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Aqueous extraction of black leaf tea.
[11. Experiments with a stirred column*

V. D. LONG

Summary

AStirred batch aqueous extractions of black tea at 5:1 water-to-tea mass ratios

\showed stirring reduced yield of solubles in extract and that tea solubles may be
grouped into three classes: effectively instantaneously soluble rap|dl¥_soluble
and slowly soluble, apparently following independent first-order solution pro-
cesses. Rate equations are given for dissolution of soluble tea solids from leaf at
60, 80 and 100°C and their application to continuous extraction discussed.

[Introduction

During the development of extraction [7)rocesses for instant tea manufacture,
work with a column extractor (Long, 19 82 suggested that increasing the degree
of convective m|xm% in a column reduced the final extract concentration, and it
was predicted that the lowest possible extent of extraction should occur with
vigorous stirring. The present experiments were carried out to test this
hypothesis, and to mvestl%ate_ or stirred batch extractions the time-
dependence of extract concentration, liquid uptake by leaf and yield of solubles
in free extract to establish overall rate equations for stirred dissolution.

M aterials and methods

The leaf extracted was a large-leaf orthodox tea taken from the batch previ-
ously used. The extraction apparatus, a steam-jacketed ?Iass cylinder, about 80
mm internal diameter, with a conical bottom, differed stightly from the former

*This work was carried out at: Brooke Bond Liebig Research and Development Division,
Blounts Court, Sonning Common, Reading, RG4 INZ. o o

Author’s address: Department of Chemical and Biochemical Engineering, University College
London, Torrington Place, London WCIE T7JE.
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model in having an aluminium bed support ﬁ)emally constructed to expedite
dramagze of extract while reducing the ‘dead space’ available to seepage, a
separately-jacketed detachable conical ho:tom to facilitate discharge of spent
leaf and a Slotted lid to allow top-insertion of coaxial stirrers.

The bed support was a 60° frustum, 60 mm diameter at the broad end
tapering to 12 mm diameter at the narrow end, having eight equaI’I\Y_-spaced,
square channels 3 mm wide milled alongthe5|dei‘romto tobottom. Nine holes
3 'mm diameter were drilled perpendicularly through the base of the frustum,
one along the axis and the remaining eight at a radius of 12 mm from the axis,
equally spaced to connect with the channels.

Two stirrers were used: for deep beds, a helical stirrer 64 mm overall
diameter comprising two aluminium st_rllos 12 mm wide and 530 mm long
twisted to produce a double helix of axial length 460 mm and pitch 300 mm
attached to a tubular shaft 10 mm o.d. by seven equally-spaced cross-pieces,
and for shallow beds, a six-bladed disc turbine of standard proportions gHoI-
land & Chapman, 1966) 50 mm diameter. Both were driven at speeds of 2-3 t
rev/sec by a4 hp series-wound electric motor. Despite the appreciable power
of the stirrer motor, the stiffness of the leaf-water mixture restricted extractions
to water-to-tea ratios of 5:1. Even so the helical stirrer required manual helﬁ
to start and could not e_ffectwelg/ handle more than 200 g tea. Extractions wit
the turbine were restricted to 50 g tea. o

‘The extraction technique followed with stirring was similar to that employed
with the static column. After raising the temperature of the column by passing
steam or water from a constant temperature supply through the outer {acket, a
weighed amount of leaf was introduced with the stirrer at rest. Next water at the
chosen_extraction temperature was added in ong sta(t;,e for unconditioned
extraction or two stages for conditioned extraction. The stirrer was started after
complete addition of all water and switched off |mmed|atel%before discharge of
extract. The nominal extraction time was taken as the time between completion
of the first or only water addition (as appropriate) and the opening of the
discharge valve. For estimating rates of solution acorrected extraction fime was
calculated by adding to the nominal time the average time of addition of water
and the average time of drainage of extract, Since the total time of addition was
a few seconds only, it was considered sufficiently accurate to take the averagze as
half the total timé but because drainage was lerigthy, the average drainage time
was found by numerical integration of the volume-time record of discharge.
Typically, the average drainage time was between 0.5 and 2.5 min, the longer
times tending to be associated with longer extraction times, possibly because
the time-dependent swelling of leaf gave less vmdai;e under these conditions.

Using the helical stirrer in"200 g batches of tea at 100°C, four runs were made
at each of five nominal extraction times: 1,2,5,10 and 20 min, Where the latter
Was Igreater than 3 min, half the runs were made with conditioned leaf. This
involved twp-_st_a(]le addition of water, inwhich 40% of the total extraction water
was added initia I){] and the remainder added 3 min later. Using the turbine
stirrer in 50 g batches of tea, single runs were made with unconditioned leaf at
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both 80 and 60°C for eight nominal extraction times: 0.25, 0.5, 1, 2, 5, 10, 15
and 20 min. For comparison and to extend the range of investigation a number
of unstirred extractions was also undertaken. These involved: two runs with
conditioned leaf and two runs with unconditioned leaf at 100°C for nominal
time 10 min at each of four levels of leaf content, 100, 200, 300 and 400 g, two
runs with 100 %Ieaf at 100°C for each of three nominal-plus-addition times of
0.25, 0.5 and 1 min, and controls for all turbine-stirred extractions,

Measurements made were volume of extract at room temperature (13°C) and
total solids content of extract determined gravimetrically in duplicate by vac-
uum evaporation of 10 ml aliquots. Because of comminution of leaf by atfrition
in turbine-stirred extractions, extracts from these were centrifuged at the
extraction temperature hefore determining total solids content; similar cen-
trifugation of extracts from unstirred extractions was found to make negligible
difference to the total solids content.

Results

All results presented relate to awater-to-tea mass ratio of 5:1 with the tea in its
as-received state contam_mg[ 6 mass % of moisture. The specific net liquid
uptake reBorted below is the difference per unit mass of as-received tea
extracted between the volume of water added to the tea and the volume of
extract separated by gravity drainage. 3 o

A\_/era(ie results for extract concentration and specific net liquid uptake for
nominal ten-minute extractions at 100°C with various amounts of conditioned
and unconditioned leaf with and without st|rr|n? are given inFig. 1and Table 1
respectively. In the former, concentration is plotted against the mass of tea used
in_unstirred extraction with_the values for stirred extraction of 200 ¢ tea
arbitrarily shown for comparison at zero mass. The points relating to unstirred

Table 1. A comparison of specific net liquid uptake under stirred and unstirred conditions at
100°C for a nominal ten-minute extraction

Specific net liquid uptake (ml/g)

Mass of leaf .

extracted Conditioned leaf Unconditioned leaf

(0 Average Standard Average Standard
deviation deviation

200 (S 2.87 0.08 3.15 0.05

100 2.51 0.24 2.66 0.18

200 (U 2.12 0.09 2.58 0.09

300 (U 2.71 0.04 2.53 0.07

400 (U 2.75 0.24 2.69 0.19

S = stirred U = unstirred
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Extract concentration (mass %)

100 200 300 400

Mass of tea used in unstirred extraction (g)

Figure 1. Comparison of extract concentrations obtained in stirred and unstirred
extractions at 100°C using a 5:1 water-to-tea mass ratio with a nominal extraction
time of 10 min. «, stirred extraction of 200 g conditioned leaf; O, stirred extraction
0f 200 g unconditioned leaf; 1 , unstirred extraction of conditioned leaf; A, unstirred
extraction of unconditioned leaf.

Concentration (mass %)

l I|O I . 210 I JZ>O
Corrected extractor time (mm)

Fi%ure 2. Extract concentration as a function of average contact time at 100°C using a
5:1 water-to-tea mass ratio. Symbols as Fig. 1 but with unstirred extraction relating

to 100 g leaf; 1,2 and 3 relate to the number of soluble components modelled by the
curves shown.
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extraction have an average standard error of 0.25 mass %and are connected by
straight lines merely to illustrate the separate trends for conditioned and
unconditioned leaf. The broken harizontal lines reﬁresent possible avera%e
values for upper and lower limits of performance. The standard error for the
stirred extractions was 0.03 mass %. - o _

Values of extract concentrations and specific net liquid uptake for stirred
extractions at 100°C averaged for each nominal extraction time and condition
of leaf are plotted as a function of corrected extraction time in Figs. 2 and 3. The
lines drawn on the concentration gsraph relate to three mathematical models to
be discussed later. Figs. 2 and 3 also contain points relating to unstirred
extractions of short duration at 100°C. These had nominal extraction times not
exceeding 1 min for which it was impracticable to run the helical stirrer and
employed 100 g leaf to approach nearer to stirred conditions EFlg._l).

xtract concentrations measured for stirred and unstirred extractions at 80

and 60°C are shown as a function of corrected extraction time in Fig. 4 and
corresponding results for specific net liquid uptake are shown in Fig. 5. In both
f|gu5ets_ the ][elsulfts have been averaged for each nominal extraction time and
condition of leaf.

Discussion

The extract concentrations in Fig. 1 obtained with 200 and 400 g of leaf agree
within statistical error with values reported in part I (Lonz([; 1978% In acompar-
able column viz: with 200 g leaf, 6.8 and 8.5 mass %, with 400 g leaf, 9.1 and 9.4
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Figure 3. Net liquid uptake of leaf as a function of average contact time at 100°C
using a 5:1 water-to-tea mass ratio. Symbols as Fig. 2.
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] | | | I
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Corrected extraction time (min)

Figure 4. Extract concentration as a function of average contact time at 80°C and
60°C using 5:1 water-to-tea mass ratio. ¢, stirred extraction 80°C; 1 , unstirred
extraction 80°C; O, stirred extraction 60°C; A, unstirred extraction 60°C.

| | | | J
¢} 5 10 15 20 25

Corrected extraction time (min)

Figure 5. Net liquid uptake of leaf as a function of average contact time at 80°C and
60°C using a 5:1 water-to-tea mass ratio. Symools as Fig. 4.
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mass % for the unconditioned and conditioned states respectively. Taken in
conjunction with the latter results Fig. 1 shows:

(i) for comparable extractions conditioned leaf always %ave h|Pher aver-
age concentrations than unconditioned leaf, although statistically this
_appears to be fortuitous where the points are close,
(if) the difference between conditioned and unconditioned leaf was most
. marked for unstirred extractions using the middle range of leaf mass,
(iii) stirred extraction gave average concentrations lower than any for the
~unstirred extractions, _ _ _
(iv) the graph of extract concentration plotted against mass of tea used in
unstirred extraction appears to be approximately S-shaped, the curves
for conditioned and unconditioned leaf differing in the middle portion,
but more or less coinciding at the extremities, _
(v) the presence of nearly coincident extremities suggests the existence of
upper and lower limits to extractor performance, the lower limit cor-
responding approximately to stirred extraction.

The above observations agree com[)letely with the starting hypothesis that the
greater the degree of mixing in the extractor, the lower the final extract
concentration. The effect of conditioning is to reduce bed voidage and conven-
tional mixing of extract in the present apParatus when it is used below full
capacity without stirring. It may also be noted from Fig. 1 for future reference
that concentrations obtained with 100 g of unstirred tea differ from the stirred
values by less than 10%. o _
Results for net liquid uptake given in Table 1 show the average for stirred
extractions was 3.01 ml/g compared with 2.64 ml/g for unstirred extractions.
Since the overall standard deviations of both grougs were identical at 0.17 mlfg,
this difference is statistically highly significant, showing, greater absorption of
extract during stirred extractions probably because of increased freedom for
leaf expansion. There is also a su%gesnon that conditioned leaf retained more
extract than unconditioned leaf. This could be a genuine difference, particularly
in unstirred extraction, where reduced voidage arising from internal compres-
sion of the bed during cond|t|o_n|n([1 could give poorer drainage, but the effect
remains unﬁroven at present. Finally, it may be pointed out that the average net

water uEta e found for unstirred extractions agreed fairly well with the value
270 m Ig reported Erewously (Longl, 1978). 1t will be obvious from the size of
the net [liquid upta

_ ake that over half the cPotenha_lly extractable solids was
retained by the residue, indicating the need for residue washing stages in any
commercial Proce_ss. o o

Because of difficulty in getting the helical stirrer to start and the cumbersome
nature of the exBenmentaI procedure it was not possible to carry out stirred
extractions of 200 g tea for times less than 1 min. Results for stirred extractions
of 200 % tea at 100°C presented in F|Oqs. 2 and 3 are therefore supplemented b
results Tor unstirred extraction of 100 g unconditioned leaf having extraction
times down to 0.26 min. From the comparative work above the results so



456 V.D. Long

obtained should approximate those of stirred extraction fairly well, slightly
overestimating extract concentration and shﬁhtly underestimating net |I(i_UId
uptake. With regard to concentration the results for both methods of extraction
lay on or about a single continuous curve so for convenience they were treated
as a single set and tested for conformity to a multicomponent first-order
dissolution law of the form:

el =) xI G - 0) (1)

where ¢ is the total concentration of tea solubles in solution, tis time, ¢, and c,,
are the instantaneous and equilibrium concentrations respectively of the yth
component, kfi is its rate constant and n is the number of components considered
in the model. The above equation is essentially a multicomponent differential
rearranged form of eqn 2L in Part I, Preferred concentrations for use in such
exPressmns are the theoretically _3|gin|f|can.t mass/volume rather than the practi-
cally determined mass % (their interrelation has been considered in Part 11).
Three models relating to one, two and three soluble components, fitted by
minimizing variance of the scatter in concentration hefore averaging, are
depicted in Fig. 2 and detailed in Table 2. The simplest model is a straightfor-
ward application of the first-order solution equation. This assumes all soluble
tea solids behave in the same waY, and gives only moderate accuracy but is
sufficiently close to be useful in preliminary studies of extraction systems where
simplicity of manipulation may be advantageous. The two component model
porresponds to the addition to’the first model of a component which dissolves
Instan aneously. To retain a formal relation with egn (L) this model may be
considered as two_first-order processes one of which has an infinite rate con-
stant. Agreement is markedly improved in the early stages b?/_ inclusion of such a
component but to be complete over the whole range investigated requires the
further addition of a slowly soluble component which over the time span of

Eplez Moels describing the rates of solution of tea leaf inwater at a water-to-leaf mass ratio of

'c\lol#rqn%er 8[5 Equation for §n§%?ﬁtrit iﬁg%: @/l%og m E{E{aﬂgaﬁdrdewa“o”

In n%dgf to L\ concentration (51§Ca °C 100°C ‘Jg %C 100°C
One ¢ = Coo(l-exp(~kt)) o 11 6. 029 032 047
Two e =6 +o2l-0pl) 0 014 016 033
Three ¢ =C, + Q| —exp(—k2) ¢, 00 01 0%

‘2 106 0012 003



Aqueous extraction ofblack leaftea, Il 457

these experiments dissolved linearly with time and may be regarded as follow-
ing the early staqes of a first-order process. Thus as far as rates of solution are
concerned tea solids appear to fall into three groups: effectively instantaneously
soluble, rapidly soluble and slowly soluble. Inview of the heterogeneous nature
of tea solids each group must coritain a wide range of different compounds and
the distinction between glroups is largely one” of phgsu;al availability. For
instance the instantaneously soluble component must be immediately access-
ible to water, so itis quite possible that much of it was already on the outside of
the leaf as the dried residue of plant juices expressed during manufacture. From
its amount most, if not all, of the rapidly soluble component must have heen
extracted from inside the leaf where a complex structure of crushed and initially
desiccated cells retards hoth ﬁenetratlon of solvent and outward diffusion of
solute thereby slowm% down the overall mass transfer however fast the internal
solution process may De. Finally the slowly dissolving component may be either
higher molecular weight matter which diffuses more slowly through the leaf
matrix or a slowly formed product of hydrolysis; qualitatively it was observed
Eﬂat |tst|nctrease in concentration coincided with increasing foaming tendency of

e extract,

From Fig. 3 it will be seen that the specific net liquid uptake hehaves like
extract concentration in that most of the uptake occurs in the first few minutes
with a slow linear increase with time thereafter. Even a small instantaneous
contribution maY be expected from the f|I_I|nﬁ of any surface cavities capable of
retaining extract on dr_ama%e. One practica |nterest|n[c; distinction between
Figs. 2 and 3 however is that the initial rate o uBtake is slightly slovyer than the
rise in concentration giving a peak yield of solunles in solution after about two
minutes. Also the later stages of uptake proceed proportionately faster than the
corresponding dissolution™so that after about ten min the yield falls markedly
and in_twenty-five min is not much different from the instantaneous valué.
From Figs. 2 and 3 it will be seen there is no evidence of difference in behaviour
between conditioned and unconditioned leaf in stirred extraction of 200 ? leaf,
in striking contrast to the unstirred cases of Fl?' Land the previous publication.

The results in Figs, 4 and 5 relating to extractions of 50 ¢ leat at 80°C and
60°C are hroadly similar in form to those found for stirred extraction at 100°C,
but with decreaSing temperature extraction is naturally slower and smaller in
extent. The curves shown in F|g. 4 relate to the appropriate three-component
models detailed in Table 2 and clearly are a good description of the results.
Parameters for other less precise modgls fitted to the experimental points are
given in the same Table. This series of runs permits direct comparison of
Unstirred and stirred extraction. Apart from very short extraction times of less
than Lmin, stirring seems to have made negligible difference to extract concent-
ration but considerably increased net I|gU| uptake thereby greatly reducing
yield in free extract. The indifference of concentration to Stirring once again
underlines the raP_ldﬂy and ease of solution, of tea solids and the surprisin
degree of convective mixing of extract possible in shallow layers of tea lea
having height less than diameter.
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Finally brief consideration will be given to applying the present results for
batch extraction to continuous processes haynhg fgreater Industrial interest,
From the viewpoint of solution kinetics the main differences between batch and
continuous processing lie in the residence time distribution of elements of slurry
and the effects of recirculation on local extract concentrations, Both these
differences arise from the system flow characteristics which lie between two
simple theoretical extremes: plug flow of leaf and extract and perfect mmng. In
pIu% flow corresponding elements of extract and leaf remain t_o%_ethe_r and all
such elements have the same residence time giving a spatial variation in extract
concentration throuPh the extractor corresponding to the application of batch
kinetics over the elapsed time since entry. By Contrast in the steady state
operation ofa perfectly stirred extractor with continuous input and output there
ISno spatial variation in extract concentration and only the concentration within
the leaf changes through the extractor glvm% a ‘one-sided’ approach to equilib-
rium. Moreover the equal probability of outflow for all elements of slurry ?wes
a wide distribution of leaf residence’ times following a simple exponential law
which shows that the fraction of leaf insolubles having a residence time not less
than n times the average is exh)(—w). The effect of the residence time distribu-
tion and to a smaller extent the ‘one-sided’ concentration change is to retard
extraction relative to a batch process having the same average residence time.
Now since any practical continuous process will be somewhere between the
above extremes it follows that continuous extraction will proceed more slowly
than for a batch Iprocess having the average residence time. Qualitatively this is
because relatively unextracted particles having a h_|§ih solubles transfer rate are
allowed to escape while some overextracted particles are retained. Quantita-
tively it is shown in the A%Fendm that in most practical situations continuous
extraction in a single stirred tank followed by pipe flow to a separator will give
extract h_avm% a concentration about 90 + 5% of that found in a batch extrac-
tion having the same residence time.

Conclusions

(i) In batch extractions at 5:1 water-to-tea mass ratio, followed by gravity
drainage, stirring increased the liquid uptake of leaf |vm% less free extract and
in deep beds also reduced extract concentration, both factors adversely affect-
ing extraction yield in a single stage. _ _ _

(u% In stirred batch extractions of up to 20 min duration extract concentration
increased continuously with time but at a decreasm(tl rate giving an averaged
curve which could be exactly matched by a mathematical model of a system of
three soluble components each o_beym% afirst-order solution law, one extracted
m_stantaneousIY, one fairly readily”exiracted and one slowly extracted.

(iii) Apﬂlymg he above results to a theoretical s_tud%/ of continuous extraction
shows that a continuously operated stirred tank in the steady state gives lower
concentrations for a given residence time than with flow of tea-water slurry
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through a pipe or with a batch-operated stirred tank, the best performance in a
continuous stirred tank extractor occurring when the tank is merely a collecting
reservoir and initial mixer, with as much as possible of the extraction done in the
Plpelm_e to the separator, when the extract concentration will approach that
ound in a hatch extraction having the same residence time.
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Appendix
Continuous stirred extraction

~The time over which dissolution of tea solids can occur is clearly the residence
time of the insoluble solids from which the solubles are leached.

(1) Residence time distribution in aperfectly stirred tank. If the steadY flow of
insolubles throuPh_the system ism and the averaﬁe residence time tT, the mass
of insolubles held is mtr. Thus for equal Probab| ity of outflow, the fraction of
the total outflow originating from a small mass Am remaining at time t from a
small _at\dfdﬁlon Am0at arbitrary zero time, is An/mtr, and by conservation of
mass it follows;

—d(Am)fdt = Amitr )

Hence on separating the variables and integrating between limits
Am = Am0, Am fort =0, t

Am/Am0 = exp(—tAT) (3)

from eqns 2 and 3 the fraction/d/ of the total insolubles flow in the steady state
with a residence time between t and t+dt is then given by:

f- -d(Am/AmOId/ = (I/fr) exp(~tit) (4)
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(if) Rates ofextraction ofone component by first-order’ mass transfer. In a
perfectly stirred vessel in the steady state, the concentration of free extract {ce)
will be constant. Thus each element of leaf extracted will be uninfluenced by the
history of any other and will behave as thou?h it were in isolation with its
appropriate mass of extract. If the fall in concentration of tea extract held within
an element of leaf (cr) may be represented by:

-derfdl = K(cr - ce) (5)

it follows that the fractional completion of the possible mass transfer of that
element, conveniently designated the ‘extractedness’ (E), will be given by:

E —1 —exp(~Kt) (6)

where from egns (18} to (22) of part 1l the coefficient K is related to the rate
constant k of eqn (1) hy:

K =ki(A + 1) 7

where A is the ratio of volume of extract in leaf to volume of free extract.
The mean ‘extractedness’ for all elements of slurry leaving the vessel is the
weighted mean over all available residence times, viz:

E = §;/U-exp(-tfi)di/$o & (8)
Substituting for f from eqn (4) and integrating gives:
E = Kfl(Kir + 1) 9)

(ill) Extract concentration. Now if the mass of solubles in unit mass of tea
available for solution is S, then the mass of solubles extracted from unit mass of
tea is ES. This extracted solid is used for two purposes: first to provide free
extract in the output stream and secondly to replace extract adsorbed by freshly
added leaf. The total volume of extract produced in these two cases will equal
the volume of water (IT) added per unit mass of tea plus the volumeg of tea solids
extracted. Hence the outflowing extract concentration will be given by:

ce = ES/(W + ESIp) (10)

where pis the density of soluble tea solids. _

The above concentration may for convenience be expressed as a fraction of the
equilibrium concentration (C,,) for batch extraction viz: S/(W + S/p) when it
IS seen:

celc, = FE (11)
where F = (W/S + l/p)I(W/S + Elp) (12)

Clearly from eqn (12) the ‘extractedness’ factor F is never less than, nor
greatly exceeds, unity. Over the range of practical interest (Wytd, Sf- 0.4) it is
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less than 1.06 and the use of an average value 1.03 or even its total neglect
cannot incur much error. _ o _

(iv) Comparison with batch extraction. Now the concentration ratio predicted
by eqn (115) may be compared with that for batch extraction viz:

ceJex = 1- exp(~kt) (13)

and from eqns gg), (11) and (13% the ratio of concentrations of outflowing
extracts for continyous and batch well-stirred extractions having the same
average residence time (fr) is:

celce b = E/[(I - exp(-F)) (1 + 1IBP)] (14)
where P = ktTandB = J(A + 1) < 1

[twill be seen that B is the ratio of free extract to total extract. Inspection of eqn
(14) shows:

(1) apart from the trivial cases of infinite residence times for all extractions and
zero residence time at infinite dilution (i.e. B = 1), hatch stirred extraction
always gives higher concentrations than continuous stirred extraction,

2) for short residence times (i.e. asP —0) the concentration ratio tends to BF,
3) when there isat least as much extract inside leaf as outside (i.e. B * 0.5) the
BOI\ZNeSt value of the concentration ratio occurs at zero residence time and equals

(4) when there is more extract outside leaf than inside (i.e. B > 0.5) the
concentration ratio has a minimum value less than BF but %re,ater_than_o. 1 BF
and occurs atP lessthan 1.8 (numerical values af ropriate to infinite dilution).

Applying the results of the 5:1 extractions at 100°C reported earlier for which
the net’liquid uptake (Vn) was 3.0 ml/g and according to the one component
model Go= 6.32 ¢/100 ml'and k = 1.52 min-1, taking add|t|onaII.yP: 1.7 g/ml
and 5% moisture in leaf before extraction, gives results shown in the first two
columns of Table 3.

(v) Extension to athree componentmodel o fsolution. Extension oftheory to a
system of three soluble components of the kind given in Table 2 is quite simple
because instantaneously and linearly soluble components will behave identi-
cally in batch and continuous ﬂrocesses having the same average residence time.
Any difference between batch and continuous Erocesses arises solely from the
raptdly soluble component. Hence from egn 11 and Table 2 it follows for the
same Tesidence time:

edceb = (c,2FE + C)/[c,Al-exp(-fcFr)) + C] (15)
where C = ci + cakaT

Values of the concentration ratio calculated from eqn (15) using the Parameters
from Table 2 appropriate to extraction at 100°Care given in the final column of
Table 3. These show some improvement for short residence times, Iargelg{ due
to the effect of the instantaneous component but at longer times are relatively
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apte 3. COmparison of concentratjons calcylated for batch and continuous stirred extractions at
Ba AREclteq fr atchend

o:1 water-to-tea mass ratios and 1 owed by gravity drainage

Average residence . . .

Ime ! Concentration ratio, continuous/batch

min) One component Three components

:

unaffected. Although not shown up well by the results presented, the ratio for
the three-component model passes through a minimum between 1and 2 min
residence time, a%am attributable to the instantaneously soluble part. It will be
seen that under the least favourable conditions the concentration of extract
from a continuous process using a 5:1 water-to-tea mass ratio will be about
two-thirds of that from a batch process having the same residence time. |
(vi)  Application to actual processes. In practice a better performance will be

achieved than indicated above because no extractor is perfectly stirred and
more mportant!z the mixer is used in conjunction with a non-integral
separator, most likely a centrifuge. Under these conditions extraction continues
in‘the pipeline betwéen the extraction vessel and the separator and in the latter
some of the h|?h concentration extract held b¥ the leaf will be expressed. After
such treatment the net liquid uptake is typically reduced to around 2.0 ml/g so
about one third of the intra-leaf extract is made available to bridge the dise-
quilibrium gap between leaf and free extract. If it is assumed that the tea-water
s_Iurr% will spend about 1 minute in the pipework undergoing plu%_ﬂow extrac-
tion hefore separation in a centrifugal separator to the dryness indicated above
then it is unlikely that the concentration ratio for contintous to batch extrac-
tions of the same residence time will fall below 0.9.
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Effect of simple_processinc_‘ on the properties of protein
and polysaccharide from black gram

N. S. SUSHEELAMMA* and M. V. L. RAO

Summary

Autofermentation of_b_lackfgram (or dhal) flour for 20 hr was not deleterious to
either the surface activity ofthe proteins or the viscosity of the arabinogalactan
Eol}/sacchande. Dispersion offreshI)fI prepared black gram flour showed higher

atter volume than that of stored Tlour (12-16 months at 22-26°C%. In"the
extracted fractions during germination (in the dark for 7 daYs at 22-25°C),
surface activity and viscosity decreased continually, but the latter more rapidly
and to a ?reater extent after the first day. Similar effects were noted after heat
treatment (100/155°C).

Introduction

The commonly employed simple processing steps such as fermentation, germi-
nation and heat treatment as applied to legumes are known to improve their
nutritional value and digestibility. They also improve the taste ana flavour of
the finished products. In this respect fermented soy bean and wheat products
have been studied extensively but other products have received little attention.
|dli, a steamed pudding, isa popular Indian breakfast food made out of finely
%round black gram and coarsely ground rice semolina batter after fermentation,
he nutritional (Ananthachar & Desikachar, 1962; Steinkraus, Van Veen &
Thiebau, 1967; Van Veen & Steinkraus, 1970) and fermentative ESDe5|kachar
etal., 1960; Radhakrischnamurty etal,, 1961; Mukherjee etal., 1965) aspects
of id[i have been studied. Subsequent mveshgatmns carried out in our laborat-
09/ (Kadkol, Desikachar & Srinivasan, 1961; Susheelamma & Rao, 1974,
19784, b, ¢) indicated that black gram has two constituents; (1) surface active
(foam forming) proteins ﬁglobulms) and (21 an arabinogalactan which gives
highly viscous Solutions, play an essential role in imparting the typical porous
and spongy texture to the eavened food (idli). Therefore it was of interest to

Authors’ address: *Discipline of Biochemistry and Applied Nutrition, Central Food Tech-
nological Research Institute, Mysore 570013, Ihdia.
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find out the effect of the above mentioned S|mRIe processm% steps on the
functional properties of these two constituents. Changes brought about in the
surface activity of the protein and the viscosity of the polysaccharide, after
autofermentation of black gram flour dispersion for 24 hr and germination of
the seeds for seven days at room temperature (22-25°C) and heating the bulk of
the grains to 100 or 150°C were studied.

Materials and methods
Preparation of protein and polysaccharide

The major portion of surface active proteins could be extracted from black
ram flour with NaCl and precipitated by d(NI_:L"SCL ﬁSusheeIamma & Rao,
978a). The arabinogalactan polysaccharide is also extracted and coprecipi-
tated with the P_rotem, mostIY with the 40-75% ENFL"SCL preugltate. There-
fore these fractions, i.¢., (1) the 5% NaCl extract of black ram“and (3)the
P_rotem fractions precipitated at 0-40% and 40-75% (w/v (NHJ S04 respec-
ively and 54) the 40-75% QN_FU"SCLsuper_natantwereprepare and used for
the estimation of total protein, surface activity and carbohydrate content to
follow the changes in these constituents and their functional properties, after
subjecting the seeds to various treatments. Arabino galactan polysaccharide
freé from protein was obtained b! trichloroacetic acid iICA) extraction of the
flour followed bg acetone precipitation (Susheelamma & Rao, 1978h) and used
for viscosity and other measurements.

All these experiments were carried out in triplicates and the average values
were recorded.

Analytical procedures

Protein was estimated according to Lowry et al. (19512_ and carbohydrate
using orcinol-FLSCL reagent (Winzler, 1955). Surface activity was measured
using a Stiepel type foam meter (Susheelamma & Rao, 1974%. Viscosity was
measured in an Ostwald Viscometer.

Fermentation

F|ft¥ 9g7lots of black gram flour prepared as described earlier (Susheelamma &
Rao, 1974) were dispersed in 125 ml of water to get uniform and thick batters
and allowed to undergo autofermentation under conventional conditions at
room temperature 32 -25°C) for 24 hr. Samples were removed at different
intervals of time and used for the extraction of protein and polysaccharide. In
another batch freshly prepared and stored flour dispersions were fermented as
described above. Batter volumes were recorded at different intervals of time
and a photograph was taken at the end of 24 hr,



Processing ofblack gram 465
Germination

Black gram seeds in 5 % lots were washed with water and then with 0.1%
mercuric chloride for surface decontamination. They were then thoroughly
washed with water, soaked for 10-12 hr at room_temPe_ra_ture (22-25°C) and
spread on filter paper placed on absorbent cotton in petri dishes and allowed to
?ermmate for seven days at room temperature (22-25°C) in the dark. Samples
aken out at intervals of 24 hr were used for the extraction of protein and
polysaccharide.

Pre-heat treatment of seeds and dhal

Black %ram seeds or dhal (dehusked and split seeds are referred to as d,halg
were heated in an open pan on a flame for 4-5 min. The temperature attaine
b¥the bulk of grains was measured with a thermometer (0-360°C) immediately
after transferring them to a beaker. The temperature was 100-110°C. In
another test batch, seeds were heated for 12-15 min to attain a temperature of
155°C. (These are the _temPerature ranges to which the seeds or dhal are
subjected in the conventional preparation of savoury foods). They were cooled
to room temperature by spreading in a thin layer exposed to air, powdered and
used for the extraction of protein and polysaccharide, To determine the solubil-
ity of proteins, flours from unheated and preheated dhal were extracted with
water, followed by 5% NaCl and 0.1 MNaOH. The water extract, dialysed NaCl
extract and neutralized and dialysed NaOH extracts were freeze dried and their
weights determined. As majority of the surface active proteins could be
extracted with 5% NaCl, a direct saline extraction of these flours was carried
out to determine the surface activity.

Flours from unheated and preheated black gram or dhal were used for the
extraction of the TCA-polysaccharide. The Isolated polysaccharides were
taken in two sets in gIass-stoPpered test tubes. One set was kegt In awater hath
at 90°C for 30 min and the other set in an oven at 150°C for 30 min. They were
cooled to room temperature, and 0.3% aqueous dispersions of all these prep-
arations were made for viscosity determination. _ _

These flours were also used to obtain test idli preparations. Bulk density of
sltg%[lr}ed puddings was determined as described earlier (Susheelamma & Rao,

Results and discussion
Fermentation

The solubility of protein in 5% NaCl and_ the yield of 40-75% (wiv)
(NH4)2504 precipitate from this extract containing the majority of surface

24
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active protein (80-90%) did not change significantly during the fermentation
Penod. The amount of surface active protein extracted in 5% NaCl increased
rom 60-100% up to 12 hr of fermentation (Fig. Ia%,_lo_robabl due to increased
hydration of the meal and hence better extractability of the surface active
protein. It remained constant between 12-20 hrand then declined. The changes
In the carb_oh){drate content of NaCl extract and the (NHL"SCT fractions are
shown in F|%. b. The decrease in total carbohydrate was found to be associated
only with 40-75% (NFFSCF supernatant indicating that only the free sugars
were utilized during fermentation_and no significant degradation of ‘the
Polysacchande_occurred until 20 hr. This was further supported by the observa-
lon that the viscosity of the isolated TCA-polysaccharide dispersion did not
change over the 20 hr period of fermentation.” ,

The effect of storage on the fermentabilities in terms of batter volumes is
shown in Table 1. Fresh flour dispersion gave 40% higher batter volume as
compared to the stored flour dispersion after 24 hr. It was also observed that the
ral_smg of the batter was continuous and uniform in the fresh flour dispersion
gFlg. ). In the stored flours the surface activity ofthe NaCl soluble proteins was
ound to have decreased by 25-30% while the /|eld as well as viscosity of the
TCA-polysaccharide was decreased by 35-40%.

Germination

The surface activity of proteins in the NaCl extract and the (NHASCTI
precipitates decreased during germination (Fig. 3a). The change in carbohy-

(@]

Activity U x 1073
D
o

mg Carbohydrate/g

N

0 8 16 24
Fermentation .hr)

Figure 1(a) Varjatjon of surface activity during fermentation. (1), 5% NaCl extra
o%gtuerreme(ﬁ%ed plack gram flour; ?%%—4O%Q$NFLFSC? 2ore(ci|?)|tateO from L, (3),
40-75% (NHhSCU Drecipitate from the Supernatant of 2.

Figure 1(fb). Variation of total carpohydrate during fermentation. (1), 5% NaCl
extract of Termented black gram flour. (containing’ free sugars and he gr%l SaC-
charice): (2), 0-40% (NH-TSCV precipitate from 1 con%alnl ﬂ]nesgﬂl i0le amounts
fcarb};}y il 52]; (321 40-75% (NFLENSCU preciprtate trom the supernatant of 2
contajning aranj o-gS lactan polysaccharice); (4), 40-75% (NHUFSCU supernatant
containing the free Sugars).
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Table 1. Batter volumes of stored and fresh flours of black gram dhal during fermentation

Tie Batter volume (ml)

|

(hr) Fresh flour* Stored flourt
0 200 200

14 800 700

i 820 50

2 900 090

2 90 690

*Black gram stored in sealed containers in the cold, until use, was dehusked and powdered
afresh,
t Iqour prepared as above was stored for 12-16 months at 22°-26°C.

Figure 2. Batters of fresh and stored flours of black gram after fermentation () fresh
flour, (b) stored flour.
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FlgureB& ). Variation ofsurfaceactlw dunnggermmatlon 1), 5%NaCl extract of
erminatedl black ?ram Yo (NHSOT precipitate from 1; (3), 40-75%
ASO- precipitate from the su rnatant of 2.
iquire 3%b) Varlatlon of total carbo Xdrate curi 3germ|na jon. 1 % N 51 I
e racto /qermlnate black gram (i cont Ining free stgars and te o saccharl
§ NH4 2804 }Jreupltate from 1 (Cont |n|n negligib eamognt of car-

kg drates |preC|p| ate from the stipernatant of 2 (contain-

Ing arabln galactan polysaccharlde) (4), 40-75% (NHq.SOI supernatant (con-

taining the free sugars).
drate content of the extracts and the precipitates is shown in Fig. 3b. The NaCl
extract showed a decrease up to three days, then increased up to six days and
again decreased. The 40-75% (NFFASCb precipitate (which contained the
majority of surface active protein and the polysaccharide) progressively
decreased in quantity. The 40-75% (NFTASCh supernatant showed an
increase up to six days and then decreased. The initial decrease in the NaCl
extractand 40-75% (NFLt*SCC precipitate corresponded to the increase in the
supernatant, indicating the degradation of the polysaccharide. The subsequent
increase in the NaCl extract as well as the supernatant may be due to the
degradation of reserve polysaccharide (starch). After coleoptile formation all
fractions showed a decrease in carbohydrate.

The yield of TCA extractable polysaccharide and its viscosity during germi-

nation is shown in Table 2. It is seen that the reduction in viscosity of the
polysaccharide dispersion is much larger compared to its yield. These indicate

Egrblle 2. Yield of TCA-polysaccharide and its viscosity during germination of black gram in the

ermination Yield Viscosi
A e o

0 51 100

; i 7

3 34 30

4 2.8 9

h 19 8

b 18 17

7 11 0

r%eCIfIC viscosity of 0.3% aqueous dlsI%erswn of polysaccharice from ungermmated seeds as
determined by Ostwald viscometer was 15 cps units and taken as 1
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that some significant change occurs during this period (first day) of germina-
tion, probably due to some enzymatic activity, which modifies or degrades the
polysaccharide.

Heat treatment

After heating the seedsto 110°C the solubility of protein inwateror5% NaCl
decreased by 30% while the alkali solubility slightly increased (20%). Heating
to a much higher temperature (150°C) decreased the solubility in all the
extracts by 65%. Reduced solubility after heat treatment has been observed
with other food proteins also. Heat treatment has been reported to reduce the
solubility of soy bean (Beckel, Bull & Hopper, 1942; Mecham & Olcott, 1947)
and cotton seed (Thurbereta/., 1954; Olcott & Fontaine, 1942) proteins almost
completely. Solubilities of pea seed (Evans & StJohn, 1948) and wheat gluten
(Mecham & Olcott, 1947; Pence, Mohammad Ali & Mecham, 1953) were
reduced considerably, but peanut proteins (Fontaine, Samuels & Irving, 1944;
Srikanta & Narasinga Rao, 1974) were less sensitive.

The results in Table 3 indicate that at the lower temperature surface activity
of the protein decreased by 30%, while the viscosity of the polysaccharide was
reduced by 70%. At higher temperatures surface activity decreased by 65%
while viscosity was reduced by 98%. The change in the yield of the TCA-
extracted polysaccharide was not significant. Unwashed and washed seeds
(washed and air dried dhal is preferred in some savoury and snack dishes)
showed a similar behaviour.

The effectofheat treatment on the isolated polysaccharide is shown in Table
4. Heating the polysaccharide from unheated dhal at 90°C for 30 min caused a

Table 3. Effect of heat treatment on the proteins and polysaccharide from black gram dhal

ysaccherid
meﬁ'” Actity* Lépo et arIISC?)SI
No. Sample (%)
Flour from black
' %Our fmm aht 10 100 49 100
oyr Trom pre-nea
ALk i g dﬂeal gglégc:) 40 10 50 %
e gram% MY 3 % 50 93

Flfty rams of flour was used for extraction of protein and 100 g for extraction of TCA-

plyg ace act|V| of unheated rourwasSOOO unlts/P ond welght basis,
t Specific viscosity of 0.3% agueous dispersion o tEcé“)]/sacch ride rom ungermmated seeds as
determined by Ostwald viscometer was 15 cps units and taken as 1
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Table 4. Effect of heat treatment on the viscosity of TCA extracted polysaccharide from black
gram

Viscosity (%o)*
lid h Dispersion Solid heated
So E58I°Ceated | P | I e

Source of No heat eated at ,
No. TCA-polysaccharide treatment ~ for30min -~ 90°Cfor 30 min for 20 min
1 From black gram
2 E?gr% re- heited 100 ® i 21
seeds (110°C 20 19 18 2.1
3 From pre-heated
dhal ( 0°Cg 18 17 5 25
4 From pre-heated
seeds (150°C 105 104 I 2.3
5 From pre-heated
dhal (150°C) 107 105 8 25

euf Ic Viscos| f03% ueous dispersion of po a%/sacchande from ungermmated seeds a
deter Ined by Os dwscom ter was 15 cps units and taken as

slight decrease in the viscosity of the dispersion, which when heated again at
90°Cfor 30 min showed a further decrease. On the contrary heating black gram
or dhal to temperatures above 100°C (110°-150°C) was highly deleterious as
viscosity of the polysaccharide dispersions reduced by 80-90% . Further heat-
ing of these polysaccharides or their dispersions caused only marginal decrease.
Aqueous dispersions of polysaccharides from preheated black gram had slightly
higher viscosity (90%) compared to that from preheated dhal (80%). The
presence of husk (which isremoved to get the dhal) may be responsible for this
difference. Heating the isolated polysaccharide (from all the samples) to 150°C
almost completely reduced the viscosity of aqueous dispersions. These results
indicate the high thermal sensitivity of the viscosity of the polysaccharide,

The bulk densities of steamed puddings wherein flours from pre-heated seeds
were incorporated are shown in Table 5. The bulk densities of test idli prepara-
tions were as high as that of rice semolina control and the products were very
hard.

Conclusions

Based on these observations it may be stated that overnight fermentation does
not adversely affect the functional properties of the surface active protein and
the arabino galactan polysaccharide of the black gram. Seeds probably stored in
the cold in sealed containers until powdering would help the protein and
polysaccharide to retain the functional properties unaltered and leavened food
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Table 5. Bulk densities of steamed puddings containing flours from pre-heated black gram dhal

ul

Weight 5 nlsflty
No. Sample 0
1 Rice semolina (RS 15 0.77
2 RS+ rour ror% b?ackgram thal 5+25 0.56
3 RS + flour from pre-heated
4 Rs+black yan o e&t%g’c 5425 067

Do o PETAEEL 5425 077

o 5 values reBresent averages of three independent experiments. The mean deviation was

preparations with satisfactory texture could be obtained. Although prepara-
tions containing germinated black gram are rare, optimal soaking of the seeds is
an important factor as the viscosity of the polysaccharide shows a tendency to
decrease after soaking the dhal for longer periods (18-20 hr). Heat treatment,
however, drastically affects the functional properties of both the protein and the
polysaccharide and should be avoided in the preparation of foods with special
textural qualities.
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A comparison of the texture of expanded milk
protein meat extenders and TVP

J.J.TUOHY, K. J. BURGESS and I. LAMBERT*

Summary

The Minnesota texture method (MTM) was used to compare the texture of
expanded protein meat extenders produced from milk proteins, by microwave
expansion and thermoplastic extrusion,and commercial TVP products with raw
and cooked minced beef. The texture ofthe expanded TVP products was found
to resemble that of cooked minced heef. Microwave textured whey protein had
considerably higher texture parameter values than commercial TVP products.
When half the whey protein was replaced by casein the texture values of the
resulting microwave expanded product were decreased below those of the
commercial TVP products. The extruded skim milk protein product was also
found to have lower texture parameter values than the commercial expanded
TVP products.

Introduction

Textured vegetable protein (TVP) is now widely used as a meat extender in
comminuted meatproducts. The term TVP is generic and has been applied to a
broad class of products which vary considerably in chemical composition and
physical properties, including texture. Two distinct types of TVP are commer-
cially used as meat extenders; edible protein fibres and expanded protein
products. Wet spinning is the most important method for the production of
protein fibres while expanded protein products are most often produced by
thermoplastic extrusion (Gutcho, 1973).

Although the use of expanded TVP products has increased in the processed
meat industry, relatively little has been published regarding their basic textural
characteristics. Maximum shear force and work done during shearing have been

Authors' address: Department of Dairy Technology, An Foras Taluntais, Moorepark
Research Centre, FermoX, (io C?rk, Iﬁ(eland. _
*Present aadress: National College of Food Technology, Weybridge, Surrey.
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used to evaluate the texture of extruded TVp products using a single biade
shear cell (lies & Elson, 1973) and a modified W arner-Bratzler shear instru-
ment (Cumming, Stanley & de Man, 1972 and Maurice, Burgess & Stanley,
1976). Tensile properties such as breaking strength, break elongation and stress
relaxation were determined by Maurice et al. (1976) and they also used the
Ottawa Texture Measuring System (OTMS) multiblade shear cell to measure
compression and stress relation of extruded TVP. Because of the particulate
and irregular nature of many expanded protein products shear tests and tensile
property measurements are of limited value in defining texture. The Minnesota
Texture Method (MTM), developed by Barker (1974), was used by Breene &
Barker (1975) to separate commercial TVP products into textural classes. The
MTM can also be used to evaluate the texture of ground beef and for this reason
was selected for texture measurement in this investigation.

Attempts to produce expanded protein products from casein (Poznanski et
al., 1975) and skim milk protein (Tuohy, 1979) using conventional thermoplas-
tic extrusion techniques were unsuccessful. With a modified twin screw
extruder Lahousse (1978) was able to texturize skim milk protein by thermo-
plastic extrusion. A thermoplastic method was used to texturize milk protein in
Poland (Poznanski et al., 1977) and Smietana et al. (1978) concluded from
structural analysis, by scanning electron microscopy, that the product, to some
extent, showed astructural resemblance to meattissue. A microwave expansion
technique has been used in this laboratory to texturize whey protein and whey
protein-skim milk protein blends (Burgess et al., 1978).

The purpose of this work was to compare the texture of microwave textured
whey protein, a microwave textured milk protein product (50% casein/total
protein), extruded skim milk protein and 6 commercial TVP products with
minced beef the material they would commonly extend.

Materials and methods
Materials

The textured whey protein (TWP) was produced by microwave expansion as
outlined by Burgess, Downey & Tuohy (1978) and Tuohy (1979) and com-
prised 52% protein and 14%' moisture.

The textured milk protein (TMP) was also produced by microwave expansion
and consisted of 51% protein (25.5% casein, 25.5% whey protein), 15%
moisture.

The textured skim milk protein was produced by Creusot Loire Ltd. (42701
Firminy, France) using a modified twin screw thermoplastic extruder (Model
B.C.72). The product contained 58% protein and 11% moisture.

The 6 commercial TVP products which were examined are listed in Table 1.
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Table 1. Commercial TVP products tested

Code Product Supplier
A Arkady TVP mince BI‘ItISh Arkady Co, Ltd.
B Bontrae TVP mince rotelns Ltd.
C Centex TSP mince Oy Division
(ﬁ enhelmer Casm Co Ltd,
D Solus TVP mince S S0V a Foods L
E [tona TV/P chunks Itopa Pr aucts Lid.
F Temptein (spun TVP) Miles Laboratories,

Marshall Division.

Samples A, B, C,and D were mince size, sample E was in the form of chunks
and sample F was a product consisting of edible protein fibres. Commercial
TVP products contain approximately 50% protein and less than 10% moisture.

Minced beef was purchased locally and evaluated raw (RM) and cooked
(CM). Cooking comprised of heating 100 g quantities for 2 min in a microwave
oven followed by shallow fat frying for 10 min. The raw minced beefwas used as
a standard.

Preparation ofsamples for texture measurement

The TVP mince size samples were rehydrated in tap water until an
equilibrium moisture content was reached. The excess water was then drained
off. All the other textured protein samples were rehydrated, drained and
minced through a plate containing holes of 8 mm diameter using a Kenwood
Chef mincer attachment. The cooked minced beef was also ground prior to
texture measurement.

Texture measurement —Minnesota Texture Method (MTM)

Samples were compressed-extruded in a 50 cm2 Ottawa Texture Measuring
System (OTMS) cell with the 8 wire grid (Voisey, 1971) affixed to the Instron
Universal Testing Machine Model 1112. A 500 kg compression cell, calibrated
in tension with a 2 kg weight, was used to measure force. The crosshead speed
was 5 cm min-1 and the chart speed 10 cm min'L The gauge length was set to
stop the piston 0.5 cm from the wires. A minimum of 5 replicates of each sample
were tested.

Seven texture parameters were determined from the force distance curves,
obtained on the Instron recorder, as defined by Breene & Barker (1975). A
typical force distance curve is shown in Fig. L.

A. Maximum force is the maximum force in kg attained during extrusion,
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Force (kg)

—F—
Oistance (cm)

Figure 1. A typical force - dlstance curve for textured protein products obtalned on

the Instron UTM usm the OTMS wire qrid cell. A, maximum force; B ?vera%e

g?(taglmum t;?rce hardness; D, conesiveness; E, chewness; F, packability
ucabili

B. Average maximum force is the average force in kg required to maintain a
constant extrusion rate.

C. Hardness is defined as the force necessary to attain a given deformation.
The average slope of the initial (approximately linear) portion of the curve
in kg cm 1 can be interpreted to indicate hardness.

D. Cohesiveness relates to the strength of the internal bonds making up the
body of the product. Itisquantified as the force in kg at which shearing and
extrusion are initiated.

E. Chewinessisthe energy required to masticate a solid food product to a state
ready for swallowing. Itisinterpreted as the area under the curve. The area
represents the energy used to compress, shear and extrude the sample.

F. Packability is the distance (cm) travelled by the plunger before an average
linear slope is reached.

G. Extrudability is a function of hardness and cohesiveness. It is taken as the
average slope of the curve in kg cm-1 after the onset of shearing and
extrusion.

Results

Mean values and 95% confidence limits for maximum force, average maximum
force, hardness, chewiness and cohesiveness of the eleven samples outlined in
the materials and methods section are given in Fig. 2. The values are plotted in
order of decreasing magnitude. The correlation coefficients between the mean
values of the seven texture parameters were calculated on the basis of the
eleven samples evaluated (Table 2).
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Table 2. Correlation coefficients for the seven MTM texture parameters obtained with the eleven
samples tested

Texture parameters _ N
X Correlation coefficient (r)

Maxmjym force Avera%e maximum force
1 Hardness
Chewiness
, Cohesiveness
ackahility
_ Extrydability
Averaqle maximum force  Hardness

Chewiness
. Cohesyeness

0
0
0
0
7 0
0
0
8
; Packablllt_)(_ 0.
Extrudability 8

Coh
sl
Chewiness Cohesi\_/e_nets}é 0
: E>a<tcrkuab"l:|1i [ 8
Cohesiyeness Pack: ?h_ .ty 0
L Extrudability 0
Packability Extrucability 0

o= 1 :p < 001 1= 0747 p < 005 1= 0.6020)

Hardngs Chewiness

The maximum force parameter values (Fig. 2al) of the commercial TVP
samples A, C, D, E, the microwave textured milk protein STMP) and the
cooked minced heef (CI\_/ILare not significantly different from the raw minced
beef standard gRM) which had a mean value 0f 60 kg. The mean values of this
group ranged from 50 to 73 kg, The microwave textured whey protein %TWP)
and the commercial TVP sample F had considerably higher values of 168 and
165 kg respectively. The commercial TVP samplé B ‘and the thermoplastic
extrusion textured skim milk protein (TSMP) had significantly higher and lower
values than the standard ?R ) respectively. _ _

The average maximum force 8arameter {Flg. 2b) correlated highly with the
maximum force Parameter (0.9904; P < 0.01) but was more sensitive in
distinguishing djfterences between the products. Only the TMP and the TSMP
?ave values similar to the standard ([R ), Which had a mean average maximum
orce of 36 kg. The commercial TVP samples had higher values than the
standard but samples D, E were not significantly different from the cooked
minced beef (CM), which had a mean value of 62 kg.

An even greater separation of the products can be seen from the hardness
parameter results (Fig. 2c). All the samples, with the exception of the TSMP,
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Fi%ure 2. Mean values anéi 95% confidence intervalf for five texture parameters of
the eleven samples tested, as described in- Materials and methoas’.

had significantly higher hardness values than, the raw minced beef standard
(mean 6.9 kg cm™). The expanded commercial samples A, B, C, D, E, had
hardness values, approximating more closely to the cooked minced beefsample
mean 29 kg cm SJ and higher than the valle for the TMPJme_an 14 kg cm~")-

ohesiveness values BFI . 2d) were very highly correlated with the hardness
values (0.9874, P < 0.01) and segregated the products in a similar manner.
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able 3. Mean values and range (0.05 > p > 0.01) of the packability and extrudability paramet-
efs for te eleven samples teg[e& P Jofthep y typ

Packability Extrudability

Products ~ Mean Range (P<0.05) Mean Range (P<0.05)
A 155 154-15.7 0.52 0.04-1.00
B 179 17.7-18.1 1.23 0.05-1.81
C 16.2 15.8-16.6 0.25 -0.03-0.53
D 141 13.8-14.5 0.31 -0,39-0.97
E 132 125-138 149 0.61-2.31
F 154 15.2-15.1 -1.32 —3.00-é—0.64)
TWP 187 18.1-19.3 5.9 4.61-6.49
TMVP 12,6 11.3-140 0.81 0.51-1.01
TSMP 8.0 1.3-10.0 091 0.77-1.05
RM 88 0.9-11.7 180 145-2.15
CM 151 14.8-154 -0.44 -1.61-0.73

Based on the chewiness parameter (Fig. 2e) there was no significant differ-
ence between the expanded protein products, (with the exception of the TWP
and TVP sample F), whose mean values ranged from 54-80 kg, and the raw
minced beef standard Bmean 1 kgl This parameter was highly correlated with
maximum force (0.9706, P < 0. .

The packability parameter values (Table 3) were very similar for all the
commercial TVP products and the extrudability parameéter values were too
variable to allow a meaningful comparison of samples.

Discussion

Five of the texture parameters, maximum force, average maximum force,
chewiness, hardness and cohesiveness correlated significantly with each other
for the eleven samples evaluated (0.01 >P > 0.0055. This is in agreement with
the findings of Breene & Barker (1975). However hardness, cohesiveness and
average maximum force were found to be more sensitive in detecting differ-
ences hetween samples than maximum force and chewiness. This differs from
the order average maximum force, maximum force, chewiness, cohesiveness
and hardness found b% Breene & Barker. This difference may be due to the
greater friction from the walls of the larger OTMS cell (50 cm?2) used for this
work compared with the 10 cm2 OTMS cell used by Breene & Barker.
The compression - extrusion force (maximum force), the work done during
compression-shearing-extrusion (chewiness) and the ratio of force to dis-
placement during compression (hardness) are based on well defined reheologi-
cal Rrop_emes of food materials #_Mosenm, 1970). For this reason and because
of the high correlation between five of the parameters (Table 2) the maximum
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force, chewiness and hardness values would probablg be sufficient and most
meanmgful in characterizing the texture of expanded protein products.

Based on the results for these three parameters the texture of the microwave
textured whey protein (TWP) and the commercial edible protein fibre type
TVP product (sample F) are considerably different from that of the raw minced
beef standard and the other e|?ht samples. From the ratio of force to displace-
ment during compression results (hardnessl it also aBpears that the texture of
the commercial expanded TVP Eroduc_ts( .B,C D, E) ap?rommates more
closely to the texture of the cooked minced beef than that of the raw minced
beef. "This is not surprising since expansion texturization is equivalent to a
cooking step, because of the high temperatures used, and this result suggests
that cooked minced beef is a more realistic standard with which to compare
expansion textured protein products,

he five commercial expanded TVP products A, B, C, D, E (Table 1), as a
group, had reasonably similar texture parameter values, aftho,ugh individual
F_roducts differed s_|%n|f|cantly from each other. Inter J)roduct differences most
ikely arise from different tekturization processes and/or operating conditions
used in their manufacture. Overall, products D and E had a texture most similar
to cooked minced beef, while samples, A, B had h|%her texture values and
sample C slightly lower values. The numerical values of the texture parameters
are not directl comgarable with the results obtained by Barker E19743 and
Breene & Barker (1975) because of the different size OTMS cells use

When 50% of the whey protein was replaced by casein the texture values of
the microwave textured product (TMP) were gredtly decreased compared with
the TWP. This was due to a dilution effect of the"heat labile whey proteins,
which are primarily responsible for the structure of expanded whey protein,
with heat stable cdsein protein. The caseins do not appear to undergo much
crosslinking in the microwave expansion process and hence contribute little to
the texture. At an intermediate casein/total Protem ratio a microwave
expanded product with a texture similar to that of cooked minced beef can be
obtained & uohy, 1979). _ _ _

The textured Skim milk protein (TSMP) produced by thermoplastic extrusion
had significantly lower texture parameter values than comparable TVP pro-
ducts and cooked meat. It must be concluded tha: the thermoplastic extrusion
of skim milk protein requires further investigation in order to obtain a product
texturally similar to cooked minced beef. In this respect the MTM_is a useful
instruméntal method for texture measurement in textured protein product
development work. S _

In order to determine the practical significance of the differences found
between products it would be necessary to correlate these instrumental results
with sensory evaluation. This was not undertaken here but the MTM paramet-
ers_have been, correlated positively with sensory chewiness, cohesiveness,
sgrmgmess, }ummess and negatlvely with sensory tenderness and mealiness
(Breene, 1977 and Loh, 1975).
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Crossover electrophoresis with indirect .
immunofluorescence in the detection of soy protein in
heated meat products

G. POLI, A. BALSARI, W. PONTI, C. CANTONI ... L. MASSARO*

Summary

A new method hased on crossover electrophoresis with indirect
immunofluorescence for the identification of soy protein in heated meat pro-
ducts is described. The procedure demonstrates sRecmc precipitation reactions
between the antisera and soy protein, even when these are present at concentra-
tions of 2.5% in meat products heated to the level of commercial sterility
(125°C x 25 min).

Introduction

In the world market there are in commerce different meat products which
contta_m a certain amount of non-meat proteins, particularly soy and lacto-
proteins. . - L .

While the addition of 25-30% soy protein is permitted in some countries, in
others such E)roteln does not appear either in the ingredients or in the allowed
additives lists and therefore its addition constitutes a commercial fraud for
lower price and inferior quality in regard to meat protein. o

For this reason there is a need for methods which allow qualitative-
quantitative determinations of soy protein which may be present in fresh and
heated meat products. In essence, if the soy is present at very low concentra-
tions, it is not possible to taste it in the flavour of the food: however, for some
products, such as sausages, the presence of vegetable protein allows an increase
In the quahtY of the product in regards to consistency and digestibility.

In the last 10 years numerous analytical procedures have heen proposed
which mainly utilize electrophoretic, immunological and histological techni-
ques to reveal the presence of soy protein in meat products.

Authors' addresses: Istituto_di Microbiologia e Immu_nologiia Veterinaria, Via Celoria 10,
Milan, Italy and *Lanoratori di Ricerca ‘Chemetron', Milan, 1taly.

0022-1163/79/1000-0483 $02.00 ® 1979 Blackwell Scientific Publications



484 G. Poli et al.

Electrophoresis has allowed the analysis of soy protein in the presence of
meat_#)rotem by means of their solubilization and Separation in an electric field
on different support media; of these ponac;yIam|de gel has been favoured by
most researchers (Llewellyn &,Flahert?]/, 1976; Parsons & Lawrie, 1972; Pers-
son & Appel(iwst, 1977); while starc g_el (Olsman, Hout%pen & Leeuwen
1969) andI cellulose acetate membrane (Gils & Hidskes, 1973) have been used
more rarely. _ _ _

Gel electrophoresis has been conducted in both columns and thin Ia¥ers
(Guy, Jayaram & Willocox, 1973; Hofmann, 1973; Homayounfar, 1977),
together with a variety of extractants and buffer systems. Those based on urea
alone, urea and 2-mercaptoethanol (Olsman, Houtepen & Leeuwen, 1969;
Gu¥, Jayaram & Willocox, 1973), sodium dodecylsulphate (lHofmann, 1973;
Hofmann, 1977; Lacourt, Malicrot & Dauphant, 1977), or tris-
(hydrox¥_methyl-) methylamine and glycine systems have been demonstrated
more valid for the detection of soy protein. _ _

A quantitative method to determine the soy protein_content in fresh and
cooked meat-soy hlends was developed by Leeetal. R1975) using the stacking
SDS (sodium dodeC){_Isquhate) - acrylamide gel elec roPhoresm method, The
method, equally apﬁ icable for soy flours, soy concentrates and soy isolates, is
able to determine the soy proteincontent within £ 2% of actual content. The
same results are obtained if the product contains animal origin non meat
extenders such as milk powder, casein and e%g white proteins (Leeetal., 1976).

To. obtain an even more accurate electrophoretic resolution, even more
sophisticated extraction procedures have been successively reported
(Homayounfar, 1977%;, for example, the migration of the protein has been
performed on a gel which has an internal gradient maintained by a S)(stem of
amphoteric buffers, according to the isoelectric focusing technigue (Llewellyn
& Flaherty, 1976). Soy protein has also been found through the analysis of its
amino acid comﬁonents (Fischer & Belitz, 19762._ ,

All these methods allow detection of soy protein in raw meat products or
those heated to the level of commercial S'[erl|ltY (125°C x 25 min). The
procedures utilized are sensitive enough to reveal the ﬁresence of soy af levels
corresponding to an addition of » 1%; on the other hand, these procedures
because_they are very laborious and time-consuming to conduct, are not useful
for routine faboratory analysis. An alternative to the electrophoretic technique
is represented by immunological methods which utilize spﬁ-spemﬁc rabbit
antisera. Among these, the indirect haemagglutination (Smith, 19743, Ouch-
terlony’s double gel diffusion techmque_(Harqreaves, Jarvis & Wood, 1974),
Mancini’s radial ‘gel diffusion (Mancini et al., 1964); Grabar’s qualitative
electrophoresis and Laurell’s quantitative electrophoresis (Koie & Djurtoft,
1977) have been successfully used. _ _

The immunological procedures have been conducted usm(‘l antisera preBared
by immunization with soy protein either unheated, moderately heated (Peter,
1970) or preheated (Iautoclaved for 30 min at 121°C) (Llewellyn & Sawyer,
1977; Hammond et al., 1976). Particularly, the problems of antisera prepara-
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tion and variability were reviewed by Kruger & Grossklaus (1970) and Herr-
mann et al. (19733/. . o _ o

In any case, both the immunodiffusion and the electroimmunodiffusion
methods have been shown to he rapid and easy to perform and usefu] to detect
soy protein in fresh and heated meat products. Detection limits vary in relation
both to heat treatment and kind of soy added to the meat products (Hammond
et al., 1976). The experiments conducted have also demonstrated that the
antisera prepared with preheated soy protein are more suitable for use in the
detection of soy in heated products. However, none of the methods reported
above permits an effective quantitative evaluation of the soy content (LIewellyn
& Sawyer, 1977). e .

Itis necessarY to recall that some soy-specific antisera give cross-reactions
with other vegetable prot_ems,f(omon_ powder, coriander, cinnamon and others):
their responses are negative if such ingredients are assayed at those concentra-
tions at which these would normally be present in foods (Llewellyn & Sawyer,
1977: Hammondeta/., 1976). Along with the electrophoretic and immunologi-
cal methods, a histological technique has also been proposed that provides for
m|croscolp|c examinations of sections of the product to be examined (Flint &
Meech, 1978; Bergeron & Durand, 1977). © _ _

This method is called ‘stereological’ because it enables information about
three-dimensional quantities, including volume ratios, to be obtained from the
study of two-dimensional sections. Though the preparation of the samples in
this ‘method is not difficult, the microscopic examination calls for a h|Pher
specialization in the reading. By superimposing particular grids on the field of
view and following with the appropriate staining technique, it is possible to
make an accurate quantitative determination of soy protein in comminuted
meat products (soy concentration levels 3=1%) (Flint & Meech, 1978; Berge-
ron & Durand, 1977). _ _ _

None of the three ‘methods previously described seems able to satisfy the
need of a control laboratory for the routine detection of soy protein, especially
in countries like Italy, where the addition of soy protein in'meat product is not
E)ermltted and wheré commercial antisera to héated proteins are not available.
n fact, the immunological procedures that are most used today allow detection
of soy protein in meat products at levels corresponding, for"heated products
(115°C x 60 min), to an addition of 3% meat equivalent* only usm% antisera
Prepared with preheated soy isolate (Hammond etal., 1976). On the other hand
the electrophoretic and stereological methods, while more Sensitive (a possibil-
ity of revealing concentrations 3=1%), due to their comﬁlexny, consumption of
time_or need of expertised people_(stereological method), “are not useful in
routine laboratory examinations which have to be performed on agreat number
of samples. For these reasons, we have evaluated the validity of anew extremely

*This is defined for products with aprotein content of not less than 90% as the percentage weight

of the fully hydrated product (assuming a degree of hydration gf 66%): and for products with a
Protein,o bexlveen 50D and 90‘;/oasthe ercen?age vvei%t of[ t%e ?ul(ly hi?irated pro@uct rec?uced in
he ratio (actual per centage protein content in dry Tat-free product)/90.
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sensitive_immunological method, crossover electrophoresis with indirect
immunofluorescence, in its ability to rapidly detect even very low quantities of
so;t/,protem that may be present in meat products, using commercially available
antisera,

In addition the presence of soy protein in the same kinds of samples has heen
revealed utilizing the classic electrophoretic procedure on polyacrylamide gel,
as a comparison.

Materials and methods

Samples of minced, fresh bovine meat are prepared containing respectively, 1,
2.5, '5and 10% soy flour. S _

“The different preparations are then subdivided in aliquots to be submitted to
dn;]ferent thermal treatments for varying times according to the following
scheme:
exposure to 60, 70, 80 and 90°C for 60 min:;
expos to 105, 120, and 125°C for 25 min. _

xtracts are then prepared for the immunological and electrophoretic proce-

dures, using the method most suitable for each case.

Crossover electrophoresis with indirect immunofluorescence

Extraction ofproteins. Five gram samples are homogenized in enough 0.143
m sodium chloride to obtain"a 1:4 dilution (wlv). ‘After shakmg at room
temperature for 30 min the samples are centrifugated at 1000g for 20 min and
the supernatants are filtered under vacuum. _ y _

Antisera. Crossover electrophoresis is performed using soy-specific rabbit
antisera; sheep antrrabbﬂx-globulm fluorescent sera are used for the indirect
m]mgmoﬂuorescence. All the products are obtained from Behringwerke AG,

arburg.

Methgd. The procedure first used by Kohn (1968) and perfected by Vergani
(1971), calls for Quchterlony’s double diffusion technique, but performed :n an
electric field, so that the antigen and the antibody migrate aqa_mst each otherin
an electrophoretic system. Gelatinized cellulose acetate strips (6 x 14 cm)
(Cellogel-Chemetron, Milan) previously hydrated in a trls-?llycme buffer
solution, pH8.6, for 10 min, are then dried between two sheets of filter paper to
[EMOVe excess ||qU|d and then stretched on the electrophoresis bridge.

Thirty pl of each of six extracts to be examined are deposited towards the
cathode at 1cm from the middle of the strip; in front of each sample, towards
the anode, at a distance of 2 cm, 15 pl of soy-specific rabbit antisera are
de_Posned (the quantity of the 2 reagents can be reduced to 10 (X by working
\év0| h s_ar)*nples that have not been exposed to temperatures higher than 90°C for

min).
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The electrophoresis is performed in tris-glycine buffer, pH 9.0, by applying
200 V for 40 min. _ _ _ _

At the end of the migration the strips are washed in 0.85 % saline solution for
Lhr, whilst continually shaking the solution being changed every 15 min. At this
stage it is possible to observe lines of ﬂrempltatmn by st_ammq the_stnP with
Coomassie brilliant blue according to the techmque_of Pizzolato, Pizzolato &
Agostoni (1972?. In case the soy protein concentration in the product is very
low one is able to perform the indirect immunofluorescence technique before
stam_mgf:_ the strips are buffered in PBS, pH 7.2, for 15 min and then placed in a
humidified box protected from light. After removm(f the excess liquid (with
filter paﬁ)_er? from the surface of the strips, 200 pd of a 1:4 dilution of anti-rabbit
ay-globu in fluorescent serum are distributed in the area of the strip between the

eposits of the reagents. _ _

After incubation-at room temperature for 15 min the fluorescent antiserum
which remains unbound is removed by washing the strip in PBS (2 washes of 15
min, continuously shaken), and results are recorded b% examining the strips by
trans%arencyl laying them directly on the screen of the U.V. lamp.

If the reactionis positive, one of more arcs of neatly fluorescm%prempltatmn
aret,observed between the deposit of the positive sample and ¢
antiserum,

As a control, all the tests are conducted by u5|_n? extracts prepared from the
same types of samples but where the soy is omitted.

at of the soy

Electrophoresis in polyacrylamide gel

Extraction ofprotein. The technique of Benincasa et al. (1978), is modified as
follows: lipids are removed from every sample by acetone extraction followed
by centrifugation at 18,0004 for 15 min. This treatment is repeated three times
and then the residue under(_ioes hot extraction using a solution consisting of 96
parts tris-HCI (pH = 6.8), three parts sodium dodecylsulphate _(SDS? and one
part beta-mercaptoethanol. The extraction repeated four times, is performed at
100°C in a water bath for 10 min and then samples are _centr;fu?ed at 18,0004
for 15 min; the supernatant is saved from time to time in a single test tube and
then analysed by electropharesis. _ _ _

Method. Electrophoresis is performed in a polyacrylamide gel according to
the technique of Davis (19645), employing a discontinuous buffer system,

The P_lolXacrf)ylamMe gel rods are prepared by mixing L ml of solution A (48 ml
of IN HCL, 36.6 g of tris and 0.23 ml'of Temed, dissolved in distilled water to
8|ve a final volume of 100 ml); 2 ml of solution B (28.0 % of acrylamide and

135 gof bis-acrylamide dissolved in 100 ml of distilled water); 1 ml of distilled
water and 4 ml of solution C (0.14 g of ammonium persulphate dissolved in 100
ml of distilled water). In such a way; a final concentration of acrylamide equal to
7% and a pH = 9 Is obtained.
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“The polyacrylamide gel is then poured into glass tubes (12.5 cm x 5.0 mm
diameter) to a height of 8 cm, _

In order that polymerization of the gel occurs, leaving the upper surface level
flat, distilled water is carefully Ia>1/ered or. the acrylamjde column; after
polymerization has occurred (atiout 1hr) the Iager of water is substituted by an
equal quantity of solution D (0.06% tris, 0.288% glycine and 0.01% SDS in
distilled water with a pH = 8.4%. _ _

The gels are then loaded into the aﬁparatus (Bio-Rad, model for tubes) which
has a refrigeration of about 3°C. The anode and cathode partitions are then
filled with solution D; after placing the samples to be examined (20 pd), 3mA
for every gel are applied for 3 hr. o

At thé end of the m;gr_atlon, the gels are extracted from the tubes, fixed with
12% tricloroacetic acid in 25% isopropylic alcohol solution and then stained
with Coomassie brilliant blue éfast_st_am) for 10 hr; 10% acetic acid in 25%
methanol solution is used for destaining.

Results

Crossover electrophoresis, even if conducted without the use of fluorescent
antiserum, allows the observation of specific precipitation arcs emflo ing the
extracts obtained from all samples (soy content varying from 10 to %B/heated
from 60 to 90°C for 60 min. _ _

At higher temperatures, until 125°C for 25 min, such procedure reveals with
g%/rta(lg_ty ttl1)e soy protein, provided that its concentrations are equal to at least

o (Fig. 1).

ersgover electrophoresis with indirect immunofluorescence shows more
sensitivity in that it allows one to observe evident, specific precipitation arcs,

AO (O

o
BO ( O—=
O (O

Figure L. Crossover electrophoresis of meat samples containing different concentra-
tions of s%ygroteln and heated at various temperatures. A, 1% (90°Cfor 60 min); B,
10% (125°C for 25 min); C, 5% (125°C for 25 min); As, soy protein antiserum.
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even when the soy content in the samples exposed to 125°C for 25 min is equal
to 2.5%. Moreover, this procedure has revealed specific reactions, though the
observation of them is difficult, even with soy concentrations eciual to 1%.
Electrophoresis in polyacrylamide gel, even with all the difficulty connected
with rpreparatmn of the extracts and execution of the procedure, still reveals in
all of the samples examined the migration band characteristic of soy protein.

Discussion

The presence of even small quantities of sog gro_tem in meat products heated to
the level of commercial sterility (125°C for 25 min) can still be revealed through
the aid of a new serological procedure: crossover electrophoresis with indirect
immunofluorescence. , _

In effect, while the animal proteins undergo at this temperature a relevant
dénaturation with a consequent total loss of the original immunological reactiv-
ity, the more resistant vegetable Pro_tem_s, although undergoing some configura-
tional changes are able to present primitive antigenic sites which are still active.

The confirmation of this observation is the results of the present work, which
demonstrate how it is possible to reveal, in our experimental conditions, a
Pr_eclp|tat|on reaction between a specific antiserum and soy protein even when
his is present in meat products exposed to high temperatures at levels cor-
resgondm?_to an addition of * 2.5%. Naturally the reliability ofthe method has
tC())I e co?lb%n}gd on extensive tests as suggested by the work of Beljaars &

sman .

We have observed that this method is more rapid (~3 hr to read the results)
and sensitive compared to other immunological procedures such as radial and
bidimensional immunodiffusion or electroimmunodiffusion techniques which
reveal soy protein at these concentrations only using antisera prepared with
heated soy protein. _ o o

In essence, the already high sensitivity of the crossover electrophoresis is
further increased b}/_ the"use of anti-rabbit y-globulin antibodies (the animal
species in which anti-soy serum is produced) marked with fluorescein, which
eventually bind themselves to the antigen-antibody complex allowing visualiza-
tion of the fluorescent precipitation arcs even wheén these are not visible by the
classic staining techniques., _ _ _

Furthermorg, the precipitate marked with fluorescein can be further stained
with Coomassie brilliant blue providing a two-fold finality of recording, and at
the same time, making the reaction more evident. o

The assays which have been conducted usm% electrophoresis in
polracrylamlde gel, while on one hand confirming the extreme sensitivity of this
method” (detection of concentrations of soy >1% ), have on the othér hand
confirmed how difficult and time-consuming this method is, both in the prep-
aration of the extracts and execution of the procedure.
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Moreover, it is likely that, as already observed with other immunological
methods (Llewellyn & Sawyer, 1977), ‘the use of monospecific antisera pro-
duced by inoculating soy protein previously denatured by heat will render the
cross%ver electrophoresis even more sensitive than all “the actual analytical
procedures.
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Effects of water blanching on pea seeds
|. Fresh weight changes & solute loss

J. D. SELMAN* and E. J. ROLFE

Summary

Laboratory scale experiments were carried out to elucidate the main mechan-
isms by which weight changes and solute loss occur in immature pea seeds
during blanching in water. "Studies involved specially grown Dark Skinned
Perfection peas, and commercial samples of carrot root. Net weu?ht loss was
shown to arise primarily from the contraction of the tissues on loss of cell turgor.
With time, this net loss'increased due to the continued diffusion of solutes out of
the tissue. The presence of the testa surrounding_the ,oea cotyledons signific-
antly reduced the Eosmbl.e solute and overall weight losses fiom whole peas.
Damage inflicted by bruising the pea and slitting the seed coat resulted in
increased solute loss at a commercial blanch temperature of 97°C.

Introduction

The water relations of plant cells have heen studied intensively for more than 70
years, and in particular much information is available concerfing the process of
Wwater movement into and out of storag{e tissue such as potato tuber and carrot
root. It is well known, for example, that fresh carrot root tissue when immersed
in water will usually absorb it by osmosis and solutes may at the same time
diffuse out of the tissue. At room temperature, water uptake may continue for
some hours: at higher temperatures such as those used in blanching, the cell
membranes may quickly be damaged, osmosis ceases, turgidity is lost and sap
from the cell vacuoles can diffuse out freely.

~The effects of blanchmgbon the losses of water and solutes from vegetable
tissues have heen studied by many workers (Lee, 1958)b, but the mechanisms
involved, particularly in complex plant organs, have not been clearly identified

Authors” address: *Department of Chemical En%ineering Lou_ghborouHh University of Tech-
nology, Ashby Road, Loughborough, Leics LEI 1 TU,an_d National Co @lge of Food Technol-
ogy, University of Reading, St. George’s Avenue, Weybridge, Surrey, KT13 ODE.
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§Selman, 1978). Weier & Stocking (1949) concluded that five main internal
actors probably controlled water retention by plant tissue durmgI cookmg: (|[)
the concentration of osmatically active materials within the cytop asm and cell
vacuoles, (i) the per_meab|l|t¥ of the protoplasm, (iii) the amount of colloidally
active material within the cytoplasm, vacuoles and cell walls, (iv) the elasticity
of the cell walls, (v) the presence of intercellular sPaces. |t was considered that
the state of turgor and cell wall elasticity would be the major factors influencing
water loss from pea seed tissue following destruction of the cytoplasmic
membranes. Loss of solutes would almost certainly be influenced by the initial
concentration in the cells (Selman, 1977). I\/Ian){ solutes are lost from peas
during commercial blanching, such as water soluble nitrogen compounds, vita-
mins and minerals, however sucrose contributes more than half the total foss of
solids (Bosund, 1962). Qther factors which must be involved include the max-
imum tem[perature, the time taken to reach that temperature and the concentra-
tion of solutes in the blanch water. o .

Although the osmotic basis of water movement in living cells is generally
accepted %Steward, 1959), it should be noted that the early analogy between a
Plan cell and an inorganic cell bounded by a semi-permeable meémbrane has
ong heen superceded, for solutes must enter and leave the,hvmg cell and cells
capable of ?rowth must have walls which are both elastic and plastic. It is
perhaps pertinent to note that much of the early physiological work was carried
out on mature tissues, incapable of growth, such as potato tuber. _

These studies were made with young pea seeds (freezing maturity) in relation
to the problems of blanching. The young pea seed is com Ietel}g enveloped by a
thin seed coat or testa, except for the micropyle, the site at which the pollen tube
entered the ovule and through which the radicle will em,ergie (Hayward, 1938).
Within the coat are two fleshy cotyledons which are actively growing, re_spmng
and IaP(mg down food reserves including aleurone graing, starch grains an
some [ipid material, derived from amino acids, sugars and other compounds
su?plled by the parent plant. A small but growing embryo is attached to the
cotyledons. The water relations of this complex organ weére expected to differ
somewhat from those of the more uniform masses of parenchyma tissue which
comprise the potato tuber or carrot root.

Materials and methods
Plant material

Young pea seeds of the cultivar Dark Skinned Perfection were harvested at
tenderometer reading 100-105 from plants grown on a sBemaIIy prepared site
in Surrey in 1974-5."The environmental conditions in 1975 resulted in Dark
Skinned" Perfection peas that were atypical to those harvested in 1974, The
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variation between samples in 1975 was also tgreater than that in the previous
year. Results obtained in 1975 cannot therefore be related directly to results
obtained in 1974 (Selman, 1977). Commercial samples of mature carrot roots
were also used for comparative purposes. There were fort}/ pea seeds gc. 203
fresh weight) per sample, the peas selected havm% a diameter hetween 8.7 an
10.3 mm, and a tenderometer reading between 100 and 105, In some experi-
ments the seed coats were removed from twenty Peas to provide forty separate
cotyledons per sample. Carrot root tissue was cut into blocks (1 x 1x 0.5 cm)
com5pr|smg only secondary xylem tissue, and each sample contained 10 blocks
(c. 5 g fresh weight). _ _ _ _
The exposed surfaces of tissue samples were quickly and gently wiped twice
with absorbent paper to remove drops of free liquid and the samRIe weighed ina
closed dish. Sample weights after blanching or exposure to chloroform were
determined in the same way. Dry matter contents were determined after drying
duplicate samples to constant we|9ht in a circulated air oven at 103-105°C. Pea
80 yletli_%ns contained 20.7 £ 0.4% dry solids, and the carrot root 12.8 £1.6%
ry solids.
)éap was expressed from the tissues b&/ placing the sample between two r|g|d
R/Iers ex plates (12 x 8 x 0.5 cm) and applying a maximum pressure of 4.1
N/m2using a small hand operated hydraulic press. A measure of the solute
content of the sap was obtained using“an Abbe refractometer calibrated with
sucrose solution at 20°C. Pea cotyledons and carrot root contained 19.8 and
7.8% soluble solids respectively éxpressed as sucrose).

Control of turgor

By adjusting the initial water content of the tissues, varying degrees of turgor
were obtained and the effects on water and solute loss studied after damaging
the cell membranes by either immersion in warm water (blanching) or exposure
to chloroform vapour at room tem P_erature. The water content of fresh tissue
was increased b?/ immersion in distilled water for varying times at 20°C, and
decreased hy allowing water to evaporate from similar tissue placed in a
circulated air oven at 30°C for various times. _

Exposure of tissues to high concentrations of chloroform vapour results in a
rapid increase in permeability of the membranes, followed by cell death due to
irreversible disorganization of the lipid layer of the cytoplasmic membranes
1(Steward, 1959). Use was made of this to stidy water and solute losses divorced
from the effects of heat and surroundlng water associated with normal blanch-
ing procedures. Chloroform was placed in the lower compartment of a large
desjccator to a depth of 2 cm, and in the upper chamber fresh tissues of known
weightwere placed in beakers. Serial samples were removed and weighed using

the standard procedure.
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Blanching

In this context bIanchmg refers to the immersion of plant sample in water at
temperatures from 20 to 9/°C for periods not exc,ee_dmg 25 min, Ogsamples of
gea seeds (carrot roots) were blanched in 80 ml distilled water (pH 6.5-7.0) ina

50 ml beaker, agitating the water with a magnetic stirrer at 78 rpm. The tissues
were kept immersed by a disc of aluminium mesh. To minimize temperature
changes at 40°C and above when the tissues were added, the heaker was placed
over abunsen burner for 10 sec before returning it to an electric hot plate held
to within £0.5°C of the required temperature. The beaker was covered during
blanchm? to minimize evaporation, _ _

After the required blanch time, the peas (or other tissues) were sieved out
and the blanch water collected in an ice cooled volumetric flask and subse-
quently made up to 100 ml with distilled water. The peas were blotted and their
blanched weight determined. No [post blanch cooling of the tissues was done in
this work. A ™50 ml aliquot of blanch water was dried to constant weight at
103-105°C to determine its solute content.

Experiments and results

Temperature of blanching

(a) Carrot root. An experiment was first made to study the changes in fresh
weight and solute losses which occurred when blocks of fresh carrot root tissue
were immersed in water for 10 min over the range 20-90°C. The results are
summarized in Fig. 1 and illustrate the changes expected in a relatively
homogeneous storage parenchyma. At the lower temperatures water is
absorbed dug to the diffusion pressure deficit of the cells, and at hlgherte_mFer-
atures with increasing permeability leading to death of cells, water is lost.
Solutes were lost under all conditions but the amount increased substantially in
the temperature range 50-60°C. A small solute loss would be expected to occur
atf ttehm pbelratkures near ambient from the surface cells ruptured during the cutting
of the blocks.

(b) Whole peas. A similar e_xRenment was made to study the changes in fresh
weight and solute losses which occurred when samples of whole peas were
immersed in water for 10 min over the range 25-85°C. The results are summar-
ized graphically in Flg.r 2. .

((jc) Pea cotyledons. To study the effect of the testa on fresh weight changes
and solute losses samgles of pea cotyledons were immersed in water for 10 min
over the range 25-80°C. The results are summarized in Fig. 3. In this case losses

showed a marked increase above 45°C and increased approximately linearly
with temperature.

Consideration of Figs. Land 2 showed that the changes in whole peas indu d
by blanching were similar but not identical to those in d mature storage tissue,wn



Effects of blanching on peas 497

@®
o
T T

Percentage gain of
tissue weight

B o

o o

\ | |

\

/

=

. | -
2-0F Blanch
~emperature (°C)
30 40 50 60 70 80 90
0 ] | | I S V| | | I 1 1 |

=
o> 2:0F
[
2
_
3
"
2 8 4.0F %

3
kSO

2 L
8 o
° 5 60 \
L
o
o
a —

)_

10-0%

Figure 1. Percentage tissue weight changes and solute loss from carrot root samples
blanched for 10 min at the qlven temperature. (Each point derived from three
separate experiments and the losses in each experiment beln? determined in dupli-
cate, i.e. means of three duplicated replicates, 1974). O, solutes; X, tissue.

particular solutes were lost more readily at the lower temperatures from the
storage tissue than from the peas but at'higher temperatures it was the whole
peas which lost more solute, Comparison of Figs. 2 and 3 clearly showed the
effect of the testa, which, when present, effectively reduced the movement of
water both into and out of the seeds and also reduced the ma?njtude of the
solute loss. The major difference due to the testa was that loss ot tissue weight
and solutes from whole peas increased reqularly after the critical temperature of
45°C, whereas in carrot root and cotyledons, the losses reached a maximum at
about 70°C. This temperature was then used in further studies.

Time of blanching

(a) Carrotroot. An e_xRenment was made to study the changes in fresh weight
and ‘solute losses which occurred when blocks “of carrot root tissue were
immersed in water at 70°C over the time interval 0.25-10 min. The results are
summarized in Fig. 4.

26
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Figu e 2. Percentage tissue weight changes and solute loss from whole pea samples
blarr hed for 10 min at the given temperature (means of two duplicated replicates,
197"9. O, solutes; X, tissue.

(b) Wl ole peas. Similar experiments were carried out using whole peas at 70,
85 and (TAC. Results are summarized in Figs. 5, 6 and 7 respectively.

~Comp rrison of Figs. 4 and 5 indicate that the changes in carrots were again
similar to those in whole P_eas, but solute loss occurred more rapidly in carrot
root. Frcm Figs. 6 and 7 it is seen that blanching for 10 min at 85°C resulted in
the samerfresh weight loss as 2 min at 97°C but there was less solute loss at 97°C,

The effect of turgor on losses during blanching

From the pattern of results obtained it seemed likely that the bulk of the fresh
weight less occurred as tur(gor was lost and the cells contracted. An exPenment
was therefore carried out to demanstrate loss of fresh weight when the cyto-
plasmic membranes were d|sor?an|zed. Samples of carrot root and pea cotyle-
dons we e exposed to chloroform vapour at room temperature and serial
samples were removed and weighed in the standard manner. The results are
shown in Fig. 8, It is seen that the maximum tissue weight loss is very similar to
the maximum tissue weight loss induced b¥ blanching for 10 min at 70°C shown
inFigs. 1 3and 4. The relative slowness of the loss with time is attributed to the
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Figure 5. Percentage loss of tissue weight, solutes and water (by difference), from
whole pea samples after the given blanch time at 70°C (means of two duplicated
replicates, 1974). O, solutes; T , water; X, tissue.
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Fiﬁure 1. Percentage loss of tissue weight, solutes and water (by difference), from
whole pea samples after the given blanch time at 97°C. (means of two duplicated
replicates, 1974). O, solutes; T , water; X, tissue.
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root after the glven time of exposure to chloroform vapour (means of two duplicated
replicates, 1974). x, carrot; O, pea cotyledons.



502 J. D. Selman and E. J. Rolfe

X x X prepared &-0
\ weight offer
| .
X X~ blanching
X\ 4-0
Prepared X X Prepared
tissue weight tissue weight
L a1 | T B
72:0 76-0 800 - 96-0 100-0 104-0 1080
O30
_ O O—
o-0————09

i %
Percentage

loss of
prepared 16-0
weignt and

ﬁ#ﬁirdgﬂer

Figure 9. Percentage chan(fe ofprePared tissue weight and [)ercentage loss of solutes
from carrot root samples blanched for 10 min at 70°C (points from four experiments,
1975). O, solutes; X, tissue.

time required for chloroform to diffuse into the tissue. Further experiments
were carried out to studY the effect of turgor on losses during blanching.

(a) Carrot root. Samples of carrot tissue were prepared of differing initial
water contents Fsee r_nethodsl). Fresh we|8ht changes and solute losses were
recorded after blanching for 10 min at 70°C and the results summarized in Fig.
9. In this material solute losses were positively correlated with the initial water
content of the tissue. Increasing the original water content before blanching
resulted in fresh weight losses greater than the amounts originally absorbed. To
achieve an increase (or no ¢ an?e) in fresh weight after blanching entailed
initial losses in the tissue greater than would have been obtained if the tissues
had heen blanched at their original water content.

In a second experiment, carrot tissue coverm%a range of prePared water
content was exposed to chloroform vapour for 180 min at room temperature
'gs_ee ‘Materials and methods’). The resultant fresh weight losses are shown in

ig. 10. Thus material of the highest initial water content lost the ?reatest
weight as in the previous experiment. This seemed to indicate the importance of
the Tnitial water content (or degree ofturgor) in relation to water loss following
disorganization of the cell membranes. _

(b). Whole peas. Water contents of whole fea samples were adjusted as
described ahove and the material blanched for 10 min at 70°C. The changes are
summarized in Fig. 11,
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Figure 10. Percentage loss of prepared tissue weight from carrot root samgles
exposed for 180 min to chloroform vapour (points from three experiments, 1975).
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Figure 12. Percentage change of prepared tissue weight and7 dooercentage loss of

solutes from pea cotyledon samples blanched for 10 min at 70°C (means of two
duplicated replicates, 1975). O, solutes; x, tissue.

(c? Pea cotyledons. A similar experiment was made with samples of é)ea
cot _ed(igs which were blanched for 10 min at 70°C. The data are summarize
in Fig. 12, _

Thus with whole peas, prepared weight remained constant hefore and after
blan_chln? samples which had been initially allowed to lose about 5% of their
original fresh weight. Seeds allowed to take up water amounting to more than
2% of their original fresh weight, lost less than the amount originally absorbed.
Similar results were obtained with cotyledons except that fresh we|ﬁ t loss from
the ‘unprepared’ material was about14% as compared to 6% when the seed
coat was Present. _ _

Solute losses from whole peas were shqg]tIY greater from the more tur%:d
material, but in cotyledons were unaffected yurg|d|ty. This suggested that the
Rermeabnny of the'seed coat to solutes is increased when it isstretched (or more

ydrated), or that the micropyle opens wider, or hoth. The importance of the
micropyle was next studied.

Significance of the micropyle

Observations made during blanching showed that both air and solution could
be seen issuing from the micropyle. An experiment was made to determine the
5|Ign|f|(;ance of the micropyle as a means for solute and water loss during
blanching. Polyurethane varnish was applied in two coats to seal the micropyle
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Table 1. Percentage weight and solute losses from whole peas and whole peas with sealed
Té%o)pyles blanched for four different times at 70 and 97°C (means of two duplicated replicates,

Percentage weight loss Percentage solute loss
(range £ 0.7%) (range £ 0.2%)
Temperature  Time
° (min) ~ Unsealed Sealed Unsealed Sealed
10 1 34 2.4 05 0.3
3 5.1 2.2 13 0.7
5 8.0 2.6 14 0.9
12 94 2.0 2.5 16
97 05 2.4 2.2 0.3 0.3
1 35 31 0.6 0.6
2 4.6 5.2 12 12
3 1.2 14 16 15

and surrounding area and the peas were then stored in a large desiccator
containing water, to allow the polyurethane to harden overnl([;ht, whilst at the
same time inhibiting dehydration of the peas. Unsealed peas fo be used in the
comparative blanching tests were stored under the same conditions. The fresh
weight and solute losses from sealed and unsealed peas were studied after
%Iagllchllng for various times at 70°C and 97°C. The results are summarized in

able L

At 70°C both the fresh weight and solute losses from the unsealed peas were
greater than from the sealed, suggestmg than the micropyle played an
important role. However at 97°C, both solute and fresh we|?ht_ losses from
sealed and unsealed peas did not differ appreciably. A firm conclusion from this
experiment could not be drawn as it was observed that rapidly expandmgl
intercellular air had unseated the c}oolyurethane plug at 97°C. Nevertheless I
seems likely from observations and the results at 70°C that the micropyle does
serve as a passageway for water and solute loss.

Effect of damage

As the fresh we|giht and solute losses had been shown to be retarded by the
Eresence of the testa, an experiment was made to study the effect of various
ypes of damage to the pea on subsequent losses during blanching. The propor-
tion of peas damaged during commercial harvesting may be of the order of 70%
(Selman, 1977). Three grades of damage were chosen; slit, bruised and slit plus
bruised. Standard pea samples were taken and the testa of each pea cut with a
scalpel to produce a 5 mm slit. Bruised peas were produced b,}/ rolling a flat
surface over each pea until the cotyledons were movable within the testa,
effecting extreme bruising in a mannér similar to that used by Eriksson & Von
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Table 2. Effect of damage on solute loss from whole peas blanched at 97°C (means of two
duplicated replicates, 1975)

Blanch time Percentage solute loss (range + 0.2%)

(min) Whole Slit Bruised Bruised plus slit
05 0.3 04 0.4 0.9
1 05 08 08 14
2 1.0 13 L7 2.0
3 18 16 2.0 2.6

Sydow (1964), The slit prlus bruised grade was prepared by introducing a 5 mm
slit to the bruised pea. The solute losses from damaged and undamaged peas
\/Tvekr)eI stzudled after blanching for various times at 97°C. The results are shown in

able 2.

Solute loss from slit and bruised peas was similar to that from whole undam-
aged peas. However slit plus bruised peas lost significantly more solutes (P =
5%). The effect of damage on nutrient loss and subsequent factory effluent in
commercial operations could thus be significant.

Conclusions

It is apparent that weu};}ht loss from vegetable tissue during water blanching
occurs by two main mechanisms. On loss of turgor the cells contract and express
some of the cell contents. Simultaneously the dama?_ed cell membranes allow
free diffusion of solutes out of the cells. Due to continued diffusion of solutes
out of the tissue, the net tissue weight loss consists of a qreater amount of the
tissue solutes than that represented by the expressed cell sap.

In the case of peas, the presence of atesta around the cotyledons mgmﬁcantlr
retarded the loss of cell contents, and results suggested that'at least initially, cell
contents passed out through the micropyle. Damage to the pea in the form of a
slit in the testa did not Significantly increase the losses of solutes and this
suggested that some cell contents do escape through the testa. Bubbles of air
were seen to form on the surface of the testa, but it was not proven whether they
originated from rapidly expanding intercellular air that had created openings in
the testa, or from air dissolved in the blanch water. However a combination of
bruising and _shttmgi, as Is most I|keIY to occur during mechanical vining, did
result in significantly increased solute loss. This is not s_urE)rlsm% as brmsmﬂ
would cause, substantial cell damage and hence assist in the release of ce
contents during blanching. o

Loss of solutes appears to be influenced Iar?ely by the initial solute concent-
ration of the cell sap. Whereas the overall tissue we|?ht loss appears to be
governed largely by the initial cell volume, inherent cell turgor pressure and the
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elasticity of the cell walls. Although full analysis of tissue volume changes was
not carfied out, the relative net we|?ht_ and solute losses observed might be
expected from consideration of the relative structures and functions of pea and
carrot root tissue. _ _ _

_ Preblanch water ui)take by carrot tissue resulted in correspondingly
increased net weight losses during blanching. However in the case of pea
cotyledons and whole peas, water uptake amounting to over 2% of the initial
weight, did not produce correspondingly larger losses during blanching. It is not
clear whether this was due to the effect of heat on the cell wall elasticity in the
cotyledons, but certainly the partial gelatinization of the pea starch observed at
70°C may to some extent have contributed to the retention of water in the
tissues. The greater part of the net weight loss may therefore have occurred in
the temperature ran%e b5-70°C. Avtificially increasing the water content prior
to blanching could affect the Y|eld and probably the eating afuahty of peas, but
simply raising_ the yield is not necessarily in the interests of the ‘consumer.

It IS appreciated that there are other methods of blanchm? peas, but there
have been difficulties for example with off flavours resulting after steam blanch-
ing. However if such problems could be overcome it seems possible that the
presence of the testa encapsulatmg_the cotyledons might aid nutrient retention
even further during a ‘drg’ blanc |n? operation, _

Finally it must be emphasized that these studies were directed towards the
effects of the blanchm? operation alone and therefore a post blanch cooling
operation was not included. Simple tests indicated that some water uptake
occurred when blanched whole peas were cooled in water, This demonstrated
that these results cannot be directly compared to those of other workers who
have t|_ncluded a cooling stage as an integral part of their defined blanching
operation.
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Development and acceptability testing of @ modified
salt/fish product prepared from shrimp by-catch

R. H. YOUNG*, E. CORIAt, E. CRUZt and JANE BALDRY*

Summary

Methods for preparing salt/fish cakes from the minced flesh of fish characteris-
tic of the shrimp hy-catch are described. Heat treatment of the salt/fish mix at
70°C for 2 hr prior to low temperature dehydration Bromoted a raPld initial
exudation from the material, a tactor which Consideranly reduced total dryin

time. Acceptabilit testm? in Mexican communities indicated a significan
preference (F<0.01) for the preheated cakes when mc_orBorated into local
dishes, 1t is suggested that such processing is especially suitable for application
to shrimp by-catch in developing countries.

Introduction

The abundance of P_otenhal resources of fish and other marine organisms
capable of contribu mg to human food supplies has often heen emphasized
(FAQ, 1975; Disney & Poulter, 1977). These fisheries resources exist in the
main in tropical and Subtropical waters adjacent to de\/_elopmpountnes, Where
the demand for food of animal origin iS most pressing. Whilst many of the
underutilized _s%emes are not p_resentlly landed, in some circumstances large
quantities of fish are caught incidentally and subsequently discarded at sea. A
prime example of this is the by-catch ofsh_nmP trawls, which represents a global
annual loss of several million’tons of marine food %l\/femke, 1974, FAQ, 1975,
AIIslc(ijp, 1977). This wastage occurs above all in the developing regions of the
world.

Although a number of problems are implicit with regard to the utilization of
shrimp by-catch, these including economic and logistical drawbacks, informa-
tion re%ardmg possible proc_essmtg methodology 15 scant, The nature of the
by-catch, which mainly consists of'an enormous variety of small demersal fish
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species (fYoung, 1978)’\,4would appear to preclude conventional distribution in
iced or frozen form. Moreover, in tropical developing areas, it seems more
apPropnate to investigate the development of low-cost food products with
extended shelf-lives at ambient temperatures. _ _

It has previously been demonstrated that rapid mixture of fish flesh with
sufficient salt to effect a loss of water holding capacity of the muscle proteins is a
prom|sm8 method of Iorocessmg underutilized fish species (Del Valle & Nick-
erson, 1968; Del Valle & Gonzalez-Inigo, 1968, Andersen & Mendelsohn,
1972: Bligh, 1977; Poulter & Disney, 1977). The Progess affords an effective
and simple means of preservation. Indeed, resultant dried, salted products may
be stored without refrigeration and have been shown to be favourably received
when incorporated into the diets of some communities in developing areas (Del
Valle et al., 1973). _ o S o

The current article describes the app_llcanon of ra‘md salting to fish minces
prepared from shrimp by-catch. In particular, the influence of Poss_lble modifi-
cations to the saltmgI and drying Pro,c_ess is examined. Further attention has been
given to the organoleptic acceptability of the developed products, with special
reference to a rural area of Mexico.

Materials and methods
Raw materials

~Samples of shrimp hy-catch were recovered fresh from commercial vessels
fishing'in the Gulf of California and stored in frozen form prior to processing. A
batch we|%h|nﬂ]34 kg and comprising a representative mixture of fish species
was used for the study. The formulated composition was as follows: Pacific
flagfin mojarra (Eucinostomus spp.) 9.2 kg; Pacific sand perch (Diplectrum
pacn‘mum% 8.4 kg; grunt SOrthopnsm cantharinus) 6.0 kg; gafftopsail pompano
?‘_Trachmo us rhodopus) 4.2 kg; bairdiella (Bairdiella icistia) 3. k’\%;_ red goat-
ish  (Pseudopeneus grand|3(iuam|s) 18 k f croaker (Micropogon

;o gul
megalops) 1.0 kg; sharpnose lizardfish (Synogus%cituliceps) 0.4 kg.

Fabrication of salt/fish cakes

Fish were headed and eviscerated manually and subsequently washed in a
water bath. Elimination of the hones and skin was effected usm(h; aPaoli model
19 automatic meat and bone separator. The distance hetween the cylinder and
the pressure Plate_ofthe_separator was adjusted to 0.008 cm. The deboned flesh
was intimately mixed with fine salt in a Hobart mixer. A salt concentration of
20% (as percentage of fish flesh weight) was employed throughout the study
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since this amount has grevmusly been shown to promote saUsfactorg cake
formation (Younrq, 1978). The salt/fish mix was left to stand for about 30 min
and then manually pressed into cakes using a simple hamburger press. About
130 g of mix was used for each cake.

The formed wet cakes were divided into two batches, One batch was pre-
heated in an oven (Proctor and Schwartz, Philadelphia) at a temperature of
70°C for 2 hr. The other batch was not preheated, Each of these batches was
further divided into two, halfthe cakes being dried to constant weight at 40°C in
the oven and the rest being dried by exposure to the sun. The ambient tempera-
ture during solar drying varied between 33-36°C and the relative humidity
between 81-89%.

Determination of drying rates

The degree of exudation from the cakes during dehydration was measured as
an index of drying rate. Five individual cakes were Selected at random from
each batch and'weighed on a Mettler P1200 balance at intervals _throughout the
drying Iper:co§i.8lnh|t|ally, weighing was carried out every 30 min and later at
inervals of 2-8 hr.

Microbiological analysis

The microbioloqical quality of the products was assessed using procedures
recommended by the International Committee on Microbiological Specifica-
tions for Foods >(Thatcher & Clarke, 1975).

Chemical analysis

Crude protein (N x 6.25) was determined by the microkjeldahl method
(Joslyn, 1970). A macrodigest was performed using 1-2 ?samﬁ_e, the resultant
nydrolysate b_emF diluted to 100 ml. Ten millilitre aliquots of this solution were
used for distillafion. Crude fat was measured by the soxfrlet method using
petroleum ether and NaCl by the ammonium thiocyanate and silver nitrate
method (Pearson, 1970). Moaisture content was detérmined using an Ohaus
moisture determination balance at a power of 2.5 W and a drying time of 12
min,

Cooking procedure

Cakes were desalted by soaking in fresh water for 30 min. Approximately 2 1
of water was used for up to four cakes. The soak water was replaced with fresh
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water which was heated to hoiling. The cakes were then simmered for 15-20
min,

The reciPe used for the organoIeFtic evaluation was hased on that described
by Del Valle etal. (1973). Inorder to assess the accelotabnny of cakes prepared
under the different processing conditions, the following ‘sample treatments
were compared:

Cake A: preheated at 70°C/2 hr, oven-dried at 40°C.
Cake B: non-preheated, air-dried at 40°C.,
Cake C: non-preheated, sun-dried at 33-36°C.

Organoleptic evaluation

Assessors were drawn from ITESM staff, with an emphasis on the lower paid,
from employees of INP including fishermen and from residents of Barrio
Antena, a lower working-class area of Guaymas but some higher income staff
were included and no assessor was noticeably malnourished.

Tasting took place at four separate sessions in the place where the assessors
normalla/ ate and immediately before their mid-day meal. In each case a group
0f 10-20 assessors were asked to consume a meal comprising the three samples
under test, identified only by random numbers. _
_Assessors indicated which'sample they liked most (and why) and which they
liked least (and whH on very S|mp_le record sheets; panellists also made com-
ments on acceptability and stggestions for methods of preparation. Plate waste
was noted. From the preferences exPressed a table of rank frequencies was
constructed and the 5|?n|f|cance of the differences between rank totals
determined either from tables (Kramer, 1963) or analysis (Kendall, 1948).

In addition to sessions at which preferences for the various samples were
formally recorded there were a number of occasions on which samples were
served 1o other tasters and their comments and reactions noted.

Results
Drying rates

_The weight losses of oven-dried and sun-dried cakes are demonstrated in
Figs. 1and 2 res(Pectlver_. In each case, the products could be dried to a final
We|%ht of 35-40% of their original weight. In the absence of preliminary heat
treatment, the drying time for oven-dried cakes was 50 hr whereas that for
sun-dried cakes was 65 hr under the atmospheric conditions indicated in Fig. 2.

Preheated cakes exhibited a very rapid initial drip loss, weight reductions of
45% of their wet Welght being achieved durm% the first 2 hr at 70°C. When
denydration of the cakes was continued at the Tower temperature, final dried
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Figure 1._Wei?ht losses of salt/fish cakes during dehydration. A, Cakes preheated at
70°C for initial 2 hr, drying continued at 40°C in oven; o, cakes dried at 40°C in oven
throughout.
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Figure 2. Weight losses of salt/fish cakes during dehydration. A, Cakes preheated at
70°C for initial 2 hr (in oven), drym% continued in sun; o, cakes dried in sun
throughout. Sun-drying temperature 33-36°C, R.H. 81-89%.

27
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weights were obtained after a total dryir&g period of 30 hr. It was noted that,
after preheating the salt/cakes, the total drying time was the same irrespective
of whether oven-drying or sun-drying was employed.

Product characteristics

~ Samples of the three t}/pes of salt/fish cake used for acceptability testing are
illustrated in the dried form in Fig. 3. The type A cakes (preheated) were
regular in shape, smooth-surfaced and almost white in colour. Type B cakes
(non-preheated, oven-dried) were less regular and compact, having a granular
surface appearance and an even light brown colour. Type C cakes (non-
preheated, sun-dried) appeared very coarse and granular with a grey-brown
colour. White spots of crystallized salt were also present on the surface of the
latter type of cake. The odour of dr¥_ cake A was mild and fresh, whereas dry
cakes B and C possessed a stronger Tish odour - albeit, not an unpleasant one.
On _haridigmg, cakes B and C tended to crumble whereas cake A retained its
original form.

uring reconstitution and cooking in water, cakes B and C tended to disinte-
grate. However, the more compact cake A remained intact during this treat-
ment but could be mashed equally easily in the cooked form. The final cooked
material was textured and similar’in appearance to cooked, minced meat. In all
the samples, it was found that the salt was completely removed by the soaking
and cooking method described.

Chemical composition and microbiological quality

Table 1shows the proximate analyses and total viable counts obtained for the
three types of dried salt/fish cake under test. All samples were very similar in
composition although the preheated cake A appeared to have marginally lower

Table 1. Proximate analyses and total viable counts for dried salt/fish cakes. Sample A: ore-
heated, oven-dried; sample B: non-preheated, oven-dried; samole C: non-preheated, sun-dried.

Sample

A B C
Crude Protein (%) 40.8 417 44.3
Crude fat g%) 8.6 8.7 1.2
Moisture (%) 7.6 1.2 1.9
Salt (%) 34.8 38.2 318
Total viable count
(organisms/g) 1.8 x 102 43 x 102 6.5 x 102
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Table 2. Rank frequencies and totals determined from organoleptic testing of cooked salt/fish
cakes. Sample A: preheated, oven-dried; sample B: non-preheated, oven-dried; sample C:
non-preheated, sun-dried.

Rank frequencies

Rank Sample A Sample B Sample C
1 kY 12 16

15 1 1 2

2 18 23 14

2.5 1 4 5

3 10 22 25

Rank totals 102* 135.5 134.5

*Difference significant at 1% level.

Protem and salt contents, probably due to greater losses of these components in
he drip exuded durin ,dryln%. _ _ _

As may be expected in such heavily salted and dried products, total viable
counts were low in all cases. Further anaI){sm for the OFres_ence of ﬁathogens
indicated complete absence of coliforms, salmonella and shigella in the cakes.

Organoleptic acceptability

~In general, the samples seemed acceptable. Comments from the panellists
|nd|catm%outr|ght rejection were low, one only for sample A, four tor B and
five for C from a total of sixty-two assessors. Most of the other comment,
favourable and otherwise, was concerned with the recipes used rather than the
basic material. Plate waste was low from assessors of both high and low income
groups. : . . .

~ Tasters not taking part in the formal panels also indicated, with some excep-
tions, a ?eneral acceptance of the products. Not all of these tasters knew the
ongim of the products and comments sometimes suggested confusion with
textured ve%etable protein products. o
_Despite the general acceptability, the results from the panels indicated a
significant preference (P<0.01) for the preheated sample A. Comments sug-
gested that the flavour and texture of sample A were preferred, these being
somewhat milder and less granular respectively than those of samples B and C.

Discussion

With the advent of devices capable of separating fish flesh from the skin and
bone, a wider range of possibilities is now available for the utilization of
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presently wasted fish. Quick-salting of fish minces has previously been sug-
gested s an ap roPnate means of preservation in deyelopln% areas. In the
studies of Del Valle and co-workers (1968), dewatermg| of the mince was
effected by chemical separation (viz. lowering the water ho de capacity of the
muscle proteins by admixture with a h|fgh proportion of salt) and physical
separation (viz. méchanical application of'a high pressure). Drying could then
be completed in an oven or in the sun. The process has been simplified, by
omitting_the pressure stage, and applied to oily fish by Poulter & Disne
(1977). The present study has demonstrated that'the inclusion of a heat treat-
ment at 70°C for 2 hr, prior to low temperature drying, promotes an appreciable
initial exudation from salt/fish cakes. This allows dehydration to be completed
in much shorter times whether oven-drying or solar drym(l;_ is employed.

Modification of the fish muscle proteins by combined salting and heat treat-
ment, rather than salting alone, appears to confer further henefits on the final
product. Thus, the cakes are more compact and smooth in appearance with
improved mechanical properties during handling and reconstitution. The
results of the acceptability tests demonstrated that some improvement was also
transferred to the cooked product. The clear preference for dishes prepared
from preheated salt/fish cakes appeared to be due to differences in flavour and
texture, Several years ago, precooking of meat prior to drying was shown to be
beneficial in that'case-hardening during drying was obviated and reconstitution
of the material was improved (Dunker, "Hankins & Bennett, 1945; Sharp,
1953). However, the principle has not previously been applied to the prepara-
tion of salt/fish cakes. _

The rapid drip loss caused by the heating process may encourage more
appreciable losses of flavour components, an effect which could have been
advantageous in this case. ,Certam_lyﬁ, soluble metabolites produced by microbial
or enzymatic breakdown in the fish flesh and also blood pigments are likely to
be more effectively eliminated. Preneating should also limit further enzymatic
breakdown during dehydration and stora?e of the cakes, a factor which could
conceivably assist the deterioration of salt/fish cakes prepared in the absence of
preliminary heating. _

It would seem that dried salt cakes formed from the flesh of shrimp by-catch
fish show considerable promise as a component of local diets in developing
countries. The variant' process, involving preheating, appears to further
enhance product acceptability. Shrimp b%-catch could be a particularly suitable
material for this type of processing. Cakes prepared from oily fish may meet
consumer resistance outside those areas where dried, salted oily fish are tradi-
tionally consumed while cakes made from shrimp by-catch, using the procedure
described, could have much wider acceptability.” Indeed, the” nature of the
reconstituted material invites comparison with teéxtured soya protein, although
the result of a much simpler process. The good microbiological quality and high
Brotem content of this %pe of product, noted elsewhere (Del Valle efal., 1970;
Poulter & Disney, 1977; Young, 1978), were confirmed during_the present
investigation. Moreover, recent studies show that the high biological value of
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the fish protein is retained in the salted, dried Eroducts even after prolonged
storage at ambient temperatures (R. H. Young & J. Velez, unpublished data%.
~Although it may be Possmle to develop a variety of food products from the
fish characteristic of the shrimp by-catch, salt/fish cakes would appear to
deserve special attention in lesser developed regions in view of their ease of
Pre_p_aratwn and conservation at tropical temperatures. These factors should
ﬁcmtate distribution and sale of the products In rural areas, often distant from
the coasts.
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Silver proteinate staining of neutral polysaccharides
in-apple cell walls: implications relative to
fruit firmness

W. P. MOHR

Summary

The method of selective tissue extractions followed by silver proteinate staining
to visualize neutral polysaccharides in cell walls at the ultrastructural level was
shown to be potentially useful in future studies on apple fruit firmness and
storage ability.

Introduction

The polysaccharide composition of cell walls of apple fruits has been related to
firmness values characteristic of varieties at harvest and during stor_a(i_e (Wiley
& Stembridge, 1961; Tavakoli & Wiley, 1968), a variety’s characteristic rate of
softening on cooking (Kertesz, Eucare & Fox, 1959), and the apPIe paren-
chyma cell’s life h|stor5 on ana off the plant (e.g, Nelmes & Preston, 1968:
Knee, 1973; Bartley, 1976). Nelmes & Preston’swork included some transmis-
sion electron microscopy of methacrylate-embedded, heavy metal-shadowed,
apple cell walls. Resulfs with this technique, which visualizes the cellulose
component, suggested that wall thickness, wall density, and lamination features
of the cellulose microfibrils do, in fact, change during the cell’s life history.
Fuller (1976) observed structural s_¥_mptoms of cell organelle and cell wall
breakdown as related to differing initial content of calcium in the fruit. These
atre agmnglthe very few contributions reported on the cell wall ultrastructure of
stored apples.

Refmeprﬁent of polysaccharide localization methods at the electron micro-
scope level gmery, 967) in conjunctmn with selective extraction procedures
(Jensen, 1960, as modified by Jewell & Saxton, 1970) offers further pos-
sibilities for cell wall studies. Of several modifications for visualizing the 1,2-
g}lzcol groups, the periodic acid-thiocarbohydrazide-silver proteinate (PA-

H-AgPr, or ‘silver proteln_ate_’z method "was used in the present study
because 1t has given higher specificity, more contrast, and better resolution than

Author's address: Agriculture Canada, Research Branch, Smithfield Experimental Farm, Box
340, Trenton, Ontario K8V 5R5, Canada.

0022-1163/79/1000-0521 $02.00 ® 1979 Blackwell Scientific Publications
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other methods presently available (Jewell & Saxton, 1970; Freundlich &
Robards, 1974). The work reported is an attempt to aP_ply the method to stored
1zgpptle parenchyma and to relate the results to known firmness properties of the
ruit.

Materials and methods

Small cubes of parenchyma tissue were cut from a region of the mesophyll near
the equatorial middle of the af)ple fruit, about 10 mm in from the epidermis,
The cubes were fixed in 2% glutaraldehyde (in 0.02 m sodium phosphate, pH
7.0). Some of the cubes were extracted with 0.5% ammonium oxalate and/or
4% sodium hydroxide according to procedures reported by Jensen (1960) and
modified for electron microscopy b?/ Jewell & Saxton (1970) to remove selec-
tively pectic and hemicellulose maferials. Extracted and non-extracted tissue
cubes were dehydrated throu%h graded ethanol, then infiltrated and embedded
|(r513 styrerleglggﬁthacrylate (Mohr~& Cocking, 1968) and Spurr’s epoxy resin
urr, : : : :
gectmns (stlver/gold) were cut on a Reichert ultramicrotome and picked up
on 400 mesh uncoated qold grids. The presence of neutral polysaccharides was
demonstrated in extracted and non-extracted sections by the PA-TCH-A?Pr
method EThlery 1967) as modified and adapted for plant tissue by Jewell &
Saxton (1970). Dimedone-treated control sections were included to ensure that
any positive reaction was due to aldehyde groups. Of several variations tried,
best results were obtained using an immersion rather than flotation staining
technique, and by ma_kmg up the silver Brotelnate from Taah Laboratories,
Re_aqué) In triple distilled water shortly before use. Grids were examined in a
Philips 300 electron microscope operated at 60 kV.
~ Using this method several varieties of apples grown in 1975,1976, and 1977
in the Smithfield Farm orchards were studied throughout the period of normal
fruit development on the tree and subsequent senescence off the tree in 0°C
storaqe. This report is limited to the differences in wall structure found between
two stored fruit types of particular commercial interest - soft-textured ‘short-
keepers’ and firm-textured ‘long-keepers’.

Results and discussion

The fme(ljy particulate reaction obtained with silver proteinate staining clearly
dentified reaction sites in the wall. Selective extractions followed by staining
indicated that some pectic and cellulosic components were reactive in addition
to hemicelluloses, usually regarded as the main wall component stained by this
method. Freundlich & Robards (1974) attribute the positive reaction given by
cellulose in certain tissues to the presence of a reactive, less-crystalline
(amorphous, para-crystalling) phase surrounding the normally unreactive crys-
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talline microfibrils. Paton (1974) concluded from chemical studies that the
cellulose of ap[)les_ IS more amor?_hous than crystalline. _ o

Cultivars with similar storage firmness and fexture properties gave similar
stamm? patterns. These patterns did not change significantly until the fruit
began to soften not|ceabl%/. To avoid repetition, only micrographs of cultivars
representing two general fruit types that differed appreciably in storage proper-
ties are reBorted. _ _

During 0°C storage, before the fruit had begun to soften noticeably, long-
keeping, firm, cultivars differed from short-keeping, ‘soon-to-he-soft’ Cultivars
in certain wall staining characteristics. Non-extracted, PA-TCH-AgPr-stained,
cell walls of firm type fruit always stained denseI}/ (Fig. la. Shown here is cv.
T-416 which remained very firm in storage for at least 10 months). Similarly
grepared walls of soft type fruit often, but not always, stained less denselﬁ F|%;

a. Shown here is cv. Cortland which remained firm for only 2-3 months).
lamellate wall was usually evident in both. In tissue from which pectic sub-
stances had been removed, the staining reaction in the wall midale lamella
region was considerably reduced - more so in the soft type (Fig. 2b) than in the
firm type SFlg. b). In"tissue from which both pectic and hemicellulose sub-
stances had been extracted, there was a further reduction in staining intensity,
the soft type (Fig. 2c) again staining less densely than the firm type (Fig. Ic{.
Such differences in staining pattern and intensity must reflect compositional
differences of the kind reported in analﬁncal studies of aplole fruit cell walls
1(_Tavakoll&Wlley, 1968). They suggest that the cell walls of long-keeping, very
irm-type apples”contain greater amounts of at least some hemicellulosic.
ceII%Jlosm, and pectic fractions than the cell walls of short-keeping, soft-type
appies. - :

Another distinguishing feature of non-extracted walls of the soft-fruited type
early in its storage life, before there was any noticeable fruit soften|n1g is shown
in Fig. 3. Some cell corners were conspicuous by their very light PA-TCH-AgPr
staining reaction. This is thought to Indicate ver}/ low content of wall com?o-
nents in these regions, although it can be argued that such regions could be the
begm_nmg of wall separation in ‘soon-to-he-soft' tissue. These relatively
unstained cell corners amidst otherwise densely-stained walls were not seen in
atny of the non-extracted firm-fruited material, even out of relatively late
storage.

Ongce the fruit had begun to soften, typical features at the cellular level in
non-extracted, stained, material were” wall separation (Fig. 4a) and the
enlargement of intercellular spaces and consequent rounding of cells (Fig. 4b).
This Supports the generally held view that these anatomical changes are the
cause of, or at least intimately linked with, fruit softening and the development
of a mealy texture. _ N

In summary, silver proteinate staining at the ultrastructural level appears to
be Poten,tlally useful in app_lled studies with apple cell walls, Future work should
include its use in conjunction with tissue extraction procedures not ?/et investi-
?hated sufficiently, e.g., purified enzyme systems to remove specific fractions of

e major wall Components.
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F|giure3 Wall structure at cell corners sometimes seen in short keer cultivars
held in 0°C ftora 0e, bFfor%the fruit had be?un to soften notlceﬁbl¥ Note the densel
stained walls except [) 3 Ilghtlysalnedmddle lamella Tegion (*) at a ce
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Equations for fitting water sorption isotherms of foods.
1. Evaluation of various three-parameter models

R. BOQUET,*t J. CHIRIFEt and H. A. IGLESIASt

Summary

The objective of the present study is to evaluate the capacity of four published
three-parameter equations in describing water sorPnon isotherms of various
types of foods. Thirty-nine food isotherms obtained from literature and relatm%
to fruits, meats, milk products, proteins, starchy foods and vegetables were use
to evaluate the fitting abilities of the various éguations. The equations studied
were: B.E.T. modified - Brunauer (1945), Chen (1971), Young & Nelson
(1967) and Hailwood & Horrobin (1946).

Introduction

In part | of this work, Chirife & lglesias (1978) have compiled and discussed
twenty-three isotherm equations which have heen reported'in the literature for
fitting water sorption isotherms of foods. Chirife & lglesias (1978) suggested
the need for an ‘overall’ evaluation of this large number of equations in order to
have a precise and quantitative definition ontheir fitting abilities as %{)phed_to
different foods. Accordingly, in part Il of this work, Boquet, Chirife & Iglesias
(1978_%_ evaluated the capacity of eight published two-parameter equations in
descri mg thirty-nine food isotherms obtained from the literature and corres-
Pond_mg 0 almost all type of foods. Their results allowed Boquet, Chirife &
glesias (1978) to propose the best equations to fit the experimental sorption
data for each group of foods,

Authors’ addresses: 'Departamentq cfle Fisica and tDePartameng) de.Industrias, Facultad de

Ciencias Exactas y Naturales, Universidad de Buenos Aires, Ciucad Universitaria, Nunez 1428
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AL netnr]1a6r of COnsejo Nacional de Investigaciones Cientificas y Técnicas de la Republica
gentina.

0022-1163/79/1000-0527 $02.00 ® 1979 Blackwell Scientific Publications



528 R. Boquet, J. Chirife and H. A. Iglesias

It is the purpose of the present work to StUdK the fitting abilities of three-
parameter e%uauons as applied to the same isotherms used by Boquet, Chirife
& Iglesias (1978). For this purpose a statistical analysis is made on the goodness
of it of the above isotherm equations as applied to the experimental data.

Results and discussion

Following the reasonings of Boquet, Chirife & lglesias (1978) a fixed range of
0.10 to 0.80 water activity (awg will be utilized in the evaluation. Also and for
the purposes of comparison, the same thirty-nine isotherms used by Boquet,
Chirife & Iglesias (1978) will be utilized here. Those isotherms corresponded to
room or near room temperature and were grouped in the following form:
a) fruits, (b) meats_&c milk products, Sdg proteins, (e) starchy foods, and
f ve%etables. The list of products utilized, specifications and source of data are
isted elsewhere (Boquet, Chirife & Iglesias, 1978). _ _
The three-parameter equations that will be evaluated have been discussed in
Part I (Chirife and I&Iesms, 1978) and are the following: (in all cases awrefers to
water activity and M to moisture content, dry basis)

B.E.T. modified equation

MmCawqFLl- (n+ 1)awn- nawfn+>
1-ew J[1-(C- Daw-C + (1)

where Mm, C and n are parameters

Chen equation

aw=-exp (k +aebM (2)

where k, a and b are parameters. _
This equation can be written in the following form,

M=%)~ In (%(lnaw~k)> (3)

Hailwood and Horrobin equation

y = A+Baw—Can (4
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where A, B and C are constants.
This equation was written as,

Young and Nelson equations

"sorption —A (0 + Q) + B(p 6)
"desorption —A (0 + Q) + pi 0 iwmax (7)
flwmes is the water activity from which the desorption commenced originally.
The 0, tpand a functions are defined as,

Eaw E2  (EHE- aw)
EA{E—av (E-1)  E

E+2)I(L-ow
where A, p and E are parameters.

Analysis of data

The general three-parametric form of equations (1), (3), (5) and (6) or (7) is:
M = f (aw, ki, ki, ki)
Defining,

PR <M4-f(avvi,k>,ki,k"J 9)

i=1

In order to find the maximum likelihood parameter, ki, ki and ki we seek the
minimum of s2. _ , _ _

The goodness of fit of the various equations as applied to the experimental
sorption data was evaluated through_a_ mean relative percentage deviation in
modulus (P) defined as (Boquet, Chirife & lglesias 1978)

28
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100 IMj - f(awi, k\, ki, k3)\
F T Ei Mi ©)

The results are shown in Tables 1-6 which indicate the goodness of fit (P) of
the various isotherm equations as applied to the different food isotherms In
view of the large number of equations and experimental isotherms analyzed,
fitting Parameters are not reported here. All the results are summarized in
Table 7 which shows the average of the P values for each group of foods.

Conclusions

The following conclusions can be drawn about the fitting abilities of the four
isotherm equations studied, as applied to the various groups of foods in the
range of aw 0.10-0.80.

Fruits. The best equation for correlating the data is that of Young & Nelson
(1967) followed closely by that of Hailwood & Horrobin (1946). Other equa-
tions do not perform satisfactorily, o _ _

Meats. The Hailwood & Horrobin (1946) equation gives the best fit for this
group of foods; other equations fit the data less accurately. . .

Milk products. Hailwood & Horrobin §1946) and BET modified (Brunauer,
1945) equations (in that order) give, b{ ar the best description of the experi-
mter}tal data. The other equations fail to describe the experimental data accu-
rately.

Pr%teins. Hailwood & Horrobind(l946),, Chen (1971) and Young & Nelson

;1937) equations give a very good fit of experimental data of this group of
0ods.

Table 1. Goodness of fit, expressed as mean relative dper,centual devigtion (p) of the various
equations s applied to the experimental water sorption isotherms in fruits

Experimental  B.ET. modified Chen  Hailwood & Horrobin  Young & Nelson

isothermno* — egn (1) eqn (2)  eqn (4) eqn (b) or (7)
1 6.2 184 £ 32
2 133 116 %.5 43
3 0. By 42 1.0
4 14 23.1 43 1.?
g 20.3 22 65 4
0.2 184 36 32
1 16.0 38 52 31

*See Boquet, Chirife & Iglesias (1978)
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Table 2. Goodness of fit, expressed as mean relative percentual deviation (p) of the various
equations s applied to the experimental water sorption isotherms in meats

ExPerimentaI BET. modified  Chen Haingod&Horrobin Young & Nelson

isothermno* — egn (1) egn () eqn (4 eqn (b) or (7)
8 6.3 25 18 0.6
9 46 30 4 08
10 48 2.0 13 31
11 12 0.0 20 49
12 24 25 gg 34
13 24 8.1 . 37
14 14 4) 10 29
15 2 59 14 131

*See Boquet, Chirife & Iglesias (1978)

Starchy foods. Young & Nelson &196? and Hailwood & Horrobin (1946)
equannsSmthatorder()] ive the best fits for starchy foods followed very closely
by Chen ( 97%) and B.E.T. modified (Brunauer, 1945) equations. -
Vegetables. The Hailwood & Horrobin ?]1946) equation gives the best fit in
this group of foods. The other equations have definite lower fitting abilities.

There are various conclusions which can be drawn_from the results here
obtained. The best and also most versatile equation is that of Hailwood &
Horrobin (1946), which was developed in an attempt to interpret the water
sorption isotherms of proteins. This equation is able to describe the sorption
data of almost any food group, with ar value of only 2.0% or less; only for fruits
and milk rL))rodu_(:ts the last valug increased to 4.4% and 3.9% respectlve_ly. This
versatile behaviour together with a remarkably good ability to fit experimental
data for most types of foods, suggest that this equation may be considered as a
sort of ‘universal’ isotherm equation (in the range of aw here studied). Of
course, and as it was previously discussed by Chirife & Iglesias (1978), the
excellent fitting ability of this (or other) equation(s) is not in itself sufficient to

Table 3. Goodness of fit, expressed as mean relative percentual deviation (p) of the various
equations as applied to the experimental water sorption isotherms in milk products

Experimental  B.ET. modified  Chen Hailwood & Horrobin  Young & Nelson

Isothermno* — egn (1) eqn () ean (4) eqn (6) or (7)
16 59 117 5.2 209

. 05 L7 31
% %8 16 49 183

*See Boquet, Chirife & Iglesias (1978)
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Table 4. Goodness of fit, expressed as mean relative percentual deviation (p) of the various
equations as applied to the experimental water sorption isotherms in proteins

Experimental  B.ET. modified Chen  Hailwood & Horrobin gao#re %rNeIson

isothermno.* — egn (1) eqn(2)  eqn (4) (7)
19 08 21 /) 25
20 19 17 18 18
2l 34 10 10 12
2 10 25 20 18
23 35 14 13 0.8
24 36 19 20 26

*See Boquet, Chirife & Iglesias (1978)

Table 5. Goodnﬁss of fiﬁ,] exE(ressed as mean relative percentual deviation (p I) of the various
equations as applied to the experimental water sorption Isotherms In starchy foods

Experimental ~ B.E.T. modified Chen  Hailwgod & Horrohin ~ Young & Nelson

isothermno* — egn (1) egn (2) egn (4) egn (6) or (7)
2 0.3 17 21 23
20 43 34 30 2.
2 20 26 20 20
2 14 0.9 14 17
2 14 11 0.7 05
3 3.0 22 14 18

*See Boquet, Chirife & lglesias (1978)

Table, 6. Goodness of fit, expressed as mean relative percentual deviation (ﬁ) of the various
equations as applied to the experimental water sorption 1sotherms in vegetables

Experimental BET. modified Chen Haingod&Horrobin Young)& Nelson

Isothermno* — eqn (1) eqn (2)  eqn (4 egn (b) or (7)
3 59 6. 19 23
R L7 73 19 108
&3{ 34 3 34 49
3 i oD 3
30 21 b5 2 47
31 19 33 12 34
33 21 11 0.5 22
3 2.2 29 0.5 31

See Boquet, Chirife & Iglesias (1978

~—
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Table?.Aver%%e [%oo ness o‘ﬁtof he various e uatior]s,foreacﬂ]grour%of,foods, eﬂ)ressedasthe
average p vallie for the total numboer or experimental isotherms comprising each group

B.ET. modified Chen Hailwood & Horrobin -~ Young & Nelson

eqn (1) eqn () eon (4) eqn (6) or (7)
Fruits 117 258 44 38
Meats 3.2 4.2 2.0 41
Milk products 4.2 9.9 3.9 143
Proteins 32 18 18 18
Starchy foods 22 20 19 18
Vegetables 34 5.6 20 51

ﬁrove the validity of a particular sorption model. The most we can say is that it
as an excellent ‘mathematical flexibility’. _ -

The other three-parameter equations hiere examined ?_B.E.T. modified, Chen
and Y,oun% & Nelson) have, inan overall sense, inferior fitting abilities. None of
them is able to fit the data for all food groups studied with comparable accuracy,
although they can also perform very well for some of the groups studied.

Itis notewor_th_y that some of the 5|mpler_two-_Parameter equations evaluated
by Boquet, Chirife & Igle5|as_(1978% also give fits of comparable or even better
accuracy than B.E.T. modified, Chen, or_Youngi & Nelson equations, when
considering some particular group of experimental isotherms. Thus, the use of a
third parameter does not seem to be always worthwhile, o

It is obviously |m?ortant to have a relativel 3|mFIe equation descnblnP the
sorption isotherm of foods with a limited number of parameters. If we balance
simplicity and number of parameters against fitting ability, we conclude that the
water sorption data of probably any food would be satisfactorily represented by
one of only four isotherm equations, namely those of Hailwdod & Horrobin
(1946), Halsey, Oswin or Iglesias & Chirife (Chirife & lglesias, 1978).
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Technical note: Determination of ascorbic acid in a
blackcurrant cordial with dihaloiodate (1)

G. J. MOODY and J. D. R. THOMAS

Of the methods available for ascorbic acid assay the one normally recom-
mended is based on its reduction of the blue dye 2,6-dichlorophenolindophenol
to give a colourless product (Nicholls, 1945; Pearson, 1962). Another proce-
dure depends on the reduction of iodine generated by the action of standard
lodate on excess iodide in 0.25 M sulphuric_acid (Nicholls, 1945; Ballentine,
1941). loding monobromide pr_ﬂ)ared by mixing equimolar quantities of iodine
and bromine in hydrobromic acid has also been employed to determine ascorbic
acid among other compounds éNazruIIae\_/, Gengrinovich & Murtazaev, 1963).
A more convenient method of obtamm% cationic iodine oxidant is to mix a
standard iodide solution and either concentrated hydrobromic acid, or concen-
trated hydrochloric acid, with the appropriate amount of standard iodate solu-
tion (Moody & Thomas, 1963, 1964; Bark & Grime, 1974). Both the
dihaloiodate(l) species thus obtained are stable over several weeks.

Experimental
Preparation of materials

Cationic ioding in hydrobromic acid, 0.100 M potassium iodide (25 cm3) and
hydrobromic acid S.%." 1.46; 25 cm3 were treated with 0.0250 M potassium
jodate (50 ¢cm3. A ten-fold dilution with distilled water gave a 3.75 mM
solution pf_dlbrommodatew. o -

Cationic iodine in hydrochloric acid. 0.100 M potassium iodide (25 cm3) and
hydrochloric acid (s.g. 1.16; 50 cm3) were treated with 0.0250 M potassium
jodate (50 ¢cm3. A ten-fold dilution with distilled water gave a 2.00 mM
solution, of dichloroiodate(l). _ _ o

Stahility ofcationic iodine In dilute acid solution. Frequent standardization of
the dihaloiodate(l) solutions with sodium thiosulphate showed hoth cationic
lodine species to be stable for several weeks even in daylight.

Authors’ address: Chemistry Department, UWIST, King Eoward VII Ave., Cardiff CF1 3NU.
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Titration procedure for ascorbic acid

Aliquots of freshly prepared ascorbic acid standards were titrated against the
aBpropnate_ cationic 1odine solution, using the starch preparation ‘Thyodene’
(Purkis, Williams Ltd% for end-point detection. o

The neat cordial (25 cm3 was diluted ten-fold with distilled water and
aliquots (125 cm3) treated with cone, hydrochloric acid (5. cm3). After bubbling
ng)trogen or 5 min to remove sulphur dioxide the ascorbic acid was titrated as
above,

Chromatography

~ Oxidation of the ascorbic acid by stoichiometric amounts of each cationic
lodine species was confirmed by chromatography using Watman No. 1 paper.
Thyodene was excluded from the solutions subﬂected to chromatograﬁhy. After
development with butan-l-ol/acetic acid/water (4:1:5) (upper p asez), the
chromatograms were treated with acetone/silver nitrate reagent, then 0.1 M
sodium hydroxide/95% ethanol (1:1).

Results and discussion

Figure 1 indicates that both the cationic iodine species, 1Brz~and ICL* are
consumed by the ascorbic acid (ALL) according to

AHz2+ DLr = Dehydorascrobic acid + I- + 2HX (1)

Ascorbic acid (mg)

0 4 8
IX5 (cm®)

Figure 1. The consumption of dihaloiodate(l) specie-; by standard ascorhic acid
so?utlons: 0, IBn“ e, ICU .
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Chromatography revealed no ascorbic acid after oxidation with
stoichiometric amounts of either dihaloiodate(l) reagent. In all cases, a distinct
spot at Rf~0.11, correspondm% to control applications of dehydroascorbic
acid, was evident. No other products could be resolved.

The end-point of the titration is based on the iodine formed from the iodide
produced by reaction 1 and the first excess of the dihaloiodate(l) reagent:

X4 1= 142X 2)

The first trace of iodine gives a blue/purple coloration with Thyodene.

Sodium metabisulphite and D-glucose additives are present in this cordial.
Control experiments with ascorbic acid showed sulphite, but not D-glucos, to
be an interférent requiring additional cationic titrant (re eqn 2). Sulphlte
(15 mg) added to either ascorbic acid or actual diluted cordial was removed by
ta(tjd|tng cone, hydrochloric acid and briefly bubbling nitrogen prior to the
itration.

The ascorbic acid_content of the cordial was thus found to be 228 (s.d. 6)

mg% and 229 (s.d. 7) mg% respectively usm? the ICh- and 1B n* titrants for
five replicate samples in each case. Thése values would have been about 6%
higher'if the sodium metabisulphite (ca 155 ppm quoted by the manufacturer)
had not been removed.

A favourable feature of both the I1Bo* and ICh“ reagents is their stability
over several weeks, %Mood & Thomas, 1963, 1964), conflrmm? the similar
claim in favour of the HIBn species prepared by the alternative method
(Nazrullaev, Gengrmovmh & Murtazaev, 1963). In addition, the reagents also
growde a non-fading, sharp end-point, which'is of special interest since the

6- dichlorophenofindophenol end-paint involves a colour change which pres-
ents a problem when red coloured samples, e.g. fruit juices, are examined
SCIeg & Morton, 1968) and standardization is required before each assaY
ndeed in this work no end-point was possible when titrating the cordial with
2.6-_dichlorophenolindophenol. Bark & Grime (1974) have also used dich-
loroiodate(1) for the thermometric assay of ascorbic acid but specialized
equipment is needed and there isno significant difference in accuracy compared
with the standard B.P. (1973) cerium(IV) titration technique.
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Technical note: Comparative aspects of pectin extracted
from the peels of different varieties of mango

A. N. SRIRANGARAJAN and A. J. SHRIKHANDE

Introduction

Mango is one of the important crops of India and occupies 60% of the area
under fruit cultivation in'the country. In the fruit processing mdustr;(] seeds and
peels are discarded as waste at present. The problems ansmrq from the disposal
of waste stress the needs of research to develop an acceptable commodity from
waste. It was reported earlier that Alphonso mango peel contains about 13% of
pectin, on a dry wmght basis, suitable for jelly and jam preparations (Sriran-
garajan & Shrikhande, 1976). The possible utilization of peels of two_other
commercial varieties of mangoes, Dassehri and Langra, for the extraction of
pectin are also evaluated in this paper.

Materials and methods

Ripe mangoes were obtained from a local market. Peels of fruits were removed
by hand and washed thoroughly in cold water and dried in a cabinet dryer at a
témperature of 65°C to a final‘moisture content of 7-8%. Dried ﬁeels can he
used for the extraction of pectin as and when desired and this also helps a plant
of low capacity to work for a Ionger Perlod. The pectin extraction was done in
accordance with the procedure adopted by Kertesz (1951). Before the extrac-
tion of pectin, dried peels are washed to remove the adhering pulp and other
ibrous material. Extraction of pectin was performed at 98-100°C by using
acidified water by maintaining the pH in the range of 3.0 to 3.2. The mixture
was heated for 60 min. The extract was filtered with cheese cloth and the
residue was re-extracted twice and the solutions were combined. The E)_ectm Was
premRnated by adding ethanol equivalent to twice the volume of pectin extract
and the precipitate was then dried at 37°C and powdered.

Authors’ aadress: Biochemistry & Food Technology Division, Bhabha Atomic Research
Centre, Bombay - 400 085, India.

0022-1163/79/1000-0539 $02.00 ® Blackwell Scientific Publications
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Table 1. Comparative characteristics of pectins obtained from different sources

\arig
Composition Dassefiri  Langra ~ Alphonso*  Apple PomacefOrangess
Yield (% owb 18.0-190 150-160 130 150180 130
N i 7l )
Aydruronicacid (04) 5840 5460 61D 40 8350
g%%ﬁ%? Otfi o 85.93 83.38 76.00
Molecular weight 147900 161700 105000 — —
Sefting time (min) 10.00 10.00 100 = —
Jelly grace 155 175 200 200 150

* Srirangarajan & Shrikhande (1976).
tSrlrangara# (1976).
§ Pruthi, Pareknh e La! (1961),

Anhgdrouromc acid and methoxyl contents were determined by the standard
method (Owens et al,, 1952). Thé esterification value was calculated on the
basis of anhydrouronic acid and methoxyl contents.

The molecular weight of extracted pectin was determined by the method of
Smit & Bryant (1967?. Jelly was prepared for the determination of the grade as
described In our earlier work b usmg an Instron Universal Testing Machine
(Srirangarajan & Shrikhande, 1977). Je’l\l/rwasprepared_forcom arison from
gpp_lte plect|dn (200 grade) obtained from Messrs Qbi pectin AG, Bischofszwll,

witzerland.

Results and discussion

The chemical composition and characteristics of the pectin extracted from
Dassehri and Langra peels are given in Table 1. The quality of a [pectm is known
to depend upon the content of anhydrouronic acid and methoxyl group and also
degree_ of esterification. Jelly prepared from peel (Joectm sefs within 10 min
indicating this to be a rapid set pectin. The jelly grade and yield of pectin from
Dassehriand Langra mangoes are quite comﬁara le to that from other sources.
Jelly deformation curves indicating the breaking strength are shown in Fig. 1,
which shows good quality pectins. The peels of these two varieties of mangoes
would provide a (;h_ea{)_ source for the production of pectin. _

The possible utilization of mango peel waste as a good source of pectin for
commercial exploitation has been presented in this paper. Mango peel is
available in large quantities in the man?o processing mdustrY, which could be of
a very useful source of raw material for processing for extraction of pectin.



Pectin from mango peel 541
14001~
1200+

1000~

b
800f c
600
400+
zooL
0

Flgure 1 The deformation curves on Instron Umversal Test| c? Machine for man
%ee an( aﬁﬁ’ 8ect|ns 8, Alphonso; b, A epectln §§aa§ gra
assenr. ncentration of pectins use was 05A) n ea

Load {g)

References

Kertesz ZI (1951) The pectic substances, [p. 628. Interscience Publishers, Inc., New York and

Owens HS McCreaqgl RM, Sheph rd AD., Schulz, TH., Pippen, ELL., Swenson, H.A.
Mlers TC Erlandsen, RF. &M Cay,WD (1952) USDA' Bur. Agric. Ind. Chem. Report

Prut?u 3 Parekh CM &14.6.( 19613 Food 56, 10, 3.
m| t CJ.B. & Bryant, EF. 196 7) 3. Food Science, 32, 197.

Srirangarajan, A & Shrikhande; AJ. (1976) Current Science, ¢5 (17), 620.
g araan AN. g97 I) k%Unpub ishe )l

Sriran arajan AN. & Shrikhande, AJ. (1977) 3. Food Science, 42, 279,

(Received 3 March 1979)



J. Fd Technol. (1979) 14, 543-547

Book reviews

kl}lautrrnitional and Safety Aspects of Good Processing. Ed. by S. R. Tannen-
um.

New York and Basel: Marcel Dekker, Inc., 1979. Pp. x + 488. Sw. Fr. 100,

The contents of this hook cover an area which is currently receiving a great deal
of attention. It is useful to find nutritional and safety aspects of food processing
covered in one volume. The book isin the series of‘Food Science Monographs ,
under the general editorship of Owen R. Fennema. Several of these hooks, such
as Volume 4, Principles of Food Science have already become classics in their
field. The presentation on the hack cover indicates the hook as bem? crucial to
the work of professionals in the fields of nutrition, food sciences, oxmologzy,
dietetics, home economics and, agricultural sciences. However, as each chapter
IS written by a specialist, it is doubtful if professionals in the latter three
c%t?hgones would normally have had sufficient training to fully appreciate many
of them.

Human nutrient requirements, in particular protein, are discussed by V.R.
Young & N.S. Scrimshaw. The accent is on the limitations of methodology for
their estimation, interpretation in terms of recommended daily allowances
(RDA) and_problems of interpretation of RDA. - ,

“An overview of the effect of different processm? methods on vitamin loss is
iven, with useful references on current methods of vitamin assay (M.C. Archer

S.R. Tannenbaum). Chapter4isa com[)rehenswe review of lipids, including
some 363 references. However, none of these is later than 1975. The charac-
teristics and reaction mechanisms of the major lipid groups is given, together
Wlft_h sections on the effect of specific processing methods such as frying and oil
refining.

Mmgrals receive some attention, in particular Josses and gains in processing,
availability in foods and safety. Proteins and amino acids are well reviewed b
J. C. Cheftel. This section deals with interactions of proteins with other food
components during processing as well as with other proteins and.the formation
of new, possibly toxic, amino acids. There is an mterestm_? section on protein
reactions with “aldenydes. (animal feeds), nitrites, sulphites and chlorinated
molecules. The chapter is especially useful for discussion and diagrams of
reaction mechanisms. _ o

The remainder of the book deals with techno_lo?y of fortification (short
chapter), prediction of nutrient losses and optimizafion of processing condi-
tions (a_detailed chapter dealing with reaction kinetics, and the use of model
systems), antinutritional and toxic substances (naturally occurring and acciden-
tal contaminants), agricultural chemicals, preservativés added to foods, and a
brief discussion of immunological aspects of foods and food safety.

Of these last chapters, that on agricultural chemicals by D. J. Sissons & G. M.
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Telling deserves_further mention. This includes a discussion of degradative
pathways of pesticides, their solubility and persistence. The distribution of the
major Classes of pesticides in the diet, legislative aspects and methods of
ana Jsm all receive attention, as well as distribution of pesticides in the major
food classes and the food chain. With the knowledge we now have, P_rocessm%
conditions can he optimized to_achieve maximum removal of pesticides bu
problems of residue réintroduction into the food chain may arise when waste
materials from the food industry are recycled as animal feeds. o
Overall, avery useful book for the nutritionist, food scientist and toxicologist

to possess.
Ann F. Walker

Report on the Study Group on Vegetable Proteins in Foodstuffs for
Human Consumption in Particular in Meat Products.
Brussels Commission of the European Community, 1978. Pp. v + 145, £13.50.

According to the introduction, this document is the work of an EEC stud%/
group established in 1974 to consider ‘the scientific, t_echnolo?wal and healt
aspects of the commercialisation of foodstuffs containing vegetable protein, in
Eartmular meat Broducts’. Like the 1974 U.K. Food Standards Commitee

eport on Novel Protein Foods, referred to in the text, it is designed to provide
the legislative body, in this case the Commission, with adequate information on
which'to base its deliberations when preparing a draft directive. Unlike the FSC
ReFor_t, however, it concentrates on the use of novel proteins in meat products,
including possible vegetable protein sources other than soya, but specifically
exclude microbial protein, o

DGSEIG this, the report is a somewhat weightier document than the FSC
Report, because of its different format. | particularly liked the idea of present-
ing the important facts for consideration as appendices in the form of original
papers. The use of this type of presentation certainly made the report more
readable for me and, I suspect, will increase its exposure. The appendices would
certainly form an ideal monograph for undergraduate reading on the subtject of
novel proteins, although there isa significant, but understandable, lack of detail
on current technology. The papers on toxic substances and the Review of
Current Legislation are particularly well prepared. From the Commission’s
point of view it must be considered an excellent presentation of the facts on
novel proteins and their use, or potential use, in meat products, as presentIK
available. It does, however, leave an enormous gap in the consideration of bot
new sources of protein and novel uses for the already available vegetable
protelms_ although future deliberations on these topics aré recommended in the
conclusions.

The Conclusions and Recommendations are broadly in line with those prop-
osed by the FSC, although the recommended crude protein content of novel
proteins is 48% on a dry weight basis, rather than the 50% of the FSC Report,
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and the addition of methionine is not considered necessary by this study glroup.
The remaining recommendations on nutritional additives, levels of nove Ero
tF?ms |rt1 meat products and labelling are virtually identical to those of the FSC
eport.

Xltogether this report is informative and fulfils its purpose admirably.
C. Qvenden

Streptococci. Ed. by F. A, Skinner and L. B. Quesnel. Society of Applied
Bacteriology Symposium Series No. 7.
London, Academic Press, 1978. Pp. xiii + 415. £18.00.

A slymposmm entitled Streptococci is an ambitious project and cannot cover all
thaf is known about a large and diverse Sgen_us. A %anc_e throuqh the con-
tributors to the Symposium held by the Society of pPhed Bacteriology in
Manchester in July 1977 should convince anyone that the hook will contain
useful information. A better title might have been ‘The Streptococci and Their
Relationship to Man and Animals’.. o o _

~ This is not a hook for the taxonomist, the microbial physmloglst or biochem-
ist but for the ecologist and the_technologist. Dr Jones starts K giving a wide
ranging survey of the composition of the genus and explains the problems of
classification. These are many, and most workers deal only with a few species
from one ecological niche. A few papers mention some aspects of the physiolog-
ical f)ropemes of streptococci in certain_ habitats. Dr Whittenbury’s paper
entitled “Biochemical characteristics’ is misleading for, as he explains, he dis-
cusses only the aerobic nature of some streptococci. _ _

Most authors assume that the reader is familiar with the various species and
apart from the oral streptococci no assistance is given in identification although
media for isolation for a variety of habitats are well covered in the final chapter.

The streptococci and their relationship bem?n and pathogenic to animal
hosts is discussed in several chaPters. These deal both with the colonisation of
the host and the distribution of the or%amsms. While many streptococci are
potential pathogens, few are virulent, sothat many species thrive outside as well
as inside a healthy host, they can therefore readily contaminate food and water,
the occurrence and significance of these unwanted streptococci is discussed,

Streptococci are, however, essential in the da|r¥ industry and this aspect is
covered in three Rape_rs. In the first the role of starters in' cheesemaking has
some useful biochemical information, while the second on the handling of
starters is essentially practical. The third fpaper deals with N1SIN.

This book will be of interest to the food technologist for it shows that
organisms marphologically the same possess a wide variety of (s)_ropernes and it
should help him to understand something of the ecology ofthe |fferEnthp%C|es_.

. J. Carrie
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Sugar: Science and Technol_og?{. Ed. by G. G. Birch and K. J. Parker.
London: Applied Science Publications, 1979. Pp. xii H 475, £32.00.

This book is a collection of pa ers_glven_atasgm osium at the National College
of Food Technology, Weybriage in'April 1978. The progresswe coverage of the
subject is well organized and of excellent content. These lectures present a
comprehensive picture of the sugar industry and make up a very useful refer-
ence book on the subject. - _ _ _

The papers may be grouped roughly into five sections. In section | the history
of the sucrose industry and the current practices for refining cane and beet sugar
are described. Two related papers on the stora?e of beet and the quality control
of sucrose products are placed later in the text. Sect:on Il covers the potential
uses of sucrose as an industrial energy source or a basis for a chemical industry
as well as the more normal use in foodstuffs. Returning to basic food technology
W. Nicol presents a useful survey of the physical properties of sugar solutions
ﬁove_r&ntg ptarameter of solubility, boiling point, osmotic pressure, relative

umidity etc.

The gth_er commercial sugars, glucose sYrup,s, fructose and xylitol are
described in the third section. A paper is also included on the more novel
hydrogenated glucose syrups. o _

All sugars have a sweet taste and in section four a collection of papers cover
this subject from several different aspects. Papers are given by the sensory
analyst, the food technologist and the structural organic chemist.

The final section concentrates on the hiochemical and medical aspects of
consuming sugars. There is a general survey of medical aspects and more
detailed papers on coronary thrombosis and dental caries.
~ This text should prove very useful to practicing food scientists and technolog-
ists and to students learning about the subject. F CE G

. C.E. Guy

Books received

IF\)Iutrition and National Policy. Ed. by B. Winikoff. Cambridge, Mass, MIT
[ess,
1979, Pp. xi + 580. £15.75.

This is a collection of case studies in which the nutrition policies of governments
of ellevedn developing countries and those of the United States are outlined and
analysed.

Introduction to Nutrition (4th ed{. By H. Andrews Guthrie.
St Louis: C. V. Mosby Company. 1979, Pp. vii + 693. £9.75.

A texthook for first year students.
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World Review of Nutrition and Dietetics, Vol 33. Some special aspects of
nutrition. Ed. by G, H. Bourne.
Basel, S. Karger. 1979. Pp. x + 234. Sw.Fr.158.

This volume contains monographs on the foIIowmg_subiects:_ nutrition during
adolescence, some aspects of the role of cyano?emc ? ucosides in nutrition
carbohydrate sweeteners, structural r_eguwem_en s for faste, chronic margmal
vitamin C deficiency, milk from semi-domesticated ruminants.

The Processing of Banana Products for Food Use. By P. C. Crowther.
London: Tropical Products Institute. 1979. Pp. iv + 18. £0.85.

A short report with an extensive bibliography.

Sugar Analglsis: ICUMSA Methods. Ed. by F. Schneider.
Peterborough: ICUMSA. 1979. Pp. xiv + 265. £12.00.

Official and tentative methods recommended by the International Commission
for Uniform Methods of Sugar Analysis.

The Next Seventy Years. Population, Food and Resources. By B. Gil-
land. Tunbridge Wells: Abacus Press.
1979. Pp. viii 4 133. £9.50.

Analysis of the demogr_a?hic situation and outlook, nutritional requirements
and agricultural potential of the world in the next seventy years.
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