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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, delicL te, sometimes with second-rate flowers 
Awkward and milky and beautiful only to hunger.' 

Richard Wilbur, The beatifilulchanges and other poems
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Preface
 

The idea for this book arose from the large number of requests to theInternational Potato Center (Centro Internacional de la Papa) for infor­mation on consumption and nutritional aspects of potatoes. There wasclearly a need for an up-to-date review, particularly in respect of develop­ing countries. Within its mandate to disseminate information on potatoes,the International Potato Center funded this reviewnutritional value. The work 
of the potato's 

was part of a larger three-year project onpotato consumption and utilization in developing countries carried out by
Dr Susan Poats. 

Over 700 titles concerning various aspects of the potato as a food werecollected, and Chapters I to 5 survey this literature. Because there are fewdata available on potato consumption in developing countries, Chipter 6presents the results of some case studies in the tropics by Dr Poats.I hope that the book provides useful information for, and stimulus to,the work of all those concerned with the greater exploitation of the potatoas a food contributing significantly to the health and well-being ofhumankind. It may also be of value to the interested casual reader whosimply wishes to learn more about the dietary role of potatoes. 

January 1986 
J.A.W. 
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AIS-N: alcohol-insoluble nitrogen 
DM: dry matter 
DWB: 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 
NDpCaI%: net dietary protein calories percentage 
NDpER: net dietary protein energy ratio (0.01 x NDpCaI%) 
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 
kusually egg protein). 

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

The potato (Solanium spp.; Figure 1) is grown in 79% of the world's 
countries (FAO,1986). It is second 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 countries, the USSR, North 
America, Australia and tile AlndCan countries of Latin America is well 
known. Less widely recognized, howevcr, is the rapid growth rate of 
potato production in developing countries. 
FAO statistics show that the percentage increase in potato production 

from 1961/65 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% (Intcrlational 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 food 
material can be harvested after only 60 days. 

Currentand future roles 
Though potatoes occupy a smaller area 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 ma' play in national food production systems. 

In recent years, the CnorlnlOtlS potential for agrononmic improvement in 
food plants through plant breeding has been increasingly recognized. In 
the case of potatoes, greater attention is being focused on ways to increase 
production, improve storage methods and facilitate marketing. Con­
comitantly, there is often a need to understand and improve the nu­
tritional contributions that potatoes 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 malnutrition is recognized as a deficiency in 
both energy and protein supplies, efforts to improve total food production 
have concentrated on breedinig for greater crop yield and resistance to 
disease. This review emphasizes the importance of maintaining the good 
nutritional quality of the potato, while searching for the means to increase 
'ields and enhance disease resistance. 

Figure 1.Some of the varieties in the world potato collection of the 
International Potato Center. 
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Misconceptions and a remedy 
There are mmy local misconceptions concerning the nutritional 

value of potatoes. In areas 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 
mlst deal only with one specialized area oflresearch. Reviews covering all 
aspects of the subject are extremely scarce and in most cases rather 
suprificial. Furthermore, the journals in which either specialized or 
general articles appear are frect ently unavailable in local libraries. Many 
articles address developed country interests, particularly those of the 
processing industry, and are therefore less relevant to tile food needs of 
deCeoping countries. 

An outline of the book 
This reviev 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 
form in which it is normally consumed in developing countries 

Although the book is presented as a single unit, each chapter is written 
to stand alone and may be used in training courses or for other purposes. 
Not all tile 700 titles reviewed (many of which are in the library at the 
International Potato Center) are cited; instead the references at the end 
of each chapter are those judged to be Most useful or most current in 
respect of each chapter topic. 

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

In Chapteir2the 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 flavouring in many meat and vegetable dishes offered bya market vendor in West Sumatra. Indonesia. 
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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 inforn',ation is necessary for policy makers and planners 
making decisions about the allocation of research and development funds 
for food production; and tanks equal in importance with comparisons of 
yield, time to maturity, water, fertilizer and plant protection require­
ments, or perishability. -lowever, in diets 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 poiato N in human diets. The 
potential recovery of potato protein from processing waste is also 
reviewed. 

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

Chapter 5 reviews current knowledge about potato glycoalkaloids, 
proteinase inhibitors and lectins, which may have adverse effects on 
humans. Relatively little is known about the nutritional significance of 
these components, particularly the last two. This chapter focuses on 
condition' 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 recommendations for 
controlling tuber glycoalkiloid development are featurcd. 

The Internationai Potato Center has sponsored a three-year study to 
gain lore knowledge of polato consumption in several developing 
countries. Some of the results are included in Chap,'r 6, to provide an 
overviewv of the variety of ways potatoes are used in human diets. 
Attention is dlirected to the nutritional contribution potatoes make within 
ccrtain 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 tiie 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. 

References 
FAO (1986). 1985 FAO productionyearbook,vol. 36, pp. 126-7, FAO Statistics 

series no. 47. FAO, Rome. 
Horton, D. (1981). A pica for the potato. Ceres, Jan-Feb: 2832.
International Potato Center (1981). World potato facts. International Potato 

Center, Lima. 
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Structure of the potato tuber and 
composition of tuber dry matter 

Structureof 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 aerial stem. The spirally arranged eyes, from 
which sprouts arise, are formed by the base of a rudimentary leaf scale 
with three 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 tissues 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 structure. 

BUD or 'ROSE' END 

Cortex ,Eyes or buds 

Periderm 
or skin :/ ' " 

Vascular ring 

Inr pith .Outer medulla 
medulla or pith . . 

S STEM or 'HEEL' END 
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Tile 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; 
between it and the vascular ring isa 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 
1 cm, but is negligible at the eves and point of attachment. Inside the 
vascular ring is another laver of storage parenchyma called the outer 
medulla. Fhe 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 each major zone. Variations arc considerable, owing to difficul­
ties of dcining 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 cytoplasm, which is the seat of processes such as 
respiration and starch synthesis. Some components such as starch grains 
are visible under the microscope as distinct inclusions in the cytoplasm; 
others are 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 cytremcly variable: a range of 13.7% to 
34.8% was found amnongst accessions to the germ plasl collection at the 
International Potato Center (unpublished data). Factors, other than 
variety, which influence DN/ include cultivation practices, climate, length 
of growing season, soil type, and pests and diseases. 

Analyses of a number of varieties all show the same trend in distribution 
of DM: the percentage increases from the periphery inwards as far as the 

Table 1.1.l'ercentage conrihutionsoJ'the major 
parts of whohl'tibers
 

Peel Cortex Outer mhedulla 	 Pith 

5.9 33.0 35.4 	 25.7 
2.8 	 52.2 31.3 13.7 

(Small potatoes) 
2.8 	 37.0 401.1 20.2 

(Large potatees) 

Perccntages as shown by Chappell (1958). 
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inner cortical tissue 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; Schele el 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 intercellular air tissue spaces or the phenomenon known as 
'hollow heart' are included in the measurements (Porter et al., 1964; 
Burton, 1966). Also, the regression lines calculated 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. Approxinate compositionofpotato 

tuber dry matler" 

% in DM 

Normal value Range 
Constituent (approx.) (approx.) 

Starch 70 60--80 
Sucrose 0.5-l" 0.25-1.5' 
Reducing sugars 0.5-2' 0.25-3' 
Citric acid 2 0.5-7 
Total N 1-2 1-2 
Protein N 0.5-1 0.5-1 
Fat 0.3-0.5 0.1-1 
Fibre (diet:'rv)' 0-8 3-8 
Ash 4-6 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 - I 'C to be 30% of DM and for that 
of unstored immature tubers to be more than 5% of DM 
(Burton, 1966). 
' Calculated approximatcly from data given by authors 
mentioned in Chapter 2, pp. 38-9. 
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its various Constituents will he described 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 tile tuber. 
Distribution of starch follows thait of the DM.increasing from the skin 
inwards as far as the vascular ring and then decreasing inwards to the 
central Medullary region. while tie 'heel' end contains more starch than 
the 'rose' end. 

Starch is present in ite formi of graniiles, consisting of amylopectin and 
arnvlose in a fairly constilt ratio of'3: 1.Anylopectin is a large, highly 
ramilied m1olCcule cont aining approximately H) gl ucose residues. The 
anllVose ilolccuIc is siallr. con tainig about 510(1 glucose residues 

linked nainlv hy unbraiched r-1,4 links, although slight branching 
sometinmues occurs. There arc small amlntlls (f phosphorus, combined 
cheni icall\. with siarcli, nlost of it in the anylopectin fraction. The 
presence of phosphate appears to inhibit tile complete enzynic break­
down of starch by /3-illase and affects the viscosity of gels prepareO 

from pOltalttsarch (I3ul-ton, 1906). 
When potatoes are subJCctCd to healt ilcooking or processinlg, the 

watcr tile\econtain P,iabsorbCd into the starch grialules. and ittenipera­
tures of 7 ( mad above tlhc starch is gelatinized. The resulting gel usually 
renails iiside tle 1pota tInless tliCsC arc rupturCd during cookingtc1 Cll Is 
or other processing treatilents such as iashing. inwhich case the release 
ofstarch fronit lhe cells my niia;ke the cooked potato sticky. 

This high starch Contlnt has imidC mlanufacture01f potato starch 
econionlicallv lcvfasi blc illdcvelopCd countries. Such starch gels set rapidly 
and have iihigh hoit-pa;stc viscosity, unlike t hose froin cereal starches. 
Potato slarch is used in tlie ianufacture of adhesives, in the textile 
industrv, in the food iridturSt aind forti le)roduction ofderived substances 
such as alcohol and glucose. 

Non-strch )ol.-'sa.ccharidIs 
The non-starch polysaccharides comprise only a small part of the 

tuber DM: for exaniiple, Hoff& Castro (1969) found 5.6% onlIdry weight 
basis ( 1.2'%' on a fresh weight basis) of cell wall-niddle lamella material 
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in the tubers of the 'Superior' variety of Solniun tuber.suMpn. Present in 
the cell wall and intercellular cementinlg substances of the middle lamella 
are cellulose, lignin, hemicelluloses. and pectin, which is mainly in an 
insoluble 1orm but with some soluble calcium pectate. Hoff & Castro 
(1969) made a detailed study' of the chCmical coMposition of tuber cell 
wall material. Non-starch polysaccharidcs have an important role in the 
final text uIe of cooked potato. For example, during cooking the pectins 
arc soluhilizcd and to some extent degraded, causing separation, and 
occasionall' rupture, of the cell walls. Classed together as dietary fitre, 
non-starch polysaccha rides contribute to the nutritional value of the 
potato. as discussed in Chapter 2. 

Starch and pectic substances as well as monoviade:t and divalent ions 
and cell size are 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 p'tatoes 
and for texture defects are still under debate. The subjec! has been 
reviewed by Burton (1966) and Warren and Woodman (1974). 

Sugars 
Schwimmcr ct 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 ; Glucose + Fructose 

IT II 
Starch -- Glucose 

In newly harvested tubers at temperatures of 10 to 21 C, 98% uf the 
carbohydrate in this equilibrium are in the form of starch. However, 
respirat iOn caus,:s , perpetual turnover of tuber constituents, the equilib­
ria among whicl. are subject to change during stoi'age. In particular, the 
content of sugars increases markedly at tecmpeiaturcs 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 production 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 
brown pigments known as 'melanoidins'. However, excessive production 
of sugar from starch leads to ",fhat isgenerally regarded as an unpleasant 
sweet flavour in cooked potatoes. Sugars are reconverted to starch if 
potatoes, previously stored at lower temperatures are held, for two to 
four weeks, at I10 to 20 'C - I process known as 'reconditioning'. 
Isherwood (1976) gives details of the mechanism of starch-sugar intcrcon­
version during storage of S. tuberosum. while tubers werc transferred 
from 10 'C to 2 'C and back to 10 'C. The accumulation of sugars during 
prolonged storage at higher temperatures (particularly 10tto 20 'C) is 
known as senescent sweetening and is irreversible, probably because of 
cell membrane 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 

briefly 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 discuseQd in Chapter 5. 

Lipids 
The lipid content of potato is low. Galliard (1973) found 0.08 to 

(. 13% (FWB) in 23 varieties. 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 aIpart in reducing enzymic darkening in tuber flesh (Mondy & 
Mueller, 1977). The greater importance of the lipids lies in their suscepti­
bility to enzymic degradation and non-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 
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lipid-degrading enzymes during tuber processing and are also extremely 
susceptible to auto-oxidation. 

Enzymes 
The tuber contains numerous enzyme systems that constitute a 

considerable proportion of the total 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 
activitie:, of enzymes and enzyme inhibitors. Phosphorylase (the action of 
which may bc reduczd by an inhibitor at higher temperatures) breaks 
down starch to glucose-J -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 
/3-fructo-furanosidase (invertase) and a/f-fructo-furanosidase inhibitor. 

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

A further enzyme systcn. important during the preparation of both 
home-cooked and industrivlly processed potatoes, is that causing enzymic 
discoloration or blackening of peelcd 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 (melanins). Since this reaction is initiated when cells are 
injired sone purchascd 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 skills). 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-peeled 
potatoes. Matheis & Belitz ( 1977a,bc, 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 variety, cultural practices and climatic conditions. 
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Methods of inhibition ol1 enlzvmic discoloration caused by peeling have 
bcen reviewed by Smith (I 977). 

Organic acids 
The maIjor organ ic acids identified in the potato are citric and 

malic acids (,Jadhav & Andrew. 1977, Btushwa, et al., 1984). Others 
present are oxalic and fumaric (13ushway c/ al., 1984). chlorogenic andphosphoric (Schwartz et al., 1962), as well as ascorbic, nicotinic and 
phytic acids, am ino acids and f'att acids. All these contrihutC to flavouir 
and help to bhtfl'cr the pootat( sap (tile pll of tihe tbcr is 5.6 to 6.2): the 
level of some, especially that of mal ic acid. can he Used to indicate tuber 
matturit\v. Ascorbic and Inicot inic acids influence directly, and phytic acid 
indirectly, LtubCr ntutritionl value (see pp. 45 and ,19).
 

Chlorogenic acid call react 
 with ferric ions ol cooking to plrOduce I
dark-cololrCd COllCx. This pheniomlenioti, known as post-cooking or 
1oll-ClIZyrlic biackcni . may occur mIlMore ill the 'heel" than in the 'rose,
end of potatocs, in which case it is cal led stem-eIid blackening. Citric acid 
in tubers helps to prevent this 1y sequestering tile iron present and 
making it unavailable f r l'orming a complex with chlorogenic acid. 
Susceptibility of,potatoes i ost-cooking blackening thercfore depends 
upon tie relat'ive concentrations of iron and ol'chlorogenic and citric acids 
in the tubers (Burton, 1966). 

Kyle (1976) has reviewed all types of discoloration in potatoes, i.clud­
ing enzvtIiic browniing and lion-enzyniic Maillard browning. 

Pignents 
Anthocyanin pigments ill the peridcrii and peripheral cortex 

produce totally or partly pigmented skins in potatoes. In some SouthAmerican varieties. the pigment is so dark that tubers may appear black 
and others dark ptLrplc. 

Potato flesh may lie while or varioius shades of .yelow,depending upon

the variety. Yellow coloration is generally duie to presence of carotenoid
 
pigments. The major carotenoid identified in 13 German varieties wasviolaxantli i, followed b\' ILtcin aId hItcin-5,6-cpoxidc arid, in lower
 
concentrations, by 
 ieoxanthin A and ncoxanthin (1wanzik ct a/., 1983);
/3-carotene was detected in only trace aron rits or was totally absent. One 
cultivar had an intense yellow flesh colour, but a relatively low level of,
carotenioids. It is therefore ilr somepossible that, varieties, tile yellow
colour isdue to other, unidentilied. pigments as well as to ca rotenioids. In 
sonie places (e.g. Peru) yellow-fleshed varieties arC 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 
forms in tile 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 (vitamin C) and the B vitamins thiamin (BI), pyridoxinc (B,) and 
niacin. Riboflavin (B,), folic acid and pantothenic acid are also present. 
Small amouants of vitamin E have been reported (Paul & Southgate, 
1978). Biotin is present in traces. The vitamin A precursor f-ca otene is 
absent or present only in trace amiounts. The ranges of content of various 
significant vitamins, the factors affecting variation in their concentration 
and their nutritional contributions are reviewed in Chapter 2. 

Vitai.,in 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-ascorhic acid, is quantitatively the most important (Lampitt et al., 1945; 
Leichsenring et al., 1957) or is the only form prescnt (Wills et al., 1984). 
The enediol group on C-2 and ('-3 of this coMIound can be oxidized to a 
diketo group in a reversible reaction. The resulting dehydroascorbic acid 
ha:s full vitamin C activity. However, dchydroascorbic acid is more labile 
than the reduced form and is readily, and irreversibly, oxidized to 
2,3-diketoguloic acid, with consequent loss of vitamin C activity. These 
oxidations may occur during post-harvest operations. 

Determinations o vitamin C content in stored, cooked or processed 

Figure 1.2. Structural changes during oxidation of L-ascorbic acid. 

0 0 
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C -H 
CHOH CHOH CH2OH 
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potatoes use methods which measure (1) l-ascorbic acid only, or (2) the
total of L.-ascorbic and dehydroascorbic acids. The former methods 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
solution in the soil in which the tubers were grown, or were derived from

in 

fertilizers or sprays employed during cultivation. Potatoes are rich in
potassium and phosphorus but are rather poor sources of sodium and
calcium. Iron isalways found as are magnesium, zinc, manganese, silicon,
sulphur and chlorine. There are traces of boron, copper, iodine, bromine,
aluminit-m, 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 'lorc detail romi a nutritional viewpoint in Chapter 2.

Discolor,, on of potatoes hy enzymic and non-enzymic browning, the
interconversion of starch and sugars and the production of 'off' flavours 
from potato lipids have bcen dealt with only superficially. However, it is
beyond 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 ofthe 
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 ws able t,. 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 1846--47, when the potato crop failed due to blight, are 
well documented (Woodham-Snith, 1962; Salaman, 1949). Anthro. 
pologist FOrer-Haimcndorf (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 
elaborate Buddhist civilization in the northern part of the country. 

However, although the potato has been shown to be a source of 
good-qtuality protein, to have a favourablc ratio of protein calories to total 
calorics and to be an important strce of vitamins and minerals, its 
overall value in the diet no\wadays is generally greatly undcrestimated. 
This chapter demonstrates tile value of potato, particularly for consumers 
in developing countries, where diets are principally made up of basic 
regional foods. Data are from niutrition 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 WI-1 ( 1985). FAO/WI-I() (Passnorc el al., 1974) 
and from the US National Resk-irch Council (198(0). 

One practical goal of food and nutrition policy planners in developing 
countries is to reduce disparities between requirements and intakes of 
nutrients. Comparison of the nutrient contents of various food crops 
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indicates which foods my be of particular value in improving local dicts 
and therefore should have increased production. This chapter provides 
such comparisons betwecn the potato and other crops, which can be used 
in a variety of situations. The potato is a staple food in those tropical 
regions where cle'vation provides a moderate cool-season climate (Fig­
ure 2.2). In other tropical areas it is used as a vcgetable (Figure 2.3). It is 
therefor compared nutritionally wvith root !ind tutller staples., with cereal 
grains and with dry bcans, as well as with several vegetable items; 
emphasis is on comparisons of' the composilion of*foods in the form in 
which they ure eaten. 

Figure 2.1. A pre-Columbian ceramic pot in the form of apotato tuber. 

P..
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Chemical compositions icl "crto the com ponellsts ol the licsh only or of 
the wholc potato. ald vil cs oi\cn in the tables arc for avcraoe composi­
tion. Contents of, all comllploints M, \dr\ coInsiderahly and depelnd 
upon, for example. \ariclv. locatilon of gIroW!h. .,oil tyvpe. clinlmlte anld 
conditions otf cultatiol. ('oIplolsilion is altcred I1Y storage and bw 
cooking or Proccssiinu and is also st t til dilIcrCnt i1cthodts of 
sampling a ldl miklsis nscd h11diffcrcnt il\cstigtlor'S. Th csc points were 

Figure 2.2. Potato s retailed as astaple in Zaire. 
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t
Figure 2.3. Ret ailingI ptatoe I. ,I %cg(t'a )ltinlluh ia (a ho e)and
Palkistan (ht)cl ).
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considered when the tables were compiled and figures for composition 
have been 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. 1g is in the form of lipid. QOantitatively, the 
major constituent isstarch (Table 2. 1). 

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

Gro:;s amounts of energy and protein furnished by the potato are 
dependent upon its DM content and the latter is hence of considerable 
significance 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 (,Ii a dr,weight basis) and DM is reported 
(Poats & Woolfe. 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 "lie and DM should 
encourage plant bieeders to maintain DM levels when searching for 
increased yields and resistance to pests and diseases in new varieties. 

Table 2.1. A i'rage content ofmajorconstituents 
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 k (80 kcal) per 100 g. Howcer. tie large 
variation in tuber DM content produces a rangc of energy contents also, 
e.g. 264 to 444 k (63 to 106 kcal) per 100 gwas found for the energy values 
of North American commercial varieties (Toma et a!., 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 
quantities of water, which changes their composition significantly. The 
potato. when boilcd in its skin, retains its energy value almost unaltered. 
A fairer comparison of the potato and the cereals or legumes, therefore, 
is either on a dry, raw basis or on ti cooked, 'as eaten', basis. Doughty 

Table 2.2. Composition of rait potatoesantd other roots anzd tubers
 
(per 100 g edible portion)'
 

Dietary 
Total fibre 

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

Food (k) (kcal) (%) (g) (g) (g) (g) 

Potato 335 80 78.0 2.1 0.1 18.5 2.16 
(Solanumtuberostm) (0.5

Sweet potato 485 116 70.2 1.4 0.4 27.4 2.5
 
(Ipomoea hatatas) (0.9)
 

Yam 444 116 72.0 2.2 0.2 24.2 4.16
 
(Dioscoreaspp.) 
 (0.7)

Cocoyam. taro 423 101 73.2 1.9 0.2 23.5 (0.8)
(Coloca 'iaspp.)

Cassava 6(17 145 62.6 1.1 0.3 35.2 5.29 
(NAmlihot esculenta) (1.0) 

" Averages of figures from: Wu Leung & Flores (1961); Wu Leung etal. (1968);

Wu Leung et al. (1978): C;aribbean Food & Nutrition Inst. (1974); Watt & Merrill
 
(1975).
 
' Paul & Southgate (1978).
 

Scc also recent values given in Table 2.11. 
dPale variety. 

Yellow variety. 
f Deep yellow variety. 
1'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 
Pha.eolhcs beans (Taible 2.3). Table 2.4, on the other hand, compares 
cooked potatoes with other cooked staples and shows that, while the 
potato is still lower 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 energy than cooked 
potatoes. 

Thc pot:tto .s low en,rgy dcrsity ( mcrgy co,,jte. li-, t im of food) is 
advatltageouIs w'heln p)otatocs are included (without added fat or energy­
rich suces) in diets 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 

Ash 
(g) 

Ca 
(n1g) 

P 
(mg) 

Fe 
(mg) 

(-carotene 
equivalents 
(gg) 

Thiamin 
(rg) 

Ribo-
flavin 
(rng) 

Niacin 
(ng) 

Ascorbic 
acid 
(mg) 

1.) 9 5tI I.8 0-trace 0. 0" 0.04 1.5" 20 

0.8 33 46 1.I 47' (. 1 t.05 0.7 26 
1468" 

I.t0 25 53 0.9 
21081 
Trace- It 0. 10 0.03 0.5 9 

1.2 38 75 1.2 Trace 0.13 0.03 0.9 6 

t0.9 38 41 1.t0 t0-3t) 0.06 0.04 0.6 36 
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systems cannol cope with large intakes. Too much potato would be 
needed to supply all the energy requirements of small children, so they 
need an cnergy-rich supplement. However, they can consume as much as 
50% to 75% of their energy supply as potato (L6pez de Romafia et al., 
1981). Although adults wouid also have to consume large quantities to 
meet all their daily energy needs, their digestive systems have a greater
capacity. Up to 4.5 kg per capita were consumed daily in Ireland in the 
seventeenth to nineteenth century (Pimental et al., 1975). This would 

Table 2.3. Composition of raw'potato,dried potato and other plant foods 
(per 100 g edible portion)" 

Dietary 
Total fibreEnergy Crude carbo- (Crude 

- Moisture protein Fat hydrate fibre)Food (k) (kcal) (%) (g) (g) (g) (g) 

Potatoes 335 80 78.0 2.1 0.1 18.5 2.1h 
(0.5)Potato(dried)" 1343 11.7321 8.4 0.4 74.3 8.4f 
(2.01Plantain 531 127 64.5 1.2 0.2 33.3 5.8 
(0.5)Corn,sweet 402 96 72.7 3.5 22.11.0 3.7 
(0.7)Corn.mature 540 63.5 1.3129 4.1 30.3 (1.0)Corn,dried 1498 11.5358 9.5 4.4 73.2 9.3f 
(2.1 

Rice, milled 1523 364 12.0 6.8 0.5 80.2 2.4white (0.4)
Wheat,hard 1389 332 12.3 13.3 2.0 70.9 12.1 f 

(2.3)Sorghum 1431 342 10.9 10.1 3.4 73.2 9.0Owhole grain (2.0)
Beans 1414 338 11.8 21.9 1.6 61.2 25.4 ° 

(Phaseolus (4.4)
vulgaris) dry 

"Averages of figures from references in the footnotes to Table 2.2. 
,Paul & Southgate (1978). 
See 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. 
'Calculated from Paul & Southgate (1978).
f Nymaniet al. (1984). 
9 White variety.
hYellow 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 eaten to supply a given amnount 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. 

Ash 
(g) 

Ca 
(mg) 

P 
(mg) 

Fe 
(nig) 

,8-carotene 
equivalents 
(gg) 

Thianin 
(nag) 

Ribo-
flavin 
(mg) 

Niacin 
(mg) 

Ascorbic 
acid 
(nig) 

1.0 9 50 0.8 (-tracc 0. 101 0.04, 1.5' 20 

4.0 36 211 3.2 Trace 0.40 0.16 6.0 80 

1.0 9 350 (.9 125-781 01.8 1.04 0.6 22 

0.7 3 111 0.7 400 (.15 0.12 1.7 12 

0.8 
1.3 

5 
12 

128 
251 

1.1 
3.4 

35 
69 

0.18 
1.35 

(.08 
0.11 

1.9 
1.9 

9 
Trace 

147" 
0.6 20 115 1.1 0 01.08 0.04 1.8 0 

1.7 44 359 3.9 0 (1.52 0.12 4.4 0 

1.7 32 291 4.9 0-20 0.39 0.15 3.8 0 

3.7 98 247 7.6 0-20 0.53 0.19 2.2 Trace-3 
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Table 2.4. Composition of cooked potatoes andother cookedplantfoods 
(per100 g edibleportion)" 

Dietary 
Total fibre 

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

Food (kJ) (kcal) (%) (g) (g) (g) (g) 

Potato 318 76 79.8 2.1 0.1 18.5 1.07' 
(boiled in 1.30' 
skin, flesh (0.5) 
only) 

Cassava 519 124 68.5 0.9 0.1 29.9 (0.4)
 
(boiled)
 

Plantain 393 94 74.5 1.1 0.2 23.8 6.4"
 
(green, boiled) (0.2)
 

Rice 565 135 67.9 2.3 0.3 28.0 0.8"
 
(boiled, (0.1)
 
white)
 

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 32.7 8.7 1.6 55.7 2.7"1
 
enriched (0.5)
 
white)
 

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

Sorghum 356 85 79.6 2.7 0.5 17.0 (0.2) 
(porridge) 

Beans 494 118 69.0 7.8 0.5 21.4 7.4d 
(Phaseolus (1.5) 
vulgaris, 
boiled) 

a Averages of figures from references in footnotes to Table 2.2. 
, Boiled, peeled. Average of figures from Jones et al. (1983). 

C Boiled with skin, including skin. Average of figures from Jones et al. (1985). 

, Paul & Southgate (1978). 
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Ash 
(g) 

Ca 
(mg) 

P Fc 
(rg) (mg) 

13-carotene 
equivalents 
(pg) 

Thiamin 
(mg) 

Ribo-
flavin 
(nig) 

Niacin 
(mg) 

Ascorbic 
acid 
(mg) 

0.9 7 53 0.6 (-trace 0.09 0.03 1.5 16 

0.6 - - - - - - - 26 

0.6 9 32 1.2 345 (.04 0.06 0.6 12 

0.7 8 36 0.3 0 0.02 0.0! 0.4 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 

2.4 8 59 0.5 0 0.01 0.01 0.3 0 

0.2 4 31 1.7 0 0.04 (.01 0.2 0 

1.3 38 14(1 2.4 Trace 0.11 (.06 0.7 0 
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Protein content 
Potato crude protein (total N x 6.25) at about 2% (FWB) is 

comparable to that of most other androot tuber staples, with the 
exception of cassava, which ha:s only half this a1ou1nt (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 orrice of cereals cooked as 
porridges (Table 2.4). 

Factors influencing Chelevel of total N are reviewed in Chapter 3, which 
also discusses the high n1iutritional value of potato N. Table 2.5 shows the 
essential amino acid composition of potato in comparison with four other 
irfopl a s aplcs. The advantage the potato has over the cereal staples is 
its high tvsile content. However, it contains lower concentrations of the 
sulphur-containing amino acids (meIthionine, cvsti ne/cystci fie) than the 
cereals. Iiuseohis beans also have greater quantities of lysine but have 
even 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 quia lit' protein. In some 
developing countries, meals are frecquntly scrvcd with mixtures of boiled 
potato aid rice and/or pasta. Such rlixtures, hom,ever, are oftcn wrongly
assumed by developed-country consumers to provide nothing more than 
large quantities of energy. 

It has 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 amtino acidcomposition of potatoes atnd four other 
plantfoods" 

Esscntial amino acids (g/16 g N) 

Met + Phc +Food His lie Leu Lys Cys Tyr Thr Trp Val 

Potato 1.9 4.2 6.1 5.4 2.9 3.87.4 1.4 5.1Whcat(white 2.1 3.8 7.) 1.9 4.2 7.4 2.7 1.1 4.3 
flour)

Rice (milled, 2.4 3.8 8.2 3.7 3.7 3.48.8 1.3 5.8 
white)

Oatmeal 2.1 3.8 7.2 3.7 4.5 8.3 3.4 1.3 5.1Beans 2.9 4.2 7.7 7.2 1.9 7.9 4.0 1.0 4.6 
(lhl1seolus 
vulgaris ) 

"Calculated from data by Paul & Southgate (1978). 
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ability to 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 5010 of the daily energy 
and 12%, 11% and 10% of the daily protein needs of children aged 1-2, 
2-3 and 3-5 yeai's. 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 
Committce, 1983). This can be compared with the contributions of fruit 
(1.3%), eggs (4.6%), fish (4.8%), checse (5.8%), beef (5.7%), white 
bread (9.8%) and milk (14.6%). 

For infants and children, an energetically adequate diet cannot support 
growth if its protein content is interior 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 exaiple, by the percentage of the total energy supplied by protein. A 
useful estimate of protein q uality is the net dietary protein calories 
percentage or NDpCaI%,. which also utilizes the chemical or protein 
score, since many vegetable foods are limiting in at least one of the 
essential ainino acids. NDpCaI% is calculated as: 

(g protein/O0 g food) x chemical score x 4 1 10 
total kcal/l0 g food 

The NDpCaI% of breast milk is approximately 8, which meets the 
known requirements of infants. As children grow, energy requirements 
increase and the percentage drawn from protein decreases until, at one 
year old, the child requires an NDpCaI% of about 6. Table 2.6 shows the 
NDpCaI% of some staple foods and indicates that potato and some 
cereals 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, thercfolre, a well-balanced 
food in terms of protein and energy. In other words, if enough is eaten to 
supply energy needs, a significant amount of protein will also be provided. 

NDpCaI% is also a means of estimating the quantity of a food or diet 
which is needed to meet the protein and energy requiremients of a section 
of the polalation. 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 energy and protein for the 
infant or young child, while minimizing bulk. Each mix provides approxi­
i, ately 1464 k (350 kcal) and has an NDpCaI% 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 
koal 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 
potatoes with other staples, showing that: 

(1) 	 Potato requires less of the expensive protein-rich supplements 
than do other root, tube and fruit staples, due to the high quality 
of its protein. 

(2) 	 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. 

(3) 	 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% ofpotatoesand otherstaple
 
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 
Maize 4.5
 
Sweet potato 3.4
 
Plantain 
 1.5
 
Cassava <1 

I Data from Cameron & Hofvander (1976). 
,NDpCaI% = Net dietary protein calories percentage
 
or the percentage of total energy providcd by protein.

(Note: Requirement f.r adult = 4.0; requirement for a
 
one-year old child = 'j.0.)
 



Table 2.7. Staple-supplementcombinationsfor infant orchildfeedinga 

Staple (g) 
Supple- Millet or Sweet Cassavaments(g) Oats Wheat Rice sorghum Maize Potato potato Yam Taro Plantain flour 

Eggg 65 65 65 65 65 300 180 220 19010 25 30 30 150 6025 25 35 25 25 45 50 

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

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

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

Chicken lean 65 65 65 65 65 300 180 210 195 160 70meat h 10 20 25 25 35 25 35 35 30 45 45 

Beansc 75 80 65 75 55 320 125 1655 10 25 10 35 20 50 150 85 4040 45 55 55 

a Data from Cameron & Hofvander (1976). Combinations formulated to minimize bulk, and to provide 1464 kJ (350 kcal) with an 
NDpCaI% of 6. 
"With addition of 10 g of oil or 5 g of oil and 10 g sugar or 20 g sugar.
C 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 mikc much greater contributions to intakes of energy and protein 
than whe.i 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 occur in the process vnd 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 energy are often con­
suied, than in the developing world, where extra energy is frequently 
required. 

Tablc 2.8. C(onipositon o potatoes cooked by differentimethods(per lOOg) 

Dietary 
Total fibre 

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

method (k.) (kcal) (%) (g) (g) (g) 
 (g) 

[Uncooked 335 8o 78.0 2.1 0.1 18.5 1.7" 
(0.5)hoilcd in skin" 318 76 79.8 2.1 0.1 18.5 ((0.5)

(liesh on I)

Boiled. 301 72 81.4 
 1.7 0.1 16.8 1.6" 

peeled" (0.6)Baked iu skin' 414 99 73.3 2.5 0.1 22.9 1.9"
 
(flesh only) 
 (1.2)

Mashed (with -144 106 78.4 1.8 4.7 15.2 (0.7) 
milk and 
rrlargarine)'
 

Rloastecd(in 657 157 64.3 
 2.8 4.8 27.3 2.7" 
shallow fat,
Ilcsh oly)"
 

French fricd 1165 264 45.9 
 4.1 12.1 36.7 3.30 
(chips), (1.0)

Chips(crisps)' 23(15 551 2.3 5.8 37.9 49.7 11.9' 
(1.6) 

Finglas & Faulks (1984).
 
' Watt & Merrill (1975).
 
C(alculatcd is b lPaul & Southgate (1978). 

, Average of figurcs from Paul & Southgate (1978), Watt & Merrill (1975), Wu 
Leung 0i (1. (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 u,pon the form in which they are cooked, i.e. the 
concentration of potato in the final food as eaten. It cap be seen that the 
protein content of some processed products is considerably reduced. A 
dried form of potato, known locally in Andean countries as chiutio 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 chtio blanco 

Total 
Ribo- Pyri- folic Ascorbic

Ash Ca P Fe 	 Thianin Niacin flavin doxinc acid acid 
(g) (rag) (irg) (rng) 	 (rng) (rag) (rag) (rag) (#g) (mg) 

1.0 9 50( 0.8 .0 1.5 0.04 t0.25 14 20 
(0.2 )" (0.6)" (0.02)" (35)"

0.9 7 53 0.6 0.(19 1.5 0.(13 - - 12-16c 

0.7 	 6 38 0.5 0.08 1.2 0.03 0.18 10 4-141 
(0.2)" (0.5)" (0.01)" (3 ,)" 

1.2 10 60 0.8 (.10 1.8 0.04 0.18 10 12-16c
(0. 2)" (0. 6)" (0.01)" (25)' 

1.5 18 40 0.4 	 0.08 1.1 (.04 0.18 (10)9 4-12r 

- 10 53 0.7 	 (.10 1.9 0.04 0.18 7" 5-16' 

(0.2)" (0.6)" (0.02)" (35)" 

1.8 15 92 1.1 0.12 2.6 0.06 0.18 (10)1: 5-16" 
(0 .2) ((0.6)"(0.02)" (35)"3.1 39 135 2.0 0.20 5.5 0.07 0.89 20" 17' 
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during parts of the year when supplies of fresh potatoes are limited. 
Protein content is not rcduced to thC same extent during processing of 
chulo negro, and(Gursky (1969) has recorded that chitfo negr(o supplied
5.9% of the protcin intake in the three Peruvian highland communities 
which hc studied. The prcparation of chulo is described briefly in 
Chapter 4. 

Table 2.9. ('omposition of l)rocessedforms ofpotatoes (per /00 g) 

t)ietary
Total fibreEncrgy Crude cart-o- (CrudeForm of Moisture protein Fat hydrate tibrc)

potato (k) (kcal) ('%) (g) (g) (g) (g) 
A. lhuhitrial methods 
Canned" 222 84.253 1.2 0.1 12.6 2.5" 

(drained 
solids)

Instant 1331 7.2 0.8318 9.1 73.2 16.5" 
powdc"

Instant 293 70 79.4 2.(0 0.2 16.1 3.6" 
powtlr"
 
(recoil­
stitutcd)


Frozen 3(15 81.0 Trace73 1.2 17.4 (0.4)
(diced)" 

B. Traditionalnetltods 
Frozen(by 753 181 54.5 1.8 0.6 42.1 (2.0)

traditional
 
Peruvian
 
nlcthod)"


' Pupaseca". 1347 322 14.8 8.2 72.60.7 (1.8)
Otiftioblanco 1351 323 18.1 1.9 0.5 77.7 (2.1)

(white
 
c/ill 1 ",

Chuio negro 1393 333 14.1 4.0 0.2 79.4 (1.9)
(black 
chir'o ),'.
 

"Paul & Southgaec (1978). 
,Estimated v'alucs from Paul & Southgate (1978).
Some bralds are tortilicd aid iay contaiii up to 10 times this value. 

, Watt & Merrill (1975). 
Col lazos et al. (1974). 
Potatoes boiled, peeled and sun-dried. 

g Potatoes frozen outdoors, trampled, soaked in running water for 1-3 weeks,
sun-dried. 
" Potatoes 'rozen outdoors, trampled, sun-dried. 
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Ash 
(g 

Ca 
(rOg 

P 
(ing) 

Fe 
(mrg) 

Thiamini 
(rng) 

Niacii 
(mg) 

Ribo-
laviii 
(mg) 

Pyri-
doxiiie 
(rag) 

folic 
acid 
(pg) 

Ascorbic 
acid 
(nmg) 

11 31 0.7 102 1.0 0.03 0.16 11 17 

89 220 2.4 0.04 5.6 0.14 (0.82)' 24 12' 

20 48 0.5 0.01 1.7 0.03 (0.18) ' 5 3 

0.4 10 30 1.7 0.07 0.6 0.01 - - 9 

1.0 58 54 2.8 0.07 1.6 0.20 - - 1 

3.5 47 200 4.5 0.19 5.0 0.09 - - 3 
1.8 92 54 3.3 0.03 3.8 0.04 - - 1 

2.3 44 2(13 0.9 0.13 3.4 0.17 - - 2 
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Dietary fibre 
In recent years there has been increasing interest in dietary fibrc,as a result of suggestions that it gives protection against diverticulosis, 

cardiovascular disease. colonic cancer and diabetes: this is the subject of 
continuing intensive research. 

Trowell ci al. (1976) stated that dietary fibre is 'the plant polysac­
charides and ignin which are resistant to hvdrolysis by tihe digestive 
enzymes of man': this is the de liiition most wideLh accepted at present. 
Dietary fibre is not, however, a precise term ald opinions vary on its exact 
compositiM. Nictlhod:, of determininliiIg dietarv fibre are con till yvbeinig
modified and improved (Ilellendloorn et al.. 1975: Jeltema & Zabik, 1980J: 
Schweizer & Wursch. 1981 ). Recent mcthodts show that tie quantity of 
dietary fibre in foods, including potatoes. is higher than that of crude 
fibre. However. this difference is due to the variation inmethodology 
used in the determinations. Dietary fibre analyses utilize physiologically 
active enzymes to break down non-fibre comliponclrits" whereas earlier 
chemical deterlinations of crIttc fibre used acid or alkali. Crude fibre 
analyses have largely been ahalidhmCd as they leiasure only ismall land 
variable fraction of the dietary fibrc. ltowever, crude fibre contents of 
foods are still generally gi\ven in fnod composition tahles. Where data are 
available. contents of dietary fibre are given ill the tables inthis chapter, 
although few deterninations have been carried out and published results
 
vary considcrably. For exaniplc. raw potato dietary libre con tent appar­
elitly ranges bct\ee, about I g and 2 g/l() g fresh weight (Paul 
 & 
Southgate, 1978: Finglas & Faulks, 1984a: Wills etal., 1984, Jones et al.,
 
1985). Il addlition, it shoull he rioted that part ofthie dietary fibre may be
 
starch that is resistant to hydrolvsis hy tie enzymes used to remove starch
 
prior to dietary fiblrC tetrmi nation. This 'resistant starch" may be pro­
duced by su bjecting foods to heat and/or dehydration, which confhers a
 
nore ordered strUcture oil the starch molecules anld renders them less
 
susceptible to enzvmic digestion. Jones et al. (1985) foIund that there was
 
little 'resistant starch' in raw potato, but that it formed 20%, to 50% 
 by

weight (determined separately) of the toal dietary fibre of cooked 
potato. Variations in dietary fibre as aifectcd by rate of starch digestibility 
in 0iltro wcre also determined ill raw. baked aid chip)ed (crisps) potatoes 
by Dreher et al. (1983). 1howvcr, it is as vet unknown whether this 
resistant starch is digested in the human intestine. If it is not, then it 
should he considered as part of tlie dietary fibre since it may. like other 
types of fibrc, affect hhalt th the ruCliuii rough of the colon. 

It has been shown that various types (f dietary 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 
to reduce serum cholesterol levels and blood glucose and insulin response 
to meals containing carbohydrates (Sandberg. 1982). A chemical charac­
terization of the dietary fibres in various foods, including whole potatoes 
(Theander, 1983), revealed that cereal brans have the highest lignin 
values, are rich in arabinoxylans and cellulose, but are low in uronic acids, 
whereas various Vcgctables, including potatoes, have higher cellulose 
contents and more pcctic and pectin-associated substances than the 
brans. Other recent research on this topic has bcen initiated by Englyst et 
al. (1982), Reistad (1983) and Jones er a1. (1985). The significance of the 
findings illterms of tile niutritional properties of different dietary libre 
sources, however, has vet to bc determined. For this reason, fibre content 
of potatoes nLldother foods Will be compared he re on, q uant itativelv. 

By comparison with other raw items (Tables 2.2 and 2.3), the fresh 
potato has a dietary fibre content similar to that of sweet potato but 
somewhat lower thani that of other roots and tubers :lntl. mLuch lower thaL 
that of most cereals and dry lhta.w'ohs bearns, although, on a dry basis, 
potatoes and cereals are similar in this respect. Dietary libre dcternii­
nations have been conducted largely on raw rather than on cooked foods 
and inforniation on levels was fboud for only fi'e of tile ten cooked items 
ini hrc content similar to thatTable 2.4. Boiled potato flesh has a dietary li 
of cooked white rice and a much lower content than that of boiled green 
plantains or of boiled IPhas'ohisbeans. Potatoes cooked as french fries or 
chips aie a more concentratcd source of fibre (Table 2.8). It can be 
calculated that N)) t).7, and 0.5 times theg of boiled potalto supply I.(0, 
fibre that can be tound inla 35 g 'medium' slice of wh'liite, brown or 
wholemcal bread, respectivel\ 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 dietary fibre at
 
present. It has been suggested (Brodribb, 1983) thit about 40 g/day 
should be consumed to niaintain correct colonic function. Recently an ad 
hoc working party of the NACNE (National Adviso,'y Committee oil 
Nutrition Education, 1983) recommended an increase illBritish dietary 
fibre intake to 30 g per person per day. When potatoes are consumed in 
quantitv on a regular basis, tile,, make a significant contributiori to dietary 
fibre intake. At present, for example. fresh potatoes contribute 15% of 
the dietary fibre intake in British households and rank as a primary source 
(Finglas & Faulks, 1985). 

Consumption of the whole tuber, rather than the flesh alone, may 
increase dietary fibre intake. lonies ei al. (1985) found a higher dietary 
fibre content illunpccled than in peeled raw or boiled potatoes (see 
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Table 2.4). There have been investigations into whether peel,by-product of 
as a

the potato-processing industry in developed countries,could be incorporated into bread to increase fibre in the diet generally
(Toma et al., 1979: Orr et al., 1982). 

Vitamins
 
Potato is an excellent source 
 of some of the water-solublevitamins. Average values of the contents of these vitamins in the raw 

potato are shown in Tables 2.2, 2. 1( and 2.11. 

Factorsaffecting contents 
Values can vary considerably, as the ranges, determined bydifferent authors, shown in Table 2. 1tdemonstrate, but relatively littlework has been carried out to determine the sources of variation. Different

methods of analysis can lead to varying results: Finglas & Faulks (19 84a,1985) attributed differenmcs in their determined values for thiamin,
niacin, ribofllvin and total folate from those previously reported for thepotato in food composition talles to analytical methods that were more 
reproducible than those used earlier. 

The thiamin content of potatoes depends upon variety (Swaminathan
& Pushkarnath, 1962: Lcichsenring et al., 1951) and location of growth(Leichsenring et 1951). Tubers from loamy soilal., 
 contained morethiamin than tubers from sandy soil, and thiamnin content is greatly
increased by nitrogen fertilization (Augustin, 1975).

A large diffcrencc in riboflavin content, but little difference in niacincontent, has been found amongst varieties (Swaminathan & Pushkarnath,
1962). Riboflavin was unaflectcd by soil andtype, little affected bynitrogen fertilization when potatoes were grown on sandy so;ls, but wasincreased somcwhat 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 inpotato ascorbic acid (vitamin C) content. References to early work onthese factors are given by Leichscnring et al. (1951) and Burton (1966). Aseries of experiments in the 194)s (Leichsenring et al., 1951) showed thatthe reduced ascorbic acid content of potatoes varies with variety, locality(the amount of the difference between localities being dependent uponthe variety under consideration), crop year and maturity at time ofharvest (values were highest when plants were at their maximum vigour

and declined thcreafter as vines began to die off).
Recent studies have confirmed these results and showed an additional 



Table 2.10. Ranges in contentsof variouswater-soluble vitamins 
in potatoes (mg/l00g FWB)a 

Reference Thiamin Riboflavin Niacin Ascorbic acid 

Swaminathan & 0.031-0.078 0.012-0.076 0.9-3.2 13.1-26.6
Pushkarnath (0.051)b (0.033) (1.6) (19.6)

(1962)


Page &Hanning ­ - 1.03-2.08 ­
(1963) (1.54)

Szkilladziowa 0.1,6-0.10 0.031-0.063 0.85-1.87 ­
etal. (1977) ('.087) (0.046) (1.46)

Augustin etal. 0.06-0.12 0.020-0.092 0.7-2.6 7.8-36.1(1978) (0.09) (0.038) (1.5) (14.1)
Finglas &Faulks 0.1-0.2 0.02-0.03 0.5-0.8 7-19

(1984a) (0.2) (0.02) (0.6) 

Where necessary, figures have been re-expressed from the original values, in mg/100 g (FWB).
bValues in parentheses are means of ranges given above. 

Folic acid 

-

0.036-0.053 
(0.041) 
0.006-0.020 

(0.013) 
0.025-0.050 

(0.035) 

Pyridoxine 

0.13-0.42 
(0.26) 
0.225-0.370 

(0.300) 
0.126-0.400 

(0.257) 

http:0.13-0.42
http:0.02-0.03
http:0.06-0.12
http:0.85-1.87
http:0.1,6-0.10
http:1.03-2.08
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dependency on soil type and nit rogen and phosphoruts fertilization. Large 
variations were lotind bctwccn 12 varictics for each of three locations 
(Augustin. 1975), tile highest ICduLcCd ascorbic acid content being almost 
twice that of the varietv with the lowest contcnt. 

Date of inIl ncCd redcned ascorbic acid lCvels in 'Russetharvest eC 
Burbank' tubers (Augustin et a/.. 1975). Eari'Iv hlarvest (103 days after 
planting) resulted in high ascorbic acid valucs. whereas increasing delays 
ill time of hlarvest, tip to 166 diys after planting, resulted in gradual 
decreases in values. 'Normal' har'Cst 'lC waIs considered to be 150 days 
after plintiting. The same atlllhors shocd that 'Russet Burbank' tubers 
grown Ol sandy soils contai ned greater quantities of ascorbic acid than 
those grown on loamy soilk:. 

(larification is needed on effccts of nitrogen fertilization on a. 'orbic 
acid Ic\vIs. Is IrCports ill tile litCratnrc are conflicting. Two early studies 
quoted by Burton (1966) fourid 110 signifcant efct of manuring on 
content of ascorbic acid. ]-owver, nitrogen lcrtilization has been shown 
generally to decrease reduced ascorbic acid values inl 'Russet Burbank' 

Table 2.11. Vitamin and ,nie'ralcontents o1lotaoesand ofsome 
intllrnationallyim)ortanfl vegetabh's (per 160 g ran')" 

Potenti a 
niacin 

Vegetable 
('.rotene 
(/Ig) 

Thimin 
(1nig) 

Ribo-
fiavin 
(mag) 

Niacin 
(iag) 

(Trypto-
phai + 60) 
(n1g) 

Ascorbic 
acid 
(Ing) 

Potato 
(frcsliy 

It-trace o. 111 ).14" 1.2' 0.5 31)" 

harvested) 
Carrot 
Onion 

12 (110 
I) 

1).16 
0.03 

1).05 
0t.05 

0.6 
0.2 

t0.I 
0.2 

6 
10 

Tomato 
Pepper 

011 
200 

0.06 
Trace 

0.14 
0.03 

0.7 
0.7 

0. 1 
0.2 

20) 
100 

(green) 
Pumpkin 
Okra 
Green beans 

1500 
90 

410 

0.04 
0. 1) 
0.05 

0.04 
). t0 
0.10 

).4 
1.) 
0.9 

0.1 
(1.3 
0.4 

5 
25 
20 

(runner) 
Cauliflower 3(0 0. lI ).1 0.6 0.5 60 

Paul & Sotnhgate (1978). 

, See also values given ill Table 2. 10. 
Estimated vales. 
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tubers (Augustin et al.. 1975). Response of ascorbic acid to nitrogen 
fertilization can depend upon variciy. 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, Molly ei al. (1979) found that reduced ascorbic acid increased 
significantly with increasing nitrogen levels ofamnonium nitrate at 100 to 
250 b/acrc (114 to 284 kg/ha). 

The influence of phosphorus may depend upon the level applied. 
,Application of 112 kg nionoanlaloniumal phosphate/ha produced a 
significant ;.icrease in reduced ascorbic acid (Klein ct al., 198(0), whereas 
lower levels of phosphorus lad !1o consistent eflect (Teich & Menzies, 
1964). 

Mc(.'av ci at. (1975) Cited various Russian stLIdics which have reported 
increascs in ascorbic acid concentration wviti applications of trace el­
enCIents. such asIolyO\'bdelUmll, boron, manganese and copper, to the soil. 
and another study which showed increased ascorbic acid when potato 
plants wC'ere sprayed with variOus desiccants. 

Folic acid Palto-
P Ii- thca ic 
doxine Free Total acid Biotin CaI P Fe 
(IIg) (mg) (pg) (mag) (fig) (r1g) (rag) (mg) 

0.25 1I 14' (.3( (. 1 8 4( 0.5 

0.15 
(1.1t 
I.11 

12 
15 
15 

15 
16 
28 

0.25 
0.14 
0.33 

0.6 
(.9 
1.5 

48 
31 
13 

21 
3(0 
21 

(1.6 
0.3 
0.4 

(.17 5 II 0.23 - 9 25 0.4 

((.06 
0(18 
(.07 

(13)' 
25 
57 

(13)' 
1(0(0 
61) 

0.40 
(0.26 
(.15 

((.4)' 
-

0.7 

39 
70 
27 

19 
60 
47 

0.4 
1.0 
0.8 

0.2(0 30 39 10-60 1.5 21 45 0.5 
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Contributionto the diet 
Potato is a substantial source of ascorbic acid, thianlin, niacin 

and pyridoxine and its derivatives (vitamin B(, group) and also contains 
folic acid, pantothenic acid (vitamin B15 ) and riboflavin. Comparisons 
may be made either 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 eaten in 
small quantities as a vegetable. It should be noted that recent analyses of 
British potatoes (Finglas & Faulks, 1984a), given in Table 2. 10, show 
higher values for thianin and folate and lower values for niacin and 
riboflavin than those given in previous food composition tables. Thiamnin 
and riboflavin (ibid., 1984h) :nd niacin (ibid., 19 84a) were determined 
by high performance liquid chromatography, and folic acid by an 
improved microbiological method (ibid., 1984a). It is possible that 
vitamin va!ucs for the other staples and vegetables may also have to be 
revised in the light of new analytical techniques. 

At present, potato may be seen from the tables to compare favourably 
on a raw basis with all the listed staples and vegetables in terms ofthiamin, 
riboflavin and niacin, and with most of tile vegetables in pyridoxinc and 
pantothenic acid contents. It has a much lower biotin content than the 
other vegetables, but it may be a comparatively richer source of folic acid 
than was previously thought. Fresh potatoes may contain 3f Ing or more 
of ascorbic acid per 1(10 g when newly harvested, with an average value of 
20 mag/I(10g, although values decline when potatoes are stored, cooked -.r 
processed. This aspect is discussed more fully in Chapter 4. Sweet 
potatoes, 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 quantities and most cereals (with the exception of some 
forms of 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, quantities similar 
to those of runner beans, okra and tomato, but only half and about 
one-third as much as in cauliflower and green peppers, respectively. The 
potato's role as a source of some of the B-vitamins and of ascorbic acid, 
when eaten either 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. Ill 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 mLIch bigger percentages of the 
thiamin and lolic acid RDAs than are shown here. They may, however, 
contribute rather less niacin. Furthermore, only 23% of he 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 iature cereal grains and peanuts, and 100% of the niacin in 
beans, were available. Niacin availability in boiled and other cooked 
forns Of p.otato deserves further investigation. 

With all 'eaigc ligure 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 fall 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 levels by careful donesticor large-scale 
cooking methods. 

Table 2.12. l'ercentagesof recommended daily allowances ofmajor
nutrientsprovided hv /00 g of cooked potato (boiled in skin)" 

Folic Ascorbic

Age group Thiamin Niacin acid' Pyridoxine" acid Fe
 

(7hildrel,
l-3years 18 17 12 25 80 0-12 
4-6years 13 12 12 18 80 0-12 
7-9 years 10 10 12 14 80 6-12 

Male ado lescents 
11-12 9 9 12 13 80 0-12 
13-15years 8 8 6 13 53 3--7 
16-19years 8 7 6 12 53 7-12 

Femtaleadolescents 
10-12 years 10 10 12 !3 80 6-12 
13-15years 9 9 6 13 53 3-5 
I6-19 vears 10 10 6 12 53 2-4 
Adult man 8 8 6 I(1 53 7-12 

(moderately active) 
Adult wonian I0 1t 6 12 53 2-4 

(mode ra te iyactive) 

Unless otherwise indicated, calculated from the figures for cooked potato given
in Table 2.4 as percentages of RDAs given by Passmore et al. (1974).
' Calculated from figure for folic acid given in Augustin et al. (1978).
Calctlatcd from figure for pyridoxine given by Augustin et al. (1978) as ' 

USRDA. 
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The importance of potato as a vitamin source, particularly of ascorbic 
acid, has be,:n demonstrated clearly in several developed countries. The 
range of total ascorbic acid levels over a 12-month period found in several 
varieties of potatoes grown in Australia was estimatcd to provide 50% to 
160% of the Australian dailv allowance at the average daily consumption 
rate of 15(1 g per person (Wills et al., 1984). In Britain, potato contributed 
19.4%. 8.7% and 10.6% of total household intakes of ascorbic acid, 
thiamin and niacin. respectively, in 1983 (National Food Survey Coin­
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% 11% of theand British 
pyridoxine ard pantothenic acid intakes in 1979 (Finglas & Faulks, 1985; 
more up-to-date figures arc not vet calculated). 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 6t0% in the north-east and far 
north (Burton, 1974). Potatoes contribute as much ascorbic acid (20%) to 
tile United States food supply as citrus fruits (18% ) (McCay et el., 1975),
although the latter have greater concentrations of ascorbic acid. The 
Valuable conitriburtion that early varieties (new potatoes) can make in 
boosting dietary ascorbic acid intake when levels inmaincrop (old) 
potatoes have fallen to low levels due to many months of storage, has
been shown for British potatoes (Finglas & Faulks, 1984a). In one season, 
the mean total ascorhic acid content of old potatoes stored for 9 months 
and of liew potatoes \w'ere Imnd to be 6.7 Ing and 18.6 mg per 100 g, 
respectivxely. 

Table 2.9 demonstrates that processing of potatoes can orreduce 
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 inpotatoes processed by traditional methods irPeru
 
may be of importance in 
 limiting ascorbic acid supplies when fresh 
potatoes are 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 varieties of potatoes
have been published by Augustin and coworkers (1975; Augustin et al., 
1978). At present there is no information oi the contributions, potential
of actual, by potato to vitarnir, supplies in devloping countries. Where 
diets are. largely based on cereal staples and dry legIumes lacking in 
ascorbic acid, potatoes might be used as a supplement., 

Since potatoes have a low lipid content. tile fat-soluble vitamins are 
absent or are present only in trace amounts. The potato would not,
therefore, be of .se where vitamin A deficieicy is a public health 
problem, the only rich staple food sources of this vitamin being sweet 
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potato, yellow varieties of maize, and plantains (Tables 2.2 and 2.3). All 
vegetables listed in Table 2.1 I, 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 (if potatoes is about 1% (FWB) and contains 

some important minerals and trace elements essential to various human 
body structures and functions. Determinations of the najor minerals and 
trace elements in raw potatoes have been carried out by various re­
searchers (True ei a'., 1978; Wolnik et al., 1983; Finglas and Faulks, 
1984a; Wills et al., 1984); average contents and ranges found are shown in 
Table 2.13. 

Table 2.13. Minerals andtrace elements in raw tubers (mg/lO0 g FWB) 

Mean Mean
 
(unpeeled)" (peeled)" Ranges"
 

Minerals 
Calciun 6.5 5.5 1.7-18 
M ::U,csiunm 20.9 18.6 1I-29 
Phosphorus 47.9 44.0 27-89 
Potassium 564.0 376.0 204.9-900.5 
Sodium 7.7 6.6 2-66 

7raceelc'tents 
Aluminium 0.610 - 0.301-1.511 
Boron 0.136 - 0.081-0.168 
Chromium 1.(023" _ 
Cobalt 0.065" -
Copper 0.193 0.088 0.014-0.327 
Fluorine ­ o.1if 0.0240.38
 
Iodine 0.019 
 - 0.011-0.035 
Iron 0.740 0.403 0.13-2.311 
Manganese 0.253 0.149' 0.072-0.699 
Molybdenum 0.091 0.00369 <0.1 1-4.186 
Nickel - 0.(108-0.037
Selenium 0.006 0 .0 0 03 9 <0.(002)0.029
Zinc (.410 0.280 0.114-.70 

True et al. (1978), except where indicated.
 
,Average of Wolnik et al. (1983) 
 and Finglas & Faulks (1984a), except where 
inidicated. 

Maximum ranges found by researchers. 
' Zawadzka (1978); whole, unpccled? 
Lampitt & Goldenberg (194(1), on a dry weight basis. 

'Walters et al. (1983). 
Wolnik et al. (1983). 

http:0.114-.70
http:0.0240.38
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Factors affectingcontents 
Although wide ranges have been encountered in contents ofmany minerals and trace elements in potatoes (Table 2.13), there is little

information about what determines these levels. True et at. (1978), in abrief review, cite work attributing variations in mineral content to suchfactors as soil type, location of growth and application of phosphorus.
In addition, varietal differences have been noted in the contents ofcalcium, phosphorus and iron in 13 varieties grown in the same location(Leichsenring et al., 1951). A more recent study also found varietal

variations in iron and in manganese, but not in zinc and copper levels 
(Kubisk etal., 1978).

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

Nitrogen fertilization had little effect on magnesium, calcium, potass­
ium, sodium and phosphorus levels in 'Russet Burbank' tubers (Augustin,
1975). However, iron content was increased somewhat. The same authoralso reported that tubers grown on sandy soils had lower quantities ofmagnesium than those grown on loamy soils, but it was concluded that thehigher 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 iscompar­able 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 oradult men (Table 2.12). The percentage contritutions are lower in women of child-bearing age, due to the greater demand for iron caused bymenstruation, pregnancy and lactation. Such figures, however, do nottake into account availability of the iron. In foods, iron is either in haem or non-haem form. The National Research Council (1980) treats the iron
in vegetable products, including potatoes, as non-haem, the availabilityof 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 foun1d 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 much 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 libitum feeding 
experiment. I owveCr, 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 mcal. Hence 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 
household dietary iron intake, ranking third of all individual foods as a 
dietary source (National Food Survey Committee, 1983). True et al. 
(1978) found that 151 g of potato could supply 2.3% to 19.3% of the 
USRDA for iron. Although. in a later study, these authors indicated that 
fresh potatoes on a 150t g serving basis did not contribute an) iron to the 
USRDA (True Ct al., 1979). This difference is undoubtedly due to 
variation in iron content lou nd by the authors amongst varieties which 
were grown in several different locations. Also it should be noted that the 
USRI)A for iron is \cry high. With the more realistic RDA given by 
FAO/WI 10, potato makes a significant contribution. 

Potatoes are a good source of'phosphor.t , being similar, in this respect, 
to roots aid tubers and most cereals oil a cooked basis. Tortillas, bread 
and boiled I'. 'ulgaris beans are richer sources of phosphorus than are 
potatoes. Hovevcr, 10 g of boiled potato supplies 7% of the USRDA for 
phosphorus for both children and adults. 

It is important to note that a relatively small percentage of the total 
phosphorus in potatoes occtus in the form of phytic acid (a hexaphosphate 
derivative of inositol). Phytic acid is insoluble and cannot be absorbed in 
tile itiau intestines. It also binds calcium, iron and zinc in the form of 
phytates. thus renderiig 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 least 
80% of the phosphorus in potatoes was non-phytic. A mean of only 8.3% 
of the total phosplorus was found in phytic acid amongst 23 samples of 
potatoes grown in India (Swaminathan & Pushkarnath, 1962). In con­
trast, other plat 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 fltha), 
4(%, to 60%' of the total phosphorus was in the form of phytate 
phosphorus (Griffiths & Thomas, 1981). The lower phytic acid content of 
potatoes thereforc 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 pior 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 al] 1. v'tilarisbeans and other legumes. Apart 
from okra, none of the vegetables listed in Table 2.11 is a particularly 
good soirce Of calciumn. 

The concentration of poiassitim in potatoes is high (Table 2.13), and for 
this reason potatoes arecfrequently omitted from the diets of patients with 
renal failure (McCay ei al., 1975). Conversely, sodium content is low, and 
potatoes cooked unpccled 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 blhod pressure, where 
a high potassium :sodiim ratio may b ( f additional benefit. 

Magnesium is another important dietary mineral. For raw potatoes, 
151 g werc found to providecbetween (i0%,and 10%, of the USRDA for 
magnesium (True el al.. 1979) and this range is likely to be the same for 
cooked potatoes as there is almost 10(10 retention of the mineral in 
potatoes boiled in their skins (True CI al., 1979).

In tile United States, RI)As have been established for only two of the 
trace clernnts f'ound in potatoes: zinc and iodine. Comparing figures for 
levels of zinc and iodine in potato shown in Table 2.13 with the USRDA 
values. 10f g of potato should provide 13% of adult, and up to 30% of 
child requi rements of iodine and 2% and 4% of adult and child rcluirc­
ments, respectively, of zinc. The National Research Council (1980) has 
noted that biological availability ol'zinc is generally lower in vegetables in 
foods derived from animals, and depends in part upon tile contents of 
phytic acid and dietary fibre in the source. Unlike whole grain products, 
potato does not contain excessive quantities of dietary fibre and its phytic 
acid content is relatively low, so zinc availability should be high. Maga 
(1983) found that 97% of zinc was available in a potato-based diet for rats, 
with a phytic acid content of 0.23 mg/lI0 g, whereas only 23% was 
available in a corn-based diet with a phytic acid content of9.93 mg/100g. 

Other, less extensively investigated trace elements reported to have 
beneficial effects in humans include copper, chromium, manganese, 
selenium and molybdenun (Passmorc et al., 1974; National Research 
Council, 198(0); for these the National Research Council (1980) provides 



Summary 51 

a table of ranges for recommended intakes. If this table is compared with 
Table 2.13. it may be calculated that 100 g of potatoes can supply at least 
part of the daily requirement for copper, manganese, nolybdenuni and 
chromium. True 0 a/. (1979) recommended that potatoes be considered 
as supplying ,' ,, of the USR DA for copper per 15(0-g serving. Wenlock et 
a. (1979) determined that the mangallese content of potatoes ranged 
front 0.7 to 1.9 ng/kg (p.p.n.) and that it made a partial contribution to 
the 15% of daily intake provided by all fruits and vegetables in thc 13ritish 
diet. According to a table of contributions (pet- person per day) made by 
foods t-. selected minor nutrients in British household fkod in 1976 
(Spring vi al. . 1979). pot.atocs providcd 10"%. of the nagnesiui, 11% of 
the copper and 3% of the zinc of British diets. A more recent analysis 
rcvised these COrit'ilr btLions to 8.4', and 4.3% for copper and zinc, 
respectively (Finglas & Faulks, 1984a, 1985). Lastly, potatoes are not a 
good source ofI' seleniuIII (Thorn er a!i., 1978). containing less than 
0.01 mg/kg. 

Further trace elements for which no deficiencies have yet been found in 
man, nor 'haveany requirements been established, but in which some 
interest has been shon , include cobalt and nickel (Table 2.13) and 
variadi urn. The coiltent of vanadium was less than I ig/g (Myron ei al., 
1977). 

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

Summary 
Potato is usually considered to be a rich source of cniergy and to 

provide negligible a11ouits of protein, vitains and minerals. It has been 
shown here that. by itself, it is a poor source (if energy unless fried, but 
that it contains good-quality protein, many of the watcr-soluble vitamins, 
and some minerals and trace elements. If the body's energy requirements 
are met, potato can also provide a significant amount of dietary protein. 
However, its low energy density means that, if potato isconsune(d alone, 
a considerable bulk must be eaten just to satisfy energy requirements. 
This is particruhlrly 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 riodciately limiting in the sulphur-containing amino 
acids, but contains substantially rmore lysine than the cereal staples and 
can therefore be a uSeful supplelent. 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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we!l -establ ished rots and tubers. As little as 1(00 g can supply a significant
percentage oft li laily protein requirement from childhood onwards 
(Figure 2.4). 

When aten in quant ity on a regular basis, potatoes can make a useful
contribution to dictary ibrc intakes, especially i'I)thII the skin and the 
flesh are collsum. 

The tIIhCl is a good source ol water-soLble vitamins, including some of
the I group vitamins and ascorbic acid (vitamin C,. Whcn boiled in its
skin. 100 g can make a valuable contribution to the RDAs of thiamin, 

Figure 2.4. A young Peruvian snacks on apotato boiled in its skin. 

7 4 A 
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niacin. pyridoxine, folic acid and particularly ascorbic acid. The a'ail­
ability of niacin il baked potatoes is low and therelorc it should bc 
investigated illotlicr f'orms of' cooked potato. In contrast to cereals ind 
legumes, which lack ascorbic acid. potato lhas been shown Itcontribute 
substantially to the daily intake ol' this vitamin illvarilous dcveloped 
countries. As a vegetable, it is comparabic to many other vegetables in 
terms of contcnts of ascorbic acid. tihiatin, niacil, p+ridoxlinc and 
paliltotlicnic acid. 
Amongst the many minvi als present in the tuber, iron, magnesium and 

phosphorLs coiitribrttc significantly to daily rcquirem,'nts. In potato, the 
percentage ol total phytic acid is in uch lower than illthe cerealIs, and tuins 
has little cffect oii the availability of minerals such as iron, zinc and 
calcium, which is present at only a low level. Potatocs Can supply a high 
percentage of iodine requirements (although ilis prolably depeiids on 
the iodine Conteilt (,tile soil ill which the potatoes arc grown). smaller 
percenutages of' Aiic reqirellimeits, and can make at least somic contri­
bution to supplies of coppetl, iliannSe. mi1,1,iolybd ailllnchrominiuml.1.numIid 


Potatoes icre rarely eaten alone. Their importancc in this respect 
dCpCndls upo110n the ie'Ca t' tile world a1d thle plarlticular Cal tinder 
consideratloi llll iiepaits of' the leruian sierra, a mliay consist 
entirely of potattes, llIndia they ale often nothing lllore. than a small 
vegetable accomllpanying fhe major ingrcdicints. Potatoes arc also eaten as 
iasnack l'ood in soic parts of the world (Figure 2.5). In maini ieimls or 

iigure 2.5. A tea-time snack olfpotatoes boiled in their skills in eastern 
,Java, Indonesia. 

II-ilg -;
I ­
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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 
energy (approx. 335 k (80 kcal)/(100 g), but it supplies high-quality 
protein. This is of considcrable importance in developing countries where 
energy 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 a wealth of 
literature devoted to the subject. 

Part I 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 possiilities for reclamation of valuable protein from waste pro­
cessing. This may be of use to developing countries in planning potato 
processing operations. 

Part1: 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 6.25, 
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 Solanium and 9 .5% 
to 14% (DWB) between different varieties of S. tuberositm (Hoff et al., 
1978; see also Espinola, 1979; Snyder & Desborough, 1980; International 
Potato Center, unpublished data). As the potato absorbs little water on 
boiling or steaming, the total protein content of boiled, unpeeled potato 



59 Composition of tuber nitrogen 

is virtually identical with that of the raw, Uncooked tuber. Furthermore, 
Table 3.1 shows clearly that comparisons of raw potato with cther 
u1incookCd g'etaleIC sources. especially rice, are misleading; we should 
con:ider the protein content of the cooked foods. 

Variations in total N of potato tubers are attributable not only to 
varietal differencccs, but also to coUlt IvatiOn practices, cliimat iC effects, 
growing scason and location. The increase of total N with increasing 
levels (f applied N is well documetCd (ElplpCndortcr et al., 1979; Hoff et 
a/., 1978, Mulder & lakema. 1956; Rcxcn, 1976). Total N was increased 
significantly also by phosphorus applications of 56 kg/ha (Kleiin el al., 
1980). A stln'Iv of the effects of m;oderate (22 '0/18 'C, daylnight) and cool 
II c(17 , day/night)riIcratures onl tLlbCI lrt'otcii mctabolism showed 

that. ill general. lo\Crlelperatures stimulatCd an increase inl the percen­
tage of tuber N (Vigue. 1973). Marked differencCs inl total N have been 
fu nd between varicties (I lnnhills et al., 1976; Peare & Thomipson, 1975) 
ald bCl\'Cee crop+S fromD different years and locations (Li & Sayre, 1975; 
1uniius et a!., 1970: Pear & Thompson, 1975). Breeding-programnme 
selections for increased nlitrogc coIt tcnt shtould therefore take place in 
conditions representative of the intended arca oflroduction. 

)istri bution ,PlN withini the tuber is not homogencous (NCubergcr & 
Saqigcr, 1)42: I errcra. 1979), being oghest inl the skin, decreasing in the 
cortex and rising again towards the pith. Desborough & Weiser (1974) 
reported that protei i nitrogen contetnt wvas si milar ill the cortical, medul-
Iarvyand pith regions, whereas the pith area was found to hIa\,,, significantly 
more non-proteitn nitrogen (NPN) than did the cortex tissue (Ponnam­
palam & Mondy, 1983). 

Tahlc 3. 1.Crudeprotein conten~t of rawandcooked 
po,-ato and rice" 

Food 
Moisture 
(%) 

Total protein 
(N x 6.25) (%) 

Raw rice 12.1 6.7 
'Dried potatol" 11.7 8.4 
Raw potato 79.8 2.1 
Cooked potato' 79.8 2.1 
Cooked rice" 72.6 2.0 

From Watt & Merrill (1975). 
b See note (d) Table 2.3. 

Boiled in skin. 
,' Boiled, milled white. 
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Constituents 
The total N of potato tubers comprises: (I) 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 nitrogci 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 varieties is given by Miederna et al. (1976), who showed 
ta.insoluble N is only about 4% of total N. 

The proportion of soluble protein N to total N, although ,iven as 50% 
in Table 3.2. can vary widely. A range of 29.5% to 51.2% was noted 
anong 11 different S. tuberosini varieties (Neuberger & Sanger, 1942) 
and of 40% to 74% in 50 clone samples of S. tuberosuti group antdigena 
(Li & Sayre, 1975). 

Table 3.2. Fractionsol the solublenitrogen of 
potato" 

Nitrogen fractions % of total N 

TrueproteinN 50 

NPN 50
 
Free amino acid N 15
 

Asparagine N 13
 
AmideN
 

Glutamine N 
 10 
Basic N 8'
 
Nitrate N 
 I 
Nitrite N Trace 
Amnonia N 3"
 

Based on data from Knorr (1978).
 
,Alkaloids, certain vitamins. purines, pyrimidines,
 
quaternarv ammonium compounds, etc.
 

It isdoubtful whether there k so much free ammonia in
 
potatoes: probably part of it is formed front glutamnine,

which is readily hydrolysed during analysis.
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Soluble protein 
True potato protein contains substantial levels of the essential 

amino acids. Lysinc content is particularly favourable, being comparable 
with that of whole egg (vain Gelder & Vonk, 1980). 

An analysis of coagulabhle freeze-dried protein fron 34 varieties of 
potato showed that. altholgh the varieties covered a range of coagulable 
protein I'ronl f0. 37 to 1.24 g/l100 g fresh tuber, there was little variation in 
dmllno acid Conimposition inng Iti (van (elder & Vonk. 1980). There 
was no correlation between coagulable protein content and ncthionine, 
lysine or the essential amino acid (EAA) index, which ranged from 86 to 
93. The autlhorS COitrastCd potato with ( I) barley, where protein content 
shows a negative relation with protein lysine and (2) wheat, where protein 
content is nCgltively rilatLd to content of lysine and of imnethionine. They 
concluded. therefre, thaibrCedin 7 for higher levels of true protein will 
not ld\'crsClv affect tile nutriLt ional value oflthat protein. There was little 
variability in the amino acid composition of the true protein of seven 
varieties of '.ItberOs'11m. and high values for metlhionine were not found 
amongst 45 wild species ol'Soanum (1-off eta/., 1978). Wide raliges in the 
contents of true protein essential am inO acids were encountered when 40 
genotypes 'ere analysed (l)esborough & Weiser, 1974); for cxample, 
(. 19 to 2.69 ant' 1.62 to 1(.82 mg/g dry tuber for methionie an1d lysine, 
respectively. !-ighly significant positive correlations were found between 
contents of p-otei n-bound essential ailino acids and protein, being 
particularly high for 1oucine, lysinc and plhenylalanine. The authors 
coneluided that selection fr amnlino acids such nclionine thatas are 
present in relatively low alnounts could be benCeficial. 

The am ino acid coniposit iolo lhe true protein of a particular variety 
of potato is geicticalIv detCrinined and is little affected by environmental 
ce:iditions (Eppendolfer c al., 1979). Mulder &L3akenia (1956) found 
that the amino acid composition ofpotato protein was independent of the 
mineral iInutrition of tlie plkiuts in the case of nitrogen, phosphorus and 
potassium supplies. Tj'ornholn ei al. (1975) demonstrated that true 
protein content was increased by nitrogen fertilization, but that the anino 
acid composition of tile protein was not influenced by nitrogen and 
potassium supplies. However, ilineral nutrition may have an effect on 
the content and proportion of protein present, even though the compo­
sitiOl irematiinS lnlcIIanged. Fle percentage of true proteil in total protein 
is subject to enir(lilllenal 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. III contrast, others (Hoff et 
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al., 1978; Li & Sayre, 1975) have shown that increasing nitrogen fertiliz­
ation increases not only the percentage of total N, but also the percentage
of true protein, and that true protein and total N increase at a similar rate
(Hoff el al., 1978). It has been suggested that, in screening tubers for
protein content, it is the soluble, 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 et al. (1975) 
 found that most of the NPN fraction (75%)

is in the form of free amino acids and amides. Free amino acids constitute
22% to 35% of the total tuber amino acid content, whilst the aimides,
asparagine and glutamine, are present in about equal amounts and
together comprise approximately half the total free amino acids (Hoff et
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 ei al. (1975) did not find tryptophan in the free form,
but other authors have found it in NPN (Synge, 1977). Cystine/cysteine
has been reported as absent from the NPN (Hoffetal., 1971; Kaldy, 1971;
Tjornholm et al., 1975), absent completely in some varieties and present
as traces in others (Hcrrcra, 1979). In general, the NPN contains lower 
amounts of the essential amino acids than does true protein (Labib, 1962;
Kapooret al., 1975; see Table 3.3). However, Kaldy ( 1971), in an analysis
ofsix varieties, found that, on average, methionine was higher in the NPN
fraction in comparison With the value in the whole tuber and concluded
that free mcthionine made asignificant contribution to the protein quality
of potato. Free methionine accounted for 93% inof the variations 
available mcthionine in the potato clones analysed by Luescher (1972).
ranged from 0.34 to 2.07 rag/16 mg NPN and contributed 12% to 62% of

It 

all the methionine present in the total N. There appears to be no relation
between the relative proportions of free and protein-bound amino acids 
(Hoff et al., 1978; Thompson & Steward, 1952).

In contrast to soluble protein, the amino acid composition of the NPN
fraction isextremely 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; Tjornholm et al.,
1975). Moderate application of phosphorus also significantly increased
NPN (Klein et 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). 
Howvever, the content of free amino acids has been raised by increased 
applicalions of a combination of N, phosphorus, potassium 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 occur in the amides. Mulder & Bakema 
(1956) assumed that glutaininc, 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 teports 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 A'ter harvest the content of all essential amino acids in 
the NPN fraction was inversely proportional to the nitrogen fertilization. 
Eppendorfer et al. (1979) found that, in NPN, the percentage of free 

Table 3.3. Relative proporionsof essentialamino 
acidsin true protein andNPNfound in one variety" 

Protein" NPN" 
Amino acid (mg/g dried potato powder) 

Histidine 1.42 0.60
 
Isolcucinc 2.80 1.28
 
Leucine 5.90 0.74
 
Lysine 4.40 0.53
 
Mcthionine 1.23 0.26
 
Phenylalanine 2.46 0.85
 
Tyrosine 2.52 2.25
 
Threonine 3.19 0.89
 
Tryptophan 0.86 0.00
 
Valine 3.56 2.60
 

Calculated from ligures of Kapoor et al. (1975).
 
,N not extracted by shaking dried potato powder with
 
ethanol for 30 min is53% of total N.
 
"N extracted with ethanol is47% of total N.
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amino acids, other than aspartic and glutarnic acids and their amides,
decreased with increasing percentage of total N in the dry matter. On 
the other hand, Tjtirnholh et at. (1975) increased the content of each 
of the free amino acids by increased application of N, aspartic and 
glutamic acids and their corresponding amides responding most. Accord­
ing to Hoff et at. (1971), the response of individual amino acids to 
increased nitrogen fertilization varied considerably, the greatest increase 
occurring in glutamic acid (and glutamine), but with tyrosine dec- easing 
fractionally. 

In several varieties of potatoes grown in England and Ireland, soil and 
climatic conditions infltenced the concentrations of some free amino 
acids more than others (Davies, 1977). Levels of glutamine, alanine,
valine 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 
greatest increases in N were noted in glutamic acid, proline and arginine 
(Vigue, 1973). 

It 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 compositi;m of the whole tuber 
From the variations in total N and true protein and NPN fractions 

discussed abovc, it is clear that there can be considerable differences in 
the amino acid composition of the whole potato as eaten. 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 g/16 g N (i.e. g/100 g
protein: Rexcn, 1976; Eppendorfer et al., 1979). The reasons for this are 
not given, but may be linked partly to a decrease in true protein content 
as a percentage of total Nand also to an increase in amide N at the expense 
of tile essential amino acids in tile free form. 

However. Rcxen (1976) noted a great difference in the behaviour of 
different varieties in this respect. Some varieties showed a tendency for 
improved protein quality with increasing nitrogen content. It is possible
that the percentage of true protein in these varieties actually increased 
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with increasing total N. Moreover, his data show that amino acid contents 
in the whole tuber as eaten do not deccease with increasing nitrogen 
content, as they depend not only on the amino acid composition of the N 
but also on the quantity of total N in the DM and hence the percentage of 
DM in the tuber (see Table 3.4). Tallev (1983) has also shown this by 
reinterpreting the lata of Eppendorfcr et al. (1979) and recent 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 leve,.ls of fertilizer application. In each 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 each of the essential amino 
acids in 10(0 g fresh tuber, as nitrogen application was increased from 0 to 
250 kg N/ha. The only exceptions were the sulphur-containing amino 

Table 3.4. Amino acid conpositionofthe total N and ofthe tuber, at two 
diferent levels oftotal N" 

Level I Lcvel 2 

% in 
%)in 
fresh %in 

in 
fresh 

g/16gN DM tuber g/16gN DM tuber 

Total N 
DM 

-
-

1.23' 
-

-
28.10" 

-
-

1,50" -
26.99' 

1-istidine 
Isoletcinc 
Lcucine 
Lysine 
Methioninc 
Phenylalanine 
Tyrosin, 
Thrconinc 
Valine 
Alanine 
Argininc 
Aspartic acid 
Giutamic acid 
Glycine 
Proline 
Serinc 

1.93 
3.49 
5.59 
5.94 
1.85 
3.94 
3.35 
4.06 
4.70 
3.68 
4.20 

2(.46 
13.36 
3.28 
3.82 
4.25 

0.15 
0.27 
0.43 
(.42 
(0.14 
0.30 
(.26 
0.31 
0.36 
0.28 
0.32 
!.57 
1.(13 
0.25 
0.29 
0.33 

0.04 
(.08 
0.12 
(.12 
0.04 
1.18 
(.07 
0.09 
().l() 
0.08 
0.09 
0.44 
1.29 
0.07 
0.08 
0.09 

1.79 
3.34 
5.51 
5.27 
1.68 
3.77 
3.22 
4.25 
4.54 
3.12 
4.19 

21.71 
13.42 
3.18 
3.77 
4. !6 

(. 17 
0.31 
(.52 
t0.49 
0.16 
1.35 
0.30 
(.4(0 
0.43 
0.29 
0.39 
2.03 
1.26 
0.30 
0.35 
0.39 

0.05 
0.08 
0.14 
0.13 
0.04 
0.09 
0.08 
(. II 
0.12 
(1.08 
0. I1 
0.55 
(.34 
0.08 
0.09 
(.11 

Data from Rexen (1976). Means of 33 varieties. 
I,Tubers resulting from fertilization with 114 kg N/hat. 

Tubers resulting from fertilization wit) 186 kg N/ha. 

http:leve,.ls
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acids, in one of the three experiments, which increased but not signifi­
cantly. It is obviously valuable to compare the protein quality of potatoes 
in general with the proteins of other foodstuffs, which have greatly 
differing nitrogen contents, in terms ofg/I 6 g N. However. it is also useful 
to compare the protein nutritive value of different tuber samples in terms 
of tile food as eaten. This will depend on the combination of a number of 
factors: the amino acid composition oftihe total N (influenced by the ratio 
protein N: NPN). the total N content of the tubers as eaten and the 
availabilitv (digestibility) of the N (which is partly dependent on the 
concentration of, free ami no acids). These are influenced not only by 
genetic factors but also by environmental conditions, cultivation practices 
and interactions hetween these variables. 

Part 2: Nutritive value of tuber nitrogen 

The evaluation 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 analyscs, normally used for initial monitoring, have 
generally indicated that potato protein is of good quality. Animal feeding 
tests have not shown consistent results: this is 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 
ieproduce between laboratories. Feeding trials with humans, which are 
complex and costly to carry out, and therefore less frequently employed, 
have confirmed tile high quality of potato protein for human consump­
tion.
 

Amino acid analyses and scores 
There are few complete anino acid analyses of potato tubers in 

the literature. Kaldy & Markakis ( 1972) and Knorr (1978) provide tables 
of orevious analyses by several authors, and more recently Talley et al. 
(1984) reported the amino acid compositions of several North American 
varieties gro\vn in different locations. Eppendorfer et al. (1979) deter­
mined tile 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 lvsine in potato protein. 

Concentrations of potato amino acids have been variously reported in 



Nutritive value oJ'tuber nitrogen 67 

the literature, onl1 N. iniglg N. ng/g DM, /Amol/g DM andtlhe basis of g/I (g 

lg/g lood. TIhere is a need for standardization of reporting, to avoid 
confuSion and facilitate COnipariMns of the nutritive value of' different 
.anhples. It shoUld aIso heIe nIeniilcred that meaningful comparisons of 
the capacit\ Of diflercnt potato sIamllplcs to satisfV prtein llneeds lUtIst be 
niadc on the hasis of the ailli o acId Concllnlr'Ition+S in tile food as CIteI. 
These will dCpend on thelCopllll)Oili and tOil the content of tuher N. 

The LI+UiI mctlilof reportin tuber amino acid composition (g/16 g N) 
has bCenl used to cvaltiatc the nutritive valuc of potato as, compared with 
the aino acid paltrn (i4o whole cm, ([ablc 3.5). lie protein scores of 
.six potato v fictics analysed h\ Kaldv' & Markakis ( 1972) varied from 
of) to 78. oil tile basis of the sulplhnr-coultaiiline ainolli acids. NiCthitoine 
\was folnd to bc thC first linliting amino acid. Rexen ( 1976), however, 
found that iI solnlic eultiars tle liitingiialliilo acid was isolcucinc. 
lie rCptortCd thlt, ill rClatiol t0 W'hole egg FAA indices of 33 potato 
varieties ranged from 55 lo 84. [o-r sonc samples of high protein potato 
hybrid el)esborouli & I.aucr ( 1977) llund a rangc of EAA indices fron 
72 tpwa..ls: onc sample scored I(0). Ind was thcref'ore equal to egg
protein. 

Table 3.5. lsntial atin) acid composition oflpOlatoas reportedby 
variousauthors (g/IO g N) 

Whole 
egg

Amlinoacid A CC" D Average (E) 

I listidinc 2.3 1.9 1.9 - 2.1 2.4 
k0oLucinC 4.2 3.4 4.2 3.6 3.9 5.6 
lcucinc 5.0 5.6 6. 1 6.3 5.9 8.3 
lvsinc 0.2 5.60 5.4 6.7 6.0 6.2 
Melcilinin 1.0 2.9 1.8 1.6 2.9 1. . 3.0.3 5.0l
Cvtinfliiu 1.3t 4.3 1. 4.35 97( ic lie 44.3 3 . 5 8. 3 7.8 9.1 
Ty'rosinc 3.7 3.37 3.0 3.8 3.5 
Threoniinc 3.8 4.2 3.8 3.8 3.9 4.(
Trypioplhan 1.5 - 1.4 1.2 1.4 1.0 
Valine 5.7 4.6 5. 5.) 5.1 5.( 

A, Kald\ & Markakis (I 972). Average of six varictics grown in North America. 
I, Rexen (1970). Averace of 33 varictics grown in l)enilark.
C. Paul & Southgate (1978). Flood composition tables, based on varieties grown
 
in Britain.
 
1). Lopez de Roniaiia ci al. (1981h). ( )n variety grown ill Peru.
 
E. WI 10)(1973). 
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It has bcci indicaltCd rccnt l (WI 10, 19X5) that the am ino acid scoring
proceduire. by which the Clpacity of a protein or inixtutire of proteins to 
meet the essential aino alCid and req uirements O a human recipient is
evaluated, ilust be basel oln a knowledge of those req uirements. The 
latcst estimates ofl palterns of'alino acid rcqtuirenicnis (mg/g protein) for 
various algc group.1s (WI 1(). I985) are comparcd. in Table 3.6, with the
concentrations iii egg. cow's milk. bccf and potato. For infants, potato 
protein does not satisf'y most of5the anlino acid rCLthurements, which arebased oil humlan milk. but it has a vcry high avcrage anmino acid score of
9t) for the Wrc-school child Md scores of ofer 1)00 Ir all other age grotj)s.
Potato prot.in has a part ictlarly tli\'otir:Ile lysine content in comparison
with cere il protcins (see Table 2.5. p. 3)). whose amino acid scores, oil 
the basis of htilllall requircmtlents. arc niluch lower . 

In fuhlly evaluatilne the calpacity of potato a id potato-hascd diets to
provide safe levels f protei intake in humanus, especially children,
digestibilityimust be taken into account. WI I) (1985) rccommends the 
calculation of salfc levels of dietary protein intake in different age groups 
as follows: 

Safe level of 
dietary protein 
(e.g. in potato 
or potato-
based diet) for 

Safe level of 
reference 
protein for 
age group 

ai o 
acid score of 
dietary 
protei for 

x 
× 

100/(Digesti­

b/(it i­
bilityof 
dietary 

age group age group) protein) 

The luantity of potato or of' a potato-bascd diet needed to satisfy this 
calculated safe protein intake tOen depends on its protein content as 
eaten. 

More information is required about the degrce of potato protein
digestibility, either alonc or in mixed diets. The little knowledge available 
suggests that it may be rather low. The high amino acid score, however, is 
reflected by the high nuLtritive \'altie of potato protein which has been 
found in practice (see the section on human fccding cxperiments, below). 

Microbiological assays, animal feeding and digestibility 
experiments 
In 1962, labib tised a microbiologicalassaO, with Tetrahymena 

pyrifortnis W. to assess the protein ntitritive value of four varieties ofpotato. They averaged 89 when related to casein (100) and 75 when 
related to whole egg protein (10t)). Luescher (1972) assessed the biologi­
cal value (13V) of total N and NPN in 16 clone samples to be 84 and 78, 

http:group.1s


Table 3.6. Comparison ofsuggested amino acid requirementpatternswith atninoacid coinpositionofpotato 

Suggested pattern of requirement Reported compiosition 

Amino acid 
(mg/g crude 
protein) 

Infant 

Mean (Range) 
Preschool child 
(2-5 vr) 

School child 
(10-12yr) Adult Egg Cow's milk Beef Potato 

His 
Ile 
Leu 
Lys 
Met + Cys 
Phe + Tyr 
Thre 
Tryp 
Val 

26 
46 
93 
66 
42 
72 
43 
17 
55 

(18-36) 
(41-53) 
(83-107) 
(53-76) 
(29-60) 
(68-118) 
(40-45) 
(16-17) 
(44-77) 

19 
28 
66 
58 
25 
63 
34 
11 
35 

19 
28 
44 
44 
22 
22 
28 

9 
25 

16 
13 
19 
16 
17 
19 
9 
5 

13 

22 
54 
86 
70 
57 
93 
47 
17 
66 

27 
47 
95 
78 
33 

102 
44 
14 
64 

34 
48 
81 
89 
40 
80 
46 
12 
50 

20 
39 
59 
60 
30 
78 
39 
14 
51 

Total 
Incl. his 
Excl. his 

460 
434 

(408-588) 
(390-552) 

339 
320 

241 
222 

127 
111 

512 
490 

504 
477 

479 
445 

382 
363 

Data from World Health Organization (1985). 
mg amino acid in test protein xAmino acid score = × i00.______________ 

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 Streptococcis zymogenes as the test organism. Meister 
(1977) also using S. zvMogetis found that the 13V of potato protein 
ranged from 77 to 82. 

Animal f'ceding experiments with potato are numerous: (for amore 
review, see Markakis, 1975). In some eases no attempt was made to ft'l fil 
the dietary requirements for all nutrients other than protein, so that the 
quality of the diet was limited by factors additional tw protein quality. 
SLch experilents haive pCroducCd por growth iinrats w\Chen potato \'Witsfed 
isthe major source of protein in the diet (Joseph i al., I960; Roy 
C(houdhuri t al., 19(3). l however. t hey have demonstrated that potato 
can supplement cereal proteins. Rats grew significantly better thaln 
rice-only fed controls when 25 of tile rice in an Indian rice-based diet 
was replaccd by potato (Joseph et al., 1960)). I lowever, Roy Choudhuri el 
al. (1963) oLuind thaJt this splplemCe tat ion effect could only be 
demonstrated whun tle diets continCd an adequate calcilim sipply. 
Early exphriments by Mc'olhmn e al. ( 1918, 1921 ) showed that mixtures 
of several cereals (inlCtidilIg wheat, oats and laize) with potatoes pro­
duced better rat growth than did the cereals alone.
 

Chang & Averv (1909) showed thli tlie nutritive valuie of potato
 
protein was superior to that of rice for weanling rats although they were
 
actually conparing cooked pOtlato witi raw rice. Chick ,_&,
Slack (1949),

observing that potato protein pro1IIoted good grow\tll in young albi[
 
rats, reportcd a protein efficienc\ ratio (PF-R) of 1.8 for potato proteins
 
at a 10 ,level ofl'oteiil intake. Joseph e1 a!. (11963) 
 found that the variety
 
which produced the highest 
 PER (I .99) in growing rats also contaiined
 
greater amounts of the SulpIr-containti n amino acids than did two other
 
varieties tested. The average PE-R fmor
a number of high protein potato
 
hybrids given in the Iorm (f potato flakes 
was 2.3 (Desborough et a!., 
1981 ),nine of'tle gelotypes tested iaving protein equal in quality to that 
of casein. 

Little is known about the digestibility of potato proteiln. Values for 
apparent digestibility (i.e. digestibility not corrected for metabolic faecal 
N losses) in rats have varied from about 6)', to about 8t0% (Chick &
 
Slack, 1949: Espinol. 1979). The 
 true (i.e. corrected) digestibility of 
protein in 'reze-dried boiled potato, deternlincd with rats, varied from
82.7% for a sample containing 1.4'%. total N in I)NI to 90.8% il one with 
3.07% N in I)NI ([tppcidorfer ci al., 1979). The anutIors suggest that th. 
increase in digestibility miglit be dtiLe to a lower proportion of the N being 
incorporated into fiblrous substaices in potatoes Nvith higher total N. An 
alternative explanation, however, might le tfhat a greater pioportion of 
the N inl high-nitrogen potatoes was in tie form (f1'fully available free 
a riiino :acids (L6Dcz Lie Riolal.a et (1.. 198(1). 
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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 thc above results, 
and the reasons for this and their applicability to human feeding need 
further investigation. 

Human feeding experiments 
Protein is needed by humans for growth (particularly in infants), 

maintenance of tissues, restoration of losses caused by damage or disease, 
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 effective for one purpose than for 
another. Hence, feeding experiments with adults and children will be 
dealt with separately. 

In normal mneals, 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 Markakis (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 potatoes. 

Rose & Cooper (1917) maintained a young woman in nitrogen balance 
for seven days on an intake of' 0.096 g nitrogcn/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. 

Kofriinyi & Jckat are cited by various authors (Herrera, 1979; Knorr, 
1978; Markakis, 1975) as having determined that the average anount of 
protein necessary for the maintenance of nitrogen balance in the case of 
three healthy college students was 0.545 g/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 potatocs had better nutritive value than the protein of beef, 
tuna fish, wheat flour, soybean, rice, corn, beans or seaweed. Thompson 
(1977) reported that the minimum protein requirement of a graduate 



72 Protein and other nitrogenous constiitents 

student on a diet in which 95% of the protein was supplied by potatoes,
was (0.518g potato protein/kg body weight, which agrees with the valuesreported for two subjects by Kofrninyi etal. (1970). It should be noted thatthe potato sample used for Thompson's experiment had a sulphur amino
acid content 50"o higher than average reported values.

Minimum protein requirement for nitrogen balance in two subjects, for a mixture of 36,%egg N + 64,%potato N, was lower than for egg or potato
alone (Kofrinyi et al., 1970). This, Kofrninyi (1973) suggested, wasbecause the B\1 of a protein source is related to i s overall amino acid 
pattern, rathel 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 potatto and dried egg, and states that the PER of the potato-egg
mixture was 8% higher than that of dried whole egg. However, his datashow no statistically significant difference between the PERs of themixture and w1'hole dried egg. In another study with rats Eggum et al.(1981) could not substantiate Kofrninyi's findings with humans, noting acurvilinear decrease in BV with increasing concentration of potato pro­tein in an egg protein diet. These may simply reflect differences between 

species and their stage of laturity.
Kies & Fox (1972) reported that tile addition ofl.-methionine to potato

flakes (which provided 80% of the dietary N) in the diets of young adultsimproved tile potato protein quality. The dehydrated 'instant' mashedpotato flakes involved might have suffered some destruction ofilethionine during processing (see Chapter 4) as tile authors' values of1.12 and 2.4 g/16 g N for nicthioninc and total sulphur amino acids,respectively, were soilewhat lower than those for fresh potatoes given in 
Table 3.5. 

Children 
The only published work evaluating the quality of potato protein
in infant diets is that by Ldpez 
 de Ronafia and co-workers (1980,

1981a,b) in Peru. Studies with infants and young children recovering
from malnutrition demonstrated that potatoes can be used to supply allthe daily dietary requirement for protein and a substantial part of that for 
energy.

A short-term experiment (Ldpcz de Romafia et al., 198(0) assessed thedigestibility and utilization of protein in diets providing only potato
protein and at marginal levels of intake. The nitrogen balance of 11 



73 Nutritive value oftuber nitrogen 

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 constming an isonitrogenous casein 
control diet. A first batch of dchydrated potatoes containing 5.75 g crude 
prolcin/I(t)0 g was incorporated into the diet so itsto provide 75% of the 
total dietary energy. A second batch containing 9.13 g crude protcin/100 g 
supplicd all the dietary N but at a level that provided only 50% of the 
dietary energy. Apparent nitrogen retentions on the potato diets were 
significantly lower than those from the casein control diet. All differences 
in apparent nitrogen retention %,'ere 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 dcficiency 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 13Vs' (apparent nitrogen retention as a percentage of 
absorbcd nitrogen) of potato protein and cascin were 49% and 53%, 
respectively. Potato protein digestibility (expressed as a percentage of 
that of, casein) was 79% and 92%, respectively, for the diets containing 
the Iover- and higher-nitrogen potato batches. 

The percentages of protein energy in the two test diets were equal, but 
the energy providcd by thc lower- and higher-nitrogen batches of potatoes 
was 75% and 50%. rcspcctivcly. More potato starch must therefore have 
been present in the lower-nitrogen batch potato diets. Dreher etal. (1984) 
noted that most root/tulcr starches have been fotnd 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
bilities in [mice were lower with autoclaved potato starch as the major 
source of energy in the diet than with other more digestible autoclaved 
starches. L6pcz dc Romafia et al. (1980) demonstrated that, itspotato 
provided increasing percentages of dictary energy in small children, there 
were increasing stool weights and increasing losses of carbohydrate and 
energy in the faeces, reflecting poor digestibility of carbohydrate. The 
greater quantity of potato starch in the lower-nitrogen batch potato diet 
may 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-nitrogcn batch was no better digested than rice protein 
(digestibility 78% that of casein) in spite of the high free amino acid 
content of potato protein. The increased percentage of free amino acids 
they reported in the higher-nitrogen potato diet, together with its lower 
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potato starch content, may account for its superior digestibility. Such 
relationships should be furthcr investigatcd. 

Another study (L6pcz de Rriiafia C a/., 1981(1) showed that infants 
arid small children can consu mc from 511%, to 75% of their encrgy and up 
to 80% of their nitrogen requi rcmien ts as potato during a longer period 
(three months). Limiting factors for the consumption in diets containing 
increasing quantities of potato arc the substantial bulk to he catcn and the 
relatively poor digestibility of potato carbohydrate. Hence, protein 
intake from lower-prleint Ipt atCS coUld not be improved by increased 
consumption. The protein status of tie children, as determined by serum 
albumin concentrations, was niainta inied during the whole study, reflect­
ing the adequacy of the dietary protein. Since potato is never the sole 
source of N in children's diets, the remaining protein should be provided 
by a less bulky food that isa source of high luality protein, rot to improve 
the quality of tile potato prinCii but to dcCe; le hulk and volume of 
the diet. 

Further re:,carch (L6pez dle Romafia et al., 1981h) confirmed that 
potato protViri has an adequate ratio of total essential aminO acids to total 
:miII acids arid a balance aniong individual essential anlino acid concen­
trations to rucel lie needs of iii 'ants and siall children, if the protein is 
given arid ahsobCd sufliciCnltly to fulfil total nitrogen requireriients. 

Potato protein can be a useful i weaning food in developing countries, 
especially if v'arietics with higher protein contents and better carbo. 
hydrate digestihilities arC used. The expeiriiental prod uctiori of weaning 
foods containing pitato has been reported (Abrahamsoni, 1978; Kaur & 
G-.upta, 1982). 

Comments on protein conltribution from potatoes 
Potato protein is of sufticiently high quality for maintenance 

purposes in adult man and f'u 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 
il large quantities to satist'y both protein arid eericrgy req uirements, a 
characteristic they share with other root and tuber staples. Potatoes are 
rarely consumed as the sole source of N in the dicts of either adults or 
children, but it isclear that they can make a valuable contribution to the 
protein content and quality (ff a mixed diet, provided present levels of 
protein in potato are maintained. In searching for higher-yielding var­
ictics, 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 pottlo-processing industries of the dcvcloped world 

produce grcat qua nt ities of liquid waste efil ie nts during the production of 
starch, flak,,s, granules. french fries (clhns) and chips (crisps). Such waste 
effluents contain organic materials, have a high biological oxygen demand 
aid const itute a serious pollttion problen if discharged directly into the 
environment; their treatment at sewage disp.sal plants is costly. 

Potato fruit wv'ater, one of the wastes froll potato starch fictories, 
contains about 2% (w/v) soluble solids, including protein, non-polymeric 
nitrogen compounrids such as amni no acids, and sugars and minerals. 
Interest in the recovery of potato protein from waste effluents has 

incrcased during ilie past ot) years ()e Noord, 1976). Knorr (1977) 
rcportcd two beclits, suggested by I leisler et a!. (1959), of recovering 
nitrogell Comnipotnds froln potalo starch factory waste water: reduced 
polltltiol frol protcin or fuit water, ind improved economics of starch
product ion by the creat i, 'f marketable by-products. World produrctiori 

of potalo starch amounts to approxiriiately !Nwo miillion tons (I tori = 1.016 
ton nC) (Meuscr & Sriolnik, 197Q). About 1000(0 tons of potato protein 
coUld be recovered ifi all potato starch producers were to install protein 
recovery systems. The introduction of stringent pollution control regu­
lations on waste Cff1ltents ii sorme countries aid improved starch extrac­
tion processes leading to more coriccritratCd potato fruit water (about 4% 
soluble solids; Scrollc (I a1., 1980) have recently made protein recovery 
increasingly attractive to man 'fact trers. The I 970}s also saw the initiation 
of rCsCalch into Ihe rcCoveCry of protein from tile waste water of factories 
producing french fries and chips. Ill these industries, waste water results 
from peeling, cutting aid blanclirg. The high biological oxygcn dCrarid 
of this water enables it to be used as a culture medium for the prodtictiori 
of 'singlc-ccll protein', e.g. fungal protein (Daiibois et al., 1978; 
Abouzied & Mostafa , 1984) appropriate for arimal feeding, or incorpor­
atiori into food for ]iUnriiaais (Skogman, 1976). By direct recovery of 
protein. a typical North A merican chip plant processing 31 tonnes 
potatoes/day. could also produce per day an estiiiated 550 kg dried 
protein conicent rate containing 30% of soluble potato protein (Meister & 
Thoiipson, 1976a). 
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Protein recovery 
About 60% of the solids in potato fruit water from starch 

factories is present as nitrogenous substances, half of which can be 
coagulated (precipitated) and hence recovered. The most common way 
to coagulate the protein isby heating, with or without pH adjustment, or 
by a combination (fAheat and pressure. Coagulation is followed by
separation using filters, gravity settling or centrifugation. The separated
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 uneconom'zal (Strolle et al., 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 yielded promising results), cryoconccntration 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 to 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 isobtained with a purity of 80% to 85%. The 
typical comprsition 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 ishigh, although dependent
both upon the protein quality of the potatoes from which it isderived 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 (Meister & Thompson, 1976b), and its content of essential amino 
acids greater than that in the potato fruit water (Wojnowsa:t et al., 1981).
Knorr (1978) gave the amino acid composition of some commercial PPC 
products and of PPCs coagulated by various methods; PFC has a high
lysine content, and favourable levls 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 enriching bakery products, such as crispbread, cookies, 
crackers, wafers and biscuits (Meuser & Smolnik, 1979), were limited in 
success due to the undesirable taste, smell and texture of the dried 
coagulate. Research has been carried out to reduce the undesirable 
flavour (Knorr etal., 1976; Wilhelm & Kempf, 1981), improve the texture 
(Meuser & Smolnik, 1979) and increase the solubility (Ney, 1979; Knorr, 
198(i), and this iS.continuing. 

The most important limitations on the use of PPC in human food are 
toxins, especially trypsin inhibitors and glycoalkaloids (see Chapter 5). 
Present inpotato 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 rain before drying (Wojnowska et al., 1981). However, this 
thermal treatment considerably reduced the levels of amino acids in 
PPC and hence also reduccd the chemical score and EAA index. 
Methods of eliminating, or of reduCing to non-toxic levels, proteolytic 
enzyme inhibitors ard glycoalkaloids, Without adversely affecting the 
nutritional value :nd physicochemical properties of PPC, have still to 
be found. It has been suggested (Mcuscr & Smolnik, 1979) that protein 
products bc further purified to produce protein isolates neutral in taste 
and smell. However, levels of toxic factors should still be carefully 
investigated. 

Erikscn (1981) has reported on 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 
undcnatured protein concentrates are produced from potatoes without 
the addition of process water and hence without production of waste 
effluents. The chemical score and EAA index were marginally better for 
the protein-rich fraction than for the original granules. The EAA index of 
aprotein 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 informaxtion on the 
nutritional quality of bread containing PPC. 

The possibility of utilizing potato protein concentrates or isola!'es as 
major food ingredients or supplements, or even as a protein source in 
fabricated fo(:ds is still being explored. However, at least for the foresee­
able future, such a possibility seems likely to be of more benefit to 
consumers in developed countrics 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 
ofpotatoes 

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 diet. The purpose of this chapter, therefore, is to review current 
literature pertaining to the changes taking place in potato nutrient 
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 -Iten essential; the potato has to be cooked before 
consumption, a, -'orage and processing are frequently needed to 
prevent seasonal gluts 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, orthe potato's skin acts as a barrier, preventing 
reducing leaching of nutrients 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 
cooking. Some vegetables have inedible skins or skins that must be 
removed before cooking. 

It is noticeable that gaps remain in our knowledge of nutritional 
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changes. especially tol' !hose that OCCUr storage and processing.
Some products lack suLfficient systeniatic studies of the changes that take 
place during inldiVidual unitoperations. Nhorcover, results from different 
authors are sotictinics cOnllicting. Their inclusion in the review is 
intended to s1u-gcest iudirCctl' the a.rCas of interest which neced further 
study ofr cOnlirtmaliou. \Vorkers' results, ro doubt, vary because of' 
dillferriccs illihie %arcly Of potato and methods of1storage, preparation,
cooking or proccssing, as well as saiplirng and analytical p'cCdUrlcs. 

The frcsh ly-har'vestcd tRbcr is tile point of re fererice used illthis 
chapter to compare potatoes which have been stored, cooked or pro­
cesscd. It may appear that, in general, processed prodducts have lower 
nutrient contents than home-cooked iteiis. It should be hornc in mind,
howeve r,.thill processors Sometines have the advantage of using freshly
harvested tuers, anid are also ahle to add hack nut erients(e.g. ascorbic 
acid) lost durinrig procCssirig. Processed products may thereftore have 
concentrations of somc nutrients higher than those of previously stored 
potatoes badly prepared in tile 1ioriie. Furthermore, the laboratoryprcparat ios discussed here may not exactly simulate home-cooking
procedures, and may only irdicate what changes are likely to happen
domestically. Baking ol potatoes, where ilentioned, implies oven-baking 
of tubers in their skins. 

Decreases ill iiioistirC Cintelt lld solid constituents during post-har­
vest operations i1ay concentrte C the retained nutrients so thl losses rinay
sometiics be of little inportrance if diflerenit potatto preparations are 
compatrCd On a1req nali-st.rying-wciglt hasis. It riiust be assumed that,
although soie preparatiiris. e.g. french fries or rioast potatoes, nlay have 
higher eriergy contnllts than hoiled potatoes, corsuiiiers tend to eat them
 
all in equal quanlities. The tables pro'ided here arid in Chapter 2,may be
 
used to conipare lUtrient Colntllnts tif eqalll servings of cooked 
arid
 
processed products. ()ccasimOlall\ losses or- retentions of nutrients have
heen rccalculated Ilrol lile
original data. 
Ilrthe dcelopillg world, tlie nutritional eflects of liornc-cooking

procedures arc Currently of nuore iriportarice than those of large-scale 
processing. which is limited in scale. I lowevcr. the elh,'s of processing
have been included because of their iniportance in tile t(velopcd world,
arid atlsti betause o' possible tt ure expansion of potato processing
elsewhere. Part if tlie processing section is also devoted to the traditional 
iiethods of pOrato processigi in the Andean highlands of Peru and 
Bolivia. 

Nou atteriipt has been made to give tlCils of storage or processing
riietliods. these bci rg o tsiLe tile scope of this publication. Parts I and 3 
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below provide references to specialized publications ill these fields. 
Reclamation of protein Ifroni the waste from potato processing plants is 
discussed ii Chapter 3. 

Part1: Storage 

Storage conditions 
(ontinuous production of' potatoes throughout the year is vir­

tually illpossiblc in most countries. To increase potato availability 
between iharvests and avoid largc fluctuations in supply and therefore 
price, storage is req uired (Figurc 4. I). Pottlo suppliCs CrCneeded fo0r 
domestic and institutional consumt1in. thl industry processing. pro­
vision of seed, or industrial uses such as stairch production. Nutritional 
changes during storage are only relevanlt to the use of' the potato for 

Figure 4. I. Potatoes destined f'or constimers are often stored at home and 
carried to local markets insnmll quanities to atgment weekly household 
income. To market (left) in Kinigi, R wanda, aniid (right) in Kunming, 
Chila. 

rpm 
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feeding people. Detailed descriptions of post-harvest behaviour and 
principles of potato storage are outside the scope of this review, but are
available elsewhere (Burton, 1978; Booth & Shaw, 198 1; Rastovski etal., 
1981). 

Good storage should maintain tubers in their most edible and market­
able condition ,)) preventing large moisture losses, spoilage by pathogens, 
attack by insects 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 occur. The levels of 
v-arious nutrients in the tuber at harvest depend not only upon variety and 
tile 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 occurred 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 variety 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, range to C, the
over a of 4 'C 21 the lower storage
temperature the longc, ik 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; higher
at even 
tenlperatures 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 decre;ises the culinary acceptability of
 
tubers and 
 increases the brown coloration of heat-processed products
which occurs as a result of reactions between amino acids and reducing 
sugars. Tubers affected by low temperature sweetening can be 'recon­
ditioned' (i.e. dcswcectened) by being held for about two weeks at 15 'C to 

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 delayed 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, 

20 
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potatoes can be maintained a, a temperature suitable for retaining the 
quality characteristics appropriate to the purpose for which they arc 
subsequently required. Before storage, tubers arc generally allowed a 
period of about two weeks at 10 'C to 15 'C to undergo wound healing. 
Accol ding to Burton (1978), potatoes to be used for domestic consump­
tion s ould then be storcd at about 5 'C to avoid serious sprout growth and 
senescent sweetening. Low temperature sweetening should take place at 
'Ilevel which can be subscquently reduced during distribution. Tubers for 
later use in the food processing industry may be maintained at about 
1I 'C, which avoids disease and excessive sprout growth, but prevents a 
high accunm lation of reducing sugars. Tubers stored for several months 
might undergo senescent sweetening at 10 'C and may be better stored at 
7'C to 8 'C, aftcr wound healing. Any low temperature sweetening which 
occurs 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 cascs controlled hulmidities. Information isnot available 
about nutrient losses during simple on-farm storage relevant to develop­
ing countries, whcre temperatures and humidities are uncontrolled 
(Figure 4.2). Under these conditions temperatures are often high and 
humidities rathe: '.iv most of the time. More information isneeded in this 
field. 

During storage tubers may lose moisture as a result of evaporation. 
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 most 
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 fear aad 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 potaio( s 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 temperatures 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. 

Nitrogenousconstituents 
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 et al., 1960; Fitzpatrick & Porter, 1966) are not 
of a significant level. Weaver et al. (1978), 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 ei al. (1978b) showed a small increase in total N during eight 
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 °C or 7 °C. Talley etal. (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. 
Reconditio ng at the end of storage has been found to increase total N 
only slightly (Toma et al., 1978b) no effector to have (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 tlie protein increased slightly (Mazza el 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-proteinnitrogen 
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-proteir, nitrogen (NPN) fraction and their nutritional significance is 
doubtful. An average proteinloss of only about 3% was found for 12 
samples stored at 3 °C to 4' C between October and January (Desborough 
& Weiser, 197/4). 

Some evidence indicates that protein breakdown may occur as a result
 
of' sprouting. Burton (1978) that
pointed out the potential for this is 
limited if the tube, is to continue as a living entity during sprouting 
because tuber protein is enzymic, and not storage, in nature. Klein et 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 anino 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 increase 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 varieties at the end of eight months of cold storage and 
indicated that most of the loss could be accounted for by an increase in 
NPN. Lower storage temperature apparently decreased this transform­
ation. Mica (1978a) found that protein Ndecreased With length of storage 
at both 2'C and 10 0C. although changes in total Nwere small. In afurther 
Study (Mfia. 1978,b), free airino 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 it0 'C than at 2 'C. Fernandez & Aguirre (1975) found 
that tubers at 3 'C had a higher percentage of free amino acids after five 
montls 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 pl-,cc during the actual storage period. 

Habib & Brown (1957) reported little or no change in free amino acid 
composition of tour cultivars stored at about 4 'C, but reconditioniig at 
23 'C caused a mai'kcd decrease in total frec amino acids and complete 
loss of arginine, histidinc 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 & 
Rieley, 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 0C or at It)0 C (Talley et al., 1964). These changes did not show 
any consistent pattern in relation to storage. One exception was proline, 
which increased, especially during the last three months. The late change 
in prolinc was confirmed (Talley & Porter, 1970) but other amino acid 
levels altered randomly. Sweeney el al. (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 and five months at this 
temperature, all frcc amino acids except leucinc decreased quantitatively, 
but apart from aspartic and glutamic acids and lysine they were still higher 
than in the initial unstorcd potatoes. During one month of storage at 
21 'C, all except aspartic and glutainic acids showed increases. Amino 
acid changes (increases or decreases) were generally greater at 21 'C than 
at 13 'C. 

Changes in the individual total amino acids have been studied in two 
varieties by Talley et al. (1984) for a tour-month storage period at 3 °C or 
at 7 'C. Changes were either small or insignificant. There was no change 



93 Effects ofstorage, cooking andprocessing 

in methionine, isoleucine or tyrosinc at either temperature. Lysine, 
tryptophan, aspartic acid and arginine increased at both temperatures. 
Threonine, valine, leucinc, phe nylalanine and histidine increased at 3 'C, 
but not at 7 'C, whereas cystine increased at 7 'C but not at 3 'C. Mfa 
(1978c) observed a fall in the lysine content of six out of ten varieties 
during the first months of storage either at 2 'C or at 10 'C, and then a 
slight increase. In two of these varieties the decrease continued, although 
at a reduced rate. In only one variety was the lysine content higher at the 
end of storage than initially. Eight of ten varieties studied had higher 
lysine contents after six months of storage at 2 'C than at 10 *C. Thomas 
(1984). reviewing the effects of irradiation on the nitrogenous 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. It is not known whether the higher levels are sustained during 
more prolonged storage. 

It is difficult to draw any firm conclusions from the literature about the 
nature of changes in nitrogen constituents during storage and the possible 
nutritional significance. Different 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 
Applenian & 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 
American varieties stored at 3.3 'C fkr up to eight months (Tona et al., 
1978h). As pointed out in Chapter 2, crude fibre determinations have 
largely been discontinued, as they mcisure only a small and variable part 
of the dietary fibre. There are no reports at present of changes in potato 
dietary 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 developnent and ripening are known to take place, but 
the nutritional effects 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 wht ere potatoes form a staple part of the diet and provide a large 
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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 storago under conditions of 
controlled temperature and humaidity: there is only one recent study 
(Linnemann et al., 1985) of ascorbic acid losses tinder 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 early storage periods, but after 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 et al., 1969; Augustin et al., 1978a; 
Faulks et al., 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 
1(J 'C (Yamaguchi et al., 1N60), 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. Roinc et 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 earlier 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 a/. (1984) found no dehydroascorbic acid in fresh 
potatoes, but after six weeks of storage 36% of the total ascorbic acid 
were as dehydroascorbate. Leichsenring et 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 proceeding beyond the formation of diketogulonic acid. 
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Losses have been found to take place most rapidly during the early 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 ac;d from 'Chippewa' and 'Triumph' varieties 
held at I 'C occurred continuously throughout storage, but mostwere 
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 et 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 after harvest. Moreover they were close to the final total 
value (DWB) of 'White Rose' potatoes stored for 30 weeks (Yamaguchi 
et al., 1960). 

Stoiage temperature may also influence the final content of ascorbic 
acid. All but one of the early 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 et al. (1961), smallest decrease in reduced ascorbic acid during 
seven months of storage of 20 varieties was at 15 'C, followed by I 'C and 
then 5 'C. The least loss of reduced ascorbic acid occurred between 10 0C 
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 
evidence 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 etal. (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% to 60% rel. hum., for 12 weeks. At the end of this 
period the 16 'C tubers hwd 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 Ing/ 100 g (FWB) had increased to 10. 1and 
10.5 mg/l) g (FWB) in the 16 'C and 28 'C stored tubers, respectively. 
Although these incrcascs arc 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 incieased 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 In generalthe vigour of sprout growth. this results in a 
decrease in tuber vitamin C during the early 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 eight 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. (1978a) 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 general, 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 perse, 
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% 



Storage 97 

of the vitamin was lost from the tuber by translocation to the sprouts. At 
temperatures of 5 'C or 10 'C, Yamaguchi et al. (1960) found no 
significant change in thiamin in 'White Rose' potatoes, after 30even 
weeks of storage, but did not mention whether sprouting had occurred. 
Other authors reported slight hut significant increases in some varieties of 
North American potatoes. Leichsenring et al. (1951) noted a slight 
increase in thiamin,, over 24 weeks of storage (conditions not mentioned), 
even on a dry weight basis, although the overall trend for one of the four 
varieties ('Chippewa') studied showed a slight decrease. A small but 
significant increase in thiamin was fotund after eight months of storage of 
two varieties stored at 3 and in most of the samlples of six varietiesO(' 

stored at 7 'C (Augustin et al., 1978a). 1owever, at the latter tempera­
ture, the changes invarieties 'Norchip' and 'Kennebec' were not signifi­
cant. No information is available on thianiin changes in potatoes stored 
for short periods at ambient temperatures. On the whole, cold storage 
appears to have little effect on thianin 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 rihoflavin in six varieties 
after eight months of storage at 7 'C (Augustin et al., 1978) are of little 
dietary importance. With freshly harvested potato, 100 g can provide only 
2% oIf the RDA of riboflavin. 

The overall change in niacin was not significant for 30 weeks of storage 
at 5 'C or at 10 'C in 'White Rose' (Yamaguchi et al., 1960). The figures 
for 5 'C, however, show a slight increase up to six weeks aid a subsequent 
decline to a Value a little lower than that of the freshly harvested tubers. 
Similarly, in a study by Page & -Flanning (1963), varieties '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 tie decrease 
was not reported. A general decrease in niacin values after eight 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 earlier 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 bcen demonstrated by the 
two groups. There was a continuous increase in pyridoxine in both 
'Cobbler' and 'Triumph' varieties from harvest time to the end of a 
six-month storage period at 4.5 'C (Page & lanning, 1963). The total 
increases were 152'%,, and 86%, respectively, for the two varieties. 
Moreover, in 'Cobbler and 'Sebago' stored at approximately 24 'C, 
pyridoxine increased at a more rapid rate than at 4.5 °T, the difference 
being greater in 'Cobbler' than in 'Scbago'. Augustin et al. (1978a) also 
found significant increases in pyridoxine during storage; for example, 
variety 'Katahdin' increased by 126% at the end of eight months of 
storage at 7 TC. A re-examination of their data revealed similar increases 
in the other five varieties and in the two varieties stored at 3 C. The 
authors point out that it is not known if this increase isdue 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 early 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 et al., 1978a); losses ranged from 17% to 40% (DWB). 
The figures show that the losses were most rapid during the first four 
months and thereafter showed little change up to eight 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 'C over 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 weeks of storage (Faulks et al., 1982). 
Therefore, apparcntly storage alone had not altered mineral compo­
sition. Mica (1979) found for 10 cultivars that, although phosphorus 
contents tended to 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 
monttis 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 quantities 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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Part2: Domesticpreparation 

Peeling 
Apart from removal of dirt by waNshing, 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, tile paris removed may vary from the periderm only to both 
periderm and munch of tie cortex, depending upon the type, shape and 
age of the tumber, presence or absence of damaged parts, and method of 
peeling. Waste and weight loss wvill vary accordingly. Removal of peel to 
a uniform depth of 1.5 min 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 isaway cultivatingthe fimily fields. 

,:
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50 g tuber varying to about 10% fron a 200 g tuber (Burton, 1974). A 
decrease in weight loss by peling with increasing tuber size (which results 
in a decreased ratio of surface area: volume) was also shown by Weaver 
et 11.(1979). The same authors showed (with a mcthod of peeling in 
caustic soda) that for tulers of equal weight, percentage weight loss due 
to peel removal increases as the potato bccomes more flat or elongated, 
bCCaISe of an1lincrease in the ratio sulrface area : tuber voltime. 

The met hod of domestic peeling can greatly affect quantity of loss 
through peeIling. Scraping yoting potatVocs renoved about 5% of weight 
as waste, whilst peeling incrcascd this to 2(% to 24'%. (Szkilladziowa et 
a!., 1977). The average weight lo.;s on peeling and trimmring maincrop 
(old) potatoes was 12. W anid scraping cafly (new) potatoes was 8% in 
one season f0r four 3 'Varietier (Finglas & Faulks, 1984). TheBritish potato 

lost important
ant factor leadiig to loss was da mage in the 'orln of penetrat­
ing cracks, followed by superficial crushing and hrUiSi lmg. Careful domes­
tic peeling may remove 10% (by weight) of the potato. but often as much 
Is 25%, may bc rcmovcd (BLurtor, 1974). Zobcl (1979) cites an aithor who 
noted losses of tLl to 50t". by peeling of' variety 'Ora'. Augustin et a. 
(1979c) found that peel fractions (of thie whole tUIber, when peel was 
removed with a domestic peeling knife either before or after cooking, 
were 6%., 2% and 10% in the case of p clcd raw potatoes. those peeled 
after boiling. and those peeled after baking, respectively. To minimize 
waste, potatoes should be peeled after and not before boiling, when 
cooked doIestically. unless damage is cxtensive. 

Nutritionalaspects 
There arc two effects to be comisidcrcd: (I ) The loss of nutrients 

froni the peel itsclf 'hen pecl is reioved before or after cooking and not 
consllld. This depends up11(on1the distribution of nutrients within the 
tuber. (2) The fact that the peel foris a barrier preventing loss of 
nutrients during cooking. This point is discussed more fully in tile section 
on boiling peeled 'ersuls unpcelcd potatoes. 

Distribution of nutrieaitsin the tuber 
Augustin ei a!. (1979c) and Talley et a. (1983) invcstigatcd the 

truth of the conmonly held consumer belief that potato nititrients arc 
concentrated in the peel. TIhey concltided that this belief is not justified, 
although total N. crude fibrc. ash. riboflavin anId fOlic acid (Augustin et 
ti[., 1979c) and amino acids (Talley ci a[., 1983) occurred as higher 
percentages of the raw tuber peel than of the flesh when 6% of the tuber 
was removed as pcel. The percentages of tuber peel and flcsh occurring as 
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ascorbic acid, niacin, and pyridoxine were approximately equal, whereas 
thiamin occurred as a higher proportion of the flesh than of the peel. The 
resulting contents of nutrients in the peel as liercentages of those in the 
whole tuber are presented in Table 4. 1. 

The distl ibution of nutrieits in the tuber has also been shown by Zobel 
(11.79); the concentra.tion of minerals it- the outer layers of the tuber is 
particularly noticeable; this has been confirmed for somle minerals and 
trace elements (Johnston et al., 968: I3retzloff, 1971 ; Kubisk el a!., 1978; 
Mondy & Ponnampalam, 1983). Peeling before cooking, tierefore, 
should result in a loss of minerals: Magt (personal comnmUnic.:lion), for 
example, found a 31'V, reduction in 1oth zinc and calcium contents when 
mature potatoes were peeled. 

According to Zobel (1979), removal of approximately 20% of the fresh 
weight by peeling 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 
potato is removed ity peeling. 45% of the ascorbic acid is lost. He quotes 
a study by Potapov, who found, using a domestic peeler, 6.9% to 36% loss 
of ascorbic acid, deper'ding upon season and cultivars. 

Table 4. 1.Nutrient content ofpeel as a percentage 
(fIthat of the ,vhole uber" 

'Constituent Rawl Boiled' Baked" 

Dry'matter 4.7 1.9 17.7
 
Total N 8.3 
 2.9 16.7
 
Crude fibre 34.4 14.9 37.3

Ash 15.9 3.3 17.0
 
Ascorbic acid 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. (1979c). Reprinted from J. Food 
Sci. 1979. 44 (3): 806. Copyright D by the Institute of
 
Food Technologists.

",Peeled with domestic peeler before cooking; peel frac­
tion of the whole tuber was 6%.
 
' Boiled in water and then peeled with a household
 
knife: peel fraction of the whole tuber was 2%.
 
" Oven-baked and then peelcd with a household knife;

peel fraction of the whole tuber was 10%.
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The tuber centre has been suggested to be the site of highest thiamin 
concentration (Meiklejohn, 1943; Augustin et al., 1979c). So peeling 
should not result in significant losses of thiamin. 

The outer parts of the potato contain 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 diets containing steaned, peeled potato as the sole source of 
N grew better than those on a diet with steamed, whole potato (Chick & 
Slack, 1949). 

Total N, crude fibre, ash, riboltavin (Augustin et al., 1979c), and amino 
acids (Talley el al., 1983) occurred as higher proportions of the peel,
removed from potatoes after boiling, than of the boiled flesh. 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 pcel (see Table 4.1). This must have bcc, partly because the peel
itself reprez:ented a small proportin (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 
peeled 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 fleh, 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 con.;equent concentration of the peel 
nutrients, so whether a baked potato is consumed with the skin should be 
considered when evahlating its nutritional value. 

Boiling unpeeled versus pedled potatoes 
In about 1795, one Cournt Rumford wrote that 'it seems to be the 

unanmOus opinion of those who are acquainted with these useful veg­
etables that the best way of cooking them is to boil them simply, and with 
their skins on, in water' (Anon., 1875). Boiling is the most common 
method of preparing potatoes domestically in every part of the world 
because it is also th,: cheapest. Boiling will therefore be considered 
separately from other domestic cooking methods. 

Without exceptiozi, experimental work carried out to compare the 
nutrient content of potatoes boiled in their skins and then peeled with that 
of potatoes peeled 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 normalthe 
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practice of peeling tubers before cooking in e.g. the USA and Britain. 
Cutting tubers exposes a greater surface area 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, unpecled potatoes (Hughes, 1958; Toma et 
al., 1978a). Herrera (1979) reported a decrease in weight after boiling and 
a corresponding increase in total solids, which seemed to indicate that 
weight loss was due to water loss. Only about 1%/ to 2% weight loss 
occurred in potatoes boiled with an intact skin, but increased when 
potatoes wcrc peeled or cut. The greatest differences were between uncut 
potatoes wih and withouL skin. Once either of these had been cut into 
halves or quarters there was little difference between peeled and unpeeled
samples. Weaver et a!. (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 thc 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 bccn reviewed by Dreher et al. (1984), who placed potato 
starch in the group of least digestible food starches. There have been 
various experiments in which raw potto starch was fed to humans and 
caused symptoms such as violent stomach cramps (McCay et al., 1975), 
ano such preparations cause caecal hyperotrophy and death in rats 
(EI-Harith et a!., 1976). The latter effects were subsequently attributed to 
the resistance of potato starch to digestion by pancreatic amylase (Walker 
& EI-Harith, 1978), and were lost when the starch was gelatinized. 

Cooking either peeled or unpcclcd 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 (Hcllendoorn et 
al., 1970) are shown in Figure 4.5. Raw starch was barely digested; partly
cooked starch from potatoes heated in water at 71 '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 to 3t0 min had slightly lower digestibility th ,n 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 et a!. (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 (L6pez 
de Romafia ei al., 1980). consumption of increasing amounts of potato 
(representing 25%, 50% and 75% of the total dietary energy), 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 bv infants. Unfortunately, the manner of reporting the quan­
tities 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 rain and then cooled ([); boiled for 15 min 
(X), 25 min (0) or 40 min (0). (From Hellendoorn el al., 1970.) 
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Nitrogenousconstituents 
In general negligible or small changes in the content of nitrogen­

ous constituents take place when potatoes are boiled whole, unpeeled 
(Roy Choudhuri et al.. 19631; Schwerdtfeger, 1969; Torna et al., 1978a; 
Talley et al. , 1983). In a study by -lerrera (1979), the loss of total N in 
boiled, unpeceled potatoes was only (.8%. This rose to more than 4% 
when unpecled potatoes were halved or quartered, and was highest in 
boiled, peeled potatoes - 6.5% iin the whole tuber and 10% in halved or 

quartered tubers. Predominant amino acids ill the water from potatoes 
boiled with intact skins were aspartic and glutamic acids. Eppendorfer et 
a. (1979) also found that the 3% to 4% of tuber N folund in the cooking 
water after boiling potatoes for 25 rini occurred mainly as aspartic acid 
(asparaginc) and glutamic acid (glutanline). This is not surprising because 
soluble NPN is more easily 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 pltatoes 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 glutam ic acids also predoninmated in the boiled water from 
halved or 1uartered potatoes ( lerrera, 1979). but there was an increase 
in the boiled water content of isoleucine, lysine and histidine in qlartered 
as compared to intact or halved potatoes. Losses of niethionive and 
cystine to tile cooking water progressively increased from intact to halved 
to quartered potatoes, the losses of methionine being much greater than 
those of cystine. This was probably because more rnethionine than cystine 
is present in the free foru. Herrera therefore advised boiling potatoes 
whole with intact skl s. 

Losses of amino acids from peeled and Cut potatoes were greater than 
fron- those unpeeled (Schwerdtfeger, 1969), but they were small from 
both types of preparation. Significant losses (12% to 20%) of N were 
reported for two out of four varieties when uncut, peeled tubers were 
boiled, whereas there was no loss from the unpeeled potatoes (Toma et 
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 peeled 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 on the 
amino acids of the potato (Davies & Laird, 1970) 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, which is limiting in the sulphur amino acids. Avoidance 
of amino acid losses is achieved easily by cooking peeled potatoes 
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immediately or, for example, immersing tubers in water to prevent 
enzymic brown!ng. 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 dietary fibre on boiling reported 

in the literature. This is probably due in part to varying definitions of 
dietary fibre and to differing methods of determination (see Chapter 2). 
Paul & Southgate's (1978) tables show a decrease in quantity of dietary 
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 early (new) potatoes, pecled and boiled, can be 
shown from the average figures of Finglas & Faulks (1984) for four 
varieties. Johnston & (.)liver (1982) fotnd increases in detergent­
extracted fiblre for both boiled, peeled and boiled, unpeelcd 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 thc fibre determinations (see also Englyst et at., 
1982: Jones eI al.. 1985). 

Higher levels of total dietary fibre in several varieties of whole boiled 
potatoes than in those boiled without the skin have been found (Jones et 
a/., 1985). Determinations of the hcxose, pentosc, 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, (c) chemical changes such as oxidation. A vitamin may be 
affected by one 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 seen 
that the vitamins least stable to all factors arc 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 unpeeled potatoes are boiled or steamed. 
When 'Chippewa' potatoes were cooked 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 similar to those which can be 
calculated from the figures for reduced ascorbic acid of Hlentschel (1969), 
i.e. 83% for boiled, unpeeled and 73% for boiled, peeled, Cut potatoes, 
and to the average 6(% retention of total ascorbic acid for four varieties 
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 et al., 1977). Whole, boiled, unpeeled 
potatoes retained 80% of their reduced ascorbic acid, whereas boiled, 
peeled tubers retained only 74% (Augustin et al., 1978b ). 

B group viiamins 
Thiamin may be little affected by boiling. There was only a small 

difference between thiamin values of boiled, unpeeled or boiled, peeled, 
cut potatoes as compared to raw ones (Hentschcl. 1969). Overall thiamin 
retentions were high (88%) for several varieties of whole boiled potatoes 
(Augustin et al., 19781). Peeling did not alter retention: howev'r. losses 
of thiamin ranging from 0 to 40% (average 2)%) were noted in four 
varieties of peeled, boiled potatoes (Finglas & Faulks, 1984). 

Hentschel (1969) found niacin retentions on boiling of 75% and 65%, 
respectively, in unpeeled and peeled potatoes. Other authors (Leichsen­
ring et al.. 1951; Augustin eta/., 19781 ) reported niacin retention of 101% 
for boiled unpceled, and of 92X and about 80%,.respectively, for peeled 
whole or peeled, quartered, boiled potatoes. Similarly. 82% niacin 

Table 4.2. Stahilitv aolmajor vitamils fold inpotatoc. under variousconditions 

Vitamin p117 Acid Alkali Air Light Heat 

Ascorbic acid U U US U U
Thiamin U S U U S U
Riboflavin S S U S U U
Niacin S S SS S S
Pyridoxine S SS S U U
Folicacid U U S U Ur U 

S= Stable: U Unstable.
 
Information taken from R.S. Ilarris. in Nsutritionalevatuation offiuiprocessing

(R. S. larris & E. Karmas. eds.). Copyright 1975 by AVI Publishing Compaiv.
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 et al., 1978b). Mean retention values of 
100% for unpeelcd tubers were reduced to 85% of the original value when 
whole tubers were cooked peeled. These values are higher than those 
found h\ Page & Hanning (1963), who showed a mean pyridoxine 
retention of 80', in 58 samples of boiled, peeled tubers. However, these 
authors cut their tubers in half before boiling. 

Riboflavin content was found to be unaltered in potatoes boiled in their 
skin (Hentschel. 1969) and only slightly lower in boiled peeled, cut 
potatoes. In comparison, the overall riboflavin retention for four North 
American varieties was 87% in whole, unpeeled, and only 759% in whole, 
peeled, boiled tubers (Augustin et al., 1978b), and was, on average, 80% 
(range 60% to 100%) in peeled, boiled British varieties (Finglas & 
Faulks. 1984). Folic acid was decreased to 81% and 72% of the raw value 
in unpeeled, boiled and peeled, boiled tubers, respectively (Augustin el 
il.. 19781 ). and to an average of 80% of the raw value in peeled, boiled 
tubers (range 60'% to 90%) (Finglas & Faulks. 1984). 

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

Figure 4.6. Vitamin losses in potatoes that have been boiled 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 
Research providing information on changes in mineral con­

stituents during boiling is sparse. 
Boiling and peeling resulted in a loss of 18% total ash in four varieties 

(Toma et al.. 1978a). There was no difference in the ash contents of raw 
or unpeeled, boiled potatoes (Leichsenring et al., 1951; Roy Choudhuri 
ei al.. 19631 ;Torna et al., 1978a). 

For two varicties boiled with or without jackets in different types of 
containers, the changes in zinc, copper, manganese, nickel and chromium 
contents were small and nutritionally insignificant (Seiler et al., 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 et l., 1983b). Th"-e North Ameri­
can varieties, boiled whole with and without skins in a s~ainless steel pan 
and analysed for 14 minerals (True et 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 calcium1, magnesium1, 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 
anld t,) for calcium and zinc 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 early (new) potatoes; 30% 
zinc, for example, was lost from the earlies, which, according to Finglas 
& Faulks (1984). might indicate changes in distribution and association of 
zinc with other cellular components during maturation. 

Losses of minerals througlh boiling, except in the case of iron, are 
probably smaller than losses (ILC to 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 resltI. For example, 
potatoes baked in their skins require only one stage of preparation. 
However, potatoes may be soakcd in water betorc cooking, fried potatoes 
may be boiled before frying, and the potato used for potato dumplings is 
grated or minced and at least 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 
true chanlges 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 by 
different methods on the basis of either dry weight or an equal quantity of 
DM. 

Nitrogenousconstituents 
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 differences were found in the content of total N of any of three 
Indian varieties either deep-fat fried from raw or baked (Roy Choudhuri 
et al., 1963b ). There was a significant decrease in the nitrogen content of 
two of four North American varieties when baked (Toma ei a/., 1978a). 
The average (2.5% ) was less than that caused by boiling peeled potatoes 
(8'%). 

Decreases in total N. protein N and individual amino acids were smrall 
when previously pecled potatoes were fried (Schwerdtfeger, 1969) 
although greater than those from boiled potatoes. The greatest losses 
occurred in potatoes peeled, cut and boiled before frying, and the least 
from potatoes fried 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 amino 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 thc potato. 

In recent years, fried potato peels, prepared from the cortex tissue of 
baked potato (approximately 40% of the whole tuber), have become very 
popular in the USA but there is little information about their nutritional 
vale. Ponnampalanm & Mondy (1983) studied 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 some of the true protein into free
aimino acids. Nitrogcnous 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 speculate that losses during frying
could have resulted from generated volatile constituents, loss of nitrogen­
ous constituents into the cooking oil and Mlaillard 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
edlv less than that of those eaten baked. 

Fibre 
Infornation is lacking on the effects of various domestic cooking 

processes on dietary fibre. Paul & Southgatc's (1978) tables show no
change of dietary 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 "Schago' variety potatoes on a dry weight basis (Jones el al.,
1985) when compared with raw potato. There was an apparent increase in
the samples on an as-eaten basis, presumably due to concentration 
through moisture loss. Enzyne-resistant starch (determined separately) 
was found in all samples at a concentration higher than that in raw potato. 

Vitamins 
tscorbic acid
 

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

Leichsenring et al. (1951) showed that allowing peeled, whole or 
quartered tubers to soak in tap water at room temperature for ipto 3 hdid not reduce ascorbic acid levels. Soaking hand-peeled potatocs in tap
water for longer periods of 20 or 40 11produced significant decrcascs of
7% and 10%, respectively (Zarngar & Bender, 1971 ). Similarly, soaking
peeled, sliced tubcrs for one, two or three days brought about ascorbic 
acid decreases of 8%, 13%, and 28(%, respectively (Haciziyev & 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 
peeling 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 et al., 1951). However, if peeled, halved and boiled 
potatoes were subsequently stored in a refrigerator for 24 11,only 47% of 
the original vitamin ccntent remained. Retention decreased even further, 
to only 18%, after refrigerator storage of 72 1h.Leichsenring et 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, unpeeled potatoes were stored in the refrigerator (Hcntschel, 
1969), the reduced ascorbic acid content fell from 12.5 mg/100 g freshly 
cooked tubers to 8.3 mg/10l g after one night (55% retention of the 
original content of raw potatoes) and 7.5 mg/100 g after twc nights (50% 
retention). When potato salad was made from the stored potatoes, 
reduced ascorbic acid fell to 5.3 mg/l(10 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 failure to 
determine dehydroascorbic acid. 

Streightoff et al. (1946) reported that, during large-scale preparation, 
only II (Y of the total ascorbic acid in their peeled potatoes was lost 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 et al. (1983) found an average 40% loss of total 
ascorbic acid in both mashed and whole, peeled, boiled potatoes. Augus­
tin and Demoura (Augustin el al., 1978b) found reduced ascorbic acid 
loss of 60% when mashed, boiled potatoes were held at room temperature 
for I 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 3t0% of total original ascorbic acid have been 
reported in two cases of hash-browned potatoes (Leichsenring et al., 
1951; Pelletier et al., 1977). 

When Indian varieties wvere baked in a conventional oven, they lost 
between 50(%. and 56% of their a;corbic acid, compared to only 20% to 
28% loss for potatoes boiled unpeeled (Roy Choudhuri eI al., 1963b). 
Augustin et al. ( 1978b ), however, found an overall reduced ascorbate loss 
for two varieties of baked North American potatoes of only 25%, similar 
to fhlat for boiled, peeled, but slightly higher than that of boiled, unpeeled 
potatoes. Streightoff ct 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 due to the higher temperature employed for oven­
baking. In general, oven-baking appears to cause slightly greater destruc­
tion of 'itamin C than does boiling whole tlubcrs in their skins. 

It has also been shown ( 2ich:;cnriq! et al., 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 .11, and to only 35% w'hen the baked tubers were held at 75 C for
 
3 h.
 

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., 1963b) and were greater than when tubers 
were boiled either peeled or unpeeled. However, only part of the total 
loss was due to frying per se. In the case of slices, about 26%, and in the 
case of shreds about 45%. of the total loss was due to washing before 
frying (Swaminathan & Gangwar, 1961). Saut~ed potatoes (boiled for 15 
min and fried for 7 min) lost 44% of their initial total ascorbic acid and 
small- (0.4 cai) and normal-sized (0.8 cm) french-fries lost 37% to 46% 
ascorbic acid, the least loss occurring in normal-sized fries (Mareschi et 
al., 1983). 
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B-group vitimins 
Thiamin is fairly heat-stable during the domestic preparation of 

potatoes. 3aked tubers retained 86% of their thiamin, a retention similar 
to that of boiled tubers (Aug11ustin et al., 1978b). Frying potatoes raw, 
peeled or previously boiled unpeeled, produced no change in their 
thiamnin content (I entschel, 1969). However, frying peeled, cut, boiled 
tubers reduced thiamin hv about 40',, The greatest reduction takes place 
if peeled potatoes arc left soaking in water for long periods before 
subsequcnt cooking. Oguntona & Bender (1976) found that soaking 
peeled half-tubers in water for 16 h resulted in thiarnin losses of over 40% 
in the outer layer of the potato and oft20)% even at a depth of 10 mn inside 
tile tuber. Soakin, raw, chipped potatoes (i.e. prepared for subsequent 
french frying) in witer for 16 Ii caused a loss of 410% of the original 
thiamin . Sulbsequent frying of either the half-tubers or french fries caused 
further losses ( 101%and 5%. respectively), but these were small compared 
to the losses by soaking. 

Niacin, being heat stable, ismainly lost by leaching into cooking water, 
especial ly wht tabeors are peeled or cut before boiling. No apparent loss 
of niacin was ohserved in either baked, roast or french-fried potatoes by 
Finghls & Fanlks (1984). Niacin was reduced b)y only 4% to 8% by frying 
raw potatoes (Hentschel, 1969). Boiling peeled, cut potatoes, followed 
by frying, reduced niacin to 61)%of its original value, but only part of this 
loss (about 9%) was duc to frving. 1lowevcr, 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 varieties was 93%, similar 
to that of boiled, peeled and a little lower than that of boiled, unpeeled 
potatoes (Augustin et al., 1978b ). A similar high mean retention of 96% 
was found for 58 samples of baked potatoes by Page & [fanning (1963), 
and 110"0 retention by Leichsenring et id. (1951). Furthernore, the 
niacinl level was nlot affected 1mashing, holdting or hash-browning 
previously boiled, unpcelcd tubers. Most of the niacin lost from boiled, 
pCClcd tubers was present in the cooking water (Leichsenring et al., 1951; 
Page & hanning. 1963). Cooking peeled, quartered potatoes in a pressure 
cooker in a smaller volunle of water than that used for normal boiling, 
resulted in significantly greater retentions of niacin than boiling similarly 
prepared tuberS (Ixcichsenring ct (i., 1951 ). 

The mean retention of pyridoxine in baked potatocS has been found to 
bc 91% (Page & I lanning, 1963 Augustin et a... 1978h ). This is higher 
than that of boiled, peeled potatoes, but somewhat lower than that of 
boiled, unpeeled potatoes. The leaching of niacin and pyridoxine into the 
cooking ' atCr 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 ispartially 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, peeled tubers (Augustin et al., 1978b). 
Moreover, riboflavin was partially destroye 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 conteili wa! 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, peeled 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 percetltage 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 et al.. 1978b). In 
general, these are similar to those of boiled, unpeeled potatoes (Augustin 
et al., 197,8b). 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 
•*irtually unaffected by baking in three North American varieties (True et 
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
siur, 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 three varieties, whilst the contents inctea~ed by 14%, to 
23%, 2% to 9% and 2% to 8%, respectively, in tht !,ner 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 apparent increases 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 varieties 
during micro-wave cooking were generally high. Notable exceptions were 
unexplained losses of aluminium, copper and iron in 'Norchip' (True et 
al., 1979). 

Comments on nutritionalchanges during domestic cooking 
Domestic cooking methods cause some nutrient losses, although 

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 comparisons 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 potato. 

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 are 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 
oilHing.
 
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 ofascorbic 
acid in these preparations are low and may be almost negligible if potatoes
have been stored previously for long periods. 

Part 3: Processing 

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

On an industrial scale, however, processing is confined mainly !o
developed countries. Some developing countries, tor example in South 
America, process potatoes into snack foods or instant mashed potato, but 
the market for these products iscurrently small compared to that for fresh 
potatoes, due to economic restrictions. It ;s possible that future demand 
for such products and potatoes in the form of other convenience foods 
may increase. In some countries, for example India, processing of 
potatoes isdesirable 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 
all 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 c!nned, dried and frozen forms and partly to factors such as increased 
demand for convenience foods, fast foods ant picnic snacks. 



Processing 119 

Potato products may be classified as follows: 

(1) Fried non-snack products (e.g. frozen french fries (chips)). 
(2) Non-fried frozen products (e.g. potato patties, mashed potato). 

(3) Snack products (e.g. chips (crisps)). 
(4) Dehydrated products (e.g. potato granules, flakes, powder). 

(5) Preserves (e.g. canned potatoes). 
(6) Other products (e.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). 
It isnot 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-peeledpotatoes 
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 are prepared for almost any type of processing, including 
pre-peeling, 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 peeling 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) 

I 
Peeling 

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 et 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-peeling, lye-peeling (immersion
in sodium hydroxide solution at a low or high temperature), steam-peel­
ing (use of steam under high pressure which is released 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 (see pp. 101-3). It
is evident from this that any method of peeling will remove significant
amounts of minerals, as there are proportionately greater amounts of
them in the outer tuber layers. An abrasive peeling method that damages
surface tissues of the tuber, producing a rough or spongy surface results
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 peeling processes. Some information is summarized in
Table 4.3. Peeling 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, are less than 5% and that he nocould find 
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Table 4.3. Vitamin losses as a result ofdifferent methods ofpeeling 

Vitamin losses (%of fresh unpeeled tuber) 

Ascorbic 
Methodofpecling acid Thiamin Riboflavin Niacin 

Abrasion 10.5h - - ­
Lye-steam combination 6.5a 32-35' 25-26" 10-23c 

Steam 3.0a 18-20' 15-16' 5-5.5 c 

From Zobel (1979). 
' No significant loss of ascorbic acid was reported for mechanically peeled 
potatoes by Zarnegar &Bender (1971). It is conceivable that losses vary with type 
of peeler used. 
' From Gorun (1978a). 

significant difference in ascorbic acid content of seven cultivars peeled 
with lye or with a domestic peeler. However, Alarc6n (1977) ieported a 
loss of about 19% of ascorbic acid by lye-peeling. This is also considerably 
higher than the lye-steam combination reported in Table 4.3. Probably 
the extent of vitamin losses from lye-peeling 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-peeled 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 exposed to sulphite, the concentration of solution, 
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 0C, whole and 
french-fried potatoes had lost 11% and 47%, respectively, of their 
original thiamin content (Anderson et 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
etration 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 either a metabisulphite 
solution or water showed that thiamin losses were approximately twice as 
great in the former as in 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/100g). 

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 ofthiamin due to sulphitinga 

%Total losses 
Treatment of thiamin 

Unpresc ivt'd 
Prcserved", analysed immediately 0 
Unprcservcd. Wlh(le boiled 17 
Prescrved" , whole boilcd 32 
Unprescrvcd. french tried 10 
PrcservCd. french fried 44 
Preserved, french tried and kept hot tor 18 min netore scrving 7: 
Preserved', stored 1-7 days at 5'C 21-27 

Figures taken from Niapson & Wager (1961). 
Dipped in I.11% sodiumnmetabisulphitc solution for2 min and drained for2 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 ino of thiamin compared to 0.07 mg for boiled, sulphited, a differ­

ence these authors considered unimportant in terms of daily require­

ments. It should b2 noted, however, that they did not 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 se%eral days and subsequent cooking, significantly reduces the thiamin 

content of potatoes. 

Frozenpotatoproducts 
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 food use of potatoes (Weaver et al., 1975). 

Frozen frenchJries (frozen chips) 
These are the most important of the frozen potato products 

(Figure 4.9). They may be either par-fried or finish.-fried by the processor; 

in the former case they are 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. 
Nitrogenousconlstilt'ents 
Calculations of crude protein contents given by Murphy et a/. (1966) on amoisture- and fat-frce basis for home-prepared fries an6 commercial
brands of frozen french fries show that, o average, commercial brands
contained only 66% of the protein of the home-prepared item. Investigat­
ing effects of the main production operations involved with exposure ofpotatoes to water or high temperatureV (Augus!in et a!., 1979b ) indicated
that total N was reduced to 5), and 51%, respectively, of its original
value in large- and small-sized french fries, the main point of loss being
blanching in water. Significant (' < 0.05) losses of glutamic and aspartic
acids, valinc, phenylalanine, arginine, methionine and tryptophan occur­
red during hot-water (77 C) bianching of t0.95 cm-thick french fries
during an experimental process simulating commercial practice (Kozem­
pel et al., 1982). Most of the losses were suggested to result from leaching
of free anino 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 infrench fries (Jaswal, 1973). Losses in protein-bound and free amino acids 
were 5% and 7%, respectively, in the case of low specific gravity (LSG), 

Figure 4.9. Millions of pounds of frozen french fries are processed at theJ. R. Simplot Company plan' at Caldwcell Idaho. (Photo courtesy of
J. R. Simplot Company.) 

ITI 
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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 tihe cause of these changes, but assumed 

they were due to amino acid-carbohydrate interactions. 

Vitamins 

Vitanmin losses during the commercial production of french fries can be 

considerable. The processes leading to greatest vitamin losses are peeling 

and slicing (Gorun. 19781 ) and blanching (Gorun, 1978b; Augusiin etal., 

19791). 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 thiarmin (Oguntona & Bender, 

1976), which are due to frying alone, albeit under laboratory conditions. 

Other factors influencing cxtent of vitamin losses are: previous storage 

of the raw material, size of french fry cut, type of blanching (steam or 

water), and finishing operations (frying or oven-heating). No investi­

gation into effccts of freezing on nutrient content of' frozen french fries 

has been reporte(. 

Overall losses in the finished product, when freshly harvested potatoes 

were used. were 44% ascorbic acid, 44% thiamin, 39% riboflavin and 

24% niacin (Gorun, 1978h ). These increased to 72%, 52%, 45% and 

35%, respectively, when the potatoes were stored for six months prior to 

use. Somewhat o1wei losses for large (0.5 in.) and small (0.25 in.) french 

Figure 4.10. Processes fIor making frozen french fries and patties. 
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fries were reported by Augustin et al. (19791 ) 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%. Itis clear that the most licat-scinsitive vitamins - ascorbic and 
folic acids ­are tie least retalined dur ring processing.


A comparison of blanching methods (Augustin 
 tal., 1979h) in small­
size french fries showed significantlv better retentions for reduced ascor­
bic acid, thiamin, niacin,ipyridoxine and tbI ic acid in the case of steam
blanching ()7"/,,) for(89% to than water blanching (66% to 88%),
presunibly diiUe to greater leaching losses in the latter process. The samestudy compared vitamin rc:intions in small- (0.6 cnm) and large-sized
(1.25 cm) french fries. With the exception 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 in1.25 ciii fries were significantly
reduced froni 83% after blanching for 5 riin at 66 'C to 54% after 15 min 
at 88 C (Artz et al., 1983). Sigificant losses inascorbic acid, thianin,
niacini and ribollavin. which increased wi ,iincreasing hot-water (77 C)
blanch tinies of 4 to 20 rin were recorded for 0.95 cni-thick french fries
by Kozenipel et al. (1982). AssUniing losses to be due to leaching, the
authors described a leaching model, with diffusion as the rate controlling
step. aid successfully 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 ef al. (1977) discovered that commercial samples of frozen
french fries, purchased from Canadian food stores over two years and
finish-cooked according to producers instructions, averaged 30% less

total ascorbic acid than freshly prepared french fries. Total ascorbic acid
 
content of 
 french fries finished by cooking in oil averaged 2 ng/100 g
higher than those finished by heating in an oven. 

Significant amounts of' all vitamins are lost during the preparation of

frozen french fries. Processing losses chiefly due
are to peeling, and
operations, such as cutting and blanching, which lead to leaching. Some 
loss of vitamins may also result from freezing and reheating, but these 
have not been investigated. 
Minerals 
No information is available about losses of minerals during frozen french 
fry produrction. However, it :eems safe to 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 amoisture- 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 (luring 

processing and finishing operations other than deep-fat frying. 

Otherfrozen products 

Potato patties, 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 

patties (for production operations see 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 patties are unformed and consist of slivers and pieces 

smaller than most french fries. Tie authors assumed that losses were due 

to leaching into the water to which the pieces of potato are 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 et t.!. (1966), that commercial 

brands of hash-browns, ratties and puffs contained only 50%, 47%, and 

400%, respectively, of the total N of the corresponding home-prepared 
items. Considerable quantities of N, therefore, 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 freezing can cause a loss of 

ascorbic acid, although the extent of loss is probably dependent on the 

rate of freezing. During commercial processing, potatoes are 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 et al., 1975). A similar loss (6%) of total 

ascorbic acid resulted from rapid freezing and thawing of fresh mashed 
potatoes (.Iadhav e-t al.. 1975). 

Large losses of 43% and 22% reduced ascorbiL 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 same rate of freezing produced significant losses 
of potassium, phosphorus, c'lciuz1, magnesium, iron, copper, and zinc 
from both the cortex and pith regions (Mondy & Chandra, 1979b). The 
relevance of these tWO studies to commercial processing is somewhat 
dubious and they are probably more applicable to domestic freezing.
Rienischneider et al. ( 1976) tound 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 frozenstorage. Products to he sold to the public are also kept stored for varying
times in retail frcezing cabinets, \vhost, temperatures can fluctuate con­
siderahly causing changes in nutritional value. Strachan (1983) has indi­
cated that quality (including nutritive Value) of the frozen foods is subject
to changes right througl the distribution chain from storage of raw 
materials before processing up to consumption. 

Reheating of frozen products can lead to yet further losses of vitamins. 
Ang et al. (1975) found reduced ascrhic acid retentions of only about 
24% to 36% (depending upon the reheating 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 to 79 'C. Riboflavin was 
little affected, but thiiamin was reduced to only about 88% of the value of 
freshly prepared instant mashed potatoes. The extent of total nutrient 
loss ;n frozen potato products has not been investigated systematically
and much work remains to be clone, 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 
nanufacture, 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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Nitrogenouscompounds 
Studies of the effect of chipping on the nitrogenous compounds 

of potatoes 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 
free 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 potatoes 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 some losses were due to the reaction of amino acids and sugars 
dui ing 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 studied the effect of 
chipping on the amino acids of LSG and HSG potatoes. His results can be 
summarized as follows: 

%Y.Lys loss %Amino acid loss 

Total Available Protein-bound Free 

LSG 
IISG 

58 
38 

67 
62 

37 
20 

45 
33 

The losses of total and available lysine are particularly marked. 

Figure 4.11. Processes for making chips (crisps). 
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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 et 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 is likely that all vitamins 
will be similarly affected, due to the increased sorface area exposed to the
effects of leaching and heat-destruction during processing. Pelletier et al.
(1977) report losses of 30% to 85/0 ascorbic acid in the preparation of 
chips, as recorded by various authors. They themselves estimated tverage
loss of total ascorbic acid in commercial Canadian brands to be about 
75%. 

Minerals 
No information isavailable 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 area exposed to the water. 

Oiher 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). theHowever, 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 energy.

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 g of chips with those in 1() 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, peeled,
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 
unpeeled potatoes as a way of increasing the yield and nutritive value of
the finished product, and decreasing waste lisposal problems (Shaw et
al., 1973). There was no significant differe-.=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 unpeeled potatoes 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). 

Dehydratedpotatoproducts 
Dehydration 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 processes 
can use potatoes rejected by other sectors, as they are less sensitive to raw 
material requirements (Hughes, 1983). Dehydrated 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), 
flakes (Willard & Kluge, 1975), dice (Kueneman, 1975) and flour (Will­
ard, 1975) have becn reviewed elsewhere and described in detail by
Feustcl et al. (1964). Figures 4.12 and 4.13 are flow diagrams of the 
processes.
 

Nitrogenousconstituents 
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, as in 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 
elevated temperatures required for drying. During a small-scale process
to produce dehydrated 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
duccd no further change in the ratio, as might be expected, since losses of 
free 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 et al., 1979a). 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 et 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 potatoei 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 
reason for the difference was not stated. There was a loss of available 
lysine of about 21%, with a greater loss from the fre'e, than from the 
bound, fraction. These losses were assumed to be the result of reactions 
between amino acids and carbohydrate. 

Figure 4.12. Processes for producing dehydrated products. A, a method 
used by Roy Choudhuri etal. (I963a), 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 (Alarc6n, 1977; Hanning & 
Mudambi, 1962; Myers & Roehm, 1963; Pelletier et 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 producing dehydrated granules. 
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of other vitamins during the production of granules, flakes, slices and
dices as found by Augustin et at. (1979a, 1982) are given in Table 4.5. 
Steele et 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 Regulations to permit
ascorbic acid addition) an average of only 2.4 ing total ,scorbate/t10) g,
was found in seven brands of commercial Canadian dehydrated potatoes
(Pelletier et at.. 1977). indicating that producers were not replacing lost 
ascorbic acid. 

The critical operations affccting ascorbic acid loss during production of
granules are wvater-blanching (Augustin ct a.. 19 79a) and particularly
mixing and mashing (Augustin eta., 19 79a; Jadhav et at., 1975), presum­
ably due to leaching and oxidation of the vit min at the respective points.
Further losses occur on conditioning, according to Jadhav et al. (1975).
Dehydration itself 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 at.. 1975). This was attributed to amino 
acid-sugar interaction products which interfere with ascorbic acid deter­
minations in unmodified standard methods of analysis (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 
et al., 1979b) but not during that of flakes. 

Table 4.5. Fitalretentions ofvitamins in commercialdehYdrated potato
products" 

% Rctuntion 

Product 
Ascorbic 
acid Thiamin Niacin 

Folic 
acid Pyridoxine 

Granules 
Flakes 
Slices 
Dices 

45 
47 
4(0 
38 

9 
(63)" 

4 
4 

78 
77 
73 
8( 

48 
54 
58 
69 

83 
62 
72 
84 

Figures from Augustin et al. (1979a).
 
, A h,ter study by Atugustin c' al. ( 1982) fotind only traces of thiamin in potIato
 
flakes.
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Thiamin values have also been severely reduced (see Table 4.5), in the 
case of granules, slices and dices to negligible proportions, during pro­
cessing. Thiamin content in 100 a of each of five North American brands 
of reconstituted mashed potatoes was low and in one case negligible 
(Hanning & Mudambi, 1962). The major cause of thiamin destruction 
during processing is sulphite addition (Augustin et al., 1979a). Flakes 
suffered least in this respect because they had been exposed for shorter 
times to both sulphite and high temperature drying conditions. 

Some effects of processing on other vitamins arc shown in Table 4.5. 
The vitamins most severely affected by commercial dehydration are 
thiamin (destroyed by ;ulphiting) 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 el al., 1979a). Niacin, a heat-stable vit­
amin, was reduced 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 et 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 pur6e was lost during a storage 

period of three months at ambient temperature (Alarc6n, 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 are also losses of ascorbic acid which take place during sub­
sequent preparation and cooking of the dried products. Such losses were 
found by Myers & Roehm (1963) (who determined only the reduced 
form) to be high. Loss in dices prepare, Ias hash-browned potatoes were 
about 370%; 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 affect the contents of rcduced ascorbic acid (Augustin et 
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al., 1982). When these preparations were subsequently warm-held for up
to 60 min on asteam. table as iscommon practice in institutional feeding,
the heat-sensitive vitamins, ascorbic and folic acids, were significantly
reduced. The other vitamins werc unaffected. Only traces of thiamin 
were detected even in the dehydrated products.

Chilling (to 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 pyridoxinc after just 6 h of low 
temperature (Augustin et 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 arc 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 isonly one published report (Roy Choudhuri et al., 1963a)

on loss of minerals during dried potato processing: during a simple
process for the production of potato flour (see Fig. 4.8a), loss was
attributed to leaching, presumably during the blanching and sulphite-dip­
ping steps. 

Cannedpotatoes 
Canned food isconvenient but it isbulkier 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 potatoes destined to be prccessed in
the USA were canned, either alone or with other ingredients. In some
European countries the percentage 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 potato solids themselves isactually due to atransfer 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 a supplement to soups and stews. 

Protein 
Total N of canned potatoes was less than that of the corre­

sponding raw potatoes (Roy Choudhuri et 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 (36% and 44%, respectively, in LSG and 19% and 25%, 
respectively, in HSG potatoes) were found on canning (Jaswal, 1973). It 
is possible thai the author determined amino acids only in the potato 
solids, in which case these losses could have occurred at least partially by 
leaching into the brine 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 potatoes. 

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 (mag/100 g) in the potatoes and in :he liquid in 
several 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 anid temperatures 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 el al., 
1963b ). 

Final concentrations of ascorbic acid in canned potatoes also ranged 
widely from rather low (5 to 6 mg/OU g; Roy Choudhuri et al., 1963b; 
Pelletier et al., 1977) to high (25 mg/I 0 g) in one brand tested by Hanning 
& Mnudanbi (1962). The latter workers also found wide ranges between 
different brands and even between different samples of one particular 
brand (e.g. 8.5 to 17.0 mg/I0t) g). The final concentration of ascorbic acid 
no doubt depends upon 'he 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, inina.iture potatoes for canning could an initiallynean 
high Concentration in tie raw material (Hanning & Mudanbi, 1962). It is 
conceivablc, therefore, thai canned potatoes may be a better source of 
ascorbic aci_ than fresh potatoes that have ibeen stored for long periods of 
time. 1lowever, if canned potatocs are subjected to cooking operations 
other than simple heating when removed from the can, they may undergo 
further losses of :iscorbic arid. Canned potatoes stored chilled overnight
and then brovned, contained only 2 nig total ascorbic acid/100 g coin­
pared to 6 mg/I()t) g in those heated directly after removal from the can 
(Pelletier et al., 1977). 

An average value of 0.037 mug thianimin/10( g drained potatoes was in 
various samplcs of eight brands of canned potatoes (Hanning & 
Mudanibi, 1962), with quite wide variations between samples within 
brands. In gener:l, however, values were low compared to values for 
boiled, frcsh potatoes. 

Figurcs for lcvcls of other vitamins in drained canned contents given by 
Paul & Southgate (1978) show reductiods, compared to the levels in raw 
potatoes, of approximately 25%, 50%), 30%, and 30% for riboflavin, 
niacin, pyridoxine arid folic acid, respectively. It is impossible to say if 
these losses are due simply to leaching into the can liquid (as seems 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 polatocs (Roy Choudhuri et al., 1963b), probably due to absorption 
of sodium chloride from the surrounding brine. No difference was noted 
in iron or phosphorus contents between fresh and canned potatoes, 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 changes during processing 
The approximate losses of vitamins 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 prodLIucts are poor sources of nutrients. The nutrient 
content of equal weights of various pro',essed products as determined by 
different authors are detailed in Table 4.7. These figures necessarily 
reflect differences in n1utrient contents dIuC to processing methods perse, 
those due to use of (lifferent varieties of polato, and those resulting from 
varying analytical methods of nutrient determination. 

Table 4.6. Approximate losses of vitamins during domestic preparation 
andprocessing" 

%Total loss of vitamins 

Methodof preparation Ascorbic Folic 
or processing acid Thiarnin Niacin acid Pyridoxine 

Boiled, unpeeled" 20 10 0 2(0 0 
Boiled, peeled" 20-50 0-40 0-30 10-4t0 15-20 
Oven-bakedh 25 15 5 30 10 
Raw, fried" 30-50 I0 5 20 -

Peeled, boiled, fried" 40 40 40 - -

Mashedb 30-80 - - -

Hash-browned" 45-70 - - -

Salad" 65 - - -

Dumplings h 85 - - -

Pre-peeled, sulphited, 
boiled" 30 30 - -

Pre-peeled, sulphited, 
fried' - 45 - - -

French fries' 25-35 20--40 20 25 25 
Chips' 30-85 - - - -

Flakes' 50) >90 25 50 40 
Granules' 55 >910 25 50 20 
Canned'' 10-70 50 50 3t0 30 

Figures taken froni various authors mentioned in the text. 
" l)omestic preparationf. 

Processing.
d Losses to consuiler arc less if can liquid is also consuned. 
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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 0j'processed fbrnis ofpotatoes (per 100 g) 

Dietary 
fibreEnergy Crude Total (Crude

Moisture protein Fat carb. fibre)
Form of potato (k) (kcal) (X) (g) (g) (g) (g) 

Raw 335 80 78.01 2.1 0.1 18.5 1.5 
Frozen french tries
 

(fried)" 1217 291 3.0 29.0
73.1 18.9 3.2 
(heated)' 920 22(0 52.9 3.6 8.4 33.7 (0.7) 

Frozen mashed
 
(heated)" 
 389 93 78.3 1.8 2.8 15.7 (0.4)

Chips" 2305 2.3551 5.8 37.9 49.7 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 3.2 14.5 
 ((.3)


Granules (prepared:
 
water, milk, lit
 
added), 4(12 96 78.6 2.(0 3.6 14.4 ((.2)


Canned (solids

only)" 222 53 
 84.2 1.2 12.60.1 2.5 

Canned (solids anld
 
liquid)' 184 88.5
44 1.1 (1.2 9.8 (0.2) 

Paul & Southgatc (1978).
 
Pelletier et al. (1977).
 
'Watt & Merrill (1975).
 

, Mean of figures given by P'aul & 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.
x,May contain added calcium salts as firming agents.
h Figures based on results of l-hanning & Mudambi (1962). 
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contents are extremely low, as are their ascorbic acid contents, unless 
manufacturers enrich them with added vitamin C. i contrast, a product 
such as frozen french fries may be as good or even a better source of tile 
B vitamins and minerals than boiled potatoes, if served in the same 
quantity as the latter. This occurs when the retained nutrient concen­
tration effect caused by moisture loss is greatcr than the nutrient pro­
cessing loss. 

Practical effects of changes in some major nutrients during processing 

Ribo- Folic Ascorbic 
Ash Ca P Fc Thiamin flavin Niacin acid Pyridoxine acidk~g) (mag)(rag) (rag)(rag) (mg) (rag) (Ag) (rag) (rag) 

.) 9 50 0.8 0.10 0.04 1.5 14 0.25 20 

- I1 77 1.0 0.09 0.02 2.1 11 0.39 12" 
1.4 9 86 1.8 0.14 0.02 2.6 - - 9" 

1.4 25 42 0.6 0.06 0.04 0.7 - - 4 
3.1 39 135 2.0 0.20 0.07 4.7 20 0.89 17 
3.7 33 178 17.2 0.42 0.14 3.4 - - 19 

1.1 31 47 0.3 0.04 0.14 0.9 - - 5e 

e
1.4 32 52 0.5 0.04 0.05 0.7 5" (0.18): ,f 3

- 119 31 0.7 0.1)4" 1.03 0.7 11 0.16 13 
,
0.4 4 30 0.3 0.04" 0.02 0.6 - - 19 



Table 4.8. Contentsofsome vitamins, mineralsandtrace elements in domesticpreparationsandprocessedproductsof 'Russet Burbank' tubers (per100 g serving)a 

Potato AscorbicThiamin Niacin acid Calciumpreparation (mg) (mg) 
Iron Copper Zinc(mg) (mg) (mg) (mg) (mg) 

Raw 0.08 1.44 10.3 9.4 0.37 0.11 0.19Boiled (peeled)' 0.100 (125)' !.09 (76) 10.5 (102) 9.8 (104)Oven-baked' 0.38 (103) 0.09 (82) 0.26 (137)- 1.44 (100) ­ 7.8 (83) 0.53 (143) 0.08 (73)French friedd. 0.140 (175) 1.54 (107) 12.9 (125) 15.0 (160) 
0.29 (153) 

Chipsdf 0.030 (3) 0.86 (60) 
0.51 (138) 0.11 (100) 0.26 (137)6.41 (62) 6.7 (71) 0.33 (89)Flakesd 0.018 (23) 0.57 (40) 2.94 (29) 

0.04 (36) 0.16 (84)
5.4 (57) 0.30 (81)Granulesd 0.004 (5) 0.04 (36) 0.15 (79)0.59 (41) 3.20 (31) 7.1 (76) 0.22 (59) 0.03 (27) 0.14 (71) 

Data from Weaver et al. (1983). 
" Domestic-style preparation.

Parentheses indicate percentage of the constituent in raw potato found in an equal weight serving of prepared potato.d Processed. 
' Frozen french fries finished in frying oil.
f 33.3 g serving; considered to be a more realistic estimate than 100 g for chips. 
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Table 4.9. Percentagesof'adult recommended daily allowancesprovided 
by 100 g servings ofprocessed potato products" 

Potato Crude Folic Ascorbic 
product protein Thiamin Niacin acid Pyridoxine" acid Iron 

Boiled in skin' 6 8 8 7 11 50 7-12 
Frozen, mashed 

reheated 5 5 4 - - 13 7-12 
French fries, 

linish-fried 8 8 I1 6 18 40 11-20 
Chips' t 5 6 8 3 13 19 8-14 
Flakes (prepared) 5 0)-3 5 - - 17 3-6 
Granules (prepared) 5 0-3 4 3 8 10 6- 1 
Carmed (solids) 3 3 4 6 7 40 3-6 

Unless otherwise indicated, calculated from ligures for processed potato pro­
ducts given inTable 4.7 as percentages of RDAs given by Passmore eial. (1974). 
'As percentage of USRDA. 
Domestic preparation. 

' A 33.3 gserving: considered to be a more realistic estimate of a single servingof 
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 nay 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 RDA provided by 
canned potatoes are probably of little dietary importance, since the 
qluantity of canned potatoes consumed is small compared to that of other 
products. Chips eaten as a snack food can supply significant percentages 
of the RDA of some B vitamins and iron. 

Traditional processing 
The inhabitants of high Andean areas of Peru and Bolivia 

process potatoes by centuries-old, traditional methods. One product, 
chialo, has been an article of commerce and domestic use in Peru since the 
earliest times, as evidenced by archaeological discoveries of chuiio 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 [chufto], nor is ajourney undertaken without carrying a supply of it.'

The method of production, a type of freeze-drying known as chuiiifi­caci6n, is made possible by the occurrence of severe frosts during thenights of June and July in the high Andean regions. These frosts alternate
with high daytime levels of solar radiation and low levels of relativehumidity\. The temperatures at a site of chno preparation in Bolivia
varied from night-time minima of -2 0Cto ­ 14 0Cto day-time maxima of26 °C to 35 'C (Rodriguez, 1974). The morning relative humidity was 15% 
to 39% ar, fell to o-nly 12% to 18% at midday.

The products of chiwfificaci6,n can take two forms: chutio blanco (white
chiltuo), which isalso known as moray'a or tunta, and chutfo negro (blackchtifo). A further type of processing employed both in the high Andesand 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 chitfio processing methods facilitate the consumption of bittervarieties of potato which, owing to their frost resistance, can be grown at
high altitudes. These varieties contain high levels of glycoalkaloids (seeChapter 5) and are not eaten as fresh potatoes except in times of direneed, such as a famine. Christiansen (1977) found that the glycoalkaloid
level was reduced from about 3) mg/100g in fresh bitter potatoes to about4 mg/10(g and 16 ag/100g in Cizuntto blanco and C/lti-o ngro, respectively.
Damaged or diseased tubers of non-bitter varieties, unsuitable for freshconsumption. may also be processed by the same methods. Papa seca is
made exclusively from non-bitter potato varieties.

A further reason for processing is to preserve potatoes for long periodsof time. Chtifto can be kept unchanged for several years. According toWerge (1979), this is particularly important in the high marginal areaswhere bitter potatoes are grown, the irregularity of yields due to frost,storms and drought creating a necessity for foods that can be stored from 
year to year. In such instances, up to 80% of the diet may consist of chtliostored from previous harvests (Christiansen, 1977). Moreover, chilno islight a',d easily transported and can be ground into a flour if necessary. 

Productionof chuho 
Processing of chutio will be described briefly. More detaileddescriptions of the preparation of chliuio negro and chilo blanco aregiven by Guevara Velasco (1945) and of chtio blanco and papa seca by

Werge (1979). 



145 i'roc'ssing 

(hunlo 1,anco
 
On a night when a particularly heavy frost is expected, potatoes 

spread ev'enly on the ground over a previously selected site. Theare 
following morning a careful examination of the tubers determines 

have been frozen. They are exposed to additional nights ofwhether tlhe 
frost it the rcezing is incomplete. The frozen tubers then thaw during the 

day as the temperature rises, but they may be covered with straw to 

Figure 4.15. Finished dried samples of chuno blanco, chuiwo negro and 

papa seca. 

CHUNO) BLANCO i 

CHUNO NEGRO 

PAPA SE A 
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protect them from blackening by exposure to the sun's rays. Successivefreezing and thawing periods cause tuber cells to separate, and destruc­tion of the differential permeability of the cell membrane allows cell sapto diffuse from the cells into intercellular spaces (Treadway et al., 1955). 

Figure 4.16. Treading previously frozen and thawed potatoes for
processing chuno in Peru. 

zSi
 

N4i 



Processing 147 

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 strean for processing 
chuiho 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 to dry. The white crust which forms on the drying tubersgives the food 
its name. 

A variation of chttfo 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. 

ChmTto 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 eaten as a sweet dessert called mazamorra 
(Werge, 1979). 

han1o negro 
Chutio negro production is similar to that of chutio blaco, 

except that tuber skins are not removed during trampling to squeeze out 
the juice and the trampled 'ubers are not soaked in water. After trampling
thcy are immcdiatcly sun-dricd, and the product is dark brown to black in 
colour. 

Chufno 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 
or as a flour, it is used chiefly in soups and stews. 

Papaseca
 
Papa seca is produced by boiling and hand-peeling potatoes,
 

which are then sliced or 
broken into small pieces and sun-dried. When 
dry, they are ground into finer pieces with a hand meat grinder. Papaseca 

Table 4.10. ('omposition of raw potato, chino and papaseca 
per 100 g (FWB) 

Energy Crude Carbo- Crude 
Moisture protein Fat hydrate fibreProduct (k) (kcal) (%) (g) (g) (g) (g) 

Raw potatoes" 335 80 78.0 2.1 0.1 18.5 0.5
Chufo blnco' 1351 323 18. 1 1.9 0.5 77.7 2.1'Chunonegro" 1393 14.1333 4.0 0.2 79.4 1.9Papaseca" 1347 322 14.8 8.2 72.60.7 1.8 

Sources listed in Table 2.2. p. 24. 
, Collazos et al. (1974). 
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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 asoup. It is a higher prestige item than chtio, being eaten 
in the large cities and along the coast of Peru as well as in the mountains. 
(hutio consumption is largely confined to the high Andean areas. 

Nutritive value of traditionalydriedpotatoproducts 
There is virtually no information on the nutritional value of 

chutio and papa seca, apart from that given in composition tables of 
Peruvian foods (Collazos el al., 1974; Table 4.I1). A better appreciation 
of the differences in nutrient concentration between raw and traditionally 
processed forms of potatoes isgained if nutrient contents are expressed 
on adry weight basis, as in Table 4.11. This shows that, with the exception 
of carbohydrate. calcium and iron, nutrient contents of chtfo blanco are 
greatly reduced in comparison with fresh potato. Those of chuho negro, 
including iron. are also reduced, but not to such agreat extent as in chilfio 
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 ch,-io blanco, 
chtuno negro and papa seca from three clones of Solanttm jltzepczuckii 
bitter potatoes. This information issummarized in Table 4.12. 

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

Ribo- Ascorbic 
Ash Ca P Fe Thiamin flavin Niacin acid 
(g) (mg) (mg) (mg) (mg) (mg) (mg) (mg) 

1.0 9 50 0.8 1.10 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 O.17 3.40 1.7 
3.5 47 200) 4.5 0.19 0.0)9 5.00 3.2 



Table 4.11. Compositionof rawpotato, chufio andpapasecaper 100g (DWB) a 

Product 

Raw potato 
Chufioblanco 
Chufionegro 
Papaseca 

Energy 

(kJ) 

1523 
1649 
1623 
1582 

(kcal) 

364 
394 
388 
378 

Crude 
protein 
(g) 

9.5 
2.3 
4.7 
9.6 

Carbo-
hydrate 
(g) 

84.1 
94.8 
92.4 
85.2 

Ca 
(mg) 

41 
112 

51 
55 

P 
(rg) 

227 
66 

236 
235 

Fe 
(mg) 

3.6 
4.0 
1.0 
5.3 

Thiamin 
(mg) 

0.45 
0.04 
0.15 
0.22 

Ribo-
flavin 
(mg) 

0.18 
0.05 
0.20 
0.11 

Niacin 
(Mg) 

6.82 
0.46 
3.96 
5.87 

Ascorbic 
acid 
(mg) 

90.9 
1.3 
2.0 
3.8 

a Calculated from figures given in Table 4. 10. 

Qr 
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Table 4.12. Changes in cr'wde protein (N x 6.25) during the production of 
traditionallyprocessedAndean potatoes" 

C protein (DWB)I(rude 

Renmovcd 
Pressed by 

Initial Loss in Loss on tuber soaking Final 
Product content exudate boiling content in watcr content 

(hu-o blanco 12.5 2.9 - 9.3 6.5 2.8 
('/hutho 12.4 - 9.2 - 9.6t'gro 2.9 
Patiseca 12.3 - 1.6 - - 10.7 

Means of values for three clones of S.juzepczukii, calculated from figures given 
by Christiansen (1977). 

Table 4.13. Dry matter,retention olN and biological value of the retained 
N in traditionallyprocessedpotatoproducts' 

Y,.Original retaincd 
BVof 

Product DM Total N AIS-N" retained N 

Raw potato 100l 100 100 48 
('h/uho hlanco 88 20 38 56 

Il(uttonegro 
Papa Seca 

96 
117 

75 
95 

67 
II1 

53 
61 

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

' Alcohol-insoluble N. This is a measure of true protein as NPN compounds are 
extracted by alcohol. 
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Christiansen (1977, and see Table 4.13) calculated retentions of total Nand alcohol-insoluble N (AIS-N) on the basis of losses of DM in the threeprocesses. Fie also assessed the BV of the N in the products, expressing itas !ipercentage of that of casein. according to the microbiological method 
of Ford (1960).

Preparation of c/lt/o blanco resulted in greater losses of DM andAIS-N than in the other two processes. (ltio megro also lost AIS-N butretained about twice as Much as did chuiTh blnco. The apparent gain inDM and AIS-N in pa/) seca reflect sampling error due to large variationsin the DM of individual tubers. However, the loss of AIS-N in papa secamust have been small. Processing apparently resulted in a slight improve­ment in the 13V of the remaining N in all thrLc products. The author doesnot comment on the reason for this. In the case of the chlt/ios this couldhave been due to proportionately greater losses of NPN than of protein N.Information given by Christiansen (1977) for losses of N in the threeforms of traditionally processed potato also probably accounts for lossesin other soluble constituents, especially the vitamins. However, thesehave not been investigated. The generally low nutrient level in chuflob/a/co undoubtedly results from a combination1 of losses due to squeezingout of tuber juice during thawing and trampling, leaching lossesandduring submersion in running water. The relatively high levels of calciumand iron in citifo blanco (Table 4. II) have not been explained but mayresult from their absorption by tubers from the soaking water. C/lut-onegro retains more nutrients than c/u/ltIblanco because it is not soakedin water before drying. Papaseca undergoes little nutritional change, aspotatoes are boiled intact in their skins before sun-drying. All three formshave extremely low concentrations of ascorbic acid, presumablyresult of loss of exudate as a 
as well as losses due to heat destruction andoxidation during sun-drying (cluio), and to boiling followed by sun-dry­ing (papaseca). The levels of pyridoxine and folic acid have not been
 

investigated.
 

Part4: Summary 

Storage, cooking and processing have, in general, deleteriousconsequences on the content of potato nutrients. However, effects differin 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 potatoeswhich 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 eaten 
may contain low levels of ascorbic acid. Research into nutrient changes 
resulting from on-farm storage in developing countries has been neg­
lectcd. Changes in nitrogenous constituents during controlled storage are 
small and rather random in nature. They have been studicd mainly in the 
NPN fraction and their nutritional significance is unknown. Domestic 
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 tcmlcraturcs than those used in domestic cookery, can reduce 
amino acid levels considerably as a result of carbohydrate-amino acid 
reactions 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. Dietary fibre changes have not been investi­
gated. Changes during cooking have scarcely been investigated quantita­
tively or qualitatively. Rcmoval of pcel reduces the dietary fibre content 
of the tuber (see Table 2.4, p. 28). 

The vitamins advcrsely affected by controlled storage are ascorbic and 
folic acids. There is little change in the other vitamins, with the exception 
of pyiidoxine, 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 somc 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 
water. 

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. Losses during cooking and processing are
presumed to be mainly due to leaching into the cooking or blanching 
water. 

Figures provided in the tables reiating to the contents of various cooked 
and processed fornms of potato are to be regarded as averages only. The
wide range of nutrient contents in the raw material results in a correspond­
ingly wide range of contents in potatoes as eaten. It is perfectly possible
therefore, for a processed product prepared from freshly harvested 
material of high nutrient content to be a better source of a particular
nutrient 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 research is required into nutrient changes taking place
during processing, especially of chtu-o. Impi ovements in nutrient reten­
tions whilst maintaining the desired reductions in glycoalkaloid concen­
tration during chutio production could be of great benefit to marginal
communities who depend upon supplies of chut-io 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. Thesehave been the subject of much research and debate, particularly in recent 
years. In this chapter, each toxic component group is reviewed, and itsstructure 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 
Chemicalstructureandcontent in the tuber 
The Solanaceae family is recognized for the numerous alkaloidsfound among its various member species. Alkaloids are nitrogen-contain­

ing organic compounds occurring in plants, as well as in a small number ofanimal products (Robinson, 1974). As a result of the diverse phar­
macological properties of alkaloids, many plants have long been used asdrug sources; s;ome 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' withsuch notorious relatives (Rhoades, 1982). Under normal conditions ofhuman consumption, the amounts of potato alkaloids ingested are notharmful. Sometimes, however, alkaloid quantities can increase to toxic,
and in rare instances fatal, levels. It isnecessary, therefore, to understand 
how such toxic levels arise and what can be done to prevent them. 
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Plants of the genus Solanium contain carbohydrate derivatives of 
3-hydroxysteroidal alkaloids (Osman & Sinden, 1977), collectively refer­
red to as glycoalkaloids. More simply. glycoalkaloids 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 tuber-bearing Solanum spp. A new glycoal­
kaloid, conlmersonine, has been identified in the wild tuber-bearing S. 
commersonii (Osmanet al., 1976). 

Glycoalkaloids are found in most tissues 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. Glvcoalkaloids of tuber-learingSolanum spp." 

Carbohydrate
Aglyconc Glycoalkaloid component h 

Solanidinc (a-Solaninc, Solatriosc 
a-Chaconin'e Chacotriose 
Dchydrocomnicrsonine Commertetrose 

DcIliissidinL Demissine Lycotctraosc 
Conincrsoninc Commertetrose 

Acetylleptiiidinc Leptinc I" Chacotriose 
Leptine II' Solatriose

Tomatidenol a-Solamarinc Solatriose 
/3-Solamarine Chacotriose 

Tomatidinc a-Tomatine Lycotetraose 

Table constructed by T. Johns, pcrsonal conmmunication. 
' Solatriose n-galactose I-r aglcosc 

('liacotriose I)-glUC0SC i.-rhaninose 
L-rhamnosc 

Comnicrctrosc I)-galactose - t)-gltlcosc . D-glucose 

Lycotctraose D-galactosC -­ n-glucose -

D)-glucose 
D-glucose
D-xylose 

(3-and y-sohlaincs and J3-and y-chaconincs arc products of a partial hydrolysis
of the respective a-glycosides.
,dThe action of csterascs or mild alkaline ti eatment pro luces leptines I and II. 
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(Table 5.2). Concentrations are higher in immature potatoes and are 
diluted as the tuber enlarges. In nornml 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. Bushwav et 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 qItantity of glycoalkalokls in a potato tuber vatries 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 
varieties are below 10 mag/100 g (FWB) and are therefore imperceptible 
by taste. 

Potato tubers with more than 20 mg glycoaikaloids/100 g (FWB) are 
generally considered to be beyond the Upper safety limit for consumption 
purposes (.ladhav & Salunkhe, 1975). Ross et al. (1978), however, suggest 
that the acceptable limit should be much lower than this (6 to 7 mg/I100 g), 
as large glycoalkaloid level variations are produced within a single 
cultivar by differences in locality and season. This isstill open to debate. 

Levels higher thin 20 mig/100 g (FWB) are found among wild Solanum 
and highland cultiviated species (Table 5.5), which are used extensively in 
breeding programmes to obtain characteristics such is disease resistance 
ind cold hardiness (Osman et al., 1978). Sanfiord & Sinden (1972) 
concluded lhal glycoalkaloid content was highly heritable. Additionally, 
many of these species contain considerable quantities of glycoalkaloids 
not fotUnd in currently cultivated commercial varieties (Table 5.6). 

Several authors (Osman et a!., 1976; Maga, 1980; Jadhav & Salunke, 
1975; Zitnak & Johnston, 1970; Gregory et at., 1981) noted that the 

Table 5.2. l)strihu'i)nof
 
glvcoalkaloidsin the potato plant
 

Plant Glycoilkaloids 
part (mg/101 g (FWB)) 

Sprouts 210-400 
Flowers 300-500tt
 
Stems 3
 
Leaves 401-1001 

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, 
chaconinc and commcrsoninc is inherited in the accessions of a wild 
species, S. chacoense, is explained by McCollum & Sinden (1979). 

According to Osman et al. ( 1978), the glycoalkaloids listed in Table 5.6 
are of the same order of toxicity as Y-solaninc 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 lcvcls 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 et al. 
(1955) reported little or no loss of solanine on either cooking or freeze­
drying. Maga recommended investigations into whether cooking reduces 
the levels ot simply enhances the difficulty of glycoalkaloid extraction. 
Since Zitnak (' Johnston (1970) showed that the initial decomposition 
temperature of solaniije is 243 'C and the melting point is 285 'C, it would 
seem 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. Normalglycoalkaloidlevels in 
various tuber tissues 

Tuber tissue 
Glycoalkaloids 
(mg/100 g (FWB)) 

Normal tuber 
Skin (2%to 3%of tuber) 30-60 
Peel and eye (3mm disc around eye) 30--50 
Peel (10% to 15% of tuber)
Whole tuber 

15-30 
7.5 

Flesh 1.2-5 

Bittertuber 
Peel 150-220 
Whole tuber 25-80 

Based on data by Wood & Young (1974). 



Table 5.4. Glvcoalkaloid(solaineauti ctaconin') 
COlenls ofsomle commoti Norlh American and 
European comnlercial potato varieties" 

Glycoalkaloid 

Content 
Variety 	 (mg/100g(FWB)) 

'Columbia russet' 1.8 
'Russet rural' 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
 
'Mesaba' 
 5.2 
'Hundred-daycobbler' 5.3 
'Arnica' 5.4
 
'Katalldin' 
 5.5 
'Irish cobbler' 5.6 
'Ackerscgcn' 5.8
 
'Cobbler' 
 6.4
 
'1-ounna' 
 6.4
 
'Chippewa' 
 6.6 
'Libertas"' 6.8
 
'Warba' 
 6.9 
'Blue salad' 7.0 
'Early rose' 7.2
 
'Netted Gem' 
 7.9
 
'Golden' 
 8.8 
'Early epicure' 8.9 
'Furore' 9.2 
'White-blossomed cobbler' 9.4 
'As'1h 
 9.6
 
'Gineke' 
 9.6 
'Kennebec"' 9.7 
'Pioneer rural' 10.0 
'Erstling' 10.0 
'Hindenger' 11.6 
'Rural New Yorker' 13.0

' 'Kerr'spink' 13.6 
'Pimpernell"'l 15.3 
'King Georgc ' 18.7 
'Prestkvern' 34.5 
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Table 5.5. Total glycoalkaloid (a-solanine and 
a-chaconine) content ofselected species of 
Solanum tubers" 

Species (mg/100g(FWB)) 

S.tuberosun 6.4" 
S.tuberostum 

group andigena 4.9 
S.acaule 79.8 

126 
53 
35 
58.5 

S.ajanhuiri 7.1 
S.curtilobuin 29.0 

21.8 
18.3 
3.8 

S. juzepczukii 1.9 
11.7 
19.2 
41.3 
18.8 
46.8 

S.stenotonum 3.6 
6.1 

a Figures from Osman et al. (1978). Reprinted with 
permission from Osmar et al., J.Agric. Food Chem.26: 
1246-8. Copyright 1978, American Chemical Society. 
" Each value rcprc.,cnts the mean of duplicate analyses 
of freeze-dried tuber extracts. S.acaule is a wild species; 
the rest are cultivated. 

Notes to Table 5.4. 

a Adapted from Maga (1980). 
h European varieties. 

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 isavailable 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. 

" From Wood & Young (1974). 
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Table 5.6. Glycoalkaloidsofselected Solanum spp. a 

Species a-Solanine a-Chaconine j-Chaconine Solamarinesb Demissine Tomatine 

S. ajanhuiri' 5 7 .3d 39.0 	 3.5S. curtilobum 46.4 34.8 - 5.3 13.4S. stenotonum 24.7 69.8 	 5.5S. juzepczukii 37.8 14.0 - 7.7 40.4
S. acaule'

1 	 ­
2 95.5 _ 
3 - 62.1 30.9- -
4-	 88.2 11.6
 

64 34
 
a Figures from Osman et al. (1978). Reprinted with permission from Osman et al., J. Agric. Food Chem. 26: 1246-8. Copyright 1978,
Axi~crican Chemical Society.
b Combined value for a-and /3-solamarine. 
c All species are cultivated except S. acaule. 
dValues represent percentage of total glycoalkaloids. 
' Four clones of S. acaulewere analysed. 
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glycoalkaloid content of the cortex tissues 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 in levels greatly in excess of the recommended safe concentration 
in fried peels from two of the three cultivars (43 ing/100 g and 65 mg/1(10 g 
(FWB)). The analysis of commercially produced fried peels by Bushway 
& Ponnampalan (1981) revealed levels of 139 to 145 mg of combined 
a-chaconine and a-solanine per 1(10 g of product. Both groups of workers 
recommended caution in eating these peels. Sizcr et al. (198(0) 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 variety '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). 
'Lenapc' was considered to bea promising variety because of its immunity 
to virus A, resistance to common races of late blight, high specific gravity, 
low sugar content, and excellent chipping qualities (Zitnak & Johnston, 
1970). Although 'Lenapc' isan isolated case of a released variety that had 
to be withdrawn duc to excessive glycoalkaloid content, similar situations 
are foreseeable, especially in light of current widespread efforts to breed 
greater resistance and climatic tolerances into potatoes. 

Physiologicalfunctions 
Glycoalkaloids are believed to be part of the disease and pest 

resistance mechanisms of potato plants and tubers. For example, a-sol­
anine and aY-chaconinc were highly toxic to the fungus Hehninthosporium 
carbonum (Allen & Ku6, 1968), and the growth of early blight (Alternaria 
solani) on potato dextrose agar is inhibited by potato alkaloids (Sinden et 
a!., 1973). Tingcy el 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 bcetle in Solanum demissum and S. 
chaeoense duc to the glycoalkaloids dcrnissine and leptin (Schwarze, 
1962). 

The dcpressive action of foliar glycoalkaloids on certain insects suggests 
potential for glycoalkaloid-based brccding for 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 tubcr 
level contents is extremely low in segregating populations (Raman et al., 
1979). If simple, rapid screening methods wcrc used, and if individual 
glycoalk;loids could be idcntificd as deterrents to insect pests but less 
toxic to humn:s or aninials, then glycoal kaloid-bascd resistance might be 
exploited to a greater extent. InI this connecCtiOll, the accuracy of six 
extraction methods for samples used to determine glycoalkaloid content 
has been Studied by Smittlc (1971), and Bergcrs (1980) descril,ed a rapid 
means of assaying solanidine glycoalkaloids. Also, new rapid methods of 
analysis suitable for plant breeders have been developed (Coxon et al., 
1979: Coxon & Jones, 1981; Mor ris & Lee, 1981; Ross et a!., 1978; 
Morgan et a!., 1983, 1985). 

In 1972, Renwick proposed that potatoes resistant to late blight 
(Plho,oplora infiestans) contained higher levels of glycoalkaloids than 
did non-resistant varieties. However, asubsequent test comparing clones 
with late blight 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 (fungicidc-protectcd) plants 
(Deahl et (it.,1973). 

Most researchers currently agree that, although glycoalkaloids arc not 
directly responsible for late blight resistance, they function, in part, as 
members of thc group called ph'ytoalexins, which include all compounds 
formed before or after infection by a pathogen that contribute to the 
resistance of infected tissue (Kuo, 1972). In plants resistant to the 
pathogen, an elicitor induces these compounds to accumulate as part of a 
hypersensitive reaction which thus prevents the pathogen from spreading 
throughout the plant or tubcr (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 mag/100 g (FWB), they normallyare 

imperccptible by tastc, 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 tongue and the back of the 
mouth, not unlike the sensation imparted by hot peppers. Tubers with 
glycoalkaloid contents of 20 rag/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 (see later in this chapter). 

Some workers have proposed that phenols are more likely to be 
responsible for bitterness than glycoalkaloids; however, Sinden et al. 
(1976) showed that glycoalkaloid levels, not those of phenols, correlated 
with taste perceptions of burning and bitterness in tubers (Table 5.7). In 
addition to these sensations, the taste panelists noted that tubers with 
mediumn tu ',igh glycoalkaloid levels had a 'metallic aftertaste', 'a bite', 
caused 'a coating of the teeth and mouth' and generally imparted an 

Table 5.7. Efficts of glycoalkaloidandphenolic contents ofpotatoes 
oui sensory.ratingsof bitterness andofbmrning" 

Glycoalkaloid Phenolic Bitterness' Burning' 
content COntelt content content 

Clone' (mg/t100g) (mg/100g) (1-4 scale) (0-4 scale) 

1 58.0 29 2.4 3.4 
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 
LSD (0.05) 5.7 6.7 (.64 0.71 

LSD. least signilicant difference.
 
" From Sinden et al. (1976). Reprinted from J. Food Sci. 1976, 41 (3): 521.
 
Copy.iglht @ by the Institute of Food Technologists.


Chirn:s 1to 8 are breeding lines; 9 to 13 arc cultivars. 
Meas of is evaluations; (1= no bitterness o, 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 te masked in potato 
preparations by using hot sauces, spices, gravies or oils, and people can 
and do unknowingly ingest sufficient quantities 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, varieties 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 indpendnt. Gull & Isenberg (1960) demonstrated that
total solanine content 01nd susceptibility to greening in potatoes are 
varietal characteristics. In their experiments with light exposure, 
'Katahdin', the variety which thedeveloped highest concentration of 
solanine, was one of the least susceptible to greening, while 'Cherokee', 
which greened most readily, developed only moderate increases in 
solanine content. They concluded that the amount of greening is probably 
not a reliable indicator of glycoalkaloid level in potato tubers. Nair et al. 
(1981) showed that, contrary to the findings of earlier stu'Jies, there is a 
close relationship between chlorophyll and solanine synthesis. This topic
needs further investigation with respect to disease and insect control. 

Reviewing the effects of irradiation (by exposure to gamma rays) 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 resear­
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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Efecls of varying light cXVJosur(' 
Duration, intensity and coIour ot light exposure have different 

effects on gkycoalkaloid content (Figu re 5. 1). Longer day-length ( 18 h of 
light) causes greater tule" soanine production than shorter (10 I1) 
day-length (Wolf & D)uggar, 1946). Maga (1980). in reviewing prcvious 

Figure 5. 1. Post-lhrvest methods of handling potatos can affect 
glycoalkaloid levels. Storing potatoes in the house until time for sale or 
consumption in Bangladesh helps to maintain normal glycoallaloid levels 
(above). Potatoes left in the field and exposed to direct sunlight during 
sorting in Tunisia may increase glycoalkaloid levels (helmw). 

2j, 

-
- '
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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 (5 to 20 mag/l10 g (FWB)) with Vn exposure of 6 1h.Cooking
quality, as judged by flavour and surface discoloration, 'deteriorated 
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 insignificant in the remainder of the tuber. Washed tubers were 
more suscepible to light than brushed ones. 

Environmentaleffects 
Few studies 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 varieties in tile Moscow region
differed between cultivars and depended on growing conditions. 

In reviewing glycoalkaloids. Jadhav & Salunkhc (1975) concluded that 
inlfavourable conditions, such as nutritional imbalance, frost or hail 

damage before tuber matu-ity, an unusually cool growing season 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 earlier study (Arutyunyan, 1940) claimed that the 
glycoalkaloid content of potatoes grown in mountainous regions is always 
less than that of those grown in hot climatcs. 

In a study 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 
varietal 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 (e.g. bruising, cutting or slicing) during harvesting or post­
harvest handling. Fitzpatrick et al. (1978) found that 10% (or more) of the 
loose white potatoes available in retail markets (in an eastern state of the 
USA) had some degree of mechanical damage. Analysis of three locally
available commercial varieties, '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 ng/l10 g (FWB). However, 8 of the 12 
'Katahdin' samples 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/l10 g (FWB)), but only that 
it did not happen in most of the varieties they examined. 

WI & Salunkhe's (1976) study of mechanical injuries showed that the 
extent of glycoalkaloid formation depends on cultivar, type of mechanical 
injury, storage temperature and duration of storage. Most accumulation 
occurred during the first 15 days following injury, with little increase 
noted after 30 days. [it should be noted that severe damage occurring in 
the tests was not necessarily comparable with normal handling of 
potatoes. IAhmed & Mtiller (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 et al. (1978) that mechanical injury can 
elevate glycoalkaloid levels, and indicate that care sho' Id be taken to
 
avoid damage to tubers.
 

Effects oJ'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 It)°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 varieties. In contrast, Linnemann et al. 
(1985) reported a lower content of glycoalkaloids in a European variety 
('Bintje') 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/lOt g (FWB). Fitzpatrick etal. 
(1977) found that at 7 'C and 85% rel. hum. there was little increase in 
glycoalkaloid content, but, when potatoes were peeled, 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 ispart of a 'wound response, which isthought to be associated with 
the tuber's defence mechanisms (Salunkhe ei at., 1972). 

Maga (1981) measured glycoalkatoid accumulation in sliced potatoes
under differnt pre-processing storage conditions, and observed signifi­
cant increases after only I 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 a!se 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 i,-c;cased glycoalkaloid levels. To avoid 
accumulation of high lcvis of glycoalkaloids in potato products, pro­
cessing should start immediately after peeling (Salunkhe et al., 1972). 

Processingeffects 
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 glycoalkaloid sample still retained a considerable 
amount of peel. The ,ime 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 & Ponnampalan (1981) compared several methods of 
potato preparation (baking, boiling, microwave and deep-fat frying), 
only frying reduced the total glycoalkaloid content significantly. 

Zaletskaya et al. (1977) showed that processing of potatoes into dried 
puree 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 mng/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 (Antdincz de Mayolo, 1981; Christiansen & Thompson, 1976; 
Werge, 1979). Bitter potatoes with high levels of glycoalkaloids (over 
30 mg/100 g (FWB)) are grown throughout the highest zones of the 
Andes (>3600 in). They are resistant to frosts common at those altitudes, 
hut their high glycoalkaloid content makes them generally inedible as 
fresh food, although they are sometimes eatcn fresh in the Bolivian 
Altiplano (Johns, personal communication, 1983). 

Several methods of processing bitter potato have been developed over 
the centuries and result in products known locally as chuTio blanco (or 
tunta in southern Peru and Bolivia), chuwto negro and tokosh (see 
Chapter 4). The traditional processing techniques remove the glyco­
al' .ioids, iL~i.,;ng products with less than 10 rag/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: chio 
has been found in perfect condition in 500-year-old coastal Inca tombs. 

Traditional potato processing isalso practised when there are surpluses 
of normal non-bitter potatoes. These are cooked and solar-dried to make 
papaseca or dried potatoes (see Chapter 4). Only intact, whole potatoes 
are us-Ld in this type of proccssing, 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 glycoalka!oids in small or 
immature tubers, it is possible that subsequent processing of damaged, 
green, small or diseased potatoes could result in products with unaccept­
ably high glycoalkaloid levels. Christiansen (1977), however, showed that 
the papaseca process reduces the glycoalkaloid level of bitter potatoes 
from abotit 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 symptoms are common to many ailments and may be 
easily mistaken for severe digestive discomfort (gastroenteritis) with 
nausea, diarrhoea, vomiting, stomach cramps, headaches, and dizziness 
(Wood & Young, 1974). 

Jadhav & Salunkhe (1975) documented much of the early 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 aiad spina bifida cystica (ASB) in humans. 
He further recommended 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 
anaemic and hyperglycaemic 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 
potatoes caused litter mortality of 55.6% compared to 15.7% with normal 
potatoes (8.78 mg glycoalkaloids/100 g (FWB)). It was suggested that 
glycoalkaloids may causing deathprevent lactation, by starvation in 
newly born infants. They may also enter foetal circulation and depress 
foetal breathing: 23% of the rabbit litter died prior to delivery. Pierro et 
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 embryos. Whether such 
findings have any relevance to human intake of glycoalkaloids has yet to 
be determined. 

Tihei-e are continuing reports of human poisoning by toxic potatoes. In 
a detailed study of solanine poisoning among London schoolboys, McMil­
lan & Thompson (1979) reported that potatoes containing 25 to 30 mg 
a-solanine/10) g peeled, 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 to toxic amounts. 

Steroid saponins. for instance, are known frequently to accompany 

Solanum alkaloids and could act as enhancing agents, since saponins are 
gastrointestinalknown emulsifiers and have been used to promote 

absorption. McMillan & Thompson noted that the toxicity of potatoes 

may be duc 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. 
have pointed out that most toxicity studiesJadhav & Salunkhe (1975) 

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 ty-chaconine, although it represents nearly 60% of total 

potato alkaloids, is meagre. 
One of the few studies on a .chaconine was conducted by Alozie 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, cy-chaconine is eliminated in the urine and faeces to only 

a small extent. 3H-labelled a-chaconine in food was well absorbed from 
of the label excreted inthe gastrointestinal tract of hamsters, with 25% 

seven days. Tissue concentrations of radioactivity peaked at 12 h, follow­

ing oral administration, being highest in lungs, liver, spleen, skeletal 

muscle, kidney and -ancreas; heart and brain contained only moderate 

amounts. In brain, liver and heart, most of the radioactivity was in the 

nuclear and microsomal fractions. Tissue I' 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 spt :nfic sites in the affected tissues. 

From the above re,:ults, it is clear that the involvement of a-chaconine 
as do the effects ofin health merits further investigation (Maga, 1980), 


other glycoalkaloids.
 

Control ofaccumulation 
The basic recommendation to prevent glycoalkaloid accumu­

lation is to develop and grow varieties of potato with inherently low or 

normal glycoalkaloid content. Beyond this, there are several agronomic 

and post-harvest techniques to help 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 trLatments are often effective, 
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they may also require expensive or laborious removal and are thus usuallysuitable only for large-scale processing enterprises. The authors recom­mend waxing the tubers as an effective control, especially since the coatedwax is easily removed by peeling. The use of oils is an effective andinexpensive method to prevent glycoalkaloid build-up, but some oils orfats give tubers an oily appearance and many oils may become rancid overtime. Immersion in water is another effective control, as is the use ofdetergent solutions or commercial surfactants. Such treatments createanoxia 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 directsunlight in a market in the Philippines may have increased glycoalkaloid 
levels. 
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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) 	Keep tubers well covered with soil during the growing period. 
(b) 	 Allow the tubers to mature before harvesting. 
(c) 	 If possible, avoid harvesting on clear, sunny days (especially in 

cold climates, when the temperature is near freezing, or may 
drop to near 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 field 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) 	 Expose tubers to the least possible amount of light during 

grading and other operations. 
(i) 	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 andfunctions 
Potatoes are among several 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). Potatoes are almost unique in that they contain 
carboxypeptidase inhibitor, previously isolated only in tomatoes and 
round-worms (Hass et al., 1979). In addition, they are a rich source of 
plasma kallikrcin inhibitors (Richardson, 1977). Enterokinase-inhibiting 
activity was also found in tubers of two potato cultivars (Lau et al., 1980). 
Since enterokinase 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 genc duplication, proteinase inhibitors may
have generated new inhibiting capabilities, without losing their original 
inhibitor functions. 

Potato tubers are one of the richest sources of proteinase inhibitors 
(Santarius & Belitz, 1978). More than 15% of the soluble proteins in 
mature tubers can compromise proteinase inhibitrs (Ryan & Hass, 1981 ;
Ryan eial., 1976). At least 13 different inhibitors have been idcntified 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 el al., 1976). 

Knowledge of the function of proteinase inhibitors in plants is meagre
and speculative (Licner & Kakade, 1980). Potato proteinase inhibitors 
are believed to function primarily in the plant and tuber defence 
mechanisms against pest attack (Santarius & Belitz, 1978; Liener & 
Kakade, 1980) and wounding (Lai el al., 1980). While suggesting that 
proteinase inhibitors neutralize the effects of the digestive enzymes of 
invading pests or microorganisms, Hass et al. (1981) reported that 
carboxypcptidase inhibitor has a potent effect on all digestive tract 
carboxypeptidascs 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 chymotryp,+n 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 field 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 protcii,,se
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 on toin humans depends its ability 
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 accompanied 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. luang et 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, isstill active in human intestine, and can inhibit 
or reduce proteolysis, 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 et at. (1975), in experiments with pigs, found that chymotrypsin
inhibitor activity was high in all feeds of raw potato but absent in those 
containing cooked potato. They suggested that the chymotrypsin 
inhibitor contributed to the deleterious effects on nitrogen utilization in 
pigs given raw potatoes. 

Pearce et at. (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 tile 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 sJection for higher total inhibitor levels. 

Livingston et al. (1980) explored the effects 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 - ,lue of N from raw potatoes 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 feed 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 protcolysis. The picture isconfused by the 
fact that inhibitor effects may differ according to which type ofexperimen­
tal animal is used. No work has been done on the effects of potato 
proteinase inhibitors in human nutrition. 

Cooking or processing potatoes at high altitudes could reduce the 
destruction of inhibitors by heat, leaving them intact and functioning 
even after cooking. Gursky (1969) reports that in highland areas 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 sea level may not be destroyed at higher altitudes. The same could be 
true for proteinase inhibitors. 

Lectins 
Lectins, or haenagglutinins, are carbohydrate-binding cell­

agglutinatory proteins which occur widely in the plant and animal king­
don. 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 secretor 
status, separating leucocytes from erythrocytes, and agglutinating cells 
from blood in the preparation of plasma. Lcctins also serve as reagents for 
the detection. isolation and characterization of blool-group antigens. 
Since some lectins have been found to distinguish normal from malignant 
cells, the possible use of lectins in cancer chemotherapy has been 
suggested (Goldstein & Hayes, 1978). Bean (Phaseolts vulgaris) lectins 
have received considerable attention due to the toxic effects of these 
beans when undcrcooked (Putsztai el a., 1981). 

The lectin in potato tubers was first described in 1926 and has since been 
the subject of several detailed studies (Kilpatrick, 1980). It agglu:inates 
erythrocytes of several mammalian species including human (irrespective 
of blood-group type), guinea 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 deface function similar to that of wheat-germ 
agglutinin, which is thought !o 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 effects of the potato lectins. Since the toxic effects of 
lectins 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 research isneeded 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 animals. The toxicity of some 
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glycoalkaloids, notably a-chaconine, may be related to their ability to 
bind to cerbain tissues, and pregnant mammals are more susceptible to 
total glycoalkaloids. 

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

It has been r conimlndcd that efforts be made to breed and select new 
varieties with low to moderate amounts of glycoalkaloids. Additionally, 
precautions can be taken to avoid the conditioas which provoke increases 
in glycoalkaloid lcvcls. Howeve-, most evidence points to a genetically 
controlled role of both glycoalka'oids and protcinasc inhibitors in plant 
and tuber dcfenLc mechanisms against pests or microorganisms. Increas­
ing cencern ovcr growing pesticide us:,and greater resistance of pests to 
potent pesticides prox ide goo reasons fo research efforts to explore the 
iotential manipulation of glycoalkaioids and proteinase inhibitors to 
enhance resistance to pests and microorganisms. Howcver, such efforts 
must be balanced with controls to ensure that toxicity is not an inadvertent 
result. 

As a final note, if potatoes are purposely subjected to hostile environ­
nients, greater pest attack or poor storage and handling, in the hopes of 
extending current growing seasons or creating new ones, then greater 
attention should be paid to the potential toxicity to be caused by the 
reactions of the plant's own defence mechart:m; to these conditions. 
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Patterns ofpotato consumption 
in the tropics 

The potato has spread around the world during the past 400 years and 
adapted to a wide variety of environments and an equally diverse range of 
human tastes and preferences. In some tropical developing countries, 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 diet 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: 

I 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 foi greater potato utilization? 

It is hoped that the answers suggested below will stimulate other re­
searchers to probe more deeply into the complexities governing potato 
consumption in developing countries. 
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Calculating consumption 
Food balance sheets 
The most frequently used method ofcalculating potato consump­

tion is the food balance sheet (FBS). Such sheets show total supply offood 
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: 

Potatoes available 
for human 
consumption 

Domestic 
production, imports, 
exports, and net 
changes in year-end 

-

Quantities used 
for seed, 
non-food 
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 isdifficult: 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 peeling, 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 !ow 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, peeled 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. Bhutanefe potato producers feed their pigs potatoes that are 
not suitable Far family consumption, thus converting a 'waste' product to 
one of higher , 
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In light of the dubious quality of the data, it seems doubtful that the 
resulting per capita availability, is of any value. However, even if all the 
inputs arc accurate, the result canno! be called 'per capita consumption'.
The lattcr crm implies equal food distribution among all ethaic, religious,
socio-economic. age and sex groups. This does not happen. Additionally,
FBSs cannot account for seasonal or regional differences in consumption 
among these groups. In sum, if only the FBS is used, it is difficult to 
calculate current consumption levels adequately, to estimate the potential
for change in consumption rates or to identify targe! groups within a 
country for specific consuinptton-related programmes. 

Nutrition surve vs 
These surveys are conducted at national, regional and local 

levels. They !re 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 seasonal availability. Total consumption of a
large sample of people for a period of timc (24 h, three days, or a week) is
used to calculate daily intake averages and annual consumption rates for 
the area under study. If surveys are conducted with the same sample 
population at different times during a year, seasonal consumption of
certain items may be ascertained. 

Although nutrition surveys supply a wealth of information on potato
consumption. there three whichare problems limit their usefulness. 
(I) T'.cir goal is to measure caloric and protein levels in the subject
population to determine dietary adequacy. Often arefoods 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 a
leal, 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 hi.(3) These methods cannot measure adequately potatoes
consumed only on special or ritual occasions, since nutrition surveys
normally take place oi working days and not on Sundays, holidays, holy
days or festival days. It is true that consumpt;on of luxury or special foods 
may not have high nutritional significance, but estimating their periodic
dcnimd so as to plan for production, marketing and storage is important. 

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 eat potatoes. Consumer responses 
to potato price, size, colour, quality and origin and inclinations towards 
altering their potato consumption must be determined. 

Consumer surveysand consumer groups 
Numerous methods and manuals are used for conducting con­

sumer surveys (Den Hartog & van Staveren, 1979; Christakis, 1978; 
Chavez & H4luenemann, 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 & Calder6n, 
1981). These take the form of open, spontaneous dialogues and conver­
sations with a variety 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 each link in the chain allows identification of homogeneous 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. 

Potato 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 quantities 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 about potato consumption by talking to a consumer
family in their household compound in Joydebpur, Bangladesh (top), and 
a market vendor and clients in Bukittinggi market, West Sumatra, 
Indonesia (bottom). 

14A4 
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Non-potatoJariners in potato production zones 
This group has greater access to potatoes than do rural non-pro­

ducers living in non-production areas, since they can harvest potatoes and 
receive a portion of their payment in kind, exchange their production for 
potatoes, or purchase directly from neighbours at low prices. 

Non-potatofarnersoutside potato productionzones 
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 dietary habits It is necessary to determine the relative 
importance of price and availability or social factors in limiting their 
consumption. 

Potatomarketers 
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 produrtionzones 
Potato prices and seasonal availability patterns can differ here 

from urban areas in non-producer zones. Market centres in production 
zones usually have lower prices than in other cities, especially at harvest 
times, and the residents usc potato in the diet. The consumption levels of 
this group could also indicate the overall potential urban consumption if 
prices are acceptable. 

Urbanresidentsin non-potato produclion 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 cities may also be more motivated to 
eat potatoes as a result of the influence of western expatriate residents 
(see Special consumer groups, below). 

Stratification of the above groups by socio-economic 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 America, 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 consuner 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, should be evaluated separately. 
Ethnic groups 
Potato consumption may vary in groups sharing the same agroecological 
zone. -ban 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 lndoresia. 
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 eats 
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 andrestaurants 
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. 
Nutritionaland agriculturalprofessionals 
Taken separately, this group has the greatest access to accurate infor­
mnation 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. 

Results 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 (see Table 6. 1)for the country as a whole but higher for urban than 
for rural areas. Separating the household survey results for only one of 
Indonesia's islands, 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 constmption in 
Indonesia (1978) 

kg/person 
peryear 

Food balancesheets 1.35 

National .houtseholdstriv'e 
Average 1.04 
Rural 1.04 
Urban 2.08 

Java house/old sutr, 
Average 

, 
1.04 

Rural 0).52 
Urban 1.56 
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>40% of the research budget of the vegetable research section of theMinistry of Agriculture for 1981-82 was allocated to potatoes. Betteiinformation on potato utilization was needed to determine if this budget
expenditure was justificd.


In 1981. informal consumer 
 surveys in West Java province wereconduced to identify homogeneous consumer groups and to comparetheir rates of potato consumption with the reported statistics. Surveyswere in a highland zone proJucing vegetables and potatoes, a lowlandrice-growing zone, and several urban centres including the nationalcapital, Djakarta (see Figure 6.3). Some of the survey results are pre­
sented in Figure 6.4. 

None of the groups identified hac :r capita consumption level equal
to the estimated per capita avaihbilht ,iboth urban and rural areas, the
wealthier residents consumed greater amounts of potato than did poorerpeopie. Interestingly, poorer lowland farmers consumed a quantity simi­lar to that of poorer residents of urban areas or of pctato productionzones, indicating that lower prices and greater availability mayautomatically not 

encourage greater potato consumption. Interviews withexpatriates showed that their average consumption levels are higher thanthose of any other group, but even so, they are lower by half than the average consumption levels in their home countries.
Potato farmers consume the highest levels; again, wealthier farmfamilies consume moie than the poorer ones. In some cases this is due to 

Figure 6.3. Potato consumption study sites iiri West Java. 

~production areaLowland rice 

Djakarta 

Highland vegetable
and potato production area 
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Figure 6.4. Consu5mption leveb of different groups in West Java. 
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the latter's lack of sufficient storage facilities, but for many the reason is 
because they sdli 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). Results of consumer surveys in 1980 
throughout the country show that in production zones, areas contiguous
to production 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 than 
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 tle 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 household consumption levels. 

Guatemala 
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. Potatoconsumption in Table 6.3. Potatoconsumption in
 
Rwanda Guatemala, 1965-67
 

kg/person kg/person
Zone" per year Location per year 

1 261 Urban 13.32 
2 125 Rural 6.0 
3 72 Average 8.32 
4 28
5 266 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 
potatoconsumption (1981) 

kg/person 
Income group peryear 

High 
Middle 

36.9 
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 diet 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 list 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 readily 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 ofPeru. 
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In Peru's lowland humid zove, the Amazon basin region, potatoes are 
imported over great distances at high cost from highland production 
zones, or even from wholesale markets in Lina. 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 I kg/person per year. 

In the larger cities of Peru's dry coastal zone, potatoes 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 kg/person per year. For rural and coastalsmall-town residents, 
potato consumption is often highly seasonal, occurring only immediately
after tile cool season harvest. During the hot season potatoes may be 
either unavailable or sold at high prices. 

How and why potatoes are consumed 
The case study summaries above indicate the quantities 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
suried. 'How' does not refer specilically to the means of preparation, but 
to the quantity consumed at any' 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 occupy in a meal. Each 
large circle represents the plate or bowl holding the principal or staple 
food item(s) for the meal. Smaller howls represent major or minor side 
dishes that complement the staple food items. An 'X marks tile place of 
potatoes in each hypothetical meal. Potatoes may occupy the entire plate
(Figure 6.7(a)). if the are the main staple in the dict. This pattern was 
common in Ireland prior to 1845, when an average of3.5 kg and up to 7 kg 
of potatoes per day were constinicd b- each Irish peasant, who had little 
else to eat (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 equally (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 potatoes are one of the major
vegetable complements to the staples of rice, wheat aid legumes.

Finally, Figure 6.7(d) represents the instances where potatoes are only 
one small item among many other dishes prepared to complement the 
basic staple element(s). This pattern is common to Indonesia, Malaysia,
the Philippines, China and other Asian and South-east 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 possible positions of the potato on a table duringa meal. 
For explanation, see the text. 
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A typology of potato consumption 
Observed patterns of consumption may be used to construct a 

typology of potato consumption, as in Table 6.5. Role 1 combines 
patterns (a) and (h) from Figure 6.7; role 2 combines part (c) and (d).
Role 3 is appropriate when potatoes are consumed as in Figure 6.7(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 complementary 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 'trimmings, garnishings, or flavourings to 
rice'. 

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

Table 6.5. Typology ofpotato consumption 

Role Frequency Rate Beliefs 

.	 Staple or 5+ meals/week ±60-200 Potato = food or energy.

co-staple food 
 kg/year 	 Meal isincomplete 

without potatoes2. 	Complementary 1-7meals/week ± 10-60 Potato 5 food or energy.
vegetable Potato = vegetable. 

Potatoes are harmful if 
consumed frequently3. 	Luxuryor 1-12 meals/year ±0.1-10 Potato food or energy.

special food 	 kg/year Potato = special food. 
Potato = rich people's 
food4. 	 Non-food Neverconsumed Potato = food for other 
people. Potato is 
unknown 
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are classed with vegetables. On the island of Luzon, in the Philippines, 
they are classed with other highland, cool-season, 'high status' vegetables 
such as cabbage, cauliflower, 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 are 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 effects of 
potatoes. In Guatemala these effects are part of the 'hot--cold' food 
philosophy, in which a cold state is attributed to potatoes since they come 
from the ground. This does not refer to temperature but to intrinsic 
qualities (if specific foods. Too much of a 'cold' food or too frequent 
ingestion of such item; is considered to harm or shock a warm body. To 
be safe, they must be eaten 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 
either to their high cost or !o certain social significance attached to them, 
sometimes related to the foreign cultures who first introduced potatoes. 
In the Philippines, potatoes are served at parties, 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, dietary or idiosyncratic reasons, do not eat 
potatoes, 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 I consumers eat 
over 200 kg each 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 quanitics 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 
pr~vious 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: 
Historicalevenis 
When introduced in Rwanda, potatoes were considered to be taloo 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 communities pro­
moted the spread of potato cultivation and consumption. 

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

~ S~unsocial Si'1t11g 
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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 
altit-ides and there had been previous periods of famine. 
SocialStatts 
Potatoes in South-cast Asia irc expensive relative to other staple foods or 
native vegetables: it is assumed that if you Cat thcm you must be wealthy. 
They are also symbolic ot western expatriates, who normally enjoy high 
social status while residing abroad. Conspicuous consumption of potatoes 
at special 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 cating only rice to eating 
potatoes as well: potato consumption is viewed as symbolic of modern 
ideas. 
Foreigninfluence 
Potato-consuming colonizers of developing countries have greatly influ­
encecd loCal consumpLion habits. Colonial administrators often introduced 
the potato :ijd 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 'Eiggcnheinler' which are still widely grown, 
as well as a preference for white-skinncd, yellow-fleshed potatoes. The 
English inllucnccd consumption in Kenya as well as throughout South 
Asia. Potato production and consumption increased in the Philippines 
only alter the A'mcrican oCCUpation in 1898, although the Spanish had 
introduceu k otatocs over a century earlier. 

TYpe and quality ofpotatoes 
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 a range of acceptable types, with rejection of those that fall outside 
this range. Among Filipinos, marked prefercnccs 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-,kinned potatoes are 
produced in a few isolated areas. 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 area. Its potatoes were referred to as 'papaSanta 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 
variety or production location, and consumers pay high prices for them. 
Peru'ian consumers are prepared to pay more for native varieties than for 
improved commercial varieties (Figure 6.1I0). 

Figure 6.1). Potato preferences. Consumers in Lima, Peru, will pay 
higher prices for deep-eyed native potatoes from the Andean highlands 
than for improved commercial varieties grown on the coast. 
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The degree of importance attached to tuber size, shape, skin or fleshcolour 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 Above in group,potato. all, each consumers search for
potatoes with the best flavour, only then identifying these potatoes with 
names, origins, sizes, shapes or distinctive colours. Any new potato
variety must not only produce well, but fit vithiri the local ranges of 
acceptable taste. 

Prospects 
Potentialfor 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, ard 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 wa,.cich,,-r previously unoccupied or 
poorly occupied by local staple foodstufls. 

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

(i) 	to reduce the price of potatoes relative to other vegetables; 
(ii) 	to encourage wider market distribution on a more reguiar basis; 

(iii) 	 to improve home potato storage; 
(iv) 	 to promote varieties suitable for local vegetable preparations; 
(v) 	to provide information on new methods 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 are 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 easier 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 potatoes, 
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 inexperienced 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, polio campero. 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. Puri 
depapa,or homemade mashed potato, is already one of the most popular
urban potato preparations. So a new, easier 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 Indonesia it is difficult to find any' examples 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-economic 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 Lie market is 

Figure 6.12. Low cost, simple machinery facilitates peeling (left) andslicing (right) of potatoes in the International Potato Center's pilotprocessing plant at Huancayo, Peru. Intermediate technology such as this
provides a viable processing alternative in areai where large-scale
industrial processing isnot 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 bc 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 countries isa lack of 

good-quality weaning foods (Mudambi & Rajagopal, 1980). Potatoes, 
either in afresh 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-east Asia, potatoes 
are already 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.
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Figure 6.14. Women in Bhutan caring for the potato plants on land surrounding their homes (top) and women marketing 
potatoes in Indonesia (bottom) are among those who can he encouraged to use potatoes in their children's weaning food. 

VA**
 
.4I 

/! 





220 Patterns ofpotato consumption 

Among many Filipino producer families, potatoes arc only rarely given 
to children. Instead, costly items are purchased for baby food, rice and 
sweet potatoes are imported from the lowlands, and potatoes are over­
looked. Due 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 v,;caning food 
(see Chapter 3). 

In future, efforts should be focused on newcomers 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 
efforts must begin with children, and particularly children of producers 
and marketing people 'mwhom price and availability are not constraints 
to increased consumption (Figure 6.14). 

The place ofpotatoesin 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 seem to be much less important than cereal 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 to 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-e,-st 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 potato, production rela­
tively, within highly intensive vegetable-cropping systems. 

Conclusions 
Other chapters in this book have detailed the advantages of 

potatoes as a cheap, nutritious, easily grown food supply. The ultimate 
goal of improving potato production in the tropics is to facilitate greater 
and wider incorporation of potatoes into existing dietary patterns. How­
ever, potatoes should not be considered in isolation. They must be viewed 
as a part of the larger food network, an addition, a complement, but not 
a substitute for, other equally 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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food balance sheets. 192-4, 194-5.
 
potato consumption Indonesia, 199
 
unreliability of. 192-4
 

french fries (chips). 5-6
 
colour production, 11-12
 
composition. 34-5. 142
 
vitamins. 35. 139, 142
 

french fries, frozen, 123-7
 
mineral content, 120-7. 141
 
nitrogenous constituents, 124-5
 
nutrient composition, 140-1
 
production process. 123-4, 125
 
and RDA provision, 143
 
vitamins. 125-6, 139, 141
 

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 chttificaei6n 

fructose. II
 

glucose. II
 
glycoalkaloids
 

accumulation prevention, in tubers,
 
179-81
 

chemical nature. 163
 
chto production. 144, 177
 
and cooking. 165, 169
 
disease and pest resistance, 169-70, 186
 
distribution in potato plant. 163-4
 
distribution in tuber tissues, 164. 165
 
and environmental conditions, 174--5
 
extraction and analysis, 171)
 
and flavour, 170--2
 
and greening, 172
 
and light exposure, 172, 173-4
 
and phytoalexins, 1710
 
in potato species, 163. 164, 165, 167, 168
 
in potato varieties. 164, 166

and processing methods, 176-7
 
processing waste, 77
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glvcoalk aIoids-continuied 

ill Solanaceac. 102 

and storage temperature. 175-6 

toxicity, 77, 104, 165, 169. 172, 177-9 

and tuber damage. 175. 177 


greening, 172 

Guatemala. 212-13 


beliefs, amid potato role in diet, 209 

potato prodUction and consumption,

213-4 

processed potatoes, 215-16 


hollow heart, 9 


India. 53. 217 

Ine i. 1.2', 1%. I98 


pttto coisuilrriitiii patterns. 199-2111
 
potato role inidie,. 53. 207, 209 

poit ato sizc prefcrcriccs. 214 

processed potatoes. 210-17


International IPolato ('enter. xi,xiii-xiv. 2. 
3. 5 


gern pla vll collection. 8,23 

siliplc pIrocessinlg eLqlipiiient, 216, 217 


invertae, 13 

iodine coitent. I116 


dietary c ontribution. 47, 50 

Ireland, 2(1. 2(0, 221 


pot ato laine, l1) 

iron 


availability, and ascorbic acid, 48-9 

iron contentI 1(.47 


boiled or fresh tuber anLd RDA 

privision. 45. 49 


compared to other crops and platt 

foods, 25, 27. 43 


and cooking, 29. 35. 48, 110 11-17. 142 

diclary co tribution. 48--9 

proncessed products, and RDA provision,


143 

and iprO"cesSing, 141. 142 


;rradiatio 

aild ascorbic acid. 94 

clhlorophyll and solanine productioi, 
 172 

lysitie cointent. 93 

and preservation. 87. 901 

vitamin content, 98 


Java 

potato consuinplio patterns. 199-2102
n 


potato size preferences, 214 


kallikrcin inhifitonrs. 181 

Kenya. 212 

kriluk. 21(1 


lectins, 1841-5 

light
exposure 


glycoalkaloid production, 172. 173-1 


greening, 172
 
solanine content, 174
 

lignin, 11,38, 39, 1(17
 
lipid-degrading enzymes, 13
 
lipids, 12-13
 

degradation, and flavour, 12-13
 
tuber content, 23
 
see also latcontent
 

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, I6
 
and cooking, 110, 116-17

dietary contributio. 47. 50
 

Maillard reaction, 12, 14, 112
 
amimo acid losses, 124, 129
 
and storage, 90
 

maize. 47
 
cooked. composition of, 28-9
 
nl dietary protein calories percentage.
 

32
 
protein supplements hr, 33
 
se'c also corn
 

malic acid, 14
 
manganese, 43. 47, 5%)-I
 

and cooking, 1i10, 116-17
 
mziamorra, 148
 
medical conditions
 

and dietary fibre. 38
 
atid IcCtins. 185
 
and raw potato starch, 1(14
 
and sodium intake, 511
 
see also toxins
 

melanins, 13
 
tclanoidins, 12
 
methioninc content, 61, 67
 

chips production, 129
 
dehydrated products, 72, 133
 
non-protein nitrogen, 62, 63
 

micro-wave cooking
 
mineral content, 117
 
proteinase inhibitors. 183
 
Vitamin content, 116
 

millet, 33
 
mineral content, 16, 47
 

canning, 138-9
 
chips, 130
 
'hitifo, 149, 150
 
cooking processes, 110, 116-17
 
dehirated products. 136
 
die tary contribution, 48-51, 53
 
french fries production, 126-7
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frozen products, 37, 126-7 

papa sera, 149. 150 

peeled v.unpeeled, 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 


inorava, 144 


Nepal, 19, 206 

net dietary protein calories percentage 


(NDpCaI%), 31-2 

niacin 


availability, 45 

stability, l(8X


niacin content 

boiled tuber and RDA provision, 45 

canning, 138, 141 

chutio, 149, 150 

compared to other crops and plant 


foods, 25, 27, 29, 42 

and cooking, 29,35, 108-9, 115-16, 139, 


142 

dehydrated products, 134, 135, 141, 142 

dietary contribution, 46 

french fries production, 125-6 

frozen products. 37, 125, 127
 
papa seca, 149, 150
 
peeled v. unpeeled, 108-9 

peeling methods, 12(0, 121 

processed products, and RDA provision, 


143 

processing methods, 37, 141, 142 

and storage, 97-8 

variation. 41. 41 


nickel, 16, 47, 51, 110
 
nitrogen, Kjeldahl, 58
 
nitrogen, non-protein (NPN), 60 


amides, 60, 62-4 

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 content, 64-6 

ascorbic acid content, 42-3 

mineral content. 48 

true piotein content, 61-2 

vitamin content, 40,42 


nitrogen, total 

and blanching, 131 


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 feeding experiments, 70
 
children, 72-4
 
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
 

dietary 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
 
dietary fibre, 39-40
 
lye-peeling, 120-1
 
nutrient loss, 101, 120-1
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peeling---contiwied 
steam-peeling, 121 

weight loss. 100-1 

see also boiling, peeled v. unpeeled; 


pre-peeling 

PER. see protein efficiency ratio 

Peru. 52, 53 


agroccological zones. 215 

cooking, and proteinase inhibitors, 184 

mealtime presentation. 206. 207 

potatto preferences, 213 

potato production and consulmption, 


214-6 

processed potatoes. 215. 216. 217 

storage. 89 

see also ('hut-o,papa seca 

Philippines. 181 

consumption patterns, 217. 212 

potato role in dict. 218-9 

potato yields. 192 

weaning footls, 2. 20 


phosphorus content. 16. 47 

compared to other crops and plant 


foods. 25. 27. 43 

and cooking. 29. 35. Ill).
110-17 

dietary contribution, 47 49-50 

and processing. 37. 141 

and starch. II 


phosphorylase. 13 

phytic acid. 14. 49-511 

phytoalexins. 1711 

pigments. 14-15 


anthocyanins. 7,14 

chlorophyll. 15, 172 

melanin, 13 

mcl anoidin. 12 


plantain. 217 

composition. 26-9, 47 

net dietary protein calories percentage. 32 

protein supplements for, 33 


polyphcnoloxidase. 13 

polysaccharides. non-starch, lM-lI 


dietary libre. 11. 3S 

tuber dry weight. I1-l 


potassium content. I0 

and cooking, I 10. 116-17 

dietary contribution. 47. 51 


potato fruit water. 75, 76 

toxic factors. 77 


potato protein concentrate (PPC) 

composition. 76 

in htuman food. 77-8 

toxic factors. 77 


pre-peeling. 119-21. 

nutrient con teli . 12(1-1
,139 

and sulphiting. 121-3. 139 


prices and consumption. 219-11 

processed products. and RDA pr.,'i.ion, 


143 


processing, large scale, 118 ff
 
developing countries, 215-17
 
glycoalkaloid content, 170--7
 
growth of, 118-19
 
nutritional changes, 84, 139-42
 
pre-peeling, 11-21
 
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 chuho blanco;
 
chutio negr : papa seca
 

protein content, .3, 30-6
 
canning, 137
 
chito. 36. 148. 151, 151
 
compared to other crops and plant
 

foods. 24, 26, 28
 
contribution to household protein
 

intake. 31
 
and cooking. 28, 34, 59, 111-12
 
and energy supply, 31-3
 
french fries production, 124
 
nitrogen fertilization )f 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. 9. 23
 

protein efficiency ratio (PER), 66, 70, 72
 
definition, xv
 

proteinase inhibitors, 181-4
 
cysteine content, 183-4
 
disease and pest resistance, 182
 
heat sensitivity, 183
 
nutritional significance, 183-4
 

proteins
 
digestibility, 68, 70-1
 
in dry matter, 9
 
intake, safe level evaluation, 68
 
quality estimation, 60-70
 
soluble, 61, 61-2
 
see also net dietary protein calories
 

percentage; nutritional values,
 
proteins; potato protein concentrate
 

proteins, processing waste
 
air classilication, 77
 
food industry uses, 77-8
 
in human food, 77-8
 
nutritional value, 76
 
p0!ato fruit water. 75, 76
 
recovery of. 75-6
 
single-cell protein production, 75, 76
 

pyridoxinc
 
stability, 1(18
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pyridoxine content, 43 

boiled tuber and RDA provision, 45 

dehydrated products. 134, 135. 141 

dietary contribution. 46 

canning, 138. 141 

cooking methods. 35, 109. 115-16. 139 

french fries production, 126 

peeled v. unpecled. 109 

processed products, and RDA provision, 


143 

and processing, 37, 141 

storage. 98 

variation, 41 


recommended daily allowance (RDA), 

percentage provisions. 45. 143 


reconditioning, 12. 86. 91. 93 

ascorbic acid levels. 96 

free amino acid content, 92 

and total nitrogen. 91 


riboflavin content 

canning, 138, 141 

chito. 149. 15(0 

compared to other crops and plant 


foods, 25. 27. 29. 42 

and cooking, 29, 35, 119, 116 

french fries production. 125 

papa seca. 149, 15(0 

peeled v. unpecled, 119 

peeling rie)hols, 1210. 121 

and processing. 37. 141 

storage. 97 

variation. 4(1, 41 


riboflavin stability. 108 

rice 


composition, 26-7, 28-9 

consumption patterns. 217 

essential amino acids. 31 

net dietary protein calories percentage, 


32 

protein content, 59 

protein suppecerits for. 33 


Rwanda. 85, I100, 206 

agroecological zones, 212 

beliefs, and potato consumption 


patterns. 211 

foreign influences on consumption, 212 

potato production and consumption, 


2(12-3 
storage. 88 


selenium, 47, 51, 51. 116 

senescent sweetening. 12, 86, 87 

sodium content, 16. 47, 51 


and cooking. 11,) 116 

soil conditions 


glycoalkaloids, 174 

mineral content of tubers, 48 

vitamin content. 41) 


soil fertilization
 
amino acid content. 64-4)
 
ascorbic acid content. 42-3
 
mineral content. 48
 
protein content, 61-2
 
vitamin content, 4(1, 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 species. 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. 96
 
storage conditions. 86
 
suppression, and irradiation, 91
 
thiamin content. 97
 

starch
 
distribution in tuber, 1I
 
in dry matter. 9. 10
 
dynamic equilibrium with sugars, 11-12
 
enzyme-resistant. 38. 112
 
industrial uses, 1(I
 

starch digestibility
 
and cooking. 104-5
 
and energy supply. 27
 

starch gels. l(0
 
starch grains, 8
 
storage, 85 ff
 

c/ttfio, 144. 177
 
developing countries, 88, 89
 
dormancy maintenance. 86
 
and irradiation, 87, 9(1
 
light exposure and glycoalkaloid levels,
 

173
 
nutrient determinations, factors
 

affecting. 87
 
objectives. 86
 

storage, nutritional changes. 152-3
 

ascorbic acid. 931, 99. 135
 
B-group vitamins. 96-8, 99
 
carbohydrates, 9(1 
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 

glycoalkaloid content, 173-6 

low temperature sweetening, 13, 86 

protein: nan-protein nitrogen, 92-3 

sprouting, 86 

sugar content, 9, 11-12, 13, 86-7

total nitrogen, 90-I 

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 


sugarc, reducing 

colour of products, I1, 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 tyosnre,1
 
composition, 24-5 

protein supplements for, 33 


temperature 

reheating, and vitamin content, 128, 136 

see also chutiificaci6n; french fries,


frozen; frozen products; storage 

temperatures


thiamin 

stability, 108 


thiamin content 

boiled potato and RDA provision, 45 

canning, 137, 138, 141 

chufio, 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 ,ahibitors
 

trace elements, 16, 47
 
dietary contrihution 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
 
nitiogen distribution, 59
 
nutlent 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, 125-6
 
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 32 

discoloration, 13 protein supplements for, 33 
glycoalkaloid content, 175, 176, 177 
see also peeling Zaire, 21 

zinc content, 16. 47 
dietary contribution, 47, 50, 51 

yams and preparation methods, 102, 110, 
composition, 24-5 116-17, 142 


