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Proximate analysis of five varieties of winged beans, 
Psophocarpus te tragon olobus  (L.) DC *

V. V. G A R C IA t A N D  J. K. PALMER

Summary

The proximate composition was determined for the mature seeds of five var
ieties of winged beans, Psophocarpus tetragonolobus (L.) DC. The results 
showed that the varieties analyzed had a high protein and fat content, which was 
similar to soybeans. The protein content (mean ±  standard deviation) of the 
five varieties as received was 36.0 ±  1.8%, the fat content, 15.2 ±  1.2% andthe  
moisture content 10.4 ± 1.5%. The endosperm in winged bean variety TPT-2 
was found to constitute 84 % of the dry weight of the seeds, the hulls about 16%. 
Whole beans as received contain about 14% dietary fibre’ measured as neutral 
detergent fibre. The dietary fibre is concentrated in the hulls.

Introduction

The winged bean, Psophocarpus tetragonolobus (L.) DC is a crop grown in Asia 
and Papua New Guinea with Papua New Guinea considered as the most likely 
centre of its geographical origin (Hymowitz & Boyd, 1977). The winged bean is 
the cultivated species of the genus Psophocarpus Necker while the other eight 
species are wild and native to Africa (Newell & Hymowitz, 1979). The green 
pods, leaves and seeds are edible and rich in protein. The seeds are also a source 
of edible oil. The potential of winged beans as a food resource has been 
recognized by the scientific community (Levy, 1977a,b, 1978) ever since the
U.S. National Academy of Science published a descriptive booklet about it in 
1975.

The first analysis of the composition of the winged bean was probably that of
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G reshoffei a/. in the early 1950s (as quoted by M asefield. 1973) who found that 
the immature seeds contained 12.3% moisture, 29.8%  protein and 15.0%  oil, 
indicating exceptional promise as a food resource. Since then, additional anal
yses have confirmed the promising properties of the plant (National A cadem y  
of Sciences. 1975). Proximate analyses have been reported on the flowers 
(Clavdon, 1975). immature green pods (Cerny, 1978). leaves (Cerny. 1978; 
Ekpenyong & Borchers. 1978). the tubers (Clavdon. 1975) and the beans' 
(mature seeds) (National Academ y of Sciences. 1975; Jaffe & Korte. 1976; 
Claydon. 1975; Ekpenyong & Borchers. 1 978) all o f which have been reported  
as being edible.

Mature winged beans have never been produced as a marketable com m odity, 
except for the small quantities required for planting the small acreage grown. 
Pospisil. Karikari & Mensah (1971) were the first to record seed yields. They 
obtained 1254 lbs/acre (1 .4  tons/ha) in their cultivation of winged beans in 
Ghana. This result created attention because the yield was higher than the seed  
yields that could be obtained for soybeans in the humid tropics. At Ibadan, 
multiple harvests have yielded 2.2 tons and 1.8 tons per ha o f dry, mature beans. 
These figures are still below  the seed yield potential of 2.7 tons/ha attainable for 
soybeans (National A cadem y of Sciences, 1975).

Table 1 summarizes earlier data on the proximate com position of winged  
beans. A lthough the varieties analyzed were specified in only one case 
(Ekpenyong & Borchers, 1978) all the results confirm the high amount of 
protein and lipid present in winged beans. The protein and fat content com pares 
well with that of soybean but is higher than most other legum es (cow pea, mung 
bean, chickpea, etc.).

Other information on winged beans indicates they contain approximately

Table 1. Proximate composition of winged beans

Analysis 1 2 3 4 S 6 7 8 9

Moisture 8.54 9.7 14 6 .7-24 .6 8.7 11.6 10.4 9 .5-10.4 9.7
Crude protein 41.86 32.8 33 29.8-37.4 36 6 30.6 35.9 34.4 37.3
Fat 13.1 1 17.0 16 15.0-20.4 15.3 18.3 15.8 16.9 18.1
Ash — 4.0 — 3.6-4 .0 3.8 3.7 4.9 4.2 4.3
Carbohydrates 3 1.22 36.5 — 31.6-28 .0 35.6 35.8 33.0 34.1 30.6
Crude fibre 5.27 5.2 5 5.0-12.5 3.7 9.4 9.2 10.7 5.4

*1. Padilla & Soliven (1933)
2. Institute of Nutrition (Philippines) (1957)
3. Tindall (1968) as cited by Pospisil et al. (1978)
4. National Academy of Sciences. U.S. (1975).
5. Claydon (1975)
6 . Jaffe & Korte (1976)
7. Ekpenyong & Borchers (1978).
8 . G an d ja r  (1978).
9. Kordylas (1978).



Composition o f winged beans 471

three to four tim es the protein found in cereals and sufficient quantities o f all 
amino acids except m ethionine, cysteine and tryptophan. The deficiency in 
sulphur-containing am ino acids could be partly corrected by com bining winged  
beans with appropriate cereal grains containing com plem entary amino acids. A 
19% increase in net protein utilization (N P U ) was observed when winged beans 
and corn were com bined (Cerny et al., 1971).

The varieties used in many of the earlier studies on winged beans were not 
identified. There is a pressing need to analyze for the proximate com position of 
the available varieties o f winged beans in order to identify the varieties with a 
high protein and high fat content.

The results o f these studies will help plant breeders :n the selective breeding 
of winged beans as a valuable source o f food protein . This study was undertaken  
to investigate the proximate com position o f five established varieties of winged  
beans.

Materials and methods

Sample preparation

Dried seeds o f winged bean (Psophocarpus tetragonolobus [L.] DC) var
ieties* T PT-2. CH 1M BU. W B -19, Selections 10 and 12 were used. These 
varieties were used because they were promising varieties grown in various 
experim ent stations. TPT-2 was obtained from the International Institute of 
Tropical Agriculture (IIT A ). Ibadan. Nigeria (D r W. Steele); C H IM BU  was 
obtained from the Asia Foundation. San Francisco. California (Mr Louis 
Lazaroff); W B -19 was obtained from the University o f Puerto Rico, Mayaguez. 
Puerto Rico (D r F. W. Martin); Selections 10 and 12 were procured from 27 
Farms. H om estead. Florida.

The dried winged bean seeds were ground in a W iley Laboratory Mill 
(Arthur H. Thom as. Philadelphia. Pennsylvania) to pass through a 40  mesh 
sieve. For the purpose of analyzing the seed coat and endosperm  separately, 
winged beans (T PT -2) were soaked in water for 16 h, cracked, and dried in an 
oven at 100°C for 30 min. The seed coat was separated from the cotyledon with 
the aid o f a stainless steel scalpel. The seed coat and the cotyledon were then 
ground separately in the W iley Laboratory Mill to pass through a 40  mesh sieve.

Proximate analysis o f  winged bean flour and seed fractions

Crude protein, crude fibre, ash. moisture, and crude fat analyses were per
formed on the whole flour, dehulled flour and seed coat fractions o f winged

*\VB-19 is the accession num ber assigned for TPT-12  (IITA): Selections 10 and 12 are the 
numbers assigned to UPS 76 and UPS 105. respectively and originally came from Papua New 
Guinea.
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Table 2. P r o x i m a t e  c h e m i c a l  c o m p o s i t i o n  o f  f i v e  v a r i e t i e s  o f  w i n g e d  b e a n s  ( p e r c e n t a g e  a s  

r e c e i v e d )

Analysis
Variety
TPT-2 W B-19 Sel. No. 10 Sel. No. 12 C H IM B U

Moisture 9.41 ± 0.01* 1 1.6 ± 0.1 1 1.2 ±  0 11.4 ±  0.1 8.2 ± 0.1
Protein 37.4 ±  0.2 33.7 ±  0.2 36.6 ± 0.2 34.5 ±  0.4 37.8 ±  0.1
Fat 14.0 ± 0.1 15.9 ±  0.1 14.2 ± 0.1 14.9 ±  0.1 17.0 ±  0.1
Ash 3.77 ± 0.8 4.12 ±  0.01 4.23 ± 0.04 4.16 ± 0.02 3.72 ± 0.01
C arbohydrates t 35.4 34.7 33.8 35.0 33.3
Crude fibre 6.98 ± 0.14 6.40 ±  0.09 6.27 ± 0.13 6.45 ± 0.05 5.96 ±  0.05
Acid detergent 12.6 ± 0.2 11.7 ±  0.1 11.5 ±  0.2 11.3 ±  0.2 11.3 ±  0.1

fibre
Neutral 15.6 ± 0.4 15.0 ±  0.1 14.2 ± 0.4 14.0 ±  0.3 13.1 ±  0.1

detergent fibre

M e a n  ±  s t a n d a r d  d e v i a t i o n ;  n =  3 .  

t C a l c u l a t e d  b y  d i f f e r e n c e .

beans. M ethods used were those given in the Official M ethods o f Analysis o f  the 
A O A C  (1975) for analysis of soy flour (pg. 234). Total nitrogen was deter
mined by m icro-K jeldahl (pg. 937) as described also in A O A C  (1 9 7 5 ) except 
that 100 ml digestion flasks were used. Both full fat and fat-free sam ples were 
analyzed for crude protein. Protein was calculated as N x  6 .25 for winged  
beans. Carbohydrate was calculated by difference.

Acid detergent fibre and neutral detergent fibre were determ ined according 
to the m ethods o f Van Soest (1963a ,b ) as described in the A O A C  (1 9 7 5 ) and 
by Southgate (1 9 7 6 ) and by G oering & Van Soest (1 9 7 0 ).

Results and discussion

The results o f the proximate analyses (Table 2) o f the five varieties o f winged  
beans show ed that the protein content ranged from 33.7%  for W B -19 to 37.8%  
for C H IM BU  while the fat content ranged from 14.0%  for TPT-2 to 17.0%  for 
C H IM B U  all on a ‘as received’ basis (average 10% m oisture content). These 
results compare favourably with the previous work shown in Table 1. The 
corresponding values calculated on a dry weight basis are 38.1 to 41.2%  protein  
and 15.4 to 18.5%  fat content. These values are similar to those reported in the
U .S . for com mercial varieties o f soybeans, which contain an average o f 40.5%  
protein and 20.0%  fat on a dry weight basis.

In more recent studies not included in Table 1, Harding, Martin & Kleiman
(1 9 7 8 ) analyzed the protein and oil content o f thirty-two winged bean acces
sions that were grown in Puerto R ico. Based on one planting, they found the 
protein content o f the winged bean to vary from 29 .2  to 40.9%  and the oil
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Table 3. Proximate analysis of winged beans (TPT-2) and seed fractions (percentage as received)

Analysis Whole beans Dehulled beans* Hulls*

Moisture 9.41 ±  0.01* 5.51 ± 0 . 0 4 4 .70 ±  0.21
Protein 37.1 ±  0.2 47.4 ±  0.6 9.69 ± 0 . 1 9
Fat 14.0 ±  0.1 16.7 ±  0.1 0.94 ±  0.01
Ash 3.77 ±  0.08 3.76 ±  0.03 2.05 ±  0.06
C arbohydrates t 35.4 26.6 82.6
Crude fibre 6.98 ± 0 . 1 4 2.56 ±  0.05 40.5 ±  0.1
Acid detergent fibre 12.6 ±  0.2 10.2 ±  0.3 54.8 ±  1.2
Neutral detergent fibre 15.6 ±  0.4 12.2 ±  0.0 68.1 ±  0.2

*Dehulled beans constitute 84 .1%  of the bean and the hulls constitute 15.9% of the bean. 
s Mean ±  standard  deviation; n =  3. 
tB y  difference.

content to vary from 14 to 19% on a dry weight basis. The varieties TPT-2, 
C H IM B U , and W B -19 (originally T P T -12) were included in their studies. 
E kpenyong & Borchers (1 9 7 8 ) found that TPT-2 beans contained 40.1%  
protein and 17.7%  fat (dry weight basis), similar to the values obtained in this 
study.

The earlier data plus the results in Table 2 show that the protein content of 
winged beans is higher than other food legum es (dry beans, pigeon peas, 
cow peas, chickpeas, broad beans and peas) recom m ended by the Protein  
Advisory Group o f the U nited  Nations (P A G ) in 1973 for intensified research  
in relation to human nutrition and food  technology. These legum es contain  
2 2 -2 5 %  protein (Esh & Som, 1952; Lai, Prakash & Verm a, 1963; Singh, Singh 
& Sikka, 1968; O yenuga, 1966). Three of these legum es (cow peas, chickpeas 
and pigeon peas) and mung beans were also identified by A raullo (1 9 7 4 ) as 
possessing the potential for increased food utilization in Asia because they are 
well accepted in the diet.

The distribution o f nutrients in the hulls (seed  coat) and the cotyledon  
(endosperm ) was studied in variety T PT -2. The cotyledon was found to consti
tute 84.1 % and the hulls 15.9%  of the dry weight of the seed. Table 3 shows the 
proximate com position of the isolated seed coat and the cotyledon. The coty le
don contained the greater portion of the protein and fat of winged beans. The 
hulls contained m ost o f the fibre. Kordylas (1 9 7 8 ) separated winged beans into 
seed  coat (hulls) and cotyledon. T he cotyledon was m illed to produce flour and 
grits after defatting in hexane. N either the variety nor the relative contribution  
of the seed coat and cotyledon was reported. H e found the flour to contain  
60.2%  protein and 2.3%  fat; the grits 44.3%  protein and 8.8%  fat while the 
seed  coat contained 13.0%  protein and 1.3%  fat (all calculated on a dry weight 
basis). The protein content of the m illed flour was similar to the results in Table 
3 for TPT-2.

The ash content o f winged beans was similar to the previous values reported
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(Table 1). The carbohydrate content (obtained by difference) of the winged  
beans was within the ranges of values previously reported (Table 1).

The crude fibre content of the five varieties o f winged beans varied from  
5.96%  ((THIM BU) to 6.98%  (T PT -2). The average value of the crude fibre 
(6.41 %) is higher when compared to previous data obtained through 1975 but 
lower when com pared to the three values reported since 1976 (Table 1). 
Ekpenyong & Borchers (1 9 7 8 ) also analyzed winged beans (T PT -2) for crude 
fibre. Their results (11.89% ) do not agree with the crude fibre (6 .98% ) 
obtained in the present analysis.

The neutral and acid detergent fibres were analyzed in the five varieties of 
winged beans because they provide a more reliable estim ate of the digestibility 
than crude fibre (G oering & Van Soest, 1970). Acid detergent fibre (A D F )  
estim ates cellulose and lignin. Neutral detergent fibre (N D F ) estim ates the 
total cell wall material. The difference between N D F  and A D F  estim ates 
hem icelluloses. The N D F  values of winged beans ‘as received’ (Table 2) ranged 
from 13.1 to 15.6%  (m ean, 14.4% ) while the A D F  varied from 1 1.3 to 12.67%  
(m ean, 1 1.7%). The N D F  is thought to give a reliable estim ate of the total fibre 
in a vegetable foodstuff which is available for microbial ferm entation in the gut. 
There are no detergent fibre data on soybeans or other legumes.

Som e of the variation in the chemical com position of winged bean seeds 
probably results from agronom ic factors (soil, climate, moisture, etc.) and som e 
from varietal differences. Cartter & Hopper (1942) studied the influence of 
variety, environm ent, and fertility level on the chemical com position o f soy
beans. They concluded from their results that the chem ical com position of 
soybeans (in particular the protein content) was affected by both agronomic 
factors and variety, but that varietal differences exerted a greater effect on 
protein content. A dditional data will be required to establish the extent and 
source o f the variability in winged beans.

Conclusions

The results o f the proximate com position confirmed that winged beans have a 
high protein and fat content (Table 2) similar to soybeans. The protein content 
of the five varieties analyzed was 36 .0  ±  1.8% , while the fat content was 1 5.2 ±  
12.2% , on an ‘as received’ basis (m oisture content 10.4 ±  1.5% ). The ash 
content (4 .0 0  ±  0 .24% ) and the carbohydrate content (34 .4  ±  0.9% ) o f the 
five varieties were similar to those previously reported (Table 1).

The cotyledon was found to constitute 84.1 % and the hulls 15.9%  of the dry 
weight o f the seeds in TPT-2 bean (Table 3). The cotyledon contained the 
greater portion o f the protein and fat o f winged beans. The hulls contained most 
o f the fibre.

The crude fibre content o f the five varieties was 6.41 ±  0.37% . The neutral 
detergent fibre was 14.4 ±  1.0% , while the acid detergent fibre was 11.7 ±  
0.5% .
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Further studies on the carbohydrates, fatty acids and proteins o f winged  
beans will be reported in future publications.
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Carbohydrates of winged beans, P sophocarpus  
te tragonolobus  (L.) DC*

V. V. G A R C IA t a n d  J. K. PA L M E R

Summary

Five varieties o f winged beans were analyzed and found to contain 9.8 to 13.8 % 
soluble sugars. Verbascose was present at a level o f 0.2 to 0.9% ; stachyose 2.2  
to 3.6% ; raffinose 1.1 to 2.0% ; and sucrose 5.6 to 8.2% . Starch could not be 
detected in the mature beans of the five varieties analyzed.

Introduction

In the preceeding paper (Garcia & Palmer, 1980), the proximate com position  
of five promising varieties of winged beans, Psophocarpus tetragonolobus (L.) 
D C , was reported. These varieties contained about 34%  total carbohydrates 
(calculated by difference). A dditional data on these carbohydrates are needed, 
as part o f the effort to assess the potential o f winged beans as a food crop. Since 
winged beans resem ble soybeans in so many other respects, it is possible that 
the carbohydrates of winged beans are similar to those o f soybeans. D ehulled, 
defatted soy flour was found to contain 1 5 -1 8  % high m olecular weight polysac
charides by A spinall, B egbie & McKay (1 9 6 7 ) and about 13 % soluble oligosac
charides (Kawamura, 1967). The oligosaccharides (verbascose, stachyose and 
raffinose) are important in human nutrition in that they have been reported to 
cause flatulence in man and animals. T hese three sugars escape digestion and 
absorption in the upper gastrointestinal tract, but are microbially degraded and 
ferm ented to yield PL and CO 2 when they reach the colon.

Hardinge, Swarner & Crooks (1965) and Cristofaro, Mottu & Wuhrmann
(1974) have reported the oligosaccharide content o f various legum es. Soybeans

A uthors’ address: D epartm en t of Food Science and Technology, Virginia Polytechnic Institute 
and State University, Blacksburg, Virginia 24061, U.S.A.

T a k e n  in part  from the Ph.D . dissertation of the senior author.
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at Los Banos, College, Laguna, Philippines.
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contain the highest levels of raffinose and stachyose whereas other legum es 
have the highest levels of verbascose. Hym owitz et al. (1 9 7 2 ) determined the 
oligosaccharide content of varieties and strains o f soybean to determ ine 
w hether these carbohydrates can be elim inated genetically. They found that 
elim ination of flatulence causing carbohydrates by breeding holds little promise 
since there is a high degree of genetic stability of oligosaccharides in the 
varieties o f soybeans tested.

Kawamura, Nagao & Kasai (1977) determ ined the free m onosaccharides 
and sugar alcohols present in mature soybeans using paper partition and gas 
liquid chromatography. The cotyledon contained glucose and fructose while the 
hulls contained galactose, glucose, fructose, arabinose and xylose. Sorbitol, 
arabinitol, xylitol and mannitol were also present. The free m onosaccharides 
and sugar alcohols were present in minute am ounts (about 0 .0 0 1 -0 .4 %  of the 
whole seeds). S ch w eizere ia /. (1978) found a new disaccharide, galactopinitol, 
present in soybeans, chickpeas, lentils and green beans.

High pressure liquid chrom atography (H PLC) has been successfully em p
loyed in the carbohydrate analysis of oligosaccharides by Conrad & Palmer 
(1 9 7 6 ), Rabel, Caputo & Butts (1 9 7 6 ), Brobst, Scobell & Steele (1974) and 
Linden & Law'head (1 9 7 5 ). Black & Bagley (1978) determ ined quantitatively 
the oligosaccharides in soybeans by HPLC using a p.-Bondapack carbohydrate 
colum n. Cegla & Bell (1 9 7 7 ) analyzed the oligosaccharides of oilseed flours 
using a com bination of TLC and HPLC. TLC was em ployed to rem ove organic 
matter prior to HPLC to increase the life of the column.

This study was undertaken to determ ine the soluble carbohydrates present in 
winged beans. If they are to becom e a major food source, it is important to know  
how much flatulence producing oligosaccharides they contain.

Materials and methods

Carbohydrate analysis (soluble carbohydrates)

Sample preparation. W inged bean flour was prepared according to the 
m ethod o f Garcia & Palmer (1980). W inged bean, varieties C H IM B U  (A sia  
Foundation, San Francisco, California), TPT-2 (International Institute of 
Agriculture, Ibadan, N igeria), W B -19 (originally T PT -12, U S D A , Puerto 
R ico) and Selections 10 and 12 (originally UPS 76 and 105 respectively, 27 
Farms, H om estead, Florida) were used in this study. Five grams of ground, 
ether defatted winged beans were refluxed in 50 ml 85%  ethanol (A O A C ,
1975) for 30 min in a boiling water bath. The ethanol extract was filtered  
through W hatman 541 V -folded filter paper. The residue was washed 5 times 
with 10 ml volum es o f 85 % ethanol at 65°C, the mixture filtered after each wash 
and the washings com bined with the filtrate. The ethanol was allow ed to 
evaporate in the hood until the sample was dry. The dry sample, which con
tained the soluble carbohydrate, was made up to 10 ml with water, mixed and
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filtered through a 0.45 pm pore diam eter membrane filter to rem ove any 
insoluble material. The filtered sample was deionized on a 10 x  0.7 cm i.d. 
column containing a mixed bed ion exchange resin (A G  501 X -8 (D ), 2 0 -5 0  
mesh, BioRad Laboratories, R ichm ond, California), with a bed height of 5 cm. 
The top was layered with a 1 cm bed height of 1:1 mixture of A G  50W  -X 8, H + 
form, 2 0 0 -4 0 0  mesh and A G  3 -X 4 A , OH~ form, 2 0 0 -4 0 0  mesh (B ioR ad  
Laboratories) to give a slow flow rate. The sample was deionized in 1 ml 
increm ents, the first 3 ml discarded and the rest collected in a scintillation vial 
and frozen when not in use.

HPLCstandards. Verbascose, stachyose, raffinose and sucrose were dried at 
60°C in 26 inches (99  mm) Hg o f vacuum for 16 h. Standard solutions o f these 
carbohydrates (except verbascose) in water were prepared at concentrations 
ranging from 20 mg/ml to 50 mg/'ml. Dr D . K. Salunkhe (Utah State University) 
kindly supplied 20 mg o f verbascose (68%  purity) while the other sugars were 
procured from Sigma Chemical Co., St Louis, Missouri. A  mixed standard 
solution was prepared, containing verbascose at a concentration of 5 mg/ml and 
the other sugars at 10 mg/ml. Standard solutions of individual sugars (except 
verbascose) were also prepared at a concentration of 10 mg/ml. The standard 
solutions were kept frozen when not in use.

Equipment. The oligosaccharides and sucrose were exam ined by high per
form ance liquid chrom atography (H PLC ). A  M odel A L C  201 chromatograph 
was equipped with a M odel 6000  A solvent delivery system , a m odel R- 401 
Refractive Index D etector, a M odel 4 40  U V  absorbance detector and a M odel 
U 6K  Injection System (W aters A ssociates, Milford, M assachusetts). A ll data 
were recorded with a dual channel Om ni-Scribe recorder (H ouston Instru
m ents, Austin, T exas).

Packing o f HPLC column. A m inex 50 W X -4 , H +, 2 0 -3 0  pm (B ioR ad  
Laboratories, R ichm ond, California) was converted into the Ca++ form as 
described by Scobell et al. (1 9 7 7 ) and the B ioR ad Catalog (1 9 7 8 ). The Ca++ 
form resin was packed in 30 .0  x  0.5 cm i.d. stainless steel precision bore 
colum ns with a 10 pm  pore-size fritted disc end fitting. An aqueous slurry of the 
resin was continuously stirred in a M icromeritics colum n packer M odel 705  
(M icrom eritics Instrument Corp., Norcross, G eorgia) and pum ped into the 
colum n at 1 .5 -2 .0  ml/'min. with a M ilton Roy pump, at a maximum pressure of  
about 20 0 0  p.s.i.

Separation and quantitation. The sam ples and the standards were injected in 
10 pi volum e. The sam ples and standards were eluted with deionized water 
which had been filtered in a 0.45 pm m em brane filter. The column was 60 cm in 
length (tw o 30 cm colum ns) and was operated at a flow rate o f 0 .50  ml/'min. The 
column was equipped with an aluminum water jacket and operated at 85°C, 
em ploying a H aake FS circulating water bath (H aake, Saddlebrook, New  
Jersey).

T he soluble sugars in winged beans were tentatively identified from the 
elution tim es relative to the individual standard sugars. Confirm ation o f iden
tities was obtained by thin layer chrom atography on phosphate treated plates
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(Supelco, 1977) of individual sugars collected during HPLC. A  periodate-p- 
anisidine hydrochloride solution was used for detection o f the sugars (H ough & 
Jones, 1962). Quantification of the sample com ponents was achieved from  
H PLC peak area m easurem ents [height (H ) x  width at half height (W>/2 H)] 
relative to the peak areas of the standard.

Carbohydrates (starch determination)

Staining in L -K I solution was used as a qualitative test for the presence of 
starch. The qualitative tests were confirm ed by em ploying the m ethod of 
Palmer (personal com m unication, 1978) which was used for starch determ ina
tions in plantains. To 100 mg of the air-dried residue of winged beans from the 
soluble carbohydrates determ ination, was added 3 ml of 0.05 M N aA c buffer, 
pH 5 in a 15 ml centrifuge tube. The mixture was stirred with a magnetic bar to 
suspend the sample uniformly. The mixture was then heated in a boiling water 
bath for 5 min and cooled. Two ml o f glucoam ylase solution (prepared by 
stirring Sigma Type II glucoam ylase in 50 ml cold N aA c buffer for 10 min, 
centrifuging at 15,000 g for 15 min at 4°C and recovering the supernatant 
enzym e solution) was added to the mixture. The solution'w as mixed and 
incubated at 25°C for 1 hr. The solution was then made to volum e with distilled  
water, filtered in a 0.45 pm pore size membrane filter and deionized as 
described in the oligosaccharide analysis. Analysis of glucose was performed as 
described in oligosaccharide analysis except that a glucose standard (10 mg/'ml) 
was used. Mg glucose x  0 .90  =  mg starch.

Results and discussion

Carbohydrate analyses

Starch content determination. Based on iodine staining and on enzym atic 
determ ination, there was no starch in the five varieties of mature winged beans. 
Thus, winged beans are similar to mature soybeans, which do not contain 
starch. In other food  legum es, starch is the predom inant carbohydrate. It is 
possible that during the early stage of the developm ent of the winged beans 
(i.e ., green immature pods), the seed contains starch. This is the case with 
soybeans. A n amylase inhibitor was found by Jaffe & Korte (1 9 7 6 ) to be 
present in winged beans. The activity, however, was found to be low.

Oligosaccharide content. A n analysis of the oligosaccharides in winged bean  
was performed because legum es com m only contain relatively high amounts. 
The oligosaccharides are important in nutrition because they cause flatulence in 
man and animals. Claydon (1 9 7 5 ) observed that raw mature winged beans 
cause abdominal pains indicating the presence of flatulence factors.

The typical legum e oligosaccharides (verbascose, stachyose and raffinose), as 
well as sucrose, were found to be present in all five winged bean varieties. These



D
et

ec
to

r 
re

sp
on

se
 

A
bs

or
ba

nc
e 

(2
5

4
 n

m
)

Carbohydrates in winged beans 481

Table 1. Oligosaccharide content of winged beans (g /100 g sample)

Variety Verbascose Stachyose Raffi nose
Total oligo
saccharides Sucrose

Total
soluble
sugars

C H IM B U 0.19 ±  0.01* 3.40 ± 0.02 1.98 ± 0.01 5.57 6.36 ±  0.01 11.9
Selection 10 0.83 ±  0.02 3.32 ±  0.04 1.34 ±  0.00 5.49 6.03 ± 0.03 1 1.5
Selection 1 2 0.68 ±  0.01 3.53 ± 0.03 1.39 ±  0.01 5.60 8.17 ±  0.01 13.8
TPT-2 0.77 ±  0.03 2.21 ±  0.04 1.1 5 ±  0.03 4.13 5.64 ±  0.02 9.77
WB-19 0.91 ± 0 .0 3 3.56 ± 0.03 1.71 ±  0.06 6.18 6.79 ±  0.08 13.0

*Mean ±  standard  deviation (n =  4)

Figure 1. C hrom atogram  of the ethanol extract from defatted  winged bean flour on a 
60 cm column with Aminex 50 W X^4, C a++, eluted with water at 85°C (0 min. -  
sample injection). Bottom  trace: RI detector. T op  trace: U V  absorption shows 
non-carbohydrate  components  during elution. The three unidentified peaks a p p ea r 
ing in the bottom  trace were presum ed not be carbohydrates because they corres
ponded  in retention time to  the U V  peaks. Small amounts of unidentified carbohy
drates are marked  with a question mark.
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Verbascose was present at levels o f  0 .19%  in the C H IM BU  to 0.91 % in the 
W B -19. Stachyose was present at 2.18%  in the TPT-2 to 3.56%  in the W B -19. 
Raffinose was present from 1.34%  in Selection 10 to 1.98%  in the C H IM B U . 
The total oligosaccharides were present in the range of 4 .1 0 -6 .1 8 % . Sucrose 
was found to be present in large amounts in Selection 1 2 (8 .1 8 % ). Sucrose was 
lowest with TPT-2 (5 .64% ).

The total oligosaccharide content was about the same level as found in 
soybeans. Raffinose in winged beans is present at about the same concentration  
as that present in soybeans (1.3% ). Stachyose is present in winged beans 
(3 .2% ) at a lower level with that found in soybeans (5 .3% ) by Kawamura. 
1967. Verbascose was found to be present in the range of 0 .1 9 -0 .9 1 %  in 
winged beans w hereas in soybeans it was found to be present in trace amounts. 
The oligosaccharide content of winged bean is low when compared to other 
food legum es (chickpea, cow pea, field beans, lentils, etc.), which usually con 
tain 5.7 to 7.9%  oligosaccharides (H ardinge, Swarner & Crooks, 1965; Cris- 
tofaro, Motta & W uhrmann, 1974).

Sucrose levels are about the same as found in soybeans. H owever, one variety 
(Selection 12) contained 8.18%  sucrose, a level which is 30%  higher than the 
average of the other four varieties of winged beans.

The elim ination of flatulence factors by breeding in winged beans holds little 
promise if winged beans are like soybeans. H ym ow itzrf a/. (1 9 7 2 ) have shown  
that there exists a high degree o f stability in the oligosaccharide content of 
soybeans which cannot be elim inated by breeding. The only recourse would be 
to find varieties which contain low concentrations o f the flatulence factors.

The total soluble sugar content (oligosaccharide and sucrose) found in each 
variety when added to their corresponding neutral detergent fibre values as 
reported by Garcia & Palmer ( 1980) am ounted to a total carbohydrate content 
of 25.3%  in T PT-2, 25.0%  in C H IM B U . 27.8%  in Selection 12, 25.7%  in 
Selection 10 and 28.0%  in W B -19. These values account for 73%  in T PT-2. 
75% in C H IM B U . 79%  in Selection 12, 76%  in Selection 10 and 81%  in 
W B -19 (m ean. 77 ±  3% ) of the total carbohydrates obtained by difference in 
the proximate analyses o f the winged beans as reported by Garcia & Palmer 
(1 9 8 0 ). The carbohydrate data suggest that winged beans contain a consider
able proportion o f carbohydrate which is solubilized during the neutral 
detergent fibre determ ination, but not solubilized in the hot 85%  ethanol use 
and to extract the soluble sugars. Pectins are an exam ple of a class of carbohy
drates which could fall in this category.

Conclusions

O ligosaccharides (verbascose, stachyose and raffinose) were found to be pres
ent in the five varieties of winged beans (Table 1 ). Raffinose is present at about

analyses are shown in Table 1 and a representative elution profile is shown in
Fig. 1.
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the same concentration found in soybeans (1 .3% ). Stachyose is present at a 
lower level (3 .2% ) than that found in soybeans (5 .3% ). V erbascose is present 
in the range 0 .1 9 -0 .9 1 %  in winged beans whereas in soybeans it is present in 
trace amounts. The oligosaccharide content of winged beans is low when 
compared to chickpea, cow pea, field beans, mung beans and lentils, which 
usually contain 5.7%  to 6.9%  total oligosaccharides (H ardinge et al., 1965; 
Cristofaro et al., 1974). Sucrose levels are about the same as found in soybeans. 
One variety. Selection 12, contained 8.18%  sucrose, a level which was 30%  
higher than the average of the other four varieties.

The total soluble sugars found in each variety plus their corresponding  
neutral detergent fibre (Garcia & Palmer. 1980) account for 77%  of the total 
carbohydrates obtained by difference in the proximate analyses o f winged  
beans (Garcia & Palmer, 1980). Further study will be required to identify and 
quantify the undeterm ined carbohydrates. W inged beans were found to be free 
of starch in the present study and it is possible that the underterm ined carbohy
drate is an alternate storage carbohydrate in winged beans.
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Volatiles of apples (var. ‘Schone van Boskoop’): isolation 
and identification

M. FEYS, P. T O B B A C K  a n d  E. M A ES

Summary

A  simple m ethod for the analysis of apple volatiles has been developed. By 
m eans of a m odified vacuum -cold trap distillation an aqueous solution of 
volatiles, ready for direct GLC-analysis, is obtained.

Formation of artefacts (e.g. volatile aldehydes) during hom ogenization o f the 
apple tissue was prevented by addition of trichloroacetic acid. A bout fifteen  
volatiles o f the apple variety ‘Schone van B oskoop’ have been identified and 
quantified. More than 85%  of the total volatile fraction are alcohols. The 
recovery for the different volatiles ranged from 60 to 95%  depending on the 
nature of the com pounds.

In a dichlorom ethane extract of the distillate a few minor com pounds, mostly 
esters, were identified by mass spectrom etric analysis.

Introduction

The m ethods used to isolate and concentrate volatiles can affect the results of  
subsequent gas chrom atografic analysis. The pre-treatm ent procedures usually 
cause qualitative and quantitative changes in the sam ple. D epending on the 
com position of the sample and the objectives o f the study one or another 
procedure may be superior (Jennings & Filsoof. 1977). H eadspace analysis, 
distillation, extraction and adsorption, or a com bination of these are current 
m ethods for the isolation and concentration o f volatile com pounds (W eurm an, 
1969; Paillard, Pitoulis & M attei, 1970; Röm er & Renner, 1974).

H eadspace analysis has been widely used in aroma research. A lthough rela
tively sim ple, the m ethod is not very useful for quantitative studies. H eadspace 
analysis gives an idea o f the com position o f the volatile fraction em itted by the
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f ru it b u t it is d ifficu lt to  re la te  th is  w ith  th e  co m p o s itio n  o f  th e  v o la tile s  in sid e  
th e  fru it.

E x tra c tio n  a n d  a d s o rp tio n  a re  to  a c e r ta in  e x te n t se lec tiv e , d e p e n d in g  on  th e  
n a tu re  o f  th e  so lv en t o r  o f  th e  a d s o rb e n t . C o n c e n tra tin g  th e  so lv en t o f te n  
cau ses  th e  loss o f  lo w er b o ilin g  c o m p o u n d s  a n d  th e  so lv e n t p e a k  in te r fe re s  w ith  
o th e r  c o m p o u n d s  on  th e  c h ro m a to g ra m . In  a d d itio n  th e  iso la tio n  a n d  c o n c e n t
ra tio n  o f  th e  v o la tile s  m o stly  o ccu rs  in d iffe re n t s tep s  so th a t  th e  w h o le  p ro c e ss  
b e c o m e s  m o re  co m p lex  a n d  less su itab le  fo r  ro u tin e  ana lysis .

F in a lly  d is tilla tio n  is p e rh a p s  th e  m o st co m m o n ly  u sed  m e th o d  in  a ro m a  
re se a rc h . S ince th e  firs t s te a m -d is ti l la tio n s , th is  m e th o d  h as  b e e n  u sed  in a 
n u m b e r  o f  d if fe re n t fo rm s , d e p e n d in g  o n  th e  p ro d u c t a n d  o n  th e  aim  o f  th e  
w o rk . D is tilla tio n  is in itse lf  n o t se lec tiv e  fo r  it is b a se d  on  th e  u se  o f  a co m m o n  
p ro p e r ty  o f  all c o m p o u n d s  o f  in te re s t ,  n am e ly  th e ir  v o la tility . H o w e v e r  th e  
d is tilla te  is m o stly  to o  d ilu te d  fo r  d ire c t gas c h ro m a to g ra p h ic  ana ly sis . D is ti lla 
tion  is th e re fo re  u sed  as  a firs t s te p  fo r  iso la tin g  th e  v o la tile s  a n d  is fo llo w ed  by a 
c o n c e n tra tio n  o f  th e  c o m p o u n d s  u sin g  o th e r  m e th o d s .

It h as  b e e n  th e  o b je c tiv e  o f  th is  s tu d y  to  dev ise  a d is tilla tio n  p ro c e d u re  d u rin g  
w hich  w a te r  is se lec tiv e ly  s e p a ra te d  fro m  th e  v o la tile s  so th a t  a so lu tio n  w hich  is 
re a d y  fo r  d ire c t gas c h ro m a to g ra p h ic  ana lysis  is o b ta in e d .

486 M. Feys, P. Tobback and E. Maes

Experimental

A p p le s  (1 .2  kg) w e re  h o m o g e n iz e d  in 8 0 0  m l o f w a te r  in a W arin g  4 - li tre  
C o m m e rc ia l B le n d o r . T h e  p u lp  w as tra n s fe r re d  to  a 3 - li tre  j a r  an d  2 m l o f  an 
a n ti- fo a m in g  a g e n t (U C B  18 0 4 A ) w e re  a d d e d . T h e  d is tilla tio n  s e t-u p  is sh o w n  
in F ig . 1. A  s tre a m  o f n itro g e n  ( 15 m l/m in ) w as p asse d  th ro u g h  th e  a p p le  p u lp . 
T h e  ja r  w as h e a te d  w ith  a h e a tin g  m a n tle  in o rd e r  to  p re v e n t  e x tre m e  co o lin g  as 
a re su lt  o f  so lv en t e v a p o ra tio n  u n d e r  v ac u u m . B e tw e e n  th e  j a r  w ith  th e  a p p le  
p u lp  a n d  th e  co ld  tra p  w ith  liq u id  n itro g e n  a co o lin g  sp ira l w as p lace d , c o o le d  to  
— 17°C  by  m e a n s  o f  a c ry o s ta t (H a a k e , K T  3 3 ) w ith  m e th a n o l as co o lin g  liq u id . 
T h e  w h o le  system  w as c o n n e c te d  to  a v ac u u m  p u m p  (C e n c o -H y v a c  7) w ith  a 
re su ltin g  u n d e rp re s s u re  o f  35 m m H g  in th e  d is tilla tio n  a p p a ra tu s .  A  sec o n d  
co ld  t r a p  can  b e  u se d  to  p ro te c t  th e  v ac u u m  p u m p . T h e  d is tilla tio n  tim e  w as 1.5 
h r.

T h e  e ffec tiv en e ss  o f  a sc o rb ic  ac id  (0 .2 %  w/w  fre sh  a p p le s ) , tr ic h lo ro a c e tic  
ac id  (4 %  w /w ), so d iu m  b isu lp h ite  (0 .2 %  w /w ) a n d  d iffe re n t C O 2 c o n c e n tra t io n s  
(2  a n d  8 %  w /w ) o n  th e  fo rm a tio n  o f  a r te fa c t  v o la tile s  d u rin g  b le n d in g  w as 
ch e ck ed .

T h e  re co v e ry  a n d  th e  re p ro d u c ib ility  o f  th e  d is tilla tio n  p ro c e ss  w as d e te r 
m in e d  d u rin g  a se r ie s  o f  ten  d is tilla tio n s  w ith  a m ix tu re  o f  k n o w n  c o m p o u n d s , 
u n d e r  id e n tic a l e x p e r im e n ta l c o n d itio n s  as  d e sc r ib e d  a b o v e . F o r  q u a n ti ta t iv e  
g as  c h ro m a to g ra p h ic  an a ly s is  th e  m e a n  p e a k  area /p .g  fo r  th e  d if fe re n t v o la tile s  
w as u sed .
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Figure 1. Schematic of the distillation set up for the isolation and concentration of 
volatiles. A, distillation jar (10°C); B, cooling spiral (-17°C); C, traps cooled with 
liquid nitrogen.

G L C  an a ly sis  w as c a rr ie d  o u t  u sin g  a H e w le tt-P a c k a rd  5 7 2 0 A  in s tru m e n t 
w ith  flam e  io n iz a tio n  d e te c to r , c o n n e c te d  to  a H e w le tt-P a c k a rd  3 3 8 0 A  in te g 
ra to r .  T h e  fo llo w in g  c o lu m n s  w ere  u sed  fo r  th e  id e n tif ic a tio n  o f  th e  v o la tile s :

(i) 2 0 %  D E G S  o n  c h ro m o so rb  P -A W , 6 0 - 8 0  m esh , 2 0 ' x  Vs", SS. C o lu m n  
te m p e ra tu re  9 0  a n d  110°C , ISfl-flow: 9 ml/'mir..

(ii) 1 5 %  C a rb o w a x  2 0  M  on  c h ro m o so rb  W -A W , 6 0 - 8 0  m esh , 1 6 ' x Vs", 
SS. C o lu m n  te m p e ra tu re  80°C , N 2- f lo w : 9 m l/m in .

(iii) S ilico n -o il S F  96  (5 0 )  +  5 %  Ig e p a l C o - 8 8 0 ,5 0 0 ' x 0 .0 2 ", SS. T e m p e ra 
tu re  p ro g ra m m a tio n :  6 0  m in  a t 50°C , 2°C /m in  to  120°C . N 2- f lo w : 1 
m l/m in .

T h e  2 0 %  D E G S  c o lu m n  w as u se d  fo r  q u a n tita tiv e  an a ly sis . A  d ich - 
lo ro m e th a n e  e x tra c t o f  th e  d is tilla te  w as an a ly z ed  on  a V a ria n  2 7 0 0  gas 
c h ro m a to g ra p h  w ith  a 2 5 0 m  x 0 .5 m m  i.d . c o lu m n  c o a te d  w ith  S E -3 0 ,  l in e a r  
te m p e r a tu re  p ro g ra m m in g  fro m  2 0  to  2 2 0 °C  a t 2°C /'m in w ith  a c a r r ie r  gas flow  
o f  6 m l H e/'m in . T h e  gas c h ro m a to g ra p h  w as l in k e d  to  a V a ria n  M a t 112 m ass 
s p e c tro m e te r .

Results and discussion

Distillation

T h e  te m p e ra tu re  o f  th e  co o lin g  sp ira l ( -  17°C ) w as d e te rm in e d  e x p e r im e n 
ta lly  so th a t  th e  m o s t c o n c e n tra te d  d is tilla te  w as o b ta in e d  w ith o u t c o n d e n sa tio n  
o f  v o la tile s  o n  th e  sp ira l. T h e  m e a n  v o lu m e  o f  th e  d is tilla te  w as 2 1 .4  m l (S-p- =
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4 .1 ) . W ith  th is  s im p le  d is tilla tio n  m e th o d  it w as p o ss ib le  to  iso la te  a n d  c o n c e n 
tr a te  th e  v o la tile s  in o n e  s te p , so th a t  th e  m o st im p o r ta n t  v o la tile s  co u ld  be  
an a ly z e d  q u a n tita tiv e ly  by  gas c h ro m a to g ra p h y . It is im p o r ta n t  to  n o te  th a t  th e  
iso la tio n  a n d  th e  c o n c e n tra t io n  o f  th e  c o m p o u n d s  a re  b a se d  o n  th e ir  re sp e c tiv e  
v o la tility  so  th a t  n o  c o m p o u n d s  a re  lo s t e .g . th ro u g h  th e ir  so lu b ility  in o rg a n ic  
so lv en ts . A lso  low  b o ilin g  c o m p o u n d s  co u ld  be  an a ly se d  q u a n tita tiv e ly . T h e re  
w as n o  in te r fe re n c e  o f  a so lv en t p e a k  o n  th e  c h ro m a to g ra m  since  w a te r  is n o t 
d e te c te d  w ith  th e  c o lu m n s  u sed .

T w o  im p o r ta n t  d isa d v a n ta g e s  o f  th e  n o rm a l d is tilla tio n  m e th o d , th e  th e rm a l 
a l te ra t io n s  by h e a tin g  o f  th e  a p p le  p u lp  a n d  th e  c o n ta c t w'ith O 2 d u rin g  d is til la 
t io n  (D ra w e r t ,  1 9 6 9 ), c o u ld  b e  av o id e d . T h e  te m p e ra tu re  in th e  d is tilla tio n  ja r  
w as 10 ±  1°C a n d  th e  re m a in in g  O 2 w as ex p e lle d  by b lo w in g  a s tre a m  o f 
n itro g e n  th ro u g h  th e  p u lp . T h is  a lso  h a d  a fa v o u ra b le  e ffec t o n  th e  c o n tin u o u s  
s tir r in g  o f  th e  a p p le  p u lp  d u rin g  d is tilla tio n .

Formation o f  volatiles on disrupture o f the cell structure

T h e  sh o r t  tim e  (TO m in ) b e tw e e n  h o m o g e n iz a tio n  a n d  d is tilla tio n  a n d  th e  low  
te m p e ra tu re  in  th e  d is tilla tio n  ja r  co u ld  n o t p re v e n t th e  fo rm a tio n  o f  s ig n ifican t 
a m o u n ts  o f  n -h e x a n a l a n d  tra n s -2 -h e x e n a l ,  ty p ica l a ld e h y d e s  fo rm e d  by 
e n z y m a tic  o x id a tio n  o f  u n s a tu ra te d  fa tty  ac ids. D ra w e r t  et al. (1 9 6 5 , 1 9 6 6 , 
1 9 7 3 ) d rew  a t te n t io n  to  th e  p o ss ib le  en z y m a tic  h y d ro liz a tio n  a n d  o x id a tio n  
re a c tio n s  a n d  th e ir  in flu e n c e  o n  th e  co m p o s itio n  o f  th e  n a tu ra l a ro m a . T h e  
a u th o rs  sh o w ed  th a t  n -h e x a n a l a n d  tra n s -2 -h e x e n a l  a re  fo rm e d  by  e n z y m a tic  
o x id a tio n  o f  lin o le ic  a n d  lin o le n ic  ac id  a n d  th ey  p ro p o s e d  th e  a d d itio n  of 
in h ib ito rs  o f  th e se  re a c tio n s .

In  o u r  e x p e rim e n ts  th e  fo rm a tio n  o f  n -h e x a n a l a n d  tra n s -2 -h e x e n a l  fro m  
lin o le ic  a n d  lin o le n ic  ac id  has b e e n  e x a m in e d  b y  a d d itio n  o f  th e se  fa tty  ac id s 
p r io r  to  h o m o g e n iz a tio n  o f  th e  a p p le s . T h e  e ffec t o f  sev e ra l in h ib ito rs  h as  a lso  
b e e n  c o m p a re d . T h e  re su lts  (T a b le  1) c lea rly  in d ic a te  th a t  th e  fo rm a tio n  o f 
n -h e x a n a l a n d  tra n s -2 -h e x e n a l  s tro n g ly  in c re a se s  w ith  th e  a d d itio n  o f  lin o le ic  
a n d  lin o le n ic  ac id  re sp e c tiv e ly . T h e  in h ib itin g  e ffec t s e e m e d  to  b e  th e  b e s t w ith  
0 .2 %  (w/'w) so d iu m  b isu lp h ite . H o w e v e r  th is  is n o t a u se fu l c o m p o u n d  s ince  it 
re a c ts  w ith  n a tu ra l  o cc u rrin g  a ld e h y d e s  such  as a c e ta ld e h y d e  so th a t  th e se  
c o m p o u n d s  a re  n o t fo u n d  on  th e  c h ro m a to g ra m . F o r  th is  re a so n  tr ic h lo ro a c e tic  
ac id  h as  b e e n  u se d  fo r  th e  in h ib itio n  o f  th e  ty p ica l a ld e h y d e  fo rm a tio n  d u rin g  
h o m o g e n iz a tio n . M e th a n o l as su g g es ted  by  D ra w e r t et al. (1 9 6 6 )  co u ld  n o t  be  
u sed  since it w o u ld  g ive p ro b le m s  d u rin g  d is tilla tio n  a n d  gas c h ro m a to g ra p h ic  
an a ly s is  ow ing  to  th e  h ig h  v o la tility  o f  th e  c o m p o u n d  a n d  its  in te r fe re n c e  on  th e  
a ro m a g ra m s .

W h e n  n o t  u sin g  in h ib ito rs  th e  fo rm a tio n  o f  a c e ta ld e h y d e  a n d  th e  b re a k d o w n  
o f  e th y l b u ty ra te  can  give so m e p ro b le m s also , b u t th ey  can  b e  a v o id ed  by 
w o rk in g  a t a  low  te m p e ra tu re  a n d  k e e p in g  th e  tim e  b e tw e e n  h o m o g e n iz a tio n  
a n d  d is tilla tio n  as sh o r t  as  p o ss ib le . T h e  a d d itio n  o f  in h ib ito rs  d id  n o t in flu en c e  
th e  c o n c e n tra t io n  o f  th e  o th e r  v o la tile s  p re s e n t  in th e  d is tilla te .
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Table 1. Influence of the addition of some compounds on the formation of n-hexanal and 
trans-2-hexenal during homogenization of the apples (blank = 1 00%)

Compounds 
% w/w fresh apples

n-hexanal 
% vs blank

trans-2-hexenal 
% vs blank

0.1 % linoleic acid 302.0 104.5
0.1 % linolenic acid 102.0 435.2
2% CCh 99.8 95.0
8% CCb 65.7 72.3
0.2% ascorbic acid 35.1 52.4
4% trichloroacetic acid 2.6 6.6
0.2% sodium bisulphite 0.2 1.7

Distillation efficiency

T h e  m e a n  d is tilla tio n  e ffic iency  fo r  th e  d iffe re n t v o la tile s  is lis te d  in T a b le  2. 
T h e  p e rc e n ta g e  e r ro r  w ith  re g a rd  to  th e  m e a n  d is tilla tio n  e ffic iency  v a rie s  
m o stly  b e tw e e n  6 a n d  10. A  g re a te r  accu racy  w as p o ss ib le  by ex p re ss in g  th e  
e ffic iency  in fu n c tio n  o f  th e  v o lu m e  o f th e  d is tilla te . A s i l lu s tra te d  in  F ig . 2, fo r  a 
few  c o m p o u n d s , a g o o d  lin e a r ity  b e tw e e n  th e  final v o lu m e  a f te r  1.5 h r  d is tilla 
tion  a n d  th e  d is tilla tio n  e ffic iency  h as  b e e n  e s ta b lish e d . T h e  re g re ss io n  fu n c tio n  
a n d  th e  s ta n d a rd  d e v ia tio n  a ro u n d  th e  f i t te d  re g re ss io n  line fo r  e a c h  c o m p o u n d  
a re  a lso  g iven  in T a b le  2. By th e  u se  o f  th e se  e q u a tio n s  it w as p o ss ib le  to  
d e te rm in e  w ith  g re a t accu ra cy  th e  d is tilla tio n  effic ien cy  fo r  th e  d if fe re n t v o l
a tile s  in th e  a p p le  sam p les .

Table 2. Mean distillation efficiency with standard deviation and regression equation with 
standard deviation about the fitted regression line of the efficiency in function of the volume of 
the distillate (number of observations: 10; range of distillate volumes: 12.2-26.0)

Volatiles
Mean dist. 
efficiency S_

y

Regression
equation s „y

Ethanol 57.03 3.96 y =  38.78 +  0.85 x 2.01

n-propanol 66.02 5.51 y =  41.38 +  1.15 x 3.07
n-butanol 65.93 5.72 y =  38.01 +  1.31 x 2.26
n-pentanol 66.24 6.23 y = 33.72 + 1.42 x 1.77
n-hexanol 69.02 6.53 y = 37.52 + 1.47 x 2.74

i-propanol 69.71 4.81 y = 47.01 + 1.06 x 2.23
i-butanol 70.15 4.50 y =  46.35 +  1.12 x 2.03
i-pentanol 72.26 5.35 y =  47.35 +  1.20 x 1.95

Acetaldehyde 81.03 6.61 y =  47.98 +  1.55 x 2.16
n-propanal 87.29 8.19 y =  45.21 +  1.97 x 1.81
n-butanal 87.81 7.83 y =  46.93 +  1.99 x 1.60

Acetone 93.13 5.99 y =  62.29 +  1.44 x 1.29
Diethylether 73.16 12.05 y =  12.05 +  2.86 x 3.32
Ethyl butyrate 82.83 9.71 y =  35.13 +  2.23 x 3.66
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Distillation volume(ml)

Figure 2. Relation between distillation efficiency and volume of the distillate after 
1.5 hr distillation for a few volatiles. ▲ Acetone; □, ethylbutyrate; • ,  diethylether; 
A n-hexanol; ■. n-butanol; O, ethanol.

T h e  re su lts  in d ic a te  th a t  th e  re c o v e ry  o f  th e  d iffe re n t c o m p o u n d s  d e p e n d s  o n  
th e ir  a ir /w a te r  p a r ti t io n  co e ffic ien t. B u tte ry , L in g  & G u a d a g n i (1 9 6 9 )  a n d  
B u tte ry  et al. (1 9 7 1 )  sh o w ed  th a t  w ith  each  h o m o lo g o u s  se rie s  o f  co m p o u n d s  
th e  a ir /w a te r  p a r ti t io n  c o e ffic ien t a n d  h e n c e  th e  v o la tility  in c re a se s  w ith  
in c re a s in g  c a rb o n  ch a in  len g th . T h e  m e th y le s te rs  a n d  a lip h a tic  a ld e h y d e s  a re  
th e  m o s t v o la tile  se rie s , th e  m e th y lk e to n e s  h av e  in te rm e d ia ry  v a lu es  a n d  th e  
a lco h o ls  a re  th e  le a s t v o la tile  b e c a u se  th e se  a re  v ery  so lu b le  in  w a te r . T h e  
d is tilla tio n  e ffic ien cy  is co n s id e ra b ly  h ig h e r  fo r  th e  a ld e h y d e s  th a n  fo r  th e  
n -a lc o h o ls  a n d  i-a lc o h o ls . A lso  w ith in  th e se  h o m o lo g o u s  se rie s  o f  co m p o u n d s , 
th e re  is an  in c re a se  fro m  th e  s h o r te r  to  th e  lo n g e r  c a rb o n  ch a in s , a lth o u g h  th e  
se q u e n c e  w ith in  e a c h  g ro u p  is n o t a lw ays log ica l. T h e  re la tiv e  c o n c e n tra tio n  o f  
th e  d iffe re n t c o m p o u n d s  in  th e  so lu tio n  is ce rta in ly  a lso  a d e te rm in in g  fa c to r . 
T h e  d e p e n d e n c e  o f  th e  d is tilla tio n  e ffic iency  on  th e  v o lu m e  o f th e  d is tilla te  an d  
as a re su lt  o n  th e  d is tilla tio n  c o n d itio n s , as e x p re sse d  by  th e  s lo p e  o f  th e  
re g re ss io n  lin e , in c re a se s  a lso  w ith  th e  v o la tility  o f  th e  c o m p o u n d s  in  th e  
a q u e o u s  so lu tio n . T h is  v a lu e  is v e ry  h igh  fo r  d ie th y le th e r . T h is  e x p la in s  th e  h igh  
s ta n d a rd  d e v ia tio n  fo r  th is  c o m p o u n d  w h en  d e te rm in in g  th e  m ean  d is tilla tio n  
effic iency .

Identification and concentration o f the volatiles in ‘Boskoop’ apples

T h e  v o la tile s  fro m  th e  a p p le  v a r ie ty  ‘ S ch o n e  v an  B o s k o o p ’ w e re  id e n tif ie d  o n  
d if fe re n t co lu m n s by  co m p a r iso n  w ith  k n o w n  c o m p o u n d s . T h e  id e n tif ic a tio n
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Table 3. Volatiles from the apple variety 'Schone van Boskoop’ and concentration of the most 
important compounds after 10 weeks storage at 3°C under normal atmospheric conditions

Volatiles p.p.m. (dry wt)

Diethylether 0.7
Acetaldehyde 3.5
n-propanal 0.3
Acetone 0.6
n-butanal 2.7
i-propanol 0.6
Ethanol 32.4
n-propanol 12.1
Ethyl butyrate 2.0
i-butanol 5.5
n-butanol 263.8
i-pentanol 3.5
n-pentanol 3.7
n-hexanol 29.9

t  traces of: ethyl propionate, methyl butyrate, ethyl-2-methyl butyrate, propyl butyrate, 
propyl-2-methyl butyrate, butyl butyrate, ethyl hexanoate, butyl-2-methyl butyrate.

w as c o n f irm e d  by a m ass  s p e c tro m e tr ic  an a ly sis . A  few  q u a n tita tiv e ly  m in o r 
c o m p o u n d s  co u ld  b e  id e n tif ie d  in th is  w ay . T h e  re su lts  a re  g iven  in T a b le  3 . T h e  
c o n c e n tra t io n  w as d e te rm in e d  b a se d  on  th e  d is tilla tio n  effic ien cy  a n d  th e  p e a k  
area /p ig  fo r  e a c h  c o m p o u n d . T h e  re su lts  c lea rly  sh o w  th a t  " B o s k o o p ’ is a typ ica l 
‘a lco h o l ty p e ’ v a r ie ty . M o re  th a n  9 0 %  o f th e  to ta l  a m o u n t o f  v o la tile s  a re  
a lco h o ls . A t th e  tim e  o f an a ly s is  n -b u ta n o l re p re s e n ts  a b o u t 7 0 %  o f th e  v o la tile  
f ra c tio n . E th y l b u ty ra te  w as th e  o n ly  e s te r  w h ich  co u ld  b e  d e te c te d  in  a r e la 
tive ly  h igh  c o n c e n tra t io n . T h e  o th e r  c o m p o u n d s  id e n tif ie d  by m ass s p e c 
tro m e try  w e re  m o stly  b u ty ra te  e s te rs . T h e  c o n c e n tra t io n  c o u ld  n o t b e  d e te r 
m in e d  b u t m u s t b e  less th a n  0 .0 5  p p m . T h is  d o e s  n o t m e a n  th a t  th e se  c o m 
p o u n d s  a re  n o t im p o r ta n t  fo r  th e  ty p ica l a ro m a  o f  th e  a p p le  v a r ie ty 4 S ch o n e  van  
B o s k o o p ’. P a illa rd  (1 9 6 7 )  a lso  fo u n d  e th a n o l, e th y l b u ty ra te ,  i-b u ta n o l, 
n -b u ta n o l a n d  i-p e n ta n o l in  th e  v o la tile  f ra c tio n  o f ‘B o s k o o p ’ a p p le s . S he a lso  
in d ic a te d  th e  p re s e n c e  o f  e th y l a c e ta te ,  b u ty l a c e ta te  a n d  i-p e n ty l a c e ta te . 
H o w e v e r  it co u ld  b e  c lea rly  sh o w n  th a t  n o  a c e ta te  e s te rs  a re  p re s e n t  in  o u r  
a ro m a  d is tilla te . G re v e rs  &  D o e sb u rg  (1 9 6 5 )  a n d  P a illa rd  (1 9 6 7 )  a lso  m e n tio n  
th a t  th e  a m o u n t o f  v o la tile s  p ro d u c e d  by ‘S ch o n e  v an  B o s k o o p ’ a p p le s  is 
e x tre m e ly  sm all so  th a t  th e  s tu d y  o f  th e  a ro m a  o f th is  v a r ie ty  is d ifficu lt.
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Methods of measuring green colour and chlorophyll content 
of apple fruit

M .K N E E

Summary

The change in colour from green to yellow  during ripening o f apples depends 
essentially upon disappearance of chlorophyll. Chlorophyll concentration in 
the fruit peel can be estim ated by extraction and spectrophotom etry or in terms 
of the reflectance of the apple surface at 675 nm. The reflectance and 
chlorophyll concentration data do not conform to the Kubelka-M unk equation. 
R eflectance at 675 nm is highly correlated with colour descriptions derived  
from reflectance spectra. A lthough a reflectance spectrophotom eter gave the 
most precise reflectance m easurem ents, a simple colorim etric device was m od
ified to give nearly equivalent results.

Introduction

The surface colour o f fruit has been m easured in three ways (1) by extraction  
and estim ation o f pigm ents, (2) by use of instruments which measure surface 
reflectance or (3) by visual matching against colour cards. The m ethod chosen  
has varied with the nature of the experim ent; physiological studies have tended  
to em ploy m ethod (1 ) while studies related more directly to com mercial 
application have em ployed m ethods (2) or (3). There has been little effort 
devoted  to relating one type of m easurem ent to another so that evidence is 
lacking about the extent to which differences in pigm en: com position would be 
apparent as colour differences or vice versa. W here colours have been measured  
by matching against cards whose colours cannot be specified on an established  
system o f description, or by use of arbitrarily calibrated instruments, com pari
sons are im possible and such m ethods are to be deprecated. The present paper 
reports attem pts to correlate m easurem ent on apple fruit o f extracted pigm ents, 
surface reflectance, either at specific wavelengths or integrated as CIE co
ordinates, and visual com parison with M unsell colour cards. The basic instru-
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0022-1163/80/1000-0493 $02.00 ©  1980 Blackwell Scientific Publications



494 M. Knee

m ent em ployed for reflectance studies was a double beam reflectance spec
trophotom eter but the work led to the m odification of an inexpensive reflec
tance colorim eter for similar measurem ents.

Materials and methods

Fruit

M ost of the work was carried out with apple fruits (Malus domestica Borkh. 
of the variety Cox’s Orange Pippin) grown at East Mailing Research Station, 
either during developm ent on the tree or during storage under conditions 
specified below.

Pigment analysis

Chlorophyll was estim ated in acetone extracts of fruit peel as described by 
K nee (1973).

Reflectance

A ll reflectance m easurem ents were made on the surface o f intact fruit. A  
Beckm an D B G T  spectrophotom eter with an integrating sphere reflectance 
accessory (D B -R F ) was used for m easurem ent o f reflectance both at individual 
wavelengths and o f spectra betw een 4 00  and 750  nm, relative to a magnesium  
oxide coated reference disc. Spectral reflectance data were transformed to CIE  
Co-ordinates under illuminant C, using weighting factors for readings at 5 nm 
intervals (W right, 1958), by a b a s i c  com puter program. A  reflectance colorim e
ter (formerly manufactured by Evans E lectroselenium  Ltd. now available as 
M odel 99 from D iffusion Systems Ltd., London, England) was used to obtain  
CIE readings using a ‘filter wheel’ with X Y Z  filters, again using the magnesium  
oxide reference disc. This instrument was later m odified by fixing an acetate 
polarizing filter (G allenkam p Ltd.) over the photocell with adhesive tape; this 
was oriented to reject light polarized in the plane o f incidence. A  680 nm 
interference filter was obtained from A ltec Laboratory Supplies and Systems 
Ltd., A lton , Hampshire.

Colour matching

Visual matching o f apples with M unsell colour cards (Tintom eter Ltd, Salis
bury, England) was carried out under white fluorescent lights. The colour vision  
of the observers was normal according to a standard series of test cards (Ishih- 
ara, 1973).
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Figure 1. Reflectance spectra of a single Cox’s Orange Pippin apple during ripening 
in air at 12°C. The lowest curve was recorded at harvest (12 September 1972) and the 
succeeding curves upwards were recorded after storage for 22. 31,37, 45, 55 and 65 
days.

Results and discussion

Reflectance changes during ripening

A s apples ripen they lose chlorophyll and certain varieties including Cox, 
accum ulate carotenoids (K nee, 1972). Exam ination o f reflectance spectra from  
individual Cox apples ripening in store at 12°C showed that the greatest change 
was an increase in reflectance at 675 nm which was attributed to loss of 
chlorophyll. Progressively smaller increases in reflectance occurred at lower 
wavelengths down to about 520 nm und these were also ascribed to chlorophyll 
loss. R eflectance betw een 4 0 0 -5 0 0  nm was about 20%  and did not change; it 
was concluded that the increase in carotenoids, which absorb in this region, did 
not affect the reflectance spectrum (Fig. 1).

R ed colour does not increase on apples in store but comparison o f red and
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Figure 2. Relationship between reflectance at 675 nm and peel chlorophyll content 
of Cox's Orange Pippin apples. A. each point represents a sample of ten apples from 
weekly harvests of fruit 21 August-26 October 1972. Reflectance measured with 
spectrophotometer. O, each point represents five fruit selected to have the same 
reflectance from samples stored at various temperatures for 2 months after harvest. 
Reflectance measured with colorimeter.

green surfaces showed that the biggest difference occurred at 5 5 0 -5 7 0  nm. 
T hese observations are all in keeping with previously published work (Lott, 
1943, 1944: Brearly & B reeze, 1966).

Instrumental comparisons

The most direct com parison that could be made betw een the spec
trophotom eter and colorim eter was in m onochrom atic m easurem ents. The 
reflectance o f a series o f apples from green to yellow  was com pared at 675 nm 
on the spectrophotom eter and using the filters, E E L  607 and 608 on the 
colorim eter. The apples showed a spread o f reflectance values at 675 nm of 
from 20 to 50%  but with the 607 filter the range was 8 0 -9 0 %  and with the 608  
filter 75 -9 0 % . Possibly, the colorim eter values were high because the angle o f  
illum ination in the instrument was acute; this would be expected  to lead to low
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penetration of the incident beam and the reflection o f a large proportion as 
‘glare’ from the glossy surface of the apple. Light reflected in this way is 
polarized in the plane of the incident beam and to elim inate this com ponent a 
polarizing filter was placed over the photo-cell. This lowered and widened the 
range o f readings obtained to 4 0 -6 5  % with the 607 filter and 3 5 -5 5  % with the 
608 filter, corresponding to a range of 15-30%  reflectance at 675 nm.

Regression analysis o f 25 colorim eter readings (y) against reflectances at 675  
nm (x) gave equations for the 607 filter,

y =  1 .5 lx  +  17.5 (r =  0 .935);

for the 608 filter,

y =  1.47x +  10.9 (r =  0 .940).

The deviations from a 45° slope and from the origin were ascribed to the broad 
wave band transmitted by the filters. A s an im provem ent an interference filter 
with maximum transmission at 680 nm and 50%  maximum at ± 5  nm was fitted  
in the colorim eter in place of the usual filters.

Readings obtained with a range o f apples from green to yellow  were com 
pared on the m odified colorim eter and spectrophotom eter. The readings 
obtained on the two instruments were almost identical over the range of 
2 0 -6 0 %  reflectance and the regression equation was

y =  l.O lx  -  1.4 (r =  0 .993)

B elow  20%  the instruments deviated increasingly, the colorim eter giving lower  
values than the spectrophotom eter. Possible explanations for this are suggested  
by comparison of pigm ent concentrations and reflectance values (see below ).

Reflectance and pigment content

R eflectance at 675 nm and chlorophyll content showed an inverse curvilinear 
relationship (Fig. 2) so that reflectance m easurem ents were most sensitive at 
low chlorophyll concentrations. This calibration of reflectance m easurem ents 
cannot be regarded as absolute since it varied from one apple variety to another 
and even to som e extent for different batches of the same variety; presumably 
surface features o f the apple, such as russetting, influence the results. A bove
4-5  |xg cm"2 the spectrophotom eter recorded little change in reflectance with 
increasing pigm ent concentration, but the colorim eter was more responsive. 
A lthough the exact basis is not clear, the implication is that the m odified  
colorim eter could be used to detect a wider range o f concentration changes than 
the spectrophotom eter.
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Theoretically a linear relationship of reflectance (R ) and pigm ent concentra
tion in molar terms (C) can be obtained according to the Kubelka-M unk  
equation (Frei & M acNeill, 1973):-

(1 -R )2 _ C 
2R ~ K

where K is a constant determ ined by the extinction coefficient o f the pigm ent 
and the light scattering properties o f the surface. A  rigorous interpretation  
would require that the pigm ent should be dispersed hom ogeneously in a non 
absorbing diluent material. This is not the case for chlorophyll in the surface 
cells of an apple, and the relationship o f concentration to ( l - R ) 2/2R proved to 
be curvilinear, the slope being convex for the spectrophotom eter and concave 
for the colorim eter.

Colour measurement

R eflectance spectra obtained with the spectrophotom eter can be trans
formed to colour descriptions on the CIE system using tables derived from the 
chromaticity co-ordinates o f A, Y  and Z . W hen weighted by the energy values 
o f illuminant C and converted to co-ord inatesx  andy comparison can be made 
with the M unsell colour system (N ew hall, Nickerson & Judd, 1943). This 
procedure was tested on nineteen apples ranging in reflectance at 675 nm from  
20 to 60% . The colour description generated corresponded to the nearest hue 
judged by visual matching of cards in fourteen cases. The calculated hue showed  
a strong inverse correlation (coefficient -0 .9 3 1 )  with reflectance at 675 nm 
(Fig. 3).

In its unm odified state the colorim eter gave brightness (Y) values 20 to 30%  
higher and the hues were consistently displaced towards the red relative to 
results obtained with the spectrophotom eter. A fter m odification by inclusion of 
the polarizing filter the Y values measured agreed well with those obtained on 
the spectrophotom eter (correlation coefficient for 9 observations was 0 .92 , 
slope o f line 1.05, passing within 1% reflectance of the origin). H ow ever the 
colour descriptions obtained were still displaced towards the red end o f the 
spectrum.

A ttem pts were made to determ ine how the bias arose from the spectral 
properties o f the filters and the lamp in the colorim eter but this approach met 
with no success. Colorim eter and spectrophotom eter data for reflectance of 
eight M unsell colour cards covering the range o f colours most usually found on 
apples (H ue 5G Y  to 5Y , value 5 -7 , chroma 6 -1 0 )  were com pared. The only  
significant difference betw een the readings obtained with the two instruments 
was thatx values were higher when measured with the colorim eter. This seem ed  
to be a proportional difference and an empirical correction factor o f 0 .934  was 
derived from the data. R eflectance values for apples with the x filter were
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Reflectance (%)

Figure 3. Relationship between colour description calculated from reflectance spec
trum and reflectance at 675 nm for Cox’s Orange Pippin apples stored in air, 2% Oc 
and 1.25% O2 for 6 months.

multiplied by this factor and CIE co-ordinates recalculated. This resulted in 
most colour descriptions being displaced towards green relative to the spec
trophotom eter values. Colour descriptions produced with the colorim eter were 
com pared with visual assessm ents for twenty-five apples. Before adjustment 
with th ex  correction factor the colorim eter values were displaced by an average 
of 1.3 M unsell hue units towards the red; after adjustment they were displaced
1.9 units towards the green. It was concluded that there was no point in 
adjusting x values and that the remaining errors of the colorim eter would have 
to be accepted as a consequence of the com prom ises in design inherent in such a 
simple apparatus.

Conclusions

Colour descriptions, reflectance values and chlorophyll concentrations in apple 
fruit peel can be related on scales as shown in Fig. 4. T hese relationships are 
confined to Cox’s Orange Pippin and would vary for other varieties with 
different surface features.

R eflectance at 675 nm gives the best relative m easurem ent of the progress of 
colour change within a batch o f apples o f a given variety in the course o f storage 
and ripening.

A bsolute reflectance data which can be converted into precise colour descrip
tions can only be obtained with a variable wavelength spectrophotom eter. 
H ow ever a sim ple colorim eter can be used for more rapid and econom ical
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Figure 4. Relationship between scales of peel chlorophyll content, reflectance at 675 
nm and hue on Munsell scale for Cox’s Orange Pippin apples.

m easurem ents when m odified and calibrated as described above. This instru
ment could be applicable with other pigm ents in other materials, but would  
require empirical validation for each application.
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Stability and use of natural colours in foods
Red beet powder, copper chlorophyll powder and cochineal

M. W. K E A R SL E Y  a n d  K. Z. K A T SA B O X A K IS

Summary

Three natural pigm ents -  red beet powder, chlorophyll powder (in the form o f a 
copper com plex) and aqueous cochineal -  were exam ined in order to under
stand better their behaviour or colouring ability in different m odel system s. A ll 
were heat labile but red beet colour in particular was rapidly degraded above 
about 14°C. Cochineal proved the most stable o f the three colours. A ll were 
adversely affected by changes in pH  and a reduction in water activity gave a 
corresponding increase in stability for each colour. Light was similarly shown to 
cause degradation o f the natural colours. The colours were used in food pro
ducts and shown to have certain applications with regard to the colour o f jam  
and restoring the colour o f peas after blanching.

Introduction

A lthough the nutritional value o f food is o f great importance, its appeal is 
determ ined by its taste, appearance and sm ell rather than its food value and it 
has been reported that appearance and smell stimulate the flow  of digestive 
juice and thus aid digestion (Brian & Cameron, 1977). It is thus obvious that 
colour is one o f the major factors that determ ines the acceptability o f a food. 
T he natural colours o f foods (chlorophylls, carotenoids etc.) are easily 
degraded by process and storage conditions and in order to make foods more 
attractive and produce a standard product artificial colours are often added  
during food  manufacture.

Unfortunately, it has recently been shown that not all the synthetic food dyes 
are harmless when ingested and future trends may be towards the use o f natural 
food colourants as more and more artificial colours are rem oved from the

Authors’ address: National College of Food Technology, University of Reading, St George’s 
Avenue, Weybridge, Surrey KT13 ODE.
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Table 1. O ccurrence o f natu ral food colours

Pigm ent C olour Source Solubility

C hlorophyll G reen/blue G reen  vegetables, 
grass, stem s, 
leaves

Oil soluble

C arotenoids 
lycopene 
a  carotene 
P carotene 
xanthophylls

R ed/yellow /orange C arrots, tom atoes, 
red/yellow  fruits, 
dairy products, 
g reen vegetables, 
rose hips

Oil soluble

A nthocyanins
flavonoids
betan ins (bee t colour) 
anthoxanth ins

R ed/blue/yellow R ed cabbage, 
grapes, fruit

W ater soluble

H aem oglobin R ed B lood, myoglobin W ater soluble

perm itted list. This does not necessarily indicate that natural colours are harm
less however, since little work has been carried out on their toxicity although the 
use o f som e natural colours in foods has been studied extensively (Buckmire & 
Francis, 1978; Clydesdale et al., 1978; Jackson, 1976; Pasch & von Elbe,
1977). Similarly, m ethods o f preservation o f the natural colours in foods has 
received attention (Tim berlake & Bridle, 1977; Shewfelt & A hm ed, 1978; 
Calvi & Francis, 1978).

The more im portant groups o f naturally occurring plant pigm ents which 
appear to be of com mercial interest as food colourants are given in Table 1. It 
has been determ ined that nature produces 100 million tons o f carotenoids 
annually and the potential sources of certain pigm ents are not only very abun
dant but renewable.

The stability of these natural colours to changes in tem perature and pH for 
exam ple varies, although they are generally more labile than synthetic dyes. 
Although work has been  carried out on the use o f natural colours in foods and 
many problem s overcom e there are still certain facets of their use which require 
attention.

It was thus the object o f this investigation to evaluate three naturally occur
ring colours for use in certain foods by assessing their stability under different 
environm ental conditions.

Materials

The three natural colours used in the study were: (1) water soluble copper 
chlorophyll powder -  green colour; (2) water soluble beet powder -  red colour;
(3 ) concentrated, aqueous cochineal so lu tio n -r ed  colour. These were obtained  
from Bush B oake A llen  Ltd, London and we gratefully acknowledge the gift o f  
these colours.
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Two artificial colours were used in certain parts o f the study for comparison  
purposes: (1 ) Edicol green S (green CL4); (2 ) Edicol amaranth (red CL9). 
T hese were obtained from I.C.I. Ltd, M anchester and we gratefully acknow 
ledge the gift o f these colours.

A ll other reagents were obtained from B D H  Ltd, D orset.

Methods and results

(1) Absorption spectra

The wavelength o f maximum absorption (X max) was determ ined for each  
colour using a Unicam  SP 800 spectrophotom eter. A ll subsequent m easure
m ents were then made either using this instrument or a Unicam  SP 500  
spectrophotom eter.

(2) Consumer panel measurements

The colour of jam and frozen pea sam ples was evaluated using a 12 and 10 
m em bered panel respectively. The sam ples were scored on a 9 point scale for 
colour acceptability with 1 point corresponding to a highly unacceptable colour 
and 9 points a highly desirable colour, t-tests were then carried out on the 
results to establish any significant differences betw een sam ples using different 
colours in their com position.

(3) Effect o f  temperature on colour stability

Four tem peratures were selected  for this study, 20, 50, 75 and 100°C, and 
metal heating blocks were used to produce these tem peratures. A  known 
concentration o f each colour was prepared in distilled water as shown in Table 2 
and a known volum e introduced into a sample test tube. A  condenser was 
placed in the top o f the tube and the contents heated for up to 4 hr at each

Table 2. C oncen tra tions and  I w  of colours used fo r tem pera tu re  sensitivity studies

C olour
C oncentra tion  
(g/ 1 0 0  ml)

^max
(nm )

C opper chlorophyll 0 .0 1 530
R ed beet 0.08 535
C ochineal 0.7* 518
G reen  S 0.0015 634
A m aran th 0.0015 522

* ml/'1 0 0  ml
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0 * 6 1- ( a )

Figure 1. Effect of tem pera tu re  on colour stability, (a). C opper chlorophyll; (b). red 
beet.

temperature. The absorbance of each solution was measured at the wavelength  
of maximum absorption (Table 2) at time zero and then at predeterm ined  
intervals throughout the test.

The results for all the colours are given in Figs. 1 and 2.

(4) Effect o f  pH  on colour stability

The stability o f the colours was exam ined at different pH values by adding a 
known volum e o f an aqueous solution o f each colour to citrate-phosphate 
buffers in the range pH 2 .2 -8 .0 . Sodium benzoate (0 .05% ) was incorporated  
into each buffered solution to prevent microbial growth and the solutions 
introduced into separate heat sealable 10 ml am poules. A fter sealing the 
am poules were stored at 7°C in the dark and absorbance readings were taken  
initially and for up to 96 h. To investigate the effect of temperature at each pH  
the colours were also stored at elevated temperatures in tubes fitted with 
condensers. The concentrations o f the colours and storage data are included in 
the results in Tables 3 and 4.
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0 60 120 180 240
Time (min)

Figure 2. Effect o f tem pera tu re  on colour stability, (a), C ochineal; (b), O, am aran th ; 
•  , g reen  S.

(5) Effect o f  water activity on colour stability

M odel systems with a water activity from 1.00 to 0 .37 were prepared using 
water and glycerol (Pasch & von E lbe, 1975). Solutions o f each colour were 
prepared at each water activity and incubated at elevated temperature in test 
tubes fitted with condensers. A bsorbance readings were taken initially and for 
up to 2.5 hr thereafter. The results are shown in Table 5.

(6) Effect o f  light on colour stability

This study was carried out at 25°C and pH 4 .0  for red beet powder and 25°C  
and pH  5.0  for copper chlorophyll and cochineal. Sodium benzoate (0 .05% ) 
was incorporated to prevent microbial growth and the solutions placed in heat 
sealable am poules. H alf the am poules were exposed to light and the other half 
kept in dark storage. Absorbance readings were taken for up to 144 hr and the 
results are shown in Fig. 3. The concentrations o f the colours were as in the pH  
determ ination experim ent.
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Table 3. Effect of pH on colour stability (absorbance) at 7°C

Colour and time of exposure

pH  R ed beet pow der C opper chlorophyll C ochineal

O hr 24 hr 48 hr O hr 24 hr 48 hr 96 hr 0  hr 24 hr 48 hr

2 .2 0 .8 6 0.61 0.52 — — — — 1.08 0.98 0.96
3.0 0.91 0.73 0.63 — — — — 1.30 0.98 0.94
4.0 0.93 0.77 0.65 0.32 0.25 0.24 0.23 1.44 1.11 0.98
5.0 0.80 0.55 0.46 0.36 0.29 0.25 0.23 1.53 1.26 1.13
6 .0 0.72 0.44 0.35 0.39 0 .2 2 0.17 0.14 1.60 1.43 1.35
7.0 0.69 0.39 0.30 0.45 0.24 0.17 0.14 1.65 1.58 1.56
8 .0 0.48 0.33 0.24 0.51 0.32 0.24 0.19 1.62 1.61 1.58

R ed beet concen tration  =  0.16 g/100 ml.
C opper chlorophyll concentration  =  0.005 g/100 ml. 
C ochineal concentration  =  0.8 m l/100 ml.

(7 ) Effect o f  storage temperature on the stability o f  red beet colour

The stability o f the colour over the range 7-37°C  was exam ined since this was 
to represent likely environm ental temperatures. Sodium benzoate (0 .05  %) was 
added to each am poule to prevent microbial growth along with a known 
concentration o f the red beet colour. A ll solutions were maintained at pH 4 .0  in 
the dark for 96 hr at each temperature. A bsorbance readings were taken  
initially and then after 24 and 96 hr and the results are given in Table 6.

Table 4. Effect o f pH  on colour stability (absorbance) a t e levated  tem p e ra tu re* *

C olour and tim e of exposure

pH  R ed  beet pow der C opper chlorophyll C ochineal

O hr 0.7 hr 2 .0  hr 3.1 hr O hr 0 .8  hr 2 . 0  hr 5.0 hr 0  hr 2 .0  hr 4.0 hr

2 .2 1 .0 0 0.70 0.48 0.42 ____ __ __ __ 1 .1 2 1 .00 0.94
3.0 1.08 0.95 0.75 0.64 — — — — 1.17 1.04 0.92
4.0 1.05 0.94 0.71 0 . 6 6 0.36 0.33 0.18 0 .1 2 1.38 1 .0 2 1 .0 2
5.0 0.93 0 .6 8 0.51 0.46 0.39 0.37 0.33 0.26 1.48 0.92 0.85
6 .0 0.82 0.55 0.45 0.40 0.43 0.38 0.29 0.16 1.52 0 .8 8 0.76
7.0 0.64 0.45 0.38 0.30 0.53 0.46 0.36 0.18 1.63 0.76 0 .6 8
8 .0 0.50 0.37 0.30 0.23 0.61 0.51 0.43 0.26 1.56 0.65 0.46

R ed beet concentration  =  0.18 g/100 ml.
C opper chlorophyll concentration  =  0 .006 g/100 ml.
C ochineal concentration  =  0.8 m l/100 ml.

*40°C fo r red beet and copper chlorophyll, 100°C for cochineal.
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Table 5. Effect of water activity (aw) on colour stability (absorbance) at elevated temperature*

Colour and time of exposure

a w R ed  beet pow der C opper chlorophyll C ochineal

0  h r 1 .0  hr 2 . 0  h r 2.5 hr 0  hr 0.7 hr 1 .2  h r 2.5 hr 0  hr 1 .0  hr 2 .0  hr

1 .0 0 1.64 1.35 1.09 0.99 0.49 0.31 0 .2 0 0 . 1 0 1.60 0.76 0.71
0.95 1.56 1.33 1.09 0.98 0.49 0.33 0 .2 2 0 .1 1 1 .2 0 0.78 0.73
0.87 1.60 1.36 1.13 1.05 0.53 0.30 0 .2 0 0 .1 2 1 .1 0 1.08 1.03
0.74 1.58 1.37 1.14 1.07 0.61 0.25 0 . 2 0 0.15 1 .1 0 1.08 1.03
0.63 1.61 1.38 1.17 1 .1 0 0.64 0.26 0.23 0.19 1.15 1.13 1.06
0.47 1.64 1.42 1.25 1 .2 0 0.69 0.28 0.25 0 . 2 2 1 .1 2 1.09 1.04
0.37 1.72 1.51 1.35 1.32 0.69 0.30 0.27 0.23 1 .1 2 1.09 1.04

R ed  bee t concen tration  =  0.29 g/'lOO ml.
C opper chlorophyll concentration  =  0.008 g/100 ml.
C ochineal concentration  =  0.8 ml/'100 ml.

*40°C fo r red  beet, 60°C for copper chlorophyll, 100°C for cochineal.

Figure 3. Effect o f light on colour stability. O , C ochineal; • ,  red  beet; A, 
chlorophyll.
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Table 6. Effect of storage temperature on the stability (absorbance) of red beet powder

Tim e (hr) and absorbance

T em peratu re  (°C) 0 24 96

7 1.0 0.93 0 .8 6
14 1.0 0.87 0.80
25 1.0 0.60 0.42
30 1.0 0.50 0.30
37 1.0 0.42 0.23

R ed beet concentration  =  0.18 g/'100 ml.

Table 7. Stability of colours (absorbance) in m odel food systems
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a
b 16
c 8 4 4
d 8 4 4 0.4 — — — — — — —
e 8 4 4 0 .2 0 .2 — — — — — —

f 8 4 4 — — 0.08 0.08 — — — —
g 8 4 4 — — — — 0.04 — — —
h 8 4 4 — — — — — 0.05 — —
i 8 4 4 — — — — — — 0.05 —
k 8 4 4 — — — — — — — 0.05
1 8 4 4 — — — — 0 .0 1 — — —

m 8 4 4 — — — — 0 .0 2 — — —

n 8 4 4 — — — — 0.03 — — —

*B H A  =  bu ty la ted  hydroxy anisole.
C oncentra tion  of all system  com ponents is in g/100 ml.

(8) Stability o f  colours in model systems

M odel food  system s containing carbohydrate, organic acids, amino acids, 
ascorbic acid, preservatives and anti-oxidant were m ade up as in Table 7. R ed  
beet and copper chlorophyll were used in this study, the form er incubated at 
50°C and the latter at 55°C and absorbance readings taken for up to 3 .2  hr. The 
results are given in Table 8.
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System

C olour and tim e of exposure

R ed  beet C opper chlorophyll

O hr 0.7 hr 1.9 hr 3.2 hr 0  hr 1.1 hr 1.8  hr 2.7 hr

a 0 . 8 6 0.56 0.35 0.26 0.80 0.33 0.25 0.17
b 0 .8 6 0.65 0.38 0.27 0 . 8 6 0.49 0.39 0.28
c 0 . 8 6 0.58 0.35 0.27 0.85 0.58 0.52 0.43
d 0.82 0.52 0.32 0.13 0.36 0.19 0.18 0.17
e 0.82 0.54 0.31 0.13 0.38 0.19 0.18 0.18
f 0.84 0.54 0.35 0.27 0.72 0.49 0.44 0.38
g 0.84 0.75 0.64 0.58 0.49 0.29 0.29 0.27
h 0 . 8 6 0.53 0.35 0.30 0.75 0.50 0.47 0.41
j 0.85 0.65 0.43 0.28 0.50 0.47 0.45 0.41
k 0 . 8 6 0.55 0.35 0.28 0.76 0.56 0.52 0.45
1 — — — — 0.46 0.42 0.41 0 .40
m — — — — 0.46 0.40 0.39 0.39
n — — — — 0.46 0.40 0.39 0.39

(9) Evaluation o f red beet and cochineal as food colourants

Red beet and cochineal were investigated as possible colourants in jam using 
amaranth for reference purposes. A pples were chosen as a neutral base for the 
jam to show up any colour differences more clearly. The apples were p eeled  and 
placed in a 1 % sulphite solution to prevent browning before use and then boiled  
together with sucrose and pectin to a soluble solids content o f about 70%  w/v. 
The two natural and one synthetic colours were then added to separate portions 
of the jam last of all to prevent unnecessary heat damage to the colours and the 
whole mixed thoroughly and cooled . The colour concentrations were: red beet, 
0 .08  g/100  ml; cochineal, 0.7 m l/100 ml and amaranth, 0 .0015  g/100  ml.

Ascorbic acid was also added after the boiling, with the colour, at a concen
tration o f 0 .05 % in the final product. Eight jars o f jam were prepared contain
ing each colour, half were stored at 14°C and half at 25°C, both in the dark. The 
temperature was selected to show that red beet degrades more rapidly above 
14°C. Colour m easurem ents were made initially and at m onthly intervals for 3 
months as follows.

Tw enty-five grams o f each sample were placed in a 100 ml volum etric flask, 
diluted to volum e with distilled water and filtered. A bsorbance readings were 
taken on the filtrate. Colour was also evaluated using a consum er panel to judge 
the colour acceptability o f each jam sam ple. A  chem ical analysis was carried out 
on each sample initially and after the 3 m onths’ storage and no significant 
changes were found to have occurred. Tables 9 and 10 give the results o f the 
colour m easurem ents and consum er panel m easurem ents (with statistical 
analysis) respectively.
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Table 9. Stability (absorbance) of red beet and cochineal in jam

Colour and storage temperature

Tim e
(days)

R ed  beet Cochineal A m aran th

14°C 25°C 14°C 25°C 14°C 25°C

0 0.57 0.57 1 .0 0 1 .0 0 1 .0 0 1 .0 0
30 0.55 0.48 0.98 0.98 0.99 0.98
60 0.51 0.39 0.94 0.94 0.99 0.94
90 0.45 0.34 0.94 0.94 0.98 0 .8 6

Table 10. C onsum er panel assessm ent o f colours in jam  sam ples a t 25°C and a t 14°C

T em p
e ra tu re  C olour

M ean scores (±  s.d.)

0  days 30 days 60 days 90 days

- | j-7.6 ( ±  1 .4 1 )-i j-7.7 ( ±  1 .06)-, |-7.8 (±  0.99) —|
< NO o o
d
V/

to ft, 1/

d
Ml

-, ^  c
d

H  V/
D O ,  < N

25°C

14°C

o
d
V/o.

R ed beet

C ochineal

r6.3 (±  0 .25) o  ¡3.2 ( ±  0 .36) d  6.3 ( ±  1.07) d  fL4.6 (±  1.00) o
v ' V/ v ’ Ml Ml I V ’ Ml

I a, a, ft. S  ^

C
I

cA 
C

o
d
V/

I
6.5 ( ±  1 .04)- 1-6.4 ( ±  1.45)—! L6 . 0  ( ±  1 . 1 2 )—1 1-6 .6  (± 1 .2 7 )-

A s a t 25°C |-7.6 ( ±  1 .2 5 )- f8 .0 ( ±  0 .5 7 )—| r7.6 (± 1 .25 )-,
r—4
q oo o
d
V/ d

V/
d
V/

R ed  bee t A s at 25°C
(N ft,
°  L

Oo
6.3 ( ±  0 .90) o  f 6 .6  ( ±  1.13) d

IT)
o

6-6 (±  1.20)o 
ft,

C/5 c»
c
1

c C
I

C ochineal A s at 25°C U .4 ( ± 0 .8 9 ) - U .2  ( ±  0 .4 8 ) - U .5  (±  1 .2 9 )-

n.s. — not significant



(10) Evaluation o f  copper chlorophyll as a food colourant

Copper chlorophyll was investigated as a possible colourant in frozen peas to 
replace the natural chlorophyll converted to phaeophytin during blanching. 
The use o f copper chlorophyll is very limited because it degrades rapidly on 
heating and the experim ent was thus designed to use copper chlorophyll to 
restore the green colour o f blanched peas before freezing. Frozen peas were 
used as a source o f the vegetable since fresh produce was not available but since 
the object o f the study was to determ ine colour restoration this was not 
considered detrim ental to the investigation. A  10 lb sample o f peas was thawed  
and divided into three parts as follows: (i) one part im m ersed in boiling water 
for 1 min, (ii) one part im mersed in boiling water for 1 min and then im mersed  
in a copper chlorophyll solution (0 .05  g/100  ml) for 2 min and (iii) one part 
im m ersed in boiling water for 1 min and then im mersed in a copper chlorophyll 
solution (0 .05  g/100  ml) with added ascorbic acid (0.1 g/'100 ml) for 2 min.

Each part was then divided into four smaller sam ples which were placed in 
polythene bags and rapidly frozen to — 20°C. The sam ples were stored at this 
tem perature until required for evaluation.

Colour m easurem ents (reflectance) were made initially and at m onthly inter
vals for 3 m onths at a wavelength o f 630  nm.

The colour was also evaluated at the same time intervals using a trained  
consum er panel as previously described. Tables 11 and 12 give the colour 
m easurem ents and consum er panel m easurem ents for each sample.

Natural colours for food  511

Discussion

It has generally been recognized that temperature during processing is one of 
the m ost important factors which affects the stability of natural food  colours 
whilst artificial colours are little affected by heat. R ed beet colour proved to be 
very heat-sensitive and prolonged heating produced pale yellow  solutions 
(betaxanthines). Increased temperature produced this effect more rapidly as 
previously reported (von E lbe & M aing, 1973). Copper chlorophyll also proved  
heat labile whilst cochineal was the m ost resistant to elevated temperatures. 
The synthetic dyes amaranth and green S proved more stable as expected.

Many natural colours are ionic in nature and may thus be affected by changes 
in pH  o f the environm ent. The effect of pH  on the colour o f beets (betanins) 
during processing has been reported (Lusas, R ice & W eckel, 1960; Habib & 
Brown, 1956) and the results show ed that any deviation from the natural beet 
pH  (5 .5 ) caused dramatic loss o f colour. The results obtained in the present 
study using red beet powder agree with these in part although even as high as 
pH  5.0  som e colour loss was apparent with a maximum retention about pH  4.0 . 
Copper chlorophyll dissolves in water giving an alkaline solution and acidifica
tion yields a precipitate o f the pigm ent with subsequent colour reduction as 
shown in Table 3. A s low  as pH  4 .0  agitation o f the solution reproduced the
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T able 11. R eflectance (transm ittance) m easurem ents o f colour in frozen peas

T ransm ittance (% )

T reatm en t 0  days 30 days 60 days 90 days

Boiling w ater 19.0 18.5 18.0 18.0
Boiling w ater then 7.2 7.1 7.0 7.1
chlorophyll solution 
Boiling w ater then 7.3 7.2 7.1 7.2
chlorophyll/'ascorbic 
acid solution

T able 12. C onsum er panel assessm ent o f colour o f frozen peas

M ean scores (±  s.d.)

T rea tm en t 0 days 30 days 60 days 90 days

Boiling w ater p5.3 ( ±  0 .90)" (•5.5 ( ±  0 .5 0 )- (-5.4 (±  0 .4 9 ) - [5.0 (±  0 .78) -

cc
OO oo oo

c o o G
V/ V/ V/ V/

Boiling w ater then
- 5  S  ^  |  5
7.5 (±  0 .50) 5  b . 7 ( ± 0 . 6 4 ) d  b .6  (±  0.49) §  ¡ 7 . 7 ( ± 0 .6 * ) §

chlorophyll solution l \  l {  l [  1
d

or.
d

C/3
d
|

Boiling w ater then ■7.7 (±  0 .78 )- '8 .0  (±  0 .6 3 )- *-7.9 (±  0.54) • I7.6 (±  0.49) -
chlorophyll/'ascorbic 
acid solution

n.s. =  not significant

green colour but this again precipitated on standing. Similarly cochineal proved  
most stable at alkaline pH  and precipitation was evident at low pH  values.

W ater activity is very important in biological systems and it has been reported  
that betanin stability increases with a decrease in water activity (Pasch & von 
Elbe, 1975). Our results for red beet powder agree with these findings and a 
similar trend was found in this present study for copper chlorophyll solutions. 
Cochineal, on the other hand, was little affected by changes in water activity in 
the environm ent.

It is known that many natural colours are sensitive to exposure to light and 
that a bleaching effect is often observed. Von Elbe et al. (1974) reported that 
betanin solutions are light labile and must be protected from over-exposure. 
Our results indicate the sam e trend for red beet powder, copper chlorophyll and 
cochineal with copper chlorophyll being particularly susceptible.
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The temperature range o f 7 -37°C  was m eant to represent a likely environ
mental range to which the red beet colour might be exposed  and the pH o f 4 .0  
selected  as being the pH at which red beet was the most stable. The results 
indicate as expected  that increased tem perature caused decrease in colour 
intensity with the greatest change above about 14°C.

Many food system s appear to provide a protective stabilizing effect on 
natural food  colours, presumably as a direct consequence o f their chem ical 
com position. In the system s studied ascorbic acid appeared to have a protective 
effect on red beet colour but little protective effect on copper chlorophyll colour 
whilst no particular advantage appeared to be gained from the other system s. 
Malic acid in particular had a detrim ental effect on red beet colour. A  mixture 
of glucose, fructose and sucrose appeared to have a protective effect towards 
copper chlorophyll as did the amino acids/'sugar system  and sodium  benzoate, 
m etabisulphite and B H A .

Since red beet was shown to be unstable in high aw system s its use as a food  
colourant is obviously lim ited to those foods with a lo w a w, o f the correct pH and 
which are not subject to extrem e heat processing. R ed beet has been used  
successfully in gelatin desserts, m eat substitutes, sausage, dairy products and 
confectionery (von E lbe & Maing, 1973; von Elbe et a l., 1974b; Pasch, von  
Elbe & Sell, 1975; von Elbe, 1977). This present study was designed to 
investigate the use o f red beet (and also cochineal) in jam. Am aranth was used  
for control purposes. The results indicate that jam coloured with amaranth had 
a more acceptable colour than either cochineal or red beet and that no signifi
cant difference was shown betw een cochineal or red beet except after 90 days at 
elevated tem perature, when the red beet colour was reduced in intensity. The 
panellists did not indicate that the naturally coloured jam was distasteful but 
they preferred the synthetic colour, as might have been predicted.

A  slightly different application was tried using the copper chlorophyll in that 
the colour was intended to restore lost colour rather than to provide colour in 
the food. The results o f the study suggest that copper chlorophyll will indeed  
restore successfully lost colour in blanched peas. The addition o f ascorbic acid 
to the copper chlorophyll solutions had no greater effect than copper 
chlorophyll alone. W hilst the increase in green colour was more or less uniform  
throughout the sam ples a few  peas had a tw o-tone colour.

Conclusions

The results indicate that whilst natural food  colours are heat labile a certain 
protection can be afforded by selection o f a suitable pH for the system , selection  
of suitable water activity and the exclusion o f light. Cochineal proved m ost 
stable o f the colours exam ined and red beet the m ost labile especially at 
tem peratures over 14°C. There are indications how ever that these colours 
could replace the synthetic dyes in certain applications.
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Methods for the production of acceptable bread from 
storage-deteriorated flours

N. C H A M B E R L A IN , T. H. CO LLINS a n d  N. FISH ER

Summary

Three practical m eans o f overcom ing the problem o f the production o f accept
able bread from storage-deteriorated flour have been devised. These comprise
(1) the use o f extra fat in breadmaking, (2) the use o f extra yeast to increase 
proof volum e at constant time, and (3) extending proof-tim e. The first two of  
these m ethods are acceptable for use com mercially and have been tested  
successfully in com mercial as well as laboratory scale trials. The third m ethod  
may be difficult to apply in autom atic plant bakeries. Additives which were 
ineffective included gluten, soya, skim m ed milk powder, and glyceryl m ono
stearate. O ther changes proving ineffectual included increased dough tem pera
ture, increased oxidant level and variations in dough water levels.

Introduction

Prolonged storage o f flour results in a deterioration in its baking performance, 
yielding loaves o f poor volum e and crumb structure which are com mercially 
unacceptable (see Bell et al., 1979). In the course o f a collaborative study of 
changes in the com position and baking quality o f flours during storage, carried 
out with the Food Laboratory (Norwich) o f the Ministry o f Agriculture 
Fisheries & Food (M A F F ), means o f restoring the quality o f loaves made from  
badly-deteriorated flours to a com mercially acceptable standard were devised, 
and subm itted to laboratory, (B ell & Fisher, 1977; Bell et al., 1979), and, in 
selected  cases, com m ercial scale production trials.

Trials o f both types were carried out by the Chorleywood Bread Process 
(CBP) (see , e.g. Chamberlain, 1969), since this is quantitatively the most 
important o f the breadmaking processes in use in the U .K . The applicability of 
the restorative procedures to other breadmaking processes such as the tradi
tional straight dough, long ferm entation process (LFP; loc. cit.) and the A cti
vated Dough D evelopm ent Process (A D D ; loc. cit.) is also discussed.

A uthors’ address: F lour M illing and Baking R esearch A ssociation, C horleyw ood, R ickm ans- 
w orth, H erts W D 3 5SH.

0022 -1163 /8 0 /1 0 0 0 -0 5 1 5  $02 .00  ©  1980 Blackwell Scientific Publications
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Materials and methods

Flours deteriorated as a result o f prolonged storage at ambient tem perature 
were obtained either from the stocks laid down specially for the collaborative 
trials or through the MAFF. For the former flours, designated weak, medium  
and strong, according to their original baking quality, controls stored at - 2 0 ° C  
in an inert atm osphere were available for com parison. N o ‘controls’ o f this 
nature were available for the other flours. The ‘m edium ’ flour was made from a 
grist obtained by mixing equal weights of the wheats giving rise to the ‘w eak’ 
and ‘strong’ flours. Full details of flours and storage conditions are given in Bell 
et al., 1979.

The fat used in breadmaking was ‘C ovo’ (slip point 42.5°C , van den Berghs 
and Jurgens Ltd., Burgess Hill, W. Sussex).

R ecipe (parts): Flour 100; yeast 2.1; salt 1.8; fat 0.7 or 0; water as required 
by the water absorption o f the flour (B ell et a l. , 1979); ascorbic acid 30 parts per 
million (p.p.m ); potassium bromate 45 p.p.m . for weak flours, 50 p.p.m . for 
m edium and strong flours.

Procedure: Doughs from 1400 g flour were mixed to 40 kj/kg (5 wh/lb) in a 
M orton variable speed double Z -blade mixer operating at 300 rev/min at 
atm ospheric pressure. Final dough temperatures were in the range 29 .5  -  
31.5°C . D oughs were hand-divided to give four 45 4  g pieces which were 
m oulded into cylinders, rested 10 mins, rem oulded, proved at 43°C in baking 
tins (base 140 mm x  75 mm, top 160 mm x  100 m m ; height 80 m m ), to a height 
of 10 cm (unless otherwise stated) then baked in an electrically-heated oven for 
25 min at 220°C. Loaf volum es were measured by seed  displacem ent.

‘A cceptable’ loaves had no obvious defects of crumb structure (large holes, 
cores of hard crumb etc) and loaf volum es o f about 1500 ml or more per 14 oz 
loaf. Deteriorated flours gave loaf volum es in the range 1 1 0 0 -1 4 0 0  ml. 
‘A cceptable’ 28 oz loaves made in com mercial bakeries have volum es of about 
2750  ml or more.

Results

(1) Use o f  extra fat

Results o f a typical experim ent on the effect o f fat in dough made from a 
long-stored commercial flour are shown in Table 1.

A  commercial trial involving production of 28 oz loaves from another 
com m ercially-m illed stored flour gave loaf volum es for 0.7%  and 2.1%  fat 
addition o f 2706  ml and 2968 ml respectively (P < 0 .0 5 ;  preliminary 14 oz-scale  
trial (not statistically designed) with this flour gave loaf volum es o f 1308 and 
1508 ml respectively).

Table 2 summarizes the results obtained with flours specially laid down and
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Table 1. V olum es of loaves m ade from  stored  flours w ith d ifferent 
levels of fat

C oncentra tion  of fat (%  w/'w flour). L oaf volum e (ml)

0.7 1239
2.1 1530

Increase 291 (P < 0 .0 1 )

stored for 4 V2 years (B ell et al., 1979), using fat at 0 -6  ibs/280 lb sack o f flour 
(0 -2 .1  % w/'w o f flour). Each value is the m ean of four replicates from a single 
mixing. The significance o f the linear regression o f loaf volum e on fat concent
ration was com puted for each type o f flour, giving values o f 5 %, 1 % and 1 % for 
the weak, m edium and strong control flours respectively, and 0.1 %, 0.1 % and 
1% for the sam e flours stored at am bient temperatures.

O ther com m ercial fats designed for use in the CBP gave similar results, as did 
lard and a num ber o f com mercial cake and biscuit shortenings. In a test in which 
ten such fats were each used at concentrations o f 0 .7 ,1 .4  and 2.1 % by weight of 
flour, each regression o f loaf volum e on fat concentration was found to be 
significant at the 1 % level o f probability.

The efficacy o f the use o f extra fat in making acceptable bread from storage- 
deteriorated flour has thus been confirm ed with a number o f such flours in 
laboratory trials and in industrial trials in com m ercial bakeries.

(2 ) Use o f  other additives

Many other additives were tested, each at a range o f concentrations, as 
‘restoratives’ for deteriorated flour. These included em ulsifiers (glyceryl m ono-

Table 2. V olum es of loaves m ade using varying levels of added fat, from  flours sto red  at -  20°C in 
an  inert a tm osphere , o r sto red  in air at am bien t tem pera tu res

F a t level 
(lb/'sack)

C O N T R O L S A M B IE N T -S T O R E D
W eak M edium Strong W eak M edium Strong

0 1201 1199 1306 1191 1 1 2 2 1139
0.5 1296 1209 1313 - - -

1 . 0 1374 1387 1399 - - -

1.5 1391 1531 1531 - - -

2 .0 1396 1531 1616 1255 1290 1348
2.5 1391 1539 1631 1341 1331 1378
3.0 1389 1369 1445
3.5 1435 1428 1498
4.0 1451 1492 1471
5.0 1475 1504 1490
6 .0 1466 1540 1521

35
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Figure 1. H istogram s showing the loaf volum es achieved by using 
four d ifferent levels o f yeast in CBP doughs m ade from  stored  flour.
Each variant was proved to  four different heights. *. A cceptable 
bread.

stearate, stearyl tartrate, cetyl alcohol); antioxidants (hydroquinone, buty- 
lated hydroxytoluene, nordihydroguaiaretic acid); fungal amylase; malt flour; 
soya flour; various gums; skim med milk powder, sugar, gliadin and gluten: 
none was effective. Flour phospholipids and flour glycolipids did exert a 
restorative effect, as did som e com m ercial lecithin preparations.

(3) Variations in recipe

Changing the levels o f oxidant, salt or water used in the recipe was unavailing.

(4) Variations in doughmaking procedure

(a) Effect o f  dough temperature. Variation o f dough tem perature in the range 
2 5-36°C  gave loaves with volum es of 1 0 6 5 -1 1 0 8  ml (with fat) and 1 1 8 6 -1 2 1 9  
ml (without fat).

(b) Use o f  modified dough fermentation ( ‘p ro o f) procedures. It seem ed likely  
that increased loaf volum e might result from increasing the volum e of the 
proved dough pieces, as measured by proof height, either by extending proof 
time, increasing yeast level, or both. Identically mixed doughs were therefore 
proved to four predeterm ined heights at each of four yeast levels.
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L oaf volum es, proof heights, proof times and yeast levels are shown in Fig. 1. 
O f the sixteen variants shown, the first and fifth, reading from left to right, were 
rejected because the bread volum e was too small. In all cases where proof 
height was 16 cm, the dough condition after proof was very delicate, and the 
bread produced contained very large holes at the top and a coarse open cell 
structure. N one of the bread proved to 14 cm was acceptable, as the external 
crust was generally rough and torn on the sides, and the crumb was too open.

O f the conditions which produced acceptable bread (marked with an asterisk  
in Fig. 1) the first would be difficult to apply in an autom atic plant bakery 
because lengthening o f proof time would reduce plant throughput, the second  
would be acceptable, and the third and fourth would create problem s because o f  
the very short proof time. Thus, o f all the test variations, only one (yeast 
81b/'sack, proof height 12 cm) com bined the right conditions with the right bread 
quality to be considered as a possible com m ercial solution in plant bakeries to 
the problem s o f using this particular stored flour. Manual and sem i-autom atic 
bakeries could adapt more readily to any of the proof and yeast changes which 
gave acceptable bread.

A  further 1400 g scale trial was carried out to a randomized block design in 
which doughs made by CBP with various levels o f yeast were proved to constant 
time (50  min) and proof heights, loaf heights and loaf volum es were recorded. 
Results are shown in Table 3.

Statistical analysis show ed significant differences in loaf volum e betw een all 
the variants (F cO .O l for all com parisons except 3 versus 4 for which P < 0 .0 5 ) .

A  com m ercial trial using the same flour for the production o f 28 oz loaves was 
carried out, with the results shown in Table 4.

The difference in loaf volum e betw een variants 2 and 3 was significant at the 
5%  level; all other differences were significant at the 1% level.

T he quality o f the bread produced using 51b/'sack yeast was poor, with dense 
crumb structure firm to the touch and poor in colour. Crumb structure becam e 
progressively more open and softer as the yeast level was increased. A t 7.25  
lb/'sack loaf volum e becam e com m ercially acceptable, and the crumb structure, 
though slightly more open than usual, was likewise acceptable.

T able 3. B aking test of sto red  flour using various levels o f yeast

Y east level
V arian t (lbs/'sack) 

of 280 lb
M ean proof 
height (cm)

M ean loaf 
height (cm)

M ean loaf 
volum e (ml)

1 5 10.4 11 .0 1191
2 5.75 11.4 11.4 1316
3 6.5 12.1 12.5 1431
4 7.25 12.7 12.9 1494
5 8 .0 13.2 13.4 1571
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T able 4. The effect of additional yeast on the volum e of 
com m ercially-m ade b read  p repared  from  stored  flour

V arian t Y east level 
( l b  p e r sack)

P roof height (cm) L oaf volum e 
(ml)

1 5 10 2351
2 5.75 11 2418
3 6.5 11 2496
4 7.25 12 2756
5 8 15 2867

Discussion

T he data in Table 2 show the full restoration o f the baking quality of the weak  
and medium flours by the use o f extra fat, and the partial restoration o f the 
quality o f the strong flour. In all these cases the bread produced was of 
com m ercially-acceptable volum e and crumb structure. Few  flours o f the many 
tested have been found to be incapable o f restoration in this way, and these had 
been stored for up to nine years.

A lthough the trials described have been carried out using the CBP, tests 
made by the LFP and A D D  processes have also yielded similar results. Indeed  
the deterioration in baking quality m anifests itself later with doughs made with 
fat using LFP or A D D  than with those made using the CBP (B ell et al. 1979).

Flour phospholipids and glycolipids were effective but prohibitively-expen
sive.

O f the three practicable m ethods for the restoration o f the baking perfor
m ance of storage-deteriorated flours in the CBP which we have found, namely 
the use o f extra fat, the use of extra yeast, and prolongation o f proof, the first 
two are applicable with minimal change in normal com m ercial bakery proce
dures and would therefore be more acceptable to the plant baking industry than 
the third.

The use o f extra yeast and prolongation o f proof are equally applicable to the 
A D D  process, where dough maturity is achieved rapidly by means of a suitable 
mixture o f oxidising and reducing agents (Chamberlain, loc. cit.), but the 
position is less sim ple with LFP. In this case dough maturity is achieved by 
prolonged ferm entation o f the dough in bulk, the duration being strongly 
influenced by the level o f yeast and the temperature. A n arbitrary alteration of 
yeast level would not therefore be acceptable in this process, though a prolonga
tion o f final proof would.

Increasing the yeast level, where acceptable, is a very useful m eans of 
overcom ing the main problem with stored flour o f poor gas retention in the 
oven. The extra volum e gained in proof is m aintained during baking. In prac
tice, therefore, the baker would simply adjust the height of the dough piece at 
the end o f proof, by increasing the yeast level in the recipe, until he was satisfied
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with the volum e o f the resultant bread. T o avoid producing an undue am ount of 
bread o f small volum e, an im m ediate increase in yeast level o f 1 lb per sack of 
flour (0 .36%  w/'w) could be recom m ended when using stored flour. N o other 
change would be necessary: the procedure is thus practical and easy to carry 
out.

The cost o f applying this am eliorative action would be much less than the cost 
o f adding extra fat. Furthermore, a bakery always stocks yeast, but as many 
bakers add fat only via their com posite improver, fat as such might not always 
be suitable.

A  successful trial o f this procedure on the com m ercial scale has been carried 
out.

Acknowledgments

This work forms part o f a reasearch project sponsored by the U K  Ministry of 
Agriculture, Fisheries and Food to w hom  our thanks are due. The results o f the 
research are the property o f the M inistry o f Agriculture, Fisheries and Food and 
are Crown Copyright. The authors acknow ledge the collaboration o f colleagues 
at F M B R A , and at bakeries o f m em ber firms.

References

Bell, B .M . & F isher, N. (1977), J. A m . O il Chem. Soc. 54, 479.
Bell, B .M ., C ham berlain , N ., Collins, T .H ., D aniels, D .G .H . & Fisher, N. (1979)7 . Sci. F dA gric. 

30, 1111.
C ham berlain , N. (1969) In: Proteins as H um an  Food, E d. R .A . Law rie, p. 300, B utterw orth , 

Lond.

(Received 3 October 1979)



J. Fd Technol. (1980) 15, 523-531

Diffusional analysis of air drying of grain sorghum

C. S U A R E Z , P. V IO L L A Z  a n d  J. CH IRIFE

Summary

Fick’s law o f diffusion (m oisture flux proportional to the moisture gradient) for 
diffusion out o f spheres was successfully applied to describe the drying o f grain 
sorghum. It was found that the diffusion coefficient o f water was independent of 
moisture content in the approxim ate range o f 21 -6 %  (dry basis) moisture 
content. An Arrhenius type temperature dependency of moisture diffusivity 
was found, the energy o f activation being 7.5 kcal/g mol.

Introduction

The drying o f cereal grains is a problem  o f great practical importance and has 
been studied extensively. A  number o f workers have developed empirical 
correlations for the prediction o f drying rates or have studied the relation  
am ong the variables which control the drying o f single exposed grains (H ukill, 
1947; B ecker & Sallans, 1955; Hukill & Schmidt, 1960; Thom pson, Peart & 
Foster, 1968). Foster (1 9 7 3 ) reviewed m ost o f the research in the area o f grain 
drying theory and calculations. Drying o f grain sorghum has becom e increas
ingly important as the grain is harvested earlier and at a higher moisture 
content. H ow ever, relatively little basic research has been perform ed on drying 
of grain sorghum (Paulsen & Thom pson 1973) as com pared to other grains such 
as wheat and maize.

The purpose of this study was to investigate the fundam ental aspects o f the 
drying o f grain sorghum when fully exposed to air o f constant temperature and 
humidity. For this purpose the standard solution of the transient diffusion  
equation is applied to describe the drying phenom ena.

A utho rs’ address: D epartam en to  de Industrias, Facultad de C iencias E xactas y N aturales, 
U niversidad de B uenos A ires, C iudad U niversitaria, 1428 B uenos A ires, A rgentina.
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Experimental

Laboratory drier

This consisted of a centrifugal fan which blows air over twelve 0.75 kW electric 
bar elem ents into a chamber at the base and then upwards through a vertical 
duct. The vertical duct has a flow -sm oothing section o f small glass spheres. A  
metal cup with screened bottom  and lid served as drying chamber and was 
m ounted on the outlet o f the duct. A  high constant air velocity (8 -1 0  m/'sec) was 
used in all experim ents in order to minimize external resistances to the moisture 
loss. This through-flow o f air produced a vigorous fluidizing action in the grain 
sam ple. The inlet air dry bulb temperature was regulated ( ±  0.1°C ) by an 
electronic proportional controller; wet and dry bulb therm om eters were fitted  
in the drying chamber. R elative humidity o f the drying air was calculated from  
the wet bulb depression. A  single layer o f grain (about 20 g) was used for each 
drying experim ent, the progress of which was follow ed by weighing the sample 
periodically on a precision balance ( ±  0.001 g). For this purpose, the drying cup 
was rem oved, rapidly weighed and replaced in the drier at regular intervals.

Materials

Red grain sorghum was used in all experim ents; it was received with an 
average moisture content of about 10% (dry basis). It was necessary to add 
water to the sorghum for the drying experim ents. This was done by hum idifica
tion over a saturated solution o f barium chloride which provided a constant 
relative humidity o f about 90% . The grain was placed in evacuated vacuum  
desiccators containing the saturated salt solution and kept at 7°C until equilib
rium was reached. The grains were irradiated with u.v. light in order to prevent 
(or delay) the growth o f microorganisms during the equilibration period (about 
2 w eeks). This m ethod o f hum idification gave more satisfactory results than the 
usual procedure o f adding liquid water (B ecker & Sallans, 1955; Steffe & 
Singh, 1979) to the grains. M oisture content o f grains at equilibrium was found  
to be 21%  (dry basis) and this value was used as initial and uniform moisture 
content o f the grains in the drying runs.

The grains were screened prior to hum idification and drying in order to 
obtain sam ples o f uniform size. Size distribution of the sam ples utilized in the 
drying experim ents ranged betw een 0 .24  cm to 0 .28 cm. Volum etric tests were 
conducted to obtain radius estim ates o f the sorghum grains. The total volum e o f  
a large quantity o f grains was measured using a pycnom eter (with toluene as the 
fluid). The average grain volum e was calculated by dividing the total sample 
volum e by the total number o f grains. The equivalent spherical radius was then 
com puted from the formula for the volum e of a sphere (V  =  4 TTr3/'3) using the 
average grain volum e.

M oisture content o f the grains was determ ined gravimetrically using a vac
uum oven m ethod at 70°C over magnesium perchlorate.
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Figure 1. Effect of air flow rate  on drying curves. R eproducibility of drying experi
m ents. A , v =  10 m/sec; • ,  v = 8 m/sec; ▲. O, v =  8.5 m/sec.

Determination o f  equilibrium moisture content

Selected values o f equilibrium moisture content at the various drying tem p
eratures were determ ined by equilibration against saturated salt solutions 
which provided known constant relative hum idities. The m easurem ents corres
ponded to the desorption branch o f the isotherm.

The details o f the experim ental technique have been published elsew here  
(Iglesias, Chirife & Lombardi, 1975).

Results and discussion

By studying the effect o f different velocities o f air on the moisture content of 
material during drying, it is possible to determ ine which resistance (internal or 
external) controls the rate o f drying (Vaccarezza, Lombardi & Chirife, 1974a). 
From the results shown in Fig. 1 it can be seen that in the range o f air velocities 
used in this study, internal moisture m ovem ent is the main resistance to the 
moisture loss rate because the drying rate is not affected by increasing the air 
velocity from 8 m/'sec to 10 m/'sec. Reproducibility o f drying runs is also 
observed in Fig. 1 which shows a very good agreem ent betw een different pairs 
of drying runs perform ed under identical conditions.

A s drying is a sim ultaneous heat and mass transfer process, correlations of 
moisture (and tem perature) changes should involve solution o f coupled diffe
rential equations (Harm athy, 1969; Husain, Chen & Clayton, 1973). A s a 
consequence o f heat transfer the temperature o f a food undergoing dehydration
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increases rapidly at the beginning of drying towards the air dry bulb tem pera
ture (Vaccarezza et al., 1974b) and theoretically, internal temperature gra
dients may exist.

H ow ever, in the case of sorghum drying the heat transfer effects may be 
neglected  and the process treated as a purely mass transfer one. This is due to 
the following reasons. D ue to its relatively low initial moisture content (about 
21%  d.b.) the difference betw een the grain and air dry bulb temperature may 
be considered negligible with little error from the beginning o f drying (V ac
carezza et al., 1974; Alzam ora, Chirife & Viollaz, 1979). Further, the internal 
grain tem perature during drying may also be considered uniform due to the low  
B iot number, Bi =  h r ik , usually found for normal air drying o f foods (Alzam ora  
et al., 1979). In these conditions Fick’s second law for diffusion out of spheres 
may be used to fit the experim ental drying data of grain sorghum

m* = m me =  " _L exp ( — n2 tt2 D eff 0/'r2) (1)
m 0 -  m e "it2 n =  \  n

where m is the average moisture content (dry basis), m0 is the uniform initial 
m oisture content, me is the equilibrium moisture content (at the air dry bulb 
tem perature), r  is the radius o f grain, 0 is the drying time, and D eff is the 
m oisture diffusivity. D iffusion coefficients for water in grain sorghum were 
found by com paring actual and predicted (ecn  1) drying curves. For this 
purpose, eqn (1) was programmed on a digital com puter and used to simulate 
drying. The values o f equilibrium moisture content for each drying condition  
(tem perature, relative hum idity) were experim entally determ ined as described

Figure 2. C om parison o f m easured and p red icted  drying curves for grain sorghum  at 
various air dr)' bulb tem peratures. O , • ,  A , ex p e rim e n ta l;------ , calculated.



Drying o f  grain sorghum 527

1/7" x I03, °K~'

Figure 3. Effect of tem pera tu re  on the diffusion coefficient of w ater in grain sor
ghum.

in the ‘Experim ental’ section. In each drying simulation the diffusivity was 
allowed to vary until the sum of the squared deviation betw een the actual and 
theoretical curve was a minimum. Typical results comparing the predicted and 
measured drying curves for grain sorghum at three different tem peratures are 
given in Fig. 2. These curves indicate the accuracy with which the diffusion  
theory with constant diffusivity could predict the drying behaviour.

For m* approxim ately smaller than or equal to 0 .3 , Fick’s law for spheres 
(eqn 1) reduces to a straight line (in sem ilogarithm ic coordinates) the intercept 
of which is 6 / tt2 =  0 .608 . The intercept of the various experim ental lines 
representing log m* vs time, shown in Fig. 2, were calculated and found to be 
about 0 .618  in very good  agreem ent with the theoretical value. This is further 
proof o f the validity of Fick’s law for describing the rate o f m oisture m ovem ent 
during drying o f sorghum.

The diffusion coefficients found by the above procedure were plotted in Fig. 
3 as In D eff vs 1 IT. It can be seen that the plot is essentially a straight line, from  
which the activation energy for diffusion may be estim ated using an Arrhenius 
type equation,

D eff =  A  exp ( -  EJR T) (2)

The activation energy was calculated from the slope o f the straight line in Fig. 3 
and was found to be, Ea =  7.5 kcal/'g mol.

Table 1 com pares this value with activation energies for water diffusion in 
various food materials o f approxim ately similar moisture content, as reported  
by several authors. It can be shown that the value for sorghum is som ewhat 
lower than that o f m ost others. A lthough data in the literature relating to
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Table 1. A ctivation energy ( £ a) for w ater diffusion in various food m aterials

M aterial /-a
(kcal g mol)

M oisture content 
(dry basis)

R eference

Fish 8 .8 0.1 Jason (1 958)
Cellulose (cotton) 8 .3 -9 .0 0.1 D aruw alla & Shet

Starch gel 8.1 0.063
(1964)
Fish (1958)

W heat 12.9-14.6 0 .1 2 -0 .3 0 B ecker & Sallans

Rice
(starchy endosperm ) 6 .8 0 .34 -0 .13

(1955)

Steffe & Singh
(bran) 10.7 (1979)

Sorghum 7.5 0 .21 -0 .06 This work

diffusivity o f water in drying cereal grains were obtained using rewetted m ateri
als instead of ‘fresh’ (or naturally m oist) ones, it may be argued that the 
diffusivities of rewetted materials may be different from that of the naturally 
moist one. This has been studied for drying rice by Steffe & Singh (1 9 7 9 ). They 
performed a statistical test which indicated that the diffusivities of the fresh and 
rewetted starchy endosperm  and bran were equal.

The driving force behind diffusion

It has been shown that Fick’s law in terms o f moisture content represents an 
accurate way of predicting drying times o f sorghum at several different tem per
atures. Similarly, B ecker & Sallans (1 9 5 5 ) found that the diffusion coefficient 
of water in wheat was also independent of moisture content in the range 
12-30% . Other authors have also used Fick's law in terms of moisture content 
to interpret drying rates at relatively low moisture contents. In most cases 
however, it has been found that the moisture diffusivity was not constant with 
moisture content, but diffusion coefficients were calculated based on an 
appropriate solution of equation

8 m _  8 . r. Sm .
--- — --  V̂ eff ---; PI
5 0  S.V

over each segm ent o f the drying period considered (Fish, 1958; Bluestein & 
Labuza, 1972; Rom án, Rotstein & Urbicain, 1979).

It has been suggested that vapour phase diffusion rather than liquid diffusion 
is the mechanism o f moisture transport in dried foods where the equilibrium  
relative humidity is below  saturation (Van Arsdel, 1947; King, 1968). In this 
case, the driving force behind diffusion is the water vapour pressure rather than 
the moisture content. According to this view, this fact was responsible for the
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Figure 4. D esorp tion  iso therm s of grain sorghum  at d ifferen t tem pera tu res, (from  
data  of A yerst, 1965). — , 3 5 ° C ;------ , 25°C.

lack o f constancy o f moisture diffusivity (as defined by eqn 3) with moisture 
content, as reported by various authors.

The concept of water vapour pressure and moisture gradients as driving force 
for diffusion are proportional (and may be used interchangeably) only if a linear 
water sorption isotherm  exists and in the absence o f an internal tem perature 
gradient (Chirife, 1979). Based on certain assum ptions. King (1 9 6 8 ) derived an 
equation relating the effective diffusivity (Eqn 3), D eff, to various physical 
properties o f the food and environm ental conditions. In the absence of any heat 
transfer control it may be written

This equation clearly illustrates the link betw een moisture and vapour pres
sure gradient as driving forces behind water diffusion. A s m ost food  isotherm s 
are not linear (8aw/8m ) T  is not a constant (V io llazcra /., 1978), and D eff should  
vary with moisture content.

Ayerst (1 9 6 5 ) m easured the desorption isotherm s of grain sorghum in the 
moisture content range o f interest to the present study. His tabulated data have 
been plotted in Fig. 4. It can be seen that the shape o f the isotherm  is such that it 
may be considered linear for most o f the moisture range o f interest (about 
6-21 % d.b.) to our study. If one accepts the validity of eqn (4) this may explain  
the observed constancy o f D eff with moisture content of grain sorghum.

The observed activation energy for grain sorghum, 7.5 kcal/g m ole, does not 
however, satisfy King’s model. According to eqn (4) the most temperature

(4)
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sensitive term is P0, so the expected activation energy for D eff should be close to 
the latent heat of water, 10.2 kcal/'g m ole, which is the ‘activation energy’ for the 
variation o fp0 with tem perature. In fact, the expected activation energy for D eff 
should be even som ewhat higher than 10.2 kcal/'g m ole due to the other 
tem perature sensitive term in eqn (4 ), namely D '.

It may be concluded that the observed behaviour of grain sorghum is not in 
itself sufficient to prove the validity o f a particular drying mechanism (liquid or 
vapour diffusion). N evertheless, the data show that Fick’s law in terms of 
m oisture gradient constitutes an excellent model for describing the drying 
behaviour o f sorghum and consequently may be safely used for all practical 
purposes.

Nomenclature

aw : water activity =  pipu 
A  : constant, cnrVsec
b : vapour space perm eability, g-m ole/atm  cm sec
D ' : effective vapour space diffusion coefficient, cm2/'sec
h : heat transfer coefficient, cal/'°C cm 2 sec
k : thermal conductivity, cal/'°C cm sec
M w : m olecular weight o f water, 18 gig m ole
P0 : vapour pressure of pure water, atm
Pw : partial pressure of water, atm
P : total pressure, atm
Rv : gas constant, 1.98 cal/°K m ole
T : absolute temperature

Greek letters

ps : dry solids density, g/'cm3
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Properties of concentrates containing milk protein and 
non-milk carbohydrates

A . W. M. SW E E T SU R  a n d  D . D . M U IR

Summary

Various edible carbohydrates were com bined with skim -m ilk concentrate, 
prepared by ultrafiltration (U F ), to obtain a novel range o f milk products with 
total solids contents greater than 40% . These products were very heat stable, 
their stability being inversely proportional to the reducing power of the car
bohydrate in the mixture. In contrast to both unaltered U F  concentrate and 
conventional concentrate prepared by evaporation, the heat stabilities o f the 
U F  concentrate/'carbohydrate mixtures could be further im proved by addition  
of urea. A s with both conventional and U F  concentrates, the heat stabilities o f  
the mixtures could be increased by additions o f sim ple aldehydes. A ttention  has 
been drawn to possible uses for these mixtures in the food industry.

Introduction

Skim-milk is a w holesom e and nutritious food  but when production exceeds the 
market dem and the surplus is often disposed o f as animal feed . The search for 
new uses for skim -m ilk centres on processes for m odification or fractionation o f  
the milk to yield novel human food. R ecent fundam ental studies o f the heat 
stability o f concentrated milk have dem onstrated that soluble milk salts are one  
important determ inant o f heat stability (M uir & Sweetsur, 1978a). In addition, 
we have also shown how reduction o f soluble salts during concentration o f milk 
by ultrafiltration results in protein-rich material able to withstand conditions 
equivalent to sterilization (Sweetsur & Muir, 1980). This paper deals with an 
extension  o f these studies in which we aim to define the conditions in which  
concentrated mixtures o f milk protein and carbohydrate may be form ulated to 
withstand sterilization.
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Materials and methods

Milk samples were obtained from the Hannah Research Institute Farm bulk  
tank. The fat was rem oved from all samples as described by D avies & W hite 
(1 9 6 6 ) and the skim -milk stored in the dark at 5°C until used.

Carbohydrates (fructose, glucose, lactose, m altose, sucrose, maltitol and 
sorbitol) were obtained from Sigma London, Ltd, (K ingston-upon-Tham es, 
Surrey, England) as crystalline solids, with the exception of maltitol which was 
obtained as a 70%  aqueous syrup. A  com mercial sample of dried hydrolysed 
starch with a dextrose equivalent of 28 was also used in som e experim ents.

Urea (‘ Aristar’ grade) and aldehyde reagents were added to the milk as 2.5 
(w/'v) aqueous solutions before adjustment of pH. Form aldehyde (‘Analar’ 
grade) was obtained as a 40%  solution. The other aldehydes were crystalline 
solids obtained from Sigma, London, Ltd.

Skim-milk was concentrated by ultrafiltration at 50°C using a laboratory- 
scale apparatus with a flat membrane (P M -30  membrane in a T C F -10  ultrafilt
ration unit from A m icon Limited, High W ycom be, England).

Total solids content of the skim -milk concentrate was estim ated by the 
appropriate British Standards Institute (1963) m ethod and by the rapid m ethod  
of W ilson as described in Muir & Sweetsur (1978b ).

Total nitrogen (T N ) and non protein nitrogen (N P N ) m easurem ents were 
made as described by Sweetsur (1976).

Lactose was m easured by the m ethod o f Grimbleby (1 9 5 6 ) as am ended by 
Biggs & Szijarto (1963).

Coagulation tim e (CT) -  pH profiles for both the U F  concentrates and the 
concentrate/'carbohydrate mixtures were measured at 120°C by the m ethod of 
Sweetsur & W hite (1974).

Results

The effect on concentrate stability o f  addition o f  reducing sugars

Skim-milk was concentrated to 18.7%  TS by ultrafiltration (approxim ately  
x  4 .0  volum e reduction) and a selection o f reducing sugars were dissolved in 
the concentrate by gentle warming to a final concentration o f 33 g per 100 ml. 
The CT-pH  profiles for the original concentrate and that of mixtures with 
glucose, m altose and fructose are shown in Fig 1. The control sample was 
extrem ely heat stable at 120°C but, although the mixtures were significantly less 
stable, after pH adjustm ent they could withstand treatment for 10 min at 120°C  
-  that is, conditions typical of in-can sterilization.

The effect on concentrate stability o f  addition o f  non-reducing sugars

A  comparison was made of the effect of adding sucrose, sorbitol and maltitol 
(33 g per 100 ml) to concentrate as before. In each case, the C T -pH  profiles of
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Figure l .T h e  effect o f addition  of non-reducing sugars (33.3 g '100  ml) on the heat 
stability of U F  concen tra ted  milk (18 .7%  TS). • .  C ontrol; ▲. plus glucose; ■ . plus 
m altose; + . plus fructose. O pen  sym bols rep resen t ‘unad justed ’ pH .

Figure 2. The effect o f volum e reduction  by u ltrafiltra tion  cn  the heat stabilities of 
concen trate  and concentrate/'sucrose m ixtures. • .  V olum e reduced  4 fold; ▲. vol
um e reduced 4.5 fold; ■ , volum e reduced 5 fold; + , volum e reduced  5.5 fold. (a). 
C oncentra te; (b) concentrate/sucrose m ixture. O pen sym bols re p re se n t‘unad justed ’ 
pH .
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Figure 3. The effect o f addition of glucose/'sorbitol combinations (33.3  g/100  ml) on 
the heat stability of U F concentrated milk (24.5%  TS). • .  100% sorbitol; ▲. 1% 
gIucose/99% sorbitol; ■ . 10% glucose/90%  sorbitol; +  , 25% glucose/75%  sorbitol; 
x .  100% glucose. Open symbols represent 'unadjusted’ pH.

Figure 4. The effect o f addition of a dried hydrolysed starch (dextrose equivalent =  
28) on the heat stability o f U F concentrated milk (21.5%  TS). • ,  control; ▲. plus 
starch (33.3 g/100 ml). Open symbols represent 'unadjusted' pH.
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Table 1. Composition of U F concentrate and carbohydrate mixtures

Mixture Total solids 
(% )

Protein*
(%)

Lactose
(%)

Carbohydrate
(%)

Milk salts
(%)

U F concentrate 26.70 20.86 4.93 _ 0.91
UF concentrate/' 

lactose permeate
27.11 10.81 15.45 — 0.85

U F concentrate/' 
Carbohydrate 

permeate

27.11 10.81 4.65 10.80 0.85

* (T N -N P N ) X 6.38

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

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

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

k e p t  c o n s t a n t  a t  3 3  g  p e r  1 0 0  m l  b u t  c o n c e n t r a t e s  p r e p a r e d  b y  d i f f e r e n t  d e g r e e s  

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

t i o n  o f  t h e  s k i m - m i l k  w a s  x  5 . 5 ,  s u c r o s e  a d d i t i o n  d i d  n o t  r e s u l t  i n  d e s t a b i l i z a 

t i o n .  O n  t h e  b a s i s  o f  t h e s e  r e s u l t s ,  f o r m u l a t i o n s  o f  m i l k - p r o t e i n  c o n c e n t r a t e  

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

The effect o f  addition o f  mixtures o f  reducing and non-reducing sugars

T h e  p r e v i o u s  r e s u l t s  s u g g e s t  t h a t  t h e  h e a t  s t a b i l i t i e s  o f  c o n c e n t r a t e / ' s u g a r  

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

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

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

a d d e d  t o  U F  c o n c e n t r a t e ,  p r i o r  t o  t h e  d e t e r m i n a t i o n  o f  t h e i r  C T - p H  p r o f i l e s .  

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

c o n c e n t r a t i o n )  t h e  h e a t  s t a b i l i t y  i m p r o v e d  ( F i g .  3 ) .

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

c o n c e n t r a t e  a n d  a  d r i e d  h y d r o l y s e d  s t a r c h  ( D e x t r o s e  e q u i v a l e n t  =  2 8 ) .  T h e  

C T - p H  p r o f i l e  o f  t h e  m i x t u r e  ( F i g .  4 )  w a s  c o m p a r a b l e  w i t h  t h a t  w h i c h  w o u l d  

h a v e  b e e n  p r e d i c t e d  f o r  s u g a r  c o m b i n a t i o n s  c o n t a i n i n g  2 8  %  r e d u c i n g  c a r b o h y 

d r a t e  ( c f .  F i g .  3 ) .

The effect o f  sugar addition at constant total solids and soluble milk salt concent
ration

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

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

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

a l t e r n a t i v e l y  a c t e d  a s  i n e r t  d i l u e n t s .  T o  e l u c i d a t e  t h e  e f f e c t ,  v a r i o u s
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Figure 5. The effect of addition of carbohydrate on the neat stability of UF concen
trated milk at constant levels o f total solids and soluble salts. • .  Control; ▲. plus 
glucose; ■ . plus lactose; + . plus sucrose. Open symbols represent unadjusted’ pH.

Figure 6. The effect of addition of urea (200 mg/100 ml) on the heat stabilities of 
UFconcentrate/carbohydrate mixtures. • ,  U F concentrate; ▲. UF concentrate/ 
carbohydrate mixture; ■ . UF concentrate/carbohydrate mixture plus urea (a) UF  
concentrate/fructose (44.6% ); (b) U F concentrate/sucron (43.6%  TS). Open  
symbols represent ‘unadjusted’ pH.
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c a r b o h y d r a t e - m i l k  p r o t e i n  m i x t u r e s  w e r e  e x a m i n e d  a t  c o n s t a n t  t o t a l  s o l i d s  a n d  

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

t h e  u l t r a f i l t r a t i o n  p r o c e s s  t o  a  f i n a l  c o n c e n t r a t i o n  o f  2 7  %  T S  -  t h a t  i s ,  t h e  s a m e  

t o t a l  s o l i d s  l e v e l  a c h i e v e d  f o r  t h e  c o n c e n t r a t e  i n  t h i s  e x p e r i m e n t .  T h e  s u g a r / '  

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

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

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

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

l a c t o s e  a n d  g l u c o s e  w e r e  s i m i l a r  t o  t h a t  o f  t h e  u n a l t e r e d  U F  c o n c e n t r a t e  ( 2 0  

m i n  a t  1 2 0 ° C ) ,  b u t  t h a t  t h e  m i x t u r e s  c o n t a i n i n g  s u c r o s e ,  s o r b i t o l ,  m a l t o s e  a n d  

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

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

=  s o r b i t o l  >  m a l t o s e  =  f r u c t o s e  >  l a c t o s e  5= g l u c o s e ,  u n t i l  a  m a x i m u m  h e a t  

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

s o r b i t o l .  F i g u r e  5  s h o w s  t h e  C T - p H  p r o f i l e s  f o r  t h r e e  o f  t h e  c o n c e n t r a t e /  

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

The effect o f  addition o f  urea and aldehydes

T h e  e f f e c t  o f  a d d i t i o n  o f  u r e a  ( 2 0 0  m g / ' 1 0 0  m l )  o n  t h e  h e a t  s t a b i l i t i e s  o f  

m i x t u r e s  o f  U F  c o n c e n t r a t e  w i t h  b o t h  a  r e d u c i n g  ( f r u c t o s e )  a n d  a  n o n - r e d u c i n g  

( s u c r o s e )  c a r b o h y d r a t e  i s  s h o w n  i n  F i g .  6 .  T h e  h e a t  s t a b i l i t i e s  o f  m i x t u r e s  o f  U F  

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

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

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

T h e  e f f e c t  o f  a d d i t i o n  o f  f o r m a l d e h y d e  ( 1 2 5  m g / ' 1 0 0  m l  U F  c o n c e n t r a t e )  o n  

t h e  h e a t  s t a b i l i t i e s  o f  m i x t u r e s  o f  U F  c o n c e n t r a t e  w i t h  a  r e d u c i n g  ( g l u c o s e )  a n d  

a  n o n - r e d u c i n g  ( s o r b i t o l )  c a r b o h y d r a t e  i s  s h o w n  i n  F i g .  7 .  A d d i t i o n  o f  D L -  

g l y c e r a l d e h y d e  a n d  2 - d e o x y r i b o s e  i n d u c e d  s i m i l a r  i n c r e a s e s  i n  h e a t  s t a b i l i t y .

Discussion and conclusions

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

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

d r a t e s  t o  p r o d u c e  m i x t u r e s  w i t h  a  f i n a l  T S  l e v e l  i n  e x c e s s  o f  4 0 % .

T h e  h e a t  s t a b i l i t i e s  o f  t h e  c o n c e n t r a t e / ' c a r b o h y d r a t e  m i x t u r e s  d e p e n d  o n  t h e  

s u g a r  a d d e d  ( F i g s .  1 , 2 , 6  a n d  7 )  b u t ,  e v e n  a t  t h e  p o o r e s t  r e s p o n s e s ,  t h e  m i x t u r e s  

w e r e  r e m a r k a b l y  s t a b l e  -  s k i m - m i l k  c o n c e n t r a t e d  t o  4 0 %  T S  b y  c o n v e n t i o n a l  

e v a p o r a t i o n  w o u l d  c o a g u l a t e  i n s t a n t l y  a t  1 2 0 ° C .  T h e  u n a l t e r e d  c o n c e n t r a t e  

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

a n d  m a l t i t o l  w e r e  s i m i l a r  i n  c o a g u l a t i o n  b e h a v i o u r  a t  1 2 0 ° C  ( c / .  F i g s  2 ,  3  a n d  7 )  

a n d  w o u l d  e a s i l y  w i t h s t a n d  s t e r i l i z a t i o n  ( 1 2 0 ° C  f o r  1 0  m i n ) .  H o w e v e r ,  w h e n  

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

c o n c e n t r a t e  a  d r o p  i n  h e a t  s t a b i l i t y  o c c u r r e d  ( F i g .  1 ) .  T h e  r e s u l t s  o b t a i n e d  w i t h
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Figure 7. The effect of addition of formaldehyde (125 mg/'100 ml) on the heat
stabilities o f U F concentrate/carbohydrate mixtures. • ------ • .  U F concentrate
(16.3%  TS); ▲------ ▲. U F concentrate plus glucose (33.3 g/100 ml); ■ -------■ . UF
concentrate plus sorbitol (33 .3  g/100 ml); • —•  U F concentrate plus formaldehyde; 
A - - A ,  U F concentrate/'glucose mixture plus formaldehyde; U F concentrate/'
sorbitol mixture plus formaldehyde. Open symbols represent ’unadjusted’ pH.

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

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

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

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

d r a t e s  a t  c o n s t a n t  T S  a n d  m i l k  s a l t  c o n t e n t  ( F i g .  5 )  a p p e a r  t o  d e m o n s t r a t e  t h a t  

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

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

b e c a u s e  t h e i r  m a x i m u m  h e a t  s t a b i l i t i e s  ( a t  a  n o n - s u g a r  s o l i d s  c o n t e n t  o f  1 6 . 3 % )  

w e r e  c o m p a r a b l e  w i t h  t h o s e  o f  u n a l t e r e d  U F  c o n c e n t r a t e  a t  1 6 . 3 %  T S  ( F i g .  7 ) .  

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

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



r e a c t i o n s  b e t w e e n  c a r b o h y d r a t e  a n d  t h e  m i c e l l a r p r o t e c t i v e  k  -  c a s e i n  ( S w e e t -  

s u r  &  W h i t e ,  1 9 7 5 ) .

I n  c o n t r a s t  t o  e i t h e r  c o n v e n t i o n a l  o r  U F  c o n c e n t r a t e s  ( M u i r  &  S w e e t s u r ,  

1 9 7 8 b ;  S w e e t s u r  &  M u i r ,  1 9 8 0 ) ,  t h e  h e a t  s t a b i l i t i e s  o f  U F  c o n c e n t r a t e / '  

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

u r e a .  M u i r  &  S w e e t s u r  ( 1 9 7 8 b )  d e m o n s t r a t e d  t h a t  a s  t h e  T S  c o n t e n t  o f  m i l k  

w a s  r e d u c e d ,  t h e  c o a g u l a t i o n  m e c h a n i s m  c h a n g e d  f r o m  t y p e  I I  ( 2 - s t a g e )  t o  t y p e  

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

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

i s m  i n  c o n c e n t r a t e / ' c a r b o h y d r a t e  m i x t u r e s  i s  c l o s e r  t o  t y p e  I  t h a n  t y p e  I I ,  i . e .  

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

u r e a  c o u l d  h a v e  b e e n  p r e d i c t e d  f r o m  t h e  s h a p e s  o f  t h e  C T - p H  p r o f i l e s  f o r  U F  

c o n c e n t r a t e / ' c a r b o h y d r a t e  m i x t u r e s .  A  p a r t i a l  r e c o v e r y  i n  h e a t  s t a b i l i t y  a t  h i g h  

p H  v a l u e s  i s  o b s e r v e d  w i t h  t h e s e  m i x t u r e s  ( F i g s  1 ,  2 ,  3 ,  6  a n d  7 ) ,  r e s u l t i n g  in  

t h e i r  C T - p H  p r o f i l e s  b e i n g  m o r e  l i k e  t h o s e  o b t a i n e d  w i t h  s k i m - m i l k  t h a n  t h o s e  

o b t a i n e d  w i t h  c o n c e n t r a t e  (cf. M u i r  &  S w e e t s u r ,  1 9 7 8 b ) .

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

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

s t a b i l i t y  o f  s k i m - m i l k ,  c o n v e n t i o n a l  e v a p o r a t e d  s k i m - m i l k  c o n c e n t r a t e  ( H o l t ,  

M u i r  &  S w e e t s u r ,  1 9 7 8 )  a n d  U F  s k i m - m i l k  c o n c e n t r a t e  ( S w e e t s u r  a n d  M u i r ,

1 9 8 0 ) .  T h e  i n v e s t i g a t i o n s  r e p o r t e d  h e r e  d e m o n s t r a t e  ( F i g .  7 )  t h a t  s u c h  a d d i 

t i o n s  c a n  a l s o  b e  u s e d  t o  i n c r e a s e  t h e  h e a t  s t a b i l i t i e s  o f  U F  c o n c e n t r a t e / '  

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

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

d o m  ( 1 9 7 7 )  r e g u l a t i o n s  r e g a r d i n g  p e r m i t t e d  a d d i t i v e s  f o r  c o n d e n s e d  m i l k  a n d  

d r i e d  m i l k  p r o d u c t s .

F r o m  t h e  m i l k  p r o c e s s o r ’ s v i e w p o i n t ,  t h e  U F  c o n c e n t r a t e / ' e d i b l e  c a r b o h y 

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

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

m i x t u r e s ,  e v e n  w i t h  t h e i r  T S  c o n t e n t s  g r e a t e r  t h a n  4 0 % ,  w o u l d  b e  a b l e  t o  

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

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

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

l a c t o s e  i n t o l e r a n c e .
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Inhibition of potential food poisoning microorganisms by 
sorbic acid in cooked, uncured, vacuum packaged 
turkey products

E .  C .  T O  A N D  M .  C .  R O B A C H *

Summary

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

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

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

i s m s :  Salmonella, Staphylococcus aureus, o r  e n t e r o p a t h o g e n i c  Escherichia coli. 
T h e  s a m p l e s  w e r e  v a c u u m  p a c k e d  a n d  s t o r e d  a t  1 5 ° C  f o r  1 0  d a y s .  T h e  a d d i t i o n  

o f  0 . 2 5 %  s o r b a t e  t o  t h e  b r e a s t s  a n d  0 . 1 2 %  s o r b i c  a c i d  i n  t h e  s l i c e s  p r o v i d e d  

e x c e l l e n t  p r o t e c t i o n  a g a i n s t  t h e  g r o w t h  o f  Salmonella, E. coli, a n d  S. aureus in  

u n c u r e d ,  c o o k e d ,  v a c u u m  p a c k a g e d  t u r k e y .

Introduction

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

s h e l f  l i f e  o f  p o u l t r y  a n d  o t h e r  m e a t s  ( C l a r k  &  L e n t z ,  1 9 7 2 :  P i e r s o n ,  C o l l i n s -  

T h o m p s o n  &  O r d a l ,  1 9 7 0 ;  S a n d e r &  S o o ,  1 9 7 8 ) .  R o b a c h etal. ( 1 9 8 0 )  r e p o r t e d  

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

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

P i e r s o n ,  S m o o t  &  S t e r n  ( 1 9 7 9 )  r e p o r t e d  t h a t  0 . 1 3  a n d  0 . 2 6 %  p o t a s s i u m  

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

T o m p k i n  et al. ( 1 9 7 4 )  d e m o n s t r a t e d  t h a t  0 . 1 %  s o r b a t e  m a r k e d l y  r e t a r d e d  

s a l m o n e l l a e  g r o w t h  a n d  d e l a y e d  t h e  g r o w t h  o f  S. aureus a n d  Clostridium 
botulinum  i n  c o o k e d  u n c u r e d  s a u s a g e .  T o  &  R o b a c h  ( 1 9 8 0 )  r e p o r t e d  t h a t  a  5 %  

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

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

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

m e a t  p r o d u c t s .

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

i n g  b a c t e r i a  i n o c u l a t e d  o n t o  c o o k e d ,  u n c u r e d  t u r k e y  p r o d u c t s  s t o r e d  a t  1 5 ° C .

Materials and methods

Turkey products

V a c u u m - p a c k a g e d ,  o v e n - r o a s t e d  t u r k e y  b r e a s t s  a n d  t u r k e y  b r e a s t  l u n c h e o n  

m e a t  w e r e  p r e p a r e d  b y  L o u i s - R i c h ,  I n c . ,  W e s t  L i b e r t y ,  I o w a .  T h e  p r o d u c t s  

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

M i s s o u r i ,  f o r  m i c r o b i o l o g i c a l  e v a l u a t i o n .

Sorbate treatments

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

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

w a s  a d d e d  b y  d i s s o l v i n g  2 . 6 %  p o t a s s i u m  s o r b a t e  i n t o  t h e  p u m p  s o l u t i o n .  S o r b i c  

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

0 . 2 % .  B o t h  p r o d u c t s  w e r e  c o o k e d  a t  8 2 ° C  t o  a n  i n t e r n a l  t e m p e r a t u r e  o f  7 1 ° C  

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

Cultures

T w o  n a l a d i x i c  a c i d  r e s i s t a n t  s t r a i n s  o f  s a l m o n e l l a e  (,Salmonella infantis a n d  5 .  

enteritidis)  w e r e  o b t a i n e d  f r o m  P r o f e s s o r  G .  S n o e y e n b o s  o f  t h e  U n i v e r s i t y  o f  

M a s s a c h u s e t t e s .  T h e  t w o  s t r a i n s  w e r e  g r o w n  o v e r n i g h t  a t  3 7 ° C  i n  t r y p t i c a s e  s o y  

b r o t h  ( T S B :  B B L ) .  T h e  s a l m o n e l l a e  w e r e  t h e n  p o o l e d  f o r  i n o c u l a t i o n .  T w o  

s t r a i n s  o f S .  aureus ( S - 6  a n d  A T T C  1 2 6 0 0 )  w e r e  p r e p a r e d  i n  a  s i m i l a r  m a n n e r .  

T w o  s t r a i n s  o f  Escherichia coli ( 0 1 2 5  B 1 5 ,  o b t a i n e d  f r o m  P r o f e s s o r  E . H .  

M a r t h ,  U n i v e r s i t y  o f  W i s c o n s i n ,  a n d  A T C C  1 1 7 7 5 )  w e r e  a l s o  g r o w n  o v e r n i g h t  

i n  T S B  a n d  p o o l e d  f o r  i n o c u l a t i o n .

Inoculation

P o o l e d  c u l t u r e s  o f  t h e  s a m e  o r g a n i s m  w e r e  d i l u t e d  i n  0 . 0 0 5 M  p h o s p h a t e  

b u f f e r  ( p H  7 . 2 )  t o  g i v e  a n  i n o c u l u m  o f  1 0 4 c e l l s / m l .  T h e  t u r k e y  b r e a s t s  w e r e  

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

t h e  a p p r o p r i a t e  o r g a n i s m  f o r  1 m i n ,  d r a i n e d  f o r  5  m i n ,  v a c u u m  p a c k a g e d  a n d  

s t o r e d  a t  1 5 ° C .  A  f r e s h  1 2  l i t r e  i n o c u l u m  s u s p e n s i o n  w a s  p r e p a r e d  f o r  e a c h  

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

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

t h r e e  s l i c e s  p e r  p a c k a g e ,  a n d  s t o r e d  a t  1 5 ° C .
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Microbiological evaluation

O n  0 ,  2 ,  4 ,  6 ,  8  a n d  1 0  d a y s  o f  s t o r a g e ,  s a m p l e s  w e r e  v i s u a l l y  i n s p e c t e d  f o r  

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

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

l u n c h e o n  m e a t s  w e r e  s a m p l e d  b y  s t o m a c h i n g  o n e . s l i c e  ( a v e r a g e  w e i g h t  2 8  g )  i n  

9 9  m l  o f  s t e r i l e  p e p t o n e  w a t e r  ( 0 . 1 %  p r o t e o s e  P e p t o n e ,  D i f c o )  f o r  1 m i n .  

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

6 0 0  c m 2)  i n  2 0 0  m l  s t e r i l e  p e p t o n e  w a t e r  i n  a  p l a s t i c  b a g  f o r  1 m i n  w i t h  

i n t e r m i t t e n t  r u b b i n g  o f  t h e  s u r f a c e .  S e r i a l  d i l u t i o n s  w e r e  m a d e  i n  0 . 1  %  p e p t o n e  

w a t e r ,  s p r e a d - p l a t e d  o n  t h e  a p p r o p r i a t e  s e l e c t i v e  m e d i a  a n d  i n c u b a t e d  a t  3 7 ° C  

f o r  2 4  h r  b e f o r e  c o u n t i n g .  Salmonella s p p .  u s e d  i n  t h i s  s t u d y  w e r e  r e s i s t a n t  t o  

n a l a d i x i c  a c i d  a n d  w e r e  t h u s  e n u m e r a t e d  o n  b r i l l i a n t  g r e e n  a g a r  ( B B L )  w i t h  1 0 0  

p . p . m .  n a l a d i x i c  a c i d .  C o l o n i e s  w e r e  t r a n s f e r r e d  t o  l y s i n e  i r o n  a g a r  s l a n t s  ( B B L )  

f o r  c o n f i r m a t i o n .  S. aureus w a s  e n u m e r a t e d  o n  B a i r d - P a r k e r  m e d i u m  ( D i f c o )  

a n d  E. coli o n  v i o l e t  r e d  b i l e  a g a r  ( B B L ) .

Sorbate analysis

B o t h  p r o d u c t s  w e r e  a n a l y z e d  f o r  r e s i d u a l  l e v e l s  o f  s o r b i c  a c i d  b y  t h e  H P L C  

m e t h o d  d e s c r i b e d  b y  R o b a c h  et al. ( 1 9 8 0 ) .

Results and discussion

S o r b a t e  a n a l y s i s  o n  d a y  o f  a r r i v a l  i n d i c a t e d  0 . 2 4 %  s o r b a t e  i n  t h e  b r e a s t  p r o d u c t  

a n d  0 . 1 2 %  s o r b i c  a c i d  i n  t h e  s l i c e d  p r o d u c t .

F i g u r e  1 s h o w s  t h e  i n h i b i t i o n  o f  Salmonella, S. aureus a n d  E. coli o n  

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

i n o c u l a t e d  w i t h  e i t h e r  Salmonella o r  E. coli g a v e  o f f - o d o u r  a f t e r  6  d a y s  o f

2 -

I I I I I I I I I I____ I I_____I____ I____I____
2 4 6 8  10 2 4 6 8  10 2 4 6 8  10

Time (days)

Figure 1. Effect of 0.2 % sorbic acid on the growth of (a) E . c o l i ; (b) S a lm o n e lla ; (c) 
5. a u reu s  in vacuum packed turkey slices stored at 15°C. • ,  control; ■, sorbate.
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Time (days)

( c )

Figure 2. Effect of 0.26%  potassium sorbate on the growth of (a) E. c o l i : (b) 
S a lm o n e lla ; (c) S. a u reu s  in vacuum packed turkey breasts stored at 15°C. • ,  
control; ■ . sorbate.

s t o r a g e  w h e n  t h e  c o u n t s  w e r e  a p p r o a c h i n g  1 0 9 c e l l s / 'g .  A f t e r  8  d a y s  o f  s t o r a g e  

t h e s e  s a m p l e s  h a d  a  d i s t i n c t  s p o i l a g e  o d o u r .  T h e  s a m p l e s  i n o c u l a t e d  w i t h  S. 
aureus l o s t  t h e i r  f i r m  t e x t u r e  a f t e r  8  d a y s ’ s t o r a g e  w h e n  t h e  c o u n t s  r e a c h e d  1 0 s 

c e l l s / 'g .  I n  c o n t r a s t ,  t h e  s o r b a t e - t r e a t e d  p r o d u c t  e f f e c t i v e l y  i n h i b i t e d  t h e  g r o w t h  

o f  a l l  t h r e e  p a t h o g e n s  t h r o u g h o u t  t h e  1 0 - d a y  s t o r a g e  a t  1 5 ° C .  N o n e  o f  t h e  

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

F i g u r e  2  s h o w s  t h e  e f f e c t  o f  p o t a s s i u m  s o r b a t e  o n  p a t h o g e n  g r o w t h  in  

v a c u u m  p a c k a g e d  t u r k e y  b r e a s t s .  A s  i n  t h e  s l i c e d  c o n t r o l  p r o d u c t ,  Salmonella 
a n d  E. coli g r e w  r a p i d l y  o n  t h e  c o n t r o l  b r e a s t s  a n d  r e a c h e d  a  m a x i m u m  o f  1 0 8 

c e l l s / ' c m 2 i n  6  d a y s .  I n  a d d i t i o n  t o  o f f - o d o u r ,  o n  d a y  8  a  p i n k  c o l o u r  d e v e l o p e d  

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

b r e a s t  p r o d u c t ,  o n l y  i n c r e a s i n g  2  l o g  c y c l e s  i n  1 0  d a y s .  T h e  u s e  o f  0 . 2 6 %  s o r b a t e  

e f f e c t i v e l y  s t o p p e d  g r o w t h  o f  Salmonella a n d  S. aureus t h r o u g h  t h e  1 0 - d a y  

s t o r a g e  p e r i o d .  T h e r e  w a s  a  2 - 3  l o g  c y c l e  i n c r e a s e  i n  E. coli n u m b e r s  a f t e r  6  

d a y s  o f  1 5 ° C  s t o r a g e .  H o w e v e r ,  f i n a l  l e v e l s  w e r e  3 . 5  l o g  c y c l e s  b e l o w  t h o s e  o f  

t h e  c o n t r o l s .

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

t h e  g r o w t h  o f  Salmonella a n d  E. coli i n  v a c u u m  p a c k a g e d ,  u n c u r e d  t u r k e y  

p r o d u c t s .  S o r b a t e s  a l s o  p r o v i d e  m a r k e d  p r o t e c t i o n  a g a i n s t  t h e  g r o w t h  o f  S. 
aureus i n  t h e s e  p r o d u c t s .
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Taste properties of cocoa drinks with an added 
bitter/sweet sugar: intensity/time effects

G .  G .  B I R C H  a n d  G .  O G U N M O Y E L A

Summary

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

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

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

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

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

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

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

s w e e t n e s s .  H o w e v e r ,  p r e s a t u r a t i n g  p a n e l l i s t s ’ t o n g u e s  w i t h  s u c r o s e  s o l u t i o n  d i d  

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

m e t h y l  a - D - m a n n o p y r a n o s i d e .

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

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

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

r e c e p t o r s .

Introduction

A  p r e v i o u s  r e p o r t  f r o m  t h i s  l a b o r a t o r y  ( B i r c h  &  M y l v a g a n a m ,  1 9 7 6 )  s h o w e d  

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

D - m a n n o p y r a n o s i d e ,  c o u l d  b e  s p e c i f i c a l l y  i m p a i r e d  b y  p r e s a t u r a t i n g  p a n e l l i s t s ’ 

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

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

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

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

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

Authors’ address: National College of Food Technology, University of Reading, St George’s 
Avenue, W eybridge, Surrey. KT13 ODE

0022-1 1 6 3 /8 0 /1 0 0 0 -0 5 4 8  $02 .00  ©  1980 Blackwell Scientific Publications
37



550 G. G. Birch and G. Ogunmayela

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

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

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

a - D - m a n n o p y r a n o s i d e  t o  c o c o a  d r i n k s  b y  a  n o v e l  t i m e / ' i n t e n s i t y  r e c o r d i n g  

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

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

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

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

Materials and methods

C o c o a  d r i n k s  w e r e  m a d e  u p  b y  m i x i n g  5  g  o f  c o m m e r c i a l  c o c o a  p o w d e r  

( C a d b u r y ’s ,  B o u r n v i l l e ,  c o n t a i n i n g  s o d i u m  c a r b o n a t e ,  s a l t  a n d  f l a v o u r i n g s )  

a l o n e  o r  w i t h  s u c r o s e  ( A R  g r a d e .  M a y  a n d  B a k e r ,  D a g e n h a m )  o r  m e t h y l  

a - D - m a n n o p y r a n o s i d e  ( M M P )  ( S i g m a  C h e m i c a l  C o . )  a n d  t a p  w a t e r  ( 1 0 0  m l )  a t  

9 5 - 1 0 0 ° C  i n  a  2 5 0  m l  b e a k e r .  S o m e  s o l u t i o n s  ( C  a n d  D )  a l s o  c o n t a i n e d  0 . 5  g  

s u r f a c t a n t - g l y c e r o l  m o n o s t e a r a t e ,  ( G M S )  f o o d  g r a d e  f r o m  B D H ,  P o o l e  o r  

l e c i t h i n  ( L ) .  i . e .  W y l f o  ‘ A ’ , o b t a i n e d  f r o m  W y n m o u t h  L e h r  a n d  F a t o i l s  L t d . ,  

L o n d o n  -  i n  1 0 0  m l  o f  c o c o a  d r i n k  s o l u t i o n .  C o m p o s i t i o n s  o f  t h e  f o u r  s o l u t i o n s  

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

A  =  S t a n d a r d ,  5  g  c o c o a  p o w d e r / 1 0 0  m l ,  n o  a d d e d  s u g a r ,  g l y c o s i d e  o r  

s u r f a c t a n t

B  =  C o c o a  p o w d e r  +  s u c r o s e  ( 1 . 5  g  o r  7 . 5  g )  o r  M M P  ( 1 . 3  g  o r  7 . 5  g )  p e r  1 0 0  

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

C  =  B  +  0 . 5  g  G M S  

D  =  B  +  0 . 5  g  L

F o u r  s o l u t i o n s  ( 1 0  m l  e a c h ) ,  p r e s e n t e d  t o  e a c h  o f  t e n  p a n e l l i s t s  a t  5 0 ° C  w e r e  

e v a l u a t e d  a t  o n e  s i t t i n g  u s i n g  a  m o v i n g  c h a r t  r e c o r d e r  ( T e l s e c  T y p e  X ,  m o v i n g  

a t  1 2  c m  m i n - 1 ) l i n k e d  t o  a  p o t e n t i o m e t e r  ‘d i a l  b o x ’ t h e  d i a l  o f  w h i c h  c o u l d  b e  

m o v e d  f r o m  0  t o  1 0  a r b i t r a r y  u n i t s  a n d  b a c k  a g a i n  a c c o r d i n g  t o  t h e  i n t e n s i t y  o f  

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

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

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

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

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

p a u s e  a t  l e a s t  o n e  m i n u t e  b e t w e e n  d r i n k s .  R e t a s t i n g  w a s  a l l o w e d .  A l l  a p p r o p r i 

a t e  s o l u t i o n s  w e r e  t a s t e d  i n  t h e  s a m e  w a y  b e f o r e  p r e s a t u r a t i o n  o f  p a n e l l i s t s ’ 

t o n g u e s  w a s  a t t e m p t e d .

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

t i o n s  w e r e  o b t a i n e d .  O v e r a l l  m e a n s  o f  1 0  p a n e l l i s t s  i n  e a c h  c a s e  a r e  p r e s e n t e d  i n  

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

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

p a n e l l i s t s  a s  v a r i a b l e s .
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F o r  p r e s a t u r a t i o n  s t u d i e s  p a n e l l i s t s  w e r e  i n s t r u c t e d  t o  h o l d  1 0  m l  o f  0 . 0 0 5  %  

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

a t e l y  t a s t e  t h e  s a m p l e  a n d  a s s e s s  i t s  s w e e t n e s s .  A l t e r n a t i v e l y  t h e y  w e r e  

i n s t r u c t e d  t o  h o l d  1 0  m l  o f  5 0 %  s u c r o s e  s o l u t i o n  i n  t h e i r  m o u t h s  f o r  1 0  s e c ,  s p i t  

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

R a y ,  1 9 7 9 ) .  I t  w a s  o b s e r v e d  t h a t  t h o s e  p a n e l l i s t s  w h o  g a v e  h i g h  s c o r e s  w e r e  

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

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

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

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

Results and discussion

M e t h y l  a - D - m a n n o p y r a n o s i d e  i s  a  b i t t e r / ' s w e e t  g l y c o s i d e  b u t  i t s  s w e e t n e s s  i s  s o  

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

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

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

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

f o r  s w e e t n e s s .

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

i n t e n s i t i e s  ( / t )  o f  c o c o a  d r i n k s  r e n d e r e d  s w e e t  b y  a d d i t i o n  o f  1 . 5 %  s u c r o s e  o r  

b i t t e r  b y  a d d i t i o n  o f  1 . 3 %  m e t h y l  a - D - m a n n o p y r a n o s i d e .  T a b l e  l b  l i s t s  t h e  

s a m e  p a r a m e t e r s  a f t e r  p r e s a t u r a t i o n  o f  p a n e l l i s t s ’ t o n g u e s  w i t h  0 . 0 0 5  %  q u i n i n e  

s u l p h a t e  s o l u t i o n  o r  5 0 %  s u c r o s e  r e s p e c t i v e l y .

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

s w e e t n e s s  o f  t h e  d r i n k s ,  e i t h e r  i n  t e r m s  o f  i n t e n s i t y  o r  p e r s i s t e n c e ,  b u t  t h e r e  is  

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

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

b i t t e r n e s s  o f  t h e  d r i n k s  w h e n  s u r f a c t a n t  -  g l y c e r o l  m o n o s t e a r a t e  ( G M S )  a n d  
l e c i t h i n  ( L )  -  i s  i n c l u d e d .  S u r f a c t a n t  t e n d s  t o  e n h a n c e  i n t e n s i t y  a n d  t i m e  o f  

s w e e t n e s s  r e s p o n s e  ( B i r c h  &  O g u n m o y e l a ,  1 9 8 0 )  b u t  a t  t h e  l o w  c o n c e n t r a t i o n s  

o f  t h e  t w o  b a s i c  t a s t e  s t i m u l i  c o n s i d e r e d  i n  T a b l e  1 t h i s  is  n o t  v e r y  a p p a r e n t .

T a b l e  2 a  l i s t s  t h e  m e a n  s w e e t n e s s  o r  b i t t e r n e s s  p e r s i s t e n c e  t i m e s  ( T p)  a n d  

i n t e n s i t i e s  ( / t )  o f  c o c o a  d r i n k s  r e n d e r e d  s w e e t  b y  a d d i t i o n  o f  7 . 5 %  s u c r o s e  o r  

b i t t e r  b y  a d d i t i o n  o f  7 . 5 %  m e t h y l  a - D - m a n n o p y r a n o s i d e .  T a b l e  2 b  l i s t s  t h e  

s a m e  p a r a m e t e r s  a f t e r  p r e s a t u r a t i o n  o f  p a n e l l i s t s ’ t o n g u e s  w i t h  0 . 0 0 5  %  q u i n i n e  

s u l p h a t e  s o l u t i o n  o r  5 0 %  s u c r o s e  r e s p e c t i v e l y .  A l t h o u g h  m a n y  o f  t h e  c o c o a  

d r i n k s  i n  T a b l e  2  h a v e  l o w e r  s w e e t n e s s  i n t e n s i t i e s  a n d  p e r s i s t e n c e s  a f t e r  p r e s a t 

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

t h e  b i t t e r n e s s  o f  t h e  g l y c o s i d e - c o n t a i n i n g  d r i n k s  i n  T a b l e  2  is  m a r k e d l y  l o w e r  i n  

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

5 0 %  s u c r o s e  s o l u t i o n  i n  a l l  c a s e s  e x c e p t  o n e  d r i n k  c o n t a i n i n g  l e c i t h i n .  A g a i n  

c o l u m n s  C  a n d  D  s h o w  t h e  e f f e c t s  o f  a d d e d  s u r f a c t a n t  ( G M S  a n d  l e c i t h i n  

r e s p e c t i v e l y ) .
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Table la .  M e a n  p e r s is te n c e  t im e s  a n d  in te n s i t ie s  o f  s w e e tn e s s  a n d  b i t t e r n e s s  o f  c o c o a  d r in k s
c o n ta in in g  lo w  c o n c e n t r a t io n s  o f  s u c ro s e  o r  m e th y l a -D - m a n n o p y r a n o s id e  b e fo re  p r e s a tu r a t i o n
(1 0  p a n e l l is ts )

Mean persistence times (Tp) Mean intensities ( /T)
(sec) (% max of arbitrary scale)
T pa TpB TpC Tpo G a 7 t b I TC G d

Sweetness 4.8 7.5 8.7 6.6 10.3 21.3 25.1 21.5
s.d.* (4.0) (4.2) (5.2) (4.2) (7 .9) (10.1) (15.8) (12.8)
Bitterness 28.2 34.9 35.8 32.4 56.5 58.6 62.9 55.8
s.d .t (17.7) (18.7) (29.6) (20.9) (19.7) (20.3) (22.6) (22.6)

’ Sweetness solutions com posed as follows: A =  Cocoa (5 g) + water ( 100 ml); B = A +  1.5 g 
sucrose; C =  B + 0.5 g GMS; D =  B + 0.5 g L.

tBitterness solutions composed as follows: A =  Cocoa (5 g) + water (100 ml); B =  A  +  1.3 g 
methyl a-D-mannopyranoside; C = B + 0.5 g GMS; D =  B + 0.5 g L.

Analysis of variance tests for significance: persistence times for sweetness and bitterness 
significantly different between samples (P < 0 .0 0 1 ); sweetness and bitterness intensities signific
antly different between samples (P < 0 .0 0 1 ).

Table lb . Mean persistence times and intensities of sweetness and bitterness of cocoa drinks 
containing high concentrations of sucrose of methyl a-D-mannopyranoside before presaturation 
(ten panellists)

Mean persistence times (T v )
(sec)

Mean intensities ( /T)
(% max of arbitrary scale)

t pa Tpa T  pc 7p[> G  A G b G c G b

Sweetness 7.9 9.0 14.1 12.4 37.4 51.9 61.7 51.8
s.d .’ (2.7) (3.1) (6.2) (7.2) (10.8) (14.5) (17.9) (10.8)
Bitterness 14.4 26.1 28.8 35.3 56.4 69.9 75.2 61.2
s.d .t (5.7) (15.5) (33.0) (25.8) (9.9) (18.5) (15.3) (22.5)

*+As in Table la , but solutions B, C, D containing sucrose or methyl a-D-mannopyranoside at 
7.5 g/100 ml level.

Persistence times for sweetness and bitterness significantly different between samples 
(P C 0.001)

Sweetness or bitterness intensities significantly different between samples (P < 0 .0 0 1 )  
Panellist responses significantly different between low and high concentrations for sweetness 

(P < 0 .0 0 1 ) but not for bitterness. (Tables la  and lb  compared.)

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

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

p r o d u c t  o f  p e r s i s t e n c e  a n d  i n t e n s i t y  ( P I )  w h i c h  m a y  b e  r e g a r d e d  a s  a  t r u e r  

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

o u s l y  b y  B i r c h  ( 1 9 7 8 )  a n d  u t i l i z e d  b y  L a r s o n - P o w e r s  &  P a n g b o m  ( 1 9 7 8 ) ) .  

T a b l e s  3 a  a n d  3 b  l i s t  t h e s e  p r o d u c t s  f o r  s w e e t n e s s  a n d  b i t t e r n e s s  r e s p e c t i v e l y ,  

b e f o r e  a n d  a f t e r  p r e s a t u r a t i o n  o f  p a n e l l i s t s  t o n g u e s ,  a s  e x p l a i n e d  a b o v e .  O n l y  i n  

t h e  c a s e  o f  t h e  b i t t e r n e s s  o f  d r i n k s  c o n t a i n i n g  t h e  g l y c o s i d e  is  t h e r e  a  c o n s i s t e n t
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Table 2a. M e a n  p e r s is te n c e  t im e s  a n d  in te n s i t ie s  o f  s w e e tn e s s  a n d  b i t te r n e s s  o f  c o c o a  d r in k s
c o n ta in in g  lo w  c o n c e n tr a t io n s  o f  su c ro se  o r  m e th y l a - D - m a n n o p y r a n o s id e  a f te r  p r e s a tu r a t io n
( te n  p a n e l l is ts )

Mean persistence times (T ?)
(sec)

Mean intensities ( /T)
(% max c f arbitrary scale)

7 V a 7 p B Tpc 7 p i ) 7 'i a 7 t b I TC A d

Sweetness 3.6 6.2 8.5 7.4 11.3 22.1 26.4 25.7
s.d.* (3.7) (3.3) (5.4) (5.5) (11.4) (11.0) (16.9) (19.0)
Bitterness 13.9 15.8 25.2 19.0 40.5 56.1 55.8 52.3
s.d.t (7.5) (5.2) (22.9) (13.2) (13.5) (23.7) (23.3) (22.6)

*tA s in Table la .
Persistence times for sweetness and bitterness significantly different between samples

(P<0.001)
Sweetness or bitterness intensities significantly different between samples (PcO.OOl). Presatura
tion effect significant for bitterness (PcO.OOl) but not sweetness.

Table 2b. Mean persistence times and intensities o f sweetness and bitterness of cocoa drinks 
containing high concentrations of sucrose or methyl a-D-mannopyranoside after presaturation 
(ten panellists)

Mean persistence times (T P) 
(sec)

Mean intensities ( /T)
(% max of arbitrary scale)

T p a T PB 7p(. T  pp A  A 7 t b 'T C 7 t d

Sweetness 7.6 10.2 11.4 9.5 33.5 47.8 56.3 63.5
s.d.* (3.6) (4.3) (4.8) (3.4) (8.9) (15.3) (14.0) (14.8)
Bitterness 13.2 15.0 19.4 18.7 54.3 66.2 68.7 64.7
s.d.t (9.1) (9.3) (17.2) (13.9) (10.7) (18.1) (22.6) (22.1)

*+As in Table lb .
**Persistence times for sweetness and bitterness significantly different between samples 

(PcO.OOl).
Sweetness or bitterness intensities significantly different between samples (P < 0 .0 0 1 ). Presat

uration effect significant for bitterness between samples (P < 0 .0 0 1 ) but not sweetness (Tables lb  
and 2b compared).

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

o u s  r e p o r t  f r o m  t h i s  l a b o r a t o r y  ( B i r c h  &  M y l v a g a n a m ,  1 9 7 6 )  w h i c h  n o t e d  t h e  

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

w a t e r  a f t e r  p r e s a t u r a t i o n  o f  p a n e l l i s t s ’ t o n g u e s  w i t h  e i t h e r  s t r o n g l y  s w e e t  o r  

s t r o n g l y  b i t t e r  s o i u t i o n s .  I t  i s  c o n s i s t e n t  w i t h  t h e  c o n c e p t  o f ‘p o l a r i z a t i o n ’ o f  t h e  

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

s w e e t  r e c e p t o r  s i t e  a n d  t h e  o t h e r  ‘ e n d ’ w i t h  a  b i t t e r  r e c e p t o r .  S i n c e  t h e  m o l e c u l e  

s p a n s  b o t h  s i t e s  s i m u l t a n e o u s l y ,  i m p a i r m e n t  o f  o n e  m o d e  o f  b i n d i n g  b y  p r e s a t -
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Table 3a. M e a n  p r o d u c t  v a lu e s  o f  p e r s is te n c e  t im e s  a n d  in te n s i t ie s  o f  s w e e tn e s s  a n d  b i t t e r n e s s  o f
c o c o a  d r in k s  c o n ta in in g  su c ro se  o r  m e th y l o t-D -m a n n o p y ra n o s id e  b e fo re  p r e s a tu r a t io n  ( t e n
p a n e l l is ts )

Mean product of persistence 
time/'intensity (P I)

P I  A P I  B P ic P I  D

Sweetness 47 158 243 152
( 1 5  g%) 
s.d.* (65) (152) (253) (189)

Sweetness 306 498 861 608
(7.5 g%) 
s.d.* (149) (317) (408) (269)

Bitterness 1727 2276 2713 2005
(1.3 g%) 
s.d .t (1440) (1795) (3061) (1723)

Bitterness 827 1929 2620 2381
(7.5 g%) 
s.d .t (380) (1428) (3355) (2636)

*tA s in Tables la  and lb .
P I  values for sw eetness and bitterness highly significantly different between samples

(PcO.OOl).

Table 3b. Mean product values o f persistence times and intensities of sweetness and bitterness of
cocoa drinks containing sucrose or methyl a-D-man nopyranoside after presaturation, (ten panel-
lists)

Mean product of persistence 
time/'intensity (P I)

P I  A P I  B P ic P I n

Sweetness 64 140 247 239
(1-5 g%) 
s.d. (95) (164) (248) (329)

Sweetness 260 512 639 586
(7.5 g%) 
s.d. (139) (328) (338) (223)

Bitterness 592 944 1645 1030
(1.3 g%) 
s.d. (391) (612) (1810) (881)

Bitterness 714 1062 1547 1391
(7.5 g%) 
s.d. (479) (723) (1726) (1483)

* tA s in Tables la  and lb .
P I  values for sweetness and bitterness highly significantly different between samples 

(PcO.OOl).
P r e s a tu r a t io n  e f fe c t  s ig n if ic a n t  b e tw e e n  s a m p le s  f o r  b i t t e r n e s s  (P c O .O O l)  b u t  n o t  f o r  s w e e t 

n e s s . ( T a b le s  3 a  a n d  3 b  c o m p a r e d ) .
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u r a t i o n ,  p r e v e n t s  i t  f r o m  b i n d i n g  w i t h  t h e  o t h e r .  I t  i s  o f  i n t e r e s t  t h a t  t h i s  s a m e  

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

i n g  s u b s t a n c e s  w h i c h  a r e  p r e s e n t .

W e  h a v e  p r e v i o u s l y  r e p o r t e d  ( B i r c h  &  O g u n m o y e l a ,  1 9 8 0 )  t h a t  s u r f a c t a n t s  

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

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

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

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

p a n e l l i s t s ’ t o n g u e s  w i t h  q u i n i n e  s u l p h a t e  s o l u t i o n s .  F o r  e x a m p l e ,  t h e  s w e e t n e s s  

r e s p o n s e  p r o d u c t s  ( P I )  f o r  s u c r o s e - s w e e t e n e d  d r i n k s  a r e  e l e v a t e d  ( T a b l e  3 )  b y  

G M S  ( c o l u m n  C )  b e f o r e  a n d  a f t e r  p r e s a t u r a t i o n  o f  p a n e l l i s t s ’ t o n g u e s  w i t h  

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

f a c t o r s  ( T a b l e s  1 a n d  2 )  s h o w  t h a t  t h e s e  d o  n o t  b e h a v e  i n  t h e  s a m e  w a y .  T h u s ,  

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

b e f o r e  p r e s a t u r a t i o n ,  t h e  i n c r e a s e  i n  P I  a f t e r  p r e s a t u r a t i o n  ( d u e  t o  G M S )  is  

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

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

r e c e p t o r s  s i t e s  ( W i n g a r d  et al., 1 9 7 8 )  b y  q u i n i n e  s u l p h a t e  m o l e c u l e s ,  t h u s  

sparing t h e  G M S  m o l e c u l e s  f o r  c o m p l e x i n g  w i t h  s u c r o s e  m o l e c u l e s  a n d  f a c i l i t a t 

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

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

r a t i o n  ( B i r c h ,  L a t y m e r  &  H o l l a w a y ,  1 9 8 0 )  a t  a  f e w  s i t e s  ( p e r s i s t e n c e  e f f e c t )  a n d  

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

q u i n i n e  s u l p h a t e  s o l u t i o n  a d d i t i o n  o f  G M S  f a v o u r s  t h e  l a t t e r  p o s s i b i l i t y .  T h e  

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

i n t e r p l a y  o f  s u r f a c t a n t  a n d  r h e o l o g i c a l  p r o p e r t i e s  o f  t h i s  a d d i t i v e .
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Influence of heat and sulphur dioxide treatments 
on some quality characteristics of 
intermediate-moisture banana

A .  L E V I * ,  J .  R .  R A M I R E Z - M A R T I N E Z t ,  a n d  H .  P A D U A t .

Summary

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

t i o n  r a t e ,  c o l o u r ,  a n d  p e c t i n  e s t e r a s e  ( P E )  a c t i v i t y ,  w a s  i n v e s t i g a t e d  in  

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

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

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

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

( d e h y d r a t i o n )  i n c r e a s e d ,  w i t h  i n c r e a s i n g  b l a n c h i n g  t i m e ,  u p  t o  a b o u t  4  m i n ,  a n d  

i n c r e a s e d  a l s o  w i t h  i n c r e a s i n g  S C L . c o n c e n t r a t i o n .  T h e r e  w a s  a  d e c r e a s e  i n  P E  

a c t i v i t y  i n  b o t h  b l a n c h e d  a n d  n o n - h e a t - t r e a t e d  I M B ,  w i t h  i n c r e a s i n g  S O 2 

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

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

Introduction

I n t e r m e d i a t e  m o i s t u r e  f o o d  p r o d u c t s  ( I M F P )  a r e  u s u a l l y  d e v e l o p e d  w i t h  t h e  

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

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

t h e  o t h e r  h a n d ,  I M F P  a r e  e x p e c t e d  t o  b e  r e a s o n a b l y  s t a b l e  u n d e r  s t o r a g e  a n d  

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

1 9 7 3 ;  P o t t e r ,  1 9 7 0 ) .  T h e  s t a b i l i t y  i s  d u e  t o  t h e i r  l o w e r  w a t e r  a c t i v i t y  ( a w )  a s  

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

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

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

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

e t c . )  t e x t u r e  ( p e c t o l a s e s )  o r  f l a v o u r  ( l i p o x i d a s e s )  o f  e i t h e r  I M  o r  f u l l y  d e h y 

d r a t e d  f r u i t s  a n d  v e g e t a b l e s  ( A c k e r ,  1 9 6 9 ) .

O n e  e x c e p t i o n  is  S O 2 , w h i c h  p o s s e s s e s  b a c t e r i c i d a l  p r o p e r t i e s  a n d  a l s o  

i n h i b i t s  e n z y m a t i c  ( E m b s  &  M a r k a k i s ,  1 9 6 5 )  a n d  n o n - e n z y m a t i c  ( M c W e e n y ,  

K n o w l s  &  H e a r n e ,  1 9 7 4 )  d a r k e n i n g .  E m b s  &  M a r k a k i s  ( 1 9 6 5 )  f o u n d  t h a t  t h e  

m e c h a n i s m  o f  S C h  i n h i b i t i o n  o f  b r o w n i n g  c a u s e d  b y  p o l y p h e n o l  o x i d a s e  ( P P O ) ,  

i s  t h e  S O 2 r e a c t i o n  w i t h  s o m e  s u b s t r a t e  c o m p o u n d s  ( s u c h  a s  t h e  e n z y m a t i c a l l y  

p r o d u c e d  O - q u i n o n e s  -  f r o m  t h e  e x i s t i n g  p o l y p h e n o l s ) ,  a s  w e l l  a s  d i r e c t  e n z y m e  

i n a c t i v a t i o n  b y  t h e  S O 2 . T h e  l i t e r a t u r e  d o e s  n o t  a p p e a r  t o  n o t e  t h a t  S O 2  h a s  a n y  

e f f e c t  o n  p e c t o l y t i c  e n z y m e  a c t i v i t y ,  o r  o n  t e x t u r a l  p r o p e r t i e s  o f  S O 2 - p r e s e r v e d  

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

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

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

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

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

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

t e x t u r a l  p r o p e r t i e s  a n d  o t h e r  q u a l i t y  c h a r a c t e r i s t i c s  ( C z y r i n c i w ,  1 9 6 9 ) .  F o r  

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

f o r  a  p i n k  d i s c o l o r a t i o n  i n  t h e  p r o d u c t s  ( R a n g a n n a  &  P a r p i a ,  1 9 7 4 ) .  D a m a g e d  

b a n a n a  t i s s u e  ( a f t e r  p e e l i n g ,  e t c . )  d a r k e n s  v e r y  q u i c k l y ,  d u e  t o  e n z y m e  o x i d a 

t i o n  o f  d o p a m i n e  a n d  o t h e r  p o l y p h e n o l s  ( W e a v e r  &  C h a r l e y ,  1 9 7 4 ) ,  a n d  s o m e  

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

m e n t  o f  b a n a n a  p u l p  ( R a n g a n n a  &  P a r p i a ,  1 9 7 4 ) .

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

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

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

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

M a t h e e  &  A p p l e d o r f  ( 1 9 7 8 )  f o u n d  t h a t  c o o k i n g  p r o c e s s e s  c a u s e  s i g n i f i c a n t  

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

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

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

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

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

l i b e r a t i o n  o r  b i n d i n g ,  is  p e c t i n  d e g r a d a t i o n .  L u h ,  O z b i l g i n  &  L i u  ( 1 9 7 8 )  

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

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

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

b e h a v i o u r  o f  p l a n t  t i s s u e  d u r i n g  d e h y d r a t i o n  ( R o t s t e i n  &  C o r n i s h ,  1 9 7 8 ) .  

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

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

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

d e h y d r a t i o n ,  b y  m o d i f y i n g  t h e  c e l l  w a l l  w a t e r - b i n d i n g  c a p a c i t y  ( P a r r o t  &  
T h r a l l ,  1 9 7 8 ) .

T h e  e f f e c t s  o f  h e a t  t r e a t m e n t  a n d  S O 2  a d d i t i o n  o n  s o m e  q u a l i t y  c h a r a c t e r i s 



t i c s  o f  i n t e r m e d i a t e  m o i s t u r e  b a n a n a  ( I M B )  w e r e  n o w  s t u d i e d .  T h e  e f f e c t s  o f  

h e a t  a n d  S O 2  t r e a t m e n t s  o n  P E  a c t i v i t y  i n  I M B  a r e  r e p o r t e d .
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Materials and methods

F o r  e a c h  e x p e r i m e n t a l  c o n d i t i o n ,  b a t c h e s  o f  5 - 1 0  k g  o f  p h y s i o l o g i c a l l y  m a t u r e  

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

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

2 4 . 5  -  2 5 . 5 °  B r i x  ( l e s s  t h a n  1 %  s t a r c h ) .  T h e  r i p e n i n g  c o n d i t i o n s  w e r e :  2 0 ± 2 ° C ,  

a t  a b o u t  8 5 %  r . h .  T h e  r i p e  b a n a n a s  w e r e  h a n d  p e e l e d  a n d  c u t  l o n g i t u d i n a l l y  

i n t o  e q u a l  h a l v e s  b e f o r e  f u r t h e r  t r e a t m e n t .  T h e  s o l u b l e  s o l i d s  ( ° B r i x )  c o n t e n t  o f  

t h e  f r e s h  b a n a n a s  w a s  m e a s u r e d  w i t h  a n  A b b e  r e f r a c t o m e t e r ,  i n  a  b l e n d e d  ( 5  

m i n )  r e p r e s e n t a t i v e  s a m p l e  o f  a b o u t  2 0 0  g  f r e s h  b a n a n a  h a l v e s .

Heat treatment (blanching) and sulphitation

T h e  b a n a n a  h a l v e s  w e r e  d i p p e d  i n  b o i l i n g  w a t e r  f o r  v a r i o u s  t i m e s  u p  t o  7  m i n  

a n d  i m m e d i a t e l y  c o o l e d  t o  a b o u t  3 5 ° C  o r  l e s s  i n  a  s o f t - w a t e r  b a t h ,  a t  r o o m  

t e m p e r a t u r e  ( 2 - 3  m i n ) .  U n b l a n c h e d  a n d  b l a n c h e d  b a n a n a s  w e r e  s u l p h i t e d  

s e p a r a t e l y  b y  d i p p i n g  f o r  1 0  m i n  i n  s o d i u m  b i s u l p h i t e  s o l u t i o n s  o f  v a r i o u s  

c o n c e n t r a t i o n s  o f  u p  t o  2 0 , 0 0 0  p . p . m .  S O 2  ( s e e  ‘R e s u l t s  a n d  d i s c u s s i o n ’ ) .  T h e  

S O 2  c o n t e n t  i n  t h e  I M B  w a s  d e t e r m i n e d  b y  t h e  m o d i f i e d  M o n i e r - W i l l i a m s  

m e t h o d  ( A O A C ,  1 9 7 0 ;  M e t h o d  N o .  2 7 0 8 0 ) .

Dehydration and storage

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

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

t i o n s  w e r e  3  h r  a t  7 0 ° C  ( a i r  r . h .  =  3 0 % ) ,  f o l l o w e d  b y  3 - 6  h r  a t  5 5 ° C  ( r . h .  =  

5 0 % ) ,  s o  t h a t  t h e  f i n a l  m o i s t u r e  c o n t e n t  o f  t h e  I M B  w a s  b e t w e e n  3 0 %  a n d  4 0 %  

( o n  w e t  b a s i s ) .  T h e  b a n a n a s  w e r e  d r i e d  i n  a  P r o c t o r  S t a n d a r d  1 0  R A X  c a b i n e t  

d r i e r  ( P r o c t o r  &  S c h w a r t z )  w i t h  a u t o m a t i c a l l y  c o n t r o l l e d  a i r  t e m p e r a t u r e  a n d  

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

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

T h e  I M B  w e r e  p a c k e d  b e t w e e n  p o l y e t h y l e n e  s h e e t s  a n d  s t o r e d  i n  c a r t o n s  a t  

r o o m  t e m p e r a t u r e  ( 2 1  ± 2 ° C )  f o r  1 - 6  w e e k s ,  b e f o r e  t h e i r  q u a l i t y  c h a r a c t e r i s t i c s  

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

p e r i o d s  o f  t i m e  ( ± 2 4  h r ) ,  b e f o r e  q u a l i t y  e v a l u a t i o n  a n d  a n a l y s i s .

Texture

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

r a t i o n  -  L e e - K r a m e r )  T e x t u r e p r e s s  M o d .  T P - 1 ,  c o n n e c t e d  t o  a  V a r i a n  T R - 1 ,  

T e x t u r e c o r d e r .  T h r e e  t o  f i v e  r e p r e s e n t a t i v e ,  1 0 0  g ,  s a m p l e s  o f  I M B  h a l v e s  f o r
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e a c h  e x p e r i m e n t a l  c o n d i t i o n  w e r e  l a i d  c a r e f u l l y  i n  t h e  d i r e c t i o n  p e r p e n d i c u l a r  

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

p r e s s u r e ,  1 0 0  l b ;  v e l o c i t y  o f  m o v a b l e  ( c u t t i n g )  b l a d e s .  1 c m / s e c ;  r i n g s .  3 0 0  o r  

3 0 0 0  l b .  T h e  ' f i r m n e s s ’ v a l u e s  g i v e n  a r e  t h e  a r i t h m e t i c  m e a n s  o f  i n d i v i d u a l  

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

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

Dry matter (moisture) content

T h e  d r y  m a t t e r  c o n t e n t  ( D M )  w a s  a n a l y z e d  o n  t h r e e  f r e s h  s a m p l e s  o f  I M B  f o r  

e a c h  e x p e r i m e n t a l  c o n d i t i o n ,  b y  d r y i n g  t h e m  i n  a  v a c u u m  o v e n  ( 6 5 0  m m H g  

v a c u u m  a t  6 0 ° C ) ,  t o  c o n s t a n t  w e i g h t  ( a b o u t  1 6  h r ) ,  b y  t h e  m e t h o d  d e s c r i b e d  b y  

H a r t  &  F i s h e r  ( 1 9 7 1 ) .

Rate o f  water removal

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

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

t h e  f r e s h  a n d  I M  b a n a n a  h a l v e s .  T h e  v a l u e s  g i v e n  r e p r e s e n t  t h e  m e a n  v a l u e s  o f  

3 - 5  e x p e r i m e n t s  f o r  e a c h  e x p e r i m e n t a l  c o n d i t i o n .  T h e  b a n a n a  h a l v e s  w e r e  

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

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

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

6  ( h r )  a n d  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  w e i g h t  o f  t h e  f r e s h  b a n a n a  h a l v e s .

Colour (discoloration, browning)

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

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

G a r d n e r  C o l o r  D i f f e r e n c e  M e t e r  -  m o d e l  X L 1 0  C D M .  T h e  r e s u l t s  a r e  e x p r e 

s s e d  i n  L  b / a  v a l u e s  ( L  =  l i g h t n e s s ;  +  b  =  y e l l o w n e s s ;  +  a  =  r e d n e s s ) ,  w h i c h  

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

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

Pectin esterase (PE) activity

P E  w a s  e x t r a c t e d  f r o m  a b o u t  1 0 0  g  b l e n d e d  r e p r e s e n t a t i v e  s a m p l e  ( f o r  e a c h  

e x p e r i m e n t a l  c o n d i t i o n ) ,  b y  t h e  m e t h o d  d e s c r i b e d  b y  d e  S w a r d t  &  M a x i e  

( 1 9 6 7 ) ,  a n d  t h e  P E  a c t i v i t y  w a s  d e t e r m i n e d  a s  d e s c r i b e d  b y  S i n g l e t o n  &  R o s s i

( 1 9 6 5 ) .
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S02content (p.p.m. )

Figure 1. Heat treatment (3 min dipping in boiling water), sulphur dioxide content 
and firmness of intermediate moisture banana. A . Heat treated; O. non heat-treated.

Results and discussion

Texture

T h e  e f f e c t s  o f  h e a t  t r e a t m e n t  a n d  S O 2  c o n c e n t r a t i o n  c n  t e x t u r a l  p r o p e r t i e s  o f  

I M B ,  w e r e  e v a l u a t e d  b y  ‘f i r m n e s s ’ m e a s u r e m e n t s ,  a s  d e s c r i b e d  a b o v e .  T h e  

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

o f  t h e  u n b l a n c h e d  p r o d u c t ,  a s  a f f e c t e d  b y  t h e  S O 2  c o n t e n t  a f t e r  6  w e e k s ’ 

s t o r a g e ,  i s  s h o w n  i n  F i g .  1. T h e s e  r e s u l t s  a r e  r e p r e s e n t a t i v e  o f  t e n  r e p l i c a t e  

e x p e r i m e n t s .

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

h a v i n g  a b o u t  t h e  s a m e  m o i s t u r e  c o n t e n t  ( 3 8 ± 2 % ) .  C o o k i n g  u s u a l l y  c a u s e s  

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

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

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

r e s p o n s i b l e  f o r  t h e  o b s e r v e d  d i f f e r e n c e s  in  f i r m n e s s  o f  h e a t -  vs. n o n  h e a t -  

t r e a t e d  I M B .  T h e  ‘f i r m n e s s ’ v a l u e s  o f  t h e  I M B  w e r e  f o u n d  t o  b e  b e t w e e n  1 2 0  

a n d  2 2 0  l b  s h e a r - f o r c e  i n  t h e  u n b l a n c h e d  p r o d u c t ,  a n d  b e t w e e n  4 5 0  a n d  5 5 0  lb  

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

T h e  S O 2 c o n t e n t  o f  t h e  I M B  h a l v e s  a l s o  a f f e c t e d  t h e  ‘f i r m n e s s ’ . I n  t h e  

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

w h e n  a b o u t  2 5 0 0  p . p . m .  S O 2 w a s  p r e s e n t  i n  t h e  I M B ;  i n  t h e  b l a n c h e d  p r o d u c t  

t h e  m e a s u r e d  i n c r e a s e  w a s  f r o m  4 5 0  ( n o  S O 2 )  t o  5 5 0  l b  ( 2 5 0 0  p . p . m .  S O 2 ) .  O n e  

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

t h e  S O 2  -  i n a c t i v a t i o n  o f  p e c t o l y t i c  e n z y m e s  ( a n d  t h e  c o n s e q u e n t  i n f l u e n c e  o n  

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

t r e a t m e n t ,  a s  i s  s h o w n  b e l o w .
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Heat trea tm ent (min)

Figure 2. Average rates o f water removal during dehydration of intermediate m ois
ture banana. O, Non-sulphited; A , dipped in SO 2 solution.

Dehydration rate

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

( R o t s t e i n  &  C o r n i s h ,  1 9 7 8 )  a n d  t h e  w a t e r - b i n d i n g  c a p a c i t y  o f  p l a n t  f i b r o u s  

m a t e r i a l s  ( M a t h e e  &  A p p l e d o r f ,  1 9 7 8 ) .  S u l p h u r  d i o x i d e  w a s  a l s o  f o u n d  t o  

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

( R a m i r e z - M a r t i n e z  et al., 1 9 7 7 ) .  T h e  e f f e c t  o f  h e a t  t r e a t m e n t  w a s  t h e r e f o r e  

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

( 1 0  m i n  i n  3 0 0 0  p . p . m .  S O 2  s o l u t i o n ) ;  t h e  r e s u l t s  a r e  s h o w n  i n  F i g .  2 .  T h e s e  

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

Figure 3. Effect of sulphur dioxide treatment on average rates of water removal 
during dehydration of intermediate moisture banana.
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l a t e d  f r o m  d i f f e r e n c e s  i n  w e i g h t  o f  t h e  d i f f e r e n t l y  t r e a t e d  s a m p l e s ,  a l l  d r i e d  

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

e n d  o f  t h e  d e h y d r a t i o n  p r o c e s s .  E v e n  i f  t h e r e  a r e  d i f f e r e n c e s  i n  t h e  ‘ r a t e s ’ i n  t h e  

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

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

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

t o  t h e  c o m b i n e d  e f f e c t s  o f  b l a n c h i n g  a n d  S O 2  o n  t h e  p e r m e a b i l i t y  o f  t h e  c e l l  

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

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

d i s a p p e a r  a f t e r  4  m i n  o f  h e a t  t r e a t m e n t ,  p o s s i b l y  d u e  t o  t h e  c o m p l e t e  d e s t r u c 

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

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

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

d e g r e e  o f  r i p e n e s s .

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

r e m o v a l  ( d e h y d r a t i o n )  o f  t h e  I M B ,  i s  p r e s e n t e d  i n  F i g .  3 .  S a m p l e s  o f  a b o u t  5  k g  

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

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

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

r e m o v e d  p e r  h o u r )  w a s  c a l c u l a t e d  a s  a b o v e . T h e  r e s u l t s  g i v e n  i n  F i g .  3  r e p r e s e n t  

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

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

i n  S O 2  s o l u t i o n  o f  u p  t o  2 0 0 0  p . p . m .  T h e  r a t e  i n  t h i s  c a s e  w a s  a b o u t  9 . 7 % / h .  

F u r t h e r  i n c r e a s e s  i n  t h e  S O 2 c o n c e n t r a t i o n  i n  t h e  d i p p i n g  s o l u t i o n  a f f e c t e d  t h e  

‘r a t e ’ , a n d  a t  5 0 0 0  p . p . m .  S O 2 i t  w a s c a  11  % / 'h .  N o  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  

r a t e  w e r e  o b s e r v e d  w h e n  i n c r e a s i n g  t h e  S O 2 c o n c e n t r a t i o n  f r o m  5 0 0 0  t o  6 5 0 0  

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

d i f f e r e n t  e x p e r i m e n t s ,  b u t  t h e  t r e n d  w a s  s i m i l a r  t o  t h a t  i n  F i g .  3 .  T h e  r e s u l t s  o f  

t h e s e  e x p e r i m e n t s  a l s o  i n d i c a t e  a n  i n f l u e n c e  o f  t h e  S O 2  t r e a t m e n t  o n  p h y s i c o 

c h e m i c a l  c h a n g e s  i n  t h e  w a t e r - b i n d i n g  c o m p o n e n t s  o f  t h e  I M B  t i s s u e  a n d / o r  o n  

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

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

Colour

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

e n z y m i c  o r i g i n  ( E m b s  &  M a r k a k i s ,  1 9 6 9 ;  M c W e e n y ,  K n o w l e s  &  H e a r n e ,

1 9 7 4 ) .  O n  t h e  o t h e r  h a n d ,  S O 2 c a u s e s  b l e a c h i n g  o f  a n t h o c y a n i n  p i g m e n t s  

( D e s r o s i e r ,  1 9 6 3 ) .  A s  b a n a n a s  a r e  k n o w n  f o r  t h e i r  f a s t  d a r k e n i n g  o f  d a m a g e d  

t i s s u e ,  t h e  e f f e c t  o f  S O 2 o n  t h e  I M B  c o l o u r  w a s  s t u d i e d .  B a n a n a  h a l v e s  w e r e  
d i p p e d  i n  a  3 0 0 0  p . p . m .  S O 2  s o l u t i o n  f o r  1 0  m i n  f o l l o w i n g  h e a t  t r e a t m e n t s  o f  u p  

t o  7  m i n .  d e h y d r a t e d  t o  a b o u t  3 0 %  m o i s t u r e ,  a n d  t h e  I M B  s t o r e d  f o r  6  w e e k s .  

T h e  i n f l u e n c e  o f  t h e  S O 2 a n d  t h e  h e a t  t r e a t m e n t  o n  t h e  r e s u l t i n g  c o l o u r  v a l u e s  is  

g i v e n  i n  F i g .  4 .
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Figure 4. Influence of heat and sulphur dioxide treatments on colour of intermediate 
moisture banana. A  SCh-treated; □  heat-treated only.

T h e  c o l o u r  ( L  b / ' a )  v a l u e s  o f  t h e  b l a n c h e d  p r o d u c t ,  w e r e  c o m p a r e d  w i t h  t h e  

s a m e  i n  n o n - b l a n c h e d .  T h e  L  b / 'a  v a l u e s  i n c r e a s e d  ( p r e v e n t i o n  o f  d a r k e n i n g )  

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

p h i t e d  I M B .  L o n g e r  b l a n c h i n g  ( 6 - 7  m i n )  c a u s e d  a  m a r k e d  d e c r e a s e  i n  t h e  L  b / 'a  

v a l u e s  ( f a s t e r  d a r k e n i n g ) .  T h e  p r e v e n t i o n  o f  d a r k e n i n g  a f t e r  b l a n c h i n g  a n d  S O 2 

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

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

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

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

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

n o n - e n z y m i c  b r o w n i n g  a n d / o r  a  d e c r e a s e d  a b i l i t y  f o r  r e t e n t i o n  a n d  r e a c t i o n  

w i t h  t h e  S O 2 , a t  l o w  S O 2 c o n c e n t r a t i o n  l e v e l  ( a b o u t  2 0 0  p . p . m .  i n  t h e  I M B  a t  t h e  

b e g i n n i n g  o f  s t o r a g e ) .

I n  c o n c l u s i o n ,  t h e  h e a t  a n d  S O 2  t r e a t m e n t s  o f  b a n a n a  f r u i t s  p r i o r  t o  d e h y d r a 

t i o n  h a v e  a  m a r k e d  e f f e c t  o n  t h e  c o l o u r  o f  t h e  I M B ,  a s  w e l l  a s  o n  i t s  t e x t u r e .  

S o m e  n e g a t i v e  e f f e c t s ,  s u c h  a s  t o u g h e n i n g  ( i n c r e a s e d  f i r m n e s s )  a n d  d a r k e n i n g ,  

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

Pectin esterase inactivation

A n o t h e r  n e g a t i v e  e f f e c t  o f  h e a t  a n d  S O 2  i s  t h e  a s t r i n g e n t  t a s t e  o b s e r v e d  i n  t h e  

I M B ,  h e a t - t r e a t e d  f o r  l o n g e r  t i m e s  a n d  a t  h i g h e r  S O 2  c o n c e n t r a t i o n s ,  a s  

r e p o r t e d  b y  R a m i r e z - M a r t i n e z  et al. ( 1 9 7 7 ) .  A d e q u a t e  b l a n c h i n g  is  g e n e r a l l y  

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

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

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

h a n d ,  S O 2 , w h i c h  i n h i b i t s  p o l y p h e n o l i c  e n z y m e s  s u c h  a s  P P O .  is  a p p a r e n t l y  n o t
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Table 1. Effect of SO 2 content on pectin esterase (PE) activity in intermedi
ate moisture banana halves*

Non heat-treated H eat-treatedt

SO 2 (p.p.m.) PE (pm ol/g min) SO 2 (p.p.m .) PE (pmol/'g min)

0 26.0 0 5.0
340 4.2 180 2.7
710 0.9 1020 0.9
960 2.7 1150 0.0

1810 3.5 1 700 0.0
2030 0.8
2620 2.0
2820 0.0

* Dehydrated to about 30%  moisture content. 
tFor 3 min in boiling water.

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

e f f e c t s  o f  b l a n c h i n g  a n d  S O 2  o n  t h e  I M B ,  a  d e c r e a s e  o f  P E  a c t i v i t y  w a s  o b s e r v e d  

i n  t h e  p r o d u c t ,  w i t h  i n c r e a s i n g  S O 2  c o n c e n t r a t i o n  ( T a b l e  1 ) .

T h e  b a n a n a  h a l v e s  w e r e  p r e p a r e d ,  b l a n c h e d ,  S C h - t r e a t e d ,  d e h y d r a t e d  t o  

a b o u t  3 0 - 3 3 %  m o i s t u r e ,  a n d  s t o r e d  f o r  6  w e e k s ,  b e f o r e  t h e  P E  a c t i v i t y  i n  t h e  

r e s u l t i n g  I M B  w a s  m e a s u r e d .  T h e  r e s u l t s  g i v e n  i n  T a b l e  1 r e p r e s e n t  t h e  

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

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

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

a n d  d i f f e r i n g  c o n c e n t r a t i o n s  o f  S O 2 p r e s e n t  i n  t h e  I M B ,  a f t e r  s i m i l a r  t r e a t 

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

A  m a r k e d  d e c r e a s e  i n  P E  a c t i v i t y  w a s  o b s e r v e d  i n  b o t h  t h e  b l a n c h e d  a n d  

n o n - b l a n c h e d  p r o d u c t s ,  w i t h  i n c r e a s i n g  S O 2 c o n c e n t r a t i o n  i n  t h e  d i f f e r e n t  

s a m p l e s .  T h e  P E  a c t i v i t y  i n  t h e  u n s u l p h i t e d ,  n o n  h e a t - t r e a t e d  I M B  w a s  2 6  

( x m o l / g  m i n ,  w h i l e  a t  a b o u t  2 8 0 0  p . p . m .  S O 2 t h e  P E  w a s  c o m p l e t e l y  i n h i b i t e d .  

A f t e r  t h e  b l a n c h i n g ,  t h e  P E  a c t i v i t y  in  t h e  u n s u l p h i t e d  I M B  w a s  a b o u t  5  p , m o l / g  

m i n .  T h e  e n z y m e  w a s  c o m p l e t e l y  i n h i b i t e d  a t  a b o u t  1 1 5 0  p . p . m .  S O 2 i n  t h e  

I M B .  T h e  v a r i a t i o n s  o b s e r v e d  in  t h e  s a m p l e s  w i t h  i n t e r m e d i a t e  c o n c e n t r a t i o n  

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

i n i t i a l  P E  a c t i v i t y  i n  t h e  f r e s h  b a n a n a s .  B l a n c h i n g  o f  4 . 5 - 5  m i n  c o m p l e t e l y  

i n a c t i v a t e d  t h e  P E .

A s  m e n t i o n e d  in  t h e  ‘ I n t r o d u c t i o n ’ , n o  r e p o r t s  w e r e  f o u n d  i n  t h e  l i t e r a t u r e  

t h a t  S O 2 i n h i b i t s  p e c t o l y t i c  e n z y m e s .  O n  t h e  o t h e r  h a n d ,  N e g o r o  ( 1 9 7 2 )  r e p o r t s  

t h a t  b o t h  P E  a n d  p o l y g a l a c t u r o n a s e  ( P G )  i n  a p p l e s ,  w e r e  i n h i b i t e d  b y  t a n n i n 

l i k e  p o l y p h e n o l s .  R a m i r e z - M a r t i n e z e / a / .  ( 1 9 7 7 )  f o u n d  t h a t  t h e r e  i s  a n  i n c r e a s e  

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

e n c y  i n  I M B ,  a f t e r  h e a t  a n d  S O 2  t r e a t m e n t s .  I t  i s  t h e r e f o r e  p r e s u m e d  t h a t ,  h e a t
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a n d  S O z  c a u s e d  a n  i n c r e a s e  i n  t a n n i n - l i k e  p o l y p h e n o l s  i n  t h e  I M B ,  w i t h  a  

c o n s e q u e n t  P E  i n a c t i v a t i o n ,  c a u s e d  b y  t h e  s a m e  p o l y p h e n o l i c  c o m p o u n d s .  A  

c o r r e l a t i o n  b e t w e e n  t h e  i n c r e a s e  i n  p o l y p h e n o l s ’ a v a i l a b i l i t y  i n  t h e  I M B  ( a f t e r  

h e a t  a n d  S O 2  t r e a t m e n t s ) ,  a n d  t h e  d e g r e e  o f  i n a c t i v a t i o n  o f  b o t h  P E  a n d  P G  i n  

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

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

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

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

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

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

E a c h  c h a p t e r  c o n t a i n s  u p  t o  a  h u n d r e d  u p - t o - d a t e  r e f e r e n c e s .  M a n y  o f  t h e s e  

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

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

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

l a b e l l e d  d i a g r a m s  a n d  f i g u r e s .  S i x  m a j o r  a r e a s  a r e  d i s c u s s e d :  n u t r i t i o n  c a r e ;  

o v e r -  a n d  u n d e r - n u t r i t i o n ;  n u t r i t i o n  a n d  s t r e s s ;  g a s t r o i n t e s t i n a l  d i s o r d e r s ;  

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

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

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

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

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

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

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

f o r  e a c h  t y p e .

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

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

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

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

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

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

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

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

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

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

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

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

i n c l i n e d  s c i e n t i s t .
Ann F. Walker
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S h i n n .

W e s t p o r t ,  C o n n e c t i c u t :  A v i  P u b l i s h i n g  C o .  I n c . ,  1 9 7 9 .  P p .  x  +  4 0 6 .  I S B N  0  

8 7 0 5 5  2 5 7  0 .  U S  $ 2 2 . 0 0 .

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

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

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

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

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

T h e  f i r s t  c h a p t e r  i s  c o n c e r n e d  w i t h  t h e  ‘ D e v e l o p m e n t  o f  t h e  C a n n i n g  I n d u s 

t r y ’ : t h e  e m p h a s i s  h e r e  a n d  t h r o u g h o u t  t h e  b o o k  i s  o n  t h e  A m e r i c a n  i n d u s t r y .

T h e  s e c o n d  c h a p t e r  b y  P f l u g  &  E s s e l e n ,  e n t i t l e d  ‘ H e a t  S t e r i l i z a t i o n  o f  C a n 

n e d  F o o d ’ , i s  a  r e v i s e d  a n d  u p d a t e d  v e r s i o n  o f  t h e i r  e x c e l l e n t  c h a p t e r ,  f i r s t  

p u b l i s h e d  i n  Food Processing Operations. T h i s  i s  o n e  o f  t h e  c l e a r e s t  w r i t t e n  

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

C h a p t e r s  3 ,  4  a n d  5  d e a l  r e s p e c t i v e l y  w i t h  r i g i d  m e t a l  c o n t a i n e r s ,  g l a s s  

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

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

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

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

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

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

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

o m i t t e d .  C h a p t e r s  7  t o  1 2  d e a l  w i t h  c a n n i n g  p r o c e d u r e s  f o r  f r u i t s ,  v e g e t a b l e s ,  

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

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

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

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

j u i c e .

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

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

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

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

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

w a r r a n t  t h e i r  o w n  c o d e  o f  p r a c t i c e  i n  G r e a t  B r i t a i n .

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

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

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

m e n t  ( c a l l e d  H T S T  s t e r i l i z e d  p r o d u c t s  i n  t h e  t e x t )  a n d  a s e p t i c  p a c k a g i n g  o f  

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

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

h a b i t s .

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

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

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

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

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

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

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

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

g i v e n .

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

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

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

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

c a n n e d  p u d d i n g  i n  A m e r i c a .  T h e r e  is  a n  i n t e r e s t i n g  S t a t e  b y  S t a t e  g u i d e  t o  t h e  

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

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

b e  o f  i n t e r e s t  t o  c o m p a r e  t h e s e  d a t a  w i t h  t h e  d a t a  c o n t a i n e d  i n  t h e  Composition 
o f Foods Tables ( H M S O ) .

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

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

N e v e r t h e l e s s  i n  s o m e  c h a p t e r s  m a s s e s  a r e  r e c o r d e d  i n  k i l o g r a m s  ( k g )  a n d  

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

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

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

a c c o u n t  o f  t h e  a c t i v i t i e s  o f  t h e  A m e r i c a n  c a n n i n g  i n d u s t r y .
M. J. Lewis

Food-borne Micro-organisms of Public Health Significance. ( 2  V o l s ) ,  3 r d  

e d n .  E d .  b y  K .  A .  B u c k l e ,  G .  R .  D a v e y ,  M .  J .  E y l e s .  G .  H .  F l e e t  a n d  W .  G .  

M u r r e l l .
N . S . W .  B r a n c h  F o o d  M i c r o b i o l o g y  G r o u p  o f  t h e  A u s t r a l i a n  I n s t i t u t e  o f  F o o d  

S c i e n c e  a n d  T e c h n o l o g y ,  C S I R O  D i v i s i o n  o f  F o o d  R e s e a r c h ,  a n d  t h e  S c h o o l  o f  

F o o d  T e c h n o l o g y  o f  t h e  U n i v e r s i t y  o f  N e w  S o u t h  W a l e s .  P u b l i s h e d  b y  t h e  

U n i v e r s i t y  o f  N S W ,  1 9 7 9  P p .  x x i i  +  5 2 1 .  I S B N  0  9 5 9 7 4 4 1  4  2 .  A u s t .  $ 3 2  i n c l .  

p o s t a g e .

T h i s  is  t h e  3 r d  e d i t i o n  o f  a  p u b l i c a t i o n  d e s i g n e d  t o  s u p p o r t  a n  i n t e n s i v e  l a b o r a 

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

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

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

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

k n o w n  a n d  u s e d  i n  t h e  U . K .  a n d ,  n o  d o u b t ,  i n  o t h e r  c o u n t r i e s  t o  s u p p o r t  t a u g h t



courses in food m icrobiology. (The 2nd edition was reviewed in Journal o f  Food 
Technology, 1 3 , 155.)

V olum e 1 discusses m icrobiological criteria for food, the microbial ecology of 
foods, and the m icrobiological and statistical aspects of quality control and 
sampling. It then provides short monographs on the m ost important groups of 
organisms to have public health implications when present in foods. The cover
age provided here is very variable, although reflecting the priorities com m only  
found in current industrial practice. For exam ple, Salmonella is covered by 
three monographs, whereas only one short section is devoted to viruses and one 
section to m ycotoxins and toxigenic fungi.

V olum e 2 covers the procedures and techniques for sampling, for exam ina
tion for specific organisms, for exam ination o f specific products, and recipes for 
m edia and reagents.

There are a number of substantial changes in this edition. Some o f these  
result from the publication, in the intervening period, o f the 2nd edition of 
V olum e 1 of the ICM SF book Micro-organisms in Foods, and from d evelop 
m ents in Codex Alimentarius and in the work o f the Council o f Australian Food  
T echnology A ssociations. A lso  many of the developm ents in m ethodology  
which have occurred since 1976 are discussed. Just two exam ples are the 
excellent 17-page chapter on serology and the fluorescent antibody technique 
as applied to Salmonella, and in the chapter on staphylococcal enterotoxin  
there is additional inform ation on the characteristics of the enterotoxins and on 
the radioim m unoassay technique.

Som e of the changes in epidem iology and in epidem iological thinking have 
been included. For exam ple there is a small section on infant botulism and its 
possible implication in the sudden infant death syndrom e, and a discussion of 
the possibilities of gastro-enteritis being caused by ingestion of small numbers 
of Salmonella. O ne notable om ission is of Campylobacter. Until m icrobiolo
gists in other countries start exam ining foods, and faecal specim ens from victims 
of gastroenteritis, for the presence of these bacteria, it will not be known 
whether the apparent prevalence o f Campylobacter is a phenom enon peculiar 
to the U .K . —  one suspects that it is not.

In V olum e 2, there have been added 14 pages on ‘Examination of specific 
products’ -  a section which was left em pty in the previous edition.

There are very few printing errors. One or two have persisted from the 2nd 
edition, e.g ., ‘the normal intestinal flora also effects the susceptibility to infec
tion’ (my italics). O ne new error captured my imagination when it was stated  
that pyrolysis g.c. is ‘potentially an interesting m ethod of finger painting  
m icro-organism s’! A  few  idiosyncratic item s appear. For exam ple the book  
perpetuates the myth that to detect staphylococcal enterotoxin by the m icro
slide technique it is necessary to prepare a tem plate with holes 1.587 mm in 
diam eter -  a feat worthy o f N A SA ! A lso  it is a pity that the M PN tables give 
M ost Probable Num bers for sets o f positive results such as 0 ,0 ,2; 0 ,3 ,0; and
1,0,3 without indicating the improbability o f such com binations.

O ne useful change has been the insertion o f the diagrams into the appropriate
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position in the text (in the previous edition they were com m only placed at the 
end o f each chapter). A  disappointm ent is that continuous page num bering and 
an index have still not been provided.

To sum up, the books, and especially V olum e 1, provide a valuable addition  
to institutional libraries, particularly those catering for the needs o f degree  
courses in food  science and food  technology.

W. F. Harrigan

Cold Tolerant Microbes in Spoilage and the Environment. Ed. by A . D.
Russell and R. Fuller.
(Society for A pplied  B acteriology Technical Series N o. 13). London: 
Academ ic Press, 1979. Pp. xii +  169. ISBN  0 12 6 0 3 7 5 0  7. £9 .80 .

This volum e, described in the preface as comprising contributions from experts 
on ‘psychrotrophic’ bacteria resulting from the dem onstrations made at the 
Autum n 1977 m eeting o f the S .A .B ., provides an excellent overview  o f this 
group o f bacteria. The importance o f these bacteria with respect to the main 
food com m odities, i.e ., vacuum -packed b eef (D ainty et al.), poultry (Barnes et 
al.), fish (Shewan & Murray) and milk (Law et al.) is com prehensively covered  
with extensive and valuable bibliographies pertaining to each subject. H ow 
ever, the absence of any consideration o f low tem perature spoilage in the 
important context o f chill distribution o f prepared and convenience foods and 
in the wider areas o f red m eat and m eat product technology detracts slightly 
from the excellence o f this book.

A lthough it was probably a reflection o f the desire to provide a balanced  
broad treatm ent o f the subject, the inclusion o f the contribution by Morris 
relating to the response o f algae to freezing without any consideration o f the 
important effects o f freezing and thawing on psychrophilic or psychrotrophic 
bacteria them selves seem s illogical and incom plete. In addition the inclusion of 
the, albeit interesting, contribution on an inflatable anaerobic glove bag by 
Leftley & Vance seem s inappropriate to the general them e o f the book.

The importance o f the spoilage effects o f heat-resistant exo-enzym es pro
duced by bacteria growing at low tem peratures in milk is well described by Law  
et al., while the suppression of psychrophiles in milk by lactoperoxidase is 
described in detail by R eiter & Marshall.

L ee’s contribution on that most important spoilage psychrotroph  
Alteromonas (Pseudomonas) putrefaciens is concisely but com prehensively  
presented and a classical treatm ent o f the heat resistance of cold-tolerant spores 
is given by M ichels. The construction and application o f tem perature gradient 
incubators by Baker & Orr is o f appreciable technical interest but did not 
em phasize aspects relative to low  tem perature growth. The contribution by 
W ynn-W illiam s on Antarctic Terrestrial M icrobiology is a useful reference text 
for this little known area o f study.
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W hile the book title carefully avoids the etym ological problem of the terms 
‘psychrophile’ and ‘psychrotroph’, H erbert and B hakoo restrict their review  
mainly to ‘true psychrophiles’ while Shewan and Murray seek to distinguish the 
two groups so far as isolates from fish are concerned. R elevant bacteria in a 
dairy context are defined by Law et al., as ‘psychrotrophs’ while Barnes et al., 
regard the terms ‘psychrophile’ and ‘psychrotroph’ as synonym ous for isolates 
from poultry carcasses.

Perhaps it is time that bacteriologists, or even m icrobiologists, in the various 
fields o f study should finally make up their minds about these definitions in 
terms of the genera and species to which they apply.

J. Scholefield

Aquaculture and Algae Culture: Processes and Products. By A . Shaw  
W atson.
Park R idge, N ew  Jersey: N oyes Data Corporation, 1979. Pp. 310 U S $32 .00 .

This book is really a list o f U .S . patented inventions for use in the business of  
aquaculture. In a broadly philosophical introduction many of the old platitudes 
about the social desirability of fish farming are given yet another airing but 
som e caution is expressed in the view  that aquaculture must be cost-effective. 
N evertheless, the claim that by the year 2000  ‘world aquaculture production  
may reach 50 million metric tons’ seem s over-optim istic.

Following the introduction, a series of function orientated chapters present a 
varied mixture o f technology past, present and future. Under ‘Types of Pro
ducts’, the cultivation o f a whole range o f fish, shellfish and plants is briefly but 
not authoritatively described. Som e patented inventions are m entioned for 
salm on culture but the core o f the book is the extensive list o f patented  
processes and devices included in the next chapter called ‘Steps in Aquaculture  
Production Processes’.

This chapter o f almost 160 pages is broken down into sub-sections such as 
‘Seeding’, which deals with hatchery problem s and the placem ent of juvenile 
fish in natural waters, ‘G enetics and Selective Breeding’, ‘Controlling D iseases  
and Predators’ and sundry other identifiable parts o f fish farming practice. 
Basically, each part com prises a brief statem ent of problem s and perspectives 
follow ed by a list o f patented procedures. Som e topics, such as genetics, seem  ill 
supplied with inventions whilst others, such as crustacean hatchery equipm ent, 
are over-endow ed with a variety o f devices or processes which seem  to reflect 
an attitude rem iniscent o f the early years o f the industrial revolution. The 
diagrams are slightly quaint and also seem  to be from an earlier age. Perhaps 
fish farming still is in an early exploratory stage but one cannot avoid the feeling  
that most o f the patents involve over-sophistication or undue com plication and 
are not, in fact, part o f anyone’s plans for fish farming. The text is alm ost totally  
deficient in the description o f practical applications o f the contrivances under
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patent. Som e inventions com pletely stretch one’s credulity: an ‘Artificial 
Habitat for the Growth and Study o f D eep  Sea Marine Organisms’ and a 
‘Vertical Fish Rearing Tank Design with Provision for Fish Rem oval at Various 
Levels’ are good exam ples o f fantasy.

A  chapter on ‘ Production Techniques for Fish’ dwells largely on closed circuit 
culture with several system s described in great detail. N one o f it looks convinc
ing in a practical sense and once again there is no evidence that water recycling 
system s are em ployed anywhere. The chapter concludes with a few words on 
polyculture and ocean ranching. N o invention here but then these are simple 
aspects o f fish farming which are already successfully pursued.

The last major chapter is on ‘A lgae Production and Processes and Products’. 
Again, much inventiveness and imagination is apparent but little pragmatism. 
The feeling persists that the value o f aquatic algae is not com m ensurate with the 
grand industrial design for producing it. Single cell protein system s seem  to have 
inspired the algae system  inventors but while the former seem  able to thrive on 
organic energy sources the algae seem  forever dependent on sunshine or som e 
artificial equivalent.

Two short chapters on ‘Econom ics of Aquaculture’ and ‘Legal and Regula
tory A spects o f Aquaculture’ com plete the book. These are too general to be a 
source for reference. They are also based on practice ir. the U .S .A . and there
fore have little overall value for fish farmers.

In general the book is a good insight into the ingenuity o f man. It m akes 
fascinating reading but will not generate much in the form o f fish farm output.

C. Purdom

Human Nutrition and Dietetics, 7th edition. By S. D avidson, R. Passmore, 
J. F. Brock and A . S. Truswell.
Edinburgh: Churchill Livingstone, 1979. Pp. x +  641. ISBN  0443 01765  4 
(hard covers) 0443  0 1 7 6 4  6 (lim p). £ 1 4 .0 0 , limp.

Five years ago the 6 th edition o f this internationally renowned textbook  
appeared. The review o f that edition which appeared in Journal o f  Food 
Technology ( 10 , 699) considered that the book ‘maintains its justifiable reputa
tion as a reliable source o f basic information and is in a class o f its own’. The 
preface to the 7th edition outlines the nature o f the major revisions which have 
been m ade. There are stated to be three new chapters on ‘Fuels o f the T issues’ 
(Chapter 8 ) , ‘Food Processing’ (Chapter 22), and ‘Consum er Protection’ 
(Chapter 26), although it must be observed that the appearance o f the first two 
of these results primarily from a rearrangement o f topics. There is also a short 
but useful chapter added on ‘Comm unity Nutrition’ (Chapter 53). Many 
changes and additions to the text have been made, with a large number of 
references to work published since the appearance o f the previous edition.

The casual observer might suppose that the present edition contains less
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material than the previous edition o f 756 pages of approxim ately the same page 
size. H owever, the typeface and typesetting is more econom ical on space and I 
estim ate that the text o f the book has in fact been increased by approxim ately 
10% . In spite o f this, I found the typeface and presentation o f the 7th edition  
more attractive and easier to read than its predecessor.

This review can m ention only a few o f the many additions and m odifications 
to the text of the new edition. A m ongst the new and updated material is 
information and references on available and unavailable carbohydrates, and 
the recent work on chem ical m easurem ent techniques for dietary fibre and on 
the physiological effects o f dietary fibre -  including the possible role o f the 
pentosans found in wheat bran. Chapters 8 and 9 (Energy Balance) include new  
material on, for exam ple, A T P generation and energetics. In Chapters 11 to 14 
there is updating o f the inform ation on zinc, chromium, manganese and 
selenium ; vitamins D , E and K; vitamins C and B ,2 and folic acid. Chapter 15 on 
‘Dietary Standards’ presents the W H O  (1 9 7 4 ) as well as the U .S. N A S -N R C
(1 9 7 4 ) R D Is, and there is a better discussion o f these R D Is.

I found it rather strange that more space was devoted in Chapter 20 to 
descriptions o f the different types o f alcoholic beverages manufactured than 
was given in Chapter 19 to the range o f fish and fish products consum ed around 
the world. Chapter 24 on 'Bacterial Food Poisoning’ has been substantially 
rewritten. H ow ever, the statem ent that Bacillus cereus ‘infection (sic) occurs 
usually in those who eat in Chinese restaurants’ is inaccurate unless related  
specifically to the reported incidents in the U .K . In Central and Eastern Europe
B. cereus food poisoning is more likely to be found associated with the con
sumption o f the goulash-type o f meat dishes.

The Chapter on ‘Food Toxicity’ has been rearranged and much improved, 
although a reference or two to appropriate monographs on m ycotoxins would  
be helpful to interested readers. The new chapter on ‘Consum er Protection’ 
gives a good short account o f the food law in the U .K ., E .E .C . and U .S .A ., but 
international standards and specifications such as those o f Codex Alimentarius 
get perhaps too brief a m ention.

In the sections on nutritional diseases there has been addition and m odifica
tion to, inter alia, anorexia nervosa, protein-energy malnutrition, beriberi and 
gastro-intestinal diseases.

These are but som e exam ples o f the changes to be found in this edition. A s  
always, any reader is likely to find many interesting and surprising items. For 
exam ple, the reviewer learnt that eating raw ferm ented fish (which contains 
thiam inase) may lead to a serious reduction in the thiamin in the diet in many 
A sian countries; and in another chapter that the food  dye tartrazine (used in 
orange fruit squashes and drinks) may cause urticaria and asthma.

Suggestions for the next, 8 th, edition could include an expansion o f the 
section on fish and fish products, and also it would be most w elcom e if the next 
edition could give the sam e extensive treatm ent to the cooking and food  
preparation o f cereal grains and staples other than wheat as is accorded w heat in 
this edition.
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O ne major im provem ent in the layout of the book has been the insertion of 
the photographs in the text pages as appropriate, instead o f their being pre
sented as a block of plate inserts. There are a few  typographical, spelling and 
grammatical errors, most o f which occur in the sentences and sections new to 
this edition. W hen these are unam biguous spelling errors or simple grammatical 
errors little harm is done. More care should be taken however that errors in 
syntax do not lead to m isleading statem ents. For exam ple, the om ission o f two 
com m as from page 70 results in the statem ent that ‘Proteins like starch are 
rapidly digested in the duodenum  . . . ’ . This would have been better expressed  
as ‘Like starch, proteins are rapidly digested in the duodenum  . . . ’ .

Summing up, this is a book that is attractively presented and easy to read 
(although the soft back version was already showing bad signs o f wear by the 
time I had finished reading it for the purpose o f this review). It remains an 
excellent reference work for use by food  scientists and technologists as well as 
nutritionists, dieticians and others in m edically-oriented occupations. It is so 
readable that it will perform excellently as a student text. A  book thoroughly to 
be recom m ended for the personal library of everybody interested in the nutri
tional aspects o f food.

W. F. Harrigan
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