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Recent applications of high pressure liquid chromatography* 
to food analysis

R. M A C R A E

Summary

The range o f applications o f HPLC to food analysis has w idened considerably in 
recent years. In this paper an attem pt is made to review the latest applications, 
especially those in novel areas o f food  analysis.

Introduction

The number o f papers being published on applications o f H PLC, especially in 
the area o f food  analysis, is increasing very rapidly. In many respects this 
dramatic increase in popularity o f the m ethod is analogous to that o f G C som e  
1 0 -1 5  years ago. H ow ever, in many instances, as also happened with GC, very 
similar work has been published by a number o f workers sim ultaneously. The 
technique o f H PLC is now well proven in food analysis and thus the need for 
publications solely illustrating separations o f standard mixtures will decline. 
Rather the em phasis will shift to the solution o f real analytical problem s in food  
studies.

D evelopm ent o f instrum entation for H PLC continues unabated and in par
ticular a number o f interesting im proved detectors have appeared on the 
market, such as the electrochem ical detector, the conductivity detector and the 
mass detector. T he successful developm ent o f HPLC/M S has still not m aterial
ized, with only a very lim ited num ber o f units in operation.

Column perform ance is still being im proved although with the possible 
exception o f the introduction o f the first com m ercially available 3 pirn packing

Author’s address: Department of Food Science, University of Reading, London Road, Read
ing, RG1 5AQ.

*The terms ‘high pressure liquid chromatography’, ‘high performance liquid chromatography’ 
and ‘high speed liquid chromatography’ are synonymous. In this paper the aobreviation HPLC is 
used to cover these, and all other expressions, describing chromatography with microparticulate 
columns.
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2 R. Macrae

material no major innovations in this area have arisen recently. There is now a 
marked trend to ‘in-house’ packing o f columns to avoid the high costs o f  
replacem ent columns. This will also result in more chromatographers produc
ing their own packing materials at a fraction o f the com m ercial cost.

This paper contains a review o f those recent publications concerning applica
tions o f HPLC to food  analysis, subsequent to those already cited in the review  
by Macrae (1 9 8 0 ). W hilst the majority of such papers are m entioned, the 
coverage is not com prehensive and where several papers describe essentially  
similar m ethods, the least accessible references are om itted.

Carbohydrates

Carbohydrates in foods, particularly the simple m ono- and disaccharides, are 
being increasingly analysed by HPLC. The majority of m ethods utilize partition  
colum ns with acetonitrile/water as the m obile phase follow ed by refractive 
index detection (e.g . Hurst, Martin & Zoum as, 1979; Dunm ire & O tto, 1979). 
The poor sensitivity o f refractive index detectors is not usually a problem  in 
food analysis where the sugars are present at high levels. M ethods using 
ion-exchange colum ns are still being published (e.g. Engel & Olinger, 1979) 
and indeed a com bination o f ion-exchange and partition colum ns (W oidich, 
Pfannhauser & Blaicher, 1978b). A n alternative approach is to use a silica 
colum n with an am ine m odifier in the m obile phase, which it is claim ed gives 
similar resolution to an am ino-bonded phase but at greatly reduced cost (A it- 
zetm uller, 1978).

The main areas covered in recent publications include soft drinks (A non .,
1979), sugar refinery products (Clarke & Brannan, 1979a,b; Rydel, 1979), 
lactose in dairy products (Euber & Brunner, 1978, 1979; W arthesen & 
Kramer, 1979; Hem m ati & K eeney, 1979), sugars in honey (W hite, 1979); 
gluconic acid in wines, as a result o f contam ination by Botrytis cinerea (Kupina  
& G um p, 1979), sugars in stored onions with an interesting com parison with 
enzym atic m ethods (G orin, 1979), inversion o f sucrose in grapes (R app, 
Z iegler & Steffan, 1977), and an excellent review containing a useful com pari
son with classical m ethods by B uckee & Hargitt, 1978.

Lipids

H PLC offers few  advantages over G C in the analysis o f lipids for fatty acid 
com position. H ow ever, there are three specific areas where H PLC is being used  
m ore, namely in the study of triglycerides, fatty acid oxidation products and the 
separation o f cis and trans isom ers. Triglycerides are difficult to analyse by G C  
but several workers (e .g . H erslof, Podlaha & Toeregard, 1979), have shown  
that m olecules differing by only two m ethylene groups can be separated by 
H PLC. Karleskind et al. (1 9 7 8 ) have em ployed gradient elution to obtain a
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good separation o f com plex triglyceride mixtures. The triglyceride com position  
of b eef fat has also been reported (W ada et al., 1973).

H PLC is ideally suited to the analysis o f those com pounds that are unstable at 
elevated tem perature (cf. G C) or to atm ospheric oxygen (cf. TLC ). A  number 
of papers covering fatty acid autoxidation (e .g . N eff et al., 1978; Gasparoli & 
Fedeli, 1979), and enzym atic oxidation (e .g . Pattee & Singleton, 1979; 
Hatanaka et al., 1979) have been published.

A n interesting alternative to a silver loaded stationary phase has been prop
osed by Chan & L evett (1 9 7 8 ), in which silver nitrate is incorporated in the 
m obile phase. This provides increased resolution o f cis and trans isom ers on a 
reverse phase colum n.

A n excellent review  covering physical m ethods for analysis o f polyunsatu
rated fatty acids has been written by Khan & Scheinm ann (1 9 7 8 ) in which a 
useful com parison with G C is made.

O ther areas covered in recent papers include determ ination o f diglycerol in 
partial glycerides (A itzetm ueller & Bohrs, 1979), vegetable oil unsaponifiable 
matter (Cortesi, Fedeli & Tiscornia, 1978), lecithins in egg (Porter, W olf & 
Nixon, 1979) and the use o f 4-brom om ethy-7-m ethoxycoum arin  to form  
fluorescent fatty acid derivatives, which greatly increases sensitivity (Z elenski 
& Huber, 1978).

Vitamins

The range o f applications o f HPLC to vitamin analysis continues to w iden. In 
general there are few  problem s in obtaining an adequate chrom atographic 
separation betw een the various vitamins, or indeed betw een the isom eric forms 
of a particular vitamin. H ow ever, many problem s still exist in the developm ent 
o f rapid m ethods for obtaining clean extracts free from  interfering substances. 
In addition for som e vitamins such as those o f the B group which are only  
present at very low  levels, there still remains a problem o f sensitivity, particu
larly for the non-fluorescent m em bers o f the group.

The majority o f the water soluble vitam ins, e.g. thiam in, riboflavin and 
niacin, have received considerable attention from workers eager to abandon  
lengthy m icrobiological m ethods (Richardson et al., 1978) or w et chem ical 
m ethods (Tom a & Tabekhia, 1979). In general the correlation o f data betw een  
the m ethods is good. T he B 6 group o f water soluble vitam ins has also received  
extensive study (G regory & Kirk, 1978; W ong, 1978; V anderslice, Stewart & 
Yarmas, 1979).

Vitam in D 3 can be readily separated from vitamin D 2 by reverse phase 
chrom atography and indeed in those cases where D 3 alone is found, as in fish 
products, D 2 can be used as an internal standard (Egass & Lam bertsen, 1979). 
O ther foods in which vitam in D  has been determ ined include cod liver oil (Syed  
Laik A li, 1978) and milk (H enderson & W ickroski, 1978).

Koshy & Vanderslik (1979a ,b ) have published m ethods for the determ ina
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tion of 25-hydroxycholecalciferol in egg yolk and cow ’s milk, illustrating the 
com plex separation procedures often required to obtain sufficiently clean  
extracts for HPLC, nam ely a com bination o f extraction, and partition and 
adsorption chromatography.

Vitam in A  and its precursors have been extensively studied in a variety o f  
foods, including margarine (A itzetm ueller, Pilz & Tasche, 1979; Landen & 
Eitenm iller, 1979), milk products (N ilsson, 1978) and tom atoes (Z akariaeta /.,
1979). The last paper shows clearly how H PLC can be used to separate the 
bio-active carotenoids from the inactive, e.g. lycopene.

Many separations o f vitamin E  isom ers (tocopherols) have recently been  
published, mainly em ploying adsorption chrom atography, applied to milk 
(Pickston, 1978), vegetable oils (Podlaha, Eriksson & Toeregard, 1978) and 
m iscellaneous foods, (Tangney etal., 1979). In his paper Podlaha also presents 
an interesting com parison with a polarographic m ethod.

In addition to the above publications several papers have appeared showing  
how m ore than one o f the fat-soluble vitamins can be determ ined sim ultane
ously, (e.g ., M acleod & W iggins, 1978; W idicus & Kirk, 1979; M ankel, 1979). 
T he K group vitam ins have also been studied by Rittich et al., 1978, who 
claim ed a com plete separation o f the m em bers o f the group using a silicagel 
column.

Flavour compounds

G C is well established as the most important technique for the analysis of 
flavour com pounds, particularly when coupled to a mass spectrom eter. H ow 
ever, the range o f applications of H PLC in this area is increasing with the 
realization that many com pounds o f com paratively low  volatility can still have a 
significant effect on both taste and flavour.

The major area o f study using H PLC has undoubtedly been in the brewing  
industry, with a large number o f publications mainly concerned with the 
analysis o f hop bitter principles (D avis & Palamand, 1976; Siebert, 1976; 
V erzele & Potter, 1978; O tter & Taylor, 1978; Slotem a, 1979; Gill, 1979). A  
review in French, covering research on polyphenols in brewing also illustrates 
the use o f HPLC (Jerumanis, 1979).

O ther applications cover a very wide range o f foods and include beverages 
(Bricout, 1978; Q ureshi, Prentice & Burger, 1979; Jeuring, 1979), liquorice 
(B easley, Z iegler and B ell, 1979), peppers (V erzele, M ussche & Qureshi,
1979), capsaicin (Iwai et al., 1979; Sticker, Soldati & Joshi, 1978) and citrus 
and other volatile oils (Latz & Ernes, 1978; Ross, 1978; R ousseff & Fisher,
1978). The xanthine alkaloids, particularly caffeine, have provided the subject 
matter for a number o f papers. These alkaloids can be readily determ ined in tea 
and soft drinks sim ultaneously with saccharin and benzoate (Tw eedy, H effel- 
finger & W aldrop, 1978; W oodward, H effelfinger & Ruggles, 1979). A n
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interesting com parison betw een HPLC and a voltam m etric determ ination for 
caffeine has also been reported (Sontag & Krai, 1979).

H PLC is also finding application in the study of the developm ent o f off- 
flavours in foods, for exam ple the production o f methyl ketones during spray 
drying o f milk (R eineccius, A nderson & Felska, 1978) or the degradation of 
tryptophan in irradiated food sam ples (Y ong & Lau, 1979).

Toxic compounds

The increasing interest in food safety has led to an increase in the use o f HPLC  
for the analysis o f  minor food  contam inants. Present and future legislation, 
largely from the E EC , will dem and rapid and sensitive m ethods o f analysis for a 
wide range o f contam inants, including m ycotoxins, nitroso-com pounds, pesti
cides and hydrocarbons (particularly polynuclear arom atics).

Mycotoxins

Norpoth & B oesenberg (1977) published a paper reviewing the range of 
m ycotoxins encountered in foods, together with analytical m ethods for their 
detection including HPLC m ethods. Since that date a vast literature has grown 
up in this area, mainly concerned with aflatoxins. M ethods for aflatoxins 
em ploy adsorption chromatography, (e.g. Blanc, Midler & Karleskind, 1977) 
or reverse phase chromatography (e.g. Koch, Nothhelfer & Treiber, 1978; 
Colley & N eal, 1979) with fluorescence detection (e.g. Siegfried & Ruck- 
em ann, 1978; H unt et al., 1978b) or ultraviolet detection (e.g. B lanc et al.,
1 9 7 7 ) . The various m ethods have been applied to a wide range o f foods 
including: peanuts, or their products (B eebe , 1978; Hurst & T oom ey, 1978; 
Kmieciak, 1977; Pons & Franz (1 9 7 8 ), rice (M anabe, G oto & Matsuura,
1 9 7 8 ) , corn (Luethy et al., 1978; Pons, 1979; D iebold  et al., 1979b), milk 
(W interlin, Hall & H sieh, 1979) and breakfast cereals (H unt et al., 1978b).

Other m ycotoxins which have received attention in recent years include 
zearalenone (Frischkorn, Frischkorn & Ohst, 1978; Hunt, Bourdon & Crosby, 
1978a; Scott et al., 1978; Ware & Thorpe, 1978; M oeller & Josefsson, 1978; 
D iebold, Karny & Zare, 1979a; Josefsson & M oeller, 1979), rubratoxin 
(U nger & H ayes, 1978), patulin (Hunt et al., 1978a; Leuenberger, Gauch & 
Baumgartner, 1978; Stray, 1978; W oidich et al., 1978a; Brackett & Marth,
1 9 7 9 ) , xanthom egnin (Stack, Brown & Eppley, 1978) and territrems, m ycotox
ins o f Aspergillus terreus (Ling, Yang & H uancy, 1979).

Nitroso-compounds

The use o f H PLC for the analysis o f nitroso-com pounds does not appear to 
have becom e as established as might have been anticipated from the large
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number o f earlier publications. H ow ever, the use o f fluorom etric labelling, for 
exam ple with dansyl chloride, would appear to provide an elegant and sensitive 
m ethod for the determ ination o f nitrosamines (e.g. H eyns, R oeper & Stolzen- 
burg, 1978). HPLC has also been applied to the determ ination o f specific 
nitrosam ines in m eat, for exam ple nitrosoproline (Baker & Ma, 1978).

Hydrocarbons (polynuclear aromatics)

T he increasing dem ands for more stringent acceptable limits for polynuclear 
aromatics in foods has led to many analytical problems. These are discussed in 
two papers with reference to drinking water (Crathorne & Fielding, 1978) and 
to foods (K now les, 1978). Two further specific food  exam ples that have 
received attention are oysters (H anus et al., 1979) and alcoholic beverages 
(Toussaint & W alker, 1979).

Pesticides

The potential use o f H PLC for the analysis o f pesticides has been dem ons
trated by a number o f workers (e.g. Lawrence & Turton. 1978; H oodless et al.,
1978). H ow ever, in general, HPLC has not replaced GC as a routine analytical 
m ethod, mainly because o f the relatively greater sensitivity o f the latter. Even in 
those cases where G C is not ideal, for exam ple with carbam ates, H PLC still 
requires a fluorom etric labelling stage to increase sensitivity to provide a viable 
alternative (Krause, 1978; Lawrence & Leduc, 1978a). In spite o f these lim ita
tions a number o f m ethods continue to be published for specific pesticides, 
including diflubenzuron (D i Prima et al., 1978), carbaryl in potato and corn 
(Lawrence & Leduc, 1978b), paraquat in sunflower (Paschal et al., 1979), 
pentachlorophenol residues (Faas & M oore, 1979), ethoxyquin in apples 
(Ernst & V erveld-R oeer, 1979), 2-im idazoline in fruit (N ew som e & Panopio,
1 9 7 8 ) , and naphthaleneacetic acid, a plant growth regulator, in fruit (M oye & 
W heaton, 1978; Cochrane & Lanouetre, 1979).

Drugs

A nother area where applications o f HPLC are beginning to appear is in the 
analysis o f drug residues in animal products. H ere again the main problem is 
one o f sensitivity as the drugs, or their m etabolites, are only present at very low  
levels. Som e exam ples include the analysis o f nitrofurazone in milk (V ilum  & 
M acintosh, 1979), furazolidone in turkey tissue (H oener, L ee & Lundergan,
1979) and chloram phenicol in m eat (R uessel, 1978).

Colourants

T he present trend away from synthetic colourants in foods has increased the 
interest in characterization o f natural pigm ents, as these may be used in foods
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without the same scrutiny as applied to synthetic dyes. Flavonoid glycosides 
may be successfully chrom atographed with both adsorption and reverse phase 
columns (H enning, 1979). Flavanoid derivatives have been studied in a wide 
range o f foods including oats (Strack, Fuisting & Popovici, 1979), orange juice 
(R ouseff & Ting, 1979; Ting et al., 1979), plant tissue (G alensa & Herrmann,
1978), cranberry juice (W illiam s et al., 1978), wines (Israelian, 1978), cider, 
procyanidins (L ea, 1979), redbeet, betacyanins (V incent & Scholz, 1978) and 
plums (H enning, 1979).

The use of H PLC for the characterization o f synthetic dyes in foods is well 
established (e.g. Chudy, Crosby & Patel, 1978; Martin et al., 1978). The 
technique is also em ployed to study individual synthetic dyes in more detail 
such as the separation of the colourants E l  10 and E l  11 (Frede, 1978) or as a 
criterion o f purity since chem ically similar impurities may have toxicological 
effects (e .g . Jones, H oar & Sellings, 1978).

Food additives

Judged by the relatively few recent publications in this area the potential of 
HPLC as a technique for studying food  additives has not, in general, been fully 
realized. In many cases a chrom atographic separation can be readily achieved  
but it is in the more arduous stage o f obtaining a chrom atographically ‘clean’ 
extract that problem s arise. For certain food additives, for exam ple saccharin 
and benzoate in soft drinks, the problem s o f interfering com pounds are minimal 
(Leuenberger, Gauch & Baumgartner, 1979; W oodward et al., 1979). H ow 
ever, in other cases such as em ulsifiers and stabilisers, obtaining a clean extract 
with good recovery is very difficult. R ecent publications covering food additives 
include the surfactant sodium 6-0-palm itoyl ascorbate in bread, (M auro et al.,
1979), m ono- and diacyl-glycerols of saturated fatty acids (R iisom  & H off- 
m eyer, 1978) and the antioxidants butylated hydroxyanisole and butylated  
hydroxytoluene (H am m ond, 1978; Majors & Johnson, 1978; Ciraolo, Calabro 
& Clasadonte, 1978).

Miscellaneous

The vast range o f applications o f HPLC in food  analysis clearly dem onstrates 
the versatility o f the technique. It is not possible to include all the recently 
developed m ethods but the following exam ples will illustrate the alm ost univer
sal applicability o f HPLC: the sterols testosterone in m eat (Stan & H ohls, 1979) 
and coum estrol in soyabeans (Lookhart, Jones & Finney, 1978), Am adori 
com pounds in m odel Maillard browning system s (Takeoka, 1979), amines in 
wines (Subden et al., 1979), fish products (Schm idtlein, 1979) and chocolate  
(Ingles, Tindale & G allim ore, 1978), total and available lysine (Peterson & 
W arthesen, 1979), m ethionine in fortified foods (O ’K eefe & W arthesen, 1978)
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and cysteine in fruit (Saetre & Rabenstein, 1978), isothiocyanates in rapeseed  
(M aheshwari et al., 1979) and in vegetables (M ullin, 1978), glycoalkaloids in 
potatoes (W alter, Purcell & M cCollum, 1979), esters o f hydroxy cinnamic and 
tartaric acids in grapes (O ng & N agel, 1978), am ides and phenols in coffee  
beans (H unziker & M iserez, 1979; Folstar et al., 1979) and organic acids in 
cranberries (C oppola, Conrad & Cotier, 1978). wines (Sym onds, 1978) and 
apple juice (Jeuring et al., 1979).

Conclusion

T he importance o f H PLC as an analytical tool in food studies is now well 
established. The speed o f analysis, in most instances, is not governed by the final 
chrom atographic stage but by the prior sample preparation and extraction. 
Consequently it is in this area that most progress needs to be made.

The developm ent o f more sensitive detectors, possibly coupled with more 
widespread use o f fluorom etric labelling, will allow trace contam inants, for 
exam ple pesticides, to be more readily analysed.

H PLC has already becom e an essential technique for the well equipped food  
analysis laboratory and its range o f applications will doubtless expand.
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Principles and practice of near infra-red (NIR) 
reflectance analysis

B. G. O SB O R N E

Summary

Near infra-red (N IR ) analysis is now  widely used for the rapid analysis of many 
agricultural and food products for protein, m oisture, oil, starch, sucrose, fibre, 
grain texture and lysine. Research has shown that the technique can also be 
used for the prediction o f malting quality o f barley, baking quality o f wheat and 
m easurem ent o f the degree o f starch dam age in flour.

The technique o f N IR  analysis uses very small differences in absorption of 
N IR  radiation at wavelengths corresponding to overtones and com binations of 
fundam ental IR  frequences o f chem ical functional groups that are characteris
tic of particular analytes. Com plex regression m athem atics is used to transform  
these absorption m easurem ents into an analytical result.

Introduction

Near infra-red (N IR ) reflectance analysis is becom ing a w idely accepted tech
nique for the rapid analysis o f a variety o f food  and agricultural products 
including cereals and cereal products (Hart, 1976; Hart, 1979; H ooton , 1978; 
W ingfield, 1979), animal feedingstuffs (Norris & Barnes, 1976), forages (Bar
ton & Burdick, 1979; Norris et a i,  1976), milk (B en-G era & Norris, 1968a), 
meat (B en-G era & Norris, 1968b), seeds and pulses (B en-G era & Norris, 
1968c; W illiams et al., 1978), confectionery (R oberts, 1980) and tobacco  
(M cClure, Norris & W eeks, 1977). It is com m ended by its speed, low running 
costs, safety and simplicity com bined with accuracy. It is necessary, how ever, as 
with any instrumental technique, to appreciate the principles behind its opera
tion in order to understand the scope and the lim itations o f N IR  analysis.

Authors’ address: Flour Milling and Baking Research Association, Chorleywood, Herts WD3 
5SH.

0022-1163/81/0200-0013 $02.00 ©  1981 Blackwell Scientific Publications
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Infra-red (IR) absorption

T he part o f the electrom agnetic spectrum visible to the human eye extends from  
about 4 0 0  to 7 00  nm while the infra-red (IR ) extends from 2 5 0 0 -1 5 0 0 0  nm. 
The interm ediate region betw een the IR and the visible is term ed the near 
infra-red (N IR ). The IR spectrum was discovered about 1800 by Herschel 
when he set out to discover which colours o f light carry the sun’s warmth. H e  
concluded that the warmth is carried by waves longer than those o f visible light 
which are invisible to the human eye. H e term ed these rays ‘infra-red’ (beyond  
the red). Early this century Coblentz observed that com pounds with similar 
chem ical groupings have characteristic absorption bands in the IR. For 
instance, aldehydes, ketones, organic acids and their esters, anhydrides and 
salts, which all have a carbonyl (^C =  O ) functional group, have absorption  
bands near 6000  nm. C oblentz’s findings have since been extended and refined  
to show that nature o f the chem ical structure bonded to the carbonyl group 
influences the exact wavelengths o f the IR absorption. Thus, it is now possible 
to learn much about the chem ical structure of com pounds from their IR  
absorption spectra.

Chemical bonds in m olecules are natural oscillators which are vibrating all 
the time. Thus, the m olecule will absorb radiation when the vibrations occur at 
the frequency* o f the radiation wave. For anything as small as a m olecule, 
vibration can only occur at fixed frequencies so that radiation is absorbed in 
discrete packets (quanta). Thus, the m olecule can only have characteristic 
absorption bands corresponding to these fixed frequences and the amount o f  
radiation absorbed at each frequency is proportional to the number o f similar 
chem ical bonds which are vibrating.

Near infra-red (NIR) spectra

Surprisingly, despite the success o f IR  in other fields, it was not used for food  
analysis until 1964 when Norris developed  a new m ethod for m easurem ent of 
m oisture in grain using N IR  (Norris, 1964). Norris and others soon developed  
way to measure fat in milk, fat and m oisture in m eat, and protein, oil and 
moisture in grains. Their m easurem ent procedures were fast and uncom pli
cated although the underlying technology was sophisticated. The N IR  region o f  
the spectrum had been rather neglected because m easurem ent was not possible 
until photoelectric detectors had been invented, whereas the IR had long been  
capable o f m easurem ent by therm al-sensitive devices. H ow ever, Norris d isco
vered that the N IR  offered important advantages for food  analysis.

Like any sim ple harmonic m otion, the vibrations which give rise to funda
m ental IR  absorption bands have corresponding overtones at twice and three 
tim es the frequency which occurs in the N IR . H ow ever, the m olecular vibra-

1
* Frequency v = —---- ------ — -Wavelength \
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tions do not obey the laws o f simple harmonic m otion exactly and the frequency 
of the overtones is governed by the rules o f quantum theory. O vertones will 
only be easily detected  when the band causing the fundam ental vibration is 
betw een two very unlike atom s, e.g. carbon and oxygen. In addition to over
tones, com bination bands also occur in the N IR  due to the sim ultaneous 
vibration o f two or more bands when their frequencies (v i, V2, . . . ) are summed  
according to the formula

Vcomb =  n i v i  +  n 2V2 +  . . .

where m , m , . . . are positive integers.
Each o f the many constituents o f a food  absorbs strongly at the wavelengths 

of the fundam ental absorption bands in the IR. The IR spectra are therefore 
difficult to m easure accurately enough for analysis but the N IR  region of 
weaker overtone and com bination bands is less com plex, since not all con
stituents absorb, while the absorption bands due to constitutents such as pro
tein, oil and m oisture are still strong enough to be m easured accurately.

Application of NIR to food analysis

Norris p ioneered the technique o f m ultiple wavelength readings on a sample, 
making possible the sim ultaneous determ ination o f several constituents giving 
rise to overlapping absorption bands. O ne wavelength is chosen because the 
constituent to be m easured absorbs strongly there but other constituents also 
absorb at the sam e wavelength (Law & Tkachuk, 1977a; W etzel & Mark,
1978). For exam ple, there is a prom inent peak at 1930 nm in the spectrum of 
water and m easurem ent of the m agnitude o f this peak can be related to the 
amount o f water present in a sam ple. H ow ever, there is also a peak in this 
position in the spectrum of starch so that in a com plex mixture containing 
starch, it is not possible to m easure m oisture from the absorption o f the sample 
at one wavelength only. Similarly, protein is m easured at 21 8 0  and 2100  nm but 
a correction must also be made for the absorption due to starch at these 
wavelengths. By making absorption m easurem ents on a num ber o f calibration  
sam ples at six wavelengths and solving three multiple linear regression equa
tions, the N IR  instrument could be calibrated for the m easurem ent o f protein, 
moisture and oil in a food  sam ple. H ow ever, it has since been discovered that it 
is not always necessary to use as many as six readings for a regression and often  a 
sub-set o f two or three can be selected  by statistical analysis (O sborne, D ouglas 
& Fearn, 1980).

Theory of diffuse reflectance

If light is directed onto a sample it may either be transmitted or reflected and 
since m ost foods are opaque, reflectance m easurem ents are more convenient
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for N IR  analysis. Since som e of the light is absorbed and the remainder is 
reflected, study o f this diffused reflected light can be used to m easure the 
amount absorbed. A  reflectance spectrum cannot be obtained from a totally  
reflecting surface because by definition no light is absorbed and this reflectance  
is called specular. Since no surface is either perfectly matt or perfectly reflecting  
there will be both diffuse and specular reflectance from a real surface and since 
only the diffuse portion can be used for N IR  analysis, the optics o f N IR  
instruments are designed to measure only the diffuse reflectance from a sample 
surface.

The requirem ent by definition for reflectance to be diffuse is that the 
intensity o f reflected light is isotropic but for a powdered sample both scattering 
and absorption occur, and, since the scattered radiation is angularly distributed, 
it is by no means isotropic. H ow ever, for a large number and sufficiently thick 
layer o f closely packed particles an isotropic scattering distribution can still be 
anticipated and therefore the em erging light will still be diffuse (Kortum,
1969). A s no rigorous theory exists to explain this phenom enon, several em pir
ical theories based on the concept of two constants called the absorption  
coefficient (K) and the scattering coefficient (S) have been proposed. The m ost 
popular o f such theories is that due to Kubelka & Munk who related the values 
of these constants to the total absolute reflectance o f an infinitely thick layer Roc 
by the equation.

K _  (1 -  Rqq) 2 

S 2

where the reflectance term is called the K ubelka-M unk function F (Rx ). Since 
for dilute mixtures K =  2 .30  e c where e is the molar extinction coefficient and c 
is the concentration, F (Roo) a  c providing S is constant. This relationship has 
been shown to be valid for the absolute m easurem ent o f moisture in wheat 
without calibration against sam ples o f known com position (Law & Tkachuk, 
1977b). U nfortunately, the m easurem ent ofR oois very tedious and therefore it 
is usual to measure apparent reflectance referred to a reflectance standard 
(Tkachuk & Law, 1978). B ecause the signal from the detector is am plified using 
a logarithmic response amplifier, data are recorded as log R /R ',w here R is the 
reflectance o f the reference and R' is the reflectance o f the sam ple, log R is 
constant because a reference is chosen such that its reflectance does not change 
with wavelength, and therefore log H R ', carries all the information. The log 
H R ', data on a number of sam ples must be calibrated against values obtained by 
an accepted m ethod (such as Kjeldahl for protein) before an N IR  instrument 
may be used for analysis.

Limitations of NIR analysis

M ultiple regression techniques coupled with different data treatm ents give very
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high correlations with a number o f analytical parameters. H ow ever, the reflec
tance change caused by a significant change in com position is very small, so  that 
extrem ely sensitive reflectance m easurem ents are required to m easure small 
changes in com position. For exam ple, a change o f 1% in protein content 
produced a change of only 0 .002  in the log HR' value for wheat at the most 
sensitive w avelength. Present instruments have adequate signal to noise per
formance to be able to m easure these small changes in reflectance and, in 
general, the m easurem ent is not lim ited by instrument noise but by sample 
preparation.

Ideally, reflectance m easurem ents should be made on a hom ogeneous sam 
ple o f uniform small particles; therefore, for sam ples such as grains the m ethod  
of grinding o f the sam ple is extrem ely important (H unt et al., 1978; W illiams & 
Thom pson, 1978). The scattering coefficient for small particles depends on the 
ratio o f mean particle size to wavelengths of the radiation used (d/ \ ) and on the 
ratio o f the refractive index o f the particles to that o f the surrounding medium  
(nln0). T herefore, both the particle size o f the powder and the moisture content 
of the sam ple (which will influence the refractive index o f the m edium ) will 
influence S and thus determ ine the validity o f the calibration betw een reflec
tance and concentration. Both o f these variables can be taken into account by 
the use o f multiple linear regression, but it is often necessary to produce a less 
universal calibration for better accuracy. For exam ple, it is better to calibrate 
separately for hard and soft texture wheats (Hart, 1976; W atson et al., 1977).

Scope of NIR analysis

With the cost of basic food  com m odities rising steadily, the need for the food  
processing industries to m onitor their use is increasing and many o f the classical 
analytical m ethods are far too tim e-consum ing for effective quality control. 
N IR  analysis is an ideal technique for this purpose as it com bines speed with 
reliability and it does not need to be operated by highly skilled personnel. 
Instruments capable o f m easuring protein, m oisture, oil, starch, sugar and fibre 
are com m ercially available and recent research has shown that many other 
applications are possible. Exam ples o f such developm ents are the m easurem ent 
of lysine content o f wheat (Rubenthaler & Bruinisma, 1978) and barley (Gill, 
Starr & Smith, 1979), the determ ination o f total reducing sugars in tobacco  
(M cClure et al., 1977), the prediction o f malting quality o f barley by 
measurement of (3-glucan (A llison, Cowe & M cHale, 1978) or malt hot water 
extract (M organ and Gothard, 1979), and the measurement o f starch damage in, 
and prediction o f potential baking quality o f flour (O sborne, D ouglas & Fearn,
1980).

N IR  analysis is w idely used in grain trading for the analysis o f  protein and 
moisture and the determ ination o f protein in wheat by N IR  has been validated  
by collaborative study and shown to be capable o f accuracy equal to that o f the 
Kjeldahl m ethod (H unt et al., 1977). In addition, hard and soft texture wheats

3
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may be distinguished by N IR  (Hart, 1976; W illiams, 1979) and this distinction  
is o f considerable value in assessing the milling quality o f the wheat. The 
m easurem ent o f fibre in flour together with protein and moisture has facilitated  
the rapid control o f the flour milling operation (W ingfield, 1979) and N IR  has 
been developed  into an on-line quality control technique for protein, moisture 
and oil in a soybean processing plant (W ebster, 1979). A  further application has 
been the control o f sucrose content o f chocolate crumb in confectionery manufac
ture (Roberts, 1980). It is apparent from these applications that N IR  analysis 
would be a useful quality control technique for the food industry generally.

Conclusions

In summary, therefore, near infra-red reflectance analysis has possible applica
tion to a wide range of com ponents because most com ponents of food have 
absorption bands in the N IR  region. Indeed, research now under way indicates 
that the NIR reflectance may be developed into a general purpose technique for 
the com positional analysis o f many agricultural and food com modities.
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The evaluation of water activity in aqueous solutions 
from freezing point depression

C. F E R R O  F O N T A N *t a n d  J. C H IR IFE I

Summary

The water activity o f various non-electrolyte and electrolyte solutions o f inter
est for aw inhibition o f microorganism s, has been calculated from freezing point 
data and com pared with a w values m easured at 25°C. It is shown that in the 
important range o f a w, 0 .9 6 -0 .8 5 , the error introduced by assuming that the aw 
at the freezing point is the same as that at ‘room ’ tem perature, is relatively  
small. In the majority o f cases the difference is not likely to be larger than about
0.01 aw units.

Introduction

It is well known that water activity (aw) largely influences microbial activity  
(and also various chem ical reactions) in foods (Scott, 1957; Labuza et al.,
1970). For this reason there is a need for convenient and accurate m ethods of 
measuring aw in bacteriological media as well as in food  system s. M ost m ethods 
for the m easurem ent o f water activity, either in solutions or solid food  system s 
have been recently reviewed by Troller & Christian (1 9 7 8 ). T h e a w o f aqueous 
solutions can be determ ined, among many other m ethods, by measuring the 
freezing point depression. W odizinski & Frazier (1960) and Strong, Foster & 
Duncan (1 9 7 0 ) utilized this technique to study the effect o f aw on bacterial 
growth. It has been stated, however, (A yerst, 1965; Troller & Christian, 1978) 
that this m ethod has the drawback that it provides the aw at the freezing  
tem perature and not at the ‘normal’ m icrobiological growth tem perature (i.e. 
25-30°C ). A  similar restriction applies to m ethods of a w evaluation em ploying

Authors’ addresses: ’Departmento de Física, and % Departamento de Industrias, Facultad de 
Ciencias Exactas y Naturales, Universidad de Buenos Aires, Ciudad Universitaria, Núrfez 1428 
Buenos Aires, Argentina

tMember of Consejo Nacional de Investigaciones Científicas y Técnicas de la República 
Argentina

0022-1163/81/0200-0021 $02.00 ©  1981 Blackwell Scientific Publications



22 C. Ferro Fontàn and J. Chirife

boiling point determ inations. Adm ittedly, the above objection is a reasonable 
one because the differences betw een room  and freezing temperatures o f so lu 
tions having aw in order to 0 .8 7 -0 .9 0  are about 35-40°C . This aspect, 
how ever, has not been quantitatively exam ined; i.e. how large is the error 
introduced by assuming that the a w at ‘ normal' m icrobiological growth tem pera
ture is the same that at the corresponding freezing point.

This study com pares the aw of various non-electrolyte and som e electrolyte  
solutions of interest in the food area, calculated from freezing point data, with 
aw values m easured at 25°C. The study is restricted to the m icrobiologically  
important range of aw about 0 .9 6 -0 .8 5 , which is the one of most practical 
interest regarding interm ediate moisture foods (Benm ergui et al., 1979). The 
boiling point elevation technique is also discussed to som e extent.

Results and discussion

The depression o f  freezing point

The relationship betw een  freezing point o f an aqueous solution and its water 
activity is given by (R obinson & Stokes, 1965)

where L 0 is the latent heat o f fusion at the freezing point o f pure water (T0),J  is 
the difference o f the m olal heat capacities o f liquid water and ice, and TF is the 
freezing point of the solution. Equation (1) was obtained assuming that /  is 
independent o f tem perature in the range T0 — TF. It is easy to show that this 
assumption does not result in any significant loss o f accuracy in the calculation of 
aw; between 0°Cand -1 5 ° C ( a w =  0 .864) /v a r ie s  7.0%  and this would change aw 
by only 0 .0004  aw units.

Introducing the lowering o f the freezing point, 0F =  T0 -  TF, equation (1) 
may be written

by a series developm ent up to second order in Op. A t 0°C the latent heat of 
fusion o f ice is 1435.5  cal/m ole while the difference o f the m olal heat capacities 
of liquid water and ice is 9 .0 9 9 0  cal/°C m ole (R obinson & Stokes, 1965). 
Equation (2) may be numerically approxim ated to

(1)

L 0 J Op2
(2)R T0 2 R T0 2

-  In aw =  9 .6934 . 10"3. Of +  4 . 7 6 1 . 10"6 . V
*

(3)
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Figure 1. Graphical evaluation of aw freezing point depression or boiling point elevation. FP,— , 
± 0.15°C in 0f; BP,—, ± 0.15°C in On

which is accurate enough for our purposes. The aw obtained from equation (3) 
is, o f course, that at the temperature 7V. A nother way o f evaluating a w is

(aw) (Tf)  = Pice (TF)/pwater (TF) (4)

that is, aw is given by the ratio o f vapour pressure o f ice and supercooled liquid 
water at TF. A n alternative procedure to test the accuracy o f sim plified equation
(3 ), which includes the assum ption o f constancy o f 7  with tem perature, consists 
in comparing a calculated value o f a w with that com puted from relationship (4) 
using literature vapour pressure data o f ice and supercooled liquid water at TF 
(Troller & Christian, 1978). This calculation was perform ed for a TF =  — 15°C 
and both aw values were found to differ by only 0 .0005  a w units.

Equation (3) is given in graphical form in Fig. 1 and permits the direct 
evaluation of a w from knowledge o f the freezing point depression. It is also shown 
which is the accuracy in the calculated aw value as a result o f an error o f ±  0 .1 5°C 
in the determination of freezing points.

The elevation o f  the boiling point

The relationship betw een the boiling point o f an aqueous solution containing  
non-volatile solute/s and its water activity is given by (D enbigh, 1964)
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-  In a w =
(L b ~  G 7 b) 

R (rioo Lb)
+

G

R
In (5)

where L B is the latent heat at the boiling point o f pure water (Tioo), G is the 
difference o f the molal heat capacities o f water as a vapour and as a liquid, and 
TB is the boiling point o f the solution. Equation (5 ) may be also adequately 
approxim ated to

-  In a w =  35 .127  . IQ -3 . 0B -  1 .1195 . 10“4 . 0B (6)

where 0b =  TB -  Tioo. The aw obtained from equation (6) is that at the 
tem perature TB.

Equation (6) is also given in graphical form in Fig. 1 which shows the accuracy 
o f com puted aw values when the error in boiling point determ inations is ±  
0 .1 5°C. It can be seen that boiling points must be measured with much more 
accuracy than freezing points to obtain similar accuracy in aw calculation.

E q u a t i o n  (6) o n  p. 24 sh o u ld  re ad  .
-  In  a .  =  3 5 .1 2 7 .10+:i 0B -  1 .1195 .10~' 0g ,^  r

Calculation o f  a w

Freezing point depressions and boiling point elevations for a number of 
solutes o f interest are reported in the International Critical Tables (1 9 2 6 ) as 
well as in other laboratory handbooks (Perry, 1963; H odgm an, 1944). Equa
tions (3) and (6) were used to evaluate aw for a number o f com pounds including, 
sucrose, glycerol, citric acid, tartaric acid, ethyl alcohol, ethylene glycol, sodium  
chloride and calcium chloride. The results are shown in Figs 2 -8 , as compared  
with literature data o f uw measured at 25°C. Various aw data at temperatures 
differing from 25°C or at freezing/boiling point, were also included. In most cases 
they were calculated from osm otic coefficients, taken from the literature

aw =  e x p ( -  0 .018  m v i|/)

where m is the m olal concentration o f the solute, is the osm otic coefficient and 
v is the number o f ions generated by each m olecule o f solute (for non
electrolytes v =  1).

Before discussing the results, it is convenient to specify what accuracy is 
needed in aw determ ination in the food  area. Troller & Christian (1978) 
indicated that m ost m ethods for aw estim ation or range finding should be 
accurate to within 0 .02  aw units. For research applications in a critical range of 
aw an accuracy o f 0 .005  aw units is often required; accuracy greater than 0.005  
aw is probably unnecessary for most food-related  applications. A  collaborative 
study betw een different laboratories (Labuza et al., 1976) show ed that on the 
basis o f most available aw m easurem ent units, aw values should be rounded to 
0.01 o w. Exam ination o f Figs 2 -6  shows that in spite o f the very large tempera-
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Figure 2. Comparison of aw values calculated from freezing point depression with values meas
ured at other temperatures, for sucrose solutions. •  (03C), — (25°C), Robinson & Stokes (1965); 
C ( —10.8°C, FP),-©-( —7.5°C, FP), □  (-4.6°C, FP), International Critical Tables (1926) 0 ,0 ,  x 
(60°C), □  (75°C), A (80°C), Dunning et al. (1951).

Figure 3. Comparison of a„ values calculated from freezing and boiling point data with values 
measured at other temperatures for glycerol and citric acid solutions. — (25°C), Chirife & Ferro 
Font&n (1979); — (25°C), Teng & Lenzi (1974); O (-23°C FP), A (-2.94°CFP), C (-4°CFP), 
O (—23°C FP), •  (-15.4"C), A (-9.5°C FP), □  (-4.8°C FP),-(><-12.220C FP), x (101.21°C 
BP), ® (101.91°C BP),-O(104.4°C BP), © (103.5°C BP), ■ (104.03°C BP),-©-(105.12°C BP), 
International Critial Tables (1926);-^-(70°C), Newman (1968).
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Figure 4. Comparison of qw values calculated from freezing and boiling point data with values 
measured at 25°C for d-tartaric acid solutions. — (25°C), Teng & Lenzi (1974); •  
( -1 1 ,75°C FP), O (-8.96°C FP), □ (-3.02°C FP), ■ (-6.42°C FP, 101,83°C BP), A (103.26°C 
BP), international Critical Tables (1926).

Concentration (% ,w /w )

Figure 5. Comparison of aw values calcuated from freezing and boiling point data with values 
measured at other temperatures, for sodium chloride solutions —, 25°C, Robinson & Stokes 
(1965);+(-10.81°C  FP),-#-(-15.14°C FP), □ (-6.90°C FP), A (-3.37°C FP), O (60°C). •  
(80°CK>-(102.04oC BP), x (103.23°BP), ® (104.5°C BP), International Critical Tables (1926); 
■ (0°C) Platford (1973)
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Figure 6. Comparison of aw values calculated from freezing and boiling point data, with values 
measured at other temperatures, for calcium chloride solutions — (25°C), Pitzer & Mayorga 
(1973); •  (-5.85°C),0(-15.36°C), A (101.55°C),International Critical Tables (1926); x (0°C), 
Platford (1973).

t u r e  d i f f e r e n c e s  i n v o l v e d ,  t h e  aw v a l u e s  c a l c u l a t e d  f r o m  f r e e z i n g  o r  e v e n  b o i l i n g  

m e a s u r e m e n t s  a r e  n o t  v e r y  d i f f e r e n t  f r o m  v a l u e s  m e a s u r e d  a t  2 5 ° C .  I n  f a c t ,  i n  

t h e  a p p r o x i m a t e  r a n g e  o f  aw, 0 . 9 6 - 0 . 8 5 ,  t h e  d i f f e r e n c e s  a r e  n o t  g r e a t e r  t h a n  

a b o u t  0 . 0 1  aw u n i t s ,  w h i c h  a s  m e n t i o n e d  b e f o r e ,  m a y  b e  c o n s i d e r e d  a s  a n  

a c c e p t a b l e  l e v e l  o f  a c c u r a c y  i n  m o s t  f o o d - r e l a t e d  a p p l i c a t i o n s .

S h a p e r o  et al. ( 1 9 7 8 )  s t u d i e d  t h e  e f f e c t  o f  e t h a n o l  o n  Staphylococcus aureus 
i n h i b i t i o n  a t  l i m i t e d  a w . T h e y  n o t e d  t h a t  a s  e t h a n o l  i s  v o l a t i l e  i t  w o u l d  i n t e r f e r e  

i n  a n y  p r e s e n t  m e t h o d  o f  aw m e a s u r e m e n t  a n d  c o n s e q u e n t l y  c a l c u l a t e d  i t s  a w 

l o w e r i n g  e f f e c t  u s i n g  R a o u l t ’ s  l a w .  F i g u r e  7  c o m p a r e s  t h e  aw l o w e r i n g  

b e h a v i o u r  o f  e t h a n o l  c a l c u l a t e d  f r o m  R a o u l t ’ s  l a w  a n d  f r o m  f r e e z i n g  p o i n t  d a t a  

i n  t h e  l i t e r a t u r e .  F i g u r e  8  c o m p a r e s  t h e  aw o f  e t h y l e n e  g l y c o l  s o l u t i o n s  c a l c u 

l a t e d  f r o m  f r e e z i n g  p o i n t  d a t a  w i t h  c o r r e s p o n d i n g  v a l u e s  a t  2 5 ° C .  T h e  a w v a l u e s  

a t  2 5 ° C  w e r e  t h e o r e t i c a l l y  p r e d i c t e d  u s i n g  N o r r i s h ’s  ( 1 9 6 6 )  e q u a t i o n  a s  s h o w n  

b y  C h i r i f e  et al. ( 1 9 7 9 )  a n d  a s s u m i n g  a  v a l u e  o f  K = 1 f o r  t h e  c o r r e l a t i n g  

c o n s t a n t  i n  N o r r i s h ’s  e q u a t i o n .

A l t h o u g h  t h e  o b s e r v e d  v a r i a t i o n s  o f  a w w i t h  t e m p e r a t u r e  a r e  r e l a t i v e l y  s m a l l ,  

t h e y  m a y  p e r h a p s  b e  r e l e v a n t  f o r  s o m e  a c c u r a t e  w o r k .  I n  t h i s  c a s e  t h e  c o r r e c 

t i o n  f r o m  t h e  f r e e z i n g  p o i n t  (7 V )  t o  s o m e  o t h e r  t e m p e r a t u r e  ( e . g .  2 5 ° C ,  TR, is  

g i v e n  b y

^  T  Za Za z I l  _  Z , Z k  
+  j A R t r Tf R ln 7V
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Figure 7. The aw of aqueons ethanol solutions calculated from freezing point depression. 
(-18.1°C FP), •  (—6.9°C FP), A ( -  10°C FP), © ( -  14°C FP), O (-4.3°C FP), Perry (1963); ▲ 
(—5°C FP), © (—7.5°C FP),-0(—9.4°C FP), A (-12.2°C FP), x (-16°CFP), + (-18.9°CFP), 
□ (—14°C FP), Hodgman (1944).

Concentration (% w /w)

Figure 8. Theaw of aqueous ethylene glycol solutions calculated from freezing point depression as 
compared with predicted data at 25°C. —, predicted at 25°C; •  (—3.3°C FP), O ( —7.8°C FP), ▲ 
(-13.5°C FP), □ ( —17.1°C FP), Perry (1963).
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w h e r e  L A i s  t h e  r e l a t i v e  p a r t i a l  m o l a l  h e a t  c o n t e n t  a t  TR- a n d / A is  t h e  r e l a t i v e  

p a r t i a l  m o l a l  h e a t  c a p a c i t y  o f  w a t e r .  E q u a t i o n  ( 7 )  m a y  b e  w r i t t e n  ( R o b i n s o n  &  

S t o k e s ,  1 9 6 5 )

I n  o r d e r  t o  c a l c u l a t e  aw(TR)/ aw ( TF) i t  i s  n e c e s s a r y  t o  e v a l u a t e  t h e  r e l a t i v e  

p a r t i a l  m o l a l  h e a t  c o n t e n t  a n d  h e a t  c a p a c i t y  w h i c h  i s  n o t  e a s y  b e c a u s e  t h e s e  

p r o p e r t i e s  a r e  n o t  o n l y  t e m p e r a t u r e  b u t  a l s o  c o n c e n t r a t i o n  d e p e n d e n t ,  a n d  i t s  

e v a l u a t i o n  r e q u i r e s  t e d i o u s  c a l c u l a t i o n s .  I n  a d d i t i o n ,  t h e  n e c e s s a r y  d a t a  a t  

d i f f e r e n t  t e m p e r a t u r e s  a n d  c o n c e n t r a t i o n s  a r e  n o t  a l w a y s  a v a i l a b l e  f o r  a  g i v e n  

s o l u t e .

T h e  r e l a t i v e l y  s m a l l  v a r i a t i o n s  o f  a w w i t h  t e m p e r a t u r e  o b s e r v e d  in  t h i s  w o r k  
m a y  b e  e x p l a i n e d  w i t h  t h e  a i d  o f  e q u a t i o n  ( 8 ) :  t h e  r e l a t i v e  m o l a l  p r o p e r t i e s  a r e  

n o t  b i g  e n o u g h  t o  o v e r c o m e  t h e  s m a l l  m a g n i t u d e  o f  Y  a n d  Z  ( i n  t h e  t e m p e r a t u r e  

r a n g e  o f  i n t e r e s t  t o  t h i s  s t u d y ,  e . g .  - 4  t o  — 1 7 ° C )  l e a d i n g  t o  v a r i a t i o n s  in  

g r e a t e r  t h a n  0 .0 1  aw u n i t s .

Conclusions

I t  h a s  b e e n  s h o w n  t h a t ,  i n  t h e  a p p r o x i m a t e  r a n g e  o f  a w 0 . 9 6 - 0 . 8 5 ,  t h e  a w o f  

s o l u t i o n s  c a l c u l a t e d  f r o m  f r e e z i n g  p o i n t  d e p r e s s i o n  d o e s  n o t  d i f f e r  v e r y  m u c h  

f r o m  t h e  c o r r e s p o n d i n g  v a l u e  a t  2 5 ° C .  I t  a p p e a r s  t h a t  i t  i s  s a f e  t o  s a y  t h a t  f o r  

s o l u t e s  o f  p r e s e n t  o r  p o t e n t i a l  i n t e r e s t  f o r a w c o n t r o l  i n  f o o d s ,  t h e a w c a l c u l a t e d  

f r o m  f r e e z i n g  p o i n t  d e p r e s s i o n  is  n o t  l i k e l y  t o  d i f f e r  in  m o r e  t h a n  0 .0 1  aw u n i t s  

o f  i t s  v a l u e  a t  2 5 ° C .
T h e  d e t e r m i n a t i o n  o f  aw o f  a q u e o u s  s o l u t i o n s  t h r o u g h  f r e e z i n g  p o i n t  m e a s 

u r e m e n t  m a y  b e  v a l u a b l e  f o r  s o m e  s i t u a t i o n s  i n  w h i c h  aw c a n  n o t  b e  m e a s u r e d  

u s i n g  c u r r e n t  t e c h n i q u e s .  T h i s  i n c l u d e s  s o l u t i o n s  c o n t a i n i n g  h i g h l y  v o l a t i l e  

s u b s t a n c e s ,  l i k e  e t h a n o l ,  o r  r e l a t i v e l y  v o l a t i l e  o n e s ,  l i k e  s o m e  g l y c o l s .  F o r  

i n s t a n c e ,  e l e c t r i c  h y g r o m e t e r s ,  w h i c h  a r e  w id e l y  u s e d  f o r  a w m e a s u r e m e n t  in  t h e  

f o o d  a r e a ,  c a n  n o t  b e  u s e d  f o r  s y s t e m s  c o n t a i n i n g  v o l a t i l e  g l y c o l s  l i k e  p r o p y l e n e  

g l y c o l ,  o r  o t h e r  h i g h l y  p o l a r  s u b s t a n c e s ,  b e c a u s e  t h e y  m a y  c o n t a m i n a t e  t h e  

s e n s o r  l e a d i n g  t o  e r r o n e o u s  r e s u l t s  ( S l o a n  &  L a b u z a ,  1 9 7 5 ;  T r a i l e r ,  1 9 7 7 ) .

l o g  = - L a (TR) Y  + Ja Z
a  w V * f )

(8)

w h e r e
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Water activity and salt content relationship in 
moist salted fish products

H .  M .  L U P Í N ,  R .  L .  B O E R I ,  a n d  S . M .  M O S C H I A R

Summary

A  l i n e a r  r e l a t i o n s h i p  b e t w e e n  w a t e r  a c t i v i t y  ( a w)  i n  m o i s t  s a l t e d  f i s h  p r o d u c t s  

a n d  N a C l  m o l a l i t y  w a s  f o u n d :  ( a w )  SF =  1 . 0 0 2 - 0 . 0 4 2  m; w h e r e  m i s  t h e  N a C l  

m o l a l i t y  c o n s i d e r i n g  i t  t o  b e  i n  t r u e  s o l u t i o n  in  t h e  t o t a l  w a t e r  c o n t e n t  o f  t h e  

p r o d u c t .

T h e  l i n e a r  a p p r o x i m a t i o n  w a s  a n a l y z e d  w i t h  r e f e r e n c e  t o  t h e  aw v a l u e s  o f  

p u r e  N a C l  s o l u t i o n s  a n d  t o  a  t h e r m o d y n a m i c  a p p r o a c h  f o r a w p r e d i c t i o n ;  i t  w a s  

f o u n d  c o n s i s t e n t  a n d  a p p r o p r i a t e  f o r  aw e s t i m a t i o n  in  m o i s t  s a l t e d  f i s h  p r o d u c t s ,  

w i t h  e r r o r s  w i t h i n  t h e  a c c e p t e d  r a n g e  f o r  i n t e r m e d i a t e  m o i s t u r e  f o o d s  ( I M F ) .

Introduction

M o i s t  s a l t e d  f i s h  i s  o n e  o f  t h e  o l d e s t  i n t e r m e d i a t e  m o i s t u r e  f o o d s  ( I M F )  

d e v e l o p e d  b y  m a n  a n d  m o i s t  s a l t e d - f i s h  p r o d u c t s  a r e  a v a i l a b l e  in  t h e  m a r k e t s  o f  

t h e  w o r l d .  I n  E u r o p e a n  c o u n t r i e s  t h i s  t y p e  o f  p r o d u c t  is  p r o d u c e d  u s i n g  h e r r i n g  

{Clupea harengus) ,  a n c h o v y  (Engraulis encrasicholus)  a n d  s p r a t  ( Clupea sprat- 
tus)\ i n  S o u t h  A m e r i c a ,  a n c h o v y  (Engraulis anchoita) is  u s e d  in  A r g e n t i n a  a n d  

U r u g u a y  a n d  s a r d i n e  (Sardinella aurita) in  B r a z i l  a n d  o t h e r  c o u n t r i e s .  M o i s t  

s a l t e d - f i s h  p r o d u c t s  a r e  a l s o  p r o d u c e d  in  A f r i c a  a n d  A s i a n  c o u n t r i e s .

A s  i s  k n o w n ,  s a l t  p r o d u c e s  v a r i o u s  e f f e c t s  w h i c h  c o n t r i b u t e  t o  t h e  p r e s e r v a 

t i o n  o f  f o o d  ( I n g r a m  &  K i t c h e l l ,  1 9 6 7 ) .  T h e  m o s t  i m p o r t a n t  o f  t h e m  a n d  o n e  

t h a t  i s  e a s i l y  q u a n t i f i e d  a n d  r e l a t e d  t o  s p o i l a g e  i s  t h e  d e c r e a s e  i n  w a t e r  a c t i v i t y

( f l w ) '

T a k i n g  i n t o  a c c o u n t  t h a t  aw i n  m o i s t  s a l t e d - f i s h  p r o d u c t s  r e m a i n s  b e t w e e n  1 

a n d  a r o u n d  0 . 7 5 ,  a n d  b e c a u s e  o f  t h e  k n o w n  d i f f i c u l t i e s  i n  m e a s u r i n g  aw i n  i t s  

h i g h e r  r a n g e  ( j u s t  b e l o w  1 d o w n  t o  0 . 9 5 - 0 . 8 0 )  ( V o s  &  L a b u z a ,  1 9 7 4 )  i t  is  n o t

Authors’ address: Instituto Nacional de Tecnología Industrial, Centro de Investigaciones de 
Tecnología Pesquera, 12 de Octubre 4728, 7600 Mar del Plata, Argentina.

0022-1163/81/0200-0031 $02.00 ©  1981 Blackwell Scientific Publications
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s u r p r i s i n g  t h a t  t h e r e  h a v e  b e e n  c o m p a r a t i v e l y  f e w  e x p e r i m e n t a l  d a t a  p u b l i s h e d  

o n  s u c h  p r o d u c t s .

F o r  t h i s  r e a s o n  i t  w a s  t h o u g h t  t o  b e  o f  i n t e r e s t  t o  a n a l y z e  t h e  aw v a l u e s  t h a t  

a p p e a r  i n  t h e  l i t e r a t u r e  o n  m o i s t  s a l t e d - f i s h  p r o d u c t s  a n d  t o  r e l a t e  t h e m  t o  t h e  

N a C l  c o n c e n t r a t i o n .

Results and discussion

T h e  d a t a  f o u n d  i n  l i t e r a t u r e  w h i c h  w e r e  c o n s i d e r e d  in  t h i s  w o r k  a r e :  f o r t y - o n e  

e x p e r i m e n t a l  r e s u l t s  o n  s a l t e d  c o d  ( Gadus morhua)  i n  t h e  i n t e r v a l  c o r r e s p o n d 

i n g  t o  m o i s t  s a l t i n g  r e p o r t e d  b y  F e r n a n d e z  S a l g u e r o  C a r r e t e r o  ( 1 9 7 3 ) ;  t h i r t y -  

t h r e e  e x p e r i m e n t a l  m e a s u r e m e n t s  o n  s a l t e d  a n c h o v y  (Engraulis encrasicholus) 

r e p o r t e d  b y  B a l d r a t t i  et at. ( 1 9 7 7 )  a n d  t w e n t y - e i g h t  e x p e r i m e n t a l  r e s u l t s  o n  

s a l t e d  m u l l e t  ( Mugil cephalus) r o e  r e p o r t e d  b y  H s u ,  D e n g  &  C o r n e l l  ( 1 9 8 0 )  

t w e n t y  d e t e r m i n a t i o n s )  a n d  H s u  &  D e n g  ( 1 9 8 0 )  ( e i g h t  d e t e r m i n a t i o n s ) .
A  s a t i s f a c t o r y  l i n e a r  c o r r e l a t i o n  b e t w e e n  aw a n d  m o l a l i t y  o f  s a l t  i n  t h e  

p r o d u c t  w a s  f o u n d .  M o l a l i t y  w a s  d e t e r m i n e d  c o n s i d e r i n g  N a C l  t o  b e  i n  t r u e  

s o l u t i o n  i n  t h e  t o t a l  w a t e r  c o n t e n t  o f  t h e  p r o d u c t .

E x p e r i m e n t a l  d a t a  a n d  t h e  s t r a i g h t  l i n e  f o u n d  b y  t h e  l e a s t  s q u a r e s  m e t h o d  a r e  

p l o t t e d  i n  F ig .  1 . C o n f i d e n c e  l i m i t s  f o r  9 5 %  p r o b a b i l i t y  a r e  a l s o  s h o w n  ( H i m -  

m e l b l a u ,  1 9 7 0 ) .  T h e  l i n e  c o r r e s p o n d s  t o  t h e  e q u a t i o n .

Figure 1. W a te r  ac tiv ity  vs N aC l m o la lity  in  fish p ro d u c ts : ( • )  S a lg u e ro  C a r re te ro
( 1 9 7 3 ) ; ( 0 )  H su , D e n g  & C o rn e ll (1 9 8 0 ) , an d  H su  &  D e n g  (1 9 8 0 ) ; (A ) B a ld ra t ti  et
al. (1 9 7 7 )
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(^ w )  sf a'° -  b m = 1 . 0 0 2  -  0 . 0 4 2  m

w h e r e :

(®w) sf : w a t e r  a c t i v i t y  o f  s a l t e d  f i s h  p r o d u c t

m : m o l a l i t y  o f  s o l u t e .

a'w : w a t e r  a c t i v i t y  a t  z e r o  m o l a l i t y .

b : s t r a i g h t  l i n e  s l o p e .

A l t h o u g h  t h e  v a l u e s  g i v e n  h e r e  a r e  r o u n d e d  t o  t h e  t h i r d  d e c i m a l  f i g u r e ,  o n l y  

t h e  s e c o n d  d e c i m a l  f i g u r e  is  s i g n i f i c a n t  i n  p r a c t i c a l  c a l c u l a t i o n s  a s  w a s  p o i n t e d  

o u t  b y  L a b u z a  et al. ( 1 9 7 6 ) .

T h e  r e l a t i o n  b e t w e e n  aw a n d  c o n c e n t r a t i o n  o f  N a C l  i n  p u r e  s o l u t i o n s  o v e r  t h e  

s a m e  r a n g e  h a s  a l s o  b e e n  s t u d i e d  f o r  c o m p a r i s o n .

V a l u e s  a t  2 5 ° C  ( R o b i n s o n  &  S t o k e s ,  1 9 6 8 )  a n d  a t  1 0 0 ° C  ( W e a s t  &  A s t l e ,

1 9 7 9 )  w e r e  f o u n d  t o  a d j u s t  e q u a l l y  w e l l  t o  a  s t r a i g h t  l i n e  a n a l o g o u s  t o  t h e  o n e  

g i v e n  b y  e q u a t i o n  ( 1 ) .  T h e  p a r a m e t e r s  f o r  t h o s e  l i n e s  a r e  p r e s e n t e d  i n  T a b l e  1 .

A l t h o u g h  1 0 0 ° C  is  a  t e m p e r a t u r e  w i t h  n o  p r a c t i c a l  i m p o r t a n c e  i n  m o i s t  s a l t e d  

f i s h  i t  i s  u s e f u l  t o  p o i n t  o u t  t h e  l i n e a r  b e h a v i o u r  o v e r  a  w i d e  r a n g e  o f  t e m p e r a 

t u r e s  a n d  t h a t  t h e  s l o p e  d o e s  n o t  v a r y  w i t h  t e m p e r a t u r e  i n  a  s i g n i f i c a n t  w a y .

N o r r i s h  ( 1 9 6 6 )  r e p o r t e d  t h a t  t h e  i n f l u e n c e  o f  t e m p e r a t u r e  o n a w i s  s m a l l  a n d  

i n  t h e  c a s e  o f  s a t u r a t e d  s o l u t i o n s  o f  N a C l  W e x l e r  &  H a s e g a w a  ( 1 9 5 4 )  f o u n d  

c h a n g e s  o f  l e s s  t h a n  1 . 5 %  i n  aw o v e r  t h e  0 - 5 0 ° C  r a n g e .

F r o m  t h e  c o m p a r i s o n  o f  e q u a t i o n  ( 1 )  a n d  T a b l e  1 i t  i s  e v i d e n t  t h a t ,  i n  

p r a c t i c e .

(^ w )  sf (4 w )  NaCl ( 2 )

T h e  e s t i m a t i o n  o f  a w b y  m e a n s  o f  a  s t r a i g h t  l i n e  o v e r  c e r t a i n  p o r t i o n s  o f  t h e  

a b s o r p t i o n  o f  d e s o r p t i o n  i s o t h e r m s  i n  f o o d s  h a s  b e e n  o b s e r v e d  b y  d i f f e r e n t  

a u t h o r s .  I n  a  r e v i e w  o f  e q u a t i o n s  f o r  f i t t i n g  a b s o r p t i o n  i s o t h e r m s  o f  f o o d s  

C h i r i f e  &  I g l e s i a s  ( 1 9 7 8 )  h a v e  p o i n t e d  o u t  t h e  d i f f e r e n c e s  t h a t  s o m e t i m e s  

a p p e a r  i n  t h e  l i t e r a t u r e  w i t h  r e g a r d s  t o  t h e  a p p l i c a t i o n  o f  t h i s  m o d e l .

T h e  m u l t i l i n e a l  e m p i r i c a l  m o d e l  f o r  f i t t i n g  e x p e r i m e n t a l  d a t a  o f  aw w a s  a l s o  

u s e d  b y  T e n g  &  L e n z i  ( 1 9 7 4 )  f o r  v a r i o u s  n o n - e l e c t r o l y t e  b i n a r y  s y s t e m s .

Table 1. Values of the parameters of the straight line correlations rounded to the 
third decimal figure.

System T (°C) b r n

Salted fish 2-38 1.002 ±0.009 0.042±0.002 0.978 102
NaCl -  H2O 25 1.007±0.003 0.040±0.001 0.998 35
NaCl -  H20 100 1.008±0.007 0.038±0.002 0.999 7

4
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H o w e v e r ,  t h e  l i n e a r  r e l a t i o n s h i p  c a n  b e  b a s e d  o n  t h e  f o l l o w i n g  k n o w n  

t h e r m o d y n a m i c a l  r e l a t i o n ,  v a l i d  f o r  b i n a r y  s o l u t i o n s :

aw = e x p  ( -  i | i m ,  m  v )  ( 3 )

w h e r e :

4» : o s m o t i c  c o e f f i c i e n t .

m ; : n u m b e r  o f  K g  p e r  m o l  o f  w a t e r  ( 0 . 0 1 8 ) .

m : m o l a l i t y  o f  s o l u t e .

v  : n u m b e r  o f  m o l e s  o f  a l l  s p e c i e s  w h i c h  g i v e  1 m o l  o f  s o l u t e  i n  s o l u t i o n  (v  =  

2  f o r  N a C l ) .

I f  e x p r e s s i o n  ( 3 )  i s  e x p a n d e d  in  s e r i e s

(4» m ,  v )  2 m 2 
aw = 1 -  ( 4 » m ,  v )m  +  -------- — ----------

(>Jj m ,  v ) 3 m 3

3 ^  +  "  ' ( 4 )

a n d  t h u s ,  w i t h i n  a  c e r t a i n  r a n g e  i . e . ,  i f  (vj; m i  v ) « l ,  t h e  f o l l o w i n g  h o l d s  t r u e :

aw =  1 -  (vj/ m i  v )  m  ( 5 )

T h e  c a s e  o f  s a l t e d  f i s h  c o n d i t i o n s ,  f o r  w h i c h  e q u a t i o n  ( 5 )  is  a  s a t i s f a c t o r y  

a p p r o x i m a t i o n ,  c a n  b e  a n a l y z e d .

T h e  o s m o t i c  c o e f f i c i e n t  v a r i e s  w i t h  m o l a l i t y ,  h o w e v e r ,  t h e  c h a n g e s  i t  u n d e r 

g o e s  m u s t  b e  e i t h e r  s m a l l  o r  i n f l u e n c e  l i n e a r i t y  o f  e q u a t i o n  ( 3 )  i n  s u c h  a  w a y  t h a t  

i t  m a y  b e  c o n s i d e r e d  a p p r o x i m a t e l y  c o n s t a n t  b e t w e e n  0  m o l a l i t y  a n d  s a t u r a 

t i o n .

T h e  v a l u e s  o f  i|/ c a n  a c t u a l l y  b e  c a l c u l a t e d  t o  a p p l y  t h e m  in  t h e  e s t i m a t i o n  o f  

aw in  f o o d s  f r o m  t h e  t h e o r e t i c a l  e x p r e s s i o n s  g i v e n  b y  P i t z e r  ( 1 9 7 3 )  a n d  B r o m l e y

( 1 9 7 3 ) ,  a s  h a s  b e e n  s t u d i e d  r e c e n t l y  b y  B e n m e r g u i ,  F e r r o  F o n t a n  &  C h i r i f e

( 1 9 7 9 )  a n d  F e r r o  F o n t a n ,  C h i r i f e  &  B e n m e r g u i  ( 1 9 7 9 ) .  T h e y  c a n  a l s o  b e  

o b t a i n e d  f r o m  p u b l i s h e d  e x p e r i m e n t a l  v a l u e s .

I n  t h e  p r e s e n t  p a p e r  t h e  e x p e r i m e n t a l  v a l u e s  r e p o r t e d  b y  R o b i n s o n  &  S t o k e s

( 1 9 6 8 )  w e r e  u s e d  t o  E s t i m a t e  t h e  l i m i t s  f o r  t h e  l i n e a r  a p p r o x i m a t i o n  a n d  t h e  

m e a n  o s m o t i c  c o e f f i c i e n t  ( i | / h ,s s )  f o r  t h e  e n t i r e  s o l u b i l i t y  r a n g e .

T h e  o p t i m a l  m e a n  v a l u e ,  f o u n d  b y  t h e  l e a s t  s q u a r e s  m e t h o d  is :

$ , r * s , =  1 - 1 1 1  ± 0 . 0 2 8

T h i s  v a l u e  c a n  b e  c o m p a r e d  t o  t h e  a p p a r e n t  o s m o t i c  c o e f f i c i e n t  c o r r e s p o n d 

i n g  t o  s a l t e d  f i s h ,  f o u n d  a s
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W h e n  c a l c u l a t e d  f r o m  e x p r e s s i o n  ( 1 )  ij/sf i s  is  f o u n d  t o  b e :

4»sf =  1 . 1 6 7 ± 0 . 0 5 6

T h e  v a l u e s  4 % ^  a n d  vjjsf c a n  b e  t a k e n  a s  e q u i v a l e n t  b e c a u s e  o f  t h e  e x p e r i m e n 

t a l  e r r o r s  i n v o l v e d .

T h e  a b s o l u t e  v a l u e s  o f  t h e  d i f f e r e n c e s  b e t w e e n  e x p e r i m e n t a l  v a l u e s  o f  aw f o r  

p u r e  s o l u t i o n s  o f  N a C l  r e p o r t e d  b y  R o b i n s o n  &  S t o k e s  ( 1 9 6 8 )  a n d  t h e  l i n e a r  

a p p r o x i m a t i o n  f o r  s a l t e d  f i s h ,  e q u a t i o n  ( 1 ) ,  a n d  t h e  s t r a i g h t  l i n e  f o r  p u r e  

s o l u t i o n s  o f  N a C l  a t  2 5 ° C  ( T a b l e  1 )  c a n  a l s o  b e  d e t e r m i n e d .

Figure 2. Absolute error in aw estimation versus NaCl molality for: straight line
approximation for salted fish data (----- ), straight line approximation for pure NaCl
solutions (---- ), exponential approximation with constant osmotic coefficient (—);
refered to experimental values of NaCl pure solutions (Robinson & Stokes, 1968).
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T h e  d i f f e r e n c e s  e x i s t i n g  w i t h  t h e  a p p r o x i m a t i o n  

aw =  e x p  ( -  \j;R&S m ,  m v )  ( 7 )

h a v e  a l s o  b e e n  c a l c u l a t e d  a n d  a r e  p l o t t e d  i n  F ig .  2 .

A c c o r d i n g  t o  F e r r o  F o n t a n ,  B e n m e r g u i  &  C h i r i f e  ( 1 9 8 0 ) ,  i t  i s  d e s i r a b l e  a n d  

s u f f i c i e n t  t o  p r e d i c t  aw w i t h i n  a b o u t  +  0 .0 1  aw f o r  a n  I M F .  I n  F ig .  2  i t  i s  p o s s i b l e  

t o  s e e  t h a t  f o r  p u r e  s o l u t i o n s  o f  N a C l  t h e  s t r a i g h t  l i n e  a p p r o x i m a t i o n  w i l l  p r e d i c t  

v a l u e s  w i t h i n  t h i s  r a n g e .  F o r  s a l t e d  f i s h  p r o d u c t s  t h e  s t r a i g h t  l i n e  p r e d i c t i o n  w i l l  

s h o w  a b s o l u t e  d i f f e r e n c e s  l e s s  t h a n  0 . 0 2  w i t h  r e f e r e n c e  t o  t h e  e x p e r i m e n t a l  

v a l u e s  o f  aw i n  p u r e  N a C l  s o l u t i o n s ; a  s l i g h t  i n f l u e n c e  o f  t h e  m e d i u m  m u s t  n o t  b e  

d i s r e g a r d e d .

I t  is  i n t e r e s t i n g  t o  p o i n t  o u t  t h a t  t h e  d e v i a t i o n  f r o m  ‘i d e a l i t y ’ is  a l w a y s  i n  t h e  

s a m e  d i r e c t i o n ;  t h i s  m e a n s  t h a t  t h e  s t r a i g h t  l i n e  p r e d i c t i o n  f o r  s a l t e d - f i s h  

p r o d u c t s  w i l l  g i v e  v a l u e s  s l i g h t l y  l o w e r  t h a n  t h o s e  p r e d i c t e d  f o r  p u r e  N a C l  

s o l u t i o n s .

I n  p r a c t i c e  e x p e r i m e n t a l  v a l u e s  o f  aw m e a s u r e d  o n  s a l t e d  f i s h  p r o d u c t s  c a n  

d e v i a t e  s i g n i f i c a n t l y  f r o m  p r e d i c t e d  o n e s ,  i n d e p e n d e n t l y  o f  t h e  m o d e l  t h a t  h a s  

b e e n  u t i l i z e d .  I n  s u c h  a  s i t u a t i o n  t h e  s t r a i g h t  l i n e  a p p r o x i m a t i o n  m a y  b e  u s e f u l  

f o r  a  q u i c k  a s s e s m e n t  i f  n e w  m e a s u r e m e n t s  a r e  n e c e s s a r y .

H o w e v e r ,  a p p r o x i m a t i o n  ( 7 )  r e s u l t s  i n  g r e a t e r  d i f f e r e n c e s  e s p e c i a l l y  a t  h i g h  

c o n c e n t r a t i o n s ,  t h i s  b e i n g  t h e  r e g i o n  o f  p r a c t i c a l  i m p o r t a n c e .

I t  i s  o b v i o u s  t h a t  t h e  a b s o l u t e  d i f f e r e n c e s  w i t h  t h e  e s t i m a t i o n  w i l l  a l w a y s  b e  

w i t h i n  t h e  r a n g e  o f  e x p e r i m e n t a l  e r r o r s  c o m m o n l y  a c c e p t e d  f o r  t h e  d e t e r m i n a 

t i o n  o f  aw b e c a u s e  t h e y  w i l l  o n l y  a f f e c t  t h e  s e c o n d  d e c i m a l  b y  a  u n i t  o r  l e s s .

T h e  a p p a r e n t l y  c o n t r a d i c t o r y  r e s u l t  t h a t  a  l a r g e r  e r r o r  is  o b t a i n e d  w h e n  u s i n g  

a p p r o x i m a t i o n  ( 7 )  t h a n  w i t h  t h e  l i n e a r  a p p r o x i m a t i o n  c a n  b e  e a s i l y  e x p l a i n e d  i f  

t h e  f a c t  t h a t  a  s l i g h t  i n c r e a s e  i n  »|/ w i t h  m o l a l i t y  w i l l  t e n d  t o  s t r a i g h t e n  e x p r e s s i o n

( 3 )  o v e r  a  r a n g e  w i d e r  t h a n  t h e  o n e  c o r r e s p o n d i n g  t o  t h e  s i m p l e  l i n e a r i z a t i o n  is  

t a k e n  i n t o  a c c o u n t .

T h e r e  i s  n o  t o t a l l y  s a t i s f a c t o r y  e x p l a n a t i o n  t o  j u s t i f y  t h e  e x p e r i m e n t a l  p o i n t s  

i n  w h i c h  t h e  m o l a l i t y  i s  l a r g e r  t h a n  t h a t  c o r r e s p o n d i n g  t o  s a t u r a t i o n  a n d  aw is  

l e s s  t h a n  w h a t  c o u l d  b e  e x p e c t e d  f o r  s a t u r a t i o n .

M o s t  o f  t h e s e  p o i n t s  c o r r e s p o n d  t o  m o i s t  s a l t e d  a n c h o v y  h e a v i l y  p r e s s e d ;  

t h u s ,  o n  a  s a m e  q u a n t i t y  o f  m u s c l e  b a s e ,  t h e  b r i n e  i s  l e s s  t h a n  t h a t  c o r r e s p o n d i n g  

t o  f i s h  e i t h e r  l i g h t l y  p r e s s e d  o r  n o t  p r e s s e d  a t  a l l .  U n d e r  t h e s e  c o n d i t i o n s  i t  m a y  

b e  a c c e p t e d  t h a t  t h e  m e d i u m  e x e r t s  s o m e  i n f l u e n c e  o n  t h e  aw v a l u e s ;  a n d  

d i s r e g a r d i n g  t h e  p o s s i b i l i t y  t h a t  s o l i d  N a C l  h a s  b e e n  i n c l u d e d  i n  t h e  s a m p l e s  

t h a t  w e r e  a n a l y z e d  t h a t  w o u l d  e q u a l l y  h a v e  i n f l u e n c e  o n  t h e  a m o u n t  o f  s a l t  i n  

‘ s o l u t i o n ’ i n  t h e  m u s c l e .  P r e s s i n g  w o u l d  h a v e  i n  p r a c t i c e  a  d r y i n g  e f f e c t  o n  f i s h .

E x p e r i m e n t s  c a r r i e d  o u t  i n  o u r  l a b o r a t o r y  t o  a n s w e r  i n d u s t r y ’s  d e m a n d s  t o  

f i n d  t h e  c a u s e s  o f  s p o i l a g e  i n  s a l t e d  a n c h o v y  a n d  s a l t e d  a n d  c o l d - s m o k e d  

p a t a g o n i a n  h a d d o c k  h a v e  a l w a y s  r e s u l t e d  i n  a  s u b s t a n t i a l  d e c r e a s e  i n  t h e  

c o n t e n t  o f  N a C l  w i t h  r e f e r e n c e  t o  t h e  n o r m a l  v a l u e s  f o r  s a t u r a t i o n  a n d ,  t h e r e 

f o r e ,  a n  i n c r e a s e  i n  t h e  w a t e r  a c t i v i t y .  T h e  l o w  v a l u e s  f o r  N a C l  c o n t e n t  c a n  b e
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t h e  r e s u l t  o f  s e v e r a l  f a c t o r s :  n o t  e n o u g h  s a l t i n g  ( i n s u f f i c i e n t  a m o u n t  o f  s a l t  o r  

t o o  s h o r t  s a l t i n g  t i m e ) ;  e x c e s i v e  w a s h i n g  o f  s a l t e d  f i l l e t s  ( t o  e l i m i n a t e  c r y s t a l s  o f  

s o l i d  s a l t ) ;  s k i n n i n g  o f  t h e  f i l l e t s  i n  h o t  b r i n e ,  e t c .

T h e r e  w i l l  e x i s t  t h e  p o s s i b i l i t y  f o r  a  q u i c k  e s t i m a t e  o f  t h e  aw v a l u e  b y  

d e t e r m i n i n g  e i t h e r  w a t e r  c o n t e n t  o r  N a C l .  A s  d e t e r m i n e d  f o r  c o d  b y  C r e a n  

( 1 9 6 1 )  a n d  e x t e n d e d  f o r  o t h e r  s p e c i e s  b y  Z u g a r r a m u r d i  &  L u p i n  ( 1 9 8 0 ) ,  t h e r e  

is  a  l i n e a r  r e l a t i o n s h i p  b e t w e e n  t h e  w a t e r  a n d  N a C l  c o n t e n t s  i n  m o i s t  s a l t e d  f i s h .  

U s i n g  t h i s  i n f o r m a t i o n  t o g e t h e r  w i t h  e x p r e s s i o n  ( 1 ) ,  a w c a n  b e  e s t i m a t e d .

Conclusions

A n  e x p r e s s i o n  t o  e s t i m a t e  a w in  m o i s t  s a l t e d  f i s h  is  p r e s e n t e d .  T h i s  e x p r e s s i o n  

c a n  b e  a d e q u a t e l y  r e l a t e d  t o  p u b l i s h e d  d a t a  o n  m o i s t  s a l t e d  f i s h  p r o d u c t s  a n d  t o  

a  c u r r e n t  t h e r m o d y n a m i c  a p p r o a c h  t o  e s t i m a t e  w a t e r  a c t i v i t i e s  i n  a q u e o u s  

s o l u t i o n s .

I n  p r a c t i c e  t h i s  r e l a t i o n s h i p  m a y  b e  u s e f u l  t o  e s t i m a t e  a w i n  m o i s t  s a l t e d  f i s h  

w h e n  s p e c i f i c  e q u i p m e n t  i s  n o t  a v a i l a b l e  o r  t o  c h e c k  i n d i v i d u a l  m e a s u r e m e n t s  

o f  a w .
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Modification of tempeh with the addition of bakla 
(V ic ia  fa b a  Linn)

I . M .  D A V I D  a n d  J I T E N D R A  V E R M A *

Summary

B a k l a  (Vicia faba L i n n ) ,  a n  i n d i g e n o u s  p u l s e ,  w a s  s u b j e c t e d  t o  f e r m e n t a t i o n  b y  

t h e  s t r a i n s  o f  Rhizopus oligosporus e i t h e r  a l o n e  o r  b l e n d e d  w i t h  s o y b e a n  

('Glycine max). M y c e l i a l  g r o w t h  a s  v i e w e d  o n  t h e  s u r f a c e  o f  t h e  f e r m e n t e d  m a s s  

w a s  b e s t  o b t a i n e d  w h e n  s t r a i n  N R R L  3 2 7 1  w a s  u s e d .  I n c r e a s e  in  m o i s t u r e  

c o n t e n t  a n d  p H  d u r i n g  f e r m e n t a t i o n  w a s  h i g h e s t  in  t h e  c a s e  o f  s t r a i n  N R R L  

2 7 1 0  i r r e s p e c t i v e  o f  c o m p o s i t i o n  o f  b a k l a - s o y b e a n  m i x t u r e .  T h e  t e m p e h ,  t h e  

f e r m e n t e d  p r o d u c t ,  in  e a c h  c a s e  h a d  a  m u s h r o o m - l i k e  o d o u r ,  w h i c h  w a s  i n d e 

p e n d e n t  o f  t h e  s t r a i n  u s e d .  B a k l a  a n d  b a k l a - s o y b e a n  ( u p  t o  1 :1  r a t i o )  t e m p e h  

w a s  f r e e  o f  b e a n y  f l a v o u r  b u t  t h i s  f l a v o u r  i n c r e a s e d  a s  t h e  s o y b e a n  c o n t e n t  o f  

t h e  b l e n d  w a s  f u r t h e r  r a i s e d  a n d  w a s  p e r c e p t i b l y  h i g h  w h e n  s o y b e a n  c o n t e n t  

r e a c h e d  7 5 % .  B a k l a  t e m p e h  w a s  m o r e  c r i s p  t h a n  s o y b e a n  t e m p e h .  T h e  c r i s p 

n e s s  d e c r e a s e d  w i t h  i n c r e a s i n g  s o y b e a n  c o n t e n t .

Introduction

W i d e - s p r e a d  p r o t e i n  d e f i c i e n c y  a n d  r a m p a n t  s h o r t a g e  o f  e d i b l e  o i l s  h a v e  b e e n  

r e s p o n s i b l e  f o r  t h e  i n t r o d u c t i o n  o f  h i g h  y i e l d i n g  v a r i e t i e s  o f  s o y b e a n  in  I n d i a .  

H o w e v e r ,  i t s  b e a n y  f l a v o u r  h a s  n o t  p e r m i t t e d  s o y b e a n  t o  p l a y  a  v i t a l  r o l e  i n  o u r  

d i e t ,  a l t h o u g h  t h e  p r o t e i n  i n  i t  is  b e t t e r  b a l a n c e d  t h a n  in  m o s t  o t h e r  l e g u m e s  in  

r e s p e c t  o f  a m i n o  a c i d  c o n t e n t .  W h e r e a s  i t s  W e s t e r n  s t y l e  f o o d  p r o d u c t s  l i k e  

s o y b e a n  ‘ m e a t '  e t c .  a r e  b e y o n d  t h e  r e a c h  o f  t h e  c o m m o n  m a n  in  I n d i a ,  o r i e n t a l  

f o o d s  b a s e d  o n  i t  m a y  h o l d  s o m e  p r o m i s e .
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B o e d i j n  ( 1 9 5 8 )  t h e  p r i n c i p a l  s p e c i e s  u s e d  i n  I n d o n e s i a  f o r  t e m p e h  p r o d u c t i o n  is  

Rhizopus oligosporus. H e s s e l t i n e  ( 1 9 6 5 )  r e p o r t e d  t w e n t y - f i v e  s t r a i n s  o f  R. 
oligosporus S a i t o ,  f o u r  o f  R. stolonifer ( E h r e n )  V u i l l ,  t h r e e  o f  R. arrhizus 
F i s c h e r ,  t h r e e  o f  R. oryzae W e n t  a n d  G e e r l i g s ,  t h r e e  o f  R. formosaensis 
N a k a z a w a ,  t w o  o f  R. achlamydosporus T a k e d a  -  in  a l l  f o r t y  s t r a i n s ,  w h i c h  

p r o d u c e  a c c e p t a b l e  t e m p e h  w h e n  s o y b e a n  i s  f e r m e n t e d  w i t h  t h e i r  p u r e  c u l 

t u r e s .

I t  w a s  c o n s i d e r e d  t h a t  t e m p e h  m i g h t  b e  m o r e  l i k e d  b y  i n h a b i t a n t s  o f  t h e  

I n d i a n  s u b - c o n t i n e n t  i f  i t s  f l a v o u r  w e r e  f u r t h e r  m o d i f i e d .  W i t h  t h i s  in  v i e w ,  w e  

h a v e  s t u d i e d  t h e  e f f e c t  o f  b a k l a  ( Vida faba L i n n )  o n  t h e  p r o p e r t i e s  o f  t e m p e h  

p r o d u c e d  b y  f e r m e n t i n g  s o y b e a n  ( Glycine max) b l e n d e d  w i t h  i t .  B a k l a ,  u n l i k e  

s o y b e a n ,  d o e s  n o t  p o s s e s s  a n y  b e a n y  f l a v o u r  a n d  h a s  a  h i g h  p r o t e i n  c o n t e n t  in  

c o m p a r i s o n  t o  o t h e r  p u l s e s  b u t  i t  is  n o t  e a s i l y  d i g e s t i b l e  a n d  i s ,  t h e r e f o r e ,  n o t  a s  

p o p u l a r  a s  d a l  ( p u l s e  s o u p ) . D a l ,  o n e  o f  t h e  n e c e s s a r y  d i s h e s  i n  t h e  I n d i a n  d i e t ,  is  

a  s o u p - l i k e  p r e p a r a t i o n  m a d e  f r o m  c o t y l e d o n s  o f  a  p u l s e .

Materials and methods

T h e  t h r e e  m o u l d  s t r a i n s  u s e d  f o r  t h e  p r e p a r a t i o n  o f  t e m p e h  o r  t e m p e h - l i k e  

p r o d u c t s  w e r e  Rhizopus oligosporus N R R L  5 1 4 ,  N R R L  2 7 1 0  a n d  N R R L  

3 2 7 1 ,  k i n d l y  s u p p l i e d  b y  D r  C . W .  H e s s e l t i n e  o f  t h e  N o r t h e r n  R e g i o n a l  

R e s e a r c h  L a b o r a t o r y  o f  N o r t h e r n  U t i l i z a t i o n  R e s e a r c h  a n d  D e v e l o p m e n t  

D i v i s i o n ,  P e o r i a ,  I l l i n o i s ,  U . S . A .  T h e  c u l t u r e s  w e r e  m a i n t a i n e d  o n  p o t a t o  

d e x t r o s e  a g a r  m e d i u m .  T h e  i n o c u l a t e d  s l a n t s  w e r e  i n c u b a t e d  a t  3 3 ± 1 ° C  f o r  5  

d a y s  t o  o b t a i n  p r o f u s e  s p o r u l a t i o n  a n d  l a t e r  s t o r e d  a t  4 ± 2 ° C  in  a  r e f r i g e r a t o r .  

M o n t h l y  t r a n s f e r s  w e r e  m a d e  s o  a s  t o  k e e p  t h e  c u l t u r e s  v i a b l e .  S o y b e a n  v a r i e t y  

B r a g g  a n d  l o c a l l y  a v a i l a b l e  b a k l a  s e e d s  w e r e  u s e d  t h r o u g h o u t  t h i s  i n v e s t i g a t i o n .  

T h e  t e m p e h  a n d  s i m i l a r  p r o d u c t s  w e r e  p r e p a r e d  b y  t h e  m e t h o d  d e s c r i b e d  b y  

D j i e n  &  H e s s e l t i n e  ( 1 9 6 1 )  w i t h  c e r t a i n  m o d i f i c a t i o n s .  W h e r e a s  t h e  a b o v e  

a u t h o r s  s o a k e d  t h e  s o y b e a n  s e e d s  i n  w a t e r  o v e r - n i g h t ,  w e  s o a k e d  s o y b e a n  a n d  

b a k l a  g r a i n s  s e p a r a t e l y  i n  w a t e r  f o r  1 h r  a t  r o o m  t e m p e r a t u r e  ( 3 3 ± 1 ° C ) .  T h e  

b e a n s  w e r e  s u n - d r i e d  a n d  d e h u l l e d  i n  a  h a n d  g r i n d e r .  T h i s  a l s o  r e s u l t e d  i n  

s e p a r a t i o n  o f  t h e  c o t y l e d o n s .  T h i s  i s  a  c o m m o n  m e t h o d  f o r  d e h u l l i n g  t h e  p u l s e s  

i n  I n d i a .  T h e  c o t y l e d o n s  w e r e  s e p a r a t e l y  w a s h e d  i n  t a p  w a t e r  t o  r e m o v e  d i r t  a n d  

a d h e r i n g  s e e d  c o a t s  f r o m  t h e  b e a n s .  T h e  w a s h e d  c o t y l e d o n s  o f  t h e  t w o  b e a n s ,  

e i t h e r  s e p a r a t e l y  o r  i n  a p p r o p r i a t e  p r o p o r t i o n s ,  w e r e  p l a c e d  in  t h r e e  t i m e s  t h e i r  

d r y  w e i g h t  o f  t a p  w a t e r .  G l a c i a l  a c e t i c  a c i d  w a s  a d d e d  a t  t h e  r a t e  o f  7 .5  m l / 1 0 0 0  

g  d r y  w e i g h t  o f  b e a n s .  T h e  a d d i t i o n  o f  a c i d  i s  a l s o  a  d e p a r t u r e  f r o m  t h e  m e t h o d  

o f  D j i e n  &  H e s s e l t i n e  ( 1 9 6 1 ) .  T h i s  w a s  f o u n d  n e c e s s a r y  t o  p r e v e n t  t h e  

d e v e l o p m e n t  o f  s p o i l a g e  b a c t e r i a  d u r i n g  m o u l d  f e r m e n t a t i o n  ( S t e i n k r a u s  et al., 

1 9 6 0 ) .  A l t h o u g h  H e s s e l t i n e  a n d  c o l l e a g u e s  ( D j i e n  &  H e s s e l t i n e ,  1 9 6 1 ;  H e s s e l 

t i n e  et al., 1 9 6 3 ;  M a r t i n e l l i  &  H e s s e l t i n e ,  1 9 6 4 )  d i d  n o t  e n c o u n t e r  b a c t e r i a l  

g r o w t h  d u r i n g  m o u l d  f e r m e n t a t i o n  in  t h e  a b s e n c e  o f  a c i d ,  i n  o u r  p r e l i m i n a r y  

e x p e r i m e n t s  w e  c o u l d  n o t  g e t  t e m p e h  in  i t s  a b s e n c e ,  b u t  a  p r o d u c t  w i t h  a  p u t r i d
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o d o u r  a c c o m p a n i e d  b y  a  r o p i n e s s  i n  f l a v o u r .  S o y b e a n  c o t y l e d o n s  i n  a c i d i f i e d  

w a t e r  w e r e  a u t o c l a v e d  a t  1 5  l b  p r e s s u r e  ( 1 2 1  ° C )  f o r  4 - 5  m i n . C o o k i n g  o f  b a k l a  

c o t y l e d o n s  f o r  m o r e  t h a n  5  m i n  r e s u l t e d  i n  b u r s t i n g  w h i c h  m a d e  t h e m  u s e l e s s  

f o r  t e m p e h  p r o d u c t i o n .  C o o k e d  b e a n s  w e r e  w a s h e d  t w i c e  w i t h  t a p  w a t e r  a n d  

c o l l e c t e d  in  a  m u s l i n  c l o t h  a n d  p l a c e d  o v e r  a  w i r e  b o t t o m e d  t r a y  t o  d r a i n  o u t  

w a t e r  a n d  c o o l e d  f o r  1 5 - 2 0  m i n .  T o  i n o c u l a t e  w i t h  m o u l d ,  a  s l a n t  w i t h  p r o f u s e  

s p o r u l a t i o n  w a s  t a k e n  a n d  5  m l  s t e r i l e  w a t e r  w a s  a d d e d  t o  i t  a n d  t h e  s p o r e s  

s u s p e n d e d .  T w o  m l  o f  t h i s  s u s p e n s i o n  w e r e  u s e d  t o  i n o c u l a t e  a u t o c l a v e d  c o t y l e 

d o n s  w h o s e  o r i g i n a l  d r y  w e i g h t  w a s  1 0 0  g . I n o c u l a t e d  d r y  b e a n s  w e r e  p a c k e d  

t i g h t l y  i n  s t e r i l e  p e t r i  d i s h e s  ( 1 5  x  1 0 0  m m )  a n d  c o v e r e d  w i t h  t h e  l i d s .  E a c h  

p e t r i  d i s h  h e l d  a b o u t  4 0  g  d r y  w e i g h t  o f  b e a n s .  T h e  f i l l e d  p e t r i  d i s h e s  w e r e  

i n c u b a t e d  a t  3 3 ± 1 ° C  in  a n  i n c u b a t o r  c o n t a i n i n g  a  d i s h  o f  w a t e r  i n  i t s  l o w e r  

c o m p a r t m e n t .  I n c u b a t i o n  w a s  a l l o w e d  t o  c o n t i n u e  f o r  1 9 - 2 2  h r .  T h e  t e m p e r a 

t u r e  o f  i n c u b a t i o n  w a s  2 ° C  h i g h e r  t h a n  t h a t  u s e d  b y  D j i e n  &  H e s s e l t i n e  ( 1 9 6 1 ) .  

T h i s  r e s u l t e d  in  a  s a v i n g  o f  2  h r  o n  t h e  i n c u b a t i o n  t i m e  t h a t  w a s  a l l o w e d  b y  
t h e m .

T e m p e h  w a s  a l s o  p r e p a r e d  in  p l a s t i c  b a g s  u s i n g  t h e  m e t h o d  a s  d e s c r i b e d  b y  

M a r t i n e l l i  &  H e s s e l t i n e  ( 1 9 6 4 ) .  T h i n  p o l y t h e n e  b a g s  o f  5 0 0  g  c a p a c i t y  ( 1 8  x  2 1  

c m )  w e r e  t a k e n  a n d  p e r f o r a t i o n s  w e r e  m a d e  a t  1 c m  d i s t a n c e  o n  b o t h  s i d e s  w i t h  

t h e  h e l p  o f  a  s e w i n g  n e e d l e  ( d i a m .  0 . 6  m m ) .  A b o u t  2 0 0  g  o f  i n o c u l a t e d  b e a n s  

w e r e  f i l l e d  i n t o  t h e  b a g s  w h i c h  w e r e  t h e n  s e a l e d .  T h e  m a x i m u m  t h i c k n e s s  o f  

b e a n  l a y e r ,  w h i c h  w a s  u n i f o r m  a s  f a r  a s  p o s s i b l e ,  w a s  n o t  m o r e  t h a n  2 . 5  c m  in  

t h e  b a g s .  T h e  i n c u b a t i o n  t e m p e r a t u r e  a n d  p e r i o d  w e r e  k e p t  a s  a b o v e .

T h e  f o l l o w i n g  m e t h o d  w a s  u s e d  t o  d e t e r m i n e  t h e  p H  l e v e l  o f  t h e  f e r m e n t i n g  

b e a n s  a t  d i f f e r e n t  s t a g e s .

F e r m e n t i n g  b e a n s  ( 2  g )  a t  r e g u l a r  i n t e r v a l s  w e r e  r e m o v e d  f r o m  t h e  p e t r i  

d i s h e s  o r  b a g s  a n d  m a s h e d  i n  4  m l  o f  s t e r i l e ,  d i s t i l l e d  w a t e r  a n d  c e n t r i f u g e d .  T h e  

p H  o f  t h e  s u p e r n a t a n t  a s  m e a s u r e d  b y  a  T o s h n i w a l  p H  m e t e r  w a s  c o n s i d e r e d  

t h e  p H  o f  t h e  f e r m e n t i n g  b e a n s .  M o i s t u r e  c o n t e n t  o f  t h e  c o t y l e d o n s  a n d  t e m p e h  

w a s  d e t e r m i n e d  a c c o r d i n g  t o  t h e  A O C S  O f f i c i a l  M e t h o d  A c  2 - 4 1  ( 1 9 6 4 ) .  A n  

a c c u r a t e l y  w e i g h e d  1 0 - g  s a m p l e  w a s  t a k e n  in  a  p r e v i o u s l y  h e a t e d  a n d  w e i g h e d  

p e t r i  d i s h  a n d  h e a t e d  in  t h e  o v e n  a t  1 3 0 ± 2 ° C  f o r  3  h r ,  a f t e r  w h i c h  t h e  s a m p l e  

w a s  c o o l e d  in  a  d e s i c c a t o r  a n d  w e i g h e d .  T h e  l o s s  i n  w e i g h t  x  1 0  w a s  c o n s i d e r e d  

a s  m o i s t u r e  p e r c e n t a g e .

T h e  o i l  c o n t e n t  o f  t h e  d e h u l l e d  c o t y l e d o n s  o f  b a k l a  a n d  s o y b e a n  w a s  d e t e r 

m i n e d  b y  A O C S  o f f i c i a l  m e t h o d  A c  3 - 4 4 .  A n  a c c u r a t e l y  w e i g h e d ,  p r e v i o u s l y  

d r i e d ,  2 - g  p o w d e r e d  s o y b e a n  s a m p l e  ( 6 0  m e s h )  o r  5 - g  b a k l a  s a m p l e  w a s  t a k e n  

in  a  f i l t e r  p a p e r  t h i m b l e  ( W h a t m a n  N o . 2 )  a n d  p l a c e d  in  t h e  e x t r a c t i o n  t u b e  o f  

S o x h l e t  a p p a r a t u s  a n d  1 5 0  m l  o f  p e t r o l e u m  e t h e r  ( B P  6 0 - 8 0  C )  w a s  t a k e n  in  a  

p r e v i o u s l y  w e i g h e d  s o x h l e t  f l a s k  a n d  t h e  s o x h l e t  a s s e m b l y  w a s  f i t t e d .  T h e  f l a s k  

w a s  h e a t e d  in  s u c h  a  w a y  t h a t  t h e  s o l v e n t  d r o p p e d  f r o m  t h e  c o n d e n s e r  a t  t h e  

r a t e  o f  1 5 0  d r o p s  p e r  m i n u t e .  T h e  e x t r a c t i o n  w a s  c o n t i n u e d  f o r  8  h r  a f t e r  w h i c h  

t i m e  t h e  s o l v e n t  f r o m  t h e  f l a s k  w a s  e v a p o r a t e d ,  c o o l e d  a n d  w e i g h e d .  T h e  

h e a t i n g  a n d  c o o l i n g  c o n t i n u e d  t i l l  c o n s t a n t  w e i g h t  w a s  o b t a i n e d .  G a i n  i n  f l a s k  

w e i g h t  g a v e  t h e  w e i g h t  o f  o i l  i n  t h e  s a m p l e .

Modification oftempeh
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C r u d e  p r o t e i n  c o n t e n t  in  t h e  d e h u l l e d  s e e d  c o t y l e d o n s  w a s  d e t e r m i n e d  b y  

A O C S  o f f i c i a l  m e t h o d  A c  4 - 4 1 .  T h e  w e i g h e d  s a m p l e  ( 1 . 7 0 3 2  g )  w a s  d i g e s t e d  in  

a  K j e l d a h l  f l a s k  w i t h  r e c o m m e n d e d  q u a n t i t i e s  o f  m e r c u r i c  o x i d e ,  s o d i u m  s u l 

p h a t e  a n d  c o n c e n t r a t e d  H 2 S O 4 . T h e  c l e a r  d i g e s t e d  m i x t u r e  w a s  c o o l e d ,  d i l u t e d  

w i t h  w a t e r ,  a  f e w  g r a n u l e s  o f  Z n  a d d e d  a l o n g  w i t h  s o d i u m  t h i o s u l p h a t e  f o l l o w e d  

b y  t h e  a d d i t i o n  o f  i n  e x c e s s  o f  5 0 %  N a O H  s o l u t i o n  a n d  h e a t e d  t o  d i s t i l  o u t  t h e  

a m m o n i a .  T h e  d i s t i l l a t e  ( 1 5 0  m l )  w a s  c o l l e c t e d  in  a  k n o w n  v o l u m e  o f  0 .5  N  

H 2 S O 4 , c o n t a i n i n g  a  d r o p  o f  m e t h y l  r e d .  E x c e s s  H 2 S O 4  w a s  t i t r a t e d  a g a i n s t  0 . 2 5  

N  N a O H .  A  b l a n k  w i t h  s u c r o s e  w a s  a l s o  r u n  a l o n g  w i t h  i t .  C r u d e  p r o t e i n  w a s  

c a l c u l a t e d  a s  b e l o w :

P r o t e i n  p e r c e n t a g e  =  P e r c e n t a g e  N H j  x  5 . 1 4

F o r  e x t r a c t i o n  o f  o l i g o s a c c h a r i d e s  f r o m  b a k l a ,  a  f i n e l y  g r o u n d ,  d e h u l l e d  1 - g  

p u l s e  s a m p l e  w a s  s h a k e n  in  a  w a t e r  b a t h  s h a k e r  a t  6 0 ° C  w i t h  1 5  m l  o f  7 0 %  

a l c o h o l  f o r  1 5  m i n .  A f t e r  a l l o w i n g  i t  t o  s t a n d  f o r  s o m e  t i m e ,  t h e  c l e a r  s u p e r n a t 

a n t  w a s  c o l l e c t e d .  T h e  a b o v e  p r o c e d u r e  w a s  r e p e a t e d  5  t i m e s  w i t h  f r e s h  a l c o h o l  

s a m p l e s ,  t h e  s u p e r n a t a n t  p o o l e d  a n d  2  m l  o f  1 0 %  l e a d  a c e t a t e  s o l u t i o n  w a s  

a d d e d  t o  d e p r o t e i n i z e  i t .  A f t e r  c e n t r i f u g a t i o n ,  t h e  c l e a r  l i q u i d  w a s  f l a s h  e v a p o 

r a t e d  a t  5 0 - 5 5 ° C  t o  r e d u c e  i t s  v o l u m e  t o  1 m l .

T h e  o l i g o s a c c h a r i d e s  f r o m  t h i s  e x t r a c t  w e r e  s e p a r a t e d  b y  a  d e s c e n d i n g  

c h r o m a t o g r a p h i c  m e t h o d .  A n  a p p r o p r i a t e  v o l u m e  o f  t h e  c o n c e n t r a t e d  e x t r a c t  

w a s  l o a d e d  o n  W h a t m a n  n o . l  f i l t e r  p a p e r  s t r i p s  ( 5 7  x  1 6  c m )  s i d e  b y  s i d e  w i t h  

2 5  |x l o f  a  m i x t u r e  o f  g a l a c t o s e ,  s u c r o s e ,  m e l i b i o s e ,  r a f f i n o s e  a n d  s t a c h y o s e  ( 5  

m g / m l  o f  e a c h )  w h o s e  R g a l  v a l u e s  w e r e  p r e d e t e r m i n e d .  T h e  s o l v e n t  s y s t e m  

u s e d  w a s  a  m i x t u r e  o f  B u t a n o l ,  a c e t i c  a c i d  a n d  w a t e r  in  t h e  r a t i o  o f  2 0 : 3 : 8  v /v .  

A f t e r  r u n n i n g  t h e  c h r o m a t o g r a m  f o r  4 0  h r ,  i t  w a s  d r i e d  a n d  s p r a y e d  w i t h  

a n i l i n e - d i p h e n y l  a m i n e  r e a g e n t  w h i c h  w a s  p r e p a r e d  b y  m i x i n g  1 0  m l  e a c h  o f  

4 %  a l c o h o l i c  s o l u t i o n s  o f  a n i l i n e  a n d  d i p h e n y l  a m i n e  a n d  2 . 6  m l  o f  o r t h o p h o s -  

p h o r i c  a c i d  ( B a i l e y  &  B o w n e ,  1 9 6 0 ) .  T h e  p a p e r  w a s  t h e n  h e a t e d  a t  8 0 ° C  f o r  5 

m i n .  B r o w n  s p o t s  i n d i c a t e d  t h e  p r e s e n c e  o f  i n d i v i d u a l  o l i g o s a c c h a r i d e s .

T o  a n a l y s e  t h e  l o w e s t  s p o t  w h i c h  c o u l d  n o t  b e  m a t c h e d  w i t h  a n y  o f  t h e  

s t a n d a r d  s p o t s ,  a  s e c o n d  f i l t e r  p a p e r  s t r i p  ( 5 7  x  3 2  c m )  w a s  l o a d e d  a t  3  s p o t s  

w i t h  2 5  p i  o f  s t a c h y o s e  ( 0 . 5 %  s o l u t i o n ) ,  5 0  p i  a n d  2 0 0  p i  o f  c o n c e n t r a t e d  

e x t r a c t  r e s p e c t i v e l y  w h e r e a s  s t a c h y o s e  a n d  5 0  p i  o f  t h e  e x t r a c t  w e r e  l o a d e d  s i d e  

b y  s i d e  o n  a  r o u n d  s p o t ,  2 0 0  p i  o f  t h e  e x t r a c t  w e r e  l o a d e d  o n  1 c m  l i n e .  A f t e r  

d e v e l o p i n g  a s  a b o v e ,  t h e  p a p e r  w a s  d r i e d  a n d  t h e  s t r i p  w a s  l o n g i t u d i n a l l y  c u t  

i n t o  h a l v e s ,  o n e  c o n t a i n i n g  s t a c h y o s e  a n d  a  s m a l l  s p o t  o f  t h e  s u g a r  e x t r a c t  a n d  

t h e  o t h e r  c o n t a i n i n g  a  l a r g e  s p o t  o f  t h e  s u g a r  e x t r a c t .  T h e  f i r s t  h a l f  w a s  s p r a y e d  

w i t h  a n i l i n e - d i p h e n y l  a m i n e  r e a g e n t  a n d  t h e  s p o t  o n c e  a g a i n  i d e n t i f i e d  a f t e r  

h e a t i n g  a s  b e f o r e .  O n  m a t c h i n g  i t  w i t h  t h e  u n s p r a y e d  h a l f ,  t h e  a r e a  c o n t a i n i n g  

t h e  s u g a r  s p o t  w a s  i d e n t i f i e d  a n d  c u t  o u t  f r o m  t h e  s t r i p .  T h e  s u g a r  w a s  e l u t e d  

f r o m  i t  w i t h  d i s t i l l e d  w a t e r  a n d  t h e  r e s u l t i n g  s o l u t i o n  c o n c e n t r a t e d .  T h e  c o n c e n 

t r a t e d  s o l u t i o n  w a s  a c i d  h y d r o l y z e d  a n d  c h r o m a t o g r a p h e d  b y  a s c e n d i n g  

c h r o m a t o g r a p h y  o n  W h a t m a n  n o . l  f i l t e r  p a p e r  u s i n g  b e n z e n e ,  b u t a n o l ,  

p y r i d i n e  a n d  w a t e r  i n  3 : 1 0 : 5 : 4  v /v  r a t i o .  T h e  s p o t s  w e r e  d e t e c t e d  a s  b e f o r e .  

G a l a c t o s e ,  g l u c o s e  a n d  f r u c t o s e  w e r e  u s e d  a s  s t a n d a r d s .



Modification o f  iempeh 43

Results

O n  f e r m e n t a t i o n  o f  b a k l a  (Vicia faba L i n n )  a n d  s o y b e a n  in  t h e  r a t i o  o f  1 : 0 ,  3 : 1 ,  

1 : 1 ,  1 : 3 ,  0 : 1  w i t h  t h e  t h r e e  s t r a i n s  o f  Rhizopus oligosporus, t e m p e h  w a s  r e a d y  

f o r  c o n s u m p t i o n  i n  a b o u t  1 9 - 2 2  h r  d e p e n d i n g  o n  t h e  s t r a i n  a n d  c o m p o s i t i o n  o f  

t h e  t e m p e h .  T h e  a p p e a r a n c e  o f  p r o f u s e  a n d  u n i f o r m  m y c e l i a l  g r o w t h  o n  t h e  

s u r f a c e  o f  t h e  b e a n  m a s s  i n  p e t r i  d i s h e s  o r  b a g s  w a s  c o n s i d e r e d  a s  c o m p l e t i o n  o f  

t e m p e h  f e r m e n t a t i o n .  T a b l e  1 i n d i c a t e s  t h a t  t h e  s t r a i n  N R R L  2 7 1 0  p r o d u c e d  

t h e  t e m p e h  f r o m  b a k l a  s o y b e a n  a n d  t h e i r  m i x t u r e s  f a s t e r  t h a n  s t r a i n s  N R R L  

3 2 7 1  a n d  N R R L  5 1 4 .  I t  i s  a l s o  n o t e w o r t h y  in  e a c h  c a s e  t h a t  p u r e  b a k l a  t e m p e h  

p r o d u c t i o n  r e q u i r e d  a  l o n g e r  p e r i o d  f o r  c o m p l e t i o n  t h a n  s o y b e a n  o r  s o y b e a n -  
b a k l a  t e m p e h s .

F i g u r e s  1 , 2  a n d  3  s h o w  t h e  p h o t o g r a p h s  o f  s u r f a c e  a n d  t r a n s v e r s e  s e c t i o n s  o f  

d i f f e r e n t  p r e p a r a t i o n s  o b t a i n e d  f r o m  p e t r i  d i s h e s .  A s  t h e  p h o t o g r a p h s  t a k e n  

f r o m  b a g s  w e r e  s i m i l a r ,  t h e y  h a v e  n o t  b e e n  s h o w n  h e r e .  A  c o m p a r i s o n  o f  t h e  

p e t r i  d i s h  p h o t o g r a p h s  d e m o n s t r a t e s  t h a t  s u r f a c e  g r o w t h  o f  s t r a i n  N R R L  3 2 7 1  

o n  a l l  s a m p l e s  a p p e a r e d  b e s t ,  w h i c h  w a s  f o l l o w e d  b y  t h a t  o f  s t r a i n  N R R L  5 1 4  

a n d  N R R L  2 7 1 0 .  M y c e l i a l  b i n d i n g  o f  b a k l a  c o t y l e d o n s  b y  t h e  s t r a i n s  N R R L  

3 2 7 1  a l s o  a p p e a r e d  b e s t  w h e n  c o m p a r e d  w i t h  o t h e r s  w h i c h  c a n  b e  s e e n  i n  t h e  

p h o t o g r a p h  o f  t h e  s l i d e  i n  F i g .  l a .

A  c o m p a r i s o n  o f  d i s h  p h o t o g r a p h s  i n  F ig .  l a ,  2 a  a n d  3 a  w i t h  t h o s e  i n  F i g .  l c ,  

2 c  a n d  3 c  s h o w s  t h a t  m y c e l i a l  g r o w t h  in  p u r e  b a k l a  t e m p e h s  i n  e a c h  c a s e  w a s  

m o r e  t h a n  t h a t  i n  s o y b e a n  p r e p a r a t i o n s .  I n c r e a s e d  i n c u b a t i o n  o f  s o y b e a n  

p r e p a r a t i o n s  d i d  n o t  r e s u l t  i n  i m p r o v e d  g r o w t h .  M y c e l i a l  b i n d i n g s  i n  s o y b e a n -  

b a k l a  m i x t u r e  w a s  a l s o  s a t i s f a c t o r y  i n  e a c h  c a s e ,  h o w e v e r ,  t h e  s t r a i n  e f f e c t  w a s  

n o t  c l e a r l y  d i s c e r n i b l e .  I t  w a s  o b s e r v e d  t h a t  t h e  t e m p e h  p r o d u c e d  b y  m o u l d  

s t r a i n s  N R R L  3 2 7 1  a n d  N R R L  2 7 1 0  s t a r t e d  b l a c k e n i n g  d u e  t o  t h e  c o m 

m e n c e m e n t  o f  s p o r u l a t i o n  a f t e r  2 6  h r ,  w h e r e a s  t h e  t e m p e h  p r e p a r e d  b y  u s i n g  

t h e  s t r a i n  N R R L  5 1 4  r e m a i n e d  w h i t e  f o r  a  l o n g e r  p e r i o d  a n d  t h e  s p o r u l a t i o n  

s t a r t e d  a f t e r  3 6  h r .  T h e  s p o r u l a t i o n  s t a r t e d  a t  t h e  r i m  a n d  p r i c k  p o i n t s  i n  t h e  

p e t r i  d i s h e s  a n d  b a g s ,  r e s p e c t i v e l y .

Moisture content

T a b l e  2  g i v e s  t h e  m o i s t u r e  c o n t e n t  o f  u n f e r m e n t e d  a n d  p e t r i  d i s h  f e r m e n t e d  

s a m p l e s  c o n t a i n i n g  b a k l a  a n d  s o y b e a n s  i n  v a r y i n g  p r o p o r t i o n s .  U n f e r m e n t e d

Table 1. Period required for production of tempeh at 33±1°C

S.No Composition NRRL 514
*

NRRL 2710 * NRRL 3271 *

1. Bakla 100% 22 21.0 21.5
2. Bakla:soybean (3:1) 22 20.5 21.0
3. Baklaisoybean (1:1) 21 20.0 21.0
4. Bakla:soybean (1:3) 21 20.0 20.5
5. Soybean 100% 20 19.0 20.0

Period given in hr.



Figure 1. Tempeh produced by Rhizopus oligosporus NRRL 3271 (a) Bakla tempeh; 
(b) bakla:soybean mixture tempeh (1:1); (c) soybean tempeh.

Figure 2. Tempeh produced by Rhizopus oligosporus NRRL 514 (a) Bakla tempeh; 
(b) baklaisoybean mixture tempeh (1:1); (c) soybean tempeh.

Figure 3. Tempeh produced by Rhizopus oligosporus NRRL 2710 (a) Bakla tempeh;
< r « n n V i  ( \  • !  ) •  ( n \  c o i t h p o t i  t p m n p h1 1
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Table 2. Moisture content of the unfermented and fermented bakla and/or soybean tempeh using 
different strains of R. oligosporus

Moisture percentage in unfermented and fermented beans

Mixture
composition

Tempeh

Unfermented NRRL 514 NRRL 2710 NRRL 3271

Bakla 100% 54.238 55.678 56.082 55.529
Bakla 75%- 
soybean 25% 55.496 58.045 58.721 57.917
Bakla 50%- 
soybean 50% 57.522 60.342 60.528 60.218
Bakla 25%- 
soybean 75% 60.690 63.477 62.094 63.274
Soybean 100% 63.509 64.124 64.764 64.081

a n d  f e r m e n t e d  s a m p l e s  o f  b a k l a  s h o w e d  l o w e r  w a t e r  c o n t e n t  t h a n  t h a t  o f  i t s  

m i x t u r e s  w i t h  s o y b e a n .  T h e  m o i s t u r e  c o n t e n t  i n c r e a s e d  w i t h  i n c r e a s i n g  s o y b e a n  

c o n t e n t  i n  e a c h  c a s e  a n d  w a s  h i g h e s t  i n  u n f e r m e n t e d  a n d  f e r m e n t e d  s o y b e a n .  

M o i s t u r e  c o n t e n t  i n  f e r m e n t e d  p r o d u c t s  w a s  h i g h e s t  i n  t h e  p r o d u c t s  w h e r e  R. 
oligosporus N R R L  2 7 1 0  w a s  u s e d  f o l l o w e d  b y  R. oligosporus N R R L  s t r a i n s  

5 1 4  a n d  3 2 7 1 .  T h e  s a m e  t r e n d  w a s  n o t i c e d  in  b a g  s a m p l e s .

pH  changes

T h e  c o u r s e  o f  p H  c u r v e  d u r i n g  f e r m e n t a t i o n  w a s  f o u n d  t o  b e  t h e  s a m e  i n  c a s e  

o f  b a k l a ,  s o y b e a n  a n d  t h e i r  m i x t u r e s  f o r  t h e  s a m e  o r g a n i s m .  H o w e v e r ,  t h e  

e f f e c t  o f  f e r m e n t i n g  o r g a n i s m  o n  p H  w a s  n o t e d .  T h e  p H  i n c r e a s e  a t  t h e  e n d  o f  

f e r m e n t a t i o n  w a s  f o u n d  t o  b e  h i g h e s t  w h e n  s t r a i n  N R R L  2 7 1 0  w a s  u s e d  a n d  

l o w e s t  i n  c a s e  o f  s t r a i n  N R R L  3 2 7 1  a s  i s  e v i d e n t  f r o m  F ig .  4  f o r  t h e  b a k l a  

s a m p l e .  I n  e a c h  c a s e ,  t h e  p H  r i s e  w a s  s l o w  u p  t o  8  h r s ,  s i g n i f y i n g  t h e  s p o r e

Figure 4. pH changes during the fermentation of bakla by Rhizopus oligosporus 
strains O, NRRL 514, NRRL 2710, A, NRRL 3271.
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Table 3. Oil and protein content of unfermented bakla and soybean cotyledons in 100 g dry 
weight

Observation
no.

Cotyledon ratio 
(bakla:soybean)

Oil content
(%)

Crude protein 
content (%)

i 1:0 4.68 28.90
2 3:1 8.57 32.12
3 1:1 13.25 35.27
4 1:3 17.50 38.47
5 0:1 20.56 41.36

g e r m i n a t i o n  a n d  s lo w  i n c r e a s e  i n  b i o m a s s ,  t h e n  p i c k e d  u p  d u e  t o  v i g o r o u s  

m y c e l i a l  d e v e l o p m e n t ,  a n d  a f t e r  1 8  h r  t h e  c u r v e  b e c a m e  f l a t  o n c e  a g a i n .  T h e  

l a s t  s t a g e  s i g n i f i e d  t h a t  t h e  o r g a n i s m s  w e r e  p r e p a r i n g  t h e m s e l v e s  f o r  s p o r u l a -  

t i o n .

Oil and protein content o f  cotyledon mixtures

T h e  o i l  a n d  p r o t e i n  c o n t e n t  o f  u n f e r m e n t e d  b a k l a  a n d  s o y b e a n  c o t y l e d o n s  

m i x e d  in  v a r i o u s  p r o p o r t i o n s  i s  g i v e n  in  T a b l e  3 .  T h e  o i l  c o n t e n t  o f  b a k l a  

( 4 . 6 8 % )  i s  m u c h  l e s s  t h a n  t h a t  o f  s o y b e a n  ( 2 0 . 5 6 % )  a n d  m i x t u r e s  o f  t h e m  h a v e  

i n t e r m e d i a t e  v a l u e s  a c c o r d i n g  t o  t h e  r a t i o  o f  t h e  t w o  l e g u m e s  in  t h e  m i x t u r e .  

S i m i l a r  is  t h e  c a s e  w i t h  t h e  p r o t e i n  c o n t e n t  o f  c o t y l e d o n  m i x t u r e s  w h i c h  v a r i e d  

f r o m  2 8 . 9 0 %  t o  4 1 . 3 6 %  f o r  1 0 0 %  b a k l a  t o  1 0 0 %  s o y b e a n .  T h e  i n t e r m e d i a t e  

v a l u e s  a r e  w i t h i n  t h e  l i m i t s  o f  e x p e r i m e n t a l  e r r o r .

Q u a l i t a t i v e  a n a l y s i s  o f  o l i g o s a c c h a r i d e s  p r e s e n t  i n  b a k l a  b y  p a p e r  

c h r o m a t o g r a p h y  i n d i c a t e d  t h e  p r e s e n c e  o f  s u c r o s e  ( 0 - a - D - g l u c o p y r a n o s y l - ( l  

—* 2 ) - ( 3 - f r u c t o f u r a n o s i d e ) ;  r a f f i n o s e  ( 0 - a - D - g a l a c t o p y r a n o s y l - ( l  —* 6 ) - 0 - a )  

g l u c o p y r a n o s y l - ( l  —*■ 2 ) - ( 3 - D - f r u c t o f u r a n o s i d e ) ;  s t a c h y o s e  ( O - a - D -  

g a l a c t o p y r a n o s y l - ( l  —*■ 6 ) - 0 - a - D - g a l a c t o p y r a n o s y l - ( l  —» 6 ) - 0 - a - D -  

g l u c o p y r a n o s y l - ( l  —► 2 ) - ( 3 - D - f r u c t o s e f u r a n o s i d e  a n d  a n  u n i d e n t i f i e d  s u g a r .  

T h e  r a t e  o f  m o v e m e n t  o f  t h i s  o l i g o s a c c h a r i d e  o n  t h e  p a p e r  w a s  l o w e s t  a n d  i t s  

s p o t  l y i n g  j u s t  b e l o w  t h a t  o f  s t a c h y o s e  ( F i g .  5 ) .  S i n c e  t h i s  s u g a r  o n  h y d r o l y s i s  

g a v e  g a l a c t o s e ,  g l u c o s e  a n d  f r u c t o s e ,  i t  a l s o  b e l o n g s  t o  t h e  f a m i l y  o f  g a l a c -  

t o o l i g o s a c c h a r i d e s  ( F i g .  6 ) .  T h i s  m a y  b e  v e r b a s c o s e  [ ( O - a - D -

g a l a c t o p y r a n o s y l - ( l  —*■ 6 ) T  - 0 - a - D - g l u c o p y r a n o s y l - ( l  —> 2 ) - £ - D -

f r u c t o f u r a n o s i d e  w h i c h  is  f o u r t h  m e m b e r  o f  a n  h o m o l o g o u s  s e r i e s  o f  g a l a c -  

t o o l i g o s a c c h a r i d e s ,  m e l i b i o s e ,  r a f f i n o s e ,  s t a c h y o s e  b e i n g  t h e  o t h e r  m e m b e r s .  

A s  t h e  p u r e  v e r b a s c o s e  w a s  n o t  a v a i l a b l e  i t s  c o n f i r m a t i o n  c o u l d  n o t  b e  p o s s i b l e .

T h e  d i s h  o r  b a g  t e m p e h  p r e p a r e d  f r o m  b a k l a  a n d  s o y b e a n  in  d e s c r i b e d  

p r o p o r t i o n s  w i t h  e i t h e r  o f  t h e  t h r e e  s t r a i n s  c o u l d  b e  c u t  i n t o  s l i c e s  e a s i l y  w i t h o u t  

b r e a k i n g ,  i n d i c a t i n g  t h a t  b i n d i n g  w a s  u n i f o r m  a n d  c o m p l e t e .  T h e  b i n d i n g  

r e m a i n e d  f i r m  e v e n  a f t e r  b o i l i n g  f o r  3  m i n  in  2 %  b r i n e ,  s u n  d r y i n g  a n d  d e e p  f a t  

f r y i n g  a s  w i t h  s o y b e a n  t e m p e h  w h i c h  s e r v e d  a s  a  c o n t r o l .  T h e  o r g a n i s m  e f f e c t
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Figure 5. Paper chromatogram showing the presence of galactooligosaccharides in 
bakla (Vicia faba).

c o u l d  n o t  b e  n o t e d  in  a n y  o f  t h e  a b o v e  c a s e s .  T h e  p r o d u c t s  b e c a m e  u n i f o r m l y  

b r o w n  a f t e r  f r y i n g .

B a k l a  t e m p e h  a s  e x p e c t e d  w a s  f r e e  o f  b e a n y  f l a v o u r  a n d  w a s  v e r y  c r i s p  a n d  

t a s t y  a f t e r  f r y i n g .  T h e  c r i s p n e s s  d e c r e a s e d  w i t h  i n c r e a s i n g  p r o p o r t i o n  o f  s o y 

b e a n  in  t e m p e h .  S i m i l a r l y ,  b a k l a  a n d  b a k l a - s o y b e a n  m i x t u r e s  w i t h  u p  t o  5 0 %  

s o y b e a n  h a d  b e t t e r  p a l a t a b i l i t y  t h a n  p u r e  s o y b e a n  o r  3 : 1  s o y b e a n  b a k l a  t e m 

p e h .

Figure 6. Paper chromatogram showing the production of monosaccharides on 
hydrolysis of unknown galactooligosaccharide.
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Discussion and conclusions

I t  h a s  b e e n  o b s e r v e d  t h a t  b a k l a ,  g r o w n  in  t h e  h i l l  r e g i o n  o f  U t t a r  P r a d e s h ,  h a s  a  

h i g h e r  p r o t e i n  ( 2 8 . 9 % )  a n d  a  h i g h e r  o i l  ( 4 . 6 8 % )  c o n t e n t  t h a n  c o m m o n  p u l s e s  

i n  w h i c h  t h e y  v a r y  f r o m  1 7 .1  t o  2 5 . 1  %  a n d  0 . 6  t o  1 . 7 % ,  r e s p e c t i v e l y  ( G o p a l a n  

etal., 1 9 7 1 ) .  U n l i k e  s o y b e a n ,  i t  h a s  n o  b e a n y  f l a v o u r .  I n  s p i t e  o f  t h e s e  q u a l i t i e s ,  

i t  i s  n o t  c o m m o n l y  u s e d  b e c a u s e  o f  i t s  f l a t u l e n t  n a t u r e  a n d  p r o b a b l y  l o w  p r o t e i n  

e f f i c i e n c y  r a t i o  ( P E R ) .  J h a  &  V e r m a  ( 1 9 8 0 )  h a v e  s h o w n  t h a t  p e a  (Pisum 
sativum )  a n d  b l a c k  g r a m  ( Phaseolus mungo)  f e r m e n t e d  b y  R. oligosporus a r e  

c o n s i d e r a b l y  l e s s  f l a t u l e n t  t h a n  u n f e r m e n t e d  b e a n s .  E a r l i e r ,  S t e g g e r d a  ( 1 9 6 8 )  

&  K a w a m u r a  ( 1 9 6 7 )  h a d  s h o w n  t h e  e x i s t e n c e  o f  a  p o s i t i v e  r e l a t i o n s h i p  b e t 

w e e n  g a l a c t o o l i g o s a c c h a r i d e  c o n t e n t  o f  b e a n s  a n d  i n t e s t i n a l  g a s  p r o d u c e d  o n  

t h e i r  i n g e s t i o n .  I n  s o y b e a n ,  i t  h a s  b e e n  s h o w n  t h a t  l o s s  o f  t h e  f l a t u l e n t  n a t u r e  

d u e  t o  f e r m e n t a t i o n  b y  t h e  m o u l d  i s  c a u s e d  b y  a  d e c r e a s e  i n  g a l a c t o o l i g o s a c 

c h a r i d e  c o n t e n t  d u r i n g  t e m p e h  p r o d u c t i o n  ( C a l l o w a y etal., 1 9 7 1 ) .  T h i s  m a y  b e  

t r u e  a l s o  f o r  o t h e r  p u l s e s  s i n c e  S a d h u  ( 1 9 7 9 )  a n d  G o y a l  ( 1 9 7 9 )  h a v e  s h o w n  t h e  

p r e s e n c e  o f  g a l a c t o o l i g o s a c c h a r i d e s  i n  b l a c k  g r a m  (Phaseolus mungo)  g r e e n  

g r a m  (Phaseolus aureus) ,  l e n t i l  ( Lens esculenta) ,  p i g e o n  p e a  ( Cajanus cajan) 

a n d  B e n g a l  g r a m  ( Cicer arietinum)  w h i c h  c a n  b e  r e m o v e d  b y  f e r m e n t a t i o n  w i t h  

l a c t o b a c i l l i .  T h e  r e s u l t s  o n  b a k l a  i n d i c a t e  t h a t  i t  a l s o  c o n t a i n s  r a f f i n o s e ,  

s t a c h y o s e  a n d  a n  u n i d e n t i f i e d  o l i g o s a c c h a r i d e ,  p o s s i b l y  v e r b a s c o s e ,  f o r  w h i c h  

s t a n d a r d s  a r e  n o t  a v a i l a b l e .  T h e r e f o r e ,  t h e  m o u l d  f e r m e n t a t i o n  f r o m  b a k l a  i s  

e x p e c t e d  t o  y i e l d  a  p r o d u c t  l e s s  f l a t u l e n t  t h a n  t h e  u n f e r m e n t e d  c o t y l e d o n s  i n  

e a c h  c a s e .  T h e  n o n - f l a t u l e n t  n a t u r e  o f  f e r m e n t e d  p r o d u c t s  c o u l d  a l s o  b e  a t t r i 

b u t e d  t o  t h e  p r e s e n c e  o f  a n  i n h i b i t o r  o f  i n t e s t i n a l  g a s - p r o d u c i n g  m i c r o f l o r a  

a c c o r d i n g  t o  W a n g ,  R u t t l e  &  H e s s e l t i n e  ( 1 9 6 9 )  w h o  h a v e  d e m o n s t r a t e d  t h a t R .  

oligosporus p r o d u c e s  a n  a n t i b a c t e r i a l  s u b s t a n c e  w h i c h  i s  v e r y  a c t i v e  a g a i n s t  

g r a m - p o s i t i v e  b a c t e r i a .  T h i s  s u b s t a n c e ,  w h i c h  s h o u l d  b e  n o r m a l l y  p r e s e n t  i n  

t e m p e h ,  w o u l d  i n h i b i t  t h e  g r o w t h  o f  C l o s t r i d i a  w h i c h  a r e  k n o w n  t o  p r o d u c e  g a s  

i n  t h e  i n t e s t i n e s  ( R i c h a r d s ,  S t e g g e r d a  &  M u r a t a ,  1 9 6 8 ) .
A c c o r d i n g  t o  G y o r g y  ( 1 9 6 1 ) ,  t e m p e h  h a s  a  b e t t e r  P E R  t h a n  t h e  b e a n s  d u e  t o  

t h e  b e t t e r  a v a i l a b i l i t y  o f  a m i n o  a c i d s  l i b e r a t e d  f r o m  t h e  s o y p r o t e i n  d u r i n g  

f e r m e n t a t i o n .  S t i l l i n g s  &  H a c k l e r  ( 1 9 6 5 )  h a v e  s h o w n  t h a t  t h e  t e m p e h  p r o t e i n  is  

r i c h e r  i n  m e t h i o n i n e  w h i c h  is  l i m i t i n g  i n  l e g u m e  p r o t e i n s .  M u r a t a ,  I k e h a t a  &  

M i y a m o t o  ( 1 9 6 7 )  h a v e  o b s e r v e d  i n c r e a s e d  c o n c e n t r a t i o n  o f  s o m e  o f  t h e  e s s e n 

t i a l  a m i n o  a c i d s .  T h e r e f o r e ,  s y n t h e s i s  o f  n e w  p r o t e i n s  w i t h  i m p r o v e d  a m i n o  a c i d  

b a l a n c e  i s  i n d i c a t e d .  A c c o r d i n g  t o  S t e i n k r a u s e i  a / .  ( 1 9 6 0 , 1 9 6 5 )  b e t t e r  d i g e s t i 

b i l i t y  o f  t e m p e h  c a n  b e  a t t r i b u t e d  t o  a n  i n c r e a s e  i n  w a t e r - s o l u b l e  s o l i d s .  M u r a t a  

etal.{  1 9 6 7 )  h a v e  r e p o r t e d  t h a t  a m o u n t s  o f  r i b o f l a v i n ,  v i t a m i n  B e ,  n i c o t i n i c  a c i d  

a n d  p a n t o t h e n i c  a c i d  a r e  m u c h  h i g h e r  i n  t e m p e h  t h a n  i n  u n f e r m e n t e d  s o y b e a n s .  

T h e r e f o r e ,  i t  c a n  b e  c o n c l u d e d  t h a t  b a k l a  a n d  b a k l a - s o y b e a n  t e m p e h  w o u l d  

h a v e  a  h i g h e r  P E R  a n d  b e t t e r  d i g e s t i b i l i t y  t h a n  t h e  c o r r e s p o n d i n g  b e a n s .

I n c r e a s e  i n  m o i s t u r e  c o n t e n t  d u r i n g  m o u l d  g r o w t h  i n d i c a t e s  u t i l i z a t i o n  o f  

m a i n l y  s e e d  c a r b o h y d r a t e s ,  a n d  t o  a  l e s s e r  e x t e n t ,  l i p i d s  a n d  a m i n o  a c i d s .  

S y n t h e s i s  o f  m y c e l i a l  c o n s t i t u e n t s  a n d  e x t r a c e l l u l a r  e n z y m e s  d o e s  r e q u i r e
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e n e r g y  f o r  w h i c h  s e e d  c a r b o h y d r a t e s  a n d  l i p i d s  a r e  r e a d i l y  a v a i l a b l e  s o u r c e s .  

H o w e v e r ,  a c c o r d i n g  t o  W a g e n k n e c h t  et al. ( 1 9 6 1 ) ,  l i p i d  c o n t e n t  d o e s  n o t  

d e c r e a s e  d u r i n g  t h e  e a r l y  s t a g e s  o f  f e r m e n t a t i o n .  M a x i m u m  i n c r e a s e  i n  m o i s 

t u r e  c o n t e n t  t a k e s  p l a c e  d u r i n g  t h e  f e r m e n t a t i o n  b y  R. oligosporus N R R L  

2 7 1 0 .  B u t  w e  f i n d  m o r e  p r o f u s e  g r o w t h  o f  m y c e l i u m  in  R. oligosporus N R R L  

3 2 7 1 .  T h e r e f o r e ,  h i g h e r  e n e r g y  u t i l i z a t i o n  d o e s  n o t  n e c e s s a r i l y  m e a n  h i g h e r  

g r o w t h  o f  t h e  o r g a n i s m .  T h e  s y n t h e s i s  o f  e x t r a c e l l u l a r  e n z y m e s  s e c r e t e d  in  t h e  

s e e d s  m a y  u t i l i z e  p a r t  o f  t h e  e n e r g y .

T h e  r i s e  in  t h e  p H  l e v e l  is  a l s o  g r e a t e r  d u r i n g  R. oligosporus N R R L  2 7 1 0  

g r o w t h  in  a l l  s u b s t r a t e s  i n d i c a t i n g  m a x i m u m  p r o t e o l y s i s .  B u t  s i n c e  n o  f o u l  s m e l l  

o r  e v o l u t i o n  o f  H ’ S  h a s  b e e n  o b s e r v e d ,  t h e  s u l p h u r - c o n t a i n i n g  a m i n o  a c i d s  a r e  

n o t  l o s t .  T h e s e  a m i n o  a c i d s ,  w h i c h  m a y  b e c o m e  a v a i l a b l e  a s  a  r e s u l t  o f  s e e d  

p r o t e i n  d e g r a d a t i o n ,  m a y  f i n d  a  p l a c e  in  m o u l d  p r o t e i n s .  T h i s  m a y  a l s o  e x p l a i n  

t h e  i n c r e a s e  in  t h e  p r o p o r t i o n  o f  c y s t e i n e  a n d  m e t h i o n i n e  in  t e m p e h  p r o t e i n  

( M u r a t a  et al., 1 9 6 7 ) .

P r o t e i n  a n d  o i l  c o n t e n t s  o f  s o y b e a n  B r a g g  c o t y l e d o n s  a s  d e t e r m i n e d  h e r e  f a l l  

w i t h i n  t h e  r a n g e  o b t a i n e d  f o r  t h i s  v a r i e t y  in  d i f f e r e n t  c o u n t r i e s  ( W h i g a m ,  

1 9 7 5 ) .  A c c o r d i n g  t o  W h i g h a m  t h e  p r o t e i n  c o n t e n t  o f  t h i s  s o y b e a n  v a r i e t y  v a r i e s  

f r o m  2 8 . 9  t o  4 5 %  a n d  t h a t  o f  o i l  f r o m  1 8 .4  r o  2 8 . 4 7 %  d e p e n d i n g  o n  s o i l  a n d  

c l i m a t i c  c o n d i t i o n s .  P a n t n a g a r  s o i l  b e i n g  m o d e r a t e l y  r i c h  a n d  c l i m a t i c  c o n d i 

t i o n s  n o t  h o s t i l e ,  o u r  v a l u e s  a p p e a r  t o  b e  j u s t i f i a b l y  c o r r e c t .  T h e  o i l  a n d  p r o t e i n  

c o n t e n t s  o f  b a k l a  f o u n d  h e r e  a r e  c o n s i d e r a b l y  h i g h e r  t h a n  t h o s e  o f  o t h e r  p u l s e s .  

I t  a p p e a r s  t h e r e f o r e ,  t h a t  t h e  p r o t e i n  a n d  o i l  c o n t e n t s  in  l e g u m e s  a r e  c l o s e l y  

r e l a t e d .  I n  t h i s  r e g a r d  s o y b e a n  s h o u l d  t o p  t h i s  l i s t  w i t h  a  p r o t e i n  c o n t e n t  o f  

a b o u t  4 0 %  a n d  a n  o i l  c o n t e n t  o f  a b o u t  2 0 % .  M u r a t a  et al. ( 1 9 6 7 )  h a v e  r e p o r t e d  

i n c r e a s e d  p r o t e i n  c o n t e n t  a f t e r  f e r m e n t a t i o n  o f  s o y b e a n  b y  R. oligosporus. T h i s  

m a y  b e  d u e  t o  l o s s  i n  t h e  t o t a l  w e i g h t  o f  b e a n s  w h i c h  is  i n v a r i a b l y  d u e  t o  m o u l d  

r e s p i r a t i o n .  H o w e v e r ,  t o t a l  c r u d e  p r o t e i n  p r e s e n t  in  t h e  b e a n s  c a n  o n l y  b e  

e i t h e r  m o d i f i e d  o r  r e d u c e d  d u r i n g  f e r m e n t a t i o n .  W a g e n k n e c h t  et al. ( 1 9 6 1 )  

h a v e  r e p o r t e d  t h a t  t h e r e  i s  n o  l o s s  in  t o t a l  f a t  c o n t e n t  ( p e t r o l e u m  e t h e r  e x t r a c t )  

w h e n  s o y b e a n  is  f e r m e n t e d  b y  R. oryzae f o r  u p  t o  3 0  h r .  H o w e v e r ,  l i p a s e  

a c t i v i t y  w h i c h  d o e s  n o t  a f f e c t  t h e  c o n c e n t r a t i o n  o f  l i n o l e i c  a c i d ,  a n  e s s e n t i a l  

f a t t y  a c i d  h a s  b e e n  n o t e d .  W i t h  t h i s  in  v i e w  t h e  o i l  a n a l y s i s  o f  t e m p e h  h a s  n o t  

b e e n  c o n d u c t e d  s i n c e  t h e  f e r m e n t a t i o n  i s  n o t  p e r m i t t e d  b e y o n d  1 9 - 2 2  h r .  

F u r t h e r m o r e ,  b e a n y  f l a v o u r  h a s  n o t  b e e n  n o t e d  in  t h e  t e m p e h  p r e p a r e d  o u t  o f  

m i x t u r e s  o f  s o y b e a n  a n d  b a k l a  ( u p  t o  1 :1  r a t i o )  c o n t a i n i n g  u p  t o  1 3 . 2 5 %  o i l  in  

u n f e r m e n t e d  m i x t u r e s ,  a b o v e  w h i c h  a  p e r c e p t i b l e  b e a n y  f l a v o u r ,  c h a r a c t e r i s t i c  

o f  t h e  s o y b e a n ,  i s  o b s e r v e d .  S i n c e  o i l  d e t e r i o r a t i o n  r e s u l t s  i n  o f f - f l a v o u r ,  t h i s  is  

u n d e r s t a n d a b l e .  B a k l a - s o y b e a n  t e m p e h  in  t h e  a b o v e  r a t i o  h a s  b e e n  f o u n d  t o  b e  

c r i s p e r  a n d  m o r e  p a l a t a b l e  t h a n  t h o s e  h a v i n g  a  h i g h e r  s o y b e a n  c o n t e n t .  

M u s h r o o m - l i k e  o d o u r  w a s  u n i f o r m l y  p r e s e n t  in  a l l  f e r m e n t e d  p r o d u c t s .

T e m p e h  f r o m  b a k l a  a l o n e  a n d  b a k l a - s o y b e a n  b l e n d  ( u p  t o  1 :1  r a t i o )  h a s  b e e n  

f o u n d  t o  b e  c r i s p  a n d  p a l a t a b l e  w i t h  n o  p e r c e p t i b l e  b e a n y  f l a v o u r .  B a k l a -  

s o y b e a n  b l e n d  ( 1 : 1 )  t e m p e h ,  h a d  s u f f i c i e n t l y  h i g h  p r o t e i n  c o n t e n t  ( — 3 5 % )  a n d  

a b o u t  h a l f  t h e  o i l  c o n t e n t  o f  s o y b e a n s ,  a n d ,  t h u s  c o u l d  b e  i n c l u d e d  in  t h e  d i e t  

w i t h o u t  p r e j u d i c e  e x i s t i n g  a g a i n s t  s o y b e a n .

Modification o f  tempeh
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Production and acceptability testing of fish crackers 
(‘keropok’) prepared by the extrusion method

S . Y .  Y U * ,  J .  R .  M I T C H E L L f  a n d  A .  A B D U L L A H !

Summary

‘K e r o p o k ’ , a  t r a d i t i o n a l  M a l a y s i a n  s n a c k  f o o d  c o m p o s e d  o f  f i s h  a n d  f l o u r ,  w a s  

s u c c e s s f u l l y  p r e p a r e d  b y  e x t r u s i o n .  T h e  d e g r e e  o f  e x p a n s i o n  o f  t h e  d r i e d  

p r o d u c t  o n  f r y i n g  w a s  m e a s u r e d  a s  a  f u n c t i o n  o f  e x t r u d e r  t e m p e r a t u r e  a n d  t h e  

r a t i o  o f  f i s h  t o  t a p i o c a  f l o u r  i n  t h e  p r o d u c t .  I t  w a s  f o u n d  t h a t  e x p a n s i o n  

d e c r e a s e d  w i t h  i n c r e a s i n g  f i s h  c o n t e n t .

O r g a n o l e p t i c  e v a l u a t i o n  i n d i c a t e d  t h a t  t h e  e x t r u d e d  p r o d u c t s  w e r e  a s  

a c c e p t a b l e  a s  t h o s e  p r e p a r e d  u s i n g  t r a d i t i o n a l  m e t h o d s .

Introduction

C r a c k e r s  ( i n  M a l a y s i a  k n o w n  a s  ‘ k e r o p o k ’ ) a r e  p o p u l a r  s n a c k  f o o d s  i n  M a l a y s i a  

a n d  t h e  A S E A N  c o u n t r i e s .  I n  t h e  w e s t ,  t h e y  w o u l d  b e  c l a s s i f i e d  a s  ‘h a l f 

p r o d u c t s ’ o r  ‘ i n t e r m e d i a t e s ’ ( L a c h m a n n ,  1 9 6 9 )  a n d  e x p a n d e d  s n a c k  p r o d u c t s  

( C u m m i n f o r d  &  B e c k ,  1 9 7 2 ) .

T r a d i t i o n a l l y  ‘ k e r o p o k ’ i s  p r e p a r e d  b y  f o r m i n g  a  d o u g h  f r o m  a  m i x t u r e  o f  

f l o u r ,  c o m m i n u t e d  f i s h  a n d  w a t e r .  T h e  r a t i o  o f  f l o u r  t o  f i s h  v a r i e s  b u t  is  

g e n e r a l l y  w i t h i n  t h e  r a n g e  7 0 : 3 0  t o  5 0 : 5 0 .  T h e  d o u g h  i s  s h a p e d ,  b o i l e d  t o  

g e l a t i n i z e  t h e  s t a r c h  a n d  t h e n  c u t  i n t o  t h i n  s l i c e s  p r i o r  t o  s u n  d r y i n g .  T h e  d r i e d  

s l i c e s  a r e  c o o k e d  i n  h o t  o i l  b y  t h e  h o u s e w i f e  w h e r e u p o n  t h e y  p u f f  t o  g i v e  a  

p o r o u s  l o w  d e n s i t y  p r o d u c t .

‘ K e r o p o k ’ m a k i n g  i n  M a l a y s i a  i s  m a i n l y  c o n f i n e d  t o  t h e  a r e a s  a l o n g  t h e  

e a s t e r n  c o a s t  o f  t h e  p e n i n s u l a  w h e r e  i t  i s  a n  i m p o r t a n t  c o t t a g e  i n d u s t r y .  T h e  

i n g r e d i e n t s  a n d  m e t h o d s  u s e d  v a r y  w i d e l y  a m o n g  p r o c e s s o r s .  B e c a u s e  o f  t h e  

l a c k  o f  k n o w l e d g e  t h e  p r o d u c t s  a r e  o f t e n  o f  p o o r  q u a l i t y ,  w i t h  u n e v e n  e x p a n 

s i o n  c h a r a c t e r i s t i c s ,  d a r k  o b j e c t i o n a b l e  c o l o u r s  a n d  v a r y i n g  s h a p e s ,  s i z e s  a n d
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t h i c k n e s s .  I n  a n  a t t e m p t  t o  u p g r a d e  p r o d u c t  q u a l i t y  S i a w  &  I d r u s  ( 1 9 7 9 )  h a v e  

i n t r o d u c e d  m e c h a n i z a t i o n  a n d  s t a n d a r d i z a t i o n  i n t o  ‘ k e r o p o k ’ m a k i n g .  T h e y  

c l a i m  t h e i r  p r o c e s s  i s  l e s s  t i m e  c o n s u m i n g  a n d  g i v e s  a  b e t t e r - q u a l i t y  p r o d u c t  

c o m p a r e d  t o  t h e  t r a d i t i o n a l  m e t h o d s .  I n  p a r t i c u l a r  t h e i r  p r o d u c t  h a d  a  h i g h e r  

e x p a n s i o n  r a t i o  a n d  w a s  f o u n d  t o  b e  m o r e  a c c e p t a b l e .

S i a w ,  Y u  &  C h e n  ( 1 9 7 9 )  m a d e  a n  e v a l u a t i o n  o n  M a l a y s i a n  f i s h  c r a c k e r s  

u s i n g  s ix  t y p e s  o f  c o m b i n a t i o n s  f r o m  t w o  t y p e s  o f  f i s h  a n d  t h r e e  t y p e s  o f  f l o u r .  

T h e y  f o u n d  t h a t  ‘ k e r o p o k ’ m a d e  f r o m  t a p i o c a  f l o u r  a n d  a  h i g h l y - f l a v o u r e d  f i s h  

e . g .  Clupea leiogaster, w a s  p r e f e r r e d  b y  t a s t e  p a n e l l i s t s .  I n  a g r e e m e n t  w i t h  S i a w  

&  I d r u s  ( 1 9 7 9 )  t h e y  r e p o r t e d  t h a t  c r i s p n e s s  w a s  t h e  m o s t  i m p o r t a n t  f a c t o r  

g o v e r n i n g  p r o d u c t  a c c e p t a b i l i t y .  E x p a n s i o n  o n  f r y i n g  w a s  m u c h  h i g h e r  w h e n  

t a p i o c a  f l o u r  w a s  u s e d .  T h e  t y p e s  o f  f i s h  d i d  n o t  c o n t r i b u t e  t o  t h e  e x p a n s i o n  

p r o p e r t i e s .
T h e  o b j e c t  o f  t h e  p r e s e n t  s t u d y  w a s  t o  f i n d  o u t  i f  ‘k e r o p o k ’ c o u l d  b e  m a d e  b y  

a n  c o n t i n u o u s  e x t r u s i o n  p r o c e s s  a n d  t o  c o m p a r e  t h e  o r g a n e l e p t i c  q u a l i t i e s  o f  

t h e  e x t r u d e d  p r o d u c t  w i t h  t r a d i t i o n a l l y - p r e p a r e d  ‘ k e r o p o k ’ .

Materials and methods

Materials

F i n e l y - g r o u n d  t a p i o c a  (Manihot esculentus)  f l o u r  ( m e s h  s i z e  N o .  3 5 0 )  w a s  

u s e d .  T h e  f i s h ,  Chirocentrus dorab, w a s  o b t a i n e d  f r e s h  f r o m  t h e  m a r k e t ,  

d e b o n e d ,  f i n e l y  m i n c e d  a n d  s t o r e d  f r o z e n  (  — 1 7 ° C )  f o r  a  p e r i o d  u p  t o  a  w e e k  

p r i o r  t o  u s e .

Methods

Preparation o f  feed for extruder. F i s h :  f l o u r  r a t i o s  o f  2 0 : 8 0 ,  3 0 : 7 0 ,  4 0 : 6 0 ,  

5 0 : 5 0  a n d  6 0 : 4 0  w e r e  u s e d .  T h i s  r a n g e  c o r r e s p o n d s  t o  t h a t  e m p l o y e d  b y  

t r a d i t i o n a l  c o t t a g e  i n d u s t r y  o p e r a t i o n s  i n  M a l a y s i a .  T h e  m i n c e d  f i s h  a n d  f l o u r  

w e r e  m i x e d  a t  r o o m  t e m p e r a t u r e  ( ~ 2 4 ° C )  e m p l o y i n g  a  K e n w o o d  m i x e r  e q u i p 

p e d  w i t h  a  p a d d l e  b e a t e r .  D u r i n g  t h e  m i x i n g  s t a g e  2 %  N a C l  w a s  a d d e d  t o  e a c h  

f o r m u l a t i o n .

Preparation o f  keropok by extrusion. A  B r a b e n d e r  ( m o d e l  2 0 D N )  l a b o r a t o r y  

e x t r u d e r  w a s  e m p l o y e d  f i t t e d  w i t h  a  s p i r a l  s c r e w  w i t h  1 :1  c o m p r e s s i o n  r a t i o .  A  

r i b b o n  t y p e  d i e  w i t h  a  2 3  m m  x  0 . 5  m m  d i s c h a r g e  s l i t  w a s  u s e d .  A  s c r e w  s p e e d  

o f  1 2 0  r e v / m i n  w a s  e m p l o y e d .  T h e  m a t e r i a l  w a s  f e d  t h r o u g h  a  f e e d  h o p p e r  

e q u i p p e d  w a s  a  c o n t i n u o u s  a g i t a t o r .  F o r  a l l  e x p e r i m e n t s  n o  h e a t i n g  o r  c o o l i n g  

w a s  a p p l i e d  t o  t h e  f i r s t  s t a g e  o f  t h e  b a r r e l  a n d  t h e  d i e  s e c t i o n  w a s  m a i n t a i n e d  a t  

a  t e m p e r a t u r e  o f  1 0 0 ° C .  T h e  t e m p e r a t u r e s  f o r  t h e  s e c o n d  s t a g e  w a s  v a r i e d  f r o m  

6 0  t o  1 4 0 ° C .  A f t e r  e x t r u s i o n  t h e  p r o d u c t  w a s  c u t  i n t o  p i e c e s  a p p r o x i m a t e l y

2 . 3  c m  s q u a r e  a n d  t h e n  d r i e d  i n  a  f o r c e d - a i r  c a b i n e t  d r i e r  ( A p e c ,  U . K . )  a t  7 0 ° C  

f o r  6  h r  t o  g iv e  a  f i n a l  m o i s t u r e  c o n t e n t  o f  8 - 9 % .
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Preparation o f the control sample. T h e  c o n t r o l  s a m p l e  w a s  p r e p a r e d  b y  t h e  

m o d i f i e d  t r a d i t i o n a l  m e t h o d  d e v e l o p e d  b y  S i a w  etal. ( 1 9 7 9 ) .  T h e  c o m m i n u t e d  

f i s h  a n d  f l o u r  w e r e  m i x e d  t h o r o u g h l y  t o  a  r a t i o  o f  4 0 : 6 0  u s i n g  a  b l e n d e r  a n d

1 . 5 %  s a l t  a n d  2 5 %  w a t e r  ( b a s e d  o n  t o t a l  f o r m u l a t i o n  w e i g h t )  w e r e  a d d e d .  T h e  

m i x t u r e  w a s  t h e n  s t u f f e d ,  u s i n g  a  m a c h i n e ,  i n t o  5 0  m m  d i a m .  f i b r o u s  c a s i n g  a n d  

t i e d  a t  b o t h  e n d s .  T h e  s t u f f e d  r o l l s  w e r e  s t e a m e d  f o r  6 0  m i n  a t  a t m o s p h e r i c  

p r e s s u r e  a n d  s u b s e q u e n t l y  c o o l e d  a t  r o o m  t e m p e r a t u r e .  T h e y  w e r e  t h e n  c h i l l e d  

a t  5 - 1 0 ° C  o v e r n i g h t  u n t i l  f i r m  a n d  s l i c e d  m e c h a n i c a l l y  t o  a  t h i c k n e s s  o f  1 .2 5  

m m .  T h e  s l i c e s  w e r e  t h e n  c u t  i n t o  s q u a r e s  o f  a p p r o x i m a t e l y  2 .3  c m  x  2 .3  c m  a n d  

d r i e d  a t  7 0 ° C .

Measurement o f linear expansion. T h e  l i n e a r  e x p a n s i o n  w a s  o b t a i n e d  o n  d e e p  

f r y i n g  t h e  d r i e d  k e r o p o k  in  p a l m  o i l  a t  2 0 0 ° C .  T h e  u n p u f f e d  ‘ k e r o p o k ’ w e r e  

r u l e d  w i t h  f i v e  l i n e s  a c r o s s  u s i n g  a  f i n e  o i l  p e n .  E a c h  l i n e  w a s  m e a s u r e d  b e f o r e  

a n d  a f t e r  p u f f i n g .  T h e  p e r c e n t a g e  l i n e a r  e x p a n s i o n  w a s  c a l c u l a t e d  a s  f o l l o w s : -

L e n g t h  a f t e r  p u f f i n g  —  L e n g t h  b e f o r e  p u f f i n g
%  l i n e a r  e x p a n s i o n  =  ----------------------------------------------------------------------------------------  x  1 0 0

L e n g t h  b e f o r e  p u f f i n g

Organoleptic evaluation. T h e  s a m p l e s  w e r e  e v a l u a t e d  a f t e r  f r y i n g  a t  2 0 0 ° C  b y  

t w e n t y - o n e  e x p e r i e n c e d  p a n e l l i s t s  w h o  w e r e  a s k e d  t o  r a t e  t h e  c o l o u r ,  c r i s p n e s s ,  

f l a v o u r  a n d  o v e r a l l  a c c e p t a b i l i t y  o f  t h e  p r o d u c t s  u s i n g  a  r a t i n g  t e s t  o f  5  f o r  

e x c e l l e n t  t o  1 f o r  p o o r .  T h e  r e s u l t s  w e r e  a n a l y s e d  u s i n g  t h e  D u n c a n ’s  m u l t i p l e  

r a n g e  t e s t  ( D M R T ) .

Chemical analysis. C r u d e  p r o t e i n  ( N  x 6 . 2 5 )  w a s  d e t e r m i n e d  u s i n g  t h e  

s e m i - m i c r o  K j e l d a h l  m e t h o d  ( P e a r s o n ,  1 9 7 0 )  u s i n g  t h e  H o s k i n s  ( 1 9 4 4 )  d i s t i l l a 

t i o n  a p p a r a t u s .

M o i s t u r e  c o n t e n t  w a s  d e t e r m i n e d  u s i n g  t h e  B r a b e n d e r  r a p i d  m o i s t u r e  t e s t e r  

a t  a  t e m p e r a t u r e  o f  1 3 0 ° C  f o r  1 h r .

Results

Linear expansion on frying

F i g u r e  1 s h o w s  t h e  p e r c e n t a g e s  o f  l i n e a r  e x p a n s i o n  o f ‘k e r o p o k ’ c o n t a i n i n g  a  

f i s h : f l o u r  r a t i o n  o f  4 0 : 6 0  a s  a  f u n c t i o n  o f  v a r y i n g  t e m p e r a t u r e s  a t  t h e  s e c o n d  

s t a g e  o f  t h e  e x t r u d e r  b a r r e l .  E x p a n s i o n  a t  6 0 ° C  w a s  n e g l i g i b l e  ( < 5 % )  b u t  

i n c r e a s e d  w i t h  i n c r e a s i n g  t e m p e r a t u r e  u p  t o  a  m a x i m u m  a t  1 0 0 ° C .  F u r t h e r  

i n c r e a s e s  o f  t e m p e r a t u r e  d i d  n o t  a f f e c t  e x p a n s i o n  l e v e l s .  T h e  c o n t r o l  s a m p l e ,  

h o w e v e r ,  s h o w e d  a n  e x p a n s i o n  o f  1 0 1 %  w h i c h  s o m e  2 0 %  g r e a t e r  t h a n  t h e  

m a x i m u m  o b t a i n e d  w i t h  t h e  e x t r u d e d  s a m p l e s .  A s  c a n  b e  b e e n  f r o m  F i g .  2  t h e  

l i n e a r  e x p a n s i o n  a t  a n  e x t r u s i o n  t e m p e r a t u r e  o f  1 0 0 ° C  d e c r e a s e d  w i t h  i n c r e a s 

i n g  f i s h  c o n t e n t .
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Figure 1. Effect of extruder temperature on percentage linear expansion of 
‘keropok’ on frying. (40% fish: 60% tapioca flour)

Fish : flour ratio

Figure 2. Effect of fish:flour ratio on percentage linear expansion of'keropok’ on 
frying -  extrusion temperature, 100°C.
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Table 1. Effect of extruder temperature on colour, crispness, flavour and overall acceptability of 
‘keropok’ (Ratio of fish to flour 40:60)

Temp. (°C) at 2nd
stage of extruder Colour Crispness 

(mean values)
Flavour 
(mean values)

Overall
acceptability

60 1.76b 2.19b 2.24b 1.67b
80 2.10b 2.38b 2.24b 1.86b

100 3.05a 3.24a 2.95a 2.95a
120 2.76a 3.29a 3.10a 3.00a
140
Control (modified

2.90a 3.29a 2.85a 3.10a

traditional method) 2.86a 3.29a 2.76a 3.10a

Figures with the same letter are not significantly different at the 0.05 level using the DMRT.

Organoleptic evaluation

T h e  r e s u l t s  o f  t h e  o r g a n o l e p t i c  e v a l u a t i o n  a r e  s h o w n  in  T a b l e s  1 a n d  2 .  F r o m  

T a b l e  1 i t  c a n  b e  s e e n  t h a t  p r o v i d e d  t h e  e x t r u d e r  t e m p e r a t u r e  w a s  1 0 0 ° C  o r  

g r e a t e r  t h e  t a s t e  p a n e l l i s t s  d e t e c t e d  n o  s i g n i f i c a n t  d i f f e r e n c e  in  c o l o u r ,  f l a v o u r ,  

c r i s p n e s s  o r  o v e r a l l  a c c e p t a b i l i t y  b e t w e e n  t h e  e x t r u d e d  p r o d u c t  a n d  ‘k e r o p o k ’ 

p r e p a r e d  b y  t h e  t r a d i t i o n a l  m e t h o d .  A l t h o u g h  t h e  r a t i o  o f  f i s h  t o  f l o u r  s i g n i f i c 

a n t l y  a f f e c t e d  t h e  p a n e l l i s t s  r a t i n g  f o r  f l a v o u r ,  w i t h  t h e  s a m p l e s  c o n t a i n i n g  

h i g h e r  f i s h  l e v e l s  b e i n g  r a n k e d  h i g h e r  ( T a b l e  2 )  t h e  l e v e l  o f  f i s h  d i d  n o t  

s i g n i f i c a n t l y  e f f e c t  t h e  o v e r a l l  a c c e p t a b i l i t y  o f  t h e  p r o d u c t .

Table 2. Effect of fish:flour ratios on colour, crispness, flavour & overall acceptability of 
‘keropok’ (extruder temperature 100°C)

Fish:flour ratio Colour Crispness 
(mean values)

Flavour 
(mean values)

Overall
acceptability

20:80 2.67a 3.29a 2.00c 2.48a
30:70 2.48a 3.14a 2.05c 2.43a
40:60 3.05a 3.33a 2.62b 3.05a
50:50 2.86a 3.25a 2.81a 2.90a
60:40
40:60 (control

2.43a 3.05a 2.81a 2.95a

modified traditional 
method)

2.86a 3.19a 2.29b 2.76a

F igures w ith  sam e le t te r s  a re  n o t sign ifican tly  d iffe re n t a t th e  0 .0 5  level using  th e  D M R T
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Table 3. Protein Content of'keropok'

Fish-flour ratio Protein* (%)

20:80 5.34
30:70 6.99
40:60 10.76
50:50 15.29
60:40 22.06
Control (40:60) 11.04

* Expressed as a percentage of product 
weight after drying

Chemical analysis

C h e m i c a l  a n a l y s i s  ( T a b l e  3 )  i n d i c a t e d  t h a t  t h e  e x t r u d e d  s a m p l e s  c o n t a i n i n g  

4 0 %  f i s h  h a d  s i m i l a r  p r o t e i n  c o n t e n t s  a s  t h e  c o n t r o l  s a m p l e .  A l l  t h e  s a m p l e s  

w e r e  d r i e d  t o  a  m o i s t u r e  c o n t e n t  o f  a b o u t  8 - 9 %  ( T a b l e  4 ) .

Discussion

T h e  i n c r e a s e  in  e x p a n s i o n  r a t i o  w i t h  e x t r u d e r  t e m p e r a t u r e  s h o w n  in  F i g .  1 

i n d i c a t e s  t h a t  p r i o r  s t a r c h  g e l a t i n i z a t i o n  is  n e c e s s a r y  i f  t h e  p r o d u c t  is  t o  e x p a n d  

o n  f r y i n g .  E x p e r i m e n t s  u s i n g  m a r k e r  d y e s  h a v e  s h o w n  t h a t  t h e  r e s i d e n c e  t i m e  in  

t h e  e x t r u d e r  is  o f  t h e  o r d e r  o f  7 0  s e c .  I t  w o u l d  a p p e a r  t h a t  t h i s  is  s u f f i c i e n t  t o  

e n s u r e  e n o u g h  s t a r c h  g e l a t i n i z a t i o n  f o r  e x t e n s i v e  e x p a n s i o n  o n  f r y i n g  p r o v i d e d  

t h e  e x t r u d e r  b a r r e l  t e m p e r a t u r e  i s  1 0 0 ° C  o r  h i g h e r .

I t  h a s  b e e n  r e p o r t e d  t h a t  i n  t h e  r a n g e  o f  m o i s t u r e  c o n t e n t s  c o r r e s p o n d i n g  t o

Table 4. Moisture contents o f‘keropok’ at various stages during pro
cessing

Fish:flour
ratio

Moisture
Temp. (°C) Feed After

extrusion
After
drying

40:60 60 40.3 28.3 8.3
40:60 80 » i 29.5 8.4
40:60 100 ” 30.7 8.5
40:60 120 ” 30.4 8.4
40:60 140 30.2 8.4
20:80 100 25.4 22.4 8.5
30:70 ” 34.3 27.4 8.5
50:50 ” 46.1 37.0 9.2
60:40 ” 55.0 - 8.3
40:60 Control by modified traditional method 8.4
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t h e  e x t r u d e r  f e e d s  ( T a b l e  4 )  t h e  g e l a t i n i z a t i o n  t e m p e r a t u r e  o f  s t a r c h  d e c r e a s e s  

w i t h  i n c r e a s i n g  m o i s t u r e  c o n t e n t .  ( L e l i e v r e ,  1 9 7 3 ,  B l a n s h a r d ,  1 9 7 9 ) .  I t  t h e r e 

f o r e  s e e m s  u n l i k e l y  t h a t  t h e  d e c r e a s e  i n  e x p a n s i o n  w i t h  i n c r e a s i n g  f i s h  c o n t e n t  

c a n  b e  a t t r i b u t e d  t o  d i f f e r e n c e s  i n  t h e  d e g r e e  o f  s t a r c h  g e l a t i n i z a t i o n .  A  m o r e  

p r o b a b l e  e x p l a n a t i o n  is  t h a t  t h e  p r o t e i n  i n t e r a c t s  in  s o m e  w a y  w i t h  t h e  s t a r c h  t o  

i n h i b i t  e x p a n s i o n .  S i n c e  S i a w  et al. ( 1 9 7 9 )  f o u n d  t h a t  t h e  p r e s e n c e  o f  w h e a t  

p r o t e i n  a l s o  r e d u c e d  e x p a n s i o n  i t  s e e m s  p o s s i b l e  t h a t  t h i s  e f f e c t  m a y  b e  i n d e 

p e n d e n t  o f  t h e  t y p e  o f  p r o t e i n  p r e s e n t .  A n o t h e r  f a c t o r  w h i c h  t h e  r e f e r e e  h a s  

s u g g e s t e d  m i g h t  b e  i m p o r t a n t  i s  t h e  o i l  i n  t h e  f i s h .  I t  i s  k n o w n  t h a t  t h e  p r e s e n c e  

o f  f a t  a n d  o i l s  w h e n  a d d e d  t o  e x t r u d e d  p r o d u c t s  t e n d s  t o  w e a k e n  t h e  r e s u l t a n t  

d o u g h  a n d  r e d u c e  p r o d u c t  s t r e n g t h  ( H a r p e r ,  1 9 7 8 ) .  T h e  o i l  c o n t e n t  o f  t h e  f i s h  

e m p l o y e d  in  t h e s e  e x p e r i m e n t s  w a s  1 . 1 % .

E x t r u s i o n  a p p e a r s  t o  b e  a  p r o m i s i n g  a l t e r n a t i v e  m e t h o d  f o r  p r e p a r i n g  

‘ k e r o p o k ’ . F o r  t h e  p r o d u c t  e x t r u d e d  a t  t e m p e r a t u r e s  o f  1 0 0 ° C  a n d  a b o v e  

p a n e l l i s t s  f o u n d  n o  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  t r a d i t i o n a l l y  p r e p a r e d  

c o n t r o l  a n d  t h e  e x t r u d e d  s a m p l e s .  F r o m  t h e  p o i n t  o f  v i e w  o f  m a n u f a c t u r e  t h e  

e x t r u s i o n  m e t h o d  h a s  s e v e r a l  a d v a n t a g e s .  N o  e x t r a  w a t e r  n e e d  b e  a d d e d  t o  t h e  

o r i g i n a l  f i s h  a n d  f l o u r  m i x t u r e  t h u s  r e d u c i n g  t h e  s u b s e q u e n t  d r y i n g  t i m e .  T h i s  

v a r i a n t  o f  t h e  p r o c e s s  a l s o  c u t s  d o w n  l a b o u r  r e q u i r e m e n t s  b e c a u s e  t h e  e x t e n s i v e  

m a n u a l  m i x i n g  o f  t h e  d o u g h ,  s h a p i n g  a n d  s u b s e q u e n t  b o i l i n g  o r  s t e a m i n g  is  n o  

l o n g e r  n e c e s s a r y .  T h e  p r o c e s s  i s  f a s t e r  a n d  c a n  b e  o p e r a t e d  o n  a  c o n t i n u o u s  

b a s i s  a s  o p p o s e d  t o  t h e  t r a d i t i o n a l  b a t c h  p r o c e s s .  T h e  p r o d u c t  p r o d u c e d  b y  

e x t r u s i o n  s h o u l d  b e  m o r e  h y g e n i c  a n d  h o m o g e n o u s .

I n  r e c e n t  y e a r s  t h e r e  h a s  b e e n  c o n s i d e r a b l e  i n t e r e s t  i n  t h e  d e v e l o p m e n t  o f  

l o w  c o s t  e x t r u s i o n  p r o c e s s e s  f o r  t h e  m a n u f a c t u r e  o f  t r a d i t i o n a l  f o o d s  i n  

d e v e l o p i n g  c o u n t r i e s  ( M a x w e l l ,  1 9 7 8 ) .  T h e  m a n u f a c t u r e  o f  M a l a y s i a n  

‘ k e r o p o k ’ b y  e x t r u s i o n  is  a n o t h e r  e x a m p l e  o f  s u c h  a  p r o c e s s .

A l t h o u g h  ‘ k e r o p o k ’ i s  n o r m a l l y  m a d e  w i t h  g o o d  q u a l i t y  f i s h ,  i t  s h o u l d  b e  

p o s s i b l e  t o  p r o d u c e  a  v a r i e t y  o f  n u t r i t i o n a l l y  v a l u a b l e  s n a c k  f o o d s  b y  e x t r u s i o n  

u s i n g  d i f f e r e n t  p r o t e i n  s o u r c e s .  I t  w o u l d  a l s o  b e  v a l u a b l e  t o  u t i l i z e  c h e a p e r  

v a r i e t i e s  o f  f i s h  a n d  f i s h  p r o d u c t s  i n  t h e  m a n u f a c t u r e  o f  ‘ k e r o p o k ’ .
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The fluidization characteristics of potato chips

H. D. M cLAIN*t a n d  G. McKAY*

Summary

The fluidization characteristics of potato chips and potato cuboids have been 
investigated and the results compared with correlations obtained for the fluid
ization of plastic cuboids.

It was found that potato chips and cuboids behaved in a similar manner to the 
plastic cuboids and that the plastic cuboid correlations may be used to predict 
the performance of potato chips and cuboids.

Certain fluidization parameters may be used to predict the minimum trans
portation velocity of potato chips in vertical pipelines.

Introduction

Fluidization is defined as the process by which solid particles are transformed 
into a fluid-like state through contact with a gas or liquid. In the food industry 
fluidization is used in a number of processes and new applications are continu
ously being developed. A  number of techniques which have been applied to the 
food industry are listed.

Drying -  e.g.
Heat exchange-e.g.

Freezing -  e.g.
Mixing -  e.g.
Transportation- e.g.

the fluidized drying of salt and grain using hot air. 
the cooking of canned roods in fluidized beds of hot sand, 
the blanching of vegetables is a fluidized bed of air and 
steam.
the fluidized freezing of peas using cold air. 
the mixing of fine powders of different solids using air. 
the pneumatic transport of salt using air, the hydraulic 
transport of fruit and vegetables using water.

Authors’ addresses: Dr H. D . McLain, *Loughry College o f Agriculture and Food Technology, 
Cookstown, Co. Tyrone, N. Ireland and ^Department of Industrial Chemistry, The Queens 
University o f Belfast, Belfast, N. Ireland. 
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Despite the large amount of research which has been carried out on fluidized 
systems it is not possible to predict precisely the behaviour of a system com
pletely in terms of the physical properties of the solid particles and the fluid and 
the operating conditions (Davidson & Harrison, 1971).

The specific problem investigated in this paper arose out of the need for 
hydraulic transportation of potato chips in a plant producing partically pre
pared potato chips for catering estabilshments. The initial study investigated 
the fluidization behaviour of chipped potatoes. From this the minimum fluid 
velocity for vertical transportation could be obtained, and the quality of fluid/ 
solid mixing could be observed. It was found that established theory did not 
predict the minimum fluidization velocity or the terminal velocity at which 
entrainment occurs (McLain & McKay, 1979). Since potatoes are a variable 
material it was decided to use model potato chips made of a range of plastics of 
different density in order to establish the fluidization characteristics of this 
shape and size of particle. In the samples of chipped potatoes received from the 
processing factory the cuboid shape predominated, and Table 1 shows the size 
and shape distribution of a typical sample obtained from the factory. Hence the 
model chips were made to the cuboid shape with a range of typical lengths.

It was found (McKay & McLain, 1980) that a modified Ergun (1952) 
expression could be derived correlating the friction factor to the minimum 
fluidization velocity for cuboids. The terminal velocity at which vertical trans
portation occurs could be determined from a resistance coefficient which was 
related to the particle shape.

This present paper tests the relationships derived for plastic cuboids against 
the behaviour of chipped potatoes as received from the processing factory and a 
range of potato cuboids selected from the factory samples.

While these results were obtained as a preliminary to a transportation inves
tigation they could be applied to a purely fluidized system, for example the 
blanching of potato chips.

Fluidization o f  potato chips

Materials and methods

The fluidization tests were carried out in a continuous flow system in which 
water was continuously circulated through the bed of particles. The water flow 
rate through the bed and the pressure drop across the bed were measured. The 
quality of fluidization was observed through the glass wall of the test section.

A line diagram of the flow system is shown in Fig. 1. Water was circulated 
through the vertically mounted glass working section A by a centrifugal pump
C. Flow valve E and by-pass valve F controlled the water flow rate through the 
working section. The water flow rate was measured in the flow measuring 
section B and the overflow from the top of the working section was collected in 
G.

The range of potato chips and cuboids tested is given in Table 2.
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Figure 1. Schematic diagram of apparatus. Key: A , 150 mm diameter glass section; B, flow  
measuring section; C, centrifugal pump; D , water reservoir tank; E, flow control valve; F, 
by-pass valve; G, collection tank; H, perforated zinc screen; I, mercury U -tube manometer; J, 
pressurized flasks; K, Furness micro manometer; L & M, static pressure probes; N, retention 
plate; O, sharp-edged orifice plate.

Table 2. Size range o f potato particles tested

Type Specific
gravity

Cross section 
(width x  thickness) 
(mm)

Length
(mm)

Cuboids 1 .07 -1 .09 12.5 x  12.5 70, 50, 25, 12.5

Chips 1 .07 -1 .09 Mixture o f various Mixture of various
cross-sections lengths
e.g. Table 1 e.g. Table 1

Table 3. Material: potato (S.G . =  1.09). Cross-sectional dimensions: as received from factory

d e 0s u m
(mm s~‘)

u t
(mm s~‘)

A Pm
(mm water)

Em
(mm)

fv Red Red 
1 Em

Q

15.68 0.62 31 233 3.76 0.64 140 3707 426 1184 0.5
16.05 0 .60 36.5 270 3.91 0.63 141 3076 514 1389 0.4:
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Results and theory

The results for the potato chips are given in Table 3.
For non-spherical particles like those tested the size is usually specified in the 

form of an equivalent diameter, de, (Davidson & Harrison, 1971).

de =  diameter of a sphere with the same surface area to volume ratio as the 
particle

For potato chips mean values of effective diameters, de, were calculated.

The sphericity factor, 0S is used as a measure of the degree of deviation of non 
spherical particles from the spherical shape (Wadell, 1934).

0S =  the ratio of the surface area of a sphere to the surface area of the particle, 
both of the same volume.

For potato chips mean values of sphericity factor, 0S, were calculated.

The pressure drop across the bed, Ap, was obtained over a range of flow  
velocity, U, from a plot of log Ap against log U, the minimum fluidization 
velocity, Um, was obtained from the point of intersection of the two linear 
correlations.

The terminal velocity, f/t, which represents the minimum velocity for vertical 
transportation was obtained from a plot of log U against log e at a value of log e 
equal to unity. The voidage, e, is the ratio of the volume of the void space 
between the particles to the total volume of the bed.

Apm =  pressure drop at minimum fluidization velocity.
Em =  voidage at minimum fluidization velocity 
L m =  bed height at minimum fluidization velocity.

A  friction factor,/v, representing the ratio of the pressure drop to the viscous 
energy term has been proposed by Ergun (1952).

^  Pm tie 8m
fy =  ----------------------------------- -

F m P- Um (1 6m)

Reynolds number Rede =  pUm de
M-

Resistance _  2V  (<pp — p) g
Coefficient ^  . TT2A p Ut2 p



64 H. D. McLain and G. McKay

where p
Pp

F
g
V
Av

= density of fluid 
=  density of solid particles 
=  viscosity of fluid 
=  gravitational constant 
=  volume of particles in bed 
=  total surface area of particles

Discussion

Minimum fluidization

Ergun produced a linear correlation of friction factor, / v, against the term 
Rede/ ( 1 -  em) for small spherical particles. McKay & McLain (1980) found that 
large plastic cuboids did not conform to the Ergun equation and they produced 
a modified form of this equation, equation ( 1 ), which correlated the results for 
large cuboids of sphericity factor, 0S s* 0.66:

R e
fy =  478 + 2 .5 1 7 3 ^  (1)

Figure 1 shows the results for potato cuboids and potato chips compared with 
equation (1) and the Ergun equation. The potato cuboids conform to equation
(1) though there is some scatter due to their poor fluidization performance. The 
broken line shows the assumed digression of the potato chip results from 
equation (1). This is based on the plastic cuboid experiments which indicated 
that as the sphericity factor reduced from 0.66 the results digressed from 
equation ( 1 ) in this manner.

Resistance coefficient

At the terminal velocity the resistance coefficient may be defined bv equation
(2)  :

_  2 E (pp -  p) g
^  A ,  i/ t2 p (2 )

If the resistance coefficient Q. is known the terminal velocity, Ut, can be 
calculated from equation (2 ).

For plastic cuboids McKay and McLain (1980) correlated the resistance 
coefficient, C,., with sphericity factor, 0S, to produce equation (3):

log Q  =  5.78 log 0S +  0.84 (3)

Figure (3) compares the results for potato cuboids and potato chips with
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Rede
I -€m

Figure 2. Friction factor, f y , against Rede/1 - em for potato chips and potato cuboids. ▼, Potato 
chips; V , potato cuboids.

equation (3). It can be seen that very good agreement is obtained. This indicates 
that equation (3) may be used to calculate the resistance coefficient, Q , of 
potato chips and hence enable the terminal velocity Ut, to be calculated from 
equation (2). Ut is the minimum velocity at which transportation will occur in a 
vertical pipe. For potato chips mean values of particle dimensions and spheric
ity factor must be used in equations (2) and (3).

Quality o f  fluidization

The quality of fluidization can be influenced by many factors e.g. bed 
geometry, particle size and shape, distributor plate design and the vessel inter
nals such as screens or baffles (Volk et al., 1962). When potato chips and 
cuboids were tested in the fluidized bed two anomalies from ideal behaviour 
were observed, namely channelling and slugging. Channelling occurs when the 
particles collect to one side of the bed allowing an open channel for the fluid to 
flow past. Slugging occurs when the particles form a clump which rises up the 
column until the particles eventually separate and fall back through the fluid. 
Channelling and slugging occurred frequently with potato chips and the long 
potato cuboids. It is considered that these phenomena produced the scatter in 
the results of Fig. 2.

Conclusion

The characteristics of potato cuboids and potato chips have been compared 
with the correlations obtained by McKay & McLain (1980) for plastic cuboids. 

6
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0s
Figure 3. Coefficient of resistance, Q , against sphericity factor, 0S, for potato chips and potato  
cuboids. Key: see Fig. 2.

The friction factor, / v, for potato cuboids of sphericity factor, 0S >  0.66 con
formed to the equation:

Rede
/ v =  478 + 251 JV 1 “ Em

Potato chips whose mean sphericity factors were less than 0.66, gave results 
which digressed from this equation in the same manner as had been observed 
for the plastic cuboids.
Potato chips were prone to slugging and channelling during fluidization. Both 
these phenomena tend to reduce the performance of a fluidized bed.
At the terminal flow velocity, f /t, the equation, log Q  =  5.28 log 0S + 0.84, may 
be used for both potato chips and cuboids. It is proposed that Ut should be 
calculated when designing a hydraulic transportation system for potato chips is 
vertical pipelines since below this velocity transportation will not occur.
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Correlation between iodine number and proton relaxation 
times in maize oil

E. BROSIO*, F. CONTI*, A. DI NOLA* a n d  S. SY K O RA t

Summary

We have found a good correlation between the iodine number of maize oil and 
an empirical parameter-related to the proton T i relaxation time determined by 
means of low resolution pulsed nuclear magnetic resonance spectroscopy. This 
result opens a way to fast and reliable determination of the iodine number 
during oil hydrogenation.

Introduction

Pulsed low resolution nuclear magnetic resonance (NM R) is becoming a stan
dard technique for determination of solid fat index (Van Putte & Van den 
Enden, 1973,1974; Jansson&Andersson, 1976). A  series of other applications 
has also been developed and found a positive response in the food industry; this 
includes studies of fat polymorphism (Brosio et al., 1980), studies of fatty 
emulsions (Trumbetas, Fioriti & Sims, 1976), determination of oil content of 
seeds (Tiwari, Gambhir & Rajan, 1974), determination of humidity in a variety 
of foodstuffs (Hester & Quine, 1976; Brosio et al., 1978; Brosio et al., 1979), 
etc.

All these techniques are based exclusively on the analysis of the free induc
tion decay (FID) after a single-pulse excitation and are possibly due to a 
marked difference between so-called transverse relaxation times (T i ) of solids 
and liquids. It is, however, well known (Farrar & Becker, 1971) that certain 
NMR techniques based on two-pulse excitation provide a different parameter 
called the longitudinal relaxation time (77). Like Ti, this parameter is also 
related to molecular mobility but in a quite different way.

In this paper we will show that T\ of maize oil varies considerably upon 
hydrogenation and the experimental T i values correlate with the iodine number

Authors’ addresses: ’ Istituto di Chimica-Fisica, Università degli Studi di Roma, P. le A dlo  
Moro 5, 00185 Rom e, Italy, and tBruker Spectroscopin Italiana, Milano, Italy.
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(NI) of the oil. Let us repeat that the iodine number is defined as the weight of 
iodine absorbed by 100 parts (by weight) of the sample and that it is a widely 
used measure of the degree of unsaturation. The determination of iodine 
number is today rarely made according to the original definition (the Wij's 
method).

A  more common procedure is to calculate it from fatty acid composition of 
the oil as determined by gas chromatography after a hydrolysis. Even so, it is a 
rather lengthy process. The T 1 values, on the other hand, can be measured in a 
matter of seconds, an important factor in industrial hydrogenation monitoring. 
The fact that the iodine number correlates with T 1 is perhaps not too surprising 
considering the marked effect of hydrogenation upon the melting point of oils a 
clear indication that molecular mobility is affected.

It should be noted that the iodine number can be determined also by means of 
high resolution proton NMR (Johnson & Shoolery, 1962; Nielsen, 1976). The 
disadvantage is that automated (and therefore fast) high resolution spec
trometers are currently much more expensive than the low resolution versions 
and require a trained operator.

Experimental

The measurements were made on a low resolution pulsed NMR instruments 
‘Minispec P20’ produced by Bruker Analytische Messtechnik GmbH  
(Karlsruhe, Germany). The definition of the longitudinal relaxation time T i 
and the various methods for its determination are described in the literature 
(Farrar & Becker, 1971) as well as in the company manual. We will only briefly 
summarize the principle of the method of inversion recovery which was emp
loyed in this study.

The sample, located within a permanent magnet, is first subject to a 180° 
RF pulse (i.e. a pulse which ‘flips’ the equilibrium nuclear magnetization Mo by 
180° with respect to the magnetic field direction). After a variable delay t, a 90° 
RF pulse is applied which gives rise to a transverse nuclear magnetization with 
a component Mt detected in the direction of Mo, by the transmitter/receiver coil 
wound around the sample. Ti is then determined as the slope of the semi- 
logarithmic plot of (Mo -  Mt) against t. The 90 and 180° pulses are adjusted 
empirically by varying their respective widths (about 4 p.sec and 8 p.sec on our 
instrument).

The time dealy t between the pulses was varied from 10 msec to 1000 msec. 
Each measurement was repeated 30 times, the time between two consecutive 
measurements was kept to 3 -5  sec to allow the nuclear magnetization to return 
to its equilibrium value.

The oil samples were measured without any pretreatment in sample tubes of 
10  mm external diameter.

During measurement the sample temperature was kept constant by means of
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Figure 1. Longitudinal magnetization decay of a maize oil sample (iodine number =  123.2) 
measured at T  =  41°C.

a thermostated water bath with a precision of ±  0.1°C. Its absolute value was 
checked by a mercury thermometer.

The untreated and partially hydrogenated maize oil samples were kindly 
supplied by STAR S.p.A. (Agrate, Brianze, Italy).

Results and discussion

Fig. 1 shows a typical ‘decay’ (i.e. return to equilibrium value) of the proton 
longitudinal magnetization of a maize oil sample (NI = 123.2) at the tempera
ture T = 41°C. Unfortunately, the semilogarithmic plot of (M„ -  Mt) against t 
does not yield a straight line. This can be caused by chemically distinct protons 
in the sample, which have different relaxation times Ti, due to different mobil
ity of the double bond segments and the saturated chains.

The decay may be well approximated (‘fitted’) by a combination of two 
exponentials of the type

Mq -  Mt =  Ci exp ( - t/T lF) + C2 exp(-i/7’ls), (1)

T lF and T iS are the relaxation times of a fast and a slow decaying component, 
respectively, while Ci and C2 are the relative concentration of the two com po
nents.

There is however no reason why only two components should be present; the 
curves may in fact be fitted by formulae similar to eqn ( 1 ), but with practically 
any number of terms.



70 E. Brosio et al.

Moreover, the uncertainties in the parameters derived by least square fitting 
of eqn ( 1 ) to the experimental curves are large enough to make the whole 
procedure questionable.

Rather than insisting on a detailed interpretation of the decay curves, we 
have therefore decided on a purely empirical parameter which would be related 
to overall decay rate.

In order to be practical, such a parameter should also be easy to determine by 
means of only a few measurements and a simple calculation suitable for any 
programmable pocket calculator.

The parameter we have chosen is defined as

where i, and t2 are fixed delays equal in our case to 10  and 200msec., respec
tively, and t is long enough to insure that Mt is practically equal to Mq (in our 
case* =  2 sec.). T i may therefore be calculated from only three measurements. 

In Table 1 are reported T i values for maize oil samples with different iodine

T, =  (i2 -  f,)/ln (Mt -  Mtl)/(M t -  Mt2) (2)

/

250 •  •
- (•)■

/ •

/
/*

E

150 (•>
f  T~- 20°C

(•)-
100

70 80 90 100 110 120 130 
IMI

Figure 2 . Correlation between T , [see equation (2) in the text] and iodine number values at 
different temperatures. The experimental points in parenthesis have not been taken into account 
in the linear regression.
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Table 1. Correlation between iodine number and T, values at different 
temperatures

NI T  ±
T  =  23°C

1.5 (msec)
T  =  30°C 7’ =  41°C 7" =  50°C 7  = 60°C

123.2 136 152 193 245 293
111.4 122 144 179 217 275
110.4 123 140 177 224 279
106.3 120 136 175 214 266
106.0 119 135 174 213 263

97.9 115 129 165 207 249
94.0 112 128 164 199 249
90.4 108 129 160 195 243
80.2 106 126 154 195 240

r 2 0.961* 0.969* 0.984* 0.951* 0.968*

‘ excluding the sample with NI =  80.2

numbers measured at temperature T  =  2 3 ,3 0 ,4 1 ,5 0 , and 60°C. The respective 
plots are presented in Fig. 2. It is apparent that there is a good linear relation
ship between T, and NI: the linearity breaks down only for the most hydroge
nated sample (NI = 80.2) which is close to the liquid-to-solid transition.

The correlation coefficients reported in Table 1 were calculated excluding 
this particular sample. It must be pointed out, however, that there is no reason 
why the relationship between T, and NI should be linear. A  non linearity also 
does not invalidate the practical value of this study as long as calibration curves 
can be prepared a priori for each type of oil.

We want to point out that the technique requires a good control of the sample 
temperature T. T, in fact depends quite strongly upon T and an error of 1°C in 
sample temperature would result in an error of about 3.5 in iodine number.

The present study indicates that the NMR phenomenon of longitudinal 
relaxation can be exploited for fast determination of the iodine number of 
partially hydrogenated oils. Further work is needed in order to see the 
behaviour of different types of oil. It is clear, however, that the method is viable 
and could become valuable for industrial production monitoring.

By automating the instruments, it is certainly possible both to increase the 
precision and to develop the method to a fully operator independent level.
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Some factors affecting oxygen transmission rates of 
plastic films for vacuum packaging of meat

I. J. EUSTACE

Summary

Film composition, temperature and humidity affect the oxygen transmission 
rates of some films used for the vacuum packaging of meat.

Of the transparent films suitable for meat included in the investigation, those 
which include polyvinyl alcohol or polyvinylidene chloride offer the greatest 
barriers to oxygen. Oxygen transmission rates (OTR) at 3.5°C (i.e. near the 
recommended storage temperature for vacuum packed chilled meat) are only
5-15%  of those at 25°C.

High humidity increases the OTR of nylon based films, but the effect is less 
marked at 3.5°C than at 25°C. At 25°C the OTR reduces to rates expected at 
75% r.h. within 50 hr of a change in relative humidity from 98 to 75%. 
Humidity has a negligible effect on the OTR of films containing PVDC.

Shrinking of heat shrinkable films reduces the oxygen transmission rate 
approximately in proportion to the reduction in surface area.

The practical implications of the findings are discussed. Relative humidities 
near 100% r.h. for OTR measurements probably closely simulate the r.h. 
conditions within cartons of vacuum packaged meat. OTR measured at 
20-25°C  do not indicate the performance of a film at 0°C, although they do 
provide a guide to the performance of a given film relative to alternative films of 
similar composition.

Introduction

Vacuum packaging dramatically changes the gaseous environment at the meat 
surface. The oxygen in the small quantity of air remaining in a pack after the bag 
has been evacuated and sealed is depleted by continuing metabolic activity of 
the meat and of the bacteria at the surface of the meat. Carbon dioxide is

Authors’ address: CSIRO Meat Research Laboratory, P.O. Box 12, Cannon Hill, Queensland, 
Australia 4170.
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produced by the respiration activity. Eventually, the oxygen concentration 
within the pack falls below 1 % while the carbon dioxide concentration rises to 
about 20% or more. This environment severely restricts the growth of normal 
aerobic spoilage organisms and storage life is therefore extended. Permanent 
discolouration of the meat surface by the irreversible oxidation of myoglobin to 
metmyoglobin is avoided.

As well as having the necessary gas barrier properties, a vacuum packaging 
film must have mechanical toughness, particularly a high resistance to puncture 
and abrasion, plus the ability to form reliable seals even in the presence of 
contamination (e.g. meat juice, and fat) and film overlap. The films which best 
meet all these requirements are composites which utilize the properties of two 
or more individual film materials to provide a good package.

The composite films are either laminated where the various layers are 
bonded with an adhesive, or the layers may be co-extruded, or a combination of 
both lamination and co-extrusion techniques may be involved.

If the pack is intact (i.e. good seals and no punctures) the amount of oxygen 
reaching the interior of the pack will be determined by the permeability of the 
packaging materials. Newton & Rigg (1979) found that storage life of vacuum  
packaged meat as assessed by discolouration and development of putrefactive 
odours, was inversely related to film permeability. Meat industry experience 
suggests that long storage life is enhanced by use of films of very low oxygen 
permeability (less than 100 ml m~2 24h_1 atirr1 at 25°C and 75% r.h.). U se of 
these films seems to have reduced discolouration problems, including those due 
to brown metmyoglobin and green sulph-myoglobin. Consequently emphasis is 
placed upon the permeability properties of a film to be used for vacuum  
packaging.

Composition has a great influence on the gas transmission characteristics of a 
vacuum packaging film. All the film products currently used in Australia for 
vacuum packaging fresh meat have either nylon or PVDC included as the 
primary barrier to oxygen.

The permeability/transmission rate data quoted in the literature and by film 
manufacturers and distributors have usually been measured at temperatures in 
the range 20-25°C . Relative humidities used were frequently in the range 
0-75  %. As with most polymer penetrant systems, the transmission of gases and 
vapours through polymer films obeys the Arrhenius relationship (Rogers et al., 
1956). For permanent gases, permeability increases with temperature. Davis
(1971) states that gas transmission rates of different types of film determined at 
one specific temperature may not be in the same relative order at other 
temperatures. Rigg (1979) reports a marked increase in the permeability of 
nylon film above 70% r.h.

Clearly, temperatures of vacuum packages containing meat would never 
exceed 10-12°C at the time of packing in the boning room and they would 
reduce to 0°C in holding chillers. Further, relative humidities within the pack 
will always be near 10 0 %, and the relative humidity on the outside will, on 
occasions, be considerably in excess of 75%.
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This report presents data to show how oxygen transmission rates are affected 
by the composition of the material, by temperature, and by short term and long 
term exposure to high relative humidities.

Experimental

The oxygen transmission rates (OTR) of film samples were determined by the 
concentration increase principle using equipment, the design of which was 
described by Davis & Huntington (1977). The gases (oxygen as the test gas, 
nitrogen as the inert gas) were humidified to 75% r.h. by passing them through 
saturated sodium chloride solution or to near 10 0% by passing them through 
deionized water. The RH of the gases was monitored with a Lufft relative 
humidity meter which was modified to fit a flow through cell which was in turn 
connected to the measurement cell.

Measurements were made in constant temperature rooms maintained at 25
or 3.5°C.

Oxygen concentrations were estimated with a Fisher-Hamilton Model 29 gas 
chromatograph, fitted with an aluminium column (1,850 x  6 mm) filled with 
DEH S on Chromosorb P and an aluminium column (1,950 x  5 mm) filled with 
Molecular Sieve 13 x .

Where possible, measurements at the two temperatures and the two relative 
humidities were made on a single sample of each film material (area 0.0294 m2) 
to avoid the variations which may be expected among different samples of the 
same type of film material (Karel et al., 1963). Duplicate determinations were 
made on each film under each set of conditions.

The effect of heat shrinking was determined by shrinking EV A /PV D C /EV A  
material by known amounts. The amount of shrink was controlled by placing a 
sheet of aluminium of predetermined size in a bag of known dimensions. The 
bag was heat sealed, and then shrunk by immersion for approximately one 
second in water at 90°C. Samples of film were thus prepared which had been 
reduced to 50, 60, 70, 80 and 90% of the original area.

Results and discussion

With composite films it is more meaningful to express permeability data as gas 
transmission rates (GTR) rather than permeabilities or permeability coeffi
cients which include a thickness term. The GTR of a film may be defined as the 
amount of gas passing through a unit area of the film in unit time under a unit 
partial pressure difference across the film. Data presented for oxygen in this 
paper are termed oxygen transmission rates (OTR). Conditions of temperature 
and relative humidity are defined and average thickness of the test film is 
specified.
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Table 1. Oxygen transmission rates for packaging materials at 25°C 
and 75% r.h.

Material composition
Average
thickness
(mm)

Oxygen
transmission
rate*

Polyethylene (high density) 0.031 3140
Polyester/polyethylene 0.046 100.0
Nylon/polyethylene 0.110 60.6
Nylon/ionomer 0.090 91.2

0.080 44.5
Nylon/ionom er/polyethylene 0.100 46.5
Metallised nylon/E V A t 0.090 1.0
EV A /PV D C +/EV A 0.060 37.5
PVDC/PV A 1 §/PVDC/EV A 0.077 2.1
PVD C/polypropylene(PVD C/EVA
Polyester/Alfoil/polyester/

0.100 18.4

polypropylene copolymer 0.123 < 0 .2

*Units: ml m 2 24h 1 atm tE V A , ethylene vinyl acetate copolymer; 
+PVDC, polyvinylidene chloride; §PVA 1, oriented polyvinyl alcohol.

Effect o f  composition

The composition of a film has a major influence on oxygen transmission rate 
(Table 1). Polyethylene offers little resistance to the passage of oxygen and will 
not maintain an environment which will inhibit aerobic spoilage organisms. On 
the other hand a laminate film which contains aluminium foil has great resis
tance. However, the foil laminate is opaque and hence is unsuitable for packag
ing fresh meat. Of the transparent films, those which include PVA1 and/or 
PVDC have the lowest oxygen transmission rates.

All the film products currently available in Australia for vacuum packaging 
fresh meat have either nylon or PVDC included as the primary barrier to 
oxygen. As shown in Table 1, the OTR of one of the five nylon based films was 
considerably higher than the others. It has been found (E. G. Davis, personal 
communication) that the thickness of nylon in some samples of nylon/ 
polyethylene film varies considerably from the nominal thickness (usually 
0.020-0 .025  mm), and it is possible that the thickness of nylon in this sample 
was less than that in other samples. Unfortunately, inability to delaminate the 
ionomer material from the nylon made it impossible to confirm this.

Effect o f  temperature

Data presented in Table 2 show the effect of temperature on the oxygen 
transmission rates of several films which contain nylon or PVDC. The oxygen
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Table 2. Effect o f temperature and relative humidity on the oxygen transmission rates o f several 
films

Oxygen transmission rate*

Thickness
(mm)

25°C  
75% r.h.

3.5°C  
75% r.h.

Q O * *

75% r.h.
25°C  
98% r.h.

3.5°C  
98% r.h.

0°C*‘ 
98% r.h.

E V A /PV D C /E V A 0.060 37.5 3.0 1 . 8 40.0 3.4 2 2
Nylon/ionom er 0.090 91.2 12.2 8.5 156 15.4 10.5
Nylon/ionomer/pe
PV D C /PV A 1/

0.100 46.5 4.9 3.3 110 8 . 2 5.3

PV D C /E V A 0.077 2.1 0.1 0.05 4.2 0.1 0.05

‘ Units, A s for Table 1, “ Values estimated using Arrhenius’ equation.

transmission rate of each type of film at 3.5°C was generally less than 10% of 
the rate at 25°C.

With most polymers oxygen permeability is related to temperature according 
to the Arrhenius relationship which means that the effect of temperature on 
OTR may be studied conveniently from a plot of logio OTR vs the reciprocal of 
the absolute temperature. Frequently such a plot produces a straight line which 
makes it possible to estimate OTR values with reasonable accuracy at tempera
tures other than those studied. The relationship was used to obtain the esti
mated values at 0°C which are presented in Table 2. At 0°C, the recommended 
storage temperature for chilled vacuum packaged meat, OTRs were less than 
10% of those at 25°C.

Seventy-five percent and 98% are near the extremes of r.h. likely to be 
experienced by packages containing vacuum packaged meat. The effect of 
temperature is significant at both relative humidities. From Table 2 it may be 
calculated that the percentage reduction in OTR for the four samples of film 
tested at 25°C and then at 3.5°C at 98% r.h. range from 90.1 to 97.6% . At 75%  
r.h. the percentage reductions for the same four films range from 86.6 to 
95.2% .

The relative humidity of the atmosphere influenced the oxygen transmission 
rates of nylon based barrier films (Table 2). Increases in relative humidity from 
75 to 98% increased the OTRs significantly at 25°C. Rigg (1979) also reported 
a rapid increase in the oxygen transmission rate (at 25°C) at conditions above 
70% r.h. for nylon film suitable for meat packaging. In contrast, changes in r.h. 
had a negligible effect on films in which PVDC is the gas barrier. Polyvinyl 
alcohol is hydrophilic. Its barrier characteristics were affected by high r.h. at 
25°C, even when sandwiched between PVDC. However, there was no measur
able effect of humidity at 3.5°C. From Table 2 the effect of high r.h. on nylon 
films at the lower temperature of 3.5°C is again evident but much less pro
nounced. The magnitudes of the increases were very small when compared with 
those at 25°C. It is likely that the characteristics of nylon could be improved if it 
was similarly isolated from water by, say, PVDC.
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Figure 1. Oxygen transmission rates o f two nylon-containing films as affected by short exposure 
to high humidity. On the figure lengths of lines denote measurement times.

In an effort to determine whether a short exposure of meat packaging films to 
high humidity had a lasting effect on the OTR values of nylon based film, two 
samples of film were subjected to changes in r.h. from 75% to 98%, and finally 
back to 75%. Sufficient time was allowed for equilibration to occur at each r.h. 
The data presented in Fig. 1 show the increases in OTR after the r.h. was raised 
from 75 to 98%. When the r.h. was changed back to 75%, reductions in the 
OTR back to the rates originally measured at 75% r.h. resulted. This reduction 
occurred over a period of approximately 50 hr for film A and 32 hr (or less) for 
film B. This indicates that the effect of high humidity on nylon based films is 
reversible.

Bags made of EV A /PV D C /EV A  film are used extensively for vacuum pack
aging meat. This film is heat shrinkable. Heat shrinking reduces the total 
surface area of the film and increases the film thickness. It is apparent from 
Table 3 that there is a close relationship between OTR and degree of shrink.

Practical implications

The films most widely used for vacuum packaging are either nylon laminated 
to polyethylene or an equivalent heat sealable material, or PVDC co-extruded 
between EV A. Both these films perform well in commercial practice. Although 
there are films which have better barrier properties (e.g. the film containing 
PVDC and PV A 1), it has yet to be shown that these films give better perfor
mance.

The OTR of the films tested were much lower at temperatures near 0°C than
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Table 3. Effect of heat shrinking on oxygen transmission rate of 
E V A /P V D C /E V A  film

Film permeability and vacuum packaged meat

Percentage of original 
area

Average
thickness

(mm)

Oxygen
transmission rate*
A t 25°C A t 3.5°C

100 (not shrunk) 0.060 37.5 3.0
90 0.074 34.8 -

80 0.080 30.4 -

70 0.083 30.0 2.0
60 0.095 23.3 2.0
50 0.110 20.4 2.0
47 .2  (unrestrained) 0.140 17.6 -

’ Units: A s for Table 1.

at 25°C. Oxygen permeability/transmission rate values which are measured and 
quoted at temperatures of 20-25°C  therefore do not indicate the performance 
of a film at 0°C, the recommended storage temperature for chilled vacuum 
packaged meat. At best, those films with the lowest OTR at 25°C generally have 
the lowest OTR at the lower temperature. This relationship cannot always be 
assumed, however (Davis, 1971).

The effect of humidity on the oxygen transmission rate of nylon containing 
film is marked at 25°C. High humidities (near 100%) result in elevated OTRs. 
However, at a temperature near the recommended storage temperature for 
chilled vacuum-packaged meat (0°C) the influence of humidity is far less in 
magnitude. Humidity has a negligible effect on the OTR of films which contain 
PVDC as the primary barrier.

In normal commercial packaging practice the outer surfaces of packs are 
most unlikely to be at ambient humidities near 100% for long periods. Nylon 
pouches will normally only be at high ambient humidity while they are in boning 
rooms, i.e. a short term exposure at a temperature of around 10°C. It should be 
appreciated, however, that vacuum packaged meat will provide water to the 
polyethylene laminate (inner layer) of nylon polyethylene pouch. Moisture will 
diffuse through the polyethylene into the nylon. In the confined spaces of a 
carton it is likely that the rate of evaporation from the nylon will be slow. A  
possible nett result is that nylon will be maintained in a state which permits a 
high oxygen permeation rate.

In most vacuum packaging establishments the size of the bag is tailored to the 
size of the particular cut of meat. For bags which may be heat shrunk the OTR is 
reduced approximately in proportion to the reduction in surface area. From 
limited observations I have estimated that in practice the area of a shrunk pack 
is usually no less than 70-80%  of the original area.

OTR measurements at low temperature (near 0°C) and at high humidity 
(near 10 0% r.h.) probably provide the best estimates of the quantity of oxygen
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which will permeate through a film to be used for the vacuum packaging of 
chilled meat. It is recognized, however, that measurements at ambient tempera
ture are much more convenient with the type of measuring equipment used to 
obtain the data for this report, because duplicate measurements on one sample 
of film at low temperature require approximately 2 weeks. If measurements are 
made at ambient temperature, the relationships discussed in this report will 
prove useful in the estimation of the approximate OTRs at 0°C.
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Preparation of blood globin through carboxymethyl 
cellulose chromatography

Y. SATO, S. H A Y A K A W A  a n d  M. H A Y A K A W A

Summary

A  simple and inexpensive procedure for globin preparation from blood of 
various animals was developed in order to use globin as human food. Carboxy
methyl cellulose was most effective among some cation exchangers tested, 
although amounts of haemoglobin applied to 1 g of the exchanger should be 
limited to less than 70 mg. The behaviour of adsorbing haem or haemin to the 
exchanger could not be explained only by a general theory of ion exchange 
chromatography. Yields and Fe contents of globin preparations from various 
haemoglobins by this procedure ranged from 67 to 80% and from 0.008 to 
0.03%  respectively, except for a chicken haemoglobin sample.

Introduction

Blood collected in a slaughter house is a good source of edible protein. Blood  
serum or plasma proteins have been prepared industrially and used successfully 
as an ingredient of sausage (Pedersen, 1979). Although Delaney (1977) and 
Pedersen (1979), taking notice of the nutritive effect of Fe, have developed a 
new treatment to use red blood cell or haemoglobin as feed, it would most likely 
still be unsuitable for human food because of its disagreeble colour and odour. 
For this reason, in Japan at present, it is either used as a nitrogenous fertilizer or 
disposed of even at some expense.

Globin has successfully been prepared from blood using acid-acetone (Rossi 
Fanelli, Antonini & Caputo, 1958), but a procedure for globin preparation 
without organic solvents has not been established. If globin could be prepared 
from blood by a simple, inexpensive procedure without an organic solvent, it 
would probably be judged as suitable for food or feed purposes. This study is 
aimed at finding a new method of globin preparation without the use of an 
organic solvent.

Authors’ address: Department of Food Science and Technology, Nagoya University, Furo- 
cho, Chikusa-ku, Nagoya 464, Japan.
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Materials and methods

Haemoglobin samples

Human, bovine, ovine and porcine haemoglobin, which were crystallized 
twice, were purchased from Sigma Chemical Co. (St Louis). Purchased 
haemoglobins were used without further purification. Chicken and a bovine 
haemoglobin prepared from blood in our laboratory were also used as examples 
of haemoglobin industrially applied. The preparation method of crude haemog
lobin from blood is as shown in Fig. 1. Bovine haemoglobin prepared in our 
laboratory and a purchased one were designated as bovine haemoglobin L and 
P, respectivley.

Screening method o f  ion exchangers

SP-sephadex C-50, Amberlite CG-120, Dowex 50W -x4, as strongly acidic 
exchangers, and Amberlite CG-50 and Carboxymethyl cellulose (CMC), as 
weakly acidic exchangers, were tested.

Each ion exchanger (about 0.05 g, unless otherwise stated) was swollen in 10 
ml of 0.01 N HC1 (pH 2). To each ion exchanger suspension 1 ml of 1 % bovine 
haemoglobin P solution adjusted to pH 2 was added and the mixture was 
shaken and centrifuged. The optical densities at 375 and 280 nm of the super
natant were measured. The ratio of the optical density at 375 and 280 nm of 1 % 
haemoglobin of pH 2 is 1.12.

Blood
Jovernight at 5°C 

Coagulated blood
Centrifuged at 6000 rev/min for 15 mm at 4 °C 

Serum ( I ) Coagulate ( I )
Washed with equivalent volume of 0*9%
NaCl, then centrifuged at 6000 rev/min (4°C) 
for 15 mm

Serum (2) Coagulate (2)
Suspended in water, homogenized 
for I min, dialysed against 
water, diluted to two times, 
sonicated at 9 KHz (1*5A ) for 
10 mm, and then centrifuged

______________ at 6000 rev/m in (4°C) for 15 min
Haemoglobin solution ( I ) Remain ng insoluble part

Suspended in water, 
homogenized, sonicated 
and then centrifuged 
as described above

r ---------------------------------------------------- y
Haemoglobin solution (2) Remaining insoluble

____ I part

Lyophilized

Crude haemoglobin powder

Figure 1. Procedure of haemoglobin preparation from blood.
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When either haem or globin is adsorbed, the optical density ratio of the 
supernatant should be lower or higher than 1.12. When both globin and haem 
are adsorbed to an exchanger and optical densities at 375 and 280 nm decrease 
simultaneously, the exchanger may be undesirable for the removal of haem.

Electrophoresis

Slab gel electrophoresis was performed on 7.5 % polyacrylamide gel (pH 4.3) 
containing 0.006 M KOH, 0.378 M acetic acid and 5 M urea. After setting the 
sample solution into a slot, the electrophoresis was conducted at 15 mA/cm2 
and for 3 (for haemoglobin L) or 4 hr (for haemoglobin P) using the running 
buffer (pH 4.5) consisting of 0.35 M (3-alanine and 0.14 M acetic acid.

Sodium dodecylsulphate (SDS) polyacrylamide gel electrophoresis was per
formed on slab or tube of 8% polyacrylamide gel (pH 8.9) containing 0.378 M 
Tris, 0 .06 M HC1 and 0.1 % SDS. The electrophoresis was run at 5 mA/cm2 for 
16 hr (for slab) or 3 m A/tubefor 3.5 hr (for tube) using 0.2 M Tris HC1 (pH 8.6) 
solution as running buffer. The internal diameter of the tube was 5 mm.

After these gel electrophoreses, gels were stained with 0.25%  Coomassie 
brilliant blue R 250.

Yields o f  globin preparations

Yields of globin preparations were calculated as a percentage of globin 
nitrogen on the basis of total nitrogen of the haemoglobin sample.

Analysis o f  globin preparations

Analysis o f  iron content in the prepared globin. A  sample in a crucible was 
burnt in an electric muffle to ash and the ash was dissolved in 1 N HC1 and 
diluted with distilled water. Iron content in the solution was determined with an 
Atomic Absorption Spectrophotometer using FeCL as the standard. The iron 
content was expressed as p,g Fe per mg of each sample.

Analysis o f  amino acids. After the protein solution was hydrolyzed with 6.0 N 
HC1 at 110°C in an evacuated and sealed tube for 24 hr, the amino acid 
composition was analysed with a JEOL auto amino acid analyser (JLC-6AH ).

Results

Selection o f  effective ion exchanger

Table 1 shows that a weakly acidic ion exchanger, especially CMC, is promis
ing for the preparation of globin. On the basis of this finding, a procedure for 
separating globlin by CMC was investigated through this study.

7*
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Table 1. Screening of ion exchanger for the separation of globin

Ion exchangers Optical density at 
280 nm in the 
supernatant

The ratio of optical 
density at 375 nm at 280 nm 
in the supernatant

SP-Sephadex C -50 1.17 0.9
Amberlite C G -120 type 1 1.92 1.0
Dowex 50W -x4 1.90 1.1
Amberlite C G -50 type 2 1.83 1.0
Carboxymethyl cellulose 1.67 0.9
Carboxymethyl cellulose (200 mg) 1.64 0.7
Control (haem oglobin) 1.88 1.1

Effect o f  NaCI concentration on the chromatographic separation o f globin

CMC (about 7 g) was poured into a glass tube (2.3 x 18 cm) with 0.01 N HC1 
and equilibrated with the same solution. Forty five ml of 0.5% bovine haemog
lobin P -  0.01 N HC1 solution (180 mg of the protein) was applied to the 
column. Then the column was eluted with 1000 ml of 0.01 N HC1 having a linear 
gradient from 0 to 0.1 M NaCI. Row rate in the elution was approximately 2 ml 
per min. The result is shown in Fig. 2 with the gradient of NaCI concentration. 
The first peak monitored by optical density at 280 nm is likely to show a globin 
fraction with a slight absorption at 420 nm indicating the presence of a small

F igu re  2 . Effect of NaCI concentration on separation of haem from haemoglobin in the
CMC column chromatography. I: the first peak, II: the second peak.O, OD:™; •  ,
OD420; -------, NaCI.



Chromatographic preparation o f  blood globin 85

Figure 3. Spectra in the soret and ultraviolet region of the first and the second peak 
component in the CMC chromatogram of haemoglobin. I: the first peak (0.01 N HC1 
solution) II: the second peak (0.01 N HC1 solution containing 0.1 M NaCl).

amount of haem or haemin. As optical density at 420 nm was increased with the 
increase of NaCl concentration, it appeared that haem was eluted more and more 
with the solution of higher NaCl concentration.

Generally speaking, there are two peaks in spectra of the soret region of the 
protohaem, and intensities of two peaks at 375 and 410 nm are changeable 
according to kinds of solvent (Clezy & Morell, 1963). A s shown in Fig. 3, 
maximum absorption in spectra of the soret region of the first peak fraction 
appeared around 410 nm and that of the second peak fraction around 375 nm. 
In the column chromatography by CMC, haem was monitored at 420 nm for 
convenience sake in the experiment.

Chromatography for globin preparation

Thirty ml of 0 .56-0 .57%  bovine haemoglobin L solution (170 mg of the 
protein) dialysed against 0.01 N HC1 was applied to the column filled with CMC 
equilibrated with 0.01 N HC1. The column with sample was eluted with 300 ml 
of 0.01 N HC1. Then 0.01 N HC1 solution containing 0.1 M NaCl was used for 
elution as a second step. After the elution of 500 ml in the second step, 0.1 N 
NaOH was used for elution as a third step. The elution pattern of the haemog
lobin is shown in Fig. 4.

Alm ost the same results were obtained using bovine (P), chicken, ovine,
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Elution volume

Figure 4. Elution profile in the CMC column chromatography of bovine haemoglobin L 
solution. I: the first peak eluted by 0.01 N HC1 (equivalent to 69%  of total nitrogen), II: 
the second peak eluted by 0.01 N HC1 containing 0.1 M NaCl (equivalent 18 % o f total 
nitrogen), III: the third peak eluted by 0.1 N NaO H  (equivalent to 3 % of total 
nitrogen), Arrows (1), ( 2) and ( 3 ) express the beginning o f elution by each solution. O , 
O D 2 8 0 ; O D 4 2 0 .

porcine and human haemoglobin, although the eluted patterns of their 
chromatograms were omitted here.

Analysis o f  the peaks components

The eluates of the first and the second peaks in the column chromatography 
of bovine haemoglobin P were collected, dialysed against distilled water and 
then lyophilized, respectively. The lyophilized samples were dissolved into a 
small amount of the gel buffer. Electrophoresis of the solution on the slab gels 
was carried out at room temperature. From the result as shown in Fig. 5, the first 
peak component was assumed to be globin.

The electrophoretic patterns of the first and the second peak components in 
the column chromatography of bovine haemoglobin L are shown in Fig. 6. The 
result suggests that contaminating serum proteins are concentrated in the 
second peak and globin is mainly concentrated in the first peak.

Table 2 showed that amino acid composition of the first peak component 
from bovine haemoglobin P was almost the same with that of bovine original 
haemoglobin. Table 3 showed that amino acid composition of the first peak 
component from chicken haemoglobin was the same as that of chicken original 
haemoglobin.
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Figure 5. Electrophoretic patterns o f the first and the second peak com ponents in the 
CMC column chromatography of bovine haemoglobin P. (A ) Slab polyacrylamide gel 
electrophoresis; (B) SDS polyacrylamide gel electrophoresis (slab), 1, haemoglobin, 2, 
globin preparation by acetone method, 3, the first peak component, 4 , the second peak 
component.

Figure 6. Electrophoretic patterns of the first and the second peak components in the 
CMC column chromatography of bovine haemoglobin L. (A ) Slab polyacrylamide gel 
electrophoresis, (B) SDS polyacrylamide gel electrophoresis (Tube), 1, the first peak 
component (I in Fig. 4 ), 2, the second peak component (II in Fig. 4), 3, haemoglobin.
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Table 2. Amino acid composition of bovine globin

Percentage in mol. o f amino acid

acid Haemoglobin Globin of I*, 
by CMC method

Globin of II *, 
by CMC method

Globin by 
acetone method

Haemoglobin
(R eferencest)

Asp 9.9 8.8 10.3 10.0 9 .5 -9 .9
Thr 5.0 5.4 4.5 5.2 5.0
Ser 6.0 6.9 4.7 6.3 6 .4 -6 .7
Glu 6.7 5.5 7.7 6.1 6.0
Pro 3.9 4.2 3.6 3.9 3.5
Gly 7.6 7.1 7.9 7.4 7 .1 -6 .7
Ala 12.7 13.4 12.3 12.9 12.7
Cys/2 0.32 0.26 0.42 0.27 0.4
Val 8.4 8.7 11.2 8.7 10.6
Met 1.6 1.4 1.7 1.7 1.4
He 0.2 0.17 0.71 0.41 0
Leu 13.0 13.3 11.2 12.9 13.1
Tyr 1.9 2.3 1.6 2.1 1.8
Phe 5.7 5.4 6.6 5.6 6.0
His 5.8 6.5 4.6 5.9 5 .7 -6 .0
Lys 8.6 8.2 8.1 8.2 8 .5 -7 .8
Arg 2.7 2.5 2.8 2.7 2.5
Trp ND ND N D ND ND

Total 100.0 100.1 99.9 100.3 100.2

*1, the first peak in Fig. 4, II, the second peak in Fig. 4, t  Davoff. 1972; N D , not determined.

The moving distance in the slab gel electrophoresis of the second peak 
component in the column chromatography of bovine haemoglobin P is different 
from that of the first peak component. The amino acid composition of the 
second peak component is slightly different from that of the first peak compo
nent. When electrophoresis was performed with SDS, the moving distance of a 
part of the second peak component became the same as that of the first peak 
component. These experimental findings may indicate that the second peak 
component contains a small amount of complex of a  or 3 subunit of globin and 
contaminating proteins.

Yields and iron contents o f  various globin preparations

Yields and iron contents of globin preparations from haemoglobin of human 
and various domestic animals were shown in Table 4.

Yields of globin preparations ranged from 67 to 80% except for chicken 
globin. Lower yields of globin in chicken seems likely to be due to the different 
properties of avian, as opposed to mammalian, haemoglobin.

Iron contents of globin preparations ranged from 0.008 to 0.04% . Percen-
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Table 3 . Am ino acid composition o f chicken globin

A m ino acid composition of globin (%)*

A m ino ______________________________
acid By By A m ino acid

CMC m ethodt acetone method com position of
haemoglobin

Asp 9.1 9.3 9.2
Thr 5.8 5.8 5.8
Ser 4.9 4.8 4.8
Glu 7.9 8.4 8.3
Pro 4.3 3.4 3.7
Gly 6.5 6.4 6.3
Ala 11.7 12.2 11.7
Cys/2 1.5 1.0 1.9
Val 7.4 7.9 7.3
Met 1.1 1.1 1.1
lieu 4.3 4.2 4.2
Leu 11.3 11.7 11.4
Tyr 2.5 2.2 2.4
Phe 5.2 5.2 5.5
His 5.4 5.4 5.5
Lys 7.9 7.3 7.8
Arg 3.2 3.5 3.2
Trp N D N D N D

Total 100.3 99.8 100.1

‘ Percentage in mol; t ,  the first peak only; N D , not determined.

Table 4 . Yields and Fe content of the prepared globins

Sources o f haemoglobin Yields* of crude 
globin (% )

Fe content (%) 
c f  crude globin

Fe removed 
from haemoglobin  
sample ( % )

Human 80 0.024 93
Chickent 52 0.041 85
Porcine 67 0.018 95
Ovine 78 0.0083 98
Bovine 69 0.0086 97
B ovinet 71 0.0096 97

‘ Percentage o f the prepared globin nitrogen on the basis o f total nitrogen o f the 
haemoglobin sample. Average value in three trials. 
tPrepared in our laboratory.
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tage of rem oved iron, (1 -  Fe content o f globin preparation/Fe content of  
haem oglobin sam ple) x  100, ranged from 85 to 98% . T hese findings suggested  
that the m ethod by CMC column chrom atography is rather suitable for the 
preparation o f blood globin used as food  and feeds.

Discussion

It is widely accepted that imidazol groups o f histidine residue and/or -y-or
8-carboxyl groups o f aspartic or glutamic acid residue o f globin participate in 
the binding betw een Fe o f protohaem  and globin (W ym ann, 1948; O'Hagan, 
1959). The bonds are probably broken in 0.01 N HC1 solution to separate haem  
and globin, in that case globin becom es positively charged and haem or haemin  
may form sim ple salt with Cl ion. This is the reason why an anion exchanger was 
not tested  in this study.

W hen haem is rem oved from haem oglobin by acidification, globin may be 
dissociated into a and (3 subunit. It is probable, therefore, that globin in the first 
and the second peak o f the chromatogram consists o f a  and (3 subunits in a 
different ratio from that in original haem oglobin. The discrepancy in the mol 
percentage o f several am ino acids in globin fractions contained in the first and 
the second peak from bovine haem oglobin P, may be due to the different 
combination o f two subunits. On the other hand, amino acid com position of 
globin in the first peak from chicken haem oglobin is som ew hat com parable to 
that o f original haem oglobin. It is reasonable to consider that the coincidence 
may be due to the similarity o f am ino acid com position o f globin subunits o f  
chicken haem oglobin (D ayhoff, 1972), and not due to the similarity o f com bi
nation o f globin subunits in the first and the second peak from chicken haem og
lobin.

CM C equilibrated with 0.01 N HC1 should be in the non-ionized  H-form . 
Thus, in the colum n chrom atography by the CMC, haem  seem s to loosely  bind 
to the CMC, perhaps due to the form ation o f a co-ordinate bond betw een  
non-ionized carboxyl group and Fe o f haem or haemin.

W hen sim ple cellu lose was used in chrom atography, neither haem  nor globin  
was adsorbed. Thus, the carboxym ethyl group o f the ion exchanger might be 
indispensable for adsorption o f haem  or haem in. W hen a haem oglobin solution  
contains Na ions, haem  or haem in is m ore incom pletely adsorbed with the 
increase o f the concentration o f Na ion. H ence, absence o f Na ion might also be 
indispensable for adsorption o f haem or haemin. NaCl might interupt the 
co-ordination betw een  Fe and carboxyl group, just as carboxyl groups co 
ordinated for chrom ium in a chrom e com plex. For exam ple, [Cr-3 H20-2 
C O O ]+Cl_ , is exchanged with Cl ion in the presence o f NaCl. H ow ever, w ithout 
NaCl the com plex remains in itself.

In this chrom atography, am ounts o f haem oglobin applied to 1 g o f CM C  
should not be over 70 mg, because haem  or haem in adsorbed to CMC seem s to
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be slowly eluted after globin elution and can not be explained only by the 
general theory o f ion exchange chrom atography. Further study on the proce
dure for increasing the applied am ount o f haem oglobin is now in progress.
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Book reviews

Functionality and Protein Structure. (A C S Symposium Series, N o. 92) Ed.
by A . Pour-El.
W ashington, D.C.: A m erican Chemical Society, 1979. Pp xii +  243 . ISBN  
0 -8 4 1 2 -0 4 7 8 -0  $24 .50 .

This book  is based on a sym posium  sponsored by the Am erican Chemical 
Society D ivision o f Agriculture and Food Chemistry at the 175th M eeting of 
the A C S, A naheim , California, March 13, 1978. It contains tw elve chapters, 
many o f which are written by authorities who are well known for their work on 
proteins and protein functionality. A  summary o f the contents is as follows: 
functionality o f o ilseed  and soy proteins (four studies); gel form ation, em ulsify
ing properties, and form ation o f coacervate system s (three studies); enzym e- 
to-protein  binding (on e study); lysinoalanine form ation (one study); milk 
proteins, wheat gluten proteins, and chem ical m odification o f plant and yeast 
proteins (three reviews).

Editor Pour-E l has defined functionality to be ‘any property o f a substance, 
besides its nutritional ones, that affects its utilization’. During the last decade, 
there has been an increasing awareness o f the im portance o f such properties 
with respect to the proteins o f foods and those proteins em ployed as food  
additives. Food scientists and technologists working in this area will find Func
tionality and Protein Structure a valuable source o f relevant inform ation.

The three reviews in this book are w ell-w ritten introductions to the relevant 
literature: those on milk and gluten proteins being concise, yet inform ative; and 
that on the chem ical m odification o f plant and yeast proteins (K insella & 
Shetty) being com prehensive and thought-provoking. It is also stimulating to 
have available, in one text, so many descriptions of food-related , physico
chem ical properties o f proteins. A s for the experim entalist, the various practi
cal studies o f functionality should be useful guides to the wide range o f techni
ques that are currently available for this purpose.

This book  is recom m ended to those who are directly concerned with the 
functional properties o f proteins, although anyone with a m ore general interest 
in food  proteins should find an opportunity to browse through it.

Alan L. Lakin
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Effects of Heating on Foodstuffs. Ed. by R. J. Priestley.
London: A pplied Science Publishers, 1979. Pp. ix +  417 . ISBN  
0 8 5 3 3 4 -7 9 7 -2 . £24 .00 .

In the Preface, the Editor describes this book as a ‘collection  o f reviews to be 
used by researchers and processors’. T hese are m ostly o f a high standard and 
are well supplied with references. The chapter headings are as follows: Proteins 
(D . R. Ledward); Carbohydrates (C. T. G reenw ood and D. N . Munro); Pig
m ents (M . L. W oolfe); Vitam ins (R . J. Priestley); M eat (D . A . Ledward); 
Poultry M eat (Ruth E. Baldwin and O wen J. Cotterill); Eggs (Ruth E. Baldwin  
and O w en J. Cotterill); Fisher (A . A itken and J. J. Connell); Fruits (S. D . 
H oldsworth); V egetab les (S. D . H oldsworth); M ilk and Dairy Products 
(R . L. J. Lyster); Cereals, R oots and Other Starch-Based Products (C. T. 
G reenw ood and D . N . M unro).

In so far as com m odities are concerned, the reviews provide valuable intro
ductions to effects of the various heat treatm ents used during processing. The 
sam e can be said with respect to the effects of heat on proteins, carbohydrates 
and pigm ents, although the am ount o f space devoted  to the basic chemistry of 
these food  constituents is surprising; som ething not to be expected in a book  
with this title. Similarly, the chapter on m eat contains a major section on meat 
structure and other background material which also seem  out o f place.

Inevitably, in a book o f this kind, there is som e duplication o f content and 
there are always om issions. (Exam ples o f the latter are the absence o f adequate 
treatments of: pectic substances and the softening o f vegetables on cooking; 
mechanisms associated with non-enzym ic browning; thermal inactivation of 
enzym es and their reactivation.) The most significant om issions, however, are 
in relation to lipids and they occur because o f an editorial decision, on account 
of reviews published elsew here.

A  more fundam ental criticism of this book could be that it lacks hom ogen- 
iety, being more like the proceedings o f a symposium than a text with a unifying 
them e. Even so, it will be a useful asset to any library or reference collection  
because o f its value as a ‘timer saver’ in that it is a collection o f useful inform a
tion taken from throughout the literature o f food  science and technology.

Alan L. Lakin

Soy Protein and Human Nutrition. Ed. by H. L. W ilcke, D . T. H opkins and
D. H. W aggle.
N ew  York: Academ ic Press, 1979. U S $25 .00 .

This book is the Proceedings o f the K eystone Conference on Soy Protein and
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Human Nutrition held in K eystone, Colorado, 2 2 -2 5  May 1978. D esp ite its 
title, the subject matter is broad and contains a good  deal o f background  
information as well as up-dating aspects o f soy-protein nutrition.

A  description o f the types o f soy protein products in com m ercial use is given  
by D. W aggle and Kolar, follow ed by a chapter on the im portance o f functional
ity o f vegetable proteins in foods by Wilda Martinez. This latter chapter follow s 
the typically logical pattern o f m ost o f the presentations, dealing with the wide 
concepts of the m eaning o f functionality o f foods and its m easurem ent, before 
citing specific exam ples. From this chapter and later ones it is clear that not all 
soy isolates are the sam e, but that their specific properties very much depend on 
the extraction conditions used. On the whole the main com ponents o f isolated  
soy are the storage globulins, which have different properties from the struc
tural proteins.

The m ost controversial paper in the C onference was that by Carroll, H uff and 
Roberts. Called ‘V egetab le protein and lipid m etabolism ’, it described experi
m ents carried out in these authors’ laboratory on the effect o f animal and plant 
proteins on the serum cholesterol level o f rabbits fed these materials. This paper 
elicited strong discussion, which is recorded in detail, making most interesting  
reading.

The chapter on the ‘Effect o f Soy Protein on Trace Mineral A vailability’ by 
O ’D ell em phasises the role played by phytate, in particular phytate-protein  
interaction, in prom oting loss o f zinc by the body. M ethods for removing  
phytate from foods are discussed. In ‘Biological A ctive Substances in Soy 
Products’ by A nderson and colleagues, they conclude that most toxic sub
stances present in soy can be rem oved by proper processing, that flatulence 
causes discomfort and em barrassment but is not anti-nutritional and that 
increased consum ption o f soy protein will result in more cases o f allergenicity, 
but this would be expected  with any food  product. Still on the toxicity aspects o f  
soy, Struthers and colleagues stressed that the bound lysinoalanine formation  
during the production o f soy concentrates and isolates was relatively unim por
tant, as rat studies have shown that only the free form o f lysinoalanine has high 
potency in the causation of nephrocytom egaly in the rat. This disorder, which 
has only been dem onstrated in the rat, and which has not been shown to lead to 
hyperplasia, is largely reversible, at least in short-term studies.

Human requirem ents for lysine and the sulphur-containing amino acids were 
described by Harper. Great em phasis was given in this Conference to m ethods 
of evaluating protein quality by animal and human assay, particularly those 
m ethods which should be used for the m easurem ent o f protein quality by 
regulatory agencies. Thus, despite the fact that two o f the pages have been  
incorrectly assem bled, this is a very valuable docum ent, which should be of 
interest to workers in many fields.

Ann F. Walker
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ICUMSA: International Commission for Uniform Methods of Sugar 
Analysis; Report of the Proceedings of the Seventeenth Session held in 
Montreal, 4-9 June 1978.
Peterborough: IC U M SA . 1979. xxi +  448  pp. Index. ISBN 0 -9 0 5 0 0 3 -0 2 -0 .  
£ 20 .00 .

Scientists in the sugar industry are probably well aware o f this series, and clearly 
many will have been connected in one way or another with the extensive  
collaborative trials which provide the base for the recom m endations on stan
dardization o f m ethods adopted at the four-yearly m eetings o f the International 
Com m ission. For the reviewer, despite acquaintanceship with ‘Sugar Analysis: 
ICUMSA Methods’, and involvem ent in standards work in other fields, perusal 
of this book was a revelation. H ere, instead o f mere instructions on m ethodol
ogy, we have m eticulously detailed referee reports on thirty-one topics and a 
full account of the open discussion -  even haggling -  o f experts from twenty- 
seven countries, leading to the final adoption o f recom m endations on m ethods 
and procedures. Many o f the subject chapters contain extensive and useful 
tables, som e resulting from collaborative physical m easurem ents o f the highest 
attainable accuracy and precision, such as those referring to temperature cor
rections for m easured refractive index o f sugar solutions, on polarimetry and 
density m easurem ents, and on the rheological properties o f m olasses and 
m assecuites. This is clearly an important volum e o f reports for all involved in 
sugar analysis, but it contains much that will be found instructive by those  
working in other fields o f analytical chem istry, food  quality evaluation, or 
m ethods standardization. In particular, the short referee’s report on ‘Sampling 
sugar and related products’ (by E. G. Muller of Tate and Lyle R efineries Ltd) is 
a m odel of clarity in marrying statistical theory with ‘practical politics’ ; the 
discussion on the extensive report on ‘Specifications and tolerances for pure 
sucrose and reagents’ (by G. Rens o f Raffinerie T irlem ontoise SA , Belgium ) 
illustrates the involvem ent o f several countries in the final determ ination of 
accepted quantitative standards, while the discussion o f the report on ‘reducing 
sugars’ (by R. Pieck o f the sam e com pany) illustrates the importance of 
econom ics in m ethods selection -  and, incidentally, a certain measure o f irrita
tion with the view s o f the E EC  Com m ission on m ethods standardization. Later 
in the proceedings there was an outright rejection o f the E E C  proposed m ethod  
for the determ ination o f loss on drying o f white sugars in recom m endation 4 o f  
the report on the ‘Characteristics o f white sugars’ (by D . H ibbert of the British 
Sugar Corporation).

This book is, by no stretch o f the im agination, to be considered as light 
reading -  and I must admit I would probably have passed it by had I not 
undertaken to review it! Y et, on extensive perusal it continues to reveal more 
and more o f interest and relevance far beyond the apparently narrow field to  
which it is dedicated. I com plete my review with a heightened respect for 
IC U M SA  and their style or work -  which deserves, and will repay, study well 
outside their ranks.

E. C. A p ling
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Food Processing Waste Management. By J. H. G reen and A . Kramer. 
W est Port, Connecticut: A V I Publishing Company, 1979. Pp. xii +  629. ISBN  
0 -8 7 0 5 5 -3 3 1 -3 . $43 .00 .

A  well written and readable book, giving com prehensive coverage to the whole 
range o f A m erican food  processing waste m anagem ent which, because of their 
similarity throughout the world, renders the volum e o f value in all English  
speaking countries. Its diversity and detail com m ends it to all specialist consul
tants and students o f waste water treatm ent and m anagem ent, whilst manufac
turers will also find, not only points o f interest in their particular processing, but 
a wealth o f detail and general principles applicable to many different wastes.

The diversity o f material does not detract from the logical and practical 
approach to waste m anagem ent which is o f use to every producer o f food  
processing waste and also to pollution control staff o f water, river or sewerage 
authorities.

Considerable space is devoted  to the m ethods used to initiate and carry out 
waste surveys and the m ethods and equipm ent (A m erican) used for sampling 
and flow  m easurem ent. Em phasis is placed upon the fact that the individuals 
best placed to understand how waste is produced are the staff em ployed in the 
processing industries them selves, albeit professional guidance is usually desir
able to correlate the data and identify the options. The theory o f flow  m easure
m ent is w ell covered in practical terms without excessive detail o f hydraulic and 
fluid m echanics theory and includes reference to m ore sophisticated techni
ques, such as ultrasonic instrum entation currently finding favour in this coun
try.

The chapter on sam pling could have been expanded, although the necessity  
for accurate and representative sampling is stressed and the advantages o f  
different techniques discussed. M ore detail o f  the relative merits and findings o f  
the different types o f sam pling apparatus would have been o f value and here 
com parison o f not only Am erican but other com m ercially available equipm ent 
would have been extrem ely useful. A ttention  is wisely drawn to the storage and 
handling o f sam ples dependent upon the different param eters under study.

W aste characterization by the use o f laboratory and field equipm ent was a 
topic I found particularly well written and easy to understand. The diverse 
m ethods available to estim ate waste organic matter and oxygen demand, 
together with the relationship betw een the results obtained by different 
m ethods, is especially well described. Correct em phasis is placed on the need  
for accurate and m eaningful study o f the individual processes before a com 
prehensive plan is form ulated, a point often insufficiently stressed by other 
authors.

Regretfully, an om ission in respect o f these chapters on initial survey and 
characterization is a section or chapter dealing with the statistical handling of 
the data. Clearly to optim ize the benefits o f  sophisticated sampling techniques 
and autom ated analytical processing requires correct statistical handling and 
interpretation o f the considerable quantity o f data which inevitably accrues.

The book strives to adhere to the logical route through the waste m anage
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ment schem e o f m onitoring, in process m odifications, treatm ent, regulations 
and econom ics, but I found the intrusion o f specific exam ples o f process 
modification relating to dry caustic peeling and whey treatm ent a little confus
ing. Similarly, whilst applauding the effort to provide additional reference value 
in limited space, the inclusion of exam ples by other authors tended to detract 
from the readability o f the book. In my view these topics could have been  
covered more lightly or have been provided in an appendix.

A series o f chapters deal with the general processes used to treat food waste 
authoratively and are well docum ented, particularly valuable to students and 
manufacturing staff not directly involved in waste m anagem ent. Each o f the 
more widely used techniques are fully described, although today the wider 
issues o f total energy control might have warranted more detail and comparison  
of the relevant energy budgets of different options.

I found the chapters on U .S. legislation relating to the Food Industry of 
interest, if only for com parison with the advantages and shortfalls o f British 
legislation . Similarly, the table o f E PA  analytical m ethods is useful for com pari
son rather than of direct value.

H ence I found the book informative and readily readable and worthy o f a 
place on my reference shelves. My criticisms are o f som e inclusions which I have 
m entioned and which tend to break up the flow o f the script, and a few  
om issions. It is well stocked with detail and well referenced, the use o f tables in 
the appendices facilitating excellent cross reference. For the specialist, the text 
contains logical m ethods for waste m anagem ent, a wealth o f detail and refer
ences. For the student and non-specialist, a readable text which succinctly 
explains points coherently and in plain term inology, plus a com prehensive 
glossary. For me it highlighted the need for similar volum es covering the same 
and other industries which produce waste liquor, but related to the British and 
European views, legislation and fiscal arrangements o f pollution control and 
waste managem ent.

V. H. Le win

Books Received

Hygienic Design and Operation of Food Plant. Ed. by R. Jowitt. 
Chichester, Sussex: Ellis H orwood, 1980. Pp. 292. ISBN 0 -8 5 3 1 2 -1 3 3 -8 .  
£ 2 0 .0 0  (paperback ISBN  0 -8 5 3 1 2 -1 5 3 -2 , £7 .50 ).

The proceedings o f a symposium organized by the Food Engineering Panel of 
the Society o f Chemical Industry on behalf o f the Food Manufacturers’ Federa
tion, the Food Machinery A ssociation and the Food Research A ssociation , 
which was held at the National C ollege of Food Technology, W eybridge on  
1 9 -2 0  April, 1978.
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Cost Effective Quality Food Service: An Institutional Guide. By J. F.
Stokes.
Germ antown, Maryland: A spen Systems Corp., 1979. Pp. xiv +  314. ISBN  
0 -8 9 4 4 3 -0 8 3 -1 . £15 .50 .

A  manual designed to offer practical ways to contain costs in health care food  
service which covers such topics as purchasing, stores and inventory cost con
trol; financial aspects o f m eal preparation; selection o f energy-efficient equip
ment and energy cost m anagem ent. A ppendices, which com prise 137 pages, 
include representative m enus and recipes for regular, soft/bland, low sodium, 
low fat and low residue diets.

Food Service Systems: Analysis, Design and Implementation. Ed. by
G. E. Livingston and C. M. Chang.
N ew  York: A cadem ic Press, 1979. Pp. xv +  483. ISBN 0 -1 2 -4 5 3 1 5 0 -4 .  
$27.50 .

The ‘updated’ proceedings o f a symposium organized by Food Science A ssoci
ates Inc., and held in Framingham, M assachusetts during 1976. The book  
considers the problem s o f analysing and optimizing the major elem ents o f food  
service system s, such as food , labour utilization, kitchen design, equipm ent 
selection, quality control, training, and m icrobiological and nutritional aspects.

World Review of Nutrition and Dietetics. Vol. 35. Ed. by G. H. Bourne. 
Basel, Switzerland: S. Karger, 1980. Pp. x +  238. ISBN 3 -8 0 5 5 -0 4 4 2 -X .  
Sw.Fr. 192 .00/D M  230 .00 .

The topics reviewed in this volum e comprise: anaemia during hard physical 
training; evaluation o f Ile-Ife Nutrition Rehabilitation Centre; pancreatic lip
ase; organochlorine pesticide residues in food  o f animal origin in Italy; varia
tions in the concentration o f m etabolites in the blood of cattle, and interpreta
tion of m etabolic profiles.

Food for All the Family. By M. Pyke.
London: John Murray, 1980. Pp. 256. ISBN 0 -7 1 9 5 -3 7 2 0 -7 . £6 .50 .

‘A  simple accessible book for anyone who has to plan meals for men and 
wom en, children, babies, old people, invalids and expectant m others’, as well as 
dogs, cats, rabbits, guinea pigs, and many other pets.
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Planning for Cook-Chill, 2nd ed. By The Electricity Council’s Project Plan
ning Unit (Catering).
London: Electric Catering Centre, 1980. Pp. 59. Free o f charge to caterers from  
Area Electricity Boards or from the Electricity Council, London.

A  catering handbook which defines and describes cook-chill production  
m ethods in the context o f the recom m endations made by the Departm ent of 
H ealth and Social Security.

Pesticide Residues and Food.
London: Consum ers A ssociation , 1980. Pp. 115. ISBN  0 -8 5 2 0 2 -1 8 7 -9 .  
£ 2 5 .0 0 .

A  study and com m entary on the system s o f control o f pesticide residues in food  
in the U .K . and W est Germ any, discussed in the context o f the EEC  directive 
76/895 /E E C  and draft directive C O M (80)14.

The Genus P é n ic il l iu m  and its Teleomorphic States E u p e n ic illiu m  and 
T a la rom yces. By J. I. Pitt.
London: A cadem ic Press, 1979. Pp. vii +  634 . ISBN 0 -1 2 -5 5 7 7 5 0 -7 . £ 4 0 .0 0 .

This book provides descriptions o f 150 species o f Pénicillium, thirty-seven  
species o f Eupenicillium  and sixteen species o f Talaromyces, based on colonial 
m orphology after incubation under standardized conditions o f medium, tem p
erature and time, and m icroscopic m orphology. Identification keys, and check
lists o f accepted species and of epithets are included.
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