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On the conversion factors in thermal processes

I. J. K O P E L M A N *. I. J. PFLUG  a n d  D. N A V E H

Sum m ary

C onverting experim ental or assumed heating parameters o f one container size 
to another using the so-called conversion factor, CF, is an important practical 
step in the initial design o f thermal processes. H owever, the current prevailing 
approach for conversion is limited to cans where the two containers are o f metal 
and are processed essentially in the same heating medium. The present study 
develops the theoretical equations, verified experimentally, for the conversion 
factors in a broader spectrum o f containers (e .g ., glass jars to metal cans and 
vice versa) and different processing media (e .g ., water to steam and vice versa). 
T he developed  relationships enable the thermal process engineer to use 
conversion factors in a simple manner for most practical processing conditions.

Introduction

C onverting experim ental or derived heating parameters o f one container size to 
the heating parameters for another container size is an important practical step 
in the design and monitoring o f thermal sterilization processes. Presently, the 
prevailing approach for such a procedure, using the so-called conversion factor, 
CF, is essentially based on the Schultz & Olson (1938) analysis for convection  
heating and the Ball & O lson (1957) analysis for conduction heating.
T he approach to conversion factors divides the processed foods into two 
categories: those heated primarily by a convection mechanism and those heated  
primarily by conduction. Using this overall approach analysis, for convective 
heating products Schultz & O lson (1938) suggested that the heating rates (i.e ., 
the tem perature response parameters, f )  for the same product packed in two 
different container sizes will be proportional to their respective volum e/area
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230 I. J. Kopelman, /../. Pflugand D. Naveh

ratio. For conduction heating, the Ball & Olson analysis suggests that the 
tem perature response parameter, / ,  in any direction o f the major axes o f the

fabodv. can be derived from the expression ^  = /VBi. The theory and analysis

for conversion factors is fully delineated by Ball & Olson (1957). Using the 
above approach, conversion factors for a matrix o f can sizes for conduction and 
convection  heating were calculated and tabulated (Ball & O lson, 1957).

The limitation o f the developed conversion factors is that they are valid only if 
the two containers are o f metal and are processed essentially in the same heat 
transfer m edium . Processing situations theoretically cannot be handled through 
the present conversion factor system where two different heating media are 
involved ( e .g . , water vs steam ) or when the two containers are o f a different type 
materal ( e .g . , glass jar vs metal container). Therefore, there is a need to develop  
conversion factor equations, especially for products heated primarily by 
convection , which will account for processing parameters such as different 
heating m edia or different container materials.

The purpose o f this study is to: (a) discuss, in general terms, the conversion  
factor for conduction heating products and (b) develop from a theoretical basis 
the convection conversion factor equations or a wide spectrum o f conditions as 
w ell as verify that these developed conversion factors give accurate results.

Analysis and discussion

Conversion factors fo r  conducting heating

T he theory o f  conversion factors for conduction-heated food products is well 
delineated  by Ball & O lson (1957). The temperature response param eter,/, can

f(X
be derived from which is a function o f the NBf In the range o f /VB,prevailing

for conduction heating food products processed either in steam or agitated

fa
w ater, the ^  f ° r a cylindrical container (a finite cylinder) or a rectangular

R'-container (a finite slab) will assume a constant value. This constant value o f —  is

foe
derived from similar ^  constants for each specific one-dim ensional con-

f(X
figuration that defines the body. Since the J—2for a given uniform body heated

by conduction will assume a constant value whether processed in steam or 
agitated water, the respective conversion factor between these two media (for 
the sam e container size and type) will be approximately one. This assumes that 
the heated body as a whole ( i.e ., the product plus the container) has uniform
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thermal properties. In the case o f food products packed in metal cans (and to 
som e extent also in flexible pouches), this assumption is reasonably accurate 
since the wall, due to its thickness, has a small temperature gradient across it as 
well as little effect on the overall heat capacitance o f the system.

The situation is slightly different for glass jars. The thermal conductivity of 
glass is larger than that o f food materials, and food materials have a smaller 
respective heat capacity. (The thermal conductivity o f glass is about twice that of 
water and the respective heat capacity is approximately half, leading to a 4:1 
ratio in thermal diffusivity.) An observation o f a qualitative nature is that the 
converted /-va lu e , based upon the jar’s exterior dimensions and the thermal 
properties o f  the entire body taken uniformly to be that o f the packed food, will 
probably result in a slightly larger (though close) /-value compared to the 
experim ental value. The data given by Townsend et al. (1949) for conduction  
heating products packed in metal cans and glass jars substantiate this approach. 
T hus, it seem s safe that one can convert heating data from metal cans to glass 
jars by assuming the glass wall to have the thermal properties o f the packed 
food , i .e . , to assume the jar with its external dimensions to be solid food.

If m ore accurate results are required, a quantitative approach should be used 
where in the food product packed in a glass jar is represented by a body with 
m ultilayer thermal properties. Analysis o f such multilayer transient conduction  
system s requires special mathematical techniques, mainly numerical methods, 
such as a finite difference or finite elem ents. A  com plete analysis o f the transient 
conduction  heat transfer in such a case (leading to, among other things, the 
determ ination o f appropriate conversion factors) is in progress by our group.

Conversion factors fo r  convection heating

C onvection heating is assumed for products with viscosities not greatly dif
ferent from water heated in a non-agitated mode (e .g ., juices, thin soups, and 
small particles in liquid such as peas in brine, etc.) and for products with a higher 
viscosity for agitated processes (e .g . , thick soups, cream style com , etc.). Under 
such conditions it is assumed that the container and its contents are heated in (or 
close to) a N ew tonian manner (i.e ., small, negligible temperature gradients 
within the product). Under such conditions the heat flow through the container 
to the product can be derived in the following lumped-sum form:

M C y-^r  = A U ( T — 7j) ( 1)

where

/ , 1 (2)
U h

Rearranging eqn (1) integrating it between the boundary conditions (T =  T„at
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t =  0 ) and converting the logarithm from natural to base 10 yields:

2.303 log
7 , - 7  _  A
7, -  T„

U t. (3)

E quation  3 yields a straight line on a semilogarithmic scale. Defining the 
tem perature response parameter, / ,  to be the time required for the 
unaccom plished dim ensionless temperature value ( 7 , -  T )/(T  — 7  ) to traverse 
on e log cycle, one gets:

2.303 log 10 =  — - U f  °  MCr (4)

f _  2.303 MCV 1 
'  A U '

Substituting the value o f U (eqn 2) into eqn 5 yields: 

2.303 MC„ / L  +  i _  +  L \

A U  k hJ

Equation (6) is the overall expression for the temperature response parameter, 
/ ,  in convection heating, with the ratio between any two /-values being the 
respective conversion factor. Before proceeding, it is worthwhile to analyze the 
significance o f the AfCp, /, and the A parameters in eqn (6).

T he heat capacity, MC^ represents the total heat capacity o f the heated body, 
i . e . , the container plus its contents. In the case o f a metal container or a flexible 
pouch the heat capacity o f the container is obviously negligible compared to that 
o f the contents (for exam ple, the heat capacity o f a 303 x  406 can filled with an 
aqueous solution is approximately 0.01 and 1.1 Btu/lb°F for the container and 
contents respectively.) H ow ever, in cases where products are packed in glass 
jars, the container heat capacity is not negligible and should be taken into 
account. (For exam ple, the heat capacity o f a 303 x  508 glass jar filled with an 
aqueous solution is approximately 0.087 and 1.08 Btu/lb°F for the glass jar and 
contents respectively.)

T he thickness o f the glass, /, a major resistance to heat flow, is not uniform  
throughout the jar and may vary by as much as 30%. From the basic heat

k.
transfer equation. Q = ~j~ A \ T  (A 7  is the temperature gradient across the 

glass), it can easily be shown that the average thickness, /, is more acurately 

described as A / lz=— '2 (A /[) i, or if equally spaced across the glass surface,
1 "  i  n

l / /  =  —  2  l//,-, rather than the usually taken arithmetic average o f / =  —  2  /,.
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T he area A , represents the surface available for the transfer of heat. In 
com puting the heat transfer surface one must resolve whether the compared 
heat transfer area o f the containers should (or should not) include the top (i.e ., 
A — ttD H +  2 v D 2/4 vs A = n D H  + ttD-/4). There is significant evidence 
indicating that the heat transfer coefficients through the headspace (i.e ., the 
top) are much smaller than those through the areas in direct contact with the 
internal fluid. This is especially true for convective heating systems where he 
heat transfer coefficient through the headspace is from 2 to 10 Btu/hr f t 2 °F and 
where the heat transfer coefficient through the internal liquid is approximately 
100 B tu /h r /f2°F (B laisdell, 1963: Evan & Board, 1954; Hidding, 1975). Thissug- 
gests that when dealing with vertically-positioned nonagitated containers, the 
area o f  com parison should probably exclude the top (i.e ., A = ttD H  + v D 2/4). 
On the other hand, for agitated processes or horizontally-positioned con
tainers (e .g . Hydrostatic and Hydrolock retort systems) the considered area 
should include both the top and bottom surfaces. H owever, for most cases 
(excluding shallow containers) the method o f area selection will have a 
relatively small effect on the conversion factors.

Solutions for conversion factors in convective heating are derived below for 
several practical cases. In general, the conversion factors deal with the same 
product packed in two different containers but exposed to a similar m ode of 
turbulence-prom oting forces (natural or forced). Under such circumstances one 
can assum e that the internal heat transfer coefficient, ^¡(primarily dom inated by 
viscosity and sheer forces), has similar values in both containers.

The relationship between the/-values o f a convective heating product packed

in tw o different containers can therefore be derived by extracting the value

(eqn 6), from the equation for the first container (Index 1) and substituting into 
the quation for the second container (Index 2) yielding the general, overall 
relationship (eqn 7).

/  2.303 M C P \

\ * h
fA

12.303 M C„

Equation 7 is the overall relationship between the /-values o f two containers 
(the conversion factor being the respective ratio), taking into account the 
container wall properties (//k) and the processing medium heat transfer 
coefficient, h-

Metal can to metal can

Processing two metal cans (or flexible pouches) in the same heating medium  
m eans the exterior heat transfer coefficients, h are equivalent. The value o f Ilk
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for m etal is always negligible. Therefore, eqn (7) will become:

f :  =
2.303 MCn fA

2.303 M C

or

(8)

CF — f- -  (M C JA )2 
f  ( M Q A \  •

N eglecting the heat capacitance o f the metal, eqn 9 will yield:

(9)

h  {V IA ) :
(10)

E quation (10) is in the classical form expressed by Schultz & Olson (1938). The 
ratio {V IA )  in eqn 10 can be expressed in terms o f the linear dimensions for any 
given shape o f a body.

Metal can to glass ja r (and vice versa)

If the m etal can and the glass jar are processed in the same heating medium, 
one can assume that the value o f l/h o will be about the same. (The value o f Ilk  for 
m etal is negligib le.) Eqn (7) is thus reduced to eqn (11), the conversion factor 
then b e in g /G/ / M. ( g  and m  indicate glass and metal respectively).

fa
2.303 MCn fA

2.303 MC + (ID

The m ethod o f conversion from a glass jar to a metal can is performed in a 
similar manner, thus arriving with eqn 12:

/ m
2.303 M CP 

A
fA

2.303 MCn ( 12)

Glass ja r to glass jar

If two glass jars have the same wall thickness and are processed in the same 
heating m edium , the ratio o f the /-values becom es trivial and is identical to the 
expression in conversion from metal to metal. That is,

f  _ {M C p)J A , 
f  {M C p)2/A 2 (13)

w here the MCp represents the entire heat capacity (i.e ., the heat capacity o f the 
jar plus that o f the contents) for the respective jars.
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Conversion factor fo r  two different processing media

W hen two containers are processed in two different media, the exterior heat 
transfer coefficient, hlf should be taken into account. Clearly, the film heat 
transfer coefficient for condensing steam ( h „ > 3,000 B tu /h r/f2°F) is at least one 
order o f  m agnitude larger than that o f agitated water ( h ~  175 to 400 Btu/hr 
ft'1 °F— Merril, 1948; Cowell et al. , 1959); therefore, the value, 1 /h„,  for steam  
can be neglected . The actual value o f h jo r  water should be selected based on 
experim ental data, available correlations, or on an acceptable value from the 
literature.

T he use o f  this conversion factor will be discussed with the following example 
o f frequently-occurring situation. The heating parameter is required for a 
product packed in a glass jar to be processed in water. The heating data are 
available for the product packed in a metal can processed in steam. The 
follow ing conversion equation is derived from eqn 7:

f  =
2.303 MC„

2.303 MC„
+ (14)

Thus, th e /-v a lu e  or the conversion factor for other possible cases can easily be 
obtained by substituting the appropriate values into eqn 7.

E xtensive experim ental heat penetration data were reported by Townsend et 
al. (1949) for several products in many sizes o f glass jars and metal containers 
processed in water and steam. W e have used these data to verify our proposed  
derived conversion factor equations. Sets o f data were tested using the 
appropriate conversion factor equations by inserting the appropriate thermal 
properties and correcting for the container dimensions (for headspace, can rims, 
double seam s— see exam ples 1 and 2), as well as the glass thickness o f jars 
(average o f 2 .0  mm for 202 x 309 or smaller and 2.3 mm for 208 x 401 or larger). 
T he results (Table 1) indicate that good agreement exists between the converted  
/^values and the experim ental values including converted / h-values calculated  
over a w ide range o f container sizes, as well as simultaneously changing from 
on e heating m edium and container type to another.

Example 1. T h e /hfor a 401 x 411 metal can (A 2 -1/2), filled with 1% bentonite 
(convective heating) and processed in water, was reported by Townsend et al. 
(1949) to be 6.5 min. It is desired to predict th e /hfor a smiliar-sized 401 x 411 jar 
filled with the sam e material and processed under similar conditions.

T he thermal properties o f the 1% bentonite solution were taken as those of 
water. Thermal conductivity o f 0.6 and 9.25 B tu /h r/t2 °F, specific heat o f 0.2 and 
0.12 B tu/lb  °F, and density o f 2.23 and 7.9 were used for glass and steel 
respectively. Corrections for headspace were taken to be 0 .4  and 0.24 inches for 
the glass jar and the metal can respectively. Values o f 0.25 and 0.13 inches were 
subtracted from the metal can’s 401 x 411 nominal dim ensions, reflecting rim 
correction for the height and thickness correction (o f the double seam and o f the 
wall) for the diam eter to estim ate the dimensions o f the solution in the can.
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K now ing the glass wall thickness o f the 401 x 411 glass jar (/ =  2.3 mm) and using 
eqn (11), the predicted / h was found to be 13.3 min, 4% less than the 
experim ental value o f 13.8 min reported by Townsend et. al., 1949) (example 
13, Table 1).

Example 2. The / hfor a 401 x 411 metal A2-1/2 can filled with 1% bentonite 
processed  in steam  was reported as 5.8 min (Townsend et al. , 1949). It is desired  
to predict the f h for a 202 x 309 baby glass jar filled with the same material 
processed  in water.

Substituting the thermal properties (outlined in example 1) and exterior water 
film coefficient, h a, o f 250 Btu//r2 °F into the appropriate equation (eqn 13) 
yielded an f h o f  7 .8  min for the 202 x 309 glass jar as compared to the 
experim ental value o f 8.3 min reported by Townsend (Example 4 in Table 1). 
T hough the above conversion was performed over a wide range o f sizes 
(volum etric ratio o f  401 x 411 to 202 x 309 is approximately 2:1) as well as when 
changing the heating m edium , only a small difference (about 6% between the
7 .8  min predicted and the 8.3 min measured) was determined.

T he exterior heat transfer film coefficient in agitated water ranges 
approxim ately betw een 175 and 400 Btu/hr f t 2 °F. The exact value depends 
primarily upon the degree o f turbulence and the body configuration. The 
selected  value o f the heat transfer coefficient will obviously affect the com puted  
/„ A  significant decrease in the / - falue is expected when increasing the external 
heat transfer coefficient from 50 (minimum h„ for nonagitated water) to 200 
Btu/hr ft '1 °F, after which the /-value rapidly approaches an asymptotic value.

In conclusion, the present study developed the theoretical equations for the 
conversion  factors in a broader spectrum of containers (e .g ., glass jar to metal 
can and vice versa), as well as processing media (e .g .. water to steam and vice 
versa), and verified experim entally that the converted values provide accurate 
results. T he developed  equations enable the thermal process engineer to use 
conversion factors in a simple manner for most pratical processing conditions.

Finally, the application o f any type o f conversion factor should be used with 
care. O ne should bear in mind that for a given product (even processed under 
similar tubulence-prom oting conditions) changes in type o f container size, kind 
o f  filling, etc. can lead to unaccountable dissimilarities resulting in process 
deviation . A s such, conversion factors should be used only as the preliminary 
step  o f  process design and by no means should they be interpreted as a substitute 
for the final experim ental validation step o f the actual delivered lethality.
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Notations

A : Surface heat transfer area
CF: Conversion factor— the ratio between two heating rate parameters 
D: C ontainer diam eter
/:  T he tem perature response parameter— the time required for the straight 

portion o f  the semilogarithmic curve to traverse one log cycle 
H: C ontainer height 
h'f Internal heat transfer coefficient 

E xternal heat transfer coefficient 
k: Therm al conductivity o f wall material 
/: T hickness o f wall 
MCV: H eat capacity 
/VBf B iot num ber 
Q: H eat flow
R: Characteristic dim ension  
t : T im e
T: Tem perature, variable 
Ti M edium  tem perature 
T'- Initial tem perature 
U: Overall heat transfer coefficient 
V: V olum e o f  body 
a: Therm al diffusivity
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Factors controlling the growth of C lo str id iu m  b o tu lin u m  types 
A and B in pasteurized, cured meats

I. Growth in pork slurries prepared from ‘low’ pH meat (pH range 5.5-6.3)

T. A . R O B E R T S. A N G E L A  M. G IBSO N  AND A. ROBINSON*

Summary

The effect o f  com binations o f sodium chloride (2.5. 3 .5. 4.5%  w/v on water), 
sodium  nitrite (100, 200, 300 Mg/g), sodium nitrate (0, 500 /ct-g/g), sodium  
isoascorbate (0,1000 fj.g/g, or equimolar with nitrite level) and polyphosphate 
(Curaphos 700; 0, 0.3%  w /v), on the growth o f Clostridium botulinum types A  
and B was studied in an experimental pork slurry system, without heating and 
after two heat treatm ents (80°C for 7 min and 80°C for 7 min plus 70°C for 1 hr) 
fo llow ed  by storage at: 15, 17.5, 20 or 35°C for up to 6 months.

Statistical analyses showed that increasing salt or nitrite levels, adding 
isoascorbate or nitrate, using the highest heat treatment or decreasing the 
storage tem perature all significantly reduced toxin production by Cl. botulinum. 
The addition o f 0.3%  polyphosphate (Curaphos 700) significantly increased 
toxin production. There were many significant two-factor interactions; the 
effect o f  increasing nitrite was relatively less if isoascorbate was present, at 4.5%  
salt, or at low storage temperature. The presence o f isoascorbate also 
counteracted the increase in toxin production attributed to the presence of 
polyphosphate.

Introduction

R esearch into nitrosamine toxicity and carcinogenesis began after indications of 
human toxicity arising from the industrial use o f dimethylnitrosamine (Barnes & 
M agee, 1954; M agee, 1973). Their possible occurrence other than in the 
industrial environm ent was not suspected until a serious liver disease occurred 
in Norway in 1960 (Sakshaug et al. , 1965) in sheep which had been fed fish meal 
preserved with nitrite, and which was later shown to contain dimethylnitros
amine (E nder et al., 1964). That sufficient dimethylnitrosamine to kill animals
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could be form ed raised the possibility that nitrosamines might also occur in 
foods for human consum ption, and Ender & Ceh (1968) detected 0.5--4.0/xg/kg  
nitrosam ines in sm oked herring, kippers, smoked haddock, smoked sausages, 
bacon , sm oked ham and fungi including mushrooms.

Subsequently nitrosamines have been reported in raw and smoked fish, wheat 
flour, milk, Tilsit cheese, alcoholic beverages, ham, frankfurters, bacon and 
other cured meats (Sebranek & Cassens, 1973; Gray, 1976; Gray & Randall,
1979), and in various industrial environments (Ember, 1980).

Form ation o f nitrosamines from secondary amines and nitrites under the 
conditions existing in the human stomach has been demonstrated (Sander, 
1967; Sander, Schweinsberg & M enz, 1968) and simultaneous feeding to rats of 
secondary amines and sodium nitrite resulted in the production of tumours 
(Sander & Burkle, 1969). The possibility that nitrosamines may be formed from 
ingested nitrites and secondary or tertiary amines in the diet has led to the wish 
to m inim ize the amounts o f nitrite and nitrate used in meat curing (Status 
R eport, 1972). N itrite perse appeared to be carcinogenic (Newberne, 1979) but 
a review o f the data com m issioned by the U .S . Food and Drug Administration 
and the U .S . Departm ent o f Agriculture revealed insufficient evidence to 
support this conclusion (D ickson, 1980).

The relative importance o f cured meats as a source o f nitrite and N-nitroso 
com pounds should be kept in perspective. In addition to cured foods there are 
several sources o f nitrite likely to contribute significantly to the total dietary 
intake. The relevance o f such additional sources o f nitrite, including fresh 
vegetab les, dehydrated foods, cigarette smoke and polluted air, and endo
genous sources such as saliva, intestinal contents and infections o f the stomach 
or bladder has been summarized and reviewed by Tannenbaum (1979).

Nitrite gives cured meat its characteristic colour (Fiddler et al., 1973a; 
Fujim aki, Em i & Okitani, 1975) and contributes to the flavour (Cho & Bratzler, 
1970; W asserman & Talley, 1972; Kueper & Trelease, 1974; Mottram & 
R h od es, 1974). It is also important in preventing the growth o f bacteria, 
particularly Clostridium botulinum  (Steinke & Foster, 1951; Blanche- 
K oelensm id & van R hee, 1968; Greenberg, 1972; Ingram, 1974, 1976) which 
occurs naturally in pork and cured products (Roberts & Smart, 1977). Changes 
in the perm itted levels o f nitrite will therefore affect the microbiological stability 
o f the product and a fuller understanding o f the factors which control the growth 
o f m icrobes, particularly Cl.botulinum, is needed to ensure that the excellent 
safety record o f cured meat products is maintained.

There is disagreem ent whether the nitrite added or the residual nitrite is the 
m ore important factor governing the control o f Cl. botulinum in cured meats. 
There are num erous reports that the likelihood o f toxin production by 
Cl. botulinum  is better predicted from the initial nitrite level than the residual 
(G reenberg, 1972; Christiansen et al., 1973; Hustad et al., 1973; B ow en & 
D ieb e l, 1974; Pivnick & Chang, 1974). H owever, residual nitrite (at time of 
inoculation) was the critical factor in determining growth or inhibition of 
dorm ant spores over long periods o f storage in laboratory media (Ashworth &
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Spencer. 1972; Ashworth, Hargreaves & Jarvis, 1973). It has been suggested  
that prevention o f growth o f spores o f Cl.botulinum  is the consequence of 
germ inated spores losing viability while nitrite remains, implying that the safety 
o f canned meat is dependent upon sufficient residual nitrite remaining until the 
num ber o f viable cells decreases below that needed to initiate growth 
(Christiansen, Tom pkin & Shaparis, 1978).

In a laboratory m edium , nitrite heated in the presence o f a casein hydrolysate 
and a reducing agent was about ten times more inhibitory to Cl.sporogenes than 
filter-sterilized nitrite (Perigo, Whiting & Bashford, 1967). The heat treatment 
required to form the factor was greater than that to which pasteurized cured 
products are subjected, and the additional inhibitory oroperties were lost when 
pork was added suggesting that it might not be relevant in pasteurized meat 
products (Johnston, Pivnick & Samson, 1969). Spores which were inhibited by 
heated nitrite remained viable, and grew when transferred to fresh medium  
(R oberts & Smart, 1974). A  similar, though less marked, effect which increased 
with the am ount o f heating, was found in meat (Ashworth & Spencer, 1972; 
A shw orth et al., 1973). A  nitrite derived inhibitor in meat was also 
dem onstrated by Pivnick & Chang (1974), who stored canned meat until nitrite 
was no longer detectable and then introduced spores o f Cl. botulinum previously 
heated in curing salts. The duration o f spore inhibition was longer the greater 
the initial concentration o f nitrite indicating that it had been converted to a 
substance able to prevent growth o f Cl.botulinum.

T he mechanism  o f nitrite inhibition is still unclear. It has been suggested that 
it reacts with -S H  groups o f enzym es such as dehydrogenases or coenzym e A  
thereby blocking energy metabolism (Castellani & Niven, 1955; Dainty & 
M eredith, 1973; O ’Leary & Solberg, 1976). More recently Yarbrough, Rake & 
Eagon (1980) reported the specific inhibition o f aldolase by nitrite. A  complex 
form ed betw een cysteine, ferrous ions and nitrite during autoclaving o f  
laboratory medium inhibited vegetative growth o f Cl.perfringens (Moran, 
Tannenbaum  & Archer, 1975) and in aerobic systems nitrite may oxidize ferrous 
iron o f  an electron carrier(s) such as cytochrome oxidase to ferric iron (R ow e et 
al., 1979).

Sodium  ascorbate and sodium isoascorbate (erythorbate) have been used in 
cure mixtures to accelerate cure colour formation. Both are reducing agents and 
prevent the formation o f undesirable oxidation products thereby stabilizing 
colour and flavour (Fiddler et al., 1973b). Ascorbic acid reacts with nitrite 
form ing dehydroascorbic acid and nitric oxide (Mottram et al., 1975) making it 
less available for the nitrosation o f secondary amines (Mirvish et al., 1972; 
Fiddler et al., 1973a, b; Fan & Tannenbaum, 1973). Both ascorbate and 
isoascorbate could therefore be regarded as antinitrosating reagents (Tompkin, 
Christiansen & Shaparis, 1978a). The proportion o f the ascorbic anion to nitrite 
is important (Mirvish et al., 1972) and a ratio ascorbic a c id : nitrite greater than 
2 :1  inhibited nitrosamine formation at pH 4.0 (Fan & Tannenbaum, 1973), 
while at ratios below  2 :1  it was only partially inhibited. Mottram et al. (1975) 
dem onstrated that nitrosation o f dimethylamine during curing and canning was
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suppressed approximately 80% when 1 mol ascorbate per mol nitrite was 
present in the curing brine. Ascorbate had no effect on the ability o f nitrite to 
inhibit the formation o f toxin by Cl.botulinwn in wieners (Bowen & D eibel. 
1974; B ow en , G ervenv & D eibel, 1974). In bacon ascorbate decreased the 
efficacy o f nitrite to inhibit Cl.botulinum, especially at levels o f ascorbate 
greater than 500 yug/g (Bow en & D eibel, 1974). Other workers have claimed 
that ascorbate and nitrite act synergistically. The addition o f 1% ascorbic acid 
reduced the sodium nitrite tolerance o f Cl.botulinum  in laboratory medium  
(Baird-Parker & Baillie, 1974) and nitrite and ascorbic acid interacted to 
enhance the effectiveness o f nitrite in mildly salted or medium salted bacons 
(Crowther et a l., 1977). Similarly isoascorbate enhanced the antibotulinal effect 
o f nitrite in perishable canned cured meats (Tompkin et al., 1978a). Storage at 
low tem peratures (4 .4 , 10°C) prior to temperature abuse (27°C) increased 
nitrite depletion in the presence o f isoascorbate, and the authors suggested that 
this could increase the risk o f growth o f Cl. botulinum if a product is temperature 
abused after a period o f refrigerated storage (Tompkin et al., 1978b).

In the U .K . the use o f ascorbic acid (or its sodium or calcium salt) is permitted 
only as an antioxidant (Antioxidants in Food Regulations, 1978). Isoascorbic 
acid (erythorbic acid) as an antioxidant was reviewed in 1964 (Food Standards 
C om m ittee, 1964) but its use was not recommended since ascorbic acid was 
already perm itted. Isoascorbate is therefore not permitted in the U .K . although 
it is com m only used in cure mixtures in the U .S .A . (Tompkin et al., 1978a). 
There are few com parisons o f the effectiveness o f ascorbate and isoascorbate in 
foods; superior antioxidant properties are claimed for ascorbic acid, particularly 
in processes involving heat, and it stabilizes the colour o f cured meats more 
effectively than isoascorbic acid (Borenstein, 1965).

T he mechanism  by which ascorbate/isoascorbate enhances the antibotulinal 
effect o f nitrite is not understood. Reducing agents, such as ascorbate or 
cysteine, enhanced the antibotulinal effect o f nitrite in underprocessed meat 
slurry (Johnston & Loynes, 1971) perhaps by transferring the nitroso group 
directly to com ponents o f the bacterial cell, or by the subsequent release of 
nitric oxide. Tom pkin, Christiansen & Shaparis (1978c) suggested that 
isoascorbate, ascorbate, cysteine and E D T A  bind cations essential for the 
repair o f  nitrite injured cells.

The value o f nitrate in cured meats in addition to nitrite has also been  
questioned. In unheated cured products the shelf-life o f vacuum packed bacon 
(pH  5 .4 5 -6 .0 5 ) stored at 5 or 15°C was similar in the presence or absence o f  
nitrate (ca 500 ¿¿g/g) (Taylor & Shaw, 1975), but nitrate (ca 500 /u.g/g) sometimes 
reduced the rate o f microbial growth in vacuum packed collar bacon (pH  
5 .9 0 -6 .4 5 ) stored at 5 or 15°C (Shaw, 1974; Taylor, Shaw & Jolley, 1976). 
Nitrate had little effect on growth o f clostridia in those bacons (Roberts, 1975; 
Roberts & Smart, 1976). In heated cured products 156 (jlg/g nitrate had little 
effect on microbial growth, including putrefactive anaerobes (Silliker, 
G reenberg & Schack, 1958). Levels o f nitrate up to 450 /¿g/g did not significantly 
affect toxin production by Cl.botulinum  in experimentally produced wieners
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(H ustad et al., 1973) and Roberts & Ingram (1977) reported the effect o f nitrate 
(500 p.g/g) added to pasteurized pork slurries inconsistent. Duncan & Foster 
( 1968a. b) reported that nitrate (up to 1000 /¿g/g) was probably not significant in 
the control o f Cl.botulinum  in canned luncheon mea:s, and Greenberg (1972) 
found nitrate (up to 200 p g/g) showed no antibotulinal activity in canned hams. 
A t a given nitrite level, nitrate (500-2000 /¿g/g) had a slight but statistically 
significant effect in delaying developm ent o f Cl.botulinum  toxin in canned 
com m inuted ham (Christiansen et al., 1973) but som e nitrate was reduced to 
nitrite.

Polyphosphates are used commercially to aid water retention, which is 
claim ed to improve tenderness, juiciness and flavour (Spencer & Smith, 1962) 
and decrease cooking shrinkage (M onk. M ountney & Prudent. 1964: M ountnev 
& A rganosa. 1963). Som e are claimed to be antimicrobial (Stauffer Chemical 
C o .. 1979). There are relatively few reports on the effect o f polyphosphates on 
growth and toxin production o f Cl.botulinum. Polyphosphate (0.5%  Curaphos 
700) significantly reduced toxin production in a meat slurry system containing 
3.5% . but not 2% salt, while 0.3%  was less inhibitory (Jarvis, Patel & Rhodes, 
1977). There was a significant interaction between polyphosphate and nitrite 
and the effect o f polyphosphate was also related to pH change in the meat.

The num ber o f cells used as the inoculum also influences the extent o f growth 
o f  Cl.botulinum. Christiansen et al., (1974) detected toxin at all nitrite levels 
tested  (up to 340 /¿g/g) in bacon inoculated with 19000 spores Cl.botulinum  per 
g (4300 after processing) whereas 210 spores Cl.botulinum  before processing (52 
after processing) failed to produce toxin at 170 or 340 /¿g/g nitrite when stored at 
27°C. A n inoculum  o f 100 spores/g meat produced toxin in the presence o f 150 
/¿g/g nitrite (added), but not 200 /¿g/g, whereas 5000 spores/g produced toxin in 
m eat product containing 400 /¿g/g but not 500 /¿g/g nitrite (Christiansen et al. ,
1973). There was no effect o f spore inoculum (10‘, 10:; or 105) on the number of 
sam ples containing toxin after incubation at 17 .5 ,20 , 22.5 or 25°C, but at 15° an 
inoculum  o f 10:i caused a higher proportion o f samples to contain toxin than did 
10' (R oberts. Jarvis & R hodes, 1976).

Storage temperature is also important. Storage o f canned comminuted meat 
at 7°C prevented spoilage and developm ent o f botulinal toxin for up to 6 
m onths, whereas similar product stored at 27°C became toxic within 2-3  weeks 
(Christiansen et al., 1973). Clostridium botulinum type A (inoculum 5000 
spores) failed to produce toxin in liver sausage at 18°C for up to 3 months, 
whereas at 30°C it becam e toxic within 20 days (Steinke & Foster, 1951). 
Clostridium botulinum  is inhibited more readily by curing salts at reduced 
storage tem peratures (Roberts, Jarvis & Rhodes, 1976; Ingram, 1974).

The im portance o f pH at any given nitrite level was demonstrated by 
Castellani & N iven, (1955) who showed that the nitrite sensitivity of 
Staphylococcus aureus increased with reducing pH values from 6.9 to 5.05. 
Reducing the pH value from 7.0 to 6.0 or 5.5 lowered the salt tolerance of 
vegetative cells o f  Cl.botulinum  types A . B & E (Baird-Parker & Freame, 1967). 
In studying varying levels o f  salt and nitrite in com bination, less growth and
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toxin production o f Cl.botulinum  occurred at lower pH values in laboratory 
m edia (R oberts & Ingram, 1973; Roberts, 1974) and in vacuum packed Dutch 
sm oked ring (pork) sausage (Blanche-Koelensm id & van Rhee, 1968).

The pasteurization process given to large hams (over ca 1 kg) and some other 
cured m eat products is insufficient to destroy bacterial spores, but their growth 
is prevented by a com bination o f factors including the severity o f heat 
treatm ent, the storage temperature, pH, salt and nitrate levels. H eated spores 
are m ore sensitive to salt and nitrite than unheated spores (Roberts & Ingram, 
1966; Jarvis etal., 1976).

T he factors discussed above should not be considered individually. Although  
factors were known to act in combination or to interact in controlling the growth 
o f  Clostridia (Bulm an & Ayres, 1952; Riemann, 1963; Baird-Parker & Freame, 
1967; R iem ann, Lee & G enigeorgis, 1972), Roberts & Ingram (1973) first 
expressed sem i-quantitatively the triple interaction of pH x  NaCl x  N a N 0 2. In 
principle, therefore, the same degree o f stability and safety with respect to 
Cl.botulinum  can be achieved by many different combinations o f pH, NaCl, 
N a N 0 2 and storage temperature.

T he purpose o f this study was to acquire sufficient data to determine the 
m inimum sodium nitrite concentration required to control Cl.botulinum  taking 
into account realistic commercial conditions o f pH, NaCl, storage temperature, 
heat process and other additives such as sodium isoascorbate, polyphosphate 
and sodium  nitrate.

Pasteurized cured meats have an excellent record with respect to food
poisoning, and consideration o f the growth o f Cl.botulinum  in the presence of 
com m ercially realistic com binations o f the above factors could lead to a model 
able to express the relative effects o f changes in formulation, and against which 
proposed chem ical additives or substitutes for nitrite could be tested.

Materials and methods

Meat slurry system

The pasteurized pork slurry system described by Rhodes & Jarvis (1976) was 
used. Fresh pork leg was defatted by hand, cut into small pieces and minced 
through a 4-mm plate o f a ‘Crypto M incer’ (M odel N o. A B12) and stored in 1 kg 
am ounts at -  10°C. Prior to use it was thawed at 1°C for 15 hr, then held for 4 hr 
at room  temperature (approximately 18-20°C). The thawed, minced pork was 
hom ogenized  with water containing the chemical additives (pork:water 1.0:1.5) 
using a ‘H obart’ bowl chopper (M odel N o. VCM 25, Hobart Manufacturing 
C o ., 115 Brunswick Park Road, N ew Southgate. London N i l )  for 30 sec at low  
speed  and 45 sec at high speed. The resultant slurry was filled into 28 ml 
screw-capped bottles ( ‘universal’ bottles) using an ‘A lbro’ single head vacuum  
operated  filler (A lbro Filling and Engineering Co. L td ., Wharfe Road, Ponders 
E nd, M iddlesex). A fter dispensing the capped bottles were left overnight
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( 18-20hr) at 1°C, then held at room temperature for 1 hr to allow the contents to 
reach about 15°C prior to inoculation and heating. This procedure of 
preparation and storage at 1°C, and inoculation and heating the following day, 
ensured that all slurries were treated similarly and that the slurry temperature 
was about 15°C at the time o f inoculation.

Organisms

The inoculum  consisted o f a mixed spore suspension o f equal numbers o f  
Cl. botulinum  type A: NCTC 3806, NCTC 9837, NCTC 7272, 62A  (National 
Canners A ssociation , B erkeley, California, U .S .A .)  33A  (D . Berkowitz, U .S . 
A rm y Natick Laboratories, Natick, M ass., U .S .A .)  and type B: NCTC 3807, 
N CTC 751, 213B (National Canners Association) CN1356 and CN5009 (P. D . 
W alker, W ellcom e Research Laboratories, Beckenham , Kent).

Spore production

Strains N CTC 9837, 62A , 33A , NCTC 3807, NCTC 751, 213B and CN 5009 
sporulated on  B lood  Agar Base (O xoid L td.) containing 5% (w/v) defibrinated 
horse b lood  (W ellcom e Reagents Ltd., Beckenham , K ent), incubated at 30°C 
for 5 days, harvested centrifuged and washed three times with sterile distilled 
water. Strains N CTC 7272, NCTC 3806 and CN 1356 were cultured in 250-ml 
conical flasks using a 2-phase system similar to that described by Bruch, Bohrer 
& D enny (1968) comprising 100 ml o f sterile solidified TPA Y C  agar (Trypticase 
5% , B acto-peptone 0.5% , ammonium sulphate 1.0%, Yeast Extract 0.2% , 
cysteine hydrochloride 0.05% , Agar 3% ) overpoured with 100 ml o f sterile 
0.05%  cysteine hydrochloride, and inoculated with 2 ml from an actively 
growing cooked  m eat medium culture. Strain CN 1356 was incubated at 35°C 
for 4 days, and strains NCTC 7272 and NCTC 3806 at 35°C for 3 days. Spores 
were harvested by centrifugation, washed three times in sterile distilled water 
and stored at 4°C as concentrated suspensions.

Preparation o f spore inocula

Equal num bers o f spores o f each strain were mixed and diluted with sterile 
water to give final concentrations o f 2 x  103 spores/ml and 2 x  101 spores/ml: 0.5 
ml o f  one o f  these suspensions was inoculated into the centre o f each bottle using 
a 1-ml Cornwall continuous pipetting syringe (Beckton D ickenson Ltd.), 
withdrawing the needle during inoculation to distribute the spores evenly 
through the slurry in the bottle.

17
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Heat treatment and replication

Unheated (UH). Five replicates per inoculum level were placed unheated at 
each storage temperature.

LO W  heat treatment (8(TC!7 min). There were ten replicates per inoculum  
level and storage temperature.

H IG H  heat treatment (8(FC/7 min + 70PC/ / hr). There were ten replicates per 
inoculum  level and storage temperature.

The number o f replicates for heated samples was reduced to five for slurry 37
e tseq.

The LOW  heat treatment raised the centre temperature o f the slurry in the 
bottles from 15°C to 70°C in 7 min. In the HIGH heat treatment (80°C/7 
min +  70°C/1 hr) bottles o f slurry were heated at 80°C for 7 min to raise the 
centre temperature to 70°C, then transferred to a water bath at 70°C where the 
tem perature was maintained for 1 hr. After heating the bottles were cooled at 
room  tem perature for 1 hr and then at 1°C for 4 hr to reduce the temperature o f  
the slurry to below  the lowest storage temperature (i.e . below 15°C).

Experimental plan

The factors investigated were: 
NaCl (%  w /v on water)
NaNCb (p-g/g slurry)
N aN O ;, (/¿g/g slurry)
Sodium  isoascorbate (p g/g slurry) 
Polyphosphate* (%  w/v slurry) 
Inoculum (spores per bottle)
H eat treatment 
Storage temperature (°C)

2.5, 3.5, 4.5 
0, 100, 200, 300 
0 ,5 0 0
0, 1000, equimolar with NaNCb
0 ,0 .3
0, 10' ,  103
0, 80°C/7 min, 80°C/7 min +  7071 hr 
15, 1 7 .5 ,2 0 ,3 5

Sodium  isoascorbate was used throughout to enable these data to be 
com pared with U .S . publications. There is no reason to suppose that it differs 
from sodium  ascorbate with respect to its anti-botulinal effects.

Equim olar isoascorbate was used additionally in early experiments since 
M ottram et al. , (1975) found ascorbate equimolar with nitrite in the curing brine 
the most effective ratio to suppress the nitrosation o f dimethylamine.

A  com plete list o f  slurries prepared is shown in Table 1.

Examination o f stored samples

Spoilage. During storage the bottles were examined for spoilage typical o f the 
growth o f  Cl.botulinum  at intervals of: 7 days at 35°C, 14 days at 20°C. 21 days at 
17.5°C and 28 days at 15°C.

*C uraphos 700. Fibrisol Service L td ., Colville R oad. London W3 8TE
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T able I. C om plete  list o f slurries p repared  including chemical analysis o f slurries immediately 
a fte r p repara tion

NaCI Nitrite Iso- Poly-
(%  w/v w ater) (v-g/g) N itrate asco 'ba te  phosphate

PH -  -------------------------- Ag/g) (p-g/g) (% w /v ) Fat H „0
Slurry value A dded  D etected A dded D etected (A dded) (A dded) (A dded) (% ) (% )

3 5.66 2.5 2.18 100 91 — — __ 1.11 87.86
4 6.06 2.5 2.10 100 88 — 1000 0.3 1.42 86.84
5 5.69 2.5 1.87 100 73 — 1000 — 1.15 88.20
6 6.08 2.5 2.08 100 90 — — 0.3 1.21 88.65
7 5.81 2.5 2.17 — — — — — 1.60 88.09

8 6.22 2.5 2.22 — — — 1000 0.3 1.70 87.48
9 5.81 2.5 2.17 100 79 — Equ -* — 1.70 87.57

10 6.19 2.5 2.21 100 83 — Equi- 0.3 1.67 87.22
11 5.69 2.5 2.23 200 186 — — — 1.58 87.57
12 5.72 2.5 2.18 200 174 — Equi- — 1.54 87.59

13 6.04 2.5 2.28 200 178 — — 0.3 1.93 87.59
14 6.03 2.5 2.23 200 203 — Equi- 0.3 2.05 87.23
15 5.68 2.5 2.28 200 175 — 100C — 2.29 87.42
16 6.10 2.5 2.47 200 175 — 100C 0.3 2.44 87.12
17 5.62 2.5 2.39 300 273 — — — 1.79 87.80

18 6.03 2.5 2.37 300 282 — — 0.3 1.88 87.39
19 5.89 2.5 2.42 300 270 — Equi- — 1.75 87.19
20 6.29 2.5 2.26 300 253 — Equi- 0.3 1.73 88.09
21 5.83 2.5 2.28 300 262 — ÌOOC — 2.37 87.54
22 6.24 2.5 2.08 300 239 — 1000 0.3 1.77 87.72

23 5.86 3.5 3.03 — — — — — 2.69 86.50
24 6.25 3.5 2.96 — — — 1000 0.3 2.60 86.72
25 5.92 3.5 3.17 100 99 — — — 2.84 86.18
26 6.36 3.5 3.25 100 112 — — 0.3 2.44 86.52
27 5.73 3.5 3.13 100 82 — 1000 — 2.04 86.70

28 6.11 3.5 3.03 100 79 — 1000 0.3 1.87 86.70
29 5.72 3.5 2.95 200 175 — — — 1.69 87.22
30 5.74 3.5 3.02 200 155 — 1000 — 1.70 86.52
31 6.20 3.5 3.08 200 271 — — 0.3 1.87 86.89
32 6.22 3.5 3.04 200 246 — 1000 0.3 1.48 87.20

33 5.66 3.5 3.16 300 254 — — — 1.61 87.19
34 5.74 3.5 3.02 300 277 — 1000 — 1.73 86.80
35 6.03 3.5 3.32 300 273 — — 0.3 1.74 86.33
36 5.93 3.5 3.12 300 241 — 1000 0.3 1.53 86.88
37 6.25 2.5 2.21 200 157 500 — — 1.29 87.91

38 6.12 2.5 2.24 200 177 500 1000 0.3 1.28 88.16
39 5.69 3.5 3.13 200 183 500 — — 0.81 87.59
40 6.07 3.5 2.98 200 157 500 1000 0.3 0.86 87.34
41 5.92 2.5 2.37 100 104 500 — — 0.78 88.23
42 6.10 2.5 2.22 100 84 500 1000 0.3 0.81 87.75
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T able 1 c o n tin u e d

NaCI N itrite Iso- Poly-
(%  w/v w ater) (Mg/g) N itrate ascorbate phosphate

pH  ------------------------- ------------------------  (Mg/g) (gg/g) (% w /v ) Fat H.20
Slurry value A dded  D etected  A dded  D etected  (A dded) (A dded) (A dded) (% ) (% )

43 5.83 3.5 3.14 100 99 500 — — 0.88 87.56
44 5.97 3.5 3.03 100 80 500 1000 0.3 0.73 87.26
45 5.71 2.5 2.36 100 78 — — — 1.34 87.65
46 6.16 2.5 2.23 100 56 — 1000 0.3 0.98 87.48
47 5.74 2.5 2.19 300 254 — — — 1,19 88.02

48 6.14 2.5 2.14 300 238 — 1000 0.3 1.08 87.72
49 5.69 2.5 2.12 100 84 500 — — 1.02 87.74
50 6.13 2.5 2.06 100 73 500 1000 0.3 0.98 87.50
51 5.54 4.5 4.24 — — — — — 1.50 85.70
52 5.61 4.5 4.06 100 89 — — — 1.01 86.34

53 5.60 4.5 3.84 200 177 — — — 1.76 86.00
54 5.60 4.5 3.78 300 248 — — — 2.18 85.40
55 5.84 4.5 3.82 200 150 500 — — 1.90 85.70
56 6.13 4.5 3.23 200 134 — 1000 0.3 0.84 86.43
57 5.83 4.5 3.82 200 150 — 1000 . — 1.24 86.12
58 6.00 4.5 3.79 200 165 — — — 0.96 86.16
59 6.03 4.5 3.63 200 154 500 1000 — 1.12 86.08
60 5.72 4.5 3.93 200 162 500 — 0.3 1.34 85.66
61 5.98 4.5 3.34 200 150 500 1000 0.3 1.10 85.94
62 5.40 3.5 3.15 100 92 500 1000 — 1.17 86.77
63 5.94 3.5 3.21 100 111 500 — 0.3 1.18 86.42
64 5.82 2.5 2.25 100 75 500 1000 — 1.72 87.46
65 6.16 2.5 2.11 100 81 500 — 0.3 1.55 87.36
66 5.71 3.5 3.13 200 160 500 1000 — 1.49 86.69
67 6.10 3.5 3.10 200 184 500 — 0.3 1.67 86.45
68 5.79 2.5 2.27 200 172 500 1000 — 1.07 87.85
69 6.12 2.5 2.15 200 177 500 — 0.3 1.18 87.49
70 5.77 3.5 3.02 300 239 500 1000 — 1.53 86.47
71 6.13 3.5 2.92 300 263 500 — 0.3 1.48 86.46
72 5.96 4.5 3.66 100 62 — 1000 0.3 1.51 85.75
73 5.69 4.5 3.94 100 71 — 1000 — 1.51 86.03
74 5.84 4.5 4.00 100 88 — — 0.3 1.79 85.75
75 5.92 4.5 3.87 100 69 500 1000 0.3 1.53 85.82
76 5.70 4.5 4.06 100 70 500 1000 — 1.29 86.32
77 6.05 4.5 3.76 100 87 500 — 0.3 1.17 86.01
78 5.80 4.5 3.81 300 227 500 1000 ____ 1.46 85.96
79 6.12 4.5 3.64 300 223 500 1000 0.3 1.42 86.30
80 5.85 4.5 3.89 300 225 — 1000 — 1.20 86.23
81 6.11 4.5 3.92 300 237 — 1000 0.3 1.10 86.03
82 6.06 4.5 3.99 300 268 — — 0.3 1.39 85.89
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T able 1 c o n tin u e d

Slurry
PH
value

NaCI
(% w/v water)

Nitrite
(Mg/g)

Iso- Poly- 
Nitrate ascorbate phosphate 
(Mg/g) (Pg/g) (% w/v) 
(Added) (Added) (Added)

Fat
(%)

h .2o
(%)Added Detected Added Detected

83 6.01 4.5 3.95 300 269 500 0.3 1.24 85.77
84 6.05 2.5 2.29 300 283 — — 0.3 1.22 86.79
85 5.64 2.5 2.29 100 92 — — — 1.07 87.00
86 6.13 2.5 2.11 100 81 — 1000 0.3 1.10 89.21
87 5.71 2.5 2.33 300 285 — — — 1.43 87.18
88 6.12 2.5 2.20 300 228 — 1000 0.3 1.76 86.63
89 5.80 4.5 4.19 100 91 500 — — 1.11 86.11
90 6.15 3.5 2.85 100 81 — — 0.3 1.04 86.77
91 6.19 3.5 3.19 200 167 — — 0.3 1.09 86.77
92 6.21 3.5 3.29 300 263 — — 0.3 0.79 87.19

All analytical results are the mean of three samples. 
*Equi = equimolar with NaCl2.

Spoilage was assessed on the following arbitrary scale:
0 =  no visible change
1 =  slight gas production
2 =  gas production
3 =  marked gas production, som e proteolysis
4 =  marked gas production, proteolysis, pink colouration o f the meat
5 =  marked gas production, marked proteolysis, a plug o f bright pink meat,

and straw coloured liquid
B ottles scoring ‘5 ’ on this scale were stored for a further week and then tested  

for toxin.

Detection o f  Cl. botulinum toxin. A t the end o f the 6-month storage period, all 
bottles which had been inoculated with Cl.botulinum  were tested for the 
presence o f  toxin , irrespective o f the degree o f ‘spoilage’ evident.

B ottles were centrifuged at 3000 rev/min for 10 min, and the supernatant 
stored —18 to — 20°C prior to toxin testing. The thawed supernatant (0.5 ml) 
was injected intraperitoneally into 20-24 g mice (white, strain CELP, Carworth, 
E urope). D eath , accompanied by pinching o f the waist, characteristic gasping 
respiration, and posterior paralysis was presumptive indication of the presence 
o f  botulinal toxin. Selected samples were neutralized with monovalent type A  
and B antitoxin. If symptoms were not observed within 4 days o f injection, 
botulinal toxin was presumed to be absent and the mice remaining were 
sacrificed.

The non-specific death o f m ice, which som etim es occured in heavily spoiled  
sam ples, was largely eliminated by diluting with gelatin-phosphate buffer (equal
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am ounts o f  0.4%  gelatin and 0.2 M Na.,HPO, (Crisley, 1964)) containing 100 
p.g/m l Chlortetracycline (Lederle) (Roberts. Thomas & Gilbert, 1973). Samples 
containing no liquid phase were mixed with an equal volume o f gelatin- 
phosphate buffer, stored at 1°C for 2 days to extract the toxin, centrifuged, and 
0.5  ml o f  supernatant tested for toxin.

Chemical analyses. Nitrite was determined by the official method of the 
Society o f  Analytical Chemistry (H ansen, 1973). Moisture and fat content were 
determ ined by the British Standard 4401 (1970) method for analysis o f  meat 
products. Chloride was determined using a Radiometer chloride meter (M odel 
CM T 10 Radiom eter, Copenhagen, Denmark) after calibration against a 
standard curve (British Standard 4401, 1970). The pH values of slurries were 
determ ined electrom etrically using a Radiometer pH meter (M odel 26; 
R adiom eter, Copenhagen, Denmark). A  list o f the analysed concentration of 
additives is included in Table 1. Salt, nitrite, pH, moisture and fat were 
determ ined on sam ples immediately after dispensing into bottles. Nitrite levels 
w ere assayed on uninoculated samples immediately after heat treatments and 
m onitored throughout the storage period. The results o f nitrite monitoring 
throughout storage comprise thirty-three tables recording up to five nitrite 
estim ations per treatment com bination, approximately 1500 analyses*.

Statistical analysis

Reduction o f  the spoilage data

The bulk o f the spoilage data made necessary a more compact representation 
o f the observed results for each treatment combination. Although at any given 
incubation time the rate and degree o f spoilage were o f interest, it was more 
practical to produce a single spoilage score for each treatment combination as 
follows; at any given time the mean spoilage score o f the set o f replicates was

Figure 1. Example of the 'area under the step function'.

‘These data are stored on magnetic tape (prepared using an ICL System 4 computer) copies of
which are available from the authors, on request, at cost of tape plus handling.
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generated , assuming that a bottle remained at the last recorded score until a 
change in score was observed. An example o f the mean step function so 
produced is shown in Fig. 1, and the area under that step function was taken as 
the m easure o f  spoilage for that treatment combination.

Since preliminary analyses showed that whatever sensible statistics were 
calculated the results were very similar, it was decided to use the above score 
since it contained information on all the aspects o f the data that were o f interest, 
such as the time spoilage increased and the rate o f that increase. Other statistics 
such as m eans o f the raw spoilage scores at various stages (e .g . 1 month, 3 
m onths, 6 m onths) exhibited som e, but not all, o f the characteristics o f the 
adopted statistic.

Processing the toxin data

T he proportion (p) o f  samples containing toxin was calculated to provide a 
single value representative o f each treatment combination. Since the size o f the 
errors associated with each observeration p is not constant for different values of 
p we have em ployed the angular transformation

y = —̂ r  arcsm (p ;)

to induce a hom ogeneous Normal error structure required for the subsequent 
analysis o f  variance (Bartlett, 1947).

Models used in the analyses o f variance

The sam e type o f factorial linear m odel was used in all the analyses. Although  
spoilage and toxicity may be considered to depend on the various factors in 
som e com plex way described by a suitable formula, no formal regression model 
was used since several factors appeared at only two levels. H ence the simple 
factorial linear m odel described below  sufficed to elicit the significant effects.

T he m odels allowed for interactions o f up to three factors and took the 
follow ing form
y ljk „ =  M E A N  +  (NITRITE); +  (N IT R A T E )^  (PO L Y PH O SPH A T E ),

. . . .  +  (S A L T )r+  (ISO  A SC O R B A T E ), +  (H E A T  TREA TM EN T), +  
(N IT R IT E  x  NITRATE)^ +  .... +  (ISO A SC O R BA TE  x  H E A T  
T R E A T M E N T ),,

+  (N IT R IT E  x  N IT R A T E  x  PO LY PH O SPH A T E )ijk +  ....
+  (SA L T  x  ISO A SC O R B A T E  x  H E A T  TRE ATM ENT),,, +  eijk rs,

In the above m odel y ijk represents the response to the combination o f the 
factor levels on the right o f the equation where the subscripts indicate the 
appropriate levels. For exam ple, i may take the values 0 ,1 0 0 ,2 0 0 ,3 0 0 , an d , may



180take the values 0 or 500. In the toxin analyses v is —  arcsin {p'h) where p is
7T

the proportion o f units toxin positive at the appropriate combination. In the 
spoilage analyses, y is the score obtained from the area beneath the step function  
in Fig. 1. Separate m odels o f the above type were produced for each o f the 
analyses.
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Results

A n exam ple o f toxin data accumulated after 6 months’ storage is presented in 
T able 2. The total raw data (equivalent to thirty tables) are too extensive to 
include in this paper, and are stored on magnetic tape*.

Preliminary statistical analyses on spoilage data from slurries 1 to 36 (see 
Table 1) led to the following conclusions:
(1) Replication: spoilage scores (within a treatment combination) were highly 
consistent. Consequently in slurries 37 et seq the number o f replicates per 
treatm ent com bination was reduced from ten to five.
(2) Isoascorbate levels: in the early experiments isoascorbate was included at 
concentrations equim olar with nitrite (approximately 313 ,626 ,940  pg/g for 100, 
200, 300 pg/g nitrite respectively) in addition to 1000 pg/g. Statistical analyses 
show ed no significant differences between the effect on spoilage of equimolar 
isoascorbate and 1000 p-g/g: hence the latter concentration was used in 
subsequent slurries.
(3) H eat treatment: there was no significant difference between spoilage in the 
absence o f heating and after the LOW  heat treatment; consequently the zero 
heat treatm ent was om itted from the full analyses of variance o f spoilage data.

In a second series o f experim ents, to be reported later, only the 101 inoculum  
level was used to relate more closely to naturally occurring levels of 
Cl.botulinum, (R oberts & Smart, 1977). The statistical analyses below relate 
solely  to an inoculum o f 101 to facilitate direct comparison with later 
experim ents.

Statistical analyses

T he data were separated into two groups prior to analyses o f variance:
G roup 1: spoilage data;
G roup 2: toxin data.

A llow ance was made for fitting interactions o f up to three factors. A s might 
be expected  with such a large design numerous effects were significant, although 
m any, especially som e o f the two- and three-factor interactions, were very small 
com pared with the effects o f the individual factors. Factors and interactions 
significant at the 1% level are summarized in Table 3 where ‘ +  ’ indicates that 
the factor or interacting factors significantly affected spoilage or toxin 
production. They are discussed below.

’ Prepared using an ICL System 4 Computer. Copies will be made available, on request, from the 
authors at the cost of the tape plus handling.



T
ab

le
 2

. A
n 

ex
am

pl
e 

of
 to

xi
n 

da
ta

 a
cc

um
ul

at
ed

 a
fte

r 6
 m

on
th

s' 
st

or
ag

e.
 F

iv
e 

re
pl

ic
at

es
 p

er
 tr

ea
tm

en
t c

on
ta

in
in

g 
to

xi
n 

at
 a

 p
ar

tic
ul

ar
 sp

oi
la

ge
 

en
tri

es
 a

re
 th

e 
nu

m
be

r o
f r

ep
lic

at
es

 c
on

ta
in

in
g 

to
xi

n 
at

 a
 p

ar
tic

ul
ar

 sp
oi

la
ge

 sc
or

e

!L>
<D CO ?

2
00 t- O u CO O

0) ■*—>
 

CO
*1

5°
C

17
.5°

C
20

°C
35

°C
C o

x:
-C CL

g u

N o z
a ‘■5 o CO

'b
fi

£*
z-

^
tlO

1 
10

3
10

1
10

3
10

'
10

3
10

’
10

3
CO Z

CO z
11

 2
 3

 4
 5

 
1

2
3

4
5

1 
2 

3 
4 

5
1 

2 
3 

4 
5

1 
2 

3 
4 

5
1 

2 
3 

4 
5

1 
2 

3 
4 

5
1 

2 
3 

4 
5

45
2.

5
10

0
—

—
0

3
2

1
0 

0
5

0 
0

1 
1

5
1

5
46

2.
5

10
0

10
00

0.
3

—
0 

2
5

0 
3

5
1 

3
2

3
0

0
3

4
47

2.
5

30
0

—
—

—
1

1 
0

1
3

0 
4

5
0

3
1

4
0

1
2

5
48

2.
5

30
0

10
00

0.
3

—
1

2
4

0 
3

5
0

1
5

0
1

4
49

2.
5

10
0

—
—

50
0

1
5

0 
1

4
4

4
1

3
50

2.
5

10
0

10
00

0.
3

50
0

0
4

2
5

1
1

0
4

0
2

0
3

51
4.

5
—

—
—

—
0

0
0

0
0

3
0

0
1

52
4.

5
10

0
—

—
—

0
0

0
0

0 
0

0
0 

0
0

0
0

4

53
4.

5
20

0
—

—
—

0
0

0 
1

0
0 

0
1 

2
1

1
0

1
2

54
4.

5
30

0
50

0
0

0
0 

0
0

0
0 

0
0

1
5

55
4.

5
20

0
10

00
0.

3
—

0
0

0
0

0 
0

0
0

0 
0

1
0

0
56

4.
5

20
0

10
00

0.
3

—
0

0
0

0
0

0
0

0
1

2
0

3
0

57
4.

5
20

0
10

00
—

—
0

0
0

0
0

0
0

0
0

0
1

58
4.

5
20

0
—

0.
3

—
0

0
0 

0
0

0
0

0
1

5
0

2
59

4.
5

20
0

—
0.

3
50

0
0

0
0

0 
0 

0
0

0
0

0
1

0
0

1
60

4.
5

20
0

10
00

—
50

0
0

0
0

0
0

0 
0

0
0

0
0

0

* =
 S

to
ra

ge
 te

m
pe

ra
tu

re
, 

t =
 In

oc
ul

um
 le

ve
l, 

t =
 S

po
ila

ge
 sc

or
e.

N) OJGrowth o/CIostridium  botulinum. I



254 T. A. Roberts. A. M. Gibson and A. Robinson

T able 3. Factors and interactions significantly affecting' spoilage and toxin production in pork 
slurry of low" pFf (5.54-6.36)
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Salt + +
Nitrite + + + +
Nitrate + + + + -  +
Polyphosphate + + + - -  - -  +
Isoascorbate + + + - -  - -  - + +
Heat treatment + + + - -  + -  + + - + +
Storage temperature + - + - + - -  - + + + - + +

Significant 3-factor interactions affecting spoilage and toxin production

3.2 Spoilage Toxin

Salt x  nitrate x  nitrate + +
Salt x  nitrate x  polyphosphate + +
Salt x  isoascorbate x  polyphosphate - +
Heat x  isoascorbate x  polyphosphate + -
Nitrate x  isoascorbate x  polvpohosphate — +

S = = Spoilage.
T = Toxin production.
+ = Factor or interaction was statistically significant (P = <0.01).
-  = Factor or interaction was not statistically significant (P= <0.01).
1 = Polyphosphate significantly increased toxin production: all other factors 

and interactions significantly reduced toxin production and spoilage.

M ost factors considered singly were highly significant although there were 
som e notable exceptions e.g . nitrate and polyphosphate did not significantly 
affect spoilage. All individual factors significantly affected toxin production (see 
below ).

In Table 3 interactions are listed as significant when the effect o f combined  
factors was not equal to the sum o f the effects o f the single factors. In the case of 
interactions which were not significant, the effect o f factors combined  
approxim ately equalled the sum of the effects o f those factors considered singly. 
T he majority o f significant interactions were antagonistic, i.e. the combined  
effect o f  factors interacting was greater than that o f either factor alone, but 
sm aller than the sum o f the effects o f those factors. There were no synergistic 
interactions.
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Som e gaps in the design had occurred. In slurries containing both nitrite and 
nitrate the residual nitrite concentration increased during storage at 15, 17.5 and 
20°C especially in the absence o f isoascorbate and at the HIGH heat treatment. 
In several o f these slurries the level o f  nitrite permitted in foods (200 /xg/g) was 
exceed ed . Com binations o f nitrite (300 /xg/g) +  nitrate (500 /xg/g) which would 
have led to nitrite concentrations exceeding that permitted level were not 
tested. T o investigate the effect o f nitrate it was necessary to omit from the 
statistical analysis the 300 /xg/g level o f nitrite. This was not considered  
important from the practical viewpoint since statistical analyses o f data from 
slurries 3 -36  clearly demonstrated that spoilage in slurries containing 300 /xg/g 
was not significantly less than in those containing 200 /xg/g.

Group 1. ‘Low ' pH  slurries—spoilage analysis (Table 4)

Spoilage was reduced significantly by increasing nitrite from 100 to 200 /xg/g 
but not reduced further by increasing nitrite to 300 /xg/g (see above). 
Successively decreasing storage temperature or increasing salt level significantly 
decreased spoilage. The addition o f isoascorbate significantly reduced spoilage.

T able 4. Means of spoilage data from slurries prepared from pork of ‘low’ initial pH (5.5-6.3).
I. Single factors: figures given are the mean of the ‘area under the step function' (see statistical 
analyses, ‘reduction of spoilage data’) i.e. the smaller the figure the less spoilage

Least significant 
difference (LSD)

Treatment Levels tested P= <0.05 /J = <0.01

Sodium nitrite (/xg/g) 100 200 300
267.7 233.3 NS1 13.94 17.98

‘Sodium nitrate (/xg/g) 0 500
25; 0 250.1 13.94 17.98

Sodium isoascorbate (/xg/g) 0 1000
287.5 213.6 13.94 17.98

Heat treatment UH LOW HIGH
NS2 282.9 218.2 13.94 17.98

Sodium chloride (% w/v on water) 2.5 3.5 4.5
321.2 240.1 190.3 17.08 22.03

‘Polyphosphate (% w/v) 0 0.3
253.0 248.0 13.94 17.98

Storage temperature 15 17.5 20 35
171.2 208.9 259.7 362.2 19.72 25.44

NS! 300 /xg/g not significantly different from 200 /xg/g.
NS" not significantly different from low heat.
UH = Unheated.
LOW = 8077 min.
HIGH = 8077 min+ 7071 hr.
Treatment levels are significantly different when their means differ by more than the LSD.
Treatment not significant.
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There was no significant difference between spoilage o f the unheated slurries or 
after LO W  heat treatm ent, but increasing heat treatment to H IG H  significantly 
reduced spoilage. The addition o f nitrate or polyphosphate did not significantly 
affect spoilage.

M ean spoilage scores o f the two-factor interactions are shown in Table 5.

T able 5. Means of spoilage data from slurries prepared from pork of ‘low’ initial pH (5.5-6.3). Effect of 
two-factor interactions: figures given are the mean of the ‘area under the step function1 (see statistical 
analyses ‘Reduction of spoilage data’) i.e. the smaller the figure the less spoilage

Treatment
interaction Level tested

Number of 
replicates

Least significant 
difference (LSD)

P= <0.05 P=<0.01

Nitrate x nitrite 0 500
100 279.8 255.6 96 19.52 25.83
200 221.1 244.5

Isoascorbate 0 1000
x nitrite 100 315.2 220.2 96 19.52 25.83

200 259.7 206.9
* Isoascorbate 0 1000

x nitrate 0 280.3 221.6 96 19.52 25.83
500 294.6 205.6

Heat treatment LOW HIGH
x nitrite 100 311.0 224.4 96 19.52 25.83

200 254.7 212.0
*Heat treatment LOW HIGH

x nitrate 0 277.1 224.8 96 19.52 25.83
500 288.6 211.6

Heat treatment LOW HIGH
x isoascorbate 0 337.3 237.7 96 19.52 25.83

1000 228.4 198.7
Salt x nitrite 2.5 3.5 4.5

100 372.1 253.0 178.0 64 24.14 32.11
200 270.3 227.2 202.5

Salt x nitrate 2.5 3.5 4.5
0 342.3 226.8 183.8 64 24.14 32.11

500 300.1 253.4 196.7
Salt x 2.5 3.5 4.5

isoascorbate 0 373.5 271.4 217.4 64 24.14 32.11
1000 268.9 208.8 163.1

Salt x heat 2.5 3.5 4.5
treatment LOW 371.3 271.1 206.2 64 24.14 32.11

HIGH 271.2 209.1 174.3
Polyphosphate 0 0.3

x nitrite 100 279.3 256.2 96 19.52 25.83
200 226.8 239.9

* Polyphosphate 0 0.3
x nitrate 0 248.7 253.2 96 19.52 25.83

500 257.3 242.9
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Table 5 continued

Treatment
interaction Level tested

Number of 
replicates

Least significant 
difference (LSD)

P = <0.05 P=<0.01

* Polyphosphate 0 0.3
x isoascorbate 0 289.7 285.3 96 19.52 25.83

1000 216.4 210.8
‘Polyphosphate 0 0.3

x heat treatment LOW 290.5 275.2 % 19.52 25.83
HIGH 215.5 220.9

Polyphosphate x 0 0.3
salt 2.5 294.1 348.3 64 24.14 32.11

3.5 256.9 223.3
4.5 208.1 172.4

Storage temperature 15 17.5 20 25
x nitrite 100 173.6 214.9 286.2 396.1 48 28.16 37.64

200 168.8 202.9 233.2 328.4
Storage temperature 15 17.5 20 35

x nitrate 0 158.1 212.2 278.4 355.2 48 28.16 37.64
500 184.4 205.7 241.0 369.3

Storage temperature 15 17.5 20 35
x isoascorbate 0 183.9 239.9 295.6 430.5 48 28.16 37.64

1000 158.5 178.0 223.8 294.0
Storage temperature 15 17.5 20 35

x heat treatment LOW 187.0 233.0 292.6 418.9 48 28.16 37.64
HIGH 155.5 184.9 226.8 305.6

Storage temperature 15 17.5 20 35
x salt 2.5 187.1 270.5 342.3 485.0 32 34.82 46.94

3.5 162.0 189.8 263.6 345.1
4.5 164.6 166.5 173.3 256.7

‘Storage temperature 15 17.5 20 35
x polyphosphate 0 173.5 215.4 265.9 357.3 48 28.16 37.64

0.3 169.0 202.5 253.5 367.2

‘No significant interaction.
Within a given interaction the difference of any two means is significant if it is greater than the LSD.

Interactions involving nitrite. A lthough the effect of increasing nitrite level 
was significant, the effect o f increasing nitrite was less in the presence o f other 
significant factors such as: isoascorbate, low storage temperature, high salt 
concentration , or H IG H  heat treatment. In the presence o f isoascorbate, or at
3.5 or 4.5%  salt, at 15 and 17.5°C, or after HIGH heat treatment, increasing the 
nitrite from 100 to 200 /u.g/g achieved no further reduction in spoilage. 
Polyphosphate and nitrate did not significantly affect spoilage overall, but they 
both interacted significantly with nitrite, and in their presence, raising the nitrite 
level from 100 to 200 ¿ig/g did not significantly reduce spoilage.

Interactions involving isoascorbate. Isoascorbate was significant in many 
interactions and its effect often masked the effects o f increasing levels o f other
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significant factors (e .g . nitrite). Adding isoascorbate at any storage temperature 
reduced spoilage by the same order as reducing the storage temperature to the 
next low est tested , storage at 15°C resulting in least spoilage. The addition o f  
isoascorbate at the LOW  heat treatment reduced spoilage to the same extent as 
raising the heat treatment to HIGH in the absence o f isoascorbate, but the 
com bination o f isoascorbate and HIGH heat treatment resulted in the least 
spoilage. Similarly the addition o f isoascorbate at 2.5 or 3.5% salt reduced 
spoilage to the same extent as increasing salt by 1%, but 4.5% salt plus 
isoascorbate resulted in the least spoilage.

Interactions involving salt. A t 15 and 17.5°C the effect o f increasing salt level 
was reduced. A t 15°C there was no significant difference between the spoilage at
2.5 and 4.5%  salt levels. Alternatively if high salt (4.5% ) levels were maintained 
there was no significant difference between spoilage at 15, 17.5 or 20°C. The 
addition o f nitrate significantly decreased spoilage only at 2.5%  salt. 
Polyphosphate significantly increased spoilage at 2.5% salt whereas at 4.5%  salt 
it significantly decreased spoilage. Increasing salt levels by 1% reduced spoilage 
by the sam e order as raising the heat treatment from LOW to H IG H. A  
com bination o f H IG H  heat plus high salt (4.5% ) resulted in least spoilage.

Interactions involving storage temperature. The increase in spoilage 
attributable to raising storage temperature was less at 200 pg/g nitrite than at 
100 /xg/g, or if H IG H  heat treatment was used.

Three-factor interactions were also investigated, but very few were significant 
and their effects were small compared with the single main effects. These 
three-factor interactions were probably only significant because o f the large 
main effects o f the individual factors, and are described only for com pleteness. 
A t 2.5%  salt, nitrate reduced the significant effect o f increasing nitrite from 1(X) 
to 200 /xg/g. T he addition o f nitrate counteracted the interaction between salt 
(2 .5  and 4.5% ) and polyphosphate. At HIGH heat treatment level the addition 
o f polyphosphate counteracted the reduction in spoilage attributable to 
isoascorbate.

Group 2 toxin analyses (Table 6)

Increasing nitrite from 100 to 200 /xg/g, salt by 1%, the heat treatment from 
LO W  to H IG H , or adding isoascorbate or nitrate all significantly reduced toxin 
production. Lowering the storage temperature to 15°C significantly reduced 
toxin production but 20°C storage was not significantly different from 35°C. The 
addition o f polyphosphate significantly increased toxin production in these ‘low ’ 
pH  slurries.

M ean toxin scores for the two-factor interactions are shown in Table 7.
Interactions involving isoascorbate. The toxin reduction achieved by 

increasing salt was less when isoascorbate was present. A t 15 and 17.5°C there 
was no further significant reduction in toxin production when isoascorbate was
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Table 6. Means of transformed toxin data from slurries prepared from pork of ‘low’ initial pH 
(5.5-63). 1. Single factors: figures given are calculated from the percentage toxin-positive 
samples (see Statistical analyses ‘Processing the toxin data’), i.e. the smaller the figure the less 
toxin

Treatment Levels tested

Least significant 
difference (LSD)

P= <0.05 P=<0.01

Sodium nitrite (yag/g) 100 200 300
30.09 17.93 NS1 2.744 3.539

Sodium nitrate (/ug/g) 0 500
27.21 20.81 2.744 3.539

Sodium isoascorbate 0 1000
(Atg/g) 29.17 18.84 2.744 3.539

Heat treatment UH LOW HIGH
27.55 30.18 14.30 3.360 4.334

Sodium chloride 2.5 3.5 4.5
(% w/v on water) 36.35 24.58 10.99 2.360 4.334

Polyphosphate (% w/v) 0 0.3
19.53 28.48 2.744 3.539

Storage temperature 15 17.5 20 35
15.33 23.35 29.03 28.32 3.880 5.005

NS1 300 (ig/g not significantly different from 200 n-glg.
Treatment levels are significantly different when their means differ by more than the LSD.

added, but at the higher temperatures (20 and 35°C) addition o f isoascorbate 
significantly reduced toxin production.

Interactions involving salt. Increasing nitrite from 100 to 200 /Ltg/g had no 
significant effect on toxin production at 4.5%  salt. At 2.5% salt addition of 
nitrate significantly decreased toxin production, but there was no significant 
decrease at 3.5 and 4.5%  salt. A t 2.5 and 3.5% salt more toxin production 
occurred after the LOW  heat treatment than in unheated slurries or after the 
H IG H  heat treatment. At 4.5%  salt there was no significant difference between  
heat treatm ents. A t 4.5%  salt the addition o f polyphosphate had no effect on 
toxin production.

Interactions involving nitrate. In the presence o f nitrate the LOW  heat 
treatm ent resulted in significantly more toxin production than the unheated, but 
the H IG H  heat treatment resulted in the least toxin production. The effect of 
increasing nitrite from 100 to 200 /xg/g was less in the presence o f nitrate.

The three-factor interactions, although significant, were small compared with 
the effects o f the significant single factors and are discussed only for 
com pleteness.

At 2.5 and 3.5%  salt in the presence o f nitrate there was no reduction in toxin 
production when nitrite was raised from 100 to 200 yug/g. In the presence of 
isoascorbate the addition o f polyphosphate negated the beneficial effect of
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Table 7. Means of transformed toxin data from slurries prepared from pork of ‘low’ initial pH (5.5-6.3). 
Effects of two-factor interactions: figures given are calculated from the percentage toxin-positive 
samples (see ‘Materials and methods’, ‘Processing the toxin data’) i.e. the smaller the figure the less toxin

Treatment
interaction Level tested

Number of 
replicates

Least significant 
difference (LSD)

P= <0.05 P=<0.01

Nitrate x  nitrite 0 500
100 37.04 23.14 288 3.80 5.01
200 17.38 18.48

* Isoascorbate x 0 1000
nitrite 100 36.76 23.42 288 3.80 5.01

200 21.59 14.27
* Isoascorbate x 0 1000

nitrate 0 32.48 21.93 288 3.80 5.01
500 25.87 15.75

*Heat treatment UH LOW HIGH
x  nitrite 100 34.00 36.51 19.75 192 4.65 6.13

200 21.10 23.84 8.84
Heat treatment UH LOW HIGH

x  nitrate 0 31.39 28.77 21.46 192 4.65 6.13
500 23.71 31.58 7.13

*Heat treatment UH LOW HIGH
x  isoascorbate 0 31.96 28.24 17.33 192 4.65 6.13

1000 23.15 22.11 11.27
Salt x  nitrite 2.5 3.5 4.5

100 46.06 30.08 13.36 192 4.65 6.13
200 26.84 18.32 8.63

Salt x  nitrate 2.5 3.5 4.5
0 44.68 23.82 13.12 192 4.65 6.13

500 28.22 25.34 8.87
Salt x 2.5 3.5 4.5

isoascorbate 0 44.41 29.34 13.77 192 4.65 6.13
1000 28.49 19.82 8.22

Salt x 2.5 3.5 4.5
heat treatment UH 38.24 34.91 9.50 128 5.75 7.62

LOW 47.83 27.69 15.01
HIGH 23.28 11.14 8.47

*Polyphosphate 0 0.3
x  nitrite 100 24.96 35.21 288 3.80 5.01

200 14.10 21.76
* Polyphosphate 0 0.3
x  nitrite 0 22.19 32.22 288 3.80 5.01

500 16.87 24.75
* Polyphosphate 0 0.3
x  isoascorbate 0 25.43 32.92 288 3.80 5.01

1000 13.63 24.05
Polyphosphate x 0 0.3

heat treatment UH 19.35 35.75 192 4.65 6.13
LOW 23.90 36.45
HIGH 15.34 13.25
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Table 7 continued

Treatment
interaction Level tested

Number of 
replicates

Least significant 
difference (LSD)

P= <0.05 P=<0.01

Polyphosphate 0 0.3
x salt 2.5 28.56 44.33 192 4.65 6.13

3.5 20.59 28.57
4.5 9.43 12.56

’Storage temperature 15 17.5 20 35
x nitrite 100 21.17 29.98 36.57 32.63 144 5.43 7.19

200 9.49 16.72 21.50 24.01
’Storage temperature 15 17.5 20 35

x nitrate 0 15.69 26.67 33.89 32.57 144 5.43 7.19
500 14.97 20.03 24.17 24.06

Storage temperature 15 17.5 20 35
x isoascorbate 0 18.50 25.31 34.24 38.64 144 5.43 7.19

1000 12.16 21.39 23.82 17.99
’Storage temperature 15 17.5 20 35

x heat treatment UH 17.95 23.78 32.32 36.16 96 6.65 8.80
LOW 20.54 32.79 37.29 30.08

HIGH 7.50 13.48 17.48 18.72
’Storage temperature 15 17.5 20 35

x salt 2.5 25.96 36.68 41.62 41.53 96 6.65 8.80
3.5 16.12 25.83 31.04 25.34
4.5 3.91 7.54 14.44 18.09

’Storage temperature 15 17.5 20 35
x polyphosphate 0 11.59 18.23 23.09 25.21 144 5.43 7.19

0.3 19.07 28.47 34.98 31.43

Within a given interaction the difference of any two means is significant if it is greater than the LSD. 
’ Interaction not significant.

nitrate. The salt, nitrate, polyphosphate interaction was significant because at 
3.5%  salt the addition o f nitrate significantly increased toxin production. At 
3.5%  salt and in the absence o f isoascorbate there was no increase in toxin 
production due to the addition o f polyphosphate.

Discussion

U .K . regulations governing nitrite levels in cured meats (Preservatives in Food  
R egulations, 1979) have remained unaltered since the Preservatives in Food  
R egulations, 1975, through the Preservatives in Food Regulations 
(A m endm ents) 1977 and state only the maximum level o f nitrite (200 /xg/g) and

18
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nitrate (500 /xg/g) without specifying when the examination should be made. 
T hese regulations do not take into account other chemical additives such as salt, 
polyphosphate or ascorbate/isoascorbate. Levels o f nitrite and nitrate were 
review ed and a recomm endation has been made to divide cured meats into four 
classes, each with different nitrite and nitrate levels (Food Additives and 
C ontam inants C om m ittee, 1978).

Our results have identified the most significant single factors and many 
significant two-factor interactions, supporting earlier reports that factors 
com bine or interact to control the growth o f clostridia (Bulman & Ayres, 1952; 
R iem ann, 1963; Baird-Parker & Freame. 1967; Roberts & Ingram. 1973).

M any o f the three-factor interactions were difficult to interpret and i: is 
suspected that this may be due to differences between batches of pork. Similar 
lack o f consistency in the results o f such experiments have previously been  
reported (Tom pkin, Christiansen & Shaparis, 1977: Rhodes & Jarvis, 1976). 
T he following general conclusions may be drawn:

( 1) Increasing nitrite significantly reduced spoilage and toxin production. The 
relative effect o f nitrite was smaller in combination with other significant 
factors such as 4.5%  salt, isoascorbate, or storage at 15°C but a combination  
o f 200 /jlg/g nitrite with either 4.5%  salt, or isoascorbate ( 1000 /Ag/g) or 15°C 
storage always resulted in least spoilage and least toxin production.
(2) Nitrate alone did not significantly affect spoilage but decreased toxin 
production. Chemical analysis indicated this to be a result o f its reduction to 
nitrite. Several significant interactions involved nitrate.
(3) Increasing salt concentration significantly decreased spoilage and toxin 
production. At high salt levels other significant factors, e.g . unit increase in 
nitrite concentration, had less effect (see (1) above).
(4) Polyphosphate (Curaphos 700) did not affect spoilage overall but 
significantly increased toxin production in these ‘low ’ pH slurries. This 
increase in toxin production was counteracted by the addition o f  
isoascorbate, or nitrate, or raising nitrite or salt concentration, or the heat 
treatm ent to the next highest level tested.
(5) Isoascorbate significantly decreased spoilage and toxin production. In its 
presence the effect o f many other significant factors (e .g . increasing salt, 
nitrite, heat treatm ent, storage temperature) were reduced. Spoilage and 
toxin production were least when isoascorbate was present in combination 
with 200 yu-g/g nitrite or 4.5%  salt, or after H IGH heat treatment or after 
storage at 15°C.
(6) H IG H  heat treatment significantly reduced spoilage and toxin production 
but little difference was observed between the effects o f LOW and unheated 
levels.
(7) The effect o f  storage temperature was significant and the lowest storage 
tem perature (15°C) resulted in least spoilage and toxin production. At low  
storage temperatures other significant factors (e .g . increasing salt or nitrite) 
were relatively less effective, although least spoilage and toxin production



occurred when storage was at 15°C in combination with 4.5%  salt or 200 pig/g 
nitrite.

From these conclusions it would appear possible to reduce the input level of 
nitrite providing certain other conditions were met, e .g . if salt levels are kept 
high (4 .5% ), if isoascorbate were added (1000 /xg/g) or if storage below 15°C 
could be guaranteed. Isoascorbate (1000 /xg/g) was a highly significant factor; its 
presence furthered the reduction in toxin production attributable to other 
factors such as salt, nitrite or low storage temperatures.

Significant interactions were always antagonistic, i.e . the combined effect o f  
the two interacting factors was less than would be expected by summing their 
individual effects. These data illustrate that it is possible to manipulate one 
significant factor (e .g . salt, or isoascorbate, or storage temperature) to minimize 
the concentration o f another (e .g . nitrite) yet maintain an equivalent degree of 
control i.e . shelf stability (‘spoilage’) or likelihood of toxin production. These 
data were obtained in an experimental system which may not simulate all cured 
m eat products. H ow ever, further limited experimentation should reveal by how  
much products differ from this system in their response to changes in con
centration o f additives, thereby making these relative effects more readily 
applicable.

The above conclusions are based entirely on controlling Cl. botulinum types A 
and B. In pasteurized meat products there may be other considerations which 
m ake the suggested alternatives undesirable or inappropriate.
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Factors controlling the growth of Clostridium  botulinum  
types A and B in pasteurized, cured meats

II. Growth in pork slurries prepared from ‘high’ pH meat (range 6.3-6.8)

T. A . R O B E R T S , A N G E L A  M. G IBSO N  a n d  A . RO BINSON*

Summary

A  pork slurry system  was used to study the combined effect o f  the following 
factors on growth o f  Clostridium botulinum : sodium chloride (2.5, 3 .5 , 4.5%  
w /v on water), sodium nitrite (100, 200 ,300  /xg/g), sodium nitrate (0 ,500  /xg/g), 
sodium  isoascorbate (0, 1000 ¿ig/g) a polyphosphate (Curaphos 700; 0, 0.3%  
w /v) and heat treatm ent (80°C/7 min, 80°C/7 min +  70°C/l hr) with storage at 
15, 17.5, 20 and 35°C for up to 6 months.

Increasing nitrite, salt or heat treatment, adding isoascorbate, polyphosphate 
or nitrate, or reducing storage temperature significantly reduced toxin 
production. There were many two-factor interactions and the relative effect o f  
increasing nitrite becam e less in the presence o f isoascorbate or high salt levels. 
Increasing salt or heat treatment, adding nitrate or decreasing storage 
tem perature had less effect if isoascorbate was present. The addition o f  
polyphosphate enhanced the effect o f adding isoascorbate.

Introduction

In a laboratory medium pH was an important factor in determining whether 
growth o f  Clostridium botulinum  occurred (Roberts & Ingram, 1973). The 
difficulties in controlling the pH o f a meat slurry prevented its study as a variable 
but tw o pH  levels have been compared. In an initial study (Roberts, Gibson & 
R obinson , 1981) no attempt was made to select meat within a narrow range o f  
pH  values and slurries prepared from that pork had a mean pH o f 5.93 (range 
5 .5 4 -6 .3 6 ). For the experim ents reported below, only pork o f ‘high’ initial pH  
(6 .3  and above) was used, resulting in slurries with a mean pH 6.51 (range 
6 .2 7 -6 .7 2 ).

Authors’ address: Agricultural Research Council, Meat Research Institute, Langford, Bristol, 
BS187DY, and * School of Mathematics, University of Bath, Claverton Down, Bath, BA27AY.

0022-1163/81/0600-0267 $02.00 ©  1981 Blackwell Scientific Publications
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Pork o f high pH is less stable bacteriologically than that o f normal pH. (Bern 
& L eistner, 1976; Taylor & Shaw, 1975; Gardner, 1971). Taylor, Shaw & Jolley
(1976) reported that inclusion o f nitrate in the curing brine improved the 
shelf-life o f vacuum packed bacon produced from high pH pork, but had little 
effect on that from pork o f normal pH.

Bacterial taints in cured meat have long been associated with pork o f high 
initial pH  (C allow , 1937; Ingram, 1952; Gardner & Patterson, 1975). Collar, 
which contains small muscles o f relatively high pH, is commonly used in 
pasteurized cured meats. The knowledge that nitrite is a relatively less effective 
antimicrobial agent with increasing pH (Castellani & Niven, 1955; Blanche- 
K oelensm id & van R hee, 1968; Roberts & Ingram, 1973) makes a fuller 
understanding o f the implication o f using high pH pork in ham production 
highly desirable, particularly with respect to the control o f  Cl.botulinum  and the 
current wish to use the minimum amount o f nitrite commensurate with bacterio
logical stability and safety.

Materials and methods

Meat slurry system

M eat o f  initial pH 6.3 and above was stockpiled until sufficient was obtained 
for the w hole experim ent. It was defatted by hand, cut into small pieces and 
m inced, ensuring thorough mixing. The resultant hom ogenous batch o f pork 
m ince (pH  ca 6 .4) was weighed into 1 kg amounts and stored at -  10°C. 
Preparation o f  the slurry is described by Roberts, et al., (1981), excepting that 
the ratio o f pork:water was 1:1.8. The higher pH pork bound water more 
strongly and the proportion o f water was increased to facilitate dispensing the 
slurry. The mean pH o f slurries prepared was 6.51 (range 6.27-6.72).

Inoculum

A n  inoculum  o f 2 x  101 spores/ml (comprising a mixture o f five strains each o f  
types A  and B Cl.botulinum ) was used throughout these experiments, 0.5 ml 
inoculated into each bottle. Details o f the strains o f Cl.botulinum  and 
preparation o f spores suspensions are given in Roberts et al., (1981).

Heat treatment

T he bottles were heated immediately after inoculation, using two heat 
treatm ents: 80°C/7 min (LO W ) and 80°C/7 min +  70°C/l hr (H IG H ) with five 
replicate bottles at each treatment combination.
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Experimental plan

2.5, 3 .5, 4.5 
100, 200, 300 
0 ,5 0 0  
0 , 1000

polyphosphate (Curaphos 700, % w /v) 0 ,0 .3  
inoculum  (spores/bottle) 10
heat treatm ent LOW , HIGH
storage temperature (°C) 15. 17.5, 20, 35
A  com plete list o f  slurries prepared is shown in Table 1.

T he factors investigated were: 
NaCl (% w /v on water)
N a N 0 2 {pglg  slurry)
N aN O ;j {pglg  slurry)
sodium  isoascorbate {pglg  slurry)

Table I. Complete list of slurries prepared including chemical analysis of slurries immediately after 
preparation

pH

Slurry value

NaCl Nitrate
(% w/v water) (/xg/g) Nitrate Isoascorbate Polyphosphate
-------------------------------------------(/xg/g) (/xg/g) (%w/v) Fat H,,0
Added Detected Added Detected (Added) (Added) (Added) % %

93 6.42 2.5 2.03
94 6.48 2.5 1.89
95 6.44 2.5 1.98
96 6.63 2.5 2.15
97 6.35 2.5 2.24
98 6.58 2.5 2.51
99 6.61 2.5 2.62

100 6.44 2.5 2.16
101 6.60 2.5 2.51
102 6.56 2.5 2.36
103 6.41 2.5 2.46
104 6.59 2.5 1.96
105 6.34 3.5 3.44
106 6.39 3.5 3.30
107 6.41 3.5 3.17
108 6.55 3.5 3.73
109 6.35 3.5 3.14
110 6.55 3.5 3.34
111 6.58 3.5 3.52
112 6.42 3.5 3.36
113 6.54 3.5 3.32
114 6.54 3.5 3.29
115 6.43 3.5 3.32
116 6.56 3.5 3.19
117 6.34 4.5 3.61
118 6.38 4.5 3.78
119 6.41 4.5 4.27
120 6.55 4.5 4.43
121 6.50 4.5 3.89

100 79 — —
200 144 —
300 230 —
100 76
100 74 — 1000
100 79 — 1000
200 166
200 169 — 1000
200 323 — 1000
300 358 -  —
300 351 — 1000
300 289 — 1000
100 85
200 141 —
300 254
100 86
100 63 — 1000
100 70 — 1000
200 160
200 154 — 1000
200 144 — 1000
300 220
300 212 — 1000
300 224 — 1000
100 68
200 145
300 238
100 82
100 61

— 1.18 88.21
— 1.07 88.31
— 0.95 89.11
0.3 0.97 88.66
— 1.11 88.77
0.3 1.16 88.73
0.3 1.08 88.65
— 1.05 88.77
0.3 0.80 88.67
0.3 0.93 89.11
— 0.86 88.95
0.3 0.71 88.97
— 0.66 88.40
— 0.78 88.23
— 0.65 88.35
0.3 0.72 88.34
— 0.79 88.32
0.3 0.79 87.59
0.3 0.56 88.17
— 0.78 88.37
0.3 0.64 88.30
0.3 0.80 87.99
— 0.95 87.92
0.3 0.79 87.94
— 0.89 87.72
— 0.89 87.41
— 1.00 87.41
0.3 0.94 87.30
— 0.91 87.271000
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Table 1. continued

NaCI Nitrate
(% w/v water) (Mg/g) Nitrate Isoascorbate Polyphosphate

Slurry
PH
value

(pg/g) (m g/g) 
(Added) (Added)

(% w/v) 
(Added)

Fat H ,0
% %Added Detected Added Detected

122 6.66 4.5 4.19 100 69 — 1000 0.3 0.83 87.34
123 6.64 4.5 4.06 200 142 — — 0.3 0.94 87.01
124 6.56 4.5 4.11 200 166 — 1000 — 0.99 87.35
125 6.53 4.5 4.43 200 167 — 1000 0.3 0.88 87.28
126 6.56 4.5 3.96 300 245 — — 0.3 0.95 87.21
127 6.40 4.5 4.05 300 234 — 1000 — 0.94 87.53
128 6.58 4.5 3.46 300 193 — 1000 0.3 0.95 86.98
129 6.46 2.5 2.47 100 95 500 — — 0.95 88.93
130 6.47 2.5 2.23 200 173 500 — — 0.92 89.19
131 6.50 2.5 2.50 300 271 500 — — 0.95 89.10
132 6.67 2.5 2.52 100 95 500 — 0.3 1.01 89.33
133 6.43 2.5 2.80 100 70 500 loco — 0.98 88.82
134 6.70 2.5 2.24 100 70 500 1000 0.3 0.93 88.68
135 6.72 2.5 2.17 200 159 500 — 0.3 1.11 88.33
136 6.52 2.5 2.18 200 148 500 loco — 0.97 88.76
137 6.59 2.5 2.61 200 205 500 loco 0.3 0.77 89.02
138 6.66 2.5 2.78 300 245 500 — 0.3 0.83 88.85
139 6.52 2.5 2.41 300 214 500 loco — 1.00 88.85
140 6.70 2.5 2.72 300 223 500 loco 0.3 0.88 88.40
141 6.46 3.5 3.36 100 82 500 — — 0.96 88.15
142 6.46 3.5 3.35 200 159 500 — — 0.91 88.05
143 6.50 3.5 3.03 300 249 500 — — 0.83 88.27
144 6.65 3.5 3.27 100 81 500 — 0.3 0.92 88.01
145 6.51 3.5 3.27 100 67 500 loco — 0.91 88.17
146 6.72 3.5 3.74 100 68 500 loco 0.3 0.89 87.90
147 6.72 3.5 3.26 200 159 500 — 0.3 1.03 87.73
148 6.58 3.5 3.21 200 137 500 loco — 0.56 88.52
149 6.48 3.5 3.05 200 150 500 loco 0.3 0.94 87.79
150 6.52 3.5 2.98 300 260 500 — 0.3 0.86 88.08
151 6.35 3.5 2.72 300 199 500 10(0 — 0.81 88.25
152 6.48 3.5 2.81 300 226 500 loco 0.3 0.90 87.95
153 6.31 4.5 3.68 100 78 500 — — 0.95 87.33
154 6.28 4.5 3.69 200 160 500 — — 0.73 88.06
155 6.27 4.5 3.47 300 221 500 — — 0.93 87.44
156 6.43 4.5 3.12 100 65 500 — 0.3 0.91 87.28
157 6.35 4.5 3.48 100 66 500 loco — 0.89 87.36
158 6.59 4.5 3.61 100 73 500 loco 0.3 0.97 87.03
159 6.55 4.5 3.71 200 170 500 — 0.3 0.98 86.95
160 6.40 4.5 3.41 200 140 500 loco — 0.90 87.45
161 6.53 4.5 3.58 200 143 500 loco 0.3 0.98 87.33
162 6.54 4.5 3.90 300 264 500 — 0.3 0.95 87.20
163 6.41 4.5 3.39 300 213 500 loco — 0.93 87.40
164 6.55 4.5 3.75 300 234 500 loco 0.3 0.93 87.12

All analytical results are the mean of two samples
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N B . Previous experience (Roberts etal., 1981) suggested that a combination o f  
300 /xg/g nitrite and 500 p.g/g nitrate would result in residual nitrite levels above 
the maximum perm itted in foods (Preservatives in Foods Regulations, 1979) but 
it was included to provide a fully crossed design for subsequent analyses of 
variance.

Results

Spoilage and toxin

D ata were stored and tabulated as described by Roberts et al., (1981). Only 
one table o f  the twenty needed to represent all spoilage and toxin data is 
presented (Table 2)*.

Table 2. An example of toxin data accumulated after 6 months’ storage. Five replicates per 
treatment combination, slurry, heated 80°C/7 min. The entries are the number of replicates 
containing toxin at a particular spoilage score
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93 2.5 100 — — — 3 1 1 5 5
94 2.5 200 — — — 1 2 2 1 3 4
95 2.5 300 — — — 0 0 0 0 1 0 2 0
96 2.5 100 — 0.3 — 2 1 0 1 4 5
97 2.5 100 1000 — — 0 0 0 0 0 0 0 0 1
98 2.5 100 1000 0.3 — 1 0 0 0 0 0 0 1
99 2.5 200 — 0.3 — 4 0 3 0 5 5

100 2.5 200 1000 — — 0 0 0 0 0 0 0 0
101 2.5 200 1000 0.3 — 0 0 0 0 0 0 0 0 0
102 2.5 300 — 0.3 — 0 0 0 0 0 0 0 3
103 2.5 300 1000 — — 0 0 0 0 1 0 0 1 0 0 1
104 2.5 300 1000 0.3 — 0 0 0 0 0 0 0
105 3.5 100 — — — 5 1 3 1 1 4 4
106 3.5 200 — — — 0 0 5 3 1 5
107 3.5 300 — — — 0 0 0 1 0 2 0 0
108 3.5 100 — 0.3 — 1 1 12 4 5

* Storage temperature, 
tlnoculum (spores/bottle).
¿Spoilage score.

*The complete data are stored on magnetic tape and are available from the authors, on request,
at cost of the tape plus handling.
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Statistical analyses

T he data were processed and analysed as described by Roberts et al., (1981), 
and a summary is presented in Table 3.

Table 3. Factors and interactions significantly affecting* spoilage and toxin production in pork 
slurry of ‘high' pH (6.27-6.72)

3.1
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Salt + +
Nitrite + + + +
Nitrate - - - + - +
Polyphosphate + - + + + - + +
Isoascorbate + + + + - + + + + +
Heat treatment - - - + - + - - - +
Storage temperature + — + + — — + — + ++1++

Significant three-factor interactions affecting spoilage and toxin production

3.2 Spoilage Toxin

Salt x  nitrate x  polyphosphate + +
Nitrate x  isoascorbate x  polyphosphate + 4-

Salt x  storage temperature x polyphosphate + -
Salt x  nitrite x  polyphosphate + -
Salt x  nitrate x  isoascorbate + -
Nitrite x  polyphosphate x  isoascorbate + -
Nitrite x  isoascorbate x  storage temperature + -
Nitrate x  isoascorbate x  storage temperature - +
Nitrate x  isoascorbate x  heat treatment - +
Nitrite x  isoascorbate x  salt - +
Nitrite x  isoascorbate x  nitrate - +

S = Spoilage.
T = Toxin production.
+ = Factor or interaction was statistically significant (/’= <0.01).
-  = Factor or interaction was not statistically significant (P= <0.01).
* All factors and interactions significantly reduced spoilage and toxin production.
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Analyses o f  variance o f  spoilage data

Increasing nitrite or salt levels, decreasing storage temperature, or adding 
isoascorbate or polyphosphate significantly decreased spoilage. The addition of 
nitrate or increasing heat treatment from LOW  to HIGH had no significant 
effect on spoilage (Table 4).
M ean spoilage scores o f the two-factor interactions are shown in Table 5.

Table 4. Means of spoilage data from slurries prepared from pork o f‘high' initial pH (6.4). Single 
factors: figures given are the means of the ‘area under the step function' (See Roberts etal. , 1981). 
'Reduction of spoilage data’, i.e. the smaller the number the less spoilage

Treatment Levels tested

Least significant 
difference (LSD)

P = <0.05 P=<0.01

Sodium nitrite (¿ig/g) 100 200 300
357.7 314.1 293.0 12.16 15.69

‘Sodium nitrate (/xg/g) 0 500
326.5 316.7 9.92 12.80

Sodium isoascorbate 0 1000
(Mg/g) 377 266.2 9.92 12.80

‘Heat treatment LOW HIGH
326.1 317.0 9.92 12.80

Sodium chloride 2.5 3.5 4.5
(% w/v on water) 363.5 323.8 277.5 12.16 15.69

Polyphosphate 0 0.3
(% w/v) 374.5 268.7 5.92 12.80

Storage temperature 15 17.5 20 35
230.6 272.3 333.3 450.1 14.04 18.11

Treatment levels are significantly different when their means differ by more than the LSD. 
‘Treatment not significant.

Interactions involving isoascorbate. When isoascorbate was present little 
further reduction in spoilage was achieved by increasing nitrite. Similarly, 
increasing salt had little effect in the presence o f isoascorbate. W hen both 
polyphosphate and isoascorbate were present the reduction in spoilage was 
significantly less than the sum of the effects o f the individual factors, but was still 
least when both were present. The rise in spoilage when storage temperature 
was increased was less in the presence o f isoascorbate.

Interactions involving polyphosphate. In the presence o f polyphosphate no 
further reduction in spoilage was achieved by increasing nitrite from 200 to 300 
pg/g. The reduction in spoilage attributable to polyphosphate (Curaphos 700) 
was greatest at 3.5%  salt (cf. means o f polyphosphate and salt interaction in 
Table 5. A t 3.5%  salt the addition o f polyphosphate reduced the spoilage mean
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Table 5. Means of spoilage data from slurries prepared from pork of 'high' initial pH (6.4)
Effects of two factor interactions: figures given are the means of the 'area under the step function' (see 
Roberts era/., 1981). ‘Reduction of spoilage data’ i.e. the smaller the number the less spoilage.

Least significant 
difference (LSD)

Treatment interaction Levels tested
Number of 
replicates P = <0.05 P = <0.

*Nitrate x nitrite 0 500
100 368.2 347.2 96 17.01 22.51
200 320.9 307.3
300 290.4 295.5

Isoascorbate x 0 1000
nitrite 100 437.8 277.7 96 17.01 22.51

200 370.2 258.0
300 323.1 262.8

* Isoascorbate x 0 1000
nitrate 0 380.5 272.5 144 13.76 18.1

500 373.6 259.8
*heat treatment LOW HIGH

x nitrite 100 367.5 347.9 96 17.01 22.51
200 321.2 307.0
300 289.7 296.2

*Heat treatment LOW HIGH
x nitrate 0 336.2 316.8 96 13.76 18.11

500 316.1 317.3
*Heat treatment LOW HIGH

x isoascorbate 0 385.4 368.6 144 13.76 18.11
1000 266.9 265.4

Salt x nitrite 2.5 3.5 4.5
100 401.6 364.0 307.5 64 21.04 27.98
200 349.9 332.3 260.1
300 338.9 275.0 265.0

*Salt x nitrate 2.5 3.5 4.5
0 364.1 332.5 282.9 96 17.01 22.15

500 362.9 315.0 272.2
Salt x 2.5 3.5 4.5

isoascorbate 0 461.9 378.3 290.9 96 17.01 22.15
1000 265.1 269.2 264.2

*Salt x 2.5 3.5 4.5
heat treatment LOW 374.0 329.5 275.0 96 17.01 22.51

HIGH 353.0 318.0 280.1
Polyphosphate 0 0.3

x nitrite 100 412.7 302.7 96 17.01 22.51
200 376.3 251.9
300 334.6 251.4

Polyphosphate 0 0.3
x nitrate 0 369.5 283.5 144 13.76 18.11

500 379.5 253.9
Polyphosphate x 0 0.3

isoascorbate 0 441.1 312.9 144 13.76 18.11
1000 307.9 224.4
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Table 5. continued

Least significant 
difference (LSD) 

Number o f ---------------------
Treatment Levels tested replicates P= <0.05 P=<0.01

‘Polyphosphate x 0 0.3
heat treatment LOW 379.6 272.7 144 13.76 18.11

HIGH 369.4 264.7
Polyphosphate 0 0.3

x salt 2.5 413.8 313.1 96 17.01 22.51
3.5 387.4 260.1
4.5 322.4 232.7

Storage temperature 15 17.5 20 35
x nitrite 100 236.4 292.5 369.1 532.8 48 24.54 32.81

200 235.7 270.0 325.6 425.1
300 219.8 254.3 305.3 392.5

‘Storage temperature 15 17.5 20 35
x nitrate 0 231.8 273.3 347.4 453.5 72 19.84 26.39

500 229.4 271.2 319.2 446.8
Storage temperature 15 17.5 20 35

x isoascorbate 0 246.8 301.9 390.4 568.9 72 19.84 26.39
1000 214.4 242.6 276.2 331.4

Storage temperature 15 17.5 20 35
x heat treatment LOW 226.5 226.0 342.2 469.9 72 19.84 26.39

HIGH 234.8 278.6 324.4 430.3
Storage temperature 15 17.5 20 35

x salt 2.5 243.3 302.0 388.0 520.5 48 24.54 32.81
3.5 226.7 275.3 344.3 448.8
4.5 221.9 239.5 267.6 381.1

Storage temperature 15 17.5 20 35
x polyphosphate 0 270.6 318.4 386.5 522.6 72 19.84 26.39

0.3 190.7 226.2 280.2 377.7

Within a given interaction the difference of any two means is significant if it is greater than the LSD. 
‘No significant interaction.

by ca 127 but at 2.5 and 4.5%  salt the reduction was only ca 90-100). The 
com bination 4.5%  salt +  polyphosphate resulted in the least spoilage. Spoilage 
increased less with rising storage temperature in the presence o f polyphosphate. 
A lthough  the overall effect o f nitrate was not significant there was a significant 
interaction betw een polyphosphate and nitrate resulting in less spoilage when 
both were present.

Interactions involving storage temperature. The effect o f increasing nitrite was 
relatively less at lower storage temperatures, but a combination o f 15°C and 300 
p,g/g nitrite resulted in least spoilage. Similarly the consequence o f increasing 
salt was relatively less at 15 and 17.5°C, but least spoilage occurred with 4.5%  
salt and 15°C storage. There was no significant effect o f heat treatment but



spoilage at 35°C was significantly reduced when the HIGH heat treatment was 
used.

Interactions involving salt. Salt and nitrite both significantly decreased  
spoilage but in com bination the effect o f increasing one became less at higher 
levels o f  the other. Increasing salt by 1 % achieved a similar reduction in spoilage 
to that achieved by increasing the nitrite level by 100 gg/g .

A lthough the three-factor interactions were statistically significant, they were 
small com pared with the main effects. Many interactions were significant simply 
because o f  the large individual effects o f the main factors such as isoascorbatc.
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Analysis of variance of toxin data

T he addition o f isoascorbate, polyphosphate or nitrate, increasing nitrite, salt 
levels, or heat treatm ent, and decreasing storage temperature all significantly 
reduced toxin production (Table 6).

Table 6. Means of transformed toxin data from slurries prepared from pork of 'high' initial pH 
(6.4). Single factors: figures given are calculated using the percentage toxin-positive samples (see 
Roberts etal., 1981). ‘Processing the toxin data'i.e. the smaller the figure the less the toxin

Treatment Level tested

Least significant 
difference (LSD)

P= <0.05 P=<0.01

Sodium nitrite 100 200 300
(Mg/g) 23.99 12.43 5.99 2.86 3.69

Sodium nitrate 0 500
(Mg/g) 17.04 11.24 2.34 3.01

Sodium isoascorbate 0 1000
(Mg/g) 25.07 3.20 2.34 3.01

Heat treatment LOW HIGH
16.38 11.90 2.34 3.01

Sodium chloride 2.5 3.5 4.5
(% w/v on water) 20.09 15.15 7.18 2.86 3.69

Polyphosphate 0 0.3
(% w/v) 19.45 8.82 2.34 3.01

Storage temperature 15 17.5 20 35
6.19 11.36 16.37 22.62 3.30 4.26

Treatment levels are significantly different when their means differ by more than the LSD.

M ean toxin scores o f the two factor interactions are presented in Table 7.
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Table 7. Means of transformed toxin data from slurries prepared from pork of ‘high’ initial pH (6.4). 
Effect of two-factor interactions; figures given are calculated using the percentage toxin positive samples 
(see Roberts era/., 1981). ‘Processing the toxin data’, i.e. the smaller the figure the less toxin.

Treatment
interaction Level tested

Number of 
replicates

Least significant 
difference (LSD)

P= <0.05 P=<0.01

Nitrate x nitrite 0 500
100 30.09 17.90 96 4.00 5.30
200 15.72 9.14
300 5.30 6.67

Isoascorbate x 0 1000
nitrite 100 41.28 6.71 96 4.00 5.30

200 23.89 0.96
300 10.04 1.94

Isoascorbate x 0 1000
nitrate 0 29.87 4.20 144 3.24 4.26

500 20.27 2.21
Heat treatment LOW HIGH
x nitrite 100 28.12 19.87 % 4.00 5.30

200 15.43 9.42
300 5.58 6.40

Heat treatment LOW HIGH
x nitrate 0 21.32 12.76 144 3.24 4.26

500 11.44 11.04
‘Heat treatment LOW HIGH
x isoascorbate 0 28.08 22.06 144 3.24 4.26

1000 4.67 1.73
Salt x nitrite 2.5 3.5 4.5

100 29.41 25.80 16.77 64 4.95 6.58
200 20.91 14.93 1.44
300 9.94 4.71 3.32

‘Salt x nitrate 2.5 3.5 4.5
0 23.15 19.62 8.34 96 4.00 5.30

500 17.02 10.68 6.01
Salt x 2.5 3.5 4.5
isoascorbate 0 36.16 26.58 12.47 % 4.00 5.30

1000 4.01 3.72 1.89
‘Salt x 2.5 3.5 4.5
heat treatment LOW 21.32 19.28 8.52 96 4.00 5.30

HIGH 18.85 11.01 5.38
Polyphosphate 0 0.3
x nitrite 100 32.79 15.19 96 4.00 5.30

200 17.54 7.32
300 8.02 3.96

‘ Polyphosphate 0 0.3
x nitrate 0 21.05 13.02 144 3.24 4.26

500 17.85 4.63

19
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Table 7. continued

Treatment Levels tested
Number of 
replicates

Least significant 
difference (LSD)

P=<  0.05 P=<0.01

Polyphosphate 0 0.3
x isoascorbate 0 33.41 16.73 144 3.24 4.26

1000 5.48 0.92
* Polyphosphate x 0 0.3
heat treatment LOW 22.43 10.32 144 3.24 4.26

HIGH 16.47 7.33
* Polyphosphate 0 0.3
x salt 2.5 26.19 13.98 96 4.00 5.30

3.5 20.95 9.34
4.5 11.20 3.15

Storage temperature 15 17.5 20 35
x nitrite 100 11.08 20.27 27.19 37.43 48 5.78 7.72

200 6.95 9.42 14.28 19.07
300 0.55 4.38 7.65 11.37

* Storage temperature 15 17.5 20 35
x nitrate 0 7.92 13.48 21.35 25.40 72 4.67 6.21

500 4.47 9.23 11.40 19.84
Storage temperature 15 17.5 20 35
x isoascorbate 0 10.91 20.32 29.44 39.60 72 4.67 6.21

1000 1.48 2.39 3.30 5.64
* Storage temperature 15 17.5 20 35
x heat treatment LOW 8.57 13.18 18.66 25.10 72 4.67 6.21

HIGH 3.82 9.54 14.09 20.15
* Storage temperature 15 17.5 20 35
x salt 2.5 12.31 15.36 20.55 32.12 48 5.78 7.72

3.5 5.17 12.72 20.94 21.76
4.5 1.11 5.99 7.72 13.99

* Storage temperature 15 17.5 20 35
x polyphosphate 0 9.15 15.66 24.06 28.93 72 4.67 6.21

0.3 3.24 7.05 8.69 16.32

Within a given interaction the difference of any two means is significant if it is greater than the LSD. 
*No significant interaction.

Interactions involving isoascorbate. The effect o f isoascorbate was highly 
significant and if it was present no further significant reduction in toxin 
production was achieved by: increasing salt from 2.5 to 4.5% , nitrite from 100 to 
300 jug/g, adding nitrate, or decreasing storage temperature from 35 to 15°C.

Interactions involving nitrite. Increasing nitrite or salt levels decreased toxin  
production but when salt and nitrite were both present the effect o f  increasing 
on e in the presence o f  high levels o f  the other becam e less. In the presence o f  
polyphosphate, or after H IG H  heat treatment, or at 4.5%  salt, increasing nitrite 
from 200 to  300 /xg/g nitrite did not further reduce toxin production. Adding  
polyphosphate at 100 /xg/g nitrite was equivalent to increasing nitrite to
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200 /¿g/g. Increasing heat treatment from LOW  to H IG H  achieved a similar 
reduction in toxin production to that achieved by increasing nitrite from 100 to 
200 /ig /g  after LO W  heat treatment. A t 15°C storage there was no significant 
reduction in toxin production when nitrite w as increased from 100 to 200 /xg/g 
but a further increase to 300 /xg/g significantly reduced toxin production. At 
17.5°C there was a significant reduction when nitrite was increased from 100 to 
200 /xg/g, but no further reduction when nitrite was increased to 300 /xg/g.

Interactions involving nitrate. The reduction in toxin production achieved by 
increasing nitrite was relatively less in the presence o f nitrate. Although  
increasing heat treatment from LOW  to H IG H , or adding nitrate, significantly 
reduced toxin production, there was no significant difference between the effect 
o f LO W  heat plus nitrate and H IG H  heat plus nitrate.

There were very few  significant three-factor interactions, and their effects 
w ere small in com parison with the effects o f the single factors. A lm ost all the 
significant three-factor interactions involved isoascorbate and were probably 
only significant because o f the large main effect o f isoascorbate.

Discussion

A ll single factors studied significantly reduced toxin production, but increasing 
heat treatm ent from LOW  to H IG H , or adding nitrate, did not reduce spoilage 
significantly.

C onclusions from this study using ‘high’ pH pork are essentially similar to 
those from the study using m eat o f an initial ‘low’ pH (Roberts etal., 1981). The 
m ost im portant difference was the effect o f polyphosphate (Curaphos 700). In 
‘low ’ pH  slurries polyphosphate did not significantly affect spoilage and 
significantly increased toxin production, although this increase could be 
counteracted by the addition o f isoascorbate or nitrate, or raising nitrite or salt 
concentration, or the heat treatment to the next highest level tested. In ‘high’ 
PH slurries polyphosphate significantly decreased both spoilage and toxin 
production. W e have found no explanation in the literature for this effect.

D ifference in experim ental plan for ‘high’ and ‘low ’ pH slurries make a 
statistical com parison between the two difficult, but the Grand M eans for 
spoilage or toxin production at the two pH levels may be compared: There was 
considerably more spoilage overall in ‘high’ pH slurries (Grand Mean 321.6) 
than in ‘low ’ (Grand Mean 250.5). There was, however, little difference 
betw een  the Grand M eans for toxin production at the two pH levels (Grand 
M ean: ‘high’ pH  14.14, ‘low ’ pH , 101 inoculum level, 13.47). The similarity 
betw een  the Grand M eans for toxin production may be a consequence o f the 
reversal o f  the effect o f  polyphosphate, when at ‘low ’ pH levels it increased toxin 
production but at ‘high’ pH it decreased toxin production. A  further con
tributory effect may have been isoascorbate, which was significant at both pH  
levels but at ‘high’ pH was the most significant single factor controlling spoilage 
and toxin production.
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There w ere no true synergistic interactions and all significant interactions 
w ere antagonistic (i.e . the com bined effect o f  the two interacting factors was less 
than w ould be expected  by summing their individual effects, but the com bined  
effect o f  the two factors interacting was always greater than the effect o f either 
factor acting alone).

T he overall trends may be summarized:
(1) Increasing nitrite decreased spoilage and toxin production. In the 
presence o f  other significant fetors, e.g . salt or isoascorbate, no further 
decrease in spoilage or toxin production occurred when nitrite levels were 
increased.
(2) N itrate significantly reduced toxin production but did not significantly 
affect spoilage. Chemical analysis o f residual nitrite levels during storage 
indicated that nitrate was reduced to nitrite, hence significant effects 
attributed to nitrate alone are most certainly due to increased nitrite levels.
(3) Increasing salt level reduced toxin production. A t high salt levels increas
ing nitrite (100-200 yxg/g) or heat (LO W -H IG H ) did not significantly affect 
spoilage or toxin production.
(4) The addition o f  isoascorbate significantly reduced spoilage and toxin 
production. In its presence other significant factors (increasing nitrite or salt 
concentration or heat treatment, adding nitrate, or decreasing storage 
tem perature) becam e relatively less effective, but least spoilage or toxin 
production occurred when isoascorbate was present.
(5) The inclusion o f polyphosphate significantly decreased spoilage and 
toxin production and it interacted with isoascorbate, nitrite and salt.
(6) Increased heat treatment significantly decreased toxin production, 
although in the presence o f other significant factors (high salt or high nitrite 
or isoascorbate or polyphosphate) the effect o f  increasing heat treatment 
was not significant.
(7) Lowering the storage temperatures significantly reduced spoilage and 
toxin production although low storage temperature reduced the apparent 
effectiveness o f other factors, but storage at 15°C always resulted in least 
spoilage or toxin production.
Care must be exercised comparing these data on growth o f Cl. botulinum in 

‘h igh’ pH  pork slurry with those from ‘low ’ pH pork slurry (Roberts et al.,
1981). The tabulated mean spoilage and toxin scores in one paper must not be 
com pared directly with those in the other. Within each paper the change in 
m agnitude o f score with treatment or treatment combination can be used to 
m easure the overall effect o f that treatment or treatment combination: e.g. 
increasing salt 2 .5-4 .5%  reduces the mean from ca 20 to 7 (Table 6). 
T herefore increasing nitrate (100-300 fxg/g) has a similar effect as increasing 
salt (2 .5 -4 .5% ) and the interacton between salt and nitrate (Table 7) 
illustrated that raising salt from 3.5 to 4.5% with nitrite at 100 ixg/g can be 
regarded as equivalent to raising nitrite from 100 to 200 /xg/g whilst 
m aintaining salt at 3.5% .

T. A. Roberts, A. M. Gibson and A. Robinson
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S e p a r a tio n  o f  a n th o cy a n in s by  ad sorp tion  on  acid  a lu m in a

P. G . PIFFERI a n d  A . V A C C A R I

Summary

The conditions have been determined for achieving an effective separation on 
acid alum ina o f  polyhydroxylated anthocyanins from others.

T he adsorption isotherms for som e anthocyanins are also given and the 
behaviour o f m ethanol, ethanol and propanol solutions has been examined.

Introduction

In recent years there has been growing approval for the use o f natural red 
colorants in place o f synthetic ones (A n on ., 1959; Baker, Johnston & Barber, 
1974; E sselen  & Sammy, 1973; Shewfelt & A hm ed, 1977), mainly because o f the 
health risk associated with the latter (A n on ., 1970).

T he stability o f anthocyanins, red colorants o f plant origin which also possess 
pharm aceutical properties (Cantarelli & Panelli, 1968; Proserpio, 1974; 
B onacina & Pacchiano, 1974), depends not only on environmental factors, such 
as p H , tem perature, partial oxygen pressure, the nature o f the other 
com ponents present (A dam s, 1973; Timberlake & Bridle, 1976; Hrazdina,
1974) and the type o f light radiation (Nordstrom, 1956; Sastry & Tischer, 1952; 
Riva et al., 1974), but also on the glycosidation and nature o f the B ring 
o f  the pigm ents (R obinson et al., 1966; Pifferi et al., 1979). In addition, 
anthocyanins with at least two ortho hydroxyls in the B ring have different 
colour shades (H arbom e, 1967). From the above one can see the potential 
interest in the separation, purification, or both, o f polyhydroxylated pigments 
on  both the laboratory and industrial scale.

A nthocyanins have been separated on ion-exchange resin (Am berlite CG-50) 
(Chiriboga & Francis, 1970), polyvinylpyrrolidone (Hrazdina, 1975; Peri &
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B onin i, 1976) and also on alumina (Nebelsky et al., 1949; Birkofer, Kaiser & 
D o n ik e , 1966), however for the latter the conditions for optimal separation have 
not been  determ ined.

Our study o f  som e parameters (pH , kind o f solvent, adsorption time, etc.) 
was aim ed at achieving the most efficient separation on acid alumina o f 
polyhydroxylated anthocyanins from others, independent o f the type of 
glycosidation.

Materials and methods

Materials

A cid  alumina (E . M erck, W. Germany) with a granule size larger than 200 
m esh was used. T he surface area, determined by the one-point m ethod with a 
Sorpty apparatus (C. Erba, Italy), which employs the low-temperature gas 
adsorption (B E T ) technique, was found to be 93 m2/g with an estimated error of 
± 5 % . N itrogen was the adsorbent. The alumina used for the separation was 
reactivated by calcination at 600°C for 6 hr.

T he anthocyanin sources were grape (Vitis vinifera) in the form o f the 
com m ercial solid oenocyanin with 6% colouring matter (Reggiana Enocianina, 
Italy) and m ethanol extracts o f eggplant (Solanum melongena) as the source o f  
the delphinidin derivatives and red carnation (Dianthus caryophyllus) as the 
source o f  the pelargonidin derivatives. A s a source o f malvidin and peonidin  
derivatives we used the oenocyanin fraction that was not adsorbed by the acid 
alum ina, in accordance with the pigment separation m ethod mentioned below. 
This fraction was concentrated in vacuo and purified o f traces o f A l3+ by ion 
exchange (Pifferi & Vaccari, 1980). All reagents used were at least reagent 
grade.

Adsorption method

W e prepared 1.25 °/oo solutions o f solid commercial oenocyanin in m ethanol, 
in ethanol, and in propanol. These were agitated for 60 min at 25°C and filtered. 
T he resulting clear solutions were used to prepare the samples o f different water 
contents (A  solutions) (see Tables 1 and 2). The known volum es o f added water 
already contained the known quantities o f 2N HC1 or 2N NaO H  that were 
needed  to bring the mixtures to the desired pH values. The corresponding 
alcohol-w ater mixtures were prepared in a similar manner (B solutions).

W e placed 1.0 g o f acid alumina and 25.0 ml o f a different B solution into each 
o f 100 ml amber-glass centrifuge tubes with screw caps. These were agitated 
every 15 min up to the predeterm ined equilibration time for that particular trial, 
correcting the pH  where necessary with the 2N HC1 or 2N NaO H  solution.

A fter  the alumina had been thus equilibrated, 25.0 ml o f the corresponding A
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solution  (i.e . that containing the same quantity o f water) was added. The tubes 
w ere placed in a water bath thermostatically maintained at 25°C and were 
agitated every 30 min. The reference samples were prepared and treated  
analogously, except that the alumina was om itted. For the tests without 
equilibration, each A  solution was immediately added to the corresponding 
alum ina— B solution mixture, the pH  level being corrected where necessary. 
T he sam e m ethod was used to investigate the adsorption o f the eggplant and red 
carnation pigm ents.

Separation o f anthocyanins on alumina

Analysis o f  the supernatant

A fter centrifugation at 4500 rev/min (2700 8) for 10 min, a portion o f the 
supernatant was analysed by two-dimensional chromatography on Whatman 
3M M  paper using the solvents n-butanol— acetic acid— water (B A W ) 
(1 2 0 :3 0 :5 0  v/v) and acetic acid— 37% HC1— water (A A W ) (1 5 :3 :8 2  v/v) and 
the usual m ethods o f  aglycone analysis (H arbom e, 1967). Quantitative analysis 
o f  the supernatant was performed by adding 2 ml o f 2N  HC1 to 2 ml o f  solution  
and determ ining the absorbance at 520 nm using a Perkin Elmer m odel 402 
spectrophotom eter and then an e (mean molar extinction coefficient) o f 28 000 
N iketic-A teksic & Hrazdina, 1972) in the calculation.

T he pH  o f  the supernatant was determined after centrifugation with a 
M etrohm  H erisau m odel E  500 pH  meter.

Separation o f  the pigments

A fter the alumina and pigment solution was kept at 25°C at pH 4.90 for at 
least 16 hr (in accordance with the adsorption m ethod cited), it was poured into 
a chrom atographic colum n equipped with a porous septum which contained a
2-cm  layer o f  alumina previously equilibrated to pH 4.90 in methanol— water 
(95.5  v /v ). E lution  with m ethanol— water (95.5 v/v) was repeated until the 
filtrate was free o f  anthocyanins. The polyhydroxylated pigments adsorbed on 
the alum ina w ere recovered with methanol— HC1 (0 .5 -2 .0  O  N ) (95:5 v/v).

Results and discussion

T he data in Table 1 show that the alumina exerted a clear-cut buffer action, 
which was less intense for the oenocyanin solutions. This buffer action could be 
linked to  the presence o f  both base and acid sites on the surface o f the alumina 
(H indin & W eller, 1956; Sacconi, 1963). In support o f this hypothesis, we noted  
that sam ples 1 and 2 took on a violet colour, which can be attributed to the 
solubilization o f A l3+ ions and the consequent formation with the anthocyanins 
o f  chelates having a different absorption spectrum. O ne can attribute the



286 P. G. Pifferi and A . Vaccari

Table 1. Percentage adsorption after 24 hr of oenocyanin from 
CH3OH—H20  (95:5 v/v) at different pH levels, without alumina 
equilibration. Buffer effect of acid alumina on CH.,OH—H ,0  (95:5 v/v) 
mixtures at various initial pH levels

With oenocyanin Without oenocyanin

Sample
Adsorption
(%)

pH level 
at 0 hr

pH level 
after 24 hr

pH level 
at 0 hr

pH level 
after 24 hr

1 39.9 0.50 0.60 1.10 1.60
2 41.9 2.30 2.60 2.00 2.60
3 64.0 3.50 4.00 3.00 3.60
4 83.0 4.50 4.40 4.00 4.25
5 94.0 5.00 4.50 5.00 3.95
6 97.0 5.50 4.80 — —
7 94.1 6.00 4.60 6.00 3.85
8 90.4 7.00 6.00 8.00 4.70

decrease in buffer action to the effect o f the other com ponents o f the crude 
oenocyanin  on the alumina, since they, too, are susceptible to adsorption, 
especially acids (citric, tartaric, and malic) and polyphenols.

From Table 1 it can also be seen that with a 5% (v/v) water content in the 
solvent mixture and with no equilibration o f the alumina and anthocyanins 
dem onstrated maximum adsorption at an initial pH o f ca 5.50. Similar results 
w ere obtained with 90 min o f equilibration. Table 2 confirms in fact that with a 
longer equilibration time there was a tendency for the maximum adsorption to 
occur at ca pH 5 .50 and a water content o f ca 3% (v/v), although at lower 
adsorption values than those in Table 1.

W hen the equilibration was prolonged to 24 hr, there were poorer results at 
all pH values, with lower selectivity and greater irregularity in the adsorption 
trend. V ice versa, the chromatographic analyses o f the supernatants showed  
that maximum selectivity in polyhydroxylated anthocyanin adsorption occurred 
at pH  4.90, after 90 min o f equilibration and a 5% (v/v) water content.

Table 2. Adsorption of oenocyanin on acid alumina equilibrated for 90 min as a function of the pH 
level, percentage water (v/v) in the CH.,OH solution and time

pH 3.85 pH 4.90 pH 5.50

Percentage water (v/v) Percentage water (v/v) Percentage water (v/v)

Time (hr) 0 3 6 10 15 0 3 6 10 15 0 3 6 10 15

2
4
8

18

41.9 46.4 42.4 47.0 42.9
50.2 59.4 54.7 54.1 51.2

71.3 76.3 71.1 67.5 65.9

43.9 49.2 41.9 40.4 45.3 14.3 22.7 24.0 17.9 22.5 
65.6 63.9 64.2 60.4 62.9 61.3 61.4 62.4 56.7 52.6 
— — — — — 66.6 67.3 67.0 61.5 58.5 
74.3 73.4 66.3 69.2 72.7 76.4 77.3 75.5 70.9 65.3
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Concentration of the solution ( I0 -5 M)

Figure 1. Adsorption isotherms at pH 4.90 in CH.,OH—H„0 (95:5 v/v) of the 
monoglucosides of delphinidin (■ ), malvidin and peonidin ( • ) ,  and pelargonidin 
( A ) .

A n analysis o f the adsorption isotherms reported in Fig. 1 demonstrated that 
the antocyanins containing the trihydroxylated aglycone delphinidin (D p) were 
m ore strongly adsorbed than those containing malvidin (M v) and peonidin (Pn) 
or pelargonidin (Pg), with solid phase/liquid phase separation constants at 25°C 
o f 1100, 70, and 12 1/kg respectively.

T he values for the analysis o f  the mixture o f the malvidin and peonidin  
glycosides (i.e . the oenocyanin supernatant) and, although to a less degree, the 
pelargonidin glycosides (red carnation) were, however, slightly higher than the 
actual values, since the presence o f anthocyanin fractions acylated with 
arom atic acids (R ibereau-G ayon, 1958) increases adsorption. On the other 
hand, the differences in the separation constants are such to justify our 
regarding this difference in values having no effect on the general trend o f the 
phenom enon, whereas there remains the advantage of the applicability o f our 
m ethod to natural system s, which are o f greater interest from the technological 
view point.

T he possiblity o f polyhydroxylated anthocyanins forming com plexes at pH  
values greater than 3.00 with various metals (among which aluminium) with an 
anthocyanin/m etal ratio o f 2 :1  (Bayer et al., 1966; M onties, Marine-Font & 
D ouillard, 1969) accounts for the behaviour o f the delphinidin derivatives, 
w hereas the adsorption o f the malvidin and peonidin derivatives and the 
pelargonidin derivatives may be regarded as being purely physical in nature. 
This conclusion is supported by the reversibility o f this adsorption by repeatedly 
washing the alumina with the solvent mixture.

Figure 2 shows the existence o f two distinct retention phenom ena, one 
chem ical and one physical, for the adsorption o f a oenocyanin solution on
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Quantity of A l20 3 ( g )

Figure 2. Percentage adsorption of oenocyanin as a function of the quantity of acid 
alumina.

Figure 3. Adsorption isotherms of saturated solutions (at 25°C) of oenocyanin from 
alcohol—water (95:5 v/v). ■ , Methanol; A , ethanol; • ,  propanol.

increasing quantities o f acid alumina. In the first curve section there is, in fact, a 
rapid increase in the percentage adsorbed, even for small quantities o f  
adsorbent, which can be linked to chelate formation and which is limited by the 
quantity o f  polyhydroxylated anthocyanins present. The subsequent increase 
can be attributed, instead, to  physical adsorption and is directly proportional to  
the quantity o f  alumina used.

Exam ining Fig. 3 one finds that the ethanol-water (95 :5  v/v) mixture was the 
solvent that show ed the greatest adsorption o f anthocyanins at pH 4.90 at a 
given molarity o f  oenocyanin solution. Chromatographic analysis on paper also 
dem onstrated com plete retention o f the polyhydroxylated pigments.

T he greater efficiency o f the ethanol-water system can be attributed to a 
com bination o f different effects, viz. a decrease in oenocyanin solubility as the



Separation o f anthocyanins on alumina 289

aliphatic chain o f  the alcohol is increased, the increase in the relative adsorption 
associated  with the progressive reduction in solvent-solute com petition for the 
adsorbent, and the increase in viscosity that occurs when passing from ethanol 
to  propanol. W ith the latter the adsorption is strongly influenced by physical 
factors with a reduced accessibility o f the microporous surface o f the alumina 
(L ippens & Steggerda, 1970).

T he results for ethanol-water mixture were especially interesting from the 
technological view point, in that this alcohol is not toxic, as methanol is, and, 
com pared to  propanol, it is a better solvent for oenocyanin and has a lower 
boiling point, making it easier to distil.

W e analysed the data o f  Fig. 3 with the aid o f Langmuir’s equation

l/<2 =  1/K M  Sm +  l /5 m

W here M  is the molarity o f the oenocyanin solution at equilibrium, Q the 
quantity o f  adsorbed pigm ents, and Sm the quantity o f pigment adsorbed in 
m onolayer form ation. W hen l/Q  was plotted against 1/Af, linear relationships 
w ere found for the range o f concentrations used, and the following 5m values  
w ere calculated from the intercepts (Kapadia, G uess & Austin, 1964): 52-10-4, 
3 5 1 0  4 and 1T 0 4 m ol/kg for m ethanol, ethanol, and propanol solutions, 
respectively.

T he physically adsorbed pigments (malvidin and peonidin, and pelargonidin 
derivatives) w ere eluted by repeatedly washing with an alcohol— water 
(m ethanol or ethanol) (9 5 :9  v/v) mixture, whereas the polyhydroxylated  
pigm ents were eluted with acidified water or, more effectively, with an 
alcohol— HC1 (0 .5 -2 .0  N ) (95 :5  v/v) mixture. The polymerized pigments 
tended to remain irreversibly adsorbed; this method could also be used for 
partial purification.

T he alumina can be readily regenerated by calcination at 600°C for 6 hr, with 
com plete recovery o f  the initial adsorbency. Pigments eluted with acid solvents 
can be subsequently concentrated in vacuo and freed o f traces o f A l3+ by ion 
exchange (Pifferi & Vaccari, 1980). With our m ethod it is therefore possible to 
separate polyhydroxylated pigments from others, purify them o f decom position  
and polym erization products, or both. The applicability o f this m ethod to 
natural extracts and its efficacy in ethanol solutions make it especially attractive 
for the food  and pharmaceutical industries.

T he considerable differences in the separation coefficients demonstrate the 
presence o f  two distinct retention phenom ena, one chemical, with chelate 
form ation, and the other physical. The ease o f anthocyanin recovery and the 
com plete, sim ple regeneration o f the adsorbent, in addition to its low cost, 
m ake this m ethod also applicable on an industrial scale.
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Potato flour as partial replacement of wheat flour 
in bread: baking studies and nutritional value 
of bread containing graded levels of potato flour*
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Summary

P otato flour (PF) is a material that does not differ significantly from wheat flour 
(W F) with regards to its physical appearance and chemical com position. For 
that reason it may be used in bread making. In this study mixtures o f wheat flour 
and potato flour were prepared containing PF at levels o f  0, 2, 4, 6, 8 and 10%. 
T he farinograph properties o f wheat flour affected by addition o f potato flour 
w ere studied. W ater absorption increased gradually from 62% for W F to 79% 
for blend with 8% PF. O ther parameters such as developm ent tim e, weakening  
o f dough (Brabender units) and valorimeter value (W) were adversely modified 
by the addition o f  potato flour. The bread properties were studied using 
m ixtures containing 0, 2, 4, 6, 8, 10 and 15% PF. The substitution o f WF 
produced increases in water absorption, loaf weight and loaf volum e as 
com pared to all-wheat bread. In addition, bread containing PF retained  
m oisture for longer periods than normal bread. Loaves made from wheat flour 
and 2 , 4 , 6, 8 and 10% potato flour were tested for their chemical com position  
and protein efficiency ratio (PE R ) in the rat. Moisture o f bread increased with 
each increase in the level o f  potato flour substitution. The protein content of 
bread show ed a progressive fall from 6.8%  (at 4% level) to 6.3% (at 10% level). 
The protein efficiency ratio did not change significantly with the inclusion of 
potato  flour up to 8% compared to all-wheat, but at the 10% level there was a 
significant reduction in this parameter (P < 0 .0 5 ) .
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ÍInstituto de Investigaciones Agropecuarias, La Platina, Santiago, Chile, and §Technological 
Institute, Universidad Técnica del Estado, P.O. Box 4637, Santiago 2, Chile.

‘ Presented at the XI International Nutrition Congress. Río de Janeiro, Brazil. 9 August-1 
September, 1978.

0022-1163/81/0600-0291 $02.00© 1981 Blackwell Scientific Publications



292 E. Yanez e t  al.

Introduction

Bread is an important com ponent o f the Chilean diet. Several authors have 
show n that this food  contributes about 40% o f the daily calorie intake and about 
35%  o f the protein (SN S, 1976). H owever, the production o f wheat in the 
country is insufficient. Therefore substantial quantities o f this cereal must be 
im ported every year (O D E P A , 1975). Making bread by partial substitution o f 
w heat is not a new  idea and it is worthwhile to m ention som e o f the efforts made 
in the past to  m ake bread from local materials, be they cereal flour or roots 
starches (D end y, Clarke & James, 1970).

In C hile, potato flour appears to be one o f the most promising substitutes in 
bread m aking in order to conserve wheat flour. This tuber is normally found in 
large surplus especially in the Southern provinces o f the country. On the other 
hand som e investigators have shown that potato protein is superior to most 
m ajor plant proteins (M arkakis, 1975; M eister & Thom pson, 1976).

T he present study was undertaken to assess the feasibility o f using potato  
flour as a partial replacem ent o f wheat flour and obtain basic information useful 
to  the breadm aking industry. T o this purpose the physical dough properties o f  
blends o f  both materials and their baking properties were studied. In addition 
w e investigated the chemical com position and biological quality o f bread with 
graded levels o f  potato flour.

Materials and methods

Potato flour (PF) was obtained from a local supplier. Basically the PF 
production consists of: (a) selection o f potatoes; (b) washing; (c) peeling; (d) 
dicing to facilitate the cooking; (e) cooking in a continuous cooker; ( f ) grinding 
and drying on a drumdryer. Commercial wheat flour o f 78% extraction was 
purchased from a local mill. This flour was enriched with B-com plex vitamins, 
iron and addition o f 50 ppm of potassium bromate according to Chilean law. 
Potato flour was analysed for moisture, total ash and nitrogen by A O  AC  
m ethods (A O A C , 1975). The wheat and potato nitrogen content in grams was 
m ultiplied by the factors 5.7 and 6.25 respectively to determine the protein 
content.

Physical dough properties o f wheat flour and wheat flour/potato flour blends 
containing 2 , 4, 6, 8 and 10% PF were determined with a Brabender farino- 
graph (50 g flour, 50 g bow l), as outlined according to A  ACC m ethods (1968).

Breadmaking

Bread was prepared in the laboratory from a combinatin o f wheat flour and 
p otato  flour. The levels o f  substitutions o f wheat flour by potato flour were 2 ,4 ,  
6, 8, 10 and 15%. The breadmaking formula o f 100 g wheat flour or the
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blend, 4 g dry, skim milk, 3 g shortening, 10 ml o f a salt/sucrose solution (1.5 
and 4% respectively) and 10 ml o f a 2% yeast suspension.

Bread (100 g pup loaves) was baked from the W F/PF blends using a National 
C om plete D ough mixer by a straight dough baking procedure with a 3-hr 
ferm entation and a temperature o f 30°C. During the fermentation period, the 
dough was rem oved from the bowl after 1 hr and after a further 45 min and given 
the first and second punches, respectively.

T he dough was rounded, m olded, placed in baking pans and allowed to 
ferm ent for 55 min at 30°C. The loaves were baked for 25 min at 230°C in a 
D espatch  oven with rotary plate and thermostat. Both weight and volum e o f the 
loaves w ere determ ined after cooling for 1 hr. The loaf volum e was measured by 
a rapeseed displacem ent m ethod. Loss o f moisture was determined at 2 4 ,4 8 ,7 2  
and 96 hr. The moisture content was measured in 10-g samples in an oven heated  
at 130°C for 90 min.

T he chem ical analysis included the following determinations: moisture was 
m easured by direct reading in a Brabender oven. Ash and nitrogen were 
m easured according to established methods (A O A C , 1975). To convert N to 
protein the factor 6.25 was used.

Biological methods

T he control and experim ental loaves with 2, 4, 6, 8 and 10% PF were tested  
for the protein efficiency ratio (PE R ) in rats according to the method o f  
Chapm an, Castillo & Campbell (1959). For this purpose the loaves were sliced 
and air-dried on racks for 72 hr at approximately 25°C and the ground through a 
W iley mill. The ground bread was incorporated into experimental diets 
containing: ground bread 80%; com  oil, 10%; mineral mixture, 4%; vitamins, 
1%; and cellu lose 5% .

T he experim ental groups consisted o f ten weanling rats. The animals were 
random ly assigned into groups, adjusted to give similar mean weights and then 
started on  their assigned diets containing bread as the sole source o f protein. 
T he diet and water were offered ad libitium  and food consumption and body 
w eight were recorded weekly. Protein efficiency ratios (PER  values) were 
calculated by dividing the overall body weight gain by protein intake.

Statistical analysis

Baking parameters and biological data were analyzed by the analysis of 
variance (Snedecor & Cochran, 1967) and D uncan’s multiple range test 
(D uncan , 1955).

20
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Results and discussion

T he prom im ate chem ical com position of wheat flour and potato flour are shown 
in Table 1. Protein content was 9.3% (N x 5 .7 )  for wheat flour and 6.7 
(N  x 6.25) for potato flour. Table 2 lists the results o f the farinograph studies on 
flour mixtures containing different levels o f potato flour. The amount of water 
(absorption) required to centre the farinogram curve on the 500 B U  (Brabender 
units) line increased steadily with every increment o f potato flour from 62% for 
0% PF to 79% for 10% PF, or a 27% increase. Changes in farinograph curve 
characteristics are illustrated in Fig. 1. The dough developing time decreased 
with the addition of potato flour. The control bread exhibited a value of 7.0 min 
which decreased gradually to 2.0 min for the highest level o f replacement. These 
results may imply that the physical mechanical properties o f the dough were 
severely affected by the incorporation o f potato flour. The weakening o f the 
dough increased gradually from 64.8 B U  for the control to 202.5 B U  for the 10% 
level o f  substitution, thus confirming the deterioration o f the physical properties

Table 1. Gross chemical composition of wheat flour and 
potato flour (g/100 g)

Wheat flour Potato flour

Moisture 12.0 7.2
Crude protein 9.3 (Nx 5.7) 6.7 (N x 6.25)
Ash 0.6 2.2
Fat 1.2 0.3

T able 2. Farinograph properties and baking characteristics of blends of wheat flour and potato 
flour (*)

Potato flour level (%)

0 2 4 6 8 10 15

Water absorption (%) 62.0 64.5 65.5 69.8 73.2 79.0 —

Farinograph values
Developing time (min) 7.0 5.3 3.4 1.6 1.7 2.0 —
Weakening (BU) 64.8 101.3 123.8 195.0 200.0 202.5 —
Valorimeter value (W) 63.8 54.3 43.8 25.3 23.8 24.0 —

Bread properties
Loaf weight (g) 142.1 144.3 147.0 151.2 151.8 154.0 160.0
Loaf volume (ml) 695.5 749.4 760.0 761.9 770.6 771.2 779.4

Specific loaf volume (ml/g) 4.89 5.19 5.17 5.04 5.08 5.01 4.87
Loaf water absorbed (ml) 92.5 97.0 101.8 108.0 114.4 117.5 131.6

(*) No significant difference between underlined treatments at the 5% level of significance.
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o f  the dough. The valorimeter value (IT) which represents the physico- 
m echanical properties o f the dough decreased from 63.8 to 24.0. According to 
C hinean regulations the minimum acceptable W value for wheat flour intended  
to  m ake bread is 40 (IN N , Chile, 1977). The values for the doughs containing 2 
and 4% PF were well within the acceptable range. Higher levels o f PF produced 
a significant decrease o f  valorimeter value (P < 0 .0 1 ) .  In summary all these 
param eters show ed a gradual decrease in the physico-mechanical properties o f 
the dough with increasing amounts o f potato flour.

T he experim ental baking studies showed that the concentration o f 2, 4 and 
6% potato  flour did not affect the handling o f the dough. The blend containing 
8% PF developed  som e degree o f stickiness and the levels o f 10% and 15% 
presented  a great difficulty to dough hndling. The breadmaking studies showed  
that the volum e o f water absorbed increased significantly with the addition o f PF 
with respect to the control (P < 0 .0 1 ) .  The all-wheat bread absorbed 92.5 ml o f  
w ater and this value increased to 131.6 ml at the level o f 15% substitution by 
potato  flour. T he weight o f the loaves increases significantly (P <  0.01) with the 
increasing levels o f  potato flour, except for the 2% level which did not change 
the loaf weight. The mean weight for the control loaves was 142.1 g and this 
value rose to  160 g at the highest level o f substitution. This unexpected result 
could be explained by the presence in potato flour o f som e unknown factor 
which enhances loaf volum e. This increase is obviously a result o f  the increased 
w ater absorption and retention by the dough. W hile this fact may be important 
from  the econom ical standpoint, there remains the question o f how it may affect 
other properties o f bread. There was an increasing trend in the loaf volume with 
increasing levels o f  substitution by PF (P < 0 .0 1 ) .  The volume o f the control 
bread was 695.5 ml. This figure increased to 779.4 ml for the 15% PF treatment, 
or an increase o f 12%. This result may prove to be an advantage o f potato flour 
incorporation in bread making over other materials that have been used to 
produce protein fortified breads which cause a decrease in loaf volum e as the 
level o f  substituent increases (Tsen, H oover & Phillips, 1971). The specific loaf 
volum e (m l/g) o f wheat flour bread was 4.89, this value increased slightly to 5.19  
and 5 .17 for the levels o f  4 and 6% PF respectively and then decreased  
progressively to the value o f 4.87 which is essentially equal to the basal value o f  
4.89.

Table 3 shows the loss o f  moisture from 24 through 96 hr. A t 24 hr after baking 
the control bread contained 34.9%  moisture, while bread containing potato  
flour had higher moisture values, reching 40.9%  at the 10% level o f  potato  
flour. A t 48 hr only control bread had fallen under the minimum acceptable 
value o f 30% (IN N , Chile, 1977). A t 72 hr all loaves containing potato flour, 
except that with 10% PF, were above the minimum levels. A t 96 hr only samples 
containing 2 and 4% potato flour had an acceptable level o f moisture while those  
containing higher levels were slightly under that level. These results seem  to 
indicate that bread containing potato flour retains more water and for a longer 
period than wheat bread. This may represent an important advantage over 
w heat bread which has a shorter shelf-life, due to moisture loss, since it may
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Table 3. Moisture content of breads containing several levels of 
potato flour at 24, 48. 72 and 96 hr

Potato flour levels (%)

0 2 4 6 8 10

24 34.9 37.0 37.1 36.0 38.2 40.9
48 29.3 33.3 34.9 33.2 37.5 37.9
72 28.8 31.5 31.1 31.2 35.7 29.5
96 28.5 30.6 30.4 27.1 29.9 29.0

T able 4. Chemical composition of bread containing potato flour

Level of potato flour (%)

0 2 4 6 8 10

Moisture 33.3 36.8 37.3 37.3 37.5 38.6
Total ash 1.7 1.7 1.7 1.7 1.7 1.7
Protein (N x 6.25) 7.2 6.6 6.8 6.7 6.6 6.3
Ether extract 0.6 0.5 0.4 0.4 0.5 0.5

T able 5. Protein efficiency ratio (PER) of breads with different levels of potato flour

Potato flour level 
( % )

Initial weight 
(g)

Weight increase 
(g)

Protein intake 
(g) PER*

0 37.9 ±2.6* 21.±5.5’ 22.2±2.0* 0.97a±0.2*
2 37.8±2.5 20.6±4.2 21.2±3.4 0.98a±0.1
4 37.7±2.5 18.1 ±3.8 20.3 ± 1.6 0.90a± 0.1
6 37.9±2.3 20.5 ±3.2 21.5 ±2.7 0.99a± 0.2
8 37.8 ±2.1 20.5 ±3.8 20.5 ±2.1 1 02a± 0.1

10 37.8±2.1 17.8±2.2 21.3±2.0 0.85b± 0.1

’Means with the same letter re not significantly different (P<0.01). 
*Mean±s.d.

prevent losses o f  this valuable food especially in areas which rely heavily on 
w heat imports. The overall results reported here seem to suggest that the 
substitution o f wheat flour by potato flour would not exceed 8%.

T he chem ical analysis o f  bread (Table 4) showed a trend to a higher water 
content with higher levels o f  potato flour, from 33.3% for the control to 38.6%  
for the 10% PF level. On the other hand, the protein content decreased with the 
incorporation o f potato flour. Control bread contained 7.2%  protein while 
bread containing potato flour showed values ranging between 6.8 and 6.3%  for 
the levels assayed.

The protein evaluation test in rats (Table 5) showed that weight increase was 
low and similar in all groups. PER value for control bread was 0.97 which was
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similar to values obtained previously in our laboratory (Yânez et al. , 1973). The 
substitution o f  wheat flour by potato flour did not modify this parameter up to 
the 8% level. H ow ever, bread containing 10% potato flour showed a significant 
decrease in P E R  (P <  0.05).

T hese results seem  to support the feasibility o f the incorporation o f potato 
flour in bread making. The additon o f PF at the levels o f 2, 4, 6 and 8% did not 
impair the nutritive value o f bread as shown by the PER method and proximal 
chem ical com position. Beyond the 8% level the biological quality o f the protein 
is significantly decreased.

T hese results suggest that PF may be used as a wheat flour extender in 
breadm aking inasmuch as it would enable the industry to save wheat without 
reducing the protein value o f bread.
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Effects of processing of grated cassava roots by
the ‘screw press’ and by traditional fermentation methods
on the cyanide content of gari

E. N . M A D U A G W U * AND D. H. E. O B EN

Summary

The extent o f the loss o f hydrocyanic acid (H CN) from grated cassava roots, 
selected  from both the sweet and bitter varieties, was compared in the roasted 
grit (gari) derived from their fresh pulp which had been dewatered and 
ferm ented by two different processes; the quick (1-day) ‘screw press’ method  
(Q SP ) and the slow (3-day) traditional one (ST D ), respectively. The relative 
am ounts o f HCN which had disappeared after 1 day. in the case o f QSP, and 3 
days, in respect o f STD , were comparable (92-100% ) for either free (non- 
glycosidic) or bound (glycosidic) cyanide content o f the two cultivars, indicating 
that the former m ethod was more efficient than the latter in the detoxification  
o f the grated pulp. The QSP m ethod appeared to retain some o f the bound  
cyanide while with the STD m ethod, virtually no bound cyanide was detectable. 
A bout 83-91%  o f the total H CN content o f the grated roots was present as free 
cyanide. It would seem  that varietal differences in HCN contents o f cassava 
may not be a critical factor in the preferential selection o f the roots for 
‘garification’.

Introduction

Cassava (Manihot esculenta Crantz) roots, which usually contain the 
cyanogenic glycosides linamarin and lotaustralin are an important staple food  
for about 300 million inhabitants o f the tropics (N estel, 1973). Two main types 
o f cassava are cultivated in Nigeria: namely; the ‘sw eet’ variety which is 
associated with low content o f cyanogenic glycosides and the ‘bitter’ variety 
which is known to have high cyanide content. The cyanogenic glycosides 
produce hydrocyanic acid (H C N ) when the action o f an endogenous enzyme

Authors’ addresses: *Department of Biochemistry, University of Ibadan, Ibadan, Nigeria, and 
E.N.S. A., Nkolbisson. B.P. 138 Yaounde, Cameroon.
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linam arase is initiated by crushing or otherwise damaging the cellular structure 
o f the plant (Conn, 1973).

The utilization o f cassava roots for both human and animal nutrition appears 
to be lim ited by the presence o f these cyanogenic glycosides. A s a result, the roots 
have to be processed by a wide variety o f traditional methods (Coursey, 1973) in 
order to reduce their toxicity and improve their palatability. Gari, the form in 
which cassava is most widely consumed in Nigeria, is a grit which is derived from 
the roots by grating, de-watering and fermentation of the grated pulp and then 
roasting o f the resultant mash. It is probably the most important single 
traditional staple food in W est Africa and it is estimated that about 70% of the 
total cassava crop grown in Nigeria is channeled into gari manufacturing 
(O layide etal. , 1972). The annual output figure o f this commodity in Nigeria has 
been estim ated to be in the neighbourhood of 1.5-2 million metric tonnes, 
am ounting to a monetary turnover o f between N150 million and N200 million 
per year (Ngoddy & Kaplinsky, 1976).

The capacity to process cassava into gari in the villages, however, is a factor 
which tends to limit potential sales. A  recent technological development which 
could rem ove the processing bottleneck has been the introduction of the ‘screw 
press’ which is used to expel water from grated roots by the application of high 
pressure by means o f a metal press. This method o f de-watering the grated pulp 
requires a few hours as opposed to the 3 -4  days usually em ployed in the 
traditional system.

A lthough the use o f the ‘screw press’ appears to be a quicker method than the 
traditional process, its application reduced considerably the time of 
ferm entation; a process which is regarded as being largely responsible for 
reducing the hydrocyanic acid content o f the grated pulp (Ketiku et al. , 1978). It 
therefore seem s desirable to evaluate the effectiveness o f both processing 
m ethods in the detoxification o f grated cassava roots.

Materials and methods

R oots from the two different types o f cassava, the so-called sweet and bitter 
varieties were harvested, peeled by hand and grated using locally manufactured 
im plim ents. The fresh pulp from each cultivar was pooled and equal weights of 
these were stuffed into jute bags which were similar in texture and dimensions. 
T he bags were then subjected to varying degrees o f downward pressure using 
either the ‘screw press’ or the popular traditional assembly.

In the case o f the ‘screw press’ the jute bag, and its contents (4 replicates per 
cassava type), were placed on a stainless rectangular metal platform while 
another was screwed down vertically onto the jute bag until the plate could 
m ove down no further, and in such a way that the applied pressure did not burst 
the bag. In the traditional m ethod each test jute bag, and contents, was placed 
on a m etal platform and som e pieces o f heavy stones were then placed on top of 
the bag.
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The experim ents were terminated after 24 hr in the case o f the ‘screw press' 
and 72 hr in respect o f the ‘traditional press’. The fermented mash, in each case, 
was roasted, for the same period o f time, into gari by village women hired for 
that purpose. Free and bound cyanide contents were determined in samples of  
the p eeled  root and in the pulp using the sensitive enzymic assay o f Cooke 
(1978). In the case o f gari, C ook e’s method as described by Maduagwu (1979) 
was em ployed.

Cyanide in gari

Results

A nalysis o f  the grated roots showed that most o f the total cyanide content o f the 
pulp was present in the free (non-glycosidic) form; 83% and 91% respect
ively in the sw eet and bitter varieties (Table 1). The remaining 17% and 9% 
were in the bound (glycosidic) form. The concentrations (mg/kg dry wt) o f these 
two forms o f  cyanide in random samples o f roots with no overt signs o f damage 
were 20.46 ±  9.26 and 194.96 ±  70.12 in the sweet varieties and 
127.13 ±  31.40 and 1301.27 ±  101.27 in the bitter cultivars. The traditional 
processing m ethod appears to retain more o f the ‘free’ cyanide and less o f bound 
H CN in gari than the QSP m ethod (Table 1). This situation is also reflected in 
the percentage losses o f cyanide (Table 2). No bound cyanide was however 
detected  in gari prepared by the STD method.

T able 1. Cyanide contents of grated cassava roots and their product (gari)

Main experimental HCN concentration (mg/kg dry wt) ± s.d.
Test sample Origin processing ---------------------------------------------------

method Total Free Bound

Root pulp Bitter cassava Grating 1375.40 1144.24 231.16
Root pulp Sweet cassava Grating 169.80 155.0 14.8
Gari Bitter cassava Screw press (24 hr) 4.45 ± 0.45 3.81 ± 0.16 0.64 ± 0.30
Gari Sweet cassava Screw press (24 hr) 3.36 ± 0.27 3.01 ± 0.06 0.35 ± 0.24
Gari Bitter cassava Traditional press 

(72 hr)
12.28 ± 0.85 12.56 ± 0.55 0

Gari Sweet cassava Traditional press 
(72 hr)

.1.51 ± 0.38 12.02 ± 0.34 0

T able 2. Cyanide loss in gari prepared from grated cassava roots

Source of 
root pulp

Mode and duration of de-watering 
and fermentation of pulp

HCN loss (percentage dry wt)

Free Bound

Bitter cassava Screw press (24 hr) 99.67 99.72
Traditional press (72 hr) 98.90 100

Sweet cassava Screw press (24 hr) 98.06 97.64
Traditional press (72 hr) 92.25 100
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Discussion

From the data reported in this paper the 1-day QSP method appears to be m ere 
efficient than the STD process in terms o f the rate of detoxification of grated 
cassava roots. The differences noted in the cyanide contents o f gari prepared by 
both m ethods could be attributed either to the expulsion, with time, o f larger 
volum es o f cyanide by the screw press arising from the application of a higher 
and m ore uniformly distributed pressure to the grated pulp and/or to the fact 
that, owing to the differing fluid contents o f the pulp after dewatering, different 
am ounts o f cyanide will be removed during the roasting procedure.

In the traditional m ethod the amount o f cyanide lost after 72 hr could be 
com pared with that rem oved after 24 hr using the QSP m ethod. The indication 
therefore is that the fermentation process, apart from imparting a desired 
flavour to gari may play only a minimal role in the detoxification of grated 
cassava roots. If however, cyanogenic glycoside per se can be assumed as being 
toxic then the traditional method from the point o f view o f non-retention of 
bound cyanide in gari (Table 1) could be regarded as more beneficial.

H ow ever, there is now som e evidence that cyanide levels in gari may not be 
due to the presence o f H CN in the free gaseous form but to an adjunct. For 
instance M aduagwu & Fafunso (1980) have shown good correlation between  
cyanide levels in gari and sugar or starch content or particle size.

The low values recorded for ‘free’ cyanide (Table 1) in gari have shown that 
varietal differences in H CN content may not be a critical factor in the selection  
o f cassava roots for garification although from a strictly toxicological standpoint 
the use o f low cyanide varieties is certainly desirable.
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Studies on the local techniques of yam flour production

M. T. IGE* a n d  F. O. A K IN T U N D E t

Summary

Traditional Nigerian techniques o f yam flour production have been studied with 
a view  to m echanizing the processes.

R esults o f  the studies show that the processing time can be much reduced if 
m echanized. The results also show that parboiling is an essential and critical 
procedure in the processing. The effects of variations in processing parameters 
on the production are discussed.

Introduction

Yam s belong to the genus D ioscorea o f the family D ioscoreaceae, which has 
about 600 species o f which D. alata L; D. cayenenesis Lam; and D. rotundata 
Pair, have the greatest econom ic importance.

The susceptibility o f yams to injury, microbial attack and subsequent post
harvest loss has been reported by several authors, such as Coursey (1961), 
A desuyi (1971), B ooth  (1974) and Passam, Read & Rickard (1976). Losses of 
up to 40-50%  after 6 months o f storage were recorded by Adesuyi (1971). 
V arious studies have been directed towards limitation o f losses o f yam tubers. 
T hese include wound repair (Passam et al., 1976) tuber curing (A desuyi, 1971) 
and wound coating (Ige, 1978) but all these techniques for improving the storage 
o f yam tubers still need many refinements before they can be put to any practical 
use. H ow ever, processing o f the tuber into a stable product offers an alternative 
to storage in the fresh state.

Yam  tubers are processed into several products for storage. The most popular 
products are ‘Poundo yam' (Cadbury Nigeria Ltd), pounded yam flour (a 
product o f  the Food Science and Technology Department o f the University of

Author’s address: ‘Department of Agricultural Engineering. University of Ife, ■¡‘Faculty of 
Agriculture. University of Ife. Ife. Nigeria.

0022-1163/81/0600-0303S02.00 ©  Blackwell Scientific Publications



Ife) and yam flour (E lubo) produced locally by farmers using traditional 
techniques.

The first two products are attempts to prepare instant foods which 
reconstitute into products very similar to the traditional pounded yam which is 
one o f the m ost highly favoured items o f diet in W est Africa. The third product 
called, ‘ Am ala' in Yoruba when prepared is different from the first two products 
in colour, taste and texture.

T he processing o f yam tubers into yam flour is a long-established practice n 
N igeria, especially the W estern State, and the neighbouring countries, but the 
m ethod has never been fully investigated scientifically to determine the 
param eters that affect the quality o f the product. For instance, during the 
parboiling stage the local processors usually determine the parboiling 
tem perature subjectively by dipping their hands into the pot. a procedure which 
is clearly unacceptable for large-scale processing.

T he need to m odernize this method by developing appropriate machinery 
and equipm ent for processing and handling of the products calls for som e basic 
studies into the parameters that affect the product.
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Previous work

The unique role o f yams in the diet, econom y, social and religious festivities of 
m any countries in the tropics, especially in W est Africa, has been well 
highlighted by Coursey (1967). Figures which he quotes also show that yam is a 
very good  source o f energy with high calorific and appreciable protein values. 
M ost literature on post-harvest aspects o f yams has been concerned with losses 
in tubers during storage. Coursey (1967) concluded that storage losses are more 
serious than is widely realized. Adesuyi (1971) recorded losses o f between 40 
and 50% after 6 months o f storage.

A s a result o f  the com bination o f a high degree o f perishability, bulkiness, 
distance from production areas to consuming centres, and the seasonal nature of 
production, attention has been focused on the processing o f the tubers into 
flour. Efforts have led to such relatively sophisticated products such as the 
Cadbury product, ‘Poundo Y am ’ and the product o f the Food Science and 
T echnology D epartm ent o f the University o f Ife. The latter process involves 
w ashing, peeling, dicing, sulphiting, pregelling, cooling, drying, milling and 
bagging (personal observations).

Traditionally yams are prepared in several ways for immediate consumption, 
for exam ple, boiled  yam, yam chips (D undu). yam balls, pounded yam and yam  
soup. The only traditional m ethod for processing yam for storage has been  
processing into yam flour. This process involves washing, peeling, washing, 
slicing, parboiling, drying, milling and bagging, but the process has not been  
scientifically investigated to establish the processing parameters. The parboiling 
and drying stages are the two most critical in the processing.



Production o f yam flours 305

Materials

W hite yam ( D . rotundata) is mostly used for preparing yam flour and was used 
for this investigation. A  kerosene stove was used for the parboiling and the 
parboiling tem peratures recorded. Moisture content was determined by drying 
in an air oven at 100°C. A  rig with sensing cantilever and measuring equipment 
(Ige, 1977) were used for measuring the crushing strength o f the processed yam 
pieces.

Experimental procedure

Traditional processing method

O ne typical traditional processor o f yam flour was observed while he carried 
out the operation from the stage o f peeling to the stage where drying was about 
to begin. O ther local processors were also interviewed on their processing 
procedures. Sam ples o f dried pieces were obtained for moisture content 
determ ination.

Investigation on essential nature o f the parboiling stage

O bservations o f the practices o f traditional processors indicated that the 
parboiling stage is the critical one which determines whether the process is 
successful or not. O ccasionally, the processing is terminated at this stage when it 
is realized that it has not been properly done. The possibility o f eliminating the 
parboiling stage was investigated by drying peeled yam pieces in an oven at 80°C 
and in the sun, and by boiling the yam and drying under the above conditions. 
T he products were then milled and prepared in the normal way in which the 
flour is prepared for the table.

Establishment o f  optimal parboiling temperature

O bservations o f  the traditional processing m ethod showed that the yam slices 
need to  be o f a distnctly flabby texture before the yam is considered to be 
adequately parboiled for the production o f good flour. To achieve the same 
texture, several slices o f yam were parboiled at temperatures o f between 50 and 
80°C, the yam slices being put into the parboiling vessel, covered with water, 
which was then raised to the set temperature. The vessel was then removed from 
the stove and the slices observed while the water was cooling. During the 
process at 60°C, sam ples o f yam pieces were removed at intervals from the vessel 
for m oisture content determination.



306 M. T. Ige and F. O. Akintunde

Establishment o f the parboiling time fo r  different thicknesses o f yam pieces

Yam  pieces ranging from 0.5 to 2.5 cm in thickness were put into vessels 
containing water and the temperature was raised to 60°C. The vessels were then 
rem oved from the stove and the texture o f the yam pieces monitored until each 
reached the required degree of flabbiness. The average time for sets of yam 
pieces o f the same thickness to reach the desired texture was determined.

Effects o f  treatments on rate o f drying o f yam pieces

Yam  slices parboiled; unparboiled; and soaked in water at room temperature 
for the sam e time as the parboiling process were oven-dried under the same 
conditions at 100°C. Parboiled yam slices of varied thickness were dried under 
the sam e conditions, and the masses o f the drying yam pieces were observed.

Establishment o f optimal drying temperature

Preliminary investigation indicated that the rate o f drying affects the hardness 
o f the dried yam pieces and hence the milling properties. Parboiled and 
unparboiled yam slices o f equal thickness were oven dried at temperatures 
ranging from 60 to 100°C. The products were then milled using the Peppink 
D eventer and Pascall Engineering mills wich are, respectively, hammer and 
burh mills. The milled products were then prepared in the normal way that yam 
flour is prepared for the table.

Effects o f parboiling and parboiling time on the crushing strength o f 
yam pieces

A  rig which had been constructed previously for measuring the crushing 
strength o f  cow pea (Ige, 1977) was used for measuring the crushing strength of 
the yam pieces. The rig consisted o f cantilever beam with mounted strain 
gauges. The strain gauges were wired to a W heatstone bridge and connected to 
the balancing circuit o f a Vis-recorder with an air damped galvanometer. The 
set-up was calibrated setting the gain on the recorder at 100.

From the yam pieces, representing fully parboiled samples, samples taken 
during the parboiling process and unparboiled samples, 1-cm cubes were 
prepared. Sam ples were also prepared from dried parboiled and unparboiled  
yam pieces. A ll samples were subjected to the crushing test.
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Results

Traditional processing method

The parboiling stage usually lasts for about 8-13 hr. Processors usually 
com m ence processing after the day’s work in the farm between 5 and 6 p.m. The 
yam tubers are sliced or at times left unsliced. They are peeled, washed and 
covered with water in vessels which are then heated over a wood fire and the 
tem perature m onitored manually. The fire under the vessels is removed when 
the water is uncomfortably hot and the pot is left till about 7 a.m. next day when 
the yam pieces are spread outside in the sun for drying. During the dry season, 
the operation can be started in the morning and drying com menced in the 
evening. Som e o f the yam pieces becom e overcooked during parboiling, and 
such pieces are usually discarded. The parboiled yam pieces are dried for about 
2 -5  days depending on climatic conditions. The moisture content o f dried local 
sam ples was about 18% (w .b .).

The need for parboiling

A ll the sam ples that were not properly parboiled did not yield the characteristic 
‘amala" when prepared for the table, the colour, taste and texture being quite 
different. W hen the samples were in the unconstituted forms (flour) one could 
hardly detect the difference between them and the regular flour. The sample 
which was dried unparboiled resembled, rather than the expected ‘A m ala’, 
another type o f product called ‘Lafun’, usually prepared from cassava.

Establishing optimal parboiling temperature

Yam  pieces subjected to parboiling temperatures of 50 and 55°C did not attain 
the required flabby texture, and darkened within a short time of removal from 
the parboiling vessel. Samples parboiled at temperatures o f 65°C and above 
becam e nearly cooked and also did not attain the appropriate texture. A  
parboiling temperature o f 60°C produced the required flabbiness. The moisture 
content o f the yam pieces after reaching 60°C is plotted in Fig. 1 for three 
different experim ents. Generally the moisture content was between 60 and 70% 
(w .b .). Initially the moisture content rose slightly and then decreased slightly 
towards the point when the yam pieces had been in the hot water for 30 min. 
Further experim ents indicated that the maximum moisture content was likely to 
be at about the time when the appropriate degree o f flabbiness was reached.
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Figure 1. M oisture con ten t o f parboiled samples at 60°C. □ . Experim ent 1; x, 
experim en t 2 : 0 ,  experim ent 3.

Figure 2. R etain ing tim e for flabbiness after attaining tem perature  of 60°C,

Parboiling time for dfferent thickness o f yam pieces

Figure 2 shows the average time taken to reach the required flabby texture when 
the p ieces were retained in hot water the temperature o f which had previously 
b een  raised to 60°C. The results suggest a linear relationship between retention 
tim e for flabbiness at 60°C and the thickness o f the yam pieces. The fitted 
straight linear equation is given by: T =  3.5 +  8i where t is th thickness o f the 
slices and T  is the time to obtain flabbiness after attaining a temperature o f 60CC.

Effects o f  treatment on rate o f drying

Figure 3a shows the rate o f change in yam slices subjected to different 
treatm ents. The results show that the drying rate is almost unaffected by the 
treatm ent. H ow ever, the drying o f the untreated yam pieces lagged behind that 
o f the parboiled pieces because the latter’s initial moisture content was higher.

T he results o f the effect o f yam thickness on drying rate is plotted in Fig. 3b. 
This shows that as might be anticipated the rate o f drying o f the thinner slices is 
faster than that o f the thicker slices.
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Figure 3a. E ffect o f different treatm en t on the rate o f drying of yam pieces, x , 
U nparbo iled  sam ples; • ,  parboiled  sam ples; t ,  samples soaked in cold w ater (30°C) 
w ater.

Time (hr)

Figure 3b. D rying profile o f different thicknesses of yam pieces, x , 0.5 cm thickness; 
O  , 0 .8  cm thickness; □ . 1 cm thickness.

Establishment o f  optimum drying temperature

O bservations show that drying o f parboiled yam pieces at temperatures above 
80°C tends to cook  them and dry them , the colour becom ing brownish and the 
p ieces hard. Drying at temperatures between 60 and 80°C produced the best 
results, the pieces retaining their whitish colour. Drying under these conditions, 
for about 24 hr, resulted in fairly brittle products with a moisture content o f  
about 13-16%  (w .b .) which is considered a safe level for storage (the moisture 
content o f  yam pieces processed locally is about 18% w .b .). The flours made 
from sam ples dried at above 80°C were relatively coarse compared to those 
sam ples dried at temperatures below  80°C, and the coarse texture could be 
detected  in products prepared for the table. Milled and prepared samples dried

21



b e t w e e n  6 0  a n d  8 0 ° C  h a d  a  t e x t u r e  i d e n t i c a l  w i t h  t h e  l o c a l l y  p r o c e s s e d  y a m  

f l o u r .
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Effects o f  parboiling and parboiling time on the crushing strength 
o f  yam pieces

F i g u r e s  4 a  a n d  4 b  s h o w  t h e  r e s u l t s  o f  t h e  e f f e c t  o f  p a r b o i l i n g  a n d  p a r b o i l i n g  

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

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

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

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

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

WET DRY DRY 
(unparboiled) (unparboiled) (parboiled)

Figure 4a. Crushing strength of yam pieces after attaining a temperature of 60°C. 
Figure 4b. Crushing strength of yam pieces.

Discussion

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

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

Y o r u b a  a s  ‘E l u b o ’ c a n  n o w  b e  m e c h a n i z e d .

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

p r e d e t e r m i n e d  s i z e s ,  a n d  a  p a r b o i l i n g  t a n k  c a n  b e  d e s i g n e d  t o  h o l d  t h e  

t e m p e r a t u r e  o f  i t s  c o n t e n t  a t  a b o u t  6 0 ° C  a n d  t h e  r e t e n t i o n  t i m e  a t  6 0 ° C  c a n  b e  

d e t e r m i n e d  f o r  t h e  g i v e n  s iz e  f r o m  e q n  T = 3 . 5  +  8 i  a s  g i v e n  p r e v i o u s l y .  A n  

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

a n d  8 0 ° C .
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Conclusions

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

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

T h e  r e s u l t s  s h o w :

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

l o c a l l y  c a l l e d  ‘e l u b o ’ .

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

p a r b o i l e d .

T h e  p a r b o i l i n g  t e m p e r a t u r e  s h o u l d  b e  h e l d  a t  a b o u t  6 0 ° C .

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

g o v e r n e d  b y  t h e  e q n  7 = 3 . 5  +  8 1 a s  g iv e n  p r e v i o u s l y .

T h e  d r y i n g  t e m p e r a t u r e  s h o u l d  b e  b e t w e e n  6 0  a n d  8 0 ° C  t o  o b t a i n  a  f a i r l y  

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

p r o d u c t  b e c o m e s  b r o w n i s h  a n d  t h e  g r a i n s  a r e  c o a r s e .
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Effect of metal ions such as iron and copper on the formation of 
nitrogen heterocyclic compounds in sesame oil—«-amino acids 
model systems under frying conditions

* D .  B .  P A R I H A R ,  T .  S .  V A S U N D H A R A  AND P .  K .  V I J A Y A Y A G H A V A N

Summary

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

i m p a r t s  v a r i e d  a r o m a s .  F o r m a t i o n  o f  p y r a z i n e  a n d  p y r i d i n e  c o m p o u n d s  in  

s e s a m e  o i l  a n d  a - a m i n o  a c i d s  m o d e l  s y s t e m s ,  w i t h  a n d  w i t h o u t  m e t a l l i c  i o n s  

s u c h  a s  i r o n  a n d  c o p p e r  ( 1 0  p p m ) ,  h e a t e d  u n d e r  f r y i n g  c o n d i t i o n s ,  is  r e p o r t e d .  

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

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

Introduction

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

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

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

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

t o  f o r m  d i f f e r e n t  f l a v o u r i n g  c o m p o u n d s  r e s u l t i n g  in  ‘f r i e d  f l a v o u r ’ . B u t t e r y  etal.
( 1 9 7 1 )  h a v e  d e m o n s t r a t e d  t h e  f o r m a t i o n  o f  v a r o u s  p y r a z i n e s  a n d  t h e  p y r i d i n e  

c o m p o u n d s  d u r i n g  p o t a t o  c h i p  f r y i n g .  V a s u n d h a r a  &  P a r i h a r  ( 1 9 8 0 )  a l s o  

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

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

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

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

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

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

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

E v a n s  ( 1 9 5 9 ) ,  C r o s s l e y ,  H e y e s  &  H u d s o n  ( 1 9 6 2 )  a n d  W a t e r s  ( 1 9 7 1 )  a n d  

r e v i e w e d  b y  L a b u z a  ( 1 9 7 1 )  a n d  i n v e s t i g a t e d  b y  S e d l a c e k  ( 1 9 7 4 ) .  S h i b a m o t o  &  

B e r n h a r d  ( 1 9 7 7 )  r e p o r t e d  t h a t  t h e  a d d i t o n  o f  m e t a l  i o n s  s u c h  a s  c o p p e r  a n d  z i n c  

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

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

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

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

w h e n  p r e s e n t  i n  s e s a m e  o i l  i n  t h e  r a n g e  o f  1 0  p p m ,  o n  t h e  f o r m a t i o n  o f  n i t r o g e n  

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

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

314 D. B. Pariphar, T. S. Vasundhara and P. K. Vijayaraghavan

Materials and methods

Reagents

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

a n d  i s o l e u c i n e  w e r e  o f  A n a l a r  B D H  g r a d e .  A u t h e n t i c  p y r a z i n e s  w e r e  o b t a i n e d  

f r o m  C o c a - C o l a  C o m p a n y ,  U . S . A .  a s  g i f t s  a n d  2 - a c e t y l  p y r i d i n e  f r o m  K o c h  

L i g h t ,  E n g l a n d .  S i l i c a  g e l  G  w a s  o f  E .  M e r c k  G r a d e .

Apparatus

A  C h r o m a t o l i t e  u l t r a v i o l e t  l a m p  w i t h  s h o r t  w a v e  r a d i a t i o n  2 6 0  g m  f o r  

l o c a t i n g  t h e  c o m p o u n d s  o n  T L C  p l a t e s ,  a n d  a  P e r k i n  E l m e r  U V  

S p e c t r o p h o t o m e t e r ,  m o d e l  1 2 4 ,  f o r  b o t h  u . v .  a n d  v i s i b l e  r e g i o n s  w e r e  u s e d .  

H i l g e r  W a t t ’s  I n f r a g r a p h  4 0 0 0  m o d e l  w a s  e m p l o y e d  f o r  r e c o r d i n g  i . r .  s p e c t r a  o f  

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

d e t e c t o r ,  C I C  m a k e ,  B a r o d a  w a s  u s e d  f o r  g . l . c .  a n a l y s i s .

Heating o f sesame oil with a - a m i n o  a c i d s  a n d  i s o l a t i o n  o f  b a s i c  f r a c t i o n s

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

k n o w n  v o l u m e  o f  e a c h  w a s  t a k e n  in  s e p a r a t e  5 0 0 - m l  r o u n d - b o t t o m e d  f l a s k s  s o  

t h a t  t h e  m e t a l  c o n c e n t r a t i o n  w a s  1 0  p p m  in  t h e  f i n a l  r e a c t i o n  m i x t u r e .  W a t e r  

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

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

w e r e  f i t t e d  w i t h  r e f l u x  w a t e r  c o n d e n s e r s  a n d  h e a t e d  a t  1 8 0 ° C  f o r  5  h r .  T h e  b a s i c  

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

a n d  e x t r a c t i n g  w i t h  3  x  1 5 0  m l  5% H C 1 .  T h e  c o m b i n e d  a c i d  e x t r a c t s  w e r e  

b r o u g h t  t o  p H  9 . 0  w i t h  2% s o d i u m  h y d r o x i d e  s o l u t i o n .  T h e  l i b e r a t e d  b a s i c
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c o m p o u n d s  w e r e  e x t r a c t e d  w i t h  3  x  2 0 0  m i  m e t h y l e n e  c h l o r i d e .  F r o m  t h e  

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

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

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

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

i n c o r p o r a t e d .

Thin layer chromatography

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

P a r i h a r  ( 1 9 8 0 ) .  T h e  p l a t e s  w e r e  d e v e l o p e d  w i t h  c h l o r o f o r m - e t h y l  a c e t a t e  ( 6 : 4 )  

a n d  a l s o  w i t h  b e n z e n e - a c e t o n e  ( 8 : 2 )  e m p l o y i n g  a n  a s c e n d i n g  t e c h n i q u e .  T h e  

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

d o r f f  s  r e a g e n t  a s  r e p o r t e d  b y  S t a h l  ( 1 9 6 9 )  a n d  w e r e  i d e n t i f i e d  b y  t h e i r  R p v a lu e s  

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

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

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

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

c h l o r o f o r m - e t h y l  a c e t a t e  ( 6 : 4 )  a n d  b e n z e n e - a c e t o n e  ( 8 : 2 )  r e s p e c t i v e l y ,  w h e n  

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

r e a g e n t  c o l o r i m e t r i c a l l y  a f t e r  t h e  p r o c e d u r e  o f  V a s u n d h a r a  &  P a r i h a r  ( 1 9 8 0 ) .

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

a n d  d e v e l o p e d  w i t h  c h l o r o f o r m - e t h y l  a c e t a t e  ( 6 : 4 ) ,  t h e  s e p a r a t e d  b a n d s  w e r e  

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

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

a n a l y s i s .  U l t r a  v i o l e t  s p e c t r a  w e r e  n o t e d  in  9 0 %  e t h a n o l  a n d  i . r .  a s  t h i n  f i lm .

Gas liquid chromatographic anaylsis

O n e - m i c r o l i t r e  s a m p l e s  w e r e  s e p a r a t e d  o n  5 %  D E G S ,  S .S .  c o l u m n  6 '  x  0 . 8 "  

o . d .  u n d e r  i s o t h e r m a l  c o n d i t i o n s  a t  1 3 0 ° C ,  u s i n g  n i t r o g e n  a s  a  c a r r i e r  g a s ,  t h e  

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

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

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

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

Results and discussion

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

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

m e t a l  i o n s .  I n  n o n e  o f  t h e  s a m p l e s  d i d  t h e  m e t a l  l e v e l  e x c e e d  1 0  p p m ,  a n d  h e n c e  

t h i s  l e v e l  w a s  c h o s e n  f o r  a d d i t i o n  o f  m e t a l  i o n s  in  m o d e l  s y s t e m s .  N e u t r a l  a m i n o
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acids were taken to eliminate the acidic or basic effects of amino acids which 
might influence the pyrazine formations. The extracts were run along with 
authentics on t.l.c. using two different solvent systems and the compounds thus 
resolved were characterized by their /?Fvalue. They were further confirmed by 
two-dimensional t.l.c ., when the isolated compounds along with the authentic 
compounds ran as single spot. All the compounds were colorimetrically 
estim ated after the method of Vasundhara & Parihar (1980) and the mean 
values of three readings noted.

The basic extracts from the model system were subjected to g.l.c. and the 
retention times of different compounds present noted. The authentic com
pounds were also run under identical conditions. The retention times were 
distinct and the compounds were easily characterized. The mean vlues of the 
quantities of various compounds obtained from three sets of experiments from 
model systems were noted. Table 1 gives the combined average values of t.l.c. 
and g.l.c. of various compounds present. All the compounds isolated from 
model systems had distinct A j n  the u.v. region and characteristic i.r. spectra, 
and thus could be easily differentiated and confirmed. There were least number 
of compounds in glycine system compared to other amino acid systems. In the 
case of glycine blank only 2-acetyl-pyrazine was detected, whereas addition of 
Fe and Cu considerably increased its yield. With Fe besides 2-acetyl-pyrazine, 
2-acetyl-3-methyl-pyrazine was also confirmed. In the case of copper, in 
addition to those two pyrazines, tetramethyl pyrazine was also detected.

In the case of alanine blank six different pyrazines were identified and the 
majority of which was 2-acetyl-pyrazine. There was no significant change in the 
am ount of 2-acetyl-pyrazine in the presence of metal ions. In the case of 
Fe-added system two of the lower molecular weight pyrazines viz. 2,5-dimethyl- 
pyrazine and 2-ethyl-6-methyl-pyrazine were missing. On the other hand 2- 
acetyl-pyridine and 2-acetyl-3-methyl pyrazine were detected. Thus five 
pyrazines and one acetyl-pyridine were found when Fe was used as a catalyst. 
Copper enhanced the yield of 2,5-dimethyl-pyrazine and resulted in a total of 
seven pyrazines and 2-acetyl-pyridine.

Sesame oil and phenylalanine on heating gave a total of five pyrazines, out of 
which 2-acetyl-pyrazine was in the larger proportion. Incorporation of metal 
ions affected the yield of pyrazine but did not alter appreciably the quantities of 
o ther compounds.

In the case of sesame oil—isoleucine system 2-acetyl-pyridine was detected as 
a m ajor fraction. Metal catalyzed rections yielded a greater number of 
pyrazines, which were not detected in the blank. Typical gas chromatograms of 
sessame oil-isoleucine system, blank and with Fe and Cu are given in Figs 1, 2 
and 3 respectively. The peak number corresponds to the compound number in 
Table 1.

Both the metal ions have a catalytic effect on the formation of nitrogen 
heterocyclic compounds. The catalytic effect of metal ions on the oxidation of 
fats and oils is well known. But the catalytic effect of metal ions on the formation 
of heterocyclic compounds and the mechanism involved is not clear. Probably
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Figures 1-3. Gas liquid chromatographic separation of nitrogen heterocyclic com
pounds isolated from sesame oil-isoleucine system heated at 180°C for 5 hr. Fig. 1, 
blank; Fig. 2, with 10 ppm Fe; Fig. 3, with 10 ppm Cu. The peak numbers in the 
figures correspond to the compound numbers given in Table 1.

the metal ions when present in trace amounts may be exerting the catalytic effect 
by forming some intermediate complexes with carbonyl compounds as well as 
amino acids.
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The hydraulic transportation of potato chips in horizontal 
pipelines

H .  D .  M c L A I N * +  a n d  G .  M c K A Y t

Summary

The pipeline transportation characteristics of uncooked potato chips in water 
have been studied and the results compared with correlations obtained for the 
transportation of plastic cuboids with the same cross-sectional dimensions. It 
was found that the general functional relationship relating pressure drop to flow 
velocity for plastic cuboids could be applied to potato chips. The constants in 
this relationship have been determined for the transportation of potato chips in 
pipelines of 95 and 152 mm diameters.

Introduction

Since the invention of the centrifugal pump, pipelines have been used for the 
hydraulic transport of solids. In the food industries a wide variety of shapes and 
materials are transported hydraulically: spheres—peas, cherries; cubes—diced 
carrots and potatoes; cuboids—chipped potatoes; conical and cylindrical 
shapes—whole carrots; flat discs—chopped carrots.

The problem investigated in this paper arose out of the need for hydraulic 
transportation of chipped potatoes in a plant producing these for catering 
establishments. A  hydraulic transportation system was subsequently installed in 
this plant to convey the potato chips from the chipping machine to the blanching 
tank. There was no data readily available to the designer of a transportation 
system for food materials to enable him to design an optimum system. The 
design of such a system is usually based on recommendations given by the 
m anufacturer of the equipment selected.
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Tyrone, N. Ireland, and iDepartment of Industrial Chemistry, The Queen’s University of 
Belfast, N. Ireland.
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Initially transportation studies (McKay & McLain, 1980) were carried out 
using plastic cuboids as the cuboid shape predominates in a sample of 
potato chips. The plastic cuboids proved to be good models for potato chips. 
This enabled the test apparatus, the experimental procedures and the 
flow relationships to be developed over long test periods. It would have been 
much more difficult using potato chips due to the breakdown and degradation 
which would have occurred. This present paper describes the behaviour of 
uncooked, chipped potatoes in pipelines of 95 and 152 mm diameters.

Materials and methods

The test apparatus consisted of a horizontal test section in which could be 
installed a pipe of 95 mm diameter or a pipe of 152 mm diameter. Part of each test 
pipe was transparent (glass or perspex) to enable the flow characteristics to be 
observed. A variable speed recessed impeller centrifugal pump was used to 
convey the mixture of water and chipped potatoes. The other main items of 
equipm ent were: feed and collection water tanks; a belt conveyer to feed in the 
potato chips; a micromanometer to measure the pressure drop along the pipe; a 
potentiom etric chart recorder; a flow measuring device which enabled a sample 
of the mixture to be taken over a known time interval. The apparatus is shown in
Fig. 1.

The water and chip mixture was pumped from the feed tank through the 
horizontal test pipe, then up a short vertical section of pipe to the collecting 
tank. A t this point a sample of the flow could be taken by a pneumatically 
operated scoop in order to determine the flow rate and the delivered solids 
concentration. In the collecting tank a screen separated the potato chips from

Figure 1. The test apparatus
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the water. The water was then returned to the pump feed tank. A variable speed 
conveyor was used to feed the potato chips into the pump inlet. The pressure 
gradient along the test pipe was measured over a range of flow rates and chip 
concentrations.

The potato chips were tested as received from the processing factory. They 
had nominal cross-sectional dimensions of 12.5 x 12.5 mm. From each batch a 
sample was taken to determine the length and shape distribution and the specific 
gravity which ranged from 1.060 to 1.065.

Theory and results

It has been shown (McKay & McLain, 1980) that during he hydraulic 
transportation of cuboids of cross-sectional dimensions 12.5 x 12.5 mm, at 
particle concentrations from 0.05 to 0.25, the pressure drop is given by the 
functional relationship:

i~ L
LC

=  X
V m

(gD,(s-l))0.5 (1)

where the constants x and y depend on the particle length and the pipe diameter.
The results for potato chips showed that eqn 1 was followed and the constants 

x nd y for this are given in Table 1. The experimental results for the 95-mm pipe 
are shown in Fig. 2. The correlation lines for the results of the 152- and 95-mm 
pipelines fell between the correlation lines for the 25- and 51-mm long plastic 
cuboids, but closer to the 51-mm line than the 25-mm line. This result is 
consistent with the length distribution of the potato chips which ranged from 10 
to 70 mm with the mean value around 45 mm.

Table 1. Constants from eqn 1 for 
the transportation of potato chips.

Pipe
diameter Correlation
(mm) X y coefficient

152 116 2.79 0.95
95 95 2.56 0.96

Discussion

It is of interest to compare the results of Worster (1952), for the transportation 
of coal in 75- and 150-mm pipes with the results for potato chips. This is shown in 
Fig. 3. Coal and potato chips exhibit different characteristics. The relative 
pressure gradient over the clear water value, for the transportation of potato 
chips, in both pipe sizes tested, is greater than for the transportation of coal,
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Jq D, (S ~ \ )

Figure 2. Plot o f —Js-, against m , for the transportation of potato chips
V g  D. ( 5 - 1 )

in 95-mmpipe.

e x c e p t  a t  v e r y  l o w  v e l o c i t i e s  i n  t h e  1 5 2  m m  p i p e .  T h i s  d i f f e r e n c e  i n  r e l a t i v e  

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

T h e  c o m p a r i s o n  o f  t h e  r e s u l t s  o f  t h e  1 5 2 -  a n d  9 5 - m m  p i p e s ,  s h o w s  t h a t  t h e
V

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

f o r  t h e  e f f e c t  o f  p i p e  d i a m e t e r .  S h o o k  ( 1 9 7 6 )  a l s o  i n d i c a t e d  t h a t  t h e  e f f e c t  o f  

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

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

f o r  e n g i n e e r i n g  d e s i g n  p u r p o s e s  ( B a b c o c k ,  1 9 7 1 ) .

Velocity for minimum pressure loss

U s i n g  e q n  1 , i d e a l i z e d  c u r v e s  o f  p r e s s u r e  g r a d i e n t ,  i, , a g a i n s t  m e a n  f lo w  

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

p a r a m e t e r .  F i g u r e  4  s h o w s  t h e s e  p l o t t e d  f o r  t h e  1 5 2 - m m  p i p e .
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J q  D, ( 5 - 1 )

Figure 3. Comparison of the plots of -y— againsty ^  — ^of potato chips in

152- and 95-mm pipes with the curve of Worcester for the transportation of coal. 
------, Worster; —, potato chips, 152-mm pipe;--------, potato chips, 95 mm pipe.

Figure 4. Idealized plot of pressure gradient, i, (mm H20/m), againstmean velocity, 
Vm, (m s“1), for a range of particle concentrations of the transportation of potato 
chips, (sp. gr. = 1.065), in a 152-mm diameter pipe. —, Minimum pressure drop 
conditions.

22



326 H. D. McLain and G. McKay

Table 2. Critical velocities, Vc. for potato chips 
(sp. gr.= 1.065)

Critical velocity, Vc for potato chips, m s 1

c 152 mm pipe 95 mm pipe

0.05 0.51 0.33
0.10 0.61 0.43
0.15 0.70 0.50
0.20 0.78 0.56
0.25 0.83 0.62

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

d u e  t o  t h e  p r e s e n c e  o f  s o l i d s ,  is  h i g h .  A s  t h e  f lo w  v e l o c i t y  is  i n c r e a s e d  t h e  e x c e s s  

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

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

c r i t i c a l  v e l o c i t y ,  Vs a n d  i t  is  t h e  o p t i m u m  v e l o c i t y  f o r  t h e  o p e r a t i o n  o f  a  

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

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

g r e a t e r  in  t h e  l a r g e  p i p e .  T h e s e  v a l u e s  a p p l y  t o  p o t a t o e s  o f  t h e  s p e c i f i c  g r a v i t y  o f  

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

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

Deposit velocity

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

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

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

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

d u e  t o  a  s t a t i o n a r y  d e p o s i t  w a s  v e r y  r a p i d  a n d  is  c o n s i d e r e d  t o  b e  d u e  t o  t h e  s iz e  

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

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

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

g r a d i e n t  w o u l d  b e  h i g h  a n d  t h e  s o l i d s  d e l i v e r y  lo w .  I f  t h e  c r i t i c a l  v e l o c i t y ,  Ve is  

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

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

Application o f the transportation results to pipeline design for potato chips

E q u a t i o n  1 m a y  b e  u s e d  t o  c a l c u l a t e  t h e  p r e s s u r e  g r a d i e n t  f o r  t h e  h o r i z o n t a l  

t r a n s p o r t  o f  p o t a t o  c h i p s  u s i n g  c o n s t a n t s  x  a n d  y  f r o m  T a b l e  1 f o r  9 5 -  a n d  

1 5 2 - m m  d i a m e t e r  p i p e s .  F r o m  t h i s  t h e  o v e r a l l  p r e s s u r e  lo s s  f o r  t h e  p i p e l i n e  c a n  

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

t h e  q u a n t i t y  o f  p o t a t o  c h i p s  w h ic h  h a v e  t o  b e  t r a n s p o r t e d .  F o r  p i p e s  o f  

d i a m e t e r s  b e t w e e n  1 5 2  a n d  9 5  m m  i n t e r p o l a t i o n  b e t w e e n  t h e  t w o  s e t s  o f  

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

p i p e l i n e s  o f  g r e a t e r  d i a m e t e r  t h a n  1 5 2  m m  c a n  b e  o b t a i n e d  f r o m  e q n  ( 1 )  u s i n g  x  

a n d  y  f o r  t h e  1 5 2 - m m  p i p e .  A  s i m i l a r  e s t i m a t e  c a n  b e  o b t a i n e d  b y  u s i n g  t h e  

e q u a t i o n  f o r  t h e  9 5 - m m  p i p e  f o r  p i p e l i n e s  o f  l e s s e r  d i a m e t e r .  A  g r e a t e r  

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

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

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

T h e  t e s t s  c o v e r e d  v o l u m e t r i c  c o n c e n t r a t i o n s  o f  0 .0 5  t o  0 .2 5  w i t h  t h e  h i g h e s t  

v a l u e  a c h i e v e d  b e i n g  0 .2 8 .  N o  p i p e l i n e  p r o b l e m s  o c c u r r e d  a t  t h e  h i g h e r  

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

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

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

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

v e l o c i t y ,  VL. I f  t h e  o v e r a l l  p r e s s u r e  lo s s  is  n o t  g r e a t  t h e n  t h e  f lo w  v e l o c i t y  m a y  b e  

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

g e n e r a l l y  b e  t h e  c a s e  in  p r a c t i c e .  I n  t h e  c a l c u l a t i o n  o f  K ci t  is  i m p o r t a n t  t o  u s e  t h e  

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

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

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

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

&  M c K a y ,  in  p r e s s ) .  C o m p a r i n g  t h e  m i n i m u m  t r a n s p o r t  v e l o c i t y  f o r  v e r t i c a l  

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

t r a n s p o r t a t i o n  s h o w s  t h a t  F c is  g r e a t e r  t h a n  Vr T h i s  m e a n s  t h a t  i f  a  s y s t e m  is  

d e s i g n e d  t o  g iv e  h o r i z o n t a l  t r a n s p o r t a t i o n  t h e n  c o n v e y a n c e  is  a l w a y s  a s s u r e d  in  

a n y  v e r t i c a l  p a r t  o f  t h e  p i p e .

Nomenclature

C: s o l i d s  c o n c e n t r a t i o n  b y  v o l u m e .

D't d i a m e t e r  o f  t r a n s p o r t a t i o n  p i p e  ( m ) .  

g :  g r a v i t a t i o n a l  c o n s t a n t  ( m  s  2) .

i: p i p e l i n e  p r e s s u r e  g r a d i e n t  f o r  m i x t u r e  o f  p o t a t o  c h i p s  a n d  w a t e r  ( m m  H  20 / m ) .

i w : p i p e l i n e  p r e s s u r e  g r a d i e n t  f o r  c l e a r  w a t e r  ( m m  H 20 / m ) .

,  d e n s i t y  o f  p o t a t o  c h i p ss: r a t i o  o f  j -------------------------------------- —
d e n s i t y  o f  w a t e r
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Vm : m e a n  v e l o c i t y  o f  m i x t u r e  ( m s  ’) .

V c : c r i t i c a l  v e l o c i t y  f o r  m i n i m u m  p r e s s u r e  g r a d i e n t  ( m s 1) .
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F a r n h a m ,  S u r r e y ,  E n g l a n d :  F i s h i n g  N e w s  B o o k s  L t d ,  1 9 8 0 . P p .  5 2 8 .  I S B N  0  

8 5 2 3 8  1 0 8  5 ,  £ 3 9 . 5 0  +  £ 3 . 5 0  p o s t a g e  a n d  p a c k i n g .

T h e  J u b i l e e  C o n f e r e n c e  o f  t h e  T o r r y  R e s e a r c h  S t a t i o n  h e l d  in  J u l y ,  1 9 7 9 ,  w a s  

c o n c e i v e d ,  i n  p a r t ,  a s  a n  a p p r o p r i a t e  m e t h o d  o f  c o m m e m o r a t i n g  5 0  y e a r s  o f  

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

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

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

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

v o l u m e .

T h e  f a c t  t h a t  t h e  b o o k ,  w h i c h  h a s  a n  A 4  f o r m a t ,  r u n s  t o  o v e r  5 0 0  p a g e s  g iv e s  

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

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

m a n y  y e a r s ,  a s  t h e  d e f i n i t i v e  a c c o u n t  o f  t h e  c u r r e n t  s t a t e  o f  a d v a n c e m e n t  in  f is h  

s c i e n c e  a n d  t e c h n o l o g y ’ is  o n e  t h a t  f e w  w o u l d  d i s p u t e .

T h e  a c t u a l  t e x t  is  d i v i d e d  i n t o  s i x t e e n  ‘c h a p t e r s ’, w i t h  e a c h  o n e  b e i n g  a  

c o l l e c t i o n  o f  p a p e r s  a r o u n d  a  c o m m o n  t h e m e .  T h e  ‘s t a t e  o f  t h e  a r t ’ in  r e l a t i o n  t o  

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

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

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

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

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

T h e  e m p h a s i s  in  e v e r y  c a s e  is  o n  r e c e n t  r e s e a r c h  i n t o  t h e  t o p i c  c o n c e r n e d ,  a n d  

o n e  c o m m e n d a b l e  a s p e c t  o f  m a n y  p a p e r s  is  t h e  w i l ' . i n g n e s s  o f  t h e  a u t h o r s  t o  

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

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

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

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

e x p e r t  a p p r a i s a l  o f  s o  m a n y  t o p i c s  is  w e l l n i g h  i m p o s s i b l e .  I t  is  m o r e  t h a n  l i k e ly ,  

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

b u t  i f  t h a t  is  t h e  c a s e ,  t h e n  i t  w a s  c e r t a i n l y  n o t  b y  i n t e n t i o n .  T h u s ,  in  s h o r t ,  t h i s  

v o l u m e  is  a  m o s t  f i t t i n g  t r i b u t e  t o  5 0  y e a r s  o f  s c i e n t i f i c  a c t i v i t y  in  r e l a t i o n  t o  f is h  

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

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

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

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

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

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

R. K. Robinson

Food Analysis Laboratory Experiments, 2 n d  e d n .  B y  C .  E .  M e l o a n  a n d  Y .  

P o m e r a n z .

W e s t p o r t ,  C o n n e c t i c u t ,  U . S . A . L .  T h e  A V I  P u b l i s h i n g  C o .  I n c .  1 9 8 0 . P p .  

v i i +  1 5 6  p p .  I S B N  0  8 7 0 5 5  3 5 1  8 .  $ 1 1 .5 0  ( p a p e r ) .

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

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

b o o k ,  o r  m a n u a l  a s  t h e  a u t h o r s  p r e f e r  t o  c a l l  i t ,  is  d i v i d e d  i n t o  t h r e e  m a j o r  p a r t s :

( 1 )  m e t h o d s  d e m o n s t r a t i n g  i n s t r u m e n t a l  t e c h n i q u e s ,  ( 2 )  s e l e c t e d  s t a n d a r d  

m e t h o d s  a n d  ( 3 )  a p p e n d i c e s .  H o w e v e r ,  f r o m  t h e  c o n t e n t s  t h e s e  d i v i s i o n s  a r e  

n o t  o b v i o u s .

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

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

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

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

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

t a k e n  t o  i n c l u d e  s o m e  o f  t h e  r e c e n t  a d v a n c e s  in  i n s t r u m e n t a l  t e c h n i q u e s .

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

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

w h i c h  s t a r t s  ‘T o  b e  s u r e ,  a n t i h i s t a m i n e s  a r e  n o t  f o o d s  . . . ’ o r  a  s e c t i o n  w h i c h  

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

b u t  a  t r u l y  e d u c a t e d  p e r s o n  k n o w s  b e t t e r ’ , is  u n l i k e l y  t o  b e  t a k e n  s e r i o u s l y  b y  

s t u d e n t s  i n  t h i s  c o u n t r y .

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

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

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

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

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

n o t  b e  a c c e p t a b l e  i n  a  t h e s i s  l e t  a l o n e  a  p u b l i s h e d  b o o k .  I n  A p p e n d i x  V I  t h e  

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

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

t h e  f a c t  t h a t  t h i s  is  a n  A m e r i c a n  b o o k  is  t h a t  a  n u m b e r  o f  t h e  m e t h o d s  d e s c r i b e d  

a r e  n o t  t h o s e  w h i c h  a r e  t r a d i t i o n a l l y  u s e d  in  t h e  U n i t e d  K i n g d o m .  T h i s  is  n o t  t o  

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

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

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

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

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

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

d e t r a c t  f r o m  i t s  m e r i t s .  I t  is  h o p e d  t h a t  t h e  3 r d  e d i t i o n  o f  t h i s  m a n u a l  w il l  b e  

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

R. Macrae

Food, People and Nutrition B y  E l e a n o r  F .  E c k s t e i n .

W e s t p o r t ,  C o n n e c t i c u t :  T h e  A V I  P u b l i s h i n g  C o .  I n c . ,  1 9 8 0 . P p .  x ii  +  6 2 4 .  

I S B N  0  8 7 0 5 5  3 5 5  0 .  $ 2 0 .0 0  ( p a p e r ) .

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

6 2 4  p a g e s  a r e  t h e  w i d e  r a n g e  o f  t o p i c s ,  t h e  c o m p l e x i t y  o f  t h e  i s s u e s  a n d  t h e  

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

p e o p l e  a n d  n u t r i t i o n .  A l t h o u g h  t h e  b o o k  r e f l e c t s  ‘n u t r i t i o n  e x p e r i e n c e ’ in  t h e  

U . S . A . ,  t h e r e  is  a  w e a l t h  o f  r e l e v a n t  f a c t u a l  i n f o r m a t i o n  w h ic h  m a k e s  t h e  

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

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

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

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

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

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

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

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

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

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

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

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

a n d  h e a r t  d i s e a s e .  T h r o u g h o u t  t h e  b o o k  t h e  t e x t  is  d e s i g n e d  t o  a s s i s t  t h e  r e a d e r  

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

is  p a r t i c u l a r l y  d i f f i c u l t .

T h e  b o o k  is  m a d e  u p  o f  s ix  u n i t s  c o m p r i s i n g  3 3  c h a p t e r s .  U n i t  I— ‘N u t r i e n t  

S u p p l y  a n d  D e m a n d  S t a t u s '  s u m m a r i z e s  ( 1 )  t h e  r e l a t i o n s h i p  b e t w e e n  f o o d  

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

v o l u m e ,  ( 2 )  f o o d s  a s  s o u r c e s  o f  n u t r i e n t s ,  a n d  ( 3 )  t h e  c o n t r o l  o f  n u t r i e n t  s u p p l y  

a n d  d e m a n d  f r o m  a  p h y s i o l o g i c a l  p o i n t  o f  v ie w .  U n i t  I I — ‘N u t r i t i o n a l  S t a t u s :  

E f f e c t s  o n  c e l l s  a n d  s p e c i a l i z e d  o r g a n s ’— is  a n  u p d a t e  o f  t h e  m o r e  e s t a b l i s h e d  

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

a n d  o f  m a c r o -  a n d  m i c r o n u t r i e n t s  i n  h e a l t h  m a i n t e n a n c e .  U n i t  I I I —  ‘F o o d  

E c o l o g y — M a n ’s  r e l a t i o n s  t o  t h e  F o o d  E n v i r o n m e n t ’— p r o v i d e s  t h e  r e a d e r  w i th  

a  b a s i c  g u i d e  f o r  a n s w e r i n g  t h e  q u e s t i o n s  ‘W h y  d o  p e o p l e  e a t  o r  n o t  e a t  X ? ’ , 

‘W h a t  is  f o o d ? ’ a n d  ‘W h a t  is  p o i s o n ? ’ T h i s  s u b s t a n t i a l  s e c t i o n  g iv e s  e x t e n s i v e  

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

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

p h y s i c a l  p r o p e r t i e s  o f  f o o d s .  U n i t  I V — ‘D i e t a r y  A s s e s s m e n t '— i n c l u d e s  e x c e l 

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

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

p o s i t i o n  s t u d i e s .  U s e f u l  r e f e r e n c e s  a b o u n d .  U n i t  V — ‘N u t r i t i o n a l  R i s k  a n d  L i f e  

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

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

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

o l d  a g e .  U n i t  V I — ‘C o n t e m p o r a r y  I s s u e s :  F o o d  E c o l o g y  a n d  L i f e  E x p e c t a n c y ’ 

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

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

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

w h e n ,  w h e r e  a n d  h o w  f o o d  is  s e r v e d ’ . T h e  f in a l  c h a p t e r  r e m i n d s  u s  t h a t ,  f o r  

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

N o r t h  A m e r i c a n  a t t i t u d e  t o  f o o d  t o d a y ,  h o w e v e r ,  is  a  f u r t h e r  d e m o n s t r a t i o n  

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

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

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

r e a d  t h i s  b o o k .  T h e  s i n g l e  A p p e n d i x  c o n s i s t s  o f  t h e  U . S . D . A .  H o m e  a n d  

G a r d e n  B u l l e t i n  7 2 .  Nutritive Value o f Foods, w h i c h  is  r e p r o d u c e d  in  i t s  e n t i r e t y  

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

P e r h a p s  t h e  m o s t  s a l i e n t  p a r a g r a p h  in  t h e  b o o k  is  o n  p a g e  4 2 5 ,  a n d  i t  is  w o r t h  

q u o t i n g  f o r  i t s  c o m m o n  s e n s e :  ‘I t  is  t r u e  t h a t  o n e  s h o u l d  e a t  f o r  h e a l t h :  i t  is  a l s o  

t r u e  t h a t  e a t i n g  is  a n  a c t i v i t y  t o  b e  e n j o y e d .  S o  l im i t s  m u s t  n o t  b e  s e t .  A t  t h e  

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

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

b e c o m e  t h e  b a s i s  f o r  a  s e v e r e l y  r e s t r i c t e d  f o o d  a r r a y .  W h a t  is n e e d e d  is  t h e  

w i s d o m  t o  s e l e c t  t h e  r i g h t  a m o u n t s  o f  a  b a l a n c e d  d i e t . ’

I n  s u m m a r y ,  t h e  v o l u m e  is  c o m p r e h e n s i v e ,  u p - t o - d a t e ,  i n t e r e s t i n g  a n d  

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

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

r e c o m m e n d  i t ,  b u t  a s  a n  o p p o n e n t  o f  ‘d i s e a s e d  E n g l i s h ' ,  o f  w h ic h  t h e r e  a r e  

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

‘S e l f - a c t u a l i z a t i o n  is  a  p r e d o m i n a n t  n e e d  in  a f f i r m i n g  g e n e r a t i v i t y  a n d  o p p o s i n g  

t h e  t e n d e n c y  t o w a r d s  s t a g n a t i o n . '  F o r  t h o s e  w h o  a r e  s u f f i c i e n t l y  m o t i v a t e d ,  t h i s  

g e m  c a n  b e  f o u n d  o n  p a g e  5 2 7 !
D. P. Richardson

Food Control in Action. E d .  b y  P .  O .  D e n n i s ,  J .  R .  B l a n c h f i e l d  a n d
A .  G .  W a r d .

B a r k i n g ,  E s s e x :  A p p l i e d  S c i e n c e .  1 9 8 0 . P p .  ix  +  2 9 0 .  I S B N  0 - 8 5 3 3 4 - 8 9 4 —4. 
£ 1 8 . 0 0 .

T h e  p u b l i s h e r s  c o u l d  w e l l  h a v e  t i t l e d  t h i s  b o o k  ‘F o o d  f o r  T h o u g h t ' ,  w h ic h  i ts  

2 8 1  p a g e s  c e r t a i n l y  p r o v i d e .
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I n  t h e  o p e n i n g  c h a p t e r  d e a l i n g  w i t h  t h e  g e n e r a l  p h i l o s o p h y  o f  f o o d  c o n t r o l ,  

t h e  P r e s i d e n t  o f  t h e  I n s t i t u t e  o f  F o o d  S c i e n c e  a n d  T e c h n o l o g y ,  J .  R a l p h  

B l a r . c h f i e l d ,  is  a t  p a i n s  t o  p o i n t  o u t  t h a t  f o o d  c o n t r o l  is  a n  a t t i t u d e  o f  m i n d ,  

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

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

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

t h e  c o n s u m e r .

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

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

S y m p o s i u m  h e l d  i n  J u l y  1 9 7 9 . I t  p r o v i d e s  a  c o m p r e h e n s i v e  s u m m a r y  o f  t h o s e  

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

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

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

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

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

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

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

o r g a n i z a t i o n  a n d  t h e  m a r k e t  i t s e l f .  W h i l s t  t h e  c o n s t r a i n t s  o f  c o s t  a n d  m a r k e t  

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

i m m e d i a t e l y  a p p a r e n t .

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

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

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

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

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

s u m m a r i z i n g  t h e  w h o l e  s p e c t r u m  o f  i n t e r r e l a t e d  1 ; g i s l a t i o n  a s  i t  c o m e s  t o  a  f o c u s  

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

f o o d  s t a n d a r d s  a n d  l a b e l l i n g  l e g i s l a t i o n  t o  t h e  H e a l t h  &  S a f e t y  a t  W o r k  A c t .

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

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

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

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

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

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

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

p r e s e r v e d .

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

e x p e r i e n c e  o f  h o w  b e s t  t o  a c h i e v e  t h e s e  e s s e n t i a l  o b j e c t i v e s .  T h e  f i n a l  p a p e r  in  

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

T h e  s u b j e c t  is  o f  p a r t i c u l a r  i n t e r e s t  t o  a  P u b l i c  A n a l y s t ,  h i g h l i g h t i n g  t h e  

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

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

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

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

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

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

f o o d  c o n t r o l l e r ’s s k i l l s  t o  t h e  p r o d u c t i o n  o f  c a n n e d  p r o d u c t s ,  q u i c k  f r o z e n  m e a t  

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

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

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

t h e  c o m p o n e n t  p a r t s  o f  t h e  f o o d  c o n t r o l l e r ’s s k i l l s .  T h e r e  a r e  i n t e r e s t i n g  c o n 

t r a s t s  o f  a p p r o a c h ,  f r o m  s u b j e c t i v e  a s s e s s m e n t s  b a s e d  o n  e x p e r i e n c e  t o  h ig h ly  

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

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

s o p h i s t i c a t i o n ,  t h e  q u e s t i o n  o f  a d e q u a t e  c o m m u n i c a t i o n  is  s t i l l  p a r a m o u n t .

I n  t h e  s e v e n t e e n t h  a n d  f i n a l  c h a p t e r ,  P r o f e s s o r  A .  G .  W a r d  s u m m a r i z e s  h is  

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

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

t r a i n i n g  a n d  q u a l i f i c a t i o n  o f  t h o s e  e n g a g e d  in  i t .

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

b o o k ,  h a s  a c h i e v e d  i t s  o b j e c t i v e  in  g a t h e r i n g  t o g e t h e r  t h e  v ie w s  o f  m a n y  s e n i o r  

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

r e a d i n g ,  i n d e e d  a  s t u d y  g u i d e ,  f o r  t h o s e  a i m i n g  f o r  t h e  M a s t e r s h i p  in  F o o d  

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

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

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

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

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

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

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

r e g u l a t i o n ’ w i l l  e v e r  b e  a c h i e v e d  r e m a i n s  t o  b e  s e e n .  H o w e v e r ,  a s  l o n g  a s  t h e  

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

t o  i t s  v i a b i l i t y .

A. J. Harrison
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Statistics and Experimental Design, 2 n d  e d n .  B y  G .  M .  C l a r k e .

L o n d o n :  E d w a r d  A r n o l d ,  1 9 8 0 . P p .  x i i  +  1 8 8 . I S B N  0 7 1 3 1  2 7 9 7  X .  £ 6 .5 0 .

A n  e l e m e n t a r y  t e x t b o o k  in  s t a t i s t i c s  f o r  b i o l o g i s t s ,  n o t  r e q u i r i n g  a  k n o w l e d g e  o f  

c a l c u l u s .  W o r k e d  e x a m p l e s  a n d  e x e r c i s e s  a r e  p r o v i d e d  t h r o u g h o u t  t h e  t e x t .

Report of the Government Chemist, 1979.
L o n d o n :  H . M . S . O . ,  1 9 8 0 . P p .  1 9 7 . I S B N  0  11 5 . 2 9 1 9  7 .  £ 6 .5 0 .

Elementary Food Science, 2 n d  e d n .  B y  J  T .  R .  N i c k e r s o n  a n d  L . J .  

R o n s i v a l l i .

W e s t p o r t ,  C o n n e c t i c u t :  A V I ,  1 9 8 0 . P p .  x  +  4 4 : . I S B N  0  8 7 0 5 5  3 1 8  6 .  $ 2 1 .0 0  

( p a p e r ) .

A  f i r s t  t e x t b o o k  in  f o o d  s c i e n c e ,  w h i c h  c o v e r s  s o m e  t o p i c s  t o  a  l e v e l  s l i g h t ly  

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

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

e l e m e n t a r y  s u b - A  l e v e l  m a n n e r .

Commercial Food patents, U.S., 1979. B y  H .  3 .  N o r t h .

W e s t p o r t ,  C o n n e c t i c u t :  A V I ,  1 9 8 0 . P p .  iii +  2 2 8  I S B N  0  8 7 0 5 5  3 5 8  5 .  $ 3 3 .0 0 .  

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

t h e  s i g n i f i c a n t  U . S .  p a t e n t s  r e l a t i n g  t o  f o o d .  T h e  a b s t r a c t s  g iv e n  a r e  t h o s e  w h ic h  

a p p e a r e d  in  t h e  w e e k l y  i s s u e s  o f  t h e  o f f i c ia l  g a z e  t e .
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r Food Analysis?
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-take out the effort
For Quick 
assay of:

Simple ■ Specific

Acetate
Ascorbate
Cholesterol
Citrate
Ethanol
Fructose
Glucose
Glycerol

Isocitrate
D&L Lactate
Lactose
Galactose
Raffinose
Sucrose
Starch

BCL provides a unique range of 
enzymatic test kits specially 
adapted for the Food industry.

Send for your free copy of ‘Methods 
of Enzymatic Food Analysis'

BCL, Bell Lane, Lewes, East Sussex BN7 1LG 
Telephone: Lewes (07916) 71611

(i)



(Can you measure 
specific sugar 

concentration 
in 60 seconds?

Y e s - w i t h  t h e  YSI I n d u s t r i a l  
A n a l y s e r  y o u  g e t  a d i g i t a l  r e a d  
o u t  in o n e  m i n u t e .
Un ike other assay methods it provides 
measurements specific to the sugar 
being analysed. Designed for use in 
the quality control laboratory or on the 
production line in the food, drinks and 
pharmaceutical Industries. The 
simplified assay procedure combines 
immobilised enzyme technique with a 
linear electro-chemical sensor. The 
enzymes can be re-used indefinitely. 
No costly reagents are needed. 
Operating costs are only a few pence 
per test.
Other advantages include: Built In 
temperature compensation. No sample 
carry-over. No optical ad ustments. . 
Freedom from the interference which 
can occur with refractometers. density 
meters or manual methods.
Write or phone for full technical data 
or for demonstration of the YSI 27 In 
your lab.
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C. R. Stumbo, K.S. Purohit, T .V . Ramakrishnan,
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This work results from a comprehensive evaluation of 
the influence of critical thermal resistance and process 
variables on the lethality requirements for assuring sn 
acceptable remote probability o f survival of C lo s t r i 
d iu m  b o t u l in u m  spores in low-acid canned foods, and 
a reasonable minor economic loss from  spoilage by 
sporebearing mesophilic bacteria more heat resistant 
than C. b o t u l in u m .  Because the thermobacteriolo- 
gical concepts and mathematical steps involved in this 
work are complex, comprehensive computer pro
grammes performed approximately 300,000 evaluations 
for convection and conduction heating foods covering 
the range of conditions normally expected in food 
processing.

V o lu m e  1. 560 pages. About £40.00 . In preparation 
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Immobilized Enzymes for 
Food Processing
W .H. Pitcher

Immobilized enzymes systems and their application in 
the food industry are reviewed in this book. It includes 
a comprehensive set of such studies and evaluations 
for food processing applications. Background informa
tion concerning immobilized enzymes and the urique 
requirements o f the food industry is provided. General 
engineering and economic factors are also investigated. 
The applications, including those with a potential for 
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cial use, are examined in depth. In areas where commer
cialization has already occured, such as glucose iso- 
merase and amino acylase, recent commercial and re
search developments are covered.
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In preparation

These books may be ordered on approval through 
your usual bookseller
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Algae Biomass. Israel. 1978. Most 
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updated to April 198(1. and addi 
tional papers have been contributed 
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Symposium. Results obtained in 
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countries are given, and economic 
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influence of physiological and 
environmental factors. The 
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biological energy conversion, bio
logical recycling, applied limnology, 
algology and biological treatment of 
agricultural, municipal and industrial 
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The Journal of Food Technology publishes original 
contributions to knowledge of food science and tech
nology and also review articles in the same field. 
Papers are accepted on the understanding that they 
have no: been and will not be, published elsewhere in 
whole, or in part, without the Editor’s permission. 
Papers accepted become the copyright of the Journal. 
This journal is covered by Current Contents.

Typescripts (two complete copies) should be sent to 
the Editor, Dr H. Liebmann, c/o Institute of Food 
Science and Technology (U.K.), 105-111 F.uston 
Street, London NW1 2ED. Papers should be type
written on one side of the paper only, with a 1J inch 
margin, and the lines should be doubled-spaced. In addi
tion to the title of the paper there should be a ‘running 
title’ (for page headings) of not more than 45 letters 
(including spaces). The paper should bear the name of 
the author(s) and of the laboratory or research institute 
where the work has been carried out. The full postal 
address of the principal author should be given as a 
footnote. (The proofs will be sent to this author and 
address unless otherwise indicated.) The Editor 
reserves the right to make literary corrections.

Arrangement. Papers should normally be divided 
into: (a) Summary, brief, self-contained and embody
ing the main conclusions; (b) Introduction; (c) 
Materials and methods; (d) Results, as concise as 
possible (both tables and figures illustrating the same 
data wiL rarely be permitted); (e) Discussion and 
conclusions; (f) Acknowledgments; (g) References.

References. Only papers closely related to the 
author’s work should be included; exhaustive lists 
should be avoided. References should be made by 
giving the author’s surname, with the year of publica
tion in parentheses. When reference is made to a work 
by three authors all names should be given when cited 
for the first time, and thereafter only the first name, 
adding et al., e.g. Smith el al. (1958). The 'et al.’ 
form should always be used for works by four or more 
authors. If several papers by the same author and 
from the same year are cited, a, b, c, etc. should be put 
after the year of publication, e.g. Smith et al. (1958a). 
All references should be brought together at the end of 
the paper in alphabetical order. References to articles 
and papers should mention (a) namefs) of the author(s) 
(b) year of publication in parentheses; (c) title of 
journal, underlined, abbreviated according to the 
World Lis', of Scientific Publications, 4th edn and supple
ments; (c) volume numbers; number of first page of 
article. References to books and monographs should 
include (a) name(s) and initials of author(s) or 
editor(s); year of publication in parentheses: (b) title, 
underlined; (c) edition; (d) page referred to; (e) 
publisher, (f) place.

Standard usage. The Concise Oxford English Dictionary 
is used as a reference for all spelling and hyphenation. 
Statistics and measurements should always be given in 
figures, i.e. 10 min, 20 hr, 5 ml, except where the 
number begins the sentence. When the number does not 
refer to a unit of measurement, it is spelt out except 
where the number is one hundred or greater.

Abbreviations. Abbreviations for some commoner 
units are given below. The abbreviation for the plural 
of a unit is the same as that for the singular. Wherever 
possible the metric SI units should be used unless 
they contlict with generally accepted current praciice. 
Conversion factors to SI units are shown where 
appropriate.

SI UNITS
gram g Joule J
kilogram kg =  103g Newton N
milligram mg= 10-3 g Watt W
metre m Centigrade °C
millimetre mm= 10_:3 m hour hr
micrometre u=10~6m minute min
nanometre nm= 10-9 m second sec
litre 1 = 10 3 m3

NON SI UNITS
inch in = 25-4 mm
foot ft =  0-3048 m
square inch in3 =  645-16 mm2
square foot ft2 = 0-092903 m2
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dyne = IO-3 N
calorie (15°C) cal = 4-1855 J
British Thermal

Unit BTU = 1055-06 J
Horsepower HP = 745-700 W
Fahrenheit °F = 9/5 r°C  +  32

Figures. In the text these should be given Arabic 
numbers, e.g. Fig 3. They should be marked on the 
backs with the name(s) of the author(s) and the title of 
the paper. Where there is any possible doubt as to 
the orientation of a figure the top should be marked 
with an arrow. Each figure must bear a reference 
number corresponding to a similar number in the 
text. Photographs and photomicrographs should be 
unmounted glossy prints and should not be retouched. 
Line diagrams should be on separate sheets; they 
should be drawn with black Indian ink on white 
paper and should be about four times the area of the 
final reproduct.on. Lines and lettering should be of 
sufficient thickness and size to stand reduction to one- 
half or one-third. Whenever possible, the originals of 
line diagrams, prepared as described above, should be 
submitted and not photographs, The legends of all the 
figures should be typed together on a single sheet of 
paper headed ‘Legends to figures’.

Tables. There should be as few tables as possible and 
these should include only essential data; the data 
should not be crowded together. The main heading 
should be in bold with an Arabic number, e.g. 
Table 2. Each table must have a caption in small 
letters. Vertical lines should not be used.

Offprints. Fifty offprints will be issued free with each 
paper but adcitional copies may be purchased if 
ordered on the printed card which will be sent to the 
senior author with the proofs.
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