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The use of soybean milk in soft cheese making

I I .  Organoleptic and chemical properties of Domiati cheese made from a mixture 
of soybean milk and whole milk

N . H .  M E T W A L L I ,  S . I . S H A L A B I ,  A .  S . Z A H R A N  
A N D  O .  E L - D E M E R D A S H

Summary

A  m e t h o d  f o r  m a k in g  D o m i a t i  c h e e s e  ( s o f t  c h e e s e )  f r o m  a  m ix tu r e  o f  s o y b e a n  
m i lk  a n d  w h o le  m i lk  h a s  b e e n  r e c o n s t r u c t e d .  T h e  r e s u l t s  o b t a i n e d  s h o w e d  s o m e  
i m p o r t a n t  d i f f e r e n c e s  in  c h e e s e  c h a r a c t e r i s t i c s  a s  t h e  r e s u l t  o f  u s in g  s o y b e a n  
m i lk ,  p a r t i c u l a r l y  in  t h e  h ig h e r  m o i s tu r e ,  s o lu b le  n i t r o g e n  a n d  a c id i ty  c o n te n t s .  
T h e  m a i n  o r g a n o l e p t i c  p r o p e r t y  a f f e c t e d  b y  th e  s o y m ilk  w a s  t h e  f la v o u r .  T h is  
i m p r o v e d  o n  r ip e n in g .

A  n u m b e r  o f  c h a n g e s  w e r e  o b s e r v e d  d u r in g  r ip e n in g .  T h e  p r e s e n c e  o f  
s o y m i lk  r e s u l t e d  in  (1 )  le s s  lo s s  o f  c h e e s e  m o i s tu r e  a n d  c o n s e q u e n t ly  c h e e s e  

w e i g h t ,  ( 2 )  in c r e a s e  in  t h e  d e v e l o p m e n t  o f  t i t r a t a b l e  a c id i ty  a n d  (3 )  in c r e a s e  in  
p r o t e i n  b r e a k d o w n .

I t  is  s u g g e s t e d  t h a t  th e  s o y b e a n  m ilk  a c t iv a te s  t h e  la c t ic  a c id ,  p r o d u c in g  
b a c t e r i a  a n d  t h e  p r o t e o l y t i c  e n z y m e s  p r e s e n t  in  c h e e s e .

Introduction

T h e  c o m p o s i t i o n  a n d  p r o p e r t i e s  o f  c h e e s e  d e p e n d  o n  th e  m e th o d  o f  m a k in g ,  
c o m p o s i t i o n  o f  m i lk  a n d  p r e v io u s  t r e a t m e n t s  o f  m ilk  ( P r ic e ,  1 9 2 7 ; C a r b o n e ,  
1 9 5 3 ; S h a r a r a ,  1 9 6 1 ; D a v is ,  1 9 6 5 ).

I n  o u r  p r e v i o u s  p a p e r  ( M e tw a l l i  e t  a l . ,  1 9 8 2 ) w e  d e m o n s t r a t e d  t h a t  s o y b e a n  
m i lk  c a n  b e  u s e d  f o r  c h e e s e  m a k in g  i f  m ix e d  w i th  m ilk  to  a  r a t i o  o f  1 : 4  a n d  i f  
c a l c iu m  c h l o r i d e  is  a d d e d  a n d  t h e  p H  is  lo w e r e d  t o  5 .5 .  I n  th i s  s tu d y  a n  a t t e m p t  
h a s  b e e n  m a d e  t o  m a k e  D o m i a t i  c h e e s e  f r o m  a  m ix tu r e  o f  s o y b e a n  m i lk  a n d
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w hole milk. The cheese is a simple type of soft cheese and easy to pepare on a 
pilot plant scale. The cheese can be ready for consumption after preparation 
(fresh) or after ripening (pickling) in brine solution or salted whey, which is a 
relatively sim ple type o f ripening. The results could provide a simple example o f  
the influence o f soybean milk on cheese characteristics before, and during, 
ripening.

In Egypt, like most underdeveloped countries, cheese is an important 
contribution to diet, as a source o f protein, calories, minerals and some 
vitam ins. Milk is therefore much in demand, so any attempt to replace part of 
the milk with soybean milk in cheese making would be of great econom ical 
interest.

Materials and methods

M ilk  supply

Soybean milk was prepared from soaked beans (soymilk I) or from soyflour 
(soym ilk II) as previously described by us (Metwalli et a l,  1982). The milk 
sam ples were a mixture o f equal parts o f cow ’s and buffalo’s milk, mixed with 
soym ilk to a ratio o f 4 : 1. The chemical com position of the mixture used for 
ch eese making is shown in Table 1, which demonstrates that addition of soymilk  
had little effect on milk com position except to increase the titratable acidity.

Table 1. Chemical composition of milk and soymilk mixture

Product

Titratable
acidity
(%) pH

Fat
(%)

Total
protein
(%)

Casein
(%)

Total
solids
(%)

Milk 0.17 6.48 5.58 3.69 2.95 13.87
Milk + soymilk I 0.18 6.20 4.93 3.59 2.16 12.85
Milk + soymilk II 0.19 6.17 4.93 3.29 2.10 12.78

Cheese manufacturing

D om iati cheese is simply manufactured by addition o f rennet to salted or 
unsalted milk to produce a curd. Preliminary trials showed that the presence of 
soybean  milk resulted in a poor curd syneresis. The following steps were found 
to  be essential to enhance whey drainage.

T he soybean milk (soymilk I or II) was first autoclaved at 120°C for 15 min, 
cooled  and mixed with milk in a double-jacketed cheese vat at a ratio of 1 :4  to 
m ake 30 litres. Calcium chloride (0-02% ) was added and the pH of the mixture 
adjusted to 5.5 using 10% HC. The mixture was warmed to 37°C, then 45 ml of 
calf rennet was added to it, and it was left standing for 1 hr to com plete clotting. 
T he curd was then cut into small cubes with American knives. The temperature
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was raised to 40°C and the curd cubes were gently hand-stirred for 20 min. They 
were then ladled into 40 cm:i w ooden moulds lined with cheese-cloth. The curd 
was allow ed to drain for 30 min, after which it was wrapped in the cheese-cloth  
and covered with a board. A  weight o f about 50% of the curd weight was placed 
on it and left for 1 hr. The curd was then cut into cubes, weighed and stored at 
5°C for analysis. C heeses were made in triplicate and, as the results showed no 
trends, they were averaged.

Pickling (ripening)

Pickling was conducted by canning about 450 g of cheese in cans o f 900 g 
capacity, filled with 500 ml o f 15 or 20% brine solution. The cans were sealed by 
hand-seam ing and stored at 25°C. Samples were taken after 1 ,2 ,3  and 4 months 
for analysis.

Analytical methods

T he m ethods used for the estimation of moisture, titratable acidity, fat, 
protein and NaCl contents were as described by Ling (1956). Am ino acid 
analysis was made by paper chromatography.

Organoleptic test

In addition to the chemical analysis an organoleptic examination was made. 
T he panel consisted o f fifty people to give a representative sample of consumers. 
A  total o f  100 points was awarded (5 for appearance, 10 for colour, 35 for body 
and texture and 50 for flavour).

Results and discussion

Compositional quality o f fresh cheese

T he data in Table 2 represent the cheese yields, acidity, moisture content, fat 
content and nitrogen content o f Dom iati cheese, made either from whole milk 
(control cheese) or from a mixture with soymilk I or II. The results show that the 
yield o f the cheese made from whole milk and soymilk I (from soaked beans)

Table 2. Chemical composition of fresh unsalted Domiati cheese with and without soymilk

Cheese made from
Yield
(%)

Titratable
acidity
(%)

Moisture
(%)

Fat
(D.M.)

Total
nitrogen
(D.M.)

Soluble
nitrogen
(D.M.)

Whole milk (control) 18.36 0.30 53.45 59.27 5.74 0.70
Milk + soymilk I 18.17 0.42 57.71 53.36 5.73 0.88
Milk + soymilk II 16.78 0.41 57.33 56.05 5.70 0.94
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m ixture was slightly less than that made from whole milk. With soybean II (from  
soyflour), the cheese yields were considerably less, compared with those o f the 
control cheese or those o f soymilk I. This suggests that the method o f preparing 
soym ilk may affect the property of the extracted soybean proteins and so, the 
ch eese  yield.

T he chem ical com position showed that acidity and moisture contents of 
ch eeses made from soymilk and whole milk mixture were higher than in the 
control cheese (from whole milk). The data for fat content on a dry matter basis 
show ed  a higher percentage in whole-milk cheese than that o f soymilk, 
apparently due to the dilution effect o f soymilk (Table 1). On the other hand the 
total nitrogen content o f the three cheeses were almost the same. The soluble 
nitrogen content was higher in cheeses containing soymilk than that o f whole- 
milk ch eese, with a higher percentage in soymilk II cheese. This was expected as 
the majority o f soymilk proteins are soluble in water (W olf, 1972).

From the amino acid analysis (Table 3) a small difference was apparent 
b etw een  the three cheeses in their amino acid com position. Such differences are 
m ainly caused by the difference in the amino acid com position o f the milks 
(M etw alli et al., 1982). Cheeses with soymilk have less lysine, asparagine, 
proline, tyrosine, m ethionine and leucine. H owever, the essential/total amino 
acid ratio was almost the same in the three cheeses.

Table 3. Amino acid composition of fresh cheeses

Amino acid

Control
cheese
(g/lOOg protein)

Cheese from 
soymilk I 
(g/100 g protein)

Cheese from 
soymilk II 
(g/100 g protein)

Cystine + cysteine 0.03 0.04 0.03
Lysine 8.40 7.40 7.00
Histidine 2.50 2.10 2.05
Arginine 3.10 3.00 2.90
Asparagine 7.10 3.60 3.70
Serine 5.92 5.91 5.01
Glutamic acid 20.11 20.08 17.96
Threonine 3.20 3.11 3.24
Alanine 3.90 3.27 2.25
Proline 9.00 6.40 4.09
Tyrosine 5.80 4.70 4.80
Methionine 2.70 1.20 1.98
Valine 5.40 4.30 5.06
Phenylalanine 3.90 3.80 3.30
Leucine and isoleucine 16.70 14.03 12.70

Total 97.76 82.94 76.07

Essential 45.90 38.94 38.23

Essential/total 0.47 0.47 0.50
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O rganoleptic test revealed that although the cheeses were similar in 
appearance and texture, cheeses with soymilk failed to get the acceptance o f the 
panel because o f the clearly observed nutty flavour and a slight-brownish 
colour. O bviously there is a need to devise a method for producing soymilk 
w ithout this flavour. M ost o f the m ethods described in the literature for the 
im provem ent o f soymilk flavour involve the use o f additives (Kiykoman  
Syoyuco Ltd, 1973; Ferrerira & Shirose, 1975), which have limited application 
for soym ilk.

Changes during ripening (pickling)

R esults in Fig. la  demonstrate that the cheeses show a considerable weight 
loss during ripening. The weight loss was at the maximum during the first month 
and subsequently increased gradually. This loss was less with cheeses containing 
soym ilk. The weight loss has been attributed mainly to the loss o f moisture 
(Fahm i & Sharara, 1950; Davis, 1965; N oom en, 1977). The uptake of salt and 
the increase in cheese acidity, which affect the loss o f moisture, are the

Figure 1. Changes in (a) cheese weight, (b) moisture content, (c) salt content, (d) 
acidity content during ripening.
(O) cheese control, ( • )  cheese with soymilk I, (□) cheese with soymilk II.
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additional factors responsible for the decrease in weight as the ripening 
proceeds (N oom en , 1977).

Figure lb  shows that a pronounced loss o f moisture content occurred during 
the first m onth o f ripening. This loss is caused mainly by the salting of cheese. 
T here is a relation between the inward migration of salt into the cheese and the 
accom panying transport o f water to the outside o f the cheese (Geurts, Walstra 
& M ulder, 1974). A  further decrease, but at slower rate, occurred up to the end 
o f the ripening period. On the other hand, cheeses with soymilk showed less 
m oisture loss, possibly due to the differences in moisture tendency between milk 
and soym ilk proteins. A s soymilk proteins are more hydrophilic (N oyes, 1969), 
it w ould be expected that their presence in cheese curd would increase the 
w ater-holding capacity.

T he changes o f salt content on a dry matter basis at different months of 
ripening are shown in Fig. lc . The salt content percentage after 1 month was 
9 .96 , 13.01 and 13.09 for the control and soymilk I and II cheeses respectively. It 
seem s that soymilk cheeses absorb a higher proportion o f salt, probably because 
o f  the higher moisture content. Cheeses during ripening in brine conform with 
the ‘D onnan equilibrium’ which controls the partition o f ions between the curd 
and the brine (M ansour & Alais, 1972). This would explain the observed  
decreases in salt content after 1 month.

T he rate o f developm ent o f cheese acidity (titratable acidity) during ripening 
is shown in Fig. Id. The results demonstrate a gradual increase in cheese acidity 
up to the end o f the ripening period, and is more observed with cheeses con
taining soymilk. The developm ent o f acidity is caused by the production of 
lactic acid, free fatty acids and amino acids as a result o f the breakdown of 
carbohydrates, fat and proteins. The production o f lactic acid plays a major part 
in the acidity increase o f soft cheese (Sharara, 1959; N oom en, 1977). However, 
E l-Safty, Korshid & Ismail (1979) demonstrated that adding soymilk to 
buffalo’s milk increases the lipase activity in Ras cheese. In this laboratory we 
have observed that mixing soymilk with raw milk reduces the keeping quality of 
raw milk even under cold storage. The milk clotted after 48 hr due to the drop in 
the pH  to 4.6. So, it seem s probable that the presence o f soymilk in cheese curd 
activates the lactic acid producing bacteria.

T he changes in fat and nitrogen content on a dry matter basis during ripening 
are shown in Table 4. The data show a noticeable drop in fat content during the 
first m onth follow ed by a gradual increase. This change could be attributed in 
part to the uptake o f salt, as well as breakdown of fat and the continuous loss of 
the degraded com ponents o f cheese into the brine.

A  gradual decrease was observed in the total nitrogen content (TN) up to the 
end o f the ripening period, but the soluble-nitrogen content (SN) showed a 
considerable increase throughout. On calculating the percentage SN/TN it can 
be seen  that cheeses with soymilk have the higher values. The percentage 
decrease in micellar nitrogen (T N -SN ) is higher with cheese containing soymilk. 
In both cases the values after 2 months o f ripening were higher with soymilk 
cheeses than that from whole milk cheese by the end o f ripening period. The
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Table 4. F at con ten t and nitrogen content o f Dom iati cheese with and w ithout soymilk ripened in 
15% brine

C heese Sam ple

A ge of 
cheese 
(m onths)

Fat
(% )

TN
(% )

SN
(% )

MN*
(% )

SN/TN
(% )

D ecrease 
in MN 
(% )

W hole m ilk (contro l) 0 59.27 5.74 0.70 5.04 12.19 0
1 56.65 4.84 0.94 3.90 19.42 22.61
2 58.49 4.61 1.23 3.38 26.68 32.93
3 60.89 4.47 1.38 3.09 30.87 38.69
4 61.84 4.42 1.42 3.00 31.69 40.04

W ith soym ilk I 0 56.39 5.73 0 .8 8 4.85 15.35 0
1 55.30 4.85 1.40 3.45 28.86 28.86
2 56.03 4.84 1.51 2.97 33.70 38.76
3 57.23 4.42 1.65 2.77 37.33 42.88
4 58.06 4.34 1.68 2 .6 6 38.70 45.15

W ith soym ilk II 0 56.06 5.76 0.94 4.82 16.31 0
1 53.43 4.75 1.57 3.18 33.05 34.02
2 58.81 4.63 1.69 2.94 36.50 39.00
3 56.34 4.48 1.81 2.67 40.40 44.60
4 57.43 4.38 1.85 2.53 42.23 47.51

*M icellar n itrogen (to tal nitrogen-soluble nitrogen)

increase in the percentage SN /TN  and the decrease in the percentage o f micellar 
nitrogen is due to the degradation of protein (N oom en, 1977). The results 
dem onstrate that the presence o f soymilk enhances cheese ripening. The 
protein  proteolysis is mainly due to the action o f rennet (Mabbitt, Chapman & 
B erridge, 1955; Reiter et al., 1966). A s soymilk does not coagulate by rennet 
action (D e  M an, Tanaka & Stanley, 1975), it seems likely that the presence of 
soym ilk activates the other proteolytic enzym es present in cheese.

Organoleptic properties during ripening

R esults from fresh cheeses have indicated that soymilk cheeses were not 
acceptable to the tasters due to their nutty flavour. H owever, the cheese flavour
Table 5. A verage score o f organoleptic properties o f Dom iati cheese with and w ithout soymilk 
ripened  in 15% brine

P roperty  
(po in ts scale)

1 month 4 months

C ontrol
cheese

Soymilk I 
cheese

Soymilk II 
cheese

C ontrol
cheese

Soymilk 1 
cheese

Soymilk II 
cheese

A pp earan ce  (5) 4 4 4 4 4 4
C o lou r (10) 9 7 8 9 8 8
B ody and tex tu re  (35) 29 28 27 30 31 30
F lavour (50) 39 37 39 40 38 39
T o ta l (100) 81 76 78 83 81 81

0  tfc T ir^ n n n  v i m i r m m  i vs f r o
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was greatly improved with ripening. In fact the cheese was ready for 
consum ption after 1 month of ripening and was accepted by most o f the taste 
panel. T he average scores after 1 month and at the end of ripening period are 
show n in Table 5. The results show no differences between the cheeses except in 
colour, which was slightly brown with soymilk cheeses.

T he results given were with cheese matured in 15% brine. The results with 
20% brine were about the same, so that either concentration is suitable for 
pickling.

Conclusion

T he main aspect o f this study is the possibility of replacing some of the milk with 
soym ilk in cheese making to overcom e milk shortages in underdeveloped  
countries.

Soym ilk proteins are hydrophilic, which result in poor curd syneresis. The 
m anufacture o f satisfactory cheese becam e possible when additional steps were 
em ployed  to enhance whey drainage. The m ethod described produced cheeses 
with satisfactory properties and could possibly be applied to other types of 
cheese.

T he com parison o f the chemical com position of cheeses containing soymilk 
with that o f w hole milk cheese has demonstrated that the method o f preparing 
soym ilk was o f critical importance. The most significant effect of the method of 
preparing soymilk was on cheese yield, as a mixture o f soybean milk from 
soyflour (soym ilk II) and w hole milk gave the lowest cheese yield. Moisture and 
solub le nitrogen were the constituents most influenced by the use of soymilk. 
T he m oisture and soluble-nitrogen contents were higher in soymilk cheese than 
in the control cheese.

O rganoleptic exam ination emphasized the importance of developing a 
m ethod  which would yield soymilk with a blank flavour, as fresh cheeses from 
soym ilk failed to get the acceptance of the panel because of the nutty flavour. 
H ow ever, the flavour was greatly improved on ripening, so that cheese pickling 
is highly recom m ended.

T he m ost important findings are that the presence of soybean milk reduces 
the loss in m oisture and weight, increases the developm ent o f acidity and 
enhances protein breakdown. It is concluded that the presence o f soymilk may 
activate the lactic acid producing bacteria and the proteolytic enzymes present 
in the cheese. Further study is needed to clarify this aspect.

L ittle difference was found between the cheeses in their amino acid content. 
T hus the use o f soybean milk for cheese making has little influence on the 
nutritive value o f the cheese.
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Factors controlling the growth of Clostridium botulinum  
types A and B in pasteurized, cured meats

III. The effect of potassium sorbate

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

Summary

T he growth o f Clostridium botulinum  types A  and B spores, at 10' or 10:! per 
container, was studied in a pork slurry system containing nitrite (40 ¡x g/g), sodium  
chloride (2.5, 3 .5 , 4.5%  w/v) sodium isoascorbate (550 /xg/g) at varying pH 
levels, with or without potassium sorbate (0.26% w /v), without heating and 
after tw o heat treatments (80°C for 7 min, and 80°C for 7 min +  70°C for 1 hr) 
fo llow ed  by storage at 15, 17.5, 20 or 35°C for up to 6 months. A t a given spore 
inoculum , potassium sorbate significantly decreased toxin production, as did 
increasing NaCl, decreasing pH or decreasing storage temperature. Heat 
treatm ent did not significantly affect spoilage or toxin production overall, but 
interacted significantly with som e factors. The effect of sorbate was greater at 
3.5%  N aC l than at 2.5% , at pH values below 6.0, and at low storage 
tem perature.

Introduction

Sorbic acid and potassium sorbate are firmly established as permitted 
preservatives o f a wide range o f manufactured or processed foods (A non, 1979). 
B oth are listed as ‘generally recognized as safe’ (G R A S) food additives by the 
F ood and Drug Administration o f the U .S .A . (Pierson, Smoot & Stern, 1979; 
Sofos, Busta & A llen , 1979b) although G R A S status for the use o f potassium  
sorbate in bacon was recently refused (A non, 1980). The overall safety of 
potassium  sorbate and sorbic acid as food additives is also recognized by W HO  
at an acceptable daily intake o f 0.25 mg/kg body weight (A non, 1974).

Authors' addresses: Meat Research Institute, Langford, Bristol BS18 7DY, and *School of 
Mathematics, University of Bath, Claverton Down, Bath BA2 7AY.

0022—1163/82/0600-0307 $02.00 ©  1982 Blackwell Scientific Publications
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S o rb ic  acid is one o f a group of organic acids and esters w hich inhib it yeasts 
and m o uld s (G o o d in g , 1945) and is w idely used to inhib it them in ferm ented 
fo o d s and p ick le s (P h illip s  &  M u n d t, 1950; C ostilo w , Ferguson &  R a y , 1955; 
C o s tilo w  e t a i ,  1957; Shenem an &  C o stilo w , 1955; C o stilo w , 1957) and as a 
p re se rv a tiv e  in cheese (Sm ith &  R o llin , 1954a, b; M e ln ick  &  L u ckm a n n , 1954a, 
b ; M e ln ic k , L u c k m a n n  &  G o o d in g , 1954a, b). S orb ic acid has also been added 
to ice  w ater to retard b acterial growth on live crawfish and freshly killed , dressed 
ch ick e n s (K a lo y e re a s, C ro w n  &  M cC la sk y , 1961). A  potassium  sorbate dip 
s ig n ifica n tly  red uced  the grow th o f bacteria on p oultry pieces (R o b a ch  &  Iv e y , 
19 78 ), and potassium  sorbate also delayed growth o f V ibrio  parah aem olyticus  in  
la b o ra to ry  m edia and crab meat and flo und er hom ogenate (R o b a ch  &  H ic k e y , 
1978).

E a r ly  w o rk  (E m a rd  &  V au g h n , 1952; Y o r k  &  V au g h n , 1954; 1955) show ed 
that Clostridia, in  p a rticu la r C lostrid ium  botu linum , grew in laboratory m edium  
in  the presen ce o f so rb ic acid and its use as a preservative in meat products has 
co n se q u e n tly  been very restricted. T h e  possible use of sorbates to inhib it m ould 
sp o ilag e o f m eats prom pted T o m p k in  et al. (19 74) to study the effect o f 
p otassium  sorbate on the growth o f food-borne pathogens in cooked sausage 
w h e re  0 .1 %  d elayed grow th o f the norm al spoilage flora for 1 day. G ro w th  of 
sa lm o n e lla e  (five  species) was m arked ly retarded as was growth and toxin 
p ro d u ctio n  o f Cl. bo tu linum . T h e  decline o f Cl. perfringens  to undetect
ab le  le ve ls w as un related  to the presence o f potassium  sorbate. T h is partial 
in h ib itio n  o f Cl. bo tu lin u m  by potassium  sorbate/sorbic acid in a meat product 
p ro m p te d  fu rth e r experim ents in the U .S .A . (Iv e y  et a l., 1978; Ive y  &  
R o b a c h , 1978; Sofos e ta l . ,  1979b, d) to determ ine its effect on Cl. bo tu lin um  in 
cu re d  m eat w ith a view  to replacing som e, o r all o f the added nitrite with 
potassium  sorbate. A  reduction in the am ount o f nitrite ingested was deem ed 
d e sira b le  to reduce fu rth e r the possib ility  o f nitrosam ine form ation from  
re a ctio n  betw een nitrite and secondary o r tertiary am ines, w hich m ay be present 
in  the stom ach.

T h e  o v e ra ll co nclu sio ns were that com binations of ‘lo w ’ nitrite (40/u.g/g) plus 
so rb a te /so rb ic  acid co ntro lled  the growth o f Cl. bo tu lin um  as effectively as the 
le v e l o f  n itrite  (156 p g /g )  presently used in the U .S .A . T h e  low  level o f nitrite 
(40 p g /g )  had no significant effect on the growth of Cl. botu linum , but was 
in c lu d e d  to ensure acceptable cured co lo u r and flavour. These experim ents 
w ere th o ro u g h ly  review ed by Sofos, B usta and A lle n  (1979a) and further w o rk 
has sub seq ue n tly  been p ublished (Sofos, B usta &  A lle n , 1979c, 1980a; Sofos et 
a l.,  1980b; S h aver, 1979; R o b a ch  e ta l .,  1980).

In  the U .S .A .  cu rin g  b rin es com m only contain isoascorbic (erytho rb ic) acid 
(T o m p k in , C h ristia n se n  &  Shaparis, 1978). In  the U .K .  ascorbic acid (o r its 
so d iu m  o r calc iu m  salt) is perm itted on ly as an antioxidant (A n tio x id a n t in F o o d  
R e g u la tio n s, 1978) but is quite com m only included in pasteurized hams to 
accele ra te  and stabilize cure co lour. T h e  use o f isoascorbic acid as an 
a n tio xid a n t was review ed in 1964 (F o o d  Standards Com m ittee, 1964) but as 
a sco rb ic acid  was already perm itted its use was not recom m ended.
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F o llo w in g  the above claim s we have attem pted to test, over a w ider range of 
co n d itio n s  than the U .S . w o rkers, w hether potassium  sorbate in com bination 
w ith  40 p g /g  n itrite  was an effective in h ib ito r o f grow th o f Cl. bo tu lin um  in  a 
p o rk  s lu rry  system  used p re vio u sly  (R o b e rts, G ib so n  &  R o b in so n ; 1981a, b, c). 
A lth o u g h  isoascorbate is not a perm itted food additive in  the U .K .  it was 
selected  to facilitate  com parison w ith U .S . w o rk , since there is no evidence that 
iso asco rb ate  d iffers from  ascorbate w ith respect to its effect on the growth o f Cl. 
b o tu lin u m .

Materials and methods

D e ta ils  o f  the m eat s lu rry  system, spore in o cula, heat treatm ent, toxin tests and 
ch e m ica l analyses w ere described by R o b e rts e t a l ,  (1981a, b).

E x p er im en ta l p lan

T h e  factors stud ied  w ere:
N a C l (%  w /v  on w ater)
N a N C L  (p g /g  s lu rry )
S o d iu m  isoascorbate (p g /g  s lu rry) 
P o tassiu m  sorbate (%  w /v  slu rry) 
In o c u lu m  (sp ores p er bottle) 
H e a t  treatm ent

Storage tem perature (°C )
In it ia l p H  o f m eat (a p p ro x.)

2.5, 3 .5, 4.5 
40 

550 
0 ,0 .2 6  
10,1000
0, 80°C /7 m in (L O W ), 80°C /7 m in 
+ 7 0 ° C /1  h r ( H IG H )
15, 1 7 .5 ,2 0 , 35 
5.8, 6.4

Table 1. List of slurries prepared including chemical analysis immediately after preparation

Slurry
No.

pH
value

NaCl
(% w/v water)

Nitrite 
(M g/g) Isoascorbate

(Ag/g)
(Added)

Sorbate 
(% w/v) 
(Added)

H..O
(%)Added Detected Added Detected (%)

165
HIGH
6.56 2.5 2.05 40 29 550 0 0.70 90.22

166 6.49 2.5 1.95 40 28 550 0.26 0.61 89.28
167 6.40 3.5 3.67 40 34 550 0 0.85 86.83
168 6.45 3.5 2.97 40 28 550 0.26 0.73 88.22
175 6.46 4.5 4.19 40 24 550 0 0.74 86.00
174 6.49 4.5 3.65 40 7 550 0.26 0.56 88.77

169
LOW
5.76 2.5 2.42 40 12 550 0 1.14 87.30

170 5.82 2.5 2.23 40 3 550 0.26 1.12 87.27
171 5.80 3.5 3.13 40 35 550 0 0.97 86.94
172 5.85 3.5 3.15 40 34 550 0.26 1.01 86.44
178 5.80 4.5 3.62 40 26 550 0 1.02 86.40
177 5.70 4.5 3.10 40 26 550 0.26 1.10 85.83
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A  com plete list o f slurries prepared is shown in T able  1. Bottles were 
e xa m in e d  d u rin g  storage for spoilage indicative o f growth o f Cl. botu linum , 
sp o ilag e being assessed on a scale o f 1-5 (R o b e rts e ta l.,  1981a). T o x in  tests were 
c a rrie d  out on sam ples reaching a score o f 5 and on all bottles rem aining after 6 
m o nths storage, irresp ective  of the extent of spoilage.

D a ta  co llec tin g  a n d  p rocessin g

S p oilag e data w ere reduced into a form  suitable for analysis of variance on the 
‘area u n d e r the m ean step fu n ctio n ’ (R o b e rts  e ta l .,  1981a).

L o g is tic  regression

T h e  p ro p o rtio n  o f sam ples containing toxin ( p ) w ithin each treatm ent 
co m b in a tio n  was calculated fo r use in a logistic regression. A  logistic m odel was 
u se d  to describe the relatio nship betw een the p ro b ab ility  o f toxin production 
and  the le ve l o f factors/variab les present (e.g. salt, tem perature, sorbate etc.). 
T h e  p ro b a b ility  o f a p ro p o rtio n  of sam ples containing toxin at a given treatm ent 
co m b in a tio n  o f factors/variab les is m odelled by the follow ing equation:

=  1 
^  ( 1 + e ^ ) ’

w h e re  p  — (constant +/3saltx  [salt le ve l]+ /3sorbale x  [sorbate]+ .  . .) (R o b e rts et a l., 
1981c).

In  this eq u atio n  p  is term ed the lin e ar p red ictor and m ay include interactions 
b etw een factors. T h e  /3s are obtained by m axim um  lik elih o o d , i.e. since the 
p ro b a b ility  o f o b tainin g  the data is a functio n o f the data itself and the /3s in the 
lin e a r p re d icto r, the values o f ¡3 are chosen to m ake this pro b ability  as great as 
p o ssib le.

A n a ly s is  o f  dev ian ce

T h e  process o f m odel fitting was initiated by including the constant term only 
in  the above equatio n and progressed by includ ing  one extra term at a time, each 
o f  w h ich  was retained only if  the reduction in unexplained variation (resid ual 
d e v ia n c e ) o f the data was significant, e.g. try a linear term in salt first, and fit the 
m o d el:

p  (to x in  p ro d u ctio n ) -  1 + e _,c+;L xM„ evel])'

S in ce  the in c lu sio n  o f the term fo r salt resulted in a significant reduction o f the 
u n e x p la in e d  v a ria tio n , the term was retained and a second term (e.g. sorbate) 
w as fitted:

p  (to x in  p ro d u ctio n ) =  j  + e -1c^ „ x [ML , ]+g50rbale[sorbate])

T h is  pro cess was continued until no fu rther reduction in unexplained variation 
o ccu rre d .
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Results

E x a m p le s  o f the spoilage and toxin data accum ulated after 6 m onths’ storage are 
p re sen ted  in T a b le s 2 and 3 (F u ll data are stored on m agnetic tape, prepared 
u sin g  an IC L System  4 com puter. C o p ie s w ill be made available, on request, at 
cost o f tape +  hand ling ).

S p o ila g e  data

A n a ly s is  o f varian ce  revealed that the most significant m ain effects were storage 
tem p erature  and p F l, w ith ino culum  level, salt concentration and potassium  
sorbate also statistically significant, but sm aller. H eat treatm ent was not a 
sig n ifican t factor co n tro llin g  spoilage. T h ere  were several significant two- and 
th re e -fa cto r interactions. T h e  factors and interactions significantly affecting 
sp o ilag e are sum m arized in T a b le  4 and discussed below.

S in g le  fa c to rs  con tro llin g  spoilage:  (T a b le  5 ) D ecreasing storage tem perature, 
o r  in it ia l p H , o r in o culu m  level o r adding potassium  sorbate (0 .2 6 % ) all 
s ig n ifica n tly  decreased spoilage. In creasin g  salt from  a calculated 2 .5 -3 .5 %  also 
d ecreased  spoilage but increasing salt to 4 .5 %  did not reduce spoilage further 
(N B : T h e  levels o f salt used in the analysis o f variance [2.5, 3 .5, 4 .5 % ] were 
v a lu e s calculate d  from  the am ount o f salt and w ater added to the meat. 
C h e m ic a l an alysis o f slurries after p rep aration (see T a b le  1) revealed that the 
target salt le ve l o f 4 .5 %  was not achieved, an in most cases those salt 
co n ce n tra tio n s w ere nearer 3 .5 % . T h e  salt levels referred to in this p ap er are 
n o m in a l levels [i.e . 2.5, 3 .5 , 4 .5 % ] unless otherwise stated). Since increasing 
heat treatm ent from  0 to L O W  o r to H I G H  did  not significantly affect spoilage, 
these results seem relevant to unheated as w ell as pasteurized cured meats.

T w o -fa c to r  interactions:  (T a b le  6) Storage tem perature was a highly 
sig n ifican t factor and at high storage tem peratures there was significantly m ore 
sp oilag e at high in o cu lu m  levels and w ith ‘h ig h’ in itia l p H .

A lth o u g h  heat treatm ent was not significant ove rall, it interacted w ith sorbate 
an d , in  the presence o f sorbate, heating (either L O W  o r H IG H )  significantly 
in cre a se d  spoilage. A t  ‘h ig h ’ in itia l p H , adding sorbate did not significantly 
red u ce  spoilage.

M a n y  in te ractio n s in vo lvin g  salt were significant because spoilage at 4 .5 %  salt 
w as not sig nificantly less than at 3 .5 % , possibly the result o f discrepancies 
betw een the n o m in al and analysed salt levels. T h e interation between salt and 
p H  w as significant because at ‘lo w ’ in itia l p H  increasing salt from  3.5  to 4 .5 %  
sig n ifica n tly  increased  spoilage. A t  high storage tem peratures (35°C ) increasing 
salt fro m  3 .5  to 4 .5 %  significantly increased spoilage.

T h ree-factor interactions:  These were sm all com pared with the single m ain 
effects. M a n y  in vo lve d  salt and w ere significant because the 4 .5 %  salt level did 
not alw ays result in  significantly less spoilage than 3 .5 %  salt.
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Table. 4. Summary of factors and interactions significantly affecting spoilage 
and toxin production in slurries containing sorbate

Spoilage data(analysis of variance) Toxin data (logistic regression analysis)

inoculum level inoculum level
initial pH initial pH
salt salt
potassium sorbate potassium sorbate
storage temperature storage temperature
— saltxsalt (i.e. S-)
— temperaturextemperature (i.e. T-)
pH x salt —
heat x sorbate heat x sorbate
pH x sorbate —
pH x storage temperature pH x storage temperature
saltx storage temperature salt x storage temperature
— inoculum x sorbate
— inoculum x storage temperature
— pH x heat
heat x pH x salt —
pH x salt x sorbate —
inoculum x pH x storage temperature —
heatx salt x storage temperature —
pH x salt x storage temperature —
pH x sorbate x storage temperature —

T oxin  data

T h e  p ro b a b ility  o f toxin pro d uctio n as m odelled by logistic regression analysis is 
an in cre asin g  functio n o f the lin e ar p red ictor, fu., so that the influence on toxin 
p ro d u ctio n  o f a single factor m ay be visualized by plotting the linear p red ictor 
against that factor.

T h e re  w as evidence of no n-linearity w ith storage tem perature and nom inal 
salt co n ce n tra tio n  (Fig s. 1 &  2). T h e  linear p redictor increased steeply with 
in cre a sin g  storage tem perature from  15°C to 20°C (Fig . 1) but did not increase 
fu rth e r at 35°C . In  F ig . 2 the lin e a r p red ictor decreased with increasing 
(n o m in a l) salt from  2.5 to 3 .5 % , w ith little o r no further decrease when salt was 
ra ised  to 4 .5 % . Since the concentration at n o m inally  4 .5 %  salt was considerably 
lo w e r than anticipated , the fu ll logistic regression analysis was repeated using 
the a n a lytica l values fo r salt concentration in each o f the slurries. W hen this 
second  lin e a r p re d icto r was plotted against salt (F ig . 3 ) the non-linearity was 
m o re p ro n o u n ce d . C o m p arin g  the two logistic regression analyses, m ore o f the 
v a ria tio n  was accounted fo r with the m odel using the nom inal salt levels. T h e 
p lo t o f lin e a r p re d icto r against tem perature was also repeated to include a 
seco n d  o rd e r term  fo r tem perature (tem perature-).
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Table 5. Analysis of variance on spoilage data. Effects of individual factors: figures given are the 
mean of the ‘area under the step function’ i.e. the smaller the number the less spoilage. (Roberts et 
al. 1981a).

Treatment Level tested
Number of 
replicates

Least 
significant 
difference (LSD)

P — <0.05 P=<0.01

Sodium chloride 2.5 3.5 4.5
(%  w/v on water) 456.8 367.6 382.6 96 19.42 25.70
Potassium sorbate 0 0.26
( %  w/v) 411.9 392.8 144 15.86 20.98
Inoculum 10 1000

383.4 421.3 144 15.86 20.98
Pleat treatment *UH PLOW ¿HIGH

395.7 410.4 401.0 96 19.42 25.70
pH values §‘low’ **‘high’

344.6 460.1 144 15.86 20.98
Storage temperature 15 17.5 20 35

269.0 310.5 393.5 636.5 72 22.66 30.14

*Unheated 
t80°C for 7 min 
±80°C for 7 min+70°C 1 hr 
§5.70-5.85 

**6.40-6.56
Treatment levels are significantly different when their means differ by more than the LSD.

Table 6. Analysis of variance on spoilage data. Effects of two-factor interactions: figures given are the 
mean of the ‘area under the step function’ i.e. the smaller the number the less the spoilage (Roberts e t al. 
1981a)

Treatment Level tested
Number of 
replicates

Least 
significant 
difference (LSD)

P =  <0.05 P=<0.01

Inoculumx heat 10 1000
UH 383.7 404.1 48 28.04 37.48
LOW 392.3 428.5
HIGH 370.7 431.2

InoculumxpH 10 1000
‘low’ 324.4 364.8 72 22.66 30.14
‘high’ 442.4 477.8

pH x heat ‘low’ ‘high’
UH 340.8 450.6 48 28.04 37.48
LOW 347.5 473.4
HIGH 345.6 456.3
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Table 6 continued

Treatment Level tested
Number 
of replicates

Least 
significant 
difference (LSD )

P = <  0.05 P=<0.01

Sorbatex inoculum 0 0.26
10 387.1 379.7 72 22.66 30.14

1000 436.7 405.9
SorbatexpH 0 0.26

‘low’ 365.5 323.7 72 22.66 30.14
‘high’ 458.3 461.9

Sorbatex salt 0 0.26
2.5 461.4 452.2 48 28.04 37.48
3.5 390.5 344.7
4.5 383.8 381.5

Sorbatex heat 0 0.26
UH 427.5 363.9 48 28.04 37.48
LOW 418.4 402.4
HIGH 389.8 412.1

Saltx inoculum 2.5 3.5 4.5
10 438.7 343.7 367.9 48 28.04 37.48

1000 475.0 391.5 397.4
SaltxpH 2.5 3.5 4.5

‘low’ 389.7 292.3 351.9 48 28.04 37.48
‘high’ 524.0 442.9 413.4

saltx heat treatment 2.5 3.5 4.5
UH 444.1 372.7 370.3 32 34.68 46.75
LOW 462.0 373.8 395.4
HIGH 464.4 356.2 382.2

Storage temperature 15 17.5 20 35
x inoculum 10 270.5 298.2 372.7 592.2 36 32.36 43.25

1000 267.4 322.8 414.3 680.7
Storage temperature 15 17.5 20 35
x pH ‘low’ 249.7 275.8 333.6 519.6 36 32.36 43.25

‘high’ 288.2 345.5 453.4 753.3
Storage temperature 15 17.5 20 35
x sorbate 0 283.4 317.5 399.7 646.9 36 32.36 43.25

0.26 254.5 303.5 387.3 626.0
Storage temperature 15 17.5 20 35
x heat UH 265.7 234.5 393.9 638.6 24 40.44 59.96

LOW 268.7 328.9 390.0 654.0
HIGH 272.5 318.1 396.6 616.7

Storage temperature 15 17.5 20 35
Xsalt 2.5 282.6 366.7 455.6 722.4 24 40.44 59.96

3.5 264.2 274.8 382.4 549.0
4.5 260.0 290.1 342.5 638.0
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Figure 1. The effect of storage temperature on the linear predictor (/x). X, Median point.

Figure 2. The effect of salt (nominal concentration on the linear predictor (/x). 
X, Median point.

Figure 3. The effect of salt (analysed concentration) on linear predictor (/u.).
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A lth o u g h  heat treatm ent was not significant o verall, it was included in the 
m o d el because there w ere significant higher order interactions involving heat 
treatm ent. T h e  final m odel contained all the m ain effects including a term for 
(sa lt )2 and  (tem p eratu re)2, plus six o f the most significant interactions, and took 
the fo rm :

f i =  - 1 1 . 6 7
-  (6.099 x S )
+  13.04
+  16.69 
+  (0.2920 X T )
+  (0 .5 4 15 ) 
- ( 1 . 7 8 3 )
+  ( 1 . 5 7 8 x p H )  
- (0 .0 2 3 8 2  x T 2)
+  (0.579 0 x S 2)
+  0.05071 x S x T )
+  ( 0 . 1 4 2 7 x p H x T )  
+  (0 .0 6 2 7 2 x T )
+  (0 .0 375 8 )
+  (1 .0 9 1) 
- (0 .8 6 3 8 )
-  (2 .122 x  p H )
-  (2.898 x  p H )

w here S ■ = N a C l (%  w /v on the w ater)
if  heat treatm ent L O W
if heat treatm ent H IG H
w here T  =  storage tem perature (°C )
if ino culum  10:!
if  sorbate (0 .2 6 % ) present

if  ino culum  10:i
if  sorbate present a n d  heat treatm ent L O W  
if  sorbate present a n d  heat treatm ent H IG H  
if  sorbate present a n d  inoculum  102 
if  heat treatm ent L O W  
if  heat treatm ent H IG H

P ro b a b ilitie s  o f toxin p roduction fo r all com binations of additives and 
treatm ents tested w ere calculated (T ab le s 7 -1 2 ) according to the form ula:

^  ( l  +  e~>)

In  this analysis, p H  was treated as a variable  and probabilities have been 
ca lc u la te d  o v e r the p H  range 5 .7 -6 .6 , at intervals o f 0.1 p H  units. T h e p H  levels 
o f s lu rrie s  p re p ared  (T a b le  1) fe ll w ithin this range although slurries could not be 
p re p a re d  to a specified p H .

Sign ifican t fa c to rs  an d  interactions

H e a t treatm ent was the only single factor not significantly affecting toxin 
p ro d u ctio n , as was the case in the analyses o f variance of the spoilage data. T h e 
re lative  co n trib u tio n s o f significant factors co ntro lling toxin production is 
illu stra te d  by the analysis of deviance in T a b le  13, where the total deviance 
(v a ria tio n ) was 1366. In clu d in g  a term fo r sorbate in the m odel reduced the 
d evian ce  by 110. S im ila rly , including terms fo r salt and tem perature further 
red u ce d  the deviance by 80 and 154 respectively. T h e  most significant single 
factors w ere p H  and storage tem perature. Sorbate, salt and inoculum  level were 
also sig nificant, but som ewhat less im portant than p H  o r storage tem perature.
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M a n y  o f the significant interactions involved storage tem perature. T h e 
salt x  storage tem perature interaction m ay on ly be significant because 4 .5 %  salt 
was no m ore effective than 3 .5 % . T h e  p H x s to ra g e  tem perature interaction 

in d ica te d  that increasing storage tem perature resulted in significantly m ore 
to x in  p ro d u ctio n  at ‘h ig h’ p H . A g ain  this interaction was probably only 
sig nificant because o f the large m ain effects o f these two factors. Increasing 
storage tem perature also resulted in significantly m ore toxin production when 
the in o cu lu m  was 10:s spores p er bottle.

Table 7. Probability (%) of toxin production by C l. b o tu lin u m  type A and B*, in pork 
slurry containing 40 /xg/g sodium nitrite, 550 pg/g sodium isoascorbate, inoculum 10 
spores per bottle

N
aC

l (
%
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t<

pH
 o

f s
lu

rr
y

po
ta

ss
iu
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(0
.2

6%
 w

/v
)

Unheated +LOW heat THIGH heat

115 17.5 20 35 15 17.5 20 35 15 17.5 20 35

2.5 5.7 - § 21 45 66 38 40 67 83 60 34 61 78 53
2.5 5.7 + § 6 17 33 13 15 34 55 28 11 28 48 22
2.5 5.8 - 28 55 74 53 44 71 86 70 36 64 81 62
2.5 5.8 + 9 24 43 23 17 39 60 37 12 31 52 30

2.5 5.9 - 35 64 82 69 48 75 88 78 38 67 83 71
2.5 5.9 + 12 31 53 36 19 43 65 48 13 34 56 38
2.5 6.0 - 44 73 87 81 51 78 90 85 40 69 85 78
2.5 6.0 + 17 40 64 51. 21 48 70 59 14 36 59 47
2.5 6.1 — 53 80 91 89 55 81 92 90 42 72 87 84
2.5 6.1 + 22 50 73 67 24 53 75 69 15 39 63 57
2.5 6.2 - 61 85 94 94 59 84 94 93 44 74 89 88
2.5 6.2 + 29 60 80 79 27 57 79 78 17 42 67 66

2.5 6.3 — 69 90 96 97 62 86 95 95 46 77 90 92
2.5 6.3 + 36 69 86 88 30 62 82 84 18 45 70 74
2.5 6.4 - 76 93 97 98 66 88 96 97 48 79 92 94
2.5 6.4 + 45 76 91 93 33 66 85 89 19 48 74 80

2.5 6.5 — 82 95 98 99 69 90 97 98 50 81 93 96
2.5 6.5 + 54 83 94 96 36 70 88 93 20 52 77 86
2.5 6.6 - 87 97 99 100 72 92 97 99 53 83 94 97
2.5 6.6 + 62 88 96 98 40 74 90 95 22 55 79 90

* Inoculum consists of a mixed suspension of equal numbers of spores of five strains 
of C l. b o tu lin u m  type A and B. 

t Storage temperatures (°C)
fLO W  = heated in water at 80°C for 7 min which raised centre temperature to 

70°C; H IGH = heated in water at 80°C for 7 min, plus 70°C for 1 hr.
§ + = Sorbate present at stated level; -  = sorbate absent.
The percentage probabilities are rounded to the nearest whole number.
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A lth o u g h  heat treatm ent was not significant o ve rall, it interacted with several 
o th e r factors: the H I G H  heat treatm ent was significantly more effective at ‘h ig h’ 
p H . T h e  ad d itio n  o f sorbate was less effective after H IG H  heat treatm ent, but 
had  a g reater effect at the 10:! inoculum  level.

Discussion

T h is  w o rk  was in itiated , fo llow ing published claim s that sorbate was an effective 
in h ib ito r  o f  CL bo tu lin u m  in experim ental bacons ( I v e y e ta l . ,  1978) and canned 
co m m in u te d  p o rk  (Iv e y  &  R o b a ch , 1978), to establish w hether potassium  
so rb ate  also in h ib ite d  outgrow th o f Cl. bo tu lin um  in  this p o rk  slurry system, 
w h ic h  d iffers in several respects from  the canned, com m inuted p o rk above, and 
ch ic k e n -fra n k fu rte r em ulsions of Sofos et a l., (1979d).

Table 8. Probability (%) of toxin production by C l. b o tu lin u m  type A andB*, in pork 
slurry containing 40 /u,g/g sodium nitrite, 550 p,g/g sodium isoascorbate, inoculum 10 
spores per bottle

03
£
co

0CS
Z pH

 o
f s

lu
rry
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ta

ss
iu

m
 so

rb
ai 

(0
.2

6%
 w

/v
)

Unheated fLO W  heat ±HIGH heat

115 17.5 20 35 15 17.5 20 35 15 17.5 20 35

3.5 5.7 4 13 28 20 10 27 49 39 7 22 42 33
3.5 5.7 + § 1 4 9 6 3 9 20 14 2 7 16 11
3.5 5.8 - 6 18 37 33 11 31 55 50 8 24 46 41
3.5 5.8 + 2 5 13 11 3 10 24 20 2 7 18 15
3.5 5.9 - 8 25 48 48 13 35 60 61 9 26 50 51
3.5 5.9 + 2 8 19 19 4 12 28 28 2 8 20 21
3.5 6.0 - 11 32 58 64 14 39 65 71 9 29 54 60
3.5 6.0 + 3 11 26 31 4 14 32 38 3 9 23 28
3.5 6.1 - 15 41 68 77 16 44 70 79 10 31 58 69
3.5 6.1 + 4 15 35 46 5 17 37 49 3 10 26 36
3.5 6.2 - 20 51 77 87 18 49 75 85 11 34 62 76
3.5 6.2 + 6 21 45 62 5 19 43 60 3 12 29 45
3.5 6.3 - 26 61 83 93 21 53 79 90 12 37 66 82
3.5 6.3 + 8 28 56 76 6 22 48 70 3 13 33 54
3.5 6.4 - 34 70 88 96 23 58 82 93 13 40 69 87
3.5 6.4 + 11 37 66 86 7 26 54 78 4 14 36 63
3.5 6.5 - 42 77 92 98 26 62 85 96 14 43 72 91
3.5 6.5 + 16 46 75 92 8 30 59 85 4 16 40 72
3.5 6.6 - 51 83 95 99 29 67 88 97 15 46 75 94
3.5 6.6 + 21 56 82 96 9 34 65 90 4 18 44 79

Key as fo r Table 7.
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O u r  results show  that the addition o f 0.26%  sorbate in the presence o f 40 /xg/g 
n itrite  sig nificantly reduced spoilage and toxin production in p o rk  slurry. T h e 
effect w as greater at 3 .5 %  salt than 2 .5 % , at p H  values below  6.0, and at low  
storage tem perature. T h e  beneficial effect o f sorbate was reduced if  10:! spores 
p e r  bottle  w ere used as the inoculum . F o r  exam ple, in a slu rry  containing 2 .5 %  
salt, at p H  5 .8 , w ith  no heat treatm ent and inoculated w ith 10 spores p er bottle 
the p re d icte d  p ro b a b ility  o f toxin p ro d uctio n after storage at 15°C was reduced 
fro m  28 to 9 %  by the addition o f 0.26%  potassium  sorbate. I f  the p H  was 6.4, 
b u t a ll o th e r co n d itio n s w ere the same, the addition o f 0.26%  potassium  sorbate 
re d u ce d  the p red icted  p ro b ab ility  of toxin pro d uctio n from  76  to 45%  (T a b le  7 ). 
I f  the in o cu lu m  was 10:! spores p er bottle, the predicted p ro b ability  o f toxin 
p ro d u c tio n  at p H  5.8  was reduced from  62 to 1 5 % , and at p H  6.4 from  93 to 60%  
w h e n  sorbate was added (T ab le s 7  and 10).

O u r  results sup p ort U .S . claim s (Iv e y  e ta l . ,  1978, Ive y  &  R o b ach , 1978) that 
p o tassiu m  sorbate delayed the growth o f Cl. bo tu lin um  in  bacon containing

Table 9. Probability ( % )  of toxin production by Cl. b o tu lin u m  type A and B*, in pork 
slurry containing 40 p.g/g sodium nitrite, 550 /ug/g sodium isoascorbate, inoculum 10 
spores per bottle

N
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Unheated ± LOW heat ¿H IGH  heat

115 17.5 20 35 15 17.5 20 35 15 17.5 20 35

4.5 5.7 -§ 2 8 20 26 5 17 38 47 4 14 32 40
4.5 5.7 + § 1 2 6 8 1 5 14 18 1 4 11 14
4.5 5.8 - 3 11 28 40 6 20 44 58 4 15 35 49
4.5 5.8 + 1 3 9 14 2 6 17 26 1 4 12 20
4.5 5.9 — 4 16 37 56 7 23 49 68 5 17 39 58
4.5 5.9 + 1 4 13 24 2 7 20 35 1 5 14 26
4.5 6.0 - 6 21 47 71 8 27 55 77 5 19 43 67
4.5 6.0 + 2 6 19 38 2 9 24 45 1 6 16 34
4.5 6.1 - 8 29 58 82 9 31 60 84 5 21 47 75
4.5 6.1 + 2 9 26 54 2 10 28 56 1 6 18 43
4.5 6.2 - 11 37 68 90 10 35 65 89 6 23 51 81
4.5 6.2 + 3 13 35 69 3 12 33 67 2 7 21 52
4.5 6.3 - 15 47 76 94 12 39 70 92 6 25 55 86
4.5 6.3 + 4 18 45 81 3 14 38 76 2 8 24 62
4.5 6.4 - 20 56 83 97 13 44 75 95 7 27 59 90
4.5 6.4 6 25 56 89 4 17 43 83 2 9 27 70

4.5 6.5 — 27 66 88 98 15 48 79 97 7 30 63 93
4.5 6.5 + 8 33 66 94 4 19 48 88 2 10 30 77
4.5 6.6 - 34 74 92 99 17 53 82 98 8 33 66 95
4.5 6.6 + 12 42 75 97 5 22 54 92 2 11 33 83

Key as fo r Table 7.
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a p p ro xim a te ly  3 .5 %  salt (on w ater) and 0 o r low (40 /xg/g) nitrite, and confirm  
the g reater effectiveness o f sorbate at io w ' p H  (Sofos et al., 1980a).

T h e  n o n -lin e a r effect of storage tem perature and salt was not apparent in 
e a rlie r  analyses (R o b e rts  et al., 1981a, b, c) and is difficult to interpret. From  
F ig . 1, the lin e a r p re d icto r rises steeply with increasing storage tem perature and 
p eak s betw een 20 and 35°C , fin ally  falling tow ards 35°C. Since no interm ediate 
tem p eratures w ere studied it is not advisable to estimate the tem perature at 
w h ich  the m axim um  lin e ar p red ictor occurs, or to use this m odel to generate 
p ro b a b ilitie s  o f toxin production between 20 and 35°C. T h e m odel is quadratic 
and  generated values o f p  are heavily  dependent on the 35°C data because o f the 
large gap betw een 20 and 35°C.

T h e  in tention of this w o rk was to investigate toxin production at low er storage 
tem p eratures rather than to determ ine the optim um  tem perature fo r its 
p ro d u ctio n . H e n ce  o u r in ab ility  to define accurately the tem perature at w hich 
the m axim um  am ount o f toxin is produced should not be over-em phasized.

Table 10. Probability (%) of toxin production by Cl. b o tu lin u m  type A and B*, in pork 
slurry containing 40 /xg/g sodium nitrite, 550 /xg/g sodium isoascorbate, inoculum 1000 
spores per bottle

<D
3X)
i-c

t '  ”  >
I  I V
J2 Unheated fLOWheat +HlGHheat
°  s S -----------------------------------------------------------------------------------
a. S. £ . t15 17-5 20 35 15 17-5 20 35 15 17-5 20 35

2.5 5.7 - § 54 81 92 90 74 91 97 96 68 89 95 94
2.5 5.7 + § 11 31 55 50 24 53 75 71 19 46 70 65
2.5 5.8 - 62 86 94 94 77 93 97 97 70 90 96 96
2.5 5.8 + 15 40 65 65 27 58 79 79 21 49 73 73
2.5 5.9 - 70 90 96 97 80 94 98 98 72 91 97 97
2.5 5.9 + 20 50 74 78 30 62 83 86 22 52 76 80
2.5 6.0 - 77 93 98 98 82 95 98 99 74 92 97 98
2.5 6.0 + 27 59 81 87 33 66 86 90 23 55 79 85
2.5 6.1 - 83 95 98 99 84 96 99 99 75 93 98 99
2.5 6.1 + 34 68 87 93 36 70 88 93 25 58 81 89
2.5 6.2 - 87 97 99 100 86 96 99 100 77 94 98 99
2.5 6.2 + 42 76 91 96 40 74 90 96 27 61 84 92
2.5 6.3 - 91 98 99 100 88 97 99 100 79 94 98 99
2.5 6.3 + 51 82 94 98 44 78 92 97 29 64 86 95
2.5 6.4 - 93 98 100 100 89 97 99 100 80 95 98 100
2.5 6.4 + 60 87 96 99 47 81 94 98 30 67 88 96
2.5 6.5 - 95 99 100 100 91 98 99 100 81 95 99 100
2.5 6.5 + 68 91 97 99 51 83 95 99 32 70 89 97
2.5 6.6 - 97 99 100 100 92 98 100 100 83 96 99 100
2.5 6.6 + 75 94 98 100 55 86 96 99 34 72 91 98

co

U3
z

K ey  as fo r T a b le  7.
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P u b lish e d  data on the tem peratures fo r m axim um  rate of growth of Cl. 
b o tu lin u m  are re lative ly  p oor, and the most com plete study rem ains that of 
O h y e  and Scott (19 53). F ro m  their nephelom etric study of growth o f ten strains 
each o f  types A  and B  at tem peratures from  12.5 to 45°C, the tem perature at 
w h ich  m axim um  rate o f growth occurred  is clearly between 3 7  and 42.5°C, and 
fro m  th e ir F ig . 1 appears to be c. 40°C. T o x in  titres were not perform ed, and the 
y ie ld  o f cells was less at 42.5 than at 37°C .

T h e  n o n -lin e a r effect of salt (F ig . 2) was at first believed to be the result of 
a p p a re n tly  achieving  co nsiderably low er levels than form ulated fo r 4 .5 %  salt, 
but rep eating  the statistical analysis w ith detected salt levels confirm ed this 
n o n -lin e a rity  (F ig . 3 ). R o b a ch  (1980) investigated the com bined effects of salt, 
potassium  sorbate and storage tem perature on outgrowth of C l sporogen es  in 
la b o ra to ry  m edium  and reported that increasing salt levels (1 , 3 o r 5 % ) 
e n h an ce d  the in h ib itio n  attributable to sorbate (0 .1, 0.2 o r 0 .3 % ) at 24 and 
3 7° C . N o  inte ractio n  between salt and sorbate was evident in o u r slurry. R o b ach

Table 11. Probability ( % )  of toxin production by Cl. b o tu lin u m  type A and B*. in pork 
slurry containing 40 /xg/g sodium nitrite, 550/u.g/g sodium isoascorbate, inoculum 1000 
spores per bottle
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Unheated +LOW heat +HIGH heat

+15 17.5 20 35 15 17.5 20 35 15 17.5 20 35

3.5 5.7 -§ 15 43 69 79 31 65 85 91 26 58 81 88
3.5 5.7 + § 2 8 20 30 5 17 38 51 4 13 32 44
3.5 5.8 - 21 52 78 88 35 69 88 94 27 61 83 91
3.5 5.8 + 3 11 28 45 5 20 44 62 4 15 35 54

3.5 5.9 — 27 62 84 93 38 73 90 96 29 64 85 94
3.5 5.9 + 4 15 37 60 6 23 49 72 4 16 39 63
3.5 6.0 - 35 71 89 96 42 77 92 97 31 67 87 96
3.5 6.0 + 5 21 47 74 7 26 55 80 5 18 43 71

3.5 6.1 — 43 78 93 98 45 80 93 98 33 70 89 97
3.5 6.1 + 8 28 58 85 8 30 60 86 5 20 47 78
3.5 6.2 - 52 84 95 99 49 83 95 99 35 72 90 98
3.5 6.2 + 10 36 68 91 10 34 65 91 5 22 51 84

3.5 6.3 - 60 89 97 99 53 85 96 99 37 75 92 99
3.5 6.3 + 14 46 76 95 11 38 70 94 6 24 55 88
3.5 6.4 - 69 92 98 100 57 87 96 100 39 77 93 99
3.5 6.4 + 19 56 83 97 12 43 75 96 6 27 59 92

3.5 6.5 - 76 94 99 100 60 89 97 100 41 79 94 99
3.5 6.5 + 25 65 88 99 14 47 79 97 7 29 63 94
3.5 6.6 - 82 96 99 100 64 91 98 100 43 81 95 100
3.5 6.6 + 33 73 92 99 16 52 82 98 8 32 66 96

K ey  as fo r  T a b le  7.



324 T. A. Roberts, A. M. Gibson and A. Robinson

(19 8 0 ) also rep orted  an interaction between storage tem perature and sorbate, 
b oth in  the presence and absence o f salt. In  o u r slurry  no interaction between 
sorb ate and storage tem perature was evident but there was a significant 
in te ra ctio n  betw een salt and storage tem perature.

A lle r g ic  skin  reactions in some lab oratory w o rkers, and panellists testing the 
so rb ate-treated  bacon, resulted in the U .S .D .A .  refusing G R A S  status to 
potassium  sorbate in bacon (A n o n . 1980). C onsequ ently interest in the 
e xten d e d  use o f sorbate has waned. T h is  lim ited study has dem onstrated an 
in h ib ito ry  effect o f 0 .26 %  potassium  sorbate against Cl. botu linum  in p o rk  
s lu rry , and em phasizes the im portance to that in hib itio n o f low  p H  values and 
lo w  storage tem peratures. U se  o f potassium  sorbate at higher p H  values and 
h ig h e r storage tem peratures co uld  result in the proposed com bination of 
potassium  sorbate, nitrite  and ascorbate having a less inhib ito ry effect on 
g ro w th  o f Cl. bo tu lin u m  than 156 q-g/g nitrite.

Table 12. Probability (%) of toxin production by C l. b o tu lin u m  type A and B*, in pork 
slurry containing 40 /xg/g sodium nitrite, 550 /xg/g sodium isoascorbate, inoculum 1000 
spores per bottle
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Unheated ±LOW heat ¿H IGH  heat

115 17.5 20 35 15 17.5 20 35 15 17.5 20 35

4.5 5.7 -§ 8 30 59 84 19 51 78 93 15 44 73 91
4.5 5.7 +§ 1 4 14 36 2 10 28 59 2 8 23 52
4.5 5.8 - 12 39 69 91 21 56 82 95 16 47 76 93
4.5 5.8 + 1 6 20 52 3 12 33 69 2 9 26 61
4.5 5.9 - 16 48 77 95 24 61 85 97 17 50 79 95
4.5 5.9 + 2 9 27 67 3 14 38 77 2 10 29 70
4.5 6.0 - 21 58 84 97 26 65 88 98 18 54 82 97
4.5 6.0 + 3 13 36 80 4 17 44 84 2 11 33 77
4.5 6.1 - 27 67 89 99 29 69 90 99 20 57 84 98
4.5 6.1 + 4 18 47 88 4 20 49 89 3 12 36 83
4.5 6.2 - 35 75 92 99 33 73 92 99 21 60 86 98
4.5 6.2 + 6 25 57 93 5 23 55 93 3 14 40 88
4.5 6.3 - 43 81 95 100 36 76 93 99 23 63 88 99
4.5 6.3 + 8 32 67 96 6 26 60 95 3 15 44 91
4.5 6.4 - 52 87 97 100 40 80 95 100 24 65 89 99
4.5 6.4 + 11 42 76 98 7 30 65 97 3 17 48 94
4.5 6.5 - 61 91 98 100 43 82 96 100 26 68 91 100
4.5 6.5 + 15 51 83 99 8 34 70 98 4 19 52 96
4.5 6.6 - 69 93 99 100 47 85 96 100 27 71 92 100
4.5 6.6 + 19 61 88 99 9 38 75 99 4 21 56 97

K ey  as fo r  T a b le  7.
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Table 13. Analysis of deviance on factors controlling toxin production by Cl. botulinum  in pork 
slurries.

Factor/interaction
Degrees of 
freedom Deviance* Mean squares

Significance
(P=<0.01)

Potassium sorbate 1 110 110 S
Storage temperature 1 154 154 S
Salt 1 80 80 S
Heat treatment 2 6 3 NS
Inoculum level 1 67 67 S
pH of slurry (‘low’/'high’) 1 157 157 s
Saltxsalt (i.e. S-) 1 16 16 s
Storage temperature x storage

temperature (i.e. T 2) 1 104 104 s
Sorbate x heat 2 10 5 s
Salt x storage temperature 1 19 19 s
pH x heat 2 30 15 s
pH x storage temperature 1 16 16 s
Storage temperature x inoculum 1 9 9 s
Sorbate x inoculum 1 9 9 s
Residual 270 579 2.14

Total 287 1366

S = significant 
NS = not significant
*The contributions of the factors or interactions significantly affecting toxin production are 

reflected by the magnitude of figures in the deviance column.
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T h e  d e t e r m i n a t i o n  o f  i s o la t e d  s o y b e a n  p r o t e i n  i n  r a w  a n d  

p a s t e u r i z e d  m e a t  p r o d u c t s

D . J. A R M S T R O N G , S. H . R I C H E R T  a n d  S U S A N  M . R IE M A N N

Summary

S o d iu m  d o d ecyl sulfate-polyacrylam ide gel electrophoresis was used to 
d ete rm in e  the isolated soy protein content in raw  and pasteurized meat p ro 
ducts. T h is  m ethod determ ined soy protein ( ± 0 .5 % )  by using an internal 
sta n d a rd  p ro te in  (haem ocyanin) to com pensate fo r variations in the meat. T h e 
d ete ctio n  lim it fo r meat products was 0 .5 % . Several possible meat and non
m eat in terferences w ere exam ined and none were found to interfere. T h e assay 
can n o t be used on retorted products.

Introduction

W ith  the grow ing use o f soybean proteins in meat products, the need fo r a 
co m p etent m ethod of their detection and quantification has also grown. T h e  
m ethods p re v io u sly  used, review ed by O lsm an and K ro l (1978), can be divided 
into  six categories: m icroscopy and histochem istry, analysis o f chem ical (n o n 
p ro te in ) soybean constituents, im m unology, use of tracers, analysis of am ino 
acid s and peptides, and electrophoresis. A lth o u g h  none o f these was entirely 
successfu l, e lectrop ho resis was the most prom ising for the analysis o f isolated 
soy p ro te in  ( IS P ).

P o ly a cry la m id e  gel electrophoresis has often been used fo r detection o r 
q u a n tifica tio n  o f non-m eat proteins m ixed with those of meat (Parsons &  
L a w rie , 1972; H o fm an n  &  Penny, 1973; L ee  e ta l.,  1975; Lee e t a i ,  1976; G u y  &  
W illc o x , 19 77; H o m ayo u n far, 1977; Persson &  A p p le q vist, 1977; H ashizum e &  
N o g u ch i, 1978). H o w e v e r, few studies have tried to analyse soy protein in actual 
o r s im u lated  co m m ercial meat products. In  one such study by B e lja a rs  &  
O lsm a n  (1 9 7 7 ), ten different meat products (tw o raw , fo ur pasteurized and fo ur
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ste riliz e d ) w ere analysed by eleven laboratories. R esults were prom ising fo r the 
raw  and p asteurized  sam ples, but those fo r the sterilized samples were u n 
satisfactory.

D iffe re n t m easurem ents from  the scans of electrophoresed proteins have 
been used to determ ine the am ount o f soy protein in a meat product. These 
in c lu d e d  the area o f the characteristic soy p e a k (s), the area ratio of a soy peak to 
one o r m ore meat peaks, and the area ratio of a soy peak to all the peaks. These 
m ethods w ere affected by the am ount o f protein entering the gel and by the 
v a ria tio n s  in meat proteins. T h e  objective of this study was to develop a 
q u an titative  m ethod that w ould be independent o f protein variations.

M a te r ia ls  and  m e th o d s

P repara tion  o f  m ea t p ro d u cts

Sausage products were prepared by typical production methods. L ean beef, 
p o rk , salt and spices w ere chopped with ice. Fatty meats were then added and 
ch o p p in g  resum ed briefly. T h e m ixture was passed through an em ulsion m ill and 
stuffed  into casings. T h e  sausages were sm oked and cooked to an internal 
tem p erature at 70°C. A fte r a w ater show er, they were chilled  to 5°C.

T h e  co m p o sitio n o f the sausages was 12.9%  protein, 20.0%  fat and 63.2%  
m o istu re. W h e n  hydrated, isolated soy protein ( IS P ) was to be added (w ith the 
first ch o p p in g ), the fo rm ula was adjusted to p rovide constant com position. T h e 
kn o w n  IS P  concentrations, 0 .5 -4 .1 %  o f the total meat product, allow ed for 
sh rin kag e .

T h e  m eat p ro tein  products exam ined fo r interfering protein bands were 
o b tain e d  lo c a lly  and assayed 'as is ’ . T h e  vegetable protein sam ples were 
a va ila b le  in o u r lab oratory. T h e  soy protein products used for standard curves 
w ere co m m e rcia l sam ples.

T h e  ham  p ro d ucts w ere prepared as sim ulated, com m ercial boneless-ham s 
(H a w le y  &  T u le y , 19 77). Isolated soy protein was added to the ham pum ping 
s o lu tio n ; the am ount o f soy protein added (3.2  and 3 .5 % ) was calculated from  
the up take  o f the b rin e  solution and the concentration o f IS P  in the solution. 
T h e  ham s w ere m assaged gently to distribute the protein brine (no loss o f fluid 
o c cu rre d  d u rin g  m assaging).

T o  d eterm ine the effect o f therm al processing, a sausage product containing 
2 .0 %  IS P  was d ivided  into three lots. O ne lot rem ained raw , one was 
p asteu rized  n o rm ally  as sausage (70°C  internal tem perature), and one was 
can n ed  and retorted fo r 15 m in at 121°C. T h e IS P  content was confirm ed to be 
2 .0 %  by m eans o f a tracer ( T iO :).

P rep a ra tio n  o f  sam p les  fo r  electrophoresis

S am plin g . T h e  ends o f the sausages were discarded and samples 7.5  cm in 
length and 2.0 cm in diam eter (20 g) were taken from  the cores, unless m arked
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otherw ise. L arg e  and heterogenous sausages were pre-m ixed, then sam pled 
se v e ra l tim es to obtain a representative portion. A t least two sam ples were 
taken  from  each sausage. T h e hams were sam pled sim ilarly.

A c e to n e  extraction . E a ch  20 g sam ple was hom ogenized in 200 ml of acetone 
in a S o rv a ll O m n i m ixe r fo r 1 m in, then centrifuged at 18 000 g  for 15 m in. T h e 
p ellets w ere w ashed by this procedure twice and air-d ried  on a watch glass 
o ve rn ig h t. T h e  residues were gound in a M ik ro -M ill for 30 sec and weighed.

P ro te in  extraction . T h e  sam ple dispersing solution was 8.0 M urea, 3 .0 %  
so d iu m  d od ecyl sulfate (S D S ), 2.0 %  2-m ercaptoethanol and 0 .0 1%  haemo- 
cy a n in  (fro m  Sigm a C h e m ica l C o ., U .S .A .) .  T e n  percent of the pow der (200- 
350 m g) o b tained  from  the acetone extraction, representing 2.0 g o f the original 
sam p le, w as suspended in 30 m l o f the dispersing solution. T h e  suspension was 
b le n d e d  w ith a Po lytro n®  hom ogenizer fo r 1 m in and stirred or shaken fo r 2 hr. 
T h e  so lu tio n  was then centrifuged at 35 000 g  for 20 min at 20°C. I f  the 
su p e rn atan t was turb id , it was filtered through W hatm an N o .4 filter paper. O f 
the p ro te in  so lu tio n , 1 m l was diluted with 1 ml of sample dispersing solution 
co n ta in in g  0 .1 %  b ro m op henol blue but w ith ou t haem ocyan in \ 100 ol were then 
a p p lie d  to the gel.

S oy standards w ere prepared from  acetone-extracted IS P  products in the 
sam e m an n er as the meat proteins. T h e am ounts dispersed (20, 40, 60, 80 and 
100 m g) w ere eq uivale n t to 1.0, 2.0, 3.0, 4.0 and 5.0 %  IS P  in the meat products. 
T h e  soy standards w ere includ ed  on each gel run.

E lec tro p h o resis .  T h e  slab gels, containing 6 .0%  acrylam ide (0 .3 %  as bis- 
a c ry la m id e ), 8 .0 M  urea, and 0 .1 %  S D S , w ere 0.1 M phosphate buffer, adjusted 
to p H  8 w ith  so lid  T ris-p hosp hate, prepared in a vertical gel electrophoresis 
ap p aratu s ( E C  A p p a ra tu s C o rp ., U .S .A . ,  M o d e l E C  474). A m m o n iu m  
p e rsu lfa te  and T E M E D  (N,N,N_ ,N_ -tetra-m ethylenediam ine) were used fo r 
p o ly m e riza tio n . T h e  gels were cooled by 25°C w ater throughout polym erization 
an d  electro p h o re sis.

T h e  c ircu la tin g  b u ffer was 0.1 M T ris-phosphate, p H  6.8 with 0 .1 %  SD S . 
A ft e r  the sam ples w ere applied , electrophoresis was perform ed w ith a constant 
100 V  ( E C  A p p a ra tu s  C o r p ., U .S . A . , M o d e l E C  454) fo r 20 hr. T h e  current was 
betw een 30 0-^ 00  m A .

A ft e r  e lectro p h o re sis, the protein bands were fixed w ith 10%  T C A  fo r 4 hr. 
T h e  gels w ere stained fo r 4 h r w ith Coom assie blue (0 .2 5%  in 30 %  m ethanol and 
1 0 %  acetic acid ) and de-stained fo r 2 -3  days w ith 30 %  m ethanol -  10%  acetic 
acid . G e n tle  agitation o f the gel was necessary throughout to prom ote even and 
co n siste n t staining and de-staining. G e ls  w ere stored in 10%  acetic acid.

Q u an tifica tion  o f  so y  pro te in

T h e  gels w ere scanned w ith a Shim adzu CS-910 dual-w avelength T L C  scanner 
and  transm ittance/ab sorb ance at 610 nm was recorded. H eights and areas o f the 
so y and in te rn a l standard (haem ocyanin) peaks were m easured from  a baseline, 
co n n e ctin g  valley s as illustrated in Fig. 1. T h e soy peak value in meat sam ples 
w as co rrected  fo r protein reco very (see R esu lts)  and the ratios o f soy to

22
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hae m o cyan in  w ere calculated. T h e soy standards were plotted to obtain a 
stan d ard  cu rve , then soy concentrations in the meat products were determ ined.

Figure 1. Polyacrylamide gel and spectrophotometric scan of (1) all-meat sausage, 
(2) ISP, (3) haemocyanin, (4) sausage with 0.5% ISP, (5) all-meat 
sausage + haemocyanin, (6) sausage with 0.5% ISP+haemocyanin and (7) sausage 
with 2.0% ISP + haemocyanin. Dark arrows indicate soy protein band and peak used 
for detection and quantification. Light arrows indicate haemocyanin band and peak. 
Scan (7) shows the method of measuring peak heights.
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Results

T h e  soy p ro tein  band selected for detection and quantification was also used by 
S m ith  (1 9 7 5 ), Persson &  A p p le q v ist (1 9 7 7 ) and H ashizum e &  N oguchi (1978). 
It  ap p ears betw een actin and m yosin (F ig . 1).

A  b a ck g ro u n d  o f meat p ro tein, includ ing  m any m inor bands, is evident 
th ro u g h o u t the electropherogram . H aem ocyanin was selected as the internal 
re fe re n ce  p ro tein  because it is located next to the soy band (Fig . 1) and therefore 
w ill be s im ila rly  affected by the background m aterial. A lso  because o f the 
b a ck g ro u n d , the detection lim it fo r soy protein in sausages was determ ined to be 
0 .5 %  (F ig . 1).

In terferen ces

S e v e ra l sources o f meat ingredients were exam ined for possible interference 
w ith  the m ethod (F ig . 2). T h e meat protein background depends upon the 
sp ecies, the lean content (see p o rk sausage) and the presence of organ meats. 
N o  m a jo r bands interfered  with detection o r quantification; how ever, the 
b aselin e  w o u ld  v a ry  too m uch to quantify soy protein w ithout all-m eat controls 
o r  the a d d itio n  o f an internal reference protein.

Figure 2. Electropherograms of various processed meat-product ingredients. (1-2) 
Turkey, (3) chicken, (4) lamb, (5) ham, (6) pork sausage, (7) lean pork, (8) pork 
stomach, (9) beef liver, (10) beef heart, (11) pork kidney, (12) beef brains, (13) pork 
spleen, (14) beef tongue and (15-16) ISP.

O th e r p lant p ro tein s were also exam ined as possible interferences (F ig . 3). 
O n ly  one b and , in  pea p ro tein, was near the characteristic soy protein, but it 

c o u ld  be easily distinguished.
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Figure 3. Electropherograms of plant proteins, (1-2) ISP, (3 1̂) wheat gluten, (5-6) 
corn protein, (7-8) cotton-seed flour, (9-10) oat protein, (11-12) peanut protein, 
(13-14) pea protein and (15-16) ISP.

T he s ta n d a rd  curve

H a e m o cy a n in  was used at 0 .0 1 %  so that its peak height and area were 
e q u iv a le n t to those o f the characteristic soy peak in meat products containing 
1 .0 %  IS P . B o th  p eak heights and areas were used fo r quantification of the soy 
p ro te in , but peak height ratios w ere m ore precise and reproducible (F ig . 4). 
G u y  &  W illc o x  (1 9 7 7 ) also used peak heights fo r quantification o fso y  protein in 
m eat p ro d u cts by electrophoresis.

4-00 -
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■50
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Figure 4. Standard curve for determining ISP in meat products based upon ISP- 
acetone powder and haemocyanin peak heights.
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S ince the acetone-extracted proteins were a light pow der, it was inevitable 
that som e physical loss w ould occur during handling. T h erefore, some method 
o f co rre ctio n  fo r protein yield  was necessary fo r soy quantification.

P ro te in  loss was checked during solu bilization and electrophoresis by m ixing 
tog ether acetone-extracted IS P  and meat proteins in am ounts equal to the 
1 .0 -5 .0 %  soy levels in meat. T h e  peak ratio  curve obtained from  these m ixtures 
w as co in cid e n t w ith the one for IS P  alone. T h erefore, no protein loss occurred 
d u rin g  the p ro tein  so lu bilization and electrophoresis steps.

T o  ch e ck  p ro tein  loss d uring  acetone extraction, hydrated IS P  was added in 
k n o w n  am ounts to meat sam ples, w hich then underw ent acetone and protein 
e xtractio n s. T h e  am ount o f solids lost was the difference between the 
th e o re tica l and actual yields. T h e theoretical yield, 3.30  g, assumed no loss of 
p ro te in  o r ash from  the meat. T h e  actual yield  was 2.53 ± 0 .1 6  g of solids, 7 6 .7 %  
o f the theoretical. W hen these sam ples were electrophoresed, the calculated soy 
re co v e ry  was 82%  ( ± 3 . 0 % )  o f the theoretical.

It  is reco m m end ed  that each analyst determ ine protein recovery, especially if  
sam p le sizes are changed. T h e  82%  recovery of soy protein was consistent for 

sausages and ind epend ent o f total protein com position. T h is  factor was used to 
co rre c t the p eak heights and areas o f the soy peak in meat electropherogram s.

Recovery o f soy protein in the meat product

Q u an tifica tion  o f  so y  p ro te in  in the m ea t p ro d u c t

T h e  soy co ncentrations determ ined for sausages containing 1.0-4.1 %  IS P  are 
g iven in T a b le  1. B etter accuracy and rep ro d u cib ility  are obtained with peak 
heights.

Table 1. Analytical results* of sausages containing different levels of ISP

Sample Number

Levels of added ISP in sausage

1.0% 2.0% 2.9% 4.1 %

Height Area Height Area Height Area Height Area

1 1.27 1.10 2.16 1.53 2.02 2.01 4.42 2.93
2 0.83 0.95 1.68 2.21 2.34 2.69 3.96 4.21
3 1.06 0.67 1.77 2.80 2.37 2.72 — —

Mean 1.06 0.91 1.89 2.18 2.23 2.47 4.19 3.57
S.D. ±0.25 ±0.27 ±0.25 ±0.60 ±0.11 ±0.38 ±0.68 ±0.91

*Percentage of meat product.
Each value given is the average of two determinations on that sample.

D iffe re n t areas o f the sausage with 4 .1 %  soy were sam pled to exam ine 
p o ssib le  d ifferen ces in recovery due to heating. The results are in T a b le  2. 
A g a in , the values from  peak heights were m ore accurate. N o appreciable
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d iffe re n ce s w ere seen due to heating, since low er protein recoveries were not 
o b se rv e d  in the surfaces o f the samples.

A n a ly s is  o f the sim ulated com m ercial ham sam ples (w ith 3.2 and 3 .5 %  IS P ) 
in d icate d  that they contained 2.56 and 2 .78 %  soy protein respectively. R esults 
o f analyses on other com m ercial ham s were also low er than expected. H o w e ver, 
p ro te in  reco very studies were not conducted on these samples.

In  g en eral, the protein bands o f hams with soy protein were less distinct than 
those o f the sausages. These differences might be an effect of salt concentration 
on stain ing  as indicated by H ofm ann (1 9 7 7 ), but otherwise are unexplained.

Table 2. Analytical results* of samples taken from different locations in sausagest

Location

At skint
2 cm from

2 cm from skin centre At centre

Sample number Height Area Height Area Height Area Height Area

1 5.4 3.2 4.0 2.8 4.9 2.7 4.5 4.1
2 3.2 4.0 3.9 2.8 4.3 3.2 4.2 3.6

* Percentage of meat product.
t4.1 %  added ISP.
¿Sampled as a slab instead of cylinder.
Each value given is the average of two determinations from the sample.

E ffects  o f  th erm al processin g

T h e  gel ob tained  w ith the raw, pasteurized and retorted sausages is shown in 
F ig . 5. T h e  IS P  content o f the raw  and pasteurized sam ples was found to be 
2 .0 %  (average o f d uplicates). H o w e ver, the retorted sam ple was devoid o f the 

ch a racte ristic  soy bands. H ofm ann (19 73) had also observed the disappearance 
o f  m eat p ro tein  bands in heated meat samples.

Discussion

A d v a n ta g e s  o f  an in ternal standard

T o  o u r kn ow led ge, this is the first use o f an internal standard protein in 
q u an titative  electrophoresis. L im u lu s crab haem ocyanin was chosen because of 
its p ro x im ity  to the quantified soy peak. U se o f an internal standard corrects for 
the m any sources o f e rro r w hich m ay occur in quantification by conventional 
e lectro p h o re sis. D iffe ren ces in peak resolu tion, sam ple application, staining 
and  d e-stain ing , and scanning p rocedure between standards and samples are all 
m in im ize d  o r elim inated. In  o u r experience, quantification w ithout an internal 
stand ard  is d ifficu lt, if  not im possible.
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Figure 5. Electropherograms of raw and heated sausage samples: 1-2 are raw, 3-4 
pasteurized to 70°C internal temperature and 5-6 retorted at 121°C for 15 min. 
Dark arrow indicates ISP band; light arrow indicates haemocyanin.

P e a k  h e ig h t  vs p e a k  area

A s  can  be seen fro m  Fig . 1, the soy peak areas are difficult to quantify. T h e 
so y p eak s fa ll on a sloping baseline (from  meat b ackground ) and are fused. W e 
h a d  d ifficu lty  in program m ing a com m ercial integrator to integrate the desired 
p e a k  areas, therefore we w ere forced to use a lab orious, time consum ing 
m e th o d  fo r accurate p eak area m easurem ent.
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O u r  results show  that m easurem ent of peak heights is rapid and precise. 
C o n s id e rin g  that m any laboratories that em ploy this m ethod m ay not have 
so p h isticate d  equipm ent availab le, m easurem ent of peak heights is the p re 
fe rre d  m ethod.

In  a su rvey o f the integration m ethods used in gas chrom atography, peak 
height m easurem ent was most p op ular. W e believe quantification o f soy protein 
e le ctro p h o re tic  peaks is analogous to the quantification o f gas chrom atographic 
p eak s and therefore the m easurem ent o f peak heights is justified. F o r a m ore 
co m p le te  discussion o f peak height as a m ethod of integration, see M cN a ir &  
B o n e lli (1969).

A p p lic a tio n  o f  this m e th o d

T h is  m ethod has been successfully applied in our laboratory and the R alsto n 
P u rin a  L a b o ra to ry  in B elg ium . T h is  m ethod is presented in detail because we 
fin d  e lectro p h o re tic  determ inations and com parisons are made with many 
d iffe re n t types o f equipm ent and procedure.

W e  b elie ve  ± 0 .5 %  is near the lim it o f precision fo r this m ethod, considering 
the v a ria b ility  o f com m ercial soy products. Soy protein isolates vary in their 
p ro te in  content even though all are over 90%  (N x  6.25). A lso  we have observed 
a sm all v a ria tio n  in soy protein peaks due to soybean variety. Since it is not 
alw ays p ossib le fo r the analyst to know  the source o f isolate o r its protein 
co nten t, these factors cannot be used to correct the assay.

Conclusion

S o y p ro te in  in raw  and pasteurized meat products can be determ ined with this 
m ethod. T h e  analysis does not depend on the meat content of the product since 
it u tilize s an in te rn al standard protein. T h e detection lim it is 0 .5%  soy protein in 
the m eat pro d ucts tested and accuracy is w ithin 0 .5 % . M any possible sources of 
in te rfere n ce s w ere exam ined and none hindered detection or quantification. 
T h is  m ethod can also be used fo r soy flours and soy concentrates, pro vidin g  the 
type o f p ro d u ct is kn ow n. F o r  a regulatory procedure, the concentration o f the 
in te rn a l standard can be adjusted to assay for specific soy concentrations in the 
p ro d u ct.
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H o t  c u r i n g  W i l t s h i r e  b a c o n

A .  A .  T A Y L O R ,  B . G . S H A W , P. D . J O L L E Y  a n d  G . R . N U T E

Summary

A  p ro ce ss co m b in in g  m ulti-needle in je ctio n  and d ry salting o f w hole baconsides 
b e fo re  they have been com pletely chilled  can produce acceptable W iltsh ire  
b aco n  in  o n ly  5 days from  slaughter. E atin g  quality and storage stability o f sliced 
and  vacu u m  p ack e d , hot cured bacon were sim ilar to those o f dry salted bacon 
m ade fro m  co n ven tio n ally  ch illed  sides. T h e  yields o f hot cured and cold cured 
ra w  b aco n  w ere s im ila r, but co okin g  yields o f ham s were over 3 .0 %  higher w ith 
hot cu rin g .

A  co n tin u o u s hot curin g  process from  slaughter, through carcass p reparation, 
m u lti-n e e d le  b rin e  in je ctio n , dry salting to chillin g  could sim plify W iltsh ire  
b a co n  processing. T h e  concept could be p articularly  useful to a processor 
la c k in g  the sp ecialized  facilities fo r traditional im m ersion curing.

Introduction

P ro ce ssin g  m eat before it has been ch illed  reduces the tim e, and in some cases, 
the energ y re q u ire d  fo r m anufacturing meat products. W hen applied to 
p ro cesses in v o lv in g  curing, there are additional advantages. I f  the curing 
in g re d ie n ts are added soon after slaughter and before the carcass has been 
co m p le te ly  ch ille d , they diffuse m ore read ily  throughout the m uscles and cured 
c o lo u r d eve lo p s m ore q u ick ly  and u n ifo rm ly (M u llin s, K e lle y  &  B ra d y , 1958; 
A rg a n o s a  &  H e n ric k so n , 1969; H e n ric k so n  et al., 1969). Y ie ld  o f raw product 
m ay be im p ro ve d  and co okin g  losses reduced (W e in e r et a l., 1964; W e in e r et a l., 
1966; G o u te fo n g e a  &  Schim m an, 19 73). These advantages to the processor are 
o b ta in e d  w itho ut adversely affecting eating quality (M and ig o &  H e n rick so n , 
1966; M a n d ig o  &  H e n ric k so n , 1967; D a vid so n  et al., 1968; H e n rick so n  et al.,
1969) and  in  som e cases im prove it (M an d ig o , Thom pson &  W eiss, 19 77).

M o st studies on hot curin g  o f pig meat have been concerned with processing 
o f  p ieces o f  m eat, m ainly ham s, w hich are then chilled  by im m ersion in
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re frig e rate d  b rin e. T h e  p rincip le  o f hot curing has not been extended to 
W ilts h ire  processing o f w hole sides since it is not practicable to ch ill these large 
p ieces d u rin g  im m ersion curing. H o t curing is m ore suited to a m odified 
W iltsh ire  process in w hich im m ersion is replaced by dry salting (T a y lo r, Shaw &  
Jo lle y , 1980), w here bacon sides are hung in d iv id u ally  after brine injection and 
d ry  salting, and are therefore m ore easily chilled. T h is  form  o f dry salting can 
p ro d u ce  W iltsh ire -style  bacon m ore q u ick ly  than the traditional im m ersion 
p ro ce ss w itho ut im p airin g  storage stability or eating quality. T h e present study 
was designed to investigate the stability and quality o f bacon made m ore qu ickly  
by co m b in in g  hot cu rin g  w ith d ry salting.

Materials and methods

H o t cu rin g  was evaluated by com paring the properties of hot cured co llar and 
b ack bacon w ith those o f dry salted bacon m ade from  conventionally chilled 
sides. C u rin g  p ro cedu res w ere designed to give bacon w ith back lean containing 
4 .0 -5 .0 %  salt and 6 0-100  m g/kg nitrite. N itrate was not included in the injection 
b rin e  since it has no apparent benefit in a dry salting process (T a y lo r e ta l . , 1980).

B a co n  m anu facture

B a c o n  was m ade from  eight G ra d e  A  pigs from  a factory production line, the 
left side o f each pig receiving  one treatm ent and the right side the other. A fte r 
slau g h te r and dressing, all sides were held at 1°C until 4.5 hr from  slaughter by 
w h ich  tim e the p H  (factory m ean) in M . longissim us d orsi  had reached 6.0. Sides 
fo r hot pro cessin g  w ere then prepared as fo r W iltsh ire  curing, but the hind-legs 
w ere left on to allo w  sides to be hung during curing. T h e mean tem perature in 
the deep leg was 32°C and the surface was at 17°C. Sides were injected w ith a 
b rin e  co n tain in g  N a C l (2 3 .1 %  w t/vo l) and N aN C b  (2494 m g/kg), using a 
S w issvac C u r-O -M a t m ulti-needle m achine, to an average weight gain of 
a p p ro x. 1 0 % ,  before passing through a d ry salting m achine (W rig h t Pugson 
L t d )  w h ich  sprayed 0 .7 -1 .0  kg d ry N a C l per side over the w hole surface. T h e 
sides w ere then hung at 5°C until sam pling.

S id es to be co ld  cured  were cooled overnight at 1°C. A t  24 h r post-slaughter, 
w hen the tem perature in the deep leg was approxim ately 5°C, the sides were 
d ressed  fo r W iltsh ire  curin g, injected w ith brine and dry salted in an identical 
m a n n e r to the co ld  cured  sides, then hung at 5°C  un til sampled.

S am p lin g , p a ck in g  a n d  storage

H o t cu red  sides w ere sam pled 5 days post-slaughter, and cold cured sides 6 
days post-slaughter. P ortions o f co llar (fo rw ard  from  the m iddle of the shoulder 
p o ck e t) and b ack (fo rw ard  from  the last rib ) were taken from  each side and



H o t  c u r in g  W ilts h ir e  B a c o n 341

transported under refrigeration to the M eat Research Institute where they were 
held  overnight at 1°C before slicing.

Collar portions were sliced to give twenty-four slices o f 3 mm thickness, which 
w ere vacuum  packed in M etathene X pouches (M etal Box Ltd, London), three 
consecutive slices to a pouch, to give eight packs from each side. The packs from 
the eight sides in each curing treatment were grouped according to an 8 x 8  
Latin-square design so that, at each o f the eight examination times, when eight 
corresponding packs were sampled from each curing treatment, each side and 
each position  in the sliced collar was represented. Packs were stored for up to 20 
days at 5°C and up to 15 days at 15°C.

A  portion o f back from each side was sliced to give fifty-two slices (3 mm). 
T he first twenty slices were used for organoleptic assessment and the remaining 
thirty-two slices were vacuum packed, four consecutively to a pouch to give 
eight packs per side. Packs were allocated as for collar bacon, but for periods of 
storage up to 35 days at 5°C and up to 20 days at 15°C.

Microbiological examination

A ll sides were sampled immediately after injection and again after the 
hanging period. The sampling technique and method o f determining the total, 
viable count o f bacteria on sides was as described by Taylor et al. (1980).

T otal viable counts and lactic acid bacteria in vacuum packed samples of 
collar bacon and the lean (eye muscle) o f back bacon were enumerated using the 
m ethods described by Taylor, Shaw & Jolley (1976).

Odour

W hen the packs were opened for exam ination, the odour was assessed by a 
panel o f  four experts who noted the presence o f off-odours and judged whether 
these w ould cause the bacon to be accepted or rejected by a consumer.

Organoleptic assessment

T he twenty slices o f back bacon from each side were submitted to a ten- 
m em ber taste panel. A t each session, slices from four sides were assessed; since 
processing times were different, the two treatments had to be assessed on 
separate occasions.

C olour o f  fat and lean was judged on raw slices, which were then cooked on 
wire supports in a casserole in an oven at 175°C for 35 min (Taylor & Shaw, 1975) 
before assessm ent o f  flavour and cooked-lean colour. The panel was also asked 
to judge saltiness on a 9-point scale ranging from ‘extremely salty’ (+ 4 )  through 
‘id ea l’ (0) to ‘extrem ely under salty’ ( - 4 ) .

Assessment o f  cooked gammons

G am m ons were cut from each side, 6 days after slaughter (hot cured) and 7 
days after slaughter (cold cured), weighed before and after removal o f bones,
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rind and excess fat, and were then cooked at the factory in moulds for 8 hr at 
68°C. N o  water or polyphosphate was added and gammons were not tumbled. 
A fter they had been cooled , the cooked gammons were taken under 
refrigeration to the M eat Research Institute, weighed and the cooked yield of 
each gam m on based on both trimmed and untrimmed weight before cooking 
determ ined. The gam m ons were then cut into enough 50 g slices (3 mm  
thickness) to supply 491 consumers. During this operation, slices were set aside 
periodically for subsequent bulking to provide hot cured and cold cured samples 
for chem ical analysis.

Each consum er in the trial received one sample o f each treatment over a 2 
w eek  period. During the first week o f distribution, one-half o f the consumers 
received  the hot cured sample whilst the other half received the cold cured. This 
procedure was reversed the following week.

E ach consum er was asked to score samples for appearance, flavour, texture, 
juiciness and saltiness. Appearance was judged ‘acceptable’ or ‘not acceptable’; 
flavour and texture were scored on 8-point scales and saltiness on a 9-point scale 
as already described; juiciness was scored on a 5-point scale ranging from ‘dry’
(0) to ‘extrem ely juicy’ (4).

Chemical analysis

T he pH  o f the bacon lean was measured at the beginning o f storage and 
sam ples o f lean were analysed, as described by Jolley (1979), for NaNCT, NaCl 
and m oisture.

The cooked  gam m ons were analysed in the same way except that hot cured 
slices w ere com bined to form a single bulk sample and cold cured slices were 
com bined to form a further bulk sample.

Results

Bacon processing

Sides to be used for hot curing lost less weight during their short chilling stage 
than did their equivalent cold cured sides which were com pletely chilled before 
curing. A lthough this weight advantage was retained to some extent (Table 1) a 
paired t-test show ed no significant difference at the end of maturation.

Table 1. W eight changes during processing of ho t cured and cold cured bacon sides
(m eans and  s. d .).

B acon
sam ples

W t. o f side before 
injection (kg)

W t. of brine 
injected (kg)

W t. of dry-salt 
added (kg)

Wt. of side after 
m aturation (kg)

H o t-cu red
C old-cured

27.87 (± 1 .23 ) 
27.12 (± 1 .36 )

2.73 (± 0 .30) 
2.91 (± 0 .28)

0 .8 6  (±0.18) 
0.64 (±0.22)

29.49 (±1.45) 
29.15 (±1.50)
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Chemical analysis

Table 2 shows the pH and concentration of nitrite and salt in the bacon leans 
at the beginning o f storage.

Table 2. M easurem ent o f pH  and analysis o f n itrite , salt and m oisture in lean o f hot 
cu red  and  cold cured collar and back bacon at beginning of storage.

B acon sam ples PH
N aN O ,
(m g/kg)

NaCl
(%  w/v)

NaCl
(%  on water)

M oisture
(% )

H o t cu red C ollar 5.95 161 5.1 7.5 68 .2
Back 5.65 135 2.9 4.0 73.1

C old  cured C ollar 6.05 135 4.5 6.4 70.6
Back 5.75 131 3.9 5.5 70.9

Changes in the concentration o f nitrite in collar bacon during storage at 5° and 
15°C are shown in Fig. 1(a), and in back bacon in Fig. 1(b). In each instance the 
pattern o f nitrite depletion was similar for both hot cured and cold cured bacon, 
notwithstanding slight differences in initial levels.

Figure 1. C hanges in concentration  of nitrite in (a) collar bacon and (b)
back bacon during vacuum  packed storage at 5°C (------ ) and 15°C
(----- ). H o t cured  (A ); cold cured ( • ) .
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Microbiology

There was no significant (P <  0.05) difference between total viable counts on 
hot and cold cured sides after injection or after the hanging-period. After 
injection , counts on hot cured sides were in the range 4.1^4.9 (log,,, No./cm'2) 
with a m ean o f 4 .6 , whilst the range was 3 .9 -4 .9  with a mean o f 4.6 on the cold  
cured sides. A fter hanging, counts on hot cured sides were in the range 3 .7 -5 .7  
with a m ean o f 4 .9 , whilst the range was 4 .4 -5 .0  with a mean of 4.6 on the cold  
cured sides.

Table 3. E ffect o f curing m ethod on bacterial num bers on the lean of 
co llar bacon  during vacuum  packed storage at 5 and 15°C.

B acon sam ples
D ays
stored

L og,(, (to tal, viable 
count/g)

Log,,, (count of 
lactic acid bacteria/g)

5°C 15°C 5°C 15°C

H ot-cu red 0 4.2 4.2 <  1.7 1.7
6 — 4.4 — 4.3
9 2.3 4.6 2.1 4.4

15 5.7 7.4 5.3 7.0
20 6.4 — 6.1 —

C old-cured 0 4.2 4.2 1.7 1.7
6 — 5.8 — 5.0
9 4.2 6.9 2.7 6.1

15 4.3 7.1 3.4 6 .8
20 4.6 — 3.9 —

Table 4. E ffect o f curing m ethod on bacterial num bers on the lean of
back  bacon during vacuum  packed storage at 5 and 15°C.

Log,,, (to ta l viable: Log,,, (count of
coun t/g ) lactic acid bacteria/g)

B acon sam ples stored 5°C 15°C 5°C 15°C

H o t cured 0 3.6 3.6 <  1.7 <  1.7
7 — 6 .0 — 5.9

13 4.4 6.9 3.3 6.7
20 — 7.1 — 7.1
23 4.5 — 4.5 —
35 6.2 — 6.1 —

C old cured 0 3.8 3.8 <  1.7 <  1.7
7 — 5.7 — 4.4

13 4.2 6.2 < 2.1 5.5
20 — 6 .8 — 6 .2
23 4.8 — 3.8 —

35 4.7 — 4.1 —
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Total viable counts and numbers o f lactic acid bacteria in the bacon during 
vacuum  packed storage are shown in Tables 3 and 4. During storage at 5°C, there 
were unusually small increases in total viable counts and counts o f lactic acid 
bacteria on the cold cured bacon, whereas counts on the hot cured increased to 
relatively high numbers. High numbers o f bacteria developed on all bacon 
stored at 15°C, the increase being most rapid on collar bacon after cold curing 
and m ost rapid on back bacon after hot curing.

Odour

A ll packs o f collar bacon, hot cured and cold cured, were judged acceptable 
after storage periods o f up to 20 days at 5°C and up to 15 days at 15°C. All 
back-bacon sam ples stored at 5°C were judged acceptable after 35 days. The only 
sam ples judged unacceptable were two packs o f hot cured and two packs o f cold 
cured back bacon after 20 days at 15°C.

Organoleptic assessment

Taste panel assessm ents o f hot cured and cold cured back bacons are shown in 
T able 5. D ifferences in scores for the attributes examined were small and 
certainly not large enough to demonstrate any real differences between the two 
curing treatments.

Table 5. Effect o f curing m ethod on raw appearance, cooked colour and flavour scores 
(m eans and s .d .)  for hot cured and cold cured back bacon. Saltiness is scored on a 9-point 
scale from  ‘extrem ely  salty’ (+ 4 ) through ‘ideal’ (0) to  ‘extremely under salty’ ( - 4 ) .  All 
o th e r  scoring is on an 8 -point scale from ‘like extrem ely’ (+ 7 ) to ‘dislike extrem ely' ( - 7 ) .

Raw  appearance C ooked

B acon sam ple Fat Lean Saltiness C olour (lean) Flavour

H o t cured  
C old  cured

3.2 (± 1 .9 ) 
3.5 (± 2 .2 )

1.9 (± 2 .6 ) 
1.3 (± 3 .1 )

- 0 .3  (± 1 .5 ) 
0.1  ( ± 1.2 )

2.4 (± 2 .4) 
2.7 (±2.6)

0.9 (± 1 .1) 
- 0 .4  (± 0 .9 )

Assessment o f cooked gammons

T he w eight losses during cooking o f gammons for the consumer test and the 
resulting yield o f cooked meat are shown in Table 6. C ooked yield was 
significantly higher after hot curing.

T he pH  o f the bulk samples o f cooked gammon was 6.20 (hot cured) and 6.15 
(cold  cured). Analysis o f  these samples showed them to contain 85 mg/kg (hot 
cured) and 73 m g/kg (cold cured) Na NCri, 3.0% (w/w) (hot cured) and 2.9%  
(w /w ) (cold  cured) NaCl and had dry-weight values of 35.2% (hot cured) and 
36.3%  (cold  cured).

In the consum er trial, the appearance o f the hot cured ham was judged

23
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Table 6. E ffect o f curing m ethod on weight changes in ho t cured and cold cured gamm ons during 
trim m ing  and  cooking (m eans and s.d .).

G am m on G am m on G am m on Yield Yield
(untrim m ed) (trim m ed) (cooked) (%  untrim m ed ( % trim m ed wt)

B acon  sam ple (kg) (kg) (kg) wt)

H o t cu red 8.08 (± 0 .52 ) 5.63 (± 0 .43) 4.56 (± 0 .26) 56.5 (± 1 .8 ) 81.0 (± 3 .0 )
C old  cu red 8.10 (± 0 .56 ) 5.75 (± 0 .45) 4.47 (± 0 .32) 55.2 (± 1 .0 ) 77.7 (± 1 .8 )

acceptable by 474 consumers and unacceptable by 17. The corresponding 
figures for the cold cured ham were 469 and 22 respectively. A  chi-squared (y2) 
test on these results showed no significant ( f >< 0 .5 )  difference in appearance 
betw een  the two treatments. Results for the other attributes are shown in Table 
7, w hose paired t-tests showed no significant difference between treatments 
except for juiciness where the hot cured ham was slightly more juicy than the 
cold.

Table 7. C onsum er test (491 tasters) scores for eating quality of hot- 
cu red  and  cold-cured gam m ons.

B acon sam ples Flavour Texture Juiciness Saltiness

H ot-cu red 3.2 (± 2 .1 ) 2.2 (± 2 .5 ) 2.1  ( ± 0 .8 ) 0.2 (± 1 .9)
C old-cured 3.2 (± 2 .1 ) 2.3 (± 2 .5 ) 1.9 (± 0 .8 ) 0.1 (± 1 .7 )

Discussion

T hese experim ents show that hot curing can be combined with dry salting to 
produce acceptable W iltshire-style bacon within 5 days o f slaughter. The short, 
initial chilling period used in this study hardened the fat and outside o f the 
carcass, so that trimming was no more difficult than with conventionally chilled 
carcasses. R em oving this preliminary stage would simplify and shorten the 
process further, but could make consistent trimming o f sides difficult. Other 
workers have attributed differences in yield between hot and cold processing to 
differences in butchery (M andigo et al., 1977). In the present study, hot sides 
w ere heavier before injection and salting but, although similar weights o f brine 
and salt were added at these stages, the hot sides lost more during subsequent 
m aturation. There was no significant difference in the final yield of raw bacon 
from the two processes.

The hot cured bacon was similar in almost all respects to bacon made from pig 
sides which had been conventionally chilled before processing. Concentrations 
o f  nitrite and salt at the end o f processing were similar for all bacons except 
hot-cured collar where levels were slightly higher. Changes in nitrite 
concentration during storage were similar for hot and cold cured collar and back
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bacon at both temperatures and followed the pattern seen in earlier dry salting 
studies (Taylor et al., 1980). There were no significant differences between  
bacons in any o f the attributes assessed by taste panel.

A  paired t-test showed that the losses from hot cured gammons during 
cook ing were significantly {P <  0.001) less than from their cold cured 
counterparts. The extent o f the difference varied with pigs, but in every case the 
yield  based on weight before cooking was higher with hot curing. The difference 
was not so great when yield was calculated on weight of gammon before boning 
and trimming, largely because o f more severe trimming o f those detained for hot 
curing.

Side chilling is slower with hot curing because o f the delay for preparation o f  
the sides, brine injection and salting and also because chilling is carried out in 
the curing cellar rather than in a carcass chiller. This could increase microbial 
grow th, although the presence o f salt on hot cured sides would have an 
inhibiting effect on bacteria on the surface. In these experiments, microbial 
counts w ere very similar on hot and cold cured sides, and on slices during 
vacuum  packed storage at 15°C. Counts on vacuum packed slices at 5°C increased 
m ore on hot cured samples than those on the cold cured, which were, however, 
unusually low  in this experim ent. The counts on hot cured samples were of the 
sam e order as those in previous experim ents with cold cured, dry salted bacon 
(Taylor et al., 1980), and the odour assessments confirmed that the hot cured 
bacon had a satisfactory shelf life.

B y com bining hot curing with dry salting the curer can have a continuous 
process from slaughter, through dressing, hot side trimming, brine injection, 
dry salting to chilling, which could simplify manufacture o f whole bacon sides. A  
pre-chilling stage to facilitate butchery may be included, but can be considerably 
shorter than that used in this study if air temperatures below 0°C are used.

From what is known o f the reactions involved in curing, there seems no limit 
on how  soon processing can begin. The duration o f processing depends on the 
tim e requied for uniform distribution o f the curing salts throughout the side, and 
the tim e at which the bacon is firm enough for slicing; in these experiments it was 
considered that both requirements were satisfied within 5 days o f slaughter.

In many cases, the advantages presented by a hot curing, dry salting process 
may not justify the alterations in procedure and equipment which would be 
necessary for its introduction, but the idea could be attractive to a processor 
w ishing to produce Wiltshire bacon without the specialized facilities necessary 
for traditional immersion curing.
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Effect of cooking time on the quality, minerals and vitamins of 
spaghetti produced from two Italian durum wheat varieties

A .-H .Y . A B D E L -R A H M A N

Summary

Spaghetti was m ade from two Italian durum wheat varieties and cooked for 10, 
15 and 20 min. Percentages o f water absorption and cooking loss were 
determ ined. M easurable amounts o f soluble nitrogen, starch, minerals and 
vitam ins w ere found in the water used for cooking.

M inerals and vitamins were determined in cooked spaghetti. The percentage 
reduction o f  m etals increased with increasing cooking time, but trace elem ents 
decreased  after 10 min o f cooking and then becam e stable at the longer times. It 
is preferable to cook spaghetti for 15 min.

Introduction

N o studies have been concerned with the changes in contents o f mineral 
elem en ts and vitamins o f spaghetti and cooked spaghetti. Calhoun, Bechtel & 
B radley, (1958) and Czerniejewski et al. (1964) determined the vitamin and 
m ineral content o f wheat flour and bread.

V oisey  & Larmond (1973) found that optimum cooking times for spaghetti 
ranged betw een  10-18 min and averaged 13 min. Grzybowski & D onnelly  
(1979), in their study on the cooking properties o f spaghetti, demonstrated that 
the optim um  cooking time for spaghetti was 15 min.

This paper presents quantitative data o f the effect of cooking time on water 
absorption, cooking loss, analysis o f cooking water, amount o f nutritionally 
im portant mineral elem ents, som e vitamins and their distribution in spaghetti 
during cooking.

A u th o rs ’ address: Food Technology D epartm ent, Faculty of A griculture, A lexandria 
U niversity , A lexandria , Egypt.
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Materials and methods

T w o Italian durum wheat varieties, Capeiti and Creso were obtained from the 
farm o f  Cerealicoltura, R om e, Italy. Semolina was milled and spaghetti was 
m anufactured in the pilot plant o f Cerealicoltura.

Fifty grams o f spaghetti were cooked in 500 ml o f boiling, distilled water for 
10, 15 and 20 min at atmospheric pressure. After cooking and removing the 
water, the sam ples were weighed to obtain the water absorbing capacity o f the 
spaghetti. T he cooked samples were air-dried at 40°C, in a laboratory macaroni 
dryer and the relative humidity was lowered in a straight line gradient from 95% 
at the beginning to 61% at the end o f the drying cycle.

C ooking loss (% ) is the quantity o f material lost to the water during cooking  
and is determ ined by weighing the air-dried, cooked spaghetti referred to, 
against the level 14% moisture basis o f the uncooked product.

Soluble nitrogen, starch, riboflavin, niacin and pantothenic acid were 
determ ined by using the A  ACC Approved M ethods (1969). Thiamin was 
determ ined according to Osborne & V oogt (1978). All determinations were 
carried out in triplicate.

T he follow ing m ethod was used for preparing the mineral solution: A dry- 
ashing procedure was used for atomic absorption spectrophotometeric analyses 
o f all elem ents. Triplicate 1.00 ±  0.05 g dried samples were weighed into clean, 
dry platinum crucibles. Each sample was pre-ashed and ashing was com pleted  
by placing the sample in an electric muffle furnace at 500°C for 4 hr. The ash was 
dissolved in 5 ml o f 20% HC1. The solution was warmed to effect com plete 
solution  and filtered through acid-washed filter paper (Whatman N o. 42) into 
100 ml volum etric flasks. A fter diluting to volum e, the solutions were ready for 
analysis by atom ic absorption spectrophotom eter.

A  Varian Techtron M odel 1100, atomic absorption spectrophotom eter was 
used for mineral analysis. The instrument setting and other experimental 
conditions were in accordance with manufacturers specifications.

Results and discussion

Cooking quality

Percentage water absorption and cooking loss of cooked spaghetti by using 
increasing times are given in Table 1. Spaghetti o f the Capeiti variety absorbed 
m ore water than spaghetti o f  the Creso variety, 81.1 and 69.8% respectively, 
after 20 min o f cooking. The percentage o f cooking loss is higher in the Capeiti 
variety. T he difference, in cooking loss during the same time, between the 
varieties did not exceed  0.2% , and the difference inside the variety was 0.1%  
after cooking for 10 and 20 min. According to Grzybowski & Donnelly (1979), 
good  spaghetti absorbs more water, shows firmness and stability after 15 min 
cook ing, where cooking time is the prime determinant o f quality.
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Table 1. E ffect o f cooking time on w ater absorption , cooking loss and w ater used for cooking 
(soluble n itrogen and starch) in cooked spaghetti produced from two Italian durum  w heat 
varie ties

C ookin
tim e
(m in)

C apeiti Creso

g W ater 
absorp tion  
( %)

Cooking 
loss ( %)

W ater

W ater
absorption
(% )

Cooking 
loss (% )

W ater

Soluble
nitrogen
( %)

Starch
( %)

Soluble
nitrogen
(% )

Starch
(% )

10 61.1 4.6 0.16 3.8 64.1 4.2 0.14 4.0
15 70.1 4.7 0.19 4.2 68 .6 4.5 0.16 4.1
20 81.1 4.8 0.21 4.3 69.8 4.6 0.18 4.2

A nalysis o f  water used for cooking showed that the percentage o f soluble 
nitrogen was slightly higher in the Capeiti variety than in the Creso variety 
during the three different periods. The data showed that cooking time affected  
the percentage o f soluble nitrogen in the water. A lso starch increased with 
increasing cooking time. It is not advisable to cook spaghetti more than 15 min in 
order to m inim ize loss o f soluble nitrogen and starch.

Table 2. E ffect o f cooking tim e on the m ineral composition of spaghetti produced from two Italian 
d u rum  w heat varieties.

C apeiti

C ook ing  Spaghetti (dry basis) (mg/100 g) W ater (mg/100 g)
nine
(m in .) K P Mg Ca Zn Fe Mn Cu Mo K P Mg C a Zn Fe M n Cu M o

0 311 284 113 30 16 2 .2 3.1 3.2 3.4 —

10 292 283 110 30 16 2.1 3.0 3.1 3.3 6 .0 0.2 1.8 — —  —  —  — —
15 266 282 108 29 15 2.1 3.0 3.1 3.3 18 1.1 2 .0  — —  —  — ---------
2 0 261 281 106 29 15 2.1 3.0 3.1 3.3 22 2.1 3.1 0.2 —  — — ---------

C reso

C ook ing  Spaghetti (dry basis) (m g/100 g) W ater (mg/100 g)
tim e ------------------------------------------------- -— -----  --------------------------
(m in .) K P M g C a Zn Fe Mn Cu M o K P Mg Ca Zn Fe M n Cu M o

0 296 271 111 28 18 2 .0 3.0 3.2 4.1 — — — — --- --- --- --- ---

10 290 266 110  28 15 2 .0 2.8 3.0 4.0 5 2 1 — 0 .2  —  — ---------
15 271 260 106 24 14 1.8 2.8 3.0 3.6 16 3 2 2 1.8 — — ---------
2 0 266 258 104 21 13 1.8 2.8 3.0 3.5 21 5 3 3.1 2 .2  —  — ---------
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M ineral content

T he M ineral contents o f uncooked and cooked spaghetti are given in Table 2, 
Spaghetti is relatively high in potassium, phosphorus, magnesium and is low in 
iron, m anganese, copper and molybdenum. H owever, considerable variation 
was found am ong cooking treatments. For example potassium in the uncooked  
spaghetti o f the Capeiti variety was 311 mg/100 g. After cooking for 10, 15 and 
20 m in, the amount o f potassium becam e 292, 266 and 261 mg/100 g re
spectively. The percentage reduction is 6 .1 ,1 4 .5  and 16, after cooking 10,15 and 
20 m in respectively. Magnesium was reduced by 2.6 , 4 .4 and 6.3% , after 
cook ing  10, 15 and 20 min respectively.

T he trace elem ents Fe, M n, Cu and M o varied in content after 10 min of 
cook ing  then becam e stable after 15 and 20 min o f cooking. Copper was reduced 
by 3.1%  after 10 min o f cooking and there was no further reduction after longer 
periods. T he Creso variety showed a similar reduction in metal content to the 
Capeiti variety.

Table 3. E ffect o f cooking tim e on vitam in content of spaghetti produced from two Italian 
d u rum  w heat varieties.

C apeiti

Spaghetti (dry basis) (mg/100 g) W ater (mg/100 g)

C ooking Panto- Panto-
tim e thenic thenic
(m in .) Thiam in Riboflavin Niacin acid Thiam in Riboflavin Niacin acid

0 0.19 0.11 2.2 0.85 — — — —

10 0.11 0.08 1.1 0.80 0.06 0.02 0.10 0.03
15 0.10 0.06 1.08 0.73 0.07 0.04 0.11 0.11
20 0.10 0.05 0.01 0.68 0.08 0.05 0.15 0.15

C reso

Spaghetti (dry basis) (mg/100 g) W ater (mg/100 g)

C ooking  Panto- P an to 
tim e thenic thenic
(m in .) Thiam in Riboflavin Niacin acid Thiam in Riboflavin Niacin acid

0 0.18 0.12 2.4 0.81 — ___ ____ ___

10 0.12 0.09 1.3 0.78 0.04 0.02 0.21 0.02
15 0.11 0.06 1.2 0.74 0.05 0.05 0.18 0.03
20 0.11 0.06 1.2 0.74 0.05 0.05 0.18 0.03
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The data for minerals in the water used for cooking are given in Table 2. It 
contained  a measurable amount o f potassium, phosphorus, magnesium, cal
cium  and zinc and the iron, m anganese, copper or molybdenum. Losses of  
different minerals in the water are relatively small for all cooking-times.

Vitamin contents

T he effects o f cooking time on the vitamin contents of the cooked spaghetti 
have been com pared. The vitamin values for uncooked and cooked spaghetti 
are shown in Table 3. It will be noted that uncooked spaghetti showed con
siderable variations in vitamin contents.

In the Capeiti variety thiamin was reduced by 42 and 47.5% after cooking for 
10 to 15 min respectively. The loss after 20 min was equal to the loss at 15 min of 
cooking. Riboflavin was reduced by 2 7 .3 ,45 .5  and 54.5% after 10,15 and 20 min 
o f cooking. Pantothenic was reduced by 6 ,1 4  and 20% after 10,15 and 20 min of 
cooking.

In the case o f the Creso variety, the reduction of riboflavin and niacin were 
similar to that o f  the Capeiti variety but reduction in thiamin and pantothenic 
w as less, as shown in Table 3.

T he water used for cooking contained measurable amounts o f soluble 
vitam ins. In both varieties the quantities o f vitamin leached out increased with 
increasing cooking time. It is preferable to cook spaghetti for 15 min to minimize 
loss o f  vitamins and minerals into the water. The cooked spaghetti will be firm, 
stable and acceptable for eating.
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The application of near infrared reflectance analysis to rapid 
flour testing

B .G . O S B O R N E , S. D O U G L A S  a n d  T. FE A R N

Summary

Calibrations are presented for the analysis o f flour for protein, moisture, 
particle size, colour and starch damage by means o f near infrared (NIR ) 
reflectance analysis. A  com m only used N IR  instrument was subjected to a 
thorough evaluation for its accuracy in flour testing for these parameters, by 
com parison o f N IR  with existing m ethods o f analysis over an extensive period of 
tim e. T he accuracy and precision o f N IR  for the parameters studied were 
satisfactory for quality control purposes and therefore the technique has an 
im portant place in the rapid flour testing.

Introduction

N ear infrared (N IR ) reflectance analysis is a rapid, non-destructive technique 
for the analysis o f opaque samples, and the principles and broad applications of 
the technique have been described previously (Osborne, 1981). Near infrared 
reflectance is m ost com m only used for the examination o f powdered samples 
such as ground cereals and flours, therefore intensive investigations have been  
carried out to develop practical calibrations for the routine analysis o f wheat 
flour in the U .K . and Europe. Flour testing for quality control purposes in mills 
and bakeries com prises a number o f chemical determinations in addition to 
physical m easurem ents and dough testing. It has been the purpose o f the work 
described in this paper to investigate the possibility o f replacing as many o f these 
as possible by NIR.

A u th o rs ' address: F lour Milling and Baking Research A ssociation, (FM B R A ), C horleyw ood, 
H erts . W D 3 5SH.
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Materials and methods

The instrument

The InfraAlyzer 300B (Technicon Instrument Co. Ltd, Hants, U .K .) consists 
o f a tungsten light source which is directed in turn through ten narrow bandpass 
interference filters onto the sample surface. The sample is packed into a sample 
holder, in which it is com pressed against a glass window. The diffusely reflected 
light from the sample at each wavelength is collected by means o f an integrating 
sphere and focussed onto a lead sulphide detector. The detector response is 
am plified with a logarithmic response amplifier, digitized and fed to the 
m icroprocessor unit. In the microprocessor, the logarithmic value o f the re
flectance signal is compared with that of a reference ceramic-tile and stored as a 
relative log reflectance value. There will therefore be ten such values obtained  
for each sample scanned, corresponding to the wavelengths o f the ten filters in 
the instrument.

Calibration

T he InfraAlyzer was calibrated by scanning a number o f samples (between  
50-350) o f known com position as determined by chemical and physical m ethods 
and recording the log reflectance values (L i-L I0) for each sample. The following 
equation was then fitted by multiple regression analysis:

% Y  =  F„ +  F ,L , +  F ,L ,.............F 1(>L,o

It is usually the case that only a few o f the ten terms make a significant 
contribution to the equation and it is desirable to set most o f the F values to zero. 
A ll possible subsets o f the log values were searched to find those which, whilst 
involving as few filters as possible, fitted the data as well as the full equation, 
after allowing for the reduced number o f terms. When this procedure produced 
m ore than one possible subset, the choice between them was made on chemical 
grounds, i.e . the subset whose filters had the most relevant assignments was 
chosen.

Methods o f analysis

Protein and moisture were determined according to the methods o f the 
International Organization for Standardization (ISO, 1975). Particle size was 
m easured using an A lpine air-jet sieve (A lpine A G , Cheshire, U .K .), a 
laboratory apparatus in which reduced pressure applied to the underside o f a 
200 mm diam eter woven-wire screen (76 /umesh) brings about sieving. W eighing 
the overtails from a 10 g sample sieved for 1 min provides a weight o f 76 /x 
oversize. The grade-colour figure (GCF) was measured using a Kent-Jones and 
Martin flour colour grader Series 3 (Henry Simon Ltd, Cheshire, U .K .). Starch 
dam age was measured by the method o f Farrand (1964).
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Samples

Calibration sample sets were selected from a total of 577 straight run white 
flour sam ples, 379 Btihler milled from single variety U .K . home-grown wheats 
(1979 harvest) and 198 commercially milled flours, to cover the range normally 
encountered  for the parameter under study. To evaluate the calibrations 
obtained , a further 209 samples o f Buhler milled flour (1980 harvest) and 357 
sam ples o f  com m ercially milled flour were used for prediction experiments over 
a 1 year period.

Results and discussion

N ear infrared reflectance analysis has many advantages for quality control, 
including speed, good reproducibility, no need for skilled personnel or 
chem icals. H ow ever, NIR is an indirect technique and the instrument needs 
careful calibration in order to achieve reliability in the results obtained. It is 
relatively easy to obtain a calibration, using a limited number o f samples, which 
has very good  accuracy. H owever, such a calibration is likely to need frequent 
adjustm ents over a period of time, as it is used to predict values for sample types 
which differ from those used in the calibration. In order to achieve calibrations 
which are stable with time and valid for a wide range o f flour types, large 
num bers o f  sam ples were studied, covering all common types o f white flour. The 
details o f these calibrations for protein, moisture, particle size, colour and 
starch dam age, and their performance over a period o f time are discussed 
below .

Table 1. C alibration  constants (F-values) for InfraA lyzer300B  (U .K . flour)

F ilte r
position

F ilter
w avelength
(nm )

Protein
(% )

M oisture
( %) Particle size* C olour Starch dam aget

0 — 12.48 13.70 5.699 32.43 10.02
1 2050 0 0 0 0 1025
2 2310 0 -1 43 .6 0 0 -  224.8
3 2230 0 76.58 -11 .02 0 204.6
4 2139 0 0 0 0 -1814
5 2180 493.7 0 0 0 0
6 1445 0 0 0 0 -  251.5
7 2100 -323.1 0 0 0 1156
8 1940 0 81.67 0 0 -  126.5
9 540 0 0 0 259.8 0

10 1680 -2 4 3 .4 0 0 -  76.72 0

* Particle size calibration is lo ^  (air-jet sieve—2)
tS tarch damage F values have been divided by 10, so the result needs to be multiplied by 10 to

obtain Farrand units.
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Protein

T he calibration (Table 1) was obtained using fifty-seven samples of Biihler 
m illed flour and a limited number o f predictions o f the protein content o f 
com m ercially m illed flour were carried out. H owever, to check the calibration 
m ore thoroughly a much larger number o f samples were tested over a period of 
tim e. C onsequently during the period M arch-Novem ber 1980, 357 samples of 
com m ercially milled flour, received at FM B R A  for routine protein testing, were 
exam ined by both Kjeldahl (ISO , 1975) and NIR methods. These samples came 
from a w ide variety o f sources and included all types of flour, from soft English 
to Canadian W estern Red Spring and so had a wide range of protein contents.

Figure 1 shows a plot o f NIR vs Kjeldahl protein-contents, together with the 
line on which the points should lie. There is a small bias present, the NIR  
protein-contents being 0.09%  too low on average. The standard deviation (s.d .) 
o f  the differences between N IR  and Kjeldahl results was 0.20% , or 0.22%  
w ithout bias correction, with 80% of the observed differences in the range 
±  0.27%  and 97% in the range ±  0.45% . A  further calibration carried out using 
379 sam ples o f Biihler milled flour gave an almost identical calibration to that in 
Table 1 with an s.d. o f 0.22. Thus, the calibration is valid for U .K . commercially 
m illed flours and Biihler milled flour from home-grown wheats. The s.d. found 
is in line with those for other universal calibrations: Williams & Panford (1980) 
reported a standard error (s .e .) o f prediction o f 0.24% for protein on 2700 
sam ples o f  Canadian wheat, and Bell (1980) reported 0.15% for a universal 
calibration for U .S . white pan-bread flours on a much smaller number of 
sam ples covering the narrow range 11.2-13.6% .

Figure 1. Prediction of protein  content of white flour using an InfraAlyzer300B (356 
d .f .)
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T he accuracy o f a m ethod o f m easurement is normally defined as the s.d. of 
the differences betw een measurements and the true values. In this case the ‘true’ 
protein contents are not known; for even though Kjeldahl may be taken to be 
the definitive m ethod o f protein measurement, only single determinations were 
carried out, the results o f which will them selves be subject to errors. The sizes of 
these errors depend on the reproducibility or precision o f the Kjeldahl m ethod, 
which may be assessed by comparing replicate measurements on the same 
sam ple. The s.d. o f  replicate Kjeldahl measurements is reported in the literature 
to  be around 0.15%  (Hunt etal., 1977; Miller etal., 1978; W illiam setal., 1978). 
Exam ination o f a limited amount o f unpublished FM BR A  Kjeldahl data gives a 
figure o f  0.10% . For comparison the precision o f N IR  protein measurements 
was estim ated by repeatedly packing the sample into the sample cup, after 
subsam pling each time; the precision was 0.06%  (19 degrees o f freedom [d .f.]) 

T he best that can be done in assessing the accuracy o f N IR  protein 
m easurem ents is to take Kjeldahl measurements as standard and subtract from 
the s.d . o f  differences above (0.20% ) an allowance for the errors in the single- 
K jeldahl measurem ents. This gives a s.d. o f approximately 0.15% for the 
accuracy o f N IR , i.e . for the errors which would be observed between NIR and a 
protein  content determ ined precisely by many replicates o f Kjeldahl. The 
corresponding figure for a single Kjeldahl is the same as the figures for precision  
given above, i.e . som ewhere in the range 0.10-0.15% . Therefore, both the 
accuracy and precision o f N IR  protein testing within one laboratory are 
approxim ately equal to those o f a single Kjeldahl determination.

Moisture

A  good  calibration (s.d. o f  differences 0.09% ) was first achieved for moisture 
in B iihler m illed flour against oven-drying at 101°C for 16 hr. The measurement 
o f  m oisture in com mercially milled flours, however, is usually carried out by the 
ICC m ethod (ISO , 1979). Therefore the calibration was used to predict 
m oisture contents as determined by the ICC method on fifty-nine samples of 
com m ercially m illed flour and the prediction results were used to adjust the 
calibration for skew and bias. Using the corrected calibration (Table 1) to 
predict ICC moistures on another ninety-seven samples gave excellent results 
(Fig. 2) the s.d . o f  differences between the oven and NIR measurements was 
0.17%  over a range o f 12.3-15.5% . The s.d. o f replicates for the oven-drying 
m ethod  was 0.07%  (39 d .f.). The precision o f the InfraAlyzer was excellent 
w hen tw enty sam ples were read in duplicate (after repacking) by three different 
operators. T he precision for a single operator was 0.03% (19 d .f.) while that for 
all three was 0.05%  with no significant biases.

Particle size

It is well known that particle size has a pronounced effect on N IR
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Figure 2. Prediction of moisture content of white flour using an InfraAlyzer 300B (96 
d.f. )• • ,  Commercial; X, Biihler; O, several observations.

Figure 3. Prediction of flour particle size (76p. air-jet sieve) using an InfraAlyzer 300B 
(71 d.f.). • ,  one value; O, more than one coincident value.

m easurem ents (O sborne, 1980) and that this effect may be utilized for the NIR  
m easurem ent o f particle size (Douglas, 1980). The measurement against which 
N IR  has been calibrated at FM BR A  has been the 76 p, air-jet sieve (AJS) figure 
(O sborne et al., 1981) and work so far has been carried out on Biihler milled 
flours only. The InfraAlyzer calibration (Table 1) used log. (AJS-2) figures
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against N IR  to correct for slight curvature in the regression line (Douglas, 1980) 
and prediction results using this calibration for seventy-two samples were 
excellen t (Fig. 3): a s .d . o fd iffe ren ce so f0 .1 6 g in th era n g e3 .1 -6 .6 g. T hes.d . of 
replicates for the air-jet sieve was 0.06 g (20 d .f.), while that for the InfraAlyzer 
(single operator) was 0.08 g (19 d .f.).

Flour colour (G CF)

Flour colour may be measured using a visible ‘Agtron’ filter (540 nm) with an 
N IR  reference to correct for particle size and a good calibration between these 
values and the grade colour figure (G CF) (Kent-Jones et al., 1956) was obtained  
for 379 sam ples o f 1979 harvest Blihler milled flour. Prediction of GCF values 
for 100 Buhler m illed flours from the 1980 harvest revealed a skew and bias 
which was corrected and the new calibration (Table 1) used to predict another 
109 sam ples. The pooled  s.d. o f  differences for the 209 samples was 0.44. The 
calibration was then used to predict eighty-one commercially milled samples 
with a s.d . o f differences o f 0.46 with no skew or bias (Fig. 4 .) It has been  
suggested  by the InfraAlyzer manufacturer that better prediction o f colour can 
be obtained by polishing the cover o f the sample holder between each reading. 
In fact no significant difference was observed using this technique on the 
eighty-one com mercially milled samples. A lso attempted recalibration for these 
sam ples gave a result (r =  0.977, a  =  0.38) which was no better than the original 
calibration (r =  0.941, u  = 0.34). The precision o f the GCF measurement was

Figure 4. Prediction of flour GCF using an InfraAlyzer 300B (80 d.f.)

24
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0.11 (63 d .f.)  while the precision o f the InfraAlyzer was also 0.11 (19 d .f.) for a 
single operator or three different operators. H owever, there was a significant 
operator bias with the InfraAlyzer, the means for the three operators being 
4 .3 2 ,4 .3 9  and 4.48.

Starch damage

Successful calibrations for starch damage in Farrand units (Farrand, 1964) 
have been achieved at FM B R A  using the N eotec 6350 (Osborne & Douglas,
1981) and the InfraAlyzer 400R. The appropriate filters were fitted to the 
InfraA lyzer 300B and the F-values determined previously (Table 1) were 
entered . Several sets o f samples o f commercially milled flour were examined  
using this calibration and the results compared with Farrand values (Fig. 5). The 
total num ber o f sam ples was 143 and the pooled s. d. o f differences between N IR  
and Farrand was 3.2. The pooled s d. o f replicates for the manual determination 
was 2 .0  (58 d .f.). The precision o f N IR  was 1.7 (single operator) and 1.8 (three 
operators) on 19 d.f. with a significant bias between operators— the means for 
the three operators being 26, 24 and 28.

Figure 5. Prediction of starch damage of white flour using an InfraAlyzer 300B (142 
d.f.).

Conclusions

Calibration constants (F-values) for those flour parameters which have been  
shown to be predicted accurately by the InfraAlyzer 300B are given in Table 1 
and a summary o f the prediction results is given in Table 2. It is believed that
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Table 2. Summary of prediction experiments with InfraAlyzer 300B 
(Flour)

Parameter Method ,rL* "It 'TO± "PS

Protein ISO 1871-1975 (E) 0.15 0.07 0.09 0.20
Moisture ISO 712-1979 (E) 0.07 0.03 0.05 0.17
Particle size 16 p. A JS 0.06 0.08 — 0.16
Colour Kent-Jones GCF 0.11 0.11 0.11 0.45
Starch damage Farrand 2.0 1.7 1.8 3.2

*s.d. of replicates for laboratory method (includes subsampling), 
ts.d. of replicates for InfraAlyzer (includes subsampling and 

repacking).
ts.d. of replicates for between operators.
§s.d. of replicates of differences between InfraAlyzer and laboratory 

method (i.e. s.e. of prediction); This figure includes contributions from 
"L and 'T/'TO.

these calibrations will work for all the U .K ., milled, straight-run, white flours, 
subject to individual bias corrections for separate instruments. Thus the NIR  
instrum ent has an important place in rapid flour testing.
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Baking quality and gluten amide level

J. A . D . E W A R T

Summary

M acR itchie (1979) has recently put forward evidence that the percentage o f  
g lu tam ine+ asparagine in Australian wheat glutens was highly and positively 
correlated (r =  0.756; P < 0 .0 1 ) with baking quality, as measured by loaf volum e 
per unit o f  flour protein. This finding has been tested for thirty-six English  
w heats. N o  significant correlation (r =  -0 .0 3 6 ; P > 0 .1 )  between loaf volume 
per g o f  flour protein (LV ) and m oles o f amide per 100 g o f gluten protein could 
be observed. W hen the disulphide bonds o f som e glutens which seem ed to differ 
w idely in am ide content were reduced and blocked and the proteins exam ined  
by gel electrophoresis in 6 M urea at alkaline pH, the expected shifts in mobility 
due to  the am ide differences were not seen. The gliadin/glutenin ratios, 
calculated  for a further thirty-six English-grown wheat samples from data 
already published, show ed no correlation with LV. Since these ratios would be 
positively  related to gluten amide level, this was additional evidence that the 
latter is not correlated with L V  for English wheats. It was concluded that nearly 
all the am ide fluctuations among glutens observed in this work were due to 
experim ental error, and the true amide level varied little—probably by a small 
variation in the gliadin/glutenin ratio and, to a much smaller extent, by 
occasional mutations.

Introduction

M acR itchie (1979) m ade the potentially important discovery that the level o f  
am ide in gluten was highly correlated (P < 0 .0 1 ) with loaf volum e per unit of 
protein  in tests on  Australian flours. The number o f samples tested was thirty- 
seven  from at least ten varieties, four o f which were named.

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

0022-1163/82/0600-0365 $02.00 © 1982 Blackwell Scientific Publications
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T he purpose o f  this paper was to extend his finding to U .K . wheats in the hope 
o f  being able eventually to screen wheats for baking quality by using near 
infrared reflectance spectrometry.

Materials and methods

L o a f volumes

L oaves were baked from flour (280 g) by the long fermentation process of 
Fuller & Stewart (1970), modified in relation to bromate levels as described 
(Ew art, 1980). L oaf volum es were measured by displacement of rapeseed.

Gluten preparation

Flour (28 g) was m ixed for 1 min in a Minorpin mixer with a volume o f 1.0 g L ' 
aqueous NaCl equal to the water absorption. The dough was hand-washed to 
gluten in 1.0 g L 1 NaCl (2 1) taking 15 min. The gluten was pressed with a 
p olythene stopper into a sheet ~ 5  mm thick on the bottom o f a 2 1 beaker, 
standing in acetone-solid  C 0 2 mixture, till frozen, freeze dried, then ground 
with a pestle and mortar. After spreading on a sheet o f paper, it was left 
overnight to com e to equilibrium with atmospheric moisture, and stored in a 
capped specim en tube in a Kilner jar. Protein was taken as 5.7 x  Kjeldahl N.

Amide determination

G luten (0 .3 -0 .4  g, accurately weighed) was refluxed in a 100 ml round- 
b ottom ed  flask with 2 M FIC1 (20.0 ml) made from the concentrated acid (not 
am poules, which contain HgCL). Duplicate samples o f 2 .0 ml each were 
rem oved at 2 hr and 5 hr measured from the onset of boiling. Before sampling, 
the flask was cooled  in ice water and, by careful manipulation without 
disconnecting the ground-glass joint, the condensate in the lower part o f the 
condenser was rinsed wifh the liquid in the flask to give a uniform mixture. Each 
sam ple was placed in a 10 ml measuring cylinder and covered with Parafilm.

Im m ediately before distilling a sample in a Markham still, 2 M N aO H , 20 g L 1 
NaiB^O j, 10 FLO (2.0 ml) was added, mixed, and 1 .0-2.0 /xl applied to a 
narrow-range indicator paper to check that the pH was 9. Before rinsing in the 
sam ple, B .D .H . silicone anti-foaming agent (1 drop) was put in the still. 
D istillation at 4.7 ml m i n ’ was for 3.5 min, timed from the first flow of 
condensate into the receiver, plus a further 30 sec with the conical flask lowered  
to wash the condenser tip. The distillate was titrated with 0.01 M HC1 using 
screened  methyl-red indicator. Two protein blank titrations were also carried 
ou t, the protein being washed into the still followed by the pH 9 mixture. 
Corrected m ean titres were extrapolated to zero time and, after allowing for 
incom plete N H :! recovery (average 97.4% ), the m oles o f amide per 100 g o f  
gluten protein were calculated. The ammonia recovery readings were at the 
beginning (96.9, 96.5% ), middle (98.0% ) and end of the series (98.1% ).
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Electrophoresis o f glutens

G luten (30 mg) suspended in 8 M urea (900 p \) was treated with mer- 
captoethanol (100 ¿d), flushed with N 2 and kept overnight in a capped tube. 
N ext m orning acrylonitrile (1 9 0 /xl) was added and the mixture left 0.5 hr before

Table 1. Gluten amide levels and loaf volumes per g of loaf protein (LV)

Row Flour protein
(%)

Variety or breeder's 
ref.

Place of growth Hagberg falling 
number LV (ml g ')

Amide (mol[100| 
gluten protein)

1 7.9 Mithras Rosemaundt 147 63.7 0.247,0.259
2 8.6 Mithras Harper Adamsf 193 53.9 0.269
3 7.9 Mithras Cambridge 163 42.9 0.261
4 9.1 Mithras Sparsholtt 218 42.4 0.261
5 7.5 TJB 989/7 Rosemaund 62 62.7 0.261,0.209,0.258
6 8.2 Norman Harper Adams 120 61.8 0.266
7 8.6 Norman Sparsholt 200 56.3 0.260
8 8.0 Sentry Rosemaund 108 61.5 0.284,0.273,0.284
9 7.4 TJB 987/5 Rosemaund 67 61.2 0.256, 0.268

10 9.0 Prince Harper Adams 173 57.9 0.275
11 9.0 Prince Sparsholt 207 56.6 0.254
12 7.7 Aquila Rosemaund 164 57.3 0.242, 0.250
13 8.3 Aquila Cambridge 220 39.9 0.257
14 10.0 Flanders Sparsholt 185 54.5 0.256,0.274
15 8.0 Kinsman Rosemaund 69 47.9 0.151,0.230, 0.222
16 9.2 Kinsman Sparsholt 164 45.9 0.265,0.266,0.263
17 8.6 Kinsman Cambridge 191 36.5 0.246
18 8.2 Baron Rosemaund 153 45.4 0.256, 0.255
19 10.2 Baron Sparsholt 189 39.6 0.259
20 7.8 Rapier Rosemaund 176 45.0 0.256, 0.261
21 8.8 Rapier Sparsholt 189 41.4 0.267
22 9.1 Rapier Myerscought 125 41.2 0.273
23 8.4 Rapier Cambridge 196 39.9 0.258
24 10.0 Maris Huntsman Sparsholt 167 44.0 0.242,0.272
25 9.4 Maris Huntsman Cambridge 202 41.0 0.252
26 8.5 Abcle Rosemaund 173 42.9 0.239,0.233
27 9.5 Abele Harper Adams 152 41.9 0.256
28 9.8 Abele Sparsholt 199 39.0 0.257
29 8.9 Abele Cambridge 165 38.9 0.254
30 1 1.7 Vuka Cambridge 187 42.8 0.284
31 11.8 Tabor Cambridge 161 42.8 0.281
32 10.4 Brigand Cambridge 156 42.1 0.275
33 10.6 Armada Myerscough 150 40.3 0.277
34 11.9 Avalon Cambridge 180 40.0 0.264
35 10.0 Galahad Cambridge 163 40.0 0.267
36 12.1 Disponent Cambridge 183 39.8 0.268

37* 13.0 Valdur (durum) Cambridge 68 37.6 0.258
38* 12.7 CWRS — 197 39.9 0.265

*Rows 37-8 were not used for correlating. Mean value o f 54 observations = 0.257, including rows 37-8.
tRosemaund, Harper Adams, Sparsholt and Myerscough are in Herefordshire, Salop., Hants and Lancs,
respectively.
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centrifuging. The supernatant liquid (—20 /xl) was loaded in a channel of a 
polyacrylam ide slab gel, 6 M in urea, made according to the method of Davis 
(1964) with slight modification, and subjected to electrophoresis for 4 hr at 
about 75 V cirr'.

Results and discussion

English wheats

In T able 1 and Fig. 1 the results are set out. The Hagberg falling numbers are 
based on the 5 .0  g m ethod (as were those o f Ewart (1980) though unfor
tunately not stated). A lthough all the experimental values for amide are 
included in the last column of Table 1 and plotted in Fig. 1, only the mean value 
(w here applicable) o f each row was put into the computer when searching for 
correlation.

66
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0-230 0-238 0-246 0-254 0-262 0-270 0-278 0-286

0-234 0-242 0-250 0-258 0-266 0-274 0-282

Amide (mol [100 g ]_l gluten protein)

Figure 1. Loaf vol. g"1 flour protein (LV) vs mol amide [100 g]“1 gluten protein for 
thirty-six U.K. wheats. Three points, (0.151,47.9), (0.222,47.9) and (0.209,62.7), lie 
outside the diagram. • ,  Two coincident points.

N o significant correlation (r =  0.036; P > 0 .1 )  could be found between LV  
and gluten amide level which is expressed in mol (100 g )_1 gluten protein unless 
otherw ise stated. A lthough not included in the thirty-six samples used to search 
for correlation, an English durum wheat and a Canadian Western Red Spring 
(C W R S) were also tested. (The LV o f the CW RS in Table 1 is poor because this 
very high quality wheat was baked by a method quite unsuited to it). The two 
wheats were taken as exam ples o f very poor and very good bread-making 
quality, yet their levels o f amide (Table 1, rows 37 and 38) do not differ 
significantly from 0.257, the mean o f all the determinations in Table 1. From 
duplicates, a value o f 0.017 was calculated for the standard deviation (s.d .) of a 
single determ ination.
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M acR itchie (1979), observing no changes in amide content of glutens after 
hydrolyzing for more than 45 min, used a time of 1 hr without further cor
rections. A s it was noticed here that the slopes of the extrapolation lines 
fluctuated, two further correlations were made using the mean titres at 2 and 5 
hr respectively. This was closer to the technique adopted by M acRitchie, and by 
elim inating errors in extrapolation, the s .d .’s at 2 hr and 5 hr improved to 0.013 
and 0.009 respectively. In neither case, however, was any significant correlation 
observed.

Other evidence

P ence et al. (1950) measured the amide content o f seventeen glutens from 
w heats exhibiting a wide range o f baking quality. The mean value was 0.261 and 
the s.d . o f  an individual reading was 0.007. Their mean is slightly higher than in 
this work, but they did not extrapolate to zero time.

A lthough  only four loaf volum es were m entioned in their paper, Dr D .K . 
M echam  has kindly supplied the author with all seventeen values (Table 2), and 
drawn his attention to the fact that the ‘baking qualities' o f these wheats (i.e. the 
slope o f  the regression line o f loaf volume against protein content) were 
published later (Pence, W einstein & M echam, 1954).

T he correlation coefficient of LV with gluten amide for the data of Pence et al. 
(1950) was - 0 .4 9  (P just <  0.05), in the opposite direction to that found by 
M acR itchie, but Cornford pointed out that as their amide results fell into only

Table 2. Amide levels, protein contents and ‘baking qualities’ of Pence et al. (1950, 1954) and 
loaf volumes supplied by Dr D.K. Mecham.

Variety

Protein
content
(%)

Amide ammonia 
(g [100 g] 1 gluten 
protein)

‘Baking quality’ cc 
([% flour protein]-1 
±95% limits of 
confidence)

Loaf
volume
(ml)

Calculated LV 
(ml g-1 flour 
protein)

Hymar 5.7 4.2 30.5± 18.3 454 79.6
Yorkwin 7.6 4.3 35.4±7.2 558 73.4
Rex 7.8 4.3 45.7±24.4 583 74.7
Purkof 8.7 4.4 54.5± 13.5 645 74.1
Tenmarq 8.8 4.5 33.5 ±12.6 600 68.2
Hymar 9.0 4.6 30.2 ±6.4 618 68.7
Goens 9.1 4.4 31.7± 11.3 663 72.9
Baart 9.5 4.5 48.7±9.9 614 64.6
Chiefkan 9.6 4.4 31.2 ±28.9 531 55.3
Comanche 9.7 4.6 56.9 ±60.8 629 64.8
Turkey 10.2 4.4 47.1 ±5.5 665 65.2
Red Chief 10.3 4.5 48.9± 12.0 516 50.1
Pentad 11.6 4.5 44.0± 12.8 436 37.6
Premier 11.7 4.6 54.0±6.1 639 54.6
Red Chief 12.9 4.5 50.8±9.9 595 46.1
Turkey 13.4 4.4 61.6 ± 5.1 769 57.4
Thatcher 14.2 4.6 67.2 ±1.6 888 62.5
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five categories, the application of statistical methods applicable to continuous 
variables may have somewhat over-em phasized the significance.

‘B aking quality’ (Table 2), in contrast, showed weak positive correlation with 
gluten am ide, r =  0.414 (P  — 0.1). H owever, a few rather large errors were 
present in ‘baking qualities’, which are not strictly comparable with LV because 
protein levels o f the flours were raised or lowered by re-adding their own starch, 
gluten and water solubles as appropriate.

In these laboratories in 1966, amide measurements were made on glutenins 
and gliadins from four flours (Ewart, 1967). Assuming equal quantities of 
glutenin and gliadin were present in the gluten, amide values of 0.265, 0.263, 
0.277 and 0.264 were obtained respectively for Wichita, Conley, Cappelle- 
D esp rez and Elite. Since the two American wheats would almost certainly have 
had higher quality glutens than the two English-grown, this evidence also does 
not imply any correlation. A s strong wheats tend to be higher in glutenin any 
correction on these lines would lower the amide value o f the strong glutens still 
further because glutenin has less amide than gliadin (Ewart, 1967; M acRitchie,
1979).

MacRitchie’s results

M acR itchie’s results (1979) indicate a good, positive correlation (P < 0 .0 1 )  
betw een loaf volum e per unit o f protein and percentage of anhydro (glut
am ine +  asparagine) in gluten.

M acR itchie stated, ‘the standard deviation per mean (glutamine +  aspara
gine) determ ination was 0 .3% ’. Making an approximate calculation o f the mean 
am ide value o f 32.42%  (0.253 mol (100 g)^1 gluten protein) from readings off his 
Fig. 2, the coefficient o f variation (c .v .) was therefore 0.9% . (The factor 128 he 
uses should actually be 127). The c .v .’s of Pence et al. (1950) and in this work 
were 2.7%  and 6.5%  respectively. If extrapolation errors were eliminated (as 
was done by M acRitchie) the c .v .’s are reduced in this work to 5.4% (2 hr) and 
3.8%  (5 hr). There is no indication of the c.v. to be expected in the paper of 
E astoe, L ong & W illan, (1961) which describes the technique used by M ac
R itchie. T he titres used by Eastoe et al. (1961) were o f a similar order to those 
em ployed  in this work.

Electrophoretic evidence

T he range o f M acR itchie’s results was 31.2-33 .7 , i.e. 2.5. H e states that part 
o f this will be due to scatter, so assuming that 95% of the results lie 
within ± 2  x  s .d ., i.e. 1.2, about half the observed variability could be attributed 
to this cause. Accordingly it should be quite common for two wheats taken at 
random to differ by one third o f the range that is not accounted for by random  
errors, say 0.4. In a polypeptide chain o f 32 000 mol. wt, M acRitchie’s mean 
value, 32.4 , is equivalent to (32.4-^ 128)x 320 =  81 residues of amide. A  
difference o f 0.4 corresponds to 1 residue and so, on average, there should be a
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charge difference o f 1 unit per polypeptide chain at alkaline pH. In the English 
w heats, how ever, no significant difference in mobility could be detected, when 
glutens with apparently wide variations in amide content were reduced and 
blocked  then run on polyacrylamide gels in 6 M urea at alkaline pH.

N evertheless this experim ent could be accounted for by postulating that the 
G lu +  A sp  content did not vary between wheats, but wheats with higher amide 
levels contained extra Gln + A sn . If this were so, a higher amide level would  
m ean m ore Glx + A sx , but this is not supported by the results of Pence et al. 
(1950) where no significant correlation (r — 0.094) between content of amide 
and o f  G lx +  A sx could be discerned.

Causes o f gluten amide variation

There is now a mass o f evidence that glutens exhibit varietal differences in the 
electrophoretic patterns o f their constituent polypeptides, presumably due to 
genetic changes. D oubtless som e o f these mutations will involve Glx and Asx 
residues thus producing occasional small divergences in the amide contents of 
glutens.

There seem s to be no evidence that any polypeptide chain from a true- 
breeding wheat will not retain its own amino acid sequence, hence within such a 
variety fluctuations in amide would most probably be achieved, as M acRitchie
(1980) pointed out, by changes in the relative proportions of polypeptide chains, 
for exam ple in the gliadin/glutenin ratio (IA /U T ). This would be positively 
related to the amide content o f gluten because gliadin has more (Gin +  Asn) 
than glutenin (Ewart, 1967; M acRitchie, 1979). (Alterations in the ratio would  
not be detected  by electrophoresis unless substantial enough to affect band 
intensities).

Gliadin/glutenin ratio

T he gliadin/glutenin ratio, calculated from data for thirty-six U .K . wheat 
sam ples studied recently (Ewart, 1980), had a mean of 1.09 and ranged from 
1 .35-0 .65  with a calculated s.d. for each value o f 0.092. From published analyses 
(Ew art, 1967) it may be shown that the ratio would have had to extend from  
about 2 -0 .5  to account for the variation found in the Australian wheats by 
M acR itchie (1979). A s only six IA /U T  results lay outside the 95% confidence 
lim its, this implied that although most of the range can be attributed to random  
error, there is som e real variation. The gliadin/glutenin ratio showed no 
correlation with LV  (r =  -0 .0 9 2 ) ,  thus supporting the other experiments in this 
work.

Conclusion

The conclusion is that the level o f amide in the glutens studied here may be 
variable due to two causes. There could be intervarietal fluctuation due to
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m utations, but these are likely to be too small to be detectable by ordinary 
m ethods o f amide determination. Furthermore, both between and within 
varieties, there may be minor disparities in IA /U T . Neither IA /U T  nor gluten 
am ide level appeared to have any correlation with baking quality. Thus 
attem pts to extend to English wheats M acRitchie’s finding (1979) have been  
unsuccessful. It is worth noting that the correlation found in the Australian 
wheats by M acRitchie (1979), for which no explanation exists at present 
(M acR itchie, 1980), must predict that good baking quality will be associated  
with high IA /U T , i.e . with lower levels of the glutenin that is usually regarded as 
determ ining baking strength.
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Dehydration of potato

I. Air and solar drying at low air velocities

M. N . ISLAM * a n d  J. M. FLINK t

Summary

D rying behaviour o f potato in a natural convection, solar dryer was in
vestigated . In drying experim ents conducted at low,air velocity, as found in the 
solar dryer, it was shown that air flow conditions are o f critical importance for 
drying behaviour. A s a result o f the presence o f extensive, external mass 
transport resistances in deep bed drying, the air flow behaviour o f the bed was 
m ore important than the drying behaviour o f the single pieces. Thus, for deep  
bed solar drying, 10x  10 mm french cut potatoes dried faster than 5 mm slices. 
(This result was opposite to that found for drying in thin layers). Drying time 
was noted  to increase less rapidly than bed depth increased, so overall dryer 
productivity increased with increasing bed depth, within the constraint that 
drying be com pletable in 1 day.

Introduction

In B angladesh, potato is widely used as a vegetable, especially in winter which is 
the potato  growing season. This gives a good nutritional combination with rice 
(the staple food) since their respective limiting amino acids are complementary. 
P otato is an especially productive crop in terms o f dry matter and calories per 
acre. Bangladesh has the potential for producing as much as two to three times 
m ore potatoes per acre than is produced at present, but an important limitation 
to increased production is the lack o f suitable preservation methods. Cold- 
storage w arehouses are in limited use but this uses much energy which results in 
three to four times higher prices.
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A  better solution would be developm ent o f processed potato products in 
B angladesh , based on simple and inexpensive processes which, furthermore, do 
not involve major changes in food habits. O ne such modest approach would be 
dehydration , in which the major energy source is solar energy which is abundant 
in Bangladesh, especially in the potato harvesting season (during D ecem ber-  
February, temperature varies between 26-28°C and rainfall between 0.5— 2.5 
cm ). D irect solar radiation as an energy source in food processing is used all over 
the world for producing sun dried fruits, vegetables, fish, meat etc. W hile sun 
drying takes place at temperatures slightly above ambient, which can result in 
various biological contamination problems, solar drying at temperatures 
significantly above ambient improves product quality (due to shorter drying 
tim e), reduces risk o f insect infestation and increases production rate.

Khan (1964) developed a direct absorber type solar dryer fitted with ad
justable external mirrors, which he used for drying fruits, vegetables and fish. At 
air tem peratures from 85-93°C in the drying chamber, he reported drying times 
o f 5 .5— 11 hr depending on the product being dried and its final moisture 
content. According to M oy et al. (1977), Lawland built a wind ventilated, 
indirect solar dryer in 1965, which reportedly gave a much better end product 
than natural sun drying. Moy et al. (1977) reported on studies in progress on the 
utilization o f solar energy in food dehydration, and described drying charac
teristics for different types o f solar dryers (direct absorption type, indirect m ode 
type and m ixed m ode type). They noted that addition of reflectors to direct 
absorption dryers is valuable for intensifying solar radiation, which helps to 
increase drying rate. In their study, they also noted the effects o f piece size and 
bed loading density, and indicated that air flow condition in the dryer was 
im portant in regard to drying behaviour. They also indicated that their indirect 
m ode dryer was relatively ineffective compared to the other types. Bryan, 
Charles & Berry, (1977) designed a solar dryer to collect direct and plane 
reflected solar radiation. W hile drying o f parsley (at a loading density o f 3.0  
kg/m 2) could be com pleted within 6.5 hr (i.e. 1 day), it was necessary to use a 
supplem entary air drying at night when drying diced carrots (at a loading density 
o f  11.1 kg/m 2) . Many studies on solar drying o f grains have been reported in the 
literature (Islam , 1980), but it must be noted that these studies are o f limited 
value relative to studies on food dehydration, since for grain drying only a low  
tem perature rise o f the drying air is necessary, while in food dehydration 
significantly higher air temperatures are desired.

In the current project, it was decided that the drying process should be 
independent o f external energy (i.e. fossil fuel or electrical energy), both to save 
foreign exchange and allow implementation in rural areas, where energy re
sources are scarce. This decision means that air flow in the drying system is by 
natural convection, which results in low air velocities for drying. Most drying 
literature and analyses are based on higher air velocities, so that Fick’s law can 
be applied without considering external resistance to mass transport. For low air 
velocity , natural convection drying o f thin samples, such as generally exists for 
solar drying, drying analysis must consider both internal and external mass
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transfer resistances, as noted by King (1968) and Vaccarezza & Chirife (1978). 
V accarezza, Lombard & Chirife (1974) have shown that for 4 mm slices, drying 
rate increases with increase in air velocity. Using results o f a study by Saravacos 
& Charm (1962) in which low air velocity (2.0 m/s) was combined with low 
sam ple thicknesses (0 .14-0 .59  cm ), Vaccarezza & Chirife (1978) demonstrated 
that the drying must have occurred with significant external mass transfer 
resistance, though the original authors neglected this fact in their analysis. 
U n d er conditions where external resistance has a significant role, the drying rate 
will be less sensitive to differences in sample thickness than theoretically 
predicted by drying analysis based on internal diffusion o f water in the sample. 
In this case, the value o f the exponent, n, o f the power law equation  
representing the thickness dependence o f the drying rate constant will have a 
value less than 2, which is predicted by Fick’s unsteady state diffusion equation  
(V accarezza & Chirife, 1978). It has also been noted that the thickness 
dependence o f sample temperature (so-called heat transfer effects) in drying 
can influence the n value (Vaccarezza & Chirife, 1978).

This project is aimed at investigating means for producing shelf stable 
products using processes suitable for implementation in rural areas o f  
B angladesh. This consideration resulted in the choice of dehydration as the 
m ethod  o f preservation, while the condition o f no external energy input 
resulted in the choice o f solar drying with natural convection. In part II (p. 387) 
o f this paper, the influence o f osm otic concentration on solar drying is discussed.

Materials and methods

Basic procedure

Potato (B intjee variety) was obtained from either the Danish Potato 
Research Station (Vandel Denmark) or at the local supermarket. The potato 
was p eeled  and cut into the desired sizes and shapes. In some cases samples^were 
osm otically  pre-concentrated in 45% sucrose/15%  salt solution for between
4 -1 8  hr prior to drying. A t all steps o f the process total sample weights were 
m easured and samples taken for moisture contents. (Osmotic concentration will 
be described in more detail in Part II, p. 387.) The potato samples were placed in 
trays at the specified tray loading density and packing geometry and drying 
com m enced. W eight loss was used as a measure o f extent o f drying, while 
sam ple and process temperatures were measured on a multipoint recorder using 
fine wire copper-constantan thermocouples. To simplify analysis o f thin layer 
drying studies, air flow was parallel to the major faces o f the sample, and for 
10 mm sam ples the edges were sealed by gluing aluminium foil to the edges. For 
drying experim ents with french cut potato samples (10 x 1 0  mm), three bed 
packing geom etries were used: flat, upright and random. Flat was a tightly 
packed configuration with little space between pieces, upright packing had the
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sam ples held vertically in the air stream, giving extensive open space, while 
random  packing resulted from dumping the potato sample onto the tray and 
m aking only minor redistribution to ensure an even thickness across the tray.

Dryers

A  ‘tw o-w ay’ drying system consisted o f a basic dryer body that could be fitted 
to either an electric heater and fan unit or a 1.25 m2 solar panel (Fig. 1). This 
‘tw o-w ay’ system  was necessary since solar drying experiments could not be 
conducted  all year round in Denmark due to the short summer and unstable 
w eather conditions.

Section A-A
Figure 1. Schem atic diagram  of ‘two-way’ drying system with cross section of solar 
panel.

T he dryer body could hold up to eight wire mesh trays (181x181 mm). For 
thin layer drying, wire mesh holders were used to hold the samples vertical so 
that air flow was parallel to the two major sample faces. Normally the air flow 
passed through the bed o f sample on the tray and was thus generally per
pendicular to one major face. The solar panel (Fig. 1) consisted o f a corrugated, 
black plate heat absorber situated beneath a double glazed cover plate made of 
plexiglass sheets. The back and two sides o f the panel are insulated with 
polystyrene foam . The panel was m ounted at an angle of approximately 50° so as
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to be roughly perpendicular to the incoming solar radiation in Denmark. In the 
panel air surrounding the black plate is heated, decreases in density and moves 
upwards, inducing a natural convection flow with fresh air coming in at the 
bottom  opening. The heated air was used for drying by fitting the panel exit to 
the dryer body.

In the initial stages o f this study, a small, electrically heated dryer was also 
used. In this dryer, air velocities up to 1.0 m /sec could be attained. By changing 
the dryer orientation, it could be used for either thin layer or deep bed drying 
studies.

Results and discussion

Thin layer drying

T o exam ine the effect o f  air flow at low air velocities on drying rate, 5 mm  
potato  slices were dried at 52°C (dry bulb) with either 0.47 or 1.0 m /sec air 
velocity. A s seen  in Fig. 2, drying rate is higher for the higher air velocity at any 
m oisture level in the sample, which means that, for 5 mm thick samples drying at 
low  air velocities, (values which approximate our average solar drying con
d itions), external mass transfer resistance is a significant proportion of the 
overall mass transfer resistance. In this case, analysis o f drying by idealized  
diffusion equations will not apply.

Figure 2. E ffect o f air velocity on drying behaviour o f 5 mm potato  slices. 0 , 1 m/sec; 
•  , 0.47 m /sec.

25
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In another phase o f this study, drying was conducted at a 2.5 m /sec air velocity  
for various sample thicknesses. The mass transport resistance balance (external 
vs internal) was evaluated from the exponent o f the power law equation, 
relating drying rate to sample thickness, as described by Vaccarezza & Chirife
(1978). From the drying results, n was found to have a value o f 1.7. A s n value 
goes from 1 (for totally external mass transport resistance) to 2 (for totally 
internal mass transport resistance, the calculation indicated that for pieces in the 
range 4 .5-10 mm, a velocity o f 2.5 m /sec will still result in some external mass 
transport resistance. Tests were not conducted at higher air velocities, since in 
our solar drying studies using samples up to 10 mm thickness, air velocity for 
natural convection is generally below 1 m /sec, and thus both external mass 
transfer resistance and air velocity will have a significant influence on drying 
behaviour.

R egarding sample geom etry, one can note that the effective sample thickness 
is the important geom etrical consideration relative to internal mass transport, 
w hile surface area per unit weight is the important geometrical consideration 
relative to external mass transport. Under conditions o f low air velocities, where 
both external and internal mass transport are significant, both sample surface 
area and effective thickness are o f importance, relative to drying behaviour. To 
investigate the effect o f sample surface area and thickness on drying rate at low  
air velocity , three potato samples (5 mm and 10 mm slices and 10x 10 mm french 
cut) w ere dried at 69.5°C and a 1.0 m /sec air velocity. The results (Fig. 3) show  
that 5 mm slices have a higher drying rate than either the 10 mm slices or the 
french cut, though the difference between 5 mm slices and french cut is much 
less than betw een either 5 mm and 10 mm slices, or french cut and 10 mm slices.

C onsideration o f sample geom etry differences, especially surface area per 
unit w eight and effective thickness (as equivalent infinite slab thickness), can 
give an explanation for the above results. If potatoes are cut into the geom etries 
listed above, the surface area per unit weight for the 5 mm slices and 10x 10 mm  
french cut are about equal, and about twice the value found for 10 mm slices. In 
determ ining the equivalent thickness as infinite slabs for the three geom etries, 
the 5 and 10 mm slices can be considered to act as 5 and 10 mm thick infinite 
slabs, while the 1 0x10  mm french cut is the geom etric intersection o f two 
orthoganol 10 mm infinite slabs. Its calculated, effective thickness, expressed in 
term s o f  a single infinite slab, is approximately 7.8 mm. The faster drying o f the 5 
mm slices and french cut, relative to 10 mm slices, is due to both the higher 
surface area per unit weight and their lower effective thicknesses. The lower rate 
for french cut slices relative to 5 mm slices is presumably due solely to the higher 
effective thickness o f french cut slices, since surface area per unit weight is 
essentially the same. A s french cut slices have lower effective thickness, as well 
as higher surface area per unit weight than 10 mm slices, they dry faster and are 
closer to the 5 mm slice’s behaviour. It must be noted here that the above results 
apply for thin layer drying, and that in deep bed drying (such as is the case for 
solar drying) it will be shown later that other factors, such as bed flow resistance, 
play an important role on the relative effectiveness of the various geometries.
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Moisture content (gH20/100 g dry matter)
Figure 3. E ffect o f sam ple geom etry (surface area and thickness) on drying behaviour 
o f p o ta to . O , lO x 10 french cut; □ , 5 mm slab; • ,  10 mm slab.

Deep bed drying

In contrast to the thin layer drying, where each piece is individually located in 
the air stream, in deep-bed drying the packing geometry o f the sample in the bed  
can significantly influence the overall air flow conditions. Since, when drying at 
low  air velocities, air flow conditions have a major influence on drying 
behaviour, the air flow resistances o f 60 cm deep packed beds o f the two more 
prom ising, sample geom etries from thin layer drying experiments (5 mm slices 
and 10 x lO  mm french cut) were determined. It was found that the french cut 
sam ples gave less air flow resistance than the 5 mm slices, presumably due to the 
low er packing ratio for the french cut samples. This result means that under 
conditions o f natural air convection, a bed o f french cut samples will permit a 
higher air velocity through the bed than a bed o f 5 mm slices o f equal height. For 
the solar dryer, this effect will be critical, since the volume of drying air (and 
hence heat delivery and moisture removal capacity) is related to the air velocity 
achievable.
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A n  important consideration in deep bed drying is bed depth. The overall 
efficiency o f utilization o f the drying air will increase as the bed depth increases, 
but at the same time total drying time for the bed also increases. A s 1 day drying 
was a design requirem ent in this project, it was important to evaluate the 
relationship o f bed depth and drying behaviour. Beds o f 5 mm slices o f 4, 8 and 
12 cm depth w ere dried at 50.5°C and a fan power which corresponds to 1 m /sec  
under thin layer conditions. (The choice o f constant fan power rather than 
constant air velocity was made with consideration to the expected air flow  
behaviour for the solar panel). Figure 4 shows that drying occurs more slowly as 
the bed depth increases, which is not surprising since more moisture must be 
evaporated  for the thicker beds, and that, for a given fan power, air velocity  
should be higher for the thinner bed. A t constant fan power, the decrease in air 
velocity  in the bed as the bed depth increases followed a power law equation in 
which a three-fold increase o f bed depth would give a halving o f the nominal air 
velocity.

Figure 4. Effect o f bed  dep th  on drying behaviour of deep beds of 5 mm potato  slices. 
T db =  50.5°C. • ,  12 cm; O , 8 cm; □ ,  4 cm.

W hen the drying time to a specific moisture ratio (moisture content during 
drying/original moisture content) is considered (Fig. 5), it is seen that a tripling 
o f the bed depth from 4 cm to 12 cm gave only a doubling of drying time. This 
result is apparently due to the improved efficiency o f utilization o f the heat in the 
drying air, since the ‘end effects’ at the top of the bed, which result in heat losses, 
are a sm aller proportion o f the total heat transferred in the bed throughout the 
drying. This observed drying behaviour is important since it indicates that bed 
depth should be as high as possible, within the limitation that drying o f the top 
layer o f  the bed be com pleted in a single day.

o 50 100 150 200 250 300 350 400
Time (min)
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Figure 5. Influence of bed  thickness of 5 mm slices on drying tim e to  given m oisture 
ra tio s. • ,  M oisture ratio  =  0.25; O , m oisture ratio  =  0.5.

Solar drying

Studies were conducted in the summer months with the solar panel fitted to 
the dryer body as shown in Fig. 1. The efficiency o f the solar panel in converting 
solar radiation to heated air in the dryer body was evaluated at three air 
velocities, obtained by partial blocking o f the dryer exit. Data shown in Table 1 
indicates that with increasing air flow rate, solar panel efficiency increases, while 
outlet air temperature decreases. M easured efficiency (energy in exit air as % of 
insolation  energy) ranged between 28-96% . In practice, meeting conditions 
n eed ed  for solar drying (nam ely, to have an adequate, dryer air temperature) 
will require operating the solar panel at suboptimal efficiency. The relationship 
o f air velocity to solar panel efficiency and dryer air temperature can result in 
som e reconsideration o f the earlier statem ent regarding maximum bed depth, 
since bed depth, by effecting air velocity, will have a secondary effect on solar 
panel efficiency and dryer air temperature.

Table 1. Influence o f air velocity on tem perature  rise and calculated efficiency of solar panel.

A ir velocity (m /m in) Inlet tem peratu re  (°C) O utle t tem perature  (°C) Efficiency (% )

44 20.5 52.5 95.6
40 22 .1 56.9 82.8
13 2 2 .6 59.1 28.3

W hile the data in Table 1 indicate achieved temperature rises o f 32-37°C at a 
20-22°C  am bient, we can note that on a few occasions when drying potato at a 
29°C am bient, temperature rises o f about 45°C were attained at an air velocity of 
about 0.25 m /sec.

In one experim ent in which solar drying was compared with sun drying, it was 
observed  that sun drying required about twice as much time as solar drying (13
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vs 7.5 hr). Further, the solar dried product had better colour than the sun dried, 
presum ably due to less overall enzymic-browning for the faster solar drying 
process. M ore rapid passage through the sensitive temperature and moisture 
ranges will also reduce the risk of microbial growth during solar drying, and 
since solar drying is conducted in an enclosed chamber, the aesthetic accept
ability o f the product will be improved.

Studies were conducted on the effect o f bed depth in the dryer on the time 
required for solar drying. Equal thicknesses of potato samples were loaded in 
each o f  three trays, which were vertically stacked in the dryer body. A s the trays 
are tight fitting in the dryer body, the system acts as a single bed, and yet the 
drying behaviour o f the three layers can be analysed individually. A  com 
parative study o f bed depths o f 9 cm (3 x  3 cm) and 4.5 cm (3 x  1.5 cm) showed  
that doubling the bed depth resulted in a 1.4 times increase in drying time (80 
mins vs 112 min for the first third (tray) o f each bed). These results closely follow  
those obtained in laboratory air drying of deep beds, and as noted earlier, is 
primarily related to improved utilization o f the input energy as the bed depth 
increases. The above results also indicate that air velocity differences resulting 
from increased bed depth do not significantly alter the ability o f the solar panel 
to deliver the required energy.

Figure 6 . C om parative solar drying behaviour o f po tato  in 5 mm slices and 10 x 10 mm 
french cu t sam ples. • ,  5 mm slice; O , french cut.
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It has been noted earlier that sample geom etry has an influence on drying 
behaviour in thin layers, and on air flow behaviour in packed beds. A s air 
velocity  is important to the heat output potential of the solar panel, tests were 
conducted  to evaluate the solar drying behaviour o f three geom etries, 5 mm 
slices, 10 x  10 mm french cut samples and 10 mm cubes. When the 5 mm slices 
w ere com pared to the 10 x  10 mm french cut (at 8.0 kg/m2, about a 3 cm bed), 
drying was significantly more rapid for the french cut (Fig. 6). This contrasts 
with the earlier noted results for drying in thin layers, and is most likely due to 
reduced air flow resistance for the french cut bed, with the resultant increase in 
air flow improving the dryer-solar-panel effectiveness. An attempt to further 
im prove drying behaviour by preparing 10 mm cubes from the french cut 
sam ples (to give about a tripling o f surface area per unit weight), gave instead a 
reduction in drying rate, which appears related to the poorer air flow charac
teristics o f  the cubes. This is undoubtedly due to the higher packing density, 
which resulted from converting the elongated french cut samples to tighter 
packing cubes.

Figure 7. C om parative solar drying behaviour o f 10x10  mm french cut potatoes, 
p laced flat o r upright in drying tray. O , upright; □ , flat.

A s it was apparent that, at the low air velocities present in a natural con
vection  solar dryer, air flow behaviour is critical for drying behaviour, it was 
decided  to exam ine the influence o f orientation o f french cut samples in the tray 
on the resultant drying behaviour. Three packing configurations, flat (packed 
p ieces lying flat in the tray across the air stream), upright (pieces standing
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vertically in the air stream) and random (pieces with random orientation to the 
air stream ) were solar dried at a loading density o f 16 kg/m2. In Fig. 7, it can be 
seen  that upright packing gave faster drying than the flat packing, presumably 
due to the lower air flow resistance when the pieces were oriented in the 
direction o f  the air stream. Since upright packing involved a special tray 
arrangem ent, which will be less practical in actual usage, a comparison o f  
upright and random packing was made. From Fig. 8 it can be seen that there was 
no difference in drying behaviour for either the first or second trays, each having 
16 kg/m 2 (i.e . total o f 32 kg/m 2). From this it would appear that random packing 
w ould be preferred with respect to ease o f handling.

Time (hr)

Figure 8. C om parative solar drying behaviour o f 10 x 10 mm french cut potatoes, 
p laced  upright o r random ly in the drying tray. O , upright and first tray; • ,  upright 
and  second tray; □ ,  random  and first tray; A , random  and second tray.

Conclusions

From this study, it appears that drying of potato can be accomplished without 
using external energy-sources, by means o f a natural convection solar dryer. 
H ow ever, it was observed that at the low air velocities present, drying occurs 
with significant, external mass transport resistances, and thus drying behaviour 
is strongly influenced by air flow conditions. It was also noted that air flow 
conditions were critical for the solar panel heat-transfer effectiveness. These 
tw o relationships regarding air flow are not necessarily complementary, and it 
was noted  that the rates for drying 5 mm slices vs 10 x  10 mm french cut were
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reverse for thin layers and deep beds, due primarily to the impact o f air flow 
resistance differences when drying in beds. It was also noted that solar panel 
operation will generally not occur at the highest energy conversion efficiency, 
since outlet air temperature from the solar panel decreases with increasing air 
velocity  and efficiency.

From  the studies on sample packing, it was found that deep beds o f random  
packed 10 x  10 mm french cut samples would result in the minimum drying time 
for a given set o f solar drying conditions. The choice of bed depth depends 
som ew hat on the solar and air conditions. Results from bed depth studies 
indicate that, in principle, there is an advantage in increasing bed depth and 
thus, a thickness which can be dried in 1 day at the given conditions would be 
desired. (Criteria for calculating this depth were not established in this study).

In Part II (p. 387) o f this report, the influence o f pre-concentration o f potato 
on solar-drying behaviour will be presented.
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Dehydration of potato

II. Osmotic concentration and its effect on air drying behaviour.

M. N. ISLAM * a n d  J. N. FLINK t

Summary

In Part I o f  this paper (Islam & Flink, 1982), the drying behaviour o f potato in a 
natural convection, solar dryer was discussed. A  number o f factors were shown 
to  influence the ability to com plete the drying process within 1 day. In the 
current paper, we report on another approach to increase solar dryer 
throughput. It is shown that osm otic concentration in a 45% sucrose/15% salt 
solution , prior to solar drying, results in a two- to five-fold increase in product 
throughput, due to moisture loss and solids uptake in the osmosis step and 
higher, allowable, final moisture contents for the finished product. Product 
organoleptic quality was judged to be good and ascorbic acid retention was 
similar to  that reported for commercial dehydration processes.

Introduction

In Part 1 o f  this paper, we discussed the aim o f this project, i.e. the preservation 
o f  p otato  by dehydration without input o f fossil fuel energy, and presented  
results o f  studies on drying potato under conditions found in a natural 
convection , solar dryer. W hile the requirement that drying be com pleted within 
1 day was achieved, it is desirable to increase drying throughput, and to this end, 
osm otic concentration o f the potato, prior to solar drying, was investigated. 
O sm otic concentration is a water removal process which is based on placing 
cellular materials (such as fruit or vegetables) into concentrated solutions of 
solub le solutes. Concentration results primarily from an osm otic water flow, 
caused by the water and solute activity gradients, across the cell’s sem i
perm eable m embrane. H ow ever, in natural food systems, there is always some
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leakage o f solute into the food system which means that osm otic concentration  
is, in actuality, sim ultaneous water and solute diffusion processes.

Farkas & Lazar (1969), in continuation o f earlier studies at Western Regional 
R esearch Laboratory, investigated the effect o f  temperature and solute 
concentration on osm osis kinetics and presented som e information on process 
scale-up. Ponting et al. (1973) described osm otic concentration processes using 
sucrose or invert sugar for concentrating fruit p ieces prior to air drying or 
dehydrofreezing. Flink (1975) reported that organoleptic quality o f a number of 
freeze dried fruit products was improved following an osmotic-concentration  
step  in a 60% sucrose syrup, and similarly D ixon, Jen & Paynter (1976) noted  
that highly acceptable, dehydrated apple slices could be produced by a 
com bination o f osm otic concentration and vacuum drying.

H aw kes & Flink (1978) investigated the possibility o f using binary mixtures 
o f  solutes with sucrose as a means to reduce solute cost and/or improve osm osis 
effectiveness. From their studies on systems containing sucrose with either salt, 
m altodextrin or lactose, they showed that binary mixtures could be almost as 
effective as sucrose alone at the same total concentration. M oy, Lau & Dollar 
(1978) investigated the effect o f combining organic acids and sucrose on the 
osm otic concentration o f papaya and mango, and showed that acidification 
increased the rate o f water removal for papaya. This resulted from changed 
tissue properties (reversal o f  pectin gelation) and not from the increase in solute 
concentration , since acids were added at concentrations (1.0-4.0% ) which were 
low  in com parison to the sucrose concentration (60% ).

Flink (1980) reported improvements in retention o f carotenoid pigments for 
freeze dried carrots which had been osmotically concentrated in a salt/sucrose 
binary mixture prior to freeze drying. Further, H awkes & Flink (1978) and Flink
(1980) have noted  that with osm otic concentration as a pre-step to freeze drying, 
the water load to the freeze dryer is significantly reduced, improving drying 
process econom ics.

Since the osm otic concentration procesjs generally results in som e solute 
uptake, changes in the com position o f the food material which can influence the 
subsequent drying step must be considered. O ne important property o f a 
m aterial, relative to drying, is its water sorption isotherm, since this will 
determ ine the degree o f drying required to attain a stable water activity. A  
num ber o f  authors have described equations for predicting the water activity of 
interm ediate moisture foods from their com position. Sloan & Labuza (1976), 
review ing a number o f these equations, noted that particular com ponents, such 
as salt or glycerol, are particularly effective in reducing water activity, or 
conversely give higher moisture contents for a specific water activity level. Gal 
& B ankay (1971) studied the relationship o f salt to overall solids, and its 
influence on the sorption o f water in mixtures. They showed for casein/salt 
m ixtures, that at salt concentrations in the system, which were below saturation 
with respect to the casein, increase in salt concentration resulted in increasing, 
equilibrium  m oisture content for a given water activity. Similarly, Shibata etal.
(1976) noted  that at water activities above 0 .6 , addition o f salt to dried noodle 
gave higher m oisture-contents on a total solids basis.
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From the above information, one can note that osm otic concentration in a 
salt/sugar solution, prior to drying, results in:
(1) reduced water load to the dryer, due to water loss in osmosis;
(2) increased solids density due to solids uptake in osmosis; and
(3) a higher, allowable moisture content at the point o f exit from the dryer, due 
to the influence o f salt uptake on the water sorption behaviour of the product.

It thus appears likely that the duration o f solar drying o f potato can be 
shortened by an initial osm otic concentration step. This paper presents results 
o f laboratory and solar drying studies on the effect o f osmotic concentration on 
drying time and product quality. (W hile it is recognized that reconcentration of 
the osm osis solutions for re-use will be an essential step in an eventual drying 
process involving osm otic concentration, this process was not investigated in the 
current study.)

Materials and methods

P otato (B intjee variety) was obtained from either the Danish Potato Research  
Station (V andel, Denm ark) or at the local supermarket.

O sm otic concentration was conducted for periods of 4-18 hr in a static bed at 
a solution/product ratio o f 5 : 1. Som e peeled potato pieces were individually 
m arked with coloured pins so that osm osis behaviour could be analysed by the 
m ethods o f H awkes & Flink (1978). The sample was removed at the end o f the 
osm osis period, quickly rinsed and then gently blotted with a cloth to remove 
surface moisture.

T he procedures for handling and drying the potato samples, as well as the 
details o f  the laboratory and solar dryers are given in Part I. (Islam & Flink,
1982).

W e determ ined diffusion coefficients and activation energies for diffusion 
using the m ethods described by Vaccarezza & Chirife (1978).

W ater sorption isotherms o f various freeze dried potato/solute mixtures were 
determ ined by gravimetrically measuring their water adsorption behaviour 
when held in evacuated desiccators over saturated salt solutions.

M oisture content was determined by vacuum oven drying (24 hr at 80°C and 
50 Torr).

A scorbic acid was determined by a modification of the A O A C  methods 
(1965) 39.040 and 39.041 in which 2 g o f the sample is extracted with 10 ml of 
2.0%  (w /v) oxalic acid. An aliquot o f this extract is titrated with 2, 6- 
dichlorophenol-indophenol.

For organoleptic evaluation o f the potato product, a typical Bangladeshi 
side dish was prepared. Rehydrated potato was cooked with twice its weight o f a 
frozen vegetable mix, and then spices added. The cooked dish was served with 
rice to a mixed group, som e of whom did not have experience with Bangladeshi 
food . T hese judges were asked to evaluate the characteristics of the potato 
com ponent in the dish on a 9-point hedonic scale (1 =  extremely poor; 
9 =  extrem ely good).
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Results and discussion

T o conduct this study, it was necessary to choose a water activity value at which 
the product would be considered to be shelf stable (i.e. stable with respect to 
prevention  o f microbial growth and enzymic colour changes). It was decided  
that a water activity o f 0.7 would be satisfactory and in all drying studies, the 
desired, final moisture content o f the product was defined to be the equilibrium  
m oisture content for a water activity of 0.7.

Water sorption isotherm

W hile drying is a water desorption process and thus determination o f water 
desorption  isotherm s would be more appropriate, simplicity o f sample 
preparation (for exam ple, when blending solutes in pre-determined amounts) 
w eighed  heavily in favour o f determining the adsorption isotherm. This was 
judged to be acceptable, since when the sorption isotherm is used to define 
allow able m oisture contents for the com pletion of drying, the hysteresis effect 
acts as a safety factor, in that the moisture content, defined by the adsorption leg 
o f the isotherm  for a given water activity, is lower than the moisture content for 
the desorption leg at the same water activity.

W ater sorption behaviour was determined for various blends of potato solids 
with salt and/or sucrose. Initial studies, comparing potato slices with powder 
prepared from these slices, showed no differences in equilibrium water sorption

Water activity
Figure 1. Effect o f composition and concentration o f added solutes on water sorption 
behaviour of potato. □ . Potato oowder; O, 10% salt; ■ , 20% salt; A , 10% sucrose; 
▲ , 20% sucrose; • ,  10% salto-13% sucrose (percentages give g /100 g potato solid).
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behaviour. W hen salt was blended with potato solids, there was an influence of 
the state o f the salt over the water activity range o f 0 .44-0 .75. While a blend of 
freeze dried salt and freeze dried potato had the same water sorption behaviour 
as a freeze dried salt/potato blend o f the same com position, both had higher 
water sorption than an equivalent blend o f freeze dried potato and crystalline 
salt in the range o f 0 .44-0 .75 . A t 0.75, which is the water activity o f a saturated, 
aqueous salt solution, the isotherms converged. The results shown in Fig. 1 are 
for sam ples prepared by wet blending all com ponents prior to freeze drying. The 
w ater sorption behaviour is given in terms o f water sorbed per 100 g total solids, 
which m eans that a binary blended system involves replacement of some o f the 
first solids with the second solids in evaluating the resultant moisture content. In 
this case, it can be seen that blending sucrose with potato solids gives no change 
in the m oisture content, and thus one would say (for example with sucrose blend 
at 10% ) that per 100 g solids, replacing 9 g potato solids by 9 g sucrose has no 
effect on water sorption. On the other hand, replacement of some o f the potato 
solids with salt gives an increase in water sorption, with the size o f the increase 
appearing to depend on the amount o f potato solid in the 100 g total solids which 
has been replaced by salt. The water sorption ‘equivalence’ o f sucrose and 
potato  solid is further demonstrated by noting that the 10% salt sample and the 
10% salt/10%  sucrose sample have the same water sorption behaviour.

A s an exam ple o f the importance o f this behaviour, we can note that at a 
w ater activity o f 0 .7 , a potato sample which contains 9.0% of its solids as salt will 
have a m oisture content o f 27.5 gmFFO/100 gm total solids while a plain 
potato  sample (or a potato sample containing added sucrose alone) will have a 
w ater content o f 16.5 gmFFO/100 gm total solids. Thus, for a product containing 
salt, drying will be com pleted (to a  ̂ =  0 .7) at a higher, final moisture content. (It 
should be noted that the above effect is independent o f any further preservative 
action which is specific to the presence o f the salt).

Osmotic concentration

B efore conducting the main tests on osm otic concentration, a preliminary test 
was conducted to evaluate the effect o f 4 min steam blanching on subsequent 
osm otic concentration in 20% NaCl solution. The observed, reduced water loss 
and increased solids uptake clearly showed that blanching o f potato is 
undesirable. It seem s likely that loss o f membrane integrity, due to heating, was 
the cause o f the poor osm otic concentration behaviour.

A  num ber o f solutes were tested for their osmotic concentration  
effectiveness, measured by the loss o f water (W L) from the potato, and the 
solids gained (SG ) by the potato. These two effects combined to give an overall 
percentage o f total solids for the osm osed sample which, when divided by the 
initial percentage o f solids, results in a term called the normalized solids content 
(N SC ). NaCl, KC1 and lactose showed effective action, but due to solubility 
considerations were limited to concentrations below 25%. Sucrose, on the other 
hand, was tested at concentrations up to 60% solids. A  comparison o f the
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Figure 2. Water loss (WL) and solid gain (SG) for osmotic concentration of potato in 
sucrose solutions. • ,  Percentage WL; O, percentage SG.

Figure 3. Water loss (WL) and solid gain (SG) for osmotic concentration of potato in 
sodium chloride solutions. • ,  Percentage WL; O, percentage SG.

osm otic concentration results for sucrose and NaCl showed a basic difference in 
their osm osis behaviour. For sucrose (Fig. 2) it is noted that the increase in NSC, 
with the increasing percentage of sucrose in the osmosis solution, results 
primarily from increasing WL. The uptake of sucrose (SG) is roughly constant
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for all sucrose concentrations. On the other hand, increasing NaCl (Fig. 3) gives 
increasing N SC  by both increasing W L and SG. KC1 showed little increase of 
W L with increasing KC1 concentration, the NSC increases arising primarily 
from  uptake o f solids. T hese differences in osm otic concentration behaviour 
betw een  the salts and sugars presumably arise from differences in size and molar 
concentration o f the ionized salts vs the larger, unionized sugars. The smaller 
salt ions can more easily diffuse through the cell membrane, resulting in higher 
solids gained. This solids uptake at the same time reduces WL as the osm otic 
potential gradient is reduced. Sugars, being larger, cannot easily diffuse through 
the cell m em brane, and thus the approach to osmotic equilibrium is achieved  
primarily by flow o f water from the cell.

W hile the degree o f osm otic concentration that can be achieved by use o f  
NaCl alone is limited by its solubility in water, NaCl can be used in conjunction  
with m ore soluble solutes, such as sucrose. Replacem ent o f some sucrose by 
N aC l results in a lower cost media, and additionally may have som e taste 
advantages over a pure sucrose media, depending on the food material being 
concentrated. Furthermore, it has been already noted that uptake o f salt in the 
concentrated product can have positive effects on the course o f drying, 
primarily by raising the final, allowable water content for the dry product.

T he N SC  values for 18 hr osm osis treatments in nineteen salt/sugar blends are 
show n in Fig. 4. It can be clearly seen that both increasing sucrose (at constant

Sucrose concentration (%)

Figure 4. Normalized solids contents (NSC) for potato osmotically concentrated in 
sucrose/salt blends. (TS =  total solids in osmosis solution). □ ,  20% salt; • ,  15% salt; 
■  , 10% salt; 0 ,0 %  salt.

26
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salt concentration) or increasing salt (at constant sucrose concentration) results 
in increases in NSC. Further, it can be seen that for a given total solids (TS) 
concentration in the osm osis solution, the NSC is higher for the salt/sucrose 
blends than for the pure sucrose solution. This is undoubtedly due to the higher 
concentration on a molar basis for the blend. The highest NSC in Fig. 4 (about
3 .8  for the 45% sucrose/15%  salt blend) corresponds to an osm osed potato  
sam ple o f  74% solids.

T he results o f  the above tests show that sucrose alone, or in combination with 
salt can give high levels o f water loss, and resultant, high solids contents prior to 
drying. T he ultimate choice o f blend will depend on many factors, such as solute 
cost, organoleptic compatability with the end product, or additional 
preservative action. T o aid in designing osm osis solutions, diagrams giving 
sucrose/salt blends which results in given NSC values can be prepared. Figure 5 
show s such a diagram for 18 hr osm osis treatments o f 5 mm potato slices.

Curve No. : I 2 3 4 5 6
NSC: 2-25 2-5 2-75 3-0 3-25 3-5

I 2 3

Figure 5. Sucrose/salt blending ratios for obtaining specified levels of concentration 
(N SC ) o f potato.

O sm otic concentration behaviour will depend on sample piece geom etry and 
tim e in the osm osis solution. A s has been shown in Part I (Islam & Flink, 1982) 
p iece geom etry is very important to solar drying behaviour and thus eventual 
choice o f geom etry and size may not be dictatable on the basis of osmosis 
considerations. H ow ever, tests were conducted to elucidate the influence of 
sam ple geom etry, size and osm osis time on the degree o f osmotic concentration, 
expressed  as NSC. Results in Table 1 indicate that size and geometry have some 
influence on the extent o f concentration, especially for short osmosis times. 
O sm osis behaviour at short times is undoubtedly primarily a surface area related 
transport phenom enon and a simple analysis o f surface area/weight ratios shows 
5 mm slices and 10 x  10 mm french cut samples to be about equal and about 
tw ice as large as 10 mm slices. Thus 5 mm slices and 10 x  10 mm french cut
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Table 1. Effect o f sample size and osmosis time on 
extent of osm osis o f potato in a 50% sucrose/10%  
NaCl solution

NSC

Sample size 4 hr 6 hr 18 hr

5 mm slices* 3.13 __ 3.63
10 mm slices* 2.22 — 3.23

5 mm slicest __ 2.96 3.08
10 x  10 mm french cutt 2.36 2.74 3.02

* Initial % solids =  20.2% . 
tln itia l % solids =  23.5%.

sam ples approach equilibrium more rapidly than 10 mm slices. At 18 hr, 10 mm 
slices still have a som ewhat lower NSC value. For the 5 mm slices and 10 x  10 
mm  french cut, there is not much further concentration effect after 6 hr, which is 
in agreem ent with previously reported results o f Hawkes & Flink (1978), M oy et 
al. (1978) and H ope & Vitale (1972). A  final interesting point in Table 1 is the 
effect that initial solids content has on the measured NSC values. The two NSC  
values for 18 hr osm osis o f 5 mm slices do not agree so well, but if expressed on a 
final solids basis (73.3 vs 72.4% ) the agreement is much better. This fact 
indicates the importance o f using a single raw material when comparing results 
for different process parameters, and o f retaining as much test data (such as 
initial and final solids contents) as possible. Thus while NSC gives the degree of  
concentration achieved, it seem s that the equilibrium value is more dependent 
on the total solids concentrations in the product and in the osmosis solutions.

T he concentrated potato slices obtained from the osmosis tests o f the 
nineteen  salt/sucrose blends (data points o f Fig. 4) were evaluated for their 
stability, determ ined by visual exam ination for mould growth and/or brown 
colour form ation (due to residual enzym ic activity). Samples were held at 26°C 
in watertight, sealed dishes. A fter 3 months storage, six o f the nineteen original 
sam ples show ed no mould growth, and o f these six, only two also had no colour 
change. T hese two were the high salt samples, 45% sucrose/15% salt and 20% 
sucrose/20%  salt. A n informal evaluation indicated that there would be 
organoleptic problem s associated with the 20/20% solution (strong salty taste), 
so 15% salt in an osm osis blend is probably the practical limit.

Osmotic concentration and laboratory air drying

T he effect o f  osm otic concentration on subsequent air drying behaviour was 
investigated for 7 mm potato slices, concentrated in either 60% sucrose or 45% 
sucrose/15%  salt, and dried at air temperatures o f 52-68°C with an air flow  
velocity  o f 2.5 m /sec. From the drying curves obtained, the diffusion coefficient

26*
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o f w ater (D ) was found for the first falling rate period while the activation 

energy for diffusion was evaluated from a plot o f 1 n D  vs (based on air
1 abs

dry bulb tem perature). In all cases, the initial sample thickness (prior to 
osm osis) was used.

T he results for these tests indicated that for all samples (osm osed and non- 
osm osed ) drying rate increases as air temperature increases. This also meant 
that water diffusion increases with increasing temperature for each sample type. 
W hen the three sample types are compared at a given air dry bulb temperature 
(T able 2 ), it is seen that the water diffusion coefficients (and drying rates) 
decrease in the order no osm osis >60%  sucrose >45%  sucrose/15%  salt. 
O sm osis appears to give a significant reduction in the rate o f water transport 
during drying. A n  exam ination o f the time required to achieve a moisture 
content corresponding to a  ̂ =  0.7 (defined as the drying time) indicates that 
factors other than rate o f water transport are influential. The 45% sucrose/15%  
salt sam ple, which has the lowest water diffusion rate, requires the least time to 
dry (60 m in), while the 60% sucrose sample required 195 min, and the non- 
osm osed  sample required 325 min.

Table 2. Effect o f osmosis on drying behaviour*

Sample
Water Diffusion 
coefficient (crrr/sec)

Drying timet 
(min)

N o osm osis 8.72 x 10“" 325
60% sucrose 4.48 x 10-" 195
45% sucrose/15%  salt 2.31 x 10-" 60

*Drying at 65.5°C, 7 mm slices, 2.5 m/sec air flow. 
tT im e to obtain moisture content corresponding to 0.7 aw.

T he differences in water diffusion rates (and drying rates) can be attributed to 
the com positional changes which occur following osmosis. The uptake o f sugar 
and/or salt, together with loss o f water which occurs in osmosis gives increased 
internal resistance to moisture m ovem ent. Thus, when drying at the same air 
conditions, drying rates will be lower for osm osed samples than non-osm osed. 
T he higher solids gain from salt containing osm osis solutions, together with 
salt’s m ore hygroscopic nature, results in the lower drying rate for the 45% 
sucrose/15%  salt sample when compared to the 60% sucrose. (There were 
indications that salt has som e special effect on water diffusion rates as the 
activation energy for diffusion for sucrose/salt containing samples was much 
low er than for sucrose osm osed samples (3.9 vs 9 .7 Kcal/mol). On the practical 
level this m eans that temperature has much less influence on drying rate for 
sucrose/salt osm osed samples than sucrose osm osed or non-osm osed sam ples.) 
T hese results are similar to those o f Waterman (1976) who noted that drying of
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salted fish (salt osm osed) is slower than non-salted fish and drying rate decreases 
as salt content increases, and Flink (1980) who observed that freeze drying of 
carrots following osm osis in 40% sucrose/5%  salt solution gives slower drying 
rates than non-osm osed samples when compared on the basis of actual solids 
contents.

T he observation that the time required to dry to a moisture content 
corresponding to a water activity o f 0.70 is lower for osm osed samples (even  
though drying rate is lower) may be attributed to the higher solids content (up to 
three to four times higher) with which the osm osed product enters the dryer. For 
sucrose/salt osm osis, there is the added effect o f the higher, final moisture- 
content at which the product is ‘stable’. (With the 45% sucrose/15% salt 
osm osed  sam ple, the required drying (to â  =  0.7) is com pleted at a moisture 
content o f 29% as compared to 17% for both 60% sucrose osm osed and 
non-osm osed  samples).

B ased  on the above results, it can be concluded that the time required for air 
drying potato slices can be reduced by a factor of 2 -5  by an osmosis 
concentration step prior to the air drying. D ue to the effect o f salt on the water 
sorption isotherm , sugar/salt osm osis solutions are to be preferred for pre
concentrating potato slices prior to air-drying. A t a given total solution  
concentration , as salt content increases, drying time will decrease (dryer 
throughput increases) and osm osis solution cost will decrease. Organoleptic 
considerations, however, will limit the ultimate salt concentration, and in this 
study the 45% sucrose/15%  salt osm osed sample which required the least drying 
tim e o f  all com positions tested (five times higher drying throughput than non- 
osm osed  slices) was also organoleptically acceptable. Thus 45% sucrose/15%  
salt osm osed  sample was considered the best choice for the subsequent, air 
drying studies, (particularly solar air drying), since drying can be com pleted in 
the shortest possible time. Further, the fact that the 45% sucrose/15%  salt 
osm osed  sample appears to be microbiologically stable, without further drying, 
gives an added safety factor to the process.

T he drying studies reported above were conducted on a single layer o f slices at 
an air flow o f 2.5 m /sec in order to minimize external mass transport resistances. 
T o m ore closely simulate solar drying conditions, a drying study was conducted  
in which 120 mm thick beds o f osm osed (45% sucrose/15% salt) or non-osm osed  
potato  slices (initial thickness =  5 mm) were dried at an inlet air temperature of 
68.5°C  and an air flow well below  1.0 m /sec (the fan power used gives a velocity 
o f  about 1.0 m /sec for a single layer of slices; the velocity obtained is much lower 
for the 120 mm thick bed and a second study conducted at the same time showed  
that external mass transport resistances are important at these air velocities). 
T he respective drying times for the osm osed and non-osm osed samples were 90 
and 260 min. W hen this (2.8 x )  reduction in drying time is coupled with the, 
(2 .0  x )  increase in dryer loading density (solids basis, kg solids/m2), it is seen  
that the osm osed sample gives an approximately five- to six-fold increase in 
dryer throughput. Thus, it is seen that osm osis concentration benefits drying 
behaviour for thick beds under simulated solar drying conditions.
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Osmotic concentration and solar air drying

A  num ber o f  studies were conducted in which osm osed and non-osm osed  
sam ples were dried in the solar dryer. A s noted in Part I (Islam & Flink, 1982) 
com parative studies under solar drying conditions are difficult since it is not 
possib le to control insolation conditions. Thus, the best that could be done was 
to choose days for drying which had similar weather conditions and measure 
insolation  levels. (In practice we were fortunate because good weather in 
D enm ark appears to com e in packets, i.e . several days o f almost equal good  
w eather— then clouds and/or rain). In accordance with the above noted  
situation the results noted below should be considered as demonstrations of 
solar drying behaviour which supplement and support the more controllable 
laboratory air drying studies which simulated solar drying.

Solar drying was com pared with sun drying at a loading o f 8.0 kg/m2. These 
tw o dryings were conducted simultaneously, so sun and weather factors are 
equal. Similar to the results for non-osm osed samples in Part I, solar drying of 
osm osed  sam ples was twice as fast as the corresponding sun drying. (For both 
solar drying and sun drying, the osm osed samples showed a marked 
im provem ent over the corresponding non-osm osed, but it is not possible to 
attribute this effect to osm osis alone due to the differences in solar dryer, inlet 
tem perature).

T he effect o f  osm osis on solar drying was investigated in two experimental 
series, using two osm osis procedures and two dryer loadings (Table 3). It is 
evident that the osm osed samples dry more quickly than the non-osm osed, 
which is, as usual, explained by the fact that the osm osed samples enter the dryer 
with a higher, initial solids content and that osm osed samples are stable at higher 
m oisture content than non-osm osed sample. The osm osed, solar dried product 
also had a better colour, since the osm osis process (in 45% sucrose/15%  salt) 
gives protection against enzymic browning. W hile it would be tempting to 
com pare the effect o f  extent o f osm osis (3 hr osmosis gave 50% total solids while

Table 3. Effect o f osmosis treatment on solar drying behaviour of 
potato

Sample
Osmosis 
time (hr)

Loading 
density (kg/m2)

Drying 
time (hr)*

N on-osm osed — 8 7.5
O sm osedt 18 8 1.9

N on-osm osed ___ 16 7.5
O sm osedf 3 16 3.5

"'Time (hr) to dry to moisture content corresponding to 0.70 aw 
+5 mm slices in 45% sucrose/15% salt at a 4 :1  osmosis 

solution : potato ratio; 18 hr without circulation (static).
+ 10 x  10 mm french cut in 45% sucrose/15% salt at a 2:1  

osm osis solution : potato ratio; 3 hr with circulation.
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18 hr osm osis gave 65% total solids) and loading density, the fact that the 
non-osm osed  sample dried in the same time indicates that solar conditions were 
not equal for both series.

A  drying test with osm osed samples was conducted to specifically investigate 
the effect o f loading density on drying time. 45% sucrose/15%  salt osmosed  
sam ples were dried at loading densities o f 8.0 kg/m2 and 4 .0  kg/m2, at an average 
tem perature o f 67.5°C at the dryer inlet (ambient temperature was 24°C).

T he drying time was less for the lower loading density (80 min vs 112 min) but 
it is noted  that doubling the loading density did not double the drying time.

T he increase in drying time with increase in loading density is related to the 
higher am ount o f moisture to be evaporated and to change in the air velocity 
with bed thickness. A s loading density increases, the amount o f moisture to be 
evaporated  also increases and thus more time is needed for evaporation. In 
addition, at a given air flow power, a thicker bed (i.e. higher loading density) 
gives higher air flow resistance with resultant decrease in air velocity. A  lower air 
velocity can also give lower energy transfer from the solar panel to the air, which 
in turn gives slower drying under certain types of drying conditions.

T he observation that drying time does not increase at the same proportion as 
loading density increases has also been noted in the laboratory air drying 
experim ents. With higher loading density, it appears that heat is more efficiently 
utilized for drying than with lower loading density.

From  the above, it appears that increasing loading density will give a definite 
advantage in solar drying (with natural convection flow) as far as drying 
throughput is concerned. H owever, from the point of view of product quality 
deterioration and the im posed constraint o f single day drying, drying at a very 
high loading densities will not be possible. It appears obvious that there exists an 
optim um  loading density for given air flow conditions which maximizes 
throughput for the allowable, overall drying time.

In an experim ent similar to that reported in Part I for non-osm osed potato, 
the influence o f  sample packing in trays for osm osed 10 x  10 mm french cut 
sam ple, was exam ined. There was no difference in drying behaviour for upright 
or random  packing, with the drying time for 16 kg/m 2 o f osm osed potato being 
about 180 min (Fig. 6 .), while the drying time for non-osm osed samples was 
about 300 min. For the same reasons as listed in Part I (ease of packing, air flow 
resistance, e tc .) , random packing o f french cut potato in the trays is to be 
preferred.

Organoleptic evaluation

For the organoleptic evaluation, the potato product was prepared in a 
traditional Bangladeshi dish which involves cooking the rehydrated samples 
with fresh vegetables and serving together with rice. The taste panelists (two 
B angladeshi, one Tanzanian, one American and four Danes) were requested  
specifically to evaluate the potato com ponent o f the dish on a 1-9-point hedonic 
scale. In all, three potato products (plain solar dried, plain osm osed in 45%
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Figure 6. E ffe c t  o f  o sm o tic  co n c en tra tio n  o n  the  so lar  drying b eh a v io u r  o f  p o ta to  
(S o lid  lin e  =  n o n -o sm o se d  p o ta to : O  U p rig h t p a c k in g /A  R a n d o m  pack in g; D a sh e d  
lin e  =  o sm o s e d  p o ta to :  □  U p rig h t p a c k in g /<0 R a n d o m  pack in g . A rrow s sh o w  tim e  
w h e r e  m o istu r e  c o n te n t  co rresp o n d s to  0 .7  a w).

sucrose/15%  salt and both osm osed in 45% sucrose/15%  salt and solar dried) 
w ere evaluated. The panelists’ scores were evaluated by an analysis of variance.

T he results (Table 4) show that all products tested were acceptable. For all 
quality factors evaluated, the osm osed plus solar dried product had the highest 
test-scores, the differences being significant (95% level) for general 
acceptability and texture. A  significant difference between osmosed plus solar 
dried and plain solar dried product was found for appearance. There was no 
significant difference for flavour for any o f the samples.

Table 4. O r g a n o le p tic  e v a lu tio n  o f  o sm o se d  a n d /o r  solar- 
d r ied  p o ta to  p r o d u cts  (9 -p o in t h e d o n ic  sca le )

Q u a lity  factor SD * O S M t O S M + S D t

A p p e a r a n c e 6 .5  a§ 7 .38ab 7 .8 8 b
T e x tu r e 6 .2 5 c 5 .5 c 8 .0
F la v o u r 6 .8 6 d 6 .71d 8 . 14d
G e n e r a l a c ce p ta b ility 6 .6 9 e 6 . 19e 8 .25

* S D  =  S o la r  dried .
+ O S M  =  6 hr o sm o s is  in 45%  su crose /15%  salt so lu tio n  
:|:OSM +  S D  =  3 hr o sm o s is  in 45%  su cro se /1 5 %  salt 

so lu t io n  fo llo w e d  by so la r  drying.
§ S a m p le  m e a n s h av in g  the  sam e letter  su ffix  d o  not  

d iffe r  at th e  5 .0%  lev e l o f  sign ifican ce .
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T he superiority o f osm osed plus solar dried product over plain solar dried 
product is based on improved appearance and texture. The differences in 
texture m ay arise from differences in rate and extent o f drying, together with the 
effect o f infused solute(s). The differences in appearance are primarily due to 
difference in colour, the osm osed samples being much whiter than the plain 
solar dried. (It should be noted that colour o f the plain solar dried could be 
im proved by blanching or sulfiting). From this simple organoleptic evaluation, it 
appears that a high quality product can be obtained by osmotic concentration 
fo llow ed  by solar drying.

Nutrient retention

A scorbic acid levels were measured for plain solar dried, plain osm osed and 
osm osed  plus solar dried products. W hile all processes resulted in vitamin C loss 
(T able 5 ), the loss levels are not as high as the 60% loss reported by Augustin et 
al. (1979) for com m ercial, dehydrated potato products, or the losses o f up to 
73%  reported for 5 m onth warehouse storage of fresh potato (Hadzidev & 
S tee le , 1976). W ith proper packaging, there should be little additional loss of 
vitam in C from the dehydrated potato products.

T able 5. In flu en ce  o f  p r o c ess in g  m e th o d s o n  the  rete n tio n  o f  
v e ta m in  C

S a m p le
C o n d it io n s

V ita m in  C  (m g )  
p o ta to  so lid  (1 00g)

V itam in  C  reten tio n  
( % o f  fresh )

F resh 7 2 .4 2
O sm o se d * 57.451- 79
O s m o s e d +
so la r -d r ie d * 4 4 .4 0 t 61 .3

F resh 8 7 .6 3
S o la r -d r ie d 3 9 .9 4 5 .5

*3 hr o sm o s is  p e r io d  in a 4 5 /1 5  su cr o se /sa lt  so lu tio n . 
t S in c e  o sm o s is  resu lts  in so lu te  u p ta k e , actual v itam in  

C  c o n c e n tr a t io n  o n  a total so lid s  b asis in o sm o se d  p ro d u ct is 
lo w e r  (o s m o s e d  =  3 2 .4 ;  o s m o s e d + s o la r  dried  =  2 5 .0  m g  
v ita m in  C /1 0 0  gm s to ta l so lid s ).

A scorbic acid losses during osm otic dehydration may be attributed to the 
leaching o f  the vitamin from the product to the osmosis solution. Jadhav, Steele 
& H adzidev, (1975) noted that vitamin C losses occurred due to leaching during 
the blanching and cooling steps in production o f dehydrated mashed potato. 
A scorbic acid loss observed for the product produced by osmotic dehydration 
and subsequent solar drying may be attributed to the combined effects of 
leaching during osm osis and chemical degradation during the subsequent solar 
drying.
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T he observation that the non-osm osed solar dried product gave the lowest 
am ount o f vitamin C retention is probably due to the fact that the product was 
dried at a higher air dry-bulb temperature (56°C vs 47°C) and that drying 
requires a significantly longer time (270 vs 180 min).

From the results, it appears that any dehydration process will result in vitamin 
C losses. W hile differences in drying temperature prevent a direct comparison 
o f osm osis plus solar drying vs plain solar drying, it is noted that the vitamin C 
losses (m axim um of c. 55%) are no worse than that found for commercial 
dehydration o f potato (c. 60% ) (Augustin etal., 1979).

Furtherm ore, the losses appear to be less than that which can occur during 
w arehouse storage o f fresh potato over 5 months (73% ). Thus, in terms o f our 
target ‘consum ers’ (the Bangladesh rural population) the solar dried or osm osed  
plus solar dried products represent potential improvements in vitamin C levels 
for stored potato product.

Conclusion

From the above, it appears that by osm otic concentration and subsequent solar 
drying, a high-quality product can be obtained. Organoleptic evaluations 
indicated a high level o f acceptability o f the osm osed and solar dried product, 
w hile retention o f ascorbic acid was comparable to that found in other 
dehydration processes reported in the literature.

From a number o f drying studies, it is noted that osm osed samples, in general, 
give higher product throughputs than non-osm osed samples (c. four to six times 
higher on total solids basis), and solar drying of osm osed sample can be 
com pleted  within a short period o f time (c. 2 -3  hr). In addition, the osm osed, 
solar dried product has a more attractive colour than the non-osm osed, dried 
product. Previous results obtained with non-osm osed samples, regarding the 
effects o f air velocity and loading density on drying behaviour in the natural 
convection , solar dryer, were confirmed for the case o f solar drying o f osm osed  
sam ples.
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Range bias in sensory evaluation

R. L. M cB R ID E

Summary

U sing a panel o f twenty-four tasters, the optimum sweetener concentration for a 
flavoured milk beverage was determined using two different approaches, single 
(sequential m onadic) presentation and simultaneous multiple presentation. The 
estim ate provided by the multiple presentation was shown to depend upon the 
particular sweetness range presented to assessors, but, after correction for this 
range bias, the estim ate almost coincided with that from the single presentation.

Introduction

H um an perception is relative, not absolute (Parducci, 1963). Consequently, in a 
sensory investigation where a range o f stimulus intensities is presented to the 
assessor, each stimulus is not assessed in isolation: the score assigned a stimulus 
intensity is partly determ ined by its magnitude, relative to other intensities in 
the range. This phenom enon has been termed the stimulus range effect 
(P ou lton , 1977). A nother way o f regarding this relativity of judgement is that 
assessors have a tendency to equate the centre o f the response scale with the 
m iddle o f the stimulus range presented, irrespective o f the absolute intensities. 
T hus, the stimulus range effect has also been called the centering bias (Poulton,
1979).

M any experim enters overlook this pervasive bias, which becom es particularly 
troublesom e when the aim o f the investigation is to establish a criterion, or 
cu t-off point. The experim enter may unwittingly pre-determine the outcom e of 
such an investigation simply by em ploying a particular range o f stimulus 
intensities. For exam ple, in audition, Poulton (1977) showed that the estimate 
o f what constitutes a just tolerable noise level depends to a large extent on the 
range o f  noise levels used in the experiment. W hen the intensity range presented  
was 5 2 -84  decibels (dB ), the estimate o f just tolerable noise level was 73 dB; but

A u th o r ’s a d d ress: F o o d  R e sea rch  L a b o ra to ry , C S IR O  D iv is io n  o f  F o o d  R esea rch , P .O . B o x  
5 2 , N o r th  R y d e , N S W  2113 . A u stra lia .

0 0 2 2 -1 1 6 3 /8 2 /0 6 0 0 -0 4 0 5  $ 0 2 .0 0  ©  1982 B la ck w ell S cien tific  P u b lica tion s
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when the range presented was 86-97 dB, the estimate rose to 90 dB -  a fifty-fold 
increase in sound power.

In the sensory evaluation o f food, it is also common practice for assessors to 
be presented with a range o f stimuli to judge at a single session (multiple 
presentation). Logistically, such a procedure is attractive, since it is economical 
o f assessors and time. It is also sensitive; when a number o f samples are 
presented side by side, assessors are able to perceive even the smallest 
differences. H ow ever, such comparison between stimuli means that the 
m ultiple presentation procedure is likely to be susceptible to the stimulus range 
bias.

A ccording to Poulton (1977, 1979), one way o f avoiding the stimulus range 
bias is to have each stimulus judged by a different group o f assessors. 
U nfortunately , this requirement would prove awkward for the many food  
scientists w ho rely upon the co-operation o f a small panel for sensory testing. 
But there is a com prom ise procedure: The same assessors judge all stimuli, but 
each assessor judges only one stimulus per session (single presentation). 
Provided there is a reasonable interval between sessions (e.g . 24 hr), and overall 
the order o f presentation is balanced, direct comparison between stimuli is 
precluded and stimulus range bias would therefore be unlikely to occur.

T he aim o f the present study was to check the efficacy o f the alternative, single 
presentation technique as a means o f overcoming stimulus range bias in sensory 
evaluation.

Experimental

Sensory testing was conducted to determine the concentration o f glucose 
(dextrose) m onohydrate needed to produce optimum sweetness in a new 
flavoured milk beverage. Apart from the sweetener, product formulation 
rem ained constant throughout the experiment. The testing facilities have been  
described previously (Christie, 1966). Two different approaches were 
em ployed.

Single presentation

T he panel com prised twenty-four em ployees o f  the CSIRO Food Research 
Laboratory, all o f  whom had previous experience in sensory testing, but none of 
w hom  had previously tasted the test beverage. At one session a day for 4 
consecutive days, assessors were presented with one 120 ml sample of chilled  
(8°C) beverage. Four concentrations o f sweetener were used: 2.0, 4.0, 6 .0 and 
8.0%  w /v glucose m onohydrate. The panel was divided into four groups, each o f  
six assessors, so that order of presentation could follow a Latin square design.

T he response scale consisted o f a line 150 mm long, anchored at opposite ends 
with the verbal descriptors ‘N ot nearly sweet enough’ and ‘Much too sw eet’. The
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centre o f  the scale was labelled ‘Just right’. Assessors were instructed to drink 
the sam ple and to mark the line at the point which they considered best 
described their opinion o f its sweetness level. The distance o f each response 
from the centre o f the scale was measured to the nearest millimetre and this 
served as the response score. Scores on the ‘Much too sw eet’ side were taken as 
positive, the others as negative.

M ultip le presentation

A s a precaution against carry-over effects, there was a break o f 2 weeks 
b etw een  the single and multiple presentation evaluations. W hile the panel, 
response scale and sample volum es were the same, the outcom e of the single 
presentation evaluation suggested that a reduction in the glucose monohydrate 
concentrations would permit more accurate determination o f the optimum  
sw eetness level.

A t on e session a day for 3 consecutive days, assessors were presented with a 
different sw eetness range: in the bottom  range the glucose monohydrate 
concentrations were 0 .5 , 2 .0  and 3.5% w/v; in the medium range 2.0, 3.5 and 
5.0%  w/v; and in the top range 3.5 , 5 .0 and 6.5% w/v. The three ranges 
overlapped so that two o f the concentrations (2.0 and 5.0% ) were common to 
tw o ranges, while one concentration (3.5% ) was com mon to all three ranges. 
T he panel was divided into three groups, each o f eight assessors, so that order of 
presentation betw een ranges followed a Latin square design. Overall, the order 
o f evaluation within each range was com pletely balanced. The samples within 
each range were presented simultaneously, and assessors were permitted to 
retaste sam ples if they wished. N o information was given about session to 
session  variation in sweetness levels.

R e s u lt s

Single presentation

T he m ean response scores for the four concentrations o f glucose 
m onohydrate are given in Fig. 1. A n analysis o f variance (Latin-square) showed  
a significant m ain-effect for glucose monohydrate concentration (F =  10.55,
d .f. = 3 /6 ,  P <  0 .01), but no significant differences betwen the four groups of 
assessors. Com putation o f the least significant difference (LSD) revealed that 
the 8.0%  level was rated significantly further from the centre o f the scale 
(P <  0 .05) than the 4.0%  level, and that the 8.0, 6.0 and 4.0% levels were all 
rated significantly closer to ‘Much too sw eet’ (P <  0.05) than the 2.0% level. In 
addition, there was no sessions effect (F  =  0.56, 3/6): overall, the mean 
response scores at the last session were no different from those at the first. This 
result confirms that prior exposure to the single presentation condition could 
not have influenced the panel’s performance in the subsequent multiple- 
presentation condition.
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Glucose monohydrate cone. (% w/v)

Figure 1. S in g le  p r e se n ta tio n  p ro ced u re. M ean  resp o n se  sco res (O ) for ea ch  o f  the  
fo u r  g lu c o se  m o n o h y d r a te  c o n cen tra tio n s; 2 .0 ,  4 .0 , 6 .0  and 8 .0%  w /v . T h e  p o in t at 
w h ic h  th e  u n b r o k e n  and b ro k en  lin es in tersect p ro v id es an estim a te  o f  the  op tim u m  
c o n c e n tr a t io n , viz. 2 .6  w /v .

Multiple presentation

In Fig. 2. the mean response scores are plotted against the five glucose 
m onohydrate concentrations, as presented in three different ranges. The solid 
lines link the points within each range. A  two-way analysis o f variance showed a 
highly significant main effect for concentration (F = 2 5 .8 , d.f. = 8 /1 8 4 , 
P <  0 .001).

C om putation o f the LSD revealed that when the 3.5% level was presented as 
the strongest concentration (bottom  range), it was given a significantly higher 
(P  <  0 .05) score than when presented as the weakest concentration (top range). 
Figure 2 also dem onstrates an apparent inversion. The 2.0% level (middle 
concentration, bottom  range) was rated closer to ‘Much too sw eet’ than the 
3.5%  level (weakest concentration, top range). Furthermore, the 3.5% level 
(strongest concentration, bottom range) was rated closer to ‘Much too sw eet’ 
than the 5.0%  level (middle concentration, top range).

Discussion

The single presentation approach showed that the 2.0% level was considered  
not sw eet enough by this panel, while the upper three levels were rated as too
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Figure 2. Multiple presentation procedure. Mean response scores (O) for the five 
glucose monohydrate concentrations, 0.5, 2.0, 3.5, 5.0 and 6.5% w/v as presented in 
three different ranges. The response scores within each range are connected by a solid 
line. Each range specifies a different estimate for optimum sweetness as indicated by 
the dotted lines.

sw eet (Fig. 1). T he estim ate o f optimum sweetener concentration may be read 
directly from the intersection o f the unbroken and dotted lines, viz. 2.6% w/v.

Figure 2 clearly demonstrates a stimulus range effect: the mean response 
scores for the 2 .0 , 3.5 and 5.0%  w /v concentrations were influenced by the 
ranges in which the concentrations were presented. W hen presented as the 
w eakest concentration, 3.5%  w/v was considered not sweet enough, but when  
presented  as the strongest concentration it was considered too sweet. This 
finding has awkward implications for the food scientist who uses multiple 
presentation  to estim ate optimum sensory requirements.

Suppose, as is traditional practice, the experimenter had chosen just one of 
these ranges to establish optimum sweetener concentration (the particular 
range chosen would depend on the experim enter’s hunch about optimum  
sw eetn ess). Since all three ranges span the ‘Just right’ mark in Fig. 2, the 
investigator would, in each case, obtain an estimate o f optimum concentration, 
but the estim ate obtained would depend upon the range of test concentrations 
selected .

G raphically determ ined estim ates (Fig. 2) o f optimum sweetener 
concentration from the bottom , medium and top ranges are respectively: 2.5,
3 .2  and 4.1%  w /v glucose monohydrate. But which, if any, o f these estim ates is 
valid?

N o n e o f  the estim ates is valid. Fortunately, however, a procedure has been  
suggested  for correcting for the stimulus range effect. Poulton (1977) showed
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that, to obtain an unbiased estim ate, the overall mean response score from a 
range o f stimuli must correspond to the centre of the response scale.

Inspection o f Fig. 2 reveals that the mean response to the bottom sweetness 
range is below  the centre o f the response scale, while the mean responses to the 
m edium  and top sw eetness ranges both lie above the centre. This suggests that 
the unbiased estim ate o f optimum concentration lies somewhere between 2 .5 -  
3.2% , the estim ates from the bottom  and medium ranges. The unbiased 
estim ate may be predicted more precisely by joining the mean responses to the 
bottom  and medium ranges with a straight line. The point at which this line 
crosses the centre o f the response scale represents the optimum glucose 
m onohydrate concentration, viz. 2.7%  w/v. N ote that this estimate corresponds 
closely to 2.6%  w/v, the estimate obtained from single presentation. This 
correspondence provides supporting a posteriori evidence that the single 
presentation was in fact free from stimulus range bias.

R ecognition  o f the stimulus range effect casts a new perspective on 
established sensory evaluation techniques. W here the aim is to determine the 
optim um  level o f  a sensory parameter, the so called ‘sensitivity’ of multiple 
presentation can be more a handicap than an advantage. For instance, the 
stim ulus range effect also operates in conventional hedonic scaling, where 
several sam ples are assessed side by side. A  m ediocre sample may be considered  
acceptable when presented alongside poor quality samples; the same sample 
m ay be considered unacceptable when presented beside good quality samples 
(K am enetzky, 1959; M cBride, 1980; Riskey, Parducci & Beauchamp, 1979).

A lthough  by em ploying two or more different stimulus ranges corrections can 
be applied for the stimulus range bias, food scientists require a simple, reliable 
sensory technique which provides an estim ate free from such bias. This study 
suggests that the single presentation design may be such a technique since it 
conveniently bypasses the range problem.
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Book reviews

Principles of Design and Operation of Catering Equipment. By A. Milson 
and D . Kirk.
Chichester: Ellis H orw ood, 1980. Pp. 440. ISBN 085312 132X. £26.50 (soft
back version available).

Three major subject areas are presented, although an individual chapter may 
contain material from all three. These areas deal with the relevant theory 
connected  with the major types o f catering equipment, descriptions o f the 
equipm ent itself and the use o f numerical m ethods and computer solutions for 
solving (m ainly) unsteady state heat transfer problems.

T he first area covers sections on heat and mass balances, fluid flow, 
conduction , convection, radiation, microwaves, mass transfer, refrigeration, 
size reduction and mixing. The approach is similar to that presented in books 
dealing with unit operations or engineering principles, but the examples are o f a 
catering nature, e.g . mass and energy balances on a chip fryer and an interest in 
prevention o f dehydration during cooking and storage. In dealing with heat 
transfer processes an electrical analogy is used and the section on radiant heat 
transfer and microwaves is extrem ely comprehensive.

T he descriptive section covers griddles, fry plates, heat pipes, forced 
convection  ovens, water boilers, microwave ovens, fryers, grillers, different 
energy sources (and how to control them ), vending machines and dishwashers. 
T he descriptions are good and the equipm ent, well illustrated by means o f  
diagrams.

T he third, dealing with the use o f numerical methods and computers for 
solving unsteady state heat transfer problems, is the most ambitious. The 
material covered includes the solution o f unsteady heat transfer problems by the 
Schm idt m ethod and the use o f published charts; the heating effects of 
m icrow aves, the calculation o f freezing and thawing times, setting up a general 
com puter m odel for an oven, and a brief review o f the computer modelling 
literature. Com puters are obviously playing an important role in the design of 
m any kinds o f processes and equipment in the way they produce quick solutions 
to m athem atical m odels describing the effects o f changing design parameters on 
the perform ance o f the equipment. The authors have tried to reflect this in this 
book  by giving a ‘rationale o f computer m odels’.

I fee l that the material is probably too advanced for Catering or Food Science 
students, and m ore appropriate for Food Technology or Engineering students. I 
found som e o f  the explanations were inadequate, particularly when finite
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difference techniques were first introduced in the Schmidt method. This is 
inevitable when trying to cover such a wide range o f topics in a limited space.

E xam ples are provided at the end o f each chapter and the worked solutions 
are given at the end o f the book. There are seventy pages o f Appendices, dealing 
m ainly with physical properties o f foods, and charts for solving heat transfer 
problem s.

There are a few minor criticisms. Cross-referencing is on the whole poor. The 
m ain text contains sections on viscosity characteristics, thermal conductivity and 
therm al diffusion; no m ention is made there o f the data presented in the 
A ppendices. The chapters on conduction and convection could have been  
better organized; there is a big section on convective heat transfer in the 
conduction  section (fortunately cross-referencing is a little better here). The 
section  on refrigeration is scanty and grossly oversimplifies the situation: the use 
o f  tem perature entropy diagrams, with minimum explanation o f the terms will 
probably mean very little to most students, and occasionally diagrams and 
sym bols are not properly explained in the text.

I enjoyed  reading this book, and found that it com plem ented some o f the 
m ore conventional books on food processing unit operations. W hether the 
m aterial is presented at the correct level for catering students is debatable: the 
text should certainly be investigated by students and practitioners o f food  
science and technology.

M. J. Lewis

Developments in Food Preservatives. 1. Ed. by R. H. Tilbury.
L ondon: A pplied Science Publishers, 1980. Pp. x +  165. ISBN 085334918 5. 
£14.50.

T he editor sets the scene in his introduction by reviewing the historical 
background, the factors involved in the choice o f preservative and some o f the 
practical problem s involved in their practical evaluation. The second chapter 
gives an overview  o f the developm ent of preservatives legislation, past, present 
and likely future and brings together the details o f present controls in 
Scandinavia, Canada, the U .S .A . and the E .E .C . countries with copious use of 
com parative tables. There follow reviews of the methods used in toxicological 
assessm ent and the toxicological status of the most important preservatives in 
current use; techniques for the detection and estimation o f inorganic and 
organic preservatives; and recent developm ents in the understanding o f their 
various m odes o f action and most effective application. Future trends 
considered in the final chapter are summarized in the prediction that ‘the food  
preservatives o f the 1980s will probably not be new and unusual compounds but 
rather will be new and unusual combinations o f old and tried compounds and 
m eth ods’. This is not a textbook or a comprehensive review of the use of food  
preservatives, nor indeed does it report any startling developments. For all that, 
it is a m ost worthwhile publication— just because it brings together discussion of
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the law, m icrobiology, analytical chemistry, physico-chemical principles, 
toxicology and general scientific speculation, related to an important topic in the 
food  area which is so often viewed from one o f these directions alone. 
A ccordingly it deserves a wide readership among specialists in the food area as 
w ell as providing a most useful overview and source of references for students of 
food  science and technology.

E. C. Apling

Butterworths Law of Food & Drugs. Vol. 1 and Vol. 2. Ed. by A . A . Painter 
and B . H arvey.
L ondon: Butterworths, 1980. Vol. 1 Pp. xii +  (section A ) ii +  26 (section B) i +  
296 (section  C) v +  1082. Vol. 2 Pp. vii x  (section D ) iii +  486 +  (tables and 
index i +  11 +  89). ISBN 0406116105. £150.00.

U sers o f B ell and O ’K eefe’s Sale o f Food and Drugs will have realized for som e 
tim e that the format was gradually (even rapidly in recent years) becom ing more 
and m ore unwieldy as it went from bound volum e plus loose-leaf service volume 
to  bound volum e plus loose-leaf binder plus ‘overflow’ binder. N ow  the 
publishers have ‘taken the bull by the horns’ and to simplify up-dating, have 
gone fully loose-leaf. The first two volum es here reviewed comprise the 
follow ing sections: (A ) Introduction, (B ) Food Statutes, (C) Food Regulations, 
(V ol. 1) and (D ) Food Circulars and Reports, (finally) Tables of Statutes, 
T ables o f Cases and Index (Vol. 2). European Econom ic Community 
legislation, m edicines and poisons control, slaughterhouse regulations and 
similar matters are relegated to further volumes not submitted for review. The 
sections listed are com pletely updated to 1 January 1980 (a first service issue to 
include later am endm ents and substitute for outdated pages is, in fact, already 
available)— and are prepared according to a general scheme devised by John 
O ’K eefe before his untimely death.

T he tw o binders o f the new work are certainly attractive in appearance and 
should be hard-wearing. A s presently arranged the binder for Vol. 1 is already 
nearly full, while Vol. 2 uses only about one-third o f the binder capacity. Since 
m ost consultations are likely to be with sections B and C (Food Statutes and 
F ood  R egulations respectively) inclusion of the Index in the other binder is 
awkward— but then the loose-leaf format leaves it to the individual user to 
arrange the w hole to his own convenience. Such re-arrangement will cause no 
difficulty in replacing pages as service issues appear, since each section is 
num bered separately, with an appropriate letter before each page number. 
U ndoubted ly  the new system is much more flexible.

T he second major innovation is to number each paragraph (or logical group 
o f paragraphs) and to use these numbers, headed by a letter indicating the 
relevant section o f the whole work, for cross-references and indexing. 
R epetition  o f these numbers at the top o f the page makes finding a relevant 
paragraph superbly easy.
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num ber o f hiccups— and a number o f cross-references and index entries have 
gon e severely astray: several cross-references and index entries lead to 
paragraph numbers which are either wrong or do not exist— and several cross- 
references lead to numbers where the information referenced is not given 
because the relevant item has been revoked or otherwise up-dated and the 
original material has been eliminated, so that the reference leads the enquirer to 
an em pty paragraph. H owever these are minor blemishes which will, no doubt, 
be corrected as further service issues are issued to up-date the work.

T he section on Food Circulars and Reports is considerably more extensive 
than in the earlier work, though a bibliography o f circulars and publications not 
included in this volum e extends to five pages early in the section. It is difficult at 
first sight to fathom the principles which have determined the decision o f the 
editors to include som e circulars and reports in extenso and others merely in 
summary form. It is the conclusion of this reviewer that by and large the editors 
have m ade an excellent selection o f material to include. The exclusion o f a 
section covering established Codes o f Practice is, however, more difficult to 
understand. Perhaps reserved for inclusion in a later volume?

T he introduction gives a potted history o f the developm ent of the law— and 
administration o f the law— of food and drugs and parallel Fertilisers and 
Feeding Stuffs legislation. In its account o f the general line of developm ent, this 
is not very different from the account given previously by John O ’K eefe— but it 
d oes include som e very useful new com ments on the evident need for 
m odernization and modification o f the current statutes— in a recast discussion 
o f pertinent aspects o f considerations o f criminal liability.

T he editor effectively argues that a considerable portion of enforcem ent 
action should be transferred from shop to factory; and that as self-regulation, 
through C odes o f Practice and the like, becom es steadily more practicable, it is 
indeed tim e to question the logicality o f the continued use o f the criminal law in 
the field o f food and drugs control. The section also includes a useful discussion 
o f  the distinction between trading standards enforcem ent and the consumer 
protection m ovem ent.

T he one remaining important criticism that I have concerns the choice o f type 
sizes. In the older work editorial com m ents, notes and other material not 
included in the official publication were in very much smaller type than the 
quoted  official material; here— although the type used is smaller, the difference 
is not such as to clearly distinguish the two kinds o f material. This is particularly 
troublesom e where com m ents are appended to the headnotes of Regulations 
(which are them selves given in smaller type than the Regulations them selves), 
and also m akes it less easy to quickly locate reports o f relevant legal cases.

Criticisms notwithstanding this is a most welcom e revision o f the ‘food-law  
adm inistrator’s bible’; the editors have done a remarkably good job in recasting 
it into a format which can be readily up-dated for many years to come. Indeed  
they have done so well it seem s churlish to criticise!

E. C. Apling
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Fruit and Vegetable Juice Processing Technology. By P. E. Nelson and D.
K. Tressler.
W estport, Connecticut: A V I Publishing C o., 1980. 3rd Edition. Pp. xv +  603 
ISB N  087055 362 3

T he original edition o f this book published in 1961, and revised in 1970, was 
ed ited  by D . K. Tressler and M. A . Joslyn. This new and revised edition has 
been  expanded from 486 pages to 603 pages by the addition o f new material and 
up-dating the references at the end o f each chapter. Apart from the first chapter 
which discusses the econom ic developm ent and organization in the U nited  
S tates’ juice industry, the remaining twelve chapters are all commodity based 
viz. orange and tangerine; grapefruit; lemon and lime; pineapple, apple, grape; 
cherry, berry and other m iscellaneous fruits; tropical fruit beverages; nectars, 
pulpy juices and blends; imitation beverages; tomato; and vegetable juices. 
E ach chapter is written by specialists who are recognized authorities. Two o f the 
chapters, i.e . orange and tangerine juice and grapefruit juice are by new authors 
and have been com pletely rewritten; the remaining chapters contain som e new  
inform ation but are essentially unchanged in format. The section devoted to 
blackcurrants by the late Dr Vernon Charley is essentially unchanged in this 
ed ition  and unfortunately no reference has been made to his excellent 
m onograph published in English in 1977 and based on the 1973 German edition. 
T he sections concerning guava, mango and papaya have been considerably 
expanded including descriptions o f a wide range o f products.

A lthough  this book is the most com prehensive single source of information 
on all aspects o f fruit juices, there are som e notable omissions, in particular the 
relatively small amount o f information on physical properties, including 
rheological properties, and general microbiological aspects. The European 
reader will notice that there are no references to the scientific publications o f the 
International Federation o f Fruit Juice Producers including the Congress 
reports. D esp ite  these points, the book remains the most important reference 
book  on the subject and this revised edition will be welcom ed by all those who 
are concerned with the production o f fruit juices.

S. D. Holdsworth
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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 conflict with generally accepted current practice. 
Conversion factors to SI units are shown where 
appropriate.
SI UNITS
gram g Joule Jkilogram kg = 103g Newton N
milligram mg= 10-3 g Watt W
metre m Centigrade °G
millimetre mm= 10_:3 m hour hr
micrometre /i= 10~6 m minute min
nanometre nm= 10~9m second sec
litre 1 = 10-3 m3
NON SI UNITS
inch in = 25-4 mm
foot ft = 0-3048 m
square inch in2 = 645-16 mm2
square foot ft2 = 0-092903 m2
cubic inch in3 = 1-63871 x 104 mm2
cubic foot ft3 = 0-028317 m3
gallon gal = 4-54611
pound lb = 0-453592 kg
pound/cubic

inch lb in-3 = 2-76799 xlO4 kg nr-3
dyne = 10-5 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 reproduction. 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 additional 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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