their ascorbic acid, compared to only 20% to
28% loss for potatoes boiled unpeceled (Roy Choudhuri e al. 1963h).
Augustin etal. (1978D), however, found an overall reduced ascorbate loss
for two varicties of baked North American potatoes of only 25%, similar
to that for boiled, peeled. but slightly higher than that of boiled., unpeeled
potatoes. Streightoff er al. (1946) had previously reported a loss of 28%

total ascorbic acid from baked. compared to only 13% from boiled,
peeled potatoes. The difference between baked and boiled., unpeeled
potatoes is probably duc to the higher temperature employed for oven-
baking. In genceral. oven-baking appears to cause slightly greater destruc-
tion of vitamin C than does boiling whole tubers in their skins.

It has also been shown (1 cichsenring eral., 1951) that holding baked
potatoes after baking g atly reduces ascorbic acid content. Immature
tubers analysed immediately after baking had retained 92% of their total
ascorbic acid. Retention fell to only 78% after holding at room tempera-
ture for 4 h. and to only 35% when the baked tubers were held at 75°C for
3h.

Frying also reduces ascorbic acid content. Losses of 50% to 59% of
total ascorbic acid were noted when sliced or shredded potatoes were
washed and then deep- or shallow-fat fried (Swaminathan & Gangwar,
1961; Roy Choudhuri et al.. 1963h) and were greater than when tubers
were boiled cither peeled or unpeeled. However., only part of the total
loss was duc to frying per se. In the case of slices, about 26% . and in the
casc of shreds about 45%. of the total toss was due to washing before
frying (Swaminathan & Gangwar, 1961). Sautéed potatoes (boiled for 15
min and fried for 7 min) lost 44% of their initial total ascorbic acid and
small- (0.4 ci) and normal-sized (0.8 c¢m) french-fries lost 37% to 46%
ascorbic ucid, the least loss occurring in normal-sized fries {Mareschi et
al., 1983),
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B-group vitamins

Thiamin is fairly heat-stable during the domestic preparation of
potatoes. Baked tubers retained 86% of their thiamin, a retention similar
to that of boiled tubers (Augustin er al., 1978b). Frying potatoes raw,
peeled or previously boiled unpeeled, produced no change in their
thiamin content (Hentschel, 1969). However, frying peeled, cut, boiled
tubers reduced thiamin by about 40% . The greatest reduction takes place
il pecled potatoes are left souking in water for long periods before
subsequent cooking. Oguntona & Bender (1976) feund that soaking
pecled half-tubers in water for 16 h resulted in thiamin losses of over 40%
in the outer layer of the potato and of 20% even at a depth of 10 mm inside
the tuber. Soaking raw, chipped potatoes (i.c. prepared for subsequent
french frying) in water for 16 h caused a loss of 40% of the original
thiamin. Subsequent frying of either the half-tubers or french fries caused
further losses (10% and 3% respectively), but these were small compared
to the losses by soaking.

Niacin, being heat stable. is mainly lost by leaching into cooking water,
especially when tubers are peeled or cut before boiling. No apparent loss
of niacin was observed in cither baked. roast or french-fried potatoes by
Finglas & Faulks (1984). Niacin was reduced by only 4% to 8% by frving
raw potatoes (Hentschel, 1969). Boiling peeled, cut potatoes, followed
by frving. reduced niacin to 61% of its original value, but only part of this
loss (about Y% ) was due to frving. However, frying did not reduce niacin
in potatoes that had been previously boiled in their jackets. Losses of
niacin by frying were generally small,

The overall retention of niacin in four baked varicties was 93%., similar
to that of boiled. peeled and a little lower than that of boiled, unpecled
potatoes (Augustin er al., 19780 ). A similar high mean retention of 96%
was found for 58 samples of baked potatoes by Page & Hanning (1963),
and 100% retention by Leichsenring er al. (1951). Furthermore, the
niacin level was not affected by mashing, holding or hash-browning
previously boiled, unpeeled tubers. Most of the niacin lost from boiled,
peeled tubers was presentin the cooking water (Leichsenring eral., 1951;
Page & Hanning, 1963). Cooking peeled, quartered potatoesin a pressure
cooker in a smaller volume of water than that used for normal boiling,
resulted insignificantly greater retentions of niacin than boiling similarly
prepared tubers (Leichsenring eral., 1951).

The mean retention of pyridoxine in baked potatoes has been found to
be 919% (Page & Hanning, 1963; Augustin et al.. 1978b). This is higher
than that of boiled. pecled potatoes, but somewhat lower than that of
boiled, unpeeled potatoes. The leaching of niacin and pyridosine into the
cooking - ater was found to be similar in boiled potatoes (Page &
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Hanning, 1963) but destruction by heat was somewhat greater for
pyridoxine, than for niacin, being 8.8% and 4.2%, respectively, in baked
potatoes.

Riboflavin is partially destroyed by heat during dry methods of cooking.
The overall retention of riboflavin in four varieties of baked potatoes was
77%. similar to that of boiled, pecled tubers (Augustin et al., 1978b).
Moreover, riboflavin was partially destroyed when potatoes were fried,
the least losses (up to 20%) occurring in potatoes fried from raw and the
greatest (55% io 65%) in potatoes peeled, cut, boiled and then iried
(Hentschel, 1969). Unlike ascorbic acid, riboflavin conterni was not
affected in the preparation of potato salad from potatoes previously
boiled in their skins. This is not surprising as riboflavin is not affected by
atmospheric oxygen.

Decreases of folic acid in cooked foods can result from both heat
destruction and leaching into the cooking water. The overall retention of
total folic acid for four varieties of baked potatoes was 71%, similar to
that of boiled, pecled potatoes, two of the varieties showing low reten-
tions of only 48% and 54% (Augustin et al., 1978b). This was the lowest
retention of any of the vitamins determined by these authors in boiled and
baked potatoes. However, there was no apparent loss of folic acid in
potatoes as eaten, when baked, roast or french fried, according to Finglas
& Faulks (1984), presumably through concentration due to water loss.

The percer:tage retentions of ascorbic acid, thiamin, riboflavin, niacin,
folic acid and pyridoxine in micro-wave-cooked potatoes were found to
be 73, 95, 87, 103, 88 and 96, respectively (Augustin ef al.. 1978b). In
general, these are similar to those of boiled, unpeeled potatoes (Augustin
etal.. 1978b). This method of cooking is at present rarely used domesti-
cally outside the USA and some European countries. The approximate
vitamin losses caused by various commonly used domestic methods of
preparation are summarized in Table 4.6, and can be compared with
those produced by various processing methods.

Minerals

The total ash content is unaffected by holding, mashing or
hash-browning potatoes previously cooked whole, unpeeled (Leichsen-
ring et al.. 1951) or by oven-baking (Toma et al., 1978b).

Sodium, potassium, calcium, magnesium, phosphorus, iron, zinc,
iodine, boron, copper, manganese, molybdenum and selenium were
wirtually unaffected by baking in three North American varieties (True ef
al., 1979). except in the case of ‘Norchip’, which showed unaccountably
low retentions of calcium, copper and iron. Baked ‘Russet Burbank’
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tubers contained less calcium and copper on an equal serving-weight basis
than peeled boiled tubers, but greater quantities of magnesium, potas-
sium, sodium, manganese, zinc and iron (Weaver et al., 1983). Conven-
tional baking reduced the potassium, phosphorus and iron contents of the
outer cortical tuber tissues by 10% to 13%, 4% to 12% and 19% to 31%,
respectively, in threc varieties, whilst the contents ircceased by 14% to
23%, 2% to 9% and 2% to 8%, respectively, in the inner pith tissues
(Mondy & Ponnampalam, 1983). These minerals had apparently mi-
grated from the outer to the inner tissues during baking. Subsequent
frying of the baked cortex and raw pith (as in the production of fried
potato peels for sale in the USA) significantly (P < 0.05) reduced the
cortical and pith contents of iron, manganese, copper and zinc. These
changes are as yet unexplained. Calcium, magnesium and phosphorus
contents were not affected when previously boiled potatoes were sub-
sequently fried (Hentschel, 1969). However, retentions of these three
mincrals were only 63%, 24% and 24%, respectively, in potato dump-
lings. The apparentincreases in sodium, potassium, calcium, phosphorus,
iron, copper and zinc found in baked, roasted or french-fried potatoes on
an as-eaten basis were a result of water loss (Finglas & Faulks, 1984).
There was no evidence of any loss of minerals as a result of these
preparation methods.

Retentions of a variety of minerals and trace elements in three varietics
during micro-wave cooking were generally high. Notable exceptions were
unexplained losses of aluminium, copper and iron in ‘Norchip’ (True er
al., 1979).

Comments on nutritional changes during domestic cooking
Domestic cooking methods cause some nutrient losses, alihough
the extent of these depends upon the particular nutrient in question and
the type of preparation. Nevertheless, concentration of the retained
nutrients due to losses of moisture and solids during cooking can mean
that nutrient contents in a given quantity of a potato preparation such as
baked or french fried are similar to those in an equal quantity of raw
potato or potato boiled in its skin. True cemparisons of the nutritional
value of potatoes prepared in different ways should therefore be made on
an equal serving weight basis (see e.g. Table 2.8, p. 34-5). In general,
nutrient contents on this basis are similar to those of the raw pctato.
Energy values of roasted and french-fried potatoes are considerably
higher than those of other preparations, due to absorption of fat during
cooking. The levels of ascorbic and folic acids are lower in all preparations
than in the raw potato, as they are reduced significantly by cooking losses.
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When potatoes arc to be boiled, they should be boiled whole in their skins
and the skins removed after cooking, if so desired. Intact boiled potatoes
contain greater quantities of nutrients than those peeled and cut before
Dailing.

Nutrient changes, apart from that of ascorbic acid, have been little
studied in potato preparations such as potato dumplings, hash-browns
and salads, which require several stages for completion. Levels of ascorbic
acid in thesc preparations arc low and may be almost ncgligible if potatoes
have been stored previously for long periods.

Part 3: Processing

Potato processing has been practised in the highland areas of
Peru arid Bolivia for at least 2000 years. The dried products knowr: as
chunio and papa seca arc a vital part of the diet in these areas, and are
produced by methods unchanged over the years.

On an industrial scale, however, processing is confined mainly to
developed countrics. Some developing countries, tor example in South
America. process potatoes into snack foods or instant mashed potato, but
the market for these products is currently small compared to that for fresh
potatocs, duc to economic restrictions. It is possible thzt future demand
for such products and potatoes in the form of other convenience foods
mzy increase. In some countrics, for example India, processing of
potatoes is desirable to avoid gluts and the consequent difficulty of storing
large quantities of potatoes during periods of extremely high tempera-
tures. Dehydration using solar energy has been suggested (Singh &
Verma, 1979), as a means of coping with the problem, particularly as a
cottage industry in rural areas (Nankar & Nankar, 1979).

Large-scale potato processing began in the USA. In 1940, about 2% of
ail potatoes consumed domestically were processed by frying, dehy-
dration, freezing or canning, but by 1970 the corresponding figure was
51% (Hampson, 1972). The decline in consumption of fresh potatoes in
the USA has been matched by a significant rise in that of processed
products, so that overall consumption has not decreased. The change
from fresh to processed potatoes in developed countries is due partly to
enhanced efficiency in processing, which reduced the relatively high cost
of canned, dried and frozen forms and partly to factors such as increased
demand for convenience foods, fast foods amd picnic snacks.
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Potato products may be classified as follows:

(1) Fried non-snack products (c.g. frozen french fries (chips)).

(2) Non-fried frozen products (¢.g. potato pattics. mashed potato).
(3) Snack products (c.g. chips (crisps)).

(4) Dehydrated products (c.g. potato granules, flakes, powder).
(5) Preserves (e.g. canned potatocs).

(6) Other products (c.g. potato salad, pre-peeled potatoes).

These will be discussed in detail below.

There is also a host of smaller-scale potato products, and patents are
appearing constantly for new ones. Some of these products have been
described by Feustel (1975) and Smith (1977).

Itis not the purpose of this review to describe methods of processing in
detail, but rather the nutritional changes which have taken place as a
result of the operations employed. It is hoped that this will serve as a
source of reference in countries engaged in potato processing now or in
the future. Flow diagrams of the major processes are included as a guide
to the operations mentioned during descriptions of the nutritional effects
of processing. although it should be noted that these operations may vary
from one processing plant/company to another.

The traditional processes employed in the high Andes also are briefly
described and the limited amount of information available on the nu-
tritional changes involved are reviewed.

Large-scale processing

Pre-peeled potatoes

Production of pre-peeled potatoes (described by Feinberg et al.,
1975) is a growing industry in developed countries. ‘Pre-peeled’ refers to
potatoes peeled, preserved from discoloration, and cold-stored. They are
perishable and have only a relatively short shelf-life, but are supplied to
restaurants, canteens and retail establishments, which therefore do not
need to invest in their own peeling machine. Potatoes may be whole, or
cut into strips for french frying.

Potatoes arc prepared for almost any type of processing, including
pre-pecling, by the operations shown in Figure 4.7. In the case of
pre-peeled potatoes these are followed by cutting (if desired), immersion
in a sulphite solution for a few minutes to prevent enzymic browning
reactions, draining, packing and refrigeration. The two most important
operations are pecling and sulphiting. The information reviewed below
on the nutritional effects of peeling is applicable to any of the processes
described later.
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Figure 4.7, Pre-processing operations,

Washing (to remove dirt)

Peeling

1

Washing (to remove peel)

Trimming (to remove eyes, residual peel,
damaged, diseased or green areas)

Peeling

Efficiency of peeling is necessary to minimize losses of raw
material and production of waste which must be disposed of. Peeling
losses vary with size and shape of tuber (Weaver ¢1 al., 1979), depth of
eyes and length of storage (Smith, 1975). The deeper the eyes or the
longer the storage period the greater the loss.

Methods employed include abrasion-pecling, lye-pecling (immersion
in sodium hydroxide solution at a low or high temperature), steam-peel-
ing (usc of stecam under high pressure which is relcased rapidly after an
adequate contact time) or a combination of lye- and steam-peeling.

The distribution of nutrients within the tuber. which affects the extent
of nutrient losses by peeling, has been described above (sce pp. 101-3). It
is evident from this that any mcthod of peeling will remove significant
amounts of minerals, as there are proportionately greater amounts of
them in the outer tuber layers. An abrasive pecling method that damages
surface tissues of the tuber, producing a rough or spongy surface resuits
in loss of juice containing soluble constituents including mineral salts
(Zobel, 1979). The extent of mineral losses, however, has not been
investigated in relation to large-scale peeling methods.

There is relatively little information about vitamin losses resulting from
different potato pecling processes. Some information is summarized in
Table 4.3. Pecling by steam retains the greatest quantities of ascorbic
acid, thiamin, riboflavin and niacin. However. the figures indicate that
even the lowest losses of thiamin and riboflavin are substantial. Zobel
(1979) reports that losses of ascorbic acid from the surface zone, de-
natured by lye-peeling, arc less than 5% and that he could find no
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Table 4.3. Vitamin losses as a result of different methods of peeling

Vitaminlosses (% of fresh unpeeled tuber)

Ascorbic
Method of pecling acid Thiamin Riboflavin Niacin
Abrasion 10.54 —_— —_ —
Lye-stcam combination 6.5 32-35¢ 25-26¢ 10-23°
Steam 3.0 18-20¢ 15-16° 5-5.5¢

“ From Zobel (1979).

? No significant loss of ascorbic acid was reported for mechanically peeled
potatoes by Zarnegar & Bender (1971). It is concecivable that losses vary with type
of pecler used.

* From Gorun (1978q).

significant difference in ascorbic acid content of seven cultivars peeled
with lye or with a domestic peeler. However, Alarcén (1977) 1eported a
loss of about 19% of ascorbic acid by lye-peeling. This s also considerably
higher than the lye-steam combination reported in Table 4.3. Probably
the extent of vitamin losses from lye-pecling depends upon such factors as
time of immersion of tubers in lye solution and temperature and concen-
tration of the solution. More information is required about effects of
different methods of peeling on nutritive value, including those on
pyridoxine and folic acid, which have not been investigated.

Sulphiting

Pre-pecled potatoes are immersed in a solution (usually of
sodium metabisulphite) for a few minutes to inhibit discoloration by
enzymic browning. They may then be stored refrigerated for several days
before cooking and consumption.

As sulphite is a reducing agent, it should have little effect on ascorbic
acid. Mudambi & Hanning (1962) found only a slight reduction in
ascorbic acid due to sulphiting and suggested that this was due to leaching
of the vitamin into the sulphite solution. In various texts on potato
processing, mention is made of the addition of sulphite (apart from its
other functions) as a means of protecting vitamin C from heat destruction.

Thiamin is converted by sulphite into inactive thiazole and pyramidine
sulphonic acid (see Figure 4.8). Losses of thiamin through sulphiting of
pre-peeled potatoes are considerable, depending upon the amount of
surface area of potato cxposed to sulphite, the concentration of soluticn,
quantity of sulphite absorbed and length of subsequent storage time.
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Figure 4.8. Destruction of thiamin by sulphiting.
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After sulphite dipping and eight days of storage at 3 °C, whole and
french-fried potatoes had lost 11% and 47%, respectively, of their
original thiamin content (Anderson ez al., 1954). Loss of thiamin in raw
french fries analysed immediately after sulphite dipping was negligible,
but increased to about 25% after several days of cold storage (Mapson &
Wager, 1961). The extent of sulphite absorption depends upon the
roughness of the surface of cut potatoes (Furlong, 1961) — the more
damaged the surface, the greater the uptake. After dipping for only 5
min, most of the sulphite (33 p.p.m.) was concentrated in the outermost
layer of the tuber, with only 0.3 p.p.m. in the rest of the tuber (Mudambi
& Hanning, 1962). However, soaking for 16 h allowed sulphite pen-
ctration to a depth of 10 mm from the surface, as evidenced by a 55%
destruction of thiamin at this level (Oguntona & Bender, 1976). This
length of time of immersion of potato halves in cither a metabisulphite
solution or waier showed that thiamin losses were approximately twice as
greatin the former asin the latter (Oguntona & Bender, 1976). Moreover,
although this treatment was much more drastic than normal commercial
processes. two out of five commercial samples of pre-peeled raw french
fries analysed had low contents of thiamin (mean value 0.016 mg/100 g),
which were similar to the laboratory-prepared samples (mean value
0.015 mg/100 g).

Previous treatment with sulphite increases losses caused by cooking
(Mapson & Wager, 1961; Table 4.4). Other authors have found similar
losses. Sulphiting doubled the loss caused by frying from 10% in half-
tubers soaked in water to 20% in those soaked in sulphite (Oguntona &
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Table 4.4, Losses of thiamin due to sulphiting”

% Total losses

Treatment of thiamin
Unpreserved —
Preserved”, analysed immediately 0
Unpreserved. whole boiled 17
Preserved”, whole boiled 32
Unprescrved. trench fried 10
Preserved®, french fried 44
Preservad, french tricd and kept hot tor 18 min betore scrving 7z
21-27

Preserved”, stored 1-7 daysat 5°C

“ Figures taken from Mapson & Wager (1961).
" Dippedin 1.0% sodium metabisulphite solution for 2 min and drained for 2 min.

Bender, 1976). Boiling after sulphiting produced a loss of about 30%
thiamin in three varicties of halved tubers, compared to about 20%
caused by boiling alone, according to Mudambi & Hanning (1962). A
100 g serving of boiled. untreated potatoes would therefore provide
0.08 rae of thiamin compared to 0.07 mg for boiled, sulphited, a differ-
ence these authors considered unimportant in terms of daily require-
ments. i should b2 noted. however. that they did ot store the sulphited
potatoes before cooking and the losses they found through sulphiting
alone were low (only 4% to 10%).

In general, findings indicate that sulphiting. when followed by storage
for several days and subsequent cooking, significantly reduces the thiamin
content of potatoes.

Frozen potato products

Since 1970, frozen potato products have accounted for 45% to
48% of all potatoes used for processing in the USA, or nearly one-quarter
of that country’s fuod use of potatoes (Weaver et al., 1975).

Frozen french fries (frozen chips)

These are the most important of the frozen potato products
(Figure 4.9). They may be either par-tricd or finish-fried by the processor;
in the former case they arc later finish-fried in deep fat, and in the latter,
oven-heated before consumption. A description of the production of
frozen french fries and other frozen products has been given by Weaver et
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al. (1975) and Smith (1975). Figure 4.10'is a flow diagram showing unit
operations involved in production. Nitrogenous constituents, vitamins
and minerals are all affected by these operations.

Nitrogenous constituents

Calculations of crude protein contents given by Murphy eral. (1966) on a
moisture- and fat-free basis for home-prepared fries ane commercial
brands of frozen french fries show that. on average, commercial brands
contained only 66% of the protein of the home-prepareditem. Investigat-
ing effects of the main production operations involved with exposure of
potatocs to water or high temperature (Augustineral.. 19795 ) indicated
that total N was reduced to 85% and 81%. respectively, of its original
value in large- and small-sized french frics, the main point of loss being
blanching in water. Significant (P <0.05) losses of glutamic and aspartic
acids, valine. phenylalanine, arginine, methionine and tryptophan occur-
red during hot-water (77 °C) bianching of 0.95 cm-thick french fries
during an experimental process simulating commercial practice (Kozem-
peletal., 1982). Most of the losses were suggested to result from leaching
of free amino acids into the blanch water.

Additional losses of amino acids occur through Maillard browning
during frying (Fitzpatrick et al. 1965), although only to a small extent in
french fries (Jaswal, 1973). Losses in protein-bound and free amino acids
were 3% and 7%, respectively. in the case of low specific gravity (1.SG),

Figure 4.9. Millions of pounds of frozen french fries are processed at the
J. R. Simplot Company plan* at Caldwell, Idaho. (Photo courtesy of
J. R. Simplot Company.)
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and 4% and 10% for high specific gravity (HSG). potatoes. Furthermore,
availability of lysine decreased by 12% (LSG) and 14% (HSG) on frying.
The author did not investigate the cause of these changes, but assumed
they were due to amino acid—carbohydrate interactions.

Vitamins

Vitamin losses during the commercial production of french fries can be
considerable. The processes leading to greatest vitamin losses are peeling
and slicing (Gorun. 1978b) and blanching (Gorun., 1978h; Augusiinetal.,
1979b). The frying operation was suggested to have little effect on
vitamin content. Other workers. however, encountered losses in total
ascorbic acid (Pelletier et al.. 1977) and thiamin (Oguntona & Bender,
1976), which are due to frving alone, albeit under laboratory conditions.

Other factors influencing extent of vitamin losses are: previous storage
of the raw material, size of french frv cut, type of blanching (steam or
water), and finishing operations (fryving or oven-heating). No investi-
gation into effects of freezing on nutrient content of frozen french fries
has been reported.

Overall losses in the finished product, when freshly harvested potatoes
were used. were $4% ascorbic acid, 44% thiamin, 39% riboflavin and
24% niacin (Gorun, 19780). These increased to 72%, 52%, 45% and
35%. respectively. when the potatoes were stored for six months prior to
use. Somewhat lower losses for large (0.5 in.) and small (0.25 in.) french

Figure 4.10. Processes for making frozen french fries and patties,
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PATTIES
Slivers, nubbins .
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(to prevent
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frying texture)
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Frying Storage
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fries were reported by Augustin et al. (19796 ) for potatoes stored for two
to six months: reduced ascorbic acid, 31% and 39%: thiamin, 20% and
19%; niacin, 16% and 26%; pyridoxine. 22% and 26%: folic acid, 34%
and 35%. Ttis clear that the most heat-sensitive vitamins - ascorbic and
folic acids - are the least retained during processing.

A comparison of blanching methods (Augustin eral., 19790 in small-
size french fries showed significantly better retentions for reduced ascor-
bic acid. thiamin, niacin, pyridoxine and folic acid in the case of steam
blanching (89% to 97%) than for water blanching (66% to 88%),
presumably duc to greater Ieaching losses in the latter process. The same
study compared vitamin retentions in small- (0.6 cm) and large-sized
(L.25 em) french fries. With the exeeption of thiamin and folic acid,
retention values were significantly lower in small than in larger fries (see
figures quoted above). The authors attributed this to differences in
leaching losses due to greater ratio of surface area : volume in the smaller-
sized cuts. Blanching times and temperatures can also affect the extent of
losses. Retentions of ascorbic acid in 1.25 em fries were significantly
reduced from 83% after blanching for S min at 66 °C 1o 54% after 15 min
at 88 °C (Artz et al.. 1983). Significant losses in ascorbic acid., thiamin,
niacin and riboflavin, which increased wiih increasing hot-water (77 °C)
blanch times of 4 to 20 min were recorded for (.95 cm-thick french fries
by Kozempel et al. (1982). Assuming losses to be due to leaching, the
authors described a leaching model, with diffusion as the rate controlling
step. and suceessfully predicted losses of these vitamins as a function of
process parameters. There was a greater loss of ascorbic acid than of the
B vitamins during blanching,

Pelletier et al. (1977) discovered that commercial samples of frozen
french fries, purchased from Canadian food stores over two years and
hnish-cooked according to producers instructions, averaged 30% less
total ascorbic acid than freshly prepared french fries. Total ascorbic acid
content of french fries tinished by cooking in oil averaged 2 mg/100 g
higher than those finished by heating in an oven,

Signiticant amounts of all vitamins are lost during the preparation of
frozen french fries. Processing losses are chiefly due to pecling, and
operations, such as cutting and blanching, which lead to leaching. Some
loss of vitamins may also result from freczing and reheating, but these
have not been investigated.

Minerals

No information is available about losses of minerals during frozen french
fry production. However, it veems safe 1o assume that losses will occur
through removal of the outer tuber layers during peeling and as a result of
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leaching during slicing and blanching. Figures of Murphy et al. (1966) for
ash contents of home prepared and seven commercial brands of fries can
be used to calculate ash on a moisture- and fat-free basis. In this way it can
be shown that commercial brands averaged only about 70% of the ash
content of home-prepared fries. Thus 30% ash must have been lost during
processing and finishing operations other than decp-fat frying.

Other frozen products

Potato pattics, puffs and rounds, hash-browns and mashed
potato are other frozen products. Information is scant on nutrient losses
in these products, apart from one study (Augustin et al., 1979b ) on potato
pattics (for production operations sce Figure 4.6). Retentions for total N
(90%), reduced ascorbic acid (53%). thiamin (88%), niacin (90%),
pyridoxine (91%) and folic acid (73%), respectively, were found in
commercial patties. Unlike the case of french fries, these losses were not
due mainly to blanching. a surprising result in view of the fact that, at the
blanching stage, the pattics are unformed and consist of slivers and pieces
smaller than most french fries. The authors assumed that losses were due
to leaching into the water to which the pieces of potato arc extensively
exposed prior to blanching.

In contrast to the high retention of total N found in this study, it can be
calculated, using figures given by Murphy er «!. (1966), that commercial
brands of hash-browns, patties and puffs contained only 50%, 47%, and
40%, respectively, of the total N of the corresponding home-prepared
items. Considerable quantities of N, thereforc, must have been lost
during commercial production.

The effect of freezing on contents of some nutrients has been studied in
relation to production of frozen potato products in general (Mondy &
Chandra, 1979a.b). Evidence indicates that freczing can cause a loss of
ascorbic acid, although the extent of loss is probably dependent on the
rate of freezing. During commercial processing, potatocs arc frozen
rapidly, preventing cell damage and consequent thawing loss of soluble
compounds. Frozen-thawed mashed potatoes (prepared from instant
potato flakes) lost only about 7% of their reduced ascorbic acid compared
to the same item freshly prepared, and there were no losses of either
riboflavin or thiamin (Ang er al., 1975). A similar loss (6%) of total
ascorbic acid resulted from rapid freczing and thawing of fresh mashed
potatoes (Jadhav et al., 1975).

Large losses of 43% and 22% reduced ascorbic acid in ‘Katahdin’ and
*Atlantic’ cultivars were found (Mondy & Chandra, 1979a) as a result of
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slow freezing (20 °C for 24 h). a factor which would have increased
freezing damage and hence the exudation of juice. containing ascorbic
acid, upon thawing. The sanie rate of freezing produced significant losses
of potassium, phosphorus, calcium, magnesium, iron, copper, and zinc
from both the cortex and pith regions (Mondy & Chandra, 19796). The
relevance of these two studies to commereial processing is somewhat
dubious and they are probably more applicable to domestic freezing.
Riemschneider er al. (1976) found a loss of more than 50% ascorbic acid
in cooked potatoes which had been stored frozen for four months and
quote another source which noted a 56% loss after six months of frozen
storage. Products to be sold te the public are also kept stored for varying
times in retail freezing cabinets, whose temperatures can fluctuate con-
siderably causing changes in nutritional value. Strachan (1983) has indi-
cated that quality (including nutritive value) of the frozen foods is subject
to changes right through the distribution chain from storage of raw
matertals before processing up to consumption.

Reheating of frozen products can lead to yet further losses of vitamins.
Ang et al. (1975) found reduced ascorbic acid retentions of only about
24% 1o 36% (depending upon the rcheating method) in instant mashed
potatoes frozen and reheated for half an hour. These retentions were
similar to that of the freshly prepared item warm-held for 3 h, during
which time its temperature rose from about 65 °C 1o 79°C., Riboflavin was
little affected, but thiamin was reduced to only about 88% of the value of
freshly prepared instant mashed potatoes. The extent of total nutrient
loss in frozen potato products has not been investigated systematically
and much work remains to be done, especially since the popularity of such
products has increased greatly in recent years.

Potato chips ( crisps)

The potato chip is a fried snack product which until recently was
the most important form of processed potato in the UK. In 1978/79 a total
of 38% of all potatoes destined for UK processing went to the chips
sector, although in the same years the french fry superseded the chip in
terms of importance (Young, 1981). (For a detailed description of chip
manufacture, see Smith, 1975.)

A flow diagram illustrating the operations involved in the production of
chips is shown in Figure 4.11. The operations are similar to those for
preparation of french fries; however, chip potatoes are cut into very thin
slices, rather than rods. Frying greatly reduces moisture content (to about
2%} in the finished chips, which are stored in sealed bags, not frozen.
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Nitrogenous compounds

Studies of the effect of chipping on the nitrogenous compounds
of potatocs show that there is considerable damage to the protein.
Fitzpatrick et al. (1965) and Fitzpatrick & Porter (1966) found losses of
free amino acid N amounting to 50% to 60% when fresh potatoes were
fried. with a corresponding loss of about 70% of the reducing sugars.
Accumulation of reducing sugars during cold storage increased losses of
frec amino acids on frying to 85% to 88%. Analyses of individual amino
acids revealed decreases ranging from slight to large in all of the amino
acids reported, even when fresh potatees were fried. Losses of all amino
acids were great (100% of methionine) in stored fried chips; only part of
the lost methionine was oxidized to methionine sulphoxide during frying.
At least somce losses were due to the reaction of amino acids and sugars
duting Maillard browning; however, when potatoes which had previously
been cold-stored were reconditioned and their reducing sugar content
greatly lowered, a large loss of amino N took place on frying. The reason
for this loss was not known. Jaswal (1973) also studicd the effect of
chipping on the amino acids of LSG and HSG potatoes. His results can be
summarized as follows:

% Lysloss % Amino acidloss

Total Available Protcin-bound Free
LSG 58 67 37 45
HSG 38 062 20 33

The losses of total and available lysine are particularly marked.

Figure 4.11. Processes for making chips (crisps).
Pre-processing operations
Slicing and washing
Removal of moisture
'
Frying

Salting and flavouring

Packing
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Ascorbic acid

The only vitamin studied in relation to effects of chipping is
ascorbic acid. In the case of other vitamins it is likely that losses during
chipping will at least equal those during french frying (see pp. 125-6) and
are probably greater. Bucko ef al. (1977) found that ascorbic acid losses
during frying were considerably higher when potatoes were cut into thin
slices than when they were in the form of rods. It s likely that all vitamins
will be similarly affected, due to the increased surface area exposed to the
effects of leaching and heat-destruction during processing. Pelletier et al.
(1977) report losses of 30% to 85% ascorbic acid in the preparation of
chips. as recorded by various authors. They themselves estimated 1verage
loss of total ascorbic acid in commercial Canadian brands to be about
750().

Mincrals

No information is available about mineral losses during chipping.
However, as in the case of vitamins, it seems likely that losses through
leaching may be substantial during washing and blanching, due to the
greater surface arca exposed to the water.

Other observations

In spite of substantial losses of nitrogenous compounds and
vitamins during processing, chips are still quite a good source of these
nutrients, as a considerable concentration effect is achieved through
reduction of moisture content (Table 4.7). However, the nutritional
quality of retained N has not been studied. Absorption of large quantities
of fat together with an insignificant reduction in carbohydrate during
processing ensure that chips are a highly concentrated form of cnergy.
Weaver et al. (1983) consider that the estimate of 33.3 g of chips eaten as
a single serving is more reasonable than the 100 g serving used for other
potato products. Table 4.8 compares the content of some nutrients in
33.3 gofchips with those in 100 g of raw, cooked or processed potato with
a similar potato solids content. In general, 33.3 g of chips contain a lower
concentration of nutrients than did 100-g servings of boiled, peecled,
baked or french-fried potatoes, but a greater concentration than did 100 g
of rehydrated flakes or granules. The value of chips as a snack food has
been described enthusiastically by Deutsch (1978).

One group of workers has suggested production of potato chips from
unpecled potatoes as a way of increasing the yield and nutritive value of
the finished product, and decreasing waste Jisposal problems (Shaw er
al., 1973). There was no significant differen<e in flavour or appearance of
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chips from peeled or unpeeled potatoes, as judged by a panel of trained
tasters. However, the use of unpecled potatocs to produce chips would
have to be subject to the assurance that any glycoalkaloids present were
not concentrated to toxic levels (see Chapter 5, p. 176).

Dehydrated potato products

Dchydration is one of the major means of preserving potatoes,
giving products such as potato flour, granules, flakes and dice. The
dehydration industry is particularly important in France, using 61% of all
potatoes destined for processing in 1977/78 (Young, 1981).

Potato flour can be incorporated into bread and is used as a combination
thickencr-flavouring agent in products such as dehydrated soups, gravies,
sauces and baby foods. Potato granules and flakes are convenience foods
for both domestic and large-scale use. The granule and flake processcs
can use potatoes rejected by other sectors, as they are less sensitive to raw
material requirements (Hughes, 1983). Dechydrated potato dice are
ingredients in processed foods such as canned meats, meat stews, frozen
meat pies and potato salad.

The processes leading to production of potato granules (Boyle, 1975),
Rakes (Willard & Kluge, 1975), dice (Kueneman, 1975) and flour (Will-
ard, 1975) have been reviewed elsewhere and described in detail by
Feustel er al. (1964). Figures 4.12 and 4.13 are flow diagrams of the
processes.

Nitrogenous constituents

Changes in potato nitrogenous constituents during dehydration
have been demonstrated both during a commercial process and in labora-
tory simulations of these operations. These changes, asin the case of fried
products, are of two types: physical losses due to peeling and leaching,
and chemical losses as a result of amino acid-sugar interactions at the
clevated temperatures required for drying. During a small-scale process
to produce dchydrated diced potato, peeling increased the ratio
crude :pure protein, indicating that peeling removed more pure protein
than NPN (Kempf et al., 1976). The same ratio decreased considerably
during hot-water blanching, showing that more NPN than pure protein
had been lost through leaching into the water. Dehydration itself pro-
duced no further change in the ratio. as might be expected, since losses of
frec amino acids as a result of chemical reactions were not studied. During
processing, water blanching greatly affected total N in granules, flakes,
slices and dices (Augustin er al. 1979«). Dehydration had little effect on
nitrogen content in the case of granules, slices and dices, but considerably
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reduced it in the case of flakes. The overall retention values for total N
were 83% (granules), 70% (flakes), 85% (slices) and 86% (dices).
Servings of mash made from flakes or granules had only 65% to 70% of
the total N found in an equal weight of boiled potatoes (Weaver er al.,
1983).

Jaswal (1973) determined total losses of free amino acids, as a result of
drum-drying in the laboratory to be about 19% in the case of LSG
potatoes (a loss greater than that of french fries, but only about half that
of chips). There was a slightly greater loss from the free amino acid than
from the protein-bound fraction. Losses from HSG potatoes were small
(only about 4%), presumably because these potatoes were in contact with
the high temperature drum surface for a shorter time than were the LSG
potatoes to reduce them to the same moisture content, although the
rcason for the difference was not stated. There was a loss of available
lysinc of about 21%, with a greater loss from the free, than from the
bound, fraction. These losses were assumed to be the result of reactions
between amino acids and carbonydrate.,

Figure 4.12. Processes for producing dehydrated products. A, a method
used by Roy Choudhuri et al. (1963a), suitable for simple processing (e.g.
rural). B, normal industrial method.
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Maga & Sizer (1979), however, found high losses of free amino acids as
a result of browning reactions during the commercial processing of
potatoes into drum-dried potato flakes. The amino acid most affected was
methionine, 85% of which was lost. When the potato flakes were re-
wetted and extruded at high temperatures, the losses of all free amino
acids were further increased.

Vitamins

Investigations into total or reduced ascorbic acid contents of
unenriched commercial brands of dehydrated products have almost
invariably shown low levels of the vitamin (Alarcén, 1977; Hanning &
Mudambi, 1962; Myers & Roehm, 1963; Pelletier er al., 1977). Differ-
ences in reduced ascorbic acid between brands and between individual
products within a brand have been reported (Myers & Roehm, 1963).
Although these differences undoubtedly partially reflect differences in
contents of raw materials, it has been found that processing greatly
reduces ascorbic acid levels. The retentions of reduced ascorbic acid and

Figure 4.13. Processes for preducing dehydrated granules.
GRANULES
Add-back process
Pre-processing operations
Slicing and washing
Water blanching
Cooling

Steam cooking

Mashing, mixing, sulphiting
+ other additives

Conditionin
9 Granules added back

Air-lift drying
)

Y
Sieving
Fluidized-bed drying

End product
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of other vitamins during the production of granules, flakes, slices and
dices as found by Augustin et al. (1979q. 1982) are given in Table 4.5,
Steele er al. (1976), however, showed total ascorbic acid losses in granules
to be as high as 74%,.

The manufacturer may compensate for these by enriching the final
product with added vitamin C. However. in 1976 (two years after the
amendment of the Canadian Food and Drug Reguladons to permit
ascorbic acid addition) an average of only 2.4 mg total ascorbate/100 g,
was found in seven brands of cammercial Canadian dehydrated potatoes
(Pelleticr er al.. 1977), indicating that producers were not replacing lost
ascorbic acid.

The eritical operations affecting ascorbic acid loss during production of
granules are water-blanching (Augustin er al., 1979q) and particularly
mixing and mashing (Augustin et al., 19794 Jadhav er al., 1975), presum-
ably duc to leaching and oxidation of the vite min at the respective points.
Further losses occur on conditioning, according to Jadhav er al. (1975).
Dchydration itsclf apparently produces no further loss, in fact an appar-
ent gain in total ascorbic acid was noted between the conditioning and
final steps of processing (Jadhav et al ., 1975). This was attributed to amino
acid-sugar interaction products which interfere with ascorbic acid deter-
minations in unmodified standard methods of anatysis (Steele et al.,
1976). Data based on these methods may hence be overestimating the
final ascorbic acid content of dehydrated potato products. However,
substantial losses of reduced ascorbic acid were recorded as a result of the
dehydration process during the production of slices and dices (Augustin
etal., 1979b) but not during that of flakes.

Table 4.5. Final retentions of vitamins in commercial dehydrated potato
products?

Y% Retention

Ascorbic Folic
Product acid Thiamin Niacin acid Pyridoxine
Granules 45 9 78 48 83
Flakes 47 (63)" 77 5 62
Slices 40 4 73 58 72
Dices 38 4 80 6V 84

“ Figures from Augustin et al. (1979a).
b A later study by Augustin et al. (1982) found only traces of thiamin in potato
flakes.
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Thiamin values have also been severely reduced (sce Table 4.5), in the
case of granules, slices and dices to negligible proportions, during pro-
cessing. Thiamin content in 100 g of each of five North Anicrican brands
of reconstituted mashed potatoes was low and in onc case negligible
(Hanning & Mudambi, 1962). The major cause of thiamin destruction
during processing is sulphite addition (Augustin et al., 1579a). Flakes
suffered least in this respect because they had been exposed for shorter
times to both sulphite and high temperature drying conditions.

Some cffects of processing on other vitamins are shown in Table 4.5.
The vitamins most severely affected by commercial dehydration are
thiamin (destroyed by sulphiting) followed by heat-sensitive ascorbic and
folic acids. Retentions of niacin and pyridoxine are, however, well over
50%.

Reduction in folic acid has been shown to be a result of the combined
effects of leaching during blanching, possible oxidation during mixing and
mashing and, in the case of dehydrated slices and dices, destruction
during dehydration (Augustin et al., 1979a). Niacin, a heat-stable vit-
amin, was rcduced largely by leaching during blanching, as was
pyridoxine; the latter was also reduced by the dehydration step during
flake production.

Additional losses of ascorbic acid have been noted during the storage
of dried products. Roy Choudhuri er al. (1963a) found a loss of 25% to
30% ascorbic acid in three varieties processed as dried potato flour stored
for six months at 37 °C in sealed tins. As much as 49% of the ascorbic acid
which had been added to dried potato purée was lost during a storage
period of three months at ambient temperature (Alarcon, 1977) in sealed
plastic bags. It is possible that ascorbic acid acts as an antioxidant in
dehydrated products, preventing lipid oxidation but being oxidized itself.
Ascorbic acid losses should be controllable by the addition of antioxidants
to the dried potato, or by packaging under vacuum to exclude oxygen.

There arc also losses of ascorbic acid which take place during sub-
sequent preparation and cooking of the dried products. Such losses were
found by Myers & Rochm (1963) (who determined only the reduced
form) to be high. Loss in dices prepare:1 as hash-browned potatoes were
about 37% ; mashed potatoes prepared from flakes lost an average of 48%
in one brand and 10% in another. About 70% of the ascorbic acid was lost
when dried slices were prepared as fried potatoes. This diminished the
final reduced ascorbic acid content in the cooked products to extremely
low (almost negligible) values in some cases. Home preparation (simple
reconstitution) of instant mashed potatoes from either flakes or granules,
however, did not aftect the contents of reduced ascorbic acid (Augustin er
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al., 1982). When these preparations were subsequently warm-held for up
to 60 min on a steam-table as is common practice in institutional feeding,
the heat-sensitive vitamins. ascorbic and folic acids, were significantly
reduced. The other vitamins were unaffected. Only traces of thiamin
were detected even in the dehydrated products.

Chilling (10 5 °C) and reheating of mashed potatoes prepared from
ascorbic acid-enriched granules caused small reductions in all the vitamins
after 24 h of chilling and in all but pyridoxine after just 6 h of low
temperature (Augustin er al.. 1980). Total retentions of vitamins in the
dehydrated granules exceeded 90% ., with the exception of ascorbic and
folic acids (both at 86%). Thiamin levels were not reported.

Dehydrated potatoes are negligible sources of thiamin and may be poor
sources of ascorbic acid unless enriched with the vitamin after processing.
This could be a cause for concern if dried potatoes are substituted on a
large scale for fresh potatoes, at certain times of the year, or at all times
in certain sections of the population,

Minerals

There is only one published report (Roy Choudhurietal., 1963a)
on loss of minerals during dried potato processing: during a simple
process for the production of potato flour (see Fig. 4.8qa), loss was
attributed to leaching, presumably during the blanching and sulphite-dip-
ping steps.

Canned potatoes
Canncd food is convenient but it is bulkier and more expensive to
transport than dehydrated products. In terms of total processed potato
products, the canning sector plays a minor role. According to Talburt
(1975a). in 1972 only about 3% of all potatoces destined to be pracessed in
the USA were canned, cither alone or with other ingredients. In some
European countries the pereentage is even lower (Young, 1981). Most
canned potatoes are small and whole, but some may be diced, sliced or cut
into strips. Their production has been detailed by Talburt (1975b).
Figure 4.14 shows operations involved in canning. As might be
expected from the minor importance of canned potatoes, there is little
information on changes in nutrient value during canning. The compo-
sitions of canned solids alone and of solids and liquids together are in
Table 4.7.
The information available clearly shows that much nutrient loss from
the potatosolids themselves is actually duc to a transfer into the surround-
ing liquid. At least one group of workers (Witkowski & Paradowski,
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1975) has recommended the use of the canned liquid surrounding the
potatoes as i supplement to soups and stews.

Protein

Total N of canned potatoes was less than that of the corre-
sponding raw potatoes (Roy Choudhuri er al., 1963b), but the N lost
(about 22%) was found to be present in the brine as a result of leaching
during processing. However, significant losses of both bound and free
amino acids (26% and 44%, respectively, in LSG and 19% and 25%,
respectively, in HSG potatoes) were found on canning (Jaswal, 1973). It
is possible that the author determined amino acids only in the potato
solids, in which case these losses could have occurred at least partially by
lcaching into the brinc around the potatoes. That heat damage also took
place is shown by a reduction in the availability of lysine, about 40% in
both LSG and HSG canned potatoces.

Vitamins

Ascorbic acid and thiamin are also partially lost from the potatoes
themselves into the surrounding liquid. Hanning & Mudambi (1962)
found approximately equal concentrations of either biologically available
ascorbic acid or thiamin (mg/100 g) in the potatoes and in the liquid in
scveral different brands of canned potatoes. In another study (Witkowski
& Paradowski. 1975), up to one-third of the ascorbic acid passed from the
potatoes into the surrounding brine. The loss from the potatoes increased
with increasing durations and temgperatures of heat treatment during

Figure 4.14. Processes involved in canning of potatoes.
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retorting. Reported losses vary considerably from about 6% to 8%
(Witkowski & Paradowski, 1975) to 65% to 70%, (Roy Choudhuri et al.,
1963h).

Final concentrations of ascorbic acid in canned potatoes also ranged
widely from rather tow (5 to 6 mg/100 g: Roy Choudhuri et al., 1963b:
Pelletier etal., 1977) to high (25 mg/100 g) in one brand tested by Hanning
& Mudambi (1962). The latter workers also found wide ranges between
different brands and cven between different samples of onc particular
brand (c.g. 8.5t0 17.0 mg/100 g). The final concentration of ascorbic acid
no doubt depends upon the initial concentration in the original raw
material, the amount lost during processing operations other than heat-
ing, and the heating process itself.

Use of small. immature potatoes for canning could mean an initially
high concentration in the raw material (Hanning & Mudambi, 1962). Itis
conceivable, therctore, that canned potatoes may be a better source of
ascorbic acid than fresh potatoes that have heen stored for long periods of
time. However, if canned potatoes are subjected to cooking operations
other than simple heating when removed from the can, they may undergo
further losses of ascorbic arid. Canned potatoes stored chilled overnight
and then browned. contained only 2 mg total ascorbic acid/100 g com-
pared to 6 mg/100 g in those heated directly after removal from the can
(Pelletier et al., 1977).

An average value of 0.037 mg thiamin/100 g drained potatoes was in
various samples of cight brands of canned potatoes (Hanning &
Mudambi, 1962), with quite wide variations between samples within
brands. In general, however, values were low compared to values for
boiled, fresh potatoes.

Figures forlevels of other vitamins in drained canned contents given by
2aul & Southgate (1978) show reductioas, compared to the levels in raw
potatoes, of approximately 25%. 50%., 30%, and 30% for riboflavin,
niacin. pyridoxine and folic acid, respectively. It is impossible to say if
these losses are due simply to leaching into the can liquid (as scems likely
in the case of niacin) or are also caused partly by heat destruction.

Minerals

Ash content of canned potatoes was slightly higher than that of
fresh potatoes (Roy Choudhuri eral., 1963h), probably due to absorption
of sodium chloride from the surrounding brine. No difference was noted
in iron or phosphorus contents between fresh and canned potatocs, and
calcium content was only slightly higher in canned potatoes. This was
probably due to the soaking of potatoes in calcium chloride, followed by
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washing before blanching, filling and canning, It is possible that when —as
is the practice in some canning plants — calcium salts are incorporated as
firming agents into the liquid in the can, the calcium content of the final
product may be significantly increased.

Comments on nutritional ehanges during processing

The approximate losses of vitemins occurring in processed prod-
ucts are given in Table 4.6 and can be compared with those occurring in
home-cooked potatoes. In spite of such losses. it should not be assumed
that all processed products are poor sources of nutrients. The nutrient
content of equal weights of various precessed products as determined by
different authors are detziled in Table 4.7. These figures necessarily
reflect differences in nutrient contents due to processing methods per se,
those due to use of different varieties of potato, and those resulting from
varying analytical methods of nutrient determination,

Table 4.6. Approximate losses of vitamins during domestic preparation
and processing"

% Totalloss of vitamins

Method of preparation  Ascorbic Folic
or processing acid Thiamin ~ Niacin  acid  Pyridoxine
Boiled. unpeeled” 20 10 0 20 0
Boiled, peeled” 20-50 040 0-30  10-40 15-20
Oven-baked® 25 15 5 30 10
Raw, fried” 30-50 10 5 20 —
Pecled. boiled, fried” 40 40 40 — —
Mashed” 30-80 — — — —
Hash-browned” 45-70 — — — —
Salad® 65 —_ — — —_
Dumplings® 85 — — — —
Pre-pecled, sulphited,

boiled 30 30 — — —
Pre-peeled, sulphited,

fricd” — 45 — — —
French fries’ 25-35 2040 20 25 25
Chips© 30-85 — — — —
Flakes* 50 >90) 25 50 40
Granules* 55 >90 25 50 20
Canned" 10-70 50 50 30 30

“ Figures taken from various authors mentioned in the text.
» Domestic preparation.

* Processing.

4 Losses to consumer are less if can liquid is also consumed.
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Table 4.8 provides an example of a study which compared nutrient
contents in equal servings of four processed products made from a single
variety, *Russet Burbank’, taken from a single storage lot of tubers, all of
which were analysed by the same methods. This table also provides a
comparison between two types of domestic preparation and four types of
processed products. Processes resulting in instant mashed potato in the
form of granules or flakes in general have the lowest nutrient contents in
comparison with an equal weight of raw or boiled potato. Their thiamin

Table 4.7. Composition of processed forms of potatoes (per 100 g)

Dictary
fibre
Energy Crude Total  (Crude
—————— Moisture  protein Fat  carb.  fibre)
Formof potato (k1) (keal) (Y% (2) () (») (g)
Raw 335 80 78.0 2.1 0.1 18.5 1.5
Frozen french fries
(fried)? 1217 291 73.1 3.0 18.9 29.0 3.2
(heated) 920 220 52.9 3.6 84 337 (0.7)
Frozen mashed
(heated)” 389 93 78.3 1.8 2.8 157 (0.9)
Chips* 2305 551 23 5.8 379 4.7 11.9¢
Potato flour* 1469 351 7.6 8.0 0.8 79.9 (1.6)

Flakes (prepared:

water, milk, fat

added)” 389 93 79.3 1.9 32 145 (0.3)
Granules (prepared:

water, milk, iat

added)” 402 96 78.6 2.0 36 144 (0.2)
Canned (solids

anly)* 222 53 84.2 1.2 0.1 12,6 2.5
Canned (solids and

liquid)* 184 44 88.5 1.1 0.2 98 (0.2

“ Paul & Southgate (1978).

" Pelletier et al. (1977).

“ Watt & Merrill (1975).

“ Mean of figures given by Paul & Southgate (1978) and Watt & Merrill (1975).

“ Value varies according to ascorbic acid in raw material, processing method and
length of storage of dehydrated product. May be much higher if products
enriched.

! Paul & Southgate ( 1978); estimated figure.

¥ May contain added calcium salts as firming agents,

" Figures based on results of Hanning & Mudambi (1962).
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contents are extremely low, as are their ascorbic acid contents, unless
manufacturers enrick them with added vitamin C. In contrast, a product
such as frozen french fries may be as good or even a better source of the
B vitaniins and minerals than boiled potatoes, if served in the same
quantity as the latter. This occurs when the retained nutrient concen-
tration cffect caused by moisture loss is greater than the nutrient pro-
cessing loss,

Practical cffects of changes in some major nutrients during processing

Ribo- Folic Ascorbic
Ash Ca P Fe¢  Thiamin flavin Niacin acid Pyridoxine acid
) (mg) (mg) (mg) (mg) (mg) (mg) (ug) (mg) (mg)
1.0 9 50 0.8 0.10 0.04 1.5 14 0.25 20
— 11 77 1.0 0.09 0.02 2.1 11 (.39 12"
14 9 86 1.8 0.14 0.02 2.6 R — gb
1.4 25 42 0.6 0.00 0.04 0.7 — — 4
3139 135 2.0 0.20 0.07 4.7 20) 0.89 17
37 33 178 17.2 0.42 0.14 3.4 —_ - 19
1.1 31 47 0.3 0.04 0.04 0.9 —_ = 5

14 32 52 0.5 0.04 0.05 0.7 54 (0.18)" 3¢
— ¥ 31 07 004 003 07 11 0.16 13

0.4 45 30 0.3 0.04 0.02 0.6 — = 19




Table 4.8. Contents of some vitan.ins, minerals and trace elements in domestic preparations and processed products
of ‘Russet Burbank’ tubers (per 100 g serving)*

Ascorbic

Potato Thiamin Niacin acid Calcium Iron Copper Zinc
preparation (mg) (mg) (mg) (mg) (mg) (mg) (mg)

Raw 0.08 1.44 1G.3 9.4 0.37 0.14 0.19
Boiled (peeled)® 0.100 (125)¢ 1.09 (76) 10.5 (102) Q.8 (104) 0.38 (103) 0.09 (82 0.26 (137)
Oven-baked® — 1.44 (100) — 7.8 (83) 0.53 (143) 0.08 (73) 0.29 (153)
French fried®¢ 0.140 (175) 1.54 (197) 12.9 (125) 15.0 (160} 0.51 {138) 0.11 (100) 0.26 (137)
Chips™/ 0.030 (3¢) 0.86 (60) 6.41 (62) 6.7 (71) 0.33 (89) 0.04 (36) 0.16 (84)
Flakes 0.018 (23) 0.57 (40) 2.94 (29) 5.4(57) 0.30 (81} 0.04 (36) 0.15 (79)
Granules? 0.004 (5) 0.59 (41) 3.20 (31) 7.1 (76) 0.22 (59) 0.03 (27} 0.14 (79

“ Data from Weaver e! al. (1983).
® Domestic-style preparation.

€ Parcmhescs indicate percentage of the constituent in raw potato found in an equal weight scrving of prepared poiato.
4 Processed.

¢ Frozen french fries finished in frying oil.
f333¢g serving: considered to te a more realistic estimate than 100 g for chips.
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Table 4.9. Percentages of adult recoimmended daily allowances provided
by 100 g servings of processed potato products”

Potato Crude Folic Ascorbic
product protein Thiamin Niacin acid  Pyridoxine® acid Iron
Boiledin skin® 6 8 8 7 11 50 7-12
Frozen, mashed

rcheated 5 5 4 — - 13 7-12
Frenchrics,

finish-fricd 8§ 8 11 6 18 40 11-20
Chips* 5 6 8 3 13 19 8-14
Flakes(prepared) S 0-3 5 — - 17 3-6
Granules (prepared) § (-3 4 3 8 10 6-10
Canned (solids) 3 : 4 6 7 40 3-6
“ Unless otherwise indicated, calculated from figures for processed potato pro-

ducts given in Table 4.7 as percentages of RDASs given by Passmore e/ al. (1974),
* As pereentage of USRDA.

* Domustic preparation.

* A 33.3 g serving; considered to be a more realistic cstimate of a single serving of
chips.

are indicated in Table 4.9, which compares the percentages of RDA
provided by 100 g of potato boiled in its skin and those provided by equal
weights of some processed products. It can be seen that frozen french fries
and chips provide similar quantities of protein, the B vitamins and iron as
boiled potato. However, the nutritional quality of the protein of these
products has not been studied and may be reduced, in relation to that of
boiled potato, by the Maillard browning reaction, as may that of flakes
and granules. Instant mashed potatoes from flakes and granules provide
much smaller percentages of the RDA for the B vitamins and ascorbic
acid than do boiled potatoes. The small percentages of R A provided by
canned potatoes are probably of little dictary importance, since the
quantity of canned potatoes consumed is small compared to that of other
products. Chips caten as a snack food can supply significant percentages
of the RDA of some B vitamins and iron.

Traditional processing

The inhabitants of high Andean arcas of Peru and Bolivia
process potatoes by centuries-old, traditional methods. One product,
chuiio, has been an article of commeree and domestic use in Peru since the
earliest times, as cvidenced by archacological discoveries of churio in
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pre-Columbian graves on the Peruvian coast. According to Salaman
(1949). *No stew was or is today thinkable without it [churio), nor is a
journey undertaken without carrying a supply of it.’

The method of production, a type of freeze-drying known as chunifi-
cacién, is made possible by the occurrence of severe frosts during the
nights of June and Julyin the high Andean regions. These frosts alternate
with high daytime levels of solar radiation and low levels of relative
humidivy. The temperatures at a site of chuno preparation in Bolivia
varied from night-time minima of -2 °C to — 14 °C to day-time maxima of
26 °C to 35°C (Rodriguez. 1974). The morning relative humidity was 15%
to 39% ard fell to only 12% to 18% at midday.

The products of chusificacion can take two forms: chuno blanco (white
chunio), which is also known as moraya or tunta, and chuio negro (black
chufio). A further type of processing employed both in the high Andes
and in Peruvian coastal regions results in a product known as papa seca
(dried potato), produced by boiling, peeling and sun-drying potato
tubers. These products are shown in Figure 4.15.

The chuno processing methods facilitate the consumption of bitter
varieties of potato which, owing to their frost resistance, can be grown at
high altitudes. These varicties contain high levels of glycoalkaloids (sce
Chapter 5) and are not caten as fresh potatoes exeept in times of dire
need, such as a famine. Christiansen {(1977) found that the glycoalkaloid
level was reduced from about 30 mg/100 g in fresh bitter potatoes to about
4mg/100 gand 16 mg/100 ginchurio blanco and churio negro, respectively,
Damaged or diseased tubers of non-bitter varieties, unsuitable for fresh
consumption. may also be processed by the same methods. Papa seca is
made exclusively from non-bitter potato varietics,

A turther reason for processing is to preserve potatoes for long periods
of time. Churio can be kept unchanged for several years. According to
Werge (1979). this is particularly important in the high marginal arcas
where bitter potatoes are grown, the irregularity of yields due to frost,
storms and drought creating a necessity for foods that can be stored from
yeartoyear. Insuch instances. up to 80% of the diet may consist of c/uuio
stored from previous harvests {Christiansen, 1977). Morcover, chuio is
light aid casily transported and can be ground into a flour if necessary,

Production of chuiio

Processing of chuwio will be described bricfly. More detailed
descriptions of the preparation of churio negro and churio blanco are
given by Guevara Velasco (1945) and of churio blanco and papa seca by
Werge (1979).
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Cluano blanco

On a night when a particularly heavy frostis expected, potatoes
are spread evenly on the ground over a previously selected site. The
following morning a careful examination of the tubers determines
whether they have been frozen. They are exposed to additional nights of
frostif the freczing is incomplete. The frozen tubers then thaw during the
dav as the temperature rises. but they may be covered with straw to

Figure 4.15. Finished dried samples of chuiio blanco, chuiio negro and
papa seca.
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protect them from blackening by €xposure to the sun’s rays. Successive
freezing and thawing periods cause tuber cells to separate, and destruc-
tion of the differential permeability of the cell membrane allows cell sap
to diffuse from the cells into intercellular spaces (Treadway et al., 1955).

Figure 4.16. Treading previously frozen and thawed potatoes for
processing chuo in Peru,
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This released liquid is squeezed out of the tubers by trampling, a
procedure which also removes the tuber skin (Figure 4.16). The trampled
tubers are then transferred to a running stream (Figure 4.17) and
immersed, covered with a protective layer of straw, for one to three
Figure 4.17. Transferring trampled potatoes to a stream for processing
chuno blanco in Peru (top), and their subsequent removal after two to

three weeks of soaking (bottom).
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weeks. After removal from the water (Figure 4.17) they are spread in the
sun todry. The white crust which forms on the drying tubers gives the food
its name.

A variation of chunio blanco, known as tongosh or tokosh. is prepared
in some Andean areas. Tubers are soaked in water for up to a month,
without prior freezing or pressing. and are in an advanced state of decay
when removed from the water, They are subsequently dried and have a
strong and distinctive odour when boiled.

Chiiio normally forms the basis for stews and soups. When steam-
heated with cheese, it is considered to be a particular delicacy. Mixed with
fruit and molasses, it is caten as a sweet dessert called mazamorraq
(Werge, 1979).

Chuno negro

Cluio negro production is similar to that of churo blanco,
exeept that tuber skins are not removed during trampling to squeeze out
the juice and the trampled “ubers are not soaked in water. After trampling
they are immediately sun-dried, and the product is dark brown to black in
colour.

Chuno negro is soaked in water for one to two days prior to cooking, to

remove strong or bitter flavours, undesirable in the cooked item. Whole
oras a flour, itis used chiefly in soups and stews.

Papa seca

Papa seca is produced by boiling and hand-peeling potatoes,
which are then sliced or broken into small picces and sun-dried. When
dry, they are ground into finer picces with a hand meat grinder. Papa seca

Table 4.10. Composition of raw potato, churio and papa seca
per 100 g (FWB)

Encrgy Crude Carbo-  Crude
Moisture  protein  Fat  hydratc  fibre
Product (k1) (keal) (%) () (8) () ()
Rawpotatoes” 335 80 78.0 2.1 0.1 18.5 0.5
Chuno blanco® 1351 323 18.1 1.9 0.5 77.7 2.1
Chuno n(';?'ro" 1393 333 14.1 4.0 0.2 79.4 1.9
Papasecd” 1347 322 14.8 8.2 0.7 72,6 1.8

“ Sources listed in Table 2.2, p. 24,
b Collazos et al. (1974).



Processing 149

is used mainly for the preparation of a special dish called carapulca (a
mixture of papa seca, meat, tomatoes, onions and garlic), but it may also
be prepared as a soup. Itis a higher prestige item than churio, being caten
in the large cities and along the coast of Peru as well as in the mountains.
Churio consumption is largely confined to the high Andean arcas.

Nutritive value of traditionally dried potato products

There is virtually no information on the nutritional value of
chuiio and papa seca, apart from that given in composition tables of
Peruvian foods (Collazos et al., 1974; Table 4.10). A better appreciation
of the differences in nutrient concentration between raw and traditionally
processed forms of potatoes is gained if nutrient contents are expressed
on a dry weight basis, asin Table 4. 1. This shows that, with the exception
of carbohydrate, calcium and iron, nutrient contents of chusio blanco are
greatly reduced in comparison with fresh potato. Those of c/uito negro,
including iron, are also redaced. but not to such a great extent as in chwio
blanco. Papa seca has the highest nutrient content of the three forms, in
terms of N and vitamins.

Christiansen (1977) demonstrated the major points of loss of total N
during a laboratory simulation of the processes to produce churio blanco,
chwrio negro and papa seca from three clones of Solanum juzepczuckii
bitter potatoces. This information is summarized in Table 4.12.

Major points of nitrogen loss in churio blanco are pressing (trampling)
to extract juice, and svaking in water, the losses by the latter operation
being much greater. In chuno negro, losses were due solely to pressing out
of the exudate formed by freezing and thawing and there was only a small
decrease in N in papa seca as a result of boiling.

Ribo- Ascorbic
Ash Ca P Fe Thiamin  flavin  Niacin  acid
(8) (mg) (mg) (mg) (mg) (mg) (mg)  (mg)
1.0 9 50 0.8 0.10 0.04 1.50 20
1.8 92 54 3.3 0.03 0.04 0.38 1.1
2.3 44 203 0.9 0.13 0.17 3.40 1.7
3.5 47 200 4.5 .19 0.09 5.00 3.2




Table 4.11. Composition of raw potato, churio and papa seca per 100 g (DWB )¢

Energy Crude Carbo- Ribo- Ascorbic
protein hydrate Ca P Fe Thiamin flavin Niacin acid
Product (kJ) (kcal)  (g) (2) (mg)  (mg) (mg) (mg) (mg)  (mg) (mg)
Raw potato 1523 364 9.5 84.1 41 227 3.6 0.45 0.18 6.82 90.9
Churio blanco 1649 394 2.3 94.8 112 66 4.0 0.04 0.05 0.46 1.3
Churio negro 1623 388 4.7 92.4 51 236 1.0 0.15 0.20 3.96 2.0
Papaseca 1582 378 9.6 85.2 55 235 53 0.22 0.11 5.87 38

? Calculated from figures given in Table 4.10.

Qs /
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Table 4.12. Changes in criide protein (N X 6.25) during the production of
traditionally processed Andean potatoes”

Product

% Crude protein (DWB)

Chuno blunco
Chunonegro
Papaseca

Removed
Pressed by
Initial lossin Losson  tuber soaking  Final
content  exudate  boiling  content  inwater  content
12.5 2.9 — 9.3 0.5 2.8
12. 2.9 — 9.2 — 9.6
12.3 — 1.6 — — 10.7

“ Mcans of values for three clones of 8. jucepezukii, caleulated from figures given
by Christiansen (1977).

Table 4.13. Dry matter, retention of N and biological value of the retained
N in traditionally processed potato products®

Y% Original retained

BVof
Product DM TotalN AIS-N* retained N
Raw potato 100 100 100 48
Chuno blanco 88 20 3 56
Chunonegro 96 75 67 53
Papaseca 107 95 111 61

DM. dry matter; BV, biological value.
“ Figures from Christiansen (1977).

" Alcohol-insoluble N. This is a measure of true protein as NPN compounds are
extracted by aleohol.
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Christiansen (1977: and see Table 4.13) calculated retentions of total N
and aleohol-insoluble N (A1S-N) on the basis of losses of DM in the three
Frocesses. He also assessed the BV of the N in the products, expressing it
as apercentage of that of casein, according to the microbiological method
of Ford (196()).

Preparation of chuiio blanco resulted in greater losses of DM and
AIS-N than in the other two processes. Chunio negro also lost AIS-N but
retained about twice as much as did chuno blanco. The apparent gain in
DM and AIS-N in papa seca reffect sampling error due to large variations
in the DM of individual tubers. However, the loss of AlS-N in papa seca
must have been small. Processing apparently resulted in a slightimprove-
ment in the BV of the remaining N in all three products. The author does
not comment on the reason for this. In the case of the c/uuios this could
have beendueto proportionately greater losses of NPN than of protein N,

Information given by Christiansen (1977) for losses of N in the three
forms of traditionally processed potato also probably accounts for losses
in other soluble constituents, especially the vitamins, However, these
have not been investigated. The generally low nutrient level in chusio
blanco undoubtedly results from a com binatica of losses duce to squeezing
out of tuber juice during thawing and trampling, and leaching losses
during submersion in running water. The relatively high levels of caleium
and iron in churio blanco (Table 4.11) have not been explained but may
result from their absorption by tubers from the soaking water. Churio
negro retains more nutrients than churio blanco because it is not soaked
in water before drying. Papa seca undergoes little nutritional change, as
potatoes are boiled intact in their skins before sun-drying. All three forms
have extremely Jow concentrations of ascorbic acid. presumably as a
result of loss of exudate as well as losses due to heat destruction and
oxidation during sun-drying (chuno), and to boiling followed by sun-dry-
ing (papa seca). The levels of pyridoxine and folic acid have not been
investigated.

Part4: Summary

Storage, cooking and processing have, in general, deleterious
consequences on the content of potato nutrients. However, effects differ
in extent, depending on the conditions of storage, the method of cooking,
the type of processing employed. and the particular nutrient,

The highest levels of nutrients are found in freshly harvested potatoes
which have been cooked unpeeled and intact. Long periods of storage
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deplete tubers of ascorbic and folic acids. When storage is followed by
cooking that requires more than one stage of preparation (for example
boiling and frying) or by processing, the potato as it is eventually caten
may contain low levels of ascorbic acid. Research into nutrient changes
resulting from on-farm storage in developing countries has been neg-
lected. Changes in nitrogenous constituents during controlled storage are
small and rather random in nature. They have been studied mainly in the
NPN fraction and their nutritional significance is unknown. Dormaestic
cooking has little effect on potato N apart from a slight reduction in
concentration as a result of leaching into the cooking water. Processing
operations, such as frying, drum-drying and canning, which involve
higher temperatures than those used in domestic cookery, can reduce
amino acid levels considerably as a result of carbohydrate—amino acid
rcactions during Maillard browning. Such reductions are more marked in
potatoes containing high levels of reducing sugars resulting from cold
storage. Their effect on the nutritional value of potato N in products such
as chips and potato flakes has not been ascertained and deserves investi-
gation.

Cooking and processing enhance digestibility of potato starch, which is
indigestible in the raw state. The extent of cooked potato starch digesti-
bility in young children is, however, unclear and should be investigated in
relation to the use of potato in infant weaning foods.

Crude fibre is little changed during storage unless tubers are immature,
in which case it increases. Dictary fibre changes have not been investi-
gated. Changes during cooking have scarcely been investigated quantita-
tively or qualitatively. Removal of peel reduces the dietary fibre content
of the tuber (see Table 2.4, p. 28).

The vitamins adversely affected by controlled storage are ascorbic and
folic acids. There is little change in the other vitamins, with the exception
of pyridoxine, which increases significantly in concentration. Ascorbic
and folic acids suffer large losses during cooking and processing as a result
of leaching, heat destruction and oxidation. Thiamin is destroyed by
sulphiting and is reduced to low levels in pre-peeled potatoes and to
negligible proportions in some dehydrated products. Thiamin, riboflavin
and pyridoxine are all subject to losses as a result of heat destruction, and
leaching into cooking or blanching water, but these losses are less than
those of ascorbic and folic acids. Niacin is heat stable and is lost during
cooking and processing mainly by leaching into cooking or blanching
walter.

Reductions in mineral contents have been studied to a limited extent.
Minerals concentrated in the outer parts of the potato tuber are lost on
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peeling, but the extent has been little studied. Tuber mineral contents do
not change during storage. Losscs during cooking and processing are
presumed to be mainly due to leaching into the cooking or blanching
water.

Figures provided in the tables relating to the contents of various cooked
and processed forms of potato are to be regarded as averages only. The
wide range of nutrient contentsin the raw material results in acorrespond-
ingly wide range of contents in potatoes as caten. It is perfectly possible
therefore, for a processed product prepared from freshly harvested
material of high nutrient content to be a better source of 2 particular
nutricnt than are domestically cooked potatoes which were previously
stored for a long time. Final nutrient contents in cooked or processed
potatoes therefore depend on a variety of factors including initial content
in the raw starting material, manipulations involved in cooking or manu-
facturing process and consumer or institutional handling of the cooked or
processed products in terms of re-heating and periods of holding after
preparation,

Traditional products resulting from processing of bitter potatoes in the
Andean highlands of Peru and Bolivia are reduced in nutrients, especially
nitrogenous constituents and ascorbic acid, in relation to the raw starting
material. Further rescarch is required into nutrient changes taking place
during processing, especially of churio. Improvements in nutrient reten-
tions whilst maintaining the desired reductions in glycoalkaloid concen-
tration during chwsio production could be of great benefit to marginal
communities who depend upon supplies of chusio in times of fresh potato
scarcity.
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5

Glycoalkaloids, proteinase inhibitors
and lectins

Although a valuable food, the potato has toxic, or potentially toxic,
constituents: glycoalkaloids, proteinase inhibitors and lectins. These
have been the subject of much research and debate, particularly in recent
years. In this chapter, each toxic component group is reviewed, and its
structure and probable function within the general physiology of the
potato plant described briefly. Emphasis, however, is on the current
consensus of opinions regarding nutritional and physiological significance
of these components for human beings (for other reviews, see Jadhav &
Salunkhe, 1975; Maga, 1980; Morris & Lee, 1984).

Glycoalkaloids

Chemical structure and content in the tuber

The Solanaceae family is recognized for the numerous alkaloids
found among its various member species. Alkaloids are nitrogen-contain-
ing organic compounds occurring in plants, as well as in a small number of
animal products (Robinson, 1974). As a result of the diverse phar-
macological properties of alkaloids, many plants have long been used as
drug sources; some were prescribed for their curative or beneficial
effects; many others have become well known for their poisonous,
aphrodisiac, narcotic or hallucinogenic attributes.

Two such narcotic and hallucinogenic plants, the mandrake and deadly
nightshade, are related to the potato. When first introduced into Europe,
potatoes may have been shunned because of their ‘guilty association’ with
such notorious relatives (Rhoades, 1982). Under normal conditions of
human consumption, the amounts of potato alkaloids ingested are not
harmful. Sometimes, however, alkaloid quantities can increasc to toxic,
and in rare instances fatal, levels. It is necessary, therefore, to understand
how such toxic levels arise and what can be donc to prevent them,
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Plants of the genus Solanum contain carbohydrate derivatives of
3-hydroxysteroidal alkaloids (Osman & Sinden, 1977), collectively refer-
red to as glycoalkaloids. More simply. glycoalkuloids are alkaloids with
one or more sugar residues attached (Wood & Young, 1974). They are
weakly basic substances, readily soluble in weak acids and acidified
alcohols and only slightly soluble in water (Zitnak, 1964). The major
glycoalkaloids in most cultivated potato species are a-solanine and
a-chaconine, both of which are derived from the alkaloid aglycone
solanidine (Maga, 1980). Table 5.1 shows the alkaloids, and their
glycosides, of the major wber-bearing Solanum spp. A new glycoal-
kaloid, commersonine, has been identified in the wild tuber-bearing S.
conmmersonii (Osman et al., 1976).

Glycoalkaloids are found in most tissucs of the potato, except in the
pith or centre portion of the tuber (Maga, 1980). Highest levels are
usually found in sprouts, flowers or other actively growing areas

Table 5.1. Glycoalkaloids of tiber-bearing Solanum spp.

Carbohydrate
Aglycone Glycoalkaloid component”
Solanidine a-Solanine’ Solatriose
a-Chaconine! Chacotriose
Dehydrocommersonine Commertetrose
Demissidine Demissine Lycotetraose
Commersonine Commertetrose
Acetylleptinidine Leptine 14 Chacotriose
Leptine 117 Solatriose
Tomatidenol a-Solamarine Solatriose
B-Solamarine Chacotriose
Tomatidine a-Tomatine Lycotetraose

“ Table constructed by T Johns, personal communication.

" Solatriose n-galactose ~ L-rhamnose
p-glucose
Chacotriose n-glucose tl,-rhumnosc

L-rhamnose
—b-glucose —~—— D-glucose
D-glucose

D-glucose — p-glucose
D-xylose

" B- and y-solanines and B- and y-chaconines are products of a partial hydrolysis

of the respective a-glycosides.

“The action of esterases or mild alkaline trcatment pro-luces leptines Land 11,

Commertetrose n-galactose

Lycotetraose n-galactose ~
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(Table 5.2). Concentrations are higher in immature potatoes and are
diluted as the tuber enlarges. In normal tubers, most glycoalkaloids (60%
to 80%) are concentrated in the outer layers (see Table 5.3) and may be
removed with the peel (Wood & Young. 1974: Bushway ef al., 1983).
Prolonged storage, however. causes glycoalkaloids to migrate toward the
centre of the tuber. Bitter potatoes have high glycoalkaloid levels
throughout the flesh (Table 5.3), so peeling may remove only 30% to 35%
of the total amount present (Wood & Young, 1974).

The total quantity of glycoalkaloids in a potato tuber varies greatly
according to species and variety. Table 5.4 shows the glycoalkaloid
contents of some common American and European commercial varieties.
It is important to note that glycoalkaloid levels in the majority of these
varictics are below 10 mg/100 g (FWB) and are therefore imperceptible
by taste.

Potato tubers with more than 20 mg glycoatkaloids/100 g (FWB) are
generally considered to be beyond the upper safety limit for consumption
purposes (Jadhav & Salunkhe, 1975). Ross er al. (1978), however, suggest
that the acceptable limit should be much lower than this (610 7 mg/100 g).
as large glycoalkaloid level variations are produced within a single
cultivar by differences in locality and season. This is still open to debate.

Levels higher than 20 mg/100 g (FWB) are found among wild Solamm
and highland cultivated species (Table 5.5), which are used extensively in
breeding programmes to obtain characteristics such as discase resistance
and cold hardiness (Osman er al.. 1978). Sanford & Sinden (1972)
concluded that glycoalkaloid content was highly heritable. Additionally,
many of these species contain considerable quantities of glycoalkaloids
not found in currently cultivated commercial varicties (Table 5.6).

Scveral authors (Osman et al.. 1976; Maga, 1980; Jadhav & Salunke,
1975; Zitnak & Johnston, 1970; Gregory et al., 1981) noted that the

Table 5.2. Distribution of
glycoalkaloids in the potato plant

Plant Glycoalkaloids
part (mg/100g (FWB))
Sprouts 200200

Flowers 300-500

Stems 3

Leaves 40-100

From Wood & Young (1974).
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incorporation of wild Solanum spp. in a breeding programme may
produce tubers with higher glycoalkaloid contents and/or introduce
glycoalkaloids, other than solanine and chaconine, thus creating a poten-
tial health hazard for humans. How the presence or absence of solanine,
chaconine and commersonine is inherited in the accessions of a wild
species, 8. chacoense, is explained by McCollum & Sinden (1979).

According to Osman et al. (1978), the giycoalkaloids listed in Table 5.6
are of the sume order of toxicity as a-solanine and a-chaconine, and that
they present no greater hazard than glycoalkaloids now found in commer-
cial varieties. However, most plant breeders try to produce varieties with
low levels of glycoalkaloids. Wild species to be used as parents should be
screened for abnormal glycoalkaloid concentrations.

Maga (1980) commented on the effects of cooking on glycoalkaloids. It
is generally thought that cooking does not cause changes: Baker ef al.
(1955) reported little or no loss of solanine on cither cooking or freeze-
drying. Maga recommended investigations into whether cooking reduces
the levels o simply enhances the difficulty of glycoalkaloid extraction.
Since Zitnak ¢ Johnston (1970) showed that the initial decomposition
temperature of solanine is 243 °C and the melting point is 285 °C, it would
scem unlikely that potato glycoalkaloids would be destroyed by home
preparations or by most types of commercial processing. Bushway &
Ponnampalam (1981) found that both a-chaconine and a-solanine were
stable to boiling and baking and, of the processes they tested, only frying
reduced glycoalkaloid content. Significant decreases (DWB) in the total

Table 5.3. Normal glycoalkaloid levels in
various tuber tissues

Glycoalkaloids
Tuber tissue (mg/100g (FWB))
Normal tuber
Skin (2% to 3% of tuber) 3060
Peelandeye (3 mmdiscaroundeye)  30-50
Peel (10% to 15% of tuber) 15-30
Whole tuber 7.5
Flesh 1.2-5
Bitter tuber
Peel 150-220
Whole tuber 25-80

Based on data by Wood & Young (1974).



Table 5.4. Glvcoalkaloid (solanine and chaconine)
contents of some common North American and
European commercial potato varieties*

Glycoalkaloid

content
Variety (mg/100g (FWB))
*Columbia russet” 1.8
‘Russetrural’ 2.1
‘Sebago’ 2.1
*‘McCormick’ 2.6
*Jubel’ 3.2
“Triumph’ 3.6
*King’ 3.7
‘Brown beauty’ 3.7
‘Earlaine’ 3.9
*Green mountain’ 4.0
*Wee McGregor® 4.2
“Jossing'? 4.2
‘Red Pontiac 4.3
‘Russet Burbank'™ 4.7
‘Early Ohio’ 4.8
‘Mesiaba® 5.2
‘Hundred-day cobbler’ 5.3
*Arnica’ 5.4
‘Katahdin’ 5.5
*Irish cobbler’ 5.6
*Ackersegen’ 5.8
‘Cobbler’ 6.4
‘Houma' 6.4
*Chippewa’ 6.6
‘Libertas™ 6.8
‘Warba' 6.9
‘Blue salad® 7.0
‘Earlyrose’ 7.2
‘Netted Gem™ 7.9
*Golden’ 8.8
‘Early epicure’ 8.9
*Furore™® 9.2
*White-blossemed cobbler' 9.4
‘Ast 9.6
‘Gincke'? 9.6
‘Kennebee' 9.7
‘Pioncer rural’ 10.0
*Erstling’ 10.0
‘Hindenger' 11.6
‘Rural New Yorker’ 13.0
‘Kerr's pink " 13.6
‘Pimpernell™” 15.3
‘King George'* 18.7

‘Prestkvern’™ 34.5
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Table 5.5. Total glycoalkaloid (a-solanine and
a-chaconine) content of selected species of
Solanum tubers”

Species (mg/100g (FWB))

S. tuberosum 6.4
S. tuberosum

groupandigena 4.9
S. acaule 79.8

S. ajanhuiri 7.1

S. curtilobum 29.0

S. juzepczukii 15.9

S. stenotonu:m 36

“ Figures from Osman er al. (1978). Reprinted with
permission from Osmar. et al., J. Agric. Food Chem. 26:
1246-8. Copyright 1978, American Chemical Society.

» Each value represents the meun of duplicate analyses
of freeze-dried tuber extracts. S. acaule is a wild species;
the rest are cultivated.

Notes to Table 5.4.

¢ Adapted from Maga (1980).
b European varietics.
“W. G. Burton (personal communication, 1983) stated that ‘Netted Gem’ is a
synonym for ‘Russet Burbank’. He noted that the two have different glycoalkaloid
values, and that different maturity levels or growing conditions could cause these
differences. Nu such information is available for the samples, so these issues are
open to speculation. Burton’s comments highlight, however, the important
effects that environment and physical state of the tuber can have on glycoalkaloid
levels.

4 From Wood & Young (1974).



Table 5.6. Glycoalkaloids of selected Solanum spp.*°

Species a-Solanine a-Chaconine B-Chaconine Solamarines® Demissine Tomatine
S. ajanhuiric 57.34 39.0 35 — — —
S. curtilobum 46.4 34.8 — 5.3 13.4 —
S. stenotonum 24.7 69.8 5.5 - —_ -
§. juzepczukii 37.8 14.0 — 7.7 40.4 —
S. acaule®
1 — — — — 95.5 —
2 — — — — 62.1 30.9
3 — — — — 88.2 11.6
4 — — — — 64 34

“? Figures from Osman e al. (1978). Reprinted with permission from Osman er al., J. Agric. Food Chem. 26; 124-8. Copyright 1978,
Aierican Chemical Society.

® Combined value for a- and B-solamarine.

¢ All species are cultivated except S. acaule.

 Values represent percentage of total glycoalkaloids.

© Four clones of S. acaule were analysed.
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glycoalkaloid content of the cortex tissucs of three cultivars occurred on
baking and frying (Ponnampalam & Mondy, 1983). However, the authors
suggest that the decrease in total glycoalkaloids may have been due to the
difficulty of extracting them from cooked tissues. In spite of the decrease,
glycoalkaloids were concentrated greatly by moisture loss during baking
and frying of cortex (to produce fried potato peels, see Chapter 4). This
resulted inlevels greatly in excess of the recommended safe concentration
in fried pecls from two of the three cultivars (43 mg/100 g and 65 mg/100 £
(FWB)). The analysis of commercially produced fried peels by Bushway
& Ponnampalam (1981) revealed levels of 139 to 145 mg of combined
a-chaconine and a-solanine per 100 g of product. Both groups of workers
recommended caution in cating these peels. Sizer et al. (1980) found that
total alkaloids were not destroyed by frying to produce potato chips and
that concentrations increased during processing, due to water loss. The
only effective way to control these alkaloids is to continue to grow and
develop varieties inherently low in average glycoalkaloid content (Sinden
& Webb, 1974), and to inhibit their synthesis in the tubers (Jadhav &
Salunkhe, 1975).

In the late 1960s, the varicty ‘Lenape’, a descendant of S. chacoense,
was removed from commerce by the US Department of Agriculture and
the Canadian Department of Agriculture because of its high glycoalkaloid
content, which ranged from 18.6 to 35.4 mg/100 g (FWB), depending
upon location (Jadhav & Salunkhe, 1975; Zitnak & Johnston, 1970).
‘Lenape” was considered to be a promising variety because of its immunity
tovirus A, resistance to common races of late blight, high specific gravity,
low sugar content. and excellent chipping qualities (Zitnak & Johnston,
1970). Although *Lenape’is an isolated case of a released variety that had
to be withdrawn due to excessive glycoalkaloid content, similar situations
are foresceable, especially in light of current widespread efforts to breed
greater resistance and climatic tolerances into potatoes.

Physiological functions

Glycoalkaloids arc believed to be part of the disease and pest
resistance mechanisms of potato plants and tubers. For example, a-sol-
anine and a-chaconine were highly toxic to the fungus Helminthosporium
carbonum (Allen & Kug, 1968), and the growth of early blight (Alternaria
solani) on potato dextrose agar is inhibited by potato alkaloids (Sinden er
al., 1973). Tingey et al. (1978) found a significant correlation between
foliar glycoalkaloid levels and resistance to potato leaf hopper, Empoasca
fabae; however, they believed other natural toxicants and nutritional
factors might also have contributed to the result. Other researchers have
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noted resistance to Colorado beetle in Solunum demissum and S,
chacoense duce to the glycoalkaloids demissine and leptin (Schwarze,
1962).

The depressive action of foliar glycoalkaloids on certain insects suggests
potential for glycoalkaloid-based breeding tor resistance to these pests.
However, levels of tuber and foliar glycoalkaloids are highly correlated
and the frequency of clones with high foliar level contents but safe tuber
level contents is extremely low in segregating populations (Raman er al.,
1979). It simple., rapid screening methods were used, and if individual
glycoalkaloids could be identified as deterrents to insect pests but less
toxic to humans or animals, then glycoalkaloid-based resistance might be
exploited to a greater extent. In this connection, the accuracy of six
extraction methods for samples used to determine glycoalkaloid content
has been studied by Smittle (1971), and Bergers (1980) described a rapid
means of assaying solanidine glycoalkaloids. Also, new rapid methods of
analysis suitable for plant breeders have been developed (Coxon er al.,
1979: Coxon & Jones, 1981; Morris & Lee, 1981: Ross ef al., 1978:
Morgan eral., 1983, 1985).

In 1972, Renwick proposed that potatoes resistant to late blight
(Phytophthora infestans) contained higher levels of glycoalkaloids than
did non-resistant varictics. However, a subsequent test comparing clones
with late blighu resistance to susceptible clones found that, in both clones,
blight infection did not cause higher glycoalkaloid levels, nor were
glycoalkaloid contents of tubers from late blight inoculated plants any
higher than those of tubers from healthy (fungicide-protected) plants
(Dcahleral., 1973).

Most rescarchers currently agree that, although glycoalkaloids are not
directly responsible for late blight resistance, they function, in part, as
members of the group called phytoalexins, which include all compounds
formed before or after infection by a pathogen that contribute to the
resistance of infected tissue (Kué, 1972). In plants resistant to the
pathogen, an clicitor induces these compounds to accumulate as part of a
hypersensitive reaction which thus prevents the pathogen from spreading
throughout the plant or tuber (Henfling, 1979). Relatively little work has
been done on the human nutritional effects of breeding potatoes with
greater disease resistance.

Effect on potato flavour

Potato tuber glycoalkaloids significantly influence flavour. In
concentrations of less than 10 mg/100 g (FWB), they are normally
impereeptible by taste, though individual people have varying thresholds
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of perception. Glycoalkaloid levels above 10 mg/100 g (FWB) usually
impart to the tuber a bitter taste which develops within 15 to 30 s (Wood
& Young, 1974). This taste is described as a slowly developing, hot/burn-
ing, persistent irritation at the sides of the tonguc and the back of the
mouth, not unlike the sensation imparted by hot peppers. Tubers with
glycoalkaloid contents of 20 mg/100 g or greater give an immediate
burning sensation and are generally considered unfit for human consump-
tion. The highland Andean people, however, have found ways round the
problem (sce later in this chapter).

Some workers have proposed that phenols are more likely to be
responsible for bitterness than glycoalkaloids; however, Sinden ef al.
(1976) showed that glycoalkaloid levels, not those of phenols, correlated
with taste pereeptions of burning and bitterness in tubers (Table 5.7). In
addition to these sensutions, the taste panclists noted that tubers with
medivm w bigh glycoalkaloid levels had a ‘metallic aftertaste’, *a bite’,
caused ‘a coating of the teeth and mouth’ and generally imparted an

Table 5.7. Effects of glycoalkaloid and phenolic contents of potatoes
on sensory ratings of bitterness and of burning®

Glycoalkaloid Phenolic Bitterness© Burning®
content content content content
Clone" (mg/100g) (mg/100¢) (04 scale) (04 scale)
1 58.0 29 2.4 34
2 51.0 43 2.2 3.2
3 25.0 17 1.8 2.0
4 23.0 23 0.9 1.7
5 22.0 41 1.3 1.7
6 22.0 33 1.9 1.7
7 14.0 59 0.8 0.6
8 7.3 27 0.0 0.1
9 5.9 30 0.2 0.2
10 4.4 31 0.1 0.0
11 2.0 29 0.1 0.1
12 0.9 24 0.1 0.0
13 0.7 21 0.0 0.0
LSD (0.03) 5.7 6.7 0.64 0.71

LSD. least significant difference.

“ From Sinden et al. (1976). Reprinted from J. Food Sci. 1976, 41 (3): 521,
Copyright © by the Institute of Food Technologists,

" Clonss 1 to 8 are breeding lines; 9 to 13 are cultivars.

 Meaus of I8 evaluations; 0 = no bitterness or burning, 4 = very strong bitterness
or burning.
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‘unpleasant aftertaste” (Sinden et al., 1976). It is important to note,
however, that many of these “negative tastes’ can be masked in potato
preparations by using hot sauces, spices, gravies or oils, and people can
and do unknowingly ingest sufficient quantitics of glycoalkaloids to cause
toxic reactions.

Accumulation

Under certain conditions, glycoalkaloid concentrations can
increase to toxic levels in the tuber. As well as the genetic varietal
differences in glycoalkaloid content. external conditions can cause
increases in quantities of glycoalkaloids. varicties with an inherently high
average glycoalkaloid content being particularly susceptible to excessive
glycoalkaloid production.

Greening

Exposure to light causes potatoes to turn green due to the
production of chlorophyll. Many people commonly associate the greening
of potato tubers with increases in bitterness. caused by rising glyco-
alkaloid levels. Maga (1980) states. however, that although exposure to
light induces both greening and increased glycoalkaloid levels, the two
processes are independent. Gull & Isenberg (1960) demonstrated that
total solanine content and susceptibility to greening in potatoes are
varictal characteristics. In their experiments with light exposure,
"Katahdin®, the variety which developed the highest concentration of
solanine, was one of the least susceptible to greening, while *Cherokece’,
which greened most readily, developed only moderate increases in
solaninc content. They concluded that the amount of greening is probably
not a reliable indicator of glycoalkaloid level in potato tubers. Nair er al.
(1981) showed that, contrary to the lindings of carlier studies, there is a
close relationship between chlorophyll and solanine synthesis. This topic
necds further investigation with respect to disease and insect control.

Reviewing the effects of irradiation (by exposure to gammarays) on the
production of chlorophyll and solanine in tubers, Thomas (1984) quoted
most researchers as having found that irradiation delayed or inhibited
greening in tubers subsequently exposed to light. However, some rescar-
chers observed inhibition of glycoalkaloid synthesis with irradiation and
others no effect.

Manifest greening of potatoes is a general indication that undesirable
levels of glycoalkaloids may be present (Jadhav & Salunkhe, 1975).
Therefore greening during marketing represents a high economic loss due
to rejection of greened potatoes as unfit for consumption (Morris & Lee,
1984).
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Effects of varving light exposure

Duration, intensity and colour of light exposure have different
effects on giycoalkaloid content (Figure 5.1). Longer day-length (18 h of
light) causes greater wber solanine production than shorter (10 h)
day-length (Woll' & Duggar, 1946). Maga (1980). in reviewing previous

Figure §.1. Post-harvest methods of handling potatoes can affect
glycoalkaloid levels. Storing potatoes in the house until time for sale or
consumption in Bangladesh helps to maintain normal glycoalkaloid levels
(above). Potatoes left in the field and exposed to dircet suniight during
sorting in Tunisia may increase glycoalkaloid levels (below).
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research, noted that high light intensity and greater duration of exposure
to light resulted in increased glycoalkaloid levels, while all types of
coloured light produced less glycoalkaloid increase over time than did
normal daylight,

Bacrug (1962) studied the amount of light to which tubers can be
exposed without a serious increase in solanine, assuming that some
exposure is unavoidable during harvesting and transportion. When
freshly dug tubers were exposed to bright sunlight for 2 to 4 h, only minor
changes in solanine content occurred. However, there was a significant
increase (S to 20 mg/100 g (FWB)) with en cxposure of 6 h. Cooking
quality, as judged by flavour and surface discoloration, eteriorated
seriously with exposure to light for more than 6 h. Solanine increases were
greatest in the peel, moderate in the cambium layer (outer 2 to 10 mm of
flesh) and insignificunt in the remainder of the tuber, Washed tubers were
more suscepiible to light than brushed ones.

Environmental effects

Few studics have dealt with environmental effects on glyco-
alkaloid content. oss et al. (1978) found significant variations in glyco-
alkaloid levels in varieties grown at different localities in Germany. They
also found year-to-year differences in the same variety grown in the same
location. Sikilinda & Kiryukhin (1975) reported that the accumulation of
glycoalkaloids in the tubers of 19 potato varietics in the Moscow region
differed between cultivars and depended on growing conditions.

Inreviewing glycoalkaloids, Jadhav & Salunkhe (1975) concluded that
unfavourable conditions, such as nutritional imbalance, frost or hail
damage before tuber matu-ity, an unusually cool growing scason and a
high number of overcast days. could cause a build-up of glycoalkaloids.
They noted that soil conditions in different localities played a minor role
and that reports on the effects of moisture and organic content of soils
were conflicting. An carlier study (Arutyunyan. 1940) claimed that the
glycoalkaloid content of potatoes grown in mountainous regions is always
less than that of those grown in hot climates.

In astudy of environmental effects on glycoalkaloid content, Sinden &
Webb (1974) stated that it was not possible to determine. with certainty,
the environmental factors or cultivation practices that affect glycoalkaloid
content in potatoes. Although tuber damage from pests, wounding or
bruising and any conditions which delayed tuber growth or maturation
resulted in higher glycoalkaloid levels, the investigators found that
varictal differences were more important in determining glycoalkaloid
content. However, varieties with high average glycoalkaloid content are
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more likely to produce excessive glycoalkaloid concentrations when
subjected to poor environmental conditions or improper handling.

Wounding

Glycoalkaloids may also be synthesized in potatoes as a result of
wounding (c.g. bruising, cutting or slicing) during harvesting or post-
harvest handling. Fitzpatrick e al. (1978) found that 10% (or more) of the
loose white potatoes available in retail markets (in an castern state of the
USA) had some degree of mechanical damage. Analysis of three locally
available commercial varicties, *Katahdin®, ‘Russet Burbank’ and ‘Red
Pontiac’, revealed that damaged areas (cracks, fissures, bruising) had
higher glycoalkaloid levels than undamaged ones, but in no case did the
concentration exceed 10 mg/100 g (FWB). However, 8 of the 12
‘Katahdin® sumples had overall levels higher than 10 mg/100 g (FWB) and
5 of these were over 14 mg. This evidence, in their opinion, did not rule
out damage as a cause of toxic levels (>20 mg/100 g (FWB)), but only that
itdid not happen in most of the varicties they examined.

Wu & Salunkhe’s (1976) study of mechanical injurics showed that the
extent of glycoalkaloid formation depends on cultivar, type of mechanical
injury, storage temperature and duration of storage. Most accumulation
oceurred during the first 15 days following injury, with little increase
noted after 30 days. [1t should be noted that severe damage occurring in
the tests was not necessarily comparable with normal handling of
potatoes.| Ahmed & Miiller (1978) found that damage, storage conditions
(light) and period of storage significantly affect potato glycoalkaloid
content. Amounts of solanine and chaconine increased after damage and
then further increased when tubers were exposed to light during storage.
Chips showed nearly the same trend as raw potatoes. These conclusions
concur with those of Fitzpatrick ef al. (1978) that mechanical injury can
clevate glycoalkaloid levels, and indicate that care sho1d be taken to
avoid damage to tubers.

Effects of storage

Storage, and particularly the temperature during this period, can
also cause glycoalkaloid build-up. Studies have generally shown that low
temperature storage causes or maintains more bitterness in potatoes than
do temperatures above 10°C (Jadhav & Salunkhe, 1975). Bushway et al.
(1981) reported higher glycoalkaloid levels during storage at 3.3 °C than
at 7.7 °C in North American varicties. In contrast, Linnemann er al.
(1985) reported a lower content of glycoalkaloids in a European variety
(‘Bintjc") stored at 7 °C than in those at 16 °C or 28 °C after 12 weeks, but
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decreases at all three temperatures during storage were slight, perhaps
because of the low initial content of 3.6 mg/100 g (FWB). Fitzpatrick et al.
(1977) found that at 7 °C and 85% rel. hum. there was little increase in
glycoalkaloid content, but, when potatoes were pecled, sliced or other-
wise wounded and then held at room temperature for an extended period
without blanching or cooking, glycoalkaloids, especiaily solanine,
accumulated to undesirable levels. The accumulation as a result of tuber
injury is part of a *‘wound response”, which is thought to be associated with
the tuber’s defence mechanisms (Salunkhe er af., 1972).

Maga (1981 measured glycoalkaloid accumulation in sliced potatoces
under different pre-processing storage conditions, and observed signifi-
cant increases after only | h of storage at 5°C and at 25°C: glycoalkaloids
increased more at higher temperatures. With 7 h of storage, total
glycoalkaloids had more than doubled in slices that were not soaked in
water. Slices that were soaked in water alse showed increases but had
lower glycoalkaloid levels at each time point than the unsoaked slices.
Results from this study show that relatively short storage of unpeeled,
sliced potatoes can result in ivcreased glycoalkaloid levels. To avoid
accumulation of high leveis of glycoalkaloids in potato products, pro-
cessing should start immediately after pecling (Salunkhe eral., 1972).

Processing effects

Processing methods can affect the glycoalkaloid contents of
potato products. Maga (1981) notes that potential glycoalkaloid build-up
becomes especially important in making chips (crisps) because the process
removes water and thus concentrates the total glycoalkaloids. Sizer et al.
(1980) also found that potato chipping did not destroy glycoalkaloids and
resulted in increased total concentiation. They showed that removal of
the peel from potato slices significantly lowered the total glycoalkaloid
content of finished chips. Two of three samples of commercial chips from
the USA contained 9.5 mg, and the third 72 mg, of glycoalkaloids per
100 g of chips. The high glycoatkaloid sample still retained a considerable
amountof peel. The rame authors also point out that salt and oil can mask
the bitter taste caused by even high concentrations of glycoalkaloids. as
would other flavourings now added to potato chips.

When Bushway & Ponnampalam (1981) compared several methods of
potato preparation (baking, boiling, microwave and deep-fat frying),
only frying reduced the total glycoalkaloid content significantly.

Zaletskaya er al. (1977) showed that processing of potatocs into dried
purée lowered glycoalkaloid levels. They reported that fresh *Loshitskii’
tubers contained 31 mg/100 g (FWB). After mechanical cleaning and
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boiling, this level dropped to 7 mg/100 g. Drying reduced it further to
5.25 mg; only 3.55 mg/100 g remained after 12 months of storage.

Andean people living in the highlands cf southern Peru and Bolivia
have long recognized the benefits of processing in the utilization of bitter
potatoes (Antincz de Mayolo, 1981; Christiansen & Thompson, 1976;
Werge, 1979). Bitter potatoes with high levels of glycoalkaloids (over
30 mg/1000 g (FWB)) are grown throughout the highest zones of the
Andes (>3600 m). They are resistant to frosts common at those altitudes,
hut their high glycoalkaloid content makes them generally incdible as
fresh food, although they are sometimes eaten fresh in the Bolivian
Altiplano (Johns, personal communication, 1983).

Several methods of processing bitter potato have been developed over
the centurics and result in products known locally as chuiio blanco (or
tunta in southern Peru and Bolivia), chuio negro and tokosh (see
Chapter 4). The traditional processing techniques remove the glyco-
al' .10ids, waving products with less than 10 mg/100 g (FWB) (Christian-
sen & Thompson, 1976). The advantage of this kind of processing is that
the products can be stored for long periods without deterioration: chusio
has been found in perfect condition in 500-year-old coastal Inca tombs.

Traditional potato processing is also practised when there are surpluses
of normal non-bitter potatoes. These arc cooked and solar-dried to make
papa seca or dricd potatoes (see Chapter 4). Only intact, whole potatoes
are uscd in this type of processing, which does not involve the extraction
of glycoalkaloids. It has been proposed that techniques such as those for
making papa seca could also be used to improve the marketability of
potato tubers that are either too small or too damaged for local consumer
retail markets (Shaw & Booth, 1982). However, due to the ‘wound
response’, the build-up of glycoalkaloids during light exposure or poor
storage conditions, and the concentration of glycoalkaloids in small or
immature tubers, it is possible that subsequent processing of damaged,
green, small or diszased potatoes could result in products with unaccept-
ably high glycoalkaloid levels. Christiansen (1977), however, showed that
the papa seca process reduces the glycoalkaloid level of bitter potatoes
from about 30 mg/100 g to about 6 mg/100 g.

Toxicity

Accidental consumption of potatoes containing high levels of
glycoalkaloids has caused severe illness and, on rare occasions, death
(Jadhav & Salunkhe, 1975). There have been at least 12 separate
documented instances of glycoalkaloid poisoning involving up to 2000
people, with about 30 deaths (Morris & Lee, 1984). Acute illness caused
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by glycoalkaloids is perhaps more prevalent than indicated by the medical
records because the symptormns are common to many ailments and may be
easily mistaken for severe digestive discomfort (gastroenteritis) with
nausea, diarrhoca, vomiting, stomach cramps, headaches, and dizziness
(Wood & Young, 1974).

Jadhav & Salunkhe (1975) documented much of the carly history
relating to human glycoalkaloid poisoning and toxicity. More recently,
Morris & Lee (1984) reviewed the mechanisms of toxicity. Glycoalkaloids
may have two toxic actions: inhibition of cholinesterase, thus affecting
the nervous system, and disruption and injury to membranes in the
gastrointestinal tract and elsewhere. A surge in research on glycoalkaloid
toxicity occurred in 1972 when Renwick (1972) proposed that unknown
factors (possibly glycoalkaloids) associated with severity of late blight and
resistance to this discase in potatoes were correlated geographically with
the incidence of anencephaly aid spina bifida cystica (ASB) in humans.
He further reccommended that women likely to bear children should avoid
consuming imperfect potatoes (Renwick, 1973).

Subsequent failure to correlate a specific teratogen from potatoes with
the occurrence of ASB, caused Renwick's hypothesis to be abandoned
(Anon., 1975).

Potatoes with high glycoalkaloid levels were recently shown to cause
anacmic and hyperglycacmic conditions in rabbits (Ahmad, 1982). When
fed to pregnant does at a rate of 208 g potato/kg rabbit body weight per
day (30.0 mg glycoalkaloids/100 g potato (FWB)), the high-glycoalkaloid
potatoces caused litter mortality of 55.6% compared to 15.7% with normal
potatoces (8.78 mg glycoalkaloids/100 g (FWB)). It was suggested that
glycoalkaloids may prevent lactation, causing death by starvation in
newly born infants. They may also enter foetal circulation and depress
foctal breathing: 23% of the rabbit litter died prior to delivery. Pierro er
al. (1977) showed, although with limited data, tha' under certain experi-
mental conditions, purified a-chaconine exerts harmful effects on the
developing central nervous system of mouse cmbryos. Whether such
findings have any relevance to human intake of glycoalkaloids has yet to
be determined.

Tiere are continuing reports of human poisoning by toxic pocatoes. In
adetailed study of solanine poisoning among London schoolboys, McMil-
lan & Thompson (1979) reported that potatoes containing 25 to 30 mg
a-solanine/100 g pecled, boiled potato were inadvertently fed to 78 boys,
who all became ill, 17 requiring hospitalization. Each boy had consumed
two peeled and boiled potatoes. The authors suggested that toxic glyco-
alkaloids other than a-solanine could be present or another constituent
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might enhance alimentary absorption of solanine fo toxic amounts.
Steroid saponins. for instance, are known frequently to accompany
Solanum alkaloids and could act as enhancing agents, since saponins are
known cmulsifiers and have been used to promote gastrointestinal
absorption. McMillan & Thompson noted that the toxicity of potatoes
may be due to a combination of solanidine alkaloid and spirostane
saponins, although the concentrations of saponins in toxic potatoes are
not known. They further speculate that the saponins could also potentiate
teratogenicity.

Jadhav & Salunkhe (1975) have pointed out that most toxicity studies
have focused on a-solanine, which is poorly absorbed from the gastro-
intestinal tract and tends to concentrate in the spleen, kidney, lung, fat,
heart, brain and blood. They also note the inhibitory effects of a-solanine
on cholinesterase, but emphasize that information on the pharmacology
and toxicity of a-chaconine, although it represents nearly 60% of total
potato alkaloids, is meagre.

One of the few studies on a-chaconine was conducted by Alozic et al.
(1979). They report that the absorption characteristics of a-chaconine
within the gastrointestinal tract are different from those of solanine, and,
unlike solanine. a-chaconine is climinated in the urine and facces to only
a small extent. *H-labelled a-chaconine in food was well absorbed from
the gastrointestinal tract of hamsters, with 25% of the label excreted in
seven days. Tissue concentrations of radioactivity peaked at 12 h, follow-
ing oral administration, being highest in lungs, liver, spleen, skeletal
muscle, kidney and nancreas; heart and brain contained only moderate
amounts. In brain, liver and heart, most of the radioactivity was in the
nuclear and microsomal fractions. Tissue "inding studies revealed that all
of the label in brain was in bound (non- <tractable) form. On this basis,
glycoalkaloids may act by binding to spe ~ific sites in the affected tissues.

Erom the above results, it is ciear that the involvement of a-chaconine
in health merits further investigation (Maga, 1980), as do the effects of
other glycoalkaloids.

Control of accumulation
The basic recommendation to prevent glycoalkaloid accumu-
lation is to develop and grow varietics of potato with inherently low or
normal glycoalkaloid content. Beyond this. there are several agronomic
and post-harvest techniques to helg to control increases in glycoalkaloids.
Salunkhe & Wu (1979), in an extensive review, listed a number of
water. chemical, wax and oil dip treatments for tubers that prevent
glycoalkaloid build-up. Although chemical trcatments are often effective,
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they may also require expensive or laborious removal and are thus usually
suitable only for large-scale processing enterprises. The authors recom-
mend waxing the tubers as an effective control, especially since the coated
wax is easily removed by peeling. The use of oils is an effective and
inexpensive method to prevent glycoalkaloid build-up, but some oils or
fats give tubers an oily appearance and many oils may become rancid over
time. Immersion in water is another effective control, as is the use of
detergent solutions or commercial surfactants. Such treatments create
anoxia or inhibit light-induced glycoalkaloid formation.

Most of the controls described by Salunkhe & Wu (1979) are more

Figure 5.2. Potatoes sold in clear plastic bags and exposed to direct
sunlight in a market in the Philippines may have increased glycoalkaloid
levels,




Proteinase inhibitors 181

appropriate for the processing industry and have not been examined for
potential use by the small farmer, retail market and home consumer.
Wood & Young (1974) propose some practical procedures appropriate to
cooler climates to control glycoalkaloid levels. These recommendations
could be extended for use in warmer climates as follows:

(a) Kcep tubers well covered with soil during the growing period.

(b) Allow the tubers to mature before harvesting.

(c) H possible, avoid harvesting on clear. sunny days (especially in
cold climates, when the temperature is near freezing, or may
drop to ncar freezing). If harvesting cannot be avoided during
hours of sunshine, remove tubers as quickly as possible from
exposure to light in the field (see Figure 5.1).

(d) Do not leave potatoes to dry in the ficld on clear, sunny days.

(e) Discard sunburned tubers,

(f) Avoid handling methods that cause bruising or skinning of
tubers.

(g) Store potatoes in the dark and keep them as cool as possible.

(h) Exposc tubers to the least possible amount of light during
grading and other operations.

(f) Avoid using transparent plastic bags, especially for washed and
brushed potatoes. If tubers have to be displayed in transparent
plastic bags, keep the length of time they are exposed to light at
a minimum (Figure 5.2).

(j) Store potatoes in the market or the home in shady places away
from direct sunlight (see Figure 5.1).

Proteinase inhibitors

Chemical structure and functions

Potatoes arc among scveral major crops which contain high
concentrations of proteinase inhibitors. These are proteins that inhibit or
prevent the activities of the major animal pancreatic digestive proteinases
including trypsin, chymotrypsin, elastase and carboxypeptidases A and B
(Ryan & Hass, 1981). Potatocs arc almost unique in that they contain
carboxypeptidase inhibitor, previously isolated only in tomatoes and
round-worms (Hass er al., 1979). In addition, they arc a rich source of
plasma kallikrein inhibitors (Richardson, 1977). Enterokinase-inhibiting
activity was ulso found in tubers of two potato cultivars (Lau et al., 1980).
Since enterckinase initiates the cascade reaction which activates the
digestive proteinases in animals, it is expected that its inhibitor would also
be a potent inhibitor of digestive proteolysis.
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Ryan & Hass (1981) suggest that the potato proteinase inhibitors are
similar in amino acid sequence and have evolved from a common
ancestral protein. Also, by gene duplication, proteinase inhibitors may
have gencrated new inhibiting capabilities, without losing their original
inhibitor functions.

Potato tubers are once of the richest sources of proteinase inhibitors
(Santarius & Belitz, 1978). More than 15% of the soluble proteins in
mature tubers can compromise proteinase inhibiiors (Ryan & Hass, 1981;
Ryaneral., 1976). Atleast 13 different inhibitors have been identified and
about 10 have been purified and partially characterized (Liener &
Kakade, 1980). These can be differentiated, by their stability in solution
for 10 min at neutral pH and 80 °C. into heat-stable and heat-labile
proteins (Ryan eral., 1976).

Knowledge of the function of proteinase inhibitors in plants is meagre
and speculative (Licwer & Kakade, 1980). Potato proteinase inhibitors
are believed to function primarily in the plant and tuber defence
mechanisms against pest attack (Santarius & Belitz, 1978: Licner &
Kakade. 1980) and wounding (Lau er al., 1980). While suggesting that
proteinase inhibitors neutralize the effects of the digestive enzymes of
invading pests or microorganisms, Hass er al. (1981) reported that
carboxypeptidase inhibitor has a potent effect on all digestive tract
carboxypeptidases examined.

Chymotrypsin inhibitor serves as a storage protein during potato plant
development (Melville & Ryan, 1972; Ryan et al., 1976). It accumulates
in leaves during insect attack., suggesting that it may be part of the
defences against microorganisms or pests (Green & Ryan, 1972). Peng
(1975) found that both chymotrypsin and trypsin inhibitors were present
in higher levels in *La Chipper', a potato variety with field resistance to
late blight, than in ‘Red LaSoda’, which shows no such ficld resistance,
Higher levels were also found in late blight resistant tomato plants,
prompting the suggestion that these inhibitors play a role in the defence
mechanism against this fungus.

Ryan & Green (1974) have described how proteinase inhibitors func-
tion in plant defence mechanisms. They report that insect damage or
mechanical wounding of the leaves causes the release of a proteii.ase
inhibitor including factor, which quickly moves throughout the plant
causing the accumulation of inhibitors that are potentially toxic to
invading insects or microorganisms. They suggest that this reaction might
be a primitive immune-type response. The plant ‘senses’ insect attack
through the release of proteinase inhibitor including factor. The inhibitors
then prevent enzyme activity in attackers thus causing their death. Liener
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& Kakade (1980) speculate that the puzzling inhibition of mammalian
enzymes by plant proteinase inhibitors may represent an interesting side
effect devoid of any true physiological significance as far as the plant is
concerned.

Nutritional significance

Currently, understanding of the nutritional signific ince of potato
proteinase inhibitors is almost non-existent. The exact nutritional signifi-
cance of the inhibitors in animal and human diets is difficult to assess.
According to Richardson (1977) the likelihood of a particular protein
inhibitor causing adverse effects in humans depends on its ability to
survive the acid conditions (pH 2 to 3) in the stomach and digestion by
pepsin. Moreover, potatoes are rarely consumed in a completely raw
condition by human beings.

Most plant proteinase inhibitors are destroyed by heat (Liener &
Kakade, 1980), and this effect is usually accompanicd by an enhancement
of the nutritional value of the protein. Ryan & Hass (1981) found that
boiling, micro-wave heating, or baking the tuber destroyed most
inhibitors, but that the carboxypeptidase inhibitor was extremely stable
to all three methods of cooking. Huang er al. (1981) confirmed that
carboxypeptidase inhibitor is the most heat-stable potato inhibitor, and
found that significant chymotrypsin inhibitor activity also survived baking
and boiling, although trypsin inhibitor activity was completely destroyed.
The authors added that. if the carboxypeptidase inhibitor can act on
human carboxypeptidase, is still active in human intestine, and can inhibit
or reduce proicolysis, then its removal by genetic selection could signifi-
cantly improve the nutritional quality of cooked potatoes.

Animal feeding trials have demonstrated the effects of consuming raw,
partially cooked and cooked potatoes on nitrogen utilization. Whitte-
more ef al. (1975), in experiments with pigs, found that chymotrypsin
inhibitor activity was high in all feeds of raw potato but absent in those
containing cookzd potato. They suggested that the chymotrypsin
inhibitor contributed to the deleterious effects on nitrogen utilization in
pigs given raw potatoes.

Pearce er al. (1979) found that proteinase inhibitors which were heat
stable when pure but rapidly destroyeu in intact tubers when cooked were
rich in cysteine. The growth of chicks given experimental diets supple-
mented with inhibitor protein fraction from uncooked potatoes was
severely depressed. Autoclaving the protein fraction resulted in normal
growth. The authors concluded that selection for high protein, on the
basis of high inhibitor contents, could provide nutritionally available
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cysteine, provided the potatoes are cooked before consumption. How-
ever, it is possible that selection for high inhibitor levels, to increase
nutritional quality, could also inadvertently increase the levels of heat-
stable inhibitors such as the carboxypeptidase inhibitors. Since the effect
of the heat-stable inhibitors on humans is largely unknown, these aspects
should be studied prior to sclection for higher total inhibitor levels.

Livingston et al. (1980) explored the cffects of raw potato extracts on
the digestibility of barley in diets for pigs. They found that potato
chymotrypsin inhibitor was responsible for poor nitrogen utilization.
Partial cooking reduced inhibition by one-third, but steaming at 100 °C
for 20 min completely destroyed inhibitor activity. Digestibility of the N
from the diet with raw potato was 32.8%, while that of the heat-treated
diet was 89.8%. The digestibility of N in partially cooked potatoes was
48% of that of the completely cooked sample. These experiments showed
that the low nutritional * alue of N from raw potatocs is due to anti-nutri-
tional factors in the tuber (the inhibitors) and not to physical inaccessi-
bility of potato protein to enzyme attack. The authors advised that any
potato preparation or processing for animal feed must utilize heat, which
ruptures the potato cells and denatures most of the inhibitor, thus
providing a satisfactory fced for animals.

The above discussion does not include direct nutritional effects of
potato proteinase inhibitors on humans. For soybeans, considerable
research has shown that the action of proteinase inhibitors may not be
restricted to direct inhibition of proteolysis. The picture is confused by the
fact that inhibitor cffects may differ according to which type of experimen-
tal animal is used. No work has been done on the effects of potato
proteinase inhibitors in human nutritiomn.

Cooking or processing potatoes at high altitudes could reduce the
destruction of inhibitors by heat, leaving them intact and functioning
cven after cooking. Gursky (1969) reports that in highland arcas of
Nunoa, Peru, the boiling point of water is 84.9 °C rather than 100 °C and
tubers are often cooked in such a way that the centre remains raw.
Therefore, some of the heat-labile vitamins that are normally destroyed
at sca level may not be destroyed at higher altitudes. The same could be
true for proteinase inhibitors.

Lectins

Lectins, or hacmagglutinins, are carbohydrate-binding cell-
agglutinatory proteins which occur widely in the plant and animal king-
dom. Goldstein & Hayes (1978) noted that lectins have played an
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important role in the development of immunology and are currently used
in serological laboratories for typing blood and determining sccretor
status, separating leucocytes from erythrocytes, and agglutinating cells
from blood in the preparation of plasma. Lectins also serve as reagents for
the detection. isolation and characterization of bloo.d-group antigens.
Since some lectins have been found to distinguish normal from malignant
cells, the possible nse of lectins in cancer chemotherapy has been
suggested (Goldstein & Hayes, 1978). Bean (Phaseolus vulgaris) lectins
have received considerable attention due to the toxic cffects of these
beans when undercooked (Putsztai e al., 1981).

Thelectin in potato tubers was first describedin 1926 and has since been
the subject of several detailed studies (Kilpatrick, 1980). It agglutinates
erythrocytes of several mammalian species including human (irrespective
of blood-group type). guinca pig. mouse, rabbit and sheep (Goldstein &
Hayes, 1978). Recently, a lectin whose characteristics resemble those of
the tuber lectin has been isolated from potato fruits (Kilpatrick, 1980).

Little is known about the physiological role of these two lectins in the
potato plant or indeed about the function of plant lectins in general.
Kilpatrick (1980) suggests that, since the tuber is in part a storage tissue,
it is possible that the lectin functions in some process concerned with the
storage, maintenance or utilization of food or food reserves. Another
possibility is that it has a defrace function similar to that of wheat-germ
agglutinin, which is thought to protect plants against chitin-containing
phytopathogens. The potato tuber lectin has a saccharide specificity
similar to that of wheat-germ agglutinin and might also be able to inhibit
fungal growth (Kilpatrick, 1980). No physiological function has yet been
postulated for the lectin discovered in potato fruits.

Virtually nothing has been written about the nutritional significance or
the potential toxic ceffects of the potato lectins. Since the toxic effects of
tectins found in various bean species have been so thoroughly
documented (Goldstein & Hayes, 1978), it might be anticipated that
under certain conditions, potato lectins could also be toxic. They are,
however, heat labile. Further rescarch is needed to clarify the function of
the potato lectin and its nutritional significance for humans.

Summary

Although there is considerable evidence concerning the toxicity
of glycoalkaloids to human beings, the toxic nature of proteinase
inhibitors and that of lectins are largely inferred from studies of other
foods and from feeding experiments with anirnals. The toxicity of some
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glycoalkaloids, notably a-chaconine, may be related to their ability to
bind to cerain tissues. and pregnant mammals are more susceptible to
total glycoalkaloids.

Cooking and processing have differential effecis on the toxic compo-
nents of potatoes: some proteinase inhibitors are destreyed by normal
cooking. but others are heat-stable. The nutritional significance of the
latter is not yet known. Glycoalkaloids are not destroyed by cooking or
processing but. because of their location in the tuber, are .nainly removed
on peeling. However, when potatoes have unusually high levels, or when
wounding or damage has occurred, peeling may only remove 30%.

It has been recommended that efforts be made to breed and select new
varicties with low to moderate amounts of glycoaixaloids. Additionally,
precautions can be taken to avoid the conditioas which provoke increases
in glycoalkaloid levels. However, most evidence points to a genetically
controlled role of both glycoalkaloids and protcinase inhibitors in plant
and tuber deferce mechanisms against pests or microorganisms. Increas-
ing cencern over growing pesticide use and greater resistance of pests to
potent pesticides provide good reasons fo research efforts to explore the
potential manipulation of glycoalkaioids and preteinase inhibitors to
enhance resistance to pests and microcrganisms. However, such efforts
must be balanced with controls to cusure that toxicity is not an inadvertent
result.

As a final note, if potatoes are purposely subjected to hostile environ-
ments, greater pest attack or poor storage and handling, in the hopes of
extending current growing scasons or creating new ones, then greater
attention shouli be paid to the potential toxicity to be cansed by the
reactions of the plant’s own defence mechanisni; to these conditions.
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Patterns of potato consumption
in the tropics

The potato has spread around the world during the past 400 years and
adapted to a wide varicty of environments and an equally diverse range of
human tastes and preferences. Insome tropical developing countrics, it is
a common vegetable, while elsewhere, consumption ranges from 1 kg to
more than 100 kg per person annually. To some, the potato is the ‘bread
of life’, while to others it is taboo. This chapter addresses the great
diversity in potato consumption patterns. It discusses important issues
concerning the potato’s role in developing countries and its potential for
the future.

There is a growing realization amongst food planners that ‘programmes
aimed at increasing the production of food, even if they are successful,
must be accompanied by efforts designed to affect the distribution of
incomes and patterns of diet” (Berg, 1981). The potential for increasing
consumption of a food item is largely determined by the extent to which
its role in the dict can be altered according to changes in supply or cost.
Hence, it is essential to consider not only the production, storage and
marketing of the potato, but also consumption behaviour.

This chapter was written with the following questions in mind:

1 How much potato is currently consumed in the tropics and by
whom?

2 How are potatoes consumed and what factors regulate potato
preferences and consumption patterns?

3 What is the potential for greater potato utilization?

It is hoped that the answers suggested below will stimulate other re-
searchers to probe more deeply into the cemplexities governing potato
consumption in developing countries.
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Calculating consumpticn

Food balance sheets

The most frequently used method of calculating potato consump-
tion is the food balance sheet (FBS). Such sheets show total supply of food
available in a country for a given year (or period of years) against the
itemized utilization of those foodstuffs (Farnsworth, 1961). This can be
summarized as:

Domestic Quantities used
Potatoes available production, imports, for seed,
for human = cxports, and net = non-food
consumption changes in year-end industry, animal
stocks feed and waste

The equation is usually developed to show the calories and grams of
protein provided by potatoes per capita per day. Unfortunately, ‘per
capita availability’ is often referred to as ‘per capita consumption’. This
is erroneous for the following reasons. The information fed into the
equation is often unreliable. Determining total production of potatoes is
difficult: because the plants are usually grown in more isolated areas, in
highland and mountainous regions, and in small discontinuous plots,
official measurements of production areas are inaccurate. Potatoes are
often grown more than once a year, yet are counted only once. They
may be grown as intercrops, multicrops, relay crops, secondary crops,
or backyard garden crops, and as such, are overlooked in national
tallies. In northern Luzon, in the Philippines, for example, yields were
officially estimated at 6 to 8 tons/ha (1 ton = 1.016 tonnes). But when
yield surveys of farmers were carried out, it was found that the actual
average is 28 tons/ha (Potts, 1981).

Utilization data are also suspect. In many cases, seed production rates
in the tropics are estimated on the basis of temperate zone rates, but due
to the widespread use of marble-sized seed in many countries, seed
tonnage may be overestimated. What is considered to be potato waste
differs widely and standard figures cannot be applied to all developing
countries. Waste factor< of 10%, 15% or even 20% are applied indis-
criminately without regard to local habits of peeiing, cooking or peel
utilization. Many populations consume large quantities of peel, leaving
little, if any, waste. Waste determination is further complicated when
peels or rotten potatoes are fed to animals that are subsequently con-
sumed (Figure 6.1). In highland Peru, small shrivelled potatoes, ‘waste’
by North American or European standards, are consumed and prized
for their sweeter taste’ (Werge, 1979). Poor-quality potatoes, classed as
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waste in developed country markets, are sold at low prices in the
developing countries. ‘Waste™ potatoes may be ‘donated’ to local institu-
tions, such as orphanages, or "collected’ by local beggars. Partially rotten
potatoes are cut, pecled and sold in plastic bags, often at higher prices per
kilogram than whole potatoes.

Total national population size can also be underestimated, or over-
estimated, in developing countries.

Figure 6.1. Bhutanese potato producers feed their pigs potatoes that are
not suitable for family consumption, thus converting a ‘waste’ product to
one of higher valic.
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In light of the dubious quality of the data, it seems doubtful that the
resuiting per capita availability, is of any value. However, even if all the
inputs are accurate, the result cannot e called ‘per capita consumption’.
The latter termimplies equal food distribution among all ethaic, religious,
socio-economic, age and sex groups. This does not happen. Additionally,
FBSs cannot account for scasonal or regional differences in consumption
among these groups. In sum, if only the FBS is used, it is difficult to
caleulate current consumption ievels adequately, to estimate the potential
for change in consumption rates or to identify targe! groups within a
country for specific consumption-related programmes.

Nutrition survevs

These surveys are conducted at national, regional and local
fevels. They are useful for determining potato consumption on a daily
basis. and. depending on the quality of the survey, to distinguish patterns
of consumption according to regional classifications, socio-economic
status. price fluctuations, or scasonal availability. Total consumption of a
large sample of people for a period of time (24 h. three days, or a week) is
used to caleulate daily intake averages and annual consumption rates for
the arca under study. If surveys are conducted with the same sample
population at different times during a year, scasonal consumption of
certain items may be ascertained.

Although nutrition surveys supply a wealth of information on potato
consumption. there are three problems which limit their uscfulness.
(1) Their goal is to measure caloric and protein levels in the subject
population to determine dictary adequacy. Often foods are grouped
together and their nutritional contribution is considered as a unit ~ for
example, root and tuber crops. Depending upon the level where the
grouping took place, it may or may not be possible to separate potato
consumption from that of other foods. (2) If the informant has to recall 2
meal. and potato played only a nominal role in total intake, any potatoes
consumed may be forgotten. This is especially true if the recall period is
longer than 24 h. (3) These methods cannot measure adequately potatoes
consumed only on special or ritual occasions, since nutrition surveys
normally take place on working days and not on Sundays, holidays, holy
days or festival days. Itis true that consumption of luxury or special foods
may not have high nutritional significance, but estimating their periodic
demandsoasto plan for production, marketing and storage isimportant.

Both FBSs and nutrition surveys should be used as the starting point for
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calculating potato consumption. Despite their limitations, they can pro-
vide indications of availability and some consumption trends, and they
form the basis of most international and national statistics. To make
correct decisions on priority areas for potato promotion, therefore,
more reliable estimates of consumption are needed, as well as an under-
standing of why people do or do not cat potatoes. Consumer responses
to potato price, size, colour, quality and origin and inclinations towards
altering their potato consumption must be determined.

Consumer surveys and consumer groups

Numerous metiiods and manuals are used for conducting con-
sumer surveys (Den Hartog & van Staveren, 1979; Christakis, 1978;
Chavez & Huenemann, 1981). Time, budget. and personnel constraints
usually set limits on the depth and extent of any survey, but generally
enough information, at least to make initial planning decisions, can be
gathered with informal surveys (Rhoades, 1982; Ruano & Calderén,
1981). Thesc take the form of open. spontancous dialogues and conver-
sations with a varicty of informants (Figure 6.2); they eliminate costly
data processing and the normal timelag between survey and results and
recommendations.

Whatever interview method is employed, the most useful procedure is
to distinguish the types of consumer along the chain connecting pro-
duction zones. markets, and urban and rural households. Examination
of cach link in the chain allows identification of homogencous consumer
groups, their average rate and frequency of consumption and the con-
straints or factors which regulate their consumption. Specific consumer
types vary from country to country but as a minimum, the national
population should be grouped according to agroecological zones and
urban or rural residence. Some examples are described below.

Porato producers

Farm size, land tenancy, and the number of potato crops plan-
ted per year will distinguish sub-divisions within this group. Consump-
tion can vary a great deal among potato producers. Some store large
quantities to last all year until the following harvest. Others store only
small quantitics and produce a crop several times a year, supplementing
their own stocks with supplies from the market-place. Some do not store
at all. consuming potatoes only at harvest time. Though some potato
farmers are said to be strictly commercial producers, it is rare to find a
producer who is not a consumer as well.
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Figure 6.2. Learning ahout potato consumption by talking to a consuiner
family in their household compound in Joydebpur, Bangladesh (topj, and
a market vendor and ¢lients in Bukittinggi market, West Sumatra,
Indonesia (bottom).
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Non-potato farmers in potato production zones

This group has greater access to potatoes than do rural non-pro-
ducers living in non-production arcas, since they can harvest potatoes and
receive a portion of their payment in kind, exchange their production for
potatoces, or purchase directly from neighbours at low prices.

Non-potato furmers outside potato production zones

These people theoretically have the least access to potatoes,
must pay the highest prices and perhaps have the least familiarity with
potato consumption, especially if they live at great distances from the
influences of urban dictary habits. Itis necessary to determinc the relative
importance of price and availability or social factors in limiting their
consumption.

Potato marketers

Other than potato producers, potato wholesalers, retailers and
small vendors have the greatest and most regular access to potatoes at the
lowest cost. This group is probably the best indicator for the consumption
in a non-producing population, if constraints of price and availability are
removed. Additionally, sellers are often the best informants on the
buying habits and preferences of the larger study populations.

Urban residents in potato production zones

Potato prices and scasonal availability patterns can differ here
from urban arcas in non-producer zones. Market centres in production
zonces usually have lower prices than in other cities, especially at harvest
times, and the residents use potato in the diet. The consumptien levels of
this group could also indicate the overall potential urban consumption if
prices arc acceptable,

Urban residents in non-potato production zones

People living in small urban settings normally receive smaller
proportions of the potatoes marketed than do those in regional or
national capitals. Dwellers in capital citics may also be more motivated to
cat potatoes as a result of the influence of western expatriate residents
(see Special consumer groups, below).

Stratification of the above groups by socio-cconomic status will reveal
further differences in the potato consumption pattern and provide a
rough estimate of the amount of income which can be directed to buying
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potatoes for food. Generally, in the developing countries, excluding
Andean South Amecrica, potato consumption is higher among the
wealthier people of a particular consumer group. However, it is not
known if this reflects a specific preference for more potatoes, as income
levels increase, or if it indicates general increases, with higher incomes,
in all foodstuffs.

Special consumer groups

In every country there are special groups which, because of
economic, social, cultural or political factors, demonstrate potato con-
sumption patterns that differ greatly from those of the groups described
above,
Expatriates
Certain expatriates living in the tropical developing countries have a set
of food habits which are accommodated to the new environment, but
nevertheless, are not radically altered from their form in the country of
origin. Potato eaters removed from areas of potato production will still
maintain high levels of potato consumption, even when prices are high.
Often potato producers, merchants and agricultural planners will claim
(without justification) that expatriates are their major clients. The extent
of their influence, past and present, on native food habits, especially in
colonial situations, snould be evaluated separately.
Ethnic groups
Potato consumption may vary in groups sharing the same agroecological
zone. **rban residence and socio-economic classification but differing in
ethnic origin. In Indonesia, the ethnic Chinese are found to eat more
potato than non-Chinese city residents of the same socio-economic level.
Another ethnic group, the Minangkabau people of Western Sumatra,
consume large quantities of marble-sized potatoes in preparations not
common to the rest of Indonesia.
Pre-school children
Potatoes are used as a weaning food or a supplement to breast feeding in,
for example, Guatemala, Rwanda and the Philippines. In some cases,
they are fed exclusively to young children, while the rest of the family cats
other foods. Often such consumption is excluded or overlooked in
household surveys. The ages children are fed potatoes, types of prep-
aration, taboos, and frequency of consumption should all be included in
the survey.
Hotels and restaurants
These can constitute the major bulk buyers of potatoes. They must meet
the preferences of special consumers, such as tourists, which may differ
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from those of national consumers. However, care must be taken not to
focus potato improvement plans only on the hotel and restaurant trade.
Nutritional and agricultural professionals

Taken separately, this group has the greatest access to accurate infor-
mation about the use of the potato. Their consumption habits reveal the
effects of education and exposure on the patterns of potato consumption.

Not every country will have all of the groups described above, nor indeed
will the variations between official per capita availability and consumer
survey results always be of the same magnitude, as the examples in the
following section illustrate.

Resulits of consumer surveys in selected countries

Indonesia

FBSs constructed in 1978 for Indonesia, the fifth highest popu-
lation in the world (149 million), reported a per capita availability of
1.35 kg/potato per year (Indonesia, 1978). A nation-wide household
survey (Susenas, 1980) reported average consumption rates that were
lower (sce Table 6.1) for the country as a whole but higher for urban than
for rural areas. Separating the houschold survey results for only one of
Indonesia’sislands, Java (with 60% of the national population), rural and
urban consumptions were reported to be lower than in Indonesia as a
whole.

Because the national statistics are so low, it is widely believed that

potatoes play an unimportant role in the national diet and economy. Yet

Table 6.1. Potato consiumption in
Indonesia (1978)

kglperson
peryear
Food balance sheets 1.35
National household survey
Average 1.04
Rural 1.04
Urban 2.08
Java household survey
Average 1.04
Rural 0.52

Urban 1.56
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>40% of the research budget of the vegetable research scction of the
Ministry of Agriculture for 1981-82 was allocated to potatoes. Better
information on potato utilization was needed to determine if this budget
expenditure was justified.

In 1981, informal consumer surveys in West Java province were
conducted to identify homogencous consumer groups and to compare
their rates of potato consumption with the reported statistics. Surveys
were in a highland zone producing vegetables and potatoes, a lowland
rice-growing zone. and several urban centres including the national
capital, Djakarta (sce Figure 6.3). Some of the survey results are pre-
sented in Figure 6.4,

None of the groups identified hag - i-<T capita consumption level equal
to the estimated per capita availubilit; In both urban and rural areas, the
wealthier residents consumed greater amounts of potato than did poorer
peopic. Interestingly, poorer lowland farmers cousumed a quantity simi-
lar to that of poorer residents of urban areas or of potato production
zones, indicating that lower prices and greater availability may not
automatically encourage greater potato consumption. Interviews with
expatriates showed that their average consumption levels are higher than
those of any other group. but cven so, they are lower by half than the
dverage consumption levels in their home countries,

Potato farmers consume the highest levels; again, wealthier farm
families consume more than the poorer ones. In some cases this is due to

Figure 6.3. Potato consumption study sites i West Java.
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Figure 6.4. Consumption levels of different groups irt West Java,
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the latter’s lack of sufficient storage facilities, but for many the reason is
because they scll the larger portion of the crop to provide family income.
Wealthier farmers also sell the majority of their crop, but they can afford
to purchase potatoes when home supplies run out.

This kind of information identifies ware storage needs and the groups
who might benefit most from initiating potato cultivation. It also supports
the need to examine production statistics, since, as consumption levels
are much higher than was previously estimated, production must have
been under-reported and should be re-examined.

Rwanda

Situated in the African highlands in the watershed of the Nile and
Zaire rivers, the tiny country of Rwanda (five million inhabitants) reports
the highest per capita potato availability in Africa, 46 kg/year (Inter-
national Potato Center, 1982). Resuits of consumer surveys in 1980
throughout the country show that in production zones, areas contiguous
to producticn zones, and in urban centres, average consumption is a great

Figure 6.5. Major agroecological zones of Rwanda.
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deal higher than 46 kg/year, while for other regions consumption is quite
low (Figure 6.5; Table 6.2). The average for two major urban centres was
also high at 153 kg/person per year.

As in Indonesia, this information indicated higher production ihan
currently reported, and corroborated field observations of higher than
average yields as well as extensive use of potatoes as an intercrop with
non-food cash crops such as pyrethrum. Although only about 10% of the
national population live in urban centres, the percentage is growing and
more potatoes will be needed to supply increasing demands. Potato
programme leaders previously thought that th.e inhabitants of the central
and eastern plateau regions did not consume potatoes, yet consumption,
although comparatively low, does occur. Informants in these areas
reported a desire to consume more potatoes yet they had disappointing
results in attempts to produce their own crops. Shifting some priority in
the national potato programme to the introduction of new production
techniques in such arcas would have considerable potential impact on
increasing houschold consumption levels.

Guatermnala

Guatemala, with a population of 6.6 million, is the largest potato
producer in Central America. Though potatoes have been produced in
the Guatemalan highlands for centuries, per capita availability is re-
portedly quite low, only 4.5 kg/year (Christiansen, 1980). Nationwide
nutrition surveys (INCAP/ICNND, *971) indicate that consumption is
probably much higher (Table 6.3).

Table 6.2. Potatc consumption in Table 6.3. Fotato consumption in
Rwanda Guatemala, 196567
kg/person kg/person
Zone* perycar Location peryear
1 261 Urban 13.32
2 125 Rural 6.0
3 72 Avcrage 8.32
4 28
5 26 .
6 NA Source: INCAP/ICNND (1971).

NA, not available,

“ Numbers 1 to 6 correspond to the
major agroccological zones shown in
Fig. 6.5.
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Table 6.4. Guatemala City: urban
potato consumption (1981)

kg/person
Income group peryear
High 36.9
Middle 35.8
Low 25.1
Average 28.7

Looking only at urban consumption in the capital, Guatemala City,
consumer surveys in 1981 (Table 6.4) showed much higher consumption
levels among each of the three income groups examined than Christian-
sen’s (1980) estimate and that of INCAP/ICNND (1971). It is unlikely
that potato consumption has vastly increased, but focusing on potatoes
exclusively in a survey provides more accurate consumption recall than
when all elements of the dict must be recollected by the informant. There
was little difference between consumption levels of middle- and of
high-income groups, but the low-income group consumed 10 kg/person
per year less. The majority of the informants in the last category expressed
a desire to consume more potatoes, but said that cost prohibited them
from doing so. Most of the upper-income informants, stated that what
they currently consumed was sufficient. This indicates a potential among
low-income groups to consume more if prices could be lowered, but that
this potential has a ceiling or level of sufficiency at around 35 kg/person
per year.

Peru

Per capita availability was estimated at 63 kg in Peru for 1981
(Scott, 1981). Despite the fact that this country is well-known for its high
levels of potato consumption, there is a great deal of variation within the
population, which can be seen if the four major agroecological zones are
examined individually (Figure 6.6).

In the Peruvian Andean highlands, potatoes are a primary food source
and are consumed on a daily basis of 0.5 kg/person per day or more.
Annual consumption per capita of 100 to 200 kg is common and a wide
range of traditional varieties is produced to meet home demands for
different preparations and tastes.
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In the eastern mid-elevation zone, potatoes are treated as vegetables,
complementing other locally produced roots and tubers, as well as a
variety of fruits and vegetables. Although potatoes are not produced
extensively in this zone, they are rcadily available in markets, or can be
obtained, by trading, from neighbouring highland zones. Consumption
levels vary from 10 to 100 kg/person per year, depending on the frequency
of family access to a potato source.

Figure 6.6. Agroecological zones of Peru.
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In Peru’s lowland humid zone, the Amazon basin region, potatces are
imported over great distances at high cost from highland production
zones, or even from wholesale markets in Lima. Their high cost makes
them a luxury vegetable, available only to wealthy urban residents, but
relative unfamiliarity with the potato in addition to abundant availability
of other local root crops causes potato consumption generally to be quite
low, often as little as 1 kg/person per year.

In the larger cities of Peru's dry coastal zone., potatoces play a regular
role in the diet, due to their fairly constant market availability at
moderate prices. Potatoes are co-staples with foods such as noodles, rice,
sweet potatoes and bread. Consumption levels are between 50 and
100 kgiperson per year. For rural and small-town coastal residents,
potato consumption is often highly scasonal, oceurring only immediately
after the cool season harvest. During the hot season potatoes may be
cither unavailable or sold at high prices.

How and why potatoes are consumed
The case study summaries above indicate the quantitics of
potatoes consumed and the consumer groups. The conclusion is that
there is great diversity in the manner in which people consume potatoes,
but if attention is shifted to the features common to all the potato
consumers. they can be grouped according to *how’ potatoes are con-
sumed. "How" does not refer specifically to the means of preparation, but
to the quantity consumed at anv one meal. the frequency of consumption
and the relationship of potatoes to other food items comprising the meal.
Figure 6.7 depicts the four positions potatoes can oceupy in a meal. Each
targe circle represents the plate or bowl holding the principal or staple
food item(s) for the meal. Smaller bowls represent major or minor side
dishes that complement the staple food items. An *X" marks the place of
potatoes in cach hypothetical meal. Potatoes may occupy the entire plate
(Figure 6.7(a)). if they are the main stapic in the diet. This pattern was
common in Ireland prior to 1845, when an averageof 3.5 kgandupto 7 kg
of potatoes per day were consumed by cach Irish peasant, who had little
clse 10 cat (Woodham-Smith. 1962). Today. the highland peoples of
Rwanda, Nepal, Tibet. China, Peru, Bolivia and Ecuador also exhibit the
same pattern, adding a variety of spices and sauces to the ubiquitous plate
of potatoes.
The potato and other co-staples may be distributed cqually (Fig-
ure 6.7(b)). This pattern is common in European countries and in the
United States. as well as in segments of developing country populations.
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An example of this pattern is often found in Peru's city markets, where
potatoes, rice and wheat noodles may all be served on one plate, in equal
portions, for a fixed price. For urban people in most of South America,
potatoes, rice, noodles, cassava, sweet potato and plantains are all
considered optimal counterpart staples to be consumed with meat. fish,
poultry, eggs or legumes.

The potato may serve as a major side dish to the principal staple(s)
(Figure 6.7(c)). In this case, potatoes complement the meal, but do not
replace the staples. This pattern is seen in Central America where corn,
tortillas, and beans form the mainstay of the diet, and potatoes are a
‘vegetable' side dish, consumed on a regular basis, but in comparatively
smaller quantities and not every day. The same pattern is reported for
South Asia, in India or Bangladesh, where potatocs are one of the major
vegetable complements to the staples of rice, wheat ar.d legumes.

Finally, Figure 6.7(d ) represents the instances where potatoes are only
one small item among many other dishes prepared o complement the
basic staple clement(s). This pattern is common to Indonesia, Malaysia,
the Philippines, China and other Asian and South-cast Asian countries.
The quantity that any one person consumes may be quite small, but the
frequency with which they appear in the meai may be fairly high.

Figure 6.7. Four possibie positions of the potato on a table during a meal.
For explanation, see the text.
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A typelogy of potato corisumption

Obscrved patterns of consumption may be used to construct a
typology of potato consumption, as in Table 6.5. Role 1 combines
patterns (a) and (b ) from Figure 6.7; rolc 2 combines part {r) and (d).
Role 3 is appropriate when potatoes are consumed as in Figure 9.7(c) or
(d), but in greatly reduced quantities and frequencies (e.g. on special
occasions or as an infrequent luxury). Finally, role 4 applies when no
potatoes are consumed. Cross-culturally, there are certain views, con-
cerning potatoes, that are linked to each role. When potato is consumed
as a staple it is usually regarded chiefly as an energy source. It may be
grouped with grains as well as other tubers, and thought of as *over-sized
grains’ or placed in a special category, but it is never grouped with
vegetables such as greens, cabbage, lettuce, or radishes. The statement ‘a
meal without potatoes is not a meal’ is commonly heard in association
with role 1.

In contrast, potatoes considered to be complemnentary vegetables or
special foods are not judged as having ‘fc »d or energy value’. In many
Asian countries, it is often said that ‘rice is food’ and all other items,
including potatoes, are merely ‘trimmungs, garnishings, or flavourings to
rice’.

In the Philippines: *If a man cats rice for breakfast, he can work all day,
but if he cats potatoes, he is hungry by 10 o’clock.’ In this role, potatoes

Table 6.5. Typology of potato consumption

Role Frequency Rate Belicfs
1. Staplcor 5+ meals/weck *60-200  Potato = food orcnergy.
co-staple food kg/ycar Mealisincomplete

without potatoes
2. Complementary 1-7 meals/weck +10-60 Potato > food or cnergy.

vegetable Potato = vegetable.
Potatocs are harmful if
consumed frequently
3. Luxuryor 1-12meals/yecar ~ £0.1-10  Potato # food or energy.
special food kg/year Potato = special food.
Potato = rich people’s
food
4. Non-food Neverconsumed — Potato = food for other

people. Potatois
unknown
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are classed with vegetables. On the island of Luzon, in the Philippines,
they are classed with other highland, cool-scason, *high status’ vegetables
such as cabbage, cauliffower, carrots, cucumbers, and celery. In the
Baguio city market, potatoes may be pre-washed or plastic wrapped, as
evidence of their high status. In the southern islands of the Philippines,
potatoes arc not <o carefully displayed. and are often found among
onions, garlic, ginger, and sometimes other root crops,

Associated with role 2 are certain beliefs about harmful cffects of
potatoes. In Guatemala these effects are part of the ‘hot-<old’ food
philosophy. in which a cold state is attributed to potatoes since they come
trom the ground. This docs not refer to temperature but to intrinsic
qualitics of specific foods. Tao much of a ‘cold’ food or too frequent
ingestion of such items is considered to harm or shock a warm body. To
be safe, they must be caten in smaller quantities than, and combined or
counter-balanced with, ‘hot’ foods such as maize or beans.

Among such groups of people, potatoes are special foods (role 3), due
cither to their high cost or to certain social significance attached to them,
sometimes related to the foreign cultures who first introduced potatocs.
In the Philippines, potatoes are served at partics, special events such as
birthdays or weddings, and at Christmas or Easter feasts. In Indonesia,
potatoes are prepared in lavish dishes and exchanged to repay or cement
social ties during the Lebaran celebrations which follow Ramadan, the
Moslem month of fasting.

In the final category, role 4, complete unfamiliarity with potatoes is
restricted to certain isolated groups and lowland areas, where lack of
availability or extreme cost prohibit their consumption among all except
the wealthy. There are, of course, individuals among consuming popu-
lations who. due to medical, dictary or idiosyncratic reasons, do not eat
potatocs, but they are relatively few and far between. Such people usually
admit, however, that potatoes are *food’ - at least for others.

Consumption role and potato prices
The above typology can be used to predict how consumer groups
will react to changes in price of potatoes. Figure 6.8 shows the proposed
responses for the first three role groups of Table 6.5. Role 1 consumers eat
over 200 kg cach per year when potatoes are freely available and cheap.
Irrespective of cost, they do not consume less than 60 kg/person per year
because potatoes are considered to be a basic necessity.
When potatoes are consumed as a complementary vegetable, consump-
tion is highly responsive to price fluctuations but maximum and minimum
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limits of 60 kg and 10 kg/person per year are proposed. If potatoes are
cheap and available, they will be consumed more frequently, if expensive
less frequently, but the intake at a given meal remains fairly stable.
Consumers in this role with average annual intakes in the upper ranges
(35 to 50 kg/person per year) commonly state that they do not want or
need to consume any more potatoes even if the price is very low.

The most interesting pattern is that of the luxury vegetable category.
People buy large quancitics of potatoes at special times to prepare special
foods. Vendors know that potatoes are status symbols and must be
obtained, so they increase their prices to their highest annual levels
because they are confident that they will be able to sell all their stock. To
meet this increased periodic demand, farmers delay harvesting and
merchants hoard potatoes to bring prices up. After these times, prices
drop again but so does demand. This results in the ‘blip pattern’ shown on
the figure.

In summary, Figure 6.8 shows that consumption roles are not created
by price levels, but rather they respond to changes in price, according to
the nature of each role.

Figure 6.8. Relationship between potato prices and consumption role.
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Other factors influencing potato consumption roles

Figure 6.9 shows factors which can influence the quantity and
frequency of potato consumption. Price is placed nearest to the central
box because it is perhaps the most obvious factor, the easiest to measure
and often thought to be the most important. In fact, as established in the
privious section, price is secondary to role pattern. The other factors
arranged around the outer circle act in groups to formulate the specific
role. In addition to those discussed above, the following circumstances
also have effects:
Historical events
When introduced in Rwanda, potatoes were considered to be takoo and
were not consumed. If a person ate them it was believed that their cows
would become sick and die, or that the milk would go bad. Tribal leaders,
seeing that potatoes caused no harm to foreigners, especially mis-
sionaries, and had good production potential, forced local headmen to
consume them and thus proved that no harm occurred to people or cattle.
Forced labour migrations of people from consuming communitics pro-
moted the spread of potato cultivation and consumption.

Figure 6.9. Summary of the contributory factors determining the pattern
of consumption of the potato in the human diet.
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Famine

In the highlands of both Rwanda and Nepal, there was rapid acceptance
of potato as a staple because little else could grow so well at higher
altitudes and there had been previous periods of famine.

Social status

Potatoes in South-cast Asia are expensive relative to other staple foods or
native vegetables: itis assumed that if you cat them you must be wealthy.
They are also symbolic of western expatriates, whe normally enjoy high
social status while residing abroad. Conspicuous consumption of potatoes
at spectal occasions is therefore a way of demonstrating to others that a
high level of social status has been achieved. In Singapore the younger
generation is reported to be changing from eating only rice to eating
potatoes as well: potato consumption is viewed as symbolic of modern
ideas.

Foreign influence

Potato-consuming colonizers of developing countries have greatly influ-
enced local consumption habits. Colonial administrators often introduced
the potato and its cultivation where it was previously unknown. In
Rwanda. Belgian school-masters and missionaries encouraged consump-
tion among boarding-school children. The Dutch left behind, in
Indonesia, varieties such as *Eiggenheimer’ which are still widely grown,
as well as a preference for white-skinned, yellow-fleshed potatoes. The
English influcnced consumption in Kenya as well as throughout South
Asia. Potato production and consumption increased in the Philippines
only after the Amcrican occupation in 1898, although the Spanish had
introduceu jotatees over a century carlier.

Type and quality of potatoes

The types and qualities of potatoes can influence the consumption role.
Conversely. the role can respond to variations in type or quality, accord-
ing to arange of acceptable types. with rejection of those that fall outside
this range. Among Filipinos, marked preferences exist for red-skinned or
white-skinned potatoes, depending on the part of the country. In Luzon,
red-skinned tubers are used for cold salads, while white-skinned ones are
for cooking with meat or vegetables. In Mindanao, white-skinned
potatoes are caten, and red ones are often avoided because they are said
to spoil quickly. In Indonesia. red- or purple-skinned potatoes are
produced inafewisolated arcas, but they have little market value because
consumers think they look like sweet potatoes, a low-status food. and
they will not buy them. For years in Guatemala, Santa Rosa was a leading
potato producing arca. Its potatoes were referred 1o as *papa Santa Rosa’
and were highly esteemed by urban consumers. Today Santa Rosa no
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longer produces many potatoes, but merchants, desiring better prices for
their potatoes, sell them as Santa Rosa potatoes no matter what their
-ariety or production tocation, and consumers pay high prices for them.
Peruvian consumers are prepared to pay more for native varieties than for
improved commercial varieties (Figure 6.10).

Figure 6.10. Potato preferences. Consumers in Lima, Peru, will pay
higher prices for deep-eyed native potatoes from the Andean highlands
than for improved commereial varieties grown on the coast.
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The degree of importance attached to tuber size, shape, skin or flesh
colour or cooking quality depends greatly on the specific consumption

role and the particular consumer group. For some, small potatoes are
preferable to large (Figure 6.11). Others desire a potato that holds a
cube-shape when cooked, while some like potatoes that fall apart when
cooked. Skin quality may be important to the staple consumers who eat
the entire potato. Above all, in cach group, consumers scarch for
potatoes with the best flavour, only then identifying these potatoss with
names, origins, sizes, shapes or distinctive colouss. Any new potato
variety must not only produce well, but fit within the local ranges of
acceptable taste.

Prospects

Potential for changes in consumption roles

If all the influencing factors are taken into account, there is
potential for luxury potato consumers to become complementary veg-
etable consumers but it is less likely that the latter will begin to utilize the
potato as a staple food. As a luxury vegetable, the potato has a high status
position in the diet, and it might be included in ordinary meals, if it were

Figure 6.11, Potato preferences, Consumers in central Java, Indonesia,
prefer sma!l and medium-sized potatoes rather than large ones.
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more readily available or cheaper. It is much more difficult to change
potatoes from a complementary vegetable position to that of staple.
Usually, in the vegetable role, other foods such as grains, legumes, or
other tubers are considered to be staples and are more readily available.
This does not mean that the change cannot occur (and it does), but when
it happens, the potato fills a gap that was cither previously unoccupied or
poorly occupied by local staple foodstufts.

A goal for the future should be to facilitate greater frequency of
consumption among those who regard potatoes as vegetables by working:

(i) toreduce the price of notatoes relative to other vegetables;
(ii) to encourage wider market distribution on a more reguiar basis;
(iii) to improve home potato storage;
(iv) to promote varicties suitable for local vegetable preparations;
(v) to provide information on new mecthods of incorporating
potatoes into local diets.

In line with the last of these recommendations, processing and weaning-
food preparations are two methods to encourage greater potato utiliz-
ation.

Processing
The nutritional details of the various methods of processing were
considered in Chapter 4.

If consumption trends for processed potatoes among higher-income
groups in the developing countries arc similar to those in developed
countries, it can be assumed that demand for such items will increase.
However, potato processing has a much broader applicability. It can
provide an alternative to storing fresh potatoes. Transforming them into
flour, starch, dried or freeze-dried products makes them casier to store
for long periods and less expensive to transport, and often increases their
unit value. Processing also offers a means to utilize poor-quality potatocs,
and to market them at a higher price than if they are sold as animal feed.

There is a pressing need for simple processing plants which can be run
inexpensively, with small capital investment, at the village or commune
level, by relatively incxperienced operators. Such plants have been
developed in Peru and Bolivia (Figures 6.12 and 6.13). In Peru, tradition-
ally processed dried potatoes form a significant part of the highland diet.
Similar products might have a place in the diets of non-Andean popu-
lations.

Not all items are easily, or justifiably, transferable from Western
culture. In Guatemala, processed potatoes fit well into several dietary
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niches. French-fried potatoes are rapidly becoming the preferred comp-
lement to local fried chicken, pollo cainpero. Potato chips are sold in
urban areas on street corners, and at cinemas, and as a part of the general
‘street food” consumed by the urban workforce. One of the more promis-
ing items currently being developed locally is instant mashed potato. Puré
de papa, or homemade mashed potato, is already one of the most popular
urban potato preparations. So a new., casicr preparation, if moderately
priced, has a good chance of becoming a success. Promotion of other
items, such as potato flour to supplement wheat or corn flour, could meet
with greater resistan:e, since they are not custcmary practices and would
alter the nature of the traditional staple food items.

In [ndonesia it is difficult to find any cxamples of processed potatoes,
However, many other food items, such as cassava, rice, nuts and plantains
are processed into a variety of crunchy krupuk, a kind of giant spicy chip,
eaten with meais. Many other kinds of fried snack food are sold and
consumed among all socio-cconomic groups. Occasionally, potatoes also
are processed into chips. Possibly potatoes could play a more significant
role in the krupuk industry. However. at present, few potatoes are
available for processing, since virtually all of the fresh commodity can be
sold profitably in local markets. It is also possible that the market is

Figure 6.12. Low cost, simple machinery facilitates peeling (left) and
slicing (right) of potatoes ir the International Potato Center’s pilat
processing plant at Huancayo, Peru. Intermediate technology such as this
provides a viable processing aiternative in arcas where large-scale
industrial processing is not feasible.
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already saturated with processed food items and there is no need for
processed potatoes.

Processing holds much potential for diversifying potato consumption in
the future. Caution must be exercised when introducing processing
technologies in that: (1) there should first be a place for the resulting
product in the diet or the possibility of developing that place, and (2) the
technology used must be appropriate to the overall farming and post-
harvest system.

Weaning foods

One reason for malnutrition in developing conntries is a lack of
good-quality weaning foods (Mudambi & Rajagopal, 1980). Potatoes,
either in a fresh state or after processing, mixed with other foods or made
denser calorically through the addition of oils, provide an excellent
weaning food for infants. Among many mothers who are potato pro-
ducers or merchants in Central America and South-cast Asia. potatoes
are alrcady used as a weaning food. However, where the crop is a
relatively recent introduction, potatoes have only a small role in the
weaning diet,

Figure 6.13. Low cost, simple improvements enhance solar drying of
Potatoes at the International Potato Center’s pilot processing plant at
Huancayo, Peru.




Figure 6.14. Women in Bhutan caring for the potato plants on land surrounding their homes (top) and women marketing
potatoes in Indonesia (bottors) are among those who can be encouraged to use potatoes in their chiidren's weaning food.
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Among many Filipino producer families, potatoes arc only rarely given
to children. Instead, costly items are purchased for baby food, rice and
sweet potatoes arc imported from the lowlands, and potatoes are over-
looked. Duce to the bland flavour, moderate fibre content, facility of
preparation, protein quality, and balanced ratio of protein to carbo-
hydrate energy, potatoes should be encouraged as an infant weaning food
(sec Chapter 3).

In future, efforts should be focused on neweomers to potato production
to encourage greater use of their product in their own diets and particu-
larly those of their children. This will require innovative educational
procedures and village-level pilot projects since food habits are the
cultural traits most resistant to change. Yet, if potatoes are to be more
widely consumed among these regions of the developing world, then
cfforts must begin with children. and particularly children of producers
and marketing people for whom price and availability are not constraints
to increased consumption (Figure 6.14),

The place of potatoes in vegetable production

It must be emphasized that for a large part of the developing
world, the potato is considered to be a vegetable. This classification often
makes the potato secem to be much less important than cercal foods or
other roots and tubers consumed as staples. Within such a system, it is
difficult for governments to justify specific programmes dealing only with
potatoes, and even more difficult to allocate personnel 1o work solely on
potatoes. Instead, potato research and extension must be combined with
that of other vegetable crops such as tomatoes and cabbages. Particularly
in South-cast Asia. potato improvement should be promoted within a
vegetable farming system. We must be concerned not only with improving
the quality of potatoes but also with improving potate production rela-
tively. within highly intensive vegetable-cropping systems.

Conclusions

Other chapters in this book have detailed the advantages of
potatocs as a cheap, nutritious, casily grown food supply. The ultimate
goal of improving potato production in the tropics is to facilitate greater
and wider incorporation of potatoes into existing dictary patterns. How-
ever, potatoes should not be considered inisolation. They must be viewed
as a part of the larger food network, an addition, a complement, but not
a substitute for, other cqually beneficial foods. Viewing the potato as an
exclusive monocrop or ‘mono-food” will not encourage its viability in the
long run. Single-mindedness can cause disaster just as single-minded
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dependence on potatoes reduced the Irish population by half in the
nineteenth century. However. when some potato is regularly found in the
daily bowl of food where it never was before, a significant goal will have
been achieved.
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amino acids, free
browning reactions, 133
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french fries production, 124-5
non-protein nitrogen, 62, 63—
amino acids, limiting, 67
amino acids, sulphur
and enzymic browning, 106-7
see also methionine
amylase, pancreatic, 104
B-amylase, 10
amylopectin, 10
amylose, 10
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ascorbic acid
and iron availability, 48-9
forms of, 15-16
stability, 108
ascorbic acid content
boiled tuber and RDA provision, 45
canning, 37, 137-8, 141

chips, 130, 141, 142
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dictary contribution, 45-6
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and freezing process, 37, 127-8

and french fries production, 125-6

papa seca, 37, 149, 150

peeling, 102, 120~}
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143

soil fertitization, 42-3

storage, 936,09 135

and sulphiting, 121

variation, factors affecting, 41-3

ascorbic acid content, and cooking

dricd products, 135-6

methods of cooking, 35, 112-14, 139, 142

pecled v. unpeeled, 107-8, 109

potatoes and other plant foods, 29

ash content, 16

Bangladesh, 173, 196, 207
bean (Phaseolus vulgaris)
composition, 26-7, 28-9
dictary fibre, 39
essential amino acids, 30
lectins, 185
beliefs about food, 208, 209, 211
Bhutan, 193, 218
biological value (BV)
chuno, 151-2
definition, xv
papa seca, 151-2
potato protein, 70, 72, 73
processing-waste proteins, 76
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biotin, 15, 43
bitter potatoes, 144, 177
glycoalkaloids, 164, 165, 171, 177
blackening, post-cooking, 14
blanching
and nitrogenous constituents, 124,
131-2
and processing, 125, 132, 133
and vitamin content, 125, 126
boiling, peeled v. unpeeled, 103-10
ascorbic acid, 107-8
carbohydrate, 1045
dietary fibre, 107
mincerals, 110
moisture, 104
nitrogenous constituents, 1067
vitamins, 108-9, 139
see also peeling
Bolivia, 177, 206
boron, 16, 47
bread
composition of, 28-9
energy supply, 25, 28
fibre content, 28, 39, 40
and potato flour, 131
and potato protein concentrates, 77-8
breast milk
net dietary protein calories percentage,
31,32
breeding programmes and glycoalkaloids,
1645, 169, 186
discase and pest resistance, 170, 186
browning, see discoloration
BV, see biological value

calcium content, 16, 47, 50
compared to other crops and plant
foods, 25,27, 43
and cooking, 29, 35, 110, 116-17
and preparation methods, 142
processing methods, 37, 102, 141
see also mineral content: minerals
calories, see energy values
canning, 136 {f
minerals, 138-9, 141
nutrient composition, 140-1
processes involved, 136, 137
protein content, 137, 140
and RDA provision, 143
vitamin content, 137-8, 139, 141
carapulca, 149
carbohydrate content, 23
churio, 148, 150
compared to other crops and plant
foods, 24, 26
and cooking methods, 28, 34
non-starch polysaccharides, 10-11
papa seca, 148, 150
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processing methods, 36, 140
and storage, 90
sugars, 11-12
see also starch
carboxypeptidase iphibitor, 181, 182
heat stability, 183
B-carotene content, 14, 15
compared to other crops and plant
foods, 25, 27, 29, 42
and cooking, 29
carotenoids, 14
cassava
composition, 24-5, 28-9
net dietary protein calories percentage,
32
cassava flour
protein supplements for, 33
cell walls, 8, 10-11
cellulose, 11, 39, 107
a-chaconine, 163
and cooking, 165, 169
in potato species, 167-8
toxicity, 179
B-chaconine, 168
children
ceducation, and potato usage, 220
percentage provision of RDA for, 45
potato as protein and energy source,
25-6, 31-3
potato protein nutritive value, 72—4
protein-rich staple supplement
combinations, 31-2, 33
starch digestibility, and cooking, 104-5
China, 85, 206, 207
chips (crisps), 5-6, 128-31
ascorbic acid losses, 130, 139
composition, 34-5, 140-1, 142
from unpeceled potatoes, 130-1
glycoalkaloid content, 176
minerals, 130, 141, 142
nitrogenous compounds, 129
production process, 128, 129
and RDA piovision, 143
sugars, and colour and flavour
production, 11-12
value as snack food, 130
vitamins, 130, 139, 141, 142
chips, see french fries
chlorogenic acid
and tubor discoloration, 14, 106
chlorophyll, 15
greening, 172
production, and irradiation, 172
cholinesterase inhibition, 178, 179
chromium, 47, 50-1, 110
chunificacion, 144
chiio, 118, 143—1
preparation and uses, 144-8
chuno blanco, 145
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mineral content, 35, 116-17, 142
nitrogenous constituents, 111-12
non-starch polysaccharides, 11
number of stages, and nutrient content,
110-11
peel nutrient content, 102, 103
post-cooking blackening, 14
pratein content, 28, 34, 59, 111-12
and proteinase inhibitors, 183, 184
starch digestibility, 27, 104-5
starch granules, 10
texture characteristics, 11
see also boiling, peeled v. unpeceled;
micro-wave cooking; processing, large
scale
copper content, 16, 43, 47, 50-1
preparation methods, 110, 116-17, 142
corn composition, 26-7; see also maize
crisps, see chips

churio blanco—continued
composition, 35, 36-7, 148-9, 150
glycoalkaloids, 144, 177
nitrogen loss, 149, 151-2
production method, 145-8, 177
chunio negro, 144, 145
composition, 36-7, 148-9, 150
glycoalkaloids, 144, 177
nitrogen loss, 149, 151-2
preparation and uses, 148, 177
chymotrypsin inhibitor, 181, 182
heat stability, 183
and nitrogen utilization, 183, 184
citvic acid, 9, 14
cobalt, 16, 47, 51
cocoyam composition, 24-5
sec also taro
commersonine, 163, 165
consumer groups

cthnic groups, 198

expatriates, 198, 200

hotels and restaurants, 198-9

non-potato farmers, 197

nutritional and agricultural
professionals, 199

potato marketers, 197

potato producers. 195, 200-2

pre-school children, 198

urban residents, 197, 201, 204, 205, 206,
207

consumer surveys

Guatemala, 2034

Indonesia, 199-200

Peru, 204-6

Rwanda, 202-3

consumption patterns, 191 ff

consumer groups, 195-9

consumer surveys, 199 ff

food balance sheets, 192—1, 194-5

and mealtime presentation, 3, 4, 206-7

nutrition surveys, 194-5

consumption roles, 208 ff

and beliefs, 208, 209, 211

and famine, 212

foreign influences, 212

potential for changes, 214-15

prices of potatoes, 209-11

and social status, 212

type and quality of potatoes, 212-14

cooking processes

Jascorbic acid content, 35, 112-14, 139,
142

B-group vitamin content, 115-16

composition, 28-9, 34-5

dictary fibre content, 28, 34, 39, 112

energy content, 24, 25, 28-9, 34

and glycoalkaloids, 155, 169

high altitudes, and proteinase inhibitors,
184

dehydrated products, 131-6
composition, 36-7, 140-2
cooking and ascorbic acid content,
135-6, 139
methionine content, 72, 133
mineral content, 136, 142
nitrogenous constituents, 131-3
production processes, 131, 132, 133
and RDA provision, 143
and solar energy, 118, 217
uscs, 131
vitamin content, 133-6, 139, 141, 142
dehydroascorbic acid, 15-16, 94, 113
demissine, 163
in potato species, 168
digestibility
nitrogen, 64
protein, 68, 70-1, 73
starch, 27, 73, 104-5
diketogulonic acid, 15, 94
discoloration
amino acid content, 106-7, 133
chlorogenic acid, 14, 106
enzymic, 13-14, 106-7
inhibition by sulphiting, 121
non-enzymic, 14
storage temperature, 86
dormancy, 86
dry matter (DM), 8, 10
content, 9, 23
measurement, 9
nutritive value, 23
tissue distribution, 8-9
total nitrogen correlation, 23
variability, 8, 23

EAA, see amino acids, essential
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Ecuador, 206
energy density
v. energy requirements, 25-7, 51
energy values
clugio, 148, 150
compared to other food plants, 24-6, 28
and cooking, 24, 25, 28-9, 315
papa seca. 148, 150
processed products, 35, 36, 140
starch digestibility, 27, 104-5
enterokinase inhibitors, 181
enzymes, 13-14
cholinesterase inhibition, 178, 179
lipid-degrading, 12-13
sweetening in storige, 13
tuber discoloration, 13-14, 106-7
see also proteinase inhibitors

fat content
churnio, 148
compared to other crops and plant
foods, 24, 26, 28
and cooking, 28, 34
dry matter, 9
pupa seca, 148
processing methods, 36, 140
see also lipids
fibre, crude, 38
churio, 148
compared to other crops and plant
foods, 24, 26, 28
and cooking methods, 28, 34
napa seca, 148
in peel, 102, 103
and processing iyethods, 36, 140
and storage, Y3
fibre, dietary
compared to other crops and plant
foods. 24, 26, 28, 39
and cooking methods, 28, 34, 39, 107,
112
definition, 38
determination, 38
disease protection, 38
in dry matter, 9
non-starch polysaccharides, 11, 38
and peeling, 3940
and processing methods, 36, 140
recommended intake, 39
resistant starch, 38
and storage, 93
types of, and physiological effects, 38-9
flavours
and glycoalkaloids, 170-2
and lipid degradation, 12-13
and pherols, 171
potato protein concentrates, 77
and sugars, 11, 12
see also bitter potatoes
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fluorine, 47, 51

folic acid
stability, 108

folic acid content, 43
boiled tuber. und RDA pravision, 45
canning, 37, 138, 141
and cooking, 35, 109, 116, 139
dehydrated products, 37, 134, 135, 141
dictary contribution, Jo
{rench fries production, 126
peeled v.ounpeeled. 109
processed products, and RDA provision,

141, 143

and storage, Y8
variation, 40, 41

food balance sheets, 192-4, 194-5,
potato consumption Indonesia, 199
unreliability of, 1924

french fries (chips), 5-6
colour production, 11-12
composition, 345, 142
vitamins, 35, 139, 142

french fries, frozen, 123-7
mineral content, 126-7, 141
nitrogenous constituents, 124-5
nutrient composition, 140-1
production process, 1234, 125
and RDA provision, 143
vitamins, 125-6, 139, 14}

frozen products, 123-8
ascorbic acid content, 37, 127-8
composition, 36-7
french fries, 123-7
reheating, and vitamin losses, 128
tetal nitrogen, 127
vitamins, 37, 127, 139
see also chunificacion

fructose, 11

glucose, 11

glycoulkaloids
accumulation prevention, in tubers,

179-81

chemical nature, 163
churio production, 144, 177
and cooking, 165, 169
disease and pest resistance, 169-70, 186
distribution in potato plant, 1634
distribution in tuber tissues, 164, 165
and environmental conditions, 174-5
extraction and analysis, 170
and flavour, 170-2
and greening, 172
and light exposure, 172, 173~
and phytoalexins, 170
in potato species, 163, 164, 165, 167, 168
in potato varictics, 164, 166
and processing methods, 176-7
processing waste, 77
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glveoalkaloids—continued
in Solanaceac. 162
and storage temperature, 175-6
toxicity, 77, 164, 165, 169, 172, 177-9
and wber damage. 175, 177
greening, 172
Guatemala, 212-13
beliets, and potato rale in diet, 209
potato production and consumption,
203~
processed potatoes, 215-16

hollow heart, 9

India. 53, 207
Indonesia, 1,27 196, 198
potato consumpticn patterns, 199-20()
potato role in dicy, 53, 207, 209
potito size preferences, 214
processed potatoes, 216-17
International Potato Center. xi. iii-xiv, 2,
s
germ phiasm collection, 8, 23
simple processing cquipment. 216, 217
invertase, 13
iodine content, 116
dictary contribution, 47, 50
Ireland, 260, 206, 221
potato tamine, 19
iron
availability, and ascorbic acid, 48-9
iron content. 16, 47
boiled or fresh taber and RDA
provision, 45, 49
compired to other crops and plant
foods, 25,27, 43
and cooking, 29, 35, 48, 110, 11617, 142
dictary contribution, 48-9
processed products, and RDA provision,
143
and processing, 141, 142
irradiation
and ascorbic acid, 94
chlorophyll and solanine production, 172
lysine content, 93
and preservation, 87, 90
vitamin content, 98

Java
potato consumption patterns, 199-2()2
potato size preferences, 214

kallikrein inhibitors. 181
Kenya, 212
krupuk, 216

lecting, 184-35
light exposure
glycoalkaloid production, 172, 173-4

greening, 172

solanine content, 174
lignin, 11, 38, 39, 107
lipid-degrading enzymes, 13
lipids, 12-13

degradation, and flavour, 12-13

tuber content, 23

see also fat content
lipoxygenase, 13
lysine availability

and processing, 125, 137
lysine content, 61, 67

chips production, 129

dehydrated products, 132

non-protein nitrogen, 63

and storage, 93

macaroni, 28-9

magnesium content, 16
and cooking, 110, 116-17
dictary contribution. 47, 50

Maillard reaction, 12, 14, 112
amino acid losses, 124, 129
and storage, 90

maize. 47
cooked, composition of, 28-Y
net dietary protein calories percentage.,

2

protein supplements for, 33
see also corn

malic acid, 14

manganese, 43, 47, 50-1
and cooking, 110, 116-17

mazamorra, 148

medical conditions
and dietary fibre, 38
and lectins, 185
and raw potato starch, 104
and sodium intake, 50
see also 1oxins

melanins, 13

melanoiding, 12

methionine content, 61, 67
chips production, 129
dehydrated products, 72, 133
non-protein nitrogen, 62, 63

micro-wave cooking
nineral content, 117
proteinase inhibitors, 183
vitamin content, 116

millet, 33

mineral content, 16, 47
canning, 138-9
chips, 130
o, 149, 150
cooking processes, 110, 116-17
dehydrated products, 136
dictary contribution, 48-51, 53
trench frivs production, 126-7
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frozen products, 37, 126-7
papa seca, 149, 150
peeled v. unpecled, 110
and storage, 98-9
tubers, factors affecting, 48
minerals
dietary contributions, 48-51
distribution in tuber, 102
see also individual minerals
molybdenum, 43, 50-1, 116
content, 16, 47
morayva, 144

Nepal, 19, 206
net dietary protein calories percentage
{(NDpCal%), 31-2
niacin
availability, 43
stability, 108
niacin content
boiled tuber and RDA provision, 45
canning, 138, 141
chuio, 149, 150
compared to other crops and plant
foods, 25, 27, 29, 42
and cooking, 29, 35, 108-9, 115-16, 139,
142
dchydrated products, 134, 135, 141, 142
dictary contribution, 46
french fries production, 125-6
frozen products, 37, 125, 127
papa seca, 149, 150
pecled v. unpeeled, 108-9
peeling methods, 120, 121
processed products, and RDA provision,
143
processing methods, 37, 141, 142
and storage, 97-8
variation, 40, 41
nickel, 16, 47, 51, 110
nitrogen, Kjeldahl, 58
nitrogen, non-protein (NPN), 60
amides, 60, 624
amino acid composition, 62—4
and blanching, 131-2
and cooking methods, 106, 111, 112
distribution in tuber, 59
and environmental factors, 64
nitrogen digestibility, 64
ratio with protein nitrogen, and storage,
91-3
nitrogen, soil fertilization
amino acid enntent, 646
ascorbic acid content, 42-3
mmeral content, 48
true protein content, 61-2
vitamin content, 40, 42
nitrogen, total
and blanching, 131
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canning, 137
chuio, 151-2
constituents, 60
and cooking methods, 106, 111-12
correlation with dry matter, 23
and dehydration, 131-2
distribution in tuber, 59
in dry matter, 9
factors affecting, 59
french fries production, 124
frozen products, 127
papa seca, 151
in peel, 102
and storage, 90-1
nitrogen balance
adults, 71, 72
children, 72-3, 74
NPN, see nitrogen, non-protein
nutritional values
compared to other crops and plant
foods, 24 ff, 42, 43
dry matter, 23
underestimation, 3, 19
nutritional values, proteins
adults, 71-2
animal fceding experiments, 70
children, 724
digestibility, 70-1
microbiological assays, 68, 70
processing waste, 76, 77

oatmeal, essential amino acids, 30
oats, 32, 33
net dietary protein calories percentage,
32
protein supplements for, 33
organic acids, 14; see also individual
organic acids

Pakistan, 22

pantothenic acid content, 43
dictary contribution, 46

papa seca, 118, 145
composition, 36-7, 148-9, 150
glycoalkaloids, 177
nutrient losses, 149, 151-2
preparation, 144, 148, 177
uses, 149

pectins, 8, 11, 39

peel, 8
glycoalkaloids, 164, 165, 169, 186
nutrient content, 101-3

peeling, 100 ff
abrasion-peeling, 120
dictary fibre, 3940
lye-pecling, 120-1
nutrient loss, 101, 120-1
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peeling—continued
steam-peeling, 120
weight loss, 100-1
see also boiling, peeled v. unpeeled;
pre-pecling
PER. see protein efficiency ratio
Peru, 52, 53
agroccological zones, 205
cooking, and proteinase inhibitors, 184
mealtime presentation, 206, 207
potato preferences, 213
potato production and consumption,
204-6
processed potatoes, 215, 216, 217
storage., 8Y
see also chuno; papa seca
Philippines. 180
consumption patterns, 207, 212
potato role in diet, 208-9
potato vields, 192
weaning foods, 2, 20
phosphorus content, 16. 47
compared to other crops and plant
foods, 25.27. 43
and cooking. 29, 35, 110, 116-17
dictary contribution, 47, 49-50
and processing, 37, 141
and starch, 10
phosphorylase, 13
phytic acid, 14, 49-50
phytoalexins, 170
pigments, 14-15
anthocyanins, 7, 14
chlorophyll. 15, 172
melanin, 13
melanoidin, 12
plantain, 207
composition. 26-9, 47

net dietary protein calories pereentage., 32

protein supplements for, 33
polyphenoloxidase, 13
polysaccharides, non-starch, 10-11

dictary fibre, 11, 38

tuber dry weight, 10-11
potassium content, 16

and cooking, 110, 116-17

dictary contribution, 47. 50
potato fruit water, 75, 76

toxice factors, 77
potitto protein concentrate (PPC)

composition, 76

in human food, 77-8

toxic factors, 77
pre-peceling, 119-21,

nutrient content, 120-1, 139

and sulphiting, 121-3, 139
prices and consumption., 209-11
processed products. and RDA provision,

143

processing, large scale, 118 ff
developing countries, 215-17
glycoalkaloid content, 176-7
growth of, 118-19
nutritional changes, 84, 13942
pre-peeling, 112-21
pre-processing operations, 120
sulphiting, 121-3
vitamin losses, 139
see also canning; chips; cooking
processes; dehydrated products;
french fries: frozen products; proteins,
processing waste
processing, traditional, see churio blanco;
chwio negre : papa seca
protein content, 3, 30-6
canning, 137
chunio, 36, 148, 150, 151
compared to other crops and plant
foods, 24, 26, 28
contribution to houschold protein
intake, 31
and cooking, 28, 34, 59, 111-12
and energy supply, 31-3
french fries production, 124
nitrogen fertilization of soil, 61-2
papa seca, 36, 148, 150, 151-2
processed products, and RDA provision,
143
and processing. 36. 137, 140
staple supplement combinations, 30,
31-3
tubers, Y, 23
protein efficiency ratio (PER), 66, 70, 72
definition, xv
proteinase inhibitors, 1814
cysteine content, 183—4
discase and pest resistance, 182
heat sensitivity, 183
nutritional significance, 183—
proteins
digestibility, 68, 70-1
in dry matter, 9
intake, safe level evaluation, 68
quality estimation, 66-70
soluble, 60, 61-2
see also net dietary protein calories
percentage; nutritional values,
proteins; potato protein concentrate
proteins, processing waste
air classification, 77
food industry uses, 77-8
in human food, 77-8
nutritional value, 76
potato fruit water, 75, 76
recovery of, 75-6
single-cell protein production, 75, 76
pyridoxine
stability, 108
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pyridoxine content, 43

boiled tuber and RDA provision, 45

dehydrated products, 134, 135, 141

dictary contribution, 46

canning, 138, 141

cooking methods, 35, 109, 115-16, 139

french fries production, 126

peeled v. unpeceled, 109

processed products, and RDA provision,
143

and processing, 37, 141

storage, 98

variation, 41

recommended daily allowance (RDA),
pereentage provisions, 45, 143
reconditioning, 12, 86, Y0, 93

ascorbic acid levels, 96

free amino acid content, 92

and total nitrogen, 91

riboflavin content

canning, 138, 141

chwio. 149, 150

compared to other crops and plant
foods, 25, 27,29, 42

and cooking, 29, 35, 109, 116

french fries production. 125

papa seca, 149, 150

peeled v, unpeeled, 109

peeling methods, 120, 121

and processing, 37, 141

storage, 97

variation, 40, 41

riboflavin stability, 108

rice

composition, 26-7, 28-9

consumption patterns, 207

essential amino acids, 30

net dietary protein calories percentage,
2

protein content, 59

protein suppiements for, 33

Rwanda, 85, 100, 206

agroccological zones, 202

beliefs, and potato consumption
patterns, 211

forcign influences on consumption, 212

potato production and consumption,
202-3

storage, 88
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soil fertilization
amino acid content, 64-6
ascorbic acid content, 42-3
mincral content, 48
protein content, 61-2
vitamin content, 40, 42
solamarines, 163
in potato species, 168
solanine
content, and light exposure, 174
and greening, 172
a-solanine, 163
and cooking, 165, 169
in potato specics, 167-8
toxicity, 179
solar drying, 118, 217
sorghum
composition, 26-7, 28-9
net dietary protein calories percentage,
32
protein supplements for, 33
specific gravity, and dry matter content
measurement, 9
sprouting
ascorbic acid content, Y6
storage conditions, 86
suppression, and irradiation, 90
thiamin content, 97
starch
distribution in tuber, 10
in dry matter, 9, 10

dynamic cquilibrium with sugars, 11-12

enzyme-resistant, 38, 112
industrial uses, 10
starch digestibility
and cooking, 104-5
and energy supply, 27
starch gels, 10
starch grains, 8
storage, 85 ff
chuno, 144, 177
developing countries, 88, 89
dormancy maintenance, 86
and irradiation, 87, 90
light exposure and glycoalkaloid levels,
173
nutrient determinations, factors
affecting, 87
objectives, 86
storage, nutritional changes, 152-3
ascorbic acid, 93-6, 99, 135

selenium, 47, 50, 51, 116
senescent sweetening, 12, 86, 87
sodium content, 16, 47, 50
and cooking, 110, 116
soil conditions
glycoalkaloids, 174
mineral content of tubers, 48
vitamin content, 40

B-group vitamins, 96-8, Y9
carbohydrates, 90
fibre, 93
minerals, 98-9
protein: non-protein nitrogen, 91-3
total nitrogen, 90-1
storage temperatures
ascorbic acid content, 94-6
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storage temperatures—continued
B-group vitamins, 97-8, 99
glycoalkaioid content, 175-6
low temperature sweetening, 13, 86
protein: nan-protein nitrogen, 92-3
sprouting, 86
sugar content, 9, 11-12, 13, 86-7
total nitrogen, 90-1
see also reconditioning
sucrose, 9, 11
sucrose phosphate synthetase, 13
sugars
content, and storage temperatures, 9,
11-12, 13, 86-7
dynamic equilibrium with starch, 11-12
low temperature sweetening, 13, 86
see also reconditioning
sugare, reducing
colour of products, 11, 12
in dry matter, 9
sulphiting, 121-3
ascorbic acid content, 121, 139
thiamin content, 121-3, 139
sweet potatoes
composition, 24-5, 46-7
net dietary protein calories percentage,
32

protein supplements for, 33

taro
composition, 24-5
protein supplements for, 33
temperature
reheating, and vitamin content, 128, 136
see also churiificacion; french fries,
frozen; frozen products; storage
temperatures
thiamin
stability, 108
thiamin content
boiled potato and RDA provision, 45
canning, 137, 138, 141
churio, 149, 150
compared to other crops and plant
foods, 25, 27, 29, 42
and cooking, 29, 35, 108, 115, 139, 142
dehydrated products, 134-5, 141, 142
dietary contribution, 46
french fries production, 125-6
papa seca, 149, 150
peel, 102, 103
peeled v. unpeeled, 108, 109
peeling methods, 120, 121
processed products, and RDA provision,
143
and processing 37, 141, 142
storage, 96-7
and sulphiting, 121-3
variation, 40, 41

Tibet, 206
tomatine, 163, 168
tongosh, tokosh, 148, 177
tortillas, 207
composition, 28-9
energy supply, 25, 28
toxins
glycoalkaloids, 77, 164, 165, 169, 172,
177-9
lectins, 185
potato protein concentrates, 77
trypsin inhibitors, 77, 181, 182, 183
see also proteinase ..ihibitors
trace elements, 16, 47
dietary contribution of potato, 56-1
peel, 102
soil, and tuber ascorbic acid content, 43
tuber, factors affecting, 48
see also individual trace elements
trypsin inhibitor, 181, 182, 183
in potato fruit water, 77
tubers
amino acid composition, 64-6
nitrogen distribution, 59
nutiient distribution, 101-3
pH, 14
structure, 7-8
Tunisia, 173
tunta, 144
tyrosinase, 13

vanadium, 51
vitamin content, 15-16
analytical techniques, 44
and blanching, 126
boiled tuber and RDA provisions,
44-5
cold storage, 97, 98, 99
compared to other vegetables, 42-3, 44
and cooking, 107-9, 116
dietary contribution, 44-7, 52-3
french fries production, 1256
losses in cooking and processing, 139
peel, 102-3
processed products and RDAs, 143
and reheating, 128, 136
variation, factors affecting, 40, 42-3
vitamins
distribution in tuber, 101-3
vitamin A, 46-7
see also individual vitamins

weaning foods, 74, 105, 198, 217-18
wheat
composition, 26-7
essential amino acids, 30
net dietary protein calories percentage,
32

protein supplements for, 33
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wound healing, 87 net dietary protein calories percentage,
wounding
discoloration, 13 protein supplements for, 33
glycoalkaloid content, 175, 176, 177
see also peeling Zaire, 21

zinc content, 16, 47
dietary contribution, 47, 30, 51
yams and preparation methods, 102, 110,
composition, 24-5 116-17, 142



