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Equations for fitting water sorption isotherms of foods:
Part 1 —a review

JORGE CHIRIFE and HECTOR A. IGLESIAS

Summary

The purpose of the present work is to present a review of literature on
equations for fitting water sorption isotherms of foods and food products.
Twenty-three equations, which have been proposed in the literature for correlat-
ing equilibrium” moisture content in food systems, have been compiled and
analysed. Their origin, range of appllcab|l|(tjy (both to type of food and water
activity) and use are discussed. It'is hoped that this critical coanatlon may
be a useful guide for those researchers interested in the mathematical descrip-
tion of the water sorption isotherms of foods.

Introduction

Equations for fitting water sorption isotherms in foods are of special interest in
man}/_ aspects of food preservation by dehydration. Among them ma¥ be
mentioned the prediction of drying times (King, 1968), the prediction of the
shelf life of a dried product in & ackagtljng material (Karel etal.,, 1971; Labuza
et al, 1972), or the prediction of equilibrium conditions after mixing products
with various_ water activities (Salwin & Slawson, 19592_. Besides this practical
interest, the isotherm equation is also needed for evaluating the thermodynamic
functions of the water sorbed in foods (Iglesias et al., 1976). = °
The physical chemistry of surfaces has provided the food scientists with a
large number of theorefical isotherms proceeding from different molecular
models that can fit various experimental water sorption results. Kuntz (1975),
however, noted that, ‘one should be suspicious of several of the assumptions
that underlie this general approach’. He Suggested that the most serious diffi-
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culty is that common adsorption theories ignore changes in the substrate
surface. This is true because in most water food Systems conformational
changles are likely to occur during sorption (McLaren &Rowen, 1952; Bettelheim
& Volman, 1957; Masuzawa & te_rlmg, 1968). Franks (19752_ also noted that
the derivation of detailed information from experimental sorption data must be
always subjected to the limitations imposed by the particular adsorption theory
utilized, He added, however, ’that this is not to say that empirical correlations
using this isotherm cannot be obtained or should” not be used’. In this way,
numerous mathematical equations have been reported in the literature for
describing water sorption isotherms of food materials. Each of the models pro-
posed, empirical, semi-empirical or theoretical have had some success in repro-
ducing equilibrium moisture content data of a given type of food and in a given
range of water activity. It has to be mentioned, however, that the aglreement of
the _ex?erlmental sorption data with the isotherm equation calculated for a
?artmu ar sorption model does not provide a proof of the correctness of the
heory, since, as it has been frequently observed, a curve may be described by
manK different equations. _ , _ _

The difficulty of having a unique mathematical model, either theoretical or
empirical for descrlbm?_ accuratelty the sorption isotherm in the whole (or most
of It) range of water activity and for different type of foods, is due to anumber
of reasons. The main ones are: (1) the depression of water activity in foods is
due to a combination of factors each of which may be predominant in a given
range of water activity (Karel, 1973), (2) moisture sorption isotherms of foods
represent the integrated hygroscopic properties of numerous constituents
whose sorption properties ma chan%_e as a consequence of physical and/or
chemical interactions induced by heafing or other pre-treatments (lglesias &
Chirife 1976a, b), and (3) as a food sorbs water it usually undergoes changes of
constitution, dimensions and other properties (McLaren & Rowen, 1952);
water sorption also leads to phase transformations of the sugars contained in
the food (Karel, 1973; lglesias et al., 1975a). _ _

The purpose of the present work is to present a review of the literature on
equations_ for fitting water sorption isotherms of foods. The origin, range of
applicability (both to type of food and water activity) and uses of the compiled
equations are discussed. It is hoped that this critical compilation may be of
value for those researchers interested in the mathematical description” of the
water sor|ot|or_1 isotherms of foods. _

The following notation will be used throughout this work:

Aw =p/pQ=water activity,

p = water vapour pressure exerted by the foods,

R/IO: vapour pressure of pure water at a ?lven temperature,
= equilibrium moisture content, usually dry basis,

T =temperature.

The isotherm equations are presented and discussed below in alphabetic order.



Watersorption isotherms offoods 161

List of isotherm equations

(1) The B.E. T. equation (Brunauer et al., 1938)

The B.E.T. equation is:

1 +AWC—))
(L~AwM MmC  MmC (1)

where Mm = monolayer moisture content, C= constant related to the net heat
of sorption. Equation (1) is probably the most popular food isotherm equation.
The B.E.T. equation ustally holds only between water activities from about
0.05 to 0.45, but this gives enou%h data so that the parameters Mm and C can
be calculated (Labuza,” 1968). Athou%h the B.E.T. analysis is based on over-
simplified assumptions (Labuza, 1968; Le Maguer, 1972) — certainly not
expected to hold for water sorption in foods —the monolayer concept is useful
because of its relationship with several aspects of the gpf%yswal and chemical
deterioration in dehydrated foods (I?Iesu;\s & Chirife, 1976a). In addition, the
B.E.T. monolayer calculation is an effective method for estimating the amount
of water bound to specific polar sites in dehydrated food systems (McLaren &
Rowen, 1952; Duckworth & Smith, 1963). Recently, lglesias & Chirife (1976a)
reported 300 monolayer values correspon_qu to almost 100 different foods
and food components, _The){ showed that in all cases examined the monolayer
values decreased significantly with increasing temperature. These authors also
discussed the validity of the’ determination of B.E.T. monolayers for sorption
isotherms havmﬁ a low value of the C constant (the so-called type II
isotherms), which usually correspond to high-sugar foods, ,

AIthou%h in the original B.E.T. theory ElLabuza 1968) the C term is related
to the net heat of sorption for the first layer, Iglesias & Chirife (1976¢) and
Chirife et al. (1977) —after examining a wide number of food systems —dis-
reqarded the use of the B.E.T. equation to estimate the heat of water sorption
in"foods. I%_Iesms etal. (1977a) discussed the statistical procedure to be used for
the evaluation of parameters Mm and C from the well known linear form of
the B.E.T. equation (eqn (1)) and from a rearranged one proposed by Caurie
etal. (1976), which is:

1 = N
a-ATH i ol A R
I%Iesias et al. (1977a) showed that conventional (or unweighted?}least squares

should not be used in the last case (eqn (2)) in order to evaluate the parameters
Mm and C.

(2) TheB.E.T. modified equation (Brunauer, 1945)

This modification of the B.E.T. equation proposed that the radius of the
capillary defines the upper limit for the number of layers of water that can be
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built up within the capillary. The B.E.T. modified equation is,

v = AMCMW N - {n+\)Al +nAV') (3)
~ | 1—AwJLI+(C-I)MWC /C

where n=number of layers. Bushuk & Winkler (1957) found that a reasonably
%ood representation of ‘the wheat flour isotherm up to 0.80 water activity may
e obtained in terms of eqn (3) if the number of sorbed Iayers_(n% at saturation
Eressure was assumed to be five or six. Despite any theoretical significance,
he improved fitting ability of eqn (3) over eqn (1) may be largely due to the
suitable choice of athird parameter (n).

(3) The Bradley equation

In his_theory, Bradley (1936) assumed that the sorptive surface is of polar
nature. The first layer is sorbed because of strongly induced dipoles and these
dtlpoles in turn polarize the second layer which in‘ttrn polarizes the third layer,
etc.

In Bradley’s equation,

In(IMw) = K2Kf (4)

K2is a function of the sorptive polar groups and Kj is a function of the dipole
moment of the sorbed vapour. In addition, Kxincludes a term which is charac-
teristic of the sorbed molecules on the sorptive sites. Hoover & Mellon §1950)
found that their data of the sorption of water in proteins in the range of water
activity 0.05 to 0.95 were fitted very well by the Bradley equation. Both
constants, K2 and Kj were found to be temperature dependent. Ling (1965
applied the Bradley equation to fibrous rprotelns and Ling & Nagendank (1970
showed that the behaviour of water in frog muscle followed the Bradley multi-
layer adsorption equation. Equation (4) may be readily transformed into,

In In (UMW = In K2+M \n K, (5)

which is a convenient form for testing, because a linear relat|onsh|§ should be
obtained when plotting, In In(I/Mw)versus M. Walker et al. (1973) reported
that the Bradley equation fitted their adsorption data on myosin A and myosin
B (two maAor muscle proteins) up to a water activity of 0:30. At higher water
activities the plots showed deviations from the_lingarity suggested by eqn QS).
Unfortunately, because of the In In transformation the apparent linearity of the
plots re orted by Walker et al, #_1973) IS not in itself sufficient to “provide
Information on the goodness of fit of Bradley’s equation as applied to their
experimental data. A comparison between the experimental and calculated
equilibrium moisture content isotherms would be more useful in this situation.
Hansen (1976) reported Bradley isotherm plots (according to egn (5)) of water
sorption in ovalbumin and soy protein concentrates: the plots deviated from
linearity above water activities of 0.70 to 0.85. Walker et al. (1973), Hansen
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E1976) did not report quantitative information on the goodness of fit of
radley’s equation as applied to the experimental data.

(4) The Caurie equation

Caurie (1970), proposed the following equation based on purely mathe-
matical manipulation,

InC=InA —rAw (6)

where r and A are constants and C=water concentration = 100 —% water/
Y%water. According to Caurie (19702 egn (16) is valid from zero water activity
up to 0.85 water act|V|(tjy for most foods. 1n order to illustrate the application
of his model, he plotted literature sorption data on gelatin and orange crystals
according to eqn (6). Although negatively sloping straight lines were obtained,
Caurie % 970) did not report any statistical parameter to illustrate the goodness
of fit of his equation, nor did he show a comparison between the experimental
and calculated’ moisture sorption isotherms, Instead, the simple examination
olf _thedstra|ght lines reported suggests that the fit may be not as good as it was
claimed.

(5) The Chen equation

The model developed by Chen (1971{) is linked to the theory of drying. His
analysis is based on the steadK-stat_e of the drying equation and is limited to
situdtions where diffusion is the principal mode of mass transport. The equa-
tion developed s,

Aw = exp [k + a-exp (bAf)] (7)

where k, a and b are constants. Chen (1971) tested his equation with experi-
mental water sorption data on barley and sor%hum and obtained good agree-
ment between the observed and calculated results for most of the water activit

range. The parameters, k, a and b were found to be temperature dependent.
Chen & Clayton (1971) applied Chen’s equation to various materials including,
com flaxseed, oats, rice, r¥]e and wheat and reported quantitative information
on the goodness of fit for the equation, A reaso_nabl¥ good fit was observed in a
number of cases. The merits of this equation Tor de_scrlbm% equilibrium
moisture contents should be judged, however, considering that it has three
parameters which need to be détermined for each material.

(6) The Chen’ modified equation

In applying the three-parameters Chen equation (Chen, 1971),
Aw=exp [k + a-exp (bM)]



164 [. Chirife and H. A. Iglesias

to a number of materials, Chen & Clayton (1971) found that the values of
constant k were very close to unity, so Chen’s equation may be simplified and
reduced to a two-parameter equation as follows,

Aw - exp [—a-exp(-bM)]. (8)
Chen & Clayton (1971) applied this equation to cereal grains and other field
crops and evaluated the goodness of fit of the equation. They found that for
the seventeen materials (including varieties) studied, the three-parameters Chen
equation (Chen, 1971) had a better fit than the simplified two-parameter
equation. The latter, however, was found to have an improvea fit over
Henderson’s equation (Henderson, 1952). _ _ _

A fact whic _apparentI}/ has not been noted in the literature is that Chen’s
simplified equation is mathematically equivalent to that by Bradley (Bradley,
1936). Bradley’s equation may be written,

In(—InAw) =InK2+M In Kt,

The simplified Chen’s equation may be written as,

In(-In Aw)=Ina- bM. 9)
It is obvious that both equations are equivalent.

It is worth mentioning_that Chen’s equation and Chen’s modified one were
mostly tested with experimental sorption data in cereal grains and other field
Crops.

(7) The Chen and Clayton equation

In an attemgt to predict the temperature dependence of the isotherm, Chen
& Clayton (1971) empirically modified Chen’s equation (Chen, 1971) and pro-
posed “a four-parameter equation for relating temperature, water activity and
moisture content. The proposed equation is:

Aw =exp [—kj T>-exp (—k2Tm*M)] (10)
where k,, k2 mt and m2 are constants. Chen & Clayton (1971) found that the
progosed equation described adequately the temperature depende_nc% of corn
Isotherms between 4.4 and 60° C. The e(iuatmn was also shown to fit the experi-
mental data better than the Day & Nelson’s (1965) four-parameter equation;

this last one is also used for predicting the &emperature dependence of the
isotherm and is discussed elsewhere in this paper.

(8) The Chung and Pfost equation
Chung & Pfost (1967) proposed a model of the form,
InAw =- R-@T-exp T-bM) (11)
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where a and b are constants. This model is based directly upon an assumption
about the way in which the free energiy change for sorption is related to
moisture confent. The equation cannot be used to predict the effect of
temperature since the use of the T term does not eliminate the temperature
dependence of parameters a and b (A%rawal et al, 1969; Nellist & Hughes,
1973). By removing the term AT eqn (11) becomes:

InAw=-a"exp (-b M) (12)

which is identical to the Chen’s modified equation, and hence mathematically

equivalent to the older Bradley’s equation, as was shown before. Recently,

Young (1976) evaluated different mathematical models, including the Chung—
Pfost one, to describe sorgthn and desorption isotherms of Virginia-type
P_eanuts._ He found that the Smith (1947) and Young & Nelson (1976a) egua—
jons (discussed elsewhere in this paper) were able to fit the experimental data
better than the Chung and Pfost equation.

(9) The Day and Nelson equation

. Henderson’s equation (Henderson, 1952, discussed elsewhere in this paper)
s:

1Ay, =exp (-gTMn)

where g and n are constants. Day & Nelson (19652 observed that the T term in
Henderson’s equation does nof eliminate the temperature dependence of
constants g and n. They omitted the term T and related constants g and n to an
empltr]cal_ power function of temperature. The proposed four-parameters
equation is:

1Ay, = exp (—jj Th't Mo7L) (13)

whereji,j2 Iq and h2are constants, o

As discussed previously, Chen & Clayton (1971) tested the applicability of
this equation to describe the temperature dependence of corn desorption
isotherms in a wide temperature range.

(10) The Hailwood and Horrobin equation

In an attempt to interpret the water adsorption isotherms of proteins
Hailwood & Horrobin (1946) assumed a simplified model of two kinds of
adsorption sites in the polymer. The first one is a hydrate formation on certain
olar groups and the second one is a solid solution of water in the polymer.
onsequently, they proposed a three parameter equation which in order to
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facilitate computation may be put in the form:
A+BAVE-CAI=AM (14)

where A, B and C are constants. _

Hailwood & Horrobin (1946) obtained good aqreement between calculated
and observed values for water adsorption in wool, nylon and silk through an
extended range of water actmtg (about 0.10 to 1.0 water act|_V|ty2. McLaren &
Rowen (1952) criticized the theoretical assumptions on which’the Hailwood
and Horrobin _equation was deveI%Ped and sup%ested that the agreement
between experimental and calculated values must be largely due to a suitable
choice of the three parameters A, B and C. Bettelheim & Volman (1957)
athed the Hailwood—Horrobin equation to water sorption isotherms of pectic
substances up to about 0.30 water activity.

(11) The Halsey equation

Halsey (1948r) developed the foIIowinP equation to provide an expression for
condensation of multilayers at a relatively large distance from the surface,

Aw =exp (—a/ki 97) (15)

where a and r are parameters and 9 =M/Mm, Equation (15% was developed by
Halsey (51948) on theoretical ground as a criticism of the B.E.T. theory. Halsey
assumeq that'the potential energY_lof amolecule varies as the inverse rth power
of its distance from the surface. He also stated that the magnitude of the para-
meter r characterizes the type of interaction between the vapour and the solid.
If ris large, the attraction”of the solid for the vapour is very specific and does
not extend far from the surface; when ris smaller the forces are more typical
van der Waals and are able to act at a greater distance. As this equation was
shown b Halsety to be a good representation of adsorption data that conform
to the BET. fype I, 11, or 1l shapes (Gregg & Sing, 1967), Iglesias et al.
(1975b) and lglesias & Chirife (1976d) applied it to a wide variety of food
Isotherms. It was observed earlier by lglesias et al. (1975b) that the use of the
RT term does not eliminate the temperature dependence of constants aand r.
Consequently, they simplified the original Halsey’s equation to the form:

Aw - exp (—a'l0n (16)

where d' IS a constant. o
|glesias & Chirife (1976b) further simplified eqn (16) to the form,
Aw = exp (—2"/AH (17)

where g" is a constant. Iglesias et al. (1975b) and lglesias & Chirife ?11976d)
found that_HaIse}(’s_equatJon could be used to describe reasonably well the sorp-
tion behaviour of sixty-nine different food materials in the approximate range
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of water activitF 0.10 to 0.80. The total number of experimental isotherms to
which they applied satisfactorily the Halsey’s model amounted to 220.

(12) The Harkins-Jura equation

Harkins & Jura (1944) proposed an equation for the adsorption isotherm the
vahd%y of which is restricted to regions in which the adsorbed molecules form
a condensed film. The relationship may be expressed in the form:

InAw=B—A/M?2 (18)

where A and B are constants. PIottm% InHw versus Mr2 should give a straight
line and from the value of A gslope of the stralght line) the monolayer moisture
can be calculated (Labuza, 1968; Labuza, 1975). Labuza (1968) suggested that
the approximation of this equation is not very good for most food materials,
and usually it does not hold ahove a water activity of 0.40 to 0.50.

(13) The Haynes equation

H_a>{ne_s (1961) gave an empirical equation to describe the sorption isotherm
of biological materials. Haynes equation is:

Inp=(a+bM) Inp0+(c+dM +gM2 (19)

where &, b, ¢, d and g are constants. This ettuation may have some merit for
fitting purposes, but it Tequires five constants to be evaluated for each material.

(14) The Henderson equation

One of the most widely used models relatin% water activity and amount of
water sorbed is Henderson’s equation, (Henderson, 1952). This empirical
equation may be written as,

1-Aw=exp- (kA?n) (20)

where k and n are constants.
Equation (20) may be written,

In [—n (L Aw)] =n InM + Ink (21)

50 a plot of In(—n (L ~AW) versus amount sorbed should give astr_a|g[ht line.
However, Rockland (1969) observed. that two or_ three ‘localized isotherms
may be distinquished when' the experimental sorption data are plotted accord-
ing"to eqn (21). This observation led Rockland & 969) to suggest that moisture
sor?non isotherms are composed of generally three “localized” isotherms and
that each of them may rePresentaspemaIt pe _ofwater_b;ndm% After analysin

a very wide number ‘of food isotherms, [glesias & Chirife (1976e) confirme
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Rockland’s (1969) observation in the sense that application of egn (21) can be
used to characterize (in most cases? three ‘local” 1sotherms. However, in dis-
agreement with Rockland (1969), Iglesias & Chirife (1976e) conclude that local
isotherms cannot be used to give a precise and unequivocal definition of the
thsmaI state of water in foods. .

t has to be admitted that, for f|tt|ng purposes, the utility of Henderson’s
equation would be severely restricted if two or more loa!rs of constants were
needed to define the sorption isotherm. Nevertheless, Iglesias & Chirife _&l976d)
found that in many cases the experimental sorption data may be fitted by
egn (21), and although this may result in a loss of accuracty, e error intro-
duced in this way may be in several cases small enough for fitfing purposes.
~ These authors made a comparison hetween Henderson’s and” Halsey’s equa-
tions. Literature data for 220 food isotherms comprising sixty-nine different
materials were utilized to comi:)are both equations. They found that in 70.4%
of the isotherms examined Halsey’s equation gave a better fit than Henderson’s
one, while in 21.9% of the cases the reverse was true. For 7.7% of the cases
both equations gave a similar fit. Other authors who have applied Henderson’s
equation to various food materials, include Lafuente & Pinaga (1966), Agrawal
etal. (1969), Chen & Clayton (1971) and Young (1976). _ =

“Singh & Ojha (1974) applied the Henderson equation to desorption equilib-
rium moisture curves of groundnut and chillies at various temperatures. They
measured equilibrium moisture contents at only three relative humidities (in a
narrow rarﬁ]e) and used these values for evaluating the constants in Henderson’s
equation. These constants were then used for extrapolating the limited data up
to the saturation pressure level, or to the low pressure one. This procedure Is
not valid because as it was previously discussed, the value of the Henderson’s
garameters_depends on the region of the isotherm used for the evaluation.
ingh & Ojha (1974) used Henderson’s original formulation which included a
temperature term,

1-Aw=exp (—TMn) (22)

and evaluated the constants ¢ and n for the experimental data at different
temperatures. As expected, their results showed that the use of the T term does
not eliminate the temperature dependence of parameters ¢ and n. Surprisingly,
Singh dc Ojha (1974) conclude that Henderson’s equation ‘correctly describes
the tet;nperaéure dependency of the experimental isotherms’, when the reverse
was observed.

(15) The Iglesias and Chirife equation

_lglesias & Chirife (1976f) noted that the anaI%sis of sorption phenomena in
high-sugar foods, like most fruits, is complicated by the d|ss,oIV|_n?_ of sugars and
by this reason the theoretical prediction of the isotherm is difficult. Accord-
ingly, they proposed an empirical equation for describing the water sorption
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behaviour of various fruits and related high-sugar items. The proposed equation
may be written,

In (M +\IM2+M0s) ~bAw+p (23)

where Af05 is the moisture content at Aw=0.5 and b and p are constants.
|glesias & Chirife (19760 found that the proposed . equation described
adequately equilibrium moisture contents for seventeen isotherms comprising
ning different high-sugar foods, Among the foods tested were, banana, grape-
fruit, peach, pear, pineapple and strawberry.

(16) The Halsey’s modified equation

In order to_develop a simple equation for describing the temperature depen-
dence_ of the isotherm, Iglesias & Chirife (197619% empirically modified Halse%/’s
equa%gon (discussed previously in this work). They proposed a three-parameter
equation,

Aw =exp [-exp (bT+c)M-T] (24)

where b, ¢ and r are constants, and found that it may be used to predict reason-
ablz/ well the effect of temperature on water sorption isotherms of some food
materials. Among the foods tested were, chicken, com, fish protein concen-
trate, laurel, nutmeg, thgme and wheat flour. lglesias & Chirife (19_769? stated
that the merits of eqn (24) should be judged consmlermg that it Is simpler than
the usual four-parameter equations reported in the literature to characterize the
effect of temgerature on the isotherms (see Day & Nelson (1965), and Chen &
Clayton (1971)).

(17) The Kuhn equation

Quasi_ & Karel (1972) used the following equation for correlating equilib-
rium moisture contents in potato chips up to about 0.32 water activity,

M :THAMV +D (25)

where a and b are constants. Equation (25) is based on Kuhn’s (1967) theo-
retical analysis of adsorption phenomena, who_developed a theory which
contains several determining features of all adsorption processes. _

Labuza et al. (1972) also used eqn gZS) for es_cr;bmgi]equnlbnum moisture
contents in dry milk (up to about 0.5 water activity) but reported some in-
consistency of the Kuhn equation at low water activity.
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(].8) The linear equation

~In view of the particular shape of most food isotherms it is obvious that the
simple expression,

M- athaw (26)

where a and b are constants, may be of value only for describing a given
portion of the isotherm. However, this may be enough for some practical
situations like storage life predictions of packaged dried foods, where often
only a relatively small portion of the isotherm needs to be considered. In their
P_ac agmg predictions studies, Labuza et al. (1972) indicated that the stralgsht
ine adequately described the lower portion of tea isotherm (up to about 0.55
water actmty{ and Mizrahi et al, &970) showed that a straight line ma5§ be
used for describing the sorption isotherm of cabbage between about 0.07.to
0.25 water act|V|(tjy. Becker & Sallans (1956) showed that a linear equation
may be used to a equa_te_ly describe the desorption isotherm of wheat between
0.12 to 0,65 water activify. Iglesias et al. (1977b2 tried to describe the lower
Bortmn of air dried beef iSotherm (between about 0.10 to 0.45 water activity)
ut the results were not entirely satisfactory.

(19) The Mizrahi equation

This equation,

where, a and b are constants, was found by statistical analysis of the sorption
isotherm data to fit a two parameter equation. The equation was applied b
Mizrahi et al. (1970) to describe the sorption isotherm of dehydrated cabbage
in the approximate range of water activity 0.07 to 0.55.

(20) The Oswin equation

This is @ mathematical series expansion for sigmoid shaped curves, and may
be written as follows:

. AT
wo=a s Aw] (28)
where a and n are constants. Labuza et al. (1972) used this equation to cor-

relate equilibrium moisture content data in non-fat dry milk and freeze dried
soluble tea up to about 0.5 water activity.
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(21) The Smith equation

|t has been shown by Smith (1947) that the final curved portions of the
wate{_ sorption isotherms of various bio-polymers were closely described by the
equation,

M =Mb-Maln(l-a w) (29)

where m> and m a are constants. Becker & Sallans (1956) found that Smith’s
e%uatlon could be used to describe adequately the desorption isotherm of
wheat between 0.5 and 0.95 water activity. Young (1976), applied the Smith
equation to adsorption and desorption isotherms of Virginia-type peanuts, and
concluded that the equation may be used for describing the isotherms as long
as water activities are above 0.30.

(22) The Strohman and Yoerger equation

Strohman & Yoerger (1967) derived the following equation:
INnaw =alnpoexph (m)+cexp (am) (30)

where a, b, ¢ and d are constants. It is to be noted that Chun%&Pqut’s equa-
tion (eqdnffll))thas a similar but simpler form that eqn (30); their origin, how-
ever, Is different.

(23) The Young and Nelson equation

Younq & Nelson (1967a) developed a theory relating equilibrium moisture
content to water activity and temperature, which in addition does take account
of hysteresis. They considered that the water is held in the food by three
mechanisms. First,"there can be a unimolecular layer of water molecules bound
to the surface of the cells, Second there can be multimolecular layers, and third
there can be moisture within the cells. This last, moisture, because of resistance
to movement throu%h the cell wall

_ _ produces the hysteresis effect. The relation-
ship consists of the

ollowing set of equations:

Ms=A (8 +a) +]) (31)
and
Md=A(0 +a) + (30 "inex (32)

where s and d_ refer to adsorption and desorption respectively, and 2IWhex is
the water activity from which the desorption commenced “originally. The
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quantities 6, a and 0 are given by the following relationships,

Aw+ (1 —Aw)E
0 =Awb
and
_ EAX E2 I (E- 1AW
: E—(E—1)AW (E-I) E

The equatlons involve the use of three parameters, A, [3and E which have to be
evaluated from the experimental data. Accordmg to Young &Nelson (19674, h)
the temperature dependence, of constants A and {3 can be calculated from the
changéa_ oft water density with temperature, and the E constant should vary
according to,

- InE

In E2 T In E!
where the subscript ‘1’ refers to a reference temperature. Young & Nelson
(19674, b) fitted experimental sorption data in wheat to the derived equations
using a combination of an iteration and a multiple regression technique. They
found that eqns (313 and (32) adequately described the experimental data for
both _sorﬁno_n and desorption processes in wheat. Although the temperature
shift in the isotherm predicted by the theory seemed in general to be similar to
those found experimentally, Young & Nelson (1967h) believed that the experi-
mental data were insufficient to draw any definite conclusions on this aspect.
Certainly, additional studies appear to be needed to establish the real value of
_Yotuhng and Nelson’s equation for predicting the effect of temperature on the
isotherm.

Young S1976) also used Young and Nelson’s equation to fit experimental
data of water sorﬁnon and desorption in Virginia-type peanuts. _

Ngoddy & Bakker-Arkema (1970) proposed an isotherm equation for bio-
logical materials based primarily on the B.E.T. and capillary condensation
theories and indirectly. on the Polanyi’s patential theory.” The isotherm
8quat|or(1j ﬁo developed” is somewhat complex for fitting purposes and is not
Iscussed here,

(E+1)In(1-A w)

Conclusions

Twenty-three isotherm equations were compiled which have been reported in
the litérature for fl'['[ln? water sorption isotherms of foods. Some of the equa-
tions are theoretical, others semi-empirical and others were obtained by curve
fitting of the experimental data. Several of the equations reported are equi-
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valent or similar in aspect although their origins are different. Some of these
equations have been widely used, while others have had little or no success.

This review suggests thiat an ‘overall-all” evaluation of this Iar?e number of
equations is needed in order to have a more precise (and quantitative) defini-
tion of their fitting abilities as applied to different types of foods. This is done
in part 2 of this series, in which a statistical analysis is carried out of the good-
Pesg of fit of various of the compiled equations as applied to a wide variety of
00ds.
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Principles of aerobic treatment of food processing wastes:
nitrogen and phosphorus relationships

J. H. SHERRARD*, R. W. BENNINGERS and T. R. STALLI

Summary

Efficiency of treatment of food processing wastes by an activated sludge
process was explored in a model treatment unit. Effects of varying the ratio of
chemical oxygen demand (CODﬂ to phosphorus and nitrogen ‘were examined.
It was_found that the mean cell residence time is an important factor in the
operation of the process. The results suggest that municipal sewage may be a
useful source for the additional nitrogen and phosphorus required for the
efficient treatment of food wastes.

Introduction

Treatment alternatives for food processing wastes offer more possibilities for
the sanitary engineer than almost any other type of wastewater. With food
processm% wastes it is clearly possible to consider waste residues as potential
valuable Y-products which may be suitable for some tyPe of reuse. Because
many of these wastewaters aré high in orgianlc content and contain small
amounts of inorganic nutrignts, unique treatment problems are encountered.
Gene_raII}/, the nutrients nitrogen and phosphorus may be considered to be
limiting to microbial growth and hence, removal of_or?amcmatteras measured
by the biochemical oxyg\en demand (BOD) or chemical oxygen demand (COD).
0 increase the removal of these two parameters nitrogen and/orl?hosphqrus
are sometimes added to food processing wastewaters. As a result, it is possible
to add sufficient nitrogen and phosphorus to make carbon (represented by
BOD and COD) the growth limiting nutrient. If an excess of nitrogen and
phosphorus are added, however, these elements can escape with the treated

ythors’ address: *Associate. Professor, Department of Civil Eneqllne rm{g, Virginia _Pol¥-
technic Tnstitute and State University, Blac bu\rﬁ, Virginia, 24001, (Sanitary”En |n?e,
\ﬁrgmla State Health D?gaq[nen exmg%on, rginia”and (Process Enginger, s
Petroleum Company, Bartlesville, Oklahoma™/4003,

0022-1162/78/0600-0175 $02.00 © 1978 Blackwell Scientific Publications
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wastewater and cause another form of pollution of streams and lakes termed
eutrophication. - _ _

. The purpose of this presentation is to illustrate how the operation of aerobic
biological wastewater treatment processes, specifically the completely mixed
activated sludge Process, may be altered to optimize treatment efficiency for
nutrient deficient wastewaters. It will also be shown how direct discharge of
food wastes to municipal sewers, with only minimal pretreatment, may be
advantageous to both industry and mummpahtk/, and may reduce total treat-
ment costs for hoth. To accomplish these objectives a laboratory scale aerobic
treatment process was operated under highly controlled conditions. Wastewater
composition was varied to study the effect of the ratio of COD to nitrogen and
Phosphorus on treatment efficiency. In the following sections a discussion of
he ex[)enmental procedures followed and results obtained are considered with
respect to their implications for treating food processing wastes.

Materials and methods

To illustrate the manner in which var¥|ng the ratio of organic to mor?amc
matter will affect wastewater treatment, & laboratory mod@l activated sfudge
unit was operated under a variety of loading conditions. For clarity of presen-
tation this section is subdivided to consider separately the " laboratory
applaratus, feed solution, initial start-up, experimental methods and data
analysis.

Laboratory apparatus

Two different sized, but similarly constructed, model treatment units were
used in this study. A schematic diagram of the equipment used is shown in
Fig. 1 Each tréatment unit contained an aeration compartment that was
separated from a settling compartment by an adjustable baftle. Microorganisms
were mixed thoroughLY_ In the aeration tank through the action of air supplied
through two porous diffuser stones. The settling tank was maintained under
(Tqmescent conditions so that microorganisms were not discharged in the over-
low. Raw wastewater was continually pumped into_the process at a constant
rate from a 5-gallon carboy and also Collected in a similar vessel. Both of these
containers andall rubber fubing were disinfected daily to prevent biodegrada-
tion of the wastewater before entering the aeration basin, and durmgi storage of
the effluent. Due to growth of microorganisms in the treatment unit as a result
of biodegradation of the wastewater, It was necessary to waste a prescribed
amount of organisms each day. Sludge was wasted from the aeration tank by
removmgz a prescribed mass of organisms each day, and it was possible to
operate the unit until steady state conditions were attained. Steady state condi-
tions were considered to be attained when the aeration basin microorganism
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Figure 1. Experimental activated sludge unit with internal cell recycle.

concentration, effluent nitrogen, and effluent phosphorus values were constant
over a period of time between 7 to 10 days. Measurements of parameters used
to monitor the process were collected over this time span and then averaged to
represent a single datum point.

Feed solution

Two very similar s%nthetlc_wastewaters were used in this study. The waste-
water used to study the relat|onsh|E) of the COD:P on treatmenf performance
had an influent COD of 325mg/l. By varying the amount of ghosphorus
added it was possible to maintain’ COD:P 0f'32.6:1, 63.6:1 and 126.51. For
the second wastewater it was desired to evaluate the effect of the ratio of COD
to total Kijeldahl mtr_o%e_n (TKN) on treatment loerformance. In this case
influent COD was maintained constant at 300mg/l. The amount of nitrogen
added to the wastewater was varied to establish a COD:TKN of 7.89:1 and
5.07:1. The _or%anlc components of the wastewater were supplied bg_ bacto-
peptone nutrient broth. Inorganic nutrients were supplied with the addition of
various salt solutions. A detailed listing of all companents of the wastewater
may be found elsewhere (Stall & Sherrard, 1976; Benninger & Sherrard, 1978).
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Initial start-up

M_|croor?amsms utilized to start-uP the experimental sKstem were originally
obtained from full-scale treatmen ﬁ_lant facilities. These organisms were
acclimated to the wastewater used in this study b}/ operating on a fill-and-draw
basis for a period of several weeks. Once acclimated or8an|sms were obtained,
and their concentration had risen to approximately 1500mg/l, continuous flow
operation was initiated. From this time on each of the parameters shown in
Table 1were measured on a daily basis.

Table 1. Parameters monitored daily

I. Influent feeF

&emlca oxygen demand

Rl Yo
NH3N concentration
Total KAeIdahI nitrogen
TotaIP osphorus
Soluble ortho-phosphate

pH
Il. FI|%\:]Ed effluent
emical oxygen demand
A|k%|lnl _
NH3N concentration
Total ngldahl nltrogen
N concentratio
Slglluble ortho-phosphate

M. UnPlltered effluent _
Suspencled solids concentration
. Total i)hosghorus
V. Bloloqlca reactors, _ ,
Total system microorganism concentration
Ditto (intermittent)

Analytical procedures

All of the parameters listed in Table 1 were measured according to proce-
dures described in ‘Standard Methods’ (1971?. For total phosphorus deter-
minations the persulphate dlqesnon method followed by the stannous chloride
method was used. Soluble orthophosphate determinations were made with the
stannous chloride method, Colour measurement was made by using a spectro-
photometer set at a wavelength of 650nm. N|_trate-n|troq_en determinations of
filtered effluent were made using the cadmium reduction. method. Colour
develo?_ment was measured using a Klett-Summerson Colorimeter and a #54
Klett filter. Unfiltered influent and filtered effluent total Kjeldahl and
ammonia-nitrogen concentrations were also determined. Subsequent to the
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preliminary distillation step, the acidimétrie method of ammonia determination
was used.” For alkalinity determinations a PH meter was used to_accurately
determine the end point hydrogen ion concentration. Microorganism or sus-
Penhde_d solids concentrations "were obtained using the membrane filter
echnique.

Data analysis

Mathematical relationships developed for the completely mixed activated
sludge process by Sherrard, Schroeder & Lawrence (1974) were used to analyse
expérimental dafa. _ o _ _

he mean cell residence time, which is related to the net microorganism
specific growth rate, was used as the basis for comparison of experimental
results. Mean cell residence time was determined by the expression

_ W
9= o+ QR (1)
where 6C- mean cell residence time (days), V =volume of total reactor (litres),
FZ\N: wasted. microorganism flow rate (litres/day), qeff - effluent wastewater
low rate (litres/day), X - total reactor microorganism concentration (mg/l),
and X eff = effluent liquid microorganism concentration (mg/1).

Each treatment unit was operated at steady state conditions over a range of
6Cvalues for a specified wastewater composition. _

The observed microorganism yield coefficient, which is very useful to use in
calculating waste sludge production, was found with the relationship

_ QWX + QeffXeff
yobs - Q Q(C(?C) (2)

where Tas=observed yield coefficient, Q - influent wastewater flow rate
g|tres/day), CO=influent wastewater COD concentration (mg/1), and
= effluent wastewater COD concentration (m?/l). _ _
_Efficiency of removal of organic material, total Kjeldahl and ammonia
nitrogen, and phosphorus were found by evaluating

- 100(C0-C
= =Ly

where E = designated removal efficiency (%), CO= influent wastewater COD,
TKN, NH3N of £hosphorus concentration (mg/1), and C = effluent wastewater
COD, TKN, NH3N or phasphorus concentration (mq/l).

To test the validity of the data obtained it was
expression

1

6—c= Y (4)

Inearized according to the
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where Tmax = true or maximum yield coefficient, U - specific organic util-
ization rate (days'l), and b =microorganism maintenance energy or decay
coefficient (days'2).

Results and discussion

Because the impact of both the ratio of organic matter to phosphorus and
organic matter to nitrogen on treatment plant performance were evaluated in
this study, each of these factors will be considered separately for clarity.

Phosphorus

By operating the model activated sludge unit at steady state conditions
over a wide spectrum of operating conditions, i.e. mean cell residence times, at
each of the three COD :P ratios selected, it was possible to assess the relation-
ship of phosphorus to treatment plant performance. Regulations for discharge
of effluent require high COD or BOD removal in wastewater treatment. Be-
cause many food processing wastes are deficient in phosphorus, phosphorus
may limit COD removal unless it is added in the correct amount. Alternatively,
it may be possible to adjust the dc of process operation. Even when the ratio of
COD:P remains constant, varying the 0C may cause phosphorus to become
limiting at certain values of 6C This point is illustrated in Fig. 2 where COD

loor [
17\! B .. 0 [ A
. V W
Phosphorosys limited
system

60

4

|

Man ol reschree tine (chyg)
Figure 2. Effect of mean ceII re5|dence time_on” chemical oxXgen demand
ren&ovgl efficiency. C0=325ng/1, 0=8hr; COD:P-0 32.6:17 7 63.6:1
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removal efficiency is plotted as a function of 0C At alow 6Cand high COD:P
ratio it is shown that the phosphorus may limit the microbial growth expected.
As a result organic components of the wastewater are not completely metabol-
ized and larger amounts of COD appear in the effluent. By changing the treat-
ment process to a high 0C greater amounts of COD can he removed, but less
phosphorus will be removed. This may be seen more clearly in Fig. 3 where
phosphorus removal efficiency is plotted as a function of 6C From this graph it
can also be seen for a given wastewater that phosphorus removal efficiency can
be varied by simply varying the 8Cof process operation.

Considering both of these figures together will lead to the conclusion that
discharges of nutrient deficient wastes, i.e. some food processing wastes, to
municipal sewers would be beneficial for both the food industry and the
municipality. This would occur because the combined municipal-food waste
sewage would have a higher COD :P ratio which would result in larger quanti-
ties of phosphorus being removed during treatment. Because removal of phos-
phorus would be increased, the municipality would SEend less money by
comparison with other more costly tertiary treatment metnods.

Disadvantages ma% arise from the addition of food processing wastewaters to
municipal sewage, however. Several of these disadvantages include higher
oxygen requirements, greater sludge production, and bulking sludge if the
COD :N or COD :P ratio are raised too high.

Shown in Fig. 4 is the relationship between the observed yield coefficient
and 6C. From this figure it can be further ascertained that the amount of waste
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sludge produced, and hence phosphorus incorporated into the sludge, will vary
with the 6Cof Process operation. This occurs because the value of the observed
yield coefficient decreases as dc increases, o

Linearization_ of the data obtained is shown in Fig. 5. Based on the results
obtained a maximum yield value of 0.446 mgobactena/mg COD utilized and a
bacterial maintenance energy coefficient of 0.096 days-1 were obtained.

Nitrogen

For the experiments in which the influence of the COD :TKN ratio on waste-
water treatment performance was evaluated, it was found that COD removal
efficiency was high over the ran(f}e of conditions studied. Carbon was always the
limiting nutrient, irrespective of the 6Cutilized, for COD ; TKN ratios of 7.89:1
and 5.07:1. The removal efficiency of TKN was found to vary with both the
COD:TKN ratio and with OC This may be seen more clearly in Fig. 6. As
shown, as the COD:TKN ratio increases, a larger percentage of nitrogen is
removed even though the same total amount of nitrogen is removed in waste
sludge. This_occurred because the influent COD was constant and the amount
of influent TKN was varied. As can also be seen with the data for phosphorus,
tr|1e expression of results as removal efficiency can often lead to erroneous con-
clusions.

In Fig. 7 a plot of the forms of nitrogen present as a function of the 6Cof

100 -
"
80
<
[
13 60’—
g 40['
a
20+
(R L b | 4
& (B9
0

Figure 6. TKN removal eﬁicienC{ as a function of mean cell residence time and
COD:TKN; 0 COD:TKN=7.89:1, ACOD: TKN=5.07:1.
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process operation is shown. At low values of 6Csignificant amounts of nitrogen
are present in waste sludge and as effluent TKN. As the value of 8Cincreases a
large. amount of the influent TKN is converted to nitrate-nitrogen due to nitri-
fication and much less nitrogen is incorporated into the sludqbe. . _

For food Rrocessmg wastewaters that do not have much buffering capacity
(alkalinity) the results shown in Fig. 8 are of significance. Due to oxidation of
organic carbon to C02and ammonia-nitrogen to mtrate_-mtrogen the pH can be
expected to drop due to alkalinity destruction. If sufficient buffering capacity
IS not present it is Eossmle_ for the pH value to fall to a value not stitable for
microbial growth. From Fig. 8 it is possible to calculate the amount of alka-
linity that should be added t0 a process to counteract the amount destroyed.,

Data from this portion of the investigation were also linearized to determine
whether or not the results were significant. As shown in Flg;. 9, the data did
linearize and the values of Fmex and'b were 0.438 mg hacteria/mg COD utilized
and 0.036 days-1, respectively.

Summary and conclusions

In many instances food processing wastewaters are deficient in the elements
nitrogen, and phosphorus, and as a result, these elements are often added to
attain high treatment efficiency. Because of the unfavourable stoichiometric
composition of these wastewaters (high carbon concentration) their addition
to municipal sewers may in certain ‘instances improve the composition of
municipal sewage to the “degree that mtro?en and phosphorus removal costs
may decrease significantly. Alternatively, for treatment facilities designed to
Pu“fY food processing wastewaters, the“use of municipal sewage as a source of
he elements nitrogen and phosphorus should always be considered.
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Specific conclusions resulting from this study include:

() the amount of nitrogen and phosphorus required for efficient bio-
logical wastewater treatment is variable and dependent on the mean cell
residence time of process operation because of variable sludge production.

ﬁb?) for a given wastewater, larger quantities of nitrogen and phosphorus
will be incorporated into sludge at lower mean cell residence times than at
higher mean cell residence times. _ _

(c? the amount of alkalinity addition needed to account for its destruction
due to nitrification is a variable and dependent on 6¢. _

&d) the amount of nitrogen incorporated into microorganisms or con-
verted to ammonia or nitrate is a variable quantity that depends on both the
COD:N ratio and 6C
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Differences in baking quality between wheat flours

F. MacRITCHIE

Summary

A study was made of six pairs of wheat flours, members of each pair being
similar“in protein content and other characteristics but differing in _bakmgf
performance. Interc_hanﬁe of flour components showed that the origin o
quality differences in all cases resided in the gluten protein. Measurements of
loaf volume as a function of lipid content were made using defatted flours
reconstituted with variable amounts of flour lipids. Loaf volumes for the
P_oprer quality flours were below those for the paired samples over ranges of
ipid content which varied from a small re%mn near the natural lipid content to
the complete ran?e. Since lipid fractions behaved identically when exchanged
between pairs of tlours, this effect aOPparentIy reflected a gradation in_protein
quality. Preliminary results indicated that differences in protein quality were
associated with the glutenin_ fraction although further work is needed to test
the %enerahty of this conclusion. No relation was found between baking quality
and the amount of lipid bound by dough mixing.

Introduction

Wheat flours show a wide range in their capacity for bread-making and much
work has been directed towards explaining this phenomenon. The work of
Finney (1943) established that loaf volume, generally considered to he the
most objective indicator of haking quality, varied linearly with protein content
while the slolpe of the regression” line depended on wtieat variety. The term
forotein quality’ has often been adopted to rationalize differences in per-
ormance between flours of similar protein content, although the cause of these
differences has not heen clearly identified. The lipid component has frequently
been implicated in flour quality. Curves of loaf volume as a function of lipid
content resemble Morse curves, showing minima at lipid contents intermediate

Author’s address: CSIRO Wheat Research Unit, North Ryde, N.SW., 2113, Australia.
0022-1163/78/0600-0187 $02.00  © 1978 Blackwell Scientific Publications
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between those of the defatted and whole flours (MacRitchie & Gras, 1973).
The effects of lipid fractions have heen more closely catalogued than specific
protein fractions (Daftary et al., 1968; MacRitchie” & Gras, 1973). However,
studies (Fisher et al, 1966) have tended to show that, despite the important
role that lipids pIaY in_baking, quality differences between flours cannot
usually be ascribed to differences in the lipid component. Among the other
flour “components shown to affect flour qually, starch éKqu, 1972;
D’Appolonia & Gilles, 1971) and pentosans (Casier et al., 1969;Cawley, 1964;
D’Aﬁpolonla, Gilles & Medcalf, 1970) have been the most prominent.

~ The present work was undertaken with the aim of arriving at some general-
izations about reasons for variation in bakmg quality. For this purpose, a
selection was made of flours which performed unusually poorly considering
their protein content. Each of these flours was then pairéd with a flour similar
in analytical characteristics, but giving a good baking Performance. Particular
attention was given to matching protein content and starch damage as closely
as possible. Each pair of flours was then subjected to a study aimed at deter-
mining the origin of the differences.

Methods and materials

Details of the six pairs of flours are given in Table 1 Protein and lipid percent-
arqes are quoted on a 14% moisture basis. For each pair, A is assigned to the
flour of good performance and B to the poorer flour. Flours 1, 2 and 3 were
from commercial mills and thus contained several wheat varieties. Flours 4, 5
and 6 were pure varieties which were milled on a laboratory Buhler mill. Al

Table 1. Data for flours
- Lipid Lipid extractable
Protein P c?r?ed Bound

Flour  Variety qr content  gXuactable  from freeze lipid
manvineties (04 f%m ol ((jo%gh %
1A Falcon, Heron 105 117 . 2
1B Falcon, Heron 10.0 123 8%1 59
2A Eagle, Timgalen 111 125 0.74 4
- P B A
Imgalen, Gatcher . . . 4
131/% gmgatlen, Gatcher ﬂg %83 0.79 41
amu . . 0.65
4B Robin 10.7 131 0.6/ ?18
5A Raven 115
S P
estigua 11.
6B Gatcl%ery 113
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flours were stored in Plastlc containers at 3°C. Control tests showed that the
baking properties of the flours did not change measurably over the periods
durmgD which _theY were studied. Fermentograms of doughs, measured as
described previously (MacRitchie, 1976) showed that gas production was not a
limiting factor for any of the flours studied. _

The methods for éxtraction of lipid, reconstitution of flours and test bakin
were_the same as those described previously EMach_tcme_ & Gras, 1973;
MacRitchie, 1976) except that test loaves were baked in triplicate, improve-
ments in techniques making it possible to maintain the standard deviation per
mean loaf volume at about'4 cm3, For measurement of loaf volume at constant
lipid and varying protein contents, flours were prepared by mixing a[)propr_late
proportions “of “whole flour, whole flour confaining twice its natural lipid
content and gluten from defatted flour to give the reg_uwed compositions.
Glutens were washed from defatted flours by hand kneading doughs in water
maintained at 15°C. The starch and solubles fractions were separated by centri-
fugation and all fractions were freeze dried, Gluten {)rotem was fractionated b
stirring vigorously with_thirty times its weight of 0.1 m acetic acid in a Janke
Kunkel Ultraturrax mixer for 2 min followed by centrifugation. The super-
natant, which contained the fraction which will "be referred to as the gliadin
fraction, and the residue (glutenin fraction) were dialysed exhaustively against
distilled water at 3°C and freeze dried.

200+
v /ég
@
e /"
180
€
[}
g
2 g
§ et /
{ )
g a
140 —
| | |
0] 05 -0 15

Fraction of extractable lipid
Figure 1. Loaf volume v. lipid content for flours 1A and IB. Flours reconsti-
t_u%ed with own lipids: 0 gefatted flour 1A + 1A _IS| Id, + Oefatted four i6 +B
lipid; flours reconstituted with mt_erchanged_ lipios: 1 defatted flour 1A+ IB
H[())Idr; 1 defatted flour 1B + 1A lipid. Arrow indicates natural lipid contents of
urs.
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The percenta?_e of lipid bound as a result of dou%h mixing was determined as
follows. Thirty-Tive grams of flour and 20 g of water were mixed to peak con-
sistency in & mixograph. The dough was freeze dried and powdered. The
amount of lipid extractable by chloroform was then determined on the original
flour and of the freeze dried dough. Three extractions of 10g of flour {dry
weight) were carried out, the extract was filtered twice and the lipid deter-
mined (t;rawmetncally after complete evaporation of the solvent in a rotary
evaporator. Results “are quoted as means of triplicate determinations, the
avlerage standard deviation of the mean being approximately 4% of the mean
value.

Results

The loaf volume-lipid content relations, obtained by reconstituting defatted
flours with varying amounts of flour lipids for flours 1A and B, are shown in
Flgz. 1together'with the points obtained when lipid fractions were interchanged
between the two flours. A systematic interchange of the gluten, starch and
solubles fractions between flours 1A and IB %ave the results shown in Table 2.
Loaf volumes were measured over a range o lgrotem_contents with the lipid
contents fixed at their natural values (Fig. 2). Regression analysis gave figures
of 6.5 and 5.8 cm3 volume per percent of protein for the regressions of |oaf
volume on protem content for flours 1A and IB respectively. Similar behaviour
to that of flours 1A and 1B were shown by flours 2A and"2B. Figures 3 and 4
show loaf volume—Hpid content curves for flours 3A, 3B and 5A, 5B resPec-
tively. Similar procedures to those followed for flours 1A and IB revealed that
différences in performance between these two pairs could also be completely
ascribed to the gluten protein. Flours 6A and 68 gave results closely similar to
5A and 5B. Flour 4B showed behaviour intermediate between IB and 3B; i.e.
volume was depressed at the natural lipid content of the flour but was only

Table 2. Effects of loaf volume of jnterchanging components between flours 1A
anage ects of %a volu eorfg erchanging components between flours

IB at natural lipid contents of flours
| .oaf. volume
Gluten Starch Solubles (cmd)
1A 1A 1A 182
1A A IB 182
1A B 1A 183
1A B 1B 180
B B IB 161
B B 1A 160
B 1A 1B 163
B 1A 1A 163
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Figure 2. Lo?,f vglumﬁ y, ﬁrotein content for flours lA?nd IB. Lipid contents
of flours are fixed at their natural values, o, flour 1A, «, flour IB.
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Fg;ure 3. Loaf volume v. lipid content for flours 3A and 3B. o, flour 3A; «, flour
3B. Arrow indicates natural lipid contents of flours.
13



192 F.MacRitchie
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Figure 4. Loaf volume v. |iiJid content for flours 5A and 5B.  flour 5A: +, flour
5B. Arrow indicates natural lipid contents of tlours.

slightly below that of flour 4A at higher lipid contents (allowance being made
for protein content), _ o ,

For flours 14 (i.e. all pairs which differed in loaf volume over only part of
the range of lipid content) the percentage lipid bound during dough mixing was
determined and the results are included in Table L. _ o

Glutens from defatted flours 5A and 5B were separated into crude gliadin
and_ glutenin fractions. The Rrote[n contents of corresponding fractions were
similar for the two flours, the gliadin and glutenin containing approximately
60 and 40% respectively of the total gluten protein. The two fractions were

Table 3. Effects of |oaf volume of interchanging protein fractions between
L ] o P

ours SA and 58
. . Starch Loaf
Gluten Gliadin Glutenin + olume
solubles ch
5A 5A 201
A hA A 173
HA HA hB 170
hA "B HA 149
"B B 162
5B "B hB 146
"B "B A 142

5B 5A 5B 168



Baking quality of wheatflour 193

interchanged between the two flours and a baking test was carried out. Results
are shown in Table 3. The dough properties of these reconstituted flours
showed reduced times to reach peak consistency together with stickiness and
excessive extensibility, characteristic of overmixed doughs.

Discussion

The differences in performance between the flours in_each of the six pairs
examined can be entirely ascribed to the gluten protein. This result is consistent
with conclusions reached by previous workers; e.g. Finney (1943). The beha-
viour shown in Fig. 1where the loaf volume—tpid content curve is displaced to
higher lipid contents for the poorer flour suggested the possibility that a
Protem ||Q|d_ interaction might be involved. No su Fort for this was obtained
rom the lipid binding measurements. All values fall close to 40% for bound
lipid except for two high values near 70% for flours 1A and 2B, i.e. one which
performs well, the other poorly. Therefore, no correlation between baking
performance and lipid binding {as measured here& can be inferred from these
results. In the case of flours 5and 6, it seems unlikely that lipid—protein inter-
actions are important in view of the large differences hetween the defatted
flours in each pair. . _ _ o

There apP_ears to be atrend in behaviour which may reflect a gradation in
protein quality. A flour such as IB (Fig. 1) gives depressed loaf volumes com-
pared to a control flour such as 1A over a small range of lipid content near the
natural value for the flour. For flour 3B (FIH. 3), loaf volume is depressed over
a ?reate,r range of lipid content while in the case of flour 5B (flg. 4), loaf
volume is deficient at all lipid contents. It would appear that for a flour with its
natural amount of lipid, conditions are the most critical for obtaining a good
loaf volume. Thus, when comparisons are made at the same lipid contents
flour 1B gives loaf volumes equal to flour 1A when its lipid has been extracted
or when extra lipid has been added, squestm that there is a comparatlvelg
minor deficiency in the quality of its gluten. At the other extreme, flour 5
gives a loaf volume inferior to flour 5A even when the lipids have been
extracted; i.e. under what appears to be the most favourable conditions, for
?ood loaf volume. It may be concluded that the gluten protein of flour 5B is of
1Etl)werl%uahty than that ‘of flour 3B which in turn is inferior to the protein of

our IB.

Flours 5A and 5B were chosen for further fractionation studies of their
protein because these flours showed a significant difference in loaf volume
when defatted. By workm_? with defatted flours it was possible to avoid compli-
cations introduced by differences in distribution of I|P|d between fractions.
Although loaf volumes are depressed as a result of imperfect reconstitution, the
results of Table 3 squest that the origin of the differences in baking responsg
lies in the more insoluble glutenin fraction. Similar effects of faulty reconsti-
tution resulting from protein extraction have been reported by Shogren et al.
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(1969I) These problems need to be overcome or at least minimized before
reliable conclusions can be reached concerning the contributions of specific
protein fractions.
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Aqgueous extraction of black leaf tea.
II. Factorial experiments with a fixed-bed extractor*

V. D. LONG

Summary

Tea extracts produced from black tea and water by one extraction in asmgle-
stage, laboratory-scale, fixed-bed extractor at water-to-tea ratios 4:1 and 5:1
y mass had concentrations 6—12mass% soluble solids corresponding to
1123 mass % yield from leaf on an as-received basis. Concentration and yield
are related functions of the water-to-tea ratio and the method of water
addition. Observed trends are explained by quantitative theorY which presents
equations relating to perfectly stirred extraction and plug-flow percolation.
The best performance, obtained by conditioning leaf before extraction with
part of the extraction water, occurred under conditions of reduced convective
mixing.

Introduction

As part of an investigation into the production of instant tea from black leaf,
experiments were carried out to (iua_nufy aqueous extraction. Earlier work
(Long, 1977) had established leaf solubilities applicable to the process design of
equilibrium “stage extractors, so it remained to characterize behaviour in
systems with short contact times between leaf and water. The simple experi-
ments described below were a first attemgt at this using a conveniently avail-
able apparatus employed by Alexander & Rustidge (1966) in small-scale Tnstant
tea production for organoleptic tests._AIthouqh the method of extraction
followed has little direct practical apphca_tlon, he results obtained well illus-
trate important properties of the extraction process and provide data for a
tentative mathematical model with wider applications.

*This work was carried out at: Brogke Bond Liebig Research and Development Division,
BIount?]Cqurt, Sonnln(_bCommon, Re?dlnﬂ o .
Author’s_address: Department_of Chemical Engineering, University College London,
Torrington Place, London WCLE 7JE. T
0022-1163/78/0600-0195 $02.00  © 1978 Blackwell Scientific Publications
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Materials and methods

Experiments were carried out to a factorial design by measuring extract con-
centration and yield for duplicate runs at two" levéls of leaf content, two
water-to-tea ratios and two methods of extraction. _

The leaf extracted was the same blend of large-leaf orthodox teas used in
earlier work (Long, 1977). The moisture content was 6% by mass and over 97%
by mass of the leat was in the size range 10—40 mesh B.S. sieve.
~ The extraction vessel was a steam-jacketed glass column of integral construc-
tion comprising an upper cylindrical working section 83 mm internal diameter
and 610mm high flanged ‘at the top to take a glass lid and separated by a
permanently-fixed, sintered-glass plate from a lower conical discharge section,
overall height 100 mm, reducing to a vertical spout 20 mm diameter protruding
from the bottom of the steam jacket and fitted with a short length of flexible
?_Iasth tubing closed by a screw clip. To expedite discharge of extract by
iltration and residue by inversion, a disc of fine stainless steel gauze was placed
on the upEer surface of the sintered glass plate. _ _

To make an extraction, a weighed amount of tea was introduced into the
steam-heated column and left o heat partially for about Smin. Next an
amount of bmlmg distilled water, appropriate to"the chosen water-to-tea ratio
was poured onto the leaf, two different modes of addition beln%_used: ﬁ|) addin
all water in one hatch, (freferred to as extraction of unconditioned leaf), (|ﬁ

dding first an amount of water equal to twice the weight of teq leaf to swe
the Igaf, ang after 3min a émg (ﬂhe remainder of thegwater, ?e_xtracnon of

conditioned Ieaf?. Any extract seeping through the supporting plate immediately
after addition ot water was run off and reintroduced at the top of the column.
Once the leaf began to swell, seepa(%e was generally negl|g|ble. Ten minutes
after the first addition of the water, tea extract was allowed to drain from the
column for 5min and the collected extract cooled ramd_ly. The volume of
cooled extract was measured in a graduated cylinder, ifs specific gravity
estimated by common hydrometer, and the total-solids content determined by
evaporation”of 10 ml aliguots in duplicate. o _

Using the above procedure, duplicate runs were made involving the following
three factors at the two levels indicated: weight of tea, 200 g and 400 g; water-
to-tea ratio, 4:1 and 5:1; state of leaf, conditioned and unconditioned.

Results

Average results for duplicate runs are shown gragphlcally in Figs 1-3. Figure 1
correlates specific_gravity (G) measured at 13°C by hydrometer with the
extract concentration (c) ex‘oressed as a mass_fraction. The solid line is the
regression minimizing residual variance in specific gravity. It has the equation:

G =0.406¢ + 1.0004. (1)
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. Figures 2 and 3 relate to derived results. Figure 2 shows the specific net
liquid uptake by leaf (defined as the difference between the volumes of
extracting water added and extract collected per g of leaf) as a function of
extract concentration. Values for unconditioned leaf (shown as triangles) tend
to be_shﬁhtly lower than corresponding values for conditioned leaf. This was
statistically significant at the 1% level by Student’s t-test but is of little loracncal
significance. Two results from 5:1 extractions appear to be anomalous but
there is no statistically significant departure from the qrand_mean of 2.7 mllg.

Figure 3 shows the ?_rawmetnc yield of tea solids in collected extract
(expressed as a mass fraction of leaf extracted (6% moisture basis)) as a func-
tion of extract concentration. Lines have been drawn through the points
merely to emphasize trends which will be discussed below in relation to
elementary quantitative theory developed in the Appendix.

Discussion

The correlation hetween specific ?ravity and mass fraction tea solids is statistic-
aIIY very highly significan écorre ation coefficient 0.974) but there is consider-
able scatter (fesidual standard deviation 0.0015) which largely reflects the
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difficulty of observing the hydrometer stem in tea solutions. Thus determina-
tion of specific gravity by hydrometer will give only approximate estimates of
total solids content. The value of the intercept in the above correlation matches

the known specific gravity of water at 13°C relative to water at the hydrometer
calibration temperature 15.5°C (Perry, 1963).
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Probably a more fundamental correlation would have been hetween specific
gravity and total solids content expressed volumetrically in g/ml (ce), which
gives the regression equation:

G=0.380 ce+ 1.0004, )

This treatment gives a slightly higher correlation coefficient (0.978) with a
corresponding small reduction”in scatter (standard deviation 0.0014). Thus a
minute part of the scatter in the first correlation is possibly due to non-linearity
of the variables correlated. Obviously the present results are not sensitive
enough to decide between the merits of the two forms of correlation by scatter
alone; the matter is ultimately decided by extrapolation, If the intercept at
zero concentration, which is identical for hoth correlations, is taken fo be
the apparent specific grawt){1 of water, then the density of tea solution (ps) may
be expressed in terms of the density of water (pw) by a relationship of the

form:

Ps —Pw ‘t Q!Ce. (3)
Substituting psc for ce gives the specific volume of solution (vs) as:

vs~ 1/Ps (1  ®c)/Pw e (4)

Hence by the well-known method of tangent intercepts _?Mo,ore, 1972) the
partial specific volume of tea solids is 1-a/pw. Obviously if a is constant the
prarual specific volume is constant and tea forms an apparently ideal solution.

he density of %ure solute is then pw/(l —a). Taking pw & aPprommater
l%/ml and a = 0.38, the density of dry soluble tea solids is estimated as around
1b g/ml in contrast with the value L1.4g/ml predicted by extragolatmn_ of
eqn (1). Direct measurement of the density of freeze-dried ted solids by density
bottle ‘using petroleum ether as the suspending fluid and refluxmgi for a con-
siderable period to ensure penetration of the porous solid by solvent confirmed
the higher figure. Hence as far as d_ensnY Is concerned the éxtracts produced in
the present work were indistinguishable from ideal solutions of a solid of
density 1.6g/ml. 1t may be of interest to mention here that later more precise
work “with “aqueous solutions of commercial instant tea containing up to
40 mass % solute also showed, constancy of Tpart|al specific volume of tea solis
to within 2.5% of the specific volume of the undissolved tea measured in
<<-Pentane. However, In this case the solid density was about 1.70 g/ml possibly
reflecting differences in blend and extraction yield.

It is characteristic of extractions of tea leaf that the volume of extract
obtained is less than the volume of water originally added. This is particularly
noticeable when using low water-to-tea ratios as in this work. Taken to the
extreme case it means that unless the amount of water added exceeds a certain
limit, no extract will be collected at all, since the leaf will totally absorb its
own extract. The specific net liquid uptake of Fig. 2 is a measure of extract
absorption bY leaf. Considering the crude and variable dramm? to be e_xp_ecte_d
for gravity flow through an irreqular bed and the nearly two-fold variation in
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extract concentration, the value is remarkably constant around the mean value
2.7, The low value found reflects both the good draining character of the leaf
and the long drainage time employed. The same leaf in continuous counter-
current extraction having only a fe seconds’ gravity draln_a%e_ before discharge
would have up to twice this amount of liquor associated with it. The constancy
of the result is particularly fortunate, it |mﬁl_|es constancy of volume ‘and
aplprommate constanc% of mass) of residue which greatIK facilitate extraction
calculations and can be made the basis of a simple theoretical model (see
A_pFendlx) to explain the trends in the present results for concentration and
yield, and provide a basis for further experiment.

The results for concentration and yield given in Fig. 3 show three clear
trends. First, at constant water-to-tea ratio, yield increases approximately
linearly with extract concentration. Secondly, for a given water-to-tea ratio and
mass Of tea extracted, conditioned leaf gives higher yield and concentration
than unconditioned leaf; the advantage being particularly marked with the
smaller amount of tea. Thirdly, for any given mass of tea and method  of
extraction, decreasing the water-to-tea ratio decreases yield while increasing
concentration. _ _ _

Considering first the relation between yield (TX and extract concentration
(ce) at constant water-to-tea ratio (If), eqn (14) (Appendix) can be rearranged

{0 QIve:

Yice=W-Vn, (5)

Now if the specific net liquid uptake (Vn) can be regarded as constant, a graph
E‘ 2.0 - ’

Water/tea mass ratio

Fictlure 4, Frafctional yield/volumetric concentration as a function of water-to-tea
ratio. Key as for Hg."L
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of Y/ce plotted against W should be linear with a slope of unity and an inter-
cept of Vn on the Waxis when Y/ceis zero. This is tested in Fig. 4 where a line
of unit slope is drawn through the Prand mean of all points ﬁ4.5, 1.800). Al-
thou%h not a perfect fit, it 1s clearly a good indication of the trend of the
results. Extrapolation of the line to zero yield gives a value for Vn of 2.70 in
complete a?reement with the previous estimate, Thus the approximately linear
relation befween extract concentration and yield at a constant water-to-tea
ratt|ok|s well accounted for by the relative constancy of the specific net liquid
Uptaxe. . . :
1t will be observed that the relation between extract concentration and yield
given by egn (5) does not predict by itself the particular concentration” and
yield to be expected in any extraction, but merely gives the locus of possible
values. The precise value depends on the conditions of extraction. From F|(11. 3
it will be seen that 400 8_tea gave better results than 200 g, and conditioned Teaf
was superior to unconditioned Ieaf,_althougih the latter difference was small
when using 400 ¢ tea. The explanation of these effects seems to be that the
Poo_rer the convective mixing in the_column, the higher the yield and concen-
ration. In fact, it was prior consideration of this possibility which led to
adoption of_condmonln% as a mode of extraction in these experiments. Condi-
tioning in situ causes the leaf to swell so that it is compressed agamst the
column walls thereby reducing mixing when the bulk of water is added. Like-
wise the higher the bed of tea In relation to its diameter, the poorer the m|xm?.
Thus it would appear that a lower limit of performance of an extractor should
occur with_perfect mixing and a higher limit with plug flow of liquid through
the bed. To test this hypothesis a theoretical comPanson has been made
between extract concentrations in a well-stirred system and those resulting
from plug flow of extract through a bed of swollen” leaf. In hoth systems the
tea was assumed to have the same soluble-solids content and physical proper-
ties, and to obey the same first order law of mass transfer. _
For well-stirfed systems having water-to-tea ratios of 4 and 5, concentration
of extract was calculated as a function of time by eqn (21) (Appendix), taking
the following typical values for the parameters involved:

effective soluble solids content of leaf 0.35 mass fraction
density of soluble solids _ 1.6 g/ml

extract concentration at zero time Og/ml

specific net |I(%Uld uptake 2.7mlfg

rate constant for mass transfer 0.4 min-1

Needless to say these values were taken for purposes of illustration only and
may not be absolutely correct for the present conditions of extraction; this
particularly applies to"the rate constant. The results are shown as broken lines
on Fig. 5. As may he predicted from the form of eqn _(21)]1 equilibrium s
apProached sh?htly faster at the lower water-to-tea ratio. The equilibrium
extract concentrations were calculated to be 0.0830 and 0.0671 g/ml respec-
tively, values slightly less than the average for runs with 200 g unconditioned
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Figure 5. Theoretical comparison of extract concentrations obtainable by well-
stirred extraction and percolations at two levels of water-to-tea ratio; Key:
broken lines, well-stirred: solid lines, percolations; curves 1, 2 and 3 water-to-tea
mass ratlo =4:1: curves 4, 5and 6: water-to-tea mass ratio =5:1.

leaf (i.. 0.0850 and 0.0694 g/ml). By itself this level of agreement only signi-
fies good selection of a figure for effective soluble solids content; if it had been
thought worthwhile even closer agreement could have been obtained.

For the sake of simplicity in the calculation of plug-flow percolations it was
assumed that leaf was initidlly conditioned with an amount of water equal to
the net liquid uFtake. Under such conditions, for a leaf having the properties
previously detailed, the strength of tea extract initially absorbed by the tea
would be about 0.12 g/ml. This then will be the maximum concentration
extractable from the bed as defined. (However, if leaf is conditioned with tea
extract percolating from higher zones, as may well happen in practice, higher
local concentrations are possible near the bottom of the bed. The latter situa-
tion may be calculated also, but the computation is too complex for present
use.) The parameter which determines the concentration of extract leaving a
Percolated bed is the volumetric flow rate of extract per unit mass of tea used
0 prepare the bed. This can be related to a specific overall water-to-tea ratio by
considering a definite time of discharge of extract, For the [l)resent calculations,
two times of percolation have been considered, viz: 2 and 12 min. These values
represent the ‘average observed time of drainage and total time of extraction
and dramaﬁe respchveI)( in the present experiments, and are therefore limits
between which the actual percolation time lay. _

The calculated volumetric concentratioris of extract leaving the bed at
various times are shown as solid lines in Fig. 5. As m|?ht be antlmloated, con-
centration falls with increasing time and water-to-fea ratio. Clearly slow
percolation is predicted to give higher concentrations than rapid percolation.
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The reason for this is connected with the finite rate of mass transfer of tea
solids, since if water passes the column rapidly there is less time to effect
diffusion to unit volume of extract. Another prediction of interest is that
percolation for a %lven period of time results in a higher average concentration
of extract than with a well-stirred system operating for the same period of time
and the same overall water-to-tea ratio. The average concentrations of extract
found by mteFratmn were: 2min percolation, 0.091 and 0.066 %/ml; and
12 min_percolation, 0.119 and 0.103 ?/ml at water-to-tea ratios of 4:1 and 5:1
respectively. The latter results are not too different from the average for 400 g
of conditioned leaf: viz. 0.118 and 0.098 g/ml at the two water-to-tea ratios
re_sRectlveI . Thus it is concluded that conditions which restrict mixing will give
highest exfract concentrations, and that concentrations obtained from 400 g of
conditioned leaf are probably not far removed from the maximum attainable in
the present apparatus, =~ _ o
_ Flnallgl, consideration will be %Nen to the third feature of Fig. 3, i.e. decreas-
ing yield and increasing concentration with decreasing water-to-tea ratio for
constant mass of tea and mode of extraction. This aspect of extraction is
difficult to treat generally because of the complex conditions of flow and
mixing occurring in the bed being extracted. Even for the relatively simple case
of plug flow, the general solution involves numerical methods which have to be
specifically evaluated for each example. Thus the best that can be done theo-
retically i$ to show that the trend found is to be expected in specific cases, and
to infer from this that it is probably %enerally_tru_e. o _
The simplest case to consider is the equilibrium condition in a well-stirred
batch extraction. The equilibrium concentration is then given by eqn (17b)
FAPpe_ndm). Substituting this expression in eqn (5) and rearranging gives the

ollowing expression for yield:

S'(W-Va)

IT+S'IPkA ()
Now if W> §'/pson this can be simplified to
Y~S'(\-VIW). (7)

This solution clearly has the required property that as W decreases, Y decreases.
Also on expansion, and reapplying equation (17h), we get:

Y- §'—Vnce 8)

which is simply a statement that in equilibrium, yield is equal to total effective
solubles content less the solubles absorbed as extract which is approximated by
Vnce. This result requires the relation between yield and concentration to be
linear with a negative slope equal to Vn. In the present experiments, the nearest
approach to the well-stirred condition occurred in the runs with QOOg of un-
conditioned leaf. For these runs, the correlation coefficient between yield and
volumetric concentration was found to be —0.974 and the slope —3.03ml/g
tending well towards the predictions for the limiting case.
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Table 1 Results of linear regressions of yield upon volumetric concentration for different
mocles of extraction

Messofted  otate of feaf Yield at zero concentration Slope Correlation

) (mass fraction) coefficient
Unconditioned  0.374 -3.03 -0.974

.. i

400 Conditioned ~ 0.404 207 -0.950

For other methods of extraction, it is also to be expected that yield will be
some function of concentration and that maximum yield will be obtained at
zero concentration and will be equal to the effective soluble solids content.
Thus to a first approximation it is quite likely that yield can be represented in
all cases by an equation of the form of eqn (8], but having a less negative slope.
Linear regressions of yield upon volumetric concentration for all results before
averaging, treating each condition of extraction segarately, gave the coefficients
shown in Table 1. Statistical significance at the 5% level was achieved in two
cases only but_c_onmdermq the excessive distance of extrapolation and the
scatter in‘the original data, the intercept |s_rema_rkabIY constant with an average
value 0.383. Thus it would appear that Fig. 3 is really Part of alarger diagram
in which lines of constant water-to-tea ratio converge at the origin and lines of
constant extraction conditions converge at a point corresponding to the effec-
tive soluble solids content of leaf and zero concentration. However, in view of
the wide spectrum of solubility of tea solids it is not to be expected that such a
diagram would be valid at low extract concentrations but extrapolation to a
hypothetical solubles content does support previous evidence (Long, 1977)
that at low water-to-tea ratios the tea-water system can be well approximated
by Iab?ystem of three components with a constant ratio of solubles to
insolubles,

It will be seen that the value of fractional effective soluble solids found by
extrapolation is close to, but not completely consistent with, the value
arbitrarily chosen for the comparative theoretical study. The latter was based
on the undoubted oversimplifications of a simple first order solution law and
idealized h¥drodynam|cs and to ?et Detter a%reement a more realistic model is
required. From "the level of effective solubles content found in the short
contact times available it is clear that extraction is a rapid process as might be
expected for a material which is probably onl¥ a dozen or so cells in thickness
and is crushed in manufacture. The closeness ot approach to equilibrium is seen
by comparison with an extrapolated equilibrium yield of 39.2% on an as-
received basis reported for a comparable tea by “Prabhudesal (19692 after
extractions at 97—L00°C for 4 hr with water-to-tea ratios in the range 20:1 to
5:1. With regard to the hydrodgnamms It is surprising that a medium which
ultimately contained only 25—40% free liquid could sustain a level of m|x_|n%
which even remotely approached perfect stirring in effect. However, mechanica
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stirring produced little_reduction in extract concentration beyond the lowest
values reported here. Effects of stirring in a redes_|?ned column and measure-
ment of rate constants for the solution process will be considered in a subse-
quent publication.

Conclusions

(12_ The relation between yield and extract concentration was found to be a
function of water-to-tea ratio and the conditions of extraction. _

_(ﬁ)_ At a constant water-to-tea ratio, yield increased approximately linearly
with increasing concentration, the highest values of both yield and concentra-
tion being associated with extraction conditions which restricted convective
mixing to aminimum, _ _

(3) With constant conditions of extraction, extract concentration decreased
as water-to-tea ratio increased, while yield increased approximately linearly
with falling concentration. - _ _ _

(4) The range of extraction conditions available lies between two theoretical
extrémes: a perfectly stirred system which gives the lowest concentrations and
Plug-ﬂow %ercolatlon which “gives the highest concentrations. Quantitative
heory has been developed for both cases.
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Appendix
Simple quantitative theory of extraction

This treatment is the simplest quantitative approach with predictive valug,
It is not claimed that it i sm_enUﬂcaIIP]/ exact In all its aspects, but it will
explain trends found in extraction. It should be viewed as a useful approxi-
mation, having simplicity as its principal merit. _

EI) General nomenclature. Consider 1g of original leaf extracted with wml
water to give extract at a fractional yield™Y, with a specific net “I(l“'d uptake in
the residue of vnmlig. Thus the volume of extract will be (W — Fn)ml'and the
concentration Y/fw —Fnjg/ml. _ _ _

Let the solubles dissolving during extraction comprise a fraction S of the
onglne%l_ Ielaf and let the densities of solubles and insolubles be psdl and pinsol
respectively. _ _

i) Volume of swollen leaf The volume of swollen residue (I_Fr) COMprises
the volume of absorbed water (Fa) plus the volume of leaf solids originally
present reduced by the volume prewousIX occupied by leaf solids now dis-
solved in free extract outside the leaf. Assuming tea solids form a perfect
solution ?.e. the solubles occupy the same volume in solution as in solid state),
then it follows that;

V= (S Y)lpsol + (1 -S)/Pinsol +Fa 9)
Now the volume of free extract equals the volume of dissolved leaf solids

plus a volume of water equal to the difference between the water-to-tea ratio
and the volume of water absorbed by the leaf, i..

W~Vn=Y/psol+W -Va (10)
S0 0N rearranging

Fa= Vn+Y/psol. (10a)
Eliminating Fabetween eqns (9) and (10a) gives:

Fr=S/psoi + (1 —S)/pinsi + Fn, (11)

Hence, if Fnis constant, Fris also_constant. It will also be seen from eqn (11)
that the volume of the swollen residue is the sum of the net liquid uptake and
the volume of original leaf, i.e.

Fr=Fn+ UPieaf (11a)

where pleaf is the density of or|1q|nal |eaf. _ _

(i) Mass of swolleri leaf. The mass of swollen residue (MT) comprises the
mass of absorbed water plus the mass of tea solids originally present less that
mass now dissolved in free extract. Thus:

Mr=Fapw+1- Y. (12)
Substituting for Fa from egn (10a) and rearranging gives:
Mr =1+ Fnpw- F(1 -Pw/Psol)- (13)
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Hence the mass of residue is a function of yield. However the final term on the
right hand side of egn (13) is small in comPanson with the preceding term so
mass is approximately constant if Vn is constant.

Iv) Relation between yield and concentrations in extract and leaf. Let ce
and cT denote volumetric concentrations (g/ml) of soluble tea solids in free
extract and leaf residue respectively.

It has previously been pointed out (in (i)) that :
ce=Y/(W-Vn). (14)
Thus if Vn is constant, ceand Y are linearly related. _

The concentration of soluble tea solids in the residue may be conveniently
represented as resulting from the solution of all solubles in the absorbed water.
This is undoubtedly an over-mmgllflcatmn since it neglects the presence of un-
dissolved soluble solids, but can be made to correspond closely to reality qver a
limiting ranPe of water-to-tea ratios and extract concentrations by a Suitable
choice of sofuble solids content, o

Thus the volume of extract held b{ the porous leaf matrix is Va+ (S —F)/ps,

0

which, from egn (10a) Is equivalent to Vn +S/p soi
i pso

cr=(S- Y)KVn+S/psal) (15)
or, rearranging,
Y =S(cr0 —ct)/cl0 (15a)

where cr0=S(Vn + S/pg). _ _ _
Obviously cr0 may be regarded as the s_tartm%_concentranon of extract in
leaf. It is @ mathematically-defined uant|t|){ which happens to correspond
P_hysmally to the fictitious situation where all swelling is complete but extrac-

lon has not started.

(v) Equilibrium concentrations and definition of effective solubles. In
8eneral the equilibrium relation between leaf and extract can be expressed by a
istribution coefficient X defined as the ratio of equilibrium concentrations

fit_gg /e, eq)e

| “Fhus ferqo)m eqns (14) and (15),

X=05-7eq) (W- Vn)/[Yeq(Vn +S/psal)] (16)

where Tegis the equilibrium yield, o _
Now since S has been defined in terms of the soluble solids dissolvin _durmg%

extraction, and has in effect to be calculated from the terminal conditions o

an extraction experiment, there will be no loss in rigour in adopting instead a

value for ‘effective’ soluble solids S* based on the further restriction of X=1
Thus on substituting X= 1and S =S" in eqn (16), it follows that:

S'=WYeqgk W-Vn-Y jp s (17)
or
Yeq=S"(W -V n)KW +$'/psal. (17a)

14
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Clearly as W S'>Yeq so that S' could be thought of as the yield at
infinite dilution. This is not a true physical picture, however, since S, to which
S' Is related, is a function of W It is better to consider the equations at
constant W, where it will be seen that S' = Teq if Vp + Teg/pso.= 0. By refer-
ence to egn ?10a) it will be seen that the latter condition corresponds to zero
absorption of water. Thus the effective solubles content, at a particular water-
to-tea ratio, is equal to the fictional yield calculated assuming all water is
present as extract at the equilibrium concentration. The effective solubles
content will then be a function of water-to-tea ratio, and at infinite dilution
will correspond to the result found by soxhlet extraction. From eqns (14) and
(L7a), it follows that the equilibrium Concentration is given by:

Ce.eq= S'KW +5'IPsal). (17b)
(vi)  The approach to equilibrium in well-stirred conditions. From egn (L1),
the volume of tea solution contained b}/ a porous leaf residue is v, +S'/psa].

Likewise, by definition, the volume of extract is W— Vn.
By the law of conservation of mass,

mass of soluble solids mass of soluble solids
leaving residue entering extract
Thus,
-(Vn+S"/psol dt: -Vn)dt (18)

Assuming the rate of mass transfer is proportional to concentration differ-
ence between solutions in the residue and extract, the rate of change in the
concentration of solution in residue may be expressed as:
~%(;':K(cl-ce) (19)
where K is the mass transferred per unit volume of solution in residue per unit
concentration difference, _ _ _

From eqgns (18) and (19), the rate of increase in extract concentration may
be simplified to:

Ge_ AK(cr-ce) (20)
wherea = (vn+S'Psol)/(W - vn). _ _
Rearranging eqns (19) and ;2_0) and ehmmatm? cr gives a homogeneous linear
equation with constant coetficients for which the roots of the auxiliary quad-
raticare 0 and —(A +1)k.

Hence the solution has the form:

ce=Cj+C2exp [-{A +\)Kt],
The boundary conditions are;
ce=ce0 att =0
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and
Ce=Ceeqalt=""
Therefore the required solutions are;
(a) extract concentration

- neceq (eeq fe0) ORI (A Tyke) (21)
(b) residue concentration
Cr=Ceeq + (KIA) (ceeq - @0) exp [~(A + DKI]. (22)
Thus the time required to reach a fraction/ of equilibrium is given by:
In[L/(L-/)]
i (A+\))K J

Clearly the larger the value of A (i.e. the smaller the value of W), the faster
equilibrium will be reached, if K is constant.

&\(n) Percolation through a bed of swollen leaf IgPlug flow). Let the cross
sectional area of the bed be Ab, and the porosity beE.

Using the same mass transfer law as in the well-stirred case, the rate of mass
transfer (mbz) in an element of bed of height bz is given by:

m& =Ab5z(l -E)K(cr- ce). (24)
From a mass halance on the residue in the element, mass transferred equals
depletion in concentration. Therefore,

Vn + S'/psol ac
X —= 2
Vot 1/P]eaf] at. ( 5)
A mass balance on the extract present in the element shows the mass trans-

ferred to equal the net output from the element carried by flow, plus the
accumulation of extract within the element. Therefore,

ms, = —Ap6z(1 — E) [

Voc,
0z

where V is the volumetric flow rate, .
By equating eqns (24), (25) and (26), it is found that:

m62=‘

8z + A, E 6z Zit (26)

ac, - B

= hle—co) (27)
and

dc,  Y9Ce

vl K TG (28)

where« =ARK {\- E)/V
P=K(Vn+1/Pleaf) (Vn +S/psd)
7=AbEN.



210 V.D. Long

If the variables t, z are transformed to the new variables r =37 -z), and
f =az, eqns (27) and (28) simplify to:

(29)
and
9Ce _
_a—g_- = € —Ce. (30)

The boundary conditions are;
Whenr=0,cr- cpoforalf> 0.

When f =0, ce=ce,o forall r> 0.

“The solution of eqns (29) and (30) has been obtained by Anzelius (1926).
Fitting this solution to the present problem gives:

—— = exp () *fo exp () 10 (2y/3s) ds (31)

£r,0  "e0

—= exp () 3f exp (—S) 10(2\/ts) ds (32)
cr,u —cCe, 0
where 1015 a h?{perbolic_ Bessel function of the first kind and zero order.

Charts of the functions appearing on the right hand side of egns (31) and
(32) have been published by Schumann (1929) and Furnas (1930) for certain
values of r and £. Alternatively, the functions may be computed from the series

obtain%d by inte?rati bx garts. _ . .
In the present work, Interest centres mainly on the concentration leaving a

bed ofheight/z. The correspondingvalue off isgivenby $'=ah =Ab K (I - E)h/V
Now A'h{\ —E)h s the true volume of residue resulting from a charge of

tea 0f mass T Fsay). _
Therefore, from egn (L la) it follows that,

f'=alz=k(vn+ lIpleaf) Tiv. (33)

. From the above equation, at constant T/v, f', and hence leaving concentra-
tion, is independent of the mass of tea used. _ _ _
Values of r are given by: r - 8(f—AbEh/Vh:L3(I—th) where tn is the time
taken for the percolatingliquid fo traverse the bed. Thus if t' is the elapsed
time since the appearance of the first extract, then r = pt".
Substituting tor (3 it follows that,

;= K(Vn+1/pleaf)tr' (34)

Vn + S’/psol
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Organoleptic assessment of meat: a comparison of beef breeds

V. J MOORE*, K E. JURYf and J. J. BASST

Summary

Palatability of five beef breeds was assessed using a series of %awed comParlsons.
The participants preferred Angus, Hereford, Friesian crosshred beef to Maine
Anjou and Pie ougze_ crosses. A method of analysis for non-homogeneous
products such as meat is discussed.

Introduction

Consumer panels have been used with varying degrees of success to measure
responses to food products. Often samples are distributed to participants to be
evaluated one at a time in their homes {Kjrton_, 1968; Hendrix et al., 1963).
Useful data for meat are difficult to obtain with this method because, first,
there is no control over the treatment of the product prior to cooking:
secondly, cookm? methods are_very varied and may influence scores; an
thirdly, there is often a blasé attitude by the taster towards scoring and return-
ing the score sheets. . _

In this study, an a ?roach similar to that of Simone &Pan%_bom (1957),
which eliminates variable home factors, was used to test the participant’s pre-
ference in meat from five beef breeds. This was considered desirable due to
crlglqlsm that trained panels do not reflect the opinion of the consuming
public.

Materials and methods

Meat to be evaluated came from 20-month old steers from a beef breeding
programme. Eight animals from each of the following five breeds were used:

Authors’ addresses: * Meat Industry Research Institute of New Zealand (Inc.), P.O. Box
617, Hamilton; t Ruakura Agricultural Research Centre, Private Bag, Hamilton, Néw Zealand.

0022-1163/78/0600-0211 $02.00 © 1978 Blackwell Scientific Publications
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purebred Angus, Hereford XAngus, Friesian X Angus, Maine Anjou X Angus,
and Pie Rouge (French Simmental) XAngus. Purebred Angus s the most
common beefbreed in New Zealand, while Hereford X Angus s the beef cross
most widely used, and Friesian X Angus is the most common dairy-beef cross in
New Zealand. The Maine Anjou and Pie Rouge are recent introductions into
New Zealand and were included because they had scored highest and lowest of
several new breeds in a preliminary, trained panel evaluation (Moore, un-
published ohservations). _ o

All animals were grazed on perennial ryegrass-clover pasture with winter hay

supplements from weaning to slaughter. _ _ _

he animals were slatghtered™by conventional techniques. The right .
longissimus With fat cover was removed from the carcase within an hour of
s!au?hter, vacuum-packed in polyethylene bags, and held for 24 hr at 10°C in
single layers in an air-flow of 0.5-1.0m/sec and 90-95% relative humidity
¥Sc midt & Gilbert, 1970). The muscles were then frozen to —18°C and stored
or 2—6 weeks before being cut into 25 mm thick steaks. The labelled steaks
were thawed at 0°C for 48 hr, then at 2°C for a further 24 hr, _

The_available carcases were blocked on the basis of weight, and a replicate
comprised one such block with a carcase from each of the five breeds. Four
steaks from each carcase were used for the breed comparison, and each of the
ten possible pair-wise comparisons among five breeds made, with eight people
tasting steak from the same breed pair of the same replicate. With eqht such
replicates, sixty-four people would assess a given breed pair and a total of 640
people were réquired in the programme, since each r_p,erson was given only one
comParlson to make. Visitors to an annual Farmers’ Field Day were enlisted for
the tests. A simple statement of preference was sought from each. Of the 640
participants approximately 70% were male.

Three pairs of steaks were grilled simultaneously on racks ss mm below the
elements of domestic ovens Set at 205°C. Steaks were cooked for 12 min,
turned and cooked for a further 1o min, resulting in a medium-well done steak.
Cooking was arranged so that there was a constant supply of hot steaks to be
tasted. All steaks of a given replicate were cooked and tested before those of
the next replicate, but the order of cooking of breeds was randomized. Each
hot steak was cut into sixteen cubes apﬁrommately 20 mm square. Two cubes
Per sample per taster were used rather than one large cube, to enable the taster
0_assure himself of his judgment. The two cubes were placed on the appro-
riate side of a small plastic dish which was divided into regions labelled A and

. Breeds were assigned to A or B in a random manner so that in four out of
the eight replicates each breed was A. The dish was presented to the taster, who
was requested to indicate preference for sample A or B, or no ﬁreference, ona
coded score sheet. There was no control over the order in which tasters arrived
at the tasting site and no control over the sex or age of the tasters, although
onle/ those over 12 years were allowed to participate.

or analysis, where preference was expressed, the preferred sample scored +1
and the other sample of the comparison — ;where no preference was expressed,
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both samples scored 0. These scores were added for individual carcases within
replicates to obtain relative scores for breeds within replicates. The sum of
scores for a replicate is zero. Two types of analysis were carried out; first, an
analysis of variance using the summed score for each breed in each rethate
enabled the comparison of mean scores of breeds against variation of breeds
within replicates. Secondly, the five breeds for each replicate were ranked from
hqhest to lowest score, with hqhest being assigned a value of 1 and lowest a
value of 5. Rank sums were calculated across the eight carcasses and Friedman’s
Chi-squared test (Siegel, 1956) was applied.

Results and discussion

The data are summarized in Tables 1 and 2. Table 1 gives the number of posi-
tive responses for each breed. Both methods of analysis in Table 2 indicated
that the differences between breeds approached significance (p < 0.10), and
the Duncan’s multiple range test (Duncan, 1955) on the anal;g?s of scores
indicated the breeds fall into glroups: An?usXAngus, Hereford X Angus, and
Friesian XAngus scoring similarly and preferred to the Maine Anjou X Angus

and Pie Rouge X Angus.
Table 1. Summary of positive and negative responses for each of the ten comparisons.
_ Response
Comparison .p. : :
Positive Negative Neither
Angus* —Hereford 29 21 8
Angus -Eﬁesmn _ 3 28 %
Angus—Maine Anjou 30 25
Angus—Ple Roug 41 23 8
Heretord—Friesian 29 3
Hereforg-M_ame Aréjou 39 18 [
Hereford—Pie Roug 3 28 3
Friesjan—Maine Anjou 44 19 1
Friesian—Pie Roug 41 20 %
Maine Anjou—Pie"Rouge 26 Kl

- Positive responses are for the first breed of each pair listed in the comparison.

The marked preference expressed for three of the breeds agrees with
results of another study (Moore & Bass, 1978) in which a trained panel ranked
these five cross-breeds as follows: Purebred Angus 1, Hereford 2, Friesian, 4,
Maine Aniou 5, and Pie Rouge 7 out of ten breeds compared. This ranking
closely followed the order of preference obtained from the panel’s scores for
general acceptability on a_ 1-9 scale. In the case of the trained panel, the
differences were highly significant (p < 0.01). The reasons for the preference in
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Table 2. Breed preference rankings
Sire breed Angus Hereford Friesian Maine Anjou ~ Pie Rouge

Vean score 453 4 4a 4.9a e ~b.0b
Rank sum 195 18.0 215 330 28.0

bScores with the superscript are not significantly different from each other,
» <010 (Duncan, 1065 PP JICAY

the present study are not clear, as tasters were not asked to comment specific-
ally on why they expressed their particular preference, The tenderness of the
méat was Similar and of an acceptable (T]ua % (MIRINZ tenderometer shear
force values ranged from 30—40), therefore the tasters may have based their
decision on some other characteristic, perhaps flavour. _

~ Angus, Hereford and Friesian breeds are commonly used for beef production
in New Zealand, so the tasters would have been familiar with the product from
these breeds, and when faced with a slightly different meat may have expressed
a preference for the meat with _wh|ch_the¥ were familiar.

The use of paired comparisons in studies of this tyge IS common when
homogeneous products are being used (Bradley, 1976;" Simone & Pan%bom,
1957). However, in studies of consumer preferences for meat, the fact that
there' may exist animal to animal variation even within a breed must be recog-
nized. The sensitivity of a tasting programme will depend on the number of
carcases tasted, and the analysis of the present data was based on this premise.
The scores for individual carcases within a reghcate_ are in fact analogous to
the *preferences’ calculated in Scheffe’s (195 g paired comparison analysis.
Therefore, in the present analyses of scores, breed differences are assessed
relative to the variation in ‘preference’ across replicates. _

_This method of assessing participant reaction has several obvious advantages.
First, the meat is treated similarly before serving; secondly, temperature and
appearance at time of tasting can be controlled: and thirdly, treatments are
compared pair-wise at the same time by the same person. Because an enlarged
number of tasters can be accommodatéd, it is possible to form complex com-
parisons while demanding only simple decisions from each of them.
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Non-effect of dilute alkali solutions on the number average
granule diameters of some legume starches

CHRISTOPHER G. ANDERSON*

Summary

Starches of field bean, garbanzo and lentil were isolated accorqu to a detailed
se_ParanonaI scheme (Anderson & Romo, 1976) which employed several
different acbueous protein extraction media adjusted to pH values in the range
of 55 to 9.5. Number average fqrar]ule diameters were determined for the
isolated starch granules using photomicroscopy in order to ascertain the effect
of protein extraction medium alkali concentration, if any, on this parameter.
It was established that the number average granule diameters of the three
starches under investigation were not influenced by a change in alkali concen-
tration of the protein extraction-medium within thie pH range studied. Accord-
ingly, garbanzo starch granules exhibited a pooled” number average granule
diameter of 24 pm with"a standard deviation  of 4pm, while both lentil and
field bean starch granules exhibited pooled number average diameters of 27 pm
with a standard deviation of 7pm. Granule size distributions based on more
than 1100 Separate measurements were also constructed for the three
starches prrepar_ed at neutral pH in the form of histograms for the sake of com-
parison. The distributions for field bean and lentil"are similar, both showing
some skewness with that for field bean being most pronounced. The distri-
bution for %arbanzo, on the other hand, is more normal and much more narrow
than the other two examples.

Introduction

The utilization of legumes other than soya as sources for the production of
protein isolates maﬁ_ ecome important in the future. This is particularly true
In countries like Chile, which produce little or no soya, but require protein

*Correspondence address: 1132 East 8th South, Salt Lake City, Utah 84 102, USA

Author’s address; Instituto de Nutricion y Tecnologia de los Alimentos, Universidad de
Chile, Santiago de Chile.
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concentrates with desirable functional properties for incorporation into manu-
factured foods. _ o o N

ManY of the legumes cultivated in Chile contain, in addition to usable
amounts of protein, substantial quantities of starch which can be readily
isolated and purified after extraction of protein. Legume starches then, repre-
sent potentially valuable products to be derived from some legumes. Hence
determination ‘of the effect of protein extraction conditions on the ,phy3|ca|
properties of these starches is considered to be important in advancing their
practical utilization. _ _ o _

One important protein extraction parameter which influences certain
physical proger_ﬂes of some lequme starches is the pH of the extraction medium
used to solubilize protein. Protein isolates are normaIIX prepared by extraction
of legume flours with dilute aqueous alkali solutions. A recent study has shown
(Anderson & Romo, 1976? that the concentration of alkali in"the protein
extraction medium can affect the protein content (as a contaminant) and
colour of purified legume starches without affecting the yield. _

Thus, in this communication another possible effect of protein extraction
medium pH is considered, that is, the effect of this variable on the number
average diameter of starch granules obtained from three Chilean varieties of
Iegume: lentil bean (Lens culinaris), field bean iPhase_qus vulgaris var. Coscor-
ron) and garbanzo bean (cicer arietinum). The echnlqﬁe of phatomicrosco g
was employed to measure granule diameters and the ran(l;e studied was 5.
to 9.5. In addition, the population distributions of granule diameters were
prepared for the three starches from measurements obtained at neutral pH,
which are based upon more than 1100 separate measurements. These data are
presented in the form of histograms.

Materials and methods
M aterials

Samples of Chilean grown lentil, garbanzo and field beans were purchased
from local markets and the starches, isolated according to the procedure
described below, stored over silica gel in a desiccator until determinations were
made. A Zeiss Standard Microscope equipped with a 6.3 X Planachromat objec-
tive, a 12X occular, a camera adapter and a 35 mm single lens reflex XE-1
Minolta Camera (without Iens% were employed for measurement of granule
sizes. All chemicals were reagent grade.

Extraction procedure

Starches were isolated and furified according to the previously described
method of Anderson & Romo (1976).
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Determination ofgranule sizes

Individual starches of lentil, garbanzo and field bean isolated utilizing several
extraction media whose pH values were adjusted to 0.5 pH unit Intervals
between 55 and 9.5 £0.05 were separately ‘introduced as a 5% suspension
(H20) into a Hemacytometer (Spencer, bright line, improved Neubauer). This
apparatus, which possesses a micrometer scale with the smallest division bein
equal to 50pm, was J)Iaced on the specimen stage of the microscope (rSchoch _

aywald, 1956) and the sample photographed at a magnification of approxi-
mately 75X. The pH of each sample was previously checked and found not to
vary By more than 0.1 pH units from pH 7.0. After photographing the samples
the’film was developed and mounted in slide frames. Each slide was introduced
into a Kodak slide projector and_the image projected onto a vertical surface
covered with white paper. The projector was then positioned in such a way that
the smallest division of the Hemacytometer (50pm) corresponded to a pro-
jected measurement of 50mm on the projection surface or such that Lpm
equalled 1mm. The major axis or longest axis of 300 garbanzo and 400 lentil
and field bean starch granules was then measured directly with a meter stick to
the nearest : mm, each granule being marked on the paper as it was counted.
Finally a number average and standard deviation were calculated in micro-
meterS for each sample, the h|stograms pregared and the data subjected to
‘Analysis of Variance™according to Snedecor & Cochran (1967).

Results and discussion

Leach, Schoch & Chessman (1961) determined that swelling of starch granules
in aqueous alkali depends on the relative amounts of water, alkali and starch
present in the suspension. In addition it was shown by these researchers that
Individual granules adsorb alkali in a very specific manner and _?.elatlnlze or
swell when"the quantity of adsorbed alkali exceeds a certain critical concen-
tration. Later, Leach (1965) showed that the critical concentration of alkali is
dependent on both the type of alkali and the species of starch employed.
In the case of alkaling protein extraction of starch containing legume seeds it
can therefore be reasoned that as the pH of the extraction medium is increased,
a point could be reached which satisties the conditions for swelling defined by
Leach et al. (1961). A three-dimensional irreversible structural chanlge would
occur in the granules_ and the gelatinization properties of the alkall treated
starch would be modified (for example, see Schoch & Maywald, 1956). This
ma% or may not be desirable depending on the starch’s aPphcann. ,
esults “of this study shown in Table 1 indicate that as the extraction
medium pH is varied from 5.5 to 9.5 there is no change (within the limits of
experimental error) in the number average granule diameters (major axis) of the
three starches. This judgement is based on an anal>{5|s of variance according to
Snedecor & Cochran (1967). Thus, calculated F values for garbanzo, lentil and
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Table 1. Number average granule diameters and standard deviations in pm for lentil
b dtaich i P

garbanzo and field es prepared at different pH values
. Mean SD.

Sample Extraction pH (pm) (pm)
Garbanzo starch 55 23.8 40
(Garpanzo starch 6.0 247 4)
Garpanzo starch 05 24.4 41
(Garpanzo starch 1.0 240 39
(3arpanzo starch 15 24.3 39
(Garpanzo starch 8.0 24, 39
(Garpanzo starch 85 23.8 47
Garbanzo starch 9.0 241 40
(Garbanzo starch 95 24.6 40
Mean 24.2 40
| entj| starch 55 21.0 6.9
| enti| starch 6.0 204 7.0
[ ent|| starch 0.5 205 6.9
| ent| starch 1.0 21.2 14
_enti| starch 15 211 7.0
[ enty| starch 8.0 265 14
| ent) starch 85 20.7 11
enti| starch 9.0 2.1 6.8
| entil starch 95 201 6.9
Vean 21.0 1.0
Field bean starch 88 215 1.2
6|0 Bean starch . 211 7.2
Fleldl pean starcn 6.5 21.8 I,
Fleld bean starch 1.0 204 7.g
Fle|o Bean starch 15 28.2 1.
Fleld pean starcn 8.0 209 1.1
Fleld pean starch 85 269 11
Fleld bean starch 9,0 21.0 1.0
Fleld bean starch 95 204 14
Mean 21.1 1.3

field bean starch granules were determined to be 1.8, 1.2 and 1.3, respectively,
compared to a theoretical value for F of 251 ﬁSnedecor & Cochran, 1967).
Since the calculated F values in all three cases are less than the theoretical value
for F (A=s andf2= °°) at the 1%level it is highly Iprobable that no difference
exists In the granule diameter means of starch samiples prepared at different pH
values for a, glven starch. Accordm%/ the conditions for swelling of starch
ranules elucidated by Leach et ai. (1961) are apparently never achieved under

e experimental coriditions employed in this study for protein extraction —
even at the h|ghest pH value (9.5). ~ S _

One must be cautious in considering the possible implications of this result
as It applies to the gelatinization |oro erties of the starches. Because, aIt_hqugih
an irreversible three dimensional change in the granules would definitely
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influence the gelatinization ﬁropern_es_ of a starch, the lack of any change does
not necessarily mean that the gelatinization properties would not be affected
by some other mechanism. For example, it is easy to imagine that (TJeIatmlza-
tion proPerUes could be modified as a consequence of slight chemical degrada-
tion of the polymer chains produced by alkali attack. Hence in the future, it
will also be important to determine the influence of protein extraction medium
PH on the ?elatlmza_non temperature range of the three starches discussed in
his and past publications.

Population distributions

~Figures 1, 2 and 3 show the granule size distributions calculated on a popula-
tion basis and presented in the form of histograms. The dstributions are based
upon more than 1100 measurements of granule diameters of starches prepared
by protein extraction at neutral PH' The Tigures show that lentil and field' bean
starches (Figs 1and 2, respectively) have similar and more or less broad granule
distributions, hoth demonstrating some skewness with that for field bean being
most pronounced. On the other hand %arbanzo starch granules exhibit a more
normal distribution that is considera IV more narrow than the other two
examples. Add|t|onall?/], field bean and [entil starch granules are much more
irreqularly shaped with the majority of the %ranules posse_ssm%_an eliptical or
kidney shaped configuration. Both 0f these starches contain ahigh proportion
of fisSured fgranules (greater than 50%), also. Conversely, garbanzo starch is
made up of nearly spherical unfissured granules suggesting a possible new

03 N=1113

X=2Tpum
S.D.=7pum

o2

o1}

° 5-5 15 175 235 295 355 4155 475
Granule diameter (/;m)

Figure 1. Histogram representing the population distribution of lentil starch
granule diameter’s (major axis was measured).
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03 N=1316
X=27pum
S.D.=7um

02
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Figure 2. Histogram representing the population distribution of field bean starch
granule diametdrs (major axis of granule was measured).

application for ?arban_zo starch which will be discussed in a subsequent publi-
cation. Incidentally, it should be noted that the values for the mean and
standa{dl deviation"appearing in Figs 1, 2 and 3 have been rounded off to the
nearest 1jum

_ AIthongh population distributions are not shown for the pooled samples
(i.. a population distribution constructed by considering all granule diameter
measurements for a given starch over the enfire pH range of 5.5 t0 9.5), when
they are constructed, each is essentially statistically equivalent to its corre-
sponding counterpart shown in Figs 1,2 and 3. Comparison of data for the

o3 N=1337

T ¥=24 um

S.D.=4 um

—

Q
N
I

Relative frequency

@
T

| L
oLyl | L

55 115 175 235 295 355 415 475

) . Granule diorne_ter (;er}) L

Figurel 3._H|st0%ram re resentn; the Poa%éatlon dISHIbUtIOﬂ of garbanzo starch
granule diameters (major axis of granule was measured).
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pooled samples to those obtained at neutral pH by means of the f-test provides
no evidence for rejection of the null hypothesis p.e. X pooled = Xph 7.0 consider-
ing a rejection level of P< 0.01). This result further strengthens the earlier
conclusion that no difference exists between the means of granule diameters
for starches prepared at different pH values for agiven starch.”

In conclusion, a brief word about sample size seems called for in view of the
fact that Schoch & Maywald (1956? have reported that a minimum of 1000
granule measurements should be collected for com and sorghum starches in
order to obtain reproducible population distributions. The author agrees with
this conclusion; however, it should be pointed out that it is not necessarily tme
that 1000 granule measurements be taken for starches from other sources. In
this study, for example, only 300 measurements for garbanzo starch and 400
for lentil"and field bean starChes were necessary to obtain reproducible popula-
tion _distributions. Choice of these numbers is'supported by the fact that it is
possible to estimate the number of data needed to achieve a statistically signi-
ficant mean value with a specified. degree of confidence by settm(i a limit of
accuracy in the estimate and having some idea of the sigma value for the
population from which the sample comes (Snedecor & Cochran, 1967). The
actual formula for computing sample size is:

n=A22L2

where A =some number determined by what confidence is desired in the result
and L =limit of accuracy in the result Set by the investigator. o

Normally, the value for a is not known since it is a Bopulanon statistic; how-
ever, if enough data are available o can be estimated by the standard deviation
of all sample means which in this study is based on more than 4700 individual
measurements for lentil, 4900 for field bean and 4000 for garbanzo starch. At
the 1% level, A=2.6, L - 1pm and a of all samples for lentil, field bean and
garbanzo=7, 7 and 4 gm respectively. These numbers translate to minimum
sample sizes of 106, 328 and 356 for garbanzo, lentil and field bean, respectively.
In all three cases then, the means of all samples surveyed are based on more
than the minimum calculated sample size.
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Effect of concentrations and vacua on boiling points of
fruitjuices

N. N. VARSHNEY ana V. D. BARHATE*

Summary

Boiling points of fruit juices affect the design and operation ofjuice evaporators.
Hence boiling J)omts_of pineapple, man%o and lemon juices were ex?enment-
ally determined at solid concentrations ot 5 to 45%and vacua of 0 to 70 cm Hy,
As expected, boﬂmg oints increased as concentration mcreased._Duhrm%s
Rlots are also presented. For the same concentration range, mango juice has the
|%hest boiling paint elevations followed by pineapple and lemon juices in that
ordlr.

Introduction

Concentration_of fruit juices by evaporation is an important method of their
preservation. For efficiént and économic operation of an evaporator it is neces-
sary thatt it be designed correctly. The basic equation used in the design of the
evaporator is

qMUAAL (1)

where, ¢ is the heat load on the evaporator, U the overall heat transfer coeffi-
cient, A the heat transfer surface area and At the temperature difference
between steam or heating vapour and the boiling juice.

The heat load can, in general, be written as

q=mcp(t—tf) +mv X (2)
where, m and mv are, resRectiver mass flow rates of feed and vapour eva-

?orated, ¢p is the specific heat of the feed, t the average boiling,or evaé)oranon
emperature of the juice, tf the feed temperature of the juice and Av the

*Present adpyess: Natjonal Dairy Development. Board, Anand 388001, Indlia.
Aut%ors,L ad%ress: Da!rY and II%l)od VI:En .rgectlon Agricultural %ngllneergng Department,
Indian Institute of Technalogy, Kharagpur721302, India.
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latent heat of evaporation. It may be observed that t will be higher than the
evaporation temperature of water at the same pressure, Thus q IS h]?her than
when the boiling point elevation would be assumed nglqu:glb_le; the boiling point
elevation of juice would decrease At in egn (1). Thus if the boiling point
elevation is not considered, the evaporator would be designed under capacity.
In a multiple-effect evaporator, if the large number of effects are used or the
boiling point elevations are _hl%]h, as happens when the concentration increases,
the sum of the boiling point elevations in a proposed evaporator could be
greater than the total temperature drop available and operation under such
conditions is impossible. Actual boiling points of juices at various concentra-
tions and vacua must therefore be known. _ o _

Desrosier 9970) has given boiling points of typical fruit Jume/su%ar mixtures
at various altitudes for soluble solid concentration range of 50 to 76%. The
data are for unknown fruit/sugar mixtures and are of limited use in evaporator
de3|_%;n. Information on boiling points of fruit juices as such are not readily
available in the literature (Brennan et al, _19745. This paper presents bmlmg
points of pineapple, mango and lemon juices at various concentrations an
vacua, and Duhring’s plots of boiling points of juices versus boiling points of
water at the same pressure for these juices.

Materials

Juice was extracted from pineapple, mango and lemon fruits in a manually
operated screw press. The juice was filtered in an ordinary cloth filter to
remove suspended particles ‘and concentrated to 10, 15, 25, 35, 45 and 60%
solids (d.b.) in a rotary vacuum_evaporator 1(manufactured by Veb Medizin-
technik Leipzig, East Germany). The juice, before and after concentration, was
stored at about 4°C when thére was any substantial time gap in between two
Brocesses. The concentration was measured by either a vacuum oven method or
y a su?ar refractometer. Before use, the Sugar refractometers, one ranging
from 0 0 50% and the other from 40 to 85%, were calibrated for fruit juices
against gravimetric results (Varshney & Barhate, 1977) following the method
used by Towler (1976) for sodium caseinate solution.

Method

The Cottrell’s apparatus as described by Prutton & Maron (1957) was used with
additional arrangements to produce & vacuum. The aﬁt)paratus consisted of a
10cm diameter, 30cm high aluminium boiling vessel fitted with a vapour
condenser and a cork from which extended a shield 16 cm long, whose function
was to prevent the condensed vapours from the vapour condenser from coming
into contact with the Beckman thermometer. The thermometer itself was
suspended in vapour above the juice and inside the shield. To assist equilibrium
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+Condenser water

U-tube
manometer —

Condensers

Beckman
thermometer

™~ Condenser water
I« Cottrell’s boiling vessel

Shield tube
FA—— Pumping device

C——~— Burner

Figure 1. Schematic diagram of experimental boiling point apparatus.

between vapour and boiling juice at the thermometer bulb, a siphon pump was
incorporated into the apparatus. The pump consisted of a tube having a
funnel shaped base of diameter 6.25 cm and a bent U-shaped top 6.5 cm high
with a gap of 2.5 cm between the two bifurcated outlets, which fitted around
the thermometer stem as shown in Fig. 1 When the juice boiled the device
continually pumped the liquid up in such a wa% as t0 keep the bulb always
covered with a thin film of boiling liquid and the thermometer reached a stea K
equilibrium temperature in_a very short time. The liquid would go up throu

the device due to convection along with the bubbles of gas formed and dis-
charge on the bulb and flow down. The cork fitted in the mouth of the alumi-
nium vessel had two holes, one for a thermometer and the other for connections
to the vacuum pump and the U-tube manometer through a condenser. The
\lgacuum line also had a condenser. The boiling vessel was heated by a gas
urner.

The condensers used were of a spiral tube and shell type with the cooling
water flowing through the tube coils and the vapor through the shells, As soon
as the vapours entered the condenser from the boiling vessel containing juice,
they were condensed and owing to gravity the condensate flowed down
through the same tube since the vacuum in the system was constant. This
maintained the concentration of the juice constant. _

A positive displacement type vacuum pump was used to create a vacuum in
the boiling vessel. _
The Berf_orman_ce of the apparatus was checked on water and sugar solutions
whose boilin fomts at various concentrations and vacua are known (SEencer
& George, 1945) and was found to be excellent. In the experiment a 500 ml
sample of concentrated juice was filled in the boiling vessel, and all connections
were made. The cooling water flow was started in both the condensers, the
heating started slowly, and after 2-3 min the vacuum pump started to obtain a
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vacuum of 70cm Hg. When boiling started, maintaining the vacuum, the
thermometer reading was taken when a constant temﬁerature was attained for
about 5min. The vacuum was then decreased to the next lower value, i.e.
60cmHg and the procedure was repeated. The same was repeated at 50, 40,
30, 20,10 and OcmHg pressures. The heating was then Stopped, and the
vessel, allowed to cool down to the room temperature. The juice was removed
and the concentration checked. _ N

The juice of another concentration was then placed in the boiling vessel and
the ahove procedure repeated.

Results and discussion

Boiling points of pineapple, mango and lemon juices at various concentrations
and vacua are plotted in Figs 2—4. The plots are the change of boiling points
with concentrations at different vacua. The boiling point in all the cases
mcgeasleld linearly with the concentration, and hence can be expressed mathe-
matically as

T=mx +T0

where T is bmhrgjg ]pomt, °C;x s mass concentration of solute in the juice, dry
basis; and m and” T0 are constants. Regression analysis “S'”F the least square
method resulted in the values of m and T0as tabulated in Table 1.

~The ,b0|I|ng| point is that the temperature at which the vapour pressure of the
liquid is equal to the external pressure. The addition of a non-volatile solute in
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Figure 2. Variation of the bailing point of pineapple juice with concentration at
different vacua.
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a solvent lowers the va’&our pressure of the solution in accordance with
Raoult’s law (Prutton & Maron, 1957). In consequence, the solution requires a
higher temperature to be reached before the solution vapour pressure is equal
to the external pressure, to cause it to boil. The added solute produces there-
fore a boiling point elevation, which obviously increases as concentration
Increases.

In evaporator calculations, apart from the b0|||nrq point, a knowledge of
boiling point elevation is also required. AverY useful plot to estimate bo|I|n(_}
point elevation is Duhring’s plot. Duhring’s Rule states that the boiling ﬁomt 0
a given solution is a lingar fuction of eb0|I|n|g point of water at'the same
pressure. Thus the resulting plots are straight lines and plots for different
concentrations are rougihly parallel éFoust et al., 1960). Figures 5— show
these plots for pineapple, mango and lemon juices at various concentrations.
It nﬁayt hbe noted that the resulting plots are straight lines and almost parallel to
each other,

The boﬂmg, point of a liquid is affected by the pressure, solute concentration
and hydrostatic pressure, increasing these increases the boiling point.

The boiling point elevation of a dilute ideal solution, due to solute concen-
tration, is dlrectlﬁ proportional to mole fraction of solute and is independent
of the nature of the solute (Prutton & Maron, 1957) as shown below

_rh
ATh= AHy m
where R is the gas constant, TOthe boiling point of the solvent, AHv the latent

heat of vaporization of the solvent per mole from the solution and m the mole
fraction of solute.
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Figure 5. Duhring’s plots for pineapple juice.
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The equation may be transformed for convenience as following

RT&) (1000 w2)
AH, wy M,

where w, and w2 are masses of solvent and solute respectively and M2is mole-
cular weight of solute. N _ o _

Thus the estimation of boiling point from the above equation will require
accurate knowledge of the fraction of solutes in the solution, which in the case
of juices is_ difficult because they contain many solutes. Further, the error in
the estimation of the boiling point of juice from this equation is compounded
as the concentration increases, since in the derivation of this equation many
simplifications are made which at higher concentrations may cause substantial
errors (Foust et al., 1960).

ATb=(
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The performance of liners for retail wine casks

E. G DAVIS

Summary

Properties of flexible film liners and valves used in wine casks were studied to
a%sess lEhew influence on the loss in quality of wine retailed locally in this type
of package.
xyge%_ permeability measurements were made at 25°C and 75%r.h. on two

types“of liner materials and three types of valves, A procedure involving treat-
ment of the valve seahn(tl surfaces with polydimethyl siloxane was developed to
test valves under simulated conditions of uge. ApP cation of these results to an
analytical model of a wine pack suggested that the rate of oxygen uptake by
wflr%ﬁ_may be ?S high as 0.17 ppm/day and that the valves contributed 33—52%
of this amount.

Theoretical considerations demonstrate that loss of S02 from the model by
permeation was negligible.

Introduction

The wine cask is a recent innovation in the Australian retail liquor market.
In this package, wine is sealed in a flexible film liner which is mechanically sup-
Ported within a paperboard carton. A valve, fitted to the liner, protrudes
hrough the carton so that wine may be ‘poured’ without breaking the lingr
seal and, since_the liner is collapsible, entry of air is avoided. This design is
advantageous since wine remaining in the pack is not exposed to o%en which
1S nowln9 7t(6) be detrimental to wine quality (Rankine &Pocock, 1969; Prass &
ne p,roglem associated with the marketing of wine in_ these casks is a
decrease in shelf life compared with that obtained usm%tradmonal glass hottles.
The industry seeks a minimum shelf life of 6 months but it has observed signi-
ficant loss of free sulphur dioxide (S02) accompanied by the appearance of
oxidized flavours after only 3 months storage in casks. _
Author’s address: CSIRO Division of Food Research, North Ryde, Australia, 2113,
0022-1163/78/0600-0235 $02.00  © 1978 Blackwell Scientific Publications
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236 E. G. Davis

Rankine (1966) discusses two reasons for adding S02 to wine; to inhibit
growth of microorganisms, and to reduce oxidation. Most added S02combines
with constituents of the wine, but the residual free S02functions as a preserva-
tive. It is apparent that the undesirable chan(ies which determine the shelf life
of wine become increasingly important as the level of free S02declines.

Davis et al. (1973) showed that when dried apricots are packaged in con-
tainers that are permeable to gases and vapours, loss of S02 may occur during
storage by permeation through the package material and by "reaction with
0Xygen permeatmgnmto the package. AIt_hou%h the levels of S02 used in wine
aré much lower than those used in dried Truits, the possibility exists that
similar mechanisms of loss may occur in wine. _ o

This paper discusses some “of the container properties which influence the
loss of quality in wine packaged in retail casks.

Materials and methods

Materials

Schematic diagrams of the three types of valves tested are shown in Fig. L
Each consisted of a flanged body to which the liner material was heat sealed
and a press-on spigot which incorporated the pouring mechanism. In type C,
the seal between the body and spigot also functioned as the pouring orifice
whereas the other types had separate pouring orifices elsewhere in the spigots,

Type B valves were sealed to a liner made from a laminate of 15gm poly-
amide/3/xm polyvinylidene chloride (PVDC)/64/xm polyethylene. Valves A and
C were sealed ‘to a triple-web liner consisting of two_outer webs of 50 jam
Salranex* 14 and an inner web of 50jum ethylene-vinylacetate (EVA) co-
polymer.

Methods

Oxygen permeability measurements were made at 25°C and 75%r.h. using
the concentration-incréase apparatus described by Davis & Huntington (1977).
Measurements on the valves were made by sealing in the cell a sample of film
with valve, attached so that the internal surface of the valve faced the inert-as
or measuring compartment of the cell. The permeab|l|t¥ of the valve was then
calculated from the value observed on this sample less the permeability of the
area of film present, _

Twelve valves of each type were tested. Half of these were tested without
modification; the remaining half were tested after all body-to-spigot joints and
pouring-orifice seals were treated by lightly coatm% with polydimethyl siloxane
(Siliastic RTVf) which was allowed to cureé for 72 fr.

*Dow Chemical Co., Michi?an, USA
f Dow Corning Corp., Michigan, US.A
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TYPE A TYPE B

TYPE C

Figure 1. Diagram of wine-cask valves tested. Hatched and filled sections

represent valve bodies and spigots respectively and arrows indicate where force is
applied to open valves.

Analytical model

As a model, the calculation of S02loss and oxygen pick-up are based u

ona
pack consisting of 4.5 kg of wine in a cask liner having a surface area of 0.5)5 m2
and stored for 90 days at 25° C. The initial levels of free S02and oxygen in the

wine are assumed to remain constant at 50ppm and 0.0 ppm respectively on a
weight basis.

e quantity (Q) of SO02lost by permeation from the wine was calculated

from the following relation:

Q=PAtApd -1-9-6ppm (wiw)

(1)
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where P = the _ermeabllltY of the liner material to S02 A - the liner area,
t = the storage time, Ap =the arnal-wessure difference of S02across the liner
surfaces, d =the density of S02 and W =the weight of wine, The oxygen pick-
up by the wine was also calculated from eqn (1? by substituting the relevant
values of P, A’P and d for oxygen. _ o _ _

The quantity (Qs) of SOZ[ost from the wine by solution in the liner material
was calculated from the relation:

Qs = SA Id--l\-lg-ﬁ opm (wiw) 2)
where S - the solubility of S02in the liner material and / is the liner thickness.

Results and discussion
Loss 0fS02

The permeation of gases and vapours through pol¥mer_fi|ms occurs by a
‘solution-diffusion’” mechanism under the influence of a difference in partial
pressure of the penetrant across the film. So far as loss of S02 from inside a
Package is concerned, therefore, two processes have to be considered; the net
1E_rlansport't ovler a specified time Interval and the amount of S02dissolved in the
ilm material.

Solution of egn ((jli reguires an estimate of P and Ap\A, t and Whave been
specified for the model and the known value ofd for S02is 293 X 103g X cm“3
PVDC s the main barrier layer in laminated and coextruded films used for
wine-cask liners. Davis, Rooney & Larkins (1975)h_have reported the perme-
ability to S02 of two PVDC-Coated films. The highest value observed was
F3>'8 X10“2ml (STP) Xm*2Xhr“LXkPa“Lat 25°C, thus providing an estimate of

Unpublished work by the author has shown that at 25°C there is a relation
between the free SOZ content of dried apricots and the concentration of
volatile SO02 which accumulates in the atmosphere surrounding the fruit, At a
free S02 level of 50ppm, the corresponding partial ?ressure_of 502 is
2.3 X10“3kPa. No data were found in the literature on the relation between
volatile and free S02for wing, so the value of 2.3 X 10“3kPa was used for Ap.

Substitution of the above data in egn (1) gives avalue of 3.1 X 10°2ppm for
the loss of S02 by permeation from the model wine pack over a period of 90

days.

Yr_he solution ofegn 2) for Qs requires an estimate of S for the liner material.
Davis & Rooney (1971) measured t esolub|I|t¥ of S02in films of polyamide
and polyethylene at partial pressures of 3.3 kPa and above. Extrapolation of
these data to a partial pressure of 2.3 X 10“3kPa yields S values of 2.1 X 103 ml
(STP) Xem“3 and 3.3 X 10“9ml (STP) Xem*3 for polyamide and polyethylene
respectively. Substitution of these values and the known values for /in edn (2}
for each type of polymer in the laminated material gives a total loss of S020
5.4X 10“3ppm from the model pack.
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These calculations show, therefore, that the expected loss of S02 from the
model wine pack after a storage period of 90 days is only 3.6 X 10?2ppm.
Although several assumptions were made in deriving some of the data used in
the calculations and the effect of the valve fitted to the cask liner was ignored,
the calculated loss is too low to suggest that loss of S02 by permeation is
resBonsmIe for the deterioration of wine packaged in cask liners which rely on
PVDC as the barrier layer.

Uptake ofoxygen

_Another way that S02 may be lost is by reaction with oxygen entering the
wine by permeation through' both the liner material and the valve assembly.
Oxygen permeability values of 2,05 X 10~3ml (STP) XnT2Xhr'1XkPa'l and
2.68 X 10°3ml (STP)me'Zth'lePa'lwere measured on the liner materials
tt)_aseid on Saranex 14/Saranex 14/EVA and Nylon/PVDClpolyethylene respec-
ively.

TKe oxklgen permeability values observed on three types of valves before and
after treatment with polydimethyl siloxane (DMS?1 are shown in Table 1 The
differences between valves beforé treatment were highly sqmﬁcant, and treat-
ment with DMS reduced significantly the oxygen permeability of each type of
valve. After treatment with DMS, the oxygen permeabilities of the type A and
%pe tB val\:/es were similar, and both types were significantly less permeable

an type C.

Theyplarge variations found between untreated valves of the same type
support the view that the transmission of oxygen occurs by two mechanisms;
‘true’ permeation through the valve material and diffusion” through |mFerfec-
tions in the sealing surfaces. The only sample variables which could affect trug’
permeation are variations in the aréa and thickness of the valve material but,
since the valve components are moulded, it is unlikely that these dimensions
would differ sufflmentI% to_account for the large valve-to-valve differences
observed. In contrast, the dimensions of small passages or pores between the
seal surfaces could vary widely and produce relatively large differences in the

Table 1. Oxygen permeability at 25°C and 75%r.h. of wine-cask valves before
and after treatment with DMS

Oxygen permeability X 104mI(STP) Xhr 1XkPa 1

Untreated Treated with DMS
Valve
type Mean 5.8 Mean S.e.
A 105 126.7 3.28 £0.034
B 9.85 $2.98 3.24 £0.065
C 6.54 £0.450 5.52 £0.088

16
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amounts of oxygen transmitted b(Y diffusion. Thus, by the amolication of DMS,
seal imperfections were filled and oxygen transmission could then occur only
by permeation through both the valve material and the thin layer of DMS,

In use, the inside Surfaces of valves are in contact with wire, and an;gjr_nper-
fections In the sealing surfaces are filled with wine. The oxygen permeability of
DMS is 1.19 X 104ml (STP) lem Xnf2 Xhr1XkPal (Sweetm? 1971) whichis
similar to that of water as calculated from data on the solubility and diffusion
of oxygen in water. The test procedure using DMS, therefore, should simulate
end-use conditions, and avoid misleading results which may be observed on
valves tested without modification. _ _

To calculate the oxygen uptake by the model wine pack, eqn (1) requires
modification to take into account the amounts of oxygen permeating through
both liner and valve. The modified equation becomes

Q= (PA+PAtApd—1Vf-ﬁppm(w/w) 3)

where Px=the permeability of the valve. Using values of 21.2kPa and
143 X 10~3gXcem*3 for Ap “and d respectively for oxygen, and permeability
values reported for the type B valves treated with DMS and a liner made from a
laminate of polyamide/PVDClpolyethylene, solution of egn (3) yields a total
oxw_en uEtake of 14.5 ppm over astorage period of 90 days. _
ith the above combination of liner and valve, the valve itself contributes
33% of the oxygen uptake of 145ppm over 90 days. Similar calculations
athed to a combination of valve C and tn,ple-{)ly linér show that an oxygen
uptake of 15.6 ppm could be expected of which the valve contributes 52%.”
~ The above calculation is based on the assumption that all oxygen permeating
into_the pack is consumed by reactions with wine constituents so that the
partial {)_ressure of oxz(gen in the wine remains near zero. In support of this
assumption, Rankine & Pocock (1969) reported that if wine is saturated with
air at 20°C, all the dissolved oxygen is consumed within 14 days. Based on an
oxbyPen content of 8.5 ppm, thIS represents an average consumption rate of
0.6Ippm/day which is higher than the rate of uptake of 0.17ppm/day
calculated for the model. _ o
Rankine & Pocock (1969) state that _oxg/ge_n is capable of combining with
free S02in wine in the ratio 1:4. On this basis, an oxygen uptake of T5 ppm
would account for an S02loss of 60 ppm. However, because of the equilibrium
which exists between free and combined S02, this amount would represent the
loss of total S02; the decrease in the level of free S02in the wine would be less.
These observations, suggest, therefore, that loss in quality experienced during
retail marketing of wine in wine casks is due to the entry of oxygen by permea-
tion through both the liner and the valve. With liner and valve materials in
current use, the rate of entry of oxygen at 25°Cmay be ashighas0.17ppm/day.
Storage of packaged wine at temperatures below 25°C should reduce the rate
of oxygen uptake but improved valve designs and the use of liner and valve
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materials having oxygen permeabilities lower than those examined in the
present studies would provide better solutions to the problem.
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Technical note: Cellulase and exo-amylase in experimental
soy sauce fermentations

S. K. GOEL* and B. J. B. WOODf

Introduction

Previous reports have dealt with the production of a number of enzymes, in-
cluding sucrase, endo-amylase (a-amylase), proteinase, lipase and tyrosinase
during the growth of Aspergillus oryzae in the Koji mould_growth{stage of
soy sauce production, and with their survival into the Moromi (brine fermenta-
tion) sta?e (Yong & Wood 1975, 1976, \911a,b). The history, technology,
microbio o% and biochemistry of soy sauce have been reviewed by Yong &
Wood (19 2 and the relationships of the soy sauce fermentation to other
food fermentations have been discussed by Wood & Yong (1974), Wood et al.
(1975) and Wood (1977). o
~ The present report deals with the parUmBatlon of cellulase and exo-amylase
in soy sauce fermentation. Production of both of these types of enzyme by
members of the genus Asgergnlus including A. oryzae has been Ion%_ been
known, but, so far as we have been able to ‘ascertain, no evidence rela mg to
the participation of cellulase in the soy sauce fermentation has been published.
The disintegration of the initially intact beans during the Moromi fermentation
suggested to us that considerable degradation of the cell walls must be taking
place, and this would suggest cellulase involvement. In the case of exo-amylase,
many writers on the soy sauce fermentation infer that this type of activity
Fartwlpates In the extracellular _hydrol;rses effected by the mould, and the
evels of reducing sugar present in” the latter stagies of the Koji fermentation
(Yong & Wood 1977a), can O”V be explained at all readily through the }PQFUCI-
pation of exo-amylase. Morita et al. (1966) describe its présence in rice Koji.

In the course ‘of the work which forms the basis of the present report, we
were primarily concerned with technological aspects of the fermentation, and

*Present address: Department of Microbiology, Institute of Science, Kile Ark,
Aurangabad, 43-001, Maharashtra, India.

f To whom all correspondence re?arding this paper should be addressed.

Authors’ address: Department of Applied Microbiology, University of Strathclyde, Royal
College Building, George Street, Glasgow G1 1XW.
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thus we were not concerned to differentiate the tyRes of cellulose hydrolysis
which were taking place, but preferred to employ ‘the production of reducm%
power as a measure of overall cellulose degradation. Similarly we did no
differentiate between amyloglucosidase and™ (3-amylase activities, but again
reported the total activity in terms of reducing power, ameasurement which will
also incorporate the production of reducing end-groups through a-amylase
activity. To avoid ambiguity we have therefore called the two types of amylase
activity exo- and endo-amylase respectively.

Methods

Microbiological methods, the production of Koji and Moromi, and sampling
procedures emgloyed in this study were all as detailed in previous reports (Yong
& Wood, 1976, 1977a, b). The only mould used here was A. oryzae strain
NRRL 1989. Moromi was prepared by correcting a mixture of Koji and bring
to pH45 with D-L-lactic acid, then” inoculating with Saccharomyces rouxii
strain NRRL Y-1096 (Yong & Wood, 1976). _
_ Exo-amylase assay was based on the method of Morita et al. (1966), employ-
ing Sumner’s method (Sumner, 1925) for measuring reducing sugars, as described
by Yoshino & Takano (1954) for analysis of soy”sauce. Enzyme extracts were
made by suspending samples in a pH 5.0 buffer containing sodium acetate and
acetic acid, which was 0.1 » with respect to total acetate. Solid material was
removed by centrifugation at 10000r.p.m. for 30min on an MSE 18 centnfu%e
operating at a bowl temperature of 5°C. The clear supernatant was decanted,
and the residue reextracted as before; the combined extracts were made to
known volume and further diluted as necessary with the buffer solution. The
substrate for the assay was a 1% solution of Soluble starch in 0.01 n acetate
buffer, pH5.0. Starch’solution (10.5 ml) and enzyme extract JO.S mlz which had
been preheated separately for 10min at 30°C; were mixed, and the mixture
incubated at 30°C for |Omin. The 1% 35 dinitrosalicylic acid reagent (pre-
pared according to Yoshino & Takano (19543 (l.OmRI was then added, mixed
and the tube immersed in boiling water for 5.0'min. Next the tube was cooled
under running water for Lmin, then distilled water (1_0.0m|8 was added, the
whole_mixed, and the absorbance measured at 540 nm in a 10 mm path _Ien?th
cell. The absortance was measured against a control prepared using distilled
water (0.5ml) in place of enzyme extract. Reducing sugars present in the
extract were determined separafely, and subtracted from the result obtained in
the assaY, thus giving the reducing sugar produced as a result of starch hydro-
lysis. All absorbance results were converfed to reducing sugar content using a
standard plot prepared with glucose. The enzyme unit was that amount of
enzyme which_produced 1.0mg of reducing sugar calculated as glucose under
the ‘above conditions. _ _
Cellulase assay was by a method based upon that of Gascoigne & Gascoigne
(1960). The substrate was a 1% solution of sodium carboxymethylcellulose in
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0.01 n acetate buffer, pH5.0. Preparation of crude enzyme extract and the
assay procedure were otherwise exactly as described for'exo-amylase, ex_ce_Et
that"an incubation temperature of 50°C was used. The unit of enzyme activity
was also derived in a similar manner, by estimation of reduc_mgz sugar.
In reporting enz¥me_levels in K_OH, results are expressed in terms of units per
%ram_dry weight 0 KOfI. Dry weight was determined according to the method
escribed by Jacobs (1951).” When assays were to be performed on Moromi
procedures employed In this study were all as detailed in‘previous reports (Yong
an aliguot of the supernatant fiquid taken by pipette, and this sample was
centrifuged to (il\/_e a clear liquid; assay results are expressed in terms of enzyme
units per ml of this supernatant fiquid.

Results and discussion

Plots of the concentration of the enzymes against time for both Koji and
Moromi are presented in Flgs 1 and 2. Exo-amylase levels in Koji increased
rather more rapidly than did endo-amrlase levels _(Yon? & Wood, 1977a)
after spore germination. There then followed a period of slowly rising exo-
amylase concentration between the thirtieth and fiftieth hours of fermen-
tation, and this in turn was succeeded by a steady decline in enzyme activity
during the remainder of the fermentation. The decrease in enzyme in the latter
half of the fermentation is in marked contrast to the behaviour reported for
endo-amylase, which showed afalrI}/ steady level during much of the fermenta-
tion, and a further increase towards the end of the fermentation.

60}~ ./o/ \
40 ) \

20

Exo- amylase activity (units/g dry wt)

| | | L ]
0 20 40 60 80 100

Time after inoculation (hr)

Figure 1. Cellulase (0) and exo-amylase (*) in soy sauce Koji.
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a0

Exo—amylase activity (units/ml)

S | 1
o] 20 30

Tive aftr ain of st ot (G
Figure 2. Cellulase (0) and exo-amylase (¢) in soy sauce Moromi.

In the Moromi stage, both enzymes were rather stable. During the first 2 or 3
days there was the usual pattern of fairly rapid increase in enzyme level in :he
brine, due (we believe) to solubilization of enzyme present in the mould myce-
lium and substrate, then a slower increase to a plateau level sustained for"the
rest of the month-long incubation. In the case of exo-amylase, this stability was
in marked contrast to the behaviour of the endo-amylade, which seemed to be
Ilessnskt)able than any other enzyme examined in the” Moromi (Yong & Wood,

In summary therefore we conclude that exo-amylase and cellulase can be
added to thelist of carbohydrate-hydrolysing enzymes present in soy sauce
fermentations conducted under the controlled conditions which are employed
in our work. It can be readily inferred that they will also participate in com-
mercial fermentations, The¥ have an important contribution to make in
releasing fermentable sugars for use by the mould and bY the flavour-producing
yeasts and bacteria which colonize the Moromi. Cellu ose-de%radm% enzymes
will also assist in increasing yields of solubilized carbohydrates and proteins
from the soy beans and wheat flour, by aiding the disintegration of cell walls,
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Technical note: the determination of meat and soya proteins
in meat products by peptide analysis

J. W LLEWELLYN*f, A. C. DEAN*, R. SAWYERf, F. J. BAILEY* and
C. H. S HITCHCOCK*

Introduction

To date, many different methods of analysis of soya _Protem in meat products
have been investigated. In general, they depend on differences in the physical
and chemmal_ProperUes of meat and Soya protein molecules, such as eléctro-
P_horetm mobility, molecular weight and immunochemical response. Denatura-
lon of the proteins by heating, either during cooking or production processes,
substantially alters théir physwal and chemical properties and consequently the
sensitivity and accuracy of methods depending on these properties is greatl
diminished. Thermal dénaturation rarely changes the amino acid sequence but,
more usually, causes agg_re ation of individual protein molecules into Iar?e
groups which are then difficult to dissolve, and hence are not amenable fo
many analytical techniques. These problems may be overcome by hydroysm of
theTprotems to pepticles or amino acids, which can be dissolved moré readily.

he hydrolysis of meat and estimation of liberated 3-methylhistidine and
Ne-methyllysine, which affords an index of the lean meat content of meat
products, has been described (Hibbert & Lawrie, 1972; Rangeley & Lawrie,
1976, 1977). Hydrolysis of products containing meat and Soya protein by
digestion with tr)(psm has also been. reported (Bailey, 1976). In this method
products were autoclaved for 3hr prior to digestion, thereby bringing them to
a ‘standard denatured condition’ and rendering the results independent of
manufacturers’ processing treatments. The enzymatic cleavage of the protein
chain yields a mixture of peptides, one of which_is derived specifically from
soya protein (SP-1). Separation of the peptide mixture on a cation exchange
reSin_column, "using an amino acid analyser, enables measurement of the SP-1
Peptlde and hence %anntat_lve determination of the so%/a rotein content of
he meat product. When this method was applied in the Laboratory of the
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Government Chemist, in collaboration with the Unilever Research Laboratories,
difficulty was observed in resolvm? the SP-1 peak from a preceding peak arising
from méat. It was found also that column pressure tended to increase rapujlY,
Possmly due to blocking by large peptides or und|?ested protein. To alleviate
hese problems Bailey’s procedure was modified by further fractionation of the
digests throu?h an Amicon UM2 ultrafiltration membrane with a molecular
weight cut off of 1000, A Eeak characteristic of soya protein was obtained
which had a retention time 5 min less than that of authentic SP-L (prepared in
the Unilever Iaboratones?. Chromato%raphy on a longer column and reduction
of the flow rate by half, resolved this geak into two components designated
SP-2A and SP-2B (see Fig. 1(a)). The SP-1 peptide does not appear to pass
through the membrane. ‘A peptide characteristic of meat (MP-1) was also
obtained (see Fig. 1(b)). This note reports a procedure in which measurement
of these peptides enables simultaneous quantitation of the meat and soya
protein contents of a mixed product.

Materials and methods

Meat and soya ‘product’ mixtures were prepared as follows: Lean beef (defat-
ted by hand sorting) was minced and water, rusk, salt and polyphosphate added
to form a meat mix (mtro%en level, 2.7_8%).,A Unilever soya protein isolate
gmtrogen level 13.4%) was then blended in various proportions with this mix to
orm “products’ containing 0, 2, 4, 8, 16, 24 and 32 g soya protein dper_ 1009
total protein, and these were heat set in a steam oven at 100°C for 30 min. On
cooling, the _Products’ were cubed, frozen, freeze dried and finally powdered in
a Hobart mill. The total protein contents of the dried powders were subse-
9u%nt_ly determined (N X6.25). Nitrogen levels were determined by the Kjeldahl
echnique.

Pro%uct powder (1 gL Was susgended in 5ml trishydroxymethylmethylamine
(0.05m) and calcium cnloride (0.0086 m) buffer (pH 8.1); placed in a universal
bottle and autoclaved for 3hr at 120°C. On cooling, tris/calcium chloride
buffer (10ml) and Iml aqueous trypsin solution (crystalline beef pancreas
B.D.H.) (IOmg/ml) were added, Digestion was allowed to proceed at room
temperature overnight, after which it was stopped by the addition of glacial
acetic acid (2 ml). The suspension was centrlfu?ed at 4000rev/min (2700 q) for
15min and the supernatant retained. The pellet was suspended in 1% dcetic
acid (10m|f and recentrifuged for 15min. The combined supernatants were
diluted to 100ml by addition of pH5.50 sodium citrate buffer (0.067 m) and
the resultant solution passed throuqh an Amicon UM2 ultrafiltration membrane
at 42000 kg per m2(60 p.s.|.%. The ultrafiltrate was concentrated to dryness under
reduced pressure at 50—55°C and dissolved in water (5 ml) before filtering
through a 13mm diameter m|II|5pore filter (0.45 pm pore sue? In a SWlnneg
holder prior to use. Aliquots (0.5 ml) were placed at the top of an Aminex A
cation exchan?e resin_column (6 mmi.d. X455 mm) in a Technicon Auto
Analyser and eluted at 59° with pH 5.50 (0.067 m) citrate buffer at aflow rate of
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Figure 1. Amino acid analyser traces of trypsin dié;ests of (a) Unilever soya
protein isolate (b) meat mix (c) meat and soya ‘product’ containing 68% meat
protein and 32% soya protein.

0.39 ml/min. Peptides were detected colorimetrically at 570 nm by reaction with
ninhydrin. Samples of freeze dried and defatted lean beef, chicken, lamb, pork
and a laboratory prefared canned meat and baked pie which contained 70 and
59 g soya protein per 100 g total protein respectively were digested and analysed.

Results and discussion

_Fiqure 1 shows the aminoacid analyser traces of dlgests, of &a) soya protein
isolate, (b) meat mix standard and ﬁ) a ‘product’ containing 63% meat grotem
and 3% soya protein. Trace éa) shows the two peaks designated SP-2A and
SP-2B (retention time 160 an 185m|n2 characteristic of soya protein. Trace
(b) shows the major meat peak MP-1 (retention time 146.5 min) and two minor
Beptldes MP-1A and MP-IB (retention times 164 and 184 min respectively).

oth the MP-1 and SP-2B peaks are assymetric indicating that they are not
homogeneous. The trace of the mixed product (c) displays three peaks corre-
sponding to MP-1, SP-2A superimposed on MP-1A and SP-2B superimposed on
MP-1B. By comparison of the MP-1 peak from the soya/meat product with the
meat mix_standard it was possible to estimate the méat protein content of the
sample. Similarly comparison of SP-2A and SP-2B from the mixed product
with the soya isolate standard enabled an estimate of the soYa protein content
to be made. The true areas of the SP-2A and 2B peaks for the mixed product
were obtained b% subt_ractm% the contributing areas of the underlying MP-1A
and IB peaks. The ratio of the areas of MP-LA and MP-1B to MP-1do not vary
greatly, hence the areas of MP-1A and MP-1B in the sample are related to the
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areas of MP-1A and MP-1B from the standard by the ratio of the areas of the
MP-1 peaks from sample and standard respectively. Thus the true area of the
SP-2A peak from the mixed product sample is calculated:

~ True area SP-2A in sample = Measured area SP-2A in sample —(Area MP-1A
in standard XArea MP-1 in sample/Area MP-1 in standard)O and similarly for
SP-2B and MP-1B. _ _ _

A )olot of the results of analysis of meat protein content of the series of
meat/soya products a(zamst their actual meat protein contents was linear in the
range 60—100% meat protein and could be represented bg the equation
y - 0.87x +5 where y is the measured meat protein content (%total protein)
and x the actual meat protein, content (%total protein). _

The MP-1 peak decreased in size slightly on storing the ultrafiltrates of the
dl(t;_ests at —10° C for a period of 4 weeks or longer. Similar calculations for the
estimation of soya protein contents, were correct to within £15% of the theo-
retical %ocontent, _ _

The meat and soya Brotem contents of the_ laboratory Brepared e were
found to be 60 and 40% respectively (theoretical values 59 and 41% respec-
tively) and analysis of the laboratory”prepared canned meat afforded values of
4% (meat) and"26% (Soya) (theoretical values 70 and 30% resgectlvely)_. These
were trial experiments, however, and the results mag/ be somewhat fortuitous.

Samples of freeze dried chicken, lamb, pork and beef gave R/Fe?nde pattern
almost Identical to that of the meat mix standard (Fig. 180)); P-1, 1Aand IB
were all Present in approximately the same ratio. If MP-1'is derived from the
myofibrillar proteins actin or myosin, the method could be applied as an indi-
cator of lean meat content. _ _

These initial results indicate the potential of the technique as a method for
the simultaneous estimation of the meat and soya dprotem of mixed products
and provide a basis for further development. Other ingredients of meat
products, such as heart, kidney, liver, milk and egg powder and various offals
are also being examined by ‘the technique to ascertain whether they give
Peptlde peaks which nught interfere with MP-1 or SP-2A and 2B, It is ﬁroposed
0 examine the tryptic %gests of pure actin and myosin to establish whether or
not the MP-1 peak arises from one of them.
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Book reviews

Laborato(r:y Methods in Food and Dairy Microbiology. By W. F. Harrigan and
M. E. McCance. 3
London: Academic Press, 1976. Pp. xii + 452, £9.20.

This is a revised and updated edition of a well established text. The book is
written in three parts dealing with basic methods, with techniques of applied
microbiology and describing Schemes for the identification of mmroor;;amsms.
There are appendices containing recipes for stains, reagents and media, fables of
most probable numbers, a list of manufacturers and suppliers and, finally a
selected bibliography. _ o

The clear descriptions of methods have been written for operatives with no
?rewous experience of m|crob|olo?|cal techniques and nothing has been taken
or granted. This approach to practical microbiology makes this book especiall
valuable for be%mners, although it should also serve as a laboratory handboo
for those who have been engg\ged in microbiology for some time. Of necessity
the depth of apEroach has been limited by the size of the book, and those
seeking further knowledge on a particular ‘subject are referred to the biblio-
graphy. Safety precautions are listed at the start of the book..
~ Thé book “contains a few minor errors. The chemicals listed as hazardous
in the table of Appendix 1 do not include all those to be found in the recipes
coded with (H). On the whole, however, as a handbook of practical micro-
biology for food microbiologists this edition of Laboratory Methods in Micro-
biology should prove to be avaluable source of information.

H. Dallyn

Meat Technology. By F. Gerrard. .
London: Northwood Publications Ltd, 1977. Pp. xii +402. £7.95.

This book was first publlshed dSdPractical Texthook for Students and Butchers
in 1945; the present volume is the fifth edition. The author is perhaps the
randest of the ‘grand old men’ of the U.K. meat industry and the book is
Dased upon a lifetime of experience centred on the small firm and the personal
involvement of the mana%er with every aspect of meat from farm to customer.
Thus it contains a wealth of information covering many areas but very few
points are dealt with in any degree of detail. Better use should have been’ made
of the new edition to eliminate many descriptions of out of date techniques,
e.g. roping at stunning which was (as stated) made illegal in 1963, and by
including newer developments in muscle seaming, hot bonln?, ﬁre-packmg and
in methods of overcoming cold shortening. The structure of the book is con-
fusing and chapter and section headings are often misleading; under ‘Tempera-
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ture Control’ one finds an account of bacterial spoilage; under ‘British Breeds’
the Charollais, Blonde D’Aquitaine and Limousing rub shoulders with the
Simental and Chianina, the relationship between ?r_oss sales and profit in a
retail business appears in the chapter on ‘Beef Cutting’ and the index is un-
fortunately far from adequate to compensate. _

This hook is not_intended for the food technologists and would prove of
very limited value since it makes no attempt to present the scientific pnnu]gle_s
un_erlym% production, preservation and marketing of meat as a food. This
major Sector of the food industry is now in turbulent development as the craft
industry is confronted by the pressures of supplying urban P_opulanqn concen-
trations and to_da}/_’s life-styles which demand increasing efficiency in produc-
tion and distribution to meet cqmFetmon from an ever growing ran%e of
convenience foods. The t_echnologma response to this challenge must be based
upon the scientific principles underlying the transformation of animal muscle
into meat and students, while needing the introduction to the craft element
amply provided in this book, must also seek out and study the theoretical basis
underlying practice.

D. N.Rhodes

Books received

Clinical Nutrition. A Phys_iolo%ical Approach. Bg M. H. Overton and B. Lukert.
%hl(l:(ago: Year Book Medical Publishers Inc., 1977. Pp. xi+ 171. £8.75, Paper-
ack.

This ook is aimed principally at medical students and clinicians. It attempts to
bring together information on nutritional aspects of disease and treatments.

Eve thinE You Should Know About Food. By C. Loewenfeld.
London: Faber & Faber, 1978. Pp. 288. £3.75, Paperback.

The hook is written_ for the non-professional public with an emphasis on home
produced and organically grown foods.

Wlorld Review of Nutrition and Dietetics, Vol. 29. Toxicology and Nutrition.
Ed. by C. H. Bourne,
Basel: S. Karger, 1978. Pp. x + 190. US$53,

A collection of papers on toxicological aspects of nutrition. Amongst the sub-
Jects discussed are the following: natural foxic substances in food, metabolism
for drugs and other foreign components by intestinal microorganisms, the
effects of nutrition and énzyme induction” in toxlqolog¥, drug, toxin and
nutrient interaction, and dietary effects on the toxicity ot food and environ-
mental contaminants,
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University of Bristol
M.Sc.inMeatScience

The School of Veterinary Science, in conjunction with the Agricultural
Research Council Meat Research Institute, is offering a full-time course of
one calendar year leading to an examination for the degree of M.Sc. (Meat
Science). The course will begin on 5 October 1978, and will be based at
Langford, about fourteen miles south of Bristol. Candidates must have either
an honours degree in the biological sciences or a veterinary degree. The course
is designed to provide a systematic programme of study at an advanced level
in meat science and technology. Studentships may be available for suitable
U.K. applicants. Further details from Dean of Science, Senate House, Bristol.
BS81TH.
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Tables. There should be as few tables as possible
and these should include only esential data; the
data should not be crowded together. The main
beading should be in capitals with an Arabic
number, e.g. TABLE 2. Each table must have a
caption in amail letters. Vertical lines should not
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