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The detection and estimation of.soya protein in food
pro?iucts by |soe(19cgr|c %Ctﬁ)smg

J. W. LLEWELLYN ana B. FLAHERTY

Summary

The analysis of non-meat protein in meat products by the technique of
isoelectric focusing in polyacrylamide gels is described: When laboratory
prepared pork sausages containing known amounts of added soya protein
Isolate were analysed; 1% (of fresh sausage weight) added isolate could be
detected. At low levels of added isolate (<5% fresh sausaﬂ_e weuiht) the
technicue could only be considered semiquantitative, but at higher Tevels of
added isolate (>5% fresh sausage weight) better quantitation was possible.
The technique cannot be applied to the analysis of products that have
undergone extensive heat treatment during manufacture, however, due to
denaturation of the soya protein.

Introduction

The identification and estimation of soya protein in meat products by gel electro-
Phorems has been widely reported. Polyacrylamide as a support medium has been
avoured by most workers, although starch _?els (Olsman, Houtepen & van Leeuwen,
1969) and cellulose acetate membranes (Gils & Hidskes, 1973) have also been used.
Both disc (Fischer & Belitz, 1971: Spell, 1972; Guy, Jayaram"& Willcox, 1973; Lee
et al, 1979) and slab (Freimuth & Krause, 1970; Hofmiann & Penny, 1971; Parsons
and Lawrie, 1972 Mattey, 1972; Hofmann, 1973) techniques have been mvesU%ated
together with a variety of extractants and buffer systems, A preference has been shown
for those based on urea alone (Freimuth & Krause, 1970; Spell, 1972: Parsons &
Lawrie, 1972: Gils & Hidskes, 1972), urea and 2-mercaptoethanol (Olsman et al.
1969: Guy et al., 1973) and also sodium dodecgl sulphate (Hofmann & Penny, 1971,
Mattey, 1972; Hofmann, 1973; Lee et al., 1975). Use ofatnshxdroxymethylmethyla—
mine and glycine system as both extracting and"running buffer has also been reported
(Fischer & Belitz, 1971). _

Nong of these analytical procedures completely resolves soya protein from meat and
corrections for a ‘meat background’ are necessary. Quantitative analysis of soya
protein in products which have not undergone extensive heat treatment during
preparation, for example, raw sausages, has been possible but with cooked products,

Authors” address: Laboratory of the Government Chemist, Cornwall House, Stamford Street,
London SE1 9NQ..
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556 J. W. Llewellyn and B. Flaherty

such as pies and luncheon meats, denaturation of the proteins on severe heating renders
the electrophoretic band patterns diffuse, making the method insufficiently accurate
for quantitative analysis (Lawrie et al,, 1972; Guy et al., 1973). _

The technique of isoelectric focusing in polyacrylamide gels éanI_ey, 1968a, b)
offers the advantages of higher resolution and stperior reproducibility over con-
ventional electrophoresis. The proteins are separated on a gel which has an’internal pH
gradient maintained by a system of amphoteric_buffers (ampholytes?]. The proteins
migrate under the infltence of a strong electric field into regions of the gel in which
the pH is equal to their respective isoelectric_points (pi), where, since the overall
char?e on each protein is zero, they remain. Separation 1s thus based on isoelectric
point and not on molecular weight. The_ proteins are resolved into extremely narrow
and highly reproducible bands, at equilibrium positions in the gel. The theory and
practice of isoelectric focusing in gels has recently been comprehensively reviewed
(Righetti & Drysdale, 1974). S _

Isoelectric focusing of soya protein in milk wheg-soya Eroteln blends on polyacryla-
mide gels containing urea”have been reported (Badui & Josephson, 1974), hut the
technique has not been applied to meat products. 1t was thought that the more distinct
band pattern and better reproducibility obtained b¥ isoelectric focusing might readily
afford a simpler and more reliable indentification of soya and other non-meat proteins
than was hitherto possible. Earlier qualitative investigations carried out in this
|laboratory have been described (Flaherty, 1975) and we report below a quantitative
proceduré developed from this.

Materials and methods

Prebaration of sausage meats
Sausage meats were prepared to the following recipe.

Leanpork _ 33—x% wherex=0, 1,2-5, 5, 75, 10, 15
So¥a protein isolate (Promine D)  x%
Fa 33%
Finely ground rusk 12%
Water 20%
Salt 2%

The ingredients were blended into a smooth paste which was then lyophilized,
defatted by continuous extraction with diethyl ether and dried in air at room tempera-
ture. Samples of commercial sausages, and canned and frozen beefourgers were first
freeze-dried and then defatted as above.

Extraction ofproteins
Freeze dried and defatted products were suspended in water in sealed Universal
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bottles and heated in a boilin% water bath for 15 min. On cooling, urea, to make the
solutions s m and 2-mercaptoethanol (2%) were added and the suspensions shaken for
30 min at room temperature. They were centrifuged at 17 000rev/min (34 000%)
at 20°tCkand the clear supernatants retained. Three separate extractions of each sample
were taken.

Standard solutions of soya protein isolate (Promine D) were similarly prepared.

Preparation of gels

Polyacrylamide slah 8e|s (1-5 mm thick) 4-5% (3% cross linked, final ampholine
COne. I-MRI pH 3-5-10 containing ¢ » Urea were prepared as follows. Acrylamide
(2-7 g) N,N'-methylenebisacrylamide (0-083 g), urea E()21—6 g), LKE ampholines
pH 35-10° (24 ml), pH 4-6 Ko-ls ml) and pH 5-7 (0-15 ml) were dissolved in de-
lonised water (42 mi) and riboflavin solution (0-2 m?/ml X 0-4 ml) added. The solution
was deaerated under high vacuum, the gel cell filled taking care to avoid trapping
bubbles, and the mixture polymerized by u.v. irradiation for 2 hr.

Isoelectricfocusing

Two aliquots (20/A) of the Promine D standard and of each of the three sample
extracts were dispensed from a micrometer syringe on to 5x 15 mm filter paper strips
placed at the anode side of the gel. Focusing was performed on an LKB 2117 Multiphor
at a constant power 0f20 W for'3 hr. (Initial voltage 200 V, 50 mA, gradually increased
to 400V, 50 mA after 20 min, then power kept constant. Final voltage 800 V, 25 mA).
The anode buffer was 1% aqueous orthophosphoric acid (pH 1-7) and cathode buffer
1% aqueous diaminoethane (ZpH 11-2). Two gels were normally run simultaneously on
separate Multiphors. _ _ o _

After focusmgi, the gels were stained by immersion in a solution of 0-2% bromophenol
blue in ethanol:acetic acid:water, 5:1:4 for 2 hr (Aw'deh, 1969), then destained by
immersion in a solution of ethanol:aetic acid:water, 6:1:13 for 24 hr, with one change
of solution during this period. The proteins appeared as opaque dark green bands on'a
clear pale yellow background.

Densitometric scanning

Gels (which remained attached to a glass backing plate throughout the experiment)
were immersed in a tray of water, covered with a second glass plate, taking care to
eliminate trapped air bubbles, to form a sandwich which was then scanned on a Joyce
Loebl Chromoscan 200 with 201 thin layer attachment, using 620 nm optical filters
and narrowest slit width. For quantitativé measurement, a 3-5 ¢cm length of each set of
bands was scanned to avoid |rre?ular|t|es due to streakmg from the sample application
area at the anode end. Corrections for gel background absorption were made by
scanning a corresponding length of adjacent blank gel. Each set of bands Eand_ corres-
ponding background) was scanned four times and an average value of the integral
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taken. Results were calculated for each of the three sample extracts on each gel (total
of six values) and the average quoted.

PH gradient measurement

The pH of the gel was measured at 1cm intervals across the gel with an antimony
microelectrode. Readings were taken at each end of the Fel and at two intermediate
positions and the average taken. The pH profile was then plotted.

Results

Results of analysis of laboratory-prepared pork sausages containing Promine D are
summarized in"Fig. 1 The 10 and 15% levels of Promine D represent replacements
of the minimum meat content much greater than those recommended in the report
of the Food Standards Committee on Novel Proteins in Food Products (1975), hence
only one analysis at each level was Performed. Analysis of eight se[g)arate sausage
preparations each containing 5% (of fresh sausage weight) Promine D were carried

751

25 -
;
% 75
% 9

!
25 -
&

Actual % Promine D

Fig. 1 Results of analyses of laboratory prepared pork sausages containing added
Promine D (weight Promine D expressed as percentage of total weight of sausage meat).
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out to examine_the reproducibility of the method at this level which approximates to
the 30% (maximum) recommended rei)lacement of the minimum meat content of
meat products by hydrated TVP, Ana gses were carried out on one commercially
available canned brand and two frozen brands of beefourgers, which were known to
contain soya protein. None could be detected in the canned product but the frozen
products both gave soa/a protein contents  7-2£ 1-4% (of fresh weight of products),
expressed as Promine D.

]
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J b Y

- + - +

s

Fig. 2. Microdensitometric traces of band patterns, (a) Pork; (b) chicken; (c) spray dried
milk powder; (d) field bean protein; (e) soya protein isolate (Promine D); (f) dried
egg powder. Underlined section of 2e indicates 3-5 cm length used to quantify Promine D;
anode right, cathode left.
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Fig. 3. pFI (}Jradient of polyacrylamide (4-5% pH 3-5-10) gel containing 6 m urea.
0 Average of four readings.

Isoelectric band patterns of urea-mcrcaptoethanol extracts of other possible meat
extenders, namely field bean protein, dried egg powder and spray dried milk powder
were qualitatively compared with the patterns obtained from Soya protein, pork, and
chicken and are shown in Plate L The corresponding densitometric traces are displayed
in Figs 2a-f. Individual bands were not asmgned to specific proteins. The pH profile
(Fig. 32 Is not linear but was reproducible and, apart from the extreme ends, variation
along the length of the gel was minimal. The pH decreased from 96 adjacent to the
cathode buffer strip to 4-2 adjacent to the anode buffer strip.

Discussion

The isoelectric patterns of some soya isolates, concentrates and flours, various meats
and soya based cheese substitutes have already been reported (Flaherty, 1975). The
characteristic patterns (and corresponding microdensitometric traces) of egg powder,
dried milk powder, soya and field bean, (Plate 1and Figs 2a-f) protein sources which
may be used either to r_eP_Iace_or extend meat, or to increase the protein content of meat
products, are easily dis mqmshable from those of meats, thereby affording a simple
qualitative identification of ‘added protein’. However, as the band patterns obtained
bK isoelectric focusm(% are more complex than those obtained by conventional electro-
phoresis, patterns obtained from a mixture of protein sources exhibit a multitude of
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Plate 1 Isoelectric band patterns on polyacrylamide (4-5% pH 3-5-10) gel containing
6 Murea. Left to right: pork; chicken; spray dried milk powder; field bean protein; soya

protehi)n isolate (Promine D); dried egg powder. Samples at anode—anode at top of photo-
graph).

(Facingp. 560)
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lines from which_it is difficult to identify the individual components. The complex
patterns can be simplified, however, when one component is a meat, Limited heating
of meat and non-meat protein mixtures renders the meat essentially insoluble in urea-
mercaptoethanol whereas the non-meat protein remains soluble, thus only its band
pattern is ohserved. Meat products which contain appreciable quantities of two added
proteins, for example, so¥a and field bean, would, however, still afford the complex
combined pattern of the two added species. _ _

Selective extraction of added protein by the limited heating technique enabled the
quantitative analysis of SO}I& protein isolate in uncooked sausage meat, the results of
which are shown in Fig. 1 Isolate added at the 1% (of total fresh sausa%e weight)
level (i.e. 5% replacement) could just be detected but not quantified, but 5% added
isolate (i.e. 25% replacementz could be determined with a relative error of +20%
(1.e. 51 1%) as confirmed by the eight individual analyses at this level. At levels below
this results were considerably less accurate. The replacement levels were calculated as
replacement of statutory minimum meat content of ﬁork sausages by hydrated soya
protein where hydrated weight soya Proteln =3 xwelgI t of dry isolate(i.€. hydration
ratio of 2:1) without takmF account of any added fat. 1f an added fat content’is taken
into account replacement levels are higher. _ N _

The principal sources of error were, variation in extraction efficiency, a residual
meat effect, scanm_n?, and variation in gel background due to uneven staining. Of these
the extraction variations were the most important and were minimized by ta mgi three
extractions of each sample, applying each extraction twice to each of two ?es and
quotln? the average results. The ‘residual meat’ effect was due to extraction of a small
quantity of meat protein which remained_ soluble after the heat treatment. The effect
Was variabie, as shown bY the results obtained from the pork sausage controls, and was
most important with low levels ofadded protein (2-5% and below). The results indicated
are not corrected for this effect. No effect was noted with a sample of a beef sausafg]e
when examined, however. Scanning errors were due to insufficient sensitivity of the
microdensitometer to bands of low intensity and to an inherent integrator error which
was minimized by taking the average of folr values of each integral. Variations due to
uneven staining were difficult to overcome. Blank sections of gel adjacent to sample
bands were scanned to obtain a gel ‘background’ integral and it was assumed that there
was no variation between this and the true value in the band pattern. Where variation
was obvious the bands were not scanned. _ _ _

Analysis of frozen beefourger samples known to contain soya protein was possible
but the technique failed with' their canned equivalents. The temperature involved in
cannlngi processes are sufficient to denature certain soya proteins, rendering them
insoluble In 6 m urea-mercaptoethanol. This effect is paramount with basic proteins and
‘cathode bands’ (proteins of pi greater than 6) were not seen on IEF of canned
luncheon meats or cooked pies which contained added Promine D. The acidic proteins,
which appear as the ‘anode bands’ remain soluble, however, and are heat stable. Thus,
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|EF of heat processed products affords a less complex pattern of anode bands as
previously reported (Flaherty, 1975). Trial experiments using narrow range gels

H 4-7) to examing the anode hand patterns more closely were unsuccessful. The
bands obtained in this pH range were weak and diffuse and the gels tended to shrink
and distort on destaining, ma mg scanning and therefore quantitation, impossible.
Analysis of heat processed products containing soya protein is further complicated in
that different processing conditions denature proteins to different extents and there is
therefore difficulty in defining a ‘standard denatured soya protein’. Thus analysis of
such products may not be possible by this technique, _

A wide range of soya isolates, concentrates, flours and extruded texturized soya
proteins has previously been examined in this laboratory and all show the same band
gatterns (see Plate 1and Fig. 2¢) although the relative intensities of the bands differ.

pun soya protein products display band patterns similar to those of heat processed
products thereby en_ablmgt differentiation from their extruded counterparts. In con-
clusion, it may be said that the limitations of the technique are those of electrophoretic
methqu in general, viz. problems of extraction, stamning and microdensitometric
scanning. 1t may only be useful for the analysis of non-meat protein in products that
have not been ‘extensively heated during manufacture, for example, sausages and
beefburgers, and it is imprécise, especially at low levels of added protein. As a qualitative
technique the su%enor resolution displayed affords better differentiation of protein
species, by their characteristic band pattérns than is possible by conventional electro-
phoretic methods.
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Equilib[gium H\Oisture onten&s of air dried beef.
ependence on drying temperature

HECTOR A. IGLESIAS and JORGE CHIRIFE

summary

The water adsorption isotherms at 30CC of grecooked beef previously dried
at three different temperatures; 30(C, 55°C and 70°C, respectively, were
determined. It was found that the hlg}her the d1ry|ng temperature the lower
is the sorption capacity of dried beet. A B.E.T. analysis of the isotherms
demonstrated that the quantity of water contained In the monolayer is
affected by the temperature of drying. The adsorption and desorption
isotherms at 50°C were also determined; no hysteresis was found. A multi-
layer adsorption equation is used to describe adequately the water sorption
behaviour of cooked beef in the range of water activities studied.

Introduction

Hot air drging has been thoroughly used for the drying of pre-cooked meat minces
(Sharp, 1953). However, despite many improvements in crying techniques, dried meat
suffers a noticeable deterioration in quality during drying as well as when storaged in
the dried state (Connell, 1958; Sharp & Rolfe, 19 2 Data on the water sorption
Bropemes of dried beef may heip our understanding of the nature of changes suffered
meat during drymg. Besides that, information is needed for evaluating the storage
characteristics of dried beef, as there is a well established relationship between water
sorption isotherms and the chemical, physical and stability characteristics of de-
hg rated foods (Loncin, Bimbenet & Lenges, 1968; Labuza, Tannenbaum & Karel,
1970). Saravacos & Stinchfield (1965) studied the sorption isotherms of raw freeze-
dried heef at various temperatures. MacKenzie & Luvet (1967) studied the dependence
on initial freezm%reatment of the sorption isotherms from freeze dried muscle fibres.
Wolf, Walker & Kapsalis (19721 gprepared sorption isotherms for myosin A and myosin
B, and Palnitkar & Heldman (1971) reported the equilibrium moiSture characteristics
of freeze dried beef components and fractions. _
The present study was intended to obtain fundamental data on the water sorption
properties of air dried beef, and Parucularly on the effect of drying temperature on the
sorption oroperties of dried beer. An attempt was also madeto describe the various

Author's address: Departnicnto de Industrias, Facultad de Ciencias Exactas y Naturales, Universidad
de Buenos Aires, Buenos Aires, Argentina.
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experimental sorption isotherms using a multilaﬁer adsorption eguation developed by
Halsey (1948) and recently shown by Iglesias, Chirife & Lombardi (1975a) to describe
the water sorption behaviour of several foods,

Materials and methods
Materials _

Cooked beef was used in all the experiments. Most of the fat and connective tissue
were removed from the sample prior to the sorption studies. Samples were prepared
by cutting cubes of about 0-5 cm in size which were subjected to air drying in the
conditions described below.

Dying procedure

Beef samples were dried in a laboratory cross circulation drier at an air velocity of
3 m/sec, until the moisture content reached a value less than 9% (dry basis). The
samples were further dried over magnesium perchlorate in a vacuumdesiccator at
room temperature. Three different air drying Brocedures were employed characterized
by three constant air dry bulb temperatures: 30°C, 55°C and 70°C, respectively.

Isotherms

The moisture adsor%tmn isotherms were_determined gravimetrically by exposing
the samples to atmospheres of known relative humidities. Vacuum desiccators were
prepared with saturated salt solutions SYounﬂ, 1967) or aqueous sulphuric acid solutions
of known concentration (Wilson, 1921). The desiccators were placed in a constant
temperature cabinet é_+_0—5°C). The samples were placed in the desiccators at the
various relative humidities and a vacuum was pulled in order to speed up the equi-
librium. The moisture content of the equilibrated samples was determined b§ ﬁlacmg
the sample in a vacuum oven at 70°C over magnesium perchlorate for 48 h. The
technique has not been described in detail here, because it was done in previous papers
(Iglesias, Chirife & Lombardi, 1975, c). Sorption isotherms were determined over
ths range 10-80% RH_at 30°C and 50°C. One desorption isotherm was also established
at 50°C. The desorption isotherm was obtained following an adsorption cycle and
after exposing the samples to a space saturated with water vapour. Equilibrium
moisture contents were reported as grams of water per 100 g dry non-fat beet. For this
purpose the samples were analysed Tor fat content after each experiment. Fat content
was determined by solvent extraction. Each point on the isotherm represents an
average of two medsurements made during the experimental run,

Results and discussion

The adsor[étion isotherms at 30°C of pre-cooked beef dried at three different air tem-
peratures, 30°C, 55°C and 70°C respectively, are shown in Fig. 1. It is apparent that the
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Moisture content (% dry basis (fat-free))
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Fig. 1 Effect of drying temperature on the adsorption isotherms at 30°C of pre-cooked
dried beef. O Dried at 30°C.; « dried at 55°C; A dried at 70°C.

higher the drying temperature the lower the sorption capacity of beef, and that the
absolute differences in’ moisture contents are approximately constant in the range of
0-10-0-40 water activities. The three curves have the typical sigmoid shape of type II
isotherms in accordance with B.E.T. classification &abuza, 1968). Consequently,
th_eK were subiected to analysis by the B.E.T. method (Labuza, 1968). In accordance
with the usua Bpracnce we Used water sorption data af water activities of about 0-10
to 0-40 for the B.E.T. analysis. Least squares analysis was used to obtain the slopes and
the intercepts of the B.E.T. plots from which the monoIaYer was calculated. The
validity and application of B.E.T. equation has been recently analysed and discussed
by the authors (Iglesias & Chirife, 1976a). The results are shown in Table 1; it is
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Table 1 Effect of drying temperature on the

monolayer moisture content of dried cooked
beef (from adsorption isotherms at 30°C)

Drying temperature ~ Monolayer value

(°C) (% non-fat dry basis)
30 5-4
% 5-1
70 4-5

noteworthy that the quantity of water contained in the monolayer decreases with
Increasin rfymg temperature. As proteins are mostly responsible”for the binding of
water in beef, the interactions of water with proteins"must be considered in order to
explain the observed results. The mechanism of water sorption by proteins has been
the subject of several studies. Earl)( WOrkers (S?onsler, Bath & Ellis, 1940; Shaw, 1944;
Bull, 1944; Pauling, 1945) concluded that the amount of water sorbed depended
primarily on the number and availability of two ?es of hydrophilic groups which are
capable of binding water through hydrogen bond formation. These are the folar side
chains and the carbonyl and imido groups of peptide bonds. Spcakman (1944) postu-
|ated that water sorption by proteins occurred onto polar side chains at low humidities,
spread to peptide linkages and then to multilayer formation at higher humidities. A
point of view ﬁ]enerally accepted (Bull, 1944; Paulln% 1945; McLaren & Rowen,
1951) su%gests 1at there is a ]good correlation between the number of water molecules
calculated” to exist in a B.E.T. monolayer and the number of polar side chains. This
suggests that each Folar group initially Sorbs one molecule of water followed at hlgiher
humidities by multimolecular adsorpfion. Accordingly, the results shown in Table 1
may indicate that the number of available polar groups in beef proteins is decreased
8 a result of increasing drying temperature. It iS known that proteins in beef may
suffer several changes during” drying. Amaong those changes are (Karel, 19682:
denaturation, crossllnkln? and intéraction of the native or denature OProtel_n_s with
lipids or carbohydrates. [t may be supposed that the availability of hyarophilic sites
for water binding in beefis reduced due to one or several of the above mechanisms, It
is noteworthy that the observed lowering of the adsorption isotherms with increasing
drying température from 30°C to 70°C does not necessarily indicate a reduction in the
renydration capacity of dried beef. The amount of water taken up on rehydration
cannot be related solely to specific sorption sites and mostly consists in loosely bound
water associated in a“three dimensional hydrogen bonded network (Brooks, 1958;
Leeder & Watt, 1974). _

The adsorption isotherms at 30°C and 50°G of pre-cooked beef dried at 55°C are
shown in Fig. 2. The desorption isotherm at 50°G is also shown in the same figure. It
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201

Moisture confent (% dry basis (fal-free))

I | " l 1 | 1 _J
0] 02 0-4 0-6 0-8

Water activity
Fig. 2. Sorption isotherms at 30°C (O adsorption) and 50°C (0 adsorption and
A desorption) of beefdried at 55°C.

can be seen that temperature has the expected effect on the sorption isotherm, i.e. the
guanhty of sorbed water at a (t;wen relative humidity increased as the temperature was
ecreased. It is also seen that there is no hysteresis etfect. Palnitkar & Heldman (1971)
f(%uznlg/l anery small degree of hysteresis in the sorption isotherms of freeze dried beef
at 2M°C.

The isosteric heat ofspr_thn Snet heat) was calculated using the Clausius-Clapeyron
equation (lglesias & Chirite, 1976b). The isosteric net heat versus the moisture content
IS shown_In Flg. 3. In the same figure are also plotted the heats of sorption for pre-
cooked fish and chicken for the same _rar]Pe of moisture content, reported by lglesias
& Chirife (1976b). The curves show a similar behaviour, that is they show a continuous
and steep decay with increasing moisture content, The decrease’in the isosteric net
heat with the amount of water sorbed can be qualitatively explained considering that
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A

\

— ]
Moisture content (% dry bosis (fat-free’)'ﬁ

Fig. 3. Variation of net isosteric heat ofsorEtion with moisture content. O Beef: 0 trout

muscle (Iglesias & Chirife, 1976a); A chicken muscle (Iglesias & Chirife, 1976a).

initially, sorﬁtlon occurs on the most active sites given rise to greatest interaction
energy. As these sites become occwed sorption occurs on the less active sites giving
lower heats of sorption (Bushuk & inkler, 1957: Igle3|as_&Ch|r|fe, 1976br).

~ Mathematical expressions which describe the adsorption of water on foods are of
interest not only for theoretical but for practical reasons. Equations fitting water
sorption isotherms are needed for the prediction ofequilibrium conditions after mixing
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products with different water activities (Salwin & Slawson, 1959). An analytical
expression for the isotherm is also re%uwed for the quantitative analysis of storage
stabllltX ;Karel, Mizrahi & Labuza, 1971; Labuza, Mizrahi & Karel, "1972). Iglesias
etal, 19 5ag showed that a multilayer adsorption equation, or!gmall}/ developed by
Halsey (1946) could be used to describe the water sorption behaviour of a great varigty
of foods. The sorption data on beef were treated _a_ccordm% to the Halsey’s equation
as used by Iglesias etal. (1975a) and lglesias & Ghirife (1976¢):

In Inpo/p=—t In X+ Ina" (1)

where p/po =water activity; r, 8" = parameters; X = equilibrium coverage Pe_rcentage
dry basis (fat-freez. A plot of In In'po/p versus In X should be a straight line from
which the parameters 8" and r may be calculated. Table 2 shows the calculated values

Tabie 2. Application of Halse{s equation to sorption isotherms of pre-

cooked dried heef
System r a" % error (average)
Isotherm A 1-448 18-50 2-6
Isotherm B 1-392 15-08 1-8
Isotherm C 1-301 10-70 3-7
Isotherm D 1-250 9-91 2-6

A: isotherm at 30°C, beefdried at 30°C; B: isotherm at 30°C, beefdried
at 55°C; C: isotherm at 30°C, heef dried at 70°C; D: isotherm at 50°C,
beef dried at 55°C.

for the adsorption isotherms of beef dried at three different temperatures and for the
adsorption isotherm at 50°C of beef dried at 55°G. It also shows the percentage error
obtained upon application of the Halsey’s equation. This error means an average of
the percentage errors at several e uaIIY spaced water activities over the whole range
studied of water activity (0-10-0-80). I can be seen that Halsey’s equation represents
adequately the sorption behaviour of dried beef for each of the situations examined.
Calculated and e>§Per|mentaI water sorption isotherm, for one ofthe situations examined,
is plotted in Fig. 4, and show the degree of applicability of the proposed equation.

Conclusions

Water adsorption isotherms of air dried pre-cooked beef at 30°C and 50°C and the
corresponding desorption isotherm one at 50°C have been described and it has been
shown th_a}JI thetadsorptlon isotherms are affected by the temperature at which the drying
was carried out.

37
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20

Moisture content (% dry basis (fat-free))
&)
I

H ! i 1 i 1 l
0 c-2 0.4 06 08

Fig. 4. Application of Halsey’s equation to the adsorption isotherm at 3C°C of beef dried
at 55°C (- v Calculated.

The net isosteric heat of sorption was also calculated and compared with reported
values for other pre-cooked meats. Halsey’s equation can be used to describe any of the
isotherms obtained in the range of water activity studied (OT0-0-8 D? This study indi-
cates that care must be taken in the selection of drying conditions for the purpose of
determining the adsorption isotherms of meat products.
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The protein of intermediate moisture meat
stored at tropical temperature
IV. Nutritional quality

Z. A. OBANU, RUTH J. BIGGIN, R.J. NEALE,
D. A. LEDWARD and R. A. LAWRIE

Summary

The effect of storage at 38°C on the nutritional value of the_proteins of
intermediate moisture (i.m.) meat was studied by both rat bicassay and
chemical methods. Freshly prepared im. meat” was always of similar
nutritional quality to fresh meat but, |fcom[plexmg reactions occurred that led
to insolubilization in 3% sodium dodecY_ suIPh_ate[l% [?-mercaptoethanol
then a marked decrease in both net protein utilization (NPU) and protein
efficiency ratio (PER) was found. As these complexing (crosslinking) reactions
normally occur quite readily ini.m. meats stored at tropical temperature it is
desirable, if the nutritional value of these meats is to be maintained during
storage, that means be found to inhibit them.

Introduction

Previous studies, have shown that the nature of the protein in intermediate moisture
(im.) meats is, in several respects, different to that in fresh and cooked meat and with
storage, further changes occur (Obanu, Ledward & Lawrie, 19753, b, 1976). The
changes appear to be due to the occurrence of both crosslinking and degradation of the
proteins in the glycerol-infused i.m. meats, _

Chemical studies have indicated that the complexes formed during storage are very
stable (Obanu et al., 19754, b) and, from the nutritional point of view, may well make
some amino acids unavailable to the body and for this reason rat bioassays have been
Performed to evaluate the protein nutritional quality of these foods and to correlate
hese results with selected chemical tests. The chemical tests used were:

_ (Si) determination of available lysine (Carpenter, 1960) as this is often used as an
index of nutritional quality; and

Authors’ addresses: Food Science Laboratories, Department oprEIied Biochemistry and Nutrition,
University of Nottingham School of Agriculture, Sutton Bonington, Loughborough, Leics. LEI2 5RD.
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(iif)] determination of the solubility of the meats in solutions of sodium dodecyl
sulphate QSDS) plus /?-mercaptoethanol as decreases in solubility in this solvent appear
20 correlate with increased protein crosslinking (Obanu et al., 1975a, 1976).

Materials and methods

Preparation andstorage of the i.m. samples

Two feeding trials were performed. In Feeding Trial 1 the I dorsi muscle of an
eleven-month-old bull was used (Obanu et al., 1976) and in Feeding Trial 2 the . dorsi
muscle of a thirteen-month-old steer. The i.m. samples were prepared and processed
to aw (-85 as described in the earlier Paper (Obanu ¢t al., 19 5a1. Storage was in
Cryovac PVDC hags (W. R. Grace Lid, ,Londo_nJ at 38°C. Samples were taken at
r%qglar intervals_and either pulverized with solid C02 prior to chemical analyses
(Obanu etal., 1976a) or freeze dried for use in the feeding trials. Some of the uncooked
muscle was blast frozen at —20°C and stored at —L0°C for use as a control; this was
cooked in water at 70°C prior to use (Obanu etal., 1975a).

Chemical analysis

Available lysine was determined by Carpenter’s method SCarpenter, 1960). The
solubility of the samples in 3% sodium’dodecyl sulphate §SDS) 1% [7-mercaptoethanol
was detérmined as described previously (Obanu etal., 1975a).

Feeding trials

Net protein utilization (NPU) (Miller, 1963) and an estimate of Protein Efficiency
Ratio (PER) of all 1.m. meat samples was made using male and female rats of the
Wistar strain. These rats were bred on the premises. Intermediate moisture meat samﬁles
replaced part of the maize starch in the basal Broteln-fr_ee diet (Table 1) so that,
except for the basal diet, all the diets contained 100 q protein/kg diet;

A casein diet s_uPpIemented with 2-5 g/kg DL methionine was included for com-
parison in hoth trials. - _

In Feedm(fl Trial 1the rats were all specific pathogen free males and were caged in
equal weight groups of three. Three rats per cage were used in_Feeding Trial 2 and
these were selected to give groups of the same sex and weight. This meant that each
value of NPU and PER was the mean for three rats in both Trials.

Diets were fed for ten days and at the end of this period rats were killed and carcasses
either dried and ground in a bench mill ;Kenwood Chef) or dissolved completely in
concentrated HA04, Samﬁle_s of carcass, food and faeces were estimated for nitrdgen
by the macro Kjeldahl technique. Net Protein Utilization (NPU) was calculated from

the formula:
NPU% Bt- (Bkﬁlk) x 100
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Table 1 Composition (g/kg)
of basal protein-free diet

D-glucose 150
Arachis Oil 150
Salt mixture* 50
Vitamin mixture* il
Maize starch 639

*Composition as described
by Payne & Stewart (1972).

where Bt =total body nitrogen of the rats fed on meat protein; It= total intake of food

nitrogen of the rats fed on meat protein; Bk =total body nitrogen of the rats fed on

protein-free diet; Ik =total intake of food nitrogen of the rats fed on protein-free diet.
Protein Efficiency Ratio (PER) was calculated from the formula:

PER = BodYweight gain Sg)
Protein Intake (g

Results

As shown in the previous paper (Obanu et al., 1976) the bull muscle used in Feeding
Trial 1was atypical in that although extensive proteolysis occurred there was no evi-

Table 2. Effect ofstora_%e at 38'C on the NPU, PER, available ysine values, and protein solubility
in 3% SDS/1% jS-mercaptoethanol for i.m. meat prepared from a bull I. dorsi muscle

Storage time NPéJ* Avail, lysinef SDS//?-mer_caEtoethanoI
(weeks) 0 PER* 9/100 g p'otein solubility! (%)
0 97-6 2-97 9-03 80-3
90-7 2-94
3+ 88-6 1-95 8-95 96-3
74-0 2-74
6 87-3 2-50 8-15 90-6
81-9 2-63
9 140 2-59 8-55 90-2
84-9 2-94
Freshly cooked 90-7 2-83 8 02 94-8
meat 87-1 3-43
Casein diet 89-4 3-05 - -
84-7 321

* These are the mean values for three male rats caged together,

f Mean ofduplicate determinations. _ o _

{ This diet was inadvertently made up with 50 g sodium chloride instead of 50 g glucose making
the diet slightly unpalatable.
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dence for any crosslinking. For example, there was little change in the solubility in
SDS/[?-mercaptoethanol of these samples when stored at 38°C (qT able 2).

Feeding Trial 1

It is seen from Table 2 that there is little change in the protein efficiency ratio (PER)
and net protein utilization (l\lPU?1 dunn? storage of these samples. Table 2 also shows
that there was little change in the availability of the lysing in these samples durmg
storage at 38°C. Apparent nitrogen digestibility of all the samples in this trial was goo
(>98% at all storage times).

NPU %

| |
0 5 10 15 20 25

Storage time (weeks)

Fig. 1 Effect of storage at 38CC on the nutritional quality of the proteins of i.m. beef:
0 NPU determined on male rats, % NPU determined on fémale rats, . PER determined
on male rats, 1 PER determined on female rats. For the freshly cooked meat the NPU
values were 75-4 and 65-1% for the males and females respectively and the PER values
were 3-2 and 2-8 for the males and females respectively.

Feeding Trial 2

The effect of storage on the PER and NPU of this steer muscle is shown in Fig. 1
|t is seen that there isa marked decrease in both parameters during storage; for example
the NPU changes from a value similar to that found for fresh meat to'a value typical
of cereal protein (Miller & Bender, 1955).

In this feeding trial the apparent nitrogen digestibility of all meat samples was good
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Available lysine g/100 g protein

0 5 10 15 20 25

Storage time (weeks)

Fig. 2. Effect of storage at 38°C on the available lysine (O) and solubility in SDS//-
mercap-.oethanol (0 ) ofthe proteins ofi.m. beef.

c(i'>97t0'/8'l'att all storage times) indicating that the reduced NPU was not due to poor
igestibility.

qn_ chem){cal reactivity this muscle was typical of all muscles (except the bull) studied
pre\_/lousl{v (e.0. Obanu’etal., 1975a, b, 1976) as the tests all indicated that both prote-
olysis and crosslinking occurred. For example, the solubility in SDS//?-mercaptoethanol
decreased markedly during storage (Fig. 2? in similar manner to that found for all
other i.m. meats except the bull . dorsi muscle used in Trial 1 (Obanu etal, 19762. The
decrease in nutritional quality of the samples, and_loss of SDS//?-mercaptoethanol
solubility, were mirrored by & decrease in lysine availability (F|?. Zr)]. The values, for
available lysine and SDS/M-mercaptoethanal solubility farthe freshly processed i.m.
meat were similar to the values for freshlg cooked samples. The valugs for available
lysine for cooked meat were 9-07 and 9-16 g/100 09 protein and for SDS//?-mercapto-
éthanol solubility duplicate values were both 9T6%.

Discussion

Both feeding trials show that, immediately after processing, the nutritional quality of
the 1.m. meat is similar to that of ordinary cooked meat. In fact the NPU values for the
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freshlﬁ prepared i.m. samples appear to be slightly higher than for fresh meat suggesting
that the glycerol in the system may be |mﬁrovmg the quality by a protein sparing effect.
However, the NPU and PER valuegs in the two trials differ markedly in their variation
with _sto_rag[e time. The results of Trial 1 indicate that the nutritional quality of the
protein in the i.m. bull samples remained very high throughout nine weeks of storage
at 38°C (Table 1) whereas the protein quality in the im. steer sample rapidly
deteriorated yielding, even after only three weeks at 38°_C,_aproduct_of5|gn|f|can_tIP/
decreased PER and NPU (Fig. 1). These apparently conflicting results in the two trials
c0, however, correlate with the chemical chan%es In"the samples as in the bull samples,
although proteolysis occurred durmgi storage, there was no evidence of any crosslinking
(Table 2 and Obanu etal., 1976) while the steer sample was more tgplcal In'its behaviour
as hoth proteolysis and crosslinking occurred during storage (Obanu et al., 19753, b,
197(;). his crosslmkmq, which is shown by the decreased solubility of the samples in
8DS//?-mercaptoethanol correlates well with the loss in nutritional protein quality
(cf. Figs 1 and 2, P<0-001). Thus the solubility in SDS//?-mercaptoethanol may be a
very good index of the nutritional uah;}y of the proteins in these i.m. meats. The
minimal changes observed in both SDS//?-mercaptoethanol solubility and nutritional
quality of the protein in the Feedmﬁ Trial 1 support this suggestion. Because of the
nature of the reactions that render the proteins nutritionally unavailable in these i.m.
meats it is doubtful if this relationship would be applicable to other protein sources.

It is generally accepted that high glycerol intake is not hazardous to health and the
results of Feeding Trial 1 confirm that, in rats, it does not affect their rate of growth,
In fact the livers, spleens, kidneys and . dorsi muscles of the rats in this trial were examined
a?fﬁ sl%u Pter and no abnormalities could be detected verifying the non-toxic nature
of the additives,

It is generally recognized that in meat, a high quahtz/ protein food, lysine is not the
limiting amino acid but it is seen from the present resulfs that both PER and NPU are
h|gihly correlated with the available lysine values (cf. Figs 1 and 2). If lysine was the
only amino acid involved in the crogslinking reactions, it would be anticipated that the
PER and NPU values would remain relatively constant during storagzeL at least until
the available lysine concentration was decreased to such a level that It became the
limiting aming acid in the system. This is_obviously not the case and it is concluded
that the protein reactions leading to crosslinking are of a more general nature so that
several, or even all, the amino acids become less available during storage. This
observation would agree with the amino acid analyses performed earlier (Obanu et al.
1975h) which showed a decrease in the concentration of all amino acids, determined
after hydrolysis, in stored, compared to freshly processed, i.m. beefsamPI_es_. _

The crosslmkm? reactions, which appear to lead to decreased nutritional quality,
have been found fo occur in all i.m. meats studied except for the bull muscle used in
Feeding Trial 1 (e.g. Obanu et al., 19753, b, 1976). Thus, if prolonged stora%e of L.m.
meats at tropical temperatures is to be achieved, it'is necessary to find means to inhibit
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these reactions so that the undesirable colour (Obanu & Ledward, 1975; Obanu et al.,
1976), flavour (Obanu etal., 19754, b) and nutritional changes are minimized.
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Iron availability from intermediate moisture beef

Z. A. OBANU, RUTH J. BIGGIN, R. J. NEALE,
D. A. LEDWARD and R. A LAWRIE

Summary

The availability of the iron present in intermediate moisture beef before
and during storage at 38°G was evaluated in both normal and anaemic rats.
Irrespective of the marked chemical c_hangies that occur in the nature of the
haemoproteins during storage the availability, in all samples, was as good as
that in'freshly cooked beef.

It is well established that cooked meat is an excellent source of iron as the haematin
comPIexes can be readily utilized by the body (Bender, 1975) and studies using 59Fe
|abelled meat have shown the iron t0 be more available, i.e. better absorbed, than iron
in plant foods. Meat, therefore, as well as being an important concentrated source of
protein for human nutrition, is also a most significant source of iron. Of all nutrients,
requirements of this metal are the most difficult to meet. In developing countries
therefore, where iron deficiency anaemia is common (W.H.0., 1975) an increased
intake of meat iron, especially in women and children, weuld be beneficial.
Previous, studies have shown that the nature of the haematin complexes in freshly
processed intermediate moisture (i.m.) beef and freshly cooked beef are spectrally
similar (Obanu & Ledward, 1975). 1t is believed that these complexes are formed by
reaction between the haematin ofmyoglobin and some of :he denatured proteins present
in cooked beef. The final productS are believed to be ferric di-imadazole haematin
complexes (Ledward, 1971, 1974). However, during storage at 38°C the haematin
complexesini.m. beefusually break down to gleld compounds with decreased haematin—
rotein interactions (Obanu & Ledward, 1975); no such changes occur in cooked beef.
ven though this breakdown occurs, free haematin is not released as other complexes
are formed which hold the haematin even more tightly within the meat matrix (Obanu
& Ledward, 1975). _ _ o
_In view of these marked changes in the nature of the iron complexes, in i.m. meat,
it was thought desirable to determine the nutritional availability of the iron. This was
performed Dy rat hio-assay.

Authors' addresses: Food Science Laboratories, Department of Applied Biochemistry and Nutrition,
University of Nottingham School of Agriculture, Sutton Bonington, Loughborough, Leics. LE12 5RD.
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Materials and methods
Preparation and storage of the i.m. beef

~ Two feeding trials were performed and the 0-85 aw meats used were those described
in the previous paper (Obanu et al., 1976h).

Reflectance spectrophotometry

Reflectance spectra of the intact 1cm3 meat pieces were recorded against MgO
using a Perkin-Elmer Model 124 double beam reflectance spectrophotometer. The
range scanned was 700 to 340 nm at a rate of 60 nm min-1 (Obanu & Ledward, 1975).

Solubility in 40% pyridine
This was determined as described previously (Obanu & Ledward, 1975).

Total iron and haemoglobin concentrations

The total iron content of all diets as well as of the iron storage organs (heart, spleen
and_hve_g were determined by reaction with either potassium thiocyanate or
ocadipyriayl (Pearson, 1970). , _

Blood haemoglobin concentrations were determined by formation of the cyan-
methaemoglobin complex (Kampen & Zijlstra, 1961).

Rat bio-assays

Two feeding trials were performed. In Feeding Trial 1normal rats were used and the
availability ofthe iron assessed br the iron contents ofthe blood and iron storage organs.
In Fee_dmgtTnaI 2 iron availability was assessed by the regeneration of haemoglobin in
anaemic rats,

In Feedm(i Trial 1the i.m. and cooked meat diets from an eleven-month-old bull
|. dorsi muscle were of the same composition as for the protein bio-assay described
previous| gObanu et al., 1976b). The casein diet, which was supplemented with finely
ground FeS047HA at 21-8 mg Felkg served as the high-iron control diet. Iron
availability in this trial was determined on the same rats Used in Feeding Trial 1 of
the OFrev;ous paper and thus all details on the rats used, their allocation to diets etc. are
as described previously (Obanu et al., 1976b), However, an extra group of six rats was
included and used to assess the initial storage iron content ofthe liver, spleen and heart.

In Feeding Trial 2 an equal number of male and female Wistar rats, weaned at
twenty-one days of age, were rendered anaemic by feeding on a low iron (5 mg Ferkq)
diet for twenty-eqht days. The rats were split into pairs of the same sex, each pair
bemq of similar total welght and each experimental diet was fed to a pair of male and
female rats. The diets were formulated” with i.m. or freshly cooked beef from the
|. dorsi muscle of a thirteen-month-old steer (Obanu etal., 1976b) to give 20 m Fe/k?,
the casein diet was also supplemented with FeS047H2) to this level. In both trials
the rats were fed ad lib for ten days with free access to distilled water.
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At the beglnnln% and end of both trials the haemoglobm concentration of the blood
of all rats was determined. The blood was collected from the tip of the tail of the
anaesthetized rats. At the end of Feedm% Trial 1 the liver, spleen heart and /. dorsi
muscle of each rat was dissected out and the iron content determined.

Results
Feeding Trial 1

|rrespective of diet, the haemoglobin levels in all rats were always within the normal
range( introbe, 195613 o |

It is evident from Table 1that the iron in the i.m. bull meat was able to meet the iron
requirements for haemoglobin synthesis dur|_n% ?rowth. In all except the three-week
stored samples the iron'in all meats was slightly better than freshly cooked beef in
producing haemoglobin gain.

Tabte 1 Efficiency of conversion ofthe iron in i.m. (0-85 aw) meat stored at 38 0 into haemoglobin (Hb)
by rapidly growing weaning rats

: : Total % of
Iron Iron in blood Iron in storage : -
r - iron

Stt?mage Group ;r?t&/llr(aet/ Hbf (mg/rat) organs (mg/rat) gaoin (Iigg}]alrr)]/
(veeks) B i Fna e F Do R
0 1 2-14 1-95 3-32 1-76 2-04 1-65 76-9
2 1-98 1-78 3-14 1-76 1-73 1-33 66-9
3+ 1 1-37 2-03 2-69 1-76 150 0-41 29-8
2 117 1-64 2-45 1-76 1-65 0-70 60-3
6 1 1-98 1-87 3-24 1-76 1-70 1-31 66-2
2 1-78 1-78 3-18 1-76 187 1-51 85-0
9 1 1-95 197 3-30 1-76 1-82 1-39 713
2 2-07 1-61 3-32 1-76 1-88 1-83 88-5
Freshly cooked 1 195 191 3-16 1-76 19 1-44 74-1
beef 2 2-03 1-n 2-96 1-76 168 1-11 54-6
Casein diet 1 31 2-13 4-13 1-76 2-10 2-34 75-0
_ 2 2-9 1-64 311 1-76 2-25 2-62 90-3

Proteinand 1 0-07 1-92 1-82 1-76 0-17  -1-09 0

iron free diet 2 0-08 1-73 1-67 1-76 0-68  -1-13 0

* Initial iron content of the storage organs is the mean value for six rats. All other values are the mean
values for three rats caged together. _

+1ron in Hb (mg/raa = 0-067 x body we_lghtx 3-35 (Anderson ¢t at, 19723.

+This die: was inadvertently made up with 50 g of sodium chloride instea

his 0f50 g of glucose making
the diet slightly less palatable.
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~ Table 1also indicates that, except for the rats fed the protein and iron-free diet,
iron stores were maintained at their initial levels, and in some cases increased, showing
that the iron in these diets was available enough to cover endogenous losses, the demands
for haemo?lobm synthesis and some for storage. In addition the fresh i.m. meat was not
_smzmﬂcant y better than any of the stored samples with respect to the proportion of iron
intake converted to haemoglobin and storage (Table 1) indicating that up to nine
weeks’ stora%e at 38°C had no effect on the Tron availability, The reflectance spectra
of these freshly processed i.m. samples were typical of ordmarY cooked meat with
reflectance minima at 630, 540 and 410 nm ‘and no detectable changes occurred
dunn% nine weeks’ storage at 38°C. Also the extractablhtz, by pyridine, of the haematin
fgorln Pge?g )samples was high and remained so throughout storage at 38°C (Obanu
etal,, 1976a).

Feeding Trial 2

|rrespective of growth, the blood haemoglobin levels of the anaemic rats, on all diets
except the basal control, increased slightly. _ o _

It is evident from Table 2 that at all storage times the iron in the i.m. meat was
available to the rats for haemoglobin synthesis. As with the meat samples ass%yed in
Feeding Trial 1 the iron in these_i.m. beef samples compared well with FeS04 and
was more available than the iron in the freshly cooked meat (P ¢0-01, Table 2). Also
there was no significant difference in iron availability between freshly processed i.m.
beef and samples stored at 38°C for up to twenty-four weeks. _ _

The reflectance spectra of these meats were, immediately after processm%, typical
of cooked meat but with storage the spectra became more ‘typical of ‘free’ haematin
with loss of the reflectance minima at 540 and 630 nm and a shift in Soret reflectance
minima from 410 nm to about 380 nm within six weeks at 38°G: no further changes
occurring during subsequent storage. This behaviour is typical of most other i.m.
meats studied (Obanu & Ledward, 1975; Obanu etal., l976a£AIso,asfoundW|th most
other samples, the extractability by pyridine of the haematin from these samples de-
creased during storage at 38°C (Fig. fﬁ

Discussion

It is apparent from the results in Tables 1 and 2 that, irrespective of whether changes
in the nature of the haematin pigments occur on storage, the iron in i.m. meats is
nutritionally available, at similar levels, at all times. _ , _

As there was little change in the nature of the haemoproteins during storage in
Feeding Trial 1, this result is not surprising but considering the great differences which
occur In the nature of the proteins g_n_cludmg haemoprotems? of the meat used in
Trial 2, a marked effect on iron availability would not have been unexpected.

These results may be of more general applicability as they appear to demonstrate
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Table 2. Efficiency of conversion of the iron in i.m. (0-85 aw) meat stored at 38°C in

Intermediate moisture meats. V

haemoglobin (Hb) synthesis by anaemic rats

Storage
time
(weeks)
0
3
V]

24

Freshly cooked beef
Casein/FeS04diet

Group

PO RO = PO = RO = RO = RO

iron intake

Dietary Iron in blood Hb*

mg/rat/ -
0days) Initial

2-07
1-97
2-34
1-69
2-17
1-99
2-29
2-28

2-19
1-82
2-16
2-18

ro PO l\.)l\.)l\.)l\.)l\.)l\.)l\.)l}.)
' 0 0 ) N ' ) ' ' 0

~Nrooco >~ &hmwwl—‘l\jl—‘
FWOWwWoo o —~Jo—~IPhDdD—u—

(mg/rat)

Final

Y s S i 1
oD hdronNokovo
NPT EaAINORF, s

Availability of
dietary iron
(%)

42-1
35-8
44-6
37-8
41-9
32-6
48-3
39-4

25-5
30-7
56-9
55-2

All values are the means for two rats caged together; 1= males, 2= females.

*Iron in haemoglobin (mg/rat) = 0067 X body weight x 3 +35.

+ Availability (o) = NSrEase.in Hb o, 40,

0.4 —
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that the availability of the iron in meat is not due to its attachment tc meat proteins
but rather to its Eresence as the haematin comﬁlex. Previous results have shown that
during digestion the haematin of cooked meat haemoprotein remains attached to the
two histidine residues of the protein chain even after most of the protein has been
digested _EHazeII, 1975). Thus these results may support the view that the %ood iron
availability from meat is not due solely to the nature of the attached proteins but rather
to the bound histidine which may “serve to actively tran3ﬁor_t the ron across the
mucosal membrane (Hazell, 1975). Whatever the reason for the improved iron availa-
bility from meat it is apparent that the chemical changes which occur in the i.m. meat
samples on stora%e do not affect its availability to the body. _

In fact, in both Trials, the iron availability of both freshly processed and stored i.m.
meat s aﬁparently better than in fresh meat cooked in water under the same conditions
used in the preparation of the i.m. samples. This effect was most marked in Feeding
Trial 2 where the availability was significantly higher in the i.m. meats. However, the
iron availability for ordinary cooked beef found in this study (28-1%) was lower than
found by Mahaoney, van Orden & Hendricks 51974) (45%) for ground beef although
their valug for ferrous sulphate incorporated into a casein diet was similar to the value
found in Feeding Trial 2, i.e. 51% compared with 56%.

The low iron avallab|ht¥ found in the present study may be due to the method of
cooking as the type ofheat treatment may well alter the nature of the complexes formed.
However, the heating regime was similar in all samples and as ‘he effect is found in
both freshlx processed and stored i.m. meat the enhancement, if real, cannot be due
to any of the products formed during storage. This surq?ests that glycerol is somehow
the cause of the enhanced iron absorption and availability.
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W iltshire curing with and without nitrate

II. Vacuum packed collar.hacon and vacuum packed bacon
|Ofarom p?gs Wit ?gh uﬂ|mate pHp

A. A TAYLOR, B.G. SHAW and P. D. JOLLEY

Summary

The storage life of vacuum packed unsmoked bacons produced by a factory
Wiltshire process from brines containing nitrite with and without nitrate has
been studied at 5° and 15°G. Whilst collar bacon produced from tX ical bacon
pigs and containing 76-129 ppm nitrite and approximately 5% salt kept
slightly better when it also contained 538-568 nitrate, no consistent benefit
was noted when, the nitrate concentration was 196-204. Collar and back
bacons with similar concentrations of nitrite and salt and produced from
p|gs in which the ultimate pH in the M. Ion8|55|mus dorsi was ~6-0 kept better
when they also contained approximately 600 ppm nitrate. It is suggested that
the benefit of nitrate in these bacons is due to the inhibition 0T bacterial
growth b¥]_|ncreased concentrations of nitrite produced from nitrate in
relatively high pH muscles.

Introduction

The inclusion of nitrate in Wiltshire curing brines does not contribute to either quality
or storage stability of,t_¥p|cal back bacon” (Taylor & Shaw, 1975). It may, however,
contribute to the stability of bacon which is mare susceptible to spoilage stich as collar
bacon, in which many of the muscles ma¥ have pH >6-0, and bacon made from pigs
with high ultimate p (leg_. The effect of nitrate on the stability of these types of
bacon has therefore been studied.

Experimental

Two experiments were carried out. In the first, the effects of different levels of nitrate
on storage stahility of collar bacon were assessed using three separate comparisons
(A, Band C). In the second experiment, collar and back bacons were used to compare
the effect of curing meat from high pHu pigs with and without nitrate.

Authors’ address: A.R.C. Meat Research Institute, Langford. Bristol.
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The levels cf nitrate used in this study were designated ‘high’, ‘intermediate’ and
‘nitrate-free’.

Experiment 1 (collar) ,
omparison A: high nitrate (A-l) v. nitrate-free (A-2) ;
Comparison B: hl%h nitrate (B-I) v. intermediate nitrate (B-2
Comparison C: intermediate nitrate (C-1) v. nitrate-free (C-2).
Experiment 2 (back and collar from high pHu pigs)
omparison D: high nitrate (D-) v. nitrate-free (D-2).

Bacon manufacture

In each comFanson bacon was made from seven Grade A pigs taken from a normal
factory production line. In Comparison D, the pigs were selected on the basis of pHu,
,havmq| the highest measured values. The FHU Wwas measured, 24 hr after slaughter,
in the Tumbar re_%lon of M. longissimus dorsi (I.d.) near the tenth rib, using a Radiometer
pH Meter 29 with a GK 2321 C electrode.

Tabte 1 Composition of curing brines used in bacon comparisons
Injection brine Immersion brine

Comparison  CU'e& goi Nanp2 NaNO3  Salt  NaNOa  NaNOj
(%wh)  (ppm)  (ppm) (% wh)  (ppm)  (ppm)

16 700 2100 26 1000 4200
16 700 — 26 1000 —

16 700 2100 26 1000 4200
16 700 800 26 1000 1600
700 800 26 1000 1600

o O o >
RO = RO = RO = RO =
—
>

16 100 — 26 1000 —
16 100 2100 26 1000 4200
16 700 — 26 1000 —

The injection and immersion brines used in each comparison are shown in Table 1
and werg designed to produce bacon sides in which the hack lean contained 4-5%
salt, 60-100 ppm nitrite and either 500 ppm (high) or 200 Ppm (intermediate) nitrate
where it was Included. Comparisons were always made between paired sies, the left
sices receiving one treatment and the right the other.

All sides were injected by a multineedle machine (Swissvac CUR-O-MAT) to a
weight gain of approximately 10% trimmed weight. Sides were then immersed for three
days in freshly prepared brines followed by a further seven days’ maturation at 5°C.
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Slicing, packing and storage

In all comparisons a sample of collar from each side, forward from the middle of the
shoulder pocket, was taken under refrigeration to the laboratory and sliced to give
twenty-one slices f mm thickness). These slices were vacuum packed in Metatheng X
(Metal Box Ltd, London) pouches, three consecutive slices to a pouch to give seven
packs from each side. The packs from the seven sides from each curing treatment were
?rouPed according to a 7 x 7 Latin Square design so that, at each of the seven examina-
lon times, when seven corresponding loacks were sampled from each curing treatment,
each side and position in the sliced collar were represented. In all comparisons vacuum
packs of collar were stored for uP to twenty-one days at 5°C and fifteen days at 15°C.

In Comparison D, portions of back were also taken from each side, forward from the
last rib, and twenty-eight slices cut from each. The slices were vacuum packed, four
consecutive slices to a pouch, to give seven (Joacks from each side and these were grouped
in a sampling desufm similar to that used for the collar bacon. Back hacon samples
were stored for up fo thirty-five days at 5°C and nineteen days at 15°C.

Microbiological examination

All packs used in these trials were intact and vacuum-tight when examined. Packs
were opened aseptically, The rind and outer fat were cut from the collar slices, and
the remammg lean portions formed the sample for analysis. The eye muscle was cut
from the back samples and was used as the sample for analysis. Samples were minced
through a 4-mm screen. Twent%-flve rams were then homogenized for 0-5> min at
6000 rev/min and 1min at 12 000 rev/min in an Atomix Blender (M.S.E., London)
in 100 ml diluent (0-85% NaCl+0T% peptone (Difco); pH 7-0). The total viable
count and count of factic acid bacteria were then obtained using the methods described
by Taylor & Shaw (1975) with the exception that the medium used for total viable
count was Plate Count Agar (P.C.A. Oxoid) + 1% NaCl.

Odour

When the packs were oh)ened for examination the odour was assessed b¥ a panel of
four experts who noted the presence of off-odours and judged whether these would
cause the bacon to be accepted or rejected by a consumer.

Chemical analysis

Chemical analysis commenced within 1 to 2 hr of oP_ ning Cg)acks and were taken
from the minced bulk used for microbiological examination. ~One gram was homog-
enized with 10 ml distilled water an,d_{) measured on either a Pye Universal p
meter or a Radiometer pH M63 Digital pH meter, Moisture content was defer-
mined and samples extracted, degrotemlzed and nitrate and nitrite estimated as
described previously (Taylor & Shaw, 1975). Meat blanks were not estimated.
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Chloride contents in the same extracts were estimated either by precipitating the
chloride with excess silver nitrate and titrating the excess with potassium thiocyanate or
by measurement on a Radiometer CMT 10 Chloride Titrator.

_ _ Results
Chemical analysis

Table 2 shows the pH and concentration of nitrite, nitrate and salt in the leans of
bacons at the beginning ofstora%e. The changes durm%\storage at 5" and 15°C in the
concentration of nitrite In collar bacon in comparisons A, B and C are shown in Fig. 1
E_he é:orrespondmg changes in back and collar bacons in comparison D are shown in

ig. 2

Table 2. Analysis of bacon lean at beginning of storage

NaNOa NaNOa N

=Y
(@)

I NaCl

Cure Comparison Bacon PH (opm)  (ppm) () (% onwater)
Al High nitrate and Collar 6'20 93 568 4-7 6-7
2 nitrate-free Collar 6-20 96 26 4-8 1-1
B 1 High nitrate and Collar 5-90 8l 538 3-8 5-3
2 intermediate nitrate  Collar 5-90 16 204 4-8 6-8

C1 Intermediate nitrate  Collar 6-40 17 196 1-5 IM

2 and nitrate-free Collar 6-25 129 pal 5-3 1-1
D1 High nitrate and Collar 6-50 147 580 5-0 1-4
_ Back 6-25 118 625 4-9 1-1
2 nitrate-free Collar 6-45 120 3 5-3 1-8
Back 6-25 m 5 4-7 6-5

]
Q
bl

e

Nitrite concentration (ppm)

o} ] I:O 20 0 11‘0 ‘ ZV 0 10 20
Days

Fig. 1 Changes during storage at 5° and 15°C in the concentration of nitrite in the

lean of collar bacons in comparisons A, B and C. 00 High nitrate at 5°C; [ -1

intermediate nitrate at 5°C; A-----A nitrate-free at 5°C; O -----0 high nitrate at 15°C;

I 1 intermediate nitrate at 15°C; A -~ A nitrate-free at 15°C,
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Ry L A
10 20 C 10 20 30
Days

Fig. 2. Changes during storage at 5° and 15 in the concentration of nitrite in the lean
of (a) collar and ?b) back bacons in comparison D. O----O High nitrate at 5°C;
A CA nitrate-free at 5:C; O == O high nitrate at 15°C; A - A nitrate-free

. In the high nitrate bacons A-l_and B-I, nitrite remained more or less constant or
increased throu_([lh_out storage. In D-I where the pH of both collar and back was hlgher
than normal, nitrite rose to a peak during storage and then fell. In both collar and back
bacon, the maximum detected concentration at 5°C was greater and came later in
storage than at 15°C as was found previously by Eddy In?ram (1962). At both
temperatures, the time to reach peak nitrite concentration was fonger in back than in
collar. In bacons made with intermediate nitrate (B-2 and C-Q nitrite concentration
remained fairly constant at 5°C but behaved erratically at 15°C. In all nitrate-free
bacons, the nitrite level fell steadily at both temperatures, the rate being faster in collar
than in back and faster at 15°G than at 5°C.

In all high nitrate bacons nitrate fell at a fairly steady rate, faster at 15°C than at
5°C. In general, the rate was reflected in the degree of nitrite accumulation and was
greatest in bacons where the concentration of nitrite increased during storage. The two
w;te&mgc%lhate n%tga%e bacons had similar rates of nitrate loss, the rate again being greater
at 15°C than at 5°C.

Microbiology

The total viable counts and numbers of lactic acid bacteria detected during storage
of the bacon are shown in Table 4. _ _ o

In Experiment 1, the nitrate-free bacon had higher total viable counts initially
and during s_to_ragie than the high nitrate bacon (comparison A). High nitrate hacon
had higher initial counts than"the intermediate nitrate bacon but after prolonged
storage, counts were slightly higher on the intermediate nitrate bacon (comparison B).
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The intermediate nitrate bacon had higher counts initially and during storage than
the nitrate-free bacon (comparison C). Lactic acid bacteria, which may cause souring,
were either not detectable or present in very low numbers on all bacons at the time of
Packmg_but growth always occurred _durm? storage. The high nitrate bacon contained
ess lactic acid bacteria than the nitrate-free _bacon %ompanson A) and the inter-
mediate nitrate bacon (comparison B). Lactic acid bacteria were less common in
nitrate-free bacon than in the intermediate nitrate bacon (comparison C). _

In Experiment 2 émg_h pH) the total viable count at the time of packing was higher
on the bacons cured with nitrate. During storage, counts were similar on the collar
bacons cured with or without nitrate. However, counts were slighdy higher on the
back bacon cured without nitrate dunnP storage at both 5° and 15°C. Lactic acid
bacteria were more common on both collar and back bacons cured without nitrate at
the time of packing and during storage.

Odour
Table 3 shows the number of packs rejected at each sampling time,

Tabte 3. Numbers of packs, rejected on basis of odour on opening (seven packs from each cure were
examined at each observation time)

Storage at 53 Storage at 15°C

saoon Lure Comparison S?O%Sd Curel Cure2 Curel Cure?
Cellar Al aHnIgh nitrate g 0 0 8 21
2 nitrate-free 218 (i (2) 2 3
Collar B1 aHnlgh nitrate 8 0 0 % 8
2 intermediate nitrate 218 (i 8 1 0
Collar C1 Intermediate nitrate 5 I 0
2 aFllri]t(:ate-free 21§ é % g 21
IR L AR T
2 nitrate-free %8 % 21 1 3
R L A
2 nitrate-free 21% 0 . 1 2
3 0 2
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Table 4. Bacterial numbers on the lean bacons during storage at 5° and 15°G
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In Experiment 1, the comparisons of collar stored at 5°C showed only marginal
differences in acceptability between bacons, At 15°C shghtlx\ fewer packs of |gé1
nitrate bacon (A-I) were rejected than the nitrate-free bacon (A-2). In comParlson ,
one pack of high nitrate bacon (B-1) was rejected at every sampling time but no packs
0: intermediate nitrate bacon (B-2) were rejnected. Hoviever, in comparison C con-
siderably more packs of intermediate nitrate
nitrate free bacon (C-2). _ _ N

In Experiment 2, there was no difference in the acceptability of collar bacon cured
with or without nitrate during storage at 5°C. At 15°C slightly more packs of nitrate-
free bacon (D-2, collar) were rejected than nitrate containing (D-I), and off-odours
ir_the D-2 bacon were generally more noticeable at the end of storage. No packs of
biacon cured with nitrate %D-I) Were re{ected during storage at 5°C and no off-odours
were reported. However, three packs of the nitrate-free back bacon D-ZL_were_reJected
and off-odours were detected inall but one of the packs examined after thirty-five days’
storage. The difference was not so marked during storage at 15°C, althoulgh off-odours
were detected in three packs of nitrate-free bacon at”twelve days while none were
detected in the bacon made with nitrate.

acon (C 1) were rejected than packs of

Discussion

Qdour assessment and microbiological data showed that nitrate at the high concentra-
tion improved the storage stability of back bacon produced from h|gh pHu sides. Its
effect on this bacon is therefore greater than on back bacon produced from sides with
pHu values less than 6-0, where no_benefit was observed (Taylor & Shaw, 1975), This
can be attributed to the higher nitrite concentrations formied durmﬁ storage in the
bacon from _hl(ih |oHu sides, which inhibited bacterial growth. A high level of nitrite
may he particularly important in h|%h PH bacon hecause nitrite is less inhibitory in this
BH range (Castellani & Niven, 1955). The greater ﬂroductjon of nitrite in Righ pH

ack bacon may also explain wh)(] nitrate improved the stability of collar bacon made
from sides with RH'U values less than 6-0 in the I.d., since this bacon contains muscles
with high BH. The intermediate level of nitrate was not of consistent benefit to stability
in collar bacon, presumably because this level is insufficient to produce effective
concentrations of nitrite in the high pH muscles. _

We believe that these flndmgfs are of commercial importance. High PH muscles
are not only found in the collar ot bacon pigs but may occur also in other cuts which are
commonly vacuum packed. More importantly, 25% of pigs used for Wiltshire bacon
manufacture in the UK have pHuahove 6-0 in'the I.d. (Kempster & Cuthbertson, 1975)
and therefore benefit from nitrate. However, in these experiments this benefit was
obtained with nitrate at an initial concentration of more than 500 ppm and nitrite
accumulated during storage at a level which exceeded 200 ppm. Although these
figures refer to concentrations in the lean, it is possible that the whole bacon slice
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would not meet current legal requirements for nitrite and nitrate. In commercial
practice, therefore, lower levels of nitrate would have to be used and this would almost
certainly lessen its benefit.
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Supplementation of bread with soybean and chickpea flours

SOAD A. M. YOUSSEFF* ALI SALEMf and
ABDEL HAMID Y. ABDEL-RAHMAN( t

Summary

Flours from defatted soybean, raw and parhoiled chickpea seeds were
obtained on a laboratory Scale and used as a supplement to wheat flour. The
effect of supplementation level on water absorption, dough rheology, loaf
quality and major chemical constituents of breads were |nvest|?ated. ater
absorption was Slightly affected by soy and parhoiled chickpea flours hut was
reduced by raw chickpea flour. Dough m|x_|né; time, stability and valorimetric
values increased but the mixing tolerance index decreased by adding soy and
parboiled chickpea flours to wheat flour. Loaves were shc{;htly smaller in
volume than the control at h|%_h levels of soy and chickpea flours. Moreover,
bread score and panel evaluation showed deterioration of bread characteris-
tics above 6% soy flour and 15% chlckBea level of supplementation. The
chemical analk/s;s of the supplemented bread showed a positive trend of
mcrfelasmg protein and ash contents by increasing the levels of chickpea and
soy flours.

Introduction

Supplementation of wheat flour with h|%;h protein and vegetable sources to increase
protein content and to improve essential amino acid balance of the resultant baked
products has been of great interest to nutritional scientists. _
In the USA Bird 31975ﬁ_ estimated that 600 million pounds of soy flour and grits
550-6_0% protein), 60 million pounds of soy concentrate (above 70% protein) and
0 million Pounds ofso%/ isolates (above 90% Protem) were utilized in food products in
1973-74. It was projected that by 1980 about 2146 million pounds of meat and other
animal proteins will oe replaced by plant protein. US standards of identity for enriched
white bread allows the use of up to 3% soy flour as o[uuonal ingredients (Cotton,
1974). Two soy fortified wheat flours 6% and 12% soy flours are being produced for
use in school lunch programmes, institutional feeding and other commodity distribution

Authors” addresses: *Faculty of Agriculture, Kafr EI Sheikh, Tanta University and fFaculty of
Agriculture, Alexandria University, Egypt. . _
{Present address: Food Technology Department, College of Agriculture, EI-Chatby, Alexandria,
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programmes in order to achieve nutritional improvement (Hoover, 1974). Tsen (1972)
showed that bread made with 12% soy flour is acceptable by the consumer and contains
more protein of a higher nutritional quality than common wheat flour breads. The
Protem efficiency ratio of bread increased from 0-7 to T9 when fortified with 12% soy
flour. Moreover, lysine content increased to more than double and the protein conterit
increased by 30% %Marnett, Tenney & Barry, 1973_2. Ranhotra, Loewe & Lehman
(1974) studlied the characteristics of Breads forfified with fifteen commercial soy protein
products. They found that most soy flours especially full fat and high fat products,
Permﬂted fortification at the 15-20% level and produiced breads of acceptable volume
lavour and overall quality, with resultant substantial increases in protein content and
greatly improved amino acid balance. _ _ _

Studies on the supplementation of arabic bread with protein sources and amino
acids are few. Hallab, Khatchadorin & Jabr (1974) sui)ple_mented arabic bread with
chickpea and soy flours. They reported that the organoleptic properties of the supple-
mented bread compared favourably with the unsupplemented bread up to a level of
20% chickpea and 10% soy flour. . _ _

This investigation describes the effect of blending wheat flour with soy and chickpea
flours on water absorption, physical Propernes of dough, bread characteristics and
chemical constituents of the supplemented breads.

Materials and methods

Seeds of wheat (Giza 155), chickpea (Giza 1) and_sonean éC_Iark were obtained from
the Seed Production Department, Ministry of Agriculture, Cairo, Eqypt.

Wheat was conditioned to 14% moisture, milled on a Willey mill and sifted in an
automatic plansifter. The flour, sifted through an 8 xx sieve, was used in this study.
Chickpeas were decorticated, milled and sifted to pass through an 8 xx sieve. Parboiléd
chickpea flour was obtained by parboiling the chlckgea seeds for a period of 30 min;
it was then autoclaved for 20 min, dried at 65°C for 24 hr and ground to Bass,throu_gh
an 8 xx sieve. Soybeans were dehulled, flaked, defatted, autoclaved for 20 min, dried
at 65°C for 24 hrand ground to pass through an 8 xx sieve,

Physical dough properties of the fortified wheat flour with chickpea and soyhean
flours were determined bK the farinograph method as outlined according to A.A.C.C.
(1962). Physical dough characteristics such as mmng time, stability, mixing tolerance
index and valorimeter values were computed from the curve obtained.

The baking test was carried out with a straight dough method employing a lean
formula. The basic formula included 300 g flour, 2% yeast and 1-5% salt and water
based on the farinograph optimum absorption. The dough was fermented at 30°C
for 3 hr, divided, moulded, panned and proved for 50 min at 30°C. The bread was
baked for 25 min at 218°C. The loaf weight and volume were determined after cooling
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(2 hr). Bread quahéy score hased on appearance and internal characteristics were
assessed. Flavour and organoleptic evaluation was also made by a panel of testers.
_Supplemented breads were dried and ground. Moisture, protein, fat, ash and crude
fibre contents were determined according to AA.C.C. (1962). Total carbohydrate
(N.F.E.) was obtained by difference.

Results and discussion

Water absorption and dough rheology

The effect of fortifying wheat flour with chickpea and scy flour on water absorption
and dough rheolo?y as measured by the farinograph is shown in Tables 1, 2 and 3.
Substituting wheat flour with 5% Chickpea flour reduced water absorption by 1%.
Subsequent substitutions reduced water absorption 1% on the average. A reduction
of water ahsorption was less in the case of fortification with parboiled"chickpea flour.
It was onlﬁl 2% at 25% of parboiled chickpea level. On the other hand, soy flour at
low levels had no effect on water absorption but increasing the level up to 15% reduced
the water absorption by T2% less than the control. Water absorption is_generally
related to the hydration capacity of protein. Gluten has the strongest imbibition power

Table 1 Effect of chickpea supplementation on water absorption, mixing characteristics and bread
scores

Supplementation level (%)

0 5 10 15 20 25
Water absorption (%) % 54 53 52 52 50
Farinograph values
Mixing time (min) 15 15 1-5 15 12 12
Stability (min) 1-0 10 1% 15 12 1-0
Mixing tolerance (BU) 120 80 80 90 90 80
Valorimeter value 32 a 25 28 26 26
Bread Properties
Loaf weight (q) 129 130 134 135 137 139
Loaf volume ?cc) 220 230 250 240 210 200
Appearance (10) 7 8 9 8 7 4
Crust colour* (10) 7 8 8 9 7 6
Crumb colour (10) 9 9 8 7 5 3
Grain (10) 7 7 7 6 5 3
Texture (10 8 7 7 6 6 3
Flavour (10 8 8 8 6 5 2

* Brown and very dark brown crust colours have a lower score.



602 Soad A. M. Toussef &t al.

compared to protein from other sources. Substitution of wheat flour resulted in de-
creased water absorption despite the elevated protein content. Low moisture content of
soy flour and ﬂarboned chickpea flours may_exBIam_ their water absorption results.
Damaged starch will absorb water and this will be diluted as the protein content is
elevated, Mixing time was slightly affected by soybean flour substitution. However,
the stability increased and m|xm% tolerance decréased with supplementation of so%
flour or parboiled chickpeas. In the case of raw chickpea supplementation, doug

stahility and mixing tolerance were only slightly affected. The general appearances of

Table 2. Effect of parboiled chickpea supplembentadtion on water absorption, mixing characteristics and
read score

Supplementation level (%)

0 5 10 15 20 25
V/ater absorption (%) 55 55 54-5 54 53-5 53
Farinograph values
Mixing time Smin) 1-5 1-5 1-5 1-5 1-5 1-5
Stability (min 10 1-5 15 2-0 2-5 3-0
Mixing tolerance (BU) 120 100 80 60 40 30
Valorimeter value 32 34 40 46 52 58
Bread Properties
Loarweight (g) 127 129 130 130 131 132
Loafvolume (cc) 220 230 240 230 210 200
Appearance (10) 7 8 9 8 7 5
Crust colour* (10) 7 8 9 9 7 6
Crumb colour (10) 9 9 9 9 6 3
Grain (10) 7 7 6 6 6 3
Texture (10 8 7 7 7 6 3
Flavour (10 8 9 9 1 6 3

*Brown and very dark brown crust colours have a lower score.

the farinograms can be shown by the valorimeter. This value takes into consideration
mixing time and dough stability. The valorimeter value increased with sulpplemen_tanon
of soy and parboiled chickpea flours whereas it decreased with supplementation of
raw chickpea flour. The inactivation of any proteolytic enzyme In the chickpeas
during parboiling would be the only explanation for the differences in mixing
characteristics. o

Tsen & Hoover (1973) reported that fortification with more than 12% full fat soy
flcur adversely affected both rheological properties and baking quality of wheat flour.
Jakubczyk & Haberowa (1974) studied the physical properties of dough containing
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different levels of soy products as measured by means of the farinograph. They found
that addition of soy ‘flour improved dough rheological properties. On the other hand,
they noticed a marked decrease in physical properties as measured by means of the
extensograph during the fermentation process.

Bread quality

The effect of different levels of soy and chickpeas on the loaf weight, volume and
other properties are presented in Tables 1, 2 and 3. The loaf volume increased with

Table 3. Effect of defatted soy flour supplem%ntatéon on water absorption, mixing characteristics and
read score

Supplementation level (%)

0 3 6 9 v 15
Water absorption (%) 55 5 54-5 54-2 54 53-8
Farinograph values
Mixing time Smin) 1-5 1-5 1-5 1-5 1-5 1-5
Stability (min 10 15 2-0 2-5 3-0 4-0
Mixing tolerance (BU) 120 100 80 70 60 50
Valorimeter value 32 32 40 41 42 43
Bread Properties
Loaf weight (g) 124 125 127 130 132 134
Loaf volume (cc) 210 220 240 230 210 200
Appearance (10) 7 8 8 7 6 5
Crust colour* (108 7 8 8 8 7 7
Crumb colour (10) 9 9 8 8 6 4
Grain (10) 7 8 8 6 6 2
Texture (10) 8 7 1 6 5 2
Flavour (10) 8 8 8 7 5 3

*Brown and dark brown crust colours have a lower score.

supplementation up to 10% of chickpea flour and 6% soy flour. This increase in volume
is accompanied with slight increase in loaf weight. Sy or chickpea fortified dougih
became soft and less elastic during fermentation and ma>{ not have heen able to hold
as much of the C02 produced, resulting in smaller volume. Both appearance and
internal characteristics' of the fortified breads compared favourably with the control
loaves up to a level of 15% chickpea and 9% soy flour. Beyond thése levels, the total
score decreased considerably. The crumb colour became dlst|nctl¥ yellow and the
texture of crumb was dense at 25 and 15% levels of chickpea and soy tlour respectively.

The results also indicated that up to 6% soy flour supplementation, the flavour

3
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ratmtq was the same as that of the control. More than 15% of chickpea flour adversely
affected the taste and general properties. Parboiling the chickpea before grinding
alleviated the adverse acceptability of the suPpIemented bread. Increasing the level of
supplementation of chickpea flour‘increased the bread crust colour. Chickpea contains
approximately 8% of low molecular weight carbohydrate with sucrose predominant
and this value is greater than that normally foundin wheat flour. Thus one might
anticipate increased browning in backed products contammg these chickpea flours,
Lineback & Ke 51975) reported that wheat flour should probably not be supplemented
with more than 20% of legume flours, in that case flatulence and increased browning
would be minimized. Jakubczyk & Haberowa (1974) noticed that the flour of poor
haking quaht;r] responded better to the supplementation of soy products and produced
better bread than the good quality flour.8

Table 4. Proximate analysis of wheat, chickpea and soy flours and supplemented breads

Level Chemical constituent* %
used protein
(%) Moisture Protf  Fat  Fibre  Ash ~ NFEJ increases
V/heat flour 8-5 9-65 1-06  0-48  0-40  88-41
Chickpea flour 8-6 2191 502 218  3-00  67-89
Parboiled chickpea -4 2216 362 218  3-00  69-04
Soy flour 6-7 5322 192 3001 7-00 34-84
WKeat bread 133 11-04 100  1-03  0-60  86-33
Chickpea bread 5 138 12-37 113 113 100 84-37 121
10 140 1310 124 120 141 85-05 187
15 132 1444 136 128 182 81-10 30-1
20 13-5 1484 150  1-35 226 80-05 34-4
25 135 1522 168 143 2-60  79-07 379
Parboiled 5 135 1369 110 110  1-00  83-11 24-0
chickpea bread 10 136 14-20 120 117 1-50  81-92  28-6
15 13-6 1478 128 125 201  80-68 33-4
20 135 1542 136 132 2-50  81-40  39-
25 135 1577 143 136 3-02  78-43  42-8
Soybean bread 3 13-4 1310 111 116 120 83-43  18-7
6 13-6  14-09 118  1-30  1-81  71-62 27-6
9 13-8 1524 126 146  2-38  79-66 38-0
R 14-0  16-39 133 158  3-21  77-49  48-5
15 142 17-16 140 170 3-89 7595 55-4
*Dry weight basis.

| Protein content is JVx 625, except jVx 57 for wheat flour.
J NFE, nitrogen free extract (total carbohydrate).

b §Erotein increases of supplemented bread: percentage of protein increase relative to unsupplemented
read.
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Chemical analysis

The chemical composition of the supplemented breads are shown in Table 4. The
crude fat and fibre of the enriched breads increased with each additional level of
chickpea and soy flours. The ash content reached over 3-0% at high level of parboiled
chickpea and soybean enriched bread. The most favourable change of the chemical
constituents of bread is the increased protein content, Breads made with different
levels of soy or chickpea flour contained more Protem than the control bread. Protein
increased by 30T, 33-4 and 38-0% with supplementation of 15% raw chickpea and
parboiled ¢ |ckﬁea and 6% soy flour r_especnveI?/. Moreover, Tsen (1972) reported
an increase of the Brotem efficiency ratio of soy fortified bread which indicates high
nutritional quality bread and improved amino acid balance. _

In conclusion, Supplementation of wheat flour with 6% soy flour or 15% chickpea
flour produced bread of acceptable overall quality and contained more protein than
common wheat flour bread. The organoleptic properties of the enriched bread were
similar to those of unsupplemented bread. Appreciable deterioration of bread
characteristics occured above 6% soy flour and 15% chickpea level of supplementation.
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A method for measuring tomato fruit firmness
using a modified shear press

T. R. GORMLEY* and D. KEPPELf

Summary

Tomato fruit firmness was measured with a modified shear ﬁress by com-
pre_ssm? individual fruit by 5> mm between two flat surfaces. The system was
calibrated with a spring balance and the relationship between applied force
and proving ring deformation was linear over the range tested.

~The correlation coefficient between tomato fruit firmness as measured by a
finger feel panel and the shear ?ress was 0-988. Minimum shear press firmness
values for acceptability of fruit for sale at retail level and use in the home were
obtained by matching the panel and shear press data.,

Tests showed that from fifteen to twenty-five fruit should be tested per
12-Ib box to get a good estimate of the average firmness of the lot. The spread
of firmness values on either side of the mean was considerable in the nineteen
lots tested and it is important to quantify this and qucte it, in addition to the
mean firmness value, 10 give a complete picture of tomato fruit firmness.

The system described 1S useful for carrying out firmness tests on tomato fruit
cultivars at time of picking and during storage in order to obtain an estimate of
potential shelf-life during wholesaling and retailing.

Introduction

The production costs of tomatoes grown under glass are continuing to rise with
consequent higher retail prices. Consumers are, therefore, demanding a higher level of
quality. Growers are looking for higher yielding, cultivars and modified methods of
production in an effort to cut costs, and in Such a situation :here is a danger that quality
may be impaired, There is increasing emphasis at both wholesale and retail level on
the importance of tomato fruit firmness, especially in produce that is to be, or has been,
1gxpoq:ted, and it is important that simple practical methods are available to measure
ruit firmness,

Voisey (1971) has reviewed the modernization of texture instrumentation, including
various Systems for carrying out compression tests. Holt (1970) described a technique

Authors’ addresses: *Agricultural Institute, Kinsealy Research Centre, Malahide Road, Dublin 5
and fAgricultural Institute, Oakpark Research Centre, Carlow.
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of punch testing tomatoes to measure the firmness of the different anatomical parts.
Hamson (r1952) measured the amount of tomato fruit compression for a fixed load,
while Shafsak & Winsor (1964) carried out a similar test on the fruit along an axis
from the calyx to the stylar scar. Other firmness meters for tomatoes, the Firm-o-meter
and the Ansco meter were described by Garrett et al. (1960). Diener, Sobotka &
Watada (1971) measured tomato fruit firmness with a modification of the original
F-L meter, The readmﬁ_s compared favourably with those obtained with the Instron
Universal Testing machine. Voisey, Buckley & Crete (1974? described a system to
record food deformation automatically between two levels of applied force. Philouze
§19_75) used a penetrometer technique to measure the firmness of thirty-eight tomato
ruit cultivars. Stenvers, Rudolphij & Bruinsma (1973) de,mﬁned a non-destructive,
automated, fast and portable softriess measuring device' which measures tomato fruit
firmness at the stylar scar. _ o _ _
The present study reports a simple modification of the shear ?ress, using the strain
gauge system described by Keppel & Gormley (1975) coupled to a high gain instru-
mentation amplifier. Each tomato fruit was compressed through 5 mm at'a constant
rate between a plunger attached to the proving ring and a flat metal plate on top of a
Iaborator¥ jack. The force to achieve this compression was measured and the correlation
between the instrument and a ‘fm%er feel’ panel was very high. Minimum firmness
levels for acceptability of tomatoes at retail level or for use in the home are given.

Materials and methods
Modification and operation of the shear press
A shear press with a 58-kg proving ring with attached strain gauges as outlined by
Keppel & Gormley (1975) was modified for use in these compression tests. The
operational amplifier used with the system described by the authors above proved
inadequate due to the limitations ofgain versus input impedance. A Burr Brown 3660K
instrumentation_amplifier was_used to overcome. this. A schematic diagram of the

strain gauge bridge and amplifier is shown in Fig. L The amplifier has adjustable
voltagegain set by resistor Ra.

Gain equation G= %QOQSV/Y (adjustable between 1and 1000)

(Output voltage) Eq= GE\ (Differential Input Voltage)
E0: 105 A
Rg

An optional offset adjustment using a 100 kohm potentiometer between terminals 7, 6
and the negative supply rail was used to provide any desired offset. A range control
was provided on the output by means of a 1kQ potentiometer in series with a
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Fic. 1. Schematic diagram of strain gauge bridge and amplifier.

5 kQ resistor. The complete system is mains operated from a stabilized rL))o_wer
suppl_)[/ which provides + 15V for the amﬁ_h_fler and +12 V Es to power the bridge
circuit. The amplifier was connected to a Philips PM8100 flatbed recorder.
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Fig. 2. Shear press compression system.
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The arran?ement used for compressing the tomato fruit is shown in Fig. 2. A plunger
(a) from a standard succulometer cell is attached to the proving ring. A thin piece of
sheet aluminium (b), in the form of a bridge, is placed on the ledge E3(:). The height of
the ‘legs’ (d) is such that the bridge is exactIY mm above the point of lowest descent
cf the plunger (a). The tomato_ fruit to be tested is placed on the screwjack (f) and
Is elevated until it touches the bridge (b). The bridge Is then removed and the plunger
is activated thereby compressing the tomato by 5 mm. The deformation of the provm?
ring is recorded on a strip chart and the force peak rises to a maximum and falls off
again during the compression of the fruit. A ram speed of 4-5 mm per second was used
in all tests, The orientation of the tomato fruit during the compression was such that
the_line joining the stylar scar to the calyx was horizontal. A sample of twenty-five
fruit can be tested in a period of 10 min Using this system.

Linearity and calibration _ _

A standardized 10-lb Salter spring balance was used to calibrate the system and
check it for linearity. The hook of the spring balance was placed under the bottom of
the plunger (a) (Fig. 2) and an operator pulled the spring up vertlcallg until the
balance was recording Llb (prpva ring system statlc?. When a stead?]/ 110 force was
attained, as indicated by a horizontal straight line on the strip chart, the hel?ht of the
straight line from the baseline was measured. The procedure was repeated for spring
balance readings of 2-10 Ib at 11b intervals thus %wmg a set of Parallel lines, The
heights of these lines on the recorder were noted, thus measuring the deformation of
the proving ring under forces from 1to 10 Ib. Each force (from 1-10 Ib) was applied
three times, thus giving thirty applications in all. 1t was necessary to _chan?e the ‘span
adjustment on the recorder during these tests in order to keep the straight lines on the
paper for the different forces applied.

Correlation withfingerfeel S _
Correlation cf'the shear press system with subjective finger feel tests was carried out
using tomatoes carefully selected on the basis of colour and size. Twelve fruit at the
green/yellow sta?e wereé picked (cv. Eurocross BBP every second day fr_om_a_glasshou_se
over a period of eighteen days, giving a total of ten batches or 120 individual fruit.
Each fruit was |nd|V|du_aIIY coded with a small stick-on label. All the fruit were uni-
formly round and were in the size range 50-52 mm in diameter. They were stored in a
rcom’at 18°C after picking. On the eighteenth day the fruit were presented to a twelve-
member panel (six males and six females) experienced in tomato production and
marketing who were asked to place the fruit in order (1 to 10) from firmest to softest
on the basis, of finger feel. The rank numbers given to fruit of the same agie by the
twelve panelists were added, thereby Pwlng a firmness rating to the ten sets oftomatogs.
Tne tests took place in a dark room" (o remove the influence of colour, and to make the
codes |nV|S|bIe5) and each panelist received a set of fruit that ranged from firm (just
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picked) to very soft &eighteen days old). When each panelist had completed his or her
assessment the same fruit were then compressed individually-on the shear press and the
eak heights on the strip chart corresponding to each compression were measured.
he peak heights for tomatoes ofthe same age post-harvest were added together and the
order of firmness obtained with the shear press was correlated (rank method) with that
obtained by the panel.

Acceptahility levels

In addition to putting the ten fruit in order from firmest to softest the lpanellsts were
also asked to indicate {1) the break point in firmness between suitability and non-
suitability for sale at retail level and (ir) the break point between usable and not usable
in the home, i.e. too soft to slice, or only suitable for stews or puree. In this way it was
Pos_smle to assign acceptability categories in terms of grams force for a 5 mm tomato
ruit compression.

Fruit size andfirmness reading

Tomato fruit were placed in seven categories on a weight basis and were then stored
at 18°G for eight days. There were from 27 to 31 fruit in each category, made up as
nearly as possible by equal numbers_of fruit of three cultivars. The séven cate?ones
were “from 31-40 % up to 91-100 g in 99 ranges. Average firmness values (g force)
for the fruit in each size category were calculated from the individual results.

Destructive nature of measurements

The destructive nature of the _comf)ressmn test was investigated by carrying out five
successive compressions on individual tomatoes, each one 15 Sec after the previous one.
The tomatoes used were stored at 18°C. All compressions on individual tomatoes were
made without changing the position of the tomato on the platform of the screw %ack;
It was necessary, however, to raise each tomato slightly ir. order to make it touch the
‘Dridge” again after the first compression. ,
Further tests were carried out on eqht day-old tomatoes, where three successive
compressions were made on each fruit with an interval of 1 hr between them.

Sample sizefor a given precision

Nineteen different tests were carried out to find the number of fruit needed to obtain
a firmness result of a desired precision. Various combinations qfa?e of fruit post harvest,
numper of fruit per test, and different cultivars were investigated in order to obtain
as wide a range of samples as possible. Details of the different combinations are gilven In
Table 5 in the results section. Fruit used in these tests were taken from 12 Ib trays of
commermallkl grown tomatoes. The firmness values for tomatoes in each test were used
to calculate the standard deviation, using the range method of Kramer & Twigg (1966)
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for that test. This figure was then entered in the variables sampling equation (Kramer
& Twigg, 1966).

(5
where £=the number of standard deviations, s=standard deviation, e=the desired
precision and n=the number of samples that need to be tested for a result of a desired
precision. A value of 1-65 (90% assuranceL was chosen for k and +7% for e. These
values were used in the above equation when computing the results of all tests. The
appropriate value of s was entered in the equation for each test, and the number of
fruit per sample (n% that needed to be compressed to ensure that the firmness value
would be within £7% from the true value for the lot 90% of the time was calculated.
The percentage of fruit within a given lot (12 Ibl) whose firmness fell within +5

+10, +15, +20% ofthe mean firmness value for the fot (i.e. the spread ofvalues around
the mean) was calculated from the data for the nineteen tests described in Table 5.

o o Results
Linearity and calibration

_The results (Table 1) show that the relationship between applied force and proving
ring deformation was linear in the range tested. Since the 100 mV recorder span setting
was found most suitable for tomatoes, the system was calibrated using this part of the
data. The applied forces (1-6 Ib) were added together, as were the corresponding
straight line heights. One pound ‘was equivalent to a ling height of 32 mm, or 1mm
was equivalent to 14-2 g force.

Table 1 Chart recorcer line heights _%mm._ mean values) for different forces applied
to the proving ring with a spring Balance

Recorder span setting (mV)

(Ib) 20 5 100 200

1 163 6 (1) 2 (1 16 (1-000)*
2 -  1¥ {1)-985; 63 l)-969 3 (2000
3 — 18 (299 97 (3031 48 (3-000
S B B
6 — — 19 (6-063 97 (6-063
/ — — 113 (7-063
8 — — — 129 (8063
9 — — — 145 (9-03
10 — — — 164 (10-250)

*The, fit%ures In brackets are ratios obtained by dividing the top number in each
column info the subsequent ones.
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Correlation with fingerfeel

~The rank correlation coefficient between tomato fruit firmness as measured by a
finger feel panel and the shear press was 0-988. The spread of firmness values for the
shear Bress was satisfactory, and the proximity of one value to the one above or below
it (Table 2) was generally of the same order as that in the corresponding panel scores,
except in the case of the firmest tomatoes.

Table 2. Mean panel and tsipear ress values for tomato fruit

A%e of tomatoes  Panel firmness Shear Press

post-harvest (days) score* values (g force)**

0 iV 168

2 28 130 (2

4 37 1063

6 o0 808

8 62 822

10 il (3

i 80 602

i 1 )

593
ear press=0-98

*Twelve panelists: firmest sample score 1, softest 10
** Mean value for tvvel\'/TeE?run. P .

1
Rank correlation: panel x

Acceptability levels

The break point in fruit firmness between suitability and non-suitability for sale at
retail level was taken at 680 g force, while that for tomatoes usable in the home, i.e.
capable of being sliced easily, was 540 g. These figures are hased on the evaluation of
the finger feel panel.

Fruit size andfirmness reading

The results (Table 3) show that the tomatoes in the two smallest size grades were
more_compressible than those in_ the_ larger grades and suggest that fruit weighing
over 50 g are most suitable for testing, if the sample is not size graded.

Destructive nature o f test

_ Even though the test was non-destructive in that it did not dam%e_ the fruit visibly
it did cause some permanent change in the shape of the tomatoes. This was discoveréd

when making the second compression, when it was found necessary to re-adjust the
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Table 3. Effect of tomato fruit* size on the firmness
reading

No. of fruittested ~~ Size (g) Shea(rg%erscseslalue

2 1-4 1006
28 21—58 100
3 51-60 1063
2 61-/0 1105
.
A 91-100 1162

*The fruit were held for eight days post-harvest at 13°C

tomato upwards shqhtly on the screw jack in order to make it touch the bridge. This
indicated  that the tomato had not returned completely to its pre-compression size.
The firmness values for tomatoes that received SucceSsive compressions (Table 4)
confirm this finding, as the mean firmness value increased considerably hetween the
first and second compressions and to a lesser extent between the others. A similar
trend was found for tomatoes that received three successive compressions, each
separated by Lhr, with firmness values 0f 836, 935 and 1034 g respectively.

Table 4. Firmness (gforce) of tomatoes subjected to five successive®

compressions
Age of fruit Compression
-harvest
days) 1 2 3 4 5
0 1331 158 9 16 1872
4 1205 1609 1001 I} 1615
8 1% ]1%82 1176 3 138
iV 1 1 1346 1] 161
1o 094 893 878 07 898
X 5l 123 bl 93 [l

Mean 9% 1209 1219 1245 12%
* Fifteen seconds between each compression.

Sample sizefor a given precision

The data KTabIe 5) show the number of frujt from a 12 Ib lot that need to be tested
to ensure that the results obtained will be within £ 7% of the true firmness value of the
lot 90% of the time. The number of fruit (n) required for the sample varied from 8 in
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tests number 7 and 13 to 27 in test 8 (Table 5%. On the basis of the data in Table 5
it seems that a sample of twenty-five fruit should be sufficient to predict the firmness
of most lots with reasonable accuracy and this sample number will be used in future
tests Wlltt_h this system. A sample size of fifteen would probably suffice if the fruit were of
one cultivar,

The _ercenta%es offruit withina 12 Ib lot (averaged over the nineteen lots in Table 5)
whose Tirmness Tell within +5, £10, + 15 and +20% of the mean firmness value for
that lot were 27, 50, 60 and 80% respectively. For example, if a lot had a firmness
value of 1000 8 50% of the fruit would be within the firmness range 10009z 10%
(900-1100) and 80% would be within the range 1000 £ 20% (800-1200 g).

Discussion

The shear press system described in these tests proved very satisfactory for measuring
tomato fruit firmness and the instrumentation amplifier allowed the small comFressmn
forces involved to be recorded. The system is easy to calibrate and the relationship
between applied force and that which was sensed and recorded was excellent. Some of
the problems of amplifier sensitivity (see ‘Materials and Methods’) arose from having
a_‘heavy’ proving ring on the shear press; this one was apFroRnate for loads up to
68 kg, far In excess of the load required for tomato testing. It should be noted that a
lighter ring would be more suitable if one was available. _ .

A fruit compression of 5 mm was chosen in these tests hecause it seemed similar
to the amount of compression that a potential purchaser would use at the point of retail
sale. It resulted in firmness readings of 1700 to 550 g, depending on the age of the
fruit post-harvest. Voisey & Crete {1973) used tomatoes mounted on a transducer to
measure the type of forces consumers were likely to use in evaluatm% firmness._ They
found the maximum force (mean) used by thirty-one panelists was 1617 g. This was
close to the maximum readings of 1700 g found in practice u_sm? the shear press system
in these tests. The compression tests were carried out on fruit at right angles to an axis
from the cal>{x to the stylar scar, rather than at the stylar scar itSelf, as practiced by
Stenvers et al. (1973), because it was felt that this procedure was closest to consumer
evaluation. The decision to use a 5mm compression and a calyx-stylar scar fruit
orig_entatl%)nlwas elndorsed by the high correlation between the shedr press system and
a finger feel panel.

,Thge fwmn%ss readings on tomatoes were influenced by fruit size in that fruit (of a
lven age post-harvestg less than 50 g in weight gave shgﬂhtly lowEr firmness, values
nan those above 50 % In some cases It may he necessary o grade fruit into different
size categories, depending on the accuracy réquired. Shafsak & Winsor (1964) reported
a similar trend though not significant staistically. -

~ The firmness test was destructive in that tomato fruits did not return to their original
size after the first compression. The second compression gave a higher firmness reading
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because it now seemed more difficult to compress a very slightly deformed tomato by
5 mm than when it was in its undeformed state. This means that duplicate samples
offruit must be available when testing tomatoes over a number of days as any particular
samﬁle can only be compressed once. T

~ These data also suggest that consumers may damage tomatoes when fingering them
in the store and stress the need for correct packing of tomatoes to avoid bruising and
comﬁressmn caused by their own weight. _

The variation in fruit firmness within a given lot was considerable (Table 5) and the
results suggest that it is desirable to test at least twenty-five fruit/12'o box when the
cultivars are mixed, or fifteen when fruit is all of the one"cultivar, in order to get a result
close to the true firmness value for the lot. The fact that in this experiment only 80%
of fruitin a 12 Ib lot (averaqe for nineteen lots) was within £20% ofthe mean firmness
value for the lot (see ‘Results’) is important when deciding on acceptability levels for
tomato fruit firmness at retail level or for use in the home. The panel testS sug?ested
minimum firmness levels 0f680 g and 540 g force for retail sale or home use respectively.
These values are to be regarded only as pointers. _

This system could be used to measure the firmness of a range of fruit and vegetables
by ”-S'”P different proving rings and choosing a suitable amount of compression for the
particular fruit or vegetable being tested.
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Autolysis and proteolytic activity of cod viscera

JAN RAA ... ASBJORN GILDBERG

Summary

This paper describes the autolysis of cod viscera and discusses the importance
of protease activity for this process. Autolysis Yields a lipid phase, an aqueous
soluble phase which contains much protein but very little lipid, and an
insoluble sediment of protein and I|P|d. The amino acid comFosmon of the
soluble phase differs markedly from that of the sediment; the latter does not
contain hydroxyproline and” has relatively hl?_h levels of aromatic amino
acids and ofc?/steme/cystme. The natural digestion process in the alimentary
tract of cod also leaves an insoluble protein with a similar amino acid com-
position. The sediment which remains after autolysis is very resistant to the
activity of the proteases present in the viscera. The pH clrve for protease
actl\lnty with a model substrate does not correspond to the pH curves for
autolysis.

Introduction

Little is known about the mechanism of autolysis of fish tissues in a silage. The
liquefaction occuring during the process of ensilage is certainly the result of enzymatic
action, since cooked fish does not liquefy. It is presumed that the autolysis in sﬂaghes
made from wholg fish is mainly due to qut enz%/mes which are spread throughout the
fish mass after %rmdmg (Meinke & Matil, 197 g( This is supgor ed by the fact that a
silage of fillets alone liquefies poorly (Tatterson & Windsor, 1974),

Liquefaction of whole fish silages is markedly favoured at acid pH values and at
temperatures above room temperature (Koury, Spinelli & Wieg, 1971). Freeman &
Hoogland (1956) reported, however, that with cod and haddock viscera there was
little, ifany, effect ofthe pl-l in the range 1to 8 on the rate ofautolysis,

It is noteworthy that an insoluble sediment always remains in 4 fish silage (Tatterson
& Windsor, 1974; Freeman & Hoogland, 1956). Also when commerCial enzymes
are added in order to solubilize fish tissues, an insoluble residue remains (Hale, 1969;
Freeman & Hoo%land, 1956; Tarky, Agarwala & Pigott, 1973). It is not known why
a certain proportion of the fish tissues resists enzymatic digestion. In practice it is
important to minimize the yield of this sediment.

Authors” addresses: Universiﬁl of Tromso, N-9000 Tromso, Norway and The Institute of Fishery
Technology Research (FTFI), N-9000 Tromso, Norway.
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In order to reveal mechanisms of autolysis, it is essential to study the liquefaction
grocess in relation to the activities of hydrolytic enzymes in the autolysing tissues.
uch studies will be dealt with in the present paper.

Materials and methods

God (Gadus morhua? caught near Tromso (Norway) was used. Viscera with most of the
liver removed, but with variable amounts of ro¢ were immediately frozen and stored
at —28°C until required. o _ _

Silage. To make the silage which is dealt with here, the viscera were passed through a
meat grinder with disc holes of 5 mm and thoroughly mixed with formic acid @-75
volume %) and propionic acid (075 volume %). This silage, which has a pH of about
4-2, remains sterile for several months at 27°C. _ _

When the effect of pH on autolysis was studied, the pH of the minced viscera was
adjusted with HGL and NaOH.

Autolysis was estimated in two ways.

(@) As dry weight of material in the lipid phase and the soluble aqueous phase
(usually expressed as foer cent of total dry weight). The autolysates were neutralized
before centrifugation for 10 min at ZOOOX%an the dry weight of the supernatant was
determined. The dry weights were corrected for added salts. _

gb) As low molécular weight Folin positive material. Autolysis was arrested by
10% trichloro acetic acid g A) and the Folin positive material in the supernatant
determined (Lowry etal., 1951). _ _

Dry weight was determined after drying at 105°C to constant weight, and ash after
heating for 17 hrat 580°C.. _

Amino acids were determined in an acid hydrolysate (6 n HGL for 24 hr at 110°C) of
the sample, using an automatic amino acid analySer éJeoI; JLC-6 AH&. _

Total nitrogen Content was determined by the Kjeldahl procedure. Crude protein was
estimated by multiplying total nitrogen by the factor 6-25. o

Carhohydrate was determined by the anthrone reaction (Spiro, 1966) in dried samples
hydrolysed in 98-100% formic acid for 24 hr at 110°G, using glucose as standard.

_%rud_eft%t lwetlﬁ determined gravimetrically after Sohxlet extraction of dried samples
with diethyl ether.

Protease%ctivity was determined according to Barret (1972) with 2% haemoglobin
as substrate. The concentration of Folin positive material in the Supernatant after adding
TGA (4% end concentration), was determined by Lowry’s modification of the Folin
method (ILowry_ etal, 191) using tyrosine as a standard. ~ _ _

Molecular weight distribution was estimated by ultra-filtration, using the Amicon
eqmloment {_Amlcon B. V., HoIIandR/i Dry weight of the filtrates was determined using
Diaflo ultrafiltration membranes UM 10" (MW'< 10 OOOI) and UM 2 (MW < 1000).

Binding of protease to the insoluble residue in the silage was determined as follows:
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0-5¢ dr¥ weight were suspended in 9-5ml of a 1:50 dilution in water of the soluble
Phase of a freshly prepared silage and mixed thoroughly. After 1min the insoluble
raction was removed by centrifugation and protease ‘activity in the supernatant
measured. The insoluble Tesidue used for the experiments was washed in water three

times by resuspending and centrifuging. A portion of this residue was extracted with
isopropanol to remove fat,

Results

Fi?ure 1shows the autolysis at different temperatures of the silage of cod viscera. The
rate of autolysis is strongly enhanced at temperatures above room temperature. The

Supernatant (vol. %)

Fic, L Aut%l%/sis of a silage ng 4-25) of cod viscera as & function of incubation time at
different tenjperatures. # 1°C: O°27°C; 1 37°C; A 53°C. Ordinate: Volume of
supernatant ih per cent of total volume.

autoly?|s 1S ?hever complete, i.e. an insoluble sediment remains even after incubation for
several months.

The relative amount of the insoluble sediment which remains varies according to the
conditions of incubation. This was found also, by Tatterson & Windsor ‘11_974()]._ Con-
ditions which cause high initial rate of autolysis do not necessarily give a high yield of
soluble material. _ o

The relative yield of solubles in an acid sﬂage (pH 3-5-4T) was about 80% after
41 hr at 35°C. The yield was not increased by changing the g to 9-10 after 41 hr. In
an alkaline silage (pH 9-10) the yield after 41 hr was only 60%. This yield could not
Rle gﬁre)ased by acidifying the silage to pH 4. (pH was regulated by addition of HCL or

aOH.
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_The autolysed silage can he sef)arated by centrifugation at 2000 x gifor 10 min into a
I|ﬁ|d phase,”and aqueous soluble phase and an insoluble sediment. The proximate
chemical composition ofthe agueous soluble phase and the sediment is shown in Table L

Tante 1. Chemical comé)osition of the aqueous soluble

ha.%e and of the sediment of the silage of cod viscera
elght days of autolysis at 27°C),: fiqures show percentage
?g » ysoiF‘ldrngightg PETCEn

Soluble phase  Sediment

Protein (crude 115 5[-8
Fat cru&er) ) 0-4 330

roonyalrate (-7 0-8
As 10-0 4
Sum 88-6 96-3

The soluble phase is rich in protein and contains very little lipid. The sediment contains
appreciable quantities of lipid besides protein. The Size of the lipid phase varies accord-
mtg to the amount of liver residues in 'the raw material, but the chemical composition
ofthe three phases in not much affected by such variations. _

The analytical values of Table 1do not Sum up to 100%. This is partly due to residues
of formic acid and Eroplpmc acid in the dried material. Another reason is that protein
is calculated as total nitrogen x 6-25. This multiplication factor is too low for the
agueous phase because of its high content of low molecular weight peptides. The
molecular weight distribution ofthe soluble phase is shown in Table 2

Tante 2. Dry wejght (mo/ml) of different molecular weight fractions
of the aqueols squbIT hase of a sﬂagg_ H 4-2%%‘ cod Viscera after
AT |

at 27°C for different ti
Time of autolysis (da

Molecular weights | o Ca)

0 3 6 R
MW> 10000 356 57-2 48—2 385
10000> MW>1000 22-1 369 30-8 5-2
MW <1000 391 6/-2 88 1132
Sum (mg/ml) 9-8  161-3 1587 1569

Incomplete solubilization of the silage might be due to inactivation of the tissue
degrading enzymes. However, the protease activity in the silage is unchanged after
nine _dayﬁ_ aﬁ 7°C (Fig. 2). Even after several months at 27°C this enzyme activity
remains high.
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Fig. 2. Protease activity of the homogenated non-preserved fresh cod viscera, %# andina
silage (ff the same material after nine days at 27°C EO- ples were withdrawn and
diluted fitty fimes In distilled water and then incubated for 2 hr at 2°C in 0-25m
glﬂutamatebuffers with different ;t)_Hs, uslng 2% haemoglobin as a substrate. Adscissa;
h? H measured In, the incubation mixture. Orlinate: P[OEEIH de%radatlon e;r;])qressed
\%S/e iéht (I)ftgl(lraogéne equivalents released as TCA soluble material per hour and gram fresh

Figure 3 shows the solubilization of a sediment from an eight days old silage, when
resuspended in the aqueous Phase of a freshly prepared silage. There is a significant
solubilization the first day after resuspending, indicating that unstable enzymes in the
S|Ia%e are able to degrade the sediment. However, the rate of degradation in the presence
of the fresh_ly prepared silage is very low compared with the initial rate of autolysis of
complete silage &ouce the ordinate values). Removal of most of the lipid from the
aedmgntt_ by extraction with isopropanol rendered it somewhat more susceptible to

egradation,
|though not shown in a table we include here that the protease of cod viscera binds
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% Degraded

0 20 40 60 80 100

Incubation time {hr)

Fig. 3. SoITbiIization of the sediment of an eight-day-old silage after resus _nding in the
agueous soluble pnase rng 4-4) ot a freshl rell%? ed silage” Curve a: scdimen 580
extracted once by suspeniding in isopropanol {500 ml) and washed twice wit waterg-s 0
Curve b;” sediment Wwashed by suspen ‘”9 In water (500 ml) and centri-
repared silage an ﬂ\argslr?grdelargg tfva/as \?\yesipﬁnqﬁdtﬁg
Al Orcing e o)

Ipic). ed b
Etﬁ)%%gion three times (3% | pfqlrgggthhree hurYdre miﬂl
| . Ordinate: percentage solu eciment.

ofthe a ,JeousP e of
supernatant Getermined gravimetrica
Abscissa: incubation time {hr) at 27°C.

very poor_l% to the sediment. Only about 15°0 of the protease activity binds to the sedi-
ments (with lipids and extractedg at the experimental conditions described. _
~ Table 3 shows the amino acid composition of the soluble phase and of the sediment
in the silage. For comparison the table includes values for cod skin and for the fraction
of cod skin which is not degraded by the aqueous phase ofthe_sna[qe. The amino acid
composition of the protein from the alimentary tract of cod is also shown. The un-
digestible fractions lack, or contain very little, hydroxyproline, and contain little glycine
compared to the soluble fractions. Cystine_ and aromatic amino acids are present in
higher concentrations in the sediment’than in the soluble phase. _
The insoluble sediment which remains after autolysis at an alkaling pH, has an amino
acid composition which corresponds to that remaining after acid hydrolysis. The
undigestible protein in the alimentary tract of cod has an amino acid composition which
resembles that of the insoluble sediment in the silage. _ _
Figure 4 shows the autolysm of minced cod viscera as a function of the pH. This pH
curve, which shows the release of soluble material (dry we|ght), does not correspond
to the pH curve of protease, as estimated with haemoglohin as a model substrate
(Fllg. 2). This difference is even more pronounced if autolysis is estimated as the release
of low molecular material with positive Folin reaction (Fig. 5).
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Table 3. Amino acid composition of acid hydrolysates ofa sila%e of cod viscera, of cod skin and of the %Jt
content of cod (A; minced cod viscera; B: aquequs soluble phase ofasﬂaﬁe after eight days at 21°C;
C: hesedlnnnt?]fthesna%e:D:cod _skm;E:undlgested fra |on_ofcogl ?]kl after exposure for five daeﬁ
to the agueous pnase of a |Ia9e;F: Insoluble (undligested) fraction of the gut content close to pylor

cecag; G: as F bul near anus); figures show rmoles per 100 mol of amino acids

Amino acid A B C D E F G
Tryptophane* 0-2 0-2 0-5 . _ _ _
LySine 81 8-H 59 35 54 h-4 9-4
Istiding 15 12 1-2 09 13 12 2-2
Arginine 4-8 4 4- 4-6 4-9 4-6 4-9
Talrne 2- 31 0-8 0-6 0-6 55 2-0
droxyproline 0-3 0-6 00 4-9 0-7 13 0-0
rti¢ acld 8-2 -8 8- 6-0 10-3 9-2 104
Threonine 5-2 4-3 59 30 4-7 5-4 6-3
Serine 6-4 4-9 6-9 6-0 6-5 6-0 o/
Glutamic acid 115 11-2 10- [-8 17 109 10-8
Proline 6-1 b- 4-8 8-6 4-0 50 h-
Glyelne 9-4 101 7-6 32-6 16-3 159 10-7
Alanine 9-6 10-6 8-4 104 82 -0 -3
ting/2 0-9 0-2 2-1 8-2 0-8 14 14
Valine . h*6 6-2 6-8 -4 4T 47 59
Methionine 2-0 2-5 2-1 19 32 2-3 1%
[soleucine 4-4 4-5 4-6 16 4-) 3-0- g-Zf
Leucine -6 7-9 80 2-9 7-6 6-0 -4
T rosm? _ 2-3 19 4% 0-8 2-0 2-5 34
Phenylalaning 29 2-1 4-4 13 2-1 2-2 2-1
Ammonial 115 14-7 12-6 5-2 195 24-1 40-8

* Determined after hydrolysis in 4 , NaOH at 100°C f?r Lmpn _
fThe gut content contained considerable am?unts of glucosamine. Since 'f Ieucm(i and glucosamine
have the Same elution volume, the amount of isoleucine was assumed to be half that ofleucing.
I Ammonia Is expressed & mole/100 mol of amino acids in the hydrolysate.

Discussion

An acid silage of cod viscera autolyses q+uckly and forms a lipid phase, an aqueous
soluble phase and an insoluble sediment. Thesé phases sei)arate easily upon centrifuga-
tion. As a possible additive to foodstuffs the agueous soluble phase may be the most
valuable, since it is very rich in protein and contains little lipid. Unfortunately the
levels of tryptophane and of cystine are very low. o

The aniino acid composition of the sediment differs significantly from that of the
soluble phase. It is noteworthy that the sediment lacks hydroxyproline and contains
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4. Autolysis, at different EH of homogenlzed cod V|scera (incubation for 16hr at
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less glycine than the soluble phase. Hydroxyproline is quickly released also from fish
skin which |s_exloosed t0 the soluble P ase Ot a silage. Accordingly we conclude that
collagen is quickly solubilized in the silage. _ _

The amino acid composition of the undigested S:_ insoluble) fraction of the gut
content of cod resembles that ofthe insoluble sediment in a silage. It seems therefore an
attractive hypothesis for further studies that the living fish is unable to digest the same
tissue fraction which remains as a sediment in the silage. _

The activity of the proteolytic enzymes in the silage is unchanged after nine days
at 27°C. Incomplete solubilization of the silage can accordingly not be due to in-
activation of the Proteases which can be recorded with haemoglobin as a model sub-
strate. A slight further solubilization results when the sediment from a silage is
resuspended In the agueous phase of a freshly prepared silage. This suggests that
unstable enz_Ymes_ are able to degrade the sediment slowly. However, since this effect
of the fresh si aPe Isvery small enzyme inactivation does nof offer a plausible explanation
of the incomplete solubilization of the S[Iage. We Delieve that the protein of the in-
soluble sediment has a structure which hinders the access of proteolytic enzymes. The
lipid left in the sediment is one factor which protects the proteins. But even when the
lipids are extracted the protein in the sediment is very resistant to hydrolytic enzymes,
and still it has a low blndm% affinity for the proteases. The h|%h proportion of cystine
in the sediment suggests that sulphdr-sulphur crosslinks may De essential in a protein
structure which resists the action of the proteolytic enzymes in the fish silage.

The insoluble sediment may have become resistant to enzymatic digestion during the
process of autolysis, or it may be a genuine tissue fraction which is resistant to the fish
enzymes. The fact that the relative amount of residual sediment in a silage may vary
conmderablkl according to the experimental conditions (pH, temperatureg lend some
suPpo_r_t to the former possipility. Here it may be relevant to point out that complete
solubilization of fish tissues is not obtained even with commercial enzymes of microbial
or ]Qlant_o_ngm (Hale, 1969; Tarky etal., 1973). _ o
~ The initial rate of autolysis i5 highest at pH 3-5-4-0, if autolysis is measured as
increase of dry weight of the soluble 8 ase. |f measured as degradation of protein to low
molecular components (soluble in 10% TCA) there is a minimum at about RH 4 and
optimum at about 5 and below 3, These pH curves differ significantly from that of the
protease, estimated with haemoglobin as a model substrate. The pH optimum for the
protease may of course vary with the substrate used. N o .

The protéin of the sediment has an amino acid composition which is very similar
to that of structural egcoProtelns extracted from connective tissue (Robert & Comte,
1968). This may indicate that much of the sediment consists ofglrcopr_otems. Accord-
ingly it is possible that autolysis is the resultant of the action of proteolytic enzymes and
enzymes splitting those /?-gfycosidic bonds which interlink the glycoproteins with other
stfrtjhc_tural l((:omponents. This discussion will, however, be taken Up in the continuation
of this work.
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A computer method for the analysis
of dilatometrie measurements on fats

M. F. MURPHY and J. P. BRADY

Summary

Computer pro ramsweredeveIoPed for the detailed analysis ofraw dilatometrie
data on fats. The method calculates and plots the best fit polynomial curves
of temperature versus the following:

a) percentage solid fat;
b) percentage solid change per °C and
¢) specific volume.

The hest fit equation of different fats can be used to determine theoretically
the meltlngI behaviours of fat mixtures and the ideal proportions of different
fats to be blended together to approximate a desired fat in melting character-
istics between an% prescribed temperature limits.

Curves as high as sixth order can be fitted to utilize shoulder and toe
portions of the analytical curves without distorting straight line segments.

Introduction

One_of the most important characteristics of butter and margarine is their physical
consistency which in turn is closely related to spreadability. The main factor which
affects the consistency of a fat is the“proportion of solid phasé present and this is in turn
influenced bY temperature (Mattil, 194). Dilatometry is the classical method for the
estimation of percentage solid fat and is accepted as one of the few practical ways for
characterising and controllm(l; the consistency of commercial fat mixtures. Differential
thermal analysis (Norris et al., 1971) has also been used to determine solid/liquid fat
ratios hut the method has several drawbacks, the main one being that it is based on
dynamic rather than static temperature conditions for its measurement. This results in
quite different and less commercially applicable results than those obtained by static
means.

More recently, low resolution nuclear magnetic resonance (Wood, Murphy &
Dunkley, 1975) has been used to measure percentage solid fat in a mixture with very

Authors’ address: Department of Dairy and Food Technology, University College, Cork
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promising and rapid results. The initial cost of the equipment may limit its widespread

Use.

The dilatometrie method is very suitable for routine quality control purposes and fats
are usually characterized by dilatometrie measurements at two or at most three
different temperatures, In this case, manual calculation of results is quite satisfactory.

In order to fully utilize the results of dilatometry for the blending of fats the curve
representing the entire melting groflle of the fat from 0° to 40°C is desirable. To achieve
this,  dilatometry readings at 2 to 3°C intervals are needed (ie. fifteen to twenty
readings). The best fit curve can be represented mathematically by a fifth or sixth order
polynomial and resort to computer methods become necessary in order to determine
Its coefficients because of the complexity of the calculations involved.

The purpose of this paper is to outling the computer approach deve_IoPed by_us and
to ?|ve details of the tyf)e of analysis and results obtainable from raw dilatometrie data.
Details of the practical uses of the fitted equations in the prediction of the properties
cf fat fractions and fat mixtures are also presented.

Methods

The sample for analysis is prepared and analysed according to the methods of
Hannewl{k, Haqhton & Hendrikse (1964). Dilatometric read_m%s_m_mmsare taken at
2-3°C intervals from 0° to 40°C. Analysis is normally done in triplicate. Samples for
which the original and final results af 40°C differ by 10 mm3 or more are rejected.
Dilatation is expressed in mm3per 25 g fat. _

A specially prepared computer program was used for the anaIYms of the results
which was done on an IBM 1130 computer fitted with an on-line 1BM_ 1627 plotter.
The program includes all the calculations required to analyse any set of dilatation data.
Instead 0f using average correction values from tables for the water and ol corrections,
these values are automatically calculated bY the program. The value for the water
correction is evaluated using the specific volume and density of water at the various
temperatures while the oil correction value is obtained using the equation proposed
by Hannewijk et al. 51964). . _

The data required by the program are input using standard 80 column cards and
contain the temperaturé and corresponding dilatometer readings as well as the weight
of fat. A table for each set of temperature and dilatometer readings is produced by tne
computer giving the corresponding oil and water correction values, dilatation, dilatation
per °C, 3|oemf|c volume and % solid and liquid present. A table summarizing the
mean values for the replications is then produced, a summarized abbreviated
example ofwhich is given'in Table 1 _ _ _

This is followed by the calculation of the best fit regression pol¥nom|al CUrves, up to
((S(t:h t?rd%'S 4u)smg thé Gauss-Jordan method for the Solution of the normal equations

stle, 1954).
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Table L Abbreviated computer %enerated results for the means of
three replications of dilatometry readings on milk fat

ottt Specific -
Temperature  Dilatation % Solid
E)‘?C) mm32s g ralr%%ljggeg %t

0-4 820 2 188 4-3
2-5 180 20 800 10-3

51 ¢ Zg 2 66-0

[-8 694 20 0o/ 59-1
10-2 631 6 18 53-3
12- o8 26 30 453
140 473 26418 381
16-1 392 20 Y4 311
182 2 26653 26-0
20-3 280 20 144 22-)
24-() 213 26 891 16-3
26 13 21 050 10-0
32-1 o4 20215 4-1
36-2 10 21 328 1)
360 0 27 049 0-0

The coefficients of each fitted equation are printed with the correlation coefficient
and standard error of estimate. The coefficients of the first derivative of each equation
are also provided, The equations relatm? percentage solid fat (S) to temperature (i)
and dilatation (D) to temperature calculated for the data in Table "Lare as follows:

5= 839—89+ 0-2636f- 0-395112+0-187713- 0-00034394+ 0-000002194/5
r=0-

standard error of estimate = + 1¢1% solid fat

and

D :08 S%957-21 471+ 4-320/2- 0-7647/3+ 0-04489i4- 0-001106/5+ 0-00000989016
r=0-
standard error of estimate = +29-8 dilatation units, N

It is especially necessary to carry at least four significant figures for the coefficients
oftbecause ofthe magnitude ofthe’i4 thand toterms at the higher temperatures.

The fitted polynomial equations fit the experimental data verg_ac_curately_ and can,
therefore, be thé basis for describing the fat quite precisely. This is superior to the
traditional method of describing a fat by means of two or‘three dilatation values at
different temperatures.
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. Tables can be generated from 0°C to the melting point of the fat (i.e. 100% liquid)
in stegs of 0T°C giving the (a) percentage solids and (b) percentage solids change
per °C. .

Comi)uter (1;e_nerated graphs of temperature versus any or all of the following may be
optionally obtained:

a) dilatation,
b) percentage solid fat,
¢) specific volume and
percentage solid fat change per °C.

% Solid fat

1 H 1 o1
10 20 3C a0
Temperature (°C)

Fig. 1 Best fit palynomial (A). and the experimental points for percentage solid fat in
;61?0!% 1 Curve B?sythe first &ezivath/e ofAand represer?ts the perc%ntage s&?ds?at change

In the case of (a), (b) and (c) the e>|<:perimental points and the fitted curves are shown
on the computer generated grths. iqure 1 shows a typical plot from the data, in-
corporating both percentage solid fat and percentage solid fat change per °C plotted
against temperature based on the e(iuatmn, calculated from Table 1 The latter curve
indicates how quickly the fat is melting with mcreasm? temperature and the peak of
this curve is typically in the region of 10°C for milk fat. The equation of the curve
is simply the first derivative of the equation for percentage solid fat.

Discussion

Tne cumbersome nature of dilatometrie calculations associated with the use ofave[aﬁe
values (i.e. oil and water expansion values%1 obtained from tables may restrict, especially
for research, the degree to which the technique is used in fat analysis. Also, it is not
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feasible to calculate manually, or with a desk calculator, best fit equations as complex
as fifth or sixth order. Consequently, resort to computer methods is necessary.
Having obtained the equations relating percentage solid fat to temperature, it be-

comes feasible to mathematically ‘mix’ fats in any proportions and to derive theoretically
%hﬁ melting curve of any fat niixture made up”of fats whose equations are known, &
ollows:
: Ift(\%s) fats have the following equations (relating percentage solid fat (S) to tempera-
ure (/).

Si= &+ (i2t+astx+ ...
and

2= bi+ bat+ bzt2+ ...

are t0 be blended together in the proportions p and (1—p) respectively then the
equation of the resultant mixture is

5=0+0t+Cx2+ ...

where Ci=pai+ (1 —p) andi=1 2, 3, etc. S _
~ This procedure can be extended for any number of fats in a mixture which are present
in any proportions. _

|t should be noted that because of the nature of polynomial curves they should never
be extrapolated for temperatures outside the range for which the curve was calculated.
In cases where the fat is fully liquid its equation becomes 5=0, i.e. all its coefficients are
Z€r0.

% Solid fat

10 20 30
Temperature (°C)

Fig. 2. Theoretically derived equations for different proportions of fat A and fat B,
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Figure 2 shows a plot, using the above procedure, for two fats and the calculated
solids in different mix proportions obtained from them. We have found that the
calculated values correlate well with the experimental results. _

An estimation ofthe proportions of different fats to be mixed together to approximate
a (esired fat in melting characteristics can also be found reasonably well by theoretical

means.
80
10 20 30 I 40
Temperature (°C)
Fi%. 3. Optimum blend curve ([])B offats Aand B iwhere Bis a liquid ail) to approximate
E’aﬂ% d§5| red curve C between' 10and 20GC. Equation D resulted froma'44/56 mixture of

By means of an iterative process, successively varying blend compositions can be
compared, on a least squares bagis, with the desired equation and the curve of minimum
deviation determined. Figure 3 is an example of this, where the ‘best mix’ equation
(curve D) for a blend of two fats is determined for the range 10 to 20°C. Obviously the
narrower the temperature _ran?e selected the more accurately can the mixture Curve
match the desired curve. It is clear that the optimum blend will vary depending on the
temﬁerature range selected. _ _ _

The techniques described for the bI_endm% of fats by theoretical mathematical
methods take no account of certain physical phenomena (e.g. solubility of solid fat in
liquid fat or the formation of eutectics) ‘and, therefore, will not always yield completely
accurate results. Provided the fats are compatible (Rossell, 1973)" the technlgues
described can very quickly indicate feasible mixture conditions and thereby reduce

gfrydconsiderably the amount of experimental work necessary to determine optimum
ends.
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Diffusion phenomena during the decaffeination of coffee heans*

BERNARD BICHSEL,f STEFAN GAL and RUDOLF SIGNER

Summary

The diffusion of caffeine in green coffee beans was investigated at atmospheric
pressure using dichlormethane as a solvent. _ _

The diffusion coefficient of caffeine was determined as a function of
temperature and water content of the beans. The mathematical treatment was
based on Fields second law of diffusion applied to a spherical model.

T?e apparent diffusion coefficients are in the range of 0-2-1T . 10-6 cm2
Sec-1.

Introduction

Caffeine exerts various physiological effects that many peoBIe do not tolerate very well,
Early in this century processes were patented (German Patent, 1905), by which the
cafféing can be extracted from green coffee beans without considerable ‘loss of their
organoleptic and stimulant properties. _ ,

he procedure consists basically of the following four operations;

1) swelling the beans; _ ,

2) extraction of the caffeine with an organic (mostly chlorinated) solvent;
3) driving off the solvent by steam to a tolerable level;

4) drying the beans.

The present study was undertaken to throw light on the diffusion phenomena dun_n%
the extraction process. It was of particular interest to find a mathematical model whic
allows the description of the diffusion of the caffeine in the coffee beans by means of a
single quantity, the diffusion coefficient. =~ N N

0 be useful for practical purposes the diffusion coefficient should respond sensitively
to changes in experimental conditions such as type of coffee, type of solvent, tempera-
ture and water content of the beans, respectively.

*The present work is a short résumé of the, thesis f Mr B. Bichsel presented under the title
‘Untersuchungen cer [ﬁfar ursllonsvorgange Pder Enté%n?erung von Rm ee’'in 1972 at the Unll-

VertSI e%];r?te a%,e ress: Zyma SA. 1260 Nyon, Spitzerland
Altors (?ress:' &7 Gilmq(l)ge , Beethovenstr. 11, Switzerland.
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Materials and methods
Material _ _
Green coffee of the type Arabica from Columbia (medelline excelso) was used with
an average initial caffeine content of 1-45 + 003%.
The beans were extracted with dichlormethane as a solvent, _
The residual caffeine content of the beans was in the range 0f0-01-0-50%, depending
on the experimental conditions,

Experimental conditions .
The following experimental variables were chosen.

(2) De%lr_ee of swelling ginitial water content)
igh*  44-45% water content
Medium 39-40% water content
Low 32-34% water content
(2) Temperature

Highf  37-0°C
Medium  33-5°G
Low 30-0°C

These variables were investigated according to a 3x 3 factorial experimental plan
with several replications. For practical reasons all experiments were carried out at
atmospheric pressure (at about 710 torr = 0-947 bar).

Swelling the beans

Practical experience of decaffeination shows that the coffee beans must be swollen
¥V||t|h water prior to the extraction with the solvent. This operation was carried out as
ellows:

1) weighing 250 g of air dried beans into a 1litre round-bottomed flask;

2) immersion of the rotating flask into an oil bath at 90°G;

3) adding the water through a glass tube directly on to the heans at a rate of
twenty-five to th|rt%_drops P_er minute;

4) cooling the flask while rotam?; , _

b) storing the swollen beans for at least 15-20 hr in the refrigerator.

The slow rate of addition of the water allowed the beans to absorh the water readily
and without forming a distinct liquid phase. Thus_ the extraction of water soluble
comgogents from the beans as well as the uneven distribution of the water could be
avoided.

* Maximum water holdin% ca aciHofthe beansused.
| Boiling point of the azeotrope CHAC12-HZ0 at the ambient pressure,
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Extraction

For the extraction ﬁrocess the apparatus shown in Fig. 1was used.

The main part of the apParatus consisted of a L-litre cylindrical flask in which the
temperature could be kept constant by means of an ultrathermostat. The solvent,
Prewously saturated with water, was kept flowing throu?h a flowmeter and through the

lask. The mixture was constantly stirred during the extraction process.

The batch was |n|t|aIIIy made Up of 500 ml of solvent and 300-370 g of swollen beans.
The flow rate of the solvent was generally 2 litres/hr at which the maximum possible
rate of extraction was maintained (sink condmons)r. _ _

Samples were withdrawn by opening the flask for 2-3 min and taking out 50 g of
beans necessary for analysis.

|
Fi?l' 1 Extraction apparatus. 1 Thermostatic reaction vessel; 2, cooler; 3, solvent reservoir;
4, Tlow meter; 5, ring; 6, stirrer; 7, niveau control,
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Most of the experiments were conducted for 9 hr, but some were continued for
30 or 60 hr, respectively.

Analytical methods

For the determination of the caffeine content, the solvent content and the water
content of the heans, respectively, the analytical plan shown in Fig. 2 was followed.

The caffeine content was detérmined by'the modified Levine-Method in accordance
with the Swiss Official Methods of Food Analysis which is in principle identical to the
ISO draft method TSO/TC34/SC8/GT (France-20) 104 F revise” (in the meantime
accepted with small modifications as an official 1SO method).

Fresh beans
50g

Dried beans
20 q

Fésiddai\ﬂ&ﬂm:RS %jre
I3
Fig. 2. Methods of analysis. Water content= TWL—TS—RS).

For the determination of the solvent content of the beans the gas chromatographic
procedure described by Gal & Schilling (1971) was applied. o

The measurement of the water content was only possible by means of an indirect
method consisting of the determination of the total wel(ﬁht loss (TWL) at 105°C (15 hr)
and calculating the water content according to the following equation.

Water content=TWL - (TS- RS)

Where TWL = total weight loss of the extracted beans; TS = total solvent content of
the extracted beans; and RS = residual solvent content of the extracted and dried beans.

The water and solvent contents were calculated as a percentage of the total weight
of the fresh extracted beans.
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' The caffeine content is expressed as a percentage of the dry weight of the solvent free
eans,

Mathematical methods

The calculation of the diffusion coefficient of caffeine is based on the following
assumptions .
1) the coffee heans are considered to be spheres;

2) the diffusion is radial, isotropic and independent of the concentration of the
caffeine in the beans;

(3) %t the beginning of the experiment (;=0) the caffeine is evenly distributed in the
eans;

Experimental curve

log

3.o(1)

1 1 1 1 1 L 1 -
02 0-4 06 Vo)
\-M, /Ay

Fig. 3. Sigmoidal graph of the caffeine content
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g

Fig. 4. Geometrical form of coffee bears,

(4) during the whole experiment the caffeine content of the extract phase equals
ZeN0,

With these assumptions the caffeine content of the heans as a function of the time can
be expressed by the following equation (Crank, 1970):

1-M /M= 6/772n§ | In2, exp [-Dnn2tir]

where Mt =mass of the caffeine diffused out of the beans at time t,  =total mass of
the dlf_fusm(fl species (= initial caffeine content of the beans), D =diffusion coefficient,
r=radius of the bean-volume-equivalent-sphere and n= integer. _

If we put Djr2=1 and t=x, then the right side of the above equation becomes
identical to the well known Sigma-function except for the factor 3 (Schmidt, 1971):

¢(x) =2 inZ*S:iI [k2. exp [—n2k2x]

Plotting 3. a(x) against log x one obtains a 5|Pm0|dal curve (see Fig. 3). _

In the same diagram the experimental values of 1—Mt\M<n can be plotted a?amst
log t. This also results in a sigmoidal curve which, however, is shifted parallel o the
3.<xﬁ>1<)-curv_e by the amount of <=log (Z)/r2. _ o N

If the radius'r of the spherical diffusion 'model is known, the diffusion coefficient
can be calculated by the following equation:

D =r2. IQ«*

The spherical model of the coffee beans

Figure 4 shows schematically the shape ofa coffee bean. The umlaterallg flat bean is
comparable to the one half of an ellipsoid having the half-axes a/2, b/2 and c, re-
Sﬁec ively. As no mathematical expression for the diffusion in a half-ellipsoid is known
t”e_ fo_rén was approximated by a sphere with an equivalent volume to the half-
ellipsoid.
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The average bean volume was obtained at different water contents by measuring
the axes a, b and c of a large number of beans and also by making pycnometric
determinations of their volume. _

By equatmg the average bean volume to the volume of a sphere the radius could be
calculated and expressed as a function of the water content with the following formula:

r=3-32+ 0-0145*

where r=average bean radius in millimetres and *=water content in percentage.
The linear regression line is shown in Fig. 5.

3 1 | 1 | J
20 40

Fig. 5. Sphere radiius as function of water content.

Results

The diffusion coefficients of the caffeine in Columbia heans as a function of the initial
water content and temperature, respectively, are shown in Table 1
~In comparison the diffusion coefficients of caffeine at room temperature (21-22°C)
In pure water and pure dichlormethane, respectively, were determined using the
interferometric technique (Table 2). _ _ o
The values of Table 1 confirm the well known fact in the practice of decaffeination
%hat the tdlffuswn coefficient increases with increasing water content and with increasing
emperature.
A% estimate of the energy of activation for the diffusion of caffeine in the beans was
made using Arrhenius’ equation. The values were found to lie in the range of
50-100 kj/mol which is in reasonable agreement with the activation energy of the
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raore L Diffusion coefficients

Initial Coefficient
water content Temgeratre 0%25%8-61 ofvariation

(%) (} (%9

17 37 08 206 (4

A

oY) 370 o

39-4 335 0-50 _

39-2 300 0-42 -

4-2 370 038 _

331 335 0-31 _

% il 04 29 (=)

2. Diffusion o?efflments of
" Caffeine in pure solvents

Solvent D 106cm2sec-

Water 53
Dichlormethane 13-

Dx10®

0:51

I L L \ J
29

H
-+ 6. Change of the diffusion coefiient with time
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a0

Water Solvent

20—

1 i 1 1 J

30
Time ()

Fig. 7. Time function of water and solvent contents.

diffusion of caffeine in pure water, calculated from data published by Okada &
Kawashima g1968). o o _

A thorough examination of the sigmoidal curves of the extraction data shows that
the smgle experimental values are not scattered at randem around the hypothetical
curve. Rather, there seems to be a systematic variation of the diffusion coefficient with
time, which is shown in Fig. 6.~ N ,

The time deRendence of the diffusion coefficient may be. exglamed by the solvent
uptake and/or the water loss of the beansdur_m_? extraction (Fig. 7). _

The solvent penetrating into the beans initially promates the diffusion of caffeine.
This increase, however, is soon overcompensated by the inhibiting effect of the water
loss and the diffusion coefficient decreases again after having reached a maximum

(Fig. 6).

Discussion

The coffee bean behaves with respect to the diffusion of caffeine almost as Perfectly 2 a
s%hencal model system. This behaviour is a consequence of at least two opposite
effects, namely the taking up of solvent and the water loss. The overall change of the
diffusion coefficient caused by these factors remains, however, small as compared with
the shifts brought about by the parameters investigated: water content and temperature.
It is therefore” reasonable to express the effects of these variables by using a single
quantity, namely the average diffusion coefficient, o

As for the exPeIImg the water out of the beans, it must be assumed that this is a direct
consequence of the penetration of the solvent into them. The solvent molecules go
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presumably into the lipoide structures of the heans, thus increasing the volume of this
phase. An’additional swelling of the heans by a non polar solvent, however, is onl
possible at the expense of the water phase with the total volume remammgi unchanged.

The investigations presented in this paper do not allow definite statements to be made
_regardm% the mechanism of the migration of caffeine in the beans. The caffeine resides
inthe cells and the diffusion must proceed by passing from cell to cell through the pits
in the cell wall. 1t is reasonable to assume, therefore, that the movement of the caffeine
molecules is favoured bywdemng the Ip|ts during, swelling of the beans. The increase
of the rate of the diffusion by the solvent entering the beans maY come about by
establishing communicating diffusion channels composed of the fat/solvent phase in
which the rate of diffusion Is even larger than in the water phase. _

By expelling the water out of the beans the number and/or the cioss-section of the
passages decreases and the movement of the caffeine molecules slows down again.
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Influence of extraction medium pH on the protein
content of some legume starches

C. G. ANDERSON and G. R. ROMO

Summary

Starches of lentil, ?arbanzo and field bean were isolated according to a
detailed separational scheme at severaI_F_Hsmthe range of5-5to 9-5 and nitro-
gen determinations made on the puritied samples. Nitrogen determinations
and protein solubility profiles were also determined on the legume flours in
order to facilitate a comparison of the data obtained for the starches. The
relationship between protein solubility and starch protein content is dis-
cussed. The protein content of 8arbanzo starch_decreased from a value of
0-51% at pH 55 to a value of (-13% at pH 9-5. For field bean starch the
protein content was 0-55% at pH 5-5 and 0-18% at pH 9-5. In the case oflentil
starch the protein content decreased from 042% at pH 5-5 to 0-25% at pH
1-5 with very little change up to a pH of 9-5. It was found that extraction
medium pH "has no effect upon the yield of starch.

Introduction

CurrentI%_/ there is a great deal of enthusiasm among food technologists to determine
the functional groRerUes of lequme protein isolates in order to evaluate their Fotenhal
and usefulness both as foodstuffs ana as ingredients in manufactured foods. Ultimately,
the results derived from their research taken in conjunction with the current knowledge
of soybean tec_hnolo?y will serve as a basis for the industrial preparation of all types of
legume protein isolate. We feel, however, that before any new general industrial
Proce_ss Is devised for legume protein isolate production, thé effect of the protein ex-
raction parameters upon the starch fraction, another potentially valuable product
to be derived from some Ie[qumes, should e investigated,

In_reviewing the literature relating to legume “starches we found that although a
considerable amount of work has been done n the area of characterization of legume
starches, there has been no vigorous research conducted to determine how different
physical factors associated with protein starch extraction methods affect the yield,

Authors’ address; Degartmento de Nutricion y Tecnologia de los Alimentos, Universidad de Chile
sedle sur, Casilla 15138, Santiago 11, Chile.
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Punty and physical properties of purified legume starches (for literature pertaining to
egume starch”characterization see, for example, Kawamura & Fukuba, 1957; Kawa-
mura & Tada, 1957, Correa, Rosenthal & Tolmasquim, 1965; Tolmasquim et al.,
1965; Schoch & Maywald, 1968; Kawamura, 1969; Lineback & Ke, 1975).

In our mvestl?atlons concerning the isolation of protein and starch from Chilean
varieties of lentil bean (Lens culinaris), garbanzo hean or chickpea (Cicer arietinum)
and field bean (phaseolus vulgaris var. Coscorron) we have observed that changes in
orotein-starch extraction methodolog%/ sometimes produce drastic changes In the
phk/smal appearance of isolated starches. For example, lentil starch prepared by
extraction of the flour at a pH of 5-5 is almost Fure white, whereas, lentil starch pre-
pared by extraction at pH 9-5 is a pale cream colour. _ _

In view of the above we have begun a series of experiments which are designed to
determine how various physical factors such as size_ of flour Parucl_e, solvent/flour
extraction ratio, temperature, time, rate ofstirring during extraction, Size and shape of
S@'[ﬂlﬂ?_ container, concentration of starch suspension during sedimentation and
extraction medium pH influence the yield, purity and ph){SlcaI properties of purified
legume starches. In this communication we report the results of our first study deallng
with the effect of extraction medium pH on the nitrogen content of starcheS derive
from the legumes mentioned above,

Materials and methods
Materials
Samples of Chilean grown lentil, garbanzo and field beans were purchased in
Nov%mger 1975 at a local market. All chemicals were reagent grade unless otherwise
specified.

Extraction procedure ) o
The beans were screened and washed with cold water to remove contaminating
material and the dried beans first ground to a coarse powder in an Alpine Au%sbur 25a
Mill and further grround to pass a 0-3 mm sieve in an Alping Augsbur% 60z Mill.
Portions of each of the Iegume flours were extracted at pHs of 5-5, 60, 6-5, 70, 7-5
80, 8-5, 90 and 9-5£0-05 pH units according to the procedure described below and
the purified starches analglsed for nitrogen by the Kjeldahl procedure according to
Smith (1967). Nitrogen determinations were™also performed on the flours utilizing
this procedure; however, smaller quantities of sample were used. _
A 200 g sample of Ie_?ume flour was wetted with 10 ml of toluene and_ suspended in
2 Lof distilled water with the aid of a three-bladed immersion type stirring apparatus
driven at 750 rev/min. Toluene was added to the extraction mixture to preclude the
possibility of fermentation (Schoch & Maywald, 1968). The pH of the solution was
adéusted to the af)p_ropnate value by adding small amounts of either concentrated
HC1 or NaOH solution. The resulting suspenSion was stirred for exactly 2 hr with the
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temperature maintained at 251 2°C. The pH of the suspension was determined eve
10 min and any deviation from the original pH corrected by the addition of more HC
or NaOH solufion. _ _

The suspension was filtered consecutively through 60, 140, 200 and 250 mesh
phosphor bronze sieves and twice through a 325 mesh sieve. The residugs remaining
on the sieves were washed with a total” of 500 ml of distilled water adjusted to the
appropriate pH and the washings combined with the original filtrate. The crude
starch suspension was allowed to Settle in a 4 litre beaker for 30 min and 2200 ml of
supernatant decanted. The starch was resuspended in 2 litre of distilled water adjusted
to the dproper pH, allowed to settle for 20 min and 2000 ml of supernatant decanted.
The 20 min sedimentation procedure, was repeated two additional times followed by
one sedimentation in 2 litre of pure distilled water for 20 min. Finally, after decanting
2100 ml of supernatant, the purified starch was suspended in 500 ml"of distilled water
and isolated by suction filtration.

The starch was dried in a thin layer for 24 hr at room temperature, powdered to
pass 100 mesh and dried at room temperature for an additional 24 hr. Kjedahl nitrogen
determinations were performed in duplicate on 12-g samPIes_dned at 120°C for 18r.
That the starches vlere substantially free of fibre was established by staining with an
acidic solution ofmethi/lene_ blue and examining under a microscope.

It should be noted that in order to obtain reproducible results, the time necessary
for the extraction-purification process must be carefully controlled. In these experi-
ments the sieving procedure required 25 min, the sedimentation procedure required
130 min m_clud_mg_ 5min for decanting the supernatant, and the final filtration re-
quired 5m|n.¥|el ing a total time of 135 min. In all experiments this value was strictly
adhered to within 10 min.

Determination ofprotein solubility profiles

In_order to facilitate a comparison of the data obtained from the nitrogen de-
terminations on the various starches, protein solubility profiles were determined for
each of the lequme flours, The reference method for determination of protein solubility
described by Romo, Lakin & Rolfe (1975) proved satisfactory for this purpose.

Results and discussion

Although legume ﬁrotems exhibit maximum solubility at both low pH and high pH
and therefore can be extracted from contamlnatmgbsubstances at either of these values,
the pH range of 55 to 9-5 was chosen for this study because moderately acidic extraction
of proteins can cause some hydrolysis of the starch fractions, thus alering the physical
pr_oh)ertles of the purified starches. In addition, in our laboratory protein isolates are
without exception prepared by extraction at neutral to basic pHs. Extraction at the
mildly acid pHs of 55 to 7-0 was performed for the sake of comparison and presented
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no problem with respect to starch hydrolysis, since Schoch & Jensen §19_40) demon-
strated that starch hydrolysis does not occur in mildly acidic (pH 5-5) solutions at room
temperature. It is concelvable, although not likely, that enzymatic hydrolysis could
occur at these pH values by amylases indigenous to the legumes; however, no attempt
was made in this study to determine the amylolytic activity of the extraction mixture.

Yield ofstarch as afunction ofpH

From the data presented in Table 1it is apparent that the yield of starch from a
specific legume is not affected by the pH of the extraction medium. The variation in

Table 1 Protein content (%6N x 6-251 and yields of starches as a function
of pH, and nitrogen content of flours, dry besis

Sample ExtractionpH  %~Protein % Yield

Garbanzo fl?ur
Field b?an flour
Lentil flour
Garbanzo starch
(Garpanzo starch
(Garhanzo starch
(Garbanzo starch
(3arpanzo starch
(Garpanzo starch
(Garhanzo starch
(Garpanzo starch
(Garbanzo starcn
Fleld bean starch
Fleld pean starch
Fleld bean starch
Fleld pean staren
Fleld bean starch
Fleld pean starc
Fleld bean starc
Fleld bean starch
Fleld bean starch
| enty| starc
| ent| starcn
[ ent)| starch
| ent| starch
| enti| starch
[ ent)| starch
enty| starcn
| ent)| starch
| entil starch
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yield as the pH changes appears to be random and is Presumably due to the inability
of the investigator to exactly reproduce the conditions for each extraction. Most of the
variation was probably infroduced at the sieving stage of the extraction Proc_edu_re,
where it was extremely difficult to quantltatlvel¥ wash the starch from contaminating
material on ti;e sieves with the small amount of wash water utilized (500 ml total for
Seven sievings).

The averg e yield of Garbanzo and field bean starch was 26-0% with standard
deviations of + TO and T7, r_espectlveg/ while the ave_raPe yield of lentil starch was
28-3% with a standard deviation of + 0-0. The _hllgher yield of lentil starch was due to
Ehe facttthaht lentil starch sedimented more rapidly than either the field bean or gar-
anzo starch.

It should be pointed out that no attempt was made utilizing the extraction procedure
described in this paper to obtain maximum yields of starch, hut rather to obtain
reproducible yields of starch substantially free of fibre in a relatively short Per;od of
time. In the case of lentil and garbanzo bean the starch content is [l)robaby in the
neighbourhood of 40% (Schoch & Maywald, 1968; Lineback & Ke, 975?; fowever,
this s conAecture upon our part. We have estimated the starch content of field bean
to be 35-40% based upon the difference in weight after determination of protein,
fats, soluble carbohydrates, ash and crude fibre.

Protein content o fflours

The protein contents (%N x6-253 of the legume flours are also 0qiven in Table 1
The protein content of garbanzo and field bean flour are 20-8 and 20-9%, respectively.
The value reported for %arbanzo bean isin good agreement with the previously regorted
values of 20-4% (Lineback & Ke, 1975), 21-0% (Fan & Sosulski, 1974) and 20-1%
r(Ammo Acid Content of Foods and Biological Data on Proteins, 1970) and that for
I'etl% bgan agrees fairly well with the value of 22-1% reported in the latter reference
cited above,

The 28-8% protein content of Chilean grown lentil is much higher than the value of
21-7% reported for Lens cutinaris by Fan & Sosulski (1974) and 5|gn|f|c_ant|y_h|Pher than
the value of 24-2% reported in Amino Acid Content of Foods and Biological Data on
Proteins (19702. Possibly, these differences are due to intervariety variations in the
protein content of the legumes and/or differences in climate and soil conditions under
which the beans were grown.

Protein content o fstarches .

~ The most obvious feature ofthe data presented for the protein content of the starches
in Table 1 isthat in all three starch samples, i.e. garbanzo, field bean and lentil starch,
the mtro?en content more or less decreases as the pH ofthe extraction medium increases.
The protein contents of Uqarbanzo and field bean starch were reduced from 0-51% and
0-55% at pH 55to 0T3% and 0-18% at pH 9-5, respectively, while the protein content

42
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of lentil starch decreased from 0-42% at pH 55 to 0-25% at pH 7-5 with little change
in the protein content between pH 7-5 and pH 95, _ _ N

At first glance it would appear that the lentil starch protein content is not as sensitive
to changes in pH as is the protein content of garbanzo and field bean starch, since the
protein content of lentil starch is not significantly reduced above a pH of 7-5. To a
certain extent this is true; however, when one compares the protein contents of all three
starches at pH 7-5 (the midpoint of the pH rangle with those at the extremes (pH 55
and 9-5) it quickly becomes apparent that for all three legume starches the major de-
crease in protein content occurs in the region of pH 5-5 to 7-5. _

For example, at pHs of 5-5, 7-5 and 95 the protein content of garbanzo starch is
0-51%, 0-19% and 0T3%,_respectwel¥, therefore the absolute decrease in protein
content from pH 55 to 7-5 is equal to 0-51-0T9% or 0-32% and from PH 1510 95
the decrease equals 0*19-8*13% or 0-06%. When these values are converted to relative
percentages the result is obtained that 84% of the protein removed over the entire 8H
range of 5-5 to 95 is removed on attamm% a pH of 7-5, whereas, there is only a 16%
reduction between pH 7-5 and 9-5. When this argument IS apé)hed to field bean starch
the decrease fromlp B-5t0 7515 76% and from 7-5 to 9-5, 24%. _

This substantial decrease in protein content in all three legume starches in the pH
_ran%e 0f5-5to 7-5 s not surprising when the solubility behaviour of the Ie?ume proteins
in this pH region is considered. From Fig. 11t can”be seen that the solubility of the
legume %rotems increases very rapidly in"the pH range of 5-5 tc 7-5 and only slowly
in"the pH range from 7-5 to 9-5, therefore, one would expect to see a rapid decrease
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in the amount ofcontaminatirag rorotein present in the starch samples as the pH of the
extraction medium is increased from 5-5'to 7-5 and little or no decrease in the region

0 -5 10 9-0.

Pt IS interesting to note that although there is considerably more protein P_resent in
lentil flour than either giarbanzo or field bean flour and the ‘solubility of lentil protein
is less at pH 55 than the solubility of proteins present in the othér two flours, the
protein content of the lentil starch Jorepared at pH 55 is unexpectedly lower than the
protein content of garbanzo or field bean starch prepared at the same pH. One would
exFec_t_the converse to be true. At high pHs (9-0-9-5) where little difference in protein
solubility exists between the three flours, less contaminating protein is present in both
?arbanzo and field bean starches than in lentil starch as would be predicted. Un-
ortunately, we have no explanation for the results obtained at pH 5.

Comments on the protein solubility profiles ) )

Since Kjeldahl mtroqen determinations were used as the basis for construction of the
protein solubility profiles, total soluble nitrogen was determined rather than soluble
protein nltro?en. he difference in these two values (Rerhaps as much as 15%) presents
no real problem with respect to this study, because the general shape of the curve and
the re|g|on of most rapidly mc_reasm? protein solubility were the aspects of protein
solubility which we were most interested in, rather than the absolute concentration of
Protem at any |glven pH. It should he kePt In mind, therefore, that the actual concen-
ration of dissolved proteins represents only a portion of the dispersible nitrogen at any
point on the curves depicted in Fig. 1. _ N _

Fan & Sosulski (1974) have published data on the protein solubility profiles of
lentil and ﬂarbanzo flour, but no published data could be found for field bean flour.
Their resufts for garbanzo flour protein solubility agree well with ours and the basic
pH region of their solubility curve for lentil is similarto ours; however, there is a maljor_
difference in the shape of the curves for lentil protein in the acid region. Fan & Sosulski
reported that lentil Brotem is only partially soluble in moderately acidic solutions (pH
2-3), but more solule than in the rern of minimum _solub|_I|t?/ (approximately 3-5).
In contrast we regort that the solubility of lentil protein rapidly increases from a low
vatlue at pH 4-4 (28% dispersible nitrogen) to a high value at pH 26 (90% dispersible
nitrogen).

It ghould be noted that we report no values for dispersible nitrogen below a pH of -6
for lentil flour, because we have observed that the amount of dispersible mtro%en IS
very sensitive function of extraction time below a pH of 2-5. Furthermore, the only
major difference between Fan & Sosulski’s method for determination of protein
solubility R_roﬁles and ours is that in their method an extraction time of 2 hr is em-
ployed, while with our method the sample is extracted only 20 min. The conflicting
restlts are presumably due to this difference in extraction times; however, we are
currently studying the phenomenon exhibited by lentil protein in order to quantify
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the relationship between nitrogen dis;f)ersibility and extraction time at moderately
acidic pHs and this will be the subject of a future communication.

Conclusions

The amount of contaminating protein present in garbanzo, field bean and lentil
starches was shown to be a function of the pH of the extraction medium. Substantial
reduction in the protein content of these starches is obtained. by increasing the pH
ofthe extraction-medium from 5-5 to 7-5. The grotem content is €ither not reduced or
reduced very little in the pH re%mn of 7-5 to 9-o. It was determined that the reduction
N protein content is related to the protein solubility in the pH regions described above,
|t was also found that the yield of the legume starches mentioned above is not influenced
by the pH of the extraction medium.
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Book Reviews

Food from Waste. Ed. by G. G. Birch, K.J. Parker andJ. T. Worgan.
London: Applied Science Publishers, 1976. Pp. xii+ 301. £16.

In this volume are published the twenty papers {and discussions thereon) which formed
thel&agS for a symposium at the Nafional College of Food Technology, Weyhbridge
in

Following an introduction by E.J. Rolfe and a general review by S. R. Tannenbaum
and G. W. Pace, the contributions were arranged in four sessions. Although these
were not des&gnate,d by subject headings, a common asDect of the nine Rapers in
Sessions | and” 11 is the use of microorganisms and algae in converting cheap and
abundant waste, either directly or following chemical treatment, into material which
could be used for feed or food. The microorganisms considered include fungi, yeasts
and bacteria and, among the substrates, are the wastes from crop plants (including
potatoesr), molasses, manure, paper and palm oil. o
~ The four papers in Session 111 outline the chemical and ph SIO|0PIC&| ProCesses
involved in recovering protein from leaves, from the effluents of potato starch mills
and flesh fcod processing plants and from whe%/. _ _ _

_The final five papers, which constitute Session IV, cover a variety of topics: a
discussion of world tood Problems,_ a nutritional and toxicological evaliation of novel
feeds, a consideration of the socio-economic implications of processing food from
waste, a description of an ion-exchange press_for Rrotem recovery and a resume of the
‘Bioplex Concept’. The latter is concérned with the benefits of treating organic wastes
‘oy tah stream of processes so that the waste from one can become the faw material for
another’,

The diverse nature of the papers in Session IV reflects the overall impression
ghenerat_ed_ by the volume, namely that its undoubted value—and the significance of
the topltc Ié presents—w'ould have'heen enhanced by a more systematic arrangement of

e contents,

In the thoughtful contribution of L. G. Plaskett, which forms the penultimate
chapter, he comments as follows. ‘It is certain that, iftotal organic matter |s_g0|n(1 to be
scarce, It will not be possible to mduIPe prefudmes against using some or_?amc materials
which are disgusting to us.” This could well be taken as the essential philosophy under-
Iymgf the concept for food from waste. , .

Although the volume is not as all-embracing as the statement on the inside of the
dust cover suggests— This book reRresents the pooled viewpoints of those scientists
throughout the world who are in tne forefront of the food from waste protein’—the
fact that it g%ves a most useful and authoritative coverage of this important topic is not
in dispute. The text is well produced with no overt typographical errors (one might
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mention, however, that in Chapter 4, p. 71, ‘Alamine’ aﬂpea[s instead o f°Alanine’),
but £16 seems a somewhat elevated price for a volume of this kind. -
A Lawrie

Nutrition Technology of Processed Foods. Food Technology Review No. 25.
ByN icholas D. Pintauro,

New Jersey, Noyes Data Corporation, 1975. Pp. x + 332. U.5.$36.

For those who are unfamiliar with the review Series of gatents from N.D.C. this
publication is based on 125 U.S.A. patents dating from 1956 to 1974, the greater
proportion being post-1969. The author has made an effort to make the_patent pro-
visions more readable though whether these patents are indeed a main Source of
nutritional information_as implied in the Introduction is open to question. The value
and economic applicability of the patents has heen left to the reader to assess and care
is required in considering"the formulations and processing techniques since they have
been written for the purposes of patenting and the majority are in accord with American
practice. The reader should take into account the legislation of the country involved
as well as in some cases the sicle effects ofthe processing techniques on components other
than those which are the subject of the patent. _ _

~ The subjects have been assembled under various food and medical headings and
includes salt substitutes, complete diets and special processes, these were presumably
derived from the patent listings which unfortunately is not as useful in this context as in
the other books bY the company. In the absence 0f a subject index one has to peruse
the volume carefu lY ifitis required to assess the techniques used; the use of Vitamin A,
for instance, is well covered on p. 213 but there are also some twenty-five other
references at approximately ten-Page intervals to consider. Protein fractionation
enrichment and enzymic tréatment is covered under a number of headings as are fats
and carbohydrates. ~ _ _

In spite ofthe criticisms the book is a useful volume for the I|bra[}/ shelfto reduce the
tedium of patent search for the_technologist who wishes to use it as a sta_rtm[g point
In his investigation. Critical reading of the book can provide information, stimulate the
inventive mind and raise questions of possible problem areas in product development.

I. M. V. Adams
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Handbook of Flavour Ingredients

Edited by Thomas E. Furia and Nicolo Bellanca, Dynapol, Palo Alto, California

The new data incorporated into this well-known reference is so extensive that the work has
been expanded info two volumes. The general format and contents of the first edition have
been retained and the information provided Is essential to anyone concemed in the use or
development of flavour ingredients.

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