
M l



J O U R N A L  O F  F O O D  T E C H N O L O G Y  
I n s t i t u t e  o f  F o o d  S c ie n c e  a n d  T e c h n o lo g y  (U .K .)

Editor
H .  L I E B M A N N

E . C . B A T E - S M I T H
Associate Editors

G . H .  O .  B U R G E S S J .  G . D A V I S
D . P E A R S O N H . S . Y O U N G

Publications Committee
D . A . H E R B E R T  ( C h a i r m a n )  
P . W I X  iS e c r e ta r v )
A . S . A L I S O N
R .  H A R P E R
S . D .  H O L D S  W O R T H

J .  F .  H E A R N E  ( V ic e - C h a i r m a n )
J U D I T H  V .  R U S S O  ( E d i t o r  o f  t h e  P r o c e e d in g s )

S . M .  H E R S C H D O E R F E R  B E T T Y  C . H O B B S
H .  T A S P E R S O N  
P .  S H E R M A N

A . E . B E N D E R

T .  L . P A R K I N S O N

W . B . C H A P M A N

Contributions and editorial correspondence should be sent to Dr H. Liebmann, 
c/o Research and Development Department, Metal Box Ltd, Twyford Abbey 
Road, London NW10 7XQ.
General correspondence should be sent to Dr P. Wix, Polytechnic of the South 
Bank, Borough Road, London S.E.l and items for the Proceedings to Mrs J. V. 
Russo, 2 Hexham Gardens, Isleworth, Middlesex TW7 5JR.
Objects o f the Journal. The Journal covers a wide field ranging from pure research 
in the various sciences associated with food to practical experiments designed to 
improve technical processes. While the main object is to provide a forum for papers 
describing the results of original research, review articles are also included. The 
Editor welcomes papers from food scientists and technologists. These must be of a 
high standard of original research or comprehensive reviews of specialized sections 
of food science or technology.
Business m atters, including corresoondence and remittances relating to subscrip
tions, back numbers, advertising and offprints, should be sent to the publishers: 
Blackwell Scientific Publications Ltd, Osney Mead, Oxford 0X 2 GEL.
The Journal o f Food Technology is published bimonthly, each issue consisting of 
90—120 pages; six issues form one volume. The annual subscription is £30.00 (U.K. 
and Overseas), $105.00 (N. America) post free. Back volumes are still available.
The Institute o f Food Science and Technology o f the United Kingdom was
established in 1964. It is a professional qualifying organization having the following 
graces of membership; Fellows, Associates, Licentiates and Students. Application 
forms and information about the Institute can be obtained from the Honorary Secretary, 
Mr N. D. Cowell, National College of Food Technology, St George’s Avenue, Weybridge, 
Surrey.



J. Fd Technol. (1976) 11, 433-148.

F l a v o n o l s  a n d  f l a v o n e s  i n  f o o d  p l a n t s :  a  r e v i e w t

K. H E R R M A N N *

Summary
In this review the qualitative and quantitative occurrence of flavonols and 
flavones, particularly in fruit and vegetables, are considered. They occur 
practically in all plants. Their formation normally depends on light so that 
they are mainly concentrated in the outer tissues. The concentration of 
flavonols in free standing leaves exceeds that in other parts of the same plant 
considerably, except in onions.

Flavonols act as antioxidants and protect the ascorbic acid from auto
oxidation, for example in fruit juices. On the other hand, flavonols can lead to 
discolourations. Beneficial effects on the human organism have also been 
described.

Introduction
Flavonoids (Harborne, Mabry & Mabry, 1975) which have the common skeleton of 
diphenylpropanes (C6C3C6) are of widespread occurrence in plants. They consist 
mainly of the monomeric flavanols (catechins, leucoanthocyanidins), proan thocyanidins, 
anthocyanidins, flavones and flavonols, flavanones and chalcones. Isoflavonoids, 
biflavonoids and neoflavanoids are known also. Together with hydroxycinnamic acid 
compounds (Herrmann, 1967), which have the basic structure of phenylpropane 
(C6C3) and which are closely related to the flavonoids, flavones and flavonols can be 
found in almost every plant, particularly in the leaves and petals. In plants flavonols 
occur more frequently than flavones.

Chemical structure and general occurrence
Flavonols can be regarded as 3-hydroxyflavones and flavones, conversely, as 3-deoxy- 
flavonols. Individual differences arise from the number and distribution of the hydroxyl 
groups as well as from the nature and extent of alkylation and/or glycosylation of these 
groups. In common with other flavonoids, the flavones and flavonols most frequently 
found in plants are those with B-ring hydroxylation in the 3'- and 4'-positions, followed
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by those with a hydroxyl group in the 4'-position only. Quercetin and kaempferol are 
typical flavonols of this type.

OH

Fig. 1. Flavonols X=OH. Kaempferol: R i  = H, R 2 = H; Quercetin: R i  = OH, R 2 = H; 
Myricetin: R ,  = OH, R 2 = OH; Isorhamnetin: R 1 = OCH3, R 2 = H. Flavones X=FI. 
Apigenin: R j  = H, R 2 = H; Luteolin: R i  = OH, R 2 = H; Tricin: R 1 = OCFl3,
R2 = OCH3; Chrysoeriol: R1 = OCH3, R2 = H.

The anthocyanidins which produce the blue and red colourations of berry fruits, 
cherries and plums, egg plants, red cabbage and radishes (review: Herrmann, 1972) as 
well as the mainly weakly coloured yellow flavones and flavonols occur in living cells 
almost exclusively as glycosides, and mainly as O-glycosides.

The preferred bonding site o f the sugar radical to the flavonols is the 3-position, much  
less frequently the 7-position, and only in rare cases the 4'-, 3'-, or 5-positions. In the 
case of diglycosides, 3-o-biosides and 3,7-di-o-glycosides occur most frequently. Flavones 
occur mainly as 7-o-glycosides, other glycosides occur only rarely. D-Glucose is the most 
frequent sugar residue but D-galactose, L-rhamnose, L-arabinose, D-xylose, D-apiose are 
found also, as well as D-glucuronic acid and, in rare cases, D-galacturonic acid. In general, 
the sugars o f the D-series are bound /7-glycosidically while those o f the L-series have the 
alpha configuration.

Acylation occurs with hydroxycinnamic and hydroxybenzoic acids, as well as with 
benzoic, malonic, acetic and other acids. In these cases the acids are esterified with the 
sugars and are not attached to phenolic hydroxyl groups. However, flavon(ol) sulphates 
are known also in which one or more phenolic hydroxyl groups have been esterified with 
potassium hydrogen sulphate. In general, mono- and diglycosides are prevalent but it 
seems that triglycosides are also fairly widespread although their structures have been 
elucidated only in rare cases.

The formation of flavone and flavonol glycosides depends normally on the action of 
light (see Siegelman, 1964, 1969; Mohr, 1969), so that in general the highest con
centrations of these compounds occur in leaves while only traces are found in parts of 
the plants below the soil surface. The common onion is, however, a well-known excep
tion. The concentrations in leaves can vary considerably.

Flavones and flavonols do not contribute markedly to the colouration of the plant 
except where they occur in very high concentration, as in the skins of onions, or when 
they are complexed with metal. Flavonols which make an essential contribution to the 
yellow colour of a flower differ from the usual hydroxylation pattern by an additional 
hydroxyl group attached to the nucleus at the 6- or 8-position.
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C-Glycosyl compounds which carry a sugar residue attached direcdy to an aromatic 

carbon atom are also known. Such compounds occur predominately in the leaves of 
various cereal crops as derivatives of apigenin and luteolin. In citrus fruits flavanones 
prevail, particularly rutinosides, which show no flavour, and the very strongly bitter
tasting neohesperidosides of naringenin, isosakuranetin, eriodictyol and hesperetin 
(Kefford & Chandler, 1970). Some very highly methoxylated flavones have been found 
also in the oil bearing cells of the peels which so far have not been found in other plants.

Fruits of the Rosaceae contain, besides catechins and their oligomers (proantho- 
cyanidins) mainly glycosides of quercetin. Quercetin glycosides also predominate in 
vegetables or in the leaves of various vegetables. Frequently glycosides of kaempferol, 
luteolin and apigenin are also present.

Tea contains quercetin and kaempferol glycosides in concentrations exceeding 1% 
of its dry matter (Bokuchava & Skobeleva, 1969). Tobacco contains approximately 1% 
of rutin (quercetin-3-rutinoside) which plays a role in the formation of the brown 
pigments during the preparation of tobacco leaves (see Stedman, 1968). In hops we 
found approximately 700 mg/kg of quercetin and approximately 550 mg/kg of kaemp
ferol (Herrmann & Mosel, 1973) which occur in the form of glycosides.

The concentrations of flavones and flavonols, like those of all secondary plant 
metabolites, vary within certain limits, and are dependent on a number of factors such 
as growing conditions, degree of ripeness, size of the fruit and variety.

Procedures for the isolation and identification of flavone and flavonol glycosides have 
been described in the books by Harborne et al. (1975) and Mabry, Markham & Thomas
(1970). The addition of alkaline or complex forming reagents to flavonoid solutions 
causes shifts in UV absorption maxima from which it is possible to draw conclusions 
regarding the position and substitution of hydroxyl groups.

For the determination of flavones and flavonols measurement of absorbance in the 
UV region can be used. It is usually necessary to purify the plant extract by chromato
graphy. In the method described by Wildanger & Herrmann (1973a,b) polyamide 
columns are employed, the eluated glycosides are hydrolysed, the aglycones are 
separated by thin layer chromatography on cellulose plates, and are determined 
spectrophotometrically. In  view of the known resistance of some o-glycosides to acid- 
catalyzed hydrolysis (Harborne, 1965), enzyme-catalyzed hydrolyses were also per
formed.
Fruit

Fruit varieties which are cultivated or grow wild in Central and Northern Europe 
contain almost exclusively flavonol glycosides, mainly of quercetin (Table 1). Kaemp
ferol is also found frequently in smaller quantities. Isorhamnetin occurs mainly in pears 
and sea buckthorn berries. Myricetin is found in blackcurrants, black grapes, cultivated 
bilberries and cranberries. Flavones have only been detected rarely and in trace 
quantities.

rmnnp
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T a b l e  1. Kaempferol and quercetin glycoside contents of stone and berry fruits, estimated and calculated
as mg of aglycon per kg of fresh weight*

Species Variety Year of 
picking

Kaempferol 
mg/kg 

fresh weight
Quercetin 

mg/kg 
fresh weight

Sweet cherry Büttners rote Knorpelkirsche 1971 6 6
Badocsoner Riesen 1974 0 24
Teickners schwarze Herz 1974 0 9

Sour cherry Schattenmorelle 1971 17 80
Schattenmorelle 1974 5 23

Plum The Czar 1974 2 15
Wangenheims Frühzwetsche 1971 2 3
Mirabelle von Nancy 1971 <0-1 <0-1

Peach Red Haven 1971 0 0
Mangipane 1971 <0-01 <0-01
Früher Alexander 1971 2 4

Apricot — 1971 2 53
Raspberry Schönemann 1971 <0-1 29
Blackberry Theodor Reimers 1971 14 33
Black currant Rosenthals langtraubige Schwarze 1971 <0-1 33

Rosenthals langtraubige Schwarze 1974 6 33
Silvergieters Schwarze 1973 10 68
Silvergieters Schwarze 1974 10 41

Red currant — 1971 2 27
Rote Heros 1974 0-1 2
Heinemanns rote Spätlese 1974 2 11

White currant — 1971 2 28
Weiße Versailler 1974 1 7
Weiße aus Jüterbog 1974 0-2 3

Gooseberry Weiße Triumph 1971 <0-1 <0-1
Rote Triumph 1971 0 <0-1

Bilberry, wild — 1971 0 32
Bilberry, cultivated Clon 908 1973 6 160

Heerma I 1974 0 105
Heerma II 1974 0 159

Elderberry — 1973 0 237
— 1974 0 105

* Wildanger & Herrmann, 1973b; Starke & Herrmann, 1976b.

All varieties of fruits of the Rosaceae family investigated by us as well as various 
currants, gooseberries and grapes contain isoquercitrin (quercetin-3-glucoside). The 
data presented in Table 2 relate only to compounds whose occurrence has been estab
lished unequivocally (see also Herrmann, 1970).
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T a b l e  2. F lav o n o l g lycosides o f  c o m m o n  fru its  a n d  v eg e tab les

4 3 7

F ru i t  o r  v e g e ta b le  F lav o n o l glycosides R e fe ren ce

A p p le Q u e rc e tin  g lycosides, e .g . Q u -3 -g lu co s id e , Q u -3 -  
g a la c to s id e , Q u -3 -rh a m n o s id e

P e a r Q u -3 -g lu co sid e , I so rh am n e tin -3 -g lu co s id e ,
Iso rh am n e tin -3 -rh a m n o sy lg lu co s id e , Iso rh a m n e tin -  
3 -rh am n o sy lg a lac to s id e

N o rtje  & K o e p p e n  (1965)

Iso rh a m n e tin -3 -(0 -m a lo n y l)-g lu c o s id e N o rtje  (1966)
Q u -3 -g lu co sid e , Q u -7 -xy los id e , Iso rh a m n e tin -3 -  

g lucoside , Iso rh a m n e tin -3 -g a la c to s id e , Iso rh a m n e tin -  
3 -ru tin o sid e

D u g g a n  (1969)

Q u in c e Q u -3 -g lu co sid e , Q u -3 -g a lac to s id e G u m b a rid z e  (1972)
S o u r  c h e rry K -3 -g lu co sid e , K -3 -ru tin o s id e S c h a lle r  & v o n  E lb e  (1970)

K -3 -ru tin o s id e , Q u -3 -g lu co s id e , Q u -3 -g a lac to s id e . S h r ik h a n d e  & F ra n c is
Q u -3 -ru tin o s id e , Q u -4 '-g lu c o s id e , K -3 -g Iu co side  (?) (1973)

A p ric o t Q u -3 -g lu co sid e , Q u -3 -ru tin o s id e e l-S ay ed  & L u h  (1965)
P lu m , yellow Q u -3 -g lu co sid e , Q u -3 -rh a m n o s id e , Q u -3 -a ra b in o s id e W illiam s & W e n d e r  (1953)
S tra w b erry K -3 -g lu c u ro n id e , K -3 -g lu co sid e , Q u -3 -g lu c u ro n id e , 

Q u -3 -g lu co sid e , K -7 -g lu co sid e  (?)
R y a n  (1971)

R a sp b e rry , re d K -3 -g lu c u ro n id c , Q u -3 -g lu c u ro n id e , Q u -3 -g lu co s id e  (? ) , 
Q u -3 -g a lac to s id e  (?)

R y a n  & C offin  (1971)

C ra n b e r ry Q u -3 -g a lac to s id e , Q u -3 -rh a m n o s id e , Q u -3 -a ra b in o s id e , 
M y ric e tin -3 -a ra b in o s id e

C an sfie ld  & F ran c is  (1970)

G ra p e K -3 -g lu co sid e , Q u -3 -g lu co sid e , M y rice tin -3 -g lu co iid e , 
Q u -3 -g lu c u ro n id e

R ib e re a u -G a y o n  (1964)

A sp a rag u s Q u -3 -ru tin o s id e S tev en so n  (1 9 5 0 ); 
W ö ld eck e  & H e r rm a n n  
(1974a)

E n d iv e K -3 -g lu c u ro n id e , K -3 -g lu co sid e , K -3 - (0 -m a lo n y l) - W ö ld eck e  & H e r rm a n n
g lucoside  (?) (1974d)

L eek K -3 -g lu co sid e , K -3 -xy losy lg lucoside S ta rk e  & H e r rm a n n  
(1976c)

L e ttu c e Q u -3 -g lu c u ro n id e , Q u -3 -g lu co sid e , Q u -3 - (0 -m a lo n y l) - W ö ld e ck e  & H e r rm a n n
glucoside , L u teo lin -7 -g lu c u ro n id e (1974d)

O n io n Q u -4 '-g lu co s id e , Q u -3 ,4 '-d ig lu c o s id e , Q u -4 ', H e r rm a n n  (1 9 5 8 );
7 -d ig lucoside B ra n d w e in  (1 9 6 5 ); 

S ta rk e  & H e r rm a n n  
(1976a)

R h u b a r b Q u -3 -g lu co s id e , Q u -3 -rh a m n o s id e , Q u -3 -ru tin o s id e B lu n d sto n e  (1967)
S p in a c h 6 -M e th y l-q u e rc e ta g c tin , 3 ',  6 -D im e th y l-q u e rc e ta g e tin , 

K a e m p fe ro l glycosides
Z a n e  & W e n d e r  (1961)

3 -M e th y l-6 , 7 -m e th y le n d io x y q u e rc e ta g e tin  +  3 
Q u e rc e ta g e tin  d eriv a tiv es

O e ttm e ie r  & H e u p e l (1972)

T o m a to Q u -3 -ru tin o s id e W ö ld e ck e  &  H e r rm a n n  
(1974b)

A b b re v ia tio n s  u se d : K  =  k a e m p fe ro l; Q u  =  q u e rc e tin .
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Since the formation of flavonol glycosides depends on light, it is not surprising that 
they are found mainly in the skins of fruits (Workman, 1963; Walker, 1964; Wildanger 
& Herrmann, 1973b). Their distribution in pome fruits is summarized in Table 3. The 
concentration of flavonols in pome fruits, however, is considerably lower than that 
reported for apples (e.g. Workman, 1963; Walker, 1964) and we attribute this to the 
fact that in our analyses we have been able to eliminate interfering compounds.

T a b l e  3 . D is tr ib u tio n  o f  k ae m p fe ro l a n d  q u e rc e tin  g lycosides w ith in  p o m e  fru its  a n d  som e v eg e tab le s , 
e s t im a te d  a n d  c a lc u la te d  as m g  o f  ag ly co n e  p e r  k g  o f  fresh  w e ig h t

Species V a r ie ty

O u te r  p a r ts  o f  th e  tissues 
(skin , peel) R e m a in in g  tissues

K a e m p fe ro l
(m g/kg)

Q u e rc e tin
(m g/kg)

K ae m p fe ro l
(m g/kg)

Q u e rc e tin
(m g/kg)

A p p le ‘W e iß e r  K la ra p fe l’ < 1 98 < 0 -0 1 2
‘G ra v e n s te in e r ’ 2 58 0 < 1
‘C o x  O ra n g e n re n e tte ’ 7 263 < 0 - 1 < 1

P e a r ‘W illiam s C h r is t’ 12 28 0 < 0 - 1
Q u in c e ‘P o rtu g ies isch e  Q u i t te ’ 210 180 < 0 - 0 1 < 0 - 0 1
B ell p e p p e r  

(o u te r  p a r ts  
o f  th e  tissues 
=  2 8 %  o f 
fru it)

‘Y o lo  w o n d e r’ 0 63 0 <  1

K o h lra b i ‘P r im a v e ra ’ 6 7 < 1 <  1
S m all rad ish ‘S a x a  T re ib ’ 27 0 0 -6 0
H o rse -rad ish 76 0 1 -5 0
S c o rz o n e ra ‘H o ffm an n s  sch w arze  P fa h l’ < 1 < 1 < 1 <  1
P o ta to ‘C liv ia ’ c. 0 -2 0 c. 0 -1 0

C liv ia , to ta l g re e n  b y  ch lo ro p h y ll 57 47 9 c. 0 -2
A sp a rag u s ‘H u c h e is  A uslese’, w h ite  tips < 0 - 1 0 - 3 0 < 0 - 1
T o m a to

C u c u m b e r

C o n ta in s  n e a r ly  th e  to ta l flav o n o l c o n te n t in  th e  o u te r  p a r ts  o f  th e  tissues, 
4—5 %  o f  th e  f ru it

C o n ta in s  trace s  o f  f lav o n (o l) g lycosides o n ly  in  th e  p ee l

w h ich  w ere

Although unripe berries of blackcurrants contain only traces of myricetin ( < 1 mg/kg) 
but 10-20 mg/kg quercetin, the former is the dominant flavonol in ripe blackcurrants. 
Th.s is in agreement with the hydroxylation pattern of anthocyanidins found in these 
fruits. Blackcurrants contain mainly delphinidin, corresponding to myricetin, and only 
small quantities of cyanidin. In 1971 and 1974 we found in ‘Rosenthals langtraubige 
Schwarze’ 55 and 43 mg/kg myricetin and in 1973 and 1974 in ‘Silvergieters Schwarze’ 
95 and 41 mg/kg myricetin calculated on the fresh weight of the fruit (Wildanger &
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Herrmann, 1973b; Starke & Herrmann, 1976b). These flavonols occur in the form of 
glycosides. Our analytical results are of the same order of magnitude as the values 
reported by Morton (1968) and agree also with findings from the north of the U.S.S.R. 
(Samorodova-Bianki & Kulikova, 1966). Redcurrants and whitecurrants, on the other 
hand, contain only traces of myricetin glycosides while cultivated bilberries can contain 
up to 70 mg/kg of myricetin in the form of glycosides (Starke & Herrmann, 1976b). 
The concentrations of flavonols found by us in apricots grown in Italy are in the same 
range of 5-90 mg/100 g dry matter, depending upon cultivar, as found by Melkumyan
(1969) in Armenia (U.S.S.R.). Grapes have not been analysed by us since they are not 
usually grown in northern Germany. Analyses by two-dimensional thin layer chromato
graphy on cellulose of Russian wine prepared by must fermentation, revealed the 
presence of 19-22 mg/1 of quercetin monoglycosides (Bokuchova et al., 1971).

When the changes in the concentration of flavonols during the development of the fruit 
are investigated, it is found that in blackcurrants the amount of glycosides of quercetin, 
and particularly of myricetin, increases markedly during ripening (darkening) of the 
berries (Starke & Herrmann, 1976b; Samorodova-Bianki & Kulikova, 1966). In 
cultivated bilberries the myricetin content in ripe fruit is also relatively high. On the 
other hand, ripe red- and whitecurrants, sour cherries, plums, cultivated bilberries, 
elderberries and tomatoes possess lower concentrations of kaempferol and quercetin 
glycosides than the unripe fruit. Similar changes in concentration have been observed 
for the catechins and hydroxycinnamic acid derivatives during the development of the 
fruit (Mosel & Herrmann, 1974a,b; Stohr & Herrmann, 1975a,b; Stohr, Mosel & 
Herrmann, 1975).
Vegetables

In a considerable number of vegetables only fairly small concentrations of flavone and 
flavonol glycosides have been detected. We found concentrations around 1 mg/kg fresh 
weight, and lower amounts in carrots, radish, rutabaga, scorzonera, beet, white 
asparagus without tips or with white tips, cabbage without the outer leaves (white, red, 
Savoy cabbage), peeled kohlrabi, cauliflower (edible parts), chicory, peas, cucumber, 
egg plants and potatoes (Eloesser & Herrmann, 1975; Woldecke & Herrmann, 1974a; 
Wildanger & Herrmann, 1973c; M. Woldecke, unpublished). On the other hand, the 
leaves of root vegetables, potatoes and asparagus frequently contained concentrations in 
excess of 1000 mg/kg. Data on the occurrence of flavonol glycosides in vegetables are 
given in Table 2. Findings are only quoted if the compounds in question have been 
identified beyond doubt (see also Herrmann, 1970).
Leaves

Flavonols in plants are nearly always found in free-standing leaves. Onions only are an 
exception, but in all other vegetables investigated by us the concentration of flavonols 
in the leaves was many times higher than that in other tissues of the same plant. Investi
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gations on peas and broad beans have shown (M. Woldecke. unpublished) that the 
flavonol content is highest in leaves, lower in pods, and lowest in unripe seeds (Table 4).

Where heads are formed from leaves such as in lettuce, endives (Woldecke & Herr
mann, 1974c) and in Brassica species (Wildanger & Herrmann, 1973c) the flavonol

T a b l e  4 .  K a e m p fe ro l a n d  q u e rc e tin  g lycoside co n te n ts  o f  leaves a n d  o th e r  p a r ts  o f  v eg e tab le s , e s t im a te d  
a n d  c a lc u la te d  as m g  o f  ag ly co n  p e r  k g  o f  fresh  w e ig h t

Species V a r ie ty
L eaves O th e r  p a r ts  o f  th e  sam e p la n ts

K a e m p fe ro l
(m g /k g )

Q u e rc e tin
(m g /k g )

K a e m p fe ro l
(m g/kg)

Q u e rc e tin
(m g /k g )

B russels s p ro u t ‘U n ig ra d e ’ 75 50 S p ro u ts 40 25
C au liflo w er ‘G o rd a n ’ 270 30 C u rd 2 1
K o h lra b i ‘P r im a v e ra ’

o p e n  a ir 80 25 P eel 6 7
F lesh < 1 < 1

glasshouse 5 < 0 - 1 F lesh < 0 - 1 < 0 - 1
K a le ‘H a lb h o h e r

g rü n e r  e x tra -
k ra u s e r ’

o p e n  a i r 250 50
g lasshouse 70 35

S m all ra d ish ‘S a x a  T re ib ’ 825 0 R o o t 8 0
‘E isza p fe n ’ 150 30 R o o t 1 -3 < 0 - 1
‘N e c k a rp e rle ’ 16 0 R o o t 1 0

(glasshouse)
R a d is h ‘K itz in g e r 130 35 R o o t c. 0 -3 0

S o m m e r’
R u ta b a g a ‘S eefe ld e r’ 400 40 R o o t c. 0 -3 c. 0 -1
H o rse -ra d ish 1600 50 R o o t 20 0
S c o rz o n e ra ‘E in jä h r ig e 25 230 R o o t < 1 < 1

R ie se n ’
P o ta to ‘H a n s a ’ 50 770 T u b e r 1 2

‘G r a ta ’ 60 1000 T u b e r 1 2
T o m a to ‘R o n a ld  V ’

o p e n  a i r 20 420 F ru i t 0 -2 7
g lasshouse 4 155 F ru i t 0 -2 2 -5

P e a ‘J u w e l’ 140 1580 P o d  w ith o u t seeds 3 125
S eed <  1 <  1

‘A ld e rm a n n ’ 150 1590 P o d  w ith o u t seeds 5 130
S eed < 1 < 1

B ro a d  b e a n ‘F e lix ’ 800 1340 P o d  w ith o u t seeds 28 36
P o d 5 19
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concentration drops markedly from the outer to the inner leaves. Investigations of 
several varieties of lettuce and endives have shown that, probably due to the action of 
sunlight, the outer, mainly green leaves contain a much higher level of flavonols than 
the inner, mainly yellow ones. In the case of lettuce and endives, these levels appear to 
vary with the chlorophyll content as indicated by the green colour. Savoy cabbage, for 
example, without the outer leaves contained less than 1 mg/kg of quercetin and 
kaempferol while whole Savoy cabbages with the outer leaves had a concentration of 
kaempferol of 29 mg/kg and 5 mg/kg of quercetin. The green outer leaves of leek showed 
ten times more kaempferol and quercetin glycosides than the edible white parts.

T a b l e  5 . F lav o n o l g lycoside co n te n ts  o f  le ttu c e  a n d  en d iv es , e s t im a te d  a n d  
c a lc u la te d  as m g  o f  a g ly c o n  p e r  k g  o f  fresh  w eig h t*

Q u e rc e tin

S pecies, v a r ie ty th e  to ta l 
leaves (mg/kg)

C a lc u la te d  fo r 
a ll th e  leaves 
o f  th e  h e a d

(mg/kg)

L e ttu c e  ‘B la n co ’, o p e n  a i r
o u te r  leaves 48 60 29
in n e r  leaves 52 3 -4 1 -9

L e ttu c e  ‘V a le n t in e ’, o p e n  a i r
o u te r  leaves 59 462 273
in n e r  leaves 41 7 -6 3-1

L e ttu c e  ‘V a le n t in e ’, g lasshouse
o u te r  leaves 55 1 0-8 6 0
in n e r  leaves 45 < 1 < 1

E n d iv es , o p e n  a ir K aem p fe ro l
o u te r  leaves 58 258 150
in n e r  leaves 42 5 -7 2 - 4

* W ö ld e ck e  & H e r rm a n n , 1974c.

Growing plants in glasshouses also reduces the flavonol content, particularly in the 
outer leaves, as we have shown for kale, Brussels sprouts, lettuce, kohlrabi and small 
radishes. Compared with the leaves, all other parts of these plants have very much 
lower flavonol contents. The same is true for the flavones. Parsley grown in the open was 
found to contain 238 mg/kg of apigenin and approximately 310 mg/kg of chrysoeriol, 
while the same variety grown nearby under glass had only 47 mg/kg of apigenin and 
approximately 50 mg/kg of chrysoeriol (Wildanger & Herrmann, 1973c).
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T a b l e  6. Flavonol or flavone contents of some vegetables, estimated and 
calculated as mg of aglycon per kg of fresh weight*

Species Variety
Kaempferol 

mg/kg 
fresh weight

Quercetin 
mg/kg 

fresh weight
Cabbage, white IndustrieweiB Marne <0-1 <0-1
Cabbage, red Lagerrot Marne <0-1 6
Savoy cabbage Hammer

with outer leaves 29 5
without outer leaves <1 < 1

Broccoli 30 6
China cabbage Kan toner 11 3
Leek 9 varieties 90-200 10-25
Chive 10 300

Apigenin Luteolin
mg/kg mg/kg

fresh weight fresh weight
Carrot 4 varieties <1 <1

but leaves 350-800 400-1500
Cellery root Invictus 75 14

but leaves 930 500
* Wildanger & Herrmann, 1973c; Starke & Herrmann, 1976c; Eloesser & 

Herrmann, 1975.
Asparagus

The underground parts of the plants showed very low concentrations of flavones and 
flavonols. In the asparagus spears with white tips just coming to the surface we found 
IT mg/kg quercetin and 0-2 mg/kg kaempferol and 90% of these flavonols were con
centrated in the tips. When the tips had developed a blue colour after exposure to light, 
the asparagus spears showed concentrations of 6-7 mg/kg of quercetin and 0-7 mg/kg 
of kaempferol. The flavonol glycosides were almost entirely concentrated in the tips and 
in the skin of the spears. Stevenson already found in 1950 with the analytical methods 
then available that the rutin content in the tips of green asparagus was three to four 
times higher than that in the remainder of the spears. An increase in growth was 
accompanied by an increase in rutin content up to 100 mg/100 g fresh weight. When 
we investigated the leaves formed from the spears we found 3800 mg/kg quercetin and
150 mg/kg kaempferol in plants free from stalks. Thus approximately T5% of the dry 
weight consists of flavonols, expressed as aglycones. Calculated as rutin, the main 
flavonol glycoside of asparagus, this would represent approximately 2-5% of the dry 
weight (Woldecke & Herrmann, 1974a).
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Only very small amounts of flavone and flavonol glycosides have been found in root 
vegetables, mainly below the limits of quantitative analytical methods for aglycones 
(Eloesser & Herrmann, 1975). Since the roots of different plant families are used as 
root vegetables, it would appear from our analyses that roots in general contain only 
traces of these flavonoids. This would account for the scarcity of information in the 
literature on the occurrence of flavone and flavonol glycosides in roots. In celeriac the 
flavone concentrations are somewhat higher. This can be attributed to the fact that 
celeriac tubers are thickened roots including hypocotyl and primary shoot.

When potatoes (variety ‘Clivia’) were exposed to light for one month so that they 
were coloured green by chlorophyll, the flavonol level calculated as the aglycones, rose 
from approximately 0-1 mg/kg kaempferol and zero quercetin to 22 and 13 mg/kg 
respectively, with the major quantities located in the skin.
Onions

Unlike other vegetables and in contrast to white-skinned varieties, onions (Allium 
cepa L.) with coloured skins are exceptional in their flavonol content. Outer dry skins 
contain 2-5 to 6-5% quercetin as reported in the literature (Herrmann, 1958; Varshney 
& Ali, 1971; Kaufmann, el Baya & Meinsen, 1969). Quercetin appears mainly in the 
free form, i.e. as the aglycone (67-86% of total quercetin in ten samples) and only to 
a smaller extent as spiraeoside (quercetin-4'-glucoside). The epidermis of onion scales 
contains quercetin glucosides exclusively, mainly as spiraeoside. This is formed first, the 
formation of diglucosides follows during storage and increases continuously. There 
appear to be no flavonols in the mesophyl. The flavonol concentration decreases from 
the outer to the inner scales with higher levels in the outer than in the inner epidermis 
(Starke & Herrmann, 1976a).

In the green leaves, the synthesis of the flavonols depends upon the action of light. 
Glucosides of both kaempferol and quercetin are formed, but no spiraeoside nor the 
known diglucosides of the scales. During drying in the open an accumulation of 
flavonols takes place. This is associated with the formation of free quercetin and 
spiraeoside, but not of free kaempferol (Starke & Herrmann, 1976a).

Onions with white skins (variety ‘Weisse Friihlingszwiebel’) showed only traces of 
flavonols, e.g. 10 mg/kg total quercetin in dry skins. This is consistent with previous 
findings (Herrmann, 1958; Varshney & Ali, 1971). The protocatechuic acid concentra
tion was also very much lower than in coloured skins (Schmidtlein & Herrmann, 1975). 
Only traces of flavonols were found in garlic.

The scales of onions illustrate well the fact that the flavonols are localized mainly in 
the outer tissues. This applies also to fruits, tubers and roots, the highest concentrations 
of flavonols being in the skin and peel (cf. also Tronchet, 1972). The remaining parts of 
the plants contain mostly less than 1 mg/kg of flavonols calculated on a fresh weight 
basis (see Table 3).

R o o t vegetab les  a n d  p o ta to e s
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T a b l e  7. Total concentration of quercetin and spiraeoside in the epidermis of the scoler leaves of onions
(Stuttgarter Riesen) in mg/kg fresh weight)*

lst-3rd scale 4th-8th scale
Outer

epidermis
Inner

epidermis
Outer

epidermis
Inner

epidermis
Total quercetin 24000 540 10600 400
Spiraeoside 20000 640 6900 620
Spiraeoside quercetin as percentage of total 

quercetin 54 78 42 100
Note: Scale 1 is the outermost non-dried scale.
* Starke & Herrmann, 1976a.

Discolourations
Flavone and flavonol glycosides are not attacked, or are only relatively slowly attacked, 

by oxidative enzymes such as o-phenoloxidases (e.g. Baruah & Swain, 1959). In the 
presence of transfer substances such as chlorogenic acids (caffeyl-quinic acids) and 
cate chins, they are oxidized more rapidly with the probable formation of dimers as a 
first step.

Black discolouration occurs as a result of a reaction with iron of flavonols and 
flavones possessing ortho-dihydroxy groups (quercetin, luteolin). Other colour changes 
are possible with different salts, e.g. aluminium salts. Trace concentrations of about 
1 mg/kg fresh weight are insignificant as far as discolourations are concerned. On the 
other hand, larger amounts of about 100 mg/kg have marked effects. The relatively 
high content of rutin in green asparagus leads to greenish-black discolourations of the 
spears and the liquid in the can, particularly noticeable at the tips which are rich in 
flavonols. These colour changes occur from a few minutes until up to 3 hr after opening 
of the can. This phenomenon is of economic importance and has been investigated by 
a number of authors in the United States (Stevenson, 1950; Davis et al., 1961; Hernandez 
& Vosti, 1963; Lueck, 1970). The discolouration is caused by complex formation of 
rutin with ferric ions formed by oxidation and dissolution of iron from the cans. The 
formation of the water-insoluble rutin-ferric-complex is dependent on pH, and does not 
occur when sufficient stannic ions are in solution (Hernandez & Vosti, 1963). Canned 
white asparagus with white tips is not subject to such discolourations (see Table 3) but 
asparagus with coloured tips can show darkening by reaction with dissolved iron.

In the peels of tomato, chlorogenic acid and quercetin may be found in concentrations 
up :o 500 mg/kg (Woldecke & Herrmann, 1974b). These compounds are of some 
importance in the preparation of tomato products. Discolourations of the type occurring 
in green asparagus can take place by chelation of phenolic compounds with heavy 
metals. The reaction can be avoided by removal of the skins, as is done in the prepara
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tion of canned tomato purée, since the flavonols occur almost exclusively in the skins 
(Table 3). Quercetin is believed not to be of importance in the discolouration of fruits 
since these contain catechins, proanthocyanidins and chlorogenic acids in considerable 
quantitities (Mosel & Herrmann, 1974a,b; Stôhr & Herrmann, 1975a,b; Stohr, Mosel 
& Herrmann, 1975). These phenols are oxidized easily by enzymic action, yielding 
brown reaction products, and are also easily discoloured by iron. Similarly, in celleriac 
discolourations can be attributed to the relatively high chlorogenic acid concentrations 
rather than to the luteolin content. In the discolouration of broad beans quercetin and 
myricetin, despite their concentrations of 20 mg/kg and 10 mg/kg respectively, are of 
far lesser importance than the proanthocyanidins.
Significance of flavonols andflavones

Phenolic compounds in plants are significant in several respects. It has been known for 
a number of years that flavonols and flavones can act as antioxidants and can, for 
example, protect vitamin C from oxidation (cf. Herrmann, 1973). Heimann et al. 
(1953) and Heimann & Reiff (1953) have shown that quercetin, which occurs most 
ubiquitously in natural products, is a better inhibitor of the auto-oxidation of ethyl 
linoleate than the usual antioxidants, ethyl and propyl gallate and the tocopherols. It 
has been shown also that quercetin in concentrations of 15 mg/100 g is a very active 
antioxidant for butter fat and lard (Richardson, El-Rafey & Long, 1947; Morris & 
Riemenschneider, 1949). Other flavonols show similar effects although less actively than 
quercetin (Kaufmann & el Wahab el Baya, 1967). The position and the number of free 
hydroxyl groups in flavonols are responsible for their antioxidative activity. It is believed 
that the 3-hydroxyl group in conjunction with the 2,3-double bond are of decisive 
significance. If the 3-OH group is bound glycosidically or if it is absent, as in the case 
of flavones, the antioxidative activity is weakened (Kaufmann & el Wahab el Baya,
1967).

The antioxidative activity which has been observed in a number of vegetables and 
spices may be due partly to flavonols, probably derivatives of quercetin (Pratt & 
Watts, 1964; Pratt, 1965). Extracts of the skins of yellow onions which are rich in 
quercetin inhibit, in a concentration of 0-01%, the auto-oxidation of methyl linoleate 
which is used frequently as a test substance for the investigation of the oxidation of 
unsaturated fats (Kaufmann, el Baya & Meinsen, 1969).

A series of investigations has shown that flavonols in particular can stabilize ascorbic 
acid, especially in the presence of heavy metal ions, such as those of copper, which can 
destroy ascorbic acid rapidly. As was shown in the case of blackcurrant juice, flavonols 
in the juices of berry fruits contribute to the protection of vitamin G (Davidek, 1960; 
Clegg & Morton, 1968; Harper, Morton & Rolfe, 1969). Here the action of quercetin, 
as well as that of kaempferol, are of considerable importance, while the glycosides are 
less effective. The addition of 0-01% quercetin to canned apple juice held in cold storage 
resulted in a 50% reduction in the rate of loss of vitamin C (Waksman & Letan, 1971).
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Some flavonoids have characteristic pharmaco-dynamic activities which have been 
exploited therapeutically for many years. Owing to its easy availability, rutin is best 
known in this connection, and is contained in a number of medical preparations.

Szent-Gyorgyi in his classical investigations has attributed vitamin characteristics 
(vitamin P, P = permeability vitamin) to certain flavonoids, and it is known that 
certain flavonol glycosides such as rutin have a definite advantageous effect on the 
stability and permeability of capillary blood vessels. According to Bohm (1967) these 
flavonoids are especially useful in the treatment of conditions where there is an increased 
tendency to bleeding as a result of reduced resistance of the capillary blood vessels or 
increased capillary permeability. This is true in cases of high blood pressure where the 
danger of bleeding owing to capillary fragility is increased, and diabetes where damage 
to blood vessels can occur. Anti-spasmolytic, anti-inflammatory and anti-allergic 
properties of a number of flavonols have also been reported, as well as beneficial effects 
upon the circulation and heart (Bohm, 1967; Gabor, 1972). Such flavonoids with 
biological activities are often referred to as bioflavonoids. It is, however, not generally 
accepted that bioflavonoids possess true vitamin activities, and many of the pharma
cological properties reported for these compounds remain to be substantiated more 
convincingly.
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T h e  u s e  o f  a  r o t a t i o n a l  f i t t i n g  t e c h n i q u e  i n  t h e  i n t e r p r e t a t i o n  
o f  s e n s o r y  s c o r e s  f o r  d i f f e r e n t  c h a r a c t e r i s t i c s

J .  M . H A R R IE S  and  H . J .  H . M a c F IE

Summary
A rotational fitting technique, previously described, has been applied to two 
sets of data from experiments involving sensory perception, to examine mutual 
relationships between the characteristics scored. In both cases, considerable 
insight has been gained into the way in which assessors scored the character
istics, which can be used as the basis for economy in designing future experi
ments of the same type.

Introduction
The eating quality of food has often been defined (e.g. Amerine, Pangborn & Roessler,
1965) as an integration of attributes, but what these attributes are is often a matter for 
conjecture. An investigator interested in determining what effect some factor in 
production may have on eating quality usually has to decide what characteristics to 
assess for his samples and, even when these are obvious, he is faced with the difficulty 
of examining their interrelationships in interpreting the data. Clearly the more eco
nomic an investigator can be in terms of the sensations that the assessors are asked to 
record, the better, but there is little information available in the literature about the 
relative importance of the different components of sensation in sensory assessment. 
Much current research therefore tends to examine each feature of eating quality sepa
rately, with little attempt either to amalgamate them into fewer variables, or to study 
their overall meaning. Statistical techniques to help an investigator in this situation 
seem to be scarce.

Banfield & Harries (1975) described one such technique and used it to assess the 
performance of judges in sensory tests by considering their scores to be the coordinates 
of the samples in multidimensional space, and fitting the separate configurations 
together. The residual inconsistency was used to examine mutual incompatibilities 
amongst the judges in a series of experiments concerned with the visual assessment of 
carcass quality of beef animals. The main concern in that paper was ‘with people as 
judges rather than with beef as such’ and the purpose of this paper is to show that the
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technique is equally useful for studying relationships between the attributes themselves.
Correlation coefficients are of little value in this situation, since they are necessarily 

bivariate. To compare scores for two characteristics one must either average over the 
judges for each characteristic or calculate a separate coefficient for each judge. In 
contrast the technique used here produces a single residual inconsistency index between 
two characteristics which takes into account different scoring strategies of any number 
of judges.

The technique is applied to two sets of data: the visual scores used by Banfield & 
Harries (1975) and textural assessments of cooked samples of beef described by Harries, 
Rhodes & Chrystall (1972). The results throw new light on the way a judge, perhaps 
unconsciously, appears to use his sensory information to score different characteristics.

Material and m ethods
Visual assessments

A series of investigations into the composition of sides of beef (Pomeroy et al., 1974) 
included trials of a method of visual assessment. Full details of the methods with 
traditional statistical analysis of the results, have been given by Harries, Pomeroy & 
Williams (1974). The data used here consist of the scores given by seven judges to 180 
sides of beef for each of the ten following characteristics, on arbitrary seven-point scales, 
in which increasing scores reflected increasing amount (1—5) or improvement (6— 10) 
as defined by mutually acceptable criteria.

(1) Subcutaneous fat (as proportion of side weight).
(2) Volume of kidney knob and channel fat.
(3) ‘Feathering’ (i.e. fat intermingled with lean between the ribs).
(4) Muscle (as proportion of side weight).
(5) Muscle to bone ratio.
(6) Conformation of buttock.
(7) Conformation of rump.
(8) Conformation of loin.
(9) Conformation of forerib.

(10) Overall conformation.
Five of the judges were experienced fatstock officers (referred to in this paper as 

‘experts’). The other two had specialist butchering experience and will be referred to as 
‘butchers’.
Textural assessments

For the second set seven textural assessments made by nine assessors (referred to as 
tasters) on forty-two beef roasts were used. This is a sub set of the data first described by 
Harries et al. (1972).
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Each taster scored each sample for the following quantitative characteristics.
(1) Initial resistance.
(2) Initial wetness.
(3) Overall juiciness.
(4) Cohesion.
(5) Hardness.
(6) Overall texture.
(7) Chew count.
The first six characteristics were scored by placing a cross on a 100 mm line, and 

subsequently measuring the distance from one end. The seventh was a simple count of 
the number of chews necessary before swallowing.
Rotational fitting

A method of rotational fitting first described by Gower (1971) involves the centraliza
tion of each set of data points, followed by dilation and rotation of the sets to minimize 
the sums of squares of the distances between corresponding samples. A simplified 
explanation of the process was given by Banfield & Harries (1975) who used the tech
nique to examine relationships between twelve visual assessment judges.

The same method is used here to examine relationships between the characteristics. 
Thus for the visual assessments data we have two configurations of points for each 
characteristic; the 180 points lying in five dimensions (one dimension for each expert) 
and the 180 two-dimensional points scored by the butchers. As there are nine tasters the 
textural assessments study produces seven configurations of forty-two points lying in 
nine dimensions.

Treating butchers, experts and tasters separately, we centralize, dilate, and finally 
rotate each characteristic configuration to every other. Each rotation produces an M 2 
value which is the sum of squares of distances between corresponding points after 
rotation. This is a measure of how similar the internal structures of the two configura
tions are when differences due to location, scale and orientation are removed. Thus a 
low M 2 value indicates that the judges’ perceptions of die differences between the 
samples were similar for the two characteristics in question. This process was repeated 
for each pair of characteristics.
Principal coordinate analysis

For each of the three sets of configurations, experts, butchers and tasters, the end 
product is a set of M 2 values which represents the overall squared distances between 
characteristics. Principal coordinate analysis, described by Gower (1966) can be used 
to produce the coordination of each characteristic relative to the principal axes so as to 
reproduce exactly the given (M 2) distances. A plot of the coordinates relative to the first 
two principal axes gives the best two-dimensional representation of their relative positions.
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Both the rotations and the principal coordinate analyses were performed using the 

Genstat programming language (Nelder et al., 1971).
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Results
Visual assessments

Experts. Figure 1 shows the ten carcass characteristics relative to the first two principal 
axes of their M 2 values. Three main clusters appear. In the bottom left hand corner

Fig. 1. Plot of ten carcass characteristics scored by the seven experts relative to the first two 
principal axes.

overall conformation (10) is closest to conformation scores of buttock (6) and rump (7). 
The proportion of muscle in the side (4) is equidistant from these two and muscle to 
bone ratio (5). Similarly subcutaneous fat (1) falls in between volume of kidney knob (2) 
and feathering (3). The third cluster, conformation scores of loin (8) and fore rib (9), 
lies between the first two.

Butchers. Figure 2 gives the corresponding picture for the butchers. For the present 
purpose interest centres on the relative positions of the characteristics. Again there are 
three main clusters. The bottom cluster is more compact than that of the experts but 
does not contain muscle to bone ratio (5). This is now very close to subcutaneous fat (1) 
in the top right quadrant of Fig. 2, along with volume of kidney knob (2). Conformation 
of foreribs (9) is now equidistant from that of loin (8) and feathering score (3).
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F i g . 2 .  P l o t  o f  t e n  c a r c a s s  c h a r a c t e r i s t i c s  s c o r e d  b y  t h e  t w o  b u t c h e r s  r e l a t i v e  t o  t h e  f i r s t  t w o  
p r i n c i p a l  a x e s .

Textural assessments
F ig u r e  3 sh o w s  th e  p o s it io n s  o f  th e  s e v e n  te x tu r a l  c h a r a c te r is t ic s  r e la t iv e  to  th e  first 

tw o  p r in c ip a l  a x es  o f  th e  M 2 v a lu e s . T h e r e  is  o n ly  o n e  t ig h t ly  p a c k e d  c lu ster , c o m 
p r is in g  in it ia l  r e s is ta n c e  (1 ) ,  c o h e s io n  (4 ) ,  h a rd n e ss  (5 ) a n d  o v e r a ll  te x tu r e  (6 ) .  T h e  
o th e r  th r e e  c h a r a c te r is t ic s , in it ia l  w e tn e ss  (2 ) ,  o v e r a ll  ju ic in e s s  (3 ) a n d  c h e w  c o u n t  (7 ) ,  
a re  a lm o s t  e q u id is ta n t  fro m  e a c h  o th e r  a n d  fro m  th e  m a in  c lu ster .

D iscu ssio n
Interpreting the figures

T h e  th r e e  fig u res  a re  tw o -d im e n s io n a l r e p r e se n ta tio n s  c f  m u lt i-d im e n s io n a l d is ta n c e s  
a n d  th e r e fo r e  sh o u ld  b e  in te r p r e te d  w ith  ca re . N e v e r th e le s s  i f  tw o  c h a r a c te r is t ic s  a re  
c lo se  to  e a c h  o th e r  w e  c a n  in fer  th a t  th e  ju d g e s ’ p e r c e p tio n s  o f  th e  d iffe r e n c e s  b e tw e e n  
th e  sa m p le s  w e r e  s im ila r  fo r  b o th  th e  c h a r a c te r is t ic s . T h e r e fo r e , i f  w e  p ic k  o n e  m e m b e r  
o f  e a c h  o f  th e  c lu ster s  in  F ig s  1 -3  w e  c a n  d isc a r d  th e  o th e r  m e m b e r s  as g iv in g  us v e r y  
l it t le  e x tr a  in fo r m a tio n  a b o u t  th e  d iffe r e n c e s  b e tw e e n  sa m p les .

Visual assessments
T h e  o v e r a ll  p ic tu r e  for th e  ex p e r ts  sh o w s  a n  e n c o u r a g in g  d isc r im in a t io n  b e tw e e n
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F i g . 3 .  P l o t  o f  t h e  s e v e n  t e x t u r a l  c h a r a c t e r i s t i c s  s c o r e d  b y  n i n e  t a s t e r s  r e l a t i v e  t o  t h e  f i r s t  t w o  
p r i n c i p a l  a x e s .

c h a r a c te r is t ic s , b u t  i t  a p p e a r s  th a t  o n e  o f  lo in  (8 ) a n d  fo rer ib  (9 ) c o n fo r m a tio n  c o u ld  
b e  d isc a r d e d  a n d  a lso  th e  sco res  for b u tto c k  (6) a n d  r u m p  (7 ) a re  v e r y  c lo se .

T h e  b u tc h e r s ’ scores for p r o p o r tio n  o f  m u sc le  in  s id e  (4 ) ,  c o n fo r m a tio n  o f  b u tto c k  (6) 
a n d  r u m p  (7 ) g iv e  a lm o s t  th e  sa m e  in te r n a l s tru c tu re  as th a t  p r o d u c e d  b y  o v e r a ll  
c o n fo r m a tio n  sco res  (1 0 ) . O n  th e  b a sis  o f  th ese  d a ta  th e  first th r e e  c o u ld  b e  e l im in a te d  
w ith  v e r y  l it t le  lo ss  o f  in fo r m a tio n . I n  a d d it io n  o n e  o f  m u sc le  to  b o n e  r a tio  (5 ) o r  
s u b c u ta n e o u s  fa t  (1 ) c o u ld  b e  r e m o v e d . B u t th e  b u tc h e r s  a p p e a r  m o r e  d is c r im in a tin g  
in  th e ir  scores o f  lo in  (8 ) a n d  fo rer ib  (9 ) c o n fo r m a tio n  a n d  n e ith e r  o f  th e se  c o u ld  b e  
d isc a r d e d . T h e  tw o  sets o f  v isu a l ju d g e m e n ts  r e v e a l s o m e  sh a rp  d iffe r e n c e s  in  th e ir  
a b il ity  to  d is c r im in a te  b e tw e e n  c h a r a c te r is t ic s . I t  is in te r e s t in g  to  a t te m p t  to  r e la te  th ese  
d iffe r e n c e s  to  d iffe r e n c e s  b e tw e e n  th e  tw o  ty p e s  o f  j u d g e  in  th e ir  a t t i tu d e  to  a  s id e  o f  
b eef. T h e  ex p e r ts  a re  p r e s u m a b ly  m o r e  o b je c t iv e  th a n  th e  b u tch ers , w h o  a re  a c c u sto m e d  
to  m a k in g  a  sn a p  d e c is io n  o n  th e  r e ta il  v a lu e  o f  a  carca ss.

T h u s  th e  ex p e r ts  sh o w  o v e r a ll  c o n fo r m a tio n  ly in g  b e tw e e n  th e  r u m p , b u tto c k  a n d  th e  
lo in , fo rer ib  c lu ster s. I t  is a  c o m p o s ite  sco re  o f  th e  tw o  a n a to m ic a l  sec tio n s . T h e  b u tc h e r s  
c le a r ly  h a v e  th e  c o m m e r c ia l ly  im p o r ta n t  r u m p  a n d  b u tto c k  in  m in d  w h e n  th e y  sco re  
o v e r a ll  c o n fo r m a tio n . S im ila r ly  th e  b u tc h e r s  a p p e a r  to  e q u a te  d iffe r e n c e s  in  s u b 
c u ta n e o u s  fa t  (1 ) w ith  v a r ia t io n  in  m u s c le  to  b o n e  r a t io  (5 ) ,  w h e r e a s  th e  ex p e r ts  sco re  
th e m  q u ite  d iffe r e n t ly . T h e  r e ta il  v a lu e  o f  lo in  a n d  fo rer ib  jo in ts  a re  c le a r ly  a f fe c te d  b y
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th e  ‘fe a th e r in g ’ le v e l ,  a n d  th is  m a y  e x p la in  w h y  th is  c h a r a c te r is t ic  is  so  m u c h  c lo se r  to  
th e m  in  th e  b u tc h e r s ’ p ic tu r e .

I t  is  a lso  in te r e s t in g  to  n o te  th a t  in  F ig . 1 th e  fa tn ess  c h a r a c te r is t ic s  1, 2 a n d  3 a re  
c le a r ly  d if fe r e n t ia te d  fro m  th e  o th e rs  a lo n g  th e  first p r in c ip a l  a x is ;  th is  is  a  d iffe r e n t  
resu lt fro m  th a t  o b ta in e d  e a r lie r  (H a r r ie s  et al., 1 9 7 4 ) w h e n  a  p r in c ip a l  c o m p o n e n t  
a n a ly sis  o f  th e  r a w  d a ta  fa ile d  to  in d ic a te  ‘th e  h o p e d -fo r  resu lt, th a t  th e  c o n fo r m a tio n  
v a r ia b le s  w o u ld  a t  so m e  p o in t  s ta n d  o u t  fro m  th e  fa tn ess  v a r ia b le s ’.

Textural assessments
I n  F ig . 3 i t  is c le a r  th a t  th e  first p r in c ip a l  a x is  sep a ra te s  th e  tw o  ju ic in e s s  c h a r a c te r 

ist ic s  (2  a n d  3 ) fro m  th e  to u g h /te n d e r  c h a r a c te r is t ic s  (1 , 4 , 5 , 6  a n d  7 ). T h is  is  c o n s is te n t  
w ith  th e  f in d in g s  o f  H a r r ie s  et al. (1 9 7 2 ) . F ig u r e  3 a lso  su g g ests  th a t  a  su b sta n tia l  
r e d u c t io n  in  th e  n u m b e r  o f  c h a r a c te r is t ic s  sc o r e d  c o u ld  b e  m a d e  w ith o u t  ser io u s ly  
im p a ir in g  'h e  d is c r im in a t in g  p o w e r  o f  th e  ta sters. I n it ia l  r e s is ta n c e  (1 ) ,  c o h e s io n  (4 ) ,  
a n d  h a rd n e ss  (5 ) ,  te ll  u s v e r y  l i t t le  m o r e  a b o u t  th e  d iffe r e n c e s  b e tw e e n  th e  ro a sts  th a n  
th e  s im p le  o v e r a ll  te x tu r e  sco res  (6 ) .  I n  c o n tr a st , th e  tw o  m o is tu r e  ch a r a c te r is t ic s  
(2  a n d  3 ) a n d  th e  c h e w  c o u n t  (7 ) are  q u ite  d is ta n t  fro m  e a c h  o th e r  a n d  th e  te x tu r e  
c lu ster .

T h e  fa c t  th a t  c h e w  c o u n t  (7 ) is  se p a r a te d  fro m  th e  o th e r  te x tu r a l c h a r a c te r is t ic s  is 
in te r e s t in g  in  th e  l ig h t  o f  its  h is to r y  as a  m e th o d  o f  e v a lu a t in g  th e  te n d e r n e ss  o f  m e a t .  
I t  h a s  o b v io u s  a t tr a c t io n s  b e c a u s e  o f  its  s im p lic ity  a n d  c le a r  r e la t io n sh ip  w ith  te x tu r e . 
I n  u se , h o w e v e r , i t  p r o v e d  u n r e lia b le . B u rr ill, D e e th e r d :  &  S a ffle  (1 9 6 2 )  fo u n d  th e  
c h e w  c o u n t  to  b e  th e  le a s t  sa tis fa c to ry  m e a su r e  o f  ten d er n ess , w h ils t  H a r r in g to n  & 
P e a r so n  (1 9 6 2 )  fo u n d  th a t  b o th  th e  c h e w  c o u n t  i t s e l f  a n d  its  r e p e a ta b il ity  o n  a d ja c e n t  
p ie c e s  o f  p o rk  v a r ie d  c o n s id e r a b ly  b e tw e e n  ta sters  b u t  i t  g a v e  h ig h  c o r r e la t io n  w 'ith a  
W a r n e r -B r a tz le r  sh e e r  fo rce  m e a s u r e m e n t  w h e n  th e  c o r r e la tio n s  w e r e  c a lc u la te d  for  
e a c h  ta s te r  se p a r a te ly . S z c z e sn ia k  & T o r g e s o n  (1 9 6 5 )  h a v e  p o in te d  o u t  s o m e  o f  th e  
d iff ic u lt ie s  in h e r e n t  in  its  u se  (su c h  as th e  d e f in it io n  o f  th e  e n d -p o in t , a n d  th e  fa c t  th a t  
ta sters  m a y  a d ju st  th e  fo rce  o f  th e  c h e w in g  m o t io n  to  th e  te x tu r e  o f  th e  m e a t  r a th er  
th a n  its  fr e q u e n c y ) a n d  c o n f ir m e d  th e  w id e  v a r ia t io n  b e tw e e n  d iffe r e n t  ta sters. I n  th e  
p r e se n t c o n te x t , th is  v a r ia t io n  d o e s  n o t  m a tte r , s in c e  a n  a d ju s tm e n t is  m a d e  for it . T h e  
fa c t  th a t  a fter  c e n tr a liz a t io n , d i la ta t io n  a n d  r o ta t io n , i t  is  s t ill  se p a r a te d  fro m  c h a r a c te r 
ist ic s  1, 4 . 5  a n d  6  b y  th e  p r in c ip a l  c o o r d in a te  p lo t  m e a n s  th a t  ta sters m u st  b e  u s in g  
in fo r m a tio n  o f  a  d iffe r e n t  k in d  in  e v a lu a t in g  it . T h is  m a y  b e  b e c a u s e  it  is  th e  o n ly  
fr e q u e n c y -ty p e  sco re , th e  o th e r s  b e in g  fo r c e -b a se d .

T h u s  th e r e  is  a g a in  a  d if fe r e n c e  b e tw e e n  th e  p r e se n t  resu lts  a n d  th o se  o b ta in e d  ea r lier  
(H a r r ie s  et al., 1 9 72 ) b y  m e a n s  o f  a  fa c to r  a n a ly sis  w h ic h  in d ic a te d  th a t  tw o  fa ctors, 
th o u g h t  to  b e  ‘to u g h n e ss -te n d e r n e ss ’ a n d  ‘ju ic in e s s ’, e x p la in e d  a b o u t  9 5 %  o f  th e  
v a r ia t io n  in  th e  d a ta . I t  is im p o r ta n t  to  d is t in g u ish  th e  tw o  s ta t is t ic a l m e th o d s , e s p e c ia lly  
s in c e  in  a  fa c to r  a n a ly sis , r o ta t io n  o f  th e  a x es  to  m a x im iz e  th e  e x p la in e d  v a r ia n c e  is o fte n  
d o n e , th o u g h  in  th e  e a r lie r  a n a ly sis  n o  su c h  r o ta t io n  w a s  u sed . T h e  m e th o d  u se d  h ere
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r o ta te s  th e  o r ig in a l  d a ta  sets, a fter  c e n tr a liz a t io n  a n d  d ila t io n , to  m in im iz e  th e  r e s id u a l  
v a r ia t io n  b e tw e e n  th e m  a n d  th e  f in d in g s  h a v e  a d d e d  to  o u r  k n o w le d g e  o f  m u t u a l  
r e la t io n sh ip s  b e tw e e n  th e  c h a r a c te r is t ic s . T h e  se p a r a tio n  o f  c h e w -c o u n t  (7 ) fr o m  th e  
to u g h n e ss  c h a r a c te r is t ic s  (1 , 4 , 5 , 6 ) a lo n g  th e  s e c o n d  p r in c ip a l  a x is  c a n  p e r h a p s  b e  
e x p la in e d  as a b o v e , b u t  n o  r e a d y  e x p la n a t io n  c a n  b e  a d v a n c e d  fo r  th e  s e p a r a t io n  o f  
in it ia l  w e tn e s s  (2 ) fr o m  o v e r a ll  ju ic in e s s  (3 ) a lo n g  th e  s a m e  a x is .

C onclusions
T h e  u se  o f  r o ta t io n a l  f i t t in g  a n d  p r in c ip a l  c o o r d in a te  a n a ly se s  o f  th e  r e su lt in g  r e s id u a l  
d is ta n c e s  c a n  h e lp  to  im p r o v e  th e  p r a c t ic e  o f  sen so ry  a sse ssm en t in  tw o  w a y s . I t  c a n  
in d ic a te  th a t  set o f  c h a r a c te r is t ic s  for w h ic h  th e  ju d g e s  a re  m o s t  d is c r im in a tin g . S e c o n d ly  
i t  c a n  b e  u se d  to  c o m p a r e  th e  d isc r im in a t io n  h ie r a r c h ie s  o f  d iffe r e n t  ty p e s  o f  ju d g e s .  
T h is  w ill  h e lp  th e  c h o ic e  o f  d iffe r e n t  ch a r a c te r is t ic s  a n d  j u d g e  ty p e s  a c c o r d in g  to  th e  
p u r p o se  o f  th e  in v e s t ig a t io n . T h e  a p p lic a t io n  o f  th e  t e c h n iq u e  to  tw o  sets o f  d a ta  c a n n o t  
b e  e x p e c te d  to  re su lt  in  firm  c o n c lu s io n s  a b o u t  th e  p a r t ic u la r  ch a r a c te r is t ic s  e x a m in e d ,  
b u t  th e  te n ta t iv e  e x a m in a t io n  o f  th o se  g iv e n  a b o v e  is e n o u g h  to  in d ic a te  th e  p o te n t ia l  
o f  th e  te c h n iq u e  in  fu tu r e  w o rk .
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E ffe c t  o f  c a lc iu m  io n s  a n d  lo w - m e t h o x y l  p e c t in  o n  th e  
d r a in e d  w e ig h t  o f  g r a p e f r u it  s e g m e n t s

I .  J .  K O P E L M A N ,  S .  M I Z R A H I  a n d  R .  S C H A B

Sum m ary
T h e  a d m ix tu r e  o f  lo w -m e th o x y l  p e c t in  a n d  c a lc iu m  io n s , a n d  its  e f fe c t  o n  
th e  f in a l d r a in e d  w e ig h t  (F D W ) in  a  w e ll- c o n tr o lle d  sy ste m  o f  g r a p e fr u it  
se g m e n ts , w e r e  s tu d ie d .

T h e  in c r e a se d  F D W  in  th e  p r e se n c e  o f  th e  a b o v e  a d m ix tu r e s  is  m a in ly  
a ttr ib u ta b le  to  fo r m a tio n  o f  a  g e l  la y e r  w h ic h  se tt le s  o n  a n d  b e tw e e n  th e  
se g m e n ts  a n d  in c r e a se  th e  F D W  b o th  d ir e c t ly  a n a  th r o u g h  r e d u c t io n  o f  
w a te r  o u tf lo w .

Introduction
G r a p e fr u it  se g m e n ts  a re  a n  im p o r ta n t  p r o d u c t  in  th e  c itru s  in d u str y . F a c to r s  e f fe c t in g  
th e  q u a li ty  o f  g r a p e fr u it  p a ck s  a re  m a in ly  ta s te , f irm n ess , te x tu r e , a p p e a r a n c e  a n d  
d r a in e d  w e ig h t . T h e  d r a in e d  w e ig h t , b e in g  a n  im p o r ta n t  e c o n o m ic  fa c to r  (a n d  o n e  o f  
th e  h a r d e s t  to  c o n tr o l d u r in g  p ro cess  a n d  s to r a g e ) h a s  b e e n  th e  su b je c t  o f  v a r io u s  
in v e s t ig a t io n s . T h e  g e n e r a l p a r a m e te r s  r e le v a n t  to  its  b e h a v io u r  w e r e  in v e s t ig a te d , in te r  
a lia , b y  B e r e z o v sk y  (1 9 7 0 ) ,  L e v i  et al. (1 9 6 9 ) a n d  M a n n h e im  & B a k a l (1 9 6 8 ) .  I t  w a s  
a lso  s h o w n  r e c e n t ly  (K o p e lm a n , M iz r a h i & K o c h b a , 1 9 7 5 ) th a t  th e  d r a in e d  w e ig h t  a t  
e q u ilib r iu m — th e  f in a l  d r a in e d  w e ig h t  (F D W ) o f  g r a p e fr u it  s e g m e n ts  is  f lo w -r a te  
d e p e n d e n t , b e c a u s e  o f  in te r fe r e n c e  o f  th e  fa ster  f lo w  o f  th e  w a te r  w ith  th e  s lo w e r  
m ig r a t io n  o f  th e  so lu te s . I t  w a s  a lso  fo u n d  to  b e  se n s it iv e  to  c o m m o n ly  u se d  a d d it iv e s  
su c h  as c a lc iu m  sa lts  (K o p e lm a n  et al., 1 9 7 5 ;  M a n n h e im  &  B a k a l, 1 9 6 8 ; O ls e n  et al., 
1 9 6 6 ;S id e w e l l  &  C a in , 1 9 5 5 ) a n d  lo w -m e th o x y l p e c t in  o r  L M P  (B erezo v sk y , 1 9 7 0 ;B o a r d  
et al., 1 9 6 6 ; M a n n h e im  & K o te c k , 1 9 6 7 ) .

T h e  p r e se n t s tu d y  d e a ls  w ith  th e  a d m ix tu r e  o f  th e se  a d d it iv e s  a n d  its  e ffe c t  o n  th e  
f in a l  d r a in e d  w e ig h t  in  a  w e ll-c o n tr o lle d  g r a p e fr u it  s e g m e n t  sy stem .

M ateria ls and m eth od s
Materials

Grapefruit segments ( ly e -p e e le d )  w e r e  d r a w n  fro m  a  c o m m e r c ia l  p r o d u c t io n  l in e  p r io r  
to  c a n n in g .

A u th o rs ’ a d d re ss : D e p a r tm e n t  o f  F o o d  E n g in e e r in g  a n d  B io tech n o lo g y , T e c n n io n — Is ra e l I n s t i tu te  o f  
T ech n o lo g y .
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Low-methoxylpectin, P u r p le  R ib b o n  g r a d e , O b i-P e k t in  A G . B isch o fsze ll, S w itz e r la n d ;  

p u r ifie d  b y  th ree  su cc ess iv e  e x tr a c t io n s  w ith  e th a n o l-h y d r o c h lo r ic  a c id  s o lu t io n  (2  
v o lu m e s  e t h a n o l+ 1  v o lu m e  0 -1 5  n  h y d r o c h lo r ic  a c id ) ,  fo llo w e d  b y  w a s h in g  w ith  
e th a n o l  a n d  v a c u u m -d r y in g  a t  7 0 °C  for 12 hr.

Sugar. T h e  4 6 °B x  sy ru p , d e io n iz e d  ( in  o rd e r  to  r e m o v e  a l l  tra ces  o f  c a lc iu m ) b y  
p a ss in g  th r o u g h  a  c a t io n ic  ( I R  120 , K o c h  L ig h t  L a b s , G o ln b ro o k , B u ck s, E n g la n d )  
a n d  a n  a n io n ic  b e d  ( I R A -4 1 0 , R o h m  & H a ss  C o , P h ila d e lp h ia )  d o w n  to  6 0 0  K i2  
e le c tr ic  r e s is ta n ce  (d e te r m in e d  b y  b r id g e  ty p e  c o n d u c to m e te r , ty p e  E  3 8 2 , M e tr o h m , A G ,  
H e r isa u , S w itz e r la n d ) .

SO2 (p r e se r v a tiv e ) . F iv e  p e r  c e n t  a q u e o u s  s o lu t io n , p a ssed  tw ic e  th r o u g h  th e  c a t io n ic  
b e d  for  th e  sa m e  p u rp o se .

Isoionic stock solutions. F if te e n  p e r  c e n t  w /v  C a C l2 a n d  1 T 8 6 %  w /v  N a C l  w e r e  c o m 
b in e d  to  y ie ld  a n y  d e sired  c o n c e n tr a t io n  o f  C a ++ a t  c o n s ta n t  to ta l io n  c o n c e n tr a t io n  
a n d  a  u n ifo rm  d ilu t io n  e ffe c t . (E q u a l v o lu m e  o f  e a c h  o f  th e  so lu t io n s  c o n ta in s  e q u a l  
a m o u n t  o f  io n s .)

Grapefruit segments
F i g . 1 .  E x p e r i m e n t a l  s e t - u p  ( s c h e m a t i c ) .
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Experimental

T h e  e q u ip m e n t  u se d  is s h o w n  in  F ig . 1. A  1 5 0  g  s a m p le  o f  g r a p e fr u it  s e g m e n ts  w a s  
p la c e d  in  a  p la s t ic  m e s h  b a g  (m e sh  s iz e  a b o u t  5  m m ) in s id e  a n  8 0 0  m l g la ss  ja r  w ith  a  
p la s t ic  l id . T h e  m o u th  o f  th e  b a g  w a s  t ie d  w ith  a  n y lo n  s tr in g  a n d  th e  b a g  su sp e n d e d  
(fro m  a  h o o k e d  h a n d le  d r iv e n  th r o u g h  th e  l id )  a n d  im m o b il iz e d  b y  a n  a d ju s ta b le  
sta in less  s te e l r in g  a sse m b ly . A n  e q u a l a m o u n t  o f  4 6 °B x  su cr o se  sy ru p  w a s  p o u r e d  in to  
th e  ja r , w ith  th e  sp e c if ie d  a m o u n t  o f  C a C l2 s to ck  s o lu t io n  a n d  th e  b a la n c in g  N a C l.  
T h e  p e c t in  (0 -1 % . b a se d  o n  to ta l  w e ig h t)  w a s  s o lu b il iz e d  in  th e  sy ru p  u n d e r  v ig o r o u s  
m ix in g . A ll  sa m p le s , p r e se r v e d  w ith  S O 2 (1 0 0 0  p p m , b a se d  o n  to ta l  w e ig h t ) ,  w e r e  
p a s te u r iz e d  in  a  9 0 °C  w a te r  b a th  for  2 5  m in  a n d  w a te r -c o o le d  im m e d ia te ly .

A  m o d e l  sy ste m  (5  m m  g la ss  sp h eres) w a s  a lso  te s te d  in  4 6 °B x  sy ru p , th is  t im e  w ith  
1 8 0 0  p p m  C a ++, u n d e r  th e  s a m e  r e g im e .

Drained-weight determination. T h e  d r a in e d -w e ig h t  p a tte r n  w a s  o b se r v e d  b y  lif t in g  th e  
m e sh  b a g  p e r io d ic a lly  o u t  o f  th e  sy ru p , s u s p e n d in g  i t  (b y  th e  h o o k  o f  th e  l id  h a n d le )  
fro m  a  h o o k  p r o v id e d  a t  th e  b o tto m  o f  a  b a la n c e  ( s e m i-a n a ly t ic a l ,  S a r to r iu s  m o d e l  
2 2 5 7 , a c c u r a c y  ±  0 -0 0 5  g ) ,  a n d  w e ig h in g  a fter  a  3 0  se c  d e la y  a llo w e d  for  d r a in in g . T h e  
d r a in e d  w e ig h t  d a ta  in  th e  d ia g r a m  a re a v e r a g e s  o f  e ig h t  r e p lic a te s , w ith  s ta n d a r d  
error  o f  a b o u t  0 -5 %  fin a l d r a in e d  w e ig h t .

R esu lts  and d iscu ssio n
T h e  d r a in e d  w e ig h t  p a tte r n  v . t im e  is g iv e n  in  F ig s  2  a n d  3  for  iso io n ic  c o n c e n tr a t io n  
sy stem s w ith  a n d  w ith o u t  L M P , r e s p e c t iv e ly , w ith  th e  C a ++ le v e l  as p a r a m e te r . T h e  
cu rv es  a re  s e e n  to  la c k  th e  ‘tu r n in g  p o in t ’ ty p ic a l  o f  m a n y  c a n n e d  fru its (S te r lin g , 1 9 6 9 ;  
B e rezo v sk y , 1 9 7 0 ) , s u g g e s t in g  sy ste m  p e r m e a b le  in  p r a c t ic e  to  a ll so lu tes .

A  cross l in k e d  sy ste m  h a s  r e d u c e d  a b il ity  to  sw e ll th u s  a d m ix tu r e  o f  C a ++ c a n  b e  
e x p e c te d  to  r e d u c e  th e  F D W , m a in ly  b y  in c r e a s in g  th e  d e g r e e  o f  cro ss -f in k in g  th r o u g h  
fo r m a tio n  o f  in te r m o le c u la r  c a lc iu m  p e c ta te  b o n d s  w ith in  th e  se g m e n ts . B y  c o n tr a st ,  
a d m ix tu r e  o f  L M P  in  th e  p r e se n c e  o f  C a ++ m a y  le a d  to  fo r m a tio n  o f  a  g e l  w h ic h  w o u ld  
se t t le  o n  a n d  b e tw e e n  th e  se g m e n ts  a n d  in c r e a se  th e  F D W  b o th  d ir e c t ly  a n d  th r o u g h  
r e d u c t io n  o f  th e  w a te r  o u tf lo w  ( th e  F D W  is k n o w n  to  b e  f lo w -r a te  d e p e n d e n t—  
K o p e lm a n  et al., 1 9 7 5 ) . A c c o r d in g ly  (F ig . 4 ) ,  u n d e r  a n  iso io n ic  r e g im e , a n d  a t  a  g iv e n  
L M P  le v e l ,  th e  F D W  in c r e a se s  w ith  th e  C a ++ le v e l  u p  to  a  c e r ta in  ‘s a tu r a t io n ’ p o in t ,  
b e y o n d  w h ic h  th e  tr e n d  is rev er sed . O b v io u s ly , th e  lo w e r  th e  g iv e n  L M P  le v e l ,  th e  
lo w e r  a lso  th e  o p t im a l C a ++ le v e l;  th is  is  se e n  w h e n  n o  L M P  is a d d e d  a n d  th e  p ro cess  
in v o lv e s  o n ly  th e  p e c t in  n a tu r a lly  p r e se n t  in  th e  sy ste m , in  w h ic h  ca se  th e  c u r v e  p e a k  is 
sh ifte d  to  th e  le ft  (F ig . 4 ) .

T h e  e ffe c t  o f  g e l  fo r m a tio n  is a lso  d e m o n str a te d  b y  th e  g la ss  sp h ere  m o d e l  (T a b le  1). 
T h e  s y r u p /L M P /C a ++ sy ste m  sh o w e d  a n  in c r e a se  o f  4 5 %  o v e r  th e  o r ig in a l w e ig h t ,  
w h ile  a ll o th e r  fo u r  v a r ia n ts  s h o w e d  a p p r o x im a te ly  th e  s a m e — a n d  m u c h  sm a lle r —
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. E ffec t o f  C a++  io n  o n  d ra in e d -w e ig h t p a t te r n  a t  iso ion ic  sa l t  c o n c e n tra tio n . 
*  0 p p m ; A  180 p p m ; x  360 p p m ; ■  720 p p m ;  •  1080 p p m ;  +  n o  sa lt.

F ig . 3 . E ffec t o f  C a++ o n  d ra in e d -w e ig h t p a t t e r n  in  th e  p re sen c e  o f  L M P , a t  iso ion ic  sa l t  
c o n c e n tra tio n . C a ++: * 0 p p m ;  A  180 p p m ;  x  360 p p m ;  ■  720 p p m ; •  1080 p p m ;  
+  n o  salt.
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F i g . 4. Effect of C a++ ion on FD W  a t isoionic salt concentration. •  W ith  added  L M P ; 
O  w ithout added  L M P.

T able 1. D rained w eight in  glass-sphere 
m odel

Increase in  w eight
(% )

W ater 10
Syrup 10
Syrup +  Ca++ 11
S y ru p + L M P 15
Syrup +  Ca++ +  L M P 45

in c r e a se . T h e  e ffe c t  w a s  a lso  o b se r v a b le  v is u a l ly : th e  th r e e  c o m p o n e n t  m ix tu r e  b e c a m e  
tu r b id  w ith  a  n o t ic e a b le  in c r e a se  in  v isc o s ity , w h ile  in  th e  o th e r  v a r ia n ts  th e  m ix tu r e  
r e m a in e d  c lea r .

F ig u r e  5 sh o w s  th a t , in  v ie w  o f  th e  h ig h  c o r r e la t io n  c o e ff ic ie n t , th e  lo n g -te r m  F D W  
o f  a  g iv er , sy ste m  c a n  b e  p r e d ic te d  fro m  th e  in it ia l  c h a n g e  r a te  o f  th e  d r a in e d  w e ig h t  
d e te r m in e d  o n  th e  b a sis  o f  less th a n  2 4  h r  d a ta . T h e  a b o v e  c o u ld  b e  u se fu l in  m o n ite r in g  
th e  p ro cess  b y  p r o v id in g  a n  e a r ly  in d ic a t io n  o f  th e  F D W  n o r m a lly  e q u ilib r a te d  a t  a  
m u c h  la te r  p e r io d .

I n  c o n c lu s io n , th e  in c r e a se  F D W  in  th e  p r e se n c e  o f  th e  a b o v e  a d m ix tu r e s  is  m a in ly
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F ig . 5. Effect of initia l change ra te  o f drained-w eight on FDW . 
FD W  =  - 1 1 - 2  ra te  g /d a y + 9 6  (r= 0 '9 4 5 ).

a ttr ib u ta b le  to  fo r m a tio n  o f  a  g e l, w h ic h  acts  b o th  as (a ) a d d e d  ‘b a lla s t’ a n d  (b ) fu r th e r  
b a rr ier  for w a te r  o u tf lo w , w h ic h  in  tu r n  h a s  a n  in d ir e c t  e ffe c t  u p o n  e s ta b lish in g  a  h ig h e r  
F D W  a t  e q u ilib r iu m .

R eferences
Berezovsky, N . (1970) Evaluation o f  technological factors in the production o f  canned grapefruit segments M .Sc. 

thesis, H aifa, D epartm en t of Food Engineering an d  Biotechnology, T echnion— Israel Institu te  o f 
Technology.

Board, F .W ., Gallop , R .A . & Sykes, S .M . (1966) Q u ality  o f canned berry  fruits. F d  Technol., 
Champaign, 20, 1203.

L evi, A ., Samish, Z ., Ludin , A. & H ershkovitz, E . (1969) Studies on  the  quality  characteristics of 
canned grapefruit segments. J .  F d  Technol. 4, 179.

K opelman, I .J . ,  M izra h i, S. & K ochba, M . (1975) Effect o f diffusion ra te  on d rained  w eight of canned 
grapefruit segments. J .  F d  Sci. 40, 695.

M annheim , C .H . & K oteck, L . (1967) Evaluation o f  Technological Factors in the Production o f  Grapefruit 
Segments. A nnual report, D ept, o f Food Engineering an d  Biotechnology, H aifa, T echnion— Israel 
Institu te  o f Technology.

M annheim, C .H . & Bakal, A . (1968) Technological factors in  the production  o f g rapefruit segments. 
Israel J .  Technol. 6 (4), 269.

O lsen, R .W ., Barron , W ., H uggart, R .L . & W enzel, F .W . (1966) Effect o f C alcium  salts on the 
firmness o f canned  grapefruit sections. Citrus Ind. 47 (10).

Sidw ell, A .P. & C ain , R .F . (1955) T he effect o f low m ethoxyl pectin  an d  calcium  salts on  the  d ra ined  
w eight an d  calcium  conten t of processed raspberries. F d Technol., Champaign, 9 ,438 .

Sterling , C. (1959) F d  Technol., Champaign, 13, 629.

{Received 4  January 1976)



J .  F d Technol. (1976) 11, 463-473.

S tu d ie s  o f  m a n g o  p r o c e s s in g
I. The foam -m at drying o f mango (Alphonso cultivar) puree

R .  D .  C O O K E ,  G .  R .  B R E A G ,  G . E .  M .  F E R B E R ,  P .  R .  B E S T
a n d  J .  J O N E S

Sum m ary
A n  e x p e r im e n ta l  th in  la y e r  d r ie r  is  d e sc r ib e d  fo r  e v a lu a t in g  fo a m -m a t  
d r y in g  ch a r a c te r is t ic s . P o ly g ly c e r y l  s te a r a te  w a s  fo u n d  to  b e  th e  m o s t  e f fe c t iv e  
fo a m in g  a g e n t  fo r  A lp h o n s o  m a n g o  p u r e e . A  s ta b le  m a n g o  fo a m  c o u ld  b e  
p r e p a r e d  u s in g  th is  su r fa c ta n t  w ith o u t  p r io r  c o n c e n tr a t io n  o f  th e  p u r e e  o r  th e  
u se  o f  v isc o s ity  in c r e a s in g  a d d it iv e s . T h e  d e p e n d e n c e  o f  th e  d r y in g  r a te  o n  
te m p e r a tu r e , fo a m in g  a g e n t  c o n c e n tr a t io n  a n d  a ir  f lo w  ra te  is  r e p o r te d . A  
r e a d ily  r e -h y d r a te a b le  p o w d e r  o f  2 %  m o is tu r e  c o n te n t  c o u ld  b e  p r o d u c e d  b y  
d r y in g  a t  7 0 °G  for  2 0  m in . T h is  d r y in g  r a te  c o m p a r e s  fa v o u r a b ly  w ith  ea r lie r  
s tu d ie s  o f  th e  fo a m -m a t  d r y in g  o f  c itru s  c o n c e n tr a te . T h e  v it a m in  G c o n te n t  o f  
th e  p u r e e  w a s  d e c r e a se d  b y  8 0 %  d u r in g  fo a m -m a t  c r y in g , a n d  th is  p o w d e r  
w a s  less a c c e p ta b le  th a n  a  p r o d u c t  o b ta in e d  b y  sp r a y -d r y in g .

Introduction
T h e  m a n g o  (Mangifera indica L .)  is  g r o w n  in  la r g e  q u a n tit ie s  in  m a n y  p a rts  o f  th e  
tro p ic s  e s p e c ia l ly  I n d ia ,  th e  c u lt iv a r  ‘A lp h o n s o ’ b e in g  o n e  o f  th e  m o s t  p o p u la r . T h e  
p u r e e  is u se d  in  n e c ta rs , d r in k  b a ses  a n d  f la v o u r in g  a g e n ts  (B h a tn a g a r  & S u b r a m a n y a m ,
1 9 7 3 ) . M a n g o  u t il iz a t io n , w h e th e r  in  th e  p r o d u c e r  c o u n tr y  o r  for  e x p o r t  to  p r e m iu m  
m a rk e ts  is  l im ite d  b y  th e  p e r ish a b le  n a tu r e  o f  th e  fru it a n d  th e  sh o r t h a r v e s t  sea so n .  
T h e  p r o d u c t io n  o f  a  d r ie d  p u r e e  c o u ld  assist in  o v e r c o m in g  th is  p r o b le m  a n d  r e d u c e  
tra n sp o r t a n d  s to r a g e  costs .

H e r tz e n d o r f  & M o s h y  (1 9 7 3 )  h a v e  r e v ie w e d  th e  a p p lic a t io n  o f  fo a m -m a t  d r y in g  to  
m a n y  h e a t  s e n s it iv e  m a te r ia ls , in c lu d in g  fru it ju ic e s . F o a m -m a t  d r y in g  d e p e n d s  o n  th e  
g e n e r a t io n  o f  a  h e a t -s ta b le  fo a m  u s in g  a  s u ita b le  su r fa c ta n t-s ta b iliz e r  (M o r g a n  &  
G in n e tte , 1 9 6 0 ) . D r y in g  ra tes  a t  m ild  te m p e r a tu r e s  a re  e n h a n c e d  b e c a u s e  o f  th e  
in c r e a se d  g a s - liq u id  in te r fa c e , fu r th e rm o r e  th e  o p e n  s tr u c tu r e  o f  th e  p r o d u c t  en su res  
r a p id  r e -c o n s t itu t io n . V a c u u m  te c h n iq u e s  a n d  h ig h  te m p e r a tu r e s  a re  n o t  e m p lo y e d  w ith  
c o n s e q u e n t  c o s t  r e d u c t io n  a n d  m in im iz a t io n  o f  h e a t  d a m a g e . T h e  su r fa c e  a r e a  o f  th e

A uthors’ address: M inistry  of Overseas D evelopm ent, T ropica l Products Institu te, 56-62 G ray ’s In n  
R oad , London W C1.
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fo a m  m a y  b e  in c r e a se d  b y  ‘c r a te r in g ’ w ith  a  c o n tr o lle d  a ir  b la s t  (M o r g a n  et al., 1 9 6 1 ) ,  
th o u g h  so m e  fo a m s c a n n o t  b e  c r a te r e d  e f fe c t iv e ly  p r e s u m a b ly  b e c a u s e  o f  su r fa c e  
te n s io n  o r  v isc o s ity  c o n s id e r a tio n s .

S e v e r a l ty p e s  o f  fo a m  s ta b iliz e r s  h a v e  b e e n  te s te d  w ith  th e  a im  o f  p r o d u c in g  fo a m s  
th a t  w ith s ta n d  sp r e a d in g , c r a te r in g  a n d  d r y in g  (H a r t  et al., 1 9 6 3 ) . F o a m  c o lla p se  
in c r e a se s  th e  d r y in g  t im e , r e d u c e s  p r o d u c t  q u a li ty  a n d  h in d ers  d e - tr a y in g . P r e v io u s  
s tu d ie s  (M o r g a n  et al., 1961 ) in d ic a te d  th a t  fo a m in g  o f  v a r io u s  c itru s  ju ic e s  r e q u ir e d  
h ig h  s o lu b le  so lid s  c o n te n ts  (p r e -c o n c e n tr a t io n  o f  th e  j u ic e  b e in g  n e c e s s a r y ) ; a lte r 
n a t iv e ly  th e  u se  o f  ‘s t if fe n in g ’ a g e n ts  su c h  as c a r b o x y -m e th y l c e llu lo se s , g u a r  g u m  o r  
p e c t in s  in  a d d it io n  to  a  s u ita b le  su r fa c ta n t w a s  r e c o m m e n d e d  (B ro w n  et al., 1 9 7 3 ) .  
C itru s  c o n c e n tr a te  fo a m s (2 -2  m m  th ick ) c a n  b e  d r ie d  to  2 %  m o is tu r e  c o n te n t  in  1 5 -2 0  
o i n  a t  7 0 °C  (M o r g a n  et al., 1 9 6 1 ). B a te s  (1 9 6 4 )  h a s  r e p o r te d  o v e n  s ta b il ity  te sts  o f  
fo a m e d  tr o p ic a l fru it p r o d u c ts , in c lu d in g  m a n g o  p u r e e  (u n s ta te d  c u lt iv a r ) . A  fo a m  o f  
l im ite d  s ta b il ity  w a s  p r o d u c e d  u s in g  1 %  g ly c e r o l  m o n o s te a r a te , b u t  n o  d r y in g  c h a r a c te r 
ist ic s  or  p r o d u c t  a n a ly se s  w e r e  d e sc r ib e d  for th is  o r  th e  o th e r  p r o d u c ts  m e n t io n e d .  
J a y a r a m a n  et al. (1 9 7 4 )  r e c e n t ly  re p o r te d  th e  fo a m -m a t  d r y in g  o f  m a n g o  a n d  o th e r  fru it  
p u r e e s  u s in g  2 %  o f  a  d is t i lle d  m o n o g ly c e r id e  as a  fo a m  s ta b iliz e r . T h e  p r o d u c t  w a s  
d r ie d  a t  8 0 °C  for  3 0  m in  fo l lo w e d  b y  6 5 - 7 0 ° C  fo r  3 0 - 9 0  m in , a n d  C a C l2 d e s ic c a n t  w a s  
r e q u ir e d  to  fu r th e r  r e d u c e  th e  m o is tu r e  c o n te n t  to  b e lo w  3 % . V ita m in  r e te n t io n  o r  
d r y in g  c h a r a c te r is t ic  d a ta  w e r e  n o t  p r e se n te d . I n fo r m a tio n  a b o u t  th e  d r y in g  c h a r a c te r 
ist ic s  o f  fru it j u ic e  fo a m s a n d  a b o u t  th e  r e su lta n t  p r o d u c t  q u a li ty  is  su p e r fic ia l (H e r tz e n -  
d o r f  &  M o s h y , 1 9 7 3 ).

T h e  p r e se n t p a p e r  rep o rts  a  d r ier  sy ste m  fo r  th e  e v a lu a t io n  o f  fo a m -m a t  d r y in g  
c h a r a c te r is t ic s :  th e  s e le c t io n  o f  a  s u ita b le  s ta b iliz e r  for  th e  p r o d u c t io n  o f  A lp h o n s o  
m a n g o  f o a m : th e  d r y in g  c h a r a c te r is t ic s  o f  th e  c r a te r e d  f o a m : a n d  a n a ly se s  o f  th e  d r ie d  
p r o d u c ts . T h e  fo a m -m a t  d r ie d  p o w d e r  is c o m p a r e d  w ith  a  p r o d u c t  o b ta in e d  b y  sp r a y 
d r y in g , a n d  w a s  fo u n d  to  b e  o f  in fer io r  q u a lity .

M aterials and m eth od s
Production o f  mango foams

T h e  d iff ic u lty  o f  o b ta in in g  a ir -fr e ig h te d  m a n g o e s  in  th e  U .K .  l im ite d  th e se  in v e s t ig a 
tio n s  to  th e  p o p u la r  c u lt iv a r  ‘A lp h o n s o ’, im p o r te d  fro m  I n d ia . G r e e n , m a tu r e  m a n g o e s  
(6 0  k g ) w e r e  r ip e n e d  a t  3 0 °G . T h e  r ip e  fr u it  w a s  p u lp e d  in  a  p a d d le -p u lp e r  (B rier ly , 
C o llie r  &  H a r t le y  L td , R o c h d a le )  th r o u g h  a  0 -1 2 4  m m  screen  to  r e m o v e  p e e l  a n d  
s to n es . T h e  p u r e e  o b ta in e d  (c o r r e sp o n d in g  to  a b o u t  7 0 %  o f  th e  fresh  w e ig h t  o f  th e  
w h o le  fru it) w a s  fr o z e n  a n d  s to r e d  a t  — 1 0 °C  p r io r  to  u se . T h e  p H  o f  th e  p u r e e  w a s  4-1  
a n d  th e  to ta l  s o lu b le  so lid s  c o n te n t  w a s  2 1 -5 °  B r ix .

F o a m s  w e r e  p r o d u c e d  in  3 0 0  g  lo ts  u s in g  a  K e n w o o d  d o m e s tic  m ix e r  o p e r a te d  a t  
m a x im u m  sp e e d  for 10 m in . V a r io u s  fa tty  a c id  esters, p r o te in s , g u m s , c e llu lo se s  a n d  
p e c t in s  w e r e  e v a lu a te d  as p o ss ib le  fo a m  s ta b iliz e r s  (T a b le  1 ). T h e s e  a d d it iv e s  w e r e
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g e n e r a lly  p r e p a r e d  as s to c k  su sp e n sio n s  b y  h o m o g e n iz in g  (M S E  la b o r a to r y  h o m o -  
g e n iz e r )  for  2 m in  in  h o t  ( 7 0 - 8 0 ° C )  d is t i lle d  w a te r . T h e  c o o le d  su sp e n sio n s  (u su a lly  
2 0 %  w /v  or  m o re ) w e r e  a d d e d  to  th e  p u r e e  to  th e  re q u ir e d  le v e ls , in  th e  r a n g e  0 -5 -2 -5 %  
o f  th e  to ta l  so lid s  p r e se n t  in  th e  p u r e e  ( i .e . d sb ) . F o a m  s ta b il ity  w a s  a ssessed  b y  m e a su r e 
m e n ts  o f  d e n s ity  a n d  b y  th e  fo a m s’ c a p a c ity  to  r e m a in  s u p p o r te d  o n  th e  d r y in g  trays.

Experimental dryer
T w o  th in  la y e r  d r iers  (d e sc r ib e d  b e lo w )  w ith  a u to m a tic  w e ig h in g  fa c ilit ie s  w e r e  

m o d if ie d  fo r  th is  s tu d y  b y  th e  c o n s tr u c t io n  o f  p e r fo r a te d  a lu m in iu m  tra y s  to  su p p o r t  
th e  fo a m . T h e  s ix te e n  g a u g e  a lu m in iu m  tra y s  h a d  3 T 7  m m  d ia m e te r  h o le s  o n  4 -7 6  m m  
cen tre s  as d e sc r ib e d  b y  M o r g a n  et al. (1 9 6 1 ) . T h e  d a ta  o b ta in e d  fro m  th e  d r y in g  tr ia ls  
w e r e  p r o c esse d  b y  a  D ig ic o  M ic r o  16 V  c o m p u te r  (D ig ic o  L td , S te v e n a g e , H e r ts ) .  E a c h  
d r ie r  (F ig . 1) e m p lo y s  a  c e n tr ifu g a l fa n  to  b lo w  a ir  o v e r  a  b a n k  o f  th e r m o sta t ic a lly

c o n tr o lle d  e le c tr ic  h e a ter s  w h ic h  h e a t  th e  d r y in g  a ir  to  th e  re q u ir e d  te m p e r a tu r e . T h e  
h e a te d  a ir  th e n  p asses th r o u g h  a  75 m m  d ia m e te r  s ta in le ss  s te e l p ip e , f it te d  w ith  a n  
o r ific e  p la te  (d e s ig n e d  to  B r itish  S ta n d a r d  1 0 42 , 1 9 64 , p a r t 1 ), in to  a  p le n u m  c h a m b e r  
b e fo re  e x h a u s t in g  to  a tm o sp h e r e  v ia  th e  d r y in g  tra y . T h e  a ir  f lo w  ra te  is r e g u la te d  b y  a n  
ir is v a lv e  lo c a te d  p r io r  to  th e  p le n u m  c h a m b e r , a n d  m e a su r e d  as th e  p ressu re  d r o p  
a cross th e  o r if ic e  p la te  u s in g  a n  in c lin e d  m a n o m e te r . I n s id e  th e  p le n u m  c h a m b e r  a  w ir e  
m e sh  a n d  a  100  m m  d e e p  h o n e y c o m b  str u c tu r e  is u se d  to  r e d u c e  tu r b u le n c e  a n d  to  
en su re  th e  e v e n  p a ssa g e  o f  d r y in g  a ir  th r o u g h  th e  d r y in g  tra y . A ir  d r y in g  te m p e r a tu r e s  
o v e r  a  r a n g e  o f  3 0 - 8 5 ° G  a n d  a ir  f lo w  ra tes  o f  0 -5 -3 -5  m m /se c  p e r  sq . m m  o f  d r y in g  a rea  
a re  a v a ila b le . T h e  d r y in g  tr a y  is  su p p o r te d  b y  a  c e n tr a l ro d  w h ic h  is lin k e d  to  a  s p e c ia l ly  
a d a p te d  w e ig h in g  sy stem .

A t  s te a d y  s ta te  c o n d it io n s , th e  m a te r ia l to  b e  d r ie d  is  p la c e d  o n  th e  d r y in g  tr a y  a n d  
th e  lo a d e d  tr a y  is  ta r e d . A s  d r y in g  p rog resses , th e  t im e  for e v e r y  0 -5  g  o f  m o is tu r e  
e v a p o r a te d  is r e c o r d e d  a u to m a t ic a lly  th r o u g h  a  H a r w e ll  6 0 0 0  series  d a ta  lo g g e r  o n  to  
a  te le ty p e  u n it  (A to m ic  E n e r g y  R e se a r c h  E s ta b lish m e n t, H a r w e ll ,  O x o n .) .
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E v a lu a tio n  o f  d ry in g  ch a ra cteristics

T h e  fo a m  w a s  sp r e a d  o n  to  th e  tr a y  w ith  a  scra p e r  to  g iv e  a  la y e r  n o t  e x c e e d in g  2 -2  m m  
th ic k  a n d  a  tra y  lo a d in g  o f  T 2 2  k g /m 2. T h e  m a t  o f  p u r e e  w a s  th e n  c ra ter ed  b y  m o v in g  
a  c o n tr o lle d  a ir  b la s t  (a b o u t  4 5  m /se c )  a lo n g  th e  u n d e r s id e  o f  th e  tra y .

D r y in g  w a s  c a rr ied  o u t  w ith  a ir  f lo w  ra te s  o f  2 * 3 -3 -0  m m /s e c  p e r  sq . m m  o f  free  a rea  
o f  d r y in g  tra y  a t  te m p e r a tu r e s  b e tw e e n  5 0 - 8 0 ° C .  T h e  tray s h a v e  a b o u t  4 0 %  free  a r e a  
for  th e  p a ssa g e  o f  d r y in g  a ir , r e su lt in g  in  a n  a ir  sp e e d  in  c o n ta c t  w ith  th e  fo a m  v a r y in g  
b e tw e e n  5 8 0 - 7 5 0  m m /se c . T h e  f in a l m o is tu r e  c o n te n t  o f  th e  d r ie d  m a te r ia l is d e te r m in e d  
in  th e  la b o r a to r y  so  th a t  d r y in g  ra te s  a t  v a r io u s  sta g es  o f  th e  d r y in g  p ro cess  c a n  b e  
c o m p u te d .
S p r a y -d r ie d  p ro d u c t

A  s a m p le  o f  th e  m a n g o  p u r e e  w a s  sp r a y -d r ie d  for c o m p a r iso n  p u rp o ses  in  th e  q u a li ty  
a sse ssm en t o f  th e  fo a m -m a t  d r ie d  p r o d u c t . A  c o c u r r e n t  K e s tn e r  la b o r a to r y  sp ra y -d r ie r  
(A P V  L td , C r a w le y , S u ssex ) f it te d  w ith  a  c e n tr ifu g a l a to m iz e r  o p e r a te d  a t 14  0 0 0  rp m  
w a s  u sed . T h e  p u r e e  v is c o s ity  w a s  r e d u c e d  b y  a  tr e a tm e n t  w ith  0 T %  w /v  U ltr a z y m e  
(C ib a -G e ig y  L td , B a s le , S w itz e r la n d ) for 2 h r  a t  3 0 °C . T h is  feed sto ck  a to m iz e d  u n i
fo r m ly , b u t  d iff ic u lt ie s  w e r e  e n c o u n te r e d  o w in g  to  th e  s lo w  f lo w  ra te  th r o u g h  th e  
g r a v ity  feed  sy stem  o f  th is  d r ier  (c a u s in g  f lu c tu a tio n s  in  th e  o u t le t  te m p e r a tu r e ) . A  
4  k g  sa m p le  o f  th e  p u r e e  w a s  d r ie d  u n d e r  s ta b le  d r y in g  c o n d it io n s  b y  d i lu t in g  th is  
feed sto ck  w ith  d is t i lle d  w a te r  (2  : 1 v /v  r e s p e c t iv e ly ) .  T h e  feed  r a te  w a s  2 5 0  m l/m in  
a n d  th e  in le t  a n d  o u t le t  te m p e r a tu r e s  w e r e  1 5 4 °C  a n d  8 8 3C  r e sp e c t iv e ly .
P ro d u c t an a lyses

P r o d u c t  m o is tu r e  c o n te n ts  w e r e  d e te r m in e d  b y  d r y in g  to  c o n s ta n t  w e ig h t  a t 7 0 °C  
u n d e r  v a c u u m . A sc o r b ic  a c id  a n d  d e h y d r o a sc o r b ic  a c id  w e r e  d e te r m in e d  flu o r i-  
m e tr ic a lly  b y  th e  o -p h e n y le n e d ia m in e  m e th o d  o f  D e u ts c h  & W eek s  (1 9 6 5 ) , as m o d if ie d  
b v  B lu n d sto n e  (1 9 7 4 ) . T o ta l  a n d  r e d u c in g  su g a rs  w e r e  d e te r m in e d  sp e c tr o p h o to -  
m e tr ic a lly  u s in g  p o ta s s iu m  fe r r ic y a n id e , as d e sc r ib e d  b y  G a in e s  (1 9 7 3 ) . C a r o te n o id s  
c o n t e n t  w a s  e s t im a te d  b y  e x tr a c t in g  th e  p u r e e  (o r  th e  r e c o n s t itu te d  p o w d e r )  w ith  
h e x a n e -a c e to n e  (3  : 2  v /v )  c o n ta in in g  0 -2 %  (w /v )  M g C 0 3, a n d  m e a su r in g  th e  a b so r b 
a n c e  o f  th e  e x tr a c t  a t  4 3 6  n m  (A .O .A .C .,  1 9 7 0 ) . /7 -ca ro ten e  ty p e  I I I  (S ig m a  C h e m ic a l  
C o  L td , K in g s to n  u p o n  T h a m e s )  w a s  u sed  as s ta n d a r d . A l l  a ssa ys w e r e  p e r fo r m e d  in  
d u p lic a te , a n d  th e  d a ta  d e r iv e d  fro m  th e  d r ie d  p o w d e r s  w e r e  r e la te d  to  fresh  p u r e e  b y  
a llo w in g  for  m o is tu r e  a n d  fo a m  s ta b iliz e r  c o n te n ts .

R esu lts  and d iscu ssio n
D r y in g  ch a ra cteristics— f o a m - m a t  d ry in g

T h e  d iffe r e n t  ty p e s  o f  su r fa c ta n ts , em u ls ifiers  a n d  th ic k e n in g  a g e n ts  te s te d  as fo a m  
s ta b iliz e r s  a re  s h o w n  in  T a b le  1. P o ly g ly c e r y l  s te a r a te  (as C rester  K Z , C r o d a  F o o d s  
L td , W id n e s )  a n d  g ly c e r o l m o n o s te a r a te  (G M S , B r itish  D r u g  H o u se s , P o o le )  w e r e
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F atty  acid esters
Proteins
Gums
Celluloses
Pectins

Glycerol m onostearate, polyglyceryl stearate , calcium  stearyl lactylate 
Egg album en, soyflours, soyflour hydrolysates
G uar gum , locust bean gum , calcium  or potassium  carragheenan, sodium  alg inate 
C arboxym ethyl cellulose, m ethyl cellulose, ethyl m ethyl cellulose.
C itrus pectin an d  low-m ethoxyl pectin

fo u n d  to  b e  th e  m o st e ffe c t iv e  a d d it iv e s . T h e  G M S  fo a m s w e r e  m a r g in a lly  h e a t  s ta b le  
a t th e  1-5%  d sb  le v e l;  p o ly g ly c e r y l  s te a r a te  p r o d u c e d  h e a t  s ta b le  fo a m s  a t  th e  1-5%  
le v e l ,  o f  d e n s ity  b e tw e e n  0 -3 3 —0 -4 0 . C a lc iu m  s tea ry l la c ty la te  a t  th e  2 %  le v e l  p r o d u c e d  
h ig h  d e n s ity  fo a m s (0 -8 5 ) th a t  c o lla p se d  q u ic k ly  a t  r o o m  te m p e r a tu r e . T h e  e ffe c t iv e n e ss  
o f  p o ly g ly c e r y l  s te a r a te  as a  m a n g o  fo a m  s ta b iliz e r  in d ic a te d  th a t  m a n g o  p u r e e  c o u ld  
b e  fo a m -m a t  d r ie d  w ith o u t  th e  n e e d  for  a d d it io n a l  ‘s t if fe n in g ’ a g e n ts  o r  in c r e a s in g  th e  
so lu b le  so lid s  c o n te n t . T h e  c e llu lo se s , p e c t in s , g u m s  a n d  p r o te in s  te s te d  in  th e  p r e se n t  
s tu d y  w e r e  in e f f e c t iv e  as s ta b iliz e r s  ( i .e . n e g l ig ib le  r e d u c t io n  in  p u r e e  d e n s ity  a fter  th e  
10 m in  m ix in g  p r o c e d u r e ) a n d  a lso  h a d  a  n e g lig ib le  e ffe c t  in  c o m b in a t io n  w ith  G M S .  
T h e  fa ilu r e  o f  th e se  a d d it iv e s  to  e n h a n c e  th e  fo a m  fo r m in g  a b il ity  is  p r e su m a b ly  r e la te d  
to  th e  h ig h  c o n s is te n c y  a n d  v isc o s ity  o f  th e  p u r e e . S im ila r ly , d is so lv in g  c a n e  su g a r  in  
th e  p u r e e  to  in c r e a se  th e  so lid s  to  4 0 °  B r ix  d id  n o t  im p r o v e  fo a m in g  a b il ity  u s in g  G M S  
as s ta b iliz e r . C o n s e q u e n tly , th e  d r y in g  s tu d ie s  r e p o r te d  b e lo w  w e r e  u n d e r ta k e n  u s in g  
p o ly g ly c e r y l  s te a r a te  as th e  s ta b iliz e r .

A p p r o x im a te ly  fifty  d r y in g  tr ia ls  w e r e  d o n e  to  e s ta b lish  th e  e ffe c ts  o f  te m p e r a tu r e ,  
f lo w  r a te  a n d  s ta b iliz e r  c o n c e n tr a t io n  o n  th e  d r y in g  ra te . A  fo a m in g  a g e n t  c o n c e n tr a t io n  
o f  1-5%  d sb  w a s  s e le c te d  for  th e  m a jo r ity  o f  th e  d r y in g  tr ia ls  g iv in g  a  tr a y  lo a d in g  o f  
1 -22 k g /m 2. In c r e a s in g  th e  a d d it iv e  c o n c e n tr a t io n  r e su lte d  in  a n  e n h a n c e d  d r y in g  ra te , 
b u t  r e d u c e d  th e  fo a m  d e n s ity  a n d  g a v e  a  lo w e r  lo a d in g  o f  fo a m  p e r  su r fa c e  a r e a  o f  tra y . 
A  c o m p a r iso n  o f  th e  d r y in g  c h a r a c te r is t ic s  o f  tw o  fo a m s o f  d iffe r in g  s ta b iliz e r  c o n te n ts  
is s h o w n  in  F ig . 2 . T h e  m o is tu r e  c o n t e n t  v ersu s t im e  c u r v e s  (F ig . 3 ) s h o w  th e  in c r e a se  
in  d r y in g  r a te  w ith  te m p e r a tu r e . T h e  m a n g o  fo a m  c o u ld  b e  d r ie d  to  less th a n  3 %  
m o is tu r e  w ith in  2 0  m in , w h ic h  c o m p a r e s  fa v o u r a b ly  w ith  th e  resu lts  o f  e a r lie r  s tu d ie s  
u s in g  o r a n g e  j u ic e  c o n c e n tr a te  (B isse tt et al., 1 9 6 3 ).

T h e  d r y in g  r a te  p ro file s  (F ig . 4 ) s h o w  th a t  th e r e  a re  tw o  fa l l in g  r a te  p e r io d s  a n d  th a t  
th e  ra te  o f  c h a n g e  in  th e  d r y in g  ra te  in c r e a se s  as th e  fo a m  d r ies . T h is  is  in  c o n tr a s t  to  
th e  u su a l b e h a v io u r  o f  a g r ic u ltu r a l d r y in g  p ro cesse s  (H a ll ,  1 9 5 7 ) . H o w e v e r , fo a m -m a t  
d r y in g  p ro file s  a re  p r o d u c t  d e p e n d e n t :  K o m a n o w s k y , S in n a m o n  & A c e to  (1 9 6 4 )  
re p o r te d  o n ly  o n e  fa llin g  ra te  p e r io d  o n  fo a m -m a t  d r y in g  g lu e , w h e r e a s  C h a n d a k  & 
G h iv a te  (1 9 7 2 )  fo u n d  a  p r o g re ss io n  o f  c o n s ta n t  r a te  p h a se s  w h e n  fo a m -m a t  d r y in g  
c a lc iu m  c a r b o n a te . T h e y  a sc r ib e d  th is  to  p e r io d ic  b u r s t in g  o f  su c c e ss iv e  la y e r s  o f  fo a m  
b u b b le s , e f fe c t iv e ly  e x p o s in g  n e w  su rfaces  as d r y in g  p r o c eed s .
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F i g . 2 .  T he dependence o f drying ra te  on the stabilizer content of the foam. T h e  two foams 
were dried  a t  72°C w ith  an  air flow ra te  o f 580 m m /sec as described in  ‘M aterials and  
m ethods’. (1) 1-0% ; (2) 1-5%.

F i g . 3 .  C haracteristic drying curves a t various tem peratures a t  fixed stabilizer content 
(1-5%) and  a ir flow ra te  (580 m m /sec). (1) 51°C; (2) 56°C; ( 3 )  60°C; (4) 66°C; (5) 74-5°C; 
(6) 80°C.
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Moisture content (dry basis)
F i g . 4 .  T h e  c h a n g e  i n  r a t e  o f  l o s s  o f  m o i s t u r e  v e r s u s  m o i s t u r e  c o n t e n t  a t  v a r i o u s  t e m p e r a 
t u r e s  (T 5 %  s t a b i l i z e r  c o n t e n t  a n d  580 m m / s e c  a i r  f l o w ) .  (1) 51°C; (2) 56°C; (3) 66°C;
(4) 74°C; (5) 80°C.

In c r e a s in g  th e  a ir  f lo w  r a te  from  5 8 0  to  7 5 0  m m /se c  w ith in  th e  te m p e r a tu r e  ra n g e  
5 0 - 7 0 ° C  in c r e a se d  th e  d r y in g  ra te  in  th e  e a r ly  s ta g es  o f  d r y in g , b u t  th e  a t ta in m e n t  o f  a  
m o is tu r e  c o n te n t  o f  less th a n  5 %  w a s  n o t  a c h ie v e d  m o r e  r a p id ly  (F ig . 5 ) .  T h e  e f fe c t  o f  
a  h ig h e r  a ir  f lo w  ra te  b e c a m e  less m a r k e d  as th e  a ir  te m p e r a tu r e  in c r e a se d  a n d  a t  7 0°G  
w a s n e g lig ib le .
D r y in g  ch a ra cteristics— sp r a y  d ry in g

S p r a y -d r y in g  o f  v isc o u s  h e a t-se n s it iv e  m a te r ia ls  c o n ta in in g  a  h ig h  p r o p o r tio n  o f  
h y g r o sc o p ic  su b sta n c e s  (e .g . su gars) is o fte n  a sso c ia te d  w ith  p r o b le m s  o f  n o n -u n ifo r m
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F ig . 5. C haracteristic drying curves showing the dependence on air flow rare (1-5% 
stabilizer content an d  56°C). (1) 75 cm/sec airflow; (2) 58 cm/sec airflow.

a to m iz a t io n  a n d  w a ll  d e p o s it io n  (P o n t in g , S ta n le y  & C o p le y , 1 9 7 3 ). B r e n n a n , H e r r e r a  
& J o w it t  (1 9 7 1 )  h a v e  d e sc r ib e d  th e  w a ll  d e p o s it io n  p r o b le m  e n o u n te r e d  in  th e  sp r a y 
d r y in g  o f  o r a n g e  j u ic e  c o n c e n tr a te , a n d  in d ic a te d  th a t  w a ll  d e p o s it io n  is d e p e n d e n t  o n  
th e  th e r m o p la s t ic ity  a n d  h y g r o sc o p ic ity  o f  th e  p o w d e r . W a ll  d e p o s it io n  w a s  n o t  a  
ser io u s  p r o b le m  w ith  m a n g o  p u r e e ;  th e  p r o d u c t  w a s  a  f in e , fr e e -f lo w in g  p o w d e r  o f  
b r ig h t  c o lo u r . H o w e v e r , m o st o f  th e  p r o d u c t  r e m a in e d  in  th e  lo w e r  p a r t o f  th e  c h a m b e r  
in s te a d  o f  r e a c h in g  th e  c y c lo n e  c o lle c to r . T h is  p o w d e r  c o u ld  r e a d ily  b e  d is lo d g e d  b y  
k n o c k in g  th e  c h a m b e r  w a lls , s u g g e s t in g  th a t  th e  a ir -b r o o m  o r  v ib r a t in g  h a m m e r  d e v ic e s  
a v a i la b le  o n  la r g e r  sp ra y -d r ie rs  w o u ld  o v e r c o m e  th is  p r o b le m .
Product analyses

T h e  d r y in g  c o n d it io n s  for v a r io u s  sa m p le s  o f  p r o d u c t , are g iv e n  in  T a b le  2 a n d  th e  
a n a ly se s  in  T a b le  3 . T h e  to ta l  a n d  r e d u c in g  su g a r  c o n te n ts  o f  th e  p r o d u c ts  a re  v e r y  
s im ila r  to  th e  fresh  p u r e e . E x te n s iv e  losses o f  v ita m in  C  o c c u r  d u r in g  fo a m -m a t  d r y in g ;  
a b o u t  h a l f  o f  th is  lo ss  c a n  b e  a c c o u n te d  for as a n  in c r e a se  in  d eh y d ro a sc .o rb a te . T h is  
v ita m in  C  loss is n o t  s im p ly  c a u se d  b y  e x c e ss iv e  d r y in g , s in c e  a n  8 0 %  I° ss w a s fo u n d  in  
s a m p le s  a n a ly se d  a fter  o n ly  1 6 - 1 8  m in  o f  d r y in g  a t  6 6 - 7 0 ° C  (i.e . a t  2 -0 -2 -5 %  m o is tu r e  
c o n te n t ) .  T h e  fo a m in g  o p e r a t io n  i t s e lf  w a s n o t  a c c o m p a n ie d  b y  d e te c ta b le  r e d u c t io n  in  
v ita m in  G c o n te n t  ( <  5 % ) , w h ile  h o ld in g  th e  fo a m  a t ro o m  te m p e r a tu r e  (2 2  ±  2 °C ) for  
4 5  m in  r e su lte d  in  a  loss o f  a b o u t  2 5 %  o f  th e  v ita m in  C , m o st o f  w h ic h  c o u ld  b e  a c 
c o u n te d  for b y  th e  in c r e a se  in  d e h y d r o a sc o r b a te . T h is  su g g ests  th a t  a  c o m b in a t io n  o f  
h e a t  a n d  a ir  is r e q u ir e d  for th e  v ita m in  C  a n d  th e  d e h y d r o a sc o r b a te  losses r e p o r te d  in  
T a b le  3 .
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T able 2. D rying treatm ents of samples analysed in  T able 3

Sam ple Foam ing agent 
(%  dsb)

Foam  density 
(g/ml)

D rying tem p.
(°C)

Air-speed
(cm/sec)

D rying tim e 
(min)

A 1-5 0-40 76 75 26
B 1-5 0-39 72 75 30
C 1-5 0-39 60 75 35
D 1-0 0-56 71 75 30

T able 3. Chem ical analyses of foam -m at an d  spray-dried m ango powders

Sam ple
M oisture 
content 

(% wet basis)

Ascorbic acid 
(mg/100 g 

puree)

Dehydro- 
ascorbic acid 

(mg/100 g)
T o ta l sugars 

(g/lCO g)

R educing 
sugars 

(g/100 g)

T otal
carotenoids 
(mg/100 g)

M ango puree 78-2 52-0 28-1 17-1 3-2 13-4
A 2-2 10-8 51-3 17-2 3-0 1 2 1
B 2-2 1-2 47-3 17-5 2-7 10-2
C 3-2 12-5 47-7 17-2 2-7 10-8
D 4-7 5-3 44-3 17-0 3-0 9-5
Spray-dried 

(rem oved from 
cham ber)

1-0 30-4 8-2 16-7 3-1 7-8

Spray-dried 
(rem oved from 
cyclone collector)

5-1 42-3 25-0 17-0 3-1 10-7

T h is  b e h a v io u r  is in  m a r k e d  c o n tr a s t  to  th a t  o b se r v e d  w ith  o r a n g e  j u ic e  c o n c e n tr a te  
(B isse tt et al., 1 9 63 ) a n d  g r a p e fr u it  j u ic e  c o n c e n tr a te  (B erry  et al., 1 965 ) w h ic h  w e r e  
fo a m -m a t  d r ie d  a t  7 1 °C  for 2 6  m in  w ith  n o  d e te c ta b le  loss  o f  v ita m in  C  (d e te r m in e d  b y
2 ,6 -d ic h lo r o p h e n o l- in d o p h e n o l  t itr a t io n s ) . B erry  et al. (1 9 6 5 ) o b se r v e d  th a t  o r a n g e  
j u ic e  c o n c e n tr a te  is  m o r e  se n s it iv e  to  h e a t  d a m a g e  th a n  g r a p e fr u it  j u ic e  c o n c e n tr a te  
( ju d g e d  b y  sen so ry  e v a lu a t io n ) ,  i .e .  o r a n g e  p o w d e r  d r ie d  a t  8 2 °C  for  14 m in  w a s  
d e te c ta b ly  d if fe r e n t  fro m  o r a n g e  j u ic e  c o n tr o l, w h e r e a s  c h a n g e s  w e r e  o n ly  d e te c ta b le  
a fter  2 6  m in  a t  th is  te m p e r a tu r e  w ith  g r a p e fr u it  sa m p les .

T h e  sp r a y -d r ie d  sa m p le  h a d  a  m u c h  b e tte r  v ita m in  C  r e te n tio n  (T a b le  3 ) ,  th e  
c o lle c to r  m a te r ia l  r e ta in e d  a b o u t  8 0 % , w h e r e a s  th a t  r e m o v e d  fro m  th e  c h a m b e r  a t  th e  
en d  o f  th e  ru n  r e ta in e d  a b o u t  5 5 %  o f  th e  v ita m in  C . T h e  la t te r  sa m p le  w a s  e x p o se d  to  
te m p e r a tu r e s  b e tw e e n  th o se  o f  th e  in le t  a n d  o u t le t  o f  th e  d r ier  for a n  a v e r a g e  t im e  o f  
12 m in  w h ic h  p r e s u m a b ly  a c c o u n ts  for  th e  g r e a te r  loss. T h e  c a r o te n o id  c o n te n ts  o f
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sa m p le s  d r ie d  b y  e ith e r  fo a m -m a t  a n d  sp ra y  d r y in g  w e r e  s lig h t ly  r e d u c e d  (T a b le  3 ) ;  
th e  sp r a y -d r ie d  s a m p le  fro m  th e  c h a m b e r  e x h ib it in g  m o s t  d a m a g e .

T h e  sp r a y -d r ie d  a n d  fo a m -m a t  d r ie d  p r o d u c ts  w e r e  free  f lo w in g , f in e ly  d iv id e d  
p o w d e r s , w h ic h  w e r e  r e a d ily  r e h y d r a ta b le  in  c o ld  w a te r ;  n e c ta rs  (e q u iv a le n t  to  1 +  1 +  
0 3  p a rts  (w /w ) o f  p u r e e  +  w a te r  +  su g a r) w e r e  p r e p a r e d  for  sen so ry  e v a lu a t io n . T h e  
sp r a y -d r ie d  p r o d u c t  w a s  a  b r ig h t  a n d  a ttr a c t iv e  c o lo u r  in  c o n tr a st  to  th e  d a rk er  fo a m -  
m a t  d r ie d  p r o d u c t . T h e  la t te r  w a s  r a te d  p o o r ly  in  s im p le  ta s te  p a n e l  a sse ssm en ts  
(se v e n  ju d g e s  fa m ilia r  w ith  m a n g o  ta ste ) p o sse ss in g  a  d is t in c t  o ff-f la v o u r . T h e  sp ra y -  
d r ie d  s a m p le  w a s  s lig h t ly  la c k in g  in  f la v o u r  c o m p a r e d  w ith  c o n tr o l n e c ta r , b u t  w a s  
p referred  to  th e  fo a m -m a t  d r ie d  m a te r ia l. T h is  a sse ssm en t re flec ts  th e  h e a t  d a m a g e  
in d ic a te d  b y  th e  c h e m ic a l  a n a ly se s;  c o n s e q u e n t ly  th e  p o o r  q u a li ty  o f  th e  p r o d u c t  d o es  
n o t  r e c o m m e n d  th is  a p p lic a t io n  o f  fo a m -m a t  d r y in g . F o a m in g  a n d  d r y in g  in  a n  in e r t  
a tm o sp h e r e  m ig h t  im p r o v e  th e  q u a li ty  o f  th e  p r o d u c t  (P o n t in g  et al., 1 973 ) b u t  th is  is 
n o t  u su a lly  e c o n o m ic a lly  fea s ib le .
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S tu d ie s  o f  m a n g o  p r o c e s s in g
II. Deep freezing o f mango slices

R .  D .  C O O K E ,  C .  J .  A L L I S O N ,  J .  B A L D R Y ,  J .  C .  C A Y G I L L ,
C . E .  M . F E R B E R ,  L .  K A N A G A S A B A P A T H Y  a n d  M . J .  V E A L E

Sum m ary
A lp h o n s o  m a n g o  s lices  in  sy ru p  w e r e  fr o z e n  u n d e r  th ir te e n  d iffe r e n t  c o n d i
t io n s , s to red  for th r e e  m o n th s  a t  — 2 8 °C  a n d  th e  q u a li ty  o f  th e  p r o d u c ts  
assessed  c h e m ic a lly , m ic r o b io lo g ic a lly  a n d  o r g a n o le t ic a lly . T h e  q u a lity  w a s  
in se n s it iv e  to  th e  fr e e z in g  ra te  (c r y o g e n ic  fr e e z in g , b la st fr e e z in g  o r  d o m e s tic  
d e e p  free z in g ) a n d  to  th e  a d d it io n  o f  0 T %  v ita m in  C  to  th e  c o v e r  sy ru p . 
P reso a k in g  in  C a C l2 p r io r  to  p a s te u r iz a t io n  c a u se d  a  m a rk e d  fir m in g  o f  th e  
s lices. S o a k in g  th e  s lices  in  a c id ic  sy r u p  fo llo w e d  b y  m ild  p a s te u r iz a t io n  
g r e a t ly  d e c r e a se d  th e  m ic r o b ia l c o u n ts  b u t  h a d  a n  a d v erse  e ffe c t  o n  fla v o u r . 
F r u it  fro zen  in  4 0 °  B r ix  sy ru p  h a d  a  b e tte r  f la v o u r  th a n  th a t  fro zen  in  2 0°  
B rix  sy ru p . A c c e p ta b le  s lices  w ith  g o o d  n u tr ie n t  r e te n tio n  w ere  p r o d u c e d  b y  
fre e z in g  in  4 0 °  B rix  sy ru p  u s in g  a  d o m e s tic  d e e p  freezer.

Introduction
T h e  m a n g o  (Mangifera indica L .)  is g r o w n  in  la r g e  q u a n tit ie s  th r o u g h o u t  th e  tro p ics , a n d  
A lp h o n s o  is a  p o p u la r  d esser t c u lt iv a r . T h e  p e r ish a b le  n a tu r e  o f  th e  fru it a n d  its sh o rt  
h a r v e s t  sea so n  s e v e r e ly  l im it  its  u t il iz a t io n  (K r ish n a m u r th y  & S u b r a m a n y a m , 1 9 7 3 ). 
T h e  d e te r io r a tio n  o f  fresh  fru its c a n  b e  p r e v e n te d  b y  fr e e z in g , w h ile  th e  d e le te r io u s  
r e a c t io n s  w h ic h  a c c o m p a n y  o th e r  p r e se r v a tio n  m e th o d s  (e .g . c a n n in g , d e h y d r a t io n )  
u s u a lly  o c c u r  a t  n e g lig ib le  ra tes  in  th e  fro zen  m a te r ia l (F in k le , 1 9 7 1 ) . A n  a lte r n a t iv e  
to  c a n n in g  is o ften  s o u g h t in  d e v e lo p in g  c o u n tr ie s  b e c a u se  o f  h ig h  lo c a l t in  p la te  costs  
(M e h ta , 1 9 7 5 ).

E x c e ss iv e  so ftn ess is a  c o m m o n  fa u lt  o f  d e e p  fro zen  fru it a n d  v e g e ta b le s ;  so fte n in g  
h a s  b e e n  a t tr ib u te d  to  c e ll  r u p tu re  a n d  se p a r a tio n  c a u se d  b y  ic e  cry sta l fo r m a tio n  
(W e ie r  & S to c k in g , 1 9 4 9 ) . I m p r o v e d  te x tu r e  h a s  b e en  a sso c ia ted  w ith  fa ster  fr e e z in g  
ra tes (F e n n e m a  & P o w r ie , 1964) w h ic h  m a y  b e  r e la te d  to  th e  sm a lle r  s iz e  o f  th e  ic e  
cry sta ls  fo rm ed . T h r e e  fr e e z in g  m e th o d s  o f  d iffe r e n t  r a p id it ie s  (c r y o g e n ic , b la s t  a n d  
d o m e st ic  d e e p  free z in g ) w e r e  e m p lo y e d  in  th e  p r e se n t w o rk . T e x tu r a l  im p r o v e m e n ts
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r e la te d  to  c a lc iu m -p e c ta te  fo r m a tio n  in  th e  c e l l  w a ll  (G u a d a g n i, 1 9 4 9 ) w e r e  a lso  
in v e s t ig a te d  b y  p r e so a k in g  fr u it  in  C a C l2 p r io r  to  free z in g .

F r u it  s lices  are  u s u a lly  fro zen  in  c o v e r  sy ru p  to  e x c lu d e  a ir , e n h a n c e  f la v o u r  a n d  
in h ib it  e n z y m ic  b r o w n in g  (P o n t in g , F e in b e r g  &  B o y le , 1 9 6 8 ). T e x tu r a l  im p r o v e m e n ts , 
p e r h a p s  d u e  to  th e  c r y o p r o te c t iv e  e ffe c t  o f  th e  sy ru p , h a v e  a lso  b e e n  c la im e d  (J o s ly n  
& H o h l,  1 9 4 8 ) . A d d it io n  o f  v ita m in  C  h a s  b e e n  re p o r te d  to  im p r o v e  th e  c o lo u r  o f  
l ig h t ly  c o lo u r e d  fr o z e n  fru its su c h  as a p p le s , p e a c h e s , a p r ic o ts  a n d  p ea rs  (G u a d a g n i,
1 9 6 9 ), a n d  v ita m in  G a d d it io n  to  d iffe r e n t  c o v e r  sy ru p s w a s  in v e s t ig a te d  in  th e se  tr ia ls . 
A lla h  & Z a k i (1 9 7 4 ) r e p o r te d  th a t  th e  v ita m in  C  r e te n t io n  o f  d e e p  fr o z e n  m a n g o e s  w a s  
im p r o v e d  b y  a  b r ie f  p a s te u r iz a t io n  tr e a tm e n t;  a  s im ila r  tr e a tm e n t  w a s  a lso  in v e s t ig a te d  
in  th is  w o rk . T h e  q u a li ty  o f  th e  p r o d u c ts  w a s  assessed  b y  c h e m ic a l  a n d  m ic r o b io lo g ic a l  
a n a ly sis  a n d  b y  sen so ry  e v a lu a t io n  a fter  a  p e r io d  o f  s to r a g e  u n d e r  d e e p -fr o z e n  c o n d it io n s .

M ateria ls and m eth od s
Preparation o f mango slices and description o f  pretreatments

G r e e n , m a tu r e  I n d ia n  m a n g o e s  (5 0  k g  o f  A lp h o n s o  c u lt iv a r ) w e r e  r ip e n e d  a t  3 0 °C .  
T h e  firm , r ip e  fru its  w e r e  r in sed  in  ta p  w a te r , d r a in e d , a n d  p e e le d . T h e  ch e e k s  o f  e a c h  
fru it w e r e  c u t  o f f  a n d  s lic e d  (a p p r o x im a te  s lic e  d im e n s io n s :  9 0 x 2 0 x  15 m m ) . T h e  
r e s id u a l fle sh  w a s  r e je c te d  b e c a u s e  o f  th e  d iff ic u lty  o f  o b ta in in g  u n ifo r m  slices . S lic e s  
w e r e  p r o d u c e d  in  3 k g  lo ts , m ix e d , w e ig h e d  a n d  tra n sferred  to  th e  a p p r o p r ia te  sy ru p s  
w ith in  1 h r  o f  p e e lin g .

T h e  m a n g o  s lices  w e r e  fro zen  u n d e r  th ir te e n  d iffe r e n t  c o n d it io n s  as s h o w n  in  F ig . 1. 
T h e  n u m b e r  o f  v a r ia b le s  s tu d ie d  n e c e s s ita te d  th is  fr a c t io n a l fa c to r ia l d e s ig n , th e  d a ta  
fro m  w h ic h  wTas s tu d ie d  u s in g  a n a ly sis  o f  v a r ia n c e  te c h n iq u e s . T h r e e  p r e tr e a tm e n t  
a lte r n a tiv e s  w e r e  u se d  ; P x : n o  p r e tr e a tm e n t ; P 2 : so a k in g  th e  s lices  in  2 0 °  B r ix  su cro se  
sy ru p  c o n ta in in g  2 %  (w /v )  c itr ic  a c id  (sy ru p  p H  1-98) for 15 h r  a t  4 ° C . T h e  s lic e s  w e r e  
e n c lo s e d  in  p e r fo r a te d  s ta in le ss  s te e l b a sk ets  to  en su re  to ta l im m e r s io n  in  th e  sy r u p  (th e  
sy ru p  : s lic e  r a tio  w a s  1 : 1 w /w ) .  T h e  s lices  w e r e  th e n  p a s te u r iz e d  b y  im m e r s io n  in  2 0 °  
B rix  sy ru p  c o n ta in in g  2 %  c itr ic  a c id  for  1 m in  a t  7 0 °C , as d e sc r ib e d  b y  D o u g h e r ty  &  
K o b u r g e r  (1 9 7 2 ) .  T h e  s lices  w e r e  d r a in e d  for 5  m in  a t  r o o m  te m p e r a tu r e  (1 8 °C ) a n d  
w e ig h e d  in to  th e  tra y s  c o n ta in in g  th e  a p p r o p r ia te  c o v e r  sy ru p s r e a d y  for fr e e z in g . P 3 : 
th is  v a r ie d  fro m  P 2 in  th a t  th e  p reso a k  sy ru p  c o n ta in e d  2 %  (w /v )  C a C l2.

T h e  c o v e r  sy ru p s  u sed  w e r e  2 0 °  or  4 0 °  B r ix  su cr o se  sy ru p s b o th  c o n ta in in g  0 T %  
(w /v )  c itr ic  a c id  ( 5 ls S 2 r e sp e c t iv e ly )  a n d  w ith  o r  w ith o u t  0 T %  (w /v )  v it a m in  C  
( A ls A 2 r e s p e c t iv e ly ) .  T h e  v ita m in  C  (L -a sc o r b ic  a c id ) w a s  p u r c h a se d  fro m  K o c h -  
L ig h t  L td , C o ln b r o o k . T h e  p H s  o f  th ese  sy ru p s w e r e  2 -7 5 , 2 ’72, 2 -6 4  a n d  2*61 for  *S'1̂ 1, 
S jA  2, S 2A X a n d  S 2A 2, r e sp e c t iv e ly .

Freezing methods
T h e  s lices  w e r e  fro zen  in  1 7 8 x 8 3 x 4 4  m m  a lu m in iu m  tra y s  (A lc a n  F o il  L td ,
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Mango slices

Pretreatnent

Freezing method

Syrup st'englh

Ascorbi: acid 
Somple number

F ig . 1. E xperim ental design. P x : no p re trea tm en t; P 2: soaked in 20° Brix syrup containing 
2%  citric acid, followed by pasteurization ; P 3: soaked in 20° 3 rix  syrup containing 2%  
citric acid an d  2%  C aC l2, followed by pasteurization . F x : dom estic deep freezer : F 2: blast 
freezer; F 3: liquid nitrogen freezer. S 1: 20° Brix cover syrup; S 2: 40° Brix cover syrup. 
A x: no ascorbic acid added to the cover syrups; A 2: 0 -1%  ascorbic acid added to the 
cover syrups.

C h e sh a m , B u ck s) c o n ta in in g  3 1 0  g  ±  10 g  fru it (a b o u t  fo u r :e e n  s lic e s ) , ar_d 2 5 0  g  o f  th e  
c o v e r  sy ru p . T h r e e  fr e e z in g  m e th o d s  w e r e  e m p lo y e d ;  F t : d o m e s tic  d e e p -fr e e z in g ,  
F 2: a ir -b la s t  fr e e z in g , F 3 : c r y o g e n ic  fr e e z in g . T h e  d o m e s t ic  d e e p -fr e e z e r  a n d  th e  b la st  
free zer  w e r e  o p e r a te d  a t  - 2 8 ° C ,  a n d  th e  a ir  sp e e d  in  th e  b la s t  freezer  w a s  5 -7  m /se c .  
T h e  tra y s  w e r e  fr o z e n  w ith  th e ir  lid s  in  p la c e  a n d  th e  cen tr e s  o f  th e  fru it s lices  to o k  5 h r  
a n d  2 -2  h r  to  a t ta in  — 10 °C  for F 1 a n d  F 2, r e sp e c t iv e ly . T h e s e  ra tes  w e r e  m e a su r e d  w ith  
a  m in ia tu r e  te m p e r a tu r e  r ec o r d er  a n d  H S  ( 1 2 5 x 4 - 8  m m ) th e r m isto r  p r o b es  (G r a n t  
I n s t r u m e n t  L td , C a m b r id g e ) . T h e  tra y s  w e r e  le ft  in  th e  freezers u n til  th e  s lices  h a d  
r e a c h e d  — 2 8 °C , i .e .  a b o u t  4  h r  in  th e  b la s t-free zer  a n d  15 h r  in  th e  d o m e s t ic  d e e p -  
freezer . T h e  tra y s  for F 3 w e r e  fr o z e n  w ith o u t  th e ir  lid s  in  p la c e  a n d  s p e n t  3 3  m in  in  a  
l iq u id  n itr o g e n  fr e e z in g  tu n n e l  o f  b e lt  s iz e  0-61  x  3 -6 6  m  (a t  B r itish  O x y g e n  L td , S o u th  
W im b le d o n , L o n d o n  S W 1 9 ) .  T h e  lid s  w e r e  th e n  f itted  a n d  th e  tra y s  tr a n sp o r ted  
(1 h r) to  th is  in s t itu te  in  c o n t a c t  w ith  so lid  C 0 2 in  in s u la te d  b o x e s . T h e  tray s fr o z e n  b y  
th e se  v a r io u s  m e th o d s  w e r e  th e n  s to red  in  a  c o ld  r o o m  a t  -  2 8 °C  ±  2 °C  for th ree  m o n th s  
p r io r  to  th e  s ta r t  o f  th e  a n a ly se s . G u a d a g n i (1 9 6 9 )  re p o r te d  th a t  n o  m e a su r a b le  c h a n g e s  
in  q u a lity  o c c u r r e d  o n  s to r a g e  o f  m a n y  fr o z e n  fru its  for f iv e  y ea rs  a t  th is  s to r a g e  te m 
p e r a tu r e . T h is  in d ic a te s  th a t  th e  resu lts  o f  th is  s tu d y  s h o u ld  b e  r e p r e se n ta t iv e  o f  m u c h  
lo n g e r  s to r a g e  p e r io d s . T w o  tra y s  o f  e a c h  sa m p le  w e r e  p r e p a r e d , o n e  for  c h e m ic a l  a n d  
o n e  for ta s te  p a n e l  a n a ly sis .
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S a m p le s  w e r e  th a w e d  u n d e r  c o n tr o lle d  c o n d it io n s  (p la c e d  in  a  re fr ig era to r  a t  4 °C  
for 17 h r  p r io r  to  im m e d ia te  a n a ly se s) a n d  tw o  s lices  a n d  a  sy ru p  sa m p le  fro m  e a c h  
tr a y  w e r e  r e m o v e d  for m ic r o b io lo g ic a l  a n a ly se s , i .e .  to ta l  v ia b le  c o u n ts  u s in g  p la te  
c o u n t  a g a r  a t 3 7 °C  a n d  2 7 °C  for tw o  a n d  th r e e  d a y s  r e sp e c t iv e ly . T h e  p o ss ib le  p r e se n c e  
o f  co lifo rm s, Staphylococcus aureus, sa lm o n e lla e  a n d  p a th o g e n ic  a n a e r o b e s  w a s  a lso  
in v e s t ig a te d  b y  s ta n d a r d  te c h n iq u e s . S ix  s lices  w e r e  r e m o v e d  for te x tu r a l a n a ly sis  u s in g  
a n  In s tr o n  te n s ile  te s t in g  m a c h in e  T M - S M - L  (In s tr o n  L td , H ig h  W y c o m b e , B u ck s).  
A n  8 -m m  p r o b e  w a s  u se d  to  tra v erse  e a c h  s lic e  (1 5  m m ) ;  th e  first y ie ld  p o in t  a n d  th e  
m a x im u m  fo rce  e n c o u n te r e d  w e r e  m e a su r e d  a t  le a s t  tw ic e  p e r  s lic e . T h e s e  tw o  m e a s u r e 
m e n ts  g a v e  s im ila r  resu lts  a n d  o n ly  th e  first y ie ld  p o in ts  a re  r e c o r d e d  h e re .

T h e  r e m a in in g  s ix  or s e v e n  slices  in  e a c h  tr a y  w e r e  d r a in e d  for  2 m in  o n  a  n y lo n  m e sh  
su p p o r t, d ip p e d  in  8 0 0  m l d is t i lle d  w a te r  for 15 sec  a t  r o o m  te m p e r a tu r e  a n d  r e -d r a in e d  
for 2 m in . T h e  s lices  w e r e  th e n  h o m o g e n iz e d  for 3 m in  (M S E  la b o r a to r y  h o m o g e n iz e r )  
a n d  tw o  sa m p le s  o f  e a c h  p u r e e  w e r e  a n a ly se d  in  d u p lic a te  for m o is tu r e  c o n te n t , a sco rb ic  
a c id , d e h y d r o a sc o r b ic  a c id , to ta l  a n d  r e d u c in g  su g a rs  a n d  to ta l ca r o te n o id s  as d e sc r ib e d  
ea r lie r  (C o o k e  et al., 1 9 7 6 ) . T o ta l  t itr a ta b le  a c id ity  w a s  d e te r m in e d  in  a  c e n tr ifu g e d ,  
d ilu te d  p u r e e  s a m p le  a fter  b o il in g  for 1 m in  a n d  c o o lin g  u n d e r  v a c u u m . T h is  w a s  
t itr a te d  to  p H  8 -0  u s in g  a  T T T 2  m o d u le  lin k e d  to  a n  A B U  11 a u to b u r e tte  (R a d io m e te r ,  
C o p e n h a g e n , D e n m a r k ) , a n d  th e  titres  ex p r esse d  as m g  c itr ic  a c id /1 0 0  g  m a n g o  s lice .

Sensory evaluation
T h e  ta s te  p a n e l  c o n s is te d  o f  s e v e n  n o n -E u r o p e a n  ju d g e s  w h o  w e r e  fa m ilia r  w ith  

m a n g o e s  a n d  s e v e n  E u r o p e a n  ju d g e s  w h o  w e r e  in it ia l ly  u n fa m ilia r  w ith  th e  fru it. T h e y  
w e r e  a sk ed  to  sco re  th e  sw ee tn ess , f irm n ess  a n d  fla v o u r  o f  th e  tw o  sa m p les , to  c o m m e n t  
o n  th e  a p p e a r a n c e , f ib re  c o n te n t  a n d  p r e se n c e  o f  o ff-f la v o u r  a n d  to  ra n k  th e  sa m p les .

T w e lv e  a sse ssm en ts  w e r e  o r g a n iz e d  a t e a c h  o f  w h ic h  th e  c r y o g e n ic a lly  fr o z e n  s a m p le  
(-Pjfqj.S'idjJ w a s  p r e se n te d  to  th e  ju d g e s  w ith  o n e  o f  th e  o th e r  tw e lv e  sa m p les . T h e  
scores o f  th e  c r y o g e n ic a lly  fro zen  s a m p le  w e r e  u sed  as a  c o n tr o l  to  c o m p e n s a te  for  
c h a n g e s  in  re sp o n se  o f  th e  ju d g e s . T h e  sa m p le s  w e r e  th a w e d  as d e sc r ib e d  a b o v e  a n d  
w a r m e d  to  r o o m  te m p e r a tu r e  im m e d ia te ly  b e fo re  p r e se n ta t io n  to  th e  p a n e l  b y  tw o  
3C sec  ex p o su res  to  m ic r o w a v e  ir r a d ia t io n  in  a  M e r r y c h e f  8 5  o v e n  (M e r r y c h e f  L td , 
R e a d in g ) .

R esu lts
T h e  to ta l b a c te r ia l c o u n ts  o f  th e  fro zen  p a ste u r iz e d  sa m p le s  w a s  n il o r  tr a c e  b u t th o se  
o f  th e  u n p a s te u r iz e d  sa m p le s  ( P x) w e r e  m u c h  h ig h e r  ( 5 x l 0 3 —2 x l 0 4 a t  3 7 ° C ) .  
H o w e v e r , n o  p a th o g e n s  w e r e  iso la te d  a n d  a ll th e  sa m p le s  w e r e  c o n s id e r e d  sa fe  for  
h u m a n  c o n su m p tio n .

T h e  c h e m ic a l  a n a ly se s  o f  fresh  m a n g o e s  a re  s h o w n  in  T a b le  1. T h e  la r g e  s ta n d a r d
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T able 1. T he chem ical composition of fresh, ripe alphonso mangoes

N um ber of 
mangoes 
analysed

M ean S tandard
deviation

.Ascorbic acid (m g /100 g) 12 63-8 4-8
D ehydroascorbic acid (m g /100 g) 12 9-8 3-1
T otal carotenoids (mg/100 g) 8 11-4 1-2
T otal titra tab le  acidity (mg/'100 g) 8 525 197
T otal sugars (g/100 g) 8 14-8 1 -4
R educing sugars (g/100 g) 8 3-0 0-6
First yield point (g) 6 129 56

d e v ia t io n  o f  th e  to ta l t itr a ta b le  a c id ity  is a  r e fle c t io n  o f  th e  m a rk ed  c h a n g e  in  fru it  
a c id ity  d u r in g  r ip e n in g  (K r is h n a m u r th y  & S u b r a m a n y a n . 1 9 7 3 ). T h e  te x tu r e  o f  th e  
fru it s lices, as m e a su r e d  b y  first y ie ld  p o in t  is a lso  v e r y  v a r ia b le . T a b le s  2 a n d  3 s h o w  th e  
c o m p o s it io n s  o f  th e  v a r io u s  fro zen  sa m p les , a n d  in d ic a te  th a t  l it t le  loss o f  n u tr ien ts  
o c c u r r e d  d u r in g  th e  fr e e z in g  tr e a tm e n ts . T h e  v ita m in  C  c o n te n ts  o f  th o se  sa m p les  n o t  
fo r tified  w ith  a sco rb ic  a c id  d e c r e a se d  b y  a b o u t  15%  a n d  th e  d e h y d r o a sc o r b ic  c o n te n ts  
b y  3 0 - 5 0 % . R e d u c in g  su g a rs  a lso  d e c r e a se d  b y  3 0 - 5 0 % . C a r o te n o id s  d e c r e a se d  b y  
1 5 -3 0 % . T o ta l  t itr a ta b le  a c id ity  w a s  in c r e a se d  b y  th e  a c id ic  p r e tr e a tm e n ts  P 2 a n d  P 3;

T able 2. T he v itam in retention of the deep-frozen slices; the fresh m ango d a ta  is derived from  T ab le  1 
an d  the control d a ta  is the average of four sets of determ inations (M aterials an d  m ethods)

M oisture content Sam ple num ber , ,  . ,1 %  wet basis
Ascorbic acid 

mg/100 g
D ehydroascorbate 

mg/100 g
T ota l carotenoids 

mg/100 g

Fresh m ango 78-2 63-78 9-75 11-36
C ontrol 78-8 54-26 6 15 9-80

1 79-2 82-62 8 16 9-54
2 74-9 55-93 6 58 10-39
3 78-1 52-40 4-92 9-21
4 70-8 81-56 10-36 9-72
5 77-9 54-23 4-66 9-52
6 71-4 77-92 5-07 10-23
7 78-4 73-81 5-73 9-15
8 72-9 56-84 4-52 9-74
9 76-1 55-98 4-11 7-74

10 73-2 87-41 6-70 9-22
11 77-1 77-62 4-93 9-28
12 72-1 53-37 4-31 8-92
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T a b l e  3 . T he acidity and  sugars contents an d  first yield points of the deep-frozen slices

Sam ple num ber T o ta l sugars
(g/100 g)

R educing sugars 
(g/100 g)

Acidity 
(m g/100 g)

First yield poin t
(g)

Fresh m ango 14-83 3-03 524-6 129
C ontrol 15-25 1-66 426-3 89

1 12-57 1-61 599-3 102
2 19-78 1-73 444-9 82
3 15-62 1 -76 440-2 102
4 19-73 1-79 446-3 128
5 15-35 1-59 642-0 114
6 24-70 1-44 510-9 78
7 14-72 1 -67 598-5 91
8 20-58 1-50 506-9 82
9 18-51 2-08 596-5 256

10 19-46 1-71 632-8 208
11 19-18 2-06 634-9 196
12 21-97 2-05 585-2 214

a n d  to ta l su g a rs  w e r e , n a tu r a lly , in c r e a se d  b y  th e  4 0 °  B r ix  sy ru p . T h e  y ie ld  p o in ts  o f  
t ie  s lices  w e r e  lo w e r  th a n  th o se  o f  fresh  m a te r ia l in  a ll tr e a tm e n ts  e x c e p t  C a C l2 ( P 3), 
in  w h ic h  a n  in c r e a se  o f  a t le a st  5 0 %  o ccu rred .

T h e s e  d a ta  w e r e  e x a m in e d  b y  a n a ly sis  o f  v a r ia n c e  to  d e te r m in e  w h ic h  o f  th e  tr e a tm e n t  
p a r a m e te r s  c a u se d  s ig n if ic a n t  d iffe r e n c e s  in  p r o d u c t  c o m p o s it io n  (T a b le  4 ) .  T e x tu r e  is

T able  4. T h e  significance of the effect o f the freezing param eters (P , F , S , A ) on the chem ical composition
of the p roduct

F reezing param eter M oisture
content

Ascorbic
acid

D ehydro
ascorbate C arotenoids R educing T otal 

sugar sugar Acidity Y ieldpoint

P ie trea tm en t (P) — — ** — ** * ** **
Fieezing m ethod (F) — — — — — — —  —
Syrup strength (S) ** — — ** * ** ** __
Ascorbic acid — ** ** — — — --- ---

addition  (A )

*, ** Differences significant a t  P  = 0  -05, 0-01 respectively.

ar_ im p o r ta n t  a ttr ib u te  o f  a  fro zen  fru it p r o d u c t  (P o n t in g  et al., 1 9 6 8 ), a n d  a ll tr e a tm e n ts  
e x c e p t  C a C l2, c a u se d  s o fte n in g  w h ic h  la t te r  tr e a tm e n t firm ed  th e  slices  ra th er  to o  m u c h .  
F u rth er  e x p e r im e n ts  a re  re q u ir e d  to  d e v ise  c o n d it io n s  p r o d u c in g  a  s lic e  te x tu r e  s im ila r  
to  th e  fresh  p r o d u c t . T h e  h ig h e r  sy ru p  s tr e n g th  c a u se d  o sm o tic  d e h y d r a t io n , th e



M ango processing. I l 481
m o is tu r e  c o n te n t  m e a n s  for a n d  S 2 b e in g  7 7 -8 %  a n d  7 2 -6 % . T h is  w a s  a c c o m p a n ie d  
b y  a  c o r r e sp o n d in g  in c r e a se  in  to ta l  su g a rs  (1 6 -0  a n d  2 1 -O g /lO O g  r e sp e c tiv e ly )  a n d  a  
d e crea se  in  r e d u c in g  su g a rs  (1 -8  a n d  1-7 g /1 0 0  g ) a n d  a c id ity  (5 8 5  a n d  521  m g /1 0 0  g ) .  
T h e  sm a ll in c r e a se  in  to ta l  c a r o te n o id s  a t  th e  h ig h e r  sy ru p  c o n c e n tr a t io n  (9 -0  a n d
9-7  m g /1 0 0  g ) m a y  h a v e  a  s im ila r  ca u se .

T h e  p r e tr e a tm e n ts  in c r e a se d  th e  s lic e  a c id ity  (m e a n s  o f  P x. P 2, P 3 4 8 2 ,5 6 5 ,6 1 2  m g /% )  
a n d  s lig h t ly  in c r e a se d  th e  to ta l  a n d  less  c e r ta in ly  th e  r e d u c in g  su g a r  c o n te n ts  (1 6 -9 ,
18-8 , 19-8  a n d  1-7, T 6 , 2 -0  r e s p e c t iv e ly ) .  T h e  a c id ity  o f  th e  fr o z e n  s lic e s  w a s  less  
v a r ia b le  th a n  th a t  o f  th e  fresh  s lic e s  p r e s u m a b ly  b e c a u se  o f  e q u ilib r a tio n  w ith  th e  sy ru p s  
(s ta n d a rd  d e v ia t io n  r e d u c e d  fro m  197 to  a b o u t  5 0 ) .  T h e  d e h y d r o a sc o r b a te  c o n te n ts  
w e r e  r e d u c e d  b y  th e  p r e tr e a tm e n ts  (7 -5 , 5 -0 , 5 -0  r e s p e c t iv e ly ) ,  p e r h a p s  th e  re su lt  o f  
in a c t iv a t io n  o f  a sc o r b a te  o x id a se . T h e  fr e e z in g  ra tes (Fx, F 2, F 3) c a u se d  n o  s ig n if ic a n t  
e ffe c ts . T h e  a sco rb ic  a c id  fo r tif ic a tio n  a ffe c te d  o n ly  th e  a sco rb ic  a c id  a n d  d e h y d r o 
a sc o r b a te  c o n te n ts  o f  th e  s lices  (m e a n s  o f  5 4 -8 , 8 0 -2  a n d  4 -9  a n d  6 -8  r e s p e c t iv e ly  for  
-d-v A 2) .

T able 5. T he significance of the  effect of the freezing param eters on the  sensory evaluation o f the
products

Sweetness Firmness Flavour A ppearance F ibre Off-flavour
Preference 
relative to 

control

P retrea tm en t * ** ** __ __ * *
Freezing m ethod — — —  — — — —
Syrup strength ** — ** __ __ — **
Ascorbic acid — — --- ---  --- — —

T a b le  5  sh o w s  th e  s ig n if ic a n t  resu lts  o f  th e  a n a ly s is  o f  v a r ia n c e  o f  th e  ta s te  p a n e l  
scores. T h e  f ir m in g  e ffe c t  o f  th e  C a C l2 tr e a tm e n t  is e v id e n t  (sco red  as s lig h t ly  to o  firm  
a n d  p e r c e iv e d  as m o r e  f ib r o u s ) ; b u t  th e  fla v o u rs  o f  b o th  P 2 a n d  P 3 w e r e  less a c c e p ta b le  
th a n  P x ( lo w e r  fla v o u r  scores, less sw e e t, in c r e a se d  in c id e n c e  o f  o ff-f la v o u rs  a n d  d e c r e a se d  
p r e fe r e n c e  r e la t iv e  to  c o n tr o l) .  T h e  ju d g e s  fa m ilia r  w ith  m a n g o e s  w e r e  s ig n if ic a n tly  
m o r e  se n s it iv e  to  o ff-f la v o u rs  a n d  sw ee tn ess  th a n  th e  n a iv e  ju d g e s . T h e  sa m p le s  fro zen  
in  4 0 °  B r ix  sy r u p  w e r e  ju d g e d  sw e e te r , th e  f la v o u r  c o n s id e r e d  m o r e  a c c e p ta b le  a n d  w e r e  
p referred  r e la t iv e  to  th e  c o n tr o l. T h e  a d d it io n  o f  a sc o r b ic  a c id  a n d  th e  d iffe r e n t fr e e z in g  
p r o c e d u r e s  h a d  n o  o r g a n o le p t ic  e ffe c ts . T h e  c r y o g e n ic a lly  fro zen  c o n tr o l h a d  a  s lig h t ly  
d iffe r e n t  a p p e a r a n c e  (n o t  s ig n if ic a n t)  o w in g  to  s o m e  c r a c k in g  o f  th e  s lices , a n d  th is  
h in d e r e d  m e a s u r e m e n t  o f  th e  s lic e  y ie ld  p o in t .

T h a w in g  c o n d it io n s  (1 7  h r  a t  4 °G ) w e r e  c a r e fu lly  c o n tr o lle d  s in c e  p r e lim in a r y  
e x p e r im e n ts  h a d  in d ic a te d  th a t  v ita m in  C  a n d  r e d u c in g  su g a r  c o n te n ts  a re  se n s it iv e  to  
th a w in g  ra te . T h a w in g  th e  c r y o g e n ic a lly  fr o z e n  c o n tr o l b y  m a in ta in in g  i t  a t  2 0 °C  for
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17 hr p r io r  to  a n a ly se s  d e c r e a se d  th e  v ita m in  C  c o n te n t  b y  2 5 %  a n d  th e  r e d u c in g  su g a r  
b y  3 0 %  r e la tiv e  to  th e  s ta n d a r d  th a w in g  c o n d it io n . R a p id  th a w in g  o f  th e  c o n tr o l  
(o la c in g  it  in  a  w a te r  b a th  a t  4 0 °C  for 1 hr) y ie ld e d  a  s im ila r  su g a r  c o n te n t  b u t  a  15%  
in c r e a se  in  v ita m in  C  r e la t iv e  to  s ta n d a r d  th a w in g .

D iscu ssion
T h e  b e n e fic ia l e ffe c t  o f  r a p id  fr e e z in g  o n  fro zen  fru it te x tu r e  is c o n tr o v e r s ia l (P o n t in g  
et al., 1 9 6 8 ) . T h e  q u a lity  o f  fro zen  so ft fru its su c h  as s tra w b err ie s  a n d  s lic e d  to m a to e s  is 
im p r o v e d  b y  l iq u id  n itr o g e n  fre e z in g  (W o lfo r d , I n g e ls b ie  & B o y le , 1 9 6 7 ) , w h e r e a s  
fru its  su c h  as p e a c h e s  a p p e a r  less s e n s it iv e  (L u y e t , 1 9 6 8 ) . T h e  te x tu r e  a n d  a p p e a r a n c e  
o f  K e n s in g to n  a n d  C o m m o n  m a n g o e s  w e r e  im p r o v e d  r e la t iv e  to  b la s t-fr e e z in g  b y  
fr e e z in g  w ith in  10 m in  b y  im m e r s io n  in  6 0 °  B r ix  sy ru p  p r e c o o le d  to  — 2 1 °C  (L e v e r in g -  
to n , 1 9 5 7 ) . T h e  p r e se n t s tu d y  d o e s  n o t  in d ic a te  th a t  th e  th ree  fr e e z in g  m e th o d s  u sed  
a ffe c t  th e  q u a lity  d iffe r e n t ly . F a ster  fre e z in g  ra tes w o u ld  b e  o b ta in e d  b y  c r y o g e n ic  
fr e e z in g  w ith o u t  c o v e r  sy ru p , a n d  th is  m ig h t  im p r o v e  th e  te x tu r e  r e te n tio n . H o w e v e r ,  
f la v o u r  a n d  c o lo u r  p r o b le m s  m a y  b e  a sso c ia te d  w ith  fru it fro zen  in  th e  a b s e n c e  o f  c o v e r  
sy r u p  (d iscu ssed  in  I n tr o d u c t io n ) .

T h e  firm n ess  o f  th e  p r o d u c t  w a s  in c r e a se d  b y  th e  C a C l2 p r e tr e a tm e n t. B o th  th e  y ie ld  
p o in t  d a ta  a n d  th e  sen so ry  e v a lu a t io n  in d ic a te  th a t  th e  s lices  w ere  firm ed  to o  m u c h  a n d  
fu r th e r  e x p e r im e n ts  a re  r eq u ired  to  o p t im iz e  th e  te x tu r e  o f  th e  s lices. N e t to ,  B le in r o th  
& L a z z a r in i (1 9 7 1 )  p r e se n te d  ta s te  p a n e l  d a ta  s u g g e s t in g  th a t  0 -0 7 %  C a C l2 in c lu d e d  
in  th e  c o v e r  sy ru p  s lig h t ly  im p r o v e d  th e  c o lo u r  a n d  te x tu r e  o f  H a d e n  m a n g o e s  sto red  
a t  — 2 0 °C  for fo u r  m o n th s . R a n g a n n a , S a stra  & S id d a p p a  (1 9 6 1 ) r e p o r ted  th a t  C a C l2 
(0 -0 2 5 -0 -0 5 % ) s lig h t ly  in c r e a se d  th e  firm n ess  o f  c a n n e d  B a n g a lo r a  m a n g o e s ;  h ig h e r  
c o n c e n tr a t io n  m a d e  th e  s lices  ra th e r  to u g h  a n d  a d v e r se ly  a ffe c te d  th e  f la v o u r . T h is  
tr e a tm e n t  d id  n o t  im p r o v e  th e  te x tu r e  o f  c a n n e d  A lp h o n so  o r  R a sp u r i m a n g o e s , b u t  
a d v e r se ly  a ffe c te d  th e  f la v o u r . B o th  p r e tr e a tm e n ts  e m p lo y e d  (P 2 a n d  P 3) in v o lv e d  
s o a k in g  in  c itr ic  a c id  fo llo w e d  b y  a  m ild  p a s te u r iz a t io n . T h e  ta s te -p a n e l a n d  c h e m ic a l  
a n a ly sis  su g g e s t  th a t  th e ir  s im ila r  lo w  fla v o u r  sco res  m a y  b e  r e la te d  to  th e  h e a t  tr e a tm e n t  
a n d  e n h a n c e d  a c id ity ;  n o  fla v o u r  c h a n g e s  c a n  b e  a t tr ib u te d  to  th e  C a C l2 a lo n e  b a sed  
o n  th e  p r e se n t w o rk . T h e  p r e tr e a tm e n ts  c a u se d  a  m a r k e d  d e crea se  in  th e  m ic r o b ia l  
c o u n ts  o f  th e  p r o d u c ts . A  s im ila r  tr e a tm e n t (D o u g h e r ty  & K o b u r g e r , 1 972 ) p r o d u c e d  
ar. a c c e p ta b le  K e it t  m a n g o  p r o d u c t  a fter  th ree  m o n th s  s to ra g e  a t  2 °G . T h e  p r e se n t  d a ta  
in d ic a te  th a t  th is  tr e a tm e n t  a d v e r se ly  a ffec ts  th e  fla v o u r  a n d  is u n n e c e ssa r y  in  term s o f  
th e  m ic r o b ia l lo a d  o f  th e  fro zen  p r o d u c ts . H o w e v e r , th is  p a s te u r iz a t io n  p r e tr e a tm e n t  
m a y  b e  n e cessa r y  for c o m m e r c ia l  d e e p -fr e e z in g  o p e r a t io n s  u n d e r  tr o p ic a l c o n d it io n s .  
A lla h  & Z a k i (1 9 7 4 )  r e p o r te d  th a t  th e  v ita m in  G r e te n t io n  o f  fro zen  B a la d y  m a n g o  
j u ic e  w a s  im p r o v e d  b y  p a s te u r iz a t io n  (8 5 °C  for 2  m in ) . N o  s ig n if ic a n t  im p r o v e m e n t  
w a s o b se r v e d  w ith  th e  m ild e r  h e a t  tr e a tm e n t  o f  th e  s lices  u sed  h ere .

T h e  v ita m in  G r e te n tio n  o f  m a n y  fru its is a  g o o d  q u a lity  in d e x  b e c a u se  o f  its  d e p e n 
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d e n c e  o n  th e  o x id a t iv e  e n z y m e  a c t iv ity  o f  th e  fru it a n d  r e la te d  e ffec ts  o n  c o lo u r  a n d  
fla v o u r  (G u a d a g n i, 1 9 6 9 ) . A l ia g a  & L u h  (1 9 7 1 )  a n d  N e t to  et al. (1 9 7 1 ) h a v e  b o th  
rep o r ted  b r o w n in g  p r o b le m s  a sso c ia te d  w ith  th e  fr e e z in g  o f  H a d e n  m a n g o e s  a n d  th e  
b e n e fic ia l e ffec ts  o f  a d d e d  v ita m in  C . S im ila r ly , S a le h , E l-S a id  A m e r  & S h e h a ta  (1 9 6 0 )  
r e p o r ted  im p r o v e d  c o lo u r  r e te n t io n  o n  fr e e z in g  th ree  E g y p t ia n  m a n g o  cu lt iv a r s  in  th e  
p r esen ce  o f  v ita m in  C . T h e  b itte rn ess  o f  d e e p -fr o z e n  L a n g r a  m a n g o  p u r e e  c a n  b e  
d im in ish e d  b y  d e -a e r a t io n  (M u k e r je e , 1 9 6 9 ). T h e  p r e se n t s tu d ie s  in d ic a te  th a t  th e  o n ly  
s ig n if ic a n t  e ffe c t  o f  v ita m in  C  in c o r p o r a tio n  w a s  e n h a n c e d  v ita m in  C  a n d  d e h y d r o 
a sc o r b a te  c o n c e n tr a t io n s  in  th e  s lices . T h e  v ita m in  C  r e te n tio n s  o f  8 5 - 9 0 %  su g g e s t  th a t  
th e r e  is l it t le  o x id a t iv e  a c t iv ity  o c c u r r in g  a n d  in d e e d  A lp h o n s o  m a n g o e s  d o  n o t  b r o w n  
o n  ex p o su r e  to  a ir  for sev era l h o u rs . O r r  &  M ille r  (1 9 5 5 )  r ep o r ted  th a t  n o  b r o w n in g  
o c c u r r e d  w ith  th e  tw e n ty -o n e  H a w a iia n  cu lt iv a r s  te s ted , th o u g h  im p r o v e d  c o lo u r  
r e te n tio n s  o f  fro zen  s lices  w e r e  r e p o r ted  o n  tw e lv e  m o n th s  s to ra g e  a t  — 1 8°C . F u r th e r  
e x p e r im e n ts  u s in g  A lp h o n s o  m a n g o e s  fro zen  for  lo n g e r  p e r io d s  a re  r eq u ired  to  c h e c k  
w h e th e r  su c h  s lo w  c h a n g e s  are  o c c u r r in g . E a r lier  w o rk  b y  G u a d a g n i (1 9 6 9 ) in d ic a te s  
th a t  th is  is u n lik e ly  a t  th e  s to ra g e  te m p e r a tu r e  u se d  ( - 2 3 ° C ) .  A d s u le  & R o y  (1 9 7 4 )  
r e p o r te d  p o o r  v ita m in  C  r e te n tio n s  o n  d e e p  fr e e z in g  sev era l I n d ia n  m a n g o  cu lt iv a r s  in  
a  c o v e r  sy ru p  c o n ta in in g  0 -5 %  v ita m in  G . T h is  m a y  b e  r e la te d  to  th e  s to r a g e  te m p e r a 
tu re  ( — 12 -2 °C ) u se d  o v e r  th e  n in e  m o n th  in te r v a l.

T h e  4 0 °  B r ix  sy ru p  tr e a tm e n t  p r o d u c e d  a  sw e e te r  p r o d u c t  p r e fera b le  to  th a t  p r o d u c e d  
w ith  th e  2 0 °  B r ix  sy ru p . T h is  p r e fe r e n c e  m a y  a r ise  fro m  th e  acid ity ' c a u se d  b y  so m e  o f  
th e  tr e a tm e n ts . T h e  o sm o tic  d e h y d r a t io n  e ffe c t  o f  th e  s tro n g er  sy ru p  c a u se d  m in o r  
c h a n g e s  in  c h e m ic a l  c o m p o s it io n  b u t  d id  n o t  a lte r  th e  te x tu r e . S y r u p  c o n c e n tr a t io n s  
h ig h e r  th a n  3 0 °  B r ix  h a v e  b e e n  re p o r te d  to  c a u se  to u g h e n in g , sh r iv e llin g  a n d  c o lo u r  
lo ss  in  so m e  d e e p  fro zen  fru its (P o n t in g  et al., 1 9 6 8 ).
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A  c o m p a r is o n  o f  m e t h o d s  f o r  m e a s u r in g  th e  v o la t i le  
c o m p o n e n t s  o f  a p p le  f r u i t s

M I C H A E L  K N E E  a n d  S T E P H E N  G . S .  H A T F I E L D

Sum m ary
V o la t i le  c o m p o u n d s  p r o d u c e d  b y  a p p le  fru its (Malus domestica, B o rk h .) w e r e  
se p a r a te d  a n d  e s t im a te d  b y  g a s  c h r o m a to g r a p h y . P ro ced u res  w e r e  d e v ise d  
for e s t im a t io n  o f  c o m p o u n d s  in  a ir  su r r o u n d in g  w h o le  a p p le s  a n d  d iscs o f  
a p p le  tissu e , a n d  in  a p p le  ju ic e .  C o n c e n tr a tio n s  o f  v o la t i le s  in  a ir  p a ss in g  o v e r  
a p p le s  w e r e  in f lu e n c e d  b y  t issu e  p e r m e a b il ity , c o n c e n tr a t io n s  in  p e e l or  
c o r te x , a n d  th e  e x te n t  o f  e n z y m ic  h y d r o ly s is  o f  esters p a ss in g  th r o u g h  th e  
p e e l.  T h e  c o m p le x ity  o f  th ese  e ffec ts  p r e v e n ts  a sse ssm en t o f  th e  im p o r ta n c e  o f  
c o m p o u n d s  in  a p p le  f la v o u r  b a se d  o n  th e ir  c o n c e n tr a t io n s  a r o u n d  w h o le  fru it. 
T h e  ra tio s  o f  c o n c e n tr a t io n s  e s ta b lish e d  in  a ir  a r o u n d  c o r t ic a l d iscs to  c o n c e n 
tra tio n s  in  j u ic e  w e r e  s im ila r  to  a ir /w a te r  p a r t it io n  co e ffic ien ts  o b se r v e d  for  
s ta n d a r d  c o m p o u n d s . M e a s u r e m e n t  o f  c o n c e n tr a t io n s  a b o v e  c o r t ic a l d iscs  
is s im p le  a n d  se n s it iv e  a n d  c a n  b e  r e la te d  to  fla v o u r , th r o u g h  th e  o lfa c to r y  
th r e sh o ld  c o n c e n tr a t io n s  o f  th e  c o m p o u n d s  d e te c te d .

Introduction
V o la t i le  c o m p o u n d s , s o m e  o f  w h ic h  a re  re sp o n s ib le  for  th e  f la v o u r  o f  a p p le s , h a v e  
u su a lly  b e e n  a n a ly se d  b y  c o l le c t in g  th e m  from  a ir  p a ss in g  o v e r  w h o le  fru it ( ‘h e a d s p a c e ’ 
te c h n iq u e ) ,  o r  b y  e x tr a c t io n  o f  d is in te g r a te d  t issu e  (N u r ste n , 1 9 7 0 ). N e ith e r  m e th o d  
m ea su re s  th e  c o n c e n tr a t io n s  o f  c o m p o u n d s  e x p e r ie n c e d  b y  th e  c o n su m e r , a n d  th e se  a re  
p r o b a b ly  s im ila r  to  th o se  e s ta b lish e d  in  th e  v a p o u r  p h a se  w h e n  p ie c e s  o f  a p p le  t issu e  
a re  e n c lo se d  in  s u ita b le  v esse ls . T h e  p r e se n t w o rk  in c lu d e s  a n a ly se s  o f  v o la t i le s  c o l le c te d  
in  th is  w a y , a n d  a tte m p ts  to  c o m p a r e  th ese  w ith  w h o le  a p p le  h e a d s p a c e  a n d  tissu e  
c o n c e n tr a t io n s . T h e  resu lts  a re  c o m p a r e d  w ith  m e a su r e d  a ir /w a te r  p a r t it io n  c o e ffic ien ts  
for s ta n d a r d  c o m p o u n d s , so m e  o f  w h ic h  w e r e  d e te r m in e d  p r e v io u s ly  (B u tter y , L in g  &  
G u a d a g n i, 1 9 6 9 ). T h e  m e a su r e d  h e a d s p a c e  c o n c e n tr a t io n s  o f  in d iv id u a l c o m p o u n d s  
a re a lso  c o m p a r e d  w ith  e s tim a tes  o f  th r e sh o ld  c o n c e n tr a t io n s  for  o lfa c to r y  d e te c t io n  
(F la th  et al., 1 9 6 7 ).

Authors’ address: East M ailing R esearch Station, E ast M ailing, M aidstone, K en t M E 19 6BJ.
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M aterials and m ethods

Apples
For most of the experiments apple fruits (Malus domestica, Borkh, cv. Cox’s Orange 

Pippin) were harvested on 2 October 1975 from fourteen-year-old trees on MM 104 
rootstocks and stored until required at 3-3°C in atmospheres of air, 2% 0 2: 98% N 2 or 
1% 0 2: 99% N 2.
Gas liquid chromatography

Routine analyses were done using a 1-7x4 mm (i.d.) column packed with 15% 
SE 30 on Chromosorb W (60-80 mesh) at 100°C, with water-saturated N 2 as carrier 
gas at 40 ml min-1, and a flame ionization detector. Analytical standards were prepared 
by injecting known volumes of appropriate compounds into a glass flask closed with a 
glass stopcock equipped with a septum.

More detailed separations of headspace volatiles were carried out on a 150 x 0-5 mm 
i.d. open tubular column coated with Carbowax 1500, temperature programmed from 
40°C to 130°C at 1-25°C min-1 and held at 130°C for 60 min, with N 2 as carrier gas 
at 2-5 ml min-1, and a flame ionization detector. Volatiles emanating from whole 
apples were trapped on short columns of Chromosorb 101, from which they were 
displaced in a stream of nitrogen at 150° into a 1 mm (i.d.) ‘U’ tube cooled in liquid N 
The ‘U ’ tube was then heated to 150° to displace the volatiles on to the capillary column.
Air ¡water partition coefficients

Air/water partition coefficients were measured by injecting into the chromatograph 
samples of the vapour above dilute aqueous solutions of volatile compounds, and by 
indirect injection of the solution itself. The results were broadly consistent with earlier 
findings (Buttery et al., 1969), and showed the expected linear relationship between 
log partition coefficient and carbon number.
Volatiles from whole apples

Single apples were enclosed in glass vessels, supplied with a constant flow of air 
through a length of standard bore capillary, to which was applied air at a constant 
pressure. Samples (1 ml) of air were taken at the exit of the vessels in a glass syringe and 
quickly injected into the chromatograph.
Volatiles from apple slices

Plugs 1 -5 cm diameter were cut transversely from the peel to the core. A razor blade 
was used to cut peel discs from plugs with the minimum of cortical tissue adhering; the 
average weight of such discs was 0-15 g. Cortical discs were cut 0-2 cm thick and 1 cm 
in from the peel.

Preliminary work showed that esters and alcohols were rapidly absorbed by vaccine
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caps which are a convenient closure for vessels containing discs. Single discs were, 
therefore, enclosed in 10 ml glass syringes and incubated at 20° for 1 hr. Samples were 
taken with a 1 ml glass syringe through a minimal length of P.T.F.E. tubing joining the 
needles of the two syringes.
Volatiles in apple juice

A rapid method was required for measurement of concentrations of volatile compounds 
in solution in apple tissue. Direct injection of apple juice proved impossible because 
thermal decomposition of other tissue components gave rise to peaks which masked 
those due to volatiles. Juice, obtained by squeezing tangential slices cut from whole 
apples into a small vial cooled in ice, was injected indirectly; 1 /¿I juice was injected 
into a 21 gauge hypodermic needle which was then attached to a glass syringe con
taining 1 ml of air, and this was used to displace volatile compounds on to the GLC 
column. This is referred to below as ‘indirect injection'.

Results
Volatiles from whole apples

When ‘headspace’ samples from vessels containing single ripe Cox’s Orange Pippin 
apples were injected on to the packed column, the major peaks had retention times 
similar to those of butanol, butyl acetate, butyl butyrate and hexyl acetate. Smaller 
peaks corresponding to 2-methyl propyl acetate, 2 or 3-methyl butyl acetate, butyl 
propionate, ethyl butyrate, hexyl butyrate and hexar.ol were also found. When 
concentrated headspace volatiles were applied to the capillary column the presence of 
the same compounds was confirmed and no other major components were separated. 
Additional minor components had retention times similar to ethyl pentanoate, ethyl 
hexanoate, ethyl octanoate, propyl acetate, propyl butyrate, and pentyl acetate; each 
of these amounted to less than 50% of the quantity of 2 or 3-methyl butyl acetate 
detected.
Volatiles from apple discs

When a disc of apple fruit tissue was enclosed in a syringe the concentrations of 
esters and alcohols in the air rose rapidly over the first few minutes and then remained 
nearly constant (Table 1). Table 2 shows the uniformity of concentrations of individual 
compounds present in syringes containing replicate discs from a single apple.
Volatiles in apple juice

Chromatographic responses per unit mass of standard compounds were compared 
for direct liquid, indirect liquid and vapour injections. The results showed that, in the 
indirect method, only a proportion of a volatile compound present in solution was 
eluted on to the GLC column by the air used to flush the needle containing the sample.
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T a b l e  1 . Time course of change of concentration (n g  ml-1) of volatile compounds in syringe containing a 
single cortical disc from a Cox’s Orange Pippin apple

Time after 
enclosure (min) 1 7 13 19 25 31 260

Butanol 4-0 6-4 15-4 10-8 8-6 8-0 10-0
Butyl acetate 80 177 188 188 194 194 196
2 or 3-methyl butyl 

acetate
1-5 5 4-2 3-8 3-4 3-4 4-2

Hexyl acetate 19 52 60 70 68 71 83
Butyl butyrate 0-6 3-0 2-6 3-0 3-4 3-4 0-3

The apple had been stored in air at 3-5° for eight weeks and 0-5 ml samples were withdrawn at each 
time for injection into the chromatograph.

T a b l e  2. Reproducibility of measurement of concentration of 
volatile compounds in syringes containing cortical discs from 

a single Cox’s Orange Pippin apple

Compound
Mean

concentration 
(ng ml-1)

Standard
error

Butanol 2-73 0-09
2-methyl propyl acetate 6-36 0-23
Butyl acetate 168 5-8
2 or 3-methyl butyl acetate 3-95 0-21
Hexyl acetate 96 5-5
Butyl propionate 2-09 0-07

Eight discs were cut, from an apple obtained from a 
commercial store in January 1976, and incubated individually 
in syringes.

This proportion varied from around 35% for alcohols to 80% for esters, and decreased 
as carbon number increased in a homologous series. Results obtained by direct liquid 
injection and vapour injection agreed, except for higher alcohols, where vapour in
jection gave lower results (e.g. 30% less for hexanol). This could be due to absorption 
by glass, a known disadvantage of syringe injection (Buttery et al., 1969). The results 
obtained by any one method were consistent (standard error of about 5% of the mean) 
for a given compound; vapour standards were injected at the same time as samples of 
apple volatiles, and factors relating indirect liquid injection to vapour injection for each 
compound were used in calculating their concentrations in apple juice.

The consistency of the indirect injection technique applied to apple juice is shown
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in Table 3. Juice samples were routinely taken from tangential slices because they were 
more easily obtained in this way than by pressing cortical discs.

A n a ly se s  o f  a p p le  vo la tile s

T a b l e  3. Reproducibility of estimation of concentrations of 
volatile compounds in juice from Cox’s Orange Pippin apples

Compound
Concentration / ig  ml-1 

in juice from
Tangential 
peel slices

Cortex
slices

Butanol 47-4 (2-2) 32-1 (2-3)Hexanol 8-2 (0-27) 4-4 (0-69)Butyl acetate 14-0 (1-3) 16-4 (2-74)2 or 3-methyl butyl acetate 0-2 (0-04) 0-3 (0-05)Hexyl acetate 5-5 (0-27) 4-4 (0-69)Ethyl butyrate 0-4 (0-05) 0-5 (0-09)
Butyl butyrate 2-3 (0-24) 4-3 (0-35)

The peel and cortex slices were cut from two different apples 
which had been stored for eleven weeks at 3 -50C in air.

Standard errors are shown in parentheses (n = 5).
Relationships between methods of measuring apple volatiles

Several apples were enclosed in individual vessels, each with an air flow at 3-75 ml 
min-1. The apples were selected from a range of storage conditions, so that they would 
have a wide range of volatile contents. Volatiles from whole apples, peel discs, cortex 
discs and juice were measured, and the relationships between these measurements for 
selected compounds are shown in Table 4, in terms of linear regressions.

The regressions of cortex headspace on juice contents for butanol, butyl acetate and 
hexyl acetate approximated to their observed air/water partition coefficients. Co
efficients of whole apple headspace to juice contents approximated to the air/water 
partition for butanol but were considerably less for the esters. Consequently the 
coefficients for whole apple headspace to cortex and peel disc headspace approximated 
to unity for butanol and a fraction for the esters. The quantities of butyl butyrate 
detected in cortex headspace and juice injections were small and variable; substantial 
quantities were found in peel headspace and whole apple headspace, and the regression 
coefficient with its standard error shows that these were correlated. No similar relation
ship was found for other compounds, mainly because of the high standard errors of 
estimations of the small amounts present in whole apple headspace and juice samples.
Cortex headspace and olfactory thresholds

The concentrations of volatiles present in cortex disc headspace samples for apples
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from different storage conditions (Table 5) can be compared with their published 
olfactory thresholds (Flath et al., 1967). The concentrations of one compound, hexyl 
acetate, were consistently greater than its threshold (2 ngm l-1). Butyl acetate varied 
above and below its threshold value (66 ng ml-1), and 2 or 3-methyl butyl acetate was
T a b l e  5 . Concentrations (ng ml-1) of volatile compounds detached in headspace o f cortical discs of 

Cox’s Orange Pippin apples which had been stored in various atmospheres

Compound
Storage atmosphere

1% 0 2:99% N2 2% 0 2:98% N2 2 %  0 2:98% N2 
+ air

Air

Butanol 0-90 (0-24) 2-5 (0-63) 3-4 (0-45) 9-4 (0-80)
Hexanol 0-31 (0-06) 0-62 (0-49) 0-51 (0-11) 0-93 (0-15)
2-methyl propyl acetate 1-43 (0-27) 2-22 (0-33) 2-33 (0-61) 2-22 (0-36)
Butyl acetate 26 (7-2) 59 (16) 104 (9-3) 165 (16)
2 or 3-methyl butyl acetate 1-41 (0-23) 1-85 (0-33) 1-78 (0-29) 2-19 (0-14)
Hexyl acetate 28 (3-3) 61 (13) 39 (9-3) 71 (3-6)
Butyl propionate 1-08 (0-07) 1-73 (0-16) 2-19 (0-16) 2-8 (0-51)
Butyl butyrate 0-18 (0-18) 0-56 (0-25) 0-95 (0-18) 2-02 (0-48)
Number of observations 3 4 3 4

The apples had been stored for twelve weeks at 3-5°C in the atmosphere indicated, (six weeks in 
2% 0 2:98% N, followed by six weeks in air for 2% 0 2:98% N2 + air) and transferred to air at 15°C for 
fourteen days.

Standard errors are shown in parentheses (n  =  4).

close to the threshold of 2-methyl butyl acetate (5 ng ml-1), but the other compounds 
identified as peaks from the packed column were well below their thresholds. The 
additional esters detected with the capillary column would be unlikely to exceed their 
thresholds, assuming the relation between the whole apple and cortex headspace to be 
similar for these compounds to those for the major esters.

Discussion
Most of the compounds tentatively assigned to peaks eluting after injection of volatile 
compounds from Cox’s Orange Pippin apples into the gas chromatograph were also 
found by Grevers & Doesburg (1962), and, with the remainder, have all been recorded 
from a number of other apple varieties (Nursten, 1970).

Analysis of whole apple headspace volatiles establishes the spectrum of compounds 
produced by an apple variety, but a number of factors prevent evaluation of importance 
of compounds in fruit flavour from such data.

An apple in a sealed container should establish partial pressures of volatile com
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pounds in equilibrium with the concentrations dissolved in its cell contents, in 
accordance with Henry’s law. If  air were passed over the apple the external concentra
tions should fall to reflect the rates of production by the tissue, and the internal 
concentrations should reach an equilibrium with the external, determined by rates 
of synthesis and diffusion. Diffusion should be in accordance with Ficks law, that is 
proportional to the difference between internal and external concentrations. Other 
gaseous apple metabolites, carbon dioxide (Fidler & North, 1971) and ethylene 
(Burg & Burg, 1965), behave in a way which is consistent with Fick’s law. If  the 
concentration of a volatile compound established above a cortical disc is taken as a 
measure of the concentration in the intercellular spaces of an intact fruit (Cin) then a 
Fick’s law constant (K) can be calculated using this figure, the concentration above the 
whole apple (Cout), and the flow rate of the air stream (F).

Rate of diffusion =F.Cont = K(Cin — Cout)
The primary data summarized in Table 4 were analysed to obtain regressions of

F.Cout on (Cin —Cout) of 0-84 (S.E. =0-30) for butyl acetate and 0-82 (S.E. = 0-37) for 
hexyl acetate. These are comparable to constants for C 0 2 (0-90) and ethylene (0-61) 
obtained by measuring internal and external concentrations of these gases for similar 
apples, and suggest that esters follow the same diffusion paths as C 0 2 and ethylene.

The air/water partition coefficient for C 0 2 is close to unity and for ethylene 
approximately four. Diffusion of these gases from the intercellular spaces out of the 
apple can quickly lead to equilibrium between solution concentration and the rates of 
synthesis. However, esters have air/water partition coefficients around 0-01 so that 
equilibration between rate of synthesis, solution concentration and diffusion is slow. Low 
flow rates of air passing over apples would cause an accumulation of esters over several 
days, while fast flow rates would cause a similarly slow decline. It is erroneous, therefore, 
to calculate rates of production from concentrations of esters found in air streams passing 
over apples.

These observations apply to esters present throughout the apple. Butyrates, particu
larly butyl butyrate, appear to be mainly concentrated in the peel of Cox’s Orange 
Pippin apples and contribute to the whole apple headspace out of proportion to their 
average concentration in the apple.

Alcohols, particularly butanol, were found to occur at higher concentrations outside 
than inside the apple. This cannot be explained in physical terms, but other experiments 
have shown that esterase activity is present, particularly in the fruit peel (M. Knee,
S. G. S. Hatfield & P. Henderson, unpublished). Alcohols are probably produced from 
esters passing from cortex through the peel and out of the apple.

The complexity of factors influencing the composition and quantities of volatile 
compounds released by whole apples precludes general conclusions about their re
lation to internal concentrations, and the evaluation of their role in apple flavour. The 
numerical relationships established between whole apple headspace and tissue con-
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centrations in the above work would apply to that particular fruit under the experi
mental conditions, and not to other fruit or other conditions.

The concentrations of esters detected in juice from air stored Cox’s Orange Pippin 
apples were comparable to those reported for similar material by Drawert et al. (1969), 
who extracted esters from apple tissue by partitioning into a non-polar solvent. The 
alcohol concentrations in the present work were much higher, possibly due to low 
recoveries in solvent partitioning. However, the indirect injection technique used in the 
present work suffers from lack of sensitivity and consequently it is reliable only for the 
major volatile components.

Measurement of volatiles in the headspace of fruit tissue discs is simple and sensitive, 
though it has not been widely used. It has the advantage that flavour assessment and 
analysis can be carried out with single apples. A possible disadvantage is that compounds 
might be metabolized during equilibration, although the rapid establishment and 
stability of concentrations over several hours suggest that this is not so. The similarity 
of the regression coefficients for cortex disc headspace on juice concentrations, for an 
alcohol and two esters, to their air/water partition coefficients confirmed this im
pression, and showed that the analyses of cortex headspace can be interpreted in terms 
of a simple physical system. These analyses are a guide to concentrations experienced 
by a consumer. Taking account of olfactory threshold concentrations (Flath et al.,
1967) hexyl acetate, butyl acetate and 2 or 3-methyl butyl acetate are expected to 
contribute to flavour. However, a number of compounds occurring at concentrations 
below their individual thresholds may complement each other in mixtures so as to give 
a perceptible flavour (Guadagni et al., 1963). Compounds present very low concentra
tions, but with olfactory thresholds of the order of 0-0001 ng ml-1, for example ethyl
2-methyl butyrate (Flath et al., 1967), could have escaped detection. Furthermore, 
aldehydes formed on crushing apple tissue, and found in apple juice (Flath et al., 1967), 
were not detected by the techniques employed in this work, although they may be 
important in flavour.
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M e a t  q u a l i t y  a n d  p r o t e i n  q u a l i t y

A. E. B EN D ER and M. ZIA

Summary
Samples of meat of good and poor eating quality were assayed biologically for 
protein quality and analysed for connective tissue content. The low quality 
meat had NPU 69 and 23-6% connective tissue; the high quality meat had 
NPU 82 and 2-5% collagen.

Introduction
The price and eating quality of meat are usually determined by the content of connective 
tissue (Laakkonen, 1973) yet it is generally stated that all cuts of meat have the same 
nutritive value irrespective of eating quality. For example, ‘the cut of meat has no 
influence on the nutritive value. In other words the nutrients found in beef chuck are as 
adequate as those found in porterhouse steak’ (Fleck & Munves, 1962). ‘Regardless of 
the species the amino acid composition of the portions of flesh foods are relatively 
constant’ (Robinson, 1967). ‘The costliness of meat can be considerably diminished by 
selecting cheaper cuts, which are equal in nutritive value to the dearer kinds though 
inferior ir. tenderness and flavour’ (Hutchinson, 1969). Price & Schweigert (1971) 
concluded that the essential and non-essential amino acid composition of meat protein 
is quite constant regardless of the species of the cut or the organ from which the meat 
is obtained but excepted mea'.s containing ‘large’ amounts of connective tissue because 
this is relatively poor in tryptophan and tyrosine.

Many authors refer back these conclusions to the work of Mitchell & Carman 
(1926) who, on the contrary, suggested that different cuts of meat may vary in their 
biological value (BV). They stated that ‘the ordinary assumption that the protein in 
cheap cuts of meat is equal in nutritive value to the protein in expensive cuts of meat 
can only have reference to digestibility. Any assumption that they are equal with respect 
to the biological value of their nitrogen is quite unfounded.’ These authors went on to 
say ‘it is a matter of common observation that different cuts of meat differ in texture and 
particularly in tenderness. These differences presumably depend upon differences in 
the proportion of connective tissue to muscle tissue. In all probability the nitrogen of 
connective tissue would possess a lower biological value than the nitrogen of muscle

Authors’ address: Department of Nutrition, Queen Elizabeth College, Campden Hill, London 
W8 7AH.
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tissue.’ Mitchell & Carman did not make any measurements of biological value but 
based their conclusions on the chemical differences in the nitrogen compounds found in 
the different cuts. Later, Mitchell, Beadles & Kruger (1927) reported that a cut of veal, 
‘evidently very fibrous’ had BV of only 62 compared with beef (unspecified) at 69 and 
perk at 74. They also refer to an unpublished experiment in which the BV of a parti
cularly fibrous piece of meat was as low as 56. The same authors found that the BV of 
perk cracklings (consisting essentially of connective tissue) was only 25 compared with 
that of 79 for pork tenderloin. The former was later erroneously referred to as gelatin 
which has, in fact, BV zero (Bender, Miller & Tunnah, 1953).

Mitchell et al. (1927) suggested that the increased amount of connective tissue will 
decrease the value of the nitrogen for maintenance and growth but admitted that they 
had no quantitative data of the amount of connective tissue present.

No biological measurements on different cuts of meat appear to have been made 
subsequent to those of Mitchell and co-workers. Collagen is very low in sulphur-amino 
acid content; methionine 0-80 g/16 nitrogen (compared with 2-56 g in muscle) and 
cystine 0-08 g (compared with 1-28 g in muscle) (Orr & Watts, 1957). Dvorak & 
Vognarova (1969) calculated chemical scores from amino acid analyses and obtained 
low values for cuts rich in connective tissue. They found that beef shank contained only 
T45 g methionine per 16 g nitrogen compared with beef fillet at 2-73 g and showed a 
relationship between chemical score calculated from S-amino acids and hydroxyproline 
content but did not verify their findings by biological assay.

In the present work the net protein utilization and hydroxyproline content (as a 
measure of connective tissue) were measured on two cuts of beef, one at each end of the 
extremes of quality and price.

Methods
Samples of meat

Two samples of meat were purchased: fillet beef steak at £1.40 per lb and shin at 
£0.48 per lb. Visible fat was trimmed off and the meat was minced and dried and 
partially defatted by stirring with acetone—2-5 1 per 500 g meat—and drying in air. 
Samples were not cooked.

Prctein quality
Net protein utilization (NPU) was determined by the carcass method of Bender & 

Miller (1953). Hooded rats purchased from Animal Supplies Ltd at twenty-one days of 
age were kept on stock diet for one week, before being fed the experimental diets for 
ten days. Each kilogram of diet contained 400 g meat (providing 10% protein in the 
diet) 490 g starch, 50 g arachis oil, 20 g vitamin mixture in starch base and 40 g 
mineral salt mixture.
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Assays were also carried out on the meat protein diets supplemented with 1-4 g DL- 

methionine per kilogram diet.
Chemical determination

Nitrogen was determined by the Kjeldahl method.
Hydroxyproline was determined in triplicate on acid-hydrolysed samples by the 

method of Switzer & Summer (1971). Collagen content was calculated on the basis that 
it contains 14% hydroxyproline.

Results
Table 1 shows that the NPU of the lower quality beef, shin, was 69 compared with 82 
for fillet. Both samples were limited by the S-amino acids since their NPUs were

T a b l e  1. Quality of meat protein and collagen content

Sample NPU
duplicates Mean Hydroxyproline Collagen 

g/100 g protein g/100 g protein
Shin + methionine 68 70 69 3-31 23-688 90 89
Fillet + methionine 81 83 82 0-36 2-5

99 97 98
Shoulder (cooked) 76 80 78 1-9 13-5*

* From Bender & Husaini (1976).

increased to 89 and 98 respectively by supplementation with methionine. The inter
mediate values of shoulder meat found by Bender & Husaini (1976) are included for the 
purposes of comparison.

The difference between the values for the methionine-supplemented samples indicate 
a relative deficiency of a second amino acid in the lower quality meat—according to 
Dvorak & Vognarova (1969) this could be phenylalanine.

Table 1 also shows that the protein of shin contains 23-6% collagen compared with
2-5% for the fillet.

Conclusions
Dvorak & Vognarova (1969) showed that the content of essential amino acids of beef 
proteins decreased with increasing content of hydroxyproline; beef shank contained 
less methionine than fillet (1-45 compared with 2-73 g/16 g nitrogen) which reflects the

32
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low content of sulphur amino acids in connective tissue, namely, 1 % compared with
3-7% in muscle. The present work appears to be the first in which biological assay has 
been related to chemical determination of connective tissue on the same material and 
confirms the earlier, although apparently forgotten, conclusions of Mitchell & Carman 
(1926) that cheaper cuts of meat which are richer in connective tissue have protein of 
lower biological value.

Meat is generally stated, for example by FAO (1968), to have NPU 74; the publica
tion gives a range from 62 to 78 but it is not stated whether this range is due to variability 
of assay or to different samples of meat. It is clear that a product termed ‘meat’ may 
have NPU considerably lower than the accepted value of 74 for a number of reasons; 
the meat may contain more connective tissue than the samples examined biologically, 
many different types of products are loosely termed ‘meat’ and, finally, there can be 
processing damage.

It is unlikely that differences between high and low quality meats such as those 
reported here, namely NPU 82 and 69 will be of any practical importance in the diet 
as a whole and it is noteworthy that the price differential is very much greater than the 
difference in nutritional value.
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Summary
Nine samples of canned meat-with-onions-and-gravy were assayed biologically 
for net protein utilization and analysed for hydroxyproline as a measure of the 
collagen content.

NPUs ranged from 40 to 59, compared with 78 for moderate quality meat; 
two samples contained 20% collagen compared with 14% for the moderate 
quality meat.

The NPU of meat autoclaved in the laboratory in the presence of wheat 
flour and glucose was 70 compared with a value of 78 for the same meat 
autoclaved alone.

It is concluded that the low NPU value of the canned meat products is due 
both to the high content of connective tissue and to the loss of available 
methionine on canning in the presence of the other foodstuffs.

Introduction
There is abundant literature reporting that the protein quality of meat is little affected 
by processing (reviewed by Bender, 1972). For example, in a range of products— 
bacon, pork, ham and chicken—Thomas & Calloway (1961) showed no loss of any 
of the essential amino acids when the meat was subjected to processes like freeze 
drying, cooking and canning. Mayfield & Hedrick (1949) found no fall in protein 
quality when meat was roasted in an open pan at 163°C with an internal temperature 
of 80°C—Biological Value (BV) was the same as that of raw meat, namely 79. Even meat 
that had been browned in the oven for 30 min and heated in the can for 85 min at 
121°C still had BV 74.

Many authors fail to state the internal temperature, which is obviously more im
portant than the cooking or sterilizing temperature. Wheeler & Morgan (1958) found 
no damage when pork was heated at 120°C for 1 hr but after 2 hr, when presumably 
the heat had penetrated, there was a fall in PER from 2T to 1-7. Further evidence 
comes from the work of Poling, Shultz & Robinson (1944) who found no damage 
when pork was heated ‘to’ 128°C for 3 hr with an internal temperature of 107°C.

Authors’ address: Department of Nutrition, Queen Elizabeth College, Campden Hill, London 
W8 7AH.
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Lysine is sensitive to heat damage, thus Dvorak & Vognarova (1965) showed 10% 
loss of available lysine in beef heated 3 hr at 70°C and 20% loss at 121°C.

Since the quality of meat protein is limited by the sulphur amino acids (methionine 
plus cystine) loss of available lysine will have no effect on bioassay results unless it is 
excessive; only destruction or reduced availability of the S-amino acids will reduce the 
quality of the protein.

There is some evidence that when meat is heated in the presence of other foodstuffs 
there is a greater fall in nutritive value than when it is heated alone. Hellendoorn et al.
(1971) examined the protein quality (net protein utilization) of six meat-and-vegetable 
canned meals; protein quality fell after canning in three of the six and all showed a fall 
after three years’ storage. Products containing pork, beef and bacon suffered falls of 
12%, 18% and 30% respectively on canning, with total falls of 20%, 31% and 40% 
after five years’ storage. The authors stated at that time that nothing was known about 
the nutritive value of processed whole meals as distinct from meat processed alone.

It was decided to examine a number of canned preparations of meat-with-onions- 
and-gravy in which the meat is heated in the presence of the other foodstuffs and 
compare them with samples prepared in the laboratory.

Methods
Four different samples of one brand of canned minced beef-with-onions-and-gravy 
and three samples of stewed steak-with-onions-and-gravy were purchased at different 
times in an attempt to obtain different batches. A single sample of each of the two types 
of a similar product of another brand was also examined. The ingredients shown on the 
label were beef, onions, wheat flour, salt, caramel, beef extract, hydrolysed protein and 
flavouring.

Raw shoulder beef was purchased from the butcher and minced to pass a 9-mm sieve. 
One portion was heated with one-tenth part of water for 1 hr at 115°C in an autoclave. 
A second portion was mixed with 6% of its weight of wheat flour, 3% glucose and one 
tenth part of water (to simulate a gravy) and similarly autoclaved.

All samples were dehydrated and defatted by mixing with two volumes of acetone, 
repeated twice and drying in air.

Biological and chemical determinations were as described by Bender & Zia (1976).

Results and discussion
Table 1 shows that the four samples of brand A minced meat preparation varied 
considerably in protein quality, ranging from NPU 40 to 56. There was a much smaller 
range from 50 to 56 between the three samples of brand A stewed steak. The single 
sample of brand B minced preparation fell in the same range as brand A ; the brand B 
stewed steak with NPU 59 was slightly above the range of brand A.
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T a b l e  1 . P ro te in  q u a lit y  o f  processed m e a t p ro d u cts  ( in d iv id u a l resu lts in  parentheses)

Canned minced meat with 
onions and gravy NPU Hydroxyproline 

g/16 g N
Collagen 
g/16 g N

Sample 1 Brand A sample (a) 40 (42, 40, 38)2 sample (b) 47 (44, 45)
3 sample (c) 52 (53, 50) 2-7 (2-5, 2-9) 19-34 sample (d) 56 (53, 59) 3-0 (2-95,3-1) 21-45 Sample 4 + methionine (1 -4%) 70 (67, 72)6 3rand B 55 (54, 55)

Canned stewed steak with onions and gravy
Sample 7 Brand A sample (a) 50 (54, 48)

8 sample (b) 55 (54, 56)
9 sample (c) 56 (59, 53)

10 Brand B 59 (57, 61)
Laboratory preparations

11 Autoclaved alone* 78 (76, 80) 1-9 (1-9, 1-9) 13-512 Autoclaved with ‘gravy’f 70 (67, 72) 1-9 (1-8, 2-0) 13-513 Sample 12 + DL-methionine (2%) 80 (78, 82)
* One hour at 115°C. 
t ‘Gravy’= 6% wheat flour+3% glucose.

These values may be compared with those for fresh uncooked beef of high eating 
quality, namely fillet steak, NPU 82, 2-5% collagen and one of low eating quality, 
namely shin, NPU 69, 23-6% collagen (Bender & Zia, 1976). Shoulder meat (sample 
11, Table 1) was intermediate in collagen content between these two examples of the 
highest and lowest quality meats namely 13-5% but had a high NPU of 78.

Despite its higher collagen content (23-6%) the shin meat referred to had a higher 
NPU at 69 than samples 3 and 4 (NPU 52 and 56, collagen 19% and 21%). These 
figures suggest that the low NPUs of these canned meat samples were partly due to 
processing damage. This was verified by the sample autoclaved in the laboratory with 
(sample 12) and without ‘gravy’ (sample 11). In the presence of wheat flour and 
glucose the NPU was reduced from 78 to 70. The conditions in the laboratory probably 
differ from those used for the commercial samples and there is no information of the 
length of time of storage but the measurements indicate that when meat is processed 
in the presence of other foods there can be a reduction in protein quality in contrast 
to its stability to autoclaving in the absence of other materials.
Amino acid damage

Sample 5 showed that methionine supplementation of the minced canned product
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restored NPU only to 70, whereas the laboratory sample (No. 13) was restored to 80, 
and other work (Bender & Zia, 1976) has shown methionine-supplemented values of 89 
for low quality and 98 for high quality meats. This indicates that damage was done to 
amino acids other than methionine both in the laboratory processing in the presence of 
starch and glucose, and to a greater extent in the commercial product. Dvorak & 
Vognarova (1969) showed chemically that phenylalanine was likely to be the second 
limiting amino acid in meat rich in connective tissue; at the same time heat damage 
in the presence of reducing substances results in a fall in available lysine through the 
Maillard reaction.

Conclusions
It is rare for manufacturers to exercise quality control over the nutritional value of the 
proteins of their products and there is very little evidence available of the protein quality 
of processed foods and their variation from batch to batch.

In the canned meats reported on here the protein quality was considerably less than 
that of good quality meat and varied considerably between batches. There appear to 
be two reasons for this; the use of meat rich in connective tissue and damage on heating 
in the presence of other footstuffs such as onions and gravy.

Measurements of protein quality included both the meats and the added ingredients 
but the latter would make little difference to the combined NPU, since they are small 
in quantity and especially if wheat flour is a major ingredient since this is limited by 
lysine which would complement the meat proteins.

The relatively low value of such meat products may have little or no significance in 
the whole diet since people consuming canned meat products regularly are most likely 
to obtain far more protein than their minimum needs so that protein quality is of no 
importance whatever. Furthermore the NPUs observed over a vast variety of diets 
range only between 80 (in diets where the main protein sources are meat, milk and 
wheat) to 70 (where the protein is mainly supplied by cereals) (WHO, 1973).

Instances where protein quality may be of importance occur when foods like textured 
vegetable proteins are being compared with meat, then the quality of the meat may 
need to be taken into account.
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D e t e r m i n a t i o n  o f  f r e e z i n g  a n d  t h a w i n g  t i m e s  i n  t h e  c e n t r e  o f  
b l o c k s  o f  m e a t  b y  m e a s u r e m e n t  o f  s u r f a c e  t e m p e r a t u r e

S T E P H E N  J .  JA M E S , C. B A ILEY  and S. O N O

Summary
A mathematical model based on a theoretical analysis of the pattern of heat 
flow was used to produce a set of freezing and thawing curves at various 
depths through an infinite slab of lean meat. Analysis of these curves indicated 
that the end of the freezing or thawing plateau at the block centre should be 
reflected in a change in the temperature-time gradient (A 7V At) at or near the 
surface.

This change was subsequently demonstrated experimentally, and a method 
has been devised which enables the freezing or thawing time at the centre of a 
block of meat to be determined by means of a probe inserted just under the 
surface of the block.

Introduction
There are a number of commercial reasons for accurately determining the thawing or 
freezing times at the centre of a block of meat. If freezing times are under-estimated 
blocks may be transferred from the blast freezer to the cold store with the inside of the 
block still unfrozen which, at worst, may create microbiological problems in the 
subsequently thawed material, or at best, will impose a product load on the cold store 
that it was not designed to take. On the other hand, if blocks are left in the blast freezer 
beyond the required freezing time the whole process becomes inefficient. In thawing it is 
important from appearance, bacteriological and weight loss considerations that 
thawing times should be minimal, but hand trimming of the meat cannot be effectively 
carried out until the centre temperature has reached at least 0°C.

Currently, the progress of freezing or thawing at the thermal centre of large blocks 
of meat can be followed only by thermocouples placed in the appropriate position. 
Such a procedure is not very practical, particularly in commercial operations, as 
thermocouples inserted prior to freezing cannot then be removed from the frozen meat, 
whilst thermocouples cannot be inserted in frozen blocks prior to thawing without 
drilling holes. In either case there is no guarantee that the thermocouple will be located 
at the thermal centre.

Authors’ address: Meat Research Institute, Langford, Bristol BS18 7DY.
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This paper describes a method of determining the end of the latent heat plateau at 
the thermal centre of blocks up to 20 cm thick in air freezing and thawing systems 
without the need for interior thermocouples.

Theoretical considerations
Consider a block of frozen lean meat at a uniform temperature well below its initial 
freezing point ( -  1 •0°C) placed in an air stream at a temperature Ta (above -  1CC ); 
the whole block begins to rise in temperature, the rate of rise being greatest at the surface 
and decreasing with increasing depth (Fig. 1, Time 1). Once the surface reaches 
— 1°C (Fig. 1, Time 2) a layer of thawed meat is formed which has lower thermal 
conductivity and a lower specific heat than the adjacent frozen material (Fig. 1, 
Time 3).

Fig. 1. Change in temperature profile through block with time.
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As the thawing proceeds (Fig. 1, Times 4 and 5) the surface temperature of the block 

continues :o rise, consequently reducing the temperature difference between the air 
and the surface. The rate of rise of the surface temperature is dependent upon this 
temperature difference and decreases as the difference Decomes smaller. When the 
centre of the block reaches — 1°C thawing is completed (Fig. 1, Time 6). Up to this 
time heat is being supplied to and passes through the slab at a rate which slowly raises 
the mean temperature of the block, whilst also providing the latent heat required for the 
phase change. Once the thawing process is complete the phase change demand reduces 
to zero and the total heat flux is available to rapidly raise the temperature at the centre 
of the block. This temperature rise reduces the temperature gradient in the block and 
causes a rapid fall in the rate at which heat flows into the slab. Thus the surface 
temperature (7"s) shows a marked increase once the centre has thawed. Similar con
siderations can be used in the case of freezing to show that a marked decrease in ( Ts) 
would be expected when the material is being frozen.

This theory was tested by constructing a mathematical model, based on the 
numerical method of Dusinberrc (1954) for one-dimensional transient conduction, to 
analyse the pattern of heat flow during the thawing or freezing of blocks of boneless meat 
(another application of this model has been described in detail by Bailey et al. (1974)).

x

Time ( hr)
Fig. 2. Theoretical temperature-time curves during (a) thawing and (b) freezing a 10 cm 
thick meat block with a heat transfer coefficient (H ) of 30 W/m2 °C. (a) 7“a = 10°C; (b) T'a 
= 30°C..........5 cm deep (Tc) ; ------- surface (Ts); ------  log|7s— Ta|.
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Typical time/temperature curves predicted by this method (Fig. 2) show the change in 
surface temperature to be expected, an effect which can be emphasized by considering 
the log of the modulus of ambient and surface temperature difference (log 17k- 7k|). 
The change in slope of this provides a clear indication of the end of the latent heat

S tephen  J .  J a m e s , C . B a ile y  a n d  S . O no

CT>O
<3

Time ( hr)

Fig. 3. Theoretical temperature-time and temperature-time gradient curves for 10 cm 
thick meat blocks during (a) thawing and (b) freezing thawing with an initial air/meat 
difference of 40°C and a heat transfer coefficient ( H )  of 30YV/m2°C. (a) Ta=10°C; 
(b) 7h= — 30°C...........(To);------  |(Alog|ra- r s|)/Ai|; Ai = 0-5 (hr).

plateau, and thus can be used to determine the duration of the freezing or thawing 
process (Fig. 3).

The influence of block thickness, heat transfer coefficient and the different responses 
shown by freezing and thawing processes can also be predicted using A log | 7~a — T'g | / At. 
Thick slabs show smaller changes in slope than thin slabs subjected to the same en
vironmental condition whilst, for a given slab, the change in slope becomes more 
pronounced as surface heat transfer coefficient increases. Freezing processes produce 
sharper changes in slope than thawing processes for the same heat transfer coefficient 
and block thickness. The analysis suggests that the method should provide an accurate 
measurement of the end point of the latent heat plateau for blocks up to 20 cm thick, 
with heat transfer coefficients between 10 W/m2 °C and 90 W/m2 °G, and temperatures 
between 10°C and 30°G for thawing and — 10°C and — 30°C for freezing. This range of 
conditions adequately covers the majority of air thawing and freezing systems in 
commercial operations.
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M ateria l

Blocks were manufactured from chilled vacuum packed beef topsides. From each 
whole topside a 2 0 x 2 0x  10 cm or 20 x 20 x 5 cm rectangular parallelepiped was 
removed such that the fibre structure ran parallel to the 20 x 20 cm face.

Container. The meat was inserted into an open Perspex box containing a fixed vertical 
multi-junction temperature probe mounted through the centre of its base (Fig. 4). This

Section AA with sample inserted 
Fig. 4. Simulated ‘infinite’ block of lean meat.

box was then placed in an expanded polystyrene enclosure with the exposed meat 
surface flush with the face of the enclosure. The upper surface of the enclosure was 
inclined slightly towards the box in order to ensure an undisturbed flow of air over the 
surface of the meat. The complete assembly produced a simulated ‘infinite’ block with 
an effective thickness twice that of the inserted sample.

A ir  thawing. The ‘infinite’ block assembly was placed in a controlled air-thawing 
tunnel previously described by Bailey et al. (1974). Air velocity was set at 2 to 3 m/sec or 
0-5 to 1 m/sec. The tunnel was placed in a room equipped with an evaporator and a 
bank of heaters, and a sensor in the working section operated a proportional controller 
to maintain an air temperature of 10°±0-5°C. A humidifier controlled by a lithium 
chloride sensor maintained the relative humidity at 85%.

A ir  freezing. Freezing was carried out in a small room equipped with a wall-mounted 
evaporator and two axial flow fans. The ‘infinite’ blcck container was positioned to
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give air velocities over the surface of the meat of either 2 to 3 m/sec or 0-5 to 1 m/sec. 
A sensor in the room operated an on-off controller to maintain a room air temperature 
of —30° ± 5°C. The room had a six hourly defrost cycle.

Measurements. Meat temperatures were measured at 1 cm depths through the block 
using a copper/constantan thermocouple probe (Bailey et al., 1974). Two further 
thermocouples cemented to the inner bottom surface of the Perspex box recorded the 
equivalent ‘centre’ temperature of the ‘infinite’ slab. Air temperature was measured 
using a copper-constantan thermocouple positioned 2-5 cm above the exposed surface 
of the meat. All thermocouples were connected to a ‘Solartron’ data logging system 
measuring to ±0-5°C with quick release copper-constantan junction plugs. Air 
velocities were measured using a ‘Wallac’ hot wire anemometer located in the air stream 
immediately above the surface of the meat.

Results and discussion
Practical measurements of | (A log| 7“a — Ts|)/A/| for all experiments using 10 cm and 
20 cm thick blocks confirmed the marked slope changes predicted by the model once

Fig. 5. Typical experimental curves obtained when thawing ‘infinite’ blocks in air at 10°C,
with an air velocity of 0 -5 to TO m/sec. (a) 10 cm slab; (b) 20 cm slab........Tc;------- | (A
log| T a — Ts|)/Ai|; —• • — constant;----- 2-5 x constant; A t  =  0 -5  (hr).
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the block centre had reached the end of the latent heat plateau (Fig. 5). In thawing, for 
example, the curve of ¡(A log| 7“a-  Ts|)/Ai| against time was made up of three distinct 
sections. The initial decrease in slope was followed by a period of relatively constant 
slope and then a rapid increase. This rapid increase occurred at the completion of the 
thawing process. Although the mathematical model has shown that the actual value of 
the ‘constant’ slope is a function of slab thickness, heat transfer coefficient and ambient 
air temperature, this value can be readily determined for any application; the end point 
can then be defined as the time at which the slope exceeds this value. Allowance must 
be made, in the experimental situation, for fluctuations in composition and conditions 
which produce random rises in the ‘constant’ value before the end of the plateau has 
been reached, by setting a limit above which the slope value must rise to indicate a 
significant end point. The experimental data indicated that the effects of such process 
fluctuations are satisfactorily eliminated by setting the limit at 2-5 times the defined 
‘constant’ value.

Table 1 shows the difference between the time to the er_d of the latent heat plateau 
determined by a thermocouple in the centre of the block, and that estimated using a 
factor of 2-5 times the measured ‘constant’ value of ¡(A log| 7~a — !rs|)/Ai|. The error 
incurred with 10 cm thick blocks was no greater than 1 hr in either freezing or thawing 
rising to a maximum of 1 -5 hr for 20 cm thick blocks an accuracy well within that 
required for most industrial purposes, and is probably better than the results that 
would be obtained from probes which, more often than not fail to locate the thermal 
centre of the block. These errors are in part due to the 0-5 hr intervals used in the 
temperature determinations at both the surface and centre of the block, and might be 
further reduced by taking more frequent measurements.

The whole basis of the method is the determination of a change in the meat surface 
temperature once the centre has passed through the latent heat plateau, and there must 
therefore be a significant difference between the temperature of the surface during 
thawing (or freezing) and that of the thawing (or freezing) medium. Such a difference 
can only be maintained if the surface heat transfer coefficient is low, and the method is 
consequently viable for air systems but not for processes using water, vacuum steam heat 
or contact plate heat exchangers. The method has been shown to be successful for 
uniformly shaped materials such as boned-out blocks of meat where the probe is placed 
either in the geometric centre of the upper surface or above the thickest part of the 
block if the surface is irregular. The method could also be employed with irregular 
shaped materials provided that the surface probe was located at a point above the 
thermal centre. The accuracy of the method is a function of the choice of the time 
interval (At) and the sensitivity of the surface thermocouple which for optimal results 
should be capable of detecting changes of ^0T°C . The method has only been demon
strated for lean meat, but could also be applied to any material which shows an abrupt 
change in thermal diffusivity at its change of state temperature.
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T  = air temperature;
7"c = temperature at centre of slab;
7”s = temperature at surface of slab;

¿ = time;
A t =  time interval;

AT=  change in temperature;
ATg/Ai = temperature time gradient at surface;

17~a— 7g| = modulus of temperature difference between air and surface; 
|(A lo g |7 a -T 8|)/Af| =modulus of change in natural logarithmic value of [ T&— Ts | with

time;
H =surface or film heat transfer coefficient; 
x = thickness of slab; 

ati = thickness of finite slice.
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T h e  a p p l i c a t i o n  o f  a m i n o  a c i d  a n a l y s i s  t o  t h e  d e t e r m i n a t i o n  
o f  t h e  g e o g r a p h i c a l  o r i g i n  o f  h o n e y

A. M. C. D A V IES

Summary
Honeys from four geographical areas were characterized by a selection of 
sixty amino acid ratios, calculated from amino acid analysis data. Tests were 
carried out on sixteen samples of honey which came from these characterized 
areas using the selected amino acid ratios and on a reduced set of ratios in 
which the number of correlated ratios had been reduced. Fifteen samples were 
correctly identified by the full ratio set and fourteen samples by the reduced 
set. No sample failed both tests. Forty-two honeys which did not come from 
these areas were also tested and only one sample was incorrectly identified as 
originating from a characterized area.

These results support the proposal that amino acid analysis could be used 
as an instrumental method of determining the geographical source of a honey, 
in place of the highly subjective method of pollen analysis. However, further 
work is required before the method could be recommended for official use.

The possibility of applying the same techniques to other problems of food 
source identity is noted.

Introduction
Man’s sweet tooth for honey was developed in primitive times, as is evident from rock 
paintings in Spain and Africa depicting honey gathering (Crane, 1975). Although 
honey has been traded in the world for many centuries the present level of trade dates 
only from the end of World War II as a result of the establishment of modern bee
keeping methods in Mexico, Argentina and Australia. Honey prices vary considerably 
but one of the factors which determines price is the geographical origin of the honey. 
At the present time pollen analysis is the generally recognized method of determining 
the geographical source of a honey (Sawyer, 1975). Pollen analysis is very dependent on 
expert ability and judgement (Howells, 1969), and chemical methods of characterizing 
honeys have been sought for many years. Amino acid analysis is one of the methods to 
attract attention and this was reviewed in an earlier paper (Davies, 1975a). The same

Author’s address: Agricultural Research Council’s Food Research Institute, Colney Lane, Norwich 
NR4 7UA.
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paper also presented results for the amino acid analysis of ninety-eight honeys with 
samples from most of the commercially important areas.

A method of utilizing chromatographic data for commodity source identification 
has been described (Davies, 1975b) and this paper describes the application of the 
method to the identification of honeys using their amino acid composition.

Methods
Characterization of honey

A honey area was characterized by means of a computer program which determined 
the sixty most consistent ratios of amino acids using analyses of honeys known to 
originate from that area. The program allowed for occasional missing amino acids 
by insertion of a small value representing the limit of detection and reciprocal ratios 
were excluded by numbering the amino acids and only using those ratios in which the 
numerator amino acid number was less than the denominator amino acid number. In 
the tests described twenty-eight amino acids were entered giving a total of 378 ratios, 
and the program then selected the sixty most consistent ratios, as measured by their 
coefficients of variation.
Consistency testing

A second computer program was used to test if an unknown sample of honey was 
consistent with origination from a previously characterized area. The program 
calculated the specified ratios and used a statistical test (Davies, 1975b), with the null 
hypothesis that the honey originated in the area under test. The result of this test was 
the significance level at which this hypothesis could be rejected. Differences which were 
significant below the 5% level of probability were taken as demonstrating that the 
honey did not come from the area under consideration. Differences which were not 
significant even at the 10% level of probability were taken as indicating that the sample 
was consistent with originating from the test area. Results between the 5 and 10% levels 
of probability indicated a ‘don’t know’ verdict.
Amino acid analysis data

Except for Table 6, which uses data presented by Bergner & Hahn (1972), the amino 
acid analyses are from Davies (1975a).

Results
Characterization of honeys

There were sufficient data to characterize honeys from four areas: Australian 
(Eucalyptus/Clover), Canadian (Clover), Mexican (Yucatan) and United States 
(Clover). Ten samples of each honey were randomly selected from the available data 
and sixty ratios were selected from each area. Table 1 shows the ratios which were
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selected for the Australian area. Most of the selected ratios were formed by common 
amino acids rather than the unknowns present in the honeys. The selection of ratios 
with glucosaminic acid and with tryptophan were caused by the absence of these 
peaks from all samples used for the characterization of the Australian area. Because 
a constant value was used for missing peaks this provided an unintentional method of 
selecting the actual amino acid results if they were sufficiently constant. The ratios 
selected for the other three areas were similar in the amino acids used but differed in the 
ratios selected.

The method of testing involved the calculation of standardized ratio differences, 
that is the difference between a sample ratio and the mean value of that ratio, divided 
by the standard deviation of the mean, i.e. (x — x) ¡sx■ It is important that the distribution 
of standardized ratios is not skew and also that the ratios are independent (i.e. not 
ccrrelated) variables. Table 2 gives the results of testing the selected ratios. The results

T a b l e  2 .  Tests on ratio selections

Honey
area Skewness

Number of 
correlated 

ratios* 
(P=0-001)

Amino acid/peak 
associated with 

largest number of 
correlations

Number of 
correlations 

after removal 
of A A

Number of 
ratios in 

reduced set*
Australia 0-05 19 Amides 8 48
Canada 0-02 38 Amides 20 50
Mexico 0-01 45 Alanine 17 48
United States 0-10 53 Aspartic acid 29 48

* Out of the 1770 combinations of sixty ratios, 
f The initial sets all contained sixty ratios.

for the skew determinations are all satisfactory as tested by the method of Snedecor
(1956), and indicate almost symmetrical distributions of the standardized ratios. In all 
four areas there were a number of very significantly correlated ratios but these could be 
considerably reduced by removing all the ratios involving the amino acid associated 
with the largest number of correlations.
Testing of honeys from the characterized areas

Table 3 gives the results of testing honeys which came from the characterized areas 
but had not been used in the characterization. The tests were carried out on both the 
full set of sixty ratios and also on the reduced set after the removal of ratios involving 
the amino acid which gave rise to the majority of the very significant correlations.
Testing of honeys from non-characterized areas

Forty-two honeys from non-characterized areas were tested against the characterized
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areas. The honeys used for characterizing the areas were also tested but the results for 
the actual area have been omitted (they were all positive, as expected). The results of 
these tests are shown in Table 4. There were no ‘don’t know’ verdicts.
T e s ts  on b in a ry  m ix tu res  o f  honeys

Tests were carried out, using a special version of the testing program, to determine 
the calculated minimum percentage of honey or adulterant which had to be mixed with 
a given honey so that the mixture was not identified as originating in the area of the 
predominant honey. Table 5 gives the minimum percentage of adulterant required to 
produce a non-identified result.

T a b l e  5. Tests on m ixtures of honey

M inim um  percentage of ad u lte ran t to produce a  non-identified result
P redom inant 
honey source M ixed w ith honey fro m : A dulterated  w ith :

Australia C anad a M exico U n ited  States Syrup T reacle

A ustralia __ 10 15 10 45 15
C anada 1-0 — 5 35 7-5 2-5
M exico 25 30 — 35 20 5
U n ited  States 40 1-0 45 — 35 7-5

T e s ts  on f lo r a l  a n d  h on eydew  honeys
Bergner & Hahn (1972) reported amino acid analyses of honeys for twenty-six 

honeys from sixteen different floral sources and for fourteen honeydew honeys from six 
different honeydew sources. (Honeydew honey is honey made by bees from the sugary 
excretions of aphids and other insects.) There were insufficient numbers of samples in 
any of the individual groups for application of the method. However, there were 
sufficient numbers to test if floral and honeydew honey could be distinguished from each 
other. The results are shown in Table 6.

Discussion
Identification is a complex problem because it can never be certain. Non-identification 
can be established at a given probability level but actual identification can only be 
assumed because of the lack of contrary evidence. In some cases, where there is only a 
limited number of known possible identities, the identity of a sample can often be 
determined with a high degree of confidence. However, when the number of possible 
identities is large and the number of characterized groups is small there will always 
be an uncalculable risk that an identified sample belongs to a different but characteristi-
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T a b l e  6 . Iden tity  tests on flower and  honeydew honey (Bergner & H ahn)

Floral honey tested as Honeydew  honey tested as

Floral
honey

Honeydew
honey

Floral
honey

H oneydew
honey

Tested 16* 26 14 4*
Identified 10 3 11 4
U ndecided 4 4 1 0
Not identified 2 19 2 0

* T en  samples were used to select the ratios.

cally similar group. It is for this reason that while the good results (Table 3) for correctly 
identifying samples from the characterized areas is encouraging, the most important 
results are those in Table 4 which show that only one, closely related, honey was 
incorrectly identified as originating from one of the characterized areas. This Australian 
honey had been previously identified, by a pollen analysis, to be a eucalyptus type (Davies, 
1975a) but was not thought to be sufficiently similar to be included in that group.
L im ita tio n s  o f  the m eth od

Tables 5 and 6 demonstrate the limitations of the method, in general the testing 
method was fairly tolerant so that quite large amounts of adulterant were required to 
produce an effect. However, for commercial adulteration of one honey with another 
to be profitable it is likely that large amounts of the adulterant would be used. 
Occasionally the test was very sensitive but these results were caused by the presence 
of amino acids in the adulterating honey which were absent in all samples of the test 
honey. These peaks were small so that it is not certain that they would always be found 
in the adulterating honey. Thus, tests based on this type of result are not considered to be 
reliable.

The results from the Bergner & Hahn data show that most of the floral honeys 
could be distinguished from honeydew honey but that honeydew could not be dis
tinguished from floral honey. This was because of the very large variation in the amino 
acid composition of the floral honeys and is possibly due to the larger number of floral 
honey sources. It would appear that the test method will only be successful when there 
is a chemotaxonomical justification for the formation of a group.

Bergner & Hahn considered that their data demonstrated that amino acid 
composition of honeys would not be useful for identifying honeys. However, this 
conclusion was based on consideration of ratios of amino acids with proline. Proline 
is not a good amino acid for forming ratios because it is normally present in large 
amounts and it is more prone to error than most other amino acids. There were also too



few samples from each source to determine the variability of amino acid ratios within 
a source.

The present work has shown that while there are variations in amino acid ratios 
between samples from the same source, the variation between sources is much larger.
F u tu re w o rk

While the application of amino acid analysis to honey identification has been 
demonstrated it is not recommended that the presently available data should be used 
as a basis for the four areas. This is because the samples used were from commercial 
sources, Davies (1975a) and it is not known how accurately they represent the areas. 
The extent of seasonal and annual variation also needs to be investigated.
F u rth er a p p lica tio n s

Amino acids are present in most foods and they have been proposed for determining 
authenticity in a number of cases: for citrus products, Lifshitz & Stepak (1971) and 
Vandercook & Price (1972); for syrups, Johnson, Corliss & Fernandez-Flores (1971); 
for fruit content, Goodall & Scholey (1975). It is possible that these and other 
commodities could utilize the method proposed for honey. The application of the method, 
to spearmint oils and animal fats, using variables other than amino acids has been 
previously demonstrated (Davies, 1975b). Thus, the method may also be of use for 
commodities which do not contain appreciable quantities of amino acids.
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M ic r o b ia l  s u c c e s s io n  in  e x p e r im e n t a l  s o y  s a u c e  f e r m e n t a t io n s

F. M. YONG* a n d  B. J . B. W OOD

Summary
Conditions for the small-scale preparation of soy-sauce are described. The 
first stage of the fermentation, growing the mould Aspergillus oryzae on a 
mixture of soy beans and wheat flour, followed standard procedures. In the 
second stage, the soy mash or moromi stage, a variety of conditions were 
tested. Results showed that a two-step fermentation occurs, first lactic acid 
bacteria, then yeast growing in the mash. Good yeast growth in the very salty 
mash depends upon the provision of acidic conditions.

Introduction
Soy-sauce fermentation is a two-stage process. It has been practised in the East for 
thousands of years. For a recent review of its long and interesting history the reader is 
referred to Yong & Wood (1974). It is but one of a range of fermentations of vegetable 
foodstuffs in the Oriental cuisine (Wood & Yong, 1974) most of which are but little 
known in the Occident, although the work of Hesseltine (e.g. Hesseltine, 1965) has 
done much to correct this deficiency. The fermentation involves the biochemical 
activities cf three types of micro-organism; viz, moulds, bacteria and yeasts. The first 
stage is done by growing Aspergillus oryzae or Asp. soyae on soy beans or a mixture of soy 
beans and wheat, depending on the local practice. The extracellular amylases and, more 
importantly, the proteases, hydrolyse the polysaccharides and proteins in the raw 
materials. When mould growth has reached the desired level, the mixture of soy bean 
and wheat covered by the mould mycelium (called Koji) is placed into 18% w/v 
sodium chloride solution. The mixture (soy-mash or moromi as it is normally called) 
undergoes lactic acid bacteria and yeast fermentations for at least one year at ambient 
temperatures to give a good quality product. In our studies we have employed a 
temperature of 40°G for the soy-mash fermentation, following the procedure advocated 
by S. T. Tan (personal communication). Under these conditions, a good quality 
soy-sauce is obtained in about one month.

* Present address: S ingapore Institu te  o f S tandards an d  Industria l Research, 179 R iver V alley R oad , 
Singapore 6, R epublic o f Singapore.

A uthors’ address: D epartm en t o f A pplied M icrobiology, University o f S trathclyde, George Street, 
Glasgow G . 1XW .

525



5 2 6 F . M .  T o n g  a n d  B .  J .  B .  W o o d

It has been firmly established that the soy-sauce fermentation is started by a mould. 
However, there are conflicting reports as to whether the lactic acid fermentation occurs 
before or after the yeast fermentation (Yong, 1971). It will be shown in this report that 
lactic acid bacteria will grow up rapidly in the soya-bean-wheat mixture after the 
addition of salt solution, hence lowering the pH. As the pH drops below 6-0 the bacteria 
start to decrease in number. Yeast fermentation will then begin when the pH of the 
mash is acidic enough (4-0-5-0) for the yeast to grow.

Materials and methods
P u r ity  a n d  source o f  ch em ica ls

All inorganic chemicals used were of British Drug House ‘Analar’ Grade with the 
exception of the sodium chloride used for soy mash which was of ‘Laboratory Reagent’ 
Grade.

Soy beans (G lycin e  m a x )  were generously donated to us by Clyde Oil Products Ltd of 
Glasgow.

The organic materials used were always of the highest grade readily available. 
M icro o rg a n ism s

(i) A sp e rg illu s  o r y z a e  NRRL 1989
(ii) L a c to b a c illu s  de lb ru eck ii NRRL B-445

(iii) S accharom yces ro u x ii NRRL Y-1096
All the microorganisms used were pure culture strains.

M e d ia  a n d  cu ltu re m ethods
The mould was maintained on rice-glucose agar, containing finely-ground, polished, 

long-grain rice (50-0 g), glucose (20-0 g), Oxoid No. 3 agar (20-0 g) and distilled 
water to 1 litre. Slopes of this medium were inoculated with mould spores, then 
incubated at 30° for nine days, by which time profuse sporulation had occurred. Stock 
cultures were then stored in the refrigerator for three months or until required.

The media used for the yeast and bacterium were variations on a basic broth with the 
composition malt extract (3-0 g), yeast extract (3-0 g), glucose (30-0 g), peptone 
(5-0 g), distilled water to 1 litre. The yeast was maintained on slopes of medium 
solidified with Oxoid No. 3 agar (25-0 g per litre), and with the glucose concentration 
reduced to 10-0 g per litre. The bacterium was maintained on basic medium plus 
sodium chloride (5-0 g per litre). For enumerating organisms from soy mash, agar 
(30-0 g), sodium chloride (50-0 g) and sodium propionate (2-5 g) were added to each 
litre of medium. In the bacterial count medium, the concentration of glucose was 
reduced to 3-0 g per litre, while for yeasts the medium was acidified to pH 4-5 with 
hydrochloric acid.
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L .  d e lbru eck ii was sub-cultured into a 10 ml portion of broth, incubated at 40° for 
three to four days, then stored at 4° until required. Sub-culturing was carried out every 
two weeks. In order to obtain inocula for the soy mash stage of soy sauce fermentation, 
it was essential to ‘train’ the organisms to grow at high salt concentration; ‘untrained’ 
cultures did not grow when inoculated directly into media of high salt content. Steps of 
1, 2, 4, 6, 8, 10, 12, 14, 16 and 18% w/v salt were employed. At each transfer to medium 
of increased salt concentration, the organism showed an extended lag period before 
commencing growth. Thereafter sub-cultures into fresh medium of the same salinity 
displayed a normal lag period, but a reduced growth rate. The ‘trained’ culture was 
then routinely maintained in the 18% salt medium, incubating at 40° for five or six 
days then storing at 4°. Sub-culturing was done at weekly intervals.

The yeast was routinely maintained on slopes cultured at 30° for three days, then 
stored at 4C; sub-culturing was carried out every four weeks.

For use in the soy mash stage, the yeast was ‘trained’ by passage through portions of 
liquid maintenance medium containing gradually increasing amounts of salt. Steps 
employed were 2, 4, 8, 12, 15 and 18% w/v of salt. In the presence of salt, the pH of the 
medium had to be adjusted to 4-5 and the incubation temperature and period had to 
be increased to 40° and four to five days respectively in order to obtain satisfactory 
growth. ‘Trained’ cultures were maintained both on broths and slopes of MGYP + 18% 
salt, and were sub-cultured every two weeks.
p H  M ea su rem e n ts

The pH value of soy-mash was determined using narrow range (B.D.H.) pH paper. 
All other pH measurements were made on a Pye pH meter.
S te r i l iz a tio n

Media for bacteria and yc.ist counts, and for growing up cultures to be used as 
inocula were sterilized by autoclaving at 15 p.s.i.g. for 15 min.

All apparatus was autoclaved at 15 p.s.i.g. for 15 min, except for materials made 
from Perspex, which were sterilized by soaking in 2% Domestos solution for 3 hr. 
The disinfectant was rinsed off with sterile water.

P re p a ra tio n  o f  K o j i
Whole soy beans (60 g) were weighed into an Erlenmeyer flash and soaked in water 

(300 ml) for 12 hr at 30°; the water was changed every 3 hr. Next the hulls were 
removed from the soaked soy beans, then the beans were autoclaved at 10 p.s.i.g. for 
1 hr to cook and sterilize them. The soy beans so prepared could be stored in the 
refrigerator at 3-4° for up to a week before use. This process, the treatment of the 
wheat flour and their mixing all follow current commercial practice as closely as 
possible.
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Wheat flour (60 g) was placed in two Petri dishes (1-5x16 cm), covered and sterilized 
by dry heat at 150° for 12 hr.

The prepared soy beans and wheat flour were thoroughly mixed under aseptic 
conditions, until all the beans were covered with a layer of wheat flour, and then 
inoculated with mould spores as follows, employing sterile distilled water at all stages.

The conidia were rinsed from a slope culture of Aspergillus oryzae, and this suspension 
was filtered through a pad of sterile absorbent cotton wool in order to remove mycelium

F .  M .  T o n g  a n d  B .  J .  B .  W o o d

A,r filter

Koji

F ig . 1. A pparatus for the p reparation  o f Koji. -> Indicates direction o f air flow.

fragments. The conidia were washed aseptically four times, centrifuged each time, then 
finally suspended in water at 2 x 108 spores per ml. Spore suspension (20 ml) was 
added to the mixture of beans and wheat, and the whole was thoroughly mixed. The 
inoculated mixture was transferred under aseptic conditions to sterile trays (14 x 10 x 
3 cm deep) made of expanded aluminium.

The aluminium tray of Koji was placed in a Pyrex glass dish, and supported on two 
test-tubes as shown in Fig. 1. The whole apparatus, except for the air-pump, empty 
Erlenmeyer flask, and flow-meter had been previously steam sterilized.

The whole apparatus was placed in a 30°G constant temperature room and the 
Koji was incubated at this temperature for 72 hr. After 20 and 40 hr the Koji was 
mixed using a sterile spatula and aseptic procedures.
Incubation of soy-mash

Mature (i.e. 72 hr old) Koji (water content 35% w/v) was transferred aseptically 
into a flask. Sterile 18% w/v sodium chloride solution (240 ml) was added to it, and
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lactic acid, Sacch . ro u x ii, L .  d e lb ru eck ii were introduced as required. Organisms were 
added as fresh cultures o f‘trained’ cells grown on the appropriate medium (10 ml).

The soy-mash was thoroughly mixed with a sterile glass rod and the flask plugged 
with a sterile, non-absorbent cotton wool plug before incubating at 40° for one month. 
The flask v/as occasionally shaken to mix the contents, and was stirred thoroughly 
before samples were removed. Care was taken to minimise aeration when stirring or 
sampling.
V ia b le  counts o f  m icro o rg a n ism s on soy  m ash

An approximate 1-2 g sample was taken under aseptic conditions and put into a 
tared, sterile, 50 ml Erlenmeyer flask using a flame-sterilized spatula. The exact weight 
of the sample was noted.

A sterile solution of peptone (0-1%) and sodium chloride (5%) was added to the 
sample. The flattened end of a sterile glass rod was used to break up the soy beans into 
very small pieces. Any soy-mash sticking to the glass rod was rinsed down with a little 
salt peptone solution. The flask was then stoppered with a sterile rubber stopper and 
shaken on a Griffin Flask Shaker (Serial No. 9020, by Griffin and George Ltd) operated 
at medium speed for 10 min in the cold-room. The sample was then transferred into a 
sterile 50 ml measuring cylinder and made up to 30 ml with salt peptone solution, and 
serial tenfold dilutions of the sample were then prepared, using salt peptone solution.

For bacterial counts, a diluted sample (1 ml) was introduced into each sterile Petri 
dish, followed by the addition of melted bacterial count agar medium (15 ml) at 50°. 
After mixing, the agar was allowed to solidify then another layer of liquid medium 
at 50° was poured over it. This was to encourage growth of lactobacilli by creating a 
microaerophilic condition. Triplicate plates were set up at each dilution.

For yeast counts, an inoculum of 0-05 ml for each dilution was introduced on to the 
surface of yeast count agar plates as five separate droplets. The agar plates had been 
previously dried at 37° for 3-4 hr.

The Petri plates for enumerating L . d e lb ru eck ii and Sacch . ro u x ii were incubated at 
40° for five days and two days, respectively.

Under these conditions, the level of sodium propionate contained in the counting 
media was adequate to suppress growth of mould spores but had no effect on the 
viability of the yeast or bacteria, preliminary experiments having shown that mould 
spores remained viable throughout the moromi stage.

Results
In order to examine the interaction between the yeast and lactic acid bacterium, a 
number of different mashes were prepared, using soy mash prepared from the same 
batch of Koji. These were:

(i) uninoculated mash to serve as control;
34
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(ii) mash inoculated with both organisms;
(iii) mash inoculated with yeast alone;
(iv) as (iii) but with pH adjusted to 4-5, with D-L- lactic acid;
(v) mash inoculated with lactic acid bacteria alone.

Samples from each batch were taken as required. At the same time, samples for 
chemical analysis were taken; the results of these studies will be reported in a later paper.
C h an ges in  p H  o f  so y -m a sh  w ith  no y e a s t  or b ac teriu m

Samples of soy-mash with neither yeast nor bacterium added were taken at the start 
and end of the fermentation period. They were plated out to test for the presence of 
yeast and bacteria. No microorganisms were detected.

The pH of this soy-mash began to decrease from 6-5 after four days’ incubation at 
40°. The pH reached 4-5 after eighteen days and thereafter remained steady at this 
value. This shows that even without the presence of any detectable bacteria or yeast 
the pH would still drop to 4-5 eventually, though this drop in pH was slower than in 
mash with yeast and/or bacteria present (as will be discussed later).
V ia b le  counts o/Sacch. rouxii a n d  L. delbrueckii in  so y-m a sh  in o cu la ted  w i th  both  these 
org a n ism s

The initial number of L .  d e lb ru eck ii per gram dry weight of soy-mash was 6-8 x 10 6 
and it increased to 2-5 x 107 after two days (Fig. 2). The number of bacteria remained 
at this level for only two days before it began to decrease. At the end of thirty-one days 
the viable count was about TO x 104, some 700 times lower than the counts at zero 
time.

Figure 2 also shows that from the start the number of viable Sacch . ro u x ii began to 
decrease from an initial count of 4-6 x 107 until it reached a minimum of T95 x 105 
per gram dry weight of soy-mash at ten days. It then increased to 7-55 x 107 on the 
fourteenth day of incubation and remained around this figure until the end of the 
fermentation period.

The number of Sacch . ro u x ii began to increase when the pH of the moromi had dropped 
to 5-0. The pH started to decrease after two days of incubation. This drop in pH 
occurred two days earlier than that of soy-mash without any bacterium or yeast.
V ia b le  counts  q/Sacch. rouxii in  so y-m a sh  w ith  no  L. delbrueckii

Figure 3 shows that the number of yeasts in the soy-mash decreased from its initial 
number (of 2 -4 x 107 per gram dry weight of soy-mash) until the pH of the mash was
6-0. It then increased gradually until the soy-mash pH reached 5-5. From then on the 
yeast increased rapidly in number to attain a more or less steady figure of T 4x 108 
after thirteen days.

The soy-mash was tested for the presence of bacteria; none could be detected at any
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F ig . 2. V iable counts o f Sacch. rouxii an d  L. delbrueckii in  soy-mash inoculated w ith both  
o f these organism s. ■  p H ; A  Sacch. rouxii; •  L. delbrueckii.

F i g . 3 .  V iable counts o f Sacch. rouxii in  soy-mash w ith  no  L. delbrueckii. K ey as in  Fig. 2 .



stage. The pH of this mash behaved in a manner very similar to that of the uninoculated 
mash.
Viable counts of Sacch. rouxii in soy-mash adjusted to pH 4-5 with (DL)-lactic acid 
and with no bacterium added

For this experiment and the next one a much lighter inoculum was used in an effort 
to increase the sensitivity of the method. The yeast, after a lag period of one day, 
increased from 2-25 x 105 per gram dry weight of soy-mash on the day of inoculation to
7-0 x 106 on the second day. The number of yeast cells then increased more gradually, 
finally reaching a steady value of 1-4 x 107 after twelve days (Fig. 4). The pH of this 
mash stayed steady throughout the fermentation.
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F ig . 4. V iable counts o f Sacch. rouxii in  soy-mash adjusted to p H  4-5 w ith lactic acid an d  
w ith no bacteria  added. K ey as in  Fig. 2.

Viable counts o/L. delbrueckii in soy-mash with no yeast added 
The L. delbrueckii increased to about ninety times its original number (3-8 xlO 4 

per gram dry weight of soy-mash) after four days, as shown in Fig. 5. It remained at 
2 •! x 10° for only four days before it began to decrease until finally there were only
5-6 x 103 organisms per gram dry weight of sample at the end of thirty-one days.

The fall in pH of the soy-mash began after only one day’s incubation and reached a 
constant value of 4-5 after twelve days. L. delbrueckii alone caused a more rapid drop in
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Time after addition of sodium chloride solution (days)

F ig . 5. V iable counts o f L . delbrueckii in  soy-m ash w ith  no Sacch. rouxii. K ey as in  Fig. 2.

pH of the soy-mash than occurred when either yeast alone or yeast and bacteria were 
used to inoculate the soy-mash, despite the fact that a much lighter inoculum had been 
used in the former case, suggesting that there may be a degree of competition between 
yeast and bacterium when both are present.

D iscussion
The pH of soy-mash was found to drop even though there was neither yeast nor bacteria 
present. The presence of L. delbrueckii only accelerated the drop in pH. Further in
vestigations are necessary before an explanation can be offered as to why the pH of the 
soy-mash dropped to 4-5 even though neither yeast nor bacterium was added.

It is of course not possible to state categorically that no bacteria or yeast had 
adventitiously entered the mash to which no microorganisms had been deliberately 
added. The media which we used for enumerating microorganisms were necessarily 
selective. We had previously tested five different formulations of media, using samples of 
soy-mash brought from Singapore as the source of microorganisms (Yong, 1971). We 
found that only the media and conditions described above gave high counts of bacteria 
and yeast respectively combined with adequate suppression of unwanted organisms 
(.Aspergillus oryzae in both cases, yeasts on the bacterial count plates). We consider it 
unlikely that organisms which could not be detected on our media would yet grow
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significantly in the soy-mash, whose combination of poor gas transfer and high salinity 
render it a highly selective medium in its own right. Clearly the conditions employed 
will ensure that the enzymes produced by the fungus will survive intact in the soy-mash, 
but we do no: know the extent to which they are active under these highly saline 
conditions. None of the extracellular enzymes known to be produced by the mould 
produce significant amounts of acid. At present the least unlikely explanation of this 
acidification would seem to involve the activity of intracellular enzymes from the 
moribund mould mycelium, an area on which we have no evidence either way. During 
the Koji stage, however, the pH moves slowly upward from an initial value of 6-55, 
reaching 7-3 after seventy-two hours’ incubation; further incubation results in the 
formation of ammonia (which gives a disagreeable flavour to the finished soy sauce) 
and the pH finally reaches 7-5.

It has been suggested that the laboratory reagent grade sodium chloride might 
make an acidic brine, but if that were so, one would expect the pH to be low im
mediately after mixing the brine and Koji, gradually rising as buffering agents such 
as proteins diffused out from the solid particles of Koji. This is the reverse of what was 
actually observed. A satisfactory explanation of the observed decrease in pH therefore 
eludes us at the present.

When L. delbrueckii was inoculated into the soy-mash it grew up quite rapidly to 
reach a maximum number of organisms, and stayed at this maximum value for a short 
time, during which the continued production of acid was indicated by the continuing 
decrease in pH value. As the pH approached 4-5 the viable number began to decrease 
rapidly, presumably due to the accumulation of acid metabolic produces in the soy- 
mash.

As the pH of the soy-mash dropped to below 5-5 the yeast began to increase in number 
rapidly until it reached a maximum value. It remained at this level up to the end of the 
fermentation period. In the soy-mash which had its pH adjusted to 4-5 the Sacch. 
rouxii did not show an initial decrease in numbers. However, there was a lag period of 
one day before it grew up vigorously.

The above results show that the yeast will only grow up vigorously in :he soy-mash 
when the pH has dropped to below 5-5. Onishi (1957) has also found, using a defined 
medium with a high concentration of sodium chloride, that the ‘soy-yeasts’ could only 
grow when the pH lay between 4-0 and 5-0.

Sakaguchi (1959a, b) found that the role of Pediococcus soyae in soy-mash is entirely 
concerned with the production of acid. Similarly L. delbrueckii accelerates the drop in 
pH of soy-mash inoculated with it. Putting together the results published by Japanese 
workers (Onishi, 1957; Sakaguchi, 1959a, b) and those obtained by the authors, it is 
now possible to specify the sequence of microbial flora in soy-sauce fermentation. 
The mould grows up in the Koji stage and its growth is terminated by the addition of 
18% w/v sodium chloride solution to the Koji. Growth of the mould is presumably 
inhibited by a combination of the high salt concentration and the anaerobic conditions
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which must rapidly develop in the soy-mash. Mould spores retain their viability in the 
soy-mash and if sodium propionate was omitted from the media used for enumeration 
of the yeast and bacteria, which contained only 5% sodium chloride, they would readily 
germinate and rapidly overgrow the plate.

Lactic acid bacteria will grow up rapidly in the freshly prepared soy-mash, lowering 
the pH, and thus permitting yeast growth to begin.

It may reasonably be asked if our conditions have much in common with those found 
in a traditionally conducted soy sauce fermentation. We had hoped to determine if 
this was so by examining samples of authentic soy-mash brought by air from Singapore. 
Unfortunately, despite every effort to keep them cool during the journey, the samples 
(which were intended to represent different stages in the fermentation) had evidently 
continued fermenting and the samples showed a similar pattern in the numbers of yeasts 
and bacteria, both types of organism being high in a sample taken from a week-old 
soy-mash (108 yeasts, 7 x 109 bacteria per gram dry weight of mash) and declining 
steadily to much lower numbers (500 yeasts, 107 bacteria per gram dry weight of mash) 
in samples taken from a five-week-old mash. Among the yeasts no differences in colonial 
form were observed, but on the bacterial count plates two types of colony were observed, 
about 90% being small lenticular colonies, yielding very short Gram-positive rods; the 
remaining 10% of colonies were rather larger and yielded Gram-positive cocci.

It will thus be seen that our results on the laboratory-made soy-mash were in reason
able accord with those from the samples of authentic soy-mash.

Another line of evidence which may be adduced to support the contention that the 
results reported here are germane to what happens in the normal soy sauce fermentation 
is provided by organaleptic assessment of the quality of the material produced in our 
fermentation. In the time available for this work we were not able to conduct formal 
and properly designed taste-panel experiments, but one of us (Y.F.M.) is familiar with 
it as an everyday article of diet, and we also secured the view of other oriental students 
at Strathclyde University. There was broad agreement that all of the fermentations 
involving yeast gave a good quality product. Generally the sauce from the yeast plus 
lactic acid bacteria was regarded as the best product, with the one from the mash 
soured with lactic acid then fermented with yeast, coming a very close second. The 
materials from a lactic acid bacteria fermentation without yeast, and from the sample 
not inoculated with any organism at all were alike described as lacking any soy sauce 
aroma or real character, being bland, inoffensive, characterless and generally like much 
of the inferior grades of soy sauce which are widely sold in the Occident.

Finally, we may ask what light these results can throw on events in the traditional 
process, where the new soy-mash is either primed with a little of an old mash, or is 
even left to develop a microbial flora from chance contamination. Our results show 
that an old mash is likely to harbour but few lactic acid bacteria, thus delaying the 
development of conditions favourable for yeast growth, although this is likely to 
be compensated for in part at least by the self-souring of the mash which we observed
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in the uninoculated samples. Clearly, therefore, this factor allied with the rather lower 
and certainly more variable incubation temperature experienced by the mash will go 
a long way towards explaining why we could get an acceptable soy sauce in so much 
shorter a time than is apparently needed in the traditional process.
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Summary
The ultrastructure of tapioca starch granules was studied using the freeze
etching technique in an attempt to overcome the problems associated with 
the other methods of preparation for electron microscopy. A chemically- 
modified tapioca starch was also studied to ascertain whether chemical 
modification affected granule structure. Variations in fracture faces were 
observed in both modified and unmodified granules suggesting that 
organization within the granules was not homogenous. Particles were present 
on granule fracture faces. The size range of the particles was 4 to 10 nm in the 
unmodified and 6 to 15 nm in the modified granules. These observations 
were similar to those found by others in freeze-etched starch granules and 
must be considered to be of some structural significance. In contrast to the 
fracture face, the outer surface of the granules was smooth and particles were 
not evident.

Introduction
The structure of the starch granules has been of interest to the biologist in studying 
granule synthesis and to the food scientist in evaluating the textural properties of 
starches in processed foods. During cooking, starch granules swell and the viscosity 
of the suspension increases. By chemically modifying the starch prior to cooking, its 
swelling and viscosity-affecting properties can be changed (Wurzburg & Syzmanski,
1970). Srivastava & Patel (1973) demonstrated that different cross-linking reagents, 
such as sodium trimetaphosphate, epichlorohydrin and phosphorous oxychloride, 
under different pH conditions had an effect on pasting viscosities of tapioca starch. The 
effects of cross-linking can be quite marked and in some cases can inhibit gelatinization 
(Strivastava & Patel, 1973). Although there have been some chemical studies, there 
have been few reports on how modification affects the ultrastructure of the tapioca 
starch granule. Hood and associates (Hood, Seifried & Meyer, 1974; Hood & Seifried,

A uthors’ addresses: *D epartm ent of Food Science an d  fSection of Genetics, D evelopm ent and 
Physiology, C ornell U niversity, Ithaca , NY  14853, U.S.A.

537



5 3 8 J .  E .  A l le n ,  L .  F .  H o o d  a n d  M .  V . P a r th a s a r a th y

1974) noted the changes in the cooking and storage of tapioca starch/milk gels but also 
highlighted the problems involved with the preparation of this material for electron 
microscopy.

The ultrastructure of isolated starch granules has been difficult to discern, partially 
because of methodology limitations. Starch is not easily infiltrated by embedding 
media and artifacts can occur such as granule shrinkage (Hood et al., 1974) and folding 
(Mussulman & Wagoner, 1968; Gallant & Guilbot, 1971) when using the thin section
ing technique for transmission electron microscopy studies. Scanning electron micro
scopy also has its limitations (Chabot, Hood & Allen, 1976). It is difficult to achieve 
routine resolution better than 20 nm with this material.

The freeze-etching technique was used by Miihlethaler (1965) and Leonard & 
Sterling (1972) for the study of potato starch granules. Freeze-etching reveals some 
structural characteristics which are not revealed by any other microscopy technique. 
Fracturing reveals the interior of the granule and etching exposes some outer surfaces.

In this paper, we report on the application of the freeze-etching technique to the 
investigation of the ultrastructure of both unmodified and chemically-modified tapioca 
starch.

M aterials and methods
The starches used were an unmodified tapioca starch and a modified tapioca starch, 
hydroxypropyl distarch phosphate (Stein, Hall & Go. Inc., NY, U.S.A.). An 8% (w/v) 
suspension of each starch was prepared at 4°C in either glass-distilled water, 25% 
glycerol in glass-distilled water or 100% glycerol. Each suspension was centrifuged 
for 4 min at 750 g and three-quarters of the supernatant was removed. The pre
cipitated granules were transferred in droplets onto Balzers bored gold specimen 
holders, frozen in liquid Freon T2’ and stored in liquid nitrogen.

Freeze-etching was carried out in a Balzers BA360M instrument according to the 
method of Moor & Miihlethaler (1963). The specimens were fractured at — 102°C; 
etching times were 10 sec for the material frozen in water, and 2 to 4 min for the 
material frozen in 25% glycerol. The material frozen in 100% glycerol was shadowed 
immediately after fracturing.

The platinum/carbon replicas were cleaned with 70% sulphuric acid overnight, 
rinsed twice with distilled water, cleaned again for 3 hr with 5% sodium hypochlorite 
solution, and rinsed three times with distilled water. The replicas were then mounted 
on formvar-coated 75x300 mesh copper grids and viewed with a Philips EM201 
electron microscope at 60 or 80 kV.

Results
F r a c t u r e  f a c e s  o f  b o t h  u n m o d i f i e d  a n d  c h e m i c a l l y - m o d i f i e d  g r a n u l e s  d i f f e r e d
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P l a t e  1. (a ' F ractu re face of a modified tapioca starch granule in 25%  glycerol/water 
(GW ) showing a few small fracture ridges (FR ). T he large white line (arrowed) is a  tear 
in the replica. T he m arker in the top right corner indicates the shadowing direction, 
x 9200. (b) F ractu re  face of a  modified tapioca starch granule in 25%  glycerol/w ater 
(GW ) showing large fracture ridges (FR ). T he arrows m ark hose ridges w here the replica 
has folded. T he m arker in the top right corner indicates the shadowing direction, x 9200.

(Facing ft. 538)
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P l a t e  2. (a) F ractu re face of a modified tapioca starch in 25°0 glycerol/water (GW ). A 
change in the fracture p lane is evident a t  (FP). T h e  central pa ttern  of glycerol/w ater 
indicates its infiltration into the granule. A fracture ridge has caused a fold in the replica 
(arrow). T he m arker in the top right corner indicates the shadowing direction, x 4980. 
(b) H igher m agnification of the central pa ttern  on the fracture face of the modified 
tapioca starch granule seen in (a). T he m arker in the top right corner indicates the 
shadowing direction, x 15 000. (c) FYacture face of modified tapioca starch granule in 
w ater (W ), showing the transition from the outer regions of the granule (OR) to the 
central reticulate network (R). T he m arker in the top right corner indicates the shadowing 
direction, x 15 480. (d) F ractu re face o f a modified tapioca starch granule in w ater 
showing the central region of depressions (D). T h e m arker in the top right corner indicates 
the shadowing direction, x 16 200.
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Ultrastructure of tapioca starch
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P l a t e  4 . (a) O u ter surface of a  modified tapioca starch granule in w ater (\V ), revealed 
after etching, showing the faint parallel lines (arrow ed). T he m arker in the top right 
corner indicates the shadowing direction, x 32 000. (b) L netched  fracture face of un 
modified tapioca starch granule in 100°o glycerol (G ), showing particu late  surface and 
fracture ridges (FR ). Some ridges have caused the replica to tear (arrow ). T he m arker in 
the top right corner indicates the shadowing direction, x 7600. T he insert (c) is a high 
m agnification of the particu late  fracture face of this granule, x 59 200.
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morphologically. In some, the fracture faces revealed only a few fracture ridges 
(Plate 1(a)) whilst in others, ridges were larger and more prominent (Plate 1(b)). It is 
common for the morphology of glycerol/water to vary. Although all the starch samples 
were frozen in liquid freon, some variation probably existed in freezing rates throughout 
the sample. This would lead to small differences in the freeze-etch pattern of glycerol/ 
water. Although we have observed these differences, the number and size of the fracture 
ridges in the granule were independent of the morphology of the glycerol hvater.

All the fracture faces of the granules had a fine particulate appearance, regardless 
of the medium in which the granules had been frozen. Some of the modified granules 
showed the presence of glycerol/water in the central region which had the same freeze- 
etch pattern as that which surrounded the granule (Plate 2(a)). There was no distinct 
boundary between the frozen glycerol/water in this central region and the surrounding 
starch material in the rest of the granule (Plate 2(b)). However, when the modified 
granules were frozen in water alone, the ice in this central region was enclosed by a 
reticulum (Plate 2(c)). The reticulum network was continuous with the surrounding 
granule material and had the same particulate fracture face. The area of ice enclosures 
within the reticula appeared to become smaller as they neared the unaffected outer 
regions of the granule. In some of the modified granules there was only a small area of 
depressions in the central region of the granules when frozen in water (Plate 2(d)).

The unmodified granules exhibited a different central region than observed in the 
modified granules, regardless of the medium in which they were frozen (Plate 3(a)). 
The central region appeared to be smooth and about 3-5 /cm in diameter. No water 
or glycerol/water was evident in the central region. A few particles were evident in this 
region but were not as uniformly distributed as in other areas of the granule’s fracture 
face.

Outside the central region, both types of granules had a fine particulate appearance 
(Figs 8 and 9). The size range for the particles was 4 to 10 nm for the unmodified 
granules and 6 to 15 nm for the modified granule.

The outer surfaces of both modified and unmodified granules were similar. In 
contrast to the fracture faces (Figs 1-9), the outer surfaces did not have a particulate 
appearance but seemed to be slightly undulated with faint parallel lines visible in most 
areas (Fig. 10).

D iscussion
The ridges observed on most of the fracture faces (Figs 1-5, 8, 9 and 11) may not be 
structural features of the granule. In yeast cells Moor (1966) identified the fracture 
ridges as an artifact formed during fracturing as a result of the differing fracture 
characteristics of the cell components. The fracture ridges on the fracture face of the 
apparently compact starch granule may indicate the presence of structural variations 
within the granule which might not otherwise be visible. Thus the existence of several
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types of fracture faces (Figs 1 and 2) suggests that the starch granule is not structurally 
homogeneous. A relatively smooth fracture face (Fig. 1) probably results from a fracture 
plane of less resistance within the granule. On the other hand fracture faces with large 
prominent fracture ridges (Fig. 2) suggest a fracture of planes or areas of higher 
resistance within the granule.

Theoretical models for starch granule formation suggest that growth is by apposition 
producing either an ‘onion-like’ layering or a radial layering (Badenhuizen, 1969; 
Banks et al., 1973; Finkelstein & Sarko, 1972; Hall & Sayre, 1971; Sterling, 1968). In 
this study no distinct layering was observed in any of the fractured tapioca 
granules.

Particulate fracture faces have also been demonstrated in potato starch granules 
by Miihlethaler (1965) and by Leonard & Sterling (1972). The size range of the particles 
(5 to 15 nm) in tapioca starch is similar to that found in potato starch granules. A 
particulate appearance has been noted in freeze-etched starches in the red alga 
Rhodymenia pseudopalmata (Pueschel, 1975) and in Smilax aspera leaf and storage starches 
(Ferri, 1974). Ferri (1974) suggested that these particles could be a resublimation 
artifact produced on the fracture face of the starch granule. However, in the present 
study, a particulate fracture face was routinely obtained from unmodified tapioca 
starch granules frozen in 100% glycerol where no water was present and there was no 
etching (Plate 4(b)). Since the size and distribution of the particles observed here were 
similar to those in earlier studies on starch (Ferri, 1974; Leonard & Sterling, 1972; 
Miihlethaler, 1965; Pueschel, 1975), it is likely that the particles have some structural 
significance within the starch granule. The slight increase in the particle size range in 
the modified granules could be a result of cross-linking between or within the starch 
molecules caused by the chemical modification process.

The particles observed on the fracture faces could also be the microfibrils viewed in 
cross-section that others have observed (Sterling, 1971; Leonard & Sterling, 1972; 
Sterling, 1974). However, there was no indication on any of the fracture faces examined 
of any microfibrils that were longitudinally oriented. Thus there is little evidence to 
suggest that the microfibrils reported in potato starch are present in tapioca 
starch.

A characteristic of all starches is their morphology and biréfringent properties when 
viewed with the optical microscope. Tapioca starch granules have a distinctive biré
fringent pattern when viewed through cross polarizers. The intersect of the polarization 
cross corresponds to a central or near-central zone that is more translucent than the 
rest of the granule when it is viewed with brightfield or phase-optics. Modification of 
the starch causes some of the granules to lose their biréfringent properties. This would 
indicate some irreversible change taking place in the central region during the 
modification process. This would permit the infiltration of water into this region and the 
subsequent formation of a reticulate network. The effect of water infiltration of granules 
during cooking will be described in a subsequent paper.
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S. S. ARYA, K. S. PREM AVALLI a n d  D. B. PAR IH A R

Introduction
A major portion of the wheat produced in the Indian subcontinent is consumed in the 
form of chapaties which are highly relished by all segments of the population. The 
chapati baking quality of various wheat varieties grown in India have been investigated 
to some extent (Austin & Ram, 1971) but information on various factors that influence 
the flavour and aroma of chapaties is scanty. High sugar and diastatic activity influence 
the sweet taste of chapaties (Singh & Bailey, 1940; Uprety & Abrol, 1972) whereas 
high tyrosinase activity has been shown to affect the darkening in the whole-meal dough 
and thereby the colour of chapaties (Abrol & Uprety, 1970).

Carbonyl compounds have been shown to constitute the major part of the aroma 
fraction in chapaties (Kannur et al., 1974). The changes in carbonyls that take place 
during storage of preserved chapaties have also been reported previously (Kannur et al.,
1974). However, no information is available about the chemical components and the 
reactions involved in their formation in chapaties.

M aterials and m ethods
Wheat starch and lipids

Starch was prepared by the cold water washing method (Wolf, 1964). The moist 
starch was extracted with methanol followed by a chloroform-methanol ( 2: 1)  mixture 
to remove adhering protein and lipid residues. Lipids were extracted from wheat flour 
(straight run 90-95% extraction) by the method of Tsen, Levi & Hlynka (1962). All 
the solvents used were carbonyl free and were distilled before use.
Chapati baking

The chapaties were baked from wheat starch (100 g) and water (60 ml) both with and 
without amino acids (0-015 mol; glycine, alanine, leucine, isoleucine and phenyl
alanine), sugar (0-015 mol; glucose or ribose) and wheat lipids (2-0 g). These sugar and 
lipid levels were selected because 90-95% extraction flour contains 2-3% total sugars 
and 2-2-5% total lipids. Starch dough of moderately stiff consistency was prepared by 
hand and 45 g pieces were rolled in circular discs of 15 cm diameter and baked on a

Authors’ address: Defence Food R esearch L abora tory , M ysore-10, Ind ia .
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hot plate maintained at 200 ± 15°C for 2 min (1 min each side). Similarly chapaties 
were also prepared from wheat flour (90-95% extraction).
Isolation and separation of carbonyls as 2 : 4-dinitrophenyl hydra zones (DNPHs]

Freshly baked chapaties were powdered and 50 g samples were extracted with 
carbonyl free chloroform (200 ml). The chloroform extracts were refluxed with 1% 
2 : 4-dinitro phenyl hydrazine (DNP) solution in 2 N  hydrochloric acid for 2 hr. The 
chloroform layer was repeatedly washed with 2  n  hydrochloric acid to remove un
reacted DNP followed with water and dried over anhydrous sodium sulphate. The 
above procedure was essentially that of Johnson & El-Dash (1969) employed for the 
isolation of bread carbonyls. Dried extracts were concentrated, made to a known 
volume and DNPHs separated on silica gel-G plates, activated at 120°C for 2 hr using 
carbon tetrachloride : hexane : ethylacetate (10 : 2 : 1) as irrigating solvent. The 
coloured bands w'ere scraped off and repeatedly extracted with chloroform. The colour 
intensity and absorption maxima were determined using a Perkin-Elmer Model 124 
spectrophotometer. Total carbonyls in chapaties were determined by tire method of 
Henick, Benka & Mitchell (1954) using carbonyl free benzene for extraction. The 
concentration of amino acids in water extracts of wheat flour and chapaties were 
determined by measuring the free amino groups by trinitrobenzene sulphonic acid 
method (Satake et a l ., 1960).

Results and discussion
A typical chromatoplate showing the resolution of carbonyls in chapaties from different 
doughs is depicted in Plate I. It is interesting to observe that carbonyls of chapaties 
baked from only wheat starch or wheat starch and glucose remained near the base line 
and gave a blue colour with alcoholic potassium hydroxide spray, an indication of 
mostly dicarbonyls. These combinations had no detectable faster moving monocar- 
bcnyls except very feeble bands corresponding to acetaldehyde and acetone. Various 
monocarbonyls formed from the thermal degradation of carbohydrates have been 
reviewed by Fagerson (1969) and include homologues of aldehydes and ketones having 
one to six carbon atoms and furfural derivatives. But these do not seem to be formed in 
appreciable quantities from glucose or starch during chapati baking.

Mechanisms of formation of dicarbonyls from sugars have been discussed by Hodge 
(1967). Dicarbonyls arise from the fission products of 2-ketoses with subsequent dis- 
mutation and dehydration leading to pyruvic aldehyde, diacetyl, acetoin, etc. The 
DNPHs of these compounds remained near the base line in the solvent system employed 
in the present study.

Chapaties baked from starch, glucose (or ribose) and glycine, alanine, leucine, iso
leucine and phenylalanine had major carbonyl bands corresponding to formaldehyde, 
acetaldehyde, valeraldehyde, isovaleraldehyde and phenyl acetaldehyde respectively.



C a rb o n y ls  in  chap a lie s

t

«  ft

M

t  •

.  .  •
i

t

*

A  B C D E F G  H I J  K L  M N O P Q R S T U

P l a t e  1. T L C  showing the separation of D N PH S of carbonyls of chapaties prepared  
from starch (A), starch +  glucose (B), starch +  glucose +  glycine (C), starch +  glucose +  
alanine (D), starch +  glucose +  leucine (E), starch +  glucose +  phenylalanine (F), and 
starch +  glucose +  lipid (G ); H  to U , D N PH S of pure com pounds; form aldehyde (H ), 
acetaldehyde (I), propanal (J) , bu tanal (K ), pen tanal (L), H exanal (M ), 2.4-decadienal 
(N ), phenylacetaldehyde (O ), acetone (P), diacetyl (Q j,  hydroxym ethyl furfural (R ), 
pyruvic aldehyde (S), acetoin (T) an d  nonanal (U ).
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These carbonyls are formed from the respective amino acids by Strecker degradation. 
This is further supported by the decreases in the concentrations of amino acids in model 
systems and of the free amino groups in the water soluble fraction of wheat flour during 
chapati baking (Table 1). The concentrations of free amino groups in salt soluble and

T a b l e  1. Percentage decrease in  am ino acids during 
baking

A m ino acids Percentage decrease

Glycine 9-2
A lanine 9-5
Leucine 22-9
Phenylalanine 22-1
W heat flour w ater solubles* 17-0

* P er cent decrease in  am ino groups.

70% alcohol soluble proteins did not change significantly during chapati baking, and 
therefore these may not be involved in the formation of carbonyls. The losses in amino 
acids during chapati baking varied from 9 to 22%. Comparatively losses were higher in 
the combinations containing leucine and phenylalanine than containing glycine or 
alanine. The relative concentration in those of the respective Strecker’s aldehyde was 
also higher in the combinations containing leucine and phenylalanine (35-37%) than 
the glycine and alanine combinations (19-22%). The concentrations of total sugars has 
been found to decrease during the baking stage in chapati preparation (Uprety & 
Abrol, 1972) indicating their involvement in the sugar—amino acid interaction. Forma
tion of carbonyls from sugar—amino acids interactions during bread baking has been well 
documented (Linko & Johnson, 1963; Salem, Rooney & Johnson, 1967). The compo
sition of various carbonyls produced during bread baking is influenced by the relative 
concentrations of various amino acids in the dough, and the same is true in chapaties 
also as observed in the present study in model systems.

The carbonyl composition of chapaties baked from starch and wheat flour lipids is 
more complicated (Plate I) and consisted of both saturated and unsaturated aldehydes. 
The major bands identified included acetaldehyde, propanol, butanal, pentanal, 
hexanal, cecadienal and some unidentified spots. All these compounds may result from 
the degradation of unsaturated fatty acids and have been reported previously in 
peroxidized lipids. Preliminary investigations on the changes in fatty acids during 
chapati baking indicated significant losses in the linoleic and linolenic acids (3-4%) of 
wheat flour lipids, indicating their involvement in the generation of carbonyl compounds. 
Comparatively wheat flour lipids seem to exert a very pronounced effect on the carbonyl 
composition of chapaties, in not only generating a large number of additional aldehydes,
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but also in retaining the volatile carbonyls formed by other reactions. This is clearly 
brought out in Table 2 wherein the total carbonyls in chapaties baked from starch-

T ab le  2. T o ta l carbonyls in  chapaties baked from 
starch, glucose, am ino acids an d  lipids

Ingredients T o ta l carbonyls*

Starch 1 •04
Starch  +  Glucose 1 •16
S ta rch + G lucose+ Leucine 1 ■ 76
Starch  +  Glucose +  L ipid 5 •92
S tarch  +  Glucose +  L ip id  +  Leucine 8 •64

* Expressed as m g of valeraldehyde pe r 100 g ch apad  
pow der/30%  m oisture.

glucose-leucine-lipids is higher than the sum of the carbonyls of chapaties baked from 
starch-glucose-leucine and starch-glucose-lipids respectively. The majority of the 
carbonyl compounds in normal chapaties (Kannur et al., 1974) and those prepared in 
isolated system from different combinations of ingredients have been found to be 
similar. This indicates similarity of chemical components and the reactions involved 
in their formation in both the systems investigated.
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B o o k  r e v ie w s
Starch and its Components. B y  W. B a n k s  and C. T. G r e e n w o o d .
Edinburgh: Edinburgh University Press, 1975. Pp. xi 4- 342. £10.00.
The authors have drawn largely on their own extensive researches on starch and its 
components, amylose and amylopectin. A clear picture is presented of the current 
state of knowledge in this complicated area which should be easily understood by the 
large majority of food scientists. The text covers the fractionation of starch into its 
components amylose, amylopectin and the intermediate forms and the characterization 
of these molecular species. This includes detailed studies by enzymic hydrolysis, 
viscosity determinations and iodine binding measurements. The latest theories on the 
structures of amylose, amylopectin and the intermediate material are presented and 
discussed in relation to previous ideas.

The main flow of the text from the details of the components to the nature of the 
actual starch granules is interpreted by a chapter on starch degrading enzymes. This 
chapter is particularly helpful in interpreting the results of studies on starch by various 
workers using enzymes from different sources. It helps to outline the mode of action and 
degradation pattern of the many types of starch degrading enzymes.

Finally the text describes the authors views, on the nature of the structure and organiza
tion of the sub-units within the starch granules and the biosynthesis of the granules 
themselves. Complex areas such as gelatinization phenomena, crystalline structures, 
varietal differences in size and shape are discussed in the most detailed manner yet 
published.

This text is clearly superior to the earlier books published on starch chemistry and 
should become the standard reference book for students and researchers for several 
years.

R. G . E . G u y

Water Relations o f Foods. Ed. by R. B. D u c k w o r t h .
London: Academic Press, 1975. Pp. xvi + 716. Price £17.50.
This book consist of thirty-five papers presented at the International Symposium held 
in Glasgow in September 1974.

The first section of the book, covering six papers, deals with the nature of water in 
its various forms and basic interactions with carbohydrates, phospholipids, proteins and 
other constituents of biological systems. This is followed by methods and techniques used 
in the study of water in foods, e.g. sorption techniques, differential thermal analysis, 
differential scanning calorimetry, dielectric measurements, nuclear magnetic resonance 
techniques and electron microscopy.

The third section consisting of five papers, is devoted to the behaviour of micro-
549
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organisms in relation to water activity. This is followed by two sections, each of three 
papers, on the influence of water on enzyme action, and the effect of water on non- 
enzymic chemical changes, including non-enzymic browning, free radicals and oxidative 
reactions.

The sixth section deals with water relationships during freezing and thawing.
The final section, consisting of seven papers, deals with various aspects of the condition 

and properties of water in relatively moist food materials. Excellent and thorough author 
and subject indices are also included.

The list of authors reveals that some of the most distinguished international food 
scientists contributed papers to this symposium. The overall standard of the book is 
extremely high and it must be regarded as one of the most substantial contributions to 
the literature food science which has been produced recently. It will, undoubtedly, be 
a major source of reference for many years to come. The success of the symposium and 
die book must be attributed, in large measure, to the editor and his enthusiasm for this 
subject. Food scientists will enjoy reading this book.

S. D. H o l d s w o r t h

Protein Nutritional Quality o f Foods and Feeds. Ed. by M. F r i e d m a n .

New York: Marcel Dekker, 1975. Part 1: Pp. xx + 626. £27.50. Part II: Pp. xx + 674. 
£27.50.
Mendel Friedman has achieved the impossible task of editing the papers from a sym
posium (A.C.S. Symposium on Chemical and Biological Methods for Protein Quality 
Evaluation, Atlantic City, 1974) so as to produce a very readable volume, instead of the 
collection of isolated contributions which normally result from symposium proceedings. 
The magic formula is to include invited papers in addition to the verbal presentations. 
This gives continuity so that the reader is automatically led on to the next chapter which 
follows a logical pattern.

The fifty-five well referenced chapters occupy a total of 1300 pages requiring to be 
bound in two parts. The first part is devoted to assay methods for whole proteins and 
specific amino acids and covers chemical, biochemical, physical, enzymic, micro
biological and biological techniques; of special note is a chapter devoted to the 
theoretical estimation of the available energy of amino acids and proteins. Four chapters 
are concerned with the interpretation and modification of protein efficiency ratio deter
minations so as to provide more precise information about nutritional quality, a topic 
very much to the fore with the advent of food products from unconventional sources.

The second part can be classified under ‘commodities’: the protein quality and 
ccntent of cereals, pulses, horsemeat, fish, mushrooms, leaf protein, cottonseed, dairy 
products and potatoes are covered, and the alterations which occur as a result of plant 
breeding and processing are reported. Although the major intention of the symposium
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was to assess protein value for application to human nutrition, individual chapters refer 
to work undertaken with pigs and ruminants.

With this volume to hand, the reader has a most comprehensive up to date coverage 
of all aspects concerning the nutritional value of proteins and it will be many years 
before another publication rivals this ‘bible’. The tragedy is that the price restricts 
purchase to libraries whereas the nutritionist, food scientist, agriculturalist and home 
economist would benefit greatly from having a personal copy. It is not only an ideal 
reference work but is written in such a uniform clearly expressed style that the reader 
is encouraged to peruse aspects of protein nutrition, such as coeliac disease or the estima
tion of available methionine, which may be outwith their particular interest.

K . M a r y  C l e g g

F resh M eat T echnology. By E. K a r m a s .
New Jersey: Noyes Data Corporation, 1975. Pp. xi + 282. US$36.00.
Few books can have been given a more misleading title. The information it contains 
consists of abstracts from over 150 U.S. patents concerning meat appearing between 
1960 and 1974, information which by no means covers the subject of fresh meat 
technology nor does it adequately cover the advances in that time since it omits those 
which were not deemed patentable or which appeared in the patent literature of the 
rest of the world.

The patents are dealt with in considerable detail but without any attempt at critical 
evaluation. Thus the most extravagant claims, many of which have already been 
examined and reported on in the journal literature, appear without comment and some 
of the scientific explanations which appear are unsound.

The book provides a useful summary of the ground covered by the U.S. patent 
literature and should be of value to research and development alike; its value would 
have been enhanced and its cost reduced by a more critical approach and by the 
inclusion of the rest of the world’s patents, at least those in English.

D. N. R h o d e s

Single C ell Protein  II. Ed. by S. R. T a n n e n b a u m  and D. I. G. W a n g .
Cambridge, Mass.: M.I.T. Press, 1975. Pp. ix + 707. US$20.00.
This book represents a collection of the papers presented at the second international 
conference on Single Cell Protein (SCP) held at the Massachusetts Institute of Tech
nology in 1973. The book is wholly in English although the contributors were drawn 
from many different parts of the world. The printing has been accomplished by 
photographing directly the author’s typescript which for this reader provides a clear 
and perfectly readable text.

There are some thirty-five chapters in all without any division into sections. The first
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two chapters deal with SCP in general. These are followed by six chapters concerned 
with selected aspects of the theory of and technology involved in SCP production. The 
next sixteen chapters contain perhaps the most interesting and most useful material 
in the book. Practically every major SCP process under development at that time is 
described here, only the so-called ‘Symba’ process developed in Sweden appears to be 
missing. Apart from the industrial processes based on hydrocarbons as substrate, 
several processes utilizing carbohydrates in the form of waste materials are also described. 
Nutritional and toxicological aspects of single cell protein are discussed in the next 
eight chapters followed by two chapters on SCP marketing. The final one describes the 
role of international agencies.

The 1973 M.I.T. conference was held at a time when interest in and hopes for SCP 
were at their highest. Since that time, major changes in the world economic situation 
have occurred and thinking about the role and potential of SCP has undergone some 
revision. Although two large SCP plants have been constructed in Europe it seems 
unlikely that the editorial comment in this book, ‘that before the end of the ’70s many 
hundreds of thousands of tons of industrially produced protein would go into animal 
feeds and perhaps even human food’, will be fulfilled. Some of the economic forecasts 
and profitability estimates contained in the book have clearly been overtaken by events. 
The chapter on marketing SCP in low income countries now seems outdated. The SCP 
industry at present seems to be going through a period of reassessment and marking
time until the economic position clears but there appears to be no doubt to those 
concerned that SCP will have a role to play in providing feed and food in the future.

Single cell protein has proved a favourite subject for conference organizers in recent 
years and other symposia papers on this theme have been published. However, this 
book probably presents the most comprehensive guide to the subject. This volume 
together with the proceedings of the first M.I.T. conference on single cell protein would 
give the general reader a good overall view of the topic and provide a useful reference 
text for those involved more deeply in the subject.

A. T o l a n

Books received
A Guide to the V itam in s. T heir R ole in  H ealth  and D isease . By J o h n  M a r k s . 
Lancaster: Medical & Technical Publishing, 1975. Pp. xii + 208. £6.50.
A critical review of the present state of knowledge of vitamins and their importance in 
health and disease.

Second Book o f  Food and N utrition , 3rd edn. By W . M a t h e w s  and D. W e l l s . 
London: Home Economics, 1976. Pp. x + 255. £2.50.
An updated edition of a well established introductory text.
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Concise Guide to Food L egislation . By D. P e a r s o n .
Weybridge: University of Reading, National College of Food Technology, 1976. Pp. 
38. £1.30.
A compilation of standards, regulations and official reports governing the nature and 
quality of foods. This will be a most welcome guide through an ever more complex 
field.
R eport o f  the G overnm ent C hem ist, 1975.
London: H.M.S.O., 1976. Pp. 158. £2.10.
As in previous years the annual report of the laboratories of the Government Chemist 
contains a considerable amount of information which will be of interest to food 
technologists.
A M anual o f  M ethods for  the B acteriological E xam ination  o f  Frozen Foods.
By L. P. H a l l .
Chipping Campden: Food Preservation Research Association, 1975. Pd. 85. £5.35. 
A concise and useful laboratory aid.
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A truly international exhibition representing the whole 
spectrum of food production and processing technology 
which will take place at Europe's newest trade centre. 
FOODMACH 77 will present the world's leading equip
ment suppliers to the largestpossibleinternational visitor 
attendance seeking equipment and technical advice on 
HANDLING, PRODUCTION, PROCESSING, STORAGE & 
PACKAGING 6f MEATS, FLOUR BASED PRODUCTS, 
DAIRY PRODUCTS, CONFECTIONERY, LIQUIDS, 
CHEMICALS, VEGETABLES and SYNTHETIC FOOD STUFFS.

I--------------------------------------------------------------------------- 1i Name....................................................................................
. Company.............................................................................
I Principal Product................................................................
¡ Address.............................................................................. .

□  Exhibition Space Details □  Visitor Details (
EXHIBITIONS FOR INDUSTRY LIMITED !

157 STATION ROAD EAST OXTED SURREY j 
Tel: OXTED (08833) 4371 Telex: 95359 ,

P o s t off now  —  J

Soybeans as a 
Food Source
W. J. Wolf and J. C. Cowan

The recent interest in soybeans as a source of 
food proteins and as the basis of unconven
tional foods stimulated the revision of this 
monograph. New developments in processing 
and technology are outlined and the growing 
potential of soybeans is discussed.

Selection from Contents Soybean production; 
Conversion to edible oil products ; Food uses 
of soybean proteins; Physical and chemical 
properties; Nutritional properties; Food con
taining soy proteins; Problem areas.

Second Edition, 1975. 120 pages. £12.80.

C R C  Press

Blackwell Scientific 
Publications
Oxford London Edinburgh 
Melbourne
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T he Chem ical A nalysis of Foods
DAVID PEARSON
Seventh Edition 592 pages illustrated £13.50
The Chemical Analysis of Foods is well established as the standard work in this field and on the interpretation of results. In this seventh edition most sections have been revised and the book has been given a more up-to-date format. This includes a partial changeover to the SI system, molarities etc., but in most instances the older equivalent is also stated.Apart from the new techniques for additives and contaminants and other methods in commodity sections, the book reflects the present and future changeover to legislation based on the requirements of the Codex Alimentarius and the E.E.C.As with previous editions, the author has tried throughout to keep a balance between readers who are employed in differing fields and at various level of food analysis. This book will, therefore, continue to be the standard work on analytical methods for food science students 
and laboratory staff.
Contents
Introduction / General Methods / General Methods for Additives and Contaminants / Sugar and Preserves / Fruit and Vegetable Products / Cereals and Flour / Starch Products: Baking Powders: Eggs: Salad Cream / Beverages / Herbs and Spices / Fermentation Products / Flesh Foods: Table Jellies / Dairy Products (1) / Dairy Products (11) / Oil and Fats / Miscellaneous.
C heese
J. G. DAVIS
V o l u m e  2  A n n o t a t e d  B i b l i o g r a p y  w i th  S u b j e c t  I n d e x288 pages £3.75
V o l u m e  3  P r a c t i c a l - M a n u f a c t u r i n g  M e t h o d s ,  E c o n o m i c  a n d  L e g a l  A s p e c t s580 pages illustrated £17.00
V o l u m e  4  A n n o t a t e d  B i b l i o g r a p h y  w ith  S u b j e c t  I n d e x26  ̂pages £10.00
It is expected that this series will become the standard work in the English language for all those concerned with the scientific, technological and practical aspects of cheese. Although written primarily for cheesemakers and all concerned with cheese in the dairy industry and for managers, technologists, teachers, research workers, graders and quality controllers, these books will also be of interest and value to a much wider readership.

Churchill Livingstone 23 Ravelston Terrace Edinburgh EH4 3TL
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The Second Edition

Handbook of Flavour Ingredients
E dited by T h o m a s E . Furia  and N ic o lo  B ellanca, Dynapol, Palo Alto, California

T h e new  data  incorp orated  in to  th is w ell-k n ow n  reference is so  exten sive th at th e w ork  has  
been expan ded  in to  tw o  vo lu m es. T h e general form at and  con ten ts o f  th e first ed itio n  have  
been retained and th e in form ation  p rov id ed  is essentia l to  a n yo n e  concerned  in th e use or  
d evelop m en t o f  flavou r ingred ients.

Volume 1, 1975. 526 pages. £28.00 
Volume 2, 1975. 926 pages. £36.80

Storage, Processing and Nutritional Quality of Fruits and Vegetables
Edited by D . K . Salun kh e, Utah State University
1. Assessment of nutritive value, quality and stability 
of cruciferous vegetables during storage and subsequent processing
Nutrients and quality of cruciferous vegetables and
their products
Needs for future research
2. Developments in technology and nutritive value 
of dehydrated fruits, vegetables and their products 
Developments in technology
Storage stability 
Nutritive value 
Fortification 
Utilization 
Future research
3. The use of certain chemicals to increase nutritional 
value and to extend quality in economic plants 
Yield: quantity and quality
Essential nutrients for the human body 
Stimulation of plant growth and yield
1975. 176 pages, 32 illustrations. £15.20

Increase in protein content by plants 
Increase in carbohydrate content 
Increase in vitamin content 
Increase in mineral content 
Increase in pigment content
Retention of nutrients and quality in plants produced 
by chemical treatments

4. Developments in technology of storage and 
handling of fresh fruits and vegetables 
Chemicals that delay ripening and senescence 
Chemicals that hasten ripening and senescence 
Chemicals that may hasten or delay ripening and 
senescence
Chemicals that control postharvest microbial growth 
Controlled atmosphere storage 
Ionizing radiations
Other important and associated considerations to 
control ripening, senescence and microbial growth

C R C  Press
Blackwell Scientific PublicationsOxford London Edinburgh Melbourne
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